
Toward Building 
Reliable Hybrid Neural Graph Databases

Hybrid Neural Graph Query Execution

ML-Centric Query Customization Proposed Architecture

List all the dependencies of applications that run on VM34.

Explicit results

Results Missed
VM34

RUNS DEPENDS_ON

Applications
Services

(1) Knowledge Graphs are inherently incomplete. 
(2) No data management solution can currently tackle data incompleteness; 

querying incomplete databases will produce incomplete results.

THESIS GOAL 
Design, implement, and test the first Hybrid Neural Graph Database System with support for trustworthy inferred results.

(3) Graph Machine Learning can infer complex graph queries, 
but lacks support for uncertainty quantification.
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Query2Box ML query execution in a learnt embedding space. 
Example adapted from [1].

Applications

Services

RUNS

DEPENDS_ON

Extended Cypher 
query language. 

Fine-grained customization of hybrid execution: inference-based 
(PREDICT) or traditional algorithmic execution (MATCH).

User-defined 
uncertainty 
upper bounds.

PREDICT (p:Person)-[r:REPRESENTS]->(t:Team)
WITH MAXIMUM UNCERTAINTY 0.1
MATCH (t)-[pi:PLAYED_IN]->(m:FootballMatch)
         -[it:IN_TOURNAMENT]->(tt:Tournament)
PREDICT (p)-[rr]-(tt)
WITH MAXIMUM UNCERTAINTY 0.2 
WHERE p.name = `Risa Shimizu` 
RETURN PREDICTED type(rr);

[1] Horchidan, S. Query Optimization for Inference-Based Graph Databases. PhD @ VLDB 2023. [BEST PAPER AWARD ! ] 
[2] Horchidan, S. and Carbone, P. ORB: Empowering Graph Queries through Inference. DMKG @ ESWC 2023. 
[3] Horchidan, S., Chen, P. H., Kritharakis, E., Carbone, P., & Kalavri, V. (2024). Crayfish: Navigating the Labyrinth of Machine Learning 
Inference in Stream Processing Systems. EDBT 2024. 
[4] Horchidan, S., Kritharakis, E., Kalavri, V. and Carbone, P. Evaluating model serving strategies over streaming data. DEEM @ SIGMOD 
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Middleware architecture: serves as a bridge between the 
application and the database, enhancing the capabilities of the 
DBMS with ML inference by intercepting user queries.

PREDICT (p:Person)-[r:REPRESENTS]->(t:Team)
MATCH (t)-[pi:PLAYED_IN]->(m:FootballMatch)
         -[it:IN_TOURNAMENT]->(tt:Tournament)
PREDICT (p)-[rr]-(tt) 
WHERE p.name = `Risa Shimizu` 
RETURN PREDICTED type(rr);
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Query2Box.forward(p.emb, r.emb)
[t1, t2, . . . , tn]

MATCH (t)-[pi:PLAYED_IN]->(m:FootballMatch)
WHERE t.id in 
RETURN m;

[t1, t2, . . . , tn]

Risa 
Shimizu REPRESENTS

uncertainty=0.15 ❌  
Risa 

Shimizu REPRESENTS

PREDICT (p:Person)-[r:REPRESENTS]->(t:Team)
WITH MAXIMUM UNCERTAINTY 0.1
MATCH (t)-[pi:PLAYED_IN]->(m:FootballMatch)
WHERE p.name = `Risa Shimizu` 
RETURN m;

Motivation

(1) Customized Cypher Query

(2) Logical Plan

Data Operator Vector Data OperatorBackend DB Data Operator

Control Operator Algorithmic Execution (DB) Inferred Execution (ML)

(3) Hybrid Neural Physical Plan

(4) Query Mapping and Rewritting

(5) ML Execution and Uncertainty Calibration

(6) DB Execution

uncertainty=0.1 ✅  
Calibration

MAIN INSIGHT: ML models can 
approximate control operators 
and sub-plans.
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