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ABSTRACT
Using libraries in applications has helped developers reduce the
costs of reinventing already existing code. However, an increase
in diverse technology stacks and third-party library usage has led
developers to inevitably switch technologies and search for sim-
ilar libraries implemented in the new technology. To assist with
searching for these replacement libraries, maintainers have started
to release their libraries to multiple ecosystems. Our goal is to ex-
plore the extent to which these libraries are intertwined between
ecosystems. We perform a large-scale empirical study of 1.1 million
libraries from five different software ecosystems, i.e., PyPI, CRAN,
Maven, RubyGems, and NPM, to identify 4,146 GitHub reposito-
ries. As a starting point, insights from the study raise implications
for library maintainers, users, contributors, and researchers into
understanding how these different ecosystems are becoming more
intertwined with each other.
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1 INTRODUCTION
Popular use of third-party libraries has become prominent in con-
temporary software engineering [24], which is evident by the
emergence of different library repositories like NPM, PyPI, CRAN,
Maven, and so on. These massive repositories also depend on each
other, thus forming a complex software ecosystem of dependencies.

For various reasons, a developer may realize that a library used
in their applications requires replacement, either due to the avail-
ability of newer versions that fix defects, patch vulnerabilities, and
enhance features. In such cases, the developer seeks an appropriate
replacement and has led to various efforts in library recommenda-
tion [18]. However, when faced to switch programming language,
the options may become limited. With an increase of the diversity
in technology stacks and third-party library usage [22], developers
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eventually will face the need to switch a programming language
and their subsequent libraries specific to that language [14, 15, 28].

To facilitate the movement from one programming language
to another, a library may release a version that is specific for that
library ecosystem, thus the library maintainers decide to create
a library that intertwines two or more ecosystems. Figure 1 depicts
a library that serves two different ecosystems (cf. Figure 1a and
Figure 1b). The library is Bokeh [2], which is a popular interactive
visualization library for modern web browsers. The official GitHub
repository that hosts the common repository, while there are two
versions of the library hosted on both the official PyPI[1] and NPM
registry [3]. By 2022, the Python release of Bokeh had over 2.94K
dependent repositories, and 590 other libraries in the ecosystem
that rely on this library. It has 120 releases and was first released
on October 25th, 2013. The GitHub repository that hosts the cross-
ecosystem library is mainly implemented in Python (i.e., 56.7%)
and TypeScript (i.e., 41.1%). According to its homepage, BokehJS
is written primarily in TypeScript and in JavaScript. Furthermore,
Bokeh has attracted 603 contributors to its GitHub repository.

In this short paper, we conduct a large scale quantitative study
to explore the extent to which these cross-ecosystem libraries are
intertwined within these ecosystems. Since prior work [29] shows
that the ecosystem plays an important role in the sustained activ-
ities of a software project, we explore the extent to which these
libraries may require involvement from multiple ecosystems. Our
study complements the research conducted by Constantinou et al.
[17] which investigated the presence and characteristics of cross-
ecosystem libraries in twelve software distributions. We mine five
of the most popular and widely adopted library ecosystems (i.e.,
CRAN, Maven, PyPI, RubyGems, and NPM). Our study is a large-
scale quantitative analysis of 1,110,059 libraries to identify 4,146
GitHub repositories with 567,864 contributors, asking two research
questions:

• (RQ1) How dependent is the ecosystem to a cross-ecosystem
library release?
Results:We find that cross-ecosystem libraries belong to four
out of the seven ecosystem pairs are depended upon (i.e.,
NPM, Maven, PyPI and RubyGems).

• (RQ2) What percent of contributors to a cross-ecosystem li-
brary repository are from different ecosystems?
Results: A majority (median of 37.5%) of contributors come
from a single ecosystem, while a significant portion of con-
tributors do not belong to any of those two ecosystems (me-
dian of 24.06%).

The results reveal that communities do reach beyond the bound-
aries of a single programming language. We make our dataset
available which is a large quantitative study that covers over 1.1
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(a) @bokeh/bokehjs
(b) bokeh

Figure 1: Our example of the Bokeh library, released to the PyPI (Bokeh) and NPM (BokehJS) ecosystems

Table 1: Overview of our dataset

# Lib. Releases As of 12 Jan 2020
with GitHub Repo URL initial libraries

NPM 818,787 2,357,829
PyPI 138,001 420,350
CRAN 5,551 21,526
Maven 36,762 456,756
RubyGems 110,958 176,987

Total 1,110,023 3,433,448
# pairs 4,146

million libraries, and 500 thousand contributors. The second contri-
bution is a replication package with all data and scripts available at
https://doi.org/10.5281/zenodo.6524901.

2 DATA PREPARATION
Target Package Ecosystems. We selected five popular and well-

studied software ecosystems [19–21]. NPM is a packagemanager for
the JavaScript programming language that was recently purchased
by Microsoft via GitHub on March 16, 2020[9]. PyPI is the library
ecosystem that serves the Python programming language, which is
interpreted as a high-level general-purpose programming language.
CRAN is the library ecosystem that serves the R programming
language, which is a free software environment for statistical com-
puting and graphics [11]. Maven is the library ecosystem that serves
the Java programming language, which is a general-purpose pro-
gramming language that follows the object-oriented programming
paradigm and can be used for desktop, web, mobile, and enterprise
applications[6]. RubyGems is the library ecosystem that serves the
Ruby programming language, which is a dynamic, open-source
programming functional programming language with a focus on
simplicity and productivity[12].
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Figure 2: 4,146 libraries that cross five ecosystems.

Table 2: Contributors from the 1,110,023 libraries

As of March 2022
Median Max Total

# Contrib.
per paired library. 8 1,727 49,674

per lib. 4 16,606 567,864

Detection Method. To identify a library that crosses multiple
ecosystems, we use the GitHub library repository as the linking
heuristic. For instance, as shown in our motivating example, the

https://doi.org/10.5281/zenodo.6524901
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GitHub library repository URL serves as a link between two analog-
ical libraries. Our assumption is that GitHub should be the common
platform bywhich these libraries host their source code.We also use
this filter as a quality sanity check. Similar to prior work [13, 21, 31],
we then queried the Libraries.io dataset for library ecosystems that
indeed listed a GitHub repository URL as their library repository.
For each library ecosystem, we collect a list of all libraries from
the Libraries.io dataset[7]. We mined the dataset version (1.6.0)[23].
Once we were able to collect the list of libraries that hosted their
library repository on GitHub, we then proceed to cross-reference
between libraries that are hosted in different library ecosystems.

Table 1 shows a summary of the extracted 1,110,023 GitHub
repositories, while Figure 2 depicts GitHub repositories belonging
to libraries that are released to multiple ecosystems. We notice from
this figure that these libraries are usually comprised of pairs (i.e.,
NPM ∩ PyPI).

Table 2 shows the summary statistics of contributors. We then
mined to answer RQ2. We use the GitHub API[5] to collect all
contributors that made commits to all repositories. We use the API
request https://api.github.com/repos/{owner}/{repo}/commits to
collect all the commit information. After collecting all contributors
for each library, we then merged the contributors’ list based on
the ecosystem, so that we have a merged list of contributors. We
classified a contributor as belonging to an ecosystem if they made
commits to at least two or more libraries. Due to compliance with
GitHub API terms of usage, we slowly downloaded this information
for two months to collect all contributor information.

3 DEPENDENCE ON THE ECOSYSTEM (RQ1)
Approach. To answer RQ1, we collected library dependents,

which is the number of other libraries in the same ecosystem that
declares this library as a dependency. Note that for the analysis, we
compare against a pair of ecosystems (e.g., NPM ∩ PyPI), resulting
in two dependency scores. For example, Font-Awesome[4] is one of
the top open-source libraries on GitHub, used by millions of design-
ers, developers, and content creators. In this case, the library has a
dependency score for both the PyPI (i.e., 29 dependents) and Maven
(i.e., 22 dependents). For evaluation, we compare the libraries that
pair different ecosystems to a baseline (i.e., other regular libraries)
and report the statistical summary (i.e., mean, median).

To statistically validate our results, we use the Mann-Whitney U
test [25], [30], which is a non-parametric statistical test. To show
the power of differences between metrics from cross-ecosystem
libraries and regular libraries (i.e., libraries belong to one ecosys-
tem), we investigate the effect size using Cliff’s 𝛿 , which is a non-
parametric effect size measure [27]. The interpretation of Cliff’s 𝛿
is shown as follows: (1) 𝛿 < 0.147 as Negligible, (2) 0.147 ≤ 𝛿 < 0.33
as Small, (3) 0.33 ≤ 𝛿 < 0.474 as Medium, or (4) 0.474 ≤ 𝛿 as Large.
To analyze Cliff’s 𝛿 , we use the cliffsDelta package[8].

Results. Table 3 shows the evidence that the cross-ecosystem
library is highly dependent upon by the multiple ecosystems. Re-
sults show certain pairings with NPM and RubyGems have a large
pairing. Statistically, we find that the number of dependents against
the baseline of regular libraries are significantly different (p-value
< 0.05), with a negligible to small association as the reported effect
size for different combinations. We note that negligible and small

Table 3: Summary statistics of the # of Dependents, show-
ing statistical differences including significance (Sig.) the li-
braries with multiple ecosystems (Eco. Pairs) are more de-
pendent than regular libraries.

# Dependents
Mean Median

Ecosystem Eco. Pairs Regular Eco. Pair Regular Sig.

2664.71 761.39 53 1 * SNPM
PyPI 405.35 29.43 26 0 -

2884.94 761.39 71 1 -NPM
Maven 75.06 59.35 5 0 * N

4003.08 761.39 19 1 -NPM
RubyGems 2291.94 335.90 16 0 -

21.43 19 12 0 -CRAN
PyPI - - - - -

94.21 59.35 20 0 -Maven
PyPI 91.42 29.43 23 0 -

269.47 59.35 34 0 * SMaven
RubyGems 1104.91 335.90 56 0 * S

132.66 29.43 7 0 * SPyPI
RubyGems 569.63 335.90 8 0 * S
The effect sizes level: N(negligible), and S(small)
*:p-value < 0.05

effect sizes are noticeably smaller but not so small as to be trivial
according to statistical analysis. Further research needs to examine
how various factors, such as the size of the ecosystem, contribute
to the small or negligible statistical variances.

Summary for RQ1: Four out of the seven ecosystem pairs
of libraries depended on cross ecosystem libraries. (i.e.,
NPM, Maven, PyPI and RubyGems)

4 DISTRIBUTION OF CONTRIBUTORS (RQ2)
Approach. To answer RQ2, we investigate whether a cross-

ecosystem library attracts contributions from the targeted ecosys-
tems. For data collection, we first collected all contributors from
the 1,110,059 projects. For our analysis, we calculated a percentage
of three types of contributors of each cross-ecosystem library:

• Both (%) refers to the percentage of contributors that have
made prior contributions to libraries that belong to both
ecosystems.

• Single (%) refers to the percentage of contributors that
have made prior contributions to a single ecosystem.

• Independent (%) refers to the percentage of contributors
who do not have any contributions to any ecosystem li-
braries.

Since we are dealing with a large dataset, we used the
PySpark[10] arrays to handle the data processing tasks of clas-
sifying and and merging contributors into these three groups. To
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Figure 3: Answering RQ2, we show how contributions for a
cross-ecosystem library originate from a single ecosystem.

statistically confirm our classification of contributors, we use Mc-
Nemar’s Chi-Square test [26]. This is a non-parametric statistical
test used to find the change in proportion for paired data. We test
the null hypothesis that ‘the percentage of contributions classified
is the same’ We also measure the effect size using Cohen’s 𝑑 , a
non-parametric effect size measure by [16]. Effect size is analyzed
as follows: (1) 𝑑 < 0.2 as Negligible, (2) 0.2 ≤ 𝑑 < 0.5 as Small, (3)
0.5 ≤ 𝑑 < 0.8 as Medium, or (4) 0.8 ≤ 𝑑 as Large.

Results. From Figure 3 we make two observations. First, we find
that there is a higher percentage of contribution (a median of 37.5%)
that is supported by only one ecosystem. (see Figure 3). It is im-
portant to note that our analysis does not identify the original
ecosystem. The second observation is that a significant portion of
contributors (median of 24.06%) that do not belong to either ecosys-
tem. The result shows that these contributors may be just specific
to the project itself. This is more than contributors that belong to
both ecosystems (median of 20%).

Table 4 shows statistical comparison between groups of con-
tributors. We find significant differences between (p-value < 0.05)
where a library that has a higher percentage of single ecosystem
contributors will have a lower percentage of contributors from both
ecosystems.

Summary for RQ2: A majority (median of 37.5%) of con-
tributors come from a single ecosystem, while a significant
portion of contributors do not belong to any of those two
ecosystems (median of 24.06%).

Table 4: Statistical significance test results related to RQ2.

Contributions (%)
Single-Both * S

- -
Both-Neither * N
The effect sizes level: small(S) and negligible(N)
*:p-value <0.05

5 LIMITATIONS
A key threat in the construct validity exists in the matching ap-
proach using the GitHub URL, which reduces our study to GitHub
projects. Also, results are limited to the five ecosystems: NPM, PyPI,
CRAN, Maven, and RubyGems, which threatens the generalization
of our claims to other ecosystems, and is seen as immediate future
work.

6 RESEARCH AGENDA
As an alternative to replacement libraries, our results show promis-
ing results on the phenomenon of releasing a library to multiple
ecosystems. We summarize three main questions below:

Should maintainers consider releasing to
multiple ecosystems? Results from RQ1 highlight that not only
this phenomenon exists, but that in some ecosystems that library is
dependent upon by the ecosystem. This does raise the question of
whether or not maintainers should consider following suit. How-
ever, as shown in RQ2, current contributions are not shared by
both, but only a single ecosystem. Results from the study also raise
questions on how developers may need to be proficient in multiple
programming languages? For future work, there needs to be a quali-
tative analysis or case studies to gain a deeper understanding about
what are the concrete benefits of opening up to a new ecosystem
(e.g., attracting contributors, increasing code quality and finding
bugs), and motivations for releasing to multiple ecosystems. This
could be done by either mining the library repositories, or by survey
interviews.

Will this phenomenon solve the need to find replacement
libraries? From the results of RQ1, we cannot conclude the answer
to this question. However, the results from RQ1 show that the
more dependent and somewhat mature libraries are taking up this
trend. Another interesting research direction is to see the impact of
these libraries on the existing libraries that already provide these
functionalities. An engaging avenue is how these libraries will
compete with already established libraries in the new ecosystem
that provide the same functionalities. This may be at the finer
grain of certain libraries, certain ecosystems, and user surveys of
maintainers.

How will cross-ecosystem libraries impact ecosystem-level
topics like governance, and management? From a research per-
spective, the growing intertwining between different ecosystems
will bring forth interesting implications at the ecosystem level.
From one point of view, the results indicate that the boundaries of a
community are not limited by the programming language. However,
with this expansion, the extent of governance and management is



Intertwining Communities:
Exploring Libraries that Cross Software Ecosystems MSR 2023, May 15-16, 2023, Melbourne, Australia

unknown. For instance, to what extent do these libraries abide by
the specific rules and regulations that are enforced by each ecosys-
tem? And how are bug fixes and specific security vulnerabilities
propagated through different ecosystems? Since RQ2 states that
their libraries are more likely to receive contributions from the
original ecosystem, does that mean that the boundaries between
these two ecosystems become closer?
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