PADERBORN N
lL\l UNIVERSITY

>
)

Explainable Graph Query Answering

Data Science Junior Research Group

& Parsa Abbasi
Dr. Stefan Heindorf
03. February 2025




PADERBORN
lLl UNIVERSITY

Graph Databases (GDBs)

Store information in the form of heterogeneous
graphs

* nodes — entities

» edges — relationships between entities

Flexible data architecture
* easily adaptable to evolving data models

ACTED_IN
roles: ['Frederick Treves']

Person

name: ‘Anthony Hopkins'
born: 1937

Movie

title: 'The Elephant Man’
released: 1980 born: 1946
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Powerful performance

* especially on complex, hierarchical and multi-
relationship data

« enables efficient querying of multi-hop
relationships

:DIRECTED

<G— Person

name: ‘David Lynch’
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Complex Query Answering (CQA)
A complex query is a request for information that involves multiple conditions, relationships, and logical

operations.

Biomedical
« Which drugs (D,) interact with proteins (P) that are associated with both diseases ¢, and ¢,?

E-commerce
« Which products (P,) in the ‘clothing’ category have been purchased by users (U) who live in either Paderborn

or Bielefeld?

Social Network
* Find posts (P;) that user 1, is likely to downvote but user u, is likely to upvote
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Complex Query Answering (CQA)

Werner Herzog Fitzcarraldo

Klaus Kinski Nosferatu

—» directed —— actedin —— genre  ---- missing |

Stroszek

Fantasy

Bruno Ganz Wings of Desire
g —> Romance

@
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Complex Query Answering (CQA)

Werner Herzog Fitzcarraldo

Klaus Kinski Nosferatu

—» directed —— actedin —— genre ---- missing |

Stroszek

Fantasy

Bruno Ganz Wings of Desire
g —> Romance

Which actors acted in movies directed by “Werner Herzog" that belong to the “Drama” genre?
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Complex Query Answering (CQA)

Werner Herzog Fitzcarraldo

Klaus Kinski Nosferatu

—» directed —— actedin —— genre  ---- missing |

Stroszek

Fantasy

Bruno Ganz Wings of Desire
g —> Romance

Which actors acted in movies directed by “Werner Herzog" that belong to the "Drama” genre?
q = P,.dM: actedIn(P,M) A directed("Werner Herzog",M) N genre(M,"Drama") »
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Complex Query Answering (CQA)

Edge Traversal (SPARQL) — directed — actedIn —» genre

Werner Herzog Fitzcarraldo

Klaus Kinski Nosferatu

- - -- missing

Stroszek

Fantasy

Bruno Ganz Wings of Desire
g —> Romance

q = P,.dM: actedIn(P,M) A directed("Werner Herzog", M) N genre(M, "Drama") }}
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Complex Query Answering (CQA)
Edge Traversal (SPARQL)

- -

Fitzcarraldo

— directed — actedin ——— genre  ---- missing

| Conesy

Werner Herzog

Nosferatu

Klaus Kinski

Bruno Ganz - Wings of Desire

q = P,.dM: actedIn(P,M) A directed("Werner Herzog", M) N genre(M, "Drama")
. )
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Complex Query Answering (CQA)
Edge Traversal (SPARQL)

- -

Fitzcarraldo

— directed — actedin ——— genre  ---- missing

| Conesy

Werner Herzog

Nosferatu

Klaus Kinski

Bruno Ganz - Wings of Desire

q = P,.dM: actedIn(P, M) A directed("Werner Herzog", M) A genre(M, "Drama")
.’
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Complex Query Answering (CQA)

Edge Traversal (SPARQL) — directed —— actedin  —— genre

- -

Fitzcarraldo

- - -- missing

i

Werner Herzog

Nosferatu

Klaus Kinski

- >

q = P,.dM: actedIn(P, M) A directed("Werner Herzog", M) A genre(M, "Drama")

—
—
a»
—
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Complex Query Answering (CQA)

Edge Traversal (SPARQL) — directed —— actedin  —— genre

- -

Fitzcarraldo

- - -- missing

i

Werner Herzog

Nosferatu

Klaus Kinski

- NS

q = P,.dM: actedIn(P, M) A directed("Werner Herzog",M) A genre(M,"Drama")

—
—
a»
—
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Complex Query Answering (CQA)

Edge Traversal (SPARQL) —» directed — actedIn —— genre - — — - missing ‘

S -

i

Fitzcarraldo

Q Klaus Kinski | Nosferatu

S NG

q = P,.dM: actedIn(P, M) A directed("Werner Herzog",M) A genre(M,"Drama")

—
—
a»
—
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Complex Query Answering (CQA)

Neural Query Execution

Fitzcarraldo

— directed —— actedln  —— genre  ---- missing

Klaus Kinski Nosferatu

-
-
-
-
-
-
-
-
-

0000

q = P,.dM: actedIn(P, M) A directed("Werner Herzog", M) Ngenre(M, "Drama")
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Complex Query Answering (CQA)

Neural Query Execution

- Fitzcarraldo

Q Klaus Kinski

— directed — actedin ——— genre  ---- missing

Nosferatu

q = P,.dM: actedIn(P, M) A directed("Werner Herzog", M) Ngenre(M, "Drama")
« 7D
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Explainability

Most GQA models function as black boxes, providing only the final output without offering insight into the
reasoning process
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Explainability

Intermediate Results — directed — actedIn —— genre - — — - missing |

~
~
~
~
~
~
~
~

Fitzcarraldo

Nosferatu

Wings of Desire

1
q = P,.AM: actedIn(P, M) A directed("Werner Herzog", M) N\ genre(M, " "Drama") ’}
16
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Explainability

Intermediate Results — directed — actedIn —— genre - — — - missing ‘

Stroszek

Fitzcarraldo

(2
q = P,.dM: actedIn(P, M) Ndirected("Werner Herzog", M) N genre(M,"Drama")

Werner Herzog
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Explainability

Intermediate Results

Fitzcarraldo

Nosferatu Werner Herzog

o
q = P,.dM: actedIn(P, M) Ndirected("Werner Herzog", M) A genre(M, "Drama")
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Explainability
Reasoning Graph

Fitzcarraldo

Klaus Kinski

Nosferatu

Bruno Ganz — ‘
P !
: \

Predicted link (Model Inference) ™~ Originally existing link
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Components

Loading,

processing, and Training a query-
Graph preparing the \[elo[SII[alefN answering model to
Loader graph/query data (ML) reason over the

for use in the graph

framework
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Measuring the
model's
performance
against
benchmarks

Providing user-
friendly
explanations
for query
results
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Project Benefits

Team Collaboration Hands-on Experience

» develop teamwork and communication * gain practical experience in cutting-edge research
skills through collaborative project development areas like graph databases, CQA, and xAl

Real-World Impact Academic Writing

« contribute to developing a system with « opportunity to publish impactful research

potential applications in various domains

ﬁ 0 git O PyTorch . Py ge(gr[:gm
D Bverleaf -Neodj
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Thank youl!

Parsa Abbasi

Research Associate

E-Mail parsa.abbasi@uni-paderborn.de
Address Furstenallee 11, room FU.201.1

Dr. Stefan Heindorf

Junior Research Group Leader

E-Mail heindorf@uni-paderborn.de

Address Frstenallee 11, room F1.219

https://en.cs.uni-paderborn.de/ds-jrg/teaching/courses/pg-xgqa-25
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