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• LLMs exhibit great reasoning ability to solve many complex tasks.
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• LLMs lack up-to-date or domain-specific knowledge, which limits their 
performance in knowledge-intensive tasks, such as medical diagnosis, 
legal judgment.
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Large Language Models



• Retrieval-augmented generation (RAG) allows LLMs to reason in 
external knowledge, enhance its applicability.
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Retrieval-Augmented Generation (RAG)

Knowledge



• To better reason with knowledge, we need to capture the structural 
connections (associations) between knowledge.
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Reasoning on Structured Knowledge



• Moreover, many real-world knowledge is structured like knowledge 
graphs.
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Reasoning on Structured Knowledge

Pan, Shirui, et al. “Unifying large language models and 
knowledge graphs: A roadmap.” TKDE 2024



• Unfortunately, LLMs, with their unstructured nature in architecture, 
cannot effectively reason on structured knowledge. 

• We need a better way to enhance LLMs to conduct reasoning on 
structured knowledge.
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Reasoning on Structured Knowledge



• Existing works focus on two-fold:
• Structured knowledge index construction:

• Tree

• Graph

• ….

• Structure-enhanced retrieval:
• Graph search

• Agent + tool calling

• GNN
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Reasoning on Structured Knowledge

Zhou, Yingli, et al. “In-Depth Analysis of Graph-Based RAG in a Unified Framework.” VLDB 2025
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Reasoning on Structured Knowledge Trilemma
Speed, Structure, or Scale?

Paradigm Generalizability Latency (Speed) Computational 
Cost

Scalability Multi-hop
Accuracy

Graph Search 
(HippoRAG, 
LightRAG)

Low
(ad-hoc 

structure)

Low
(~2-20s)

Low High Moderate

Agentic 
Reasoning
(ToG, KAG, 
Youtu-
GraphRAG)

Low
(ad-hoc 

structure)

Critical
(> 70s)

Critical Moderate High

GNN-based 
Reasoning
(G-retriever, 
GFM-RAG)

Low
(KG specific)

Low
(~2-10s)

Moderate Low Moderate
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G-reasoner: Unified Reasoning Framework
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G-reasoner: Graph Foundation Models for Unified 
Reasoning on Structured Knowledge with LLMs



• To handle diverse graph structure for 
different domains, we created a 
standardized, four-layer abstraction.

• QuadGraph Layers:
• Attribute Layer: Captures common properties of nodes 
（e.g.， price, date）. 

• Knowledge Graph Layer: Represents entities and their 
relationships as structured factual triples.

• Document Layer: Contains unstructured text from 
documents and passages.

• Community Layer: Groups related nodes to provide 
high-level, global structural information. 

• This flexible structure can represent and 
unify the outputs of most existing GraphRAG
construction methods.
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QuadGraph: An Universal Graph Interface



• G-reasoner adopts a 34M parameter GFM that jointly reason over the 
graph topology and text semantics to score node against user queries.
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Synergizing Topology and Semantics Reasoning



G-reasoner adopts a 34M parameter GFM that 
jointly reason over the graph topology and text 
semantics to score node against user queries.

Synergizes Structure & Semantics:

• Jointly reasons over the graph topology and 
rich text embedded in nodes and edges.

Weakly Supervised Training:

• Knowledge distillation from pre-trained text 
embedding model.

Scalable Implementations:

• Mixed precision training and a distributed 
message-passing to handle massive graphs 
across multiple GPUs. 

Monash University
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Synergizing Topology and Semantics Reasoning



• Semantic Encoding

• GFM Reasoning
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Synergizing Topology and Semantics Reasoning



• To effectively train GFM without exhaustive human labels, we 
leverage the pre-trained text embedding model to provide weak 
supervision signals for training GFM. 
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Overcoming Data Scarcity via Weak Supervision

Distill from the text embedding models.G-reasoner



• G-reasoner partitions massive graphs across distributed GPUs. It 
computes locally and exchanges messages globally, allowing compute 
to scale linearly with data size via mixed-precision training.
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Engineered for Unlimited Scale



• G-reasoner is an end-to-end framework for knowledge-enhanced reasoning. 

• It processes chaos, restructures it, analyzes it with specialized GNNs, and provides 
the LLM only the precise structural and semantic context needed for a perfect 
answer.
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Unified Reasoning Engine
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QA Reasoning Performance



• Because QuadGraph acts as a universal translator, the GFM can be 
deployed directly onto existing graph architectures and immediately 
outperform their native retrieval methods.
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Cross-graph Generalizability



22

Efficiency: Fast and Accurate



• G-reasoner can scale linearly with data size and model size to support 
large-scale training and inference.
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Efficiency: Compute Scaling



Thanks for your listening!
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