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Differentiable Structure Learning for Causal Discovery

§Structure learning aims to recover the structure of  the causal 
grahical model, a directed acyclic graph (DAG), that represents 
causal mechanisms underlying the observational data.
§ Biology
§Advertising
§ Public policy
§ ...

5/30/2025 University of Science and Technology of China 3



Differentiable Structure Learning for Causal Discovery

§Traditional structure learning is a combinatorial optimization problem, 
searching for the DAG with the optimal data approximation score. 

§ Zheng et al. [2018] reformulates structure learning as a continuous 
optimization problem by proposing a smooth function to characterize the 
ayclicity property of  a graph.
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Zheng, X., Aragam, B., Ravikumar, P., & Xing, E. P. (2018, December). DAGs with NO TEARS: continuous optimization 
for structure learning. In Proceedings of  the 32nd International Conference on Neural Information Processing 
Systems (pp. 9492-9503).

Lyuzhou Chen,



Encoding Broad-Grained Prior Knowledge as Paths
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Prior Knowledge
Corresponds to
A Directed Path
(Including Edge)
Between Variables
in the Structure
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Structural Equation Model
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Task Definition of  Differentiable Structure Learning
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Some designs of the Acyclicity Constraint:

For all i =1,...,d, forbid i-length 
path from a node to itself.

Forbid k-length path from i to j 
for all k=1,...,d
⇔ Absence of Path (i,j) 

Path Absence
Characterization
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Differentiable Structure Learning with Ancestral Constraints

§Differentiable structure learning with ancestral constraints (mainly path 
existence here) can be formulated as: 
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HOW TO CHARACTERIZE PATH EXISTENCE
DIFFERENTIALBLY AND EQUIVALENTLY?



Path Existence Characterization with Relaxation
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Path Absence Characterization

Path Existence Characterization

Relaxation



Issue of  In-Equivalence to Path Existence
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Consider

Under the edge thresholding process: 



Issue of  In-Equivalence to Path Existence
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In-Sufficiency If



Issue of  In-Equivalence to Path Existence
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Un-Necessity If



Issue of  In-Equivalence to Path Existence



Equivalent Path Existence Characterization



Equivalent Path Existence Characterization



Equivalent Path Existence Characterization



Order Violation Among Paths



Order Violation Among Paths



Solution: Order-Guided Optimization



Solution: Order-Guided Optimization



Overall Alagrithm
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