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“What would it take for a Foundation 
Model that understands (the lifecycle of) 

our Universe?”
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Bits

StarsKnowledge



Not there yet...

June 18, 2025
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AI



Outline

• “Bits” (~ AI)
• latest advances in deep learning

• “Stars” (~ astrophysics)
• challenges in “traditional” astrophysics

�  UniversAI: Exploring the Universe with AI
• Knowledge…

• … representation (knowledge graphs)
• The PARSEC project
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Bits
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… more bits
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Recent advances in AI

• Foundation models for science
• SciBERT / Galactica / Claude
• Retrieval-augmented generation (RAG) for data (e.g., catalog) querying

• Generative models for simulations
• Diffusion models / GANs

• Graph Neural Networks / Graph Transformers
• Detecting matches/missing links across one or more data sources

• Counterfactuals
• Understanding how AI models (would have) work(ed)
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Stars
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… more stars
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will start in 2025
20 TB per night

60 PB in total



AI & Astrophysics
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https://www.nature.com/articles/d41586-020-02717-3

The first-ever image of a black hole is now a movie…



Recent advances in astronomy

• JWST & Multi-wavelength data fusion
• Heterogeneous, high-res datasets across wavelengths and missions
• Opportunity: how do we align, interpret and reason about them?

• Astroinformatics
• Cosmological simulations now produce petabytes of synthetic 

universes
• Opportunity: indexing, querying, similarity computations

• Citizen science
• Galaxy zoo: large crowdsourced labels (also: largely inconsistent)
• Opportunity: weakly/semi-supervised learning
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What led to UniversAI?

• Cultural cross-talk
• What is a “source”?
• … “survey” vs “review”
• … “referee” vs “reviewer”
• … conference vs journal papers

• Falling behind the Big (AI) Bang / space missions / data 
repositories

• Idea: Let’s bring the best of the two communities together
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Invited talks
• Jean-Luc Starck (CEA –Saclay)
• Christos Diou (HUA)
• Torsten Enßlin (MPA)
• Themis Palpanas (French University Institute)
• Tyson Littenberg (NASA)
• Angela Bonifati (Lyon 1 University)
• Meghyn Bienvenu (CNRS)
• Laurent Eyer (Geneva Astronomical Observatory)
• Federica Bianco (University of Delaware)
• Georgia Koutrika (Athena RC)
• Hendrik Müller (NRAO)
• Grigoris Tsagatakis (FORTH)
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UniversAI – Highlights
T. Littenberg – GW and AI
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UniversAI – Highlights
C. Diou - XAI 
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UniversAI – Highlights
T. Palpanas – Anomaly Detection 
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UniversAI – Highlights
T. Enßlin – Milky Way Atlas 
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UniversAI – Highlights
… and many more 
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Knowledge
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Syllogism: 
All men are mortal. 
Socrates is a man. 
🡺 
Socrates is a mortal.



… more knowledge
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Knowledge Graphs (KGs)
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• Class: A group of entities that share common properties 
or characteristics. i.e., Celestial bodies.

• Subclass: Specific type of a broader class. i.e., 
Galaxies.

• Individual/Instance: Something or someone belonging 
to a class. i.e., Milky Way.

Class: Celestial Bodies

Subclass: GalaxiesIndividual: Milky Way



Knowledge Graphs (KGs) (2)
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Properties: The attributes that 
connect individuals. 

Milky Way

Contains

Eart
h

Property



Exploiting KGs for deep learning tasks
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ontology 
matching

image 
classificationchatbots

entity 
disambiguation
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Motivation
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Astrophysicists

read tables
cross-check online 
astronomical catalogues and 
DBs combine 

data

read 
papers

publish combined data 
and findings on them
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The good news…

DL4KG@ISWC 2022 – CosmOntology [position paper] 29

Sources: 
- supplementary material optionally 

submitted by authors 
- Huge manual work of curators
- User-provided feedback

http://simbad.u-strasbg.fr/Pages/guide/ch02.h
tx 

http://simbad.u-strasbg.fr/Pages/guide/ch02.htx
http://simbad.u-strasbg.fr/Pages/guide/ch02.htx


The bad news…

Existing cross-domain KGs:
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The ugly news...

Existing cross-domain KGs:
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PARSEC
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https://isl.ics.forth.gr/PARSEC



DOCBO and HECAT3KG

• DOCBO: the ontology we created, containing 5 main 
classes:

• Celestial Body, Identifier, Data Source, Measurement, Data Column
• Public: https://zenodo.org/records/15388573 

• HECAT3KG: A KG, following DOCBO, representing 
HECATE

• following two mapping approaches (RML and X3ML)
• 44 million RDF triples (~5GB)
• Public: https://zenodo.org/records/15379419 (along with mappings)
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https://zenodo.org/records/15388573
https://zenodo.org/records/15379419


HECAT3KG - Example
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Galaxy_01 Galaxy_01_id

has identifier

NGC 0097

has 
measurement

HyperLeda

Identifier value

is referred in 
Data Source

Galaxy_01_Distance

Originates from 
Data source

67.9204
has value

12.5114 has lower 
error margin 

value

has upper 
error margin 

value

12.5114

Hyperleda_Distance_Column

has column

has unit

Mpc

is measurement 
from Column



DOCBO
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Tabular Data Mining and Annotation

• Read pdf/mrt publication files
• Semantic Table Interpretation

• Table Topic Detection
• Cell Entity Annotation
• Column Type Annotation
• Columns-Property Annotation

• Neuro-symbolic approach
• Statistical models & LLMs to 

suggest annotations
• Rules to reduce the search 

space
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Conclusions

• AI (Bits) is no longer just a tool; it’s an integral part of 
astrophysics

• Astrophysics (Stars) is entering a golden era of data (e.g., 
LSST, SKA) that CS can uniquely address

• Ontologies/KGs (Knowledge) offer a bridge between raw data 
and a deep understanding (years of research founded in FOL) 

• Interdisciplinary efforts like UniversAI show that collaboration 
isn’t just possible—it’s urgently needed.
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Thank you!
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