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Background

* Neural Tangent Kernel(NTK)
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Background

* Neural Tangent Kernel(NTK)
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Neural Lineage Detection

* Neural Lineage(CVPR 2024)

- Neural Lineage detection
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- Neural Lineage detection
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- Neural Lineage detection0| = 23t 0| &
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- Neural Lineage detectionO] E 2%t 0| &
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Neural Lineage Detection

* Neural Lineage(CVPR 2024)
- Neural Lineage detectionO] E 2%t 0| &
-HH HE A2 Z2d
o I X ALE

vLineage detection= O] 5} 2 & 9| knowledge hierarchyE O|sl|5l11, B O|

generalization X robustnessE H7Ie = Y S

. E@ U xty RWO| A S 0| GOk, X4 BWO| M5 Kot UOlS EMY + UG
- 0lE 0], 2 2R finetuningE X}4 RES0| SSH2R2 95 XMoE Y E¢ A HUS
2R BN RS+ S
R 447 T8 VDS
SOGANG UNIVERSITY 9 LB



Neural Lineage Detection

» Neural Lineage(CVPR 2024)

) fp: 9 ZALEl parent 22
- Learning free approach 0. — 6, child B2} parent 22 7to| mi2tO|Ef B3}
N: data sample2| 7H==

. . K: target dimension
- Linearized parent model (O|£%& 2#) ?

fp(x) = fp(x) + Vepfp(x)(ec - ep)
nt2tojef7t o, OlM 6,2 He I, O Hotr A x of Che 250 0|X|= &S 7ot &
- Similarity metric

o In; = —%[sign(di) * |d,—|1"1]T for L, similarity
- L, similarity d; = f,(x®) — fo(x®)

— 1 — . .
s(Fp fe) = = g ZallFp (x®) = £ O
- Linear approximation form of similarity

S(fp;fc) ~ S(fp»fc) + Ve,,[ Iiv=1 Sg(ni)fp(x(i))](oc - ep)
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) fp: 48 2ALE parent 22
- Learning free approach 0. — 0, child 221} parent 2% Zho| utato|Ef W3}
N: data sample2| 7=

. . K: target dimension
- Linearized parent model (O|£%& 2#) ?

fp(x) = fp(x) + Vepfp(x)(ec - ep)
nt2tojef7t o, OlM 6,2 He I, O Hotr A x of Che 250 0|X|= &S 7ot &

- Similarity metric

o ] II; = —Nim[sign(di) * softmax(t|d;|)]T for LSE similarity
- Log—sum—exp S|m|Iar|ty d; = fp(x(i)) — fo(x®)
_ 1 F (xD)— (@
S(fp'fC) =T miﬁ":l log Yi-1 etlfp(x*) =/

- Linear approximation form of similarity

S(fpi fc) ~ S(fp» fc) + Vep [ZILV=1 Sg(ni)fp(x(i))](ec - ap)
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Neural Lineage Detection
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) fp: 48 2ALE parent 22
- Learning free approach 0. — 0, child 221} parent 2% Zho| utato|Ef W3}
N: data sample2| 7=

. . K: target dimension
- Linearized parent model (O] 2X Z7) 7

fr(x) = fp(x) + Vo, fp(x)(0: — 6p)

nt2tojef7t o, OlM 6,2 He I, O Hotr A x of Che 250 0|X|= &S 7ot &
- Similarity metric K = XX7
L=yyT

K.=K-1K—- K1+ 1K1

- Centered Kernel Alignment(CKA) x: B8 E. 047|A1._ parent model output)
y: BB 7| ME child model output)
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) fp: 48 2ALE parent 22
- Learning free approach 0. — 0, child 221} parent 2% Zho| utato|Ef W3}
N: data sample2| 7=

. . K: target dimension
- Linearized parent model (O] 2X Z#) 7

fr() = fp(x) + Vo fp(x)(0: — ;)
nt2tojef7t o, OlM 6,2 He I, O Hotr A x of Che 250 0|X|= &S 7ot &
- Similarity metric
- Squared Distance Correlation(DC)
22 X, Y ZZH0f LSt AHe| ¥E 4, BE Al
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HSIC(A., B,)
JHSIC(A,,A,) - HSIC(B,,B,)

g AR THED ) | VPES \

SOGANG UNIVERSITY

dCor*(X,Y) =




Neural Lineage Detection

* Neural Lineage(CVPR 2024)

- Learning free approach

- Approximation o] 7 2Hd
- Linearization ™ £
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- Learning free approach
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f;)(x) = fp(x) + W(x)(ec - Bp)
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For real parent-child model pair (f,, f.) and I, similarity,
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Neural Lineage Detection

» Neural Lineage(CVPR 2024)

- Learning based approach

- Weight and feature encoder

;= 1x1 convolution ¢ 4FZ &5l element-level relationship

;= AP= output sizeZ} 1x10| E| =5 ZH|

D Weight Feature
[]
|

[ Adaptive Pooling ]
T

[ Conv & Norm & RelLU ]

)
[ 1x1 Conv & RelLU ]
4

O Repr. Feature

$
1

[ Adaptive Pooling ]
T
[ Conv & Norm & RelLU ]

(3
[ 1x1 Conv & RelLU ]

4

Weight Encoder
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def forward(self, weight, feature):
# Nxnumpx2xuxh

weightshape - weight.shape

a: t self.nump weightshape[1]
weight - weight.view(weightshape[8]*weightshape[1], *weightshape[2:]) # (Nxnump)x2xuxh

featureshape - feature.shape
a self.nump - featureshape[1]

feature - feature.view(featureshape[8]*featureshape[1], *featureshape[2:]) # (Nxnump)x2xwxh

weight = self.weightEnc(weight) # (Nxnump)xE
feature = self.featureEnc(feature) # (Nxnump)xE

weight - weight.squeeze(-1).squeeze(-1)
feature = feature.squeeze(-1).squeeze(-1)

weight = weight.unsqueeze(1) # (Nxnump)x1xE

feature - feature.unsqueeze(1) # (Nxnump)x1xE

concatenated = self.tokenization(weight, feature) # (Nxnump)x3xE
attn_output,_ - self.attention(concatenated,concatenated,concatenated,need weights-False) # (Nxnump)x
attn_output - attn output[:, 8, :] # (Nxnump)xE

attn_output - attn output.view(weightshape[8], self.nump, attn output.shape[-1])

attn_mean = attn_output.mean(dim = (1,2),keepdim = True)
attn_std = attn_output.std(dim = (1,2),keepdim = True)
attn_output - (attm_output - attn mean)/attn_std

if self.noparent:
noparent_token = self.noparent  ken.expand(weightshape[e
attn_output - torch.cat((attn | put, noparent_token), dis

output - self.fc(attn_output)
return output.squeeze(-1)
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Neural Lineage Detection

» Neural Lineage(CVPR 2024)

A

- Learning based approach

- A AI}(Classification) (Metric: average accuracy)
FMNIST EMNIST  Cifarl0  SVHN DTD Pet Cifarl0 Cifarl0 Cifarl0

Sshot 50shot Imbalanced

. L 24114127 35.97-+125 70.04+1.05 84.09+1.64 - ; 80.3141.22 73.93+1.01 75.42+1.43
- 23.0842.04 45.61-1.59 76.88+0.64 68.84-1.71 : ; 86.3741.02 75.324+1.18 78.24+1.72

EE L 11.84+1.23 37.9941.83 77.32+0.81 70.06-2.25 . ; 78.79+1.44 75.14+1.08 76.41+1.24

£ 5 CKA 4394037 6584076 52.49+131 29.9241.27 : ; 18.1841.83 21.21-0.97 50.76+1.72

z 2 pC 3514049 6324091 54.92+1.22 29.92+40.87 . ; 19.71+1.71 21.8141.52 50.38+1.61

g I 254441.27 3640131 71.59+1.12 8522157 - ] 85.6142.51 74.6241.12 75.7641.51

g L 26.75+1.75 46.93+1.73 80.03+0.71 70.07+1.71 . ; 88.64-1.31 75.38+1.18 78.79+1.72

S £ 21.05+1.69 41.23+1.79 78.79+0.83 70.83+1.61 . ; 86.73+1.41 69.7141.51 76.51+1.16

z % LSE 26.32+1.27 37.28+136 73.48+0.78 71.59+1.79 . ; 85.61-+1.39 75.76+1.05 78.03+1.47

2 = CKA 5.7140.48 14.91+1.04 53.03+1.16 57.95+0.98 . ; 21214241 21.9740.96 51.14+1.69

DC 14484141 7.64-2081 61.74+0.91 28.41-1.01 : ; 25.0142.42 36.7441.89 51.14-41.41

Lineage Detector 97.86+1.19° 93.61--2.37° 99.11+0.36* 99.31+0.35 X ; 99.94+0.35 98.84-+1.43" 99.35+0.24"

. I 90.3740.82 90.47--0.84 90.19+1.33 98.7540.72 89.41%+1.66 90.2340.64 98.85+0.19 98.6840.88 87.50+1.11

e b 86.8441.15 87.51--1.36 90.10+1.41 98.64--0.22 88.68+1.66 89.4310.99 97.75+0.19 98.4140.41 87.68-£0.11

g I 78.5740.87 95.83--0.65 79.76+0.64 95.24--0.41 88.24+2.01 85.81--1.45 98.070.69 98.9310.51 79.17+1.21

s CKA 68.45+2.49 7550219 4583+0.81 63.54--1.93 62.94+1.52 66.0441.98 71.11+345 64.8240.52 62.51-+1.48

w 2 DC 58.024221 3214161 61.33+2.71 45.43-+1.68 62.94+1.75 51.4743.17 67.78+2.28 65.5640.51 60.47-+1.59

2 I 98.810.41 98.92-0.59 94.64-:0.63 98.81-£0.41 94.71-£0.32 95.27-£0.84 99.89--0.62 98.93-£0.61 95.84-:0.99

[ Iy 88.69+0.65 88.09+1.08 90.47+0.84 97.94+1.26 90.59+1.75 90.53+0.63 98.89+0.59 99.36+0.52 88.09+0.93

S 1 80.9540.48 80.95-1.16 81.55+0.68 94.05--0.92 91.18+1.87 89.66--0.35 92.22-1.86 93.54-:2.23 80.95-+0.85

% LSE 06.43+£0.97 98.21-£0.41 89.20+121 99.414+0.33 13.53+143 11.24-£1.21 98.82-+0.22 97.85+1.21 91.67+1.23

5 CKA 702342.54 77.38-£1.93 47.6240.94 64.88--1.89 66.47+0.83 68.0541.61 72.224325 68.8143.71 66.08+2.42

DC 60.11+2.33 34.52--0.85 63.09+2.73 45.83+147 63.12+143 52.0742.73 67.89+2.18 65.5842.64 60.71-1.09

Lineage Detector 99.21-0.16 99.32--0.05 99.87--0.07- 99.64--0.12 99.59-0.47- 99.74--0.21* 99.91+0.52 99.382-0.02 97.01-0.41

A g d Rk
SOGANG UNIVERSITY 17

VDS

LAB
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» Neural Lineage(CVPR 2024)

- Learning based approach

- AS A1} 1 (Learning rate®} iterationil [I}2 X}0])

;= Learning rate2} iteration= lineage detection accuracyOll 2 S &

S Bt learning rate®t iterationO] X134 | 0f OF =

L0 i 100
J:n Color
1 = {
[§ 1
80 iy D

[}
A o
]
=

Gl LSE
LD

L

i

Accuracy (%)
Aceuracy (%)

20

104 1072 10}

200 400 600 200 L0060
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[teration

(a) Different learning rate (b) Different iteration
Figure 5. Lineage detection result when finetuning ResNetl8 on
CIFARI10 with different learning rates and iterations.
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- Learning based approach
-HE E
2 G1: 77H2| ResNet 18 £ BEHIo 2 9|
O] RS 3MCHOf| ZX finetuning Z1Y
vG2: EMNIST-Letters2 X134
vG3: FMNIST
vG4: EMNIST-Balanced
' Learning based approach?} 7} 2
Mo 220 HESE HE M5 A

vMICH Z

-

JHE MR
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3} 2 (Finetuning generation Of| [I}2 X}0|

G2 G3 G4
1 w/o Appx. 90.47+0.84 89.07+1.72 © 86.31+2.47
CKA w/o Appx. 75.5942.19 © 44.44+2.89 © 38.09+£1.15
G1 1 w Appx. 98.924+0.59  97.024+0.51  96.83+0.82
CKA w Appx. 77.38+1.93 ©51.594+2.98 ©51.19+1.27
Lineage Detector 99.11£0.36  98.81+0.13 ©97.75+1.53
1 w/o Appx. - 91.2741.89 ©83.93£2.67
CKA w/o Appx. - 65.88+2.63 67.86+2.03
G2 [, w Appx. - 98.41+0.53 ©95.24+1.71
CKA w Appx. - 75.41£2.81 72.03£3.17
Lineage Detector - 99.61+0.83 © 98.38+0.02
[1 w/o Appx. - - 94.05+1.49
CKA w/o Appx. - - 66.67+1.42
G3 11 w Appx. - - 97.02+0.75
CKA w Appx. - - 72.03x=1.91
Lineage Detector - - 98.41+0.98

b7{0| HEAE HE HO| £ 57}
A q

Table 2. Results of across-generational lineage detection.
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- Learning based approach
- 28 s

AlS A} 2 (CFE taskol| CH8H X -8)

= Elastic Weight Consolidation(EWC) 8 13}

Continual
Learning

Knowledge

Detection Distillation

Segmentation

/I}2t0|E{7} S8 20| mhatn|Ef oA 1

-+ KL-divergence(KLD) 3}

vFinetuning® BE2| Z20| C}& teacher £

B S 2FBtA| Z

ﬂ B THEED

SOGANG UNIVERSITY

95.86+2.03
91.22+2.26
78.58+4.01
73.20+4.54
71.76%+4.81

25.01£3.97
22.91+£2.11
33.33+4.68
24.98+£5.89
20.85+4.24

98.25£0.12
99.74+0.38
97.81£0.54
39.04+1.11
37.84£1.02

93.38£1.66
92.92+1.59
70.65£1.21
44.03£3.25
34.43£3.01

96.42+1.23

92.85+£1.91
91.07£1.57
96.23+1.83
78.56+4.43
73.214+4.45

31.27+3.45
25.01+1.52
35.41+2.29
22.93+2.31
24.99+5.95
27.07+3.84

99.324+0.12
99.83+0.21
99.82£0.23
99.11+£0.38
41.23£1.11
38.61+1.31

93.57+1.75
94.03+1.23
82.57+2.19
93.21£1.71
46.79+3.38
34.86+2.74

Lineage
Detector

99.28+0.72

37.56+4.04

99.184+0.63

99.07+0.07

Table 3. Lineage detection results for other tasks and losses. The
best (the second-best) ones are marked in bold (underlined).
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