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» EHN[a)ER
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@ Debugger
Stop m Step In Step Out Go |
Stack local and global variables B Global Waves
PeakHookProc | Name Value Type | [+ coet
UpdatePeakFromXY glastClickX 50.6312202358804 NVAR -> root:... 2
glastClickY 0.869350760426445 NVAR -> root:...
isOld 0 Variable
isPeak 1 Variable
wcoef -> coef, 4 pts, SP WAVE -> root:...
weoefsav -> coef, 4 pts, SP WAVE -> root:...
wdest -> sam, 128 pts, SP WAVE -> root:...
xaxval 50.6312202358804 Variable
yaxval 0.869350760426445 Variable
Current DF:  root:
Procedure

weoef[2]= xaxval
weoef[3]= 8

endif

else

1f( 1s01d )
weoef[8]= weoefsav[@]+yaxval-glastClicky
weoef[1]= weoefsav[1] + wcoefsav[@] - wcoef[B]
wcoef[3]= weoefsav[3]+xaxval-glast{lickX

else
weoef[@]= yaxval
weoef[1]= weoefsav[1] + weoefsav[@] - yoxval
weoef[3]= weoefsav[3]+xaxval -glast{lickX

endif
wdest=mygauss(wcoef,x)

endif wcoefsav[1] + wcoefsav[@] - yaxval =

// maintain old peak top

£/ maintain old peak top

-0.726441427316589
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» DeepVisuallnsight (DVI): Time-travelling
Visualization for Deep Classifier Training
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» Time-travelling Visualization for Deep Classifier
Training
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» Motivating example: how adversarial training
cause the performance degeneration?

Epoch 1

Accuracy
10 nearest neighbor
Adversarial 51.3% ) adversarial samples
Sa m.ples 9
Testing 92.3% . testing sample
Samples -
—

‘ J |
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» Motivating example: how adversarial training
cause the performance degeneration?

Epoch 2

'
V%

Accuracy

Adversarial 67.8% T 16.5% /

Samples O ¢ testing sample
Testing 90.3% l 2.0% P '

Samples
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» Motivating example: how adversarial training
cause the performance degeneration?

Epoch 3

Accuracy

Adversarial 68.8% T 1.0%

Samples testing sample
Testing 88.2% l 1.1%
Samples
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Adversarial Samples Dynamics Testing Samples Dynamics
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» Training with Noisy Data
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» iFiR AT E{Y (TensorBoardififf =) MindSporeff{¥)

Deep Debugger | task: Fault Localization
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» Technical Assumption

Classifier
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» Overview

A »

Representation
Learner

Learned
representation, x

] =

fitter

Prediction

» B

Visualization model

projector
(locator)
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» Overview

Learned
representation, x

»] = ~|%

Prediction

Representation
Learner

A »

X
<Ualizati del projector inverse-projector
Visualization mode (locator) (painter)

U {7

Any position on
background, y
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» Time-travelling visualization for deep classifier
training

- Spatial and temporal properties any time-travelling
visualization shall abide:
- Neighbor Preserving
- Boundary Distance Preserving
- Inverse Projection Preserving 0
- Temporal Continuity 8§

©)
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» Neighbor Preserving Property

» Given a high-dimensional point x, its neighbours should be preserved
after projection into the visible low-dimensional space.
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» Boundary Distance Preserving Property

- Given a high-dimensional point x, its neig@bouring,boundary_ points should
be preserved after projection into the visible low-dimensional space.
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» Inverse Projection Preserving Property

- Given a high-dimensional point x, after Projegtion Into a_visible
low-dimensional point y, we shall be able t0 inverse-project it
back to the high-dimensional space x’, x" ~ x.

’
X » projector »y » inverse-projector » X

ALREH R R A £ EH N SRR NDD Aliﬂﬁﬁgﬁfl#ﬁ% 3



» Temporal Continuity Property

Classifier (C,) Classifier (Cy,,)

Learned
representation

4 LI

Learned
representation

4 LIE=

Representation
Learner, Rl

Representation
Learner, RL

A

RL~RL 2> V~V
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» Temporal Continuity Property

Et Et+1 E't E’t+1

mmmmmmmmmmmmmmmmmmmmm

Temporal continuity NOT considered Temporal continuity considered
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» Approach

input subject model visualization model visualized
landscape

Neighbor Preserving i *@Oﬁ} [| E{}“#“‘
Boundary Distance Preserving ye il

- Spatial Property

Inverse Projection Preserving

Tem poral Continuity } Temporal Property [i_

k)

Yang, X., and Lin, Y., et al. (2022). DeepVisuallnsight: Time-Travelling
Visualization for Spatio-Temporal Causality of Deep Classification
Training. AAAI’22

Yang, X., and Lin, Y., et al. (2022). Temporality Spatialization: A Scalable

and Faithful Time-Travelling Visualization for Deep Classifier
Training IJCAI’22
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» Approach

input subject model visualization model visualized
landscape

Neighbor Preserving - *@Oﬁ} U I:{)“;!;"V‘"
Boundary Distance Preserving ye il

- Spatial Property

Inverse Projection Preserving

Tem poral Continuity } Temporal Property ﬂ_

k)

Yang, X., and Lin, Y., et al. (2022). DeepVisuallnsight: Time-Travelling
Visualization for Spatio-Temporal Causality of Deep Classification
Training. AAAI’22

Yang, X., and Lin, Y., et al. (2022). Temporality Spatialization: A Scalable

and Faithful Time-Travelling Visualization for Deep Classifier
Training IJCAI’22
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» (Boundary) Neighbour Preserving
Property Vi

high-dimensional
space
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» (Boundary) Neighbour Preserving
Property Vi

high-dimensional
space
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» (Boundary) Neighbour Preserving
Property Vi

high-dimensional
space
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» Approach

input subject model visualization model visualized
landscape

- Neighbor Preserving - *@Oﬁ} Y
- Boundary Distance Preserving | Spatial Property i
- Inverse Projection Preserving ' ' -

- Temporal Continuity } Temporal Property -

k)

ﬁtntui - -:"ll ' *C'u*.r'rilmj:l + }"E i ET‘EL‘ 3 ;!"-3 ] ]]-[f = 2} ' E't [12)
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» Evaluation

- Subject models: Resnet18 with 512 dimensions of
representation vectors

- Dataset: MNIST, FMNIST, CIFAR-10
- Baselines: PCA, t-SNE, UMAP
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» Result: Better preserved neighboring boundaries

B DVI-Train BN UMAP-Train BN PCA-Train B TSNE-Train

DVI-Test UMAP-Test PCA-Test
MNIST FMNIST CIFAR-10
26
&
(0]
w
&
a4
Z
z
S 2
=
: | | | I
0 il 1. | n 0 l I - I [
Begin End Begin End Begin

Figure: k Boundary Neighbour Preserving (k=15)
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» Results: Well Preserved Inverse-projection
(~UMAP)

BN DVI-Train BN UMAP-Train BN PCA-Train

DVI-Test UMAP-Test PCA-Test
MNIST FMNIST CIFAR-10

1.00

0.75
x
a 0.50

0.00

Begin Mid End Begin Mid End Begin Mid End

Figure: PPR between DVI, UMAP, and PCA

DVI (0.01s) vs UMAP (58.31s)
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» Results: Better Temporal Continuity

Table: Temporal Results, i.e., temporal,, value (k=15)

CIFAR-10 MNIST FMNIST
train test train test train test
UMAP-T -0.453 -0.448 -0.581 -0.578 -0.622 -0.613
DVI-T -0.442 -0.460 -0.463 -0.466 -0.291 -0.286
DVI -0.463 -0.498 -0.609 -0.611 -0.626 -0.632

Solution

*Pearson correlation between moving distance and #preserved neighbours
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» Results: Runtime Efficiency

Table: Visualization Overhead (in seconds)

Solution Overhead Type CIFAR-10 MNIST FMNIST
DVI Offl.ine 792.784 914.921  896.296
Online 0.016 0.010 0.010
UMAP Offl.ine 50.170 58.311 58.748
Online 1819.598 2187.888 2150.703
Offline 207.757 286.068  282.725
tSNE Online / / /
PCA Ofﬂ.ine 0.803 0.958 0.951
Online 0.035 0.036 0.035
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» }Ammw;iﬁﬁrﬂjiﬁﬁt;iﬁ Yang, X., and Lin, Y., et al. (2023). DeepDebugger: An

Interactive Time-Travelling Debugging Approach
for Deep Classifiers. FSE’23

Time-travelling visualizer Time-travelling debugger

fﬂfEﬂﬂﬂn Detection

Training Process

% B

training
dotaset

L

3. Intention ) s"i- sample of
epoch,  epoch; epoch,, Learner rﬁe-’ g f interest
o developer
visualize b

Training Animation

e v

fmme 1 fmm e; fri ame, |

Movement
Representation

1. Dynamic
Feature Extractor

2. Anomaly
Detector
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Dataset MNIST FMNIST CIFAR-10 i e Qoryal 9e0

Visualizer | DVI | TimeVis | DVI | TimeVis | DVI | TimeVis
Precision 92.6% 04.7% 50.2% 85.5% 80.1% 72.4%
Recall 67.4% 78.4% 59.0% 83.8% 56.4% 26.6%
F1 score 78.0% 85.8% 84.4% 84.6% 66.2% 63.5%
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» tEixRIRIENSLI
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» Ongoing Work: ContraVis

(a) A visualized classification land- (b) A visualized classification land-
scape without applying dropout scape with dropout applied
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101  * @return A boolean.
102 ”
103 public boolean equals(Object obj) {
104
105 if (obj ==this) {
106 return true;
107}
108 if {!{obj instanceof ShapelList)) {
109 return false;
110
111 return super.equals(obj);
112
113}
114
115 fox
116  *Returns a hash code value for the object.
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125  *Provides serialization support.
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