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01 Background of Study

Graph-based Retrieval-Augmented Generation

Ø Retrieval-Augmented 
Generation (RAG) 
enhances knowledge-
intensive tasks by 
combining retrieval with 
large language models. 

Ø While traditional chunk-
based retrieval overlooks 
entity relations, graph-
based approaches like 
GraphRAG model 
knowledge as graphs to 
enable more relational and 
efficient generation.
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01 Background of Study

Comparison of Knowledge Representation

Ø Previous graph-based RAGs capture only binary relations, failing to model the n-ary relations 
common in real-world knowledge, which leads to information loss when facts are 
decomposed into multiple binary triples.

...
Male hypertensive patients with serum creatinine levels between 115–133 μmol/L are diagnosed with mild serum creatinine elevation.
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Hypertensive patient Male

Mild serum creatinine elevation

Serum creatinine levels between 115–133 μmol/L

Hyperedge_1

Male

Hypertensive patient

Serum creatinine levels between 115–133 μmol/L

Mild serum creatinine elevation

Hyperedge_3

Hyperedge_4

Hyperedge_2

Ordinary Graph Knowledge Representation Hypergraph-Structured Knowledge Representation

...

...
Male hypertensive patients with serum

creatinine levels between 115–133 μmol/L
are diagnosed with mild serum creatinine

elevation.
...

...

...

...

Chunk-based Knowledge Representation

Standard RAG GraphRAG HyperGraphRAG

Domain Knowledge



2 P A R T

Contributions

HyperGraphRAG: Retrieval-Augmented 
Generation via Hypergraph-Structured 

Knowledge Representation



77

02 Contributions

Contributions

HyperGraphRAG operates in three stages:
Ø (1) Knowledge Hypergraph Construction – extracting n-ary relations via LLMs and 

organizing them in a bipartite graph with entity and hyperedge embeddings for retrieval;
Ø (2) Hypergraph Retrieval Strategy – retrieving context-relevant entities and hyperedges 

through vector similarity search;
Ø (3) Hypergraph-Guided Generation – integrating retrieved n-ary facts with text 

passages to enhance factuality and coherence.

Ø To overcome these limitations, we propose HyperGraphRAG, a graph-based RAG 
framework built on hypergraph-structured knowledge representation. 

Ø Unlike prior methods limited to binary relations, HyperGraphRAG uses hyperedges to 
capture n-ary relational facts among multiple entities (e.g., {Hypertensive patient, Male, 
Serum creatinine 115–133 μmol/L, Mild elevation}), ensuring richer structure and 
inference capability.
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03 Methodology
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03 Methodology

Overview of HyperGraphRAG

Hyperedge Retrieval
N-ary

relation
extraction

<hyperedge>(text:“Hypertension is defined as an
office systolic blood pressure ≥140 mmHg or
diastolic blood pressure ≥90 mmHg.”, score:“9”)
- <entity>(name:“Hypertension”, type:“Disease”,
explain:“Hypertension is defined as systolic blood
pressure ≥140 mmHg or diastolic blood pressure
≥90 mmHg.”, score:“95”)
- <entity>(name:“Systolic blood pressure ≥140
mmHg”, type:“Measurement”, explain:“Systolic
blood pressure ≥140 mmHg falls within the
definition of hypertension.”, score:“85”)
- <entity>(name:“Diastolic blood pressure ≥90
mmHg”, type:“Measurement”, explain:“Diastolic
blood pressure ≥90 mmHg falls within the
definition of hypertension.”, score:“85”)
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How does hypertension affect cardiovasular health, 
and what interventions can effectively reduce its risk?
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HyperGraphRAG includes Knowledge Hypergraph Construction, Hypergraph Retrieval Strategy, and Hypergraph-Guided Generation.



1111

03 Methodology

Knowledge Hypergraph Construction

Hyperedge Retrieval
N-ary

relation
extraction
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03 Methodology

Knowledge Hypergraph Construction

Hyperedge Retrieval
N-ary

relation
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03 Methodology

Hyperedge Retrieval
N-ary

relation
extraction
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03 Methodology

Hypergraph-Guided Generation

Hyperedge Retrieval
N-ary

relation
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04 Experimental Results

Main Results
To evaluate the effectiveness of HyperGraphRAG, 
we compare its performance with various 
baselines across multiple domains. 

Overall Comparison Across Methods. 
HyperGraphRAG consistently outperforms all 
baselines across F1, R-S, and G-E metrics. 
Compared to StandardRAG, it achieves gains of 
+7.45 (F1), +7.62 (R-S), and +3.69 (G-E). 
Interestingly, existing graph-based RAG baselines 
often underperform StandardRAG, as their 
reliance on binary relational graphs causes 
knowledge fragmentation, sparsified retrieval, and 
incomplete context reconstruction during 
generation.

Comparison Across Methods. 
HyperGraphRAG maintains strong gains under 
both Binary and N-ary settings. For Binary Source, 
it improves F1, R-S, and G-E by +8.6, +8.8, and 
+4.4; for N-ary Source, the improvements are 
+5.3, +6.4, and +2.9, confirming its robustness.

Comparison Across Domains. 
Performance gains are consistent across domains, 
with the largest improvements in Medicine and 
Legal (over +7 F1), and stable advantages in 
Agriculture and CS. HyperGraphRAG adapts well 
to both highly structured and more general 
knowledge tasks.
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04 Experimental Results

Ablation Study
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Analysis of Hypergraph-structured Knowledge Representation

04 Experimental Results
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Analysis of Hypergraph Retrieval Efficiency

04 Experimental Results
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Analysis of Hypergraph-Guided Generation Quality

04 Experimental Results



2121

Time & Cost in Construction and Generation Phases

04 Experimental Results
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