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We replace the fuzzy graph with a learned, attention-based 

whole graph per time window. Subgraphs are extracted via 
community detection, stable cores are identified, and these 

cores guide whole-graph reconstruction. This pipeline 

yields a more stable high-dimensional representative for 
the downstream R2-UMAP algorithm.

Step 1: Attention Whole Graph Construction

An attention mechanism learns the pairwise affinities 

between nodes. Models are trained using rolling window 
data.

Step 2: Subgraph Partition via Community Detection

Given the attention-based 

whole graph A ̃t, we apply 
Louvain community detection 

to identify densely connected 

subgraphs at each timestamp. 
This yields partitions {Ct,1, 

Ct,2, . . .} that serve as 
candidate structures for the 

temporal core detection.

Step 3: Core Detection (Temporal Stability) 

1.Parameter Exploration

The workflow contains a many variables and 
hyperparameters. Systematic tuning could improve stability 

and performance.

2. Core Detection with Memory

At present, core detection is performed independently 
within each time window. Future work could incorporate 

memory mechanisms across windows.

We identify temporally stable cores by grouping similar 

subgraphs across time and selecting nodes that persist within 
these groups, supported by stable edge categories.

Step 4: Core-First Graph Reconstruction 

Each node preserves strong links to core nodes and then fills 

remaining edges up to a Top-K quota with its strongest 
neighbors. This ensures that reconstructed graphs remain 

anchored on stable cores while retaining structural diversity.

Future Work & Outlook 
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