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Introduction

| Success of deep learning
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Introduction
Success of deep learning

Ex] /mage classification

Convolutional Neural Network (CNN)

Objective function (e.g., Cross entropy)

L(x;,y:;0) = —Zfe(xi) log(y;)

x; input data (image), y; : label, fg:neural network
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Introduction
| Success of deep learning with noisy labels...?

Chihuahua or Muffin?

- ¥

Noisy labels (= unreliable labels) are induced by
- human mistakes
- the lack of domain expertise (e.g., medical data)

- incomplete labeling techniques



Introduction
| Success of deep learning with noisy labels...?

Clothing-1M dataset, noise rate = 38.5% Animal-10N dataset, noise rate = 8.0%

- L

Windbreaker x Shawl x Sweater ?




I
| Success of deep learning with noisy labels...?

ntroduction

y

The ratio of wrong labels in real-world datasets is to range from 8.0% to 38.5%

L Overfitting
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K— rong labels



' Introduction

| Stochastic restarting to overcome the overfitting issue

Can we overcome the overfitting issue through the method of statistical physics?

Goqd fit

c o, R 2323

Stochastic restarting+ Deep learning



Previous works
| Deep learning with noisy labels
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Previous works

| Stochastic restarting in search process

MFPT | Suppressa trajectory Peclet number Pe = Lv/2D
time
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M.R.Evans et al,, Phys. Rev. Lett., Péclet number (Pe) Restart rate

106,160601,20M

A.Paletal, Phys. Rev. Research, 2,043174, 2020

When the stochasticity is sufficiently larger than the drift toward a target

restarting can be beneficial for random searches




Description
| SGD dynamics — Langevin dynamics

Notation & Definition
DatasetD = {(x;, y;)})_, where x; is the input data (e.g..image) and y; is the label (e.g., cat or dog),
Loss function £;(0) = L(x;, y;; @) for asample (x;,y;), Risk Rp(0) = (L(0))p

Goal of DNNs - Minimizing the riskR for general dataset

Losslandscape R (Full-batch) Gradient Descent

the learningraten

n
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Description

_ _ _ DatasetD
| SGD dynamics — Langevin dynamics
72 N
: : Random \
Stochastic Gradient Descent (SGD) l

Loss landscape R sample (Mini) batchB,

\ -
A0 =—2 ) VpLi(6) )
(xi'Yi)EBt
n
= Z VoLli(0:) — %

n n
Parameterupdate N Z VHLi(Ht)"‘(N B Z Veﬁi(et)>

AB; (x;,yi)€D (x;,yi)€D (x4, yi)EB;

= —VoRp ()1 = &7 with (§)p = 0and (§7) « n/(2B)

The SGD dynamics can be described by the (overdamped) Langevin equation
A8, = —VoRp ()N + §¢/n

(Overdamped) Langevin eq. 4x, = —VyV (x,)At + EA/At



Result
| SGD dynamics on noisy dataset D

For noisy dataset D = [D€ (= correct), DV (= wrong)] with noise ratio t,
AB; = —VoR5(0)n + &1

~[VoR5(0,) + VoRE (8|1 + &7
Correct Wrong

Due to the high-dimensionality of 8,
VoR5(0:) L VoR:(0¢)

where Vo R% = (1 — 1)VpRpec and Vo RE = tVoRpw
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Result
| SGD dynamics on noisy dataset D

A restarting-beneficial criterion...?

0. — 0., with probability r,
41710, — VgR5(0)n + /T, otherwise.
Main Questions

- Where should we restart (i.e., the restart point 6,.)?

- Which factors affect the advantageous of restarting?



The early-stoppingis simple and powerful method — Let8. be the early-stopping point !

Loss

Result

| Where should we restart?

Expt Setup] ciFAIR-10 dataset, noise ratior = 0.4
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B} Stochastic restarting significantly improves the generalization performance

on dataset with noisy labels.../




Result
| Where should we restart?

The early-stoppingis simple and powerful method — Let8. be the early-stopping point !

Expt Setup] ciFAIR-10 dataset, noiserate t = 0.4

Loss
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I validation

Relative Loss

Early

1 | | |
0104 1072 1

r

slightly changed

Later

0.00 -~

—0.03 -

| | 1 |
01074 1072 1

r

significantly decreases



Result
| Where should we restart?

The early-stoppingis simple and powerful method — Let8. be the early-stopping point !

Expt Setup] ciFAIR-10 dataset, noiserate t = 0.4

Loss
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n The restart point0 . should be chosen in the early-learning stage!



Result
| Which factors affect the advantageous of restarting?

A Toimprove the performance, we now adaptively move 6. to the newly updated early-stopping point.
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Peclet number Pe «

Result
| Which factors affect the advantageous of restarting?
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Expt. Setup] Dataset C/FAR-10and C/IFAR-100

Result

| Improved results on benchmark datasets & methods
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Result

Expt. Setup] Dataset - C/FAR-10and C/IFAR-100, restart probabilityr = 0.001

| Improved results on benchmark datasets & methods

Noise rate (.2

Noise rate (0.4

Noise rate 0.6

Dataset Method No Restart No Restart No Restart

CE 84804 [90.0F 0.5~ 80.8+0.7 |86.3F£ 0.7 729+0.7 | 79.5£0.9°
PartRestart — 88.5 £ 0.4 — 83.7 £0.9°" — 75.1 4 0.4

CIFAR-10 MAE 91.0 4+ 0.2 91.0 + 0.2 85.6+33 | 859433 | 67.1+68 | 67.34+6.7
GCE 90.6 £0.1 | 91.0+0.2- ] 853+04 |87.14+0.3**] 76.2+0.5 | 79.1 £ 0.8
SCE 91.3+03 | 91.4+0.1 | 8.6+02 |87.94+0.2-] 80.1+0.5 | 81.6+ 0.6~

ELR 91.54+0.2 | 91.4+02 87.84+0.4 87.84+04 | 81.14+03 | 81.14+03
CE 627156 | 645E1.5 | 45.6+23 [56.9L3.0"| 320+ 1.6 |44.1F 3.1
PartRestart — 64.0 0.9 — 55.5 4+ 2.1 — 43.5 £ 1.5

CIFAR.100  MAE 19.9 4+ 2.8 199+28 | 11.0+£3.8 | 108437 | 6.7+1.2 6.8+ 1.3
GCE 68.3+04 | 69.34+0.2-| 61.2+06 |63.24£0.3=*|] 50.1+0.6 | 53.1 4 0.8
SCE 545+12 |62.0+1.0] 444+14 |52.84+0.7] 29.3+25 |36.3 +1.8

ELR 664+04 | 67.24+1.2 | 574+1.0 | 60.9+2.0| 472+14 | 48.0+2.6

~ ey \q
Improved performance!

n Consistentlyimprove the generalization performance & Flexibility of restarting strategy...!




Conclusion
| Summary & Discussion

« We empirically demonstrate that stochastic restarting can mitigate the overfitting issuein deep learning on
noisy dataset.

» We theoretically identified factors that influence the effectiveness of restartingand empirically validated our

method as well as the impact of these factors.

Limitations
(i) Double descent

Loss

Early-stopping point
|

validation

training

Iterationt

(ii) Theoretical analysis & Optimalr...?

Loss

Suppress a trajectory

. Can we find the optimal relation

eg,o(T)/(T)=1.7

Restart probability r

21
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발표자 노트
프레젠테이션 노트
I will finish my presentation here.

Thank you for listening my presentation and if you have any comment and question, please ask me.�
Thank you.
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