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Generalization in deep learning

How deep neural networks generalize well?

# learnable parameters � # training examples

Role of implicit regularization

Measure of complexity: matrix rank, tensor rank, . . . ?
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The role of implicit regularization in deep learning

Deep Matrix Factorization

=
A A1 ... Ak 

Arora et al., 2019
For A ∈ Rd1×d2 and depth k ≥ 2, for any r = 1, . . . ,min(d1, d2),

d

dt
σr(t) = kαr(t) · (σr(t))2− 2

k
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The role of implicit regularization in deep learning

(Shallow) Tensor CP Factorization

Razin et al., 2021
Under certain assumptions, for any r = 1, . . . , R,
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dt
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The role of implicit regularization in deep learning

Deep Tensor CP Factorization

This work
Under certain assumptions, for any r = 1, . . . , R,

d

dt
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Effect of the depth on tensor rank

Depth 0 1 3

How this impacts the implicit regularization on the learned
tensor W? ∥∥∥∥∥
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How depth yields low-rank solutions?

Rank Generalization Loss
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