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The High-Performance Computing, Big Data, and Quantum Computing Research Center, established 
and managed by ICSC, is one of five National Centers created under the Italian National Recovery and 
Resilience Plan (PNRR) and funded by the European Union.
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The main goals of the Spoke 3 project are to leverage state-of-the-art solutions in High-Performance 
Computing (HPC) and Big Data processing and analysis, to address challenges in the fields of 
Astrophysics and Cosmic Observation.
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Spoke 3 is structured into several Work Packages (WPs) and this presentation focuses on WP4, which 
is dedicated to challenges related to Big Data Management, Storage, and Archiving.



Missione 4 • Istruzione e Ricerca ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing

This "actors/actions" schema illustrates the aggregation of multiple data sources, including both 
observational and simulation-based data.
There are two main data workflows: Ingestion and Extraction.
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The Ingestion workflow starts by separating metadata from raw data by the "Importer", a software 
component implemented as a device and also monitored within the TANGO Controls distributed 
control system framework.



Missione 4 • Istruzione e Ricerca ICSC Italian Research Center on High-Performance Computing, Big Data and Quantum Computing

The initialized "Importer" instance retrieves the required data description model from a local MariaDB 
database and, using mapping tables, extracts key-value pairs through functions specifically developed 
for the various data formats used in our use cases.
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Metadata is written to a PostgreSQL database while the raw data is managed by a Rucio infrastructure 
for data storage and replication using a MinIO-based S3 object storage backend.
At this point, the Extraction workflow can begin.
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A custom portal allows astronomers to create queries to search for specific metadata and download 
only the files they are interested in. The portal also supports operations like Cut & Merge (in the Gaia 
use case) and provides access to Fermi Tools (in the Fermi use case).
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Through a form-based interface, users can, for example, select an objectName and retrieve the 
corresponding alpha, delta, and epsilon values, or select other metadata to generate a query.
An integrated editor also allows users to write and modify queries. [1]
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In the Gaia use case, the query returns two tables. The first (Sources) is actually the result of merging 
two queries: one to PostgreSQL to retrieve metadata, including the Rucio Data Identifier (DID), and one 
to Rucio to locate the corresponding data file. The second table contains Transits.
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At this point, users can select one or more rows and perform a Cut & Merge operation, producing a 
significantly smaller file to download. [1]
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Gaia data is not publicly accessible, so users must log into the Spoke 3 Portal via the RAP (Remote 
Authentication Portal) to obtain the necessary authentication and authorization credentials.
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Additional features of the Spoke 3 Portal include:

● the ability to automatically correct the selection of transits that do not match any source;

● comprehensive logging of all operations (queries and downloads), collected using Elasticsearch 
and visualized through Kibana.

.
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Key Points So Far:

● aggregations of both observational and simulation-based data through Ingestion and Extraction 
workflows;

● metadata is stored in PostgreSQL; raw data is managed by Rucio over a MinIO-based S3 object 
storage backend;

● a custom portal allows querying metadata and downloading only relevant files, supporting 
operations like Cut & Merge (for Gaia) or Fermi Tools access;

● users interact with the Spoke 3 Portal via forms or query editor;

● authentication via RAP is required to access private Gaia data;

● features include automatic correction of unmatched transits and full operation logging with 
Elasticsearch/Kibana.
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But what if the astronomer doesn't like my portal...?
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IVOA (International Virtual Observatory Alliance):

● one of the microservices used by the Spoke 3 Portal is a technically compliant TAP (Table 
Access Protocol) exposing a DataLink table to enable all the custom services available for the 
query results;

● this allows users to perform the same operations previously described, but using other clients, 
like TOPCAT.
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By appending the /tap endpoint to the Spoke 3 Portal URL, users can access the TAP schema and the 
PostgreSQL tables directly from TOPCAT.
The integrated editor also allows query writing and editing. [1]
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In the result table, it is possible to select one or more rows, exactly as previously described with the 
Spoke 3 Portal, and create a subset.
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It is worth noting the column named access_url, which is required by TOPCAT to invoke the DataLink. 
This column embeds two UUIDs (Universally Unique Identifiers): the first is used to store the selected 
rows and queries, the second to create a personal cache for each user accessing TOPCAT.
Both operations are managed by Redis (the NoSQL in-memory database).
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In the Activation Actions menu, it is necessary to select "View Datalink Table"...
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…and finally, invoke the DataLink.
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By selecting #this, a Cut & Merge operation can be performed, exactly as previously described with the 
Spoke 3 Portal. Since the content_type is HDF5, the file will be downloaded directly through the 
browser.…
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…if #progenitor is selected, the original file containing all sources or all transits will be downloaded…
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…and finally, if #counterpart is selected, the TAP is accessed again to retrieve the Transits table, and 
then the entire process can be repeated: selecting one or more rows, creating a subset, and invoking 
the DataLink to either download the original file or perform a new Cut & Merge on the selected rows.
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Key Points So Far:

● a separated microservice exposes TAP and a DataLink table, usable also via other clients like 
TOPCAT;

● the /tap endpoint is used to access the TAP schema and PostgreSQL tables;

● the queries return the Sources table with an access_url column containing two UUIDs, for Redis 
storage and user cache;

● users can select rows, create subsets, and invoke DataLink directly from TOPCAT;

● #this (to trigger a Cut & Merge), #progenitor (to download the full file), and #counterpart (to 
access the Transits table), are vocabulary terms that allow automated identification of the type 
of action to perform on the described query result;

● the Transits table provides a recursive DataLink solution, enabling the same workflow again.
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And what if the astronomer doesn't like TOPCAT either...?
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This cell initializes the Python client by importing required libraries, setting the base URL of the TAP 
server, and defining the query. It is equivalent to setting the /tap endpoint and compose a query in 
TOPCAT’s ADQL panel.
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This cell queries the /tables endpoint to retrieve available schemas, tables, and columns.
The XML response is parsed into a Pandas DataFrame.
It is equivalent to TOPCAT's metadata loading when connecting to the TAP service. [1]
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This cell sends the query to the /sync endpoint and retrieves the result as a VOTable.
The response is parsed by Astropy and displayed as a Pandas DataFrame for inspection in the Jupyter 
notebook. This mirrors executing a query and viewing results in TOPCAT’s table viewer. [1]
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This cell extracts the access URL from the TAP result row and queries the /datalink endpoint.
It retrieves links to #this, #progenitor, and #counterpart replicating TOPCAT’s behavior when invoking 
DataLink on selected table rows. [1]
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Key Points So Far:

● As the entire workflow can be performed with TOPCAT, the same goes for Python with Astropy,  
which is simply another example of VO-aware client.
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Modern tools. Younger astronomers...!
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Summary:

● the Spoke 3 Archive Infrastructure project ingests and extracts both observational and 
simulation-based data;

● metadata is stored in PostgreSQL, while raw data is managed using Rucio on a MinIO-based S3 
storage backend;

● a custom portal enables advanced querying and custom operations like Cut & Merge (for Gaia) or 
access to Fermi Tools;

● the same features are exposed via TAP/DataLink microservices, compatible with other clients 
like TOPCAT;

● Python with Astropy is just another example of a VO-aware client.
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What’s Next:

● comparative performance testing between Oracle (for Gaia) and PostgreSQL, including high-load 
scenarios;

● evaluation of sharding strategies for distributing data across multiple databases or servers, 
improving performance and scalability;

● future extension of the portal to support new astrophysical datasets and use cases;

● furthermore, resources and services described are not registered, data concerning Pluto and 
Ramses are still being analyzed, ADQL features are not yet implemented.
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Any questions…?


