-

4 5 *
SO g,
W iy ;
{AY) HITRALE
= E og\ I
= =k
= S
4///,/” 19|52 \\§ Nanjing University of Aeronautics and Astronautics
I
YU A

Long-Tailed Classification by Keeping the Good and
Removing the Bad Momentum Causal Effect

Kaihua Tang', Jianqiang Huang'’, Hanwang Zhang'

'Nanyang Technological University, “Damo Academy, Alibaba Group
kaihua001@e.ntu.edu.sg, jiangiang. jgh@gmail.com, hanwangzhang@ntu.edu.sg

NIPS 2020



Contents

eLong-Tailed Distribution and Causal Graph




Long-Tailed Distribution

80%
effort

a7

©
G
©
(€D)
L
C_U e
27 =
©
S 3
T é Tail Classes (Mostofthecategories)—

G AR

Nanjing University of Aeronautics and Astronautics




R
\\\\\mm//,@ "T’
" \\ > ) 2
Causal Graph TAY) &R ALE
= =
4,, 1952 \5 Nanjing University of Aeronautics and Astronautics

GZTITT
% UA®

(8)Y
e

+ PRAARESE, BRARREZFENERXE.




N

S Nanjing Uni\ autics and A

Causal Graph

FERS
X Y
RS qn

- PRARESE, BRRZREZFANERXE.
WA "fork” (XF) , FREEMFBA—INEETDZ,

3
—=n
SF
Nm
71
Il)?f




Causal Graph TAY) EEkaiars

Nanjing University of Aeronautics and Astronautics

s
° ;I:I\:j; | 4
« BZEZ: confounder
X Y
DA T L]an

* TRAREE, BARREZFNERXAR.

WA “fork” (XF) | KFREEMRFBN—INMTEBEFTDZ.

(Xf
=>H
—H-
SF
Nm
71
IR




Contents

Nanjing University of Aeronautics and Astronautics

> oy,
% .
IAY) TR ALE
£ 05\
= s 3
/4,, 1952 NS
,,’//IIH l\\\\\“‘\

= LEA M-a
confounder T 45 ...

iR —_

X Y

e 4

- BFAEALIARZ: 8. HlEFESF,

XERFARSET B 1 e BRI ZE S (Y.

'\




Contents

S Nanjing University of Aeronautics and Astronautics

> g
% N
S X !
HUE
= A
%2/ 1952y
K

= LEA M-a
confounder T 45 ...

X

1N

g 4

iR —_

Y% Toim?

- BFAEALIARZ: 8. HlEFESF,

XL

X

R SENT B A0 FE L RV EERLE 5 (RAY.




Causal Graph

confounder - 231 -
X
X
X Y
A ) 1A
- BEDIDESTIRRG, B VOB
MmN X RIETS




> g
Causal Graph TAY) R AKS
= =/
= A
) Al :
%/ 1952y
i)

/= lEA M-a
confounder T 45 ...

X Y

e 4

. B, G, 3. ZIEiEEME, B
X RIS Rl TR MEHEIG S TR,

Nanjing University of Aeronautics and Astronautics



Causal

Graph

Method:

confounder

+ BEHXT R

« do & F

& (RCT)

> g
CAY) &t AxS
Gt
4,,,,, 1952\,
KT TR

§ Nanjing University of Aeronautics and Astronautics




Causal Graph

confounder

X

IL_J\

FEHXT AR (RCT) :

BEHLAOM AR

Jum

Iil—

&l

Zl'

=3

Y
4

FA, AATIE“confounder &l

S Nanjing University of Aeronautics and Astronautics

> g
% "
TAY) HITRAAS
S 29 ‘
= '5\
1 %
%/ 1952\
,,’/’IIH l\\\\\“‘\

e Z |BAIERE,




Causal Graph TAY) EEkaiars

/= lEA M-a
confounder T 45 ...

X Y

BT o
- doFBF: EERRHE "oRRiIe" |, BERARIEE (backdoor adjustment)
Bian: XEFERHITOE, T‘ FPFRERTOBIGT "BERFE M "R BIXREAR.
POAL T A G HE) = ) - PO % R GLH R, F 1) P(FF %) De-confounder !

K

@

<t

4

Nanjing University of Aeronautics and Astronautics



Causal Graph

ffwé Z

<
gllgt
&l
2
Ny

g
N i E
Y §‘ /////44 e ﬁ{ ,ﬁ, b} K ‘ #)
= =/
= '3\
=t X
= =T 2 < s - o
%, 1952 Nanjing University of Aeronautics and Astronautics
ST

=

/ °
==l

~ ¢
)

* {RER

PIYIX) = ) PUYIXZOP(ZIX) il
=1

() = ) Q(YIZ)QZ) e
=1



Causal Graph

S Nanjing University of Aeronautics and Astronautics

> g,
% "
S 29 He B
= 'g\
= Y o
%/ 1952°\§
’/1//”" “““\\\‘

Y

W /.

X Y - 7:'552\;%%%* 20
RRATS L pix) = Y PUIXZ)P(Z)
POE - R BT S P(E 1 5 R, O B P4 B




Causal Graph

G A LS

& Nanjing University of Aeronautics and Astronautics

~

E‘Lx
\:'Ii

C

gl-llgl"
&

W /.

My

P(Y|X) = mex,

1

L=
P(SET 5 |k e Ji ) =

Zi)P(Z;)

£z BRYHE ANE(X) | FETANB(Y) | P(Y|Z = Fi%, X)
0~ 14 yr 9 0 0/9=0
15 ~ 49 yr 557 12 12/557 = 0.022
50 ~ 64 yr 292 21 21/292 = 0.072
>= 65 yr 153 32 32/153 = 0.209
SN 1011 65 65/1011 = 0.064 |
Y FH/Z | 0~1dyr | 15~49yr | 50 ~ 64 yr | >=65yr s
N AL | 221322621 | 773828163 | 218732927 | 118927158 | 1332810869
P(Z) 0.166 0.581 0.164 0.089 1.000

RANERTEZEAZIAE:

Fldo& ¥ 7 —IRIgl JJE%EE
P(Y|X) =Y P(Y|Z,X)P(Z) = 0%0.166+, ,,+0.209 * 0.089 ={0.043




Contents N HARARE

S Nanjing University of Aeronautics and Astrol

eThe Proposed Causal Graph




The Proposed Causal Graph NS LS L S eT.

Nanjing University of Aeronautics and Astronautics

X Feature
Y : Prediction
M: Momentum

D . Projection on Head
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The Proposed Causal Graph
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« Backbone parameters used to generate feature vectors X,
M- X are trained under the effect of M.

(M, X) - D
X—->D->Y&X->Y

X : Feature
Y : Prediction
M: Momentum

D . Projection on Head
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Y : Prediction
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* The momentum M also causes feature vector X deviates to the
(M, X) - D head direction D, which is also determined by M.

X—->D->Y&X->Y
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» The effect of X can be disentangled into an indirect
e X—->D->Y&X->Y

(mediation) and a direct effect.
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Accumulative Momentum Effect e LT
Pytorch implementation: v = f-vi_1 +Gg¢, 0y =01 — Ir - vy,
N—
momentum
y

fairly discriminate
two classes

B(-1, 1) W A1, 1)

0 X

SGD Momentum In
Long-Tailed Dataset

« O Global Optima for All Categories ¢ ---> Momentum Direction in Balanced Data
. Local Optima for Head Categories * ---* Momentum Direction in Long-Tailed Data




Accumulative Momentum Effect t 34 R A8
Pytorch implementation: v = f-vi_1 +Gg¢, 0y =01 — Ir - vy,
N—
momentum
y
fairly discriminate
two classes
B(-1, 1) A / AL, 1)

0 X

SGD Momentum In
Long-Tailed Dataset

« O Global Optima for All Categories ¢ ---> Momentum Direction in Balanced Data
. Local Optima for Head Categories * ---* Momentum Direction in Long-Tailed Data




Accumulative Momentum Effect t 34 R A8
Pytorch implementation: v = f-vi_1 +Gg¢, 0y =01 — Ir - vy,
N——
momentum
y
fairly discriminate
two classes
B(-1, 1) A/ A(l, 1)
0 X

. (M, X) > D

* The momentum M also causes feature vector X deviates to the
head direction D, which is also determined by M.
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Pytorch implementation: v = f-vi_1 +Gg¢, 0y =01 — Ir - vy,

momentum

Assumption 1: The head direction ¢ Is the
unit vector of the exponential moving average
features with decay rate |t

d = z7r/||z7||

where Ty = | - Ty_1 + T

IS determined by the sample
moving average in the dataset, which * (M, X)—-D
does not need the accessibility of the
class statistics at all.

* The momentum M also causes feature vector X deviates to the
head direction D, which is also determined by M.
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Figure 2: Based on Assumption 1, the feature vector x
can be decomposed into a discriminative feature & and a
projection on head direction d
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Two Undesired Causal Effects of Momentum:

1. Backdoor shortcut
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1. Backdoor shortcut

2. Indirect Mediator Effect
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The definition of Total Direct Effect (TDE):
argmaxiec TDE(Y;) = [V = i|ldo(X = x)| — [V = i|ldo(X = x;)]
» Subscript d denotes that the mediator D always takes the value d, x,=0
The proposed de-confound TDE:
(w{‘)Txk cos(xk,&k)-(wf)T&k
|

a
Awll+v

TDE(Y;) = %leé;l((” )
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De-confound Training
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P(Y =i|do(X —a:))—ZP —i|X =2, M =m)P(M =m) (3)

Infinite number of M = m
Inverse Probability Weighting Z P(Y — 3, X = $|M m)P(M m)

= 4
P(X =x|M =m) )
™m
no matter how many m there are, we can only observe one (i, X) given one m.
K
%EE PY =i, X =x"|M =m), ®)

where P is the inverse weighted probability

K times more fine-grained sampling

ko k
D y L5 Wy
PY =i, X =a") «x E(i,z"; w?) = ’rf(z - k), energy-based model
g(i, "5 wy)
PIY = ildo(X = z)) = i (wh)T(&" +d*) 1 f (wh) Tk -
— 1140 = T = — — .
K~ (|w?| Hy)llz*]| K = ([w] + )]z
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P(Y =i|do(X = x)) = (7)

The definition of Total Direct Effect (TDE):
argmax;ec TDE(Y;) = |Yy = ildo(X = x)] — [V = i|ldo(X = x;)]

The proposed de-confound TDE:
(w{‘)Txk cos(xk,ak)-(w{‘)T&k

(wll+v

)

) = LK _
TDE() = 3 Zbe=1 (i ~ @

x0=0
r=x+d,
d=||d| - d = cos(z,d)|z - d.
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Experiments

Methods Many-shot | Medium-shot | Few-shot | Overall
Focal Loss' 64.3 37.1 3.2 437
OLTR' [9 51.0 40.8 20.8 41.9
Decouple-OLTR [0][11] 59.9 45.8 27.6 48.7
Decouple-Joint [11] 65.9 37.5 7.7 44 .4
Decouple-NCM [11] 56.6 45.3 28.1 47.3
Decouple-cRT [11] 61.8 46.2 27.4 49.6
Decouple-7-norm [[11] 59.1 46.9 30.7 49.4
Decouple-LWS [11] 60.2 47.2 30.3 49.9
Baseline 66.1 38.4 8.9 45.0
Cosine' [50]51] 67.3 41.3 14.0 47.6
Capsule' [9]54] 67.1 40.0 11.2 46.5
(Ours) De-confound 67.9 42.7 14.7 48.6
(Ours) Cosine-TDE 61.8 47.1 304 50.5
(Ours) Capsule-TDE 62.3 46.9 30.6 50.6
(Ours) De-confound-TDE 62.7 48.8 31.6 51.8

RS e RO

Nanjing University of Aeronautics and Astronautics

Table 2: The performances on ImageNet-LT test set [9]. All models were using the ResNeXt-50
backbone. The superscript T denotes being re-implemented by our framework and hyper-parameters.
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Dataset Long-tailed CIFAR-100 | Long-tailed CIFAR-10

Imbalance ratio 100 50 10 100 | 50 10

Focal Loss 384 | 44.3 55.8 704 | 76.7 86.7
Mixup 39.5 | 45.0 58.0 73.1 | 77.8 87.1
Class-balanced Loss [13 396 | 45.2 58.0 74.6 | 79.3 87.1

LDAM [12] 42.0 | 46.6 58.7 77.0 | 81.0 88.2

BBN [10 42.6 | 47.0 59.1 79.8 | 82.2 88.3

(Ours) De-confound 40.5 | 46.2 58.9 71.7 | 77.8 86.8

(Ours) De-confound-TDE | 44.1 | 50.3 59.6 80.6 | 83.6 88.5

Table 3: Top-1 accuracy on Long-tailed CIFAR-10/-100 with different imbalance ratios. All models
are using the same ResNet-32 backbone. We further adopted the same warm-up scheduler from
BBN [10]] for fair comparisons.




How momentum M affects X and Y?
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(b) The mean magnitudes of feature vectors for each class i after training with momentum 1= 0.9, where i is ranking from

head to tail.

(c) The relative change of the performance on the basis of 1= 0.98 shows that the few-shot tail is more vulnerable to the

momentum.
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Figure 4: The influence of parameter « in
Eq. (8) on ImageNet-LT val set [9] shows
how D controls the head/tail preference.
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