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1 APPENDIX

1.1 Dataset Details

Seq-CIFAR-10-LT and Seq-CIFAR-100-LT. The original versions
of CIFAR-10 and CIFAR-100 contain 50,000 training and 10,000 test-
ing images, respectively. Moreover, the class numbers are 10 and
100. Following [1], the long-tailed versions of them are sampled
from the original ones with different imbalance ratios, mainly in-
cluding 0.01, 0.02, 0.05, and 0.1. The testing set is unchanged. For
the CL setting, the dataset is split into 5 tasks, each of which has 2
or 20 classes.

Seq-TinyImageNet-LT. The original versions of TinyImageNet
contain 100,000 training and 10,000 testing images, respectively.
The class number is 200. Following [1], the long-tailed version is
sampled from the original ones with different imbalance ratios
(IR), mainly including 0.01, 0.02, 0.05, and 0.1. The testing set is
unchanged. For the CL setting, the dataset is split into 10 tasks,
each of which has 20 classes.

1.2 Varying Imbalance Ratios

Different IRs on Seq-CIFAR10-LT and Seq-CIFAR100-LT un-
der Ordered-LTCL. In this section, we provide the detailed experi-
mental results under the ordered-LTCL setting on Seq-CIFAR10-LT
and Seq-CIFAR100-LT with various IRs and buffer sizes. As shown
in Table 2 and 3, our method outperforms previous methods by a
large margin for both Class-IL and Task-IL settings. Particularly,
with the different buffer sizes, the overall accuracy on the total
classes is improved compared with the previous strong baselines
DER and DER++. Additionally, it is observed that the methods re-
sorting to gradients (GEM, A-GEM, GSS) seem to be less effective
under this scenario, since the gradient information is influenced by
imbalance distribution. In particular, compared to rehearsal meth-
ods, our method exhibits strong performance in most settings.

Different IRs on Seq-TinylmageNet-LT under Ordered-
LTCL. Table 4 reports the detailed experimental results under
the ordered-LTCL setting on the Seq-TinyImageNet-LT dataset
with various IRs and buffer sizes. The observations are consistent
with those on Seq-CIFAR10-LT and Seq-CIFAR100-LT datasets. Our
method could achieve SOTA performance in almost all settings on
such a large-scale dataset. We notice that a larger buffer size gener-
ally performs higher accuracy results but has a higher probability
of influencing the learning of new tasks. Thus, we could conclude
that boundary supporting samples carry more valuable informa-
tion to prevent forgetting. Besides, the similarity and prototype
information can be preserved in the memory.

Visualization of Selected Samples. Visualization can intu-
itively reflect the role of uncertainty-guided sampling for the mem-
ory buffer. During task evolution on the Seq-CIFAR-10-LT, we re-
port the 2D t-SNE visualization of selected samples in memory

Algorithm 1 Reservoir Sampling with Uncertainty

Input: buffer M, parameters 6, number of seen samples N,
current data D,

De[] M. i=0, N++
for | = 0 in range(length(D.)) do
if [M| > N then
M — bc[i++]
else
j=randomInteger(min= 0, max= N)
if j < |[M| then
M — D¢[i++]
return M

Algorithm 2 Balanced Experience Replay++

Input: dataset D, parameters 6, learning rate 7, scalar 71, 72, and
scalar o
M —{}
while D not end do
for (x,y) in {D U M} do
Ly < D1 (for @l fp(x))
Ly, — MCE (fp(x),y)
0 < 0+nVo(Ls, +aLly)

return Updated 6

buffer for each task under the ordered-LTCL setting. As shown in
Figure 3, different columns denotes the different tasks. Colorful
points are associated with the samples that are selected into the
memory buffer, while gray points are not. Guided by the uncer-
tainty, most boundary supporting samples are stored in the memory
buffer, which can reduce the influence of the forgetting problem.
Due to class imbalance, new classes with fewer samples are influ-
enced by both forgetting and majority classes, thus producing more
uncertain samples for each task. Besides, with increasing buffer size,
more boundary supporting samples of old classes can be stored,
which can help to model task boundaries with new data.
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and the proposed PBR method. Existing method mainly focus on weight regularization or experience relay to alleviate the the
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can obtain higher recognition accuracy via learning an evolved feature space with prototype and boundary constraints.
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349 Table 3: Ordered-LTCL Accuracy on Seq-CIFAR-100-LT. The architecture is ResNet18. 107
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352 Buffer | Method 0.01 0.02 0.05 0.1 410
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165 Table 4: Ordered-LTCL Accuracy on Seq-TinylmageNet-LT. The model is ResNet18. 523
466 524
467 Seq-TinylmageNet-LT 525
468 Buffer | Method 0.01 0.02 0.05 0.1 526
469 Class-IL Task-IL Class-IL Task-IL Class-IL Task-IL Class-IL Task-IL 527
470 ER 3.89+0.37 23.38+2.32 4.73+0.34 25.27+1.97 6.04+0.37 27.73+2.10 6.8+0.34 26.22+2.13 528
471 A-GEM 2.99+0.14 11.12+0.20 3.27+0.11 11.56+0.18 5.12+0.08 14.57+0.14 6.32+0.06 18.17+0.07 529
472 A-GEM-R 2.38+0.09 9.93+0.17 3.39+0.14 12.85+0.12 4.23+0.10 12.92+0.07 4.98+0.09 14.48+0.06 530
473 50 FDR 3.86+0.23 21.13+0.77 4.57+0.20 20.86+0.75 5.77+0.43 24.05+0.88 6.49+0.71 26.79+0.74 531
474 DER 4.52+0.78 23.75%0.76 5.01+0.68 23.81+0.78 6.36+0.69 24.83+0.80 6.41+0.62 24.68+0.77 532
475 DER++ 3.18+1.41 23.19+1.53 4.88+1.26 24.83+1.44 5.77+£1.57 25.32+1.31 7.92+1.32 26.58+1.48 533
476 Ours 4.83+1.67 | 23.80+1.55 5.49+1.54 | 25.07+1.63 6.78+1.34 | 26.08+1.23 | 8.32+1.45 29.98+1.52 534
477 ER 5.58+0.57 35.31+0.67 5.78+0.22 34.72+1.78 6.54+0.55 37.63+1.33 7.21+0.23 38.54+1.47 535
478 A-GEM 3.34+0.24 12.16+0.21 2.75+0.25 10.95+0.17 5.06+0.23 15.22+0.20 6.17+0.14 17.52+0.10 536
479 A-GEM-R 2.60+0.27 11.02+0.29 3.22+0.26 11.06+0.20 3.54+0.16 13.31+0.17 4.62+0.14 14.51+0.11 537
480 200 iCaRL 7.01+0.62 29.13+1.68 8.18+0.55 33.49+1.54 8.36+0.60 34.05+1.65 10.39+0.57 36.88+1.53 538
481 FDR 5.98+0.34 31.15+0.77 6.79+0.40 31.73+0.79 7.40+0.27 34.84+0.85 7.85+0.23 37.22+0.77 539
482 DER 6.56+0.82 35.29+0.78 6.61+0.67 36.57+0.81 9.69+0.58 39.54+0.79 11.77+0.59 40.00+0.67 540
483 DER++ 6.92+1.53 34.52+1.36 8.00+1.45 35.48+1.33 8.75+1.14 37.20+1.32 10.61+0.97 39.96+1.01 541
484 Ours 10.24+1.44 | 36.01+1.32 | 8.25+1.47 | 37.59+1.52 9.80+1.33 | 42.64+1.08 | 12.54+1.44 | 40.45+0.98 542
485 ER 8.49+0.59 39.61+0.94 9.23+0.60 41.42+0.89 8.88+0.56 42.36+0.66 9.61+0.54 44.91+0.75 543
486 A-GEM 3.09+0.44 10.35+0.77 4.17+0.34 13.94+0.69 4.96+0.47 15.09+0.76 6.0+£0.32 15.83+0.50 544
487 A-GEM-R 2.42+0.43 11.11+0.78 3.04+0.37 11.09+0.62 4.53+0.38 13.25+0.74 5.07+0.42 14.51+0.61 545
488 500 iCaRL 10.51+£1.76 11.87+3.01 11.37+£1.54 38.67+3.19 12.74+1.44 40.39+3.20 13.13+1.33 11.37+3.22 546
489 FDR 10.21+£0.45 39.42+1.03 10.76+0.37 43.22+1.00 10.46+0.35 45.16+1.14 10.00+0.33 45.86+0.86 547
490 DER 9.22+1.23 43.38+1.08 9.71+£1.39 44.59+0.97 11.28+1.15 45.83+1.04 13.70+£1.15 49.11+0.98 548
491 DER++ 10.42+1.47 41.94+1.23 12.39+1.40 45.17+1.08 14.34+1.22 47.98+1.17 15.66+0.97 47.88+1.28 549
492 Ours 10.78+1.25 | 44.13+1.36 | 13.12+1.34 | 46.54+1.17 | 16.33+1.18 | 49.24+1.17 | 16.34+1.07 | 50.43+1.29 550
493 ER 12.81+0.43 46.99+0.35 13.17+0.47 49.06+0.33 13.44+0.39 52.06+0.36 13.38+0.37 53.25+0.31 551
494 A-GEM 3.45+0.33 12.58+0.74 3.90+0.38 13.05+0.69 5.12+0.38 14.41+0.72 6.14+0.30 16.94+0.71 552
495 A-GEM-R 2.47+0.37 10.44+0.64 2.68+0.37 12.54+0.74 4.46+0.31 13.04+0.77 4.78+0.29 14.12+0.64 553
496 1000 iCaRL 14.01+£2.12 42.99+3.01 15.38+1.87 45.15+3.14 16.79+2.14 47.77+3.36 17.71+£2.11 49.91+3.37 554
497 FDR 16.77+0.67 47.01+0.79 16.49+0.77 49.29+0.84 15.74+0.71 50.74+0.83 16.36+0.56 54.05+0.69 555
498 DER 8.81+1.01 43.53+1.23 9.44+0.97 41.19+1.10 13.02+0.90 49.92+1.04 17.53+0.79 55.44+0.94 556
499 DER++ 12.54+1.12 47.02+1.23 15.76+1.07 50.00+1.19 16.65+1.11 52.89+1.27 17.98+1.09 55.76+1.16 557
500 Ours 12.97+1.32 | 50.13+1.17 | 16.92+1.22 | 51.00+1.21 | 17.33+1.17 | 55.44+1.20 | 18.45+1.10 | 58.55+1.16 558
501 559
502 560
503 561
504 562
505 563
506 564
507 565
508 566
509 567
510 568
511 569
512 570
513 571
514 572
515 573
516 574
517 575
518 576
519 577
520 578
521 579
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581 Table 5: BWT results under ordered-LTCL. 639
582 640
583 Seq-CIFAR-10-LT 641
554 Buffer | Method | —5oi—— 00T 605 T o1 612
585 oEWC -58.50 -58.33 | -67.50 | -70.82 643
586 SI -59.36 -53.78 | -71.52 | -71.03 644
587 ) LwF -58.93 | -60.23 | -68.93 | -72.32 615
588 PNN - - - - 646
589 ER -52.28 -57.05 | -61.71 | -67.56 647
590 GEM -47.25 -41.58 | -64.06 | -73.13 648
591 A-GEM -57.80 -45.75 | -72.16 | -74.02 649
592 A-GEM-R | -48.01 -48.06 | -60.95 | -62.99 650
593 iCaRL -21.91 -22.61 | -24.14 | -24.77 651
594 200 FDR -42.80 -45.87 | -61.81 | -67.93 652
595 GSS -56.68 -58.93 | -66.27 | -68.97 653
596 HAL -33.32 -40.08 | -39.13 | -41.21 654
597 DER -28.03 -40.67 | -44.68 | -66.50 655
598 DER++ -35.93 -40.01 | -49.57 | -68.47 656
599 Ours -14.00 | -10.30 | -7.40 -7.58 657
600 ER -43.67 | -46.81 | -53.41 | -56.65 658
601 GEM -36.18 -51.52 | -56.08 | -73.05 659
602 A-GEM -60.53 -58.37 | -70.98 | -74.61 660
603 A-GEM-R | -49.63 | -46.85 | -66.17 | -65.11 661
604 iCaRL -18.42 -2091 | -19.53 | -21.15 662
605 500 FDR -31.70 -42.18 | -49.21 | -62.52 663
606 GSS -50.77 -54.40 | -62.19 | -66.00 664
607 HAL -30.54 | -34.88 | -37.13 | -41.21 665
608 DER -25.78 | -32.83 | -33.41 | -56.67 666
609 DER++ -24.00 -36.70 | -35.10 | -54.88 667
610 Ours 1.70 -2.53 4.00 13.30 668
611 669
612 670
613 671
614 672
615 673
616 674
617 675
618 676
619 677
620 678
621 679
622 680
623 681
624 682
625 683
626 684
627 685
628 686
629 687
630 688
631 689
632 690
633 691
634 692
635 693
636 694
637 695

638 696
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