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The World is Long-Tailed Data Sampling as Random Covering Classification Error Rate of ResNet-32 on CIFAR
e Distribution of images per category in iNaturalist 2017 e [0 measure data overlap, we associate each sample Dataset Name Long Tailed CIFAR-10 Long Tailed CIFAR- 100
. . . . . [mbalance 200 | 100 50 20 10 [ | 200 | 100 | 50 | 20 | 10 1
with a small neighboring region of unit volume 1. Assume Softmax 3432 | 2964 | 2519 | 17.77 | 13.61 | 6.61 | 65.16 | 61.68 | 56.15 | 48.86 | 4429 | 29.07
. . Sigmoid 3451 | 29.55 | 2384 | 1640 | 1297 | 636 | 6439 | 61.22 | 55.85 | 48.57 | 4473 | 28.39
| the volume of all pOSSIble data is N. Focal (y=0.5) | 36.00 | 29.77 | 23.28 | 17.11 | 13.19 | 6.75 | 65.00 | 61.31 | 55.88 | 48.90 | 44.30 | 28.55
N | | e e . Focal (y = 1.0) | 34.71 | 29.62 | 2329 | 17.24 | 1334 | 6.60 | 64.38 | 61.59 | 55.68 | 48.05 | 44.22 | 28.85
g Definition  (Effective Number). The effective number of " overanoed o , \ Focal (y = 2.0) | 35.12 | 3041 | 2348 | 1677 | 13.68 | 6.61 | 6525 | 61.61 | 56.30 | 48.98 | 45.00 | 28.52
- NITNES 18 () EEPECIES WIS Of SATiCS. : ‘. ; \ Class-Balanced | 3111 | 2543 | 20.73 | 15.64 | 1251 | 6.36° | 63.77 | 60.40 | 54.68 | 47.41 | 42.01 | 28.39°
; ;\ ‘\\ ," Noy ‘\\ ® ," Loss Type SM Focal Focal SM SGM | SGM | Focal | Focal | SGM | Focal | Focal SGM
3 “ors, B 0.9999 | 0.9999 | 0.9999 | 0.9999 | 0.9999 09 | 09| 099 | 099 | 0.999 :
|1 N s, v 10| 20 : : 10| 1.0 0.5 | 05
| Qj‘ }/’ PrOpOSitiOH (Effective Number)' En — (1_5 n)/ (]‘_ﬁ )9 AR Al ble data (N //,/ \\\\ Long-Tailed CIFAR-100 (Imbalance Factor = 50) Long-Tailed CIFAR-10 (Imbalance Factor = 50)
El | | | | V] e where 5 = (N —1)/N. ! Al possile data () / @ ‘ ‘
Sorted Species Implication (Asymptotic Properties). F,, = 1if § = 0 rreviously sampled cais \ /," ; ;
Data Overlap (N _ 1) En v 1 as 6 | (N N OO) ‘ Newly sampled data (1) \\\5——” ’ :;j g
e The more data, the better. However, as the number of Class-Balanced Loss g
samples increases, the marginal benefit a model can e Class-Balanced Softmax | oss: Classification Error Rate on ImageNet and iNaturalist
extract from the data diminishes. TR [ exple) Naturalist 2017 | iNaturalist 2018 | ILSVRC 2012
CBsoftmax (2, ) = 1 — log Zc axp(zs) 5 Network Loss 5] ~v | Input Size | Top-1 | Top-5 | Top-1 | Top-5 | Top-1 | Top-5
Overview : 7\ 2j=1 5P RUE) — ResNet-50 | Softmax - | -] 224 x224 | 4538 | 2267 | 4286 | 2131 | 2392 | 7.03
e (lass-Balanced Sigmoid Loss: ¢ —i%. ResNet-101 | Softmax S| - 224 x204 | 4257 | 2042 | 3947 | 1886 |[22.65 | 6.47)
) T zc: ' R Iy ResNet-152 | Softmax | - | 224 x224 [(41.42 ] 1947 | 3861 | 18.07) 21.68 [ 5.92
B | : CBiomoid (2, y) = — 1 ( ) S el ResNet-50 | CB Focal | 0.999 | 0.5 | 224 x 224 |[41.92 | 2092 | 3888 | 18.97)|[22.71 | 6.72)
£ . sigmoid (Z, Y . 0g — o esNe oca : . X 41. . ; 97, . .
élo : EffeCtlve Number Of Samples. ‘1 5 7 i=1 ! ™ eXp( ZZ) Number of samples in the ground-truth class ResNet-101 CB Focal 0.999 0.5 224 x 224 39.06 18.96 36.12 17.18 21.57 5.91
' Bo— (] nY /(1 e Class-Balanced Focal Loss: ResNet-152 | CB Focal | 0.999 | 0.5 | 224 x 224 | 38.06 | 1842 | 3521 | 16.34 | 20.87 | 5.61
5 10 o I n — ( _ﬁ )/( _6) s . C WEED E T ot = sigmoid(z?) ResNet-50 | CB Focal | 0.999 | 0.5 | 320 x 320 | 38.16 18.28 | 35.84 16.85 | 21.99 | 6.27
g \ o Long Tail | CBioca (2, y) = _f N1 - ph)7 log(p!) * |2, otherwise. @ ResNet-101 | CB Focal | 0.999 | 0.5 | 320 x 320 | 34.96 | 1590 | 32.02 | 1427 | 2025 | 5.34
2 10t 2 \ v e e pr o : ﬁ - [O7 ]_) l— A" ResNet-152 | CB Focal | 0.999 | 0.5 | 320 x 320 | 33.73 14.96 | 30.95 13.54 | 19.72 | 4.97
Sorted class index
Sl Rowsighisdby ' Dataset ResNet-50 Tralnlng Curves
ecluve numbper errective numoer Oor sampies
’ - n: number of samples. - ) Lsvee 2012 it 2018
Dataset Name Classes Imbalance g | — 100 — Reers0 st 1001~ -
: Long-Tailed CIFAR-10 10 [ 10.00-200.00 | &7 — oo —
v Long-Tailed CIFAR-100 100 | 10.00-200.00 |  £* ' - .
| iNaturalist 2017 5,089 435.44 5 e | .
| _ iNaturalist 2018 8,142 500.00 2 5 o | I
I CIass_BaIanced Loss. ILSVRC 2012 1,000 1.78 = % 0 % 3|%IFALI1RI01005IOI 60 ] 70 80 90 100 '_|8-35 t, é- 60
I - ClasSs Inaex - :
| 1 1—p . _ 30 s0-
prvaes s Ty - CBpy) = 5—LP,y) = 1T B, L(p,y) e |Imbalance: the number of training samples in the largest A—
No re-weighting | CIaSS dIVIded by the Sma”eSt CIaSS_ 0 10 20 30 4|-?pochsso 60 70 80 90 0 10 20 30 4I?pochsso 60 70 80 90




