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Motivation & Challenge

 Powerful models (e.g., GPT-5) are deployed as black-box APIs, but

existing TTA methods require white-box/gray-box access — 45
inapplicable. E’E /\/J
» Z0O0-based black-box methods suffer from: § 30
1. Unstable optimization under unsupervised objectives - collapse 2
(32.6% = 4.1%) i
2. High cost: 16+ API calls per sample > prohibitive latency & expense @ : L
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 Our goal: an efficient and stable TTA framework for black-box models.

Step 1: Prediction Harmonization: py(x’') = a - ps(x’) + (1 — a) - pg(x’). Only 1 API query per sample.
Step 2: Consistency Regularization KL divergence between clean & prompted predictions - prevent collapse.
Step 3: Data Filtering Entropy-based filtering + confidence weighting - stable optimization.
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Classification Accuracy on ImageNet-C with ViT-B/16 as Black-box model
Access Method Noise Blur Weather Digital Avg. Gain
Gauss. Shot Impul. Defoc. Glass Motion Zoom Snow Frost Fog Bright. Contr. Elastic Pixel. JPEG
Source 56.8 568 575 469  35.6 53.1 448 622 625 657 717 32.6 46.0 670 67.6 555 0.0
TENT 60.3 61.6 61.8 59.2 56.5 63.5 59.1 542 645 2.2 79.1 67.4 61.5 725 70.6 59.6 +4.1
SAR 59.1 60.5 60.6 57.1 55.6 61.5 57.4 658 634 674 78 62.6 62.2 720 702 63.6 +38.1
CoTTA 63.3 63.9 645 55.0 51.0 63.5 56.1 68.8 692 712 783 9.6 64.3 734 712 61.6 +6.1
ETA 609 622 62.2 39.5 57.4 63.6 60.1 683 658 715 79.3 66.9 64.9 729 T71.1  65.8 +10.3
T3A 564 569 573 479 37.8 54.3 46.9 63.6 60.8 68.5 78.1 38.3 50.0 676 691 569 +14
] FOA" 570 585 5738 51.7 35.0 37.1 27.2 202 119 722 768 0.6 39.1 66.7 67.0 449 -10.6
LAME 56.5 56.5 57.2 46.4 34.7 52.7 44.2 584 615 63.1 77.4 247 44.6 66.6 67.2 54.1 -1.4
Z00O-CMA 582 59.6 60.3 50.8  38.6 55.2 4577 585 59.6 59.7 76.7 4.1 49.8 712 70.0 545 -1.0
Z0O0O-RGF 59.6 58.7 604 47.7 37.8 53.5 44.6 582 61.7 634 76.7 26.8 494 707 702 56.0 +0.5
e Z0OO-SPSA-GCT  59.6 587 60.2 47.9 38.0 53.7 447 58.2 61.7 63.6 76.7 12.7 49.4 70.7 70.2 55.1 -0.4
TT-Aug? 554 542 552 43.7 48.6 48.9 45.5 578 63.1 600 769 49.6 41.7 63.7 67.8 556 +0.1
DDAS 6477 65.0 64.6 46.3 41.3 51.7 43.7 59.1 613 450 749 40.6 54.4 722 684 569 +14

BETA (Ours) 60.5 60.7 61.1 545 522 59.9 563 63.6 64.7 661 78.1 534 62.1 73.3 720 626 +7.1
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