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Neural networks are SOTA
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The bigger, the better
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L ess resources, same performance?
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Outline of the talk

Introduce neural network compression via low-rank decomposition

Understand limitations of prior work and our contribution

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

Discuss results, future work, and discussion

ORONONCO
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Compression via low-rank decomposition

S
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Compression via low-rank decomposition
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Related work
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Gusak et al., ICCV 2019

‘/Per-layer low-rank decomposition:
“local step”

‘/Progressive decomposition + training:
“retraining strategy”

‘/Tuning of per-layer decomposition:
“global step”

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

contribution
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A general approach to low-rank compression
O— O

“Local step” “Global step”

T T

00000000

e? = ¢?(compression_ratio) — fll < € If|l where € = e(&1, ..., eb)
p

Efficiently implementable and easy to minimize cost(el, ..., e¥) s.t. size(8) < B
evaluate
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Local step: per-layer low-rank compression

fXc [Xj JXc
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Local step: per-layer low-rank compression
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Local step: per-layer low-rank compression

fx%k fXjk k*(jx%)
| | (] @

Wt = ~ . —. D¢« D
# params = fc = —) # params = j(f + ¢)

et = £(j) = €*("compression_ratio")
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Local step: per-layer low-rank compression

fx%k fXjk k*(jx%)
| | (] @
Wt = ~ . —. D¢« D
# params = fc = —) # params = j(fk + ¢)

et = £(j) = €*("compression_ratio")
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Local step: per-layer low-rank compression

fx%k Fxjk K + (jx%)
| | (FHE) @
W = ~ . = J¢« P
#params = fc ~ w— # params = j(fk + c)
et = £%(j, k) = £¥("compression_ratio™)
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ALDS: Automatic Layer-wise Decomposition

Selector
Per-layer budget
bi, ..., bt
A
Solve for all layers:
Randomly initialize min, et (k%) olve for all lay
1 y L J 5] |tel’ate min gf(jf’ k{’)
e t. size(d) < B Kt
st = s.t. size(8%) < b?
\-/
# subspaces
ki .. kb
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ALDS: Automatic Layer-wise Decomposition

Selector
Per-layer budget
bi, ..., bt
A
Solve for all layers:
Randomly initialize . mim, ax e (ki) olve for all lay
1 y L J 7] |tel’ate min gf(jf’ k{’)
e t. size(f) < B Kt
s = s.t. size(8%) < b?
\-/
# subspaces
ki .. kb

Global step

i -
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ALDS: Automatic Layer-wise Decomposition

Selector
Per-layer budget
bi, ..., bt
~
Randomly initialize min, max e’ (k*,j*) Solve for all layers:
k! ykL e lterate t?gcr} gi’o't’, k")
CLL . . - m j
o Slze(g) = S.t. SiZe(H{)) < b{’
\-/
# subspaces
ki .. kb
Global step Local step
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Results: one-shot (+ retraining) with
baselines

> > — resnet20, CIFAR10, 6 = 1.0%
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Results: one-shot (+ retraining) with

baselines
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Results: ImageNet benchmarks

H . o
I I 2 AL INFORMATION
CSAIL

Method A-Topl A-TopS CR-F (%)
—| ALDS (Ours) 021 <036 779
SMALDS (Ours -0.41  -0.54 81.4
% Tucker (Kim et al., 2015a) N/A -1.87 62.40
S|IRegularize (racat. 20t | N/A  -0.54  74.35
5[ Coordinate wenetar, 201 | N/A  -034  62.82
:; Efficient (Kim et al., 2019) -0.7 0.3 62.40
[% L-Rank (delbayev etal, 2020) | -0.13 -0.13 66.77
2| NISP (vuetal, 2018) -1.43 N/A 67.94
Z|| OICSR it 20199 047 NA 5370

Oracle (Ding et al., 2019) -1.13 -0.67 31,97

Method A-Topl A-TopS CR-F (%)
ALDS (Ours) -0.38  +0.04 64.5
ALDS (Ours) -1.37 -0.56 763
MUSCO (Gusak et al., 2019) -0.37 -0.20 58.67
TRP1 (Xu et al., 2020) -4.18 -2.5 44.70
§ TRP1+Nu (Xu et al., 2020) 425  -2.61 5515
% ITRP2+Nu (Xu et al., 2020) -4.3 -2.37 68.55
SN PCA (zhang etal., 2015b) -6.54 454 29.07
§ Expand (aderberg et al., 2014) | -6.84 -5.26 50.00
w3 fl PFP (Liebenwein et al., 2020) -2.26 -1.07 29.30
8| SoftNet e etan. 2018 254 -12  41.80
< | Median (He et al., 2019) -1.23 -0.5 41.80
%’ Slimming (Liu et al., 2017) -1.77 -1.19 28.05
& || Low-cost (Dong et al., 2017) =3.99 2.2 34.64
Gating (Huaetal., 2018) -1.52 -0.93 37.88
FT (He et al., 2017) -3.08 -1.75 41.86
DCP (Zhuang et al., 2018) -2.19 -1.28 47.08
FBS (Gaoetal, 2018) -2.44 -1.36 49.49
NeurlPS 2021:
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Discussion and future work

©

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

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

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

@ Error bounds lead to better global insights about compression
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Code

About 3

A research library for pytorch-based
neural network pruning, compression,

;‘f

fiite and more.
Alaa Maalouf Dan Feldman .
Training e = Y Desired
Acknowledgements oo - s 2=
Retrain
Oren
Gal https://qgithub.com/lucaslie/torchpru
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