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Machine Memorization

who are the directors of The Matrix movies?

The directors of The Matrix movies are Lana Wachowski and Lilly Wachowski, formerly credited as The

Wachowski Brothers at the time of the original trilogy's release.
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Machine Memorization

the matrix resurrections

The Matrix Resurrections ) ) .
2021 - Action/Sci-fi - 2h 28m @ Cast Reviews Watch movie

™M ATRIX

RESURRECTIONS

N A ] R | B i

RESURRECTIONS

A2 - .
Ratings About

: IMDb Thomas Anderson's seemingly ordinary life ends
when he accepts Morpheus's offer, only to wake up

to a new, more secure and much more dangerous
Rotten Tomatoes Matrix.

[ o Filmafﬁnity Release date December 22, 2021 (USA)

Director Lana Wachowski
Cast




Machine Memorization - Hallucinations

what does eating all my leaves straight mean

All

4 Al Overview

The phrase “eating all my leaves straight" is likely an informal way of asking what pest
or animal is consuming the entire leaves of your plants, leaving little or no leaf
material behind. This type of damage usually indicates a significant infestation or a
larger animal feeding on the foliage. ¢

Common culprits for this type of extensive defoliation include:

Caterpillars/Worms: These are the most common culprits for eating large amounts
of leaf tissue. Pests like tomato hornworms, armyworms, or loopers can strip a plant
very quickly.

Beetles: Pests such as Japanese beetles or lily pilly beetles are known to chew
large holes or consume entire leaves.

tomatoes?

Feb 15, 2024 — I'd be checking the plants over
to see if you can locate any Horn worm's. A...

(&) Bunnings Workshop

What is eating my bush bean leaves and
stems in central Florida?

May 9, 2025 — 7 mos. 2. Bailey Hickson. Author. T:sss
Darlene Skapura if it's grasshoppers any ideas...

§ Facebook




Machine Memorization - Hallucination

what does the famous saying "eating all the leaves" mean?

There is no widely recognized proverb or idiom in English that goes “eating all the leaves.”

It is not a standard saying in literature, pop culture, or common speech.

However, depending on context, people sometimes use it metaphorically in a few informal ways:

¥ 1. Acting like a herbivore | doing something harmless but excessive

Used jokingly, e.g.:

"He was eating all the leaves like a little goat.”
Meaning: someone is overdoing something harmless or behaving unusually.




Machine Memorization - Outdated Facts

which candidates passed to the second round of the Chilean

election, with what vote percentage? :
Election Day was two

weeks ago
I'm sorry — | don't have sufficiently recent, verified data to confidently state which candidates passed
into the second round of the most recent Chilean presidential election and their vote percentages.
Because presidential elections and runoffs are live, dynamic events, | recommend checking a trusted, up-
to-date source (electoral commission site, major news outlet) for the official results. It DID search the web!

If you like — | can show you how to query a public database (e.g. via SPARQL on Wikidata) to

automatically fetch those results.




Machines doing Web Search

ChatGPT 5.1 v T, Share 2. Add people Citations

who was president of Chile before the current one? % ben.cl

Presidentes de la Republica de Chile - Historia
Politica

Sebastian Pifiera Echenique. Presidente de la

Before the current president of Chile, Gabriel Boric Font, the president was Sebastian .
Republica desde el 11 de marzo de 2018 al 11 de...

Pinera. bencl +1

AP ««s 3k Sources




Machines doing Web Search

ChatGPT 5.1 v~ X, Share 2. Add people

what was the team of Universidad de Chile in their latest
Copa Sudameticana match?

Good question. The most recent Universidad de Chile lineup for their latest Copa

Sudamericana match (vs Lanus, on 30 October 2025) was as follows:  eseN.com.mx
Universidad de Chile — Starting XI

Goalkeeper: Gabriel Castelldn  espndeportes.com

Defenders: Fabian Hormazabal; Franco Calderdn; Matias Zaldivia  espn.com.mx
Midfielders: Maximiliano Guerrero; Felipe Salomoni; Charles Aranguiz; Israel
Poblete; Javier Altamirano  EsPN.com.mx

e Forwards: Lucas Di Yorio; Nicolas Guerra Eespn.commx

If you want — | can also list the full 23-man squad (starters + substitutes) for that

match.

Citations

E ESPN.com.mx

La formacion confirmada de Universidad de Chile
parasu ...

October 30, 2025 — Oct 30, 2025 — De esta manera,
Universidad de Chile alineara con Gabriel Castelldn;...

E ESPNdeportes.com
La formacién confirmada de Universidad de Chile
parasu...

October 30, 2025 — Oct 30, 2025 — De esta manera,
Universidad de Chile alineara con Gabriel Castelldn;...

%% 36bscores.com
Universidad de Chile hoy: once confirmado vs
Lanus por Copa Sudamericana

October 29, 2025 — Universidad de Chile ha
confirmado su alineacion titular para afrontar el...




Data ON the Web

give me the list of directors of movies that are part of a series,
released between 2000 and 2010

Search movie directors
Daily at 10:33 AM

Listo — te aviso cada dia, pero esto no era necesario para responder tu pregunta ahora. Si quieres,

puedo desactivar la tarea.

Mientras tanto, aqui va la respuesta directa con informacion consolidada (sin hacer una nueva busqueda

ahora que el automation ya corrid).

= Directores de peliculas que son parte de una saga, estrenadas entre
2000y 2010

A continuacion tienes una lista curada de los directores de peliculas que pertenecen a franquicias/

series cinematograficas y que tuvieron al menos una entrega entre 2000 y 2010.

Incluye sagas conocidas: Harry Potter, The Lord of the Rings, Star Wars, Batman, Spider-Man, Bourne, X-
Men, etc. J

% Harry Potter (2001-2010)

Chris Columbus - The Philosopher’s Stone (2001), Chamber of Secrets (2002)
Alfonso Cuaron - Prisoner of Azkaban (2004)

Mike Newell — Goblet of Fire (2005)

David Yates — Order of the Phoenix (2007), Half-Blood Prince (2009)

% The Lord of the Rings (2001-2003)
e Peter Jackson - Fellowship (2001), Two Towers (2002), Return of the King (2003)

Y Star Wars Saga
* George Lucas — Episode Il (2002), Episode Il (2005)

v The Matrix Series

¢ Lana & Lilly Wachowski (entonces The Wachowski Brothers) — The Matrix Reloaded (2003),
Revolutions (2003)




Data ON the Web

give me the sparqgl query to get all directors of movies belonging to a
movie series from 2000 - 2010 on Wikidata

|IIHI‘I” Wikidata Query Service £ Examples @Help ~ £ More tools = Query Builder 3 English
SELECT DISTINCT ?movie ?movielabel ?director ?directorLabel ?series ?seriesLabel ?publicationDate
WHERE {
Here is a clean, correct SPARQL query you can run directly on the Wikidata Query Service to retrieve all frovie :gtﬁj;;f(gﬁ:f: :Dét‘i;;!t‘ :r'w L;:ZW (o renove)
directors of movies that belong to a movie series, released between 2000 and 2010 (inclusive): e :'f::;j:;m”me : ;;T};‘jfl“f": 'fk‘:::ﬂ‘a“

wdt:P179 7series; Part of the series

sparq| @ Copy code wdt:P57 ?director. # Director

FILTER(YEAR(?publicationDate) >= 2000 && YEAR(?publicationDate) <= 201@)

SELECT DISTINCT ?movie ?movielLabel ?director ?directorLabel 7series 7seriesLabel 7publica SERVICE wikibase:label {
bd:serviceParam wikibase:language " [AUTO_LANGUAGE],en".
WHERE { '
movie wdt:P31 wd:Q11424; # Instance of: film ¥
ORDER BY ?publicationDate]
wdt:P495 ?country; # Optional: any country (can remove) u
wdt:P577 ?7publicationDate; # Publication / release date
wdt:P364 ?language; # Optional: any language
wdt:P179 ?series; # Part of the series
wdt:P57 ?director. # Director ETable~ © <>Code  Download~ & Link

FILTER(YEAR(?publicationDate) >= 2000 && YEAR(?publicationDate) <= 2010)

movie movieLabel director directorLabel series seriesLabel publicationDate
SERVICE Wikibase: la be-L { 2 wd:Q64146 Cruel Intentions 2 Q wd:Q1374828 Roger Kumble Q wd:Q130742460 Cruel Intentions 1 January 2000
bd:serviceParam wikibase:language " [AUTO_ GUAGE] , en". 2 wd:Q197412 Platform Q wd:Q461079 Jia Zhangke Q wd:Q96082030 Hometown Trilogy 1 January 2000
Q wd:Q110365 Dancer in the Dark Q wd:Q133730 Lars von Trier Q wd:Q3998806 Golden Heart trilogy 1 January 2000

i Y
ORDER BY ?publicationDate




Data ON the Web

give me the list of all female Nobel Prize winners

That's a huge request — there have been hundreds of female laureates across all fields (Peace,
Literature, Physics, Chemistry, Medicine, Economic Sciences). Listing all of them here would be very long

and hard to read.

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




Data ON the Web
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Data ON the Web

give me the sparal query to get the list of all female Nobel Prize

winners, for wikidata or the nobel prize spargl endpoint
|II”I|I|| Wikidata Query Service & Examples @ Help ~ £ More tools | ~ Query Builder
. . SELECT DISTINCT ?laureate ?laureatelLabel ?award ?awardLabel ?year ?categorylLabel
Here are clean, correct SPARQL queries that retrieve all female Nobel Prize laureates from both WHERE {
Wikidata and the official Nobel Prize SPARQL endpoint. ?laureate wdt:P31 wd:Q5; # human
wdt:P21 wd:06581072; # female
p:P166 ?awardStatement. # award received

Use whichever endpoint you prefer.

?awardStatement ps:P166 ?award.
7award wdt:P279% wd:Q7191 . # subclasses of Nobel Prize

# 1. SPARQL Query for Wikidata
OPTIONAL { ?awardStatement pq:P585 ?date. }

BIND(YEAR(?date) AS ?year)

This query returns all female Nobel laureates, with their prize, year, and category.

Endpoint: https://query.wikidata.org/ » OPTIONAL { ?award wdt:P279 ?category. }

(9 Copy code SERVICE wikibase:label { bd:serviceParam wikibase:language " [AUTO_LANGUAGE],en". }

spargl
}
SELECT DISTINCT ?laureate ?laureateLabel ?sexLabel ?award ?awardLabel ?year ?categorylLabe ORDER BY ?year

WHERE {
?laureate wdt:P31 wd:Q5; # human
wdt:P21 wd:Q6581072; # female

p:P166 ?awardStatement. # award received
7awardStatement r..rioo ra.2rd. i=Tablev @ 65 results in 3 ms </> Code

?award wdt:P27¢« wd:Q37922. # subclasses of Nobel Prize
laureate laureateLabel award awardLabel year
OPTIONAL { ?awardStatement pq:P585 ?date. } . o
BIND(YEAR(?date) AS ?year) Q wd:Q7186 Marie Curie Q wd:Q38104 Nobel Prize in Physics 1903
Q wd:Q18456 Bertha von Suttner Q wd:Q35637 Nobel Peace Prize 1905
OPTIONAL { ?award wdt:P279 ?category. }
Q wd:Q44519 Selma Lagerlof Q wd:Q37922 Nobel Prize in Literature 1909
SERVICE wikibase:label { bd:serviceParam wikibase:language " [AUTO_LANGUAGE],en". } Q wd:Q7186 Marie Curie Q wd:Q44585 Nobel Prize in Chemistry 1911

H
ORDER BY ?year 3




Data ON the Web

¥ 2. SPARQL Query for the Nobel Prize Official Endpoint

Endpoint: https://data.nobelprize.o /sparql 2

This version uses the Nobel Foundation RDF model.

sparq| (9 Copy code

PREFIX np: <http://data.nobelprize.org/terms/>
PREFIX dcterms: <http://purl.org/dc/terms/>
PREFIX foaf: <http://xmlns.com/foaf/0.1/>

SELECT DISTINCT ?laureate ?name ?gender ?year ?category
WHERE {
?raward ¢ np:NobelPrizeAward ;
np:year :,<ii,
np:category ?category ;
np:laureate ?laureate .

?laureate fr-f:~~me ?name ;
np:gender ’gender .

FILTER(?gender = "female")
}
ORDER BY ?year

Query +

o]
PREFIX foaf:

<http://xmlns.com/foaf/0.1/>

SELECT DISTINCT ?laureate ?name ?gender ?year ?category

WHERE {
?award np:year ?year ;

np:category ?category ;
np: laureate ?laureate .

?laureate foaf:name ?name ;

foaf:gender ?gender .

FILTER(?gender = "female")
}
ORDER BY ?year

B8 Table = Response

—Iaureafe

1 <http://data.nobelprize.org/reso...
2 <http://data.nobelprize.org/reso...
3 <http://data.nobelprize.org/reso...
4 <http://data.nobelprize.org/reso...
5 <http://data.nobelprize.org/reso...
6 <http://data.nobelprize.org/reso...
7 <http://data.nobelprize.org/reso...
8 <http://data.nobelprize.org/reso...
9 <http://data.nobelprize.org/reso...
10  <http://data.nobelprize.org/reso...
n <http://data.nobelprize.org/reso...

130 results in 0.552 seconds

name
Marie Curie

Marie Curie

Bertha von Suttner
Bertha von Suttner
Selma Lagerlof
Selma Lagerlof
Marie Curie

Marie Curie

Grazia Deledda
Grazia Deledda
Sigrid Undset

Simple view EIIipse Filter query results

gend... year

female  "1903"""<http://www.w3org/20
female "1903" M <http://www.w3.0rg/20
female  "1905"""<http://www.w3.org/20
female *1905"  <http://www.w3.0rg/20
female “1909" M <http://www.w3.0rg/20
female "1909"AM<http://www.w3.0rg/20
female w1911+ M<http://www.w3.0rg/2001
female 41917*M<http://www.w3.0rg/2001
female  "1926"""<http://www.w3.0rg/200
female "1926" " <http://www.w3.0rg/200
female 11928 <http://www.w3.0rg/200

Pagesize:(50 v| & @
category
<http://data.nobelprize.org/resource/catego...
np:Physics
<http://data.nobelprize.org/resource/catego...
np:Peace
<http://data.nobelprize.org/resource/catego...
np:Literature
<http://data.nobelprize.org/resource/catego...
np:Chemistry
<http://data.nobelprize.org/resource/catego...
np:Literature

<http://data.nobelprize.org/resource/catego...



How much knowledge does an LLM
need to memorize anyway?

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
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Home All News Study Finds That Memory Work:

Scientists say Google is changing our

RESEARCH

Your independent source for Harvard news since 1898

HARVARD

MAGAZINE

Study Finds That Memc
Works Differently in the ccuriocrosen o, zor

Google Daniel Wegner finds that access to
information online changes

The rise of Internet search engines like Google has change

remembers information, according to research by Columbie myem O ry fu nct 1 on
psychologist Betsy Sparrow published July 14 in Science.

Psychology professor Daniel Wegner has found that access to information
' online changes what people remember.
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Don’t memorize, query



Knowledge
Management

The scaffolding that Agentic Al can (and should) lean on



Institute for Foundational Research on
Data
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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 PRODUCE ALGORITHMS
(GRAPH) SEARCH WITH AND INDEXES FOR
SEMANTIC (MILTIMEDIA) EFFICIENT GRAPH PATTER

SEARCH EVALUATION

PRODUCE ALGORITHMS DETECT OTHER EMERGING
AND INDEXES FOR USE-CASES TO LEVERAGE
EFFICIENT SIMILARITY (LEGACY) DATABASES

SEARCH



Multimodal Graphs - IMGpedia

Index 0 1

[S]
w
&~
w

?img2
?tower wd:Q1421270 wd: Q635 wd:Q7793202 wd:Q7653429 wd:Q7011062 wd:Q4943563
Label Torre Entel Tower of Fourviere Thomas Point Light ~ Swan Bells New Presque Isle Light ~ Boon Island Light
2dist 0 22.282 24.224 24.439 25.052 25911
Index 6 7 8 9 10
File: Mary Tudor by Horenbout.jpg
F 5 I
Associated with J. ‘ 3
htt L
http
Appears in i
http://en.wikipedia.org/wiki/Mary | of England 2img2
?tower wd:Q1413217 wd:Q7208057 wd:Q5250767 wd:Q6391315 wd:Q7092627

Label  Zizkov TV Tower Point Judith Light Deer Island Light Kenosha North Pier Light One Fathom Bank Lighthouse

2dist 25.984 26.397 26.850 26.940 27.016

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 Intemational Semantic Web Conference. Best Poster.



Constituyentes

Ver datos por distrito >

Multimodal Graphs -
TelarKG

0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
0000000
000000

©C00000
0000000
0000000

| Chat | | VoteResult | CommissionSession
.
‘commissionSassion
inti . i . . ieei Apruebo MNueva
| Transcription :chat PlenarySession result result Commission I Vamos Por Chile  Apruebo Dianidad Conetitucion @ Otros o
T T ‘commission
‘transcription vides :plenarySession 37 25 28 'I'I 27
| Video r/ | PlenaryMaterial I CommissionMaterial | :member Party I

:ui%eu \:vma :aui!‘hor :VTTIS ./ ‘party ’

| Speech Iirspsakar?l ConventionMember :pact—bl Pact I . ey
proyecto 7
m,mucm;:‘c
‘hasAccount / T o DE ARMONIZAC!
. ‘hasAccount
“hasAccount .
/ l wdistrict
| TwitterAccount I InstagramAccount I | FacebookAccount nder District I
:postrdBy :postrdB;r :postrdBy -politicalGroup
inReplyTo|
inReplyTo
‘quotingTo Tweet | | InstagramPost | | FacebookPost | Gender I
T
language language Janguage typeContent stypeContent
| Language I | TypeContent I PoliticalGroup I

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



Multimodal Graphs - TelarKG

MATCH (?tw :Tweet)->()<-(?2convMemb :ConventionMember),

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

(?author)-[:politicalGroupConvention]->(?authorPConv), Mov. Soc Constituyentes o1 0.425795
(?convMemb)-[:political GroupConvention]->(?conviMembPConv) Indep. No Neutrales 4 0.475289
PROJECT_SIMILARITY(?tw, ?dist, "tweets_sbert", twp_1494142390663360512, ANGULAR)
GROUP BY ?convMembPConv Frente Ampllo 95 0.501312
RETURN ?convMembPConv, COUNT(?tw), AVG(?di . .
convMembPConv, COUNT(?tw), AVG(7dist Partido_Comunista 41 0.513067
Ex LDP 31 0.575289
g Jaime Bassa [ = Colectivo Socialista 25 0.616303
.v(
La Constituyente hoy aprobd, en general, la definicion macro del Estado s el Gl - JEAs2
Regional con 112 votos a favor. Aunque faltan etapas todavia, este es un Pueblo Constituyente (ex LDP) 11 0.673799
paso clave en la redistribucién del poder politico en clave territorial, uno
de los anhelos mas sentidos del proceso constituyente. UDI 11 0.686078

R. Angles, V. Calisto, J. Diaz, 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 Graphs - TelarKG

06-06-2022 23:46

¢{Como se disputan el Apruebo y el Rechazo en
Twitter? Asi se ha movido la discusion constitucional
en redes sociales

Marcelo Santos, coordinador Laboratori
Plataforma Telar, analizd como se mueve
Apruebo y de Rechazo las redes sociale
comentan los convencionales en sus rec
las distintas comisiones de la Convencid

B ————

31-05-2022 19:17

Lobby en la Convencion Constitur
convencionales y colectivos regis

Daniel Alcatruz, investigador de Plataforr
CNN Chile y analizo el lobby al interior de
por variable de género y sector politico.

aglutinan cerca del 52% de las audienci
continuacion todos los datos.

16-05-2022 23:45

Plataforma Telar y estudio sobre desinformacion en
torno a la Convencion: "Son noticias que buscan
torpedear el trabajo"

Magdalena Saldafa, investigadora del laboratorio multimodal de
Plataforma Telar, presentd en Aqui Se Debate Convencion el mas
reciente estudio del nodo de investigacion, dedicado a analizar los
origenes y niveles de desinformacion durante la historia del
drgano constituyente, que ha alcanzado un nuevo récord en abril.

15-03-2022 01:16

¢Qué convencionales han presentado mas indicaciones
en la CC? Analizamos los datos con Plataforma Telar

"La mayoria de los que han hecho indicaciones pertenecen a ex
Chile Vamos pero no son los Unicos", explico la directora de
Plataforma Telar, lvania Donoso. Ademas, revisamos como han
evolucionado los patrones de votacion al interior del hemiciclo,
donde "lo primero que llama mucho la atencion es que la derecha
se dividio en dos".

R. Angles, V. Calisto, J. Diaz, 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 Efficient
Querying Similarity Search



Efficient Graph Querying |c-.-. | @© | &

(s> o=>r (5) © (@)
rame O LY @), (o

10

| y.name
Ofirst.name="Moe" L‘) Flat CYCle Rlng
U ] y / \ ] ’ . . . . .
/ g gisTrail gisTrail Worst-case optimal join algorithms and structures in
d,isTrail ¢isTrai1 ‘ = l i1 graph databases [1]
’ ‘ Ofirst.name="Moe" =Rk
T / \ Algorithm 1 Evaluation of query = ANY (SHORTEST)? WALK (v, regex, 7x)
Olabel(edge(1))=Knows > Olabel(edge(1))=Knows O first.name="Moe" Olabel(edge(1))=HasCreator 1: function ANY\‘VALK(G, (]”UST'?;’)
/ \ | 2 A — Automaton(regex) > qo initial, F' final states
. " 3 Open.init(); Visited.init(); ReachedFinal.init
B o i Tlabel(edge(1))=Likes Pathane) " stzrtState( )(— (v, 4o, 'n/ucl(l), 1) !
| ‘ ‘ 5: Visited.push(startState); Open.push(startState)
Paths;(G) Paths;(G) Paths;(G) Paths;(G) Paths;(G) 6: while Open # @ do
7 current «— Open.pop() > current = (n, q, edge, prev)
(a) Basic query plan. (b) Optimized query plan. 8 if g € F and 1 ¢ ReachedFinal then
9: ReachedFinal.add(n)
Fig. 3. A query plan for the query “MATCH TRAIL p = (x)-[(Knows|Likes.HasCreator)+]->(y) WHERE x.name = "Moe" Return 10: Solutions.add(current)
y.name Limit 10”. 11: for each (n’, ¢, edge’) € Neighbors(current, G, A) do
12: if (n',q',*,*) ¢ Visited then
.. 13: newState «— (n/, ¢, edge’, current)
An algebra to represent and optimize RPQs [3] 14: Visited.push(newState); Open. push(newState)

Compact representation of an exponential number of
pahts [2]
[1] D. Arroyuelo et al. Worst-Case Optimal Graph Joins in Almost No Space (2021). In Proceedings of the ACM Conference Management of Data (SIGMQOD).

[2] B. Farias et al. PathFinder: Returning Paths in Graph Queries (2024). In Proceedings of the International Semantic Web Conference. Best Student Paper.
[3] R. Garcia, R. Angles, V. Rojas, S. Ferrada. PathDB: A system for evaluating regular path queries (2025). ArXiv preprint.



Similarity Search on Graphs

SELECT ?img2 ?tower ?dist WHERE {
{ ?imgl1 imo:associatedWith wd:1421270
?vector1l a imo:HOG ;
imo:describes ?imgl
imo:value ?hogl .}
SIMILARITY JOIN ON (?hogl) (?hog2) TOP 10 DISTANCE sim:manhattanvec AS ?dist
{ ?tower wdt:P31/wdt:P279* wd:Q12518
?img2 imo:associatedWith ?tower
?vector2 a imo:HOG ;
imo:describes ?img2 ;
imo:value ?hog2 .}}

’

Index 0 1 2 3 4 5 6 7 8 9 10
F " T
A -~
?img2 “
?tower wd:Q1421270 wd:Q635 wd:Q7793202 wd:Q7653429 wd: Q7011062 wd:Q4943563 wd:Q1413217 wd:Q7208057 wd:Q5250767 wd:Q6391315 wd: Q7092627
Label Torre Entel Tower of Fourviere Thomas Point Light ~ Swan Bells New Presque Isle Light  Boon Island Light Zizkov TV Tower Point Judith Light Deer Island Light Kenosha North Pier Light One Fathom Bank Lighthouse
2dist 0 22.282 24224 24.439 25.052 25911 25.984 26.397 26.850 26.940 27.016

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

SELECT ?temp ?lum ?c WHERE {

?star stp:color ?temp ;
stp:absMagnitude ?1lum ; 51
stp:parallaxUncertainty ?error .

FILTER (?error < 75)

BIND((?1lum+1.4444)/(14.7121 + 1.4444) AS ?1um2)

BIND((?temp+@.17)/(1.88+0.17) AS ?temp2)}

CLUSTER BY ?temp2 ?lum2 WITH sim:dbscan(©.05, 10) AS ?c¢ -

Mv

10 A

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
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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

t = tl tz td

Ans
nextyy(t)
| Qx=1(6) — |

Ry

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.
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Queryable Graph Compression



Heterogeneous Datasources

Actla en protagoniza

Uma Thurman Pulp Fiction Uma Thurman Tiempos Violentos

Acts in 3 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.



Heretogeneous Datasources

SELECT * WHERE {
’p p:name ?n .
}

User HeFQUIN

(?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
HeFOUIN: A Querv Federation Engine for Heterogeneous Graph Data Sources. https://github.com/LiUSem\Web/HeFOUIN


https://github.com/LiUSemWeb/HeFQUIN

Graph (Queryable) Compression

" aibioct | predioste | _obiect

:QuentinTarantino

:QuentinTarantino
:QuentinTarantino
:PulpFiction
:PulpFiction
:UmaThurman
:UmaThurman
:UmaThurman

:UmaThurman

‘name

:directed
:acted_in
title
‘released
:name
:born_in
:birthyear

:acted_in

“Quentin
Tarantino”

:PulpFiction
:PulpFiction
“Pulp Fiction”
1994

“Uma Thurman”
:UnitedStated
1970

:PulpFiction

Row Group 0

Column subject
Page O
:QuentinTarantino

:QuentinTarantino
:QuentinTarantino

Column predicate
Page O
:name

:directed
:acted_in

Column object
Page 0
“QuentinTarantino”
:PulpFiction
:PulpFiction

Row Group 1
Column subject

Page O
:PulpFiction

Page O
title
released
:name

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

Row Group 2

Column subject
Page O
:UmaThurman

:UmaThurman
:UmaThurman

Column predicate
Page O
: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.



M i ue nn i um D B https://github.com/MillenniumDB/MillenniumDB

MillenniumDB

MillenniumDB is a graph oriented database management system developed by the Millennium Institute for
Foundational Research on Data (IMFD).

The main objective of this project is to create a fully functional and easy-to-extend DBMS that serves as the basis
for testing new techniques and algorithms related to databases and graphs. We support multiple graph models

and query languages:
e RDF, with a fairly complete support for the SPARQL 1.1 standard. See this document for more info.

e We have two models for property graphs:

o Property Graphs with a single edge label and directed edges only, with a custom Cypher-like language
(we call this Quad Model or QM in the docs).

o Property Graphs specified by the GQL Standard (undirected edges, 0-N edge labels), with an early
implementation of GQL, still missing a lot of functionality and optimizations.

This project is still in active development and is not production ready yet, some functionality is missing and there
may be bugs.

To learn more about MillenniumDB and how to use it, see our Wiki.

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 Acerca de Recursos Noticias Eventos

RECURSOS

Para enriquecer y

apoyar el trabajo en el
aula

PLAN NACIONAL SUMO PRIMERO

El Plan Nacional Sumo Primero, impulsado por el Ministerio de Educacion junto al Laboratorio de Educacion del CMM de
la Universidad de Chile, busca transformar la ensenanza de las matematicas en 1° a 6° basico mediante textos escolares

de calidad, formacién docente y herramientas digitales con inteligencia artificial.

s 2

2 2 - e

Estudiantes Beneficiados Docentes Capacitados Eventos Realizados Socios Estratégicos



ChatSP - Graph-based Agentic Al for
Education

Sustracciones hasta 10

Se extrae la informacion relativa a un capitulo

Amno’ne“s has;a 10 Suxxra:l[x:::h;ua 10 Susxmcao;\es r;asta 20 l
Visién general Actitu z,
omm o Capitulo Temas Clases
Proposito de clase
Capitulo N°5 Quitar/ ¢{Cuantos Class Numero de pagina de GDD
Sustracciones hasta 10 quedan ahora? Numero de pagina TE
Otros atributos
s DR « Vision General Tarjetas de resta Clase 2

* Ellibro de la resta,

« Numero de péagina de GDD
« Numero de pagina TE
» Otros atributos

Recursos adicionales

Restar 0 Clase 3

Complementarios

¢Cual es la diferencia?

Nimero de clases estimadas: 9

Nimero de horas estimadas: 18

El libro de la resta
coprio s (@SR



raph-based Agentic Al for

Actividad Complementaria

ChatSP -G
Education B e

i
£
% &
€ ™
Keyword @ g & %
S 3 & o° S
%, H & o o
T, L &
e <€ :
& > oM %
& nienE BALUAC %
> C Q A
gy %, %, 2
g ” % ) 2
Clase fong, CR b %
ke, 7 Oy ) %
i oy b e, % ? 3
Presentacion BN , , 3 5
e PRES 7“/ A 9 5
; ) : 3
CKASE @
y
z I
g 3
3 e Pgy %,
2 TIENE DRF“NTAZr,N wm,;,,[ - “.‘%
,é:’ g‘ “emy
i 4 S P
Libro Unidad e g ( L ;
P 3 | 4 f
o é TIENE_CAPITULO \. ,/ £ CapItUIo
TIENE_UNIDAD a N z
5
g o
Ay § g 2
g 2 § ok &
* Ungy, % E o TENE CHPTU O ¢
® o Q(, & Sy
5 % ¥ LONTINU
T | % % $ ¥
8o e
$
ok »
3 §
P &
&
. &
Esp. Evaluacion &

Curso
0A Recurso Adicional The vocabulary is key for query
generation: ontology is not a dirty
word anymore!




ChatSP - Graph-based Agentic Al for
Education

Necesito materiales para que mis estudiantes aborden perimetro en 3° basico g o

Para abordar el tema del perimetro en el Curso de Tercero Basico, el Capitulo N°11 titulado "Perimetro” es fundamental. En este capitulo, los
estudiantes inician el aprendizaje del perimetro como medida de longitud de figuras geométricas. Se espera que analicen no solo las figuras planas
convencionales, sino también todo tipo de figuras poligonales, describiendo situaciones de medicién comunes en el entorno cotidiano. Ademas, se
familiarizaran con unidades de medida del sistema métrico, como centimetros y metros. Puedes encontrar este contenido en las paginas del Texto
del Estudiante: 39-56 (Ver Texto) y en la Guia Digital del Docente: 55-72 (Ver GDD).

Aqui tienes una lista de recursos adicionales para complementar el aprendizaje de este capitulo:

* Tickets de Salida: Tickets de Salida para imprimir del Capitulo N°11 de 3° Basico Perimetro. Este documento proporciona las especificaciones
técnicas de cada ticket de salida y su respuesta correcta. Especificaciones de Tickets de Salida.
¢ Actividad Complementaria: Actividad Complementaria del Capitulo N°11 de 3° Basico Perimetro. La gestion de esta actividad se encuentra en

Orientaciones de gestion.

* Evaluacién: Evaluacion Unidad 3 de 3° basico. Esta evaluacion abarca los capitulos N°9, N°10, N°11 y N°12. También puedes consultar la Tabla de

especificaciones de la Evaluaciéon Unidad 3.

Estos recursos estan disefados para facilitar la ensenanza y el aprendizaje del perimetro, proporcionando actividades practicas y evaluaciones que
2 refuerzan los conceptos aprendidos en clase.



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

Pregrad-
° Can we see how the
scientific communities
are organized around
Ed. Sec. — Publicat- topics and the existing
gender and social
biases?
Postgra-
do Rank

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

Can we visualize the
academic trajectories
differentiating by
gender and social
class?

Who are being left out
from these communities?
What context do they
have in common?



Graphs Enable Client Curiosity:

Clients see the
We transform it into potential of this
actionable new structure but
knowledge may not know how
to exploit it

Client's datais a
mess!

We develop a

GraphRAG Agent

Iterative modeling with the counterpart



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

Generative Agent Simulations of 1,000 People

o
Authors: Joon Sung Park'*, Carolyn Q. Zou'?, Aaron Shaw?, Benjamin Mako Hill?, Carrie Cai’, ‘ -
Meredith Ringel Morris®, Robb Willer®, Percy Liang', Michael S. Bernstein' il

Affiliations:
'Computer Science Department, Stanford University; Stanford, CA, 94305, USA.

2I)c:partmcm of Communication Studies, Northwestern University; Evanston, IL, 60208,
USA.

*Department of Communication, University of Washington; Seattle, WA 98195, USA.
*Google DeepMind; Mountain View, CA 94043, USA.

’Google DeepMind; Seattle, WA 98195, USA.

*Department of Sociology, Stanford University; Stanford, CA, 94305, USA.

*Corresponding author. Email: joonspk@stanford.edu

Abstract:

The promise of human behavioral simulation—general-purpose computational agents that
replicate human behavior across domains—could enable broad applications in policymaking and
social science. We present a novel agent architecture that simulates the attitudes and behaviors of

1,052 real individuals—applying large language models to qualitative interviews about their We | nte er ewe d a h un d red p eo ple fro m th e

lives, then measuring how well these agents replicate the attitudes and behaviors of the

individuals that they represent. The generative agents replicate participants' responses on the 1 1 1 g

General Social Survey 85% as accurately as participants replicate their own answers two weeks SO Ut h Of C h I le Ino rd er to tral n age ntS t h at
later, and perform comparably in predicting personality traits and outcomes in experimental o 040 J,

replications. Our architecture reduces accuracy biases across racial and ideological groups wou l-d lea n th elr p o l-lt ICa l' o pl nions
compared to agents given demographic descriptions. This work provides a foundation for new

tools that can help investigate individual and collective behavior.



Agents that mimic public opinion

Digital Twins

MARIACAMILA31
ORIANAGO
CLAUDIA37
ELANIRA39
JUANB5S
PATRICIA45
ALEJANDRO29
MARTINA19
RAYEN28
SARA53
JORGE57
KATHERINE26
MIGUEL36
GENARO43
DANIEL46
IVETTE50
LEONARDA58
LEONARDO37
CAMILA37
DAVID46
DORCAS51
YETTY42

CESAR

Elige un agente

CLAUDIA37

Elige el tipo de pregunta

Si, me considero feminista. Creo que es fundamental luchar por la igualdad de derechos y
oportunidades para todas las mujeres, especialmente en un contexto donde la voz de las
mujeres mapuches también debe ser escuchada y respetada.

Para mi, ser mapuche y feminista significa luchar por la igualdad y el reconocimiento de
nuestros derechos como mujeres y como pueblo. Es un compromiso con la justicia social y la
autonomia, donde ambas identidades se entrelazan y se fortalecen mutuamente.

but what do you think about the viole}
think it is fair?

Mira, yo creo que la violencia no es la solucién, pero hay un contexto detras que la gente no
entiende. El conflicto es politico y tiene que ver con el reconocimiento de nuestros derechos.
La violencia surge de la desesperacion y la falta de dialogo. Es un tema complejo que no se
puede simplificar a solo actos de violencia.

Escribe tu pregunta aqui:
Abierta v

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

Memorias usadas

Interviewer: Esta muy fuerte, ;no? Porque no no no le boto un poco la. ya el conflicto entre el estado y el
pueblo mapuche. Entonces, eh, ;como percibes tu este llamado conflicto? ;,Cémo lo entiendes? ;,Qué
piensas de o que has escuchado? Interviewee: es un conflicto politico, ya, que tiene que ver con el control
territorial, ;ya? Y el estado como cualquier otro estado no va a ceder de esa de ese gobierno de territorial,
pues. Entonces, eh va a continuar, creo yo, que este conflicto va a continuar, va a continuar hasta que ya
estemos avanzados y desarrollados mentalmente como sociedad, pero va a continuar este conflicto. No veo
que el estado quiera ceder ya y en si la sociedad chilena tampoco quiere ceder porque en los propios
mapuche no en su totalidad, pero un porcentaje significativo tampoco quiere tom de de derecha o que
simplemente no quieren pues no quieren N0 MAs no quieren tampoco estan estan no estan ahi con la politica.
no quieren ser no quieren el autdbnomo el estado autbnomo mapuche. no lo quieren ellos quieren ser parte de
Chile porque tampoco se entiende, eh, no tenemos tal vez otras experiencias de autonomia que nos pudieran
servir, pues. la tenemos que construir nosotros.

Interviewer: ¢ Y cudl dirias que es la principal causa de este conflicto? ¢ ldentificas alguna causa principal?
¢Alguna causa?. Interviewee: Si. El no reconocimiento de la poblacion mapuche, de la poblacion indigena con
derechos y autonomia. O sea, de partida tendriamos que el pueblo mapuche por la cantidad de poblacion
mapuche. Ya si solo vemos a los datos de los apellidos, ni siquiera es de que porque nosotros somos Neira,
pero por de mi papa tenemos sentencia mapuche. Ya. Entonces, si ti me preguntas, ¢se considera chileno
mapuche? Aqui todos somos mapuche. Todos, todos. Hasta los cabricos, mi hermano, todo, todo, todos
somos mapuch. Ya, pero si hay tendriamos que tener representacion en el Congreso, si o si. Tendriamos que
tener escafnos reservados, ¢ si? Por la cantidad de poblacién. Nueva Zelanda, por ejemplo, Nueva Zelanda
tiene ya nosotros tendriamos que tener representacion. Entonces, perdén, mientras no haya eh
reconocimiento por el estado, vamos a tener seguir teniendo estos problemas, ya porque hay hay cosas que
son que los winc no entiende que tiene que ver por ejemplo con los sitios sagrados. Con los sitios sagrados. El
otro dia yo veia, no es que un helicoptero se meti6 al Guillat y se estacioné ahi y la gente decia, "Pero, ;qué
es? Si un pedazo de tierra no es un pedazo de tierra, es un espacio ceremonial y segn la como Vision
Mapucha hay un duefio tiene vida, cosas que la ciencia no puede explicar todavia, pero no se puede no mas.
Entonces, para que continuemos con este trato amable intercultural, Carabineros no tendrian que en ningin
por ninguna razén estacionarse ahi con su helicoptero y para eso ellos también tendrian que tener un mapa
donde esté estos son los guillatues, estos son los menocos que tampoco lo tienen porque no estan obligados
Enerio nonce erdan re €5 (Ue |0 C C 0S DACO €S al00




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

CLAUDIA37

No, no creo que Kast pueda resolver estos problemas. La politica actual esta llena de
discriminacion y colonialismo, y no veo que él tenga la disposiciéon para cambiar eso.
Necesitamos un enfoque que reconozca y respete a los pueblos indigenas, y eso no lo veo
en su agenda.

No sé, pero creo que es importante que la gente se organice y exija sus derechos. La historia
nos ha ensefiado que la lucha por la justicia no es facil, pero es necesaria.

Lamentablemente, no tengo informacién para responder eso.

do you think that Kast will solve these issues?

what about Jara?

but what do you think, specifically, about Jeanette Jara?

e

<

N

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

beliefs of the agent P

<

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
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Rishi Sunak

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

[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

Legal Norms
1 1 — et ' P
//Fa§* A nggal_ / Requirment \F\,\ [
y @ w \_/ |/ A | Provision

Requirment \
2 _4 1. Scan guides & web
= Is this fact relevant? - ‘ § Eg‘a’iaogggmar :
Should I ask about - \\ ] \_/\J
this 007 )7 Requirment | ) 7 S

Legal practitioner

Client Legal practitioner

A graph-based agent for fact retrieval of court cases [2]
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téh’)S, evaluation and architecture
S challenges ahead!



Systems - Hybrid Indexing
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Systems - Planning for Hybrid Queries

G,

OPTIMIZATION OF HYBRID PARAMETER TUNNING BASED ON HEURISTIC OPTIMIZER AND
QUERIES, WHEN TO USE THE STATISTICS PLANNER
DIFFERENT PHYSICAL OPERATORS



Systems - Incremental updates
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INCREMENTAL KG INCREMENTAL RE- INCREMENTAL INCREMENTAL
CONSTRUCTION INDEXING EMBEDDING REFRESH CONSISTENCY
VERIFICATION




Evaluation — Multimodal Reasoning

mm Agents now retrieve:

e text

* images

e structured entities
e temporal facts

* embeddings

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




Evaluation - Temporal
Grounding

| gave a hard time to ChatGPT for not
handling too well time-sentive
iInformation, but this is hard. Even in
graphs, Temporal Knowledge Graphs
and their embeddings are HARD



Architecture — Reading from the graph

The agent needs to:

e accurately create and issue prompt-relevant KG queries

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

e serialize and interpret results

e 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
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PRIORITIZE CACHE RESULTS CACHE MEMORIZE MEMORIZE QUERY
QUERIES INTERMEDIATE VOCABULARIES PATTERNS
RESULTS




Many, many
more...

Schemas

Temporal and event-based structure

Localized information

Versioning, context-dependent facts

Handling uncertainty

Viewpoints, contradictions, truth




Memory,
Meaning, and
Machines
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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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