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Abstract
This artifact contains a Scala implementation of
the algorithm described in the accompanying pa-
per, and all resources and instructions necessary
to verify the experimental claims made in the pa-
per. The artifact is provided as a Docker image

for reproducability. Separately, the latest state of
development, which may have diverged from the
claims supported by the artifact, can be found at
https://github.com/epfl-systemf/librrd.
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1 Scope

This artifact supports the following claims in the paper:
1. (§3.3, p. 18) “We implemented a prototype of the algorithm above in Scala (compiled with

Scala.js)”, with a list of parameters the layout algorithm supports.
2. (ibid.) “Our implementation is 1141 SLOC (excluding empty lines and comments), plus 314

SLOC for rendering.”
3. (§1.2, p. 4) “Proper layouts are in solid black and are all generated by our tool.”.
4. (§4.4, p. 22) Performance statistics in Table 2.
5. (§4.2, p. 20) Classification of diagrams in the SQLite syntax documentation based on how they

can be expressed in our formalism: “out of SQLite’s 71 syntax diagrams, [. . . ]”.

We would like to claim the following badges:
Functional. To evaluate the experimental claims in the paper, first, download the artifact and

verify that it has been correctly set up by following the instructions in Section 3. Then, please
follow the steps in Appendix A.

Reusable. Appendix B describes how the artifact is easy to reuse beyond the claims in the paper.
Available. Section 3 documents the artifact’s availability on publicly available archival repositories.
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2 Content

File Makefile: Makefile for push-button evaluation of all experimental claims, as well as
packaging this artifact and producing this artifact description.
Directory scala/: An implementation of the algorithm in the paper, in Scala.

Directory src/: Scala source code.
Directory project/: Build definition required to build the implementation using SBT, a
Scala build tool, and the Scala.js compiler.
Files package.json and package-lock.json: Configuration files required to run the im-
plementation at the command line using Node.js.

Directory figures/: The inputs to generate all figures in the paper.
Directory fonts/ and file fonts.tgz: Font files (OTF, TTF) needed to exactly reproduce
experimental results. The directory is also provided as a gzipped tarball for convenience.
File timing.py: A Python script to measure performance for claim 4 (subsection A.4).
Directory SQLite-counts/: A classification (ODS spreadsheet) of the diagrams in the SQLite
syntax documentation, along with a snapshot (HTML and static assets) of the documentation
webpage at the time of access (Nov 27, 2025).
Directory description/: LATEX source and assets for this artifact description.
File Dockerfile: Docker build definition for this artifact.

3 Getting the artifact

The artifact endorsed by the Artifact Evaluation Committee is available free of charge on the
Dagstuhl Research Online Publication Server (DROPS). (See DOI on front page.) This is in the
form of a prebuilt Docker image (.tgz) that contains all components of the artifact, as well as all
tools and software dependencies needed to recompile and run them.

Alternatively, sources for the artifact are available as a gzipped tarball (.tgz) on Zenodo:
doi:10.5281/zenodo.18505686. The tarball contains the (uncompiled) sources for all components
of the artifact and the build definition for the Docker image above. The current state of development
of our implementation is available in a public repository on GitHub at github.com/epfl-systemf/
librrd, which may have diverged from this artifact description or the claims made in the paper.
The ecoop2026-artifact tag on that repository is the version included in the artifact.

3.1 Kick-the-tires evaluation phase
The following applies only to the prebuilt Docker image.

1. Verify the artifact’s integrity. First, compute its md5 checksum by running the following
command in a terminal, replacing the path with the actual path of the artifact file:

md5sum /path/to/artifact.tgz

Then, ensure that the result matches the expected value given in Section 6.
2. Load the Docker image:

docker image load --input /path/to/artifact.tgz

You should see the following output when the command has finished:

Loaded image: librrd:ecoop2026-artifact

https://doi.org/10.5281/zenodo.18505686
https://github.com/epfl-systemf/librrd
https://github.com/epfl-systemf/librrd
https://github.com/epfl-systemf/librrd/tags/ecoop2026-artifact
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3. Run an interactive Docker container with the image:

docker run -p 8080:8080 -ti librrd:ecoop2026-artifact

This will start a Bash shell inside the container, with a prompt like the following:

root@52c9cf3fbb10:~#

The commands in the following steps are to be entered in this shell. You can exit the shell at
any time with exit, but this will also stop the container, and your actions will not be persisted.
Still, you can restart the container with the docker run command above.

4. Launch the GUI with the following command:

python3 -m http.server --directory scala/gui/ 8080

The command will not terminate, as it is a webserver listening for connections. In your browser,
navigate to http://localhost:8080 to access the GUI. You should see three input panels
and a railroad diagram below them. Try modifying the text in the first (leftmost) panel, or
selecting a different preset from the dropdown, and verify that the displayed railroad diagram
updates accordingly.

5. When you are done, close the browser tab, and exit the GUI webserver by pressing Ctrl+C in
the terminal.

4 Tested platforms

This artifact is known to work with Docker 28.2.2, running in Ubuntu 22.04.5 LTS. The required
disk space is 10 GiB. Evaluation of this artifact does not require large amounts of memory, processor
cores, or GPUs. The resources used by the authors to run the artifact were an Intel i7-1265U
CPU and 32 GiB of memory.

5 License

The artifact is available under the MIT license, except for the following components:
The fonts needed to exactly reproduce experimental results are used under license from their
respective copyright holders, detailed in fonts/LICENSE.txt.
The SQLite documentation pages under SQLite-counts/ are in the public domain.
This description is licensed under the Creative Commons License CC-BY 4.0.

6 MD5 sum of the artifact

f46ac4fb725078599946dcfa039b13df

7 Size of the artifact

1.5 GiB

DARTS

http://localhost:8080
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A Reproducing experimental claims

Before starting, please download the artifact and verify that it has been correctly set up by
following the instructions in Section 3, including the “Kick-the-tires evaluation” steps. Make sure
you are at the shell prompt of the Docker container, in the home directory. All the following
reproduction steps can be run with a single push-button command:

make

Each subsection nevertheless includes the command to make its own target (e.g., make claim-1)
if desired, along with commands to verify the results.

N.B.: The SVG output produced by some of the commands below includes text styled with
specified fonts, but the fonts are not embedded in the output; if your SVG viewer (e.g., browser)
does not find a font on your system, it will likely use a fallback, which will result in text of a
different shape and size than intended. This does not affect the validity of most of the experimental
claims below. For exact, pixel-perfect reproduction of the experimental claims:
1. In the Docker container, run the command python3 -m http.server 8080.
2. In your web browser, navigate to http://localhost:8080/fonts.tgz to download a gzipped

tarball of the necessary fonts.
3. Extract the font files and install them. The installation procedure is system-specific, but can

often be accessed by opening the font file in your file explorer GUI.
4. In the Docker container, terminate the running command with Ctrl+C.

A.1 Claim 1: a complete implementation
We will compile a single diagram to several layouts under various parameters. The diagram is
specified in scala/cli/examples/json-number.rrd (and represents the syntax of a number in
the JSON format). Each set of layout parameters is specified in files in the same directory called
json-number-<name>.rrdcss and/or json-number-<name>.rrdargs, with <name> replaced by
a short name, described below. To produce the layouts, render them to SVG, and view them from
outside the Docker container, run the following commands within the container:

make claim-1
python3 -m http.server --directory scala/cli/examples/ 8080

Then, in your web browser, navigate to http://localhost:8080/json-number-<name>.svg
to view the layout, replacing <name> with one of the names described below.

default The default settings.
300 The layout width is 300 pixels, forcing wrapping.
300-global As above, but using global wrapping instead of the default local wrapping.
center-align The align-items policy is center.
900-right-justify The justify-content policy is right, and the width is 900 pixels. In contrast

with the default layout, note that this prevents the collapsing behavior of the stack containing
“E” and “e”, as described in Figure 20 (p. 15) of the paper.

900-end-justify The justify-content policy is end, and the width is 900 pixels. Note the
direction-dependent differences from right.

900-flex-absorb The flex-absorb factor is 1, and the width is 900 pixels. The extra width is
entirely absorbed by the top-level sequence.

gap-50 The minimum gap is 50 pixels, producing a wider layout than the default.

http://localhost:8080/fonts.tgz
http://localhost:8080/json-number-<name>.svg
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all A combination of parameters: the align-items policy is center, the justify-content policy
is end, flex-absorb factor is 0.4, and the width is 300 pixels.

When you are done, close the browser tab, and exit the GUI webserver by pressing Ctrl+C in
the terminal.

To test the robustness of the implementation, you may modify the inputs by, e.g., changing
right-justification to left-justification, or changing the numerical constants. You may also change
the contents of the diagram by, e.g., changing the text of the stations. You can repeat the make
and python3 steps above to regenerate and view the outputs.

A.2 Claim 2: line count
We will count the number of significant lines of code (SLOC: excluding comments and blank lines)
using the standard Unix tools find, sed, and wc. Make sure you are at the shell prompt of the
Docker container, then run the following command:

make claim-2

You should see the following output:

SLOC in librrd:
1455

of which rendering:
251 scala/src/main/scala/librrd/LayoutsSVG.scala
63 scala/src/main/scala/librrd/LayoutsSVGFile.scala

314 total
SLOC in ui:
612

The number of SLOC of non-rendering code is therefore 1455 − 314 = 1141. The number of
SLOC of rendering code is 314. These numbers are the same as reported in the paper.

A.3 Claim 3: autogenerated figures
We will reproduce the autogenerated layouts in the paper’s figures using the inputs under figures/.
Those under figures/render-only/ are manual layouts rendered with our tool, while the rest
are also laid out by our tool. To reproduce the figures and view them from outside the Docker
container, run the following commands within the container:

make claim-3
python3 -m http.server --directory figures/ 8080

The figures/ directory will be populated with the renderings as SVGs. To view them, navigate
to http://localhost:8080/ in your web browser, and click on the individual file names. Table 1
provides the correspondence between figure numbers in the paper and generated file names.

A.4 Claim 4: performance statistics
We will reproduce the performance statistics reported in Table 2 (p. 22 and §4.4) of the paper
using a Python script, timing.py, and some of the inputs under figures/. Make sure you are at
the shell prompt of the Docker container, then run the following command:

DARTS

http://localhost:8080/
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Table 1 Correspondence between figures in the paper and file names of autogenerated renderings in
this artifact. The file names are also links; before clicking them, make sure that you have followed the
instructions in subsection A.3 to regenerate the figures and launch a webserver to serve them.

Fig.
no.

Page
no. File name(s)

2 2 front-example-nonflex, front-example-jc-start,
render-only/front-example-weird

3 2 kat-lhs, kat-rhs
4 2, 11 compilation-steps-diagram,

render-only/compilation-steps-aligned-diagram,
render-only/compilation-steps-wrapped-diagram,
compilation-steps-layout

6a 6 diagramlang-terminal-station, diagramlang-nonterminal-station,
diagramlang-epsilon, diagramlang-sequence,
diagramlang-positive-stack, diagramlang-negative-stack

6b 6 teaser-noncollapsing-positive, teaser-collapsing-positive,
teaser-noncollapsing-negative, teaser-collapsing-negative

10 8 layoutlang-hstrut, layoutlang-terminal, layoutlang-nonterminal,
layoutlang-hconcat, render-only/layoutlang-hconcat-args,
render-only/layoutlang-vconcat-inline,
layoutlang-vconcat-block-positive, layoutlang-vconcat-block-negative,
render-only/layoutlang-logical-tips,
render-only/layoutlang-physical-tips

11 9 based on teaser-collapsing-positive
12 9 render-only/consistent-direction
18c 13 alignment-top, render-only/alignment-center,

alignment-bottom, render-only/alignment-baseline
20 15 interaction-noncollapsing, interaction-unaligned,

interaction-collapsing
21 16 render-only/wrapping-dimensions-balance-lex,

render-only/wrapping-dimensions-balance-num,
render-only/wrapping-dimensions-shadowed-lex,
render-only/wrapping-dimensions-shadowed-num,
render-only/wrapping-dimensions-inner-lex,
render-only/wrapping-dimensions-inner-num

23a 19 regex-bnf-epsilon, regex-bnf-symbol, regex-bnf-rule,
regex-bnf-conjunct, regex-bnf-disjunct, regex-bnf-star

23b 19 json-list-regex, json-list-bnf1, json-list-bnf2
24a 21 manual-eval-pascal
24b 21 manual-eval-json
24c 21 manual-eval-sqlite
24d 21 manual-eval-atkins

(Table 1) 22 manual-eval-sqlite-create-table
27 24 based on automatic-eval-VersionDecl
28 25 sqlite-insert

http://localhost:8080/front-example-nonflex.svg
http://localhost:8080/front-example-jc-start.svg
http://localhost:8080/render-only/front-example-weird.svg
http://localhost:8080/kat-lhs.svg
http://localhost:8080/kat-rhs.svg
http://localhost:8080/compilation-steps-diagram.svg
http://localhost:8080/render-only/compilation-steps-aligned-diagram.svg
http://localhost:8080/render-only/compilation-steps-wrapped-diagram.svg
http://localhost:8080/compilation-steps-layout.svg
http://localhost:8080/diagramlang-terminal-station.svg
http://localhost:8080/diagramlang-nonterminal-station.svg
http://localhost:8080/diagramlang-epsilon.svg
http://localhost:8080/diagramlang-sequence.svg
http://localhost:8080/diagramlang-positive-stack.svg
http://localhost:8080/diagramlang-negative-stack.svg
http://localhost:8080/teaser-noncollapsing-positive.svg
http://localhost:8080/teaser-collapsing-positive.svg
http://localhost:8080/teaser-noncollapsing-negative.svg
http://localhost:8080/teaser-collapsing-negative.svg
http://localhost:8080/layoutlang-hstrut.svg
http://localhost:8080/layoutlang-terminal.svg
http://localhost:8080/layoutlang-nonterminal.svg
http://localhost:8080/layoutlang-hconcat.svg
http://localhost:8080/render-only/layoutlang-hconcat-args.svg
http://localhost:8080/render-only/layoutlang-vconcat-inline.svg
http://localhost:8080/layoutlang-vconcat-block-positive.svg
http://localhost:8080/layoutlang-vconcat-block-negative.svg
http://localhost:8080/render-only/layoutlang-logical-tips.svg
http://localhost:8080/render-only/layoutlang-physical-tips.svg
http://localhost:8080/teaser-collapsing-positive.svg
http://localhost:8080/render-only/consistent-direction.svg
http://localhost:8080/alignment-top.svg
http://localhost:8080/render-only/alignment-center.svg
http://localhost:8080/alignment-bottom.svg
http://localhost:8080/render-only/alignment-baseline.svg
http://localhost:8080/interaction-noncollapsing.svg
http://localhost:8080/interaction-unaligned.svg
http://localhost:8080/interaction-collapsing.svg
http://localhost:8080/render-only/wrapping-dimensions-balance-lex.svg
http://localhost:8080/render-only/wrapping-dimensions-balance-num.svg
http://localhost:8080/render-only/wrapping-dimensions-shadowed-lex.svg
http://localhost:8080/render-only/wrapping-dimensions-shadowed-num.svg
http://localhost:8080/render-only/wrapping-dimensions-inner-lex.svg
http://localhost:8080/render-only/wrapping-dimensions-inner-num.svg
http://localhost:8080/regex-bnf-epsilon.svg
http://localhost:8080/regex-bnf-symbol.svg
http://localhost:8080/regex-bnf-rule.svg
http://localhost:8080/regex-bnf-conjunct.svg
http://localhost:8080/regex-bnf-disjunct.svg
http://localhost:8080/regex-bnf-star.svg
http://localhost:8080/json-list-regex.svg
http://localhost:8080/json-list-bnf1.svg
http://localhost:8080/json-list-bnf2.svg
http://localhost:8080/manual-eval-pascal.svg
http://localhost:8080/manual-eval-json.svg
http://localhost:8080/manual-eval-sqlite.svg
http://localhost:8080/manual-eval-atkins.svg
http://localhost:8080/manual-eval-sqlite-create-table.svg
http://localhost:8080/automatic-eval-VersionDecl.svg
http://localhost:8080/sqlite-insert.svg
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make claim-4

You should see output in the following format (CSV, also written to timing_outputs/timing.csv):

name,constrs,mean,stddev
manual-eval-json,13,55.151,1.656
manual-eval-sqlite,34,66.063,1.941
[...]

Followed by a listing of the commands that were run in the process. The first column is the
name of the input, as in subsection A.3, and the second column is the number of constructors in
the diagram. The third and fourth columns are the mean layout time and standard deviation,
respectively, in milliseconds, measured over 10 runs. The exact numbers may vary from those
reported in the paper, but should be in the same ballpark, and the conclusion that the paper
draws from them, that “[o]ur tool, despite being written with no explicit attention to performance,
is well under the 500 ms limit [for iterative, exploratory use]”, should still hold.

A.5 Claim 5: SQLite diagram classification
There is no automated reproduction for this claim, as the diagrams in the SQLite syntax doc-
umentation were classified (§4.2, p. 20) by manual inspection of how they were expressible in
our formalism. The SQLite-counts/ directory includes a snapshot (HTML and static assets) of
the documentation webpage at the time of access (Nov 27, 2025). The same directory has the
classification as a spreadsheet in ODS format, sqlite.ods, as well as a static version in CSV
format, sqlite.csv. You can access all assets by running the following command:

python3 -m http.server --directory SQLite-counts/ 8080

Then, navigate to http://localhost:8080/ in your browser, and click on sqlite.ods or
sqlite.csv to download them, or on Syntax Diagrams For SQLite.html to view the snap-
shot. The relevant cells of the spreadsheet are explained below:

B73 = 66 The number of well-nested diagrams.
D74 = 5 The number of ill-nested diagrams. D74 and B73 add up to 71, the total number of

diagrams.
D73 = 41 The number of perfectly expressible well-formed layouts.
D77 = 5 The number of well-formed layouts that differ only in permitted collapsing. D73 and

D77 add up to 46, the total number of expressible layouts.

Lastly, 66 − 46 = 20, the number of “ill-nested layouts that can still be expressed in our
diagram language and compiled to comparable layouts” in our formalism.

B Reusability

We outline five characteristics of this artifact that make it reusable.
First, the implementation of the algorithm in the paper is publicly available under a permissive

open-source licence (MIT) on GitHub at github.com/epfl-systemf/librrd. The software is
under active development.

Second, the software is easy to recompile. In the Docker container, run the following commands
to remove any previously compiled files:

DARTS

http://localhost:8080/
https://github.com/epfl-systemf/librrd
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cd ~/scala/
sbt clean

And then recompile with the following command:

sbt deploy

The build depends on the industry-standard tools SBT (a Scala build tool), Node.js (a JavaScript
engine), and NPM (Node Package Manager), and a small number of clearly indicated dependencies.
The README file under scala/ and in the repository contains instructions for compiling locally on
a user’s machine without Docker but with Internet access.

Third, the software is a library that can easily be integrated into HTML- and JavaScript-based
user interfaces, such as webpages and IDEs. This is because it compiles to JavaScript, takes
plain-text input, and produces SVG output that can be further styled with CSS, per web standards.
The GUI used during the kick-the-tires evaluation phase is a perfect example of such an integration.
You can restart the GUI with the following commands in the Docker container:

cd ~
python3 -m http.server --directory scala/gui/ 8080

And navigate to http://localhost:8080 in your browser.
Fourth, the implementation is robust. In addition to the wide variety of inputs exercised

during the functional evaluation, you can try your own inputs in the GUI (launched just above).
Try modifying the text in the input panels, or selecting a different preset from the dropdown.
Also try resizing the output panel to lay the diagram out at different widths.

Fifth, the implementation is designed to be extensible. One such extension is already present
in the GUI: the second input panel accepts a CSS-like “layout stylesheet” specification to control
the layout of the diagram with finer granularity than top-level parameters. Try modifying its
contents, or selecting different presets from the dropdown. Click the help button in the top
right corner to see more documentation. (This extension is not described in the paper nor is the
subject of any experimental claims.) When you are done, close the browser tab, and exit the
GUI webserver by pressing Ctrl+C in the terminal. Another simple extension is to change the
optimization parameters for wrapping, which you can try with the following command:

cd scala/src/main/scala/librrd/
sed -i '214s/\( \+\).*/\1val wrapPenalty = 0/' WrappedDiagrams.scala

Then, view the changed line with:

git diff

Lastly, recompile and relaunch the GUI to see the results, as described in the steps above.

http://localhost:8080
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