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1.Test-time reinforcement learning (TTRL) offers a label-free
paradigm for adapting models using only synthetic signals [ °“""°“°“;3" J_)
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2.1ts success hinges on constructing reliable learning signals Y ¢ Ours: Harmonic Mean Pseudo Labl T w0 S S
.. : S pre Trained © Calculate a(cach answer candi- y' = argmaXy Fhyisa) (a) Pseudo-Label Accuracy (b) Pseudo-Label F1 (c) Pseudo-Label Spearman(Sm.)
3.Standard approaches such as majority voting often p and i o ey MO yo = 4495
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collapse to spurious yet popular answers.
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Invariant Changed . .
Style-Insensitive I Style-Sensitive How many y-intercepts does the graph A path is described by the 99“3“0" T = Robustness to Semantic Shift: Self-Harmony Stress Test
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P e e A?Ne“%e Imagine you're a craftsman dividing a 2- < 90 =@- Solver: Qwen3-1.7B-Base
oo O QN ) o foot-long wooden board into smaller, pre- - «Jl= Solver: Qwen3-4B-Base
What fraction of 2 feet is 3 inches? cise segments. You notice that you have ® s5 = Solver- Qwen3-85-Base
(a) (b) Express your answer as a common frac- a 3-inch piece that you need. £
. op - . . r- . . flon. What fraction of your 2-foot board o 80 Baseline 0.6B 1.7B 4B 14B
Observation: Correct answers exhibit significantly higher cross-view does this 3-inch piece represent? (No Reframer) (High Noise) (High Fidelity)
consistency than wrong answers across all tested models. \ y . ) Reframer Scale (Proxy for Paraphrase Quality)

Hypothesis: Because correct reasoning relies on invariant semantics
rather than superficial style, the probability of reaching the correct
answer C remains stable across paraphrased views:

P(C | View,) = P(C | View.,)
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Theorem 3.2 (Harmonic Mean Selector from Invariant Infomax). Assume the view-invariance con-

Math500 Reframer Pseudo-label Selection
Self-Harmony (Full)
MATH500 GSM8K w/o Format Reward w/o Diversity Reward Cross Selection Majority Voting
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dition (Assumption 3.1) holds. Suppose moreover that the following conditions are satisfied.  Qwen3-1.7B Qwen3-4B  Qwen3-8B Llama-3.2-38 Llama-3.1-8B  Qwen3-1.7B Qwen3-4B  Qwen3-8B Llama-3.2-3B Llama-3.1-8B —
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Al. Non-degeneracy. For every label a, po(a) + p1(a) < 1. (This simply excludes the trivial case AIME 2024 AMC
in where the majority voting can solve.)

1.Theory proves the Harmonic Mean beats Majority Voting under our
assumptions, we encourage using it as a robust drop-in replacement
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A2. Balanced—Confidence. There exists a constant € (0, 1) such that for every maximiser a* of 3 20 q 022 3
Ir() ¢ |po(a*) — p1(a*)| < k[po(a*) + p1(a®)]. o s . 2, S oz L. for any pseudo-labeling pipeline.
A3. Uniform View Prior. The vzew variable X € {x,x'} is assumed to be sampled uniformly, i.e., o MEQSF E 7 2 s KE 2.A single-model Solver-Reframer generates diverse views to expose
p(X = x) = p(X = &) = 5. This assumption ensures that the penalty term I(Zq; X) reflects i fragile reasoning, with extended theories covering scenarios that
dependence on the view itself rather than bias in the sampling distribution. ° Qwen3-1.7B  Qwen3-4B  Qwen3-8B Llama-3.2-3B Llama-3.1-8B ° Qwend-1.7B  Qwen3-4B  Qwen3-8B Llama-3.2-3B Llama-3.1-8B ol dard o »
; violate standard view assumptions.
Then, for the penalty weight A\ = 2, the pseudo label that maximises the second-order approximation GPQA MMLU-Pro , P , ,
of the view-invariant Infomax objective Jy(a) = [(Z,; A) —21(Z,; X) is obtained by the harmonic . o = 28 3 . . af F 3.Self-Harmony achieves SOTA unsupervised adaptation across 5
mean of the two view-probabilities: . . NI : .3 - - g & o8 models and 6 tasks
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