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Supplementary Material

In Sec. 6, we provide the supplementary proof for the
analysis in Sec. 3.2. In Sec. 7, we present more extensive
comparison experimental results.

6. Proof of Output Distribution

In this section, we present the detailed proof of the output
distribution of the feature extractor after base training, as
described in the main manuscript. To facilitate the subse-
quent analysis, we rewrite the optimization objective for the
base training phase (Eq. (1)) as follows,
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where (z.;); = W/;»rfc’i € R, f.; = f(x.,;) represents the
normalized feature vector of x, ;, X, ; is the ¢-th sample in
class ¢, and w’; denotes the normalized classifier weight of
class c.

Proof. Using Jensen’s inequality, we obtain:
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with equality iff (z;); are equal for all j # c. Substituting
this bound in the loss function:
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these results into the loss,
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Since the number of training samples for each class is the
same or approximately the same, we replace Num, with a
unified Num.

Applying Jensen’s inequality for /x:
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with equality iff Ve, |Ww — w',||2 is equal, and W = 0.
Therefore, the cross-entropy loss achieves its lower
bound, iff:



1. For every feature vector f, ; belonging to class c,
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3. The weight vectors w’,. satisfy:

Ve, ||w — w'.||2 = const , w = 0.

When the above conditions are met, all features of the
same class converge to a single point (i.e., f.; = w’'., Vi),
we have
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That is, when the loss function reaches its lower bound, the
output distribution collapses to |C°| points defined by the
classifiers, and these points are uniformly distributed across
the feature space. At this point, the output of the feature
extractor f(x) € R? fori.i.d. samples can be represented
as a mixture distribution:
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where § = 0. Each Gaussian component in the mixture
distribution degenerates into a Dirac delta distribution, i.e.,
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where (i is the mean of the ¢-th component, and 4(+) is the
Dirac delta function. In this case, any given point a lies
within one of the components of the mixture.

7. More Results

In this section, we conduct a more extensive and detailed
performance comparison with state-of-the-art FSCIL meth-
ods on three datasets using different backbones, as shown in
Tabs. 4 to 9. Additionally, we evaluate our method on larger
and more powerful models, as shown in Tabs. 10 and 11.
Our method consistently achieves performance improve-
ments across all backbones, with particularly significant
gains observed in the later sessions. The performance of
SAVC varies noticeably across different backbones, indi-
cating the potential for further enhancement through model

modifications and optimized training strategies. Conse-
quently, we introduce targeted adjustments to SAVC to
achieve additional performance gains. In the tables, T rep-
resents model adjustments, and * denotes training strategy
adjustments. Notably, our method achieves remarkable im-
provements even when starting from higher baseline accu-
racy levels, demonstrating its robustness and effectiveness.



Overall accuracy in each session (%)

Backbone Method 0 | ) 3 4 5 6 - 3
Decoupled-Cosine [29] 70.05 65.15 61.09 57.87 55.05 52.19 49.56 47.58 45.92
CEC [37] 72.00 66.83 6297 5943 5670 53.73 51.19 4924 47.63
FACT [41] 7532 7034 65.84 6205 58.68 5535 5242 5042 4851
CLOM [45] 72.08 67.28 6330 59.85 56.82 53.82 51.08 49.15 47.95
TEEN [32] 73.53 70.55 66.37 63.23 6053 5795 5524 5344 52.08
Bidist [40] 74.65 7043 6629 6277 60.75 5724 5479 53.65 52.22
OSHHG [7] 60.65 59.00 56.59 5478 53.02 50.73 48.46 47.34 46.75
EHS [8] 7125 66.65 62.84 59.65 5690 54.14 51.63 50.05 49.06
DyCR [20] 73.18 70.16 66.87 63.43 61.18 5879 55.00 52.87 51.08

ResNetl8  M2SD [17] 82.11 7992 7544 7131 6829 6432 61.13 58.64 56.51
CLOSER [19] 76.02 7161 6799 6469 6170 5894 5623 54.52 53.33
SAVC [28] 8093 7597 71.83 6821 6554 6191 5893 5741 5597
SAVC+D2A (Ours) 81.20 75.06 7144 68.09 66.16 63.05 60.02 5848 57.72
SAVCT* [28] 8393 7882 74.63 7096 67.74 6393 60.59 5855 5742
SAVC+D2A (Ours)t* 8525 7943 7534 71.84 69.24 6564 6254 60.62 59.60
SAVCT [28] 8592 81.19 77.13 73.16 70.63 66.79 63.89 61.96 60.57
SAVC+D2A (Ours)t 8690 8197 78.09 74.05 71.73 6798 64.72 63.19 61.99
C-FSCIL [12] 7640 71.14 6646 6329 6042 5746 5478 53.11 51.41
NC-FSCIL [34] 84.02 76.80 7200 67.83 6635 64.04 61.46 59.54 58.31

ResNetl2 g Ay 28] 86.80 8232 78.61 7523 7221 6856 65.14 63.83 62.98
SAVC+D2A (Ours)* 87.23 8249 7894 7545 73.14 6993 66.74 65.56 64.29

Table 4. Comparison with SOTA methods on the minilmageNet dataset.
Incremental class accuracy in each session (%)
Backbone Method 6 7 3
Decoupled-Cosine [29] 11.20 12.70 13.87 14.10 1336 1243 13.09 13.40
CEC [37] 1540 17.10 16.67 1590 1420 13.63 1420 14.78
FACT [41] 15.80 14.40 1540 1455 13.64 1220 12.66 13.20
CLOM [45] 13.00 1420 14.07 14.00 12.88 1220 13.26 15.05
TEEN [32] 40.20 35.60 3247 3270 2996 28.33 28.89 29.35
Bidist [40] 27.00 3030 29.60 27.85 2844 2680 2623 25.62
OSHHG [7] 39.26 3226 31.31 30.12 2695 24.08 2451 2589
DyCR [20] 14.40 13.80 1293 1395 12.12 11.20 1231 13.90
ResNetl8 CLOSER [19] 30.20 2870 2793 2690 25.16 23.67 2426 25.78
SAVC [28] 38.00 3390 30.80 30.60 26.68 24.80 2623 27.13
SAVC+D2A (Ours) 46.00 4020 38.40 40.05 36.12 33.83 34.17 36.33
SAVCi* [28] 27.20 27.00 2740 2595 22.68 20.50 21.54 23.88
SAVC+D2A (Ours)t* 30.20 34.00 3270 32770 28.68 27.07 28.06 30.18
SAVC [28] 49.20 43.10 3793 38.15 34.16 3243 32.69 33.60
SAVC+D2A (Ours)t 4580 4290 38.73 39.75 36.32 33.50 34.89 36.10
C-FSCIL [12] 520 1240 17.27 1990 2340 2260 2591 2595
NC-FSCIL [34] 5420 48.10 42.73 40.55 34.88 32.00 32.09 31.33
ResNetl2 ~g aver 28] 3840 3890 39.13 39.35 35.64 3297 3494 37.05
SAVC+D2A (Ours)* 34.00 3620 3620 39.05 37.20 35.30 38.06 40.13

Table 5. Comparison with SOTA methods on the minilmageNet dataset.



Overall accuracy in each session (%)

Backbone Method 0 1 2 3 4 5 6 7 N
Decoupled-Cosine [29] 7192 67.60 63.39 5945 5620 53.53 51.14 48.80 46.70
CEC [37] 73.07 68.88 6526 61.19 5809 5557 5322 5134 49.14
FACT [41] 78.80 7240 6833 6431 61.07 5811 5623 5407 52.13
CLOM [45] 7407 7006 6590 6192 58.83 5575 53.62 5155 49.56
TEEN [32] 7892 7232 68.16 6443 61.19 5848 56.11 54.03 51.87
ResNet20  EHS [3] 7398 7011 66.66 6275 60.11 5733 5559 5375 51.59
DyCR [20] 7573 7329 6871 6480 62.11 5925 5670 5456 52.24
CLOSER [19] 7572 71.83 6832 64.62 6191 5925 5753 5543 53.32
SAVC [28] 7847 7231 6749 6241 59.10 5595 53.81 51.54 49.16
SAVC+D2A (Ours) 7713 7191 69.16 6523 6225 59.60 57.89 5623 53.96
Bidist [40] 6933 6552 61.83 5804 5509 52.14 4991 4836 46.05
OSHHG [7] 63.55 62.88 61.05 58.13 5568 5459 5293 5039 49.48
g SAVCP* 28] 81.60 7595 7136 67.17 6375 60.59 5777 5551 53.20
ResNetl8  cAyceD24 (Ours)t* 8312 7825 7244 6753 6351 60.61 5833 5602 53.67
SAVCH [28] 81.62 7608 71.66 6748 63.69 6034 57.60 5525 53.13
SAVC+D2A (Ours)t 8258 77.88 7241 6720 6378 60.55 5832 5611 53.73
C-FSCIL [12] 7747 7240 6747 6325 5984 5695 5442 5247 5047
NC-FSCIL [34] 8252 7682 7334 69.68 66.19 62.85 6096 59.02 56.11
ResNet]>  RDI[42] 8252 78.00 73.69 69.73 6627 6348 61.46 59.66 57.48
SAVC [28] 8572 8028 7621 7137 68.16 6566 6356 61.54 59.65
SAVC+D2A (Ours) 86.02 8218 7826 7397 7090 68.06 6641 6436 61.71

Table 6. Comparison with SOTA methods on the CIFAR100 dataset.



Backbone

Method

Incremental class accuracy in each session (%)

1 2 3 4 5 6 7 8
Decoupled-Cosine [29]  22.20 19.30 17.33 1605 1680 16.70 1571 15.45
CEC [37] 2720 23.80 20.07 19.50 20.56 20.57 20.11 19.50
FACT [41] 3120 28.40 2433 23.00 2244 2343 2229 2155
CLOM [45] 2400 1990 17.40 16.85 1620 17.07 17.00 17.10
ResNepo  TEEN [32] 33.00 30.10 27.33 2600 2556 2500 2420 23.60
DyCR [20] 31.60 27.00 22.87 2185 2136 21.30 2043 2022
CLOSER [19] 3580 3330 29.33 30.05 2828 2920 2834 27.00
SAVC [28] 30.60 23.50 20.13 20.15 2136 2243 21.77 21.15
SAVC+D2A (Ours) 3400 2970 2673 2720 28.04 2947 29.17 27.70
Bidist [40] 36.80 31.20 28.80 2575 2436 22.87 2243 2035
OSHHG [7] 5479 46.03 36.43 3205 33.07 3170 27.84 2838
SAVCH* [28] 33.60 24.80 2147 1995 19.12 1830 17.97 18.40
ResNetl8  gAvCD24 (Ours)t* 5340 5130 43.80 40.80 40.76 41.00 3877 38.93
SAVCH [28] 30.40 25.60 2220 20.05 19.04 1850 18.00 18.88
SAVC+D2A (Ours)+ 57.80 53.70 44.33 4215 41.80 41.20 3920 39.13
C-FSCIL [12] 1800 13.60 13.00 1265 1536 1630 1574 16.73
NC-FSCIL [34] 4400 41.60 3647 3195 3132 3397 3131 2930
ResNetl2 g avc 28] 54.60 45.60 3873 3725 3820 37.83 37.00 36.70
SAVC+D2A (Ours) 4540 4430 39.53 3870 3828 39.87 38.86 37.10
Table 7. Comparison with SOTA methods on the CIFAR100 dataset.
Overall accuracy in each session (%)

Method 0 1 2 3 4 5 6 7 8 9 10
Decoupled-Cosine [29] 7535 7130 67.41 63.09 60.30 56.80 5494 53.13 51.04 50.11 48.81
CEC [37] 7585 7194 6850 63.50 6243 5827 5773 5581 5483 53.52 5228
FACT [41] 7590 7323 70.84 66.13 6556 62.15 61.74 59.83 5841 57.89 56.94
CLOM [45] 79.57 7607 7294 69.82 6780 6556 63.94 6259 60.62 60.34 59.58
TEEN [32] 7726 7613 72.81 68.16 6777 6440 6325 6229 61.19 6032 5931
Bidist [40] 7591 7232 70.12 66.04 6437 62.18 60.71 59.62 5741 56.68 55.94
NC-FSCIL [34] 80.45 7598 7230 7028 68.17 65.16 6443 6325 60.66 60.01 59.44
OSHHG [7] 6320 62.61 59.83 56.82 5507 53.06 51.56 50.05 47.50 46.82 45.87
MgSVF [39] 7229 7053 67.00 6492 6267 61.89 59.63 59.15 57.73 5592 5433
DyCR [20] 7750 7473 71.69 67.01 6659 6343 62.66 61.69 60.57 59.60 58.46
M2SD [17] 81.49 76.67 73.58 68.77 68.73 6578 6473 6403 6270 62.09 60.96
CLOSER [19] 79.40 7592 7350 7047 6924 6722 6673 65.69 6400 64.02 63.58
SAVC [28] 81.46 78.55 7560 7151 69.89 6694 6586 6465 62.87 6254 61.56
SAVC+D2A (Ours) 81.46 7843 7528 71.19 69.71 66.67 6537 6428 6249 6240 61.46
SAVCH [28] 81.60 7827 75.66 7245 7100 68.66 6775 66.18 6458 64.43 6355
SAVC+D2A (Ours)+ 81.60 78.17 75.66 72.45 71.05 68.72 67.97 6659 6504 64.94 64.19

Table 8. Comparison with SOTA methods using ResNet18 on the CUB200 dataset.



Incremental class accuracy in each session (%)

Method

1 2 3 4 5 7 8 9 10
Decoupled-Cosine [29] 40.50 3431 27.72 29.09 2626 26.74 26.89 2577 27.01 26.99
CEC [37] 40.14 37.45 3090 33.82 31.32 3275 3291 3146 3322 33.02
FACT [41] 5233 47.02 37.61 39.70 37.59 39.25 39.79 38.25 40.14 39.74
CLOM [45] 37.99 3744 3294 3649 3570 3797 39.08 38.69 40.60 40.67
TEEN [32] 5771 5256 4555 47.41 4497 46.10 45.62 4354 4494 4484
Bidist [40] 55.20 46.11 38.19 41.67 37.62 38.11 39.28 36.81 39.73 39.83
NC-FSCIL [34] 66.67 4541 4259 4588 41.72 44.11 4499 41.16 42.66 43.07
OSHHG [7] 56.81 43.17 35.16 3499 33.03 3241 31.51 28.13 28.86 28.73
DyCR [20] 46.24 42776 37.64 41.64 4041 42.01 42.08 3951 41.04 4190
CLOSER [19] 52.69 51.59 4549 4820 4631 47.77 4797 4693 48.75 49.32
SAVC [28] 60.57 53.39 44.18 46.28 4323 45.11 45.67 44.16 4582 45.79
SAVC+D2A (Ours) 61.65 55.15 4559 48.07 44.87 4648 47.13 4552 4745 4743
SAVCT [28] 46.24 4749 43.65 46.55 4495 47.12 46.72 4571 47.54 47.61
SAVC+D2A (Ours)t 4946 50.14 4542 48.04 4633 48.85 48.83 47.68 49.46 49.63
Table 9. Comparison with SOTA methods using ResNet18 on the CUB200 dataset.
Overall accuracy in each session (%)
Backbone Method 0 | ) 3 4 5 6 - 3 9 10
ResNet50 Decoupled-Cosine 79.89 7556 71.63 66.71 6430 61.44 59.69 5799 55.65 55.08 53.54
Decoupled-Cosine+D2A (Ours) 8125 77.06 73.06 68.75 66.81 63.29 62.07 60.82 58.55 57.99 56.52
) Decoupled-Cosine 88.09 85.65 84.61 8219 81.70 79.66 79.09 79.03 77.81 77.74 73.01
ViT-B/16 Decoupled-Cosine+D2A (Ours) 87.88 8591 85.01 83.07 82.85 80.61 80.34 80.25 7947 79.71 79.75
Table 10. Comparison using larger models on the CUB200 dataset.
Incremental class accuracy in each session (%)
Backbone Method ) 3 5 6 7 ] 9 10
Decoupled-Cosine 4588 38.70 29.24 3239 31.06 32.13 3238 30.62 3239 31.76
ResNet>0  pocoupled-Cosine+D2A (Ours)  55.56 4459 3577 3879 3589 37.55 38.72 3654 3816 37.43
. Decoupled-Cosine 67.03 70.09 64.79 67.83 64.65 6586 67.64 6648 67.59 69.12
VITB/16  pocoupled-Cosine+D2A (Ours)  69.89 17272 6856 71.65 67.71 69.21 70.57 70.14 7176 72.68

Table 11. Comparison using larger models on the CUB200 dataset.



