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Abstract—The sustainability of libraries is critical for modern
software development, yet many libraries face abandonment,
posing significant risks to dependent projects. This study explores
the prevalence and patterns of library abandonment in the Maven
ecosystem. We investigate abandonment trends over the past
decade, revealing that approximately one in four libraries fail to
survive beyond their creation year. We also analyze the release
activities of libraries, focusing on their lifespan and release speed,
and analyze the evolution of these metrics within the lifespan of
libraries. We find that while slow release speed and relatively
long periods of inactivity are often precursors to abandonment,
some abandoned libraries exhibit bursts of high frequent release
activity late in their life cycle. Our findings contribute to a
new understanding of library abandonment dynamics and offer
insights for practitioners to identify and mitigate risks in software
ecosystems.

I. INTRODUCTION

Open-source software (OSS) libraries play a crucial role in
modern software development, as they are frequently adopted
as dependencies in millions of open-source and commercial
software systems. These dependencies enable developers to
build applications efficiently by leveraging pre-existing solu-
tions. However, the sustainability of these libraries is often
uncertain, as they typically depend on volunteer contributors
who may discontinue due to various reasons [1]-[3]. This
reliance on volunteer contributors makes libraries vulnerable
to turnover and, ultimately, abandonment, which presents risks
such as unresolved bugs and unpatched security vulnerabili-
ties, which can severely impact dependent systems [4], [S].

Most existing studies on OSS project abandonment focus
on analyzing the impact and risk associated with project
abandonment [S]-[11]. To the best of our knowledge, the
recent study by Miller et al. [L1] is the only one that pro-
poses strategies to mitigate the risk brought by abandonment.
Their study highlights the importance of proactive notifications
from maintainers before abandonment occurs. However, this
approach relies heavily on maintainers actively signaling their
intent to abandon a project, which is not always feasible or
reliable. This highlights a research gap in identifying more
indicators of package abandonment that can warn dependent
projects about potential risks. Our study seeks to address this
gap through a data-driven investigation of libraries’ release
activities. The focus on release activities is driven by the
intuition that abandoned projects may exhibit a slowdown in
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their release speed prior to abandonment. To achieve our goal,
we conduct a case study on libraries in the Maven ecosystem.
Despite its popularity, many Maven projects have been aban-
doned over time, raising concerns about the ecosystem’s long-
term sustainability [12]]. Our study addresses the following two
research questions:

RQ1: How prevalent is library abandonment in the Maven
ecosystem?

What are the release activity patterns in abandoned
versus active libraries?

The first question examines the severity and evolution of
abandonment in the Maven ecosystem, and the second in-
vestigates release patterns to differentiate abandoned libraries
from active ones. By answering these questions, our study
provides insights into the extent of abandonment and early
warning signs, offering guidance for developers in dependency
management and promoting ecosystem resilience.
Replication package: The dataset and code for
reproducing our empirical study results are available at:

RQ2:

https://github.com/RISElabQueens/analyzing-abandonment-and-slowdown

II. DATA PREPARATION AND TERMINOLOGY
A. Dataset and Filtering Process

Our study uses the Maven Central Neo4j dataset [[13], [14],
which contains a comprehensive graph of the entire Maven
ecosystem. In this study, we used the dataset updated till
September 4, 2024. To prepare the data for analysis, we used
Neo4j to extract release information of all libraries in the
ecosystem. We observed that not all libraries have release data.
After excluding those libraries, we retained 635,003 libraries
(96.5% of the original libraries). For our study, we define an
observation window spanning 10 years, from September 4,
2014, to September 4, 2024. This window focuses on relatively
newer libraries whose complete lifecycles can be observed
within this period. We excluded older libraries created before
the start of the observation window, reducing the dataset to
581,424 unique libraries. Additionally, we excluded too new
libraries (created for less than one year), and those with only
a single release, as they lack sufficient data for meaningful
analysis. After this filtering, our final dataset for answering two
RQs contains 403,048 unique libraries, accounting for 61.3%
of the original libraries.
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B. Definitions

We define the key terminology used in this study below.
Abandoned and Active Libraries: Libraries with no releases
in the last two years of our observation window are classified
as abandoned; otherwise, they are considered active. We
acknowledge the threats associated with this definition and
discuss them in detail in Section [V
Abandonment Date: The date of the latest release for an
abandoned library.

Lifespan of a Library: The time span between a library’s
first release and its latest release.

Lifespan of a Release: The time span between a target release
and its subsequent release.

Release Speed of a Library: The average rate of releases over
a specific time interval, measured in releases per day, month,
or year. This metric was introduced by Damien et al. [[15].

III. PREVALENCE OF LIBRARY ABANDONMENT
A. RQI.1: What is the trend of abandonment over the years?

Approach: Following the definitions outlined in Section [II
we classify libraries as either abandoned or active. For each
library, we determine its entry into the ecosystem based on its
first release date, and for abandoned libraries, we identify the
date of abandonment. Subsequently, we collect key statistics
related to abandonment for each observation year.

Results: Table [l summarizes, for each year, the number of
active libraries, the libraries abandoned that year, and the
percentage of total libraries abandoned. We observed that
as the Maven ecosystem rapidly expanded, the number
of abandoned libraries also increased, with high annual
abandonment rates consistently ranging from 20.9% to
24.4% during 2015 to 2021. Note that the abandonment rate
for 2014 is significantly lower at 6.8%, likely because the
observation window begins in 2014, providing only one year
for libraries created in that year to be abandoned. Similarly,
the lower abandonment rate in 2022 may be influenced by its
proximity to the end of the observation window, which limits
the time available for libraries to be classified as abandoned.

B. RQ1.2: What is the abandonment rate of libraries over
their life cycle?

Approach: RQ1.1 demonstrates that abandonment is prevalent
in the ecosystem. However, the abandonment ratio presented
in Table Il does not tell when a library will likely be aban-
doned, which motivates RQ1.2. To answer this question, we
performed a cohort-based, time-to-event analysis. We define a
cohort as a group of libraries created in the same observation
year. This design enables us to examine how abandonment
patterns evolve. For each cohort, we calculated the proportion
of libraries created in that year that were abandoned within 1
to 4 years, or later, from their creation date.

Results: The cohort-wise abandonment analysis (Table [
shows varying abandonment patterns by library creation year.
Libraries created in 2014 had the lowest first-year aban-
donment rate (6.8%), but this rose sharply to 49.7% within
three years. In contrast, libraries created between 2015

and 2021 showed higher first-year abandonment rates
(21.4%-26.7%), with roughly one in four failing within
their first year. Second-year abandonment was particularly
pronounced, driving the two-year cumulative rate to nearly
50%. Notably, libraries created in 2018 and 2019 experienced
the highest overall abandonment rates.

RQ1 Summary: Library abandonment is common in the
Maven ecosystem, with a consistently high annual rate
exceeding 20%. Between 2015 and 2021, approximately
25% of newly introduced libraries were abandoned within
their first year, increasing to 39.7%-48.1% by the end of
their second year.

IV. RELEASE ACTIVITY PATTERNS IN ABANDONED AND
ACTIVE LIBRARIES

A. RQ2.1: How do the lifespan and release speed of aban-
doned libraries compare to those of active libraries?

Approach: Release speed is a critical characteristic of libraries
in a software ecosystem [15]. Thus, we first analyze the
release activities of abandoned libraries by calculating this
metric within the whole library lifespan. Recognizing that
release speed may vary depending on a library’s lifespan, we
categorize libraries based on their lifespan and classify their
release speeds into distinct groups. Specifically, we use 1 and
2 years as thresholds to define short-lived, moderate-lived,
and long-lived libraries, and 1 and 2 releases per month to
distinguish between fast, moderate, and slow release speeds.
These thresholds are determined based on observations of the
overall distribution of lifespan and release speed and their
interpretability.

Results: Table [ summarizes the number of libraries in
each group, categorized by lifespan and release speed. Our
analysis reveals that 59.1% of abandoned libraries are
short-lived, with the majority (68.9%) exhibiting slow
or moderate release speeds. 20.3% of abandoned libraries
exhibit slow release speed and short-lived, significantly higher
than the 8.4% observed in active libraries. This indicates
that short-lived libraries, particularly those with slow release
speed, are more prone to abandonment. This trend remains
relatively consistent across moderate (1-2 releases per month)
and high-speed (>2 releases per month) categories, where
short-lived abandoned libraries are more prevalent than their
active counterparts.

22.8% of abandoned libraries are long-lived, suggesting
that these libraries may have reached maturity and no longer
require frequent updates or new releases. Additionally, 43,928
(21.3%) abandoned libraries exhibit high release speeds.
This indicates high release speed alone may not reliably
signal the risk of abandonment.

B. RQ2.2: How does release speed evolve over the lifespan
of abandoned libraries compared to active libraries?

Approach: The release speed of a library can vary signifi-

cantly over its lifespan. Thus, in RQ2.2, we perform an in-
depth analysis on how a library’s release speed evolves across



TABLE I
STATISTICS OF LIBRARY ABANDONMENT IN THE MAVEN ECOSYSTEM OVER 10 YEARS (2014-2023).

Continuing libraries Newly created libraries Tofal active libraries

Total abandoned Abandonment rate Cumulative abandoned

Year from previous year in current year in current year libraries in current year per year (%) libraries
2014 0 26,158 26,158 1,783 6.8% 1,783
2015 24,375 34,620 58,995 12,354 20.9% 14,137
2016 46,641 34,680 81,321 19,604 24.1% 33,741
2017 61,717 34,405 96,122 21,523 22.3% 55,264
2018 74,599 36,440 111,039 27,110 24.4% 82,374
2019 83,929 40,550 124,479 28,075 22.5% 110,449
2020 96,404 43,149 139,553 30,925 22.1% 141,374
2021 108,628 63,612 172,240 37,655 21.8% 179,029
2022 134,585 52,235 186,820 27,739 14.8% 206,768
2023 159,081 37,199 196,280 0 0.0% 206,768
TABLE II

SUMMARY OF ABANDONED LIBRARIES

BASED ON THEIR CREATION YEAR.

Year Total libraries Abandoned _ Active

Abandonment rates (%)

libraries libraries
within T year within 2 year within 3 year within 4 year within 5 and remaining years
2014 26,158 19,122 7,036 6.8% 25.6% 41.1% 49.7% 73.1%
2015 34,620 27,256 7,364 21.4% 41.9% 53.5% 62.1% 78.7%
2016 34,680 27,706 6,974 24.3% 44.3% 58.2% 65.7% 79.8%
2017 34,405 26,038 8,367 24.2% 47.1% 57.8% 66.7% 75.6%
2018 36,440 26,016 10,424 26.3% 48.1% 59.4% 67.1% 71.3%
2019 40,550 25,197 15,353 26.5% 46.5% 56.1% 62.1% -
2020 43,149 22,212 20,937 24.9% 42.7% 51.4% - -
2021 63,612 25,263 38,349 26.7% 39.7% - - -
2022 52,235 7,958 44,277 15.2% - - - -
2023 37,199 0 37,199 - - - - -
TABLE III

SUMMARY OF THE LIFESPAN OF LIBRARIES AND RELEASE SPEED CATEGORIES FOR ACTIVE AND ABANDONED LIBRARIES.

Abandoned libraries

Active libraries

Speed category

<1 year 1-2 years >2 years Total <1 year 1-2 years >2 years Total
<1 42,039 (20.3%) 28,718 (13.9%) 39,468 (19.1%) 110,225 (53.3%) | 16,438 (8.4%) 26,920 (13.7%) 75,999 (38.7%) 119,357 (60.8%)
1-2 42,061 (20.3%) 5,401 (2.6%) 5,153 (2.5%) 52,615 (25.5%) | 11,930 (6.1%) 8,301 (4.2%) 22,179 (11.3%) 42,410 (21.6%)
>2 37,907 (18.3%) 3,312 (1.6%) 2,709 (1.3%) 43,928 (21.3%) | 10,771 (5.5%) 7,394 (3.7%) 16,348 (8.3%) 34,513 (17.5%)
Total 122,007 (59.1%) 37,431 (18.1%) 47,330 (22.8%) 206,768 (100.0%)|39,139 (19.9%) 42,615 (21.7%) 114,526 (58.3%) 196,280 (100.0%)

the four quartiles of its lifespan. To ensure meaningful pattern
analysis, we include only libraries with at least four releases,
providing a sufficiently rich release history for analysis. For
each library, we begin by identifying the releases within each
of the four quartiles (Q1, Q2, Q3, Q4) based on their release
dates. For instance, if the lifespan of a library is 1 year,
then releases made in the first three months belong to QI.
Next, we calculate the average lifespan of releases within
each quartile and categorize it as “Fast”, “Normal”, or “Slow”
by comparing the quartile-specific lifespan against the overall
average lifespan of releases for that library. Specifically, a
quartile is labeled as “Fast” if its average release lifespan
is 20% less than the library’s overall average. A quartile is
labeled as “Slow” if its average release lifespan is 20% longer
than the library’s overall average. Quartiles with intervals
between these thresholds are labeled as “Normal”. In two
cases, quartile-specific average release lifespans cannot be
calculated and are labeled as “nan”: in either Q2 or Q3, if no
releases occur, and in Q4, if only the final release exists, as it
coincides with the end of the library’s lifespan.

Results: Tables[[V] and [V] present the top-10 sequence patterns
observed in abandoned and active libraries, covering 18.2% of
total abandoned libraries and 26.2% of total active libraries,
respectively.

In abandoned libraries, the most common pattern is “Fast

TABLE IV
TOP 10 IDENTIFIED PATTERNS IN ABANDONED LIBRARIES.
# of libraries (%) Patterns

6,540 5.7 Fast >Slow >nan >nan
5,428 4.7 Slow >nan >nan > Fast
4,233 3.7 Normal >nan >nan >nan
4,196 3.6 Fast >Slow >nan >Fast
3,651 32 Fast >Slow >Slow >nan
2,991 2.6 Fast >Normal > Slow >nan
2,831 24 Fast >Normal >Slow > Slow
2,625 2.3 Fast > Slow >Slow >Fast
2,566 2.2 Normal >Normal >Normal >Normal
2,487 2.2 Slow >nan >Fast > Fast

— Slow — nan — nan”, which exists in 6,540 libraries
(5.7%). This means there are only releases in the first half
of the lifespan before the final release, and the release speed
is quickly slowed down from the first to the second quartile.
This aligns with our intuitions, i.e., abandoned libraries
already slowed down or have long relative inactive period
before abandonment. Note that this pattern also exists in
active libraries, but accounts for only 2.8% of the cases. These
active libraries may still be new, i.e., having their latest release
in the final two years of our observation window but may be
prone to abandonment soon. The general slowdown patterns
can also be observed in other patterns, such as “Fast — Slow



TABLE V
TOP 10 IDENTIFIED PATTERNS IN ACTIVE LIBRARIES.
# of libraries (%) Patterns

11,047 6.7 Normal >Normal >Normal >Normal
8,032 49 Fast >Normal >Slow > Slow
4914 2.9 Fast >Slow > Slow > Slow
4,622 2.8 Fast >Slow >nan >nan
4,351 2.6 Slow >nan >nan >Fast
3,921 2.4 Fast > Slow >Slow > Fast
3,759 2.3 Slow >Normal >Normal > Fast
3,685 2.2 Fast >Fast > Slow > Slow
3,587 2.2 Fast >Slow >nan >Fast
3,509 2.1 Slow >Slow >Fast >Fast

— Slow — nan” and “Fast - Normal — Slow — nan”. Four
out of the top-10 patterns represent slowdown, accounting for
7.8% of the abandoned libraries. The inactive general pattern
(containing “nan”) can also be observed in patterns such as
“Slow — nan — nan — Fast”, accounting for 7 out of 10
patterns and 14.3% of the abandoned libraries. This number
is much lower in active libraries, with only three patterns
containing “nan”. Interestingly, there are some cases where the
libraries recovered from slow release but still get abandoned,
i.e., 3.9% libraries with patterns such as “Slow — nan — nan
— Fast” and “Fast — Slow — Slow — Fast”. This suggests
that a temporary increase in release activity is insufficient to
prevent abandonment.

For active libraries, the pattern “Normal — Normal —
Normal — Normal” is the most common, representing 6.7%
of all active libraries. This suggests that many active libraries
maintain a consistent release speed over their lifespan. Al-
though this pattern is also observed in abandoned libraries, it
occurs at a significantly lower rate (2.2%).

RQ2 Summary: In general, a slowdown in release speed
and periods of relative inactivity can signal the potential
abandonment of a library. However, some abandoned li-
braries exhibit fast release speeds toward the end of their
lifespan, suggesting that rapid release alone is not always
indicative of sustained maintenance.

V. THREATS TO VALIDITY

We define abandoned libraries as those without releases
during the last two years of our observation window. While this
definition may not fully capture true abandonment, i.e., some
libraries may become active again in the future, or developers
may maintain repositories without releasing new versions,
we argue that using releases as the basis for abandonment
is reasonable. This is because developers typically rely on
package management systems for downloading libraries, and
the lack of new releases may pose risks, even if the source
code is maintained elsewhere. Additionally, we find that only
6.6% of the libraries in our dataset experience a release gap
of more than two years during their lifespan, suggesting that
reactivation after a two-year period of inactivity is highly
unlikely. Thus, we believe that the two-year cutoff does not

significantly affect our conclusions. However, this definition
and cutoff may not generalize to all ecosystems or account for
libraries reaching stability or being replaced by alternatives.
Furthermore, our study focuses exclusively on the Maven
ecosystem, which may limit the applicability of our findings
to ecosystems such as npm or PyPI. External factors, such as
industry trends or shifts in technology, could also influence
release patterns, which our dataset may not fully capture.

VI. RELATED WORK

Existing studies have analyzed software development dy-
namics within ecosystems [16]-[19]. Among these, the most
relevant to our work are those investigating release patterns
and project abandonment (survival) at the ecosystem level.
Jaime et al. [15] introduced two metrics, i.e., rhythm (time
intervals between releases) and speed (average releases per
day), to analyze release dynamics in the Maven ecosystem.
We also analyze the release speed, but at a more fine-grained
level, quartile, and link it with the abandonment of libraries.
Ait et al. [10] analyzed the survival of 1,127 repositories across
four ecosystems, i.e., NPM, R, WordPress, and Laravel, over
a six-year period. They found that over half of the projects
became inactive (abandoned) within four years, with survival
rates dropping below 50% after five years. Miller et al. [L1]
analyzed dependency abandonment in the NPM ecosystem.
They found that 15% of widely-used NPM packages were
abandoned within six years. Their analysis also highlighted
the significant impact of abandonment on dependent projects,
many of which fail to respond effectively. Similar to these
studies, we find that abandonment is common within the
Maven ecosystem. Unlike them, we also investigate library
abandonment by examining their release behaviors.

VII. DISCUSSION AND CONCLUSION

Library abandonment poses significant challenges for soft-
ware ecosystems, affecting their reliability and maintainability.
Our study shows that a slowdown in release speed, particularly
in the later stages of a library’s lifecycle, often signals impend-
ing abandonment. While not all abandoned libraries exhibit
this trend, developers are encouraged to monitor dependency
release activity, watching for sudden slowdowns or prolonged
inactivity, to address potential risks proactively. The high
abandonment rate after two years further highlights the need
for vigilance and adaptability in managing dependencies. Our
findings underscore the importance of release patterns and
library lifecycles in understanding abandonment. Future work
should aim to identify predictive indicators and develop tools
to track library age and release patterns, offering early warn-
ings for at-risk dependencies. The steady high rate of library
abandonment in Maven highlights the need for ecosystem-level
interventions. Package platforms could introduce automated
alerts for libraries showing signs of abandonment, such as
inactivity or reduced release frequency, to support maintainers
and minimize abandonment risks.
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