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Open source software has become digital
Infrastructure

Everybody uses open source:
- Fortune 500 companies
- Major software companies

° - Startups

- Government




Like any Infrastructure, It needs regular upkeep
and maintenance

Roads
and BridQESZ

The Unseen Labor Behind
Our Digital Infrastructure

Everybody uses open source:

Fortune 500 companies
Major software companies
Startups

Government

If undermaintained:
Brittle supply chains
Risks for downstream users
Slows down innovation

How one programmer broke the
Internet by deleting a tiny piece of

https://qz.com/646467/how-one-programmer-broke-the-
internet-by-deleting-a-tiny-piece-of-code/
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“‘ Improving funding

Y o e Open-source sustainability
portiors and cture. .. [N research has focused on
\ 3 keeping projects and

' ecosystems alive and
maintained.

particular open
source projects
and ecosystems
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R1E/D E L sustainabllity research on ...

Project practices
. CHASE 2023 (social

media)

- ICSE 2020 (forking)

. ESEC/FSE 2019 (forking)

. ESEC/FSE 2018

(abanc

onment factors)

Funding models
. ICSE 2020

(donations)

Sunsetting
. ESEC/FSE 2023

- ICSE 2

025 (dealing

with abandonment)

Attracting

contributors
. ICSE 2022 (Twitter)

- MSR 2020 (Twitter)
- CSCW 2019 (signals)

- ESEC/ESE 2015 (social
connections)

Transparency
and signaling

- ESEC/FSE 2020
(diffusion of practices)

- CSCW 2019 (signals)
. |ICSE 2018 (badges)

Stress, burnout, Novelty and

disengagement iInnovation

.- |CSE 2024 (atypical
combinations)

CSE 2022 (toxicity theory)
CSE SEIS 2022 (toxicity vs pushback)
CSE NIER 2020 (toxic language)

CSE 2019 (overwork) Network effects
- 055 2019 (dropout, survival analysis) . |CSE 2024 (innovation)

Diversity and inclusion . ESEC/FSE 2023 (labor pools)

- CHI 2023 (ClimateCoach) .- |CSE 2022 (Twitter)

- ICSE SEIS 2023 (census) - ESEC/ESE 2020 (diffusion of
practices)

- ICSE 2019 (social capital)
- CHI 2015 (gender & tenure)
- CHASE 2015 (survey)

- ICSE 2019 (social capital)

- ESEC/ESE 2018
(abandonment factors)
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Maintainers often leave projects
for reasons we can't / shouldn’t
prevent:

switching jobs (voluntarily), starting a
family, losing interest, ...

Often nobody steps up when
maintainers disengage.




user who Is not yet

ready to deal with
dependency
abandonment

users dealing
with dependency

More research should |
focus on helping open-
source maintainers with
sunsetting, and helping ' b
open-source users with ‘ aaei
the effects of that. LR

abandoned
open-source
project
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Today

How Dbig Is the problem? What do people do to prepare / deal with
1t?

* Interviews with maintainers of Javascript, Python, and PHP projects with
abandoned upstream dependencies.

* A large-scale guantitative study of abandoned npm packages.

C. Miller, C. Kastner, and B. Vasilescu. “We feel like we’re winging it:” A study on navigating open-source dependency
abandonment. In International Conference on the Foundations of Software Engineering (FSE), page 1281-1293. ACM, 2023.

C. Miller, M. Jahanshahi, A. Mockus, B. Vasilescu, and C. Kastner. Understanding the Response to Open-Source Dependency
Abandonment in the npm Ecosystem. In International Conference on Software Engineering (ICSE). IEEE, 2025.



Part 1: Interviews
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https://github.com/dimsemenov/Magnific-Popup Additions and Deletions per week
25K

1 + xxImportant notex* This jQuery plugin 1s deprecated, only critical or
security bug fixes will be released in future. Use native "<dialog>"
20K element 1f you need a basic dialog/modal/popup, or my <a
href="https://photoswipe.com">PhotoSwipe</a> library if you need an
15K advanced 1image gallery. Feel free to email me if you need assistance.
Considered “abandoned” here
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Timeline from the perspective of a consumer

pre-adoption
considerations
A

A\

dependency
adoption

time I '




Timeline from the perspective of a consumer

dependency dependency becomes
adoption abandoned

time



Timeline from the perspective of a consumer

preparations
once adopted
A
4 N\
dependency dependency becomes dependency identified
adoption abandoned as abandoned

time



Timeline from the perspective of a consumer

dealing with
abandonment
f % N
dependency dependency becomes dependency identified
adoption abandoned as abandoned

time



Timeline from the perspective of a consumer

dependency dependency becomes dependency identified response to
adoption abandoned as abandoned abandonment

time



Impacts of abandonment are debated

dependency dependency becomes dependency identified response to
adoption abandoned as abandoned abandonment

time

* Some concrete, e.q., language incompatiblilities
(Python 2 to 3), missing needed features

* Many more anticipated, e.qg., future updates,
security concerns

* Some expect no meaningful Impact



Preparations post-adoption seem rare

dependency dependency becomes dependency identified response to
adoption abandoned as abandoned abandonment

time

- /
Y

E.qg., building abstraction layers, minimizing dependencies, monitoring

(D Showing 8 changed files with 906 additions and 1,752 deletions. Split  Unified

Q1 Filter changed files

v -3 12 mmmmE packages/ds-medicare-gov/package.json [_[;1 <> D
v -storybook * @@ -28,17 +28,5 @@
[ﬂ main.js [+] 28 "@cmsgov,/desi : 28 "Rcmsgov/design-system™: "4.8.8",
29 react": "f17.8.18", 29 "Rtypes/react”: "*17.8.18",
[ﬁ yarnrc E] 5] "Wtypes/react-dom"; "*17.8.18" 3 "Rtypes/react-dom": "*17.8.18"
[ package.json [ b

"devDependencies": {

e packages - "Otypes/webpack": "*4.41.6",
) 34 - "@typescript-eslint/eslint-plugin®:
b ﬂESIQﬂ-S"_.I' stem/src/component.. yP P pug
"AG.ZT.A",
[j index.test.js 35 - "Etypescript-eslint/parser": "A5.27.1",
36 - "eglint-config-prettier": ""*6.10.0",
£ docs/src/components/content 37 - veslint-config-react": "r1.1.7",
[3 StorybookExampleFooter... 38 - "eslint-plugln-compat*: "~3.5.1",
39 - "eglint-plugin-jsx-ally": ""4.2.3",

g ds-nhealthcare-gov - "eslint-plugin-prettier": "*3.1.2",
_ "egslint-plugin-react": "*7.18.3",
D pa{:ka gEJSDn E] n 4 ° ’ ; n ] ]
eslint=-plugin-react=hooks": ""*4.4.8
W ds-medicare-gov

[ package.json [




Preparations post-adoption seem rare

dependency dependency becomes dependency identified response to
adoption abandoned as abandoned abandonment

time

- J
Y

Not all interviewees considered prep worth the effort

We are basically employing the strategy of

‘If it works It works, If it
breaks then I'll fix the issues.’

- PID10



The most common way to deal with abandonment
IS to switch to an alternative dependency

dependency dependency becomes dependency identified response to
adoption abandoned as abandoned abandonment
time
N\ J
'

Another common solution was to
fork or vendor code

v ‘3 11 mmEE~ jobs/integration/test_aws_iam.py (5

Az R -7,7 +7,7 @@
7 from .utils import juju_run 7 from .utils import juju_run
8 from subprocess import check_output 8&adl from subprocess import check_ output
9 from shlex J1noorigEddet— v Fromsirtrex—tmpeott—_Giddt
<10 - from configobj import ConfigObj 1@ + from configparser import ConfigParser >
11 from cllib.run ImMportTCTapto = S e m—etHy T TMPOT T Capture
12 Lmport 12 Lmport



Dealing with abandonment typically required
trial-and-error

C) secnorimoce. seek support from others

o Search or jump to... Pull requests Issues

o Search or jump to... / Pull requests Issues

& defunkt [ pystache  public © Wa
<Q mattupState/ﬂaSK-th ALl > g Vimalloc/fIaSK_th-eXtended Public <> Code () Issues 36 {1 Pull requests 17 (™ Actions [ Projects @ Security |~ Insights
<> Code () Issues 44 19 Pullrequests 29  (» Actions <> Code () Issues 9 {7 Pullrequests 3 () Actions [f Is this pl’OjeCt dead? #192

obfuscoder opened this issue on Aug 10, 2017 - 20 comments

¥ master ~ ¥ 2 branches (5 tags ¥ master ~ ¥ 3 branches © 86 tags
obfuscoder commented on Aug 10, 2017 @ -
Matt Wright Bump version number to 0.3.2 @ vimalloc Bump to 4.4.4
There have been no commits in the last 3 years. Issues haven't been updated in a while. Pull requests haven't been
merged or discussed despite them building successfully. Mailing list is silent.
docs Bump version nt i
P -github Add flask2.1to C I'm very much interested in the YAML input support (PR#177).
example Use PyJWT docs Include exceptin @) (& 3
flask_jwt Bump version nt examples ENH: small doc 1
. . " stuaxo commented on Dec 11, 2017 - edited ~ © -
scripts Add release scri flask_jwt_extended Bump to 4.4.4 =
Maybe am interim maintainer could be a solution http://bluesock.org/~willkg/blog/dev/html5lib_1_0.html
hugovk commented on Mar 19, 2018 @ -
Some are now using chevron:
v 7 11 EEEE jobs/integration/test_aws_iam.py |'_|,:I
X PR -7,7 +7,7 @@
7 from .utils import juju_run 7 from .utils import juju_run
8 from subprocess import check_output 8 from subprocess import check_output
9 from shlex import split 9 from shlex import split
1@ - from configobj import ConfigObj 18 + from configparser import ConfigParser
11 from cilib.run import capture 11 from cilib.run import capture
12 import os 12 import os
13 13

23



Common theme: Interviewees benefitted from

the actions of others

This repository has been archived by the owner on Oct 29, 2018. It is now read-only.

H GravityLabs [ goose (Public archive ) & Watch

<> Code () Issues 48 {1 Pull requests 15 ® Actions [ Projects [ wiki @ Security |~ Insights

Is this project still maintained? #86
Quantisan opened this issue on Feb 26, 2014 - 1 comment

@ Quantisan commented on Feb 26, 2014 Assignees

No one assigned
last commit was a year ago, 9 pull requests open from months ago

Labels

MNone yet
jasonab commented on Feb 26, 2014

Projects
No, | don't believe so. There's a python fork at https://github.com/grangier/python-goose, as well as some direct forks \ .

one ye

(including mine with a few bugdfixes: https://github.com/jasonab/goose) y

Milestone

No milestone

Development

No branches or pull requests

This repository has been archived. Notifications Customize

.Q. Subscribe

You're not receiving notifications from this thread.

2 participants

Q2

92

% Fork 331

-

s Star

1.5k

-



This repository has been archived by the owner on Oct 30, 2018. It is now read-only.

[ GravityLabs [ goose (Public archive

IT Pull requests 18 (*) Actions

( Projects [IJ wiki U Security =2 Insights

¥ master ~ F 4 branches © 32 1ags

Migration Discussion

e Quantisan cammented an Feb 26, 2014

last commmt was & year ago, 9 pull requests open from months ago

jasonab commented on Feb 28, 2014

No, | don't balieve so0, There's a python fork at htips://aithub

-om/grangier/python-goose, as well as some direct forks

{including mina with a few bugfixes: Mips://github.com/jasenabigoosea)
o) Add a comment
»
Write Praview H B I = < & = = 9= ¢ @ ¢ & [
fidd your com  he
Tom Commit Release 2.1.29_210: . 4621043 on Dec 1, 2015 ) 197 commits
misc/PSD acding new unit tests 13 yv&ars ago
src Commit Release 2.1.29_2.10 8 years ago
™ — ~ r N A N ’ 4 ]
L] .gitignore heck in Redease 2.1.22_2.10, which was a port of 2.1.22 to Scala 8 years ago
] LICENSE adding apache2.0 licensing to files and added a LICENSE file 12 years ago
' NOTICE adding apach22.0 licensing to files and added a LICENSE file 12 years ago
' README.md Fix markdown formatting for bullet points in Readme 12 years ago
ﬁﬂ ~~ . ~ v ” ~N "y
L1 pom.xml ~ommit Release 2.1.29_2.1C B years ago

README.md

£\ Notifications Y Fork 360 U7 Star 1.5k

About

Html Content |/ Article Extractor in
Scala - open sourced from Gravily
Labs

S ossible (simple)

| ’ R ~ 25 ue
/3 Apache-2.0 license

v Activity

solution to

& 93 watching

Y 360 fork

.. support creation
of community-
oriented solutions

Releases

© 32 tags

Packages

kages published

Contributors &

D208

Languages

® Scala 100,07



Part 1 Summary:

Every time a project becomes abandoned, or we think it might be

abandoned, we feel Iike We’l’e Winging it

We feel like we’re dealing with it for the first time
- PID4



Part 2. Repository Mining



About

28,100 npm packages out of 1M+ In 2020 —
had at least one month with 10,000+ downloads MIT license

Activity

11.4K stars

371 watching
Y 3.5k forks

Report repository

Releases 8

Q 1.2.0 ( Latest

on Jun 8

+ 7 releases

Packages

No packages published

Used by 48.7k
TqCSEC @D -

Contributors 53




About

28,100 npm packages out of 1M+ In 2020 1) Rescme
had at least one month with 10,000+ downloads 8 MIT license

A~ Activity

v 11.4K stars
& 371 watching
% 3.5k forks

Report repository
Releases 8
] O 1.2.0 ( Latest
, + 7 releases

Packages

became abandoned

Observation window: Jan 2015 to Dec 2020 Used by 487k
7¢8CE @2

Contributors 53




The distributions of peak download and current star counts for both
abandoned and non-abandoned packages are similar.

1.00; 0.4- non—abandoned
- ' abandoned
L .*5') 0.3
8 0.50- \ S
X (0.25- ®)
o k>
0 0.1
0.001_ | \ —— ’
0 0 00 .~ 000 .4 000 0.0-
10,00, 50,00%,00,09°100.08°q0, . . .
AVE4,09%710,.08%400 0 10 1,000 100.000

peak num downloads num stars



The abandoned projects impacted

~280k+ downstreams

on GitHub

of which

~78k+ were still active at

the time

A~ Activity

v 11.4K stars
& 371 watching
Y 3.5k forks

Report repository

Releases 8

Q 1.2.0 ( Latest

Packages

No packages published

Used by 48.7k
"ECEE @ -

Contributors 53




How much do people downstream react?



The rate of removing abandoned dependencies Is similar to
random dependency updates, and slower than security
patch updates.

=
-
O

— Abandonment
Update
— Security Patch

O
~J
O

Survival Probabillity
- -
N U
U.-I -

O
-
o

0 25 50 75
Delay (In Months)



Which tactors correlate with downstream
projects reacting faster?



Time to Removing Abandoned Dependencies

HR = 1.07
Uses Dep. Mgmt. Tools
HR =1.16***
Dependency Churn (log)
. . HR = 0.93*
Project Size (loQg)
| HR = 1.07
Project Age (log)
L HR = 0.88
Num Maintainers (log)
_ HR = 0.98
Num Commits (log)
| HR = 0.9**
Technical Lag (log)
_ HR =1.01
Has Corporate Commits
_ HR =1.21*
Governance Maturity
- it Nt HR = 1.58%**
Detection = Explicit Notice
0.0 0.5 1.0 1.5 2.0

Hazard Ratio Estimate (***p < 0.001, **p < 0.01, *p < 0.05)



Factors

Time to Removing Abandoned Dependencies

HR = 1.07
Uses Dep. Mgmt. Tools
HR =1.16***
Dependency Churn (log)
. . HR = 0.93*
Project Size (log)
| HR = 1.07
Project Age (log)
o HR = 0.88
Num Maintainers (log)
_ HR = 0.98
Num Commits (log)
| HR = 0.9**
Technical Lag (log)
_ HR =1.01
Has Corporate Commits
_ HR = 1.21**
Governance Maturity
- it Nt HR = 1.58%**
Detection = Explicit Notice
0.0 0.5 1.0 1.5 2.0

Hazard Ratio Estimate (***p < 0.001, **p < 0.01, *p < 0.05)



Magnitude of correlation

Time to Removing Abandoned Dependencies
HR = 1.07

Uses Dep. Mgmt. Tools

HR =1.16***
Dependency Churn (log)

| | HR = 0.93*
Project Size (loQg)

| HR = 1.07
Project Age (log)

o HR = 0.88
Num Maintainers (log)

_ HR = 0.98
Num Commits (log)

HR = 0.9***

Technical Lag (log)

_ HR =1.01
Has Corporate Commits

_ HR =1.21**
Governance Maturity

- it Nt HR = 1.58%**
Detection = Explicit Notice

0.0 0.5 1.0 1.5 2.0
Hazard Ratio Estimate (***p < 0.001, **p < 0.01, *p < 0.05)



Automation: no efftect

HR =1.07
Uses Dep. Mgmt. Tools O

Dependency Churn (log) O
HR = 0.93*

Project size: no effect

HR =0.88

Num Maintainers (log) O
HR = 0.98

Num Commits (loo
_ HR = 0.9%**
oAl ] ol0 () ()

S HR = 1.01
Has Corporate Commits O

Corporate involvement: no effect

L/TLTULLUUIT — LLAMIIVIL INULILCT W

0.0 0.5 1.0 1.5 2.0
Hazard Ratio Estimate (***p < 0.001, **p < 0.01, *p < 0.05)



HR =1.07
Uses Dep. Mgmt. Tools

HR =1.16***
Dependency Churn (log)
| | HR = 0.93*
Project Size (loQ)
HR = 1.07

Project Age (loQ)
SIX governance best practices: having a README, a

license, Issue templates, pull request templates,
contributing guidelines, and a code of conduct

_ HR = 1.21**
Governance Maturity O

Detection = Explicit Notice O

0.0 0.5 1.0 1.5 2.0
Hazard Ratio Estimate (***p < 0.001, **p < 0.01, *p < 0.05)



Updates to dependencies In the year before exposure

HR = 1.16™**
Dependency Churn (log) o

Project Size (log) O
_ HR =1.07
Project Age (loQ)
- o HR = 0.88
: O
Average lag of dependencies HR = 0.98
| HR = 0.9***
Technical Lag (log) O
=
Has Corporate Commits O
_ HR =1.21**
Governance Maturity
- it Nt HR = 1.58%
Detection = Explicit Notice
0.0 0.5 1.0 1.5 2.0

Hazard Ratio Estimate (***p < 0.001, **p < 0.01, *p < 0.05)



=1 & B e
per} 8 http://unmaintained.tech

(> Code [ Pull requests Actions () Security |~/ Insights
 —— No Maintenance Intended X

This repository has been archived by the owner on Jun 19, 2020. It is now read-only.

W

CasperdJS is no longer actively maintained. Navigation scripting and testing
utility for PhantomJS and SlimerJS 1 + **kImportant notexx This jQuery plugin 1s deprecated, only critical or

security bug fixes will be released in future. Use native "<dialog>"

58 MIT license . . _

element 1f you need a basic dialog/modal/popup, or my <a
v 7.2k stars % 984 forks 251 watching ¥ 9 Bran i i i i
href="https://photoswipe.com">PhotoSwipe</a> library 1f you need an

“v Activity (£} Custom properties advanced image gallery. Feel free to email me if you need assistance.

@ Public archive repository

Strongest effect: Explicit notice of abandonment
(Github archive flag, no-maintenance-intended badge, other mention in README)

| o | HR = 1.58***
Detection = Explicit Notice

0.0 0.5 1.0 1.5 2.0
Hazard Ratio Estimate (***p < 0.001, **p < 0.01, *p < 0.05)



Parting Thoughts

* Abandonment, even among widely-used npm packages,
s fairly common.

* [t can have rippling effects, especially when considering
transitive impact.

* People seem to care about abandoned dependencies
(many remove them), but may not notice them. It's also
unclear what to do after.

* At the very least, we recommend that:

* Maintainers place an explicit notice of abandonment
somewhere visible.

* Platforms implement features to help with migration.

* |t's time to establish best practices for responsible
sunsetting of packages, rather than insisting on
iIndefinite maintenance!

Bogdan Vasilescu
@b vasilescu
https://bvasiles.github.io

Al

STREDEL

SOCIO-TECHNICAL RESEARCH
USING DATA EXCAVATION LAB

Our papers:
https://cmustrudel.github.io/publications/

A STUDY ON NAVIGATING
OPEN-SOURCE DEPENDENCY

Courtney Miller ABANDONMENT
@courtneyelta

https://courtney-e-miller.github.io
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