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Motivation ADD

* Knowledge distillation (KD)
* Model compression: large teacher (T) = compact student (S)
e Conventional KD assumes balanced datasets.

Can a teacher trained on imbalanced data still offer trustworthy supervision?

Training dataset
Teacher

* Long-tailed dataset o _,L
* Common in real-world data e, iﬁ
* Head class biased teacher 3
* Poor performance on tail classes
(- insufficient exposure)
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 Notation and definition

* For a classification task with C classes, p: = o(z) = exp(z;)
predictive probability vector, p = [py, Do, ..., pc] € RE l _1exp(z))
KD = KL(p” || p5)
* Under long-tailed distributions, C - G € {H, M, T’} _ 2 2 2 log (ﬁ)
G&uieg O \P}
e EXP\Z;
* Cross-group probability, p; = [ps, par, pr] € R P = Lieg eXp(21)
j=1€xp(z))
__ exp(z)

* Within-group probability, p; = [ﬁgl,ﬁgz, ---;ﬁgi]ieg € RISV g, = 2. jeg €xp(z))
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, _ Liegexp(z) 5 exp(z;)
57 Yo, exp(z)’ G- Yjeg xp(7)

* Revisiting KL divergence
* Using cross- and within-group probability,

KD = KL(p” Il p°%)

=Z Z pflog(i)
PIIECEI WL
=z pglog< >+2 pgz 5 log<m>

— KL(pL Il pg) + zg pT - KL(PL Il BY)

Cross-group loss Weighted sum of
within-group losses
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Method

* Rebalanced cross-group loss
* Teachers’ cross-group predictions:
uniform on balanced data vs.
head-biased under long-tailed data
* Rebalancing before distillation
w/ scaling factors for each group

B B B

. pavg . pavg . pavg
S = B Sm = B S = B
Py Py Pr

Pvacch = [PE, Do PF]
p,e = Mean(pZ, ph;, p7)
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Group-wise Prediction: Balanced vs Long-tailed

Balanced i Long-tailed
— Head Balanced: [22.54, 20.76, 20.70] | | Head
J|—— Medium Long-tailed: [27.88, 19.28, 16.83] | =" Medium

_—Taill | e Tail

-’
]
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* After normalization,
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Method ADD

* Reweighted within-group loss
ng;f -KL(Pg Il BG) = prcKL(B% Il Bsc) + pacKL(Pae Il Pic) + PrKL(PT Il 7

* Weaker supervision for tail classes (pgTL[ > ple > p?f) -> suboptimal convergence

——— KD =—— DKD =—— LTKD
Head Classes Medium Classes Tail Classes
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* Equal importance to all groups
by replacing teacher-derived weights pg - uniform constant
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Method ADD

* Long-tailed knowledge distillation (LTKD) | , . KL(BE Il p2) + B - 29 KL(PS Il Pe

Teacher p

I

(1) Rebalanced Cross-Group Loss

KL(pglIpg)

A
S

A ~T T A
P; Pg = S * Pg P;
]_I_l_ AR ]_I_l_

Student (2) Reweighted Within-Group Loss
| ﬂ KL(B31P5) - 24 KL(P%.|1P3¢) KL(PT|p5) );»'
I || il Ml ulllllllllulll
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@ Main results

* CIFAR-100-LT

T-S Pairs | ResNet32x4 — ResNet8 x4 VGGI13 — VGGS8
~y 10 20 100 10 20 100
Group T All T All T All T All T All T All
Teacher 50.72 6495 39.19 58.82 1528 4535 | 4567 6077 3643 55.10 14.01 43.11
Student 4732 60.59 3699 5544 1338 4248 | 43.67 5743 3389 5229 13.13 40.70
DKD [52] 4986 64.55 37.87 58.78 13.25 46.11 | 48.00 61.84 37.65 56.68 1442 4422
ReviewKD [6] | 52.08 64.71 40.12 59.17 15.09 4591 | 4775 6143 37.69 56.51 14.76 44.19
DIST [17] 50.28 63.74 38.69 58.28 13.86 4521 | 45.57 60.53 3436 5468 1246 42.12
CAT-KD [12] | 49.83 64.74 37.67 58.73 12.83 4533 | 48.53 62.01 3795 56.78 1422 44.33
LTKD 58.66 66.76 49.70 6254 27.21 51.08 | 53.95 63.04 45.77 58.86 23.30 47.66
A +6.58 +2.02 +9.58 +3.37 +12.12 +497 | +542 +1.03 +7.82 +2.08 +8.54 +3.33
T-S Pairs I WRN-40-2 — ShuffleNetV1 ResNet50 — MobileNetV?2
vy 10 20 100 10 20 100
Group T All T All T All T All T All T All
Teacher 49.77 63.05 39.88 58.27 1488 44.78 | 49.74 63.51 3774 5670 1442 4226
Student 40.04 54.06 2991 4822 10.74 3621 | 3047 4458 2232 3925 704 27.56
DKD [52] 50.86 63.65 3994 58.28 15.04 4524 | 43.29 5720 3323 5220 1245 39.21
ReviewKD [6] | 51.24 6390 40.44 58.63 15.81 4540 | 33.68 47.75 2480 42.08 975 31.86
DIST [17] 4840 6247 3748 5692 1223 4195 37.86 5236 27.11 4650 981 34.96
CAT-KD [12] | 51.02 63.68 40.23 5826 14.68 44.84 | 43.18 57.23 33.17 5190 11.61 3845
LTKD 5740 6542 4842 6094 2399 48.60 | 48.43 57.79 40.82 53.70 21.04 4245
A +6.16 +1.52 +7.98 +2.31 +8.18 +3.20 | +5.14 +0.56 +7.59 +1.50 +8.539 +3.24
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@ Main results

* TinyimageNet-LT

T-S Pairs I ResNet32 x4 — ResNet8 x4 VGG13 — VGG8
vy 10 20 100 10 20 100
Group T All T All T All T All T All T All
Teacher 3847 52.64 2874 4749 953 3537 | 3253 4523 21.85 3975 6.29 29.71
Student 2972 44.60 21.46 4025 473 30.62 | 31.12 43.76 22.19 39.00 6.88 29.96
KD [16] 2734 4538 18.11 4135 3.38 3142 | 3192 47.16 20.60 4149 399 30.95
DKD [52] 3470 4893 2658 4484 9.09 34.61 | 33.20 48.01 22.65 4244 588 31.82
ReviewKD [6] | 32.85 49.13 2343 4462 539 3351 ] 3439 47.66 2484 4236 7.61 32.18
DIST [17] 34.81 50.14 2571 4552 730 3398 | 33.48 4722 23.19 4146 598 31.01
LTKD 40.66 51.33 31.33 47.05 1048 36.21 | 3890 4943 2930 4422 9.73 33.78
A +5.85 +1.19 +4.75 +1.53 +1.39 +1.60 | +451 +142 +446 +1.78 +2.12 +1.60
T-S Pairs I ResNet32 x4 — ShuffleNetV1 VGG13 — MobileNetV2
vy 10 20 100 10 20 100
Group T All T All T All T All T All T All
Teacher 3847 52.64 2874 4749 953 3537 | 3253 4523 21.85 3975 6.29 29.71
Student 2443 37.10 16.80 31.85 4.71 2277 | 26.98 39.73 17.38 33.14 3.97 22.99
KD [16] 34.67 49.05 24.12 42381 562 3074 | 31.24 4560 19.53 3950 327 28.44
DKD [52] 36.83 50.22 26.64 4438 834 3323 | 33.07 46.79 22.06 40.87 5.70 29.97
ReviewKD [6] | 36.30 49.27 27.09 4472 849 33.12 | 3237 4499 2277 3936 7.02 29.20
DIST [17] 36.49 50.07 2574 4359 723 31.19 | 3292 46.09 21.77 40.05 552 29.08
LTKD 42.12 51.64 33.06 46.41 12.85 35.09 | 39.04 48.71 28.28 43.22 9.52 32.30
A +5.29 +142 +597 +1.69 +4.36 +1.86| +5.97 +1.92 +5.51 +2.35 +2.50 +2.33
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@ Main results ADD

* ImageNet-LT
* Consistent improvements on the large-scale, imbalanced datasets
as well as general benchmarks such as CIFAR-100-LT and TinylmageNet-LT

T-S Pairs | ResNet34 — ResNetl8 | ResNet50 — MobileNetV1
vy 5 10 20 5 10 20
Group T All T All T All T All T All T All

Teacher 57775 67.61 50.61 63.85 43.00 5991 | 59.62 69.06 52.69 6557 44.82 61.46
Student 5448 64773 47.45 61.18 3998 57.25 5542 6546 4949 6255 41.68 5894

KD [16] 56.14 66.27 49.35 63.03 41.72 59.15 | 56.58 66.51 50.42 63.70 42.45 59091
DKD [52] 56.83 66.84 4995 63.50 42.65 59.82 | 58.54 68.09 5239 6504 4504 61.46
ReviewKD [6] | 57.27 66.96 50.80 63.72 4348 60.15 | 58.59 68.10 53.06 65.31 4535 61.84
DIST [17] 56.79 66.66 50.28 63.56 42.78 59.94 | 57.29 66.94 50.89 64.09 4370 60.71
CAT-KD [12] | 55.92 66.14 49.58 63.20 4220 59.67 | 57.08 6696 51.00 64.07 4355 60.54

LTKD 5833 67.23 5255 6429 4588 60.80 | 60.17 68.48 54.40 65.52 48.55 62.22
A +1.06 +0.27 +1.75 +0.57 +2.40 +0.65 | +1.58 +0.38 +1.34 +0.21 +3.20 +0.38
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@ Ablation study ADD

* Cross-group loss: Non-rebalanced (pg) vs. rebalanced (ﬁg)

Model Teacher ResNet32 x4 VGGI13 WRN—-40-2
odels Student ResNet8 x4 ShuffleNetV1 VGG8 MobileNetV?2 WRN-40-1 ShuffleNetV1
Loss Cross  Within | T All T All T All T All T All T All
Biased v X 38.30 55.77 30.01 48.82 35.55 5330 2342 4029 34.64 5397 30.23 49.31
Ours v X 40.51 56.55 30.68 48.81 37.26 53.70 2397 4030 3523 5435 3244 4991
A +2.21 +0.78 +0.67 -001 +1.71 +040 +0.55 +0.01 +0.59 +0.38 +2.21 +0.60

* Complementary cross- and within-group components

Models Teacher ResNet32 x4 VGG13 WRN-40-2
Student ResNet8 x4 ShuffleNetV1 VGGSE MobileNetV2 WRN-—40-1 ShuffleNetV1
Loss Cross  Within | T All T All T All T All T All T All
Baseline X X 36.81 57.41 36.13 5503 37.29 56.13 29.05 47.69 3563 56.71 3830 56.61
v X 40.51 56.55 30.68 4881 3726 5370 2397 4030 3523 5435 3244 4991
Ours X v 4234 59.78 39.10 56.84 3854 56.83 3199 4920 39.67 58.11 4045 57.65
v v 49.70 62.54 4594 59.62 45.77 58.86 38.33 52.03 45.74 5991 4842 60.94
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@ Ablation study ADD

® Hyperparameters —— Exp.1:B=1, a€{1,2,4,6,8, 10} —— Exp.2:a=6, B€{1,2,4,6,68, 10}
* Consistently superior to ReviewKD Overall Accuracy Tail Accuracy

50
(Overall: 59.17%, Tail: 40.12%) 62'5‘//‘/6M 20 49.72

across all settings 0
—> High robustness

61.5

61.45 48
1 248.04
61.0 /__‘/\l/‘ 47 1

60.5 T T T T . 46

Weight Weight

* Number of groups

* n(G) T:fine-grained bias correction = performance T Continuous reweighting

n(G) | 3 4 5 10 20 25 50 100
R32x4—R8x4 | 51.08 51.08 5110 5114 5099 5034 50.06 50.41

VGGI3—-VGGE | 47.66 47.85 48.06 4826 48.69 4858 48.19 47.82
WRN402—-SV1 | 48.60 48.98 49.03 49.27 4954 4990 49.64 4795

R50-MV?2 4245 43.01 4299 4340 4343 4342 4251 41.18
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