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ZeroFlow

Motivation
Catastrophic forgetting remains one of the major challenges on the path to AGI:
« Continual Learning
* Fine-tuning Foundation Models

« Continual Pre-training
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Gradient bans block the model from learning and memorizing using backpropagation.

Our hypothesis

« Overcome forgetting via only forward passes. Maybe, once is all it takes!
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ZeroFlow
Challenge

Our hypothesis

« Overcome forgetting via only forward passes.

Contribution

« We propose the first benchmark ZeroFlow for overcoming forgetting under gradient bans.

« We uncover insights into how forward passes can mitigate forgetting.

« We introduce three enhancement techniques, which further improve the performance.
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ZeroFlow

Framework
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« Trajectory of FO and ZO Optimization during
Overcoming Forgetting.
» Trends of ZO optimization hold the potential to

manage forgetting and learning.
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ZeroFlow

Make Continual Learning Easier

Method | Optimi T CIFAR-100 CUB ImageNet-A OmniBenchmark
o P Ry Avg  Last Fgt Avg Last Fgt Avg Last Fgt Avg  Last Fgt
FO | 9123 8596 732 |89.31 8376 961 | 6124 51.02 1084 | 7473 67.40 15.11
SGD ZO | 78.62 6840 1564 | 88.94 8291 808 | 57.87 4832 11.08 | 73.50 66.60 17.78
Sign | 83.21 7588 10.58 | 89.81 84.61 8.10 | 59.15 4931 11.77 | 7381 6675 1721
Conserve | 82.22 7588 893 | 89.21 8342 1031 | 58.61 4858 1241 | 77.07 7073 14.87
EASB FO | 90.56 84.82 7.69 | 8444 77.10 10.51 | 59.60 4720 19.08 | 7427 66.28 15.63 Optimizer |Memory |, CIFAR-100 CUB ImageNet-A

5 ZO | 8336 7609 10.16 | 89.49 84.14 8.67 | 5890 4872 1235 | 76.15 69.69 1587

o Sign | 83.14 7601 10.44 | 89.82 84.65 821 | 5897 4885 1220 | 77.12 71.08 14.68 FO-SGD 12.08 GB 59.3s  16.1s 12.2s

Conserve | 82.15 75.65 9.24 | 89.82 8461 840 | 5923 4885 1281 | 77.19 70.99 14.68 ZO-SGD(g=1) 2.41 GB 32.4s 8.3s 6.8s

- | Forward | 8226 7605 874 |89.26 8367 935 |57.76 48.19 11.03 | 77.00 70.74 14.99 ZO-SGD (¢ =4) | 241GB  111.7s 28.7s  18.0s

FO | 8231 7621 733 |90.56 8516 5.19 | 5950 4937 991 | 7861 7221 7.87 Zg'ggD'(Sjlgn %:1 gB 3(2)'45 85'35 62%:‘

6D 7O | 8233 7621 736 | 90.53 8520 5.12 | 59.58 49.51 10.02 | 7860 7221 7.85 Z0-SGD-Conserve| 241 GB ~ 70.1s  15.7s  12.4s

Sign | 8232 7623 732 | 9042 8528 496 | 59.65 49.77 989 | 78.60 72.26 7.78 Forward-Grad 3.94 GB 459s 1l.1s 9.0s
Conserve | 82.31 7621 733 | 90.62 8528 505 | 59.68 49.70 10.18 | 78.61 7221 7.87
APER FO | 8231 7621 733 |90.56 8516 5.19 | 59.60 4977 10.06 | 76.60 7221 7.85
o ZO | 8212 7545 747 | 9033 8431 601 | 5889 4924 932 | 7844 72.10 7.87
Sign | 8201 7560 738 | 89.86 84.18 599 | 57.82 48.12 9.72 | 7826 72.05 7.5
Conserve | 82.21 7598 734 8096 8448 590 5786 4753 1000 | 78.61 72.21 7.7

- | Forward | 82.32 7622 732 | 89.47 8338 624 |5825 4799 9.62 | 7761 7145 7.87 > Less memory usage (l 6X)

» Lessruntime (]2
» Include 7 forward pass optimization methods. untime (}2x)

» Span several forgetting scenarios and datasets.
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ZeroFlow

Visualization

(f) FO-SGD (g) ZO-SGD (h) ZO-SGD (g = 4) (i) ZO-SGD-Sign () ZO-SGD-Conserve

» Trajectory of 7 forward pass optimization methods during overcoming forgetting.
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ZeroFlow

New Enhancements
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Thank you for listening.



