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-?EEE Expected learning outcomes

» Understand research software quality: the model and assessment
process

» Understand the EVERSE research software toolkits and their
application in a scientific domain

= Gain practical familiarity with research software quality for Python
and Jupyter notebooks



-?EEE Outline

1. Research software

2. Software quality

3. EVERSE Research Software Quality Toolkit (RSQKit)
4. Case study

5. Hands on



1. Research software




-
The inclusive view software in research — the whole environment counts
(- ALLof it counts Pl i e =
| every layer of the stack
1 plan e ) I
|
| scripts & analysis code |
: </> - . |
I tools & workflows !
i research . ) 1
] publish > lifecycle </> collect ) 1
: libraries & frameworks !
</> L ) 1
1 . ) |
! OS & infrastructure 1
! analyse \ J 1
‘e L J
¢ All code & software artefacts used or produced in one or more stages of the research
lifecycle
e Regardless of the layer of the software stack
e Includes software not necessarily developed to be part of research
EXAMPLES — RESEARCH-SPECIFIC AND GENERAL-PURPOSE ALIKE
[ Python / R scripts ] [ Jupyter notebooks ] [ Excel & macros
[ Git & Cl pipelines ] [ NumPy & libraries ] [ Linux / HPC stack
-

)

Vs

(

BEeS What Counts as Research Software?

202
O 0 6 Two ways to draw the boundary — an inclusive and an exclusive view
L ]

The exclusive view research software — only the scientific core counts

all software used in research

——— -

) well-identified — part of the discovery
\ process

research

software requires specialised domain knowledge

N . * a contribution to science & research

~ -

-

o Well-identified software that is part of the research discovery process
e Requires specialised domain knowledge
¢ A contribution to science and research

EXAMPLES — DOMAIN CODES AT THE SCIENTIFIC CORE

[ GROMACS - molecular dynamics ] [ CESM - climate modelling ]

[ BLAST - sequence analysis ] [ AstroPy - astronomy ]

Same landscape, different boundary: where the line is drawn determines what gets cited, credited, funded and sustained.




-?EE'—‘;’ Software in the research lifecycle

Different from industria @) &

_ifecycle

Research software tiers

» Open science

\4

®

@W ./4 exepmen

...ofanew...

* article
* research project
* software release

* thesis (BSc, MSc, PhD)

' : onMent} @

‘< iPublication’ 4

... together with ..
* scientific article
* data

* workflow

*

Guy Courbebaisse, Bernd Flemisch, Kay Graf, Uwe Konrad, Jason Maassen, & Raphael Ritz. (2023). Research Software



https://doi.org/10.5281/zenodo.8324828

@@

BEeS Three Tiers of Research Software
2026

From personal analysis code to shared infrastructure — rising reuse, audience and sustainability demands

Research software
infrastructure

P
Broadly accepted, widely used
ideas, methods & models

community codes - warrants close,

L ongoing researcher involvement

N

' waw wa

shared foundation - whole

CORARALLAIENL
el 7

Prototype tools

Demonstrates a new idea, method or
model for others

proof of concept - substantive intellectual
contribution - used beyond its origin project

-®~

-

new idea —> shareable tool —>

others

\_

Analysis code

Captures the computational research process &
methodology

simulation - data generation - preparation - analysis - visualisation

@”E-DUH

data - analysis code - result

each tier builds on the one below

How the tiers compare

Primary audience

Main purpose

Reuse & reach

Engineering rigour

Typical form

the author / | | peers beyond | | the research
team the project community
provide a
demonstrate
getresults . dependable
an idea
tool
low medium high
NIl | Hl I H
~\ 'd 'd high .
light moderate .
& sustained
NI | Hl I
scripts, proof-of- community
notebooks concept tool | | code / library

\

\

Same code DNA, rising responsibility: as software moves from Tier 1 to Tier 3, its audience widens and the need for identification, credit and sustained engineering grows.




@-c-o Tier 1research software examples

# AX X (X BMEX BRNX EX | MEX | MEX |Ws® | WNs® | HWs® Ws® |WMwX | WCX

+ X O » m C » Markdown v — O sit ~ Openin... 3 Pyt

plt.scatter(df_plot['doxy'], df_plot['pres'], alpha=0.5)
plt.xlabel('Dissolved Oxygen (doxy)')

> C M % beta.naavre.net/jupyter/user/zhiming.zhao@lifewatch.eu/lab/tree/Virtual%20Labs/EC... Yr s P © =2 M D. plt.ylabel('Pressure (pres)')

plt.title('Scatter Chart: Pressure vs Dissolved Oxygen')
% Bookmarks @ Save to Mendeley (@ Getting Started [ Latest Headlines [ Imported From Fir.. & Apple @ iCloud ) Facebook @ Twitter plt.grid(True, linestyle='—-', alpha=0.7)

plt.savefig('scatter_pres_doxy.png"')

ile Edit View Run Kernel Git Tabs Settings Help NaaVRE

i ; : " — Scatter Chart: Pressure vs Dissolved Oxygen
+ C " AX X X | REX | BMNX | EX | MEX | MEX | Ws® Fs® Hs®  Fs®  [Fwnx -
i [e]
FXDO > mCn o voOw :

Y P UL STIOW ) )
8 / --- / documentation / ENVRI- . . 8 ®
LB sicitkshion f EXV17 timeseries by Rl type
Name N Modified 35 1 Rl type untitled. X | M ENVRI-HX | B NERC-N X ECVOT7. X | ¥ READMEX | ¥ READMEX | [</steplipy® | (%] step2.py® | [l step3ipy® | [l stepd-oj® | (% workflowX | [ Co-desicX | wl *
am workflow 1h ago b Markdown v . @ gt « Open in... ®

30 4 ame
|® Co-designofaV... 10h ago rows) s
M README.md 10h ago column
. 25 4 , float('nan'))
|#| steplipynb 10h ago pna(axis=1, how='all') *
7 step2.ipynb 10h ago L 38
; o 1 : {df_pulito.shapelol} d {df_pulito.shape[1]} columns.")
R step3.ipynb 10h ago g f: {4e_pulica.shapelol} o and {df_puliva.shapal]} colomns
=
W] step4-optional.ip... 10h ago [ ows and 36 columns.
o 154 data_type date_update pi_name \
=3 rgo synthetic profile 2026-03-12T15:14:14Z Miguel SANTOS
E rgo synthetic profile 2026-03-12T15:14:14Z Miguel SANTOS
Q@ rgo synthetic profile 2026-03-12T15:14:14Z Miguel SANTOS
10 4 rge synthetic profile 2026-03-12T15:14:14Z Miguel SANTOS
rgo synthetic profile 2026-83-12T15:14:14Z Miguel SANTOS L [s]
qc  doxy_adjusted doxy_adjusted_ qc doxy_adjusted_error \ b
51 3 218.76015 10.908089 50 200
3 218.76980 1 10.9086965
3 218.79074 1 10.985861
NaN NaN
0 1 3 218.82117 1 10.9084591
. ; ; . . ; . orm_type cycle_number config_mission_number data_centre \
2020-01 2020-03 2020-05 2020-07 2020-09 2020-11 2021-01 ol fods 2 o
Tlme PROVOR 251 5 IF
PROVOR 251 5 IF
PROVOR 251 5 IF
Profile doxy gc profile_pres_gc profile_psal_gc profile_temp_gc \
"] A A B B
1 A A B B
2 A A B B
3 A A B B
4 A A B B
longitude latitude
@ -13.355293 32.892187
1 -13.355293 32.892187
2 -13.355293 32.892187
3 =13.355293 32.892187
4 -13.355293 32.892187
[5 rows x 36 columns]
More magic: let's draw a graph
_




-?EEE Tier 3 research software example: VRE
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. _#BEes ller 3 research software example:
ENVRI-HUB framework

a®p ¢®yp e®p e®p
T 1) « @ o« @ o«
— Users from Users from Other new Users via e R
" E N VR I H U B ENVRI EOSC users VRE o
1 () 1 ) Galaxy
- Catalog . ;
ENVRI-HUB

Knowledge base and Search engine
Analytics Framework "Search engine.

Analytics

framework Training

Catalog

Trai n i n g lnto.rfaco to research
Interface to VRE

Interface to underlying Rl and Cloud  exme o O S e

Interface to e~infrastructure

i 3
L Neosc
7T o ANk Q :
' @si  EuDAT
Ty el rer S EUDAT
! —
lcos ‘é%: lAG“S Is Microsoft Arure
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» Reusable workflows

<

O

-
o
2

> ¢ @ beta.naavre

* Bookmarks @ Save to Mendeley @ Getting Started

File Edit View Run Kernel Git

T

™/ - [ENVRI-
HUB_workshep [ workflow /

Name - Modified
B images 8h ago
M tutorial.md 8h ago
[ workflow.ipynb 8hago

8h ago

fus

Tabs Settings Help NaaVRE

%] A sample DT.i X

[ Latest Headlines

BSave ©Export

untitled1.naaw X

» Run

[ Imported From Fir...

untitled.naavr X

Workflow Components Catalog C

Q

ecv-argo-plot-quan-pan-lifew...

—_ "

% v4 = quan.pan@Iifewa...

ecv-argo-search-catalogue-..
% v2 = quanpan@Iifewa.

ecv-argo-fetch-from-catalog. ..

® v2 2 quan,

a8
an

0
Y

irtual%20Labs/ECVs/Git%20)

Bees Tier 2 research software example:
222% ECV workflow

NVRI-HUB_workshop] .naavrewf 4 A = o O @ opn

% Apple @ iCloud () Facebook @ Twitter U Wikipedia @ SavetoMendeley [ Yahoo [ News [ Popular [ Imported FromSa.. | European Neutron.. [Z] Caifu2198

M ENVRI-Hub-AX | M NERC-NVS_N X ECVO017.naavi X ¥ READMEmd X % READMEmd X [ steplipynb @ (% Co-designof X workflow.naa® | B ECVs-ARGO.c X

ecv-argo-search-catalog... v2 @

ecvs-argo-workflow-start-qu.
% v2 = quan.pan@Iifewa

load-remote-sensor-zhiming. ..

® vl = me

nwp-component-zhiming-zh...

® vl 2 me

final-dt-view-zhiming-zhao-lif...

® vl 2 me

load-weather-data-zhiming-z...

® vl = me

weather-model-zhiming-zha...

® vl 2 me

inference-zhiming-zhao-lifew...

® vl 2 me

Page 10f 2

>

<0
<0
<0
<0
<0
<0

Special Components

Splitter

Merger

0]
®

orkflow-start-... v2 (D

argo_catalogue .——k—. argo_catalogue
end_date .—-—b—'. end_date
lat_max H—. lat_max
lat_min .—-v-—. lat_min
lon_max ._.—b-—. lon_max
lon_min .__)—-. lon_min
start_date .—-»—. start_date

ecv-argo-fetch-from-catal... v2 (D ecv-argo-plot-quan-p

query_param (=)=

service_id .—9—. service_id

query_param

file_result & file_result



-?EE'—Z’ Research software challenges

= Findability, Accessibility, Interoperability and Reusability of
Research Software

= Reproducibility and Portability
= Sustainbility and funding

= Usability

» Maintainance
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2026 nodes

National nodes

K Qo

EVERSE aims to create a framework for research software and code excellence, collaboratively
designed and championed by the research communities, in pursuit of building a European network of
Research Software Quality and setting the foundations of a future Virtual Institute for Research
Software Excellence.

N N
EVERSE N —

qgscee ESCAPE
: N\m/nRyl \/ | el Reference EOSC EU
European e- Node

@ SSHOpenCluster infrastructures

Social Sciences & Humanities Resour

HORIZON-INFRA-2023-EOSC-01-02, 14




.BEeS Partners, associates, and affiliated
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a2
HELMHOLTZ ZENTRUM OFIEHNHE

DRESDEN ROSSENDORF

NA3 oo
- 5 fl!"’. .'

Ry = HELLAS

,,.-""'II . Barcelona
| e, [ Supercomputing
ATHENA Center
................ POLITECNICA Cenfro Nacional de Supercomputacidn

MANCHESTER

) (%) UNIVERSITA |“E/AU
\r&f DEL SALENTO
THE UNIVERSITY ..-L:;#____—-_.:_______________. Friedrich-Alexander-Universithit

of EDINBURGH e L [ —— Erlangen-Nirnberg
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BEeS EVERSE — Making Research Software a First-Class Citizen

@@ 20256

Key outcomes of the EU-funded Horizon Europe project

[ Vision: establish research software as a first-class citizen of the scientific process — quality you can measure, tools J

you can reuse, and engineers who get the credit.

l Core Project Outputs

Automated Assessment

RSQkit — Quality Toolkit

Community-driven knowledge base
of best practices, guidelines &
quality indicators across disciplines.

Automatically evaluates FAIRness,
maintainability & sustainability of
software.

Analytics Dashboards

Track and explore software-quality
metrics visually.

(r‘esqui-Pipeline)

( RSQkit )

( DashVERSE )

\ J/

©

Technology Monitoring

®

Recognition & Reward

Frameworks giving RSEs academic
credit & career progression.

( RSE careers )

Monitors and advances emerging
research-software technologies.

( TechRadar )

I Community & Network Impact
-

European Network of Research Software
Quality
A collaborative network to share knowledge, cross-fertilise

research domains, and raise awareness of software as a core
enabler of European research.

\_

J

.

Scientific Use-Cases across EOSC Science Clusters

Tools integrated with major EOSC Science Clusters to demonstrate real
gains in software quality and code reusability:

) (
) (

( Life sciences Astronomy )

( Environmental Social sciences ) )

The throughline: quality, recognition and community — turning research software into dependable, credited, reusable research output.




2. Research software quality




; BEeS Software Quality — Concepts, Standards & References

L
L
O O 2026 What software quality is, how it is structured, and the standards that define it

(built right) with fitness for purpose (the right thing built).

[ Whatis it? The degree to which software satisfies stated and implied needs — uniting conformance to requirements

IBasic concepts — four complementary lenses I

Two views
[ Product quality ]

Two requirement types

[ Functional ]

Two measurement points

[ Internal (code) ]

Two checks

[ Verification ]

I Standards & references

[ Quality in use ]

[ Non-functional ]

[External (running)]

[ Validation ]

characteristics)

The reference model — ISO/IEC 25010:2023 product quality model (9

r

@ Functional
Suitability

r

Performance
Efficiency

N\

r

GL Compatibility

glnteraction
Capability

@ Reliability

/A
e | Security

.

¢ Maintainability

J

.

4 Flexibility

J

A Safety

.

+a companion Quality-in-Use model (effectiveness, efficiency, satisfaction,
freedom from risk, context coverage) — ISO/IEC 25019

ISO/IEC 25000
SQuaRE family

|

ISO/IEC 25010:2023 ] [

product quality

ISO/IEC 25019

quality inuse

|

ISO/IEC 5055

code structural quality

|

FAIR4RS

FAIR research software

EVERSE RSQkit

practices & indicators

|

In practice: quality is defined by a model, made measurable through characteristics & sub-characteristics, and evaluated against standards — not

judged by opinion.




BEe> Software quality: a taxonomy

Quality characteristics:
Dimensions - Functional suitability

- Performance efficiency

@

@ -

« [N ISO/IEC 25010

Tpart - Compatibility
of - Interaction capability
: Elaborated Quality Blssmmalle - Reliability
CULENY et characterstics metrics - Security
- Maintainability
lConSiS’[S - Flexibility
of - Safety
Sub-

characterstics

ISO/IEC 25010 - Ne@s from the 2nd Edition 52023-112
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3. EVERSE Research software
quality ToolKit (RSQKit)




BEeS Roples in Research software

‘2026

« > ¢ m °s everse.software/RSQKit/roles kg g P @ 0O = O G Opnieuw starten om te updaten :

oo % Bookmarks @ Save to Mendeley @ Getting Started [ Latest Headlines [ Imported From Fir... & Apple » iCloud 0 Facebook @ Twitter W Wikipedia » [ Alle bookmarks

Information in this part of RSQKit is organised based on different roles a research professional can have with regards to research software.
Research software &

quality > You will find a description of each different role, as well as training resources and guidelines to help carrying tasks in each role effectively.
Research software N
stories
Q,  Find your page... n

Research clusters or N
infrastructures
Roles v &3 roles &b roles &% roles

Researcher who codes Policy maker Principal Investigator (PI) Product owner

Research Software Software development and quality Software development and quality Software development and quality

Engineer guidance for policy makers guidance for Principal Investigators (PIs) guidance for research software product

owners

Principal Investigator

Project manager

Product owner &b roles &8 roles &b roles

Policy maker Project manager Research Software Engineer Researcher who codes

Trai Software development and quality (RSE) Software development and quality

rainer .
guidance for research software project Software development and quality guidance for researchers who code

Tasks (alphabetical) > managers guidance for Research Software
All indicators Engineers (RSEs)
All tools and resources
Get involved > &b roles
Site Statistics Trainer

Software development and quality
guidance for trainers
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G Plan & Design E

keywords: planning - tools - structure

e Software management planning
e Choosing languages, tools & infrastructures

e Software project structure

iterate & evolve

A

o Sustain & Credit \’
keywords: maintenance - citation - sustainability

¢ Maintaining research software

¢ Citing software - Credit & recognition

Improving environmental sustainability

Writing a research software story

a Develop

keywords: coding - version control - review

e Using version control
. e Writing readable code
e Performing a code review

¢ Reproducible software environments

e Release & Share

keywords: licensing - packaging - publishing

e Licensing software
¢ Packaging software
¢ Releasing software

e Publishing software - Archiving software

<f>

—

BEeS Research Software Tasks & Their Dependencies

34 RSQKit tasks, clustered by shared keywords into six lifecycle stages — arrows show how the outputs of one stage feed the next

e Verify & Automate

keywords: testing - Cl/CD - workflows

e Testing software
¢ CI/CD (GitHub Actions, GitLab Cl/CD)
e Managing Cl testing matrices

e Using containers - Computational workflows

1

o Document & Describe

keywords: documentation - metadata - identifiers

e Creating a good README

e Software documentation (project, code, Read the
Docs)

¢ Software metadata (CodeMeta)

e Software identifiers

¢: Adopting FAIR research software practices — cross-cutting task underpinning every stage keywords: FAIRness - openness - reproducibility - reuse

Source: everse.software/RSQKit — Tasks (EVERSE Research Software Quality Kit); clustering by shared task keywords

a
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HOW THE MODEL WORKS

<« Quality Dimensions

" High-level, abstract attributes of “good”
research software

l each is an umbrella for ...

F Quality Indicators
/T

Measurable proxies — e.g. test coverage,
community engagement

l which provide evidence for ...

°Io Quality Assessment

Balancing “fit for purpose” with FAIR4RS
reusability and long-term sustainability

13 quality dimensions — each an umbrella for measurable quality indicators -

RESEARCH-SOFTWARE-SPECIFIC DIMENSIONS the scientific context

(113 < )54
Community FAIRness Open Source
Contributors, governance & Findable, Accessible, Verifiable, reproducible,
engagement Interoperable, Reusable collaborative code

BEeS The Quality Model of Research Software

ENGINEERING DIMENSIONS fromISO/IEC 25010

©

L

X

Functional Suitability o Reliability

Complete, correct, appropriate Available & fault-tolerant

Interaction
Capability

sable, learnable, inclusive, operability,
user engagement, inclusivity

Compatibility

Co-existence & interoperability

Flexibility n Security
Confidentiality & integrity, non-
repudiation, accountability, AAA

Adaptable, scalable, installable

Source: everse.software/RSQKit — Research Software Quality Dimensions (builds on ISO/IEC 25010)

EVERSE RSQKit (https://everse.software/RSQKit/quality_dimensions)

2

Sustainability

Software that endures on
new platforms & needs

Performance
ﬂ %Lfg%!eﬁg/%xr & resource

utilization capability

“ Maintainability
’ Modular, reusability, analyseability,
testable, modifiable

Safety

=== (Operational constraints, Avoids harm
& hazards, fail safe, safe integration




BEeS \\hat will EVERSE offer?
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£ > C Q@ % everse.software/RSQKN/ Q% o0 0 29D @ :

L] % Bookmarks @ SavetoMendeley @ Getting Started [ Latest Headlines [ Imported From Fir e Apple @ iCloud () Facebook [ Twitter » £ Alle bookmarks

{RSQ}Kit About  Getlewoived Contactus = W Buesky [ Uinkedin O GiHud

« Community “good enough” practices ) ,
/e = P Research Software Quality Toolkit for Sciences

Research Sofware Quality Tooliut (RSQKI) ksts curated best practices, 10045 and resources for Impeoving the quality of research software

- Research a software quality model

- Tools to measure the quality What can we help you find?

Q. Search RSOKit ...

characteristics

Browse all topics by

- Support and training \ < cos

I e T Sk osr 002 - B e “e 2P 02w
© Sennns O fea ey g —— ——— ———— & o ) s ) L il e e = L = B e LI I I TP - '
reias rastructures
EVERSE e EVERSE [N

15S research communities

Research Software Quality Oimensions

o EVERSE /-0. I .
| NETWORK s
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25 everse.software/TechRadar/

@ Save to Mendeley (@ Getting Started

CNEeOnSC | EVERSE TechRadar

Research
Software
Quality
Tools

A curated catalog of tools and services to
measure and improve research software
quality.

Browse Catalog

[ Latest Headlines

BEeS Quality check tools

Q % S 0 O DD L@

[ Imported From Fir... & Apple @ iCloud ﬂ Facebook e Twitter W Wikipedia »

About Suggestanewtool ()

SUSTAINABILITY COMPATIBILITY
SECURITY . o o . . FAIRNESS

SAFETY < N o ° e e FLEXIBILITY
RELIABILITY g ¥ FUNCTIONAL
5 . . SUITABILITY

PERFORMANCE ol 05000 10 INTERACTION
EFFICIENCY O RO CAPABILITY
OPEN
SOURCE MAINTAINABILITY
SOFTWARE

Opnieuw starten o

C

N EeO0SC | EVERSE TechRadar

Filters

Your software's What is
targets this?

Communities
Research Teams

Individuals

Your Software's
Programming Language

c#
CH+
Dart
Elixir
Eim
Fortran
Go

DL

Limmman aftlen Tant
arefTechRadar/#/tool/checkstyle

Apptainer Free
High-performance container
platform designed for scientific

computing and HPC.

compatibility  flexivility

reliabiity

bearer Free
Bearer CLl is a static application
security testing (SAST) tool that

scans your source code and

security

Checkstyle Free

Java code style checker that
enforces coding standards and
best practices in research...
software projects, improving

maintainability

Auto-CodeMeta e
Generator

This repository contains a
(client-side) web application to

automatically generate.

faimess

Black Free
Deterministic Python code
formatter that enforces

consistent coding style across.

maintainability

Choose a Free
License

Choose a License is a website
that helps developers

understand and select open-..

i
sustainabllit

About  Suggest a new tool (=]

bandit Free

Security-focused static analysis
tool for Python that identifies
common security vuinerabilitie.
and anti-patterns in software,
halnina maintain sacirs cading

security

cffinit Free
Web-based tool for creating
standardized CITATION.cff files
that enable proper citation of.

faimess

CMake Free

Cross-platform build system
generator that simplifies the
build process for research
software across different

maintginability _compatibility

EVERSE TechRadar

F-UJi

© fairness

About  Suggest a ne\

Visit Website &7

Automated assessment tool for data FAIRness with extended version for research software based on FAIR4RS
principles, enabling systematic evaluation and improvement of research output compliance with FAIR

standards.

% MEASURES QUALITY INDICATORS

Software has license

DETAILS

@ License
0BSD

@ Usage
CI/CD, command-line

Software Tier

ResearchinfrastructureSoftware



EE Y Bookmarks e Save to Mendeley (@ Getting Started [ Latest Headlines [ Imported From Fir...

EVERSE
TRAINING

Home / Materials

Sort
4 Mostrecent v

Filter

7= Date added ~
T Scientific topic ~
7 Content provider ~
T Keyword ~
T Competency level ~v
T Licence ~

> C M %5 everse-training.app.cern.ch/materials

@22 Training materials

* & P e D0 WO L @

& Apple » iCloud ﬁ Facebook e Twitter W Wikipedia »

Materials Events Trainers About

Training materials

Opnieuw starten om te updaten }

[ Alle bookmarks

§ zmzhao -

E.g., web pages (github, blog, ...), presentations, videos, tutorials, etc., about training on any RSE-related software, standard or

pipeline. Materials can be manually added or automatically harvested from a provider's website.

If you are unsure whether your training material is a good fit for the current page, we warmly welcome you to contact us.

Register training material

Results per page: 10 v

Search materials...

118 materials found

GITHUB PAGE
Industry Skills Agile Training

RS

=

GITHUB PAGE
Ai Fundamentals For Researchers

RS

Bsouthampton

#/Southampton

Research
Software
Group

Research
Software
Group



o@ S Prioritisation of quality dimensions

to | < =< o
Functional suitobility: Functional sultability (sub). Eose of use /
2nd [ .- e e cncasomnon
Reliability: Reliabiity (sub), Avalabiiity, Foult tolerance,
3fd Recoverability

4th Performance efficiency: Time behavior, Resource utilization,

9th I Safety: Safety (sub)

Performance efficiency (sub)
Functional suitabllity: Functional suitabiiity (sub), Eose of use /
st [ = -+ o 1o N o

Flaxibility: Portobiity / Adoptobility, Scolability, Installability, Performance efficiency: Time behavior, Resource utization,

6th Extensibifity 2nd Perdormance efficiency (sub)

Flexibliity: Portability / Adaptability. Scalabiity. Instaliobility,
o 5 S st |
Interaction copability: Operability / Monageability, Robustness, H 4th _ Mmﬁ"m Supportabiity =
8th Attractiveness, Accessibility, Controliobility ss DDEF‘ICIUStEF s (o, Rl
el i st R == = -~ === 7o4 e
/ Interoction copabiity: Operobiiity / Manogeability, Robustness,
. Attroctiveness, Accessibility, Controliability
7er R o s s
oy ot o, 8 [ o e ~
1st | - Accostary Conoionss O perm— Panosc
PRGEon amd neutroen

2nd [ ... oot ooty estont. '
tY s Sclonoe oloud
3rd Reilability: Refiobility (sub), Avaliability, Fault tolerance,
@ i
Parformance efficiency: Time behavior, Resowrce utization,
4th Performance efficiency (sub)
Functionol suitability: Functional suitability (sub), Ecse of use /
Sth Usaobility (overlaps with Interaction capobility)
I

o I 55
8th _ Security: Confidentiality, Security (sub) “@‘.

oth [ soet soev s ENVRI A X

community

httgs://zenodo.org/records/ 15856368
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4. Case study: Using EVERSE in
ENVRI
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-?EE'—Z’ Essential climate variables
oN

» Essential Climate Variables as defined by the Global Climate
Observing System, there are 54 focused 0N the atmosphere,
cryosphere, oceans, anthropospher» hncnhoro nnd tho

L\I II\’P'I\(‘V\L\/\VI\
) ) . & N ; ‘ 7~ Atmospheric Composition
ECV Prior Information Downsteam Services -
: Surface Atmosphere &
Observations et 8 e
Statist m’f'j ‘ Regional, national and & @ ¥ »}F i 2

b % L g d) ohere
Surface Ocean - "J
> 8 A P—
4 @' == N e

Ocean Biology / Ecosystems
Ocean Biogeochemistry E a

Subsurface Ocean Physics
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222 Essential climate variables

- Variables are critical for observing and monitoring a given facet

of the Earth system.

| [ WU ibrary uisgaip X #

B+ X0 O » & O e Markdown v B Python 3 Geykaimel) )

That is the only thng you need to seaech, retrieve, and 3C08ss resources Ested on the Enveri-Hub catalogue.

Searh for resources in the catalogue

Lit's beeggén from the search task, although we recomemsend doing it Eheought the ©OS5 Web UL, you can script
it b with b Hub's  search_catalogue method Let's demonstrabe i's usage.

Free text search

Thee most basic type of search you can perform is a free fant one, much ke you would do in any search
angine.

far res in Bub. search_cavaloguel "beston’):
print{res. title]
print{f*\t resource id: {res,uid}’]
print{f*\t resource type: {res.type}®)
printi{f*\t resurce description: (res.descriprisalyava’l
Seatutadet - Beacon
resource didi file:sfrsoftware/notebooks 1107 Cataset /000 seadatanet TT/DEs tribut io
nSbal
resource type: DOWNMLOADASLE_FILE
redurde description: This i3 & notebook for querying the Beacon SsalataMet COI &n
stance (datalake sobdetting APT)

Tre search_catalogue method abaays return & Generalor sbject, Le. somifing you can ilerate on, so
VORI CaN YOOESS Search results one by one as they gel fetched from the calaiogue.

ach resull has the shape of & Distribution objsct, containing srything you need b work with Ehat
reourcn, inchasing tha dats scoeit logic, W'l Lee that in the Setail later, for now it's enough 1o knowe (Rat
aill of e harew a8 that i unicuss in thee Carlakagus s thiss are tao Types of tham: Wab Sanvices, and
Domiosdabie Files.

MWiode: Command & Ln1, Cod  ENYRI HUB Bewry usageiggnb 1 Y

Tier one research software

\

T

EMBRLC emso
SR

[TAY
-
Y

EPZS

BUROFEANPLATEOESERINGS Y TEN

Ch ofila ANaE|
AETRIS

33
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Pilots & Drivers

~ )
Environmental Sciences: Integration of Science Cluster ENVRI through ENVRI-HUB
e Integrate EVERSE framework into the ENVRI-HUB Knowledgebase and Virtual Research Environment
. * Apply to the development of the Essential Climate Variable computing program and cloud workflows y
4 )
Life Sciences: Integration of Science Cluster EOSC-Life through ELIXIR
o Make RO-Crate actionable by incorporating the five safes concept into WfExS for secure and federated workflow orchestration
e Use of community-led standards for materialising research software packaged using container technologies and mobilising
encrypted data whenever needed
J
/Astronomy and particle physics: Integration of Science Cluster ESCAPE through the Dark Matter Test Science Project A
e ML for scientific data compression (standalone code, python)
e A Common Tracking Software
._ o Choose an ATLAS trigger algorithm as an option for the collaboration )
4 N\
Proton and neutron science: Integration of Science Cluster PaNOSC through LEAPS/LENS
L Transition software to high performance computing (HPC) and heterogeneous computing architectures )
/Social sciences: Integration of Science Cluster SSHOC b
Develop a multilanguage textual analysis pipeline of tools that use a combination of open source tools and own code to create an
__integrated SotA tool capable of deploying locally or as a service

)

34
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From personal analysis code to shared infrastructure — rising reuse, audience and sustainability demands

C)

( )

Research software infrastructure W

Virtual research

environment ----

shared foundation - whole community

. J
( )
- RSQkit
@ Prototype tOOIS °® H & Ref,eafchQSam.'are
. Quality kn
Virtual Labs
new idea -> shareable tool > others
. J
( )

e Analysis code @ - E - |:||:|
Jupyter notebooks l

data - analysis code - result

. J

each tier builds on the one below

Same code DNA, rising responsibility: as software moves from Tier 1 to Tier 3, its audience widens and the need for identification, credit and sustained engineering grows.




-'3’5‘3"2 Methodology: three iterative steps

= Quality model customization
» Quality tool selection and integration
« Community training, utilization and feedback



BEeS Customising the Research Software Quality Model for a Domain

2 0 2 6 A three-step customisation cycle, instantiated at each of the three tiers of research software in the domain

continuous refinement

! |

. . e, ] ommm ° .
o Review & Prioritise 2= e Review & Test the Tools ’\Q e Validate & Improve s.
keywords: dimensions - metrics - community needs keywords: tooling - quality checks - piloting keywords: training - feedback - validation
Select the quality dimensions and metrics that —>  Assess candidate quality-check tools against the =—> Validate the model through training events and
matter for the domain, weighted by community prioritised metrics and pilot them on real domain community feedback, and refine dimensions,
practices and needs. software.

metrics and tooling.

the same three-step cycle is applied at every tier

TIER 1 .l TIER 2 R Uil £

Jupyter Notebooks Virtual Labs Virtual Research Environments
composed composed

Analysis code and computational nie Curated workflows and services into Integrated, operational platforms serving

narratives created by individual —> composing notebooks, tools and data for a =™ entire research communities.

researchers. use case.

focus: readability - reproducible environments - focus: interoperability - testing & Cl - focus: sustainability - FAIRness - security -

notebook checks documentation - containers governance

increasing scale, integration and community involvement
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5 Dimensions:

FeS 4.1, Quality model customization

25 Final Metrics (selected
from Volentir [1] & EVERSE

1. Maintainability  [2])

2. Security

3. FAIRness

4. Functional

Suitability

5.  Sustainability

Examples:

1. Maintainability Index

2. Code Duplication

3. Comment Density

4. Dependency
Management

5. Presence of License

6. No Leaked Credentials

Mapped to 4

Lifecycle Stages:

1. Planning &
Design

2. Development
3. Testing

4. Maintenance

Quality Dimension

[ Metric

| Lifecycle Stage

Maintainability

Security

FAIRness

Modularity

Cohesion

Architectural Complexity
Code Smells
Maintainability Index
Cognitive Complexity
Cyeclomatic Complexity
Code Duplication
Technical Debt

Comment Density

| Software Size (LoC)

Security Vulnerabilities

No Leaked Private Credentials

Presence of License
Publicly Accessible Repository
Rich Metadata

Documentation Quality

Requirement Traceability

Planning & Design
Planning & Design
Planning & Design
Development
Development
Development
Development
Development
Development
Development

Development

Maintenance

Maintenance

Maintenance
Maintenance
Maintenance

Maintenanee

Planning & Design

Unit Tests Testing
Functional Suitability Test Success ﬂ!fle_ ) 'Iu-st!ng
Code Reproducibility Testing
Defect Rate Testing
Percentage of Assertions Testing
Sustainability Dzrpcndelncy h.[anagemcnl Dﬂ'-l'e]opmmt
User Satisfaction Maintenance

[1] A. Volentir, “Customizable software quality guidance in the jupyter environment,” M.S. thesis, University of Amsterdam, 2024.
2] EVERSE Project, European virtual institute for research software excellence, https://everse.software, Accessed: 2025-04-13, 2025
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BEeS 4.2, Quality check tools

Metric Tool(s) Feasibility Notes

Modularity None Manual Review Structural modularity is difficult to
capture without human interpreta-
tion.

Cohesion None Manual Review Requires conceptual understanding of
logical grouping across cells.

Requirement Traceability None Manual Review Depends on how well code links to re-
search goals.

Architectural Complexity None Manual Review Requires human assessment of overall
flow and structure.

Code Smells Pylint Automatic Pylint flags typical Python anti-
patterns and poor code practices.

Maintainability Index Radon Automatic Radon computes maintainability score
based on complexity and size.

Cognitive Complexity None Manual Review No lightweight tools available for
Python.

Cyclomatic Complexity Radon Automatic Measured via Radon using AST-based
analysis.

Code Duplication JSCPD Automatic Detects duplicated code fragments in
notebooks and scripts.

Technical Debt None Indirect Inferred from code smells and com-
plexity, not measured directly.

Dependency Management Custom Script Partial Compares imports with

requirements.txt; doesn’t account
for all package sources.




BEeS 4.3, Integrate tools with VRE

Z Jupyter Untitled Last Chackpoint; last month e 9 Project-Level Results
Fle Edit View Run Kemel Settings Help Trusted |
B+ X0 0O » =aC » Cede . Jupytertab (2 @ Pythen 3 ipykernel) O = + « Dependency Management
! Imparted third-party packages found in your code: 2
l {11+ %run extension.py @ AN RO Packages listed in requirements.txt: @
Stage:  Development v Impaorted packages:

= IPythan, ipraidgets
Declared packages:
| + IPython, bandit, howfairis, ipywidgets, [scpd, notebook, pylint, radon
 Declared and used:
= |Pythan, ipyraidgats
& Declared but not imported:

Target Path:  tools

Selected Stage: Development « bandit, howfairis, jscpd, notebook, pyling, radon
. t Metrics Be‘ng Checked: Noha: Some packapes may be used ingdirectly fe.g., by CLI fools or nolabooks) and wan'T appear i Python Ampors
«  Code Smells {(measured)
Actomuticaly checked via pykne * File: tools/bandit_runner.py
« v Maintainability Index )

« x Code Smells: tools/oandit_runner.py:19:0: C0301: Line too long (104100) (line-too-long)
toolsfbandit_runner.py:40:0: CO307: Line oo long (1131100) (line-toe-long)

Agtomatically checked via racion

» x Cognitive Complexity (requires human evaluation) tools/bandit_runner.py:108:0: CO301: Line too long (107/100) (line-too-long)
Not sutomaticaly measuradie. Reguares human Adpment 10 sisess nodled struchaes, Jogic flow and menfal overhesd |W|Mi|_fuhl‘l¢fpﬁl‘1:u. m114: MI“IW mmle dmﬂfiﬂg imlsm_mmlle_ﬁocslﬁngl
tools/pandit_runner.py:5:0: ROS14: Too many local variables (2015) (too-many-locals)

«  Cyclomatic Complexity (measured) . N . . . . . .

Actomatically checked via radon tools/bandit_runner.py:74:59: W1514: Using open without explicitly specifying an encoding (unspecified-encoding)
Your code has been rated at 85010 (previous run: 8,500, +0.00)

* « Code Duplication [measured)

- + « Maintainability Index: M Score: 77,54, Grade: A
ik £ r

+ = Technical Debt (partially measured) Very high maintainability
Estimated indirectly Lxing indicetors ke code smalls (pying, cyciomatic complexty (radon), code Supication (iscpd), and mantainaddty index Tip: Your code demonsirates excellent structure, clarity, and low complexily. To maintain this level, continue enforcing consistent naming

o et for research nolebooks, his ADEONIMaton Grves corventions, madular design principles, and clean separation of concerns. Ensure all functions remain concise and well-documented. Conduct

(radon). These Msues offen lead (o techavcal debt. While no standard foo

insight info future refactoring occasional code reviews o calch early signs of complaxity,

iculafes tochy

~ Dependency Managemen! . N
. t (partially measured) » + Cyclomatic Complexity: Avg. Cyclomatic Complexity: 11.00, Worst Rank: C
Partially mossured by checking whether requived Rvanes are declared o reQuiroments, txt and used m code. MelDs detect! missing o unused
Moderate complexity — skghtly complex.
Tip: Consider reviewing areas with nested conditionals, long metheds, or large switchjcase statements. Break complex logic into helper functions
. VO " 3 1 o wharg possible

¥ )

dependencies.

Automatically checked via CusIOm parser Note: Cyclomatic Complexily ranks range from A {fow/simple) to F (very high/complex).




4.4 LLM in research software quality

Requirements
Engineering

Quality
Assurance

f Research

UvA

'L Software

Lubos et al.: Study where an LLM evaluated software requirements
according to the ISO/IEC/IEEE 29148 standard. The model was able to
identify potential issues and suggest revised formulations.

White et al.: Introduced prompt design patterns to guide LLMs in eliciting and
refining requirements

N. Wadhwa et al. [Microsoft]: CORE system, proposer—ranker architecture:

+ the first generates code revisions based on static analysis tool feedback

+ the second ranks these revisions based on criteria that mimic human
review

What can we learn from all these attempts and

)
)

Automated Testing
and Fault Detection

Reporting and
Documentation

» how can we apply our knowledge to research
software given its limitations?

R. Pan et al. [IBM]: ASTER system incorporates lightweight static analysis
and guides the LLM to produce compilable, high-coverage, and natural-
looking test cases. The tool has outperformed traditional automated test

Rﬁj%ee’rza,t ST. Islam et al. [UVA]: AutoSafeCoder system incorporates three

agents, a Coding Agent, a Static Analyzer Agent, and a Fuzzing Agent, in an
iterative loop that proposes fixes and re-tests code until issues are resolved.

Chen et al.: study on bug report decomposition found that LLMs could break
down complex, multi-issue reports into atomic units, making them easier to
act upon and document in tracking systems

41



.BEe> DevOps pipeline for services (tier three RS)
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naavre lifewatchdevivreapp x +
< C O 8 = htpalinasvee lifewatch.dev o O
esearcn sortware quality RS | |
BAS ERIC NaaVRE virtual research environments

A collechon of virtual research environments powered by NaavRE

Home

a If you wish to help us improve NaaVRE, follow thes short tutorials and fill in this form
Documentation

Login

Laserfarm collaborative

NaaVRE Open Lab Vol2bird collaborative virtual

labs virtual labs

Dev Ops

Open experimentation with
LIDAR point cloud analysis for

virtual labs Vertical profiling of biological

scatterers macro-ecology




25> Initial Mapping of Characteristics

DevOps Phase | Focus Characteristic Sub-characteristics Different focus per stage
Plan EEnsure all required functionality | Funectional Suitability Funct%ona] Cnm!:nlet.eness, Plan: Requirements checking
is captured early through accu- Functional Appropriateness . .
rate and complete requirements. Code: Standard code quality metrics
Implement secure coding prac- | Security Confidentiality, Integrity Deploy/Release: Failed deployments
Code tices to protect data and prevent . . .
unauthorized access. Build: Unused libraries
Write analyzable code to make | Maintainability Modularity, Reusability, Test: Coverage and Success
future changes easier. Analysability, Modifiability ) )
Design code to be adaptable for | Flexibility Adaptability Operate: User Satisfaction
different environments and fu- Monitor: Downtime
ture requirements.
Build Ensure the artifacts of the code- | Maintainability Testability
base are build and automated TPPr
testing will be performed to get Characteristics
the code ready for deployment. Defined based on the goal of each phase
Verify that the system behaves as | Functional Suitability Functional Appropriateness
Test .
intended.
Test the system stability under | Reliability Faultlessness, Fault Toler- Metrics
specified conditions. ance ] ) o
Deploy/Release Ensure deployments are stable | Reliability Availability, Recoverability Defined based on assigned sub-characteristic
and can recover from failure to each state of the lifecycle
quickly.
Protect  deployments  from | Security Resistance
threats.
Operate Ensure the product remains us- | Interaction Capability Recognizability, Learnability,
able in the live environment. Operability, User Error Pro- “
tection, User Engagement,
Inclusivity, User Assistance,
Self-descriptiveness
Monitor Continuously  assess  system | Reliability Recoverability, Availability
health and uptime to detect and
respond to issues.
Validate that delivered function- | Funetional Suitability Functional Correctness
ality meets expectations in pro-
duction.
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Table with metrics

DevOps Phase | Characteristic Sub-characteristic Linked Metric

Plan Funetional Suitability Functional Completeness Requirements Completeness

Plan Functional Suitability Functional Appropriateness Requirements Completeness

Plan Functional Suitability Functional Completeness Requirements Volatility

Code Security Confidentiality Secret Detection

Code Security Integrity CVE and CVSS

Code Maintainability Modularity Duplicated Lines Density

Code Maintainability Reusability Duplicated Lines Density

Code Maintainability Analysability Cognitive Complexity and Code
Smells

Code Maintainability Modifiability Cyclomatic Complexity

Code Sustainability - Programming Language Impact

Code Flexibility Adaptability Cognitive Complexity

Build Sustainability - Unused Libraries

Build Maintainability Testability Total Coverage

Test Functional Suitability Functional Appropriateness Test Success Density

Test Reliability Faultlessness Test Success Density

Test Reliability Fault Tolerance Test Success Density

Deploy/Release | Reliability Availability Change Failure Rate (CFR)

Deploy/Release | Security Resistance Secret Detection

Operate Interaction Capability Recognizability User Satisfaction

Operate Interaction Capability Learnability User Satisfaction

Operate Interaction Capability Operability User Satisfaction

Operate Interaction Capability User Error Protection User Satisfaction

Operate Interaction Capability User Engagement User Satisfaction

Operate Interaction Capability Inclusivity User Satisfaction

Operate Interaction Capability User Assistance User Satisfaction

Operate Interaction Capability Self-descriptiveness User Satisfaction

Monitor Reliability Recoverability Mean Time to Recover (MTTR)

Monitor Functional Suitability Functional Correctness Defect Density

Are the metrics suitable for the sub-characteristics in this stage?

12 antwaorden

@ Yos
& Mo

Figure A.6 Planning Metrics answers

Are the metrics suitable for the sub-characteristics in this stage?

12 antwoorden

@ Yes
@ No

Figure A.8: Code Metrics answers
Are the metrics suitable for the sub-characteristics in this stage?
12 antwoodden

@ Yos
@ No

Figure A.1T: Monltor Motrles answers



Tools per Metric

Phase Metric Tool(s)
Requirements Completeness Stakeholder Survey
Plan Estimated wvs Completed Story | JIRA REST API
Points
Security Requirements Coverage JIRA REST API
Library Freshness Trivy
Cyclomatic Complexity SonarQube
Code Cognitive Complexity SonarQube
Code Smells SonarQQube
Duplicated Lines Density SonarQube
Programming Language Impact GitHub API, Couto et al. benchmark table
CVE Identifiers and CVSS Scores Trivy
Build Secret Detection Gitleaks
Open Source License Scan Trivy
Unused Libraries Depcheck (JS/TS)
Total Coverage SonarQube, Jest
Test Test Success Density SonarQube, Jest
Penetration Testing OWASP ZAP
Deploy /Release Deployment Time / Change Time G?tHub API
Deployment Frequency GitHub API
Security Incident Reports JIRA REST API
Operate/Monitor Mean Time to Recover (MTTR) GitHub API
User Satisfaction User Survey
Defect Density JIRA REST API

Tool Selection

Fangm e, Taameng o

j
}

i
I
i
i

DovOps Quality Tool

—
Db repostory UL

l

o

ey ral

Mrara b rarre thal needs. b b Sl

Lacatien of packiges (lave vy i ros)
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3Ee> Thresholds per Metric

Metric Explanation Severity Thresholds
Estimated vs Com- Based on agile sprint performance standards > 100%: low
pleted Story Points [55], 85-100% is considered normal. Lower 85-99%: medium
per Sprint scores indicate planning issues. < 85%: high
Security Requirements If security requirements are even partially > 0%: low
Coverage specified, the coverage is considered accept- = 0%: high
able.
Security Incident Re- The occurrence of any security incident is con- = 0: low
ports sidered severe. > 0: high
User/Stakeholder Sat- Based on the Net Satisfaction Index [56], using > 100: low
isfaction (INSI) a 100-point scale. 75-99: low-medium
50-74: medium
25-49: medium-high
< 25: high
Cyclomatic Complex- Thresholds follow McCabe's software com- < 10: low
ity plexity recommendations [57]. 11-20: medium
> 20: high
Cognitive Complexity  Campbell suggests 15 as a rough maximum for < 15: low
readability [58]. > 15: high
Code Smells per A good baseline is under 5 smells per KLOC < 5: low
KLOC and no more than 10 [59]. 6-10: medium
> 10: high
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5. Hands on




BEeS How to access the Virtual Lab

2% 1 & @ ® 0O % T} @@ Opnieuw starten om te updaten # e » 0 | @ R
» vy v s -
k- to Mendeley [ Yshoo [ News [ Popular [ Imported FromSa.. N European Neutron... » | [ Alle bookmarks
E@ NaaVRE  Documentation GitHub [ 0- et it i W

Notebook as a

Virtual

Research
NaaVRE Environment

Al vl tabs

RN s T v T

Follow the tutorial Open NaaVRE

u g
u b _&
La J
N b >
a A 23
Share digital assets with collaborators Turn source code from Jupyter Run your workflows in the cloud
notebooks into workflow components )
In NaaVRE you can share source code, models, Execute workflows in a scalable cloud environment
workflows and analysis results with your team and NaaVRE lets you create workflow components from with configurable input and parameters.
community. Jupyter notebook cells and use these components

to build workflows.

NaaVRE (Notebook as a Virtual Research Environment) is a user-centric platform that supports the full research lifecycle through customizable Virtual Labs. It streamlines
collaboration by providing unified access to data, models, and software, while removing the complexity of creating and executing research workflows on the cloud'?.

[ J:\wy Client side (e.g. Jupyter environment)
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* Bookmarks @ Save to Mendeley @ Getting Started [ Latest Headlines

=9
LT

Home
About

Login
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% beta.naavre.net/vreapp/vi/jupyter-quality *

[ imported From Fir.

Jupyter quality

An interactive, lifecycle-aware quality assessment tool for research soff

Jupyter Quality Extension

This tool is designed for research software and helps researchers
evaluate notebook quality using relevant metrics based on the
software's development stage.

Features
Assess the quality of Jupyter-based research software projects

Metrics tailored to different lifecycle stages (e.g., Development,

Maintenance)

Interactive notebook-based interface with pass/fail icons and

improvement suggestions

Automatically converts .ipynb notebooks into .py scripts for
metric compatibility

Modular design for easy extension and maintenance

« Apple

How to access the Virtual Lab

VA NI

a iCloud @) Facebook @ Twiter W Wikipedia »

& @  Opnieuw starten om te updaten

[ Alle bookmarks

Experimental features

tware developed in Jupyter Notebooks.

Login to see details

New to NaaVRE? Follow the login tutorial

A

5 @ @ 2% betanaavre.netvreapp #

% Bookmarks

Li?gf}fg@[’ch

ERIC

Home

About

@ Save to Mendeley

Opnieuw starten om te updaten #

sFE PO ®D @

@ Oetting Started [ LatestHeadlines [ Imported From Fir.. & Apple @ iCloud () Facebook @ Twitter W Wikipedia & SavetoMendeley [ Yahoo [ News [3 Popular [ Imported FromSa.. N European Neutron... » [ Alle bookmarks

NaaVRE: Notebook as a Virtual Research Environment

§ We have simplified the sharing of notebaok files, workflow components, and workflow files. Check out the assets catalogue documentation on naavre.net. %

% If you encounter an issue or need help with anything, get in touch or submit a bug report on GitHub.
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This tool is designed for research software and helps researchers
evaluate notebook quality using relevant metrics based on the

software's development stage.

Features

Assess the quality of Jupyter-based research software projects

Metrics tailored to different lifecycle stages (e.g., Development,

Maintenance)

Interactive notebook-based interface with pass/fail icons and

improvement suggestions

Automatically converts .ipynb notebooks into .py scripts for
metric compatibility

Modular design for easy extension and maintenance
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An interactive, lifecycle-aware quality assessment tool for research software developed in Jupyter Notebooks.
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This tool is designed for research software and helps researchers
evaluate notebook quality using relevant metrics based on the
software's development stage.

Features

Assess the quality of Jupyter-based research software projects

Metrics tailored to different lifecycle stages (e.g., Development,

Maintenance)

Interactive notebook-based interface with pass/fail icons and

improvement suggestions

Automatically converts .ipynb notebooks into .py scripts for

metric compatibility

Modular design for easy extension and maintenance
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An interactive, lifecycle-aware quality assessment tool for research software developed in Jupyter Notebooks.
This tool is designed for research software and helps researchers evaluate notebook quality using relevant metrics based on the

» Assess the quality of Jupyter-based research software projects

* Metrics tailored to different lifecycle stages (e.g., Development, Maintenance)

« Interactive notebook-based interface with pass/fail icons and improvement suggestions
» Automatically converts .ipynb notebooks into .py scripts for metric compatibility
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?Efg Summary o EVERSE ®_

» The quality of Research Software (RS) is essential for open science and
research infrastructure.

= The EVERSE RSQkit offers a community-based approach to RS quality
control.

= Customization of the RS quality model is necessary for specific
communities.

» Generative Al (GenAl) shows significant potential for diagnosing RS
quality and providing feedback.
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Contact: z.zhao@uva.nl

ENVRI: www.envri.eu

EVERSE: https://everse.software/network/
MNS Research group: https://mns-research.nl/

EVERSE /'.
NETWORK

Funded by
the European Union
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. _#BEes 10 0pen the workshop in the NaaVRE
2“6 virtual lab:

. (o to beta.naavre.net

. Click on “Jupyter quality”

. Log in (using a google or EOSC account)
. Click on “Start workshop”
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