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Abstract. The ATLAS Metadata Interface (AMI) is a comprehensive ecosys-
tem designed for metadata aggregation, transformation, and cataloging. With
over 25 years of feedback in the LHC context, it is particularly well-suited for
scientific experiments that generate large volumes of data.
This paper explains, in a general manner, why managing metadata is essential
regardless of the experiment’s scale. It then presents the different AMI ecosys-
tem’s components and their main functionalities, particularly the Web interfaces
for searching data based on metadata criteria. Finally, it discusses the deploy-
ment of a functional demo, its subsequent scaling up, and how to integrate it
into a data production system.

1 Metadata challenges in modern sciences

1.1 What are metadata?

Metadata are often described as "data about data." They provide essential information about
other data, including its characteristics, content, and context. This information is critical for
understanding, organizing, finding, and managing data effectively.

Metadata can originate from a variety of sources. For instance, it might include the ver-
sion of the software used to generate or process the data, or annotations made by a physicist,
such as references to an article in which the data was utilized. These metadata elements help
contextualize the data and are crucial for its long-term usability.

1.2 Why Metadata are essential for science

Despite their importance, metadata management is often overlooked in scientific collabora-
tions. However, robust metadata practices are essential for producing reproducible science.

The challenge of reproducibility in science has been well-documented. A 2016 article
in Nature[1], based on a survey of approximately 1,500 scientists, revealed that over 70% of
researchers had been unable to reproduce another scientist’s results, and more than 50% had
failed to reproduce their own results.

There are several reasons for this reproducibility crisis, one of which involves software-
related issues. Reproducing data generated by a program requires that the program runs under
precisely the same conditions as it did originally. Tools like GUIX[2] or Nix[3] can help
address these challenges by ensuring consistent computing environments. However, another
critical factor is the accurate characterization of data task that relies heavily on metadata.
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1.3 Metadata and the FAIR principles

To enable reproducible science, metadata must align with the FAIR principles. These princi-
ples emphasize the need for data to be:

• Findable: Metadata plays a key role in characterizing data, enabling users to know where
the data is stored and, crucially, what it represents.

• Accessible: Metadata should provide clear information on how the data is preserved and
the procedures for accessing it.

• Interoperable: Metadata, like data itself, must be interoperable. This means it should
adhere to standards that allow it to "speak" a universal language, facilitating integration
across diverse systems.

• Reusable: Metadata must clearly indicate whether data can be reused, under what condi-
tions, and if any restrictions apply.

Adhering to the FAIR principles ensures that metadata supports reproducibility by pro-
viding comprehensive documentation and accessibility to both the data and its context.

2 AMI and metadata challenges

The AMI ecosystem[4][5][6] is developed with these principles in mind to address chal-
lenges related to metadata management. Over two decades of experience within the ATLAS
collaboration[7], along with additional years of work with collaborations like NIKA2[8] and
n2EDM[9], have significantly influenced its design and functionality.

Key questions guids the development process: how to enable physicists to select the
data they need, how to interact effectively with multiple heterogeneous sources, and how
metadata can ensure the long-term reusability of data even after experiments conclude. The
latest version of AMI is designed to help physicists characterize and manage the data they
find most useful.

3 The AMI Ecosystem in a Nutshell

The AMI ecosystem is essentially a software suite composed of several components that can
function independently or together. Its main components include:

• AMI Web Framework (AWF): A modern JavaScript framework that provides developers
with controls to create web applications for selecting and displaying data.

• Backend Microservices: Developed in Java, the backend offers commands to produce in-
teroperable outputs in XML, JSON, or CSV formats. It interacts with any type of database
and provides introspection of the database structure, masking complexity from end users.

• Task Server: A distributed system akin to a super CRON, which enables metadata extrac-
tion programs to run from primary sources, as well as reprocessing tasks, ultimately saving
metadata in AMI.

• Clients: Available in various programming languages, with Python being the most widely
used, particularly in the ATLAS collaboration.

• Metadata Query Language (MQL): A specialized query language oriented toward meta-
data, allowing users to select and query data sources without requiring expertise in
databases or their underlying structures.
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4 Typical Usage of AMI

A typical data and metadata processing workflow (fig.1) demonstrates how the AMI ecosys-
tem integrates within a broader data production system and aggregates heterogeneous data
sources into a dedicated metadata database.

Figure 1. A typical
data and metadata
workflow.

In most experiments, data generation begins with an instrument, and the first source of
metadata is often a configuration database ("HouseKeeping DB"), containing information
about the instrument’s configuration or simulation setup. During data production, software
running analysis, reprocessing, or simulation tasks generates additional metadata, such as
task status, which is typically stored in a separate database.

A data placement tool (e.g., Rucio) often manages data movements and backups, tracking
the physical storage, size, and other details of the data. It provides metadata related to data
location and management.

AMI collects metadata from these disparate sources and stores it in a centralized meta-
data database. Additionally, physicists contribute valuable metadata, such as references to
scientific papers citing or utilizing the data.

When an experiment concludes, instruments may be dismantled, and associated software
may become obsolete. Even if data is archived, tools to access it may no longer be avail-
able. A dedicated metadata database ensures data remains discoverable, characterized, and
accessible long after an experiment ends, simplifying future access and reuse.

5 End-users and AMI

The AMI ecosystem is designed to enable physicists to effectively characterize their data
while accommodating a wide range of user profiles and expertise levels. These users can
include those who require web or command-line interfaces and others who prefer to write
scripts for direct data access. Many users, however, may not possess advanced knowledge
of databases or SQL, nor familiarity with the structure of the various databases they need to
access.

To address these diverse needs, AMI provides multiple solutions. User-friendly web in-
terfaces allow for intuitive point-and-click functionality, while client tools cater to advanced
users seeking to automate workflows through scripts. The Metadata Query Language (MQL)
further simplifies data access by abstracting database complexity, enabling users to retrieve
information without requiring expertise in database systems or structures.
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6 MQL: A Metadata-Oriented Language
The Metadata Query Language (MQL) was specifically developed to provide an intuitive and
user-friendly method for querying metadata. Unlike SQL, which operates on database objects
such as tables and requires knowledge of their relationships (fig.2), MQL is oriented around
metadata entities. These entities encapsulate characteristics relevant to scientific datasets,
such as dataset status or keywords (fig.3).

Figure 2. An SQL
query with join clauses.

Figure 3. An MQL
equivalent query on
dataset entity.

MQL queries only have SELECT and WHERE clauses, i.e., without a FROM clause, al-
lowing users to focus on the information they want to retrieve. The underlying AMI system
handles the translation of these queries into the specific database commands needed. By elim-
inating the need for users to understand database structures or implement joins, MQL makes
metadata access more accessible to a broader audience, including those without technical
expertise in database systems.

7 Interfaces of the AMI Ecosystem
7.1 Search by Criteria

The default data selection tool in AMI (fig.4) allows users to refine their search by clicking on
entity characteristics displayed on the left side. Each criterion adapts to its type (e.g., string,
boolean, or number), enabling intuitive filtering. The system executes an MQL query behind
the scenes, simplifying interaction for point-and-click users.

Figure 4. Search by
criteria Web interface.

7.2 Search result

Search results appear in a customizable table format (fig.5). Features include grouping, fil-
tering, and linking metadata elements, such as datasets and their associated files, through
configurable icons.
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Figure 5. Search result
Web interface.

7.3 Search Modeler

Administrators can use this intuitive interface (fig.6) to build search tools for end users. By
defining a target entity, the system suggests potential characteristics for search criteria, auto-
matically generating the user interface. This automation is made possible by AMI’s database
introspection capabilities.

Figure 6. The search
modeler Web
application.

8 Interacting with Microservices
8.1 Web Interaction

Figure 7. Executing
MQL query from a
Web application.

Users can execute MQL queries via a web application by entering commands in a form
and selecting output formats like XML, JSON, or CSV (fig.7).
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8.2 Shell Interaction

Advanced users can execute the same queries from a shell script after installing the AMI
client (fig.8). This method supports automation and script-based workflows.

Figure 8. MQL query
command executed
from a shell.

8.3 Python Interaction

Developers can embed AMI commands in Python scripts, integrating metadata queries into
larger workflows for automation or complex analyses (fig.9).

Figure 9. MQL query
command executed
from Python.

9 Task Server: Streamlining Metadata Extraction

9.1 Task Server Interface

The task server enables the execution of programs to extract metadata from primary sources.
The interface displays the program being run along with an execution report (fig.10).

9.2 Pipelined Tasks

An experimental feature allows users to configure chained tasks, where outputs from one
task can serve as inputs for another (fig.11). This capability aims to streamline workflows by
automating complex metadata processes.

10 Explore AMI

To try AMI, visit the official Web site[10], explore the online demo[11][12] updated hourly.
Documentation[13] and additional resources are also available to support new users.
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Figure 10. Configuring
a recurrent task.

Figure 11. Chained
task executions.

11 Conclusion

The ATLAS Metadata Interface (AMI) ecosystem, developed within the ATLAS experiment
and other scientific collaborations, represents a crucial tool for managing and accessing sci-
entific data. Its flexible and scalable approach enables the aggregation, transformation, and
cataloging of metadata from heterogeneous sources while providing simplified and intuitive
access for users of all expertise levels.

With the integration of web interfaces, backend services, and the dedicated Metadata
Query Language (MQL), AMI offers a robust solution for researchers seeking to efficiently
exploit their data in a reproducible manner. The alignment of AMI with the FAIR principles
ensures the long-term sustainability, interoperability, and reusability of scientific data, while
simplifying their discovery and management within large collaborations.

Through over 25 years of development and feedback, AMI continues to evolve to address
the growing challenges of metadata management in modern scientific experiments. By facili-
tating metadata access and manipulation, AMI plays a key role in long-term data stewardship
and ensuring the reproducibility of research.
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