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Goal: Detecting dependencies from data
Fundamental to scientific inquiry across diverse disciplines:
• Biology / gene regulatory networks (Bühlmann et. al., 
Annual Review of Statistics and Its Application, 2014).
• Climate science (Nowack et. al., Nat. commun., 2020).
• Cognitive science (Gerstenberg et. al., Psychological 
Review, 2021).
• Economics (Barfuss et. al., Physical Review E, 2016).

p53 network: >200 interacting 
genes & proteins regulating cell 
survival.

(Dartnell et. al., FEBS letters, 2005)
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Motivation: GLASSO-inspired deep learning

Graphical lasso algorithms:
Optimization problem within 
the positive semidefinite cone:

(Yuan & Lin, Biometrika, 
2007), (Banerjee et. al., 
JMLR, 2008).
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Motivation: GLASSO-inspired deep learning

Graphical lasso algorithms:
Optimization problem within 
the positive semidefinite cone:

Our approach:
Learn shape-invariant 
matrix-operations via 
deep learning to 
approximate the 
solution mapping

(Yuan & Lin, Biometrika, 
2007), (Banerjee et. al., 
JMLR, 2008).
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Novel bilinear attention mechanism

Traditional attention for 
sequences (Bahdanau et. al.,  

In ICLR, 2015).

Bilinear attention, performing 
bilinear operations instead of 

matrix multiplications.

Observational attention on 3D 
tensors (Kossen et. al., In

NeurIPS, 2021).
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Results for undirected graph inference

Generalizes 
beyond training: 
From Chebyshev to 
linear, sine, and 
complex 
dependencies.

Detects 
dependencies 
despite zero-
gradients at data 
center and 
oscillations.
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Results for undirected graph inference

Robust to simultaneous changes in graph distribution and coupling mechanism.
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Inferring causal directions
Novel two-step approach to infer causal directions:
First step: Differentiate between:
• Skeleton edges: Undirected edges in the DAG.
• Moralized edges: Not present in the DAG but emerge due to conditional dependencies 

among nodes sharing a common child without a connecting edge between the parents.
• No edge: Conditionally independent variables.
 

Second step: Infer v-structures by testing all triplets of possible parents and possible 
common child nodes.
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Results for CPDAG inference

Predicting immoralities in first step 
improved predictions for CPDAG 
estimation compared to testing all possible 
immoralities.
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Results for CPDAG inference

Predicting immoralities in first step 
improved predictions for CPDAG 
estimation compared to testing all possible 
immoralities.

Maintains robust performance in CPDAG 
estimation across dimensions and 
dependencies.

Conservative orientation: high accuracy on 
directed edges with few false positives.
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Conclusion
Key contributions:
• Novel bilinear attention mechanism for processing 

dependencies.
• Two-step approach for robust CPDAG inference.
• State-of-the-art performance across diverse settings:

• Generalizes beyond training to diverse dependency 
types.

• Detects dependencies despite zero-gradients at data 
mean.

• Robust to simultaneous changes in graph distribution 
and coupling.

• Conservative yet accurate causal orientation.


