
lucas@csail.mit.eduNeurIPS 2021: Towards the Optimal Layer-wise Decomposition 1

Compressing Neural Networks: Towards Determining the 
Optimal Layer-wise Decomposition

Lucas Liebenwein*, Alaa Maalouf*, Dan Feldman, Daniela Rus

* Equal contribution

mailto:lucas@csail.mit.edu


lucas@csail.mit.eduNeurIPS 2021: Towards the Optimal Layer-wise Decomposition 2

Neural networks are SOTA

Natural Language 
Processing

Computer Vision

Robotics
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The bigger, the better

Tan, Mingxing, and Quoc Le. "EfficientNet: Rethinking Model 
Scaling for Convolutional Neural Networks." ICML. 2019.

180
m

Brown, Tom, et al. "Language models are few-shot learners." 
arXiv preprint arXiv:2005.14165 (2020).
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mailto:lucas@csail.mit.edu


lucas@csail.mit.eduNeurIPS 2021: Towards the Optimal Layer-wise Decomposition 4

Less resources, same performance? 

?Less 
Parameters

Effects on 
Generalization

?
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Outline of the talk

1 Introduce neural network compression via low-rank decomposition

2 Understand limitations of prior work and our contribution

3 Present our main algorithm ALDS (Automatic Layer-wise Decomposition 
Selector)

4 Discuss results, future work, and discussion
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Compression via low-rank decomposition
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Input
𝑥 ∼ 𝒟

Output
𝑓(𝑥)

ℓℓ − 1

𝑊ℓ
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𝑎

Compression via low-rank decomposition
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𝑓×𝑐

𝑎

𝑠

𝑓×𝑗 𝑗×𝑐

∗≈

# 𝑝𝑎𝑟𝑎𝑚𝑠 = 𝑓𝑐 # 𝑝𝑎𝑟𝑎𝑚𝑠 = 𝑗(𝑓 + 𝑐)

𝑊ℓ = =: %𝑈ℓ ∗ '𝑉ℓ
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Related work
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Kim et al., ICLR 2016

Idelbayev et al., CVPR 
2020

Gusak et al., ICCV 2019

üPer-layer low-rank decomposition: 
“local step”

üProgressive decomposition + training:
“retraining strategy”

üTuning of per-layer decomposition:
“global step”

×Unresolved: combined local + global step 
for optimal network compression

Our main 
contribution
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A general approach to low-rank compression
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1
“Local step” “Global step”

2

𝜀ℓ = 𝜀ℓ compression_ratio 𝑓 − 8𝑓 ≤ 𝜀 𝑓 where 𝜀 = 𝜀 𝜀", … , 𝜀#

Efficiently implementable and easy to 
evaluate

minimize 𝑐𝑜𝑠𝑡 𝜀", … , 𝜀# 𝑠. 𝑡. 𝑠𝑖𝑧𝑒 8𝜃 ≤ ℬ
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𝑎

Local step: per-layer low-rank compression
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𝑓×𝑐

𝑎

𝑠

𝑓×𝑗 𝑗×𝑐

∗≈

# 𝑝𝑎𝑟𝑎𝑚𝑠 = 𝑓𝑐 # 𝑝𝑎𝑟𝑎𝑚𝑠 = 𝑗(𝑓 + 𝑐)

𝑊ℓ = =: %𝑈ℓ ∗ '𝑉ℓ

𝜀ℓ = 𝜀ℓ 𝑗 = 𝜀ℓ("compression_ratio")
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𝑎

Local step: per-layer low-rank compression
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𝑓×
𝑐
𝑘
𝑘

𝑎

𝑠
∗≈

# 𝑝𝑎𝑟𝑎𝑚𝑠 = 𝑓𝑐 # 𝑝𝑎𝑟𝑎𝑚𝑠 = 𝑗(𝑓 + 𝑐)

𝑊ℓ = =: %𝑈ℓ ∗ '𝑉ℓ

𝜀ℓ = 𝜀ℓ 𝑗 = 𝜀ℓ("compression_ratio")

𝑗×𝑐𝑓×𝑗
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𝑎

Local step: per-layer low-rank compression
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𝑎

𝑎
∗≈

# 𝑝𝑎𝑟𝑎𝑚𝑠 = 𝑓𝑐 # 𝑝𝑎𝑟𝑎𝑚𝑠 = 𝑗(𝑓 + 𝑐)

𝑊ℓ = =: %𝑈ℓ ∗ '𝑉ℓ

𝜀ℓ = 𝜀ℓ 𝑗 = 𝜀ℓ("compression_ratio")
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𝑐
𝑘
𝑘

𝑎
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𝑎

Local step: per-layer low-rank compression
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# 𝑝𝑎𝑟𝑎𝑚𝑠 = 𝑓𝑐 # 𝑝𝑎𝑟𝑎𝑚𝑠 = 𝑗(𝑓𝑘 + 𝑐)

𝑊ℓ = =: %𝑈ℓ ∗ '𝑉ℓ

𝜀ℓ = 𝜀ℓ 𝑗 = 𝜀ℓ("compression_ratio")
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𝑎

Local step: per-layer low-rank compression
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𝑎

𝑎
∗≈

# 𝑝𝑎𝑟𝑎𝑚𝑠 = 𝑓𝑐 # 𝑝𝑎𝑟𝑎𝑚𝑠 = 𝑗(𝑓𝑘 + 𝑐)

𝑊ℓ = =: %𝑈ℓ ∗ '𝑉ℓ

𝜀ℓ = 𝜀ℓ 𝑗, 𝑘 = 𝜀ℓ("prune_ratio")

𝑘 ∗ 𝑗×
𝑐
𝑘𝑓×𝑗𝑘𝑓×

𝑐
𝑘
𝑘

𝑎

𝜀ℓ = 𝜀ℓ 𝑗, 𝑘 = 𝜀ℓ("compression_ratio")
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min
$!,…,$"

max
'∈[#]

𝜀ℓ(𝑘ℓ, 𝑗ℓ)

𝑠. 𝑡. 𝑠𝑖𝑧𝑒( 8𝜃) ≤ ℬ

ALDS: Automatic Layer-wise Decomposition 
Selector

15

Per-layer budget
𝑏", … , 𝑏#

# subspaces
𝑘", … , 𝑘#

IterateRandomly initialize
𝑘", … , 𝑘#

Optimal network
decomposition

Solve for all layers:

min
$ℓ,+ℓ

𝜀ℓ(𝑗ℓ, 𝑘ℓ)

𝑠. 𝑡. 𝑠𝑖𝑧𝑒( 8𝜃ℓ) ≤ 𝑏ℓ
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Per-layer budget
𝑏", … , 𝑏#
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Global step
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Per-layer budget
𝑏", … , 𝑏#

# subspaces
𝑘", … , 𝑘#

IterateRandomly initialize
𝑘", … , 𝑘#

Optimal network
decomposition
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Global step Local step
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Results: one-shot (+ retraining) with 
baselines

18

Compress-only Retrain Sweep
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Results: one-shot (+ retraining) with 
baselines

19
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Results: ImageNet benchmarks

20
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Discussion and future work

ü ALDS leads to novel state-of-the-art results in low-rank compression

ü Combining the local + global decomposition step leads to a more flexible 
approach

ü Error bounds lead to better global insights about compression

? Future: ALDS as a modular compression framework for any per-layer 
compression
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