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We pursue forecasting of discrete events that involve 
small subgraphs within a network (for example, raiding 
parties by a clique of players in an online game).
We search for hypothesized relationships between data 
elements (e.g., prior player behavior and future raiding 
party occurrences) and then build multilabel Bayesian 
Network (BN) time-shifted classifiers from the results. 

Key Points
• Enables forecasting on 

small, wide data via 
fusing weak indicators

• Results in relatively 
interpretable, self-
explainable models

• Enhancing Python 
library for BN ML 
(built on COTS API)

• BN/DBN model
• sklearn/skmultilearn/imblearn

ML classifier pipeline

Exploring improvements to forecasting method 
performance, generality, and scalability via:
• new BN structure learning genetic algorithm
• supervised feature discretization research
• exploratory data analysis of massively 

multiplayer online game
• academic partnerships exploring alternate 

encoding/forecasting (e.g., LSTM+GNN)
• more sophisticated problem and feature 

identification methods, e.g., 
• frequent subgraph mining/

neural subgraph learning
• two-mode generalized blockmodeling
• persistent homological data encodings

Multidimensional Bayesian Networks (BNs) 
based on network subgraph phenomena
• act as multilabel classifier of future events
• provide probabilistic forecast from prior data
• can perform better than traditional ML 

pipelines as well as algorithmically built BNs
(see blue highlighted region below)

B. Node DBN
(capturing temporal event patterns)

C. Node DBN event forecasts
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Ovals = network metadata
Green = fusion across phenomena

Octagons = events (blue are forecast targets)

Simple classifiers using persistent 
homological features can outperform 
state-of-the-art classification algorithms 
on time series classification benchmarks

Sorensen, A. Simpson, S., Krofcheck, D., Hoffman, M., 
Topological Feature Face-off for Time Series 
Classification, IJCNN 2023 (in review)
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