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Machine Memorization



Machine Memorization



Machine Memorization – Hallucinations 

  



Machine Memorization – Hallucination 



Machine Memorization – Outdated Facts

Election Day was two 
weeks ago

It DID search the web!



Machines doing Web Search



Machines doing Web Search



Data ON the Web



Data ON the Web



Data ON the Web

Gabriela Mistral ( ) won the Nobel 
Literature Prize in 1945, please do yourself 
a favor and read her poems!



Data ON the Web



Data ON the Web



Data ON the Web



The Diagnosis
Huge models trying to memorize 

knowledge, and (some) retraining is 
needed to keep it up to date

20+ years of research and 

development on knowledge capture, 

representation and querying

Web search may be useful for general 

knowledge questions, but domain-

specific agents need to be specific 

and correct

How much knowledge does an LLM 

need to memorize anyway?





Since the turn of the 
century, we have 

built robust search 
infrastructures, not 

just for data, but for 
knowledge.



Don’t memorize, query



Knowledge 
Management
The scaffolding that Agentic AI can (and should) lean on



Institute for Foundational Research on 
Data

Researchers with the goal of tapping into all the 
potential of data: graphs, semantics, with a vision of 

future



Key Projects: 
Emerging query 
use-cases and 
Multimodal 
Data

COMBINE SEMANTIC 
(GRAPH) SEARCH WITH 
SEMANTIC (MILTIMEDIA) 

SEARCH

PRODUCE  ALGORITHMS 
AND INDEXES FOR 

EFFICIENT GRAPH PATTER 
EVALUATION

PRODUCE  ALGORITHMS 
AND INDEXES FOR 

EFFICIENT SIMILARITY 
SEARCH

DETECT OTHER EMERGING 
USE-CASES TO LEVERAGE 

(LEGACY) DATABASES



Multimodal Graphs - IMGpedia

S. Ferrada, et al. IMGpedia: a Linked Dataset with Content-based Analysis of Wikimedia Images (2017). In Proceedings of the International Semantic Web Conference. Best Student Paper.
S. Ferrada, et al. Answering Visuo-semantic Queries with IMGpedia (2017). In Companion Proceedings of the International Semantic Web Conference. Best Poster.



Multimodal Graphs – 
TelarKG 

Renzo Angles, Vicente Calisto, Javiera Díaz, Sebastián Ferrada, et al. TelarKG: a Knowledge Graph of Chile’s Constitutional Process (2024). In the 7th ACM SIGMOD GRADES/NDA Workshop. 



Multimodal Graphs – TelarKG 

R. Angles, V. Calisto, J. Díaz, S. Ferrada, A. Hogan, A. Pinto, J. Reutter, et al. TelarKG: a Knowledge Graph of Chile’s Constitutional Process (2024). In the 7th ACM SIGMOD GRADES/NDA Workshop. 

MATCH (?tw :Tweet)->()<-(?convMemb :ConventionMember),

(twp_1494…)->(:TwitterAccount)<- (?author :ConventionMember),

(?author)-[:politicalGroupConvention]->(?authorPConv), 

(?convMemb)-[:politicalGroupConvention]->(?convMembPConv)

PROJECT_SIMILARITY(?tw, ?dist, "tweets_sbert", twp_1494142390663360512, ANGULAR)

GROUP BY ?convMembPConv

RETURN ?convMembPConv, COUNT(?tw), AVG(?dist)

BANCADA COUNT AVG(DIST)

Mov. Soc Constituyentes 51 0.423795

Indep. No Neutrales 4 0.475289

Frente Amplio 95 0.501312

Partido_Comunista 41 0.513067

Ex LDP 31 0.575289

Colectivo Socialista 25 0.616303

Vamos por Chile 27 0.646724

Pueblo Constituyente (ex LDP) 11 0.673799

UDI 11 0.686078



Multimodal Graphs – TelarKG 

R. Angles, V. Calisto, J. Díaz, S. Ferrada, A. Hogan, A. Pinto, J. Reutter, et al. TelarKG: a Knowledge Graph of Chile’s Constitutional Process (2024). In the 7th ACM SIGMOD GRADES/NDA Workshop. 



Multimodal Knowledge Graphs

Multimodal KGs

Efficient Graph 
Querying

Efficient 
Similarity Search



Efficient Graph Querying

Worst-case optimal join algorithms and structures in 
graph databases [1]

Compact representation of an exponential number of 
pahts [2]

An algebra to represent and optimize RPQs [3]

[1] D. Arroyuelo et al. Worst-Case Optimal Graph Joins in Almost No Space (2021). In Proceedings of the ACM Conference Management of Data (SIGMOD).
[2] B. Farías et al. PathFinder: Returning Paths in Graph Queries (2024). In Proceedings of the International Semantic Web Conference. Best Student Paper.
[3] R.  García, R. Angles, V. Rojas, S. Ferrada. PathDB: A system for evaluating regular path queries (2025). ArXiv preprint.



Similarity Search on Graphs

S. Ferrada, A. Hogan, B. Bustos. Similarity Search and Clustering for SPARQL (2024). The Semantic Web Journal 15(5):1701-1732. 



Similarity Search on Graphs

S. Ferrada, A. Hogan, B. Bustos. Similarity Search and Clustering for SPARQL (2024). The Semantic Web Journal 15(5):1701-1732. 



Efficient Similarity Search on Graphs

Applying worst-case optimal join algorithms to k-NN similarity graphs

D. Arroyuelo et al. Worst-Case-Optimal Similarity Joins on Graph Databases (2024). In Proceedings of the ACM Conference on Management of Data (SIGMOD)



Efficient Hybrid Querying: Graph Search 
and Similarity Search

𝑡1 𝑡2 … 𝑡𝑑𝑡 =

INN

𝑛𝑒𝑥𝑡𝐼𝑁𝑁 𝑡

𝑄𝑥=__. (𝐺)

𝐴𝑛𝑠

.

.

.

V. Calisto, S. Ferrada, G. Navarro, J. P. Sweet, J. Reutter, D. Vrgoc. Graph Querying or Similarity Search? Both! (2025). In Proceedings of the International Semantic Web Conference.



Multimodal Knowledge Graphs

Multimodal KGs

Efficient Graph 
Querying

Efficient 
Similarity Search

GraphRAG

GraphRAG

Access to 
Heterogeneous 

Sources

Queryable Graph Compression



Heterogeneous Datasources

Actúa en

Uma Thurman Pulp Fiction

protagoniza

Uma Thurman Tiempos Violentos

Acts in ⊒ stars in
Pulp Fiction ≡ Tiempos Violentos

(?actor, Acts In, Pulp Fiction)

(?actor, Acts In, Pulp Fiction) (?actor, stars in, Tiempos Violentos)

Uma Thurman

S. Cheng, S. Ferrada, O. Hartig, Considering Vocabulary Mappings in Query Plans for Federations of RDF Data Sources (2023). Conference on Cooperative Information Systems. Best Paper Award.

Obtainable with 
IA/ML



Heretogeneous Datasources

User HeFQUIN GDBMS

SELECT * WHERE {
   ?p p:name ?n .
}

MATCH (p) 
RETURN p, p.name AS n
UNION
MATCH (x)-[p]->(y)
RETURN p, p.name AS n

(p: 1, n: Quentin Tarantino)
(p: 3, n: Uma Thurman)

(?p->n:1, ?n->“Quentin Tarantino”)
(?p->n:3, ?n->“Uma Thurman”)

SPARQL → Cypher
SPARQL → GraphQL

S. Khayatbashi, S. Ferrada, O. Hartig. Converting property graphs to RDF: a preliminary study of the practical impact of different mappings (2022), In Proc. of the 5th ACM SIGMOD GRADES/NDA
HeFQUIN: A Query Federation Engine for Heterogeneous Graph Data Sources. https://github.com/LiUSemWeb/HeFQUIN

https://github.com/LiUSemWeb/HeFQUIN


Graph (Queryable) Compression

subject predicate object

:QuentinTarantino :name “Quentin 
Tarantino”

:QuentinTarantino :directed :PulpFiction

:QuentinTarantino :acted_in :PulpFiction

:PulpFiction :title “Pulp Fiction”

:PulpFiction :released 1994

:UmaThurman :name “Uma Thurman”

:UmaThurman :born_in :UnitedStated

:UmaThurman :birthyear 1970

:UmaThurman :acted_in :PulpFiction

Row Group 0

Column subject
Page 0
:QuentinTarantino
:QuentinTarantino
:QuentinTarantino

Column predicate
Page 0
:name
:directed
:acted_in

Column object
Page 0
“QuentinTarantino”
:PulpFiction
:PulpFiction

Row Group 1

Column subject

Page 0
:PulpFiction
:PulpFiction :UmaThurman

Column predicate
Page 0
:title
:released
:name

Column object
Page 0
“Pulp Fiction”
1994
“Uma Thurman”

Row Group 2

Column subject
Page 0
:UmaThurman
:UmaThurman
:UmaThurman

Column predicate
Page 0
:born_in
:birthyear
:acted_in

Column object
Page 0
:UnitedStates
1970
:PulpFiction

J. Arenas-Guerrero, S. Ferrada. COTTAS: Columnar Triple Table Storage for Efficient and Compressed RDF Management (2025). In Proceedings of the International Semantic Web Conference.



MillenniumDB https://github.com/MillenniumDB/MillenniumDB 

D. Vrgoc et al. MillenniumDB: a multi-modal multi-model graph database (2024). In Companion Proceedings of the ACM Conference on Management of Data.

https://github.com/MillenniumDB/MillenniumDB


Applications to GraphRAG

print(get_rag_response(”who directed The Matrix movies?"))

The Matrix movies were directed by the Wachowski sisters: Lana y Lilly Wachowski directed the original trilogy 

(The Matrix, The Matrix Reloaded y The Matrix Revolutions). The fourth release, The Matrix Resurrections (2021), 

was directed only by Lana Wachowski.



ChatSP – An Agent helping teachers learn 
the new textbook methodology



ChatSP – Graph-based Agentic AI for 
Education



ChatSP – Graph-based Agentic AI for 
Education

The vocabulary is key for query 
generation: ontology is not a dirty 

word anymore!



ChatSP – Graph-based Agentic AI for 
Education



Graphs Enable Client Curiosity:
Graph for the American Popular Art Museum



Graphs Enable Client Curiosity:
Graph for the American Popular Art Museum

Work with my undergrad students Sergio Gálvez and Antonio Vitalic



Graphs Enable Client Curiosity:
Graph for the American Popular Art Museum

Can we see the  history behnd 
an artifact? what places has it 

visited? where has it been 
exhibited?

Can we get visually 
similar pieces grouped 

together?

Can we see the  history behnd 
an artifact? what places has it 

visited? where has it been 
exhibited?

Can we get a summary of the 
main common caracteristics of 

the artifacts of a given 
collection? or of a given culture 

at a given time?



Graphs Enable Client Curiosity:
A Graph to Analyze the Scientific Community

Work with my undergrad student Matías Vega, and masters student Rodrigo Molina, co-supervised with Roxana Chiappa.

Can we visualize the 
academic trajectories 

differentiating by 
gender and social 

class?Can we see how the 
scientific communities 
are organized around 

topics and the existing 
gender and social 

biases?

Who are being left out 
from these communities? 

What context do they 
have in common?



Graphs Enable Client Curiosity:

Client's data is a 
mess!

We transform it into 
actionable 
knowledge

Clients see the 
potential of this 

new structure but 
may not know how 

to exploit it

We develop a 
GraphRAG Agent

Iterative modeling with the counterpart



It can also go the other way around:
Agents that mimic public opinion

We interviewed a hundred people from the 
south of Chile in order to train agents that 

would learn their political opinions



Agents that mimic public opinion

IMFD joint project, including C. Rojas, I. Baeza, H. Sarmiento, S. Ferrada.



Agents that mimic public opinion

The idea then is to be able to summarize ”live” what the agents have to say 
regarding current political topics. In particular, in presidential debates.

How can this be done in a fair way?

How to handle agents that cannot produce an answer?



Agents that mimic public opinion

The agent correctly 
associates Kast to right wing 
politics, which go against the 

beliefs of the agent

However, it doesn’t recognize 
nor associates the name of 

the leftist candidate to 
anything it knows

But what would an agent with 
similar beliefs than this one 

answer?



Agents that mimic public opinion

We are testing adding an agent similarity graph. 
Maybe disaggregated by topic, so that we can 
predict what an agent can say based on the 

opinions of similar agents

We are also testing what further context could 
be useful in such graph (localization, political 

affiliation, religion, etc.)



Creating Structured Knowledge from 
Unstructured Data

Extracting a context graph from news to aid with 
retrospective journalism analysis and querying [1]

A graph-based agent for fact retrieval of court cases [2]

[1] Undergrad thesis of Jessica Gajardo, supervised by me.
[2] R. Kondo et al. Capturing Legal Reasoning Paths from Facts to Law in Court Judgments using Knowledge Graphs (2025). To appear in Proceedings of the International Knowledge Capture Conference



The Road Ahead
where do we go from here?

Systems, evaluation and architecture 

challenges ahead!



Systems – Hybrid Indexing



Systems – Planning for Hybrid Queries

OPTIMIZATION OF HYBRID 
QUERIES, WHEN TO USE THE 

DIFFERENT PHYSICAL OPERATORS

PARAMETER TUNNING BASED ON 
STATISTICS

HEURISTIC OPTIMIZER AND 
PLANNER



Systems – Incremental updates

INCREMENTAL KG 
CONSTRUCTION

INCREMENTAL RE-
INDEXING

INCREMENTAL 
EMBEDDING REFRESH

INCREMENTAL 
CONSISTENCY 
VERIFICATION



Evaluation – Multimodal Reasoning

• text
• images

• structured entities
• temporal facts

• embeddings

Agents now retrieve:

But we don’t have evaluation tasks or datasets that test whether the agent integrates THEM ALL coherently.



Evaluation – Temporal 
Grounding

I gave a hard time to ChatGPT for not 

handling too well time-sentive 

information, but this is hard. Even in 

graphs, Temporal Knowledge Graphs 

and their embeddings are HARD



Architecture – Reading from the graph

The agent needs to:

• accurately create and issue prompt-relevant KG queries

• combine graph patterns with vector retrieval in a non-standard 
query language

• serialize and interpret results

• ground answers in structure



Architecture – 
Writing 

Are the agents even allowed to add or update 

information to the graph!? If so, when?



Architecture - Maintaining memory

PRIORITIZE 
QUERIES

CACHE RESULTS CACHE 
INTERMEDIATE 

RESULTS

MEMORIZE 
VOCABULARIES

MEMORIZE QUERY 
PATTERNS



Many, many 
more...

Schemas

Temporal and event-based structure

Localized information

Versioning, context-dependent facts

Handling uncertainty

Viewpoints, contradictions, truth



Memory, 
Meaning, and 
Machines

I’m not meant to 
memorize 
everything!



Email: sebastian.ferrada@uchile.cl
 Website: http://sferrada.com Takeaways

The KG community has spent 20 years building infrastructure for knowledge representation, 
capture and management, let’s use it. Don’t memorize, query

Ontologies are fundamental for automatic query generation, don't fear them!

We can find structure, and knowledge, in multimedia. Don’t ignore it!

Graphs Enable User/Client Curiosity, when they see their semantics represented

We need to keep building efficient, scalable systems to keep Graph-based agents working

mailto:sebastian.ferrada@uchile.cl
http://sferrada.com/
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