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Active Learning / Active Testing

Active Learning
Low labeling budget for training, active training selection
Achieve better performance, with sampling bias?
Active Testing

Low labeling budget for testing (validation)
Active testing selection, unbiased loss (risk) estimation

Active risk estimation [1], active testing [2], active surrogate estimators [3]

[1] Christoph Sawade, et al. Active risk estimation. In ICML, 2010.

[2][3] Jannik Kossen, et al. Active testing: Sample efficient model evaluation. In International Conference on Machine
Learning, pages 5753-5763. PMLR, 2021. / Active surrogate estimators: An active learning approach to label-efficient
model evaluation, in Advances in Neural Information Processing Systems, 2022.



Active Testing while Learning - Challenges

Low labeling budget for both learning and testing

Model changes during active learning

Will we still have effective testing selection
and unbiased loss (risk) estimation?
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Active Quizzes

Selecting a quiz set after one active learning round
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Active Learning-Testing-Feedback Loop

Combined learning-testing objective
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Improving training performance while maintaining estimation error
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Active Testing while Learning Framework
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Active Learning-Testing-Feedback Loop

Estimation Error:-1.2e-04 Estimation Error:8.4e-08 Estimation Error:2.1e-05
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Random Test ATL ATL with Feedback

Visualization using synthetic dataset

Label-efficient estimation + Improved learning performance from feedback



Experiments

* Risk estimation error evaluation with active testing while

learning
Table 1: Estimation error: squared difference between estimate and true risks (x 10~—3)
AL round
Dataset Method 4 8 12 16 20

ARE quiz 5.274+5.42 | 6.39+£1.54 | 2,964+ 3.45 | 8.85 +£4.31 8.31 + 3.96

MNIST AT 1ntegrate 16.3+245 | 32.8+£22.1 | 6.93+18.0 | 872+3.59 | 3.11 +2.98
ASE integrate 345+£276 | T45£1.00 | 2I7£5.06 | 4.00 £2.37 | 5.88£5.27 |

ATL-NF 257117 | 0.79+1.15 | 0.17+£0.15 | 0.56 +0.30 1.32 + 0.37

ARE quiz 4244+ 3.01 | 4624777 | 8.63£247 | 5.71 £ 1.87 | 23.7T8 £ 1.75

Fashion AT integrate 11.9+6.1 | 36.1+30.7 | 34.1+31.4 | 28,0+36.9 | 22.5+25.7

MNIST ASE integrate 11.14£3.63 | 3.72+£3.53 | 3.06 £8.78 | 5.29+9.78 | 8.424+6.72
ATL-NF 364161 | 0.67£038 | 096 £0.16 | 0.98 £0.43 | 3.04 £1.37 |

ARE quiz 10,1 £8.79 | 13.8+13.0 | 2224+ 14.7 | 21.9+ 314 14.1 +13.4

CIFAR10 AT integrate 6.890+6.98 | 120+ 7.18 | 21.8£5.73 | 129£9.76 | 38.9+25.6

ASE integrate 109+ 3.67 | 6,501 £2.87 | 7.53+£1.46 | 17.6 =2.66 | 23.2+6.10

ATL-NF 883 +7.79 | 3.06 504 | 495+7.12 | 794 =522 | 6.20 £+5.79




Experiments

* Learning performance (hold-out test risk) with active feedback

Table 2: Hold-out test risk using different feedback criteria over 20 AL rounds

AL round

Dataset Method 4 8 12 16 20
ATL-NF 0.924+0.06 | 0.55£0.08 | 0.46 £0.06 | 0.32+£0.04 | 0.22 £ 0.02
MNIST ATL-RF 0924012 | 0.54+£0.02 | 0.41 £0.05 | 0.29 £ 0.03 | 0.21 £ 0.02
ATL 088 L£0.07 | 0.53L£0.04 | 0.39£0.03 | 0.26 - 0.01 | 0.19 £0.03
Fashion ATL-NF 0.75+0.03 | 0.69+0.02 | 0.61 £0.02 | 0.57T+£0.04 | 0.56 +£0.03
MNIST ATL-RF 0.754+£0.04 | 0.68 £0.02 | 0.61 £0.01 | 0.58 £0.06 | 0.56 £ 0.04
ATL 0.74 £ 0.03 | 0.65+0.04 | 0.59£0.02 | 0.56 £0.03 | 0.51 £0.01
ATL-NF 1.914+£0.04 | 1.76 £0.05 | 1.72+£0.01 | 1.66 £0.02 | 1.55 £0.03
CIFAR10 ATL-RF 1.91+0.05 | 1.77 £0.04 | 1.69 £0.03 | 1.60 £ 0.04 | 1.54 &£ 0.07
ATL 1.90+£0.05 | 1.76 £ 0.02 | 1.65 +0.03 | 1.58 £0.02 | 1.53 +0.02




Extensions and Future Directions
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Average early stopping iteration and final test accuracy comparison (with variance)

Early Stopping

Dataset Method [teration | Variance | Test Accuracy | Variance
SP 15 6.8 94.52% 6.0e — 5

MNIST Combined 11 1.2 94.08% 3.1le—5
Fashion SP 16 4.4 81.32% 3.7e — 5
MNIST Combined 12.4 1.04 80.12% 2.4e — 5
SP 12 2.8 53.87% l.4e — 4

CIFARIO Combined 12.8 0.16 54.43% 8.9e — 5

Future work: Principled feedback strategy, model-specific sampling proposals
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