Enhancing Mixture of Experts with Independent
and Collaborative Learning
for Long-Tail Visual Recognition
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Background&Architecture
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MoE architecture
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Diverse Optimization Learning
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Figure 2: The proposed ICL contains two modules: DOL and CoL.. Each expert in the MoE performs diversity optimization and confusion
contrastive learning in the feature space and then applies competition and collaboration learning at the logits level for better model optimiza-

tion from the individual to the overall.
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Diverse Optimization Learning
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Diverse Optimization Learning
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Confusion Contrastive Learning (CCL)

|
N
|
: I
: ﬂl""“‘”ﬂ{hl -
TL | 5 ] h‘il_ﬂ .p‘i‘ﬂ
el F'\\ Lgistin /7 . exp (—T ' )
+ :I | B‘f : ‘CCCL == ng h Z h™m pm
! exp ( ) + DcreN(c) EXP (u—fﬁ’—)
1 e’ €N
t ' Jﬂ}m .
P 4 - :
| =diversity : i [ : 1 h" is the mean feature vector of class ¢ in the current batch for expert m.
| I 2 '
. = | DOLIoss
I Dl T oo - e
| Koo Lparaiie! : : M

*{:D{}L — [[f,'c::f:_,q[: 'CAD T [[t:::-t{;-[, Z ﬁ:CCL

m=1



Competition and Collaboration Learning

Diverse Optimization Learning
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Competition Learning (F{TIREK)

=1 aLparallcl _ 1
gl — f A
) (Zj:l le“) (Li + €)?

L —
parallel (?_l Li 3¢

ERRBERE THEKRE—ERIRT, BEE), SEEmNA, X8, )
ggd\wsﬁ BINNTESRIREA ERIESF, BIERFMEREPAIZIRIGE AR

Collaboration Learning
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Experiments

Category Kisthod CIFAR-100-LT CIFAR-10-LT Method Img-LT iNat-LT
100 50 10 100 50 10 Single Model
e, B o BT BT G
: s : : i : WD [Alshammari ef al., 2022] 53.3 70.0

Representation  TSC [Li et al., 2022d] 438 474 595 797 829 887 BCL [Zhu et al., 2022] 56.0 .

Leaning BCL [Zhu et al., 2022] 519 566 649 843 87.2 09l1.1 SBCL [Hou er al., 2023] 571 70.8
SBCL [HOil et df.._, 2{}23] 449 48.7 57.9 - - - GCL [Ll et ﬂf. 2{'}22{:] 549 =
WD [Alshammari ef al., 2022] 524 574 679 - = - GLMC [Du et al., 2023] 56.3 -

Re-balance GCL [Li et al., 2022c] 48.7 53.6 - 82.7 855 - H2T [Li et al., 2024] 56.9 72.0
KPS [Li et al., 2023] 450 492 - 812 846 - DBN-Mix [Baik et al., 2024] 56.6 74.7

Data II?IIZSTD[‘: i[gh;{n 3:6,-;2{;]2022] gflli ggg 624 799 842 894 MoE-based Method

Augmentation o Mix [Baik eral,2024] 510 549 650 835 868 909 RIDE [Wang et al., 2021] 55.4 7 e
RIDE (3E) [Wang el ag_, 2021] 49 1 _ _ _ _ _ ACE [Ca.l et af., 2021] 551 729
ACE (3E) [Cai et al., 2021] 496 519 - 814 849 - TLC [Li er al., 2022a] 33.1 5
TLC (4E) [Li et al., 2022a] 498 - - 804 st = ResLT [Cui et al., 2023] 55.1 72.9

MoE ResLT (3E) [Cui et al., 2023] 497 545 63.7 - - - NCL [Li et al., 2022b] 59.5 74.9
NCL (3E) [Li et al., 2022b] 542 58.2 - 85.5 873 - SHIKE [Jin et al., 2023] 59.7 75.4
SHIKE (3E) [Jinetal.,2023] 563 59.8 - - - - NCL++ [Tan et al., 2024] 59.6 122
NCL++ (2E) [Tan etal.,2024] 563 59.8 - 872 888 -
Ours (2E) 563 59.7 69.0 864 885 913 Ours(2 experts) 59.5 75.3
Qurs (3E) 576 61.3 693 879 89.7 919 Ours(3 experts) 60.2 75.9
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Figure 5: Visualization of t-SNE with (a) CE and (b) CCL on
CIFARI00-LT with an imbalance factor of 100. We have chosen
ten classes equally spaced for better view.
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Figure 4: Parametric analysisof t 4p and {1 .

(a) Expert 1 (b) Expert 2 (c) Expert 3

Figure 6: Grad-CAM visualization.
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