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Background

• Large graph datasets are challenging. Graph condensation enables 
GNN to preserve the performance with a smaller graph. 

• Many papers discussed the potential of robustness and privacy 
application but never verified.

• Unified protocols are needed.

Image from “A Comprehensive Survey on Graph Reduction: Sparsification, Coarsening, and Condensation”, IJCAI 2024
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Benchmark design

• Focus on Node Classification task
• as over 90% of GC papers work on it

• Three stages: initialization, training, evaluation

•  Unified approach for fair comparison
• fix the frequency of intermediate validation

• fix the downstream GCN hyperparameters
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Benchmark design

• Comprehensive baselines
• Trajectory-matching (TM)

• Distribution-matching (DM)

• Gradient-matching (GM)

• Multifaceted evaluation
• Transferability

• Initialization (connected to graph reduction methods)

• NAS (Neural Architecture Search)

• robustness, privacy, and graph property (new!)
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Observations: Performance and Efficiency

• TM-based methods excel in condensation performance but lack efficiency.

Image dataset condensation results from “DC-BENCH: Dataset Condensation Benchmark”, NeurIPS 2022
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Observations: Performance and Efficiency

• Structure-free methods are more efficient than structure-based ones.

Image dataset condensation results from “DC-BENCH: Dataset Condensation Benchmark”, NeurIPS 2022
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Observations: Performance and Efficiency

• GC outperforms image dataset condensation at the extremely low reduction rate.

image dataset condensation (IPC=1) 

Image dataset condensation results from “DC-BENCH: Dataset Condensation Benchmark”, NeurIPS 2022
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Observations: Privacy Protection

• TM and eigen-decomposition methods balance privacy and performance.

MIA Acc: Membership Inference Attack, MIA Acc reflects the probability that an adversary 
(confidence threshold) can correctly identify whether a node belongs to the training set.
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Observations: Robustness and Denoising Ability

• Structure-based approaches offer superior robustness.

Adversarial Structural Noise: We employ PR-BCD, a scalable adversarial noise using Projected Gradient Descent.
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Observations: Graph Properties Preservation

• Node and aggregated features are preserved in condensed graphs.

Supervised DBI (Davies-Bouldin Index) measures the quality of a class by 
evaluating the average similarity between each class and its most similar class



11/30/2025 Shengbo Gong/Juntong Ni (shengbo.gong/juntong.ni@emory.edu) 11

Observations: Graph Properties Preservation

• Preserving Density%, DBI tends to be beneficial for downstream tasks.
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Observations: Transferability and Initialization

• GC methods vary in 
transferability across 
datasets.

• Current initialization 
strategies lack 
consistent impact.
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Observations: NAS

• TM or inner optimization (like GCondX, GCond) is key for NAS effectiveness.

Recall: how many of the G top-K architectures also appear in the top K on the G’
Top 1: the performance of the G’ top 1 architecture on the G
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Conclusions

• First benchmark for GC methods with multi-dimension evaluation.

• Novel insights on privacy, robustness and graph properties.

• Inspires future directions for better performance and scalability.
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Toolkit

• Run Graph Condensation with 3 lines of code and evaluate 
with another 2!

https://github.com/Emory-Melody/GraphSlim
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THANK YOU
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