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Abstract—AC3 (Agile and Cognitive Cloud-edge Con-
tinuum management) focuses on creating an innovative
architecture utilizing a federated Cloud Edge Continuum
infrastructure. At the core of this initiative is the Cloud
Edge Continuum Computing Management (CECCM),
which oversees the Life Cycle Management of both
resources and applications. Additionally, AC3 integrates
Artificial Intelligence and Machine Learning technologies
to ensure energy-efficient operations.

Use cases play a major role in the project as they
will demonstrate its utility and potential applications.
Among the three use cases included in the project, UCM
leads Use Case 3, whose main objective is to work on
the distributed processing of Integral Field Spectroscopy
(IFS) astronomy data. In this use case, we will use the
modular architecture of AC3 to address the challenges
posed by the large volume of data and computational
resources available in astronomical research. We will
employ microservices-based astronomy software deployed
in containers to simplify its use and the processing of
data cubes for researchers. We are currently working on
testing the scalability of existing astronomical software, in
particular some spectral synthesis programmes that allow
us to understand properties of the stellar populations that
populate galaxies. In the future, AC3 will have the ability
to distribute computing resources according to workload
requirements, optimising the processing of large volumes
of datacubes.

Index Terms—Cloud Edge Continuum, Integral Field
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Spectroscopy, Astronomy Data, Distributed Processing,
Artificial Intelligence, Machine Learning.

I. INTRODUCTION

Galaxies are the building blocks of the Universe. To
address the fundamental question about how galaxies
have evolved through cosmic time, it is essential to
have a deep understanding of the processes that govern
their formation and evolution. Nearby galaxies offer
us the opportunity to provide the foundations needed
to understand them. We propose to use Integral Field
Spectroscopy data for a large sample of these galaxies
using already in-hand data from cutting-edge facilities
such as MEGARA [1] on the 10.4 m Gran Telescopio
de Canarias, MaNGA [2] installed in the 2.5 m Sloan
Telescope and MUSE [3] at the Very Large Telescope
(VLT).

The AC3 project aims to address the growing need
for efficient data processing and resource management
in various fields, including astronomy. The integra-
tion of Al and ML technologies within the CECCM
framework allows for dynamic and adaptive manage-
ment of computational resources, ensuring optimal
performance and energy efficiency. By leveraging the
modular architecture of AC3, we can effectively handle



the large volumes of data generated by instruments like
MEGARA, facilitating the study of galaxy formation
and evolution.

II. METHODOLOGY

Use cases play a major role in the AC3 project as
they demonstrate its utility and potential applications.
Among the three use cases included in the project, the
Complutense University of Madrid (UCM) leads Use
Case 3, which focuses on the distributed processing of
Integral Field Spectroscopy astronomy data.

In this use case, we leverage the modular ar-
chitecture of AC3 to address the challenges posed
by the large volume of data and computational re-
sources required in astronomical research. We employ
microservices-based astronomy software deployed in
containers to simplify its use and the processing of data
cubes for researchers. This approach allows for greater
flexibility and scalability in handling large datasets.

The data we will use comes from the MEGADES
[4], MaNGA [5], and AMUSING++ [6] surveys, all of
which are provided in the Flexible Image Transport
System (FITS) format and as 3D datacubes. A 3D
datacube is a multidimensional dataset that combines
spatial and spectral information, capturing data from
contiguous regions of the sky. This allows us to obtain
spectral information of extended objects with spatial
resolution (see figure 1).
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Fig. 1. Ilustration of a 3D data cube combining spatial and spectral
information. The image shows a spectrum from one pixel (top left),
an image at a single wavelength (top right), and an image collapsed
across all wavelengths (bottom left). Image credit: Stephen Todd and
Douglas Pierce-Price.

We are currently working on testing the scalability
of existing astronomical software, particularly spectral
synthesis programs such as pPXF [7], Starlight [8],
and STECKMAP [9]. These tools are designed to

decompose an observed spectrum into a combination
of templates of Single Stellar Populations (SSP) with
various stellar ages and metallicities, taking into ac-
count velocity broadening and instrumental effects (see
figure 2). By analyzing the light from stars, these
programs help us determine their composition, age,
and other characteristics, providing valuable insights
into the formation and evolution of galaxies.
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Fig. 2. Example of pPXF fitting to a spectrum of the galaxy UGC
10205 observed with MEGARA. The original observed spectrum is
shown as the black line. The red and green line curves show pPXF
best fits to the spectra and the corresponding residuals, respectively.
The blue vertical stripes indicate the masked regions omitted from
the pPXF fitting.

From a technical perspective, data processing is
an exceptionally demanding task. Astronomers must
manage vast volumes of data generated at various
stages of analysis. For example, the final data cubes
typically have dimensions of 40 x 43 x 4300, resulting
in 1720 spectra per cube for MEGARA observations,
319 x 320 x 3721, equating to 102080 spectra for
MUSE, and 74 x 74 x 6732, yielding 5476 spectra for
MaNGA data. This substantial data volume highlights
the significant advantages that the CECC’s manage-
ment capabilities and infrastructure can offer to this
research field.

III. RESULTS

Our initial tests, conducted using Kubernetes tech-
nology on local servers, have shown promising results
in terms of scalability and performance. The modular
architecture allows for efficient distribution of com-
putational tasks across multiple nodes, significantly
reducing processing times for large datasets. This is
particularly important given the substantial data vol-
umes involved, such as the 1720 spectra per cube for
MEGARA observations, 102080 spectra for MUSE,
and 5476 spectra for MaNGA data.

We have successfully deployed several spectral syn-
thesis programs, including pPXF and Starlight, in
this containerized environment. These tools have been
used to analyze data from various astronomical instru-
ments and telescopes, providing detailed information



about the stellar populations in a few galaxies. The
integration of these programs has demonstrated the
feasibility and efficiency of our approach, allowing us
to decompose observed spectra into combinations of
Single Stellar Population (SSP) templates, considering
velocity broadening and instrumental effects.

The results from our initial tests indicate that our
architecture can handle the complex and computation-
ally intensive tasks required for full-spectrum fitting
techniques. This capability is crucial for deriving key
parameters such as the ages and metallicities of stellar
populations, which are essential for understanding the
formation and evolution of galaxies.

Currently, all testing is being conducted using Ku-
bernetes technology on local servers. This setup has
allowed us to validate our approach and ensure that
it meets the necessary performance and scalability
requirements. Although we have not yet included the
functionality of STECKMAP in the project, we plan
to integrate it in the near future.

At present, we have not yet established specific
metrics to quantify the efficiency of our use case, as our
primary focus has been on constructing the necessary
architecture for integration within AC3 and adapting
the existing software. However, preliminary tests sug-
gest that our approach enhances the performance of
the analyses, indicating that, once fully implemented,
it will significantly improve efficiency.

IV. DISCUSSION AND CONCLUSIONS

The integration of Al and ML technologies within
the CECCM framework enhances energy efficiency
and enables more dynamic and adaptive management
of computational resources, which is crucial for han-
dling the large and complex datasets generated in as-
tronomical research. The modular architecture of AC3
facilitates the implementation of specific solutions for
different use cases, such as the distributed processing
of IFS data. By deploying astronomy software in
containers, we ensure greater flexibility and scalability,
making it easier for researchers to process and analyze
large datasets.

Our approach allows for better utilization of avail-
able computational resources, reducing the overall cost
and energy consumption associated with data pro-
cessing. This is particularly important for large-scale
astronomical surveys, where efficient resource manage-
ment is essential for timely and accurate data analysis.
However, during the implementation of Use Case 3,
we encountered several challenges and limitations,
including the need for high computational power and
the complexity of integrating various software com-
ponents. Additionally, automating the entire analysis

process while retaining the ability to modify necessary
parameters for each galaxy has proven to be partic-
ularly difficult. Future work will focus on addressing
these challenges and improving the system’s overall
efficiency.

Initial tests have shown that the modular architec-
ture of AC3, combined with containerized astronomy
software, provides a scalable and flexible solution
for processing large datasets. This approach not only
improves performance but also reduces the overall
cost and energy consumption. Although we have not
yet included the functionality of STECKMAP in the
project, we plan to integrate it soon.

Integrating our architecture into the AC3 infras-
tructure will enable dynamic allocation of computing
resources based on workload requirements, further op-
timizing the processing of large volumes of data cubes.
This capability will be particularly beneficial for large-
scale astronomical surveys, such as those conducted
with the James Webb Space Telescope [10] (JWST),
which generate vast amounts of data that need to be
processed and analyzed promptly. The optimization of
analysis techniques applied to astronomical data via the
CECCM will contribute significantly to the revolution-
ary discoveries anticipated from JWST, enhancing the
speed and efficiency of data processing and analysis.
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