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Introduction Alpha-rewrite: removing natural language from tasks Results
Test-test compute (TTC) empowers coding LLMs the ability We design three alpha-rewrite operators to transform the tasks: RQ1. The performance gap
to reason on programs. However, are LLMs really _
L o, _ _ e NL-Type: Int, Char, Bool, Eq, Ord...— T1, T2, T3, T4, T5... Model Version TTC Acc  Accpye RS
reasoning” on the semantics (logic) of the code?
e Type-Var: a, b, ¢, d, e... > tl, t2, t3, t4, t5... Claude-3.5-sonnet  2024-06-20 X 8546 48.97 57.3
. . 1 Claude-3.7- -02- / . 85  61.
» The evaluation gap for reasoning LLMs e Binding: map, not, foldl, (+)...— f1, £2, £3, f4... aude-g.7-sonnet 20250219 9042 55.85 61.77
fy . PT-O3-mini -01- . . .
o Math: competition and answering problems | | GPTO3-mint 202501:31 /9043 48.40 5352
. Implementation details: GPT-03 2025-04-16 v 81.91 5266 64.29
o Code: Coding and patch By o N
. . . * Operators are communitive and associative under composition DeepSeek-V3 2025-03-25 X 8351 43.62 52.23
* How about reasoning about the logic behind math & code? _ . DeepSeek-R1 20250120 v 8670 44.15  50.02
tric deducti t * Transformed tasks are alpha-equivalent to the original tasks. ' ' ‘
o program-centric deductive system 30B-A3B /8138 4043 49.68
Qwen3s 32B v  87.94 43.09 49.00
o TF-Benchpure = Alpha-rewrite(TF-Bench)reveals the true program 235B-A22B-FP8 v 85.11 4415 51.87
BaCkg round: prop05|t|ons as types semantics reasoning performance, w/o contamination & relying on NL-cues Table 1: Main evaluation results. RS(m) = Accpue(m)/ace(m).
« Types in programming = propositions in logic Benchmark evaluation RQ2. The effectiveness of TTC
* Type inference is natural deduction
_ ot o ‘ Model TTC Acc Accpye RE
 Type inference results are formally verifiable Ground-truth |~ Type-def \_,| Ground-truth Q0O X s ;
O Mutate the tasks, prove the results! type signarue | static analyzer w/ type definitions l analyzer Owen3-235B-FP8 y 8(;.;,(9) 221; 1.37
] ] . . TF-Bench task ‘ . .
= type inference is a task for program semantics reasoning Task generation | , | winerenced |_ [ o | Awhareaui X 8107 465
prompt type signature prover Claude-3.7-sonnet 3.41
v 90.42 55.85
TF-Bench: benchmark construction Pipeline to evaluate LLMs on TF-Bench. .y X 7819 3032
Gemini-2.5-flash /g 6 3.90
3.51 51.0

Add definitions for new types after alpha-rewrite.
Prompt the LLMs with tasks to generated a type signature.
Construct a proof using ground-truth and generated type signatures.

Table 2: Reasoning effectiveness of top LLMs.

We use the Haskell Prelude to construct TF-Bench

* Formal deductive type system: System F (and System F<). (Mee) (m)
ACCpure Mite —ACCpure m L Apure

a kb=

* The type signature is concise and is decoupled from the | | | RE( My, m) = =
function body If the proof compiles, the two signatures are equivalent. Acc(my) — Acc(m) A
o . .. . Otherwise, we analyze what the error is. RO3: Fine-tuning on math/code I
* Type equivalence is formally verifiable (w/ signature only). ! y Q3 5 /
* Haskell is the most popular language that meets these S
above CO nd|t|on S Flnd I ngS FT Corpus Base Model (FT Model) Size Acc FT Acc A Acchyre  FT Accpyre  Apyre
. . , . Gemma (CodeGemma) 7B 48.94 53.19 + 4.25 7.45 12.23 + 4.78
1. Reasoning robustness = LLMs (still!) can’t reason on program semantics. 168 2075 soar toes 7o o6+ o8
] ] _ _ ] DeepSeek-V2 (-Coder) ’ ) ’ ’ ) )
2. Reasoning effectiveness = not all reinforcement learning are effective . 2300 3830 G085 Tanss a7 3670 ¥ 2553
) ! | . ] ] ode Mistral (Codestral) 22B  61.17 63.30 + 2.13  19.68 11.17 -8.51
Task extractor Dependency solver Alpha-rewrite 3. Fine-tuning on math data helps reasoning on code! 5B 3032 3670 +638 691 oo4 4213
M= packages on Hackage — [a] search dependencies — binding names . . ] Qwenz2.5 (-Coder) 7B 6596 61.17 -479  21.28  21.28 0.00
[= functions from AST ® prepend types NL types & variabes 2B 7447 8245 +798 3617  3ror 420
J . Mistral (Mathstral) 7B 45.21  47.34 + 2.13 7.99 15.43 + 7.44
_ ] Math Owen2 (-Math) 7B 40.43  43.09 + 2.66 3.19 10.64 + 7.45
Plpellne to construct TF-Bench. 72B  63.83 71.28 + 7.45  21.81 33.51 + 11.7

Table 3: Result comparison of fine-tuning. FT Corpus: the corresponding fine-tuning
corpus. A, Ay,..: absolute increase in accuracy after fine-tuning.
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