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Research Overview: AI, ML, DS and Their Societal Applications 
AI, Machine Learning, Data Science

graph/network data (graph machine learning)
text/language data (large language models)

Core ML

GML & LLM

Applied ML

Healthcare

Social,
Knowledge,
Information

Systems

Cybersecurity

Efficiency

Trustworthiness

Foundation
Models

Graph Neural Networks, Large Language Models,
Combination of GNN and LLM
HetGNN (KDD’19, 1900+ citations), GFM (NeurIPS’24),
TANS (NAACL’25), GIT (ICML’25), GPM (ICML’25)

Data Efficiency: Self-supervised Learning,
Few-shot Learning, Data Distillation
Model Efficiency: Prompt Learning,
Model Distillation/Pruning
FSRL (AAAI’20, 300+ citations), TENT (KDD’22), 
ParetoGNN (ICLR’23), NOSMOG (ICLR’23), 
IAGPL (TMLR’25), MASS (ICML’25)

Robust Learning, Interpretable Learning
GAME (ICLR’23), G-FAME (WWW’23), 
CFExplainer (KDD’23), Dragon (ICLR’24), LIME (KDD’24)

Healthcare: Combat the Drug Crisis:
RxNet (CIKM’21, Best Paper Award)
DHGNN (KDD’22, Best Paper Candidate)
Diet-ODIN (KDD’24)
Food & Nutrition, Drug Discovery:
MOPI-HFRS (KDD’25), MGNN (WWW’21), 
MOF-DDI (CIKM’23)

Anomaly/Malware Detection:
MSCRED (AAAI’19, 1100+ citations),
MiST (WWW’19, Best Paper Candidate)
Rep2Vec (KDD’22), MetaHGNN (IJCAI’21)
Malicious Activity Detection:
MetaHG (NeurIPS’21), GraphBERT (ICDM’22)
LLM-HetGDT (ACL’25)

Knowledge Reasoning and QA:
FIRE (EMNLP’20), Grape (EMNLP’22)
SGCL (CIKM’22), NGQA (ACL’25)
Recommender Systems:
SHT (WWW’23), MMSSL (KDD’22), 
RecipeRec (IJCAI’22)

This talk
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Outline 

Graph Data/Model Enhances
Language Model2

Language Data/Model Enhances
Graph Model3

Joint Graph and Language Models for
Societal Applications4

Conclusion5

Introduction and Background1

On the Intersection of
Language and Graph

Models
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Introduction: Various Data in Real-world Applications 

Social Media

Science

Cybersecurity/IoT

Web/Information

Knowledge System

Healthcare

Graph/Network

Text Image

Spatial-temporal Tabular
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Introduction: Graph (Network) and Text (Language) Data

Graph/Network

Text/Language

Node and Edge

Token/Word

Structured Data
Encode Relational Information

Unstructured Data
Encode Semantic Information

Complement
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Introduction: Graph Neural Networks (GNNs)
• GNNs learn representations of nodes by iteratively transforming and 

aggregating/propagating the features from their neighborhoods

Representation learning
Prediction

(drug-drug interaction)
Classification

(drug user classification)
Regression

(patient risk level prediction)

Downstream tasks/applications
AI/ML

Graph

message-passing mechanism
(neighbor aggregation, e.g., attention) 

embedding space

Graph neural network

Neural
network
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Introduction: Graph Neural Networks (GNNs)

• GCN (ICLR’16)
Convolution Aggregation

• GSAGE (NeurIPS’17)
Pooling/Recurrent Aggregation

• GAT (ICLR’18)
Attention Aggregation

• HetGNN (PhD work, KDD’19)
The first GNN on Heterogeneous Graphs
1900+ Citations, 2024 ICBS Frontiers of Science Award 

• Our recent works: GFT (NeurIPS’24), GIT (ICML’25), GPM (ICML’25), G2PM (NeurIPS’25) 
Graph Foundation Models Across Datasets/Tasks/Domains
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Introduction: Large Language Model (LLMs)

• Pretrained Architecture

Transformer

Encoder

Encoder

Encoder

Encoder

Decoder

Decoder

Decoder

Decoder

Representation

En
co

d
er

 M
o

d
u

le

D
ecod

er M
o

d
u

le

Softmax (next token)

Previously 
Generated Text

Input Text

Token Embedding

Linear

Instruction tuning
Fine-tuning
Adaptation

QA/Dialogue Document Analysis

Text Generation Advanced
Reasoning
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Introduction: Large Language Model (LLMs)
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Introduction: Graph Model and Language Model

Graph/Network

Text/Language

Structured Data
Encode Relational Information

Unstructured Data
Encode Semantic Information

Complement Complement

GNN

LLM

Enhance
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Graph Data/Model Enhances Language Model: MASS 

MASS: MAthematical Data Selection via Skill Graphs for Pretraining Large Language Models, ICML’25

• Data Selection for Pretraining LLMs: Improve Training Efficiency and Effectiveness

LLM
Massive Data

Pretraining
Continue-training

Applications

Fine-tuning
Adaptation

Challenges

Solutions

Data Selection

High-quality
Subset
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Graph Data/Model Enhances Language Model: MASS 

MASS: MAthematical Data Selection via Skill Graphs for Pretraining Large Language Models, ICML’25

LLM

Data
Selection

High-quality
Subset

Pretraining

Prior methods: e.g., RHO-1 [NeurIPS’24], AutoDS [ICLR’24]
Limitation: concentrate on general domains while neglecting the 
underlying knowledge and their interrelations of specific domain 
data, such as mathematical skills for advanced reasoning capabilities.

• Data Selection for Pretraining LLMs: Improve Training Efficiency and Effectiveness

Fine-tuning

Assumption: a data point reflecting (1) more important 
math skills or (2) more compositional information of 

math skills should receive a higher quality score.
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Graph Data/Model Enhances Language Model: MASS 

MASS: MAthematical Data Selection via Skill Graphs for Pretraining Large Language Models, ICML’25

Reference
Dataset

Small high-quality data
(e.g., NuminaMath)

Prompt
LLMs

Instruct LLM
(e.g., GPT or Qwen)

Collect
Math Skills

Several math skills 

Construct
Skill Graph

G = (V, E, A), 
V: skill nodes

E: edge of skill co-occurrence

Target
Dataset

Score & Rank
w/ Skill Graph

Continue train
Fine-tuning

Top K% High
Quality Subset
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Graph Data/Model Enhances Language Model: MASS 

MASS: MAthematical Data Selection via Skill Graphs for Pretraining Large Language Models, ICML’25

Target
Dataset

Score & Rank
w/ Skill Graph

Continue train
Fine-tuning

Top K% High
Quality Subset

Why it works
(1) more important math skills 

(2) more compositional 
information on math skills
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Graph Data/Model Enhances Language Model: MASS 

MASS: MAthematical Data Selection via Skill Graphs for Pretraining Large Language Models, ICML’25
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NGQA: A Nutritional Graph Question Answering Benchmark for Personalized Health-aware Nutritional Reasoning, ACL 2025

• QA: Knowledge Graph as Retrieval Augmentation for LLMs

Graph Data/Model Enhances Language Model: More Study
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Graph Data/Model Enhances Language Model: More Study

Knowledge Graph Enhanced Passage Reader for Open-domain Question Answering, EMNLP 2022

• QA: Graph as Augmented Information for LLMs
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Graph Data/Model Enhances Language Model: More Study

Look Twice as Much as You Say: Scene Graph Contrastive Learning for Self-Supervised Image Caption Generation, CIKM 2022

• Text Generation: Graph as Augmented Data for LLMs
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Language Data/Model Enhances Graph Model: Foundation Model

Generative Graph Pattern Machine, NeurIPS’25

LLM
Massive Data

Pretraining
Continue-training

Applications

Fine-tuning
Adaptation

Language Foundation Model

Graph Foundation Model

Shared
vocabulary set

What could be
the shared set
among graphs?
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Language Data/Model Enhances Graph Model: Graph Foundation Model 

Generative Graph Pattern Machine, NeurIPS’25

Sub-structures

. . . 

Triangle

Connectivity

Motif

Pattern 

Sampler

B

D

C

E

A

Target Graph B

D

C

A

D

C

E

A

D

C

E

A

0 1 2 0 3

Anonymous Walks

0 1 2 0 3

0 1 2 3 0

Same

Different
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Language Data/Model Enhances Graph Model: Graph Foundation Model 

Generative Graph Pattern Machine, NeurIPS’25
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Language Data/Model Enhances Graph Model: Graph Foundation Model 

Generative Graph Pattern Machine, NeurIPS’25
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Language Data/Model Enhances Graph Model

Can LLMs Convert Graphs to Text-Attributed Graphs? NAACL 2025

• LLM as Text/Attribute Generation for GNNs



Chuxu Zhang On the Intersection of  Language and Graph Models 26

LLM-Empowered Class Imbalanced Graph Prompt Learning for Online Drug Trafficking Detection, ACL 2025

• LLM as Data Augmentation for GNNs

Language Data/Model Enhances Graph Model
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Diet-ODIN: A Novel Framework for Opioid Misuse Detection with Interpretable Dietary Patterns, KDD 2024

• Healthcare: LLM as Interpretator for GNN Output

Language Data/Model Enhances Graph Model
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RecipeRec: A Heterogeneous Graph Learning Model for Recipe Recommendation, IJCAI 2022

• Recommender System: GNN and LLM as Multi-modal Data Encoder

Joint Graph and Language Models for Various Applications
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A Multi-Modality Framework for Drug-Drug Interaction Prediction by Harnessing Multi-source Data, CIKM 2023

• Healthcare: GNN and LLM as Multi-modal Data Encoder

Joint Graph and Language Models for Various Applications
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GraphBERT: Bridging Graph and Text for Malicious Behavior Detection on Social Media, ICDM 2022

Joint Graph and Language Models for Various Applications
• Social Network Analysis: GNN and LLM as Multi-modal Data Encoder
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Conclusion

• Graph Data/Model Improves Language Model
MASS: LLM for Advanced Reasoning
Graph as Augmented Information/Data for LLMs in QA, Text Generation, etc.

• Language Data/Model Improves Graph Model
GP2M: Graph Foundation Model
LLM as Text/Attribute Generation or Data Augmentation for GNNs, etc.

• Joint Graph-Language Model for Societal Applications
Recommender Systems, Social Network Analysis, Healthcare, etc.
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• Feel free to contact me for any questions!
Contact email: chuxuzhang@gmail.com

Q&A

mailto:chuxuzhang@gmail.com
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