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Tensor networks as probabilistic models

ψ(X1,X2,X3) =
R∑

r1=1

R∑
r2=1

ψ1[X1, r1]ψ2[r1,X2, r2]ψ3[r2,X3]

p(X1,X2,X3) ∝ |ψ(X1,X2,X3)|2 (Born rule)

Canonical forms : e.g., ψ1ψ
†
1 = I, ψ2[:, :, r2]ψ2[:, :, r2]† = I

Computing p(X3) requires time O(R) instead of O(R2)

Orús, “A Practical Introduction to Tensor Networks: Matrix Product States and Projected Entangled Pair States”, 2013

Bonnevie and Schmidt, “Matrix Product States for Inference in Discrete Probabilistic Models”, 2021
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Tensor networks are circuits

=⇒

Circuits can be squared as well to recover p(X) …

Loconte et al., “Subtractive Mixture Models via Squaring: Representation and Learning”, 2024

Loconte et al., “What is the Relationship between Tensor Factorizations and Circuits (and How Can We Exploit it)?”, 2025
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Squared circuits grow in size
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Computing marginals requires time O(|c|2)
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How to generalize canonical forms to circuits?
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Canonical forms as unit-wise orthonormality

From O(|c|2) marginalization complexity to O(|c|)
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Unlocking a strictly larger set of factorizations

From a single hierarchical
variable partitioning…

X = (X3, (X1,X2))

Pipatsrisawat and Darwiche, “New Compilation Languages Based on Structured Decomposability.”, 2008
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Unlocking a strictly larger set of factorizations

…to multiple hierarchical
variable partitionings

X = (X3, (X1,X2))
X = ((X1,X3), X2)

Pipatsrisawat and Darwiche, “New Compilation Languages Based on Structured Decomposability.”, 2008
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Efficient learning over the Stiefel manifold

Computing Z =
∑

x |c(x)|2 explicitly
at training time is expensive …
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Efficient learning over the Stiefel manifold

…but we ensure Z = 1 during optimization!
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Efficient learning over the Stiefel manifold

…which comes with no expressiveness loss
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Takeaways

1. Structural properties inspired by canonical forms
to speed-up marginalization in circuits

2. Unlock efficient marginalization in squared
factorizations that would not otherwise support it

3. Our experiments show more efficient learning on
the Stiefel manifold, with no expressiveness loss
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