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»»  Logit-adjustment

oFu(@)+7logm,

Uy, f(z)) = —log

velLl Efy: (z)+7-log

T € Ay are estimates of the class priors P(y).
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Figure 1. t-SNE visualization of the distorted embedding space.
(Color for the best view.) The embeddings are calculated with
ResNet-32 on a subset with four classes of CIFAR-10-LT. We ran-
domly select four classes with the training numbers 500, 200, 100,
and 50, respectively. The gray areas show the obscure regions be-
tween different classes.

Suppose {z,y} € T represents a sample

{z, y} from the training set 7 with the total N samples in C
classes, and y € {1,...,C'} is the ground truth label. The
softmax loss function for the input image x can be written
as:

: e
L(z) = —logp,, withp, = —=——, (1)

j=1 e

A ® & @ 2606 @ —

ground truth distribution  embedding feature  clouded feature class boundary

Figure 2. An overview of GCL. (Color for the best view.) The
tail class logit is assigned to a larger sample cloud size than the
head class, which corresponds to a large relative cloud size of the
feature in the direction of the tail class anchor. In this way, the
distortion of the embedding space can be calibrated well.

~cld -
Z; =3g- (Zj + f;ej) 53: = lﬂgnmam _lognj:

aL { pi—1, j=y or 1 ) ) o
= - _ approaches zero with the increase of the logit difference
@ = 5 =1rea=s OP g




GCL——~Proof of formula
Suppose the features of different class samples satisfy il
f 4]
Gaussian distribution. We can obtain a disturbed feature |:> Efd ~ s (—r— I iE),  (8)
!4 of the input by Gaussian sampling, which is represented Hw I
as:
cld & e — gl B Lgg)
foe8 fo g E~ NuX) §>0 @ o ARG gt
N (9)
& 5 (25 + 0;¢)
W = {wy,wy, -+ ,wg} € RPXC (5)
d;, = logn —logn;
cdd _ Tpcld _ J i J
Z; = w; f“ + by
— W;F £y bj 4 W?((‘)‘E) The Gaussian clouded logit difference A,,_; between the
(6) target and non-target classes is:
= Zj -l- _ Leld _ ecld scld _ =
’ " clouded term Ayj =2y =2 :> Z; s - (25 — djll]l)
i sywl . gofcld =2y — 2 +€(0y — )
g = E4 (7)
S W I
d N 1 ~;Ed
T T e
w; f V' = ——
= 8- ( T i i T 5 T £GCL N Zl Z e*;!d (10)
[w; {[[f + OE w; Hf + 0E U
S

where s = s; - s9 1S a constant. %//f// 4
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Sampling weights

= |nstance-balanced
o = Square-root
w— (Class-balanced
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Class Index
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The sampling probability p; of a sample from class j is cal culated by:

1— ,Bj 5j — 5mzn
p;i = ——=— A1) B =bX +a (12
J 1— 6;13 ’ 5max - 5mz’n
_ J5 = 108 Nmar —lOg N
Pj ZP.J g O
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Algorithm 1: Gaussian clouded logit
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Input: Training dataset 7T ;

Output: Predicted labels;

Initialize the model parameters w of the CNN
network ¢((x,y);w) randomly ;

for iter = 1 to Iy do

Sample a batch samples B from the original
long-tailed data 7 with batch size b;

Obtain the logit cloud size:
0; +— log Nmax — logn;;

Calculate the loss by Eq. (12):
L((z,y);w) =3 2 epes LacL(x,y);

Update model parameters:
w=w—aV,L((z,y);w).

end

for iter = Iy + 1 to Iy + I; do

Calculate sampling rate:

+a; py — g

ﬁj P b % qaj-"a)ru:::

Omax _"smiﬂ

Pj % Zlijﬂi ,
Sample a batch samples B’ with the sampling
probability p; and the batch size b;
Calculate the loss by Eq. (12):
ﬁ((.‘l.“.. y}vu) = ﬁ Z{z__y)es! LGCL(I': y)!
Update classifier parameters w.;. (representation
parameters are frozen):
Wels = Wels — avwdaﬁ(("r' y);wcis}'

end

5?: = 5i/5mam

=cld
e“ui

1
Leor = _ﬁ Z log Z : eg;!d
P i

B; € [0.999,0.9999], i.e.
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a = 0.999 and b = 0.0009.
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Table 1. Comparison results on CIFAR-10/100-LT in terms of top-1 accuracy (%), where the best and the second-best results are shown
in underline bold and bold, respectively. *indicates that the results are quoted from the corresponding references. The other results are
obtained by re-implementing with the official codes.

Dataset | CIFAR-10-LT | CIFAR-100-LT
Backbone Net ResNet-32

Imbalance ratio 200 100 50 200 100 50

CE loss 65.68 70.70 74.81 34.84 3843 439
CE loss + mixup [ 3] (2018) 65.84 72.96 79.48 35.84 40.01 45.16
LDAM-DRW [ ] (2019) 32 77.03 81.03 3891 42.04 47.62
De-confound-TDE * [ 2] (2020) - 80.60 83.60 - 44.15 50.31
CE loss + mixup + cRT [ 1] (2020) 73.06 79.15 84.21 41.73 45.12 50.86
BBN [40] (2020) 7347 79.82 81.18 3721 42.56 47.02
Contrastive learning * [10] (2021) - 81.40 85.36 - 46.72 51.87
MisLAS [9] (2021) 77.31 82.06 85.16 42.33 47.50 52.62
GCL 79.03 82.68 85.46 44.88 48.71 53.55
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Table 2. Comparison results on ImageNet-LT, iNaturalist 2018 and Places-LT in terms of top-1 accuracy (%), where the best and the
second-best results are shown in underline bold and bold, respectively. *indicates that the results are quoted from the corresponding
references. The other results are obtained by re-implementing with the official codes.

Dataset | ImageNet-LT | iNaturalist 2018 | Places-LT
Backbone Net ResNet-50 ResNet-50 ResNet-152
CE loss 44.51 63.80 27.13
CE loss + mixup [ 7] (2018) 45.66 65.77 29.51
LDAM-DRW [’] * (2019) 48.80 68.00 -
OLTR * [16] (2019) - : 35.9
Decoupling [ 10] (2020) 47.70 69.49 37.62
CE loss + mixup + cRT [ 0] (2020) 51.68 70.16 38.51
Logit adjustment * [17](2021) 51.11 66.36 .
DisAlign * [35] (2021) 52.91 70.06 39.30
MisLAS [39] (2021) 52.11 71.57 40.15
GCL 54.88 72.01 40.64
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Figure 3. Visualization of the embedding via t-SNE from CIFAR-
10-LT with v = 100, where backbone network is ResNet-32.
(Color for the best view.)
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Table 3. Ablation experiment of different cloud size adjustment
strategies (AS) on CIFAR-10-LT with v = 100.

AS Expression Acc.(%)
COs. cos(1; [Mmaz - T/2) 79.21
pow. diff. (e:1/3) N — 105 80.80
pow. diff. (e:1/4) niﬁx — n;/4 82.31
log. diff. log Nmar — logn; 82.68

' = s (% — §jllell)
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Table 4. Ablation experiment Table 5. Ablation experiment
of different re-sampling strategy of different re-training strategies
on CIFAR-10-LT with oy = 100. on CIFAR-10-LT with v = 100.

Sam. RT Acc.(%) Sam. RT  Acc.(%)

IB  cRT 8041 - wloRT 8052
CB cRT 8243 CBEN LWS 8225
EN cRT 8247 CBEN 7-nor. 82.16

CBEN cRT 8268 CBEN CcRT 8268
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