
23 August 2024
eric.pauli.petteri.banzuzi@cern.ch

Improving the Rucio CLI
experience with Rich

Eric Banzuzi

Supervisor(s): Dimitrios Christidis and Mario Lassnig

EP-ADP

CERN, CH-1211 Geneva, Switzerland

Keywords: Software Development, Command-line Client, Data Management,
Distributed Computing, Python, Rich

Abstract

This report covers my contribution to the Rucio project over the period I stayed
at CERN. Rucio is an open-source, exabyte-scale, distributed data management
originally developed for the ATLAS experiment at the Large Hadron Collider, and
has since been adopted by other scientific communities. The main objective of
my work was to improve the usability, functionality, and visual appearance of the
command-line interface, using the Rich library for beautiful text formatting and dis-
play. The enhancements focused on making the command outputs more structured
and visually appealing to make the system more user friendly.
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1 Introduction

Managing large volumes of data efficiently in a scalable manner is essential
to support modern scientific projects. Scientific instruments such as ATLAS
are generating unprecedented volumes of data that needs to be handled to
allow proper workflows for researchers. Rucio [1] is a Python-based open-
source, exabyte-scale, distributed data management system originally de-
veloped for the needs of the ATLAS high-energy physics experiment [2, 3],
one of the four major experiments at the Large Hadron Collider (LHC).
Within ATLAS, Rucio is responsible for detector data, simulation data, as
well as user data, and provides a unified interface across heterogeneous stor-
age and network infrastructures. Since its launch, the software tool has
been continuously extended to support other LHC experiments and other
scientific communities (experiments). Today, Rucio is the software of choice
for many scientific communities to manage their data across geographically-
dispersed and heterogeneous storages. People from many different com-
munities participate and contribute to the Rucio project.

As a data management system, Rucio incorporates existing tools, ser-
vices and storage systems to allow users to manage and follow their data.
It makes use of FTS to coordinate file transfers between data centres over
several protocols (e.g. XrootD, S3, WebDAV) and provides an interface
which allows users to interact with the different types of storage backends
in a unified way. Rucio uses of a rule-based system for managing data life-
time, where the rules define what data is replicated, deleted, or archived for
safe long term storage. This allows it to offer an automated dataflow that
ensures data accessibility, scalability and reliability.

In the following part of the report, I will give a brief overview of the
structure and components of Rucio. This will be followed by an explanation
of my project and project objectives as a summer student. Next, I will give a
detailed description of the work done for improving the Rucio command-line
interface. Lastly, some conclusions and final notes are offered, summarizing
my time at CERN and outlining future directions.

1.1 Overview of Rucio components

Rucio has a distributed system architecture and can be decomposed into
four main layers, shown in Figure 1:

• The clients layer consists of components that the user can interact
with, such as the command line clients (CLI), Python clients, and the
web user interface (UI) and configuration.

• The server layer is a passive layer that performs authentication, for-
wards the queries to the core, and provides a common API for inter-
action with clients and the web UI.
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• The core layer consists of the abstractions of all Rucio concepts.

• The daemons layer performs all the continuous and asynchronous tasks
in the background.

The work in this report is done on the clients layer.

Figure 1: High-level Rucio component overview [6].

1.2 Development workflow

The development of Rucio happens on GitHub [6] using Agile and De-
vOps methodologies. Each new development to Rucio is viewed as a fea-
ture or a patch, depending on the level of changes done on the code base.
Patches include bugfixes and minor changes to the code, and are included
in patches/minor releases that are usually released every two weeks. Fea-
tures include major developments or potentially disruptive changes, and are
included in feature releases made approximately every 4 months. Prior to
any new development, an issue tracking the planned change is created to
give the entire developer community the chance to discuss the issue and
point out possible implications. Developers contribute to Rucio by making
their own fork of the repository, where they make the modifications to the
code and submit them as a pull request to the main Rucio repository. All
pull requests are automatically tested by the Github CI tool and need to be
approved by another person.

2 Summer student project

As my summer student project, I focused on enhancing the Rucio command-
line client interface (CLI), which is the main interface for users to interact
with the data management system. With the current CLI, the output from
the commands is very simplistic, making it harder for the users to see what
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they were looking for. The main aim for my project was to improve the CLI’s
usability, functionality, and make it more visually appealing. This makes it
easier for researchers to use the tool to manage their data effectively, and
have a nicer experience while using Rucio.

3 Rich

The enhancements were developed using the Rich library [5], a popular Py-
thon library known for its rich text and beautiful formatting in the terminal.
Rich makes it easy to add color and style to terminal output to make CLIs
visually appealing. The library provides various functionalities that one can
include in their terminal outputs, an overview of most of the features can
be seen in Figure 2. The library offers several renderable objects, such as
tables, trees, markdown, logging, tracebacks, progress bars and spinners,
that can be easily customized using different styles and highlighting. For
Rucio, the most interesting renderable widgets are the table, tree, logging,
tracebacks, progress bars and spinners.

Figure 2: Rich library properties. [5]

4 Rucio command-line interface

Many of the Rucio commands are displayed or can be displayed in a table.
Currently, the CLI uses the tabulate library, which is simplistic and lim-
ited when it comes to the display of wide tables. My contribution was in
reformatting the command-line command outputs to be more visually ap-
pealing using the features of Rich library. As Rucio has many commands
with similar outputs, I will go over a subpart of the commands and describe
the main design choices behind the new command-line client in this section.
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The changes for each unshown command can be seen in Appendix A. The
new CLI is implemented as an opt-in option through the Rucio configura-
tion file before eventually replacing the old CLI. The changes made to the
new CLI are documented in GitHub issue #6987 and its corresponding pull
request #7012.

4.1 CLI styles

A nice feature in Rich library is the ease of making use of colors to enhance
the visual appearance of CLIs. For Rucio, the colors are mainly used to
highlight different Rucio constant values that are used in the software tool.
An overview of the chosen color palette can be seen in Figure 3. For differ-
ent states, the idea was to highlight them with semantic colors to indicate
and draw attention on whether something is positive, negative or neutral.
For other types, such as DID types, the goal was to implement a coloring
scheme that makes types easily distinguishable without imposing too many
emotional connotations. These styles are used in all commands to highlight
the corresponding keywords.

Figure 3: Used color palette for the Rucio constants in the new CLI on a default
MacOS terminal. Colors might change depending on used terminal emulator.

During the color selection an attempt was made to choose colors that
look good on the two most common terminal types, black and white. For
users running Rucio on custom terminals, the coloring styles may cause
minor issues.
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4.2 Key-Value tables

The simplest tables in Rucio are two column tables without a header that
show key-value pairs. Many of the Rucio commands are represented this
way: rucio whoami, rucio get-metadata, rucio stat, rucio

list-rse-attributes, rucio rule-info and rucio-admin subscription

list. Some of the commands have an equivalent in the rucio-admin execut-
able. A comparison of the new and old versions of some of the simple table
commands are shown in Figures 4, 5 and 6. The keys of the left column are
alphabetically sorted and left aligned in the Rich version. In commands that
allow querying multiple tables simultaneously, the queried DID is displayed
before the table as seen in Figure 6.

(a) New (b) Old

Figure 4: Comparison of rucio whoami in the old and new CLI.

(a) New (b) Old

Figure 5: Comparison of rucio stat in the old and new CLI.

(a) New (b) Old

Figure 6: Comparison of rucio get-metadata in the old and new CLI.
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4.3 Complex tables and other commands

The exact number of entries in a queried table is often unknown beforehand,
unlike in the simple key-value pair tables. To enhance readability of longer
and large tables, I implemented alternating row colors in the table through
dimming. Below is a list of comparisons of the new and old commands with
more complex tables or involving multiple tables. The table format remains
consistent across all commands.

A nice feature in Rich is it’s ability to display large tables well even in
smaller terminals. Instead of showing the large table outputs in an unstruc-
tured manner as the previously used tabulate library, Rich automatically
computes the optimal size for the table columns and uses wrapping to fit
the outputs into the columns. A good example of this is shown in rucio

list-file-replicas below.

rucio list-dids

(a) New (b) Old

rucio list-suspicious-replicas

(a) New (b) Old
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rucio list-file-replicas

Here the example shows --no-pager option to show Rich’s ability to fit the
table in the current terminal. The links for URLs are highlighted in blue.
However, different terminals may display blue differently.

(a) New (b) Old

rucio list-rse-usage (--show-accounts)

The content is now put in a more concise table format and usage per ac-
count is printed in its own table for each source, separate by a subheader
highlighted in cyan.

(a) New (b) Old
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rucio list-rules-history

The content is now put in a more concise table format. The actions are
sorted in descending time due to the pager by default approach.

(a) New (b) Old

rucio list-rules

The state is highlighted with the CLI styles defined above for Rucio con-
stants.

(a) New (b) Old
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rucio-admin rse info

The JSON for domains in protocols is shown in as a tree for a better look.

(a) New (b) Old

Figure 13: The first part of the rucio-admin rse info command.

(a) Old

Figure 14: The second part of the old rucio-admin rse info command.
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(b) Old

Figure 15: The second part of the new rucio-admin rse info command.

(a) New (b) Old

Figure 16: The third of the old rucio-admin rse info command.

rucio list-account-usage

The numerical values (data units) are right aligned in the column, which
was not done before.

(a) New (b) Old
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rucio-admin subscription list --account (--long)

As shown earlier, the JSON is shown as a tree, and the content is put in a
table.

(a) New (b) Old

rucio list-scopes

The same applies to all other one column tables: rucio-admin account

list and rucio list-rses / rucio-admin rse list.

(a) New (b) Old
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rucio list-files (--pfc)

(a) New (b) Old

4.4 Logging and Exceptions

Rich also offers a nice way to display logging messages and caught excep-
tions through the RichHandler widget. This feature was implemented into
the Rucio command-line interface. The styles of the logger are shown in
Figure 24. In addition, a comparison of the old and new way of logging and
displaying an exception is shown in Figure 25. The previous logger used an
excessive amount of colors and displayed exceptions in a less clear manner.
Rich logging allows to easily highlight the logging time, level, message and
file where the logger is called in different colors. Moreover, the exception
traceback block clearly highlights the part of the code in which the error
occurs.

Figure 24: Rucio logging themes. The one above is the new version with rich.
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(a) New (b) Old

Figure 25: Catching an unexpected exception in Rucio CLI.

4.5 Spinners

Many commands in Rucio take a few seconds to complete. Unlike the old
CLI, the new CLI displays a spinner as a sign to show the users that it
is working on a task. This is also a common feature in many other well
known CLIs. An example of the spinner is shown in iFgure 26. The spinner
is not shown on the simplest and instant commands: rucio whoami, rucio

rule-info, rucio-admin rse get-distance, rucio list-identities,

rucio-admin account info, rucio-admin rse get-attribute,

rucio list-rse-attributes.

Figure 26: A status spinner for working tasks.

4.6 Pager output

Another addition to the command-line interface is that it now displays out-
puts in a pager 1, similarly to e.g. Git and systemd. The default pager used
for the CLI is $PAGER=less -FRSXMK, which makes the output unwrapped,
using colors and automatically exits the pager if the output of the command
fits the current terminal size. The user can still get the command output to
be displayed without a pager by including the –no-pager argument in their
command, e.g. by writing rucio --no-pager whoami. A comparison of the
pager and non-pager outputs is shown in Figure 27. The non-pager output
wraps the table entries to fit the current terminal with the assumption of
a minimum terminal width of 80 character. A good property of the pager
usage is that it allows the user to scroll the vertically and horizontally and
use many functionalities offered by less, such as search patterns.

1Pager is a computer program used to view (but not modify) the contents of a text file
moving down the file one line or one screen at a time.
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(a) Less pager (b) No pager

Figure 27: Command rucio list-file-replicas with and without a pager. If
the command is ran with --no-pager, the PFN links are hyperlinks in case the
terminal emulator supports OSC 8. A list of such terminals can be found in [4].

4.7 Export/Import data

In the old CLI, the commands rucio-admin data import and rucio-admin
data export display multiple print statements showing what the program
is doing. In the Rich version, this is simplified to be done with a spinner
and a success/failure message as shown in Figures 28 and 29.

Figure 28: Old rucio-admin data import and export commands on iTerm2.

Figure 29: New rucio-admin data import and export commands on iTerm2.

4.8 Unused content

During my stay, I also explored some features of Rich that may be used in
the future. As of now, there are still uncertainties on how to improve these
parts of the CLI so these were left unmodified.
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4.8.1 Tree for list-content

I explored how a tree structure would look in the list-content command.
This was done by recursively going until the leafs of the tree (file level) from
a given DID. An example of such a tree is in Figure 30. This feature was
scrapped so the coloring scheme is still from the feature exploration stage.

Figure 30: A tree listing DID content from high level to bottom.

4.8.2 Text outputs

Another experiment that I did was customizing some of the commands with
plain output text or without any output. For these commands, I tried to
see whether it would be beneficial to highlight parts of it or add some text
output to make the execution of the command clearer for the user. Some
examples of highlighting text are shown below:

Figure 31: Command rucio-admin rse set-attribute. This feature makes the
key-value pairs clearly highlighted and easier to see as key-value pairs.

Figure 32: Commands for adding a DID, scope, RSE and distance between RSEs.
The idea behind these was to highlight what was done more clearly.

5 Other work on Rucio

During my stay, I had the chance to contribute to other areas within Rucio.
The contributions were mainly minor bug fixes and structural changes to
familiarize more with the Rucio development process. These were some of
the issues I worked on and their descriptions:

• #6964 Moving the configuration check for registering bittorrent metadata
to the caller function.
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• #6973 Unifying the logic of two methods perm add did and perm add dids
for permission checking. Before the scope was not properly checked
when adding dids in bulk.

• #6990 Renaming an ambiguous function for more accurate description
of its functionality.

• #7018 Adding overload type annotations for cache operations in core/config.py.

• #6717 Standardizing the SQLAlchemy model names of single entities
to be in singular form.

6 Conclusions and future work

Throughout this project, large enhancements were made to the CLI with
Rich. These improvements were done by introducing Rich tables, trees,
logging, tracebacks, text formatting, and spinners together with pager out-
puts. These improvements were designed to enhance the user experience
and provide a visually appealing interface.

Now, the CLI will enter the first phase, an experiment phase, and will
be available as an opt-in option through the configuration file until power
users can test it and provide additional feedback. This is to avoid change
aversion, the negative reaction users often have to changes in a product,
and to introduce the changes smoothly into Rucio. After proper testing and
feedback, the CLI enters a second phase, where it will be introduced as the
default option during a major release. However, in this second phase the
feature is included as an opt-out feature in case some major issue cannot be
quickly addressed. After the Rucio community feels ready, the CLI will enter
the final third phase in which the original tabulate-based implementation
will be removed entirely. This consideration and planning is key for both
user experience design and release engineering procedures.

In the future, we want to further improve the interface by adding Rich
progress bars for download and upload commands. Additionally, we plan to
introduce options for JSON and CSV outputs. Another potential idea is to
reformat the text output commands to be more informative and to use Rich
highlighting.

References

[1] Martin Barisits, Thomas Beermann, Frank Berghaus, Brian Bockelman,
Joaquin Bogado, David Cameron, Dimitrios Christidis, Diego Ciangot-
tini, Gancho Dimitrov, Markus Elsing, Vincent Garonne, Alessandro
di Girolamo, Luc Goossens, Wen Guan, Jaroslav Guenther, Tomas

17

https://github.com/rucio/rucio/issues/6973
https://github.com/rucio/rucio/issues/6990
https://github.com/rucio/rucio/issues/7018
https://github.com/rucio/rucio/issues/6717


Javurek, Dietmar Kuhn, Mario Lassnig, Fernando Lopez, Nicolo Ma-
gini, Angelos Molfetas, Armin Nairz, Farid Ould-Saada, Stefan Prenner,
Cedric Serfon, Graeme Stewart, Eric Vaandering, Petya Vasileva, Ralph
Vigne, and Tobias Wegner. Rucio: Scientific data management. Com-
puting and Software for Big Science, 3(1), August 2019.

[2] CERN. Atlas Experiment. Available from: https://atlas.cern/.
Accessed on 25th of June 2024.

[3] ATLAS Collaboration. The atlas experiment at the cern large hadron
collider. IOP Science, August 2008.

[4] GitHub. Osc8-adoption. Available from: https://github.com/

Alhadis/OSC8-Adoption.

[5] GitHub. Rich. Available from: https://github.com/Textualize/

rich. Accessed on 1st of July 2024.

[6] GitHub. Rucio. Available from: https://github.com/rucio/rucio.
Accessed on 27th of June 2024.

A Rucio command-line outputs

rucio rule-info

(a) New (b) Old
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rucio-admin account list-attributes

(a) New (b) Old

rucio-admin rse get-distance

(a) Old

(b) New

rucio list-dataset-replicas

(a) New (b) Old
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rucio list-account-limits

(a) New (b) Old

rucio list-rses / rucio-admin rse list

(a) New (b) Old
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rucio list-content

(a) New (b) Old

rucio-admin account list

(a) New (b) Old
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