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• Extending to structured, muti-relational domains

• Learning & refining structure of PCs

• Actively eliciting domain knowledge

Future Work

Need a principled way to integrate different types 
knowledge into the learning of PCs

Probabilistic circuits (PCs) represent joint probability 
distributions using structured computational graphs; 
they can efficiently answer probability queries.

Domain knowledge concisely encodes information 
about general trends but is insufficient to fully define 
distributions. e.g., monotonicity, independence.

Solve the following sequence of optimization problems, 
increasing penalty weight until violation term vanishes

• Penalty acts as knowledge-intensive regularization

• Can be computed efficiently & differentiably from PC

• Penalty from multiple forms of knowledge can be added

Sidheekh and Natarajan 2024; Choi et al.2020; Poon and Domingos 2013; Odom et al. 2015; Pasunuri et al. 2016; Altendorf et al. 2005; Yang and Natarajan 2013; Fung et al. 2002; Mathur et al. 2023

Learning distributions using 
Sparse and Noisy data

Exploit Domain Knowledge 
as inductive bias

Data point

Knowledge

A unified framework for encoding knowledge: Differentiable functions of probability queries 

          Given: Dataset 𝐷𝐷 over variables X and multiple forms of domain knowledge 𝑲𝑲
           To Do: Learn a probabilistic circuit 𝜃𝜃 that accurately models 𝑃𝑃(𝑿𝑿) 

Equality constraints Inequality constraints

“Similar data points are equally likely” “Xi increases with increase in Xj”

Overall Pipeline

Formally state the 
domain knowledge

Encode the knowledge as equality 
& inequality constraints on 

probability queries

Choose a differentiable 
measure of knowledge 
violation, e.g., MSE.

Learn PC by solving a 
series of optimization 

problems
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“Risk of preterm birth 
increases with age”

“Risk of preterm birth is 
conditionally independent of 
education given low age.”

• PCs learned by combining domain knowledge with data 
outperform purely data-driven ones.

• PCs learned using multiple forms of knowledge outperform those 
limited to one form of knowledge.
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