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- flowR runs a small pipeline on every script. 
- It parses the code, normalizes the syntax tree, and builds a dataflow graph. 
- On that graph it can slice programs and reconstruct the reduced script. 
- This dataflow graph is the foundation for everything we extract. 
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- flowR runs a small pipeline on every script. 
- It parses the code, normalizes the syntax tree, and builds a dataflow graph. 
- On that graph it can slice programs and reconstruct the reduced script. 
- This dataflow graph is the foundation for everything we extract. 


How We Gather the Data %‘(Z
CRAN crawl flowR store
mirror & unpack dataflow & query

An Investigation of the R Package Ecosystem - 2. The Analysis Pipeline


protect �egingroup def MessageBreak {
               }let protect immediatewrite @unused {
LaTeX Warning: No author given.
}endgroup 
 
- We keep a full mirror of CRAN: 23765 packages in 165433 versions. 
- The crawler unpacks 28 years of archives, every version ever released. 
- flowR builds a dataflow, call, and control-flow graph for every single version, in 345 milliseconds median, 
- Each analyzed version becomes one minified JSON document, 56 gigabytes overall, linked to release dates and download numbers. 
- Let us look at each step in more detail. 

https://github.com/flowr-analysis/flowr
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- We mirror CRAN itself and its complete archive of old versions. 
- Every one of the 165433 tarballs is unpacked. 
- And we attach the download counts, 15.3 billion in total, to every single version. 
- TRANSITIVE INFO 
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- 22 inspectors and 74 semantic queries run on top of the dataflow graphs. 
- They extract call graphs, dependencies, language features, dead code, changelogs, security-sensitive calls, and per-package summaries, for every single version. 
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A maturing, ever-growing ecosystem that is remarkably stable.
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Updates now dominate: only ~24 % of 2025 releases are new packages.
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29.6 % of consecutive versions break the API, even 23.4 % of patch releases.
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CRAN ships nearly 100 000 functions that are never called.
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126 of 607 tracked features remain unused (in production packages).

Florian S. An Investigation of the R Package Ecosystem - 3. Findings



Dependency Growth — median

=== mean

40 R 1.0.0 R 2.0.0 R 3.0.0 R 4.0.0

30

20 i i i

10 direct; deps —
2000 2005 2010 2015 2020 2025

Florian S. An Investigation of the R Package Ecosystem - 3. Findings




Dependency Growth — median

=== mean

40 (RL00 ‘R 2.0.0 {R3.0.0 ‘R 4.0.0
30 |
20 |
10 |
e
0 ™ '
2000

An Investigation of the R Package Ecosystem - 3. Findings



Dependency Growth

Florian S.

40

30

20

10

‘R 2.0.0 {R3.0.0 ‘R 4.0.0

‘R1.0.0

JE“ [RArAR

1 T T
2000

2005 2010 2015 202

Every upstream breaking change ripples further each year.

An Investigation of the R Package Ecosystem - 3. Findings

—— median
=== mean




Version Locking

‘R 1.0.0 ‘R 2.0.0 ‘R 3.0.0 ‘R 4.0.0
75% H H H H
50%
iy e
25% e
0% 1 v e
2000 2005 2010 2015 202 2025

An Investigation of the R Package Ecosystem - 3. Findings



Version Locking

‘R 1.0.0 ‘R 2.0.0 ‘R 3.0.0 ‘R 4.0.0
75% ' i '
50%
iy -
25% § —
all CRAN packages

0% 1 + o

200 2005 2010 2015 202 2025

Florian S. An Investigation of the R Package Ecosystem - 3. Findings



Version Locking

‘R 3.0.0 ‘R 4.0.0

75% top 100 most downloaded
50%
g ; S
25% § —
all CRAN packages
0% —————————————r———————r—————
200 2005 2010 2015 202 2025

Florian S. An Investigation of the R Package Ecosystem - 3. Findings



Version Locking

‘R 3.0.0 ‘R 4.0.0

75% top 100 most downloaded
50%
——t—. o
25% i o —
all CRAN packages
0% —————————————r———————r—————
200 2005 2010 2015 202 2025

Ecosystem-wide, only 27.5 % of declarations pin a version,
yet the 100 most downloaded lock far more (62.9 %).

Florian S. An Investigation of the R Package Ecosystem - 3. Findings



Community & Truck Factor

100%

75%
50%
25%

0% ' ' ' 1 ' ' ' 1 ' ' ' 1
0 100 200 300

Florian S. An Investigation of the R Package Ecosystem - 3. Findings




Community & Truck Factor

100% ; -
75%
BO0G - oo
I A Posit
25%
’ ¢ R Core
0% 1 E 1 1 1 ] 1 1 1 ] 1 1 1 1
0 100 200 300

Florian S. An Investigation of the R Package Ecosystem - 3. Findings



Community & Truck Factor

100% :
75%
BO0G - oo
I A Posit
25%
¢ R Core
0% 1 E 1 1 1 ] 1 1 1 ] 1 1 1 1
0 100 200 300

14 maintainers cover half of all CRAN downloads, just 5 a quarter.
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- These are challenges we identified through the analysis and want to discuss with the community.
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- The findings that matter most are semantic: they never show up in package metadata or changelogs. 
- A hundred thousand functions across CRAN are never called -- dead code you only see with a call graph. 
- Nearly thirty percent of version bumps silently break the API, patch releases included. 
- One in four packages calls eval or system, yet the changelogs almost never mention it. 
- None of this is visible without static analysis and transitive call graphs -- not from DESCRIPTION files, not from reading the text. 
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- Two things to take home: the engine and the data. 
- flowR is an open static-analysis engine for R that produced every one of these graphs -- it runs on your code too. 
- And the package database exposes one semantic JSON document per package version -- calls, dependencies, security-sensitive uses -- for all of CRAN. 
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"package": "ggplot2",
"version": "3.5.1",
"calls": 1284,
"eval": false,
"deps": [...]

Every version, queryable —

23 765 packages * 165 433 versions * 56 GB
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