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Background

Causal Graphs
Representation of our knowledge of data generating processes. CGs 
imply conditional independence (CI) relations



Augmentation with a CG 



Problem Definition
: joint data of X and Y.

Goal: Find a predictor                                with small 

satisfies the topological ADMG factorization 

Given: 
• Labeled data

• Estimator        of the underlying ADMG   



Proposed Method for ADMG



• Considering all the possible resampling candidates
• instance-weighted data augmentation procedure:





In Practice: Compute the weights 
• Construct the probability tree



Kernel Function:

Continuous:

Discrete:



Algorithm



Algorithm



Real World Data Experiment
• Goal: Confirm that the proposed method contributes to the 
performance of the trained predictor, especially in the small-data 
regime.

•Compared:



Real World Data Experiment
Sachs : Continuous, flow cytometry of proteins and phospholipids in 
human immune system cells 



Real World Data Experiment

GSS: Part of General Social Survey



Real World Data Experiment



Conclusion

• Proposed a data augmentation method to use the causal graphical prior 
knowledge in predictive modeling.

• Experimentally, the benefit may be worth the extra complexity and 
bias in small-data regime when domain knowledge is available.



Question

• What is the difference between markov pillow and markov blanket?




