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TL;DR: “We connect tensor factorizations and circuits, present research opportunities for both fields, and
provide a pipeline for building and optimizing factorizations and tractable probabilistic models.”
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Tensor factorizations such as Tucker are circuits…[1]

tx1x2x3 ≈ c(x1, x2, x3)

…and circuits encode factorizations as computational graphs

Input units cn(X) = fn(X ; θn) ∈ C
Product units cn(Xn) =

∏
i∈in(n)

ci(Xi)

Sum units cn(Xn) =
∑

i∈in(n)
wn,i ci(Xi), wn,i ∈ C

Probabilistic circuits: tx1···xd = p(x1, . . . , xd) = Z−1c(x1, . . . , xd)

A framework for tractable probabilistic inference
E.g., multilinearity unlocks polytime marginalization [1] [2]
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A tensorized “Lego block” language for tensor factorizations
enabling us to flexibly build tensor factorizations as neural nets
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From known factorizations to new hierarchical ones…
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…strictly generalizing tensor network factorizations [3]

We present 7+ research opportunities by exchanging
theory and practice between the two communities
— “Derive efficient operators over tensors“ [2]
— “Use tensor factorizations as circuit layers” [4]
— “Impose structural sparsity using constraints” [5]
— “Parametrize factorizations via neural networks” [6]
— ... and many more in the paper!
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Step 1. Build a region graph
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Step 2. Over-parameterize
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Step 3. Tensorize units
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Step 4. Fold layers

A pipeline for building tensorized circuits in PyTorch

cirkitkit We have
an OSS lib!
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