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Multi-Class MTSC
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Time-Aware MIL Pooling
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Time-Aware MIL Pooling

H(X.|Y) < H(X,.|[Y)

H(X |Y) = H((©'[t"), -, (0" |t")]Y)

) denote (©7[t7) by AJ.
H(Ala T 3AT‘Y) — H(AT‘AT_la S aAla Y)
+ HATTHATZ - ALY

+ H(A'Y)

H(A',--- AT|Y) <) H(A'Y)



Time-Aware MIL Pooling
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Wavelet Positional Encoding
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Wavelet Positional Encoding

« Wavelet Transform

(1) : mother wavelet

w0 ()

(2) : orthogonal
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(2) : CWT(Continuous Wavelet Transform)
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Self Attention
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TimeMIL
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Result

MLSTM-FCN ShapeNet WEASEL+MUSE TapNet OS-CNN MOS-CNN TodyNet

Datasets/Methods ED-INN - DTW-INN-T DTW-INN-D' 0 Net’19  AAAP2I arxiv’2017 AAAP20 ICLR’22  ICLR22  arxiv23 O
ArticularyWordRecognition | 0.970 0.980 0.987 0.973 0.987 0.990 0.987 0.988 0.991 0987  0.990
AtrialFibrillation 0.267 0.267 0.200 0.267 0.400 0.333 0.333 0.233 0.183 0467  0.733
BasicMotions 0.675 1.000 0.975 0.950 1.000 1.000 1.000 1.000 1.000 1.000  1.000
Cricket 0.944 0.986 1.000 0.917 0.986 1.000 0.958 0.993 0.990 1.000  1.000
DuckDuckGeese 0.275 0.550 0.600 0.675 0.725 0.575 0.575 0.540 0.615 0.580  0.780
EigenWorms 0.550 0.603 0.618 0.504 0.878 0.890 0.489 0.414 0.508 0.840  0.823
Epilepsy 0.667 0.978 0.964 0.761 0.987 1.000 0.971 0.980 0.996 0971  1.000
EthanolConcentration 0.293 0.304 0.323 0.373 0.312 0.133 0.323 0.240 0.415 0350  0.407
ERing 0.133 0.133 0.133 0.133 0.133 0.430 0.133 0.881 0.915 0915  0.956
FaceDetection 0.519 0.513 0.529 0.545 0.602 0.545 0.556 0.575 0.597 0.627  0.698
FingerMovements 0.550 0.520 0.530 0.580 0.589 0.490 0.530 0.568 0.568 0.570  0.670
HandMovementDirection 0.279 0.306 0.231 0.365 0.338 0.365 0.378 0.443 0.361 0.649  0.487
Handwriting 0.371 0.509 0.607 0.286 0.451 0.605 0.357 0.668 0.677 0436 0482
Heartbeat 0.620 0.659 0.717 0.663 0.756 0.727 0.751 0.489 0.604 0.756 0815
Libras 0.833 0.894 0.872 0.856 0.856 0.878 0.850 0.950 0.965 0.850  0.972
LSST 0.456 0.575 0.551 0.373 0.590 0.590 0.568 0.413 0.521 0.615  0.690
MotorImagery 0.510 0.390 0.500 0.510 0.610 0.500 0.590 0.535 0.515 0.640  0.720
NATOPS 0.860 0.850 0.883 0.889 0.883 0.870 0.939 0.968 0.951 0972  0.994
PenDigits 0.973 0.939 0.977 0.978 0.977 0.948 0.980 0.985 0.983 0.987  0.600
PEMS-SF 0.705 0.734 0.711 0.699 0.751 N/A 0.751 0.760 0.764 0.780  0.931
PhonemeSpectra 0.104 0.151 0.151 0.110 0.298 0.190 0.175 0.299 0.295 0.309  0.311
RacketSports 0.868 0.842 0.803 0.803 0.882 0.934 0.868 0.877 0.929 0.803  0.908
SelfRegulationSCP1 0.771 0.765 0.775 0.874 0.782 0.710 0.652 0.835 0.829 0.898  0.898
SelfRegulationSCP2 0.483 0.533 0.539 0.472 0.578 0.460 0.550 0.532 0.510 0.550  0.639
StandWalkJump 0.200 0.333 0.200 0.067 0.533 0.333 0.400 0.383 0.383 0467  0.733
UWaveGestureLibrary 0.881 0.869 0.903 0.891 0.906 0.916 0.894 0.927 0.926 0.850  0.900
Ours 1-to-1-Wins 25 23 22 25 22 16 24 22 19 20 -
Ours 1-to-1-Draws 0 1 1 0 | 4 1 1 1 3 -
Ours 1-to-1-Losses 1 2 3 1 3 5 1 3 6 3 -
Average accuracy (1) 0.568 0.622 0.626 0.597 0.684 0.656 0.637 0.672 0.692 0726 0.774
Total best accuracy (1) 0 1 1 0 | 5 1 2 4 5 18
Average Rank (/) 9.154 7.904 7.231 7.865 4.731 5.900 6.500 5.442 4.692 4.058  2.327




Result

- 'S

rs

T -

Datasets/Methods LSTNet LSSL Rocket SCINet MICN  TimesNet Dlinear LightTS MTS-Mixer Rlinear RMLFP FEDformer Flowformer Crossformer PatchTST ModernTCN Ours
SIGIR’IS ICLR'22 DMKD'IS NeurlP§'22 ICLR’23 ICLR'23 AAAI'23  arxiv'22 arxiv’'23 arxiv'23  arxiv’2d  ICML’22 ICML’22 ICLR23 ICLR’23 ICLR’24
EthanolConcentration 0.399 0.311 0.452 0.344 0.353 0.357 0.362 0.297 0.338 0.289 0.313 0312 0.338 0.380 0.328 0.363 0.407
FaceDetection 0.657 0.667 0.647 0.689 0.652 0.686 0.680 0.675 0.702 0.656 0.673 0.660 0.676 0.687 0.683 0.708 0.698
Handwriting 0.258 0.246 0.588 0.236 0.255 0.321 0.270 0.261 0.260 0.281 0.300 0.280 0.338 0.288 0.296 0.306 0.487
Heartbeat 0.771 0.727 0.756 0.775 0.747 0.780 0.751 0.751 0.771 0.726 0.727 0.737 0.776 0.776 0.749 0.772 0.815
JapaneseVowels 0.981 0.984 0.962 0.960 0.946 0.984 0962 0.962 0.943 0.959 0.959 0.984 0.989 0.991 0.975 0.988 0.995
PEMS-SF 0.867 0.861 0.751 0.838 0.855 0.896 0.751 0.884 0.809 0.827 0.839 0.809 0.860 0.859 0.893 0.891 0.931
SelfRegulationSCP1 0.840 0.908 0.908 0.925 0.860 0.918 0.873 0.898 0.917 0.911 0.921 0.887 0.925 0.921 0.907 0.934 0.898
SelfRegulationSCP2 0.528 0.522 0.533 0572 0536 0.572 0.505 0.511 0.550 0.561 0.510 0.544 0.561 0.583 0.578 0.603 0.639
SpokenArabicDigits L.000 1.000 0.712 0.981 0.971 0.990 0814 1.000 0.974 0.965 0.976 L.000 0.988 0.979 0.983 0.987 1.000
UWaveGestureLibrary 0.878 0.859 0.944 0.851 0.828 0.853 0.821 0.803 0.823 0.825 0.838 0.853 0.866 0.853 0.858 0.867 (.900
Ours 1-to-1-Wins 9 8 6 9 10 9 10 8 8 9 9 9 9 9 9 8 -
Ours 1-to-1-Draws 1 1 0 0 0 0 0 2 0 0 0 1 0 0 0 0 -
Ours 1-to-1-Losses 0 1 4 1 0 1 0 0 2 1 1 0 1 1 1 2 -
Average accuracy (1) 0.718 0.709 0.725 0.717 0.700 0.736 0.679 0.704 0.709 0.700 0.706 0.707 0.732 0.732 0.725 0.742 0.777
Total best accuracy (1) 1 1 3 0 0 0 0 1 0 0 0 1 0 0 0 2 L
Average Rank (]) 885 10.4 95 8.9 13.2 535 12.7 11.2 10.85 13 11.55 10.75 59 59 8.1 4 285
MIL Pooling Accuracy Positional Enc i]]g Acgumcy
na IHI . ‘
Mean 0.715 ABMIL TimeMIL
Max 0.719 . ,
. o None 0.739 0.761
Attention 0.739 , ) | ,.
Conjunctive 0.746 Sinusoidal 0.741 0.763
Time-aware (Ours) 0.774 WPE (OIIII'S) 0.745 0.774
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Result

Supervised method Weakly Supervised TimeMIL

() Instances [positive bags)
@ instances [negative bags]

Principle Component 2
Principle Component 2

@ positive instances [positive bags]
© negative instances [positive bags] ©
@ negative instances [negative bags)

Principle Component 1 Principle Component 1



Conclusion
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