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Motivation Our Contributions
_ _ _ _ o e *
» Large language models (LLMs): » Coordination of informal and formal reasoning - /;‘;* ==E
+ Capable of powerful reasoning and generation with Lean feedback ™ s : y’
X Prone to errors and hallucinations - : : K i
_ » Auxiliary lemma generation for strategy discovery: / .|z
» Formal proof assistants (e.g., Lean): O Helps discover strategies even when the solution path // Y ‘/, 5"
« Verity mathematical correctness is not apparent at first /Y T e
X Not generative; requires painstaking meticulous detail . | " Il :
UL Mobased f | L. _ » State-of-the-art theorem-proving performance * | .

— . 50 B <
= ased tormal proving Is gaining attention among methods using small language models
XVYet, a large gap remains between informal . " . - -

_ : O Much smaller sample budget than prior work Comparison of theorem-proving performance
Our Goal: Bridge this gap
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{ Three Key Components of Prover Agent
I Lemma Generation via Informal Reasoning ' 2 Formal Proof Construction Guided by 3 Final Proof Synthesis Guided by
» Generate auxiliary lemmas Informal Reasoning and lterative Feedback Verified Lemmas and lterative Feedback

O Specific cases

o Potentially useful intermediate facts » Leverage the stronger mathematical ability  » Consider overall proof using the lemmas

» Not limited to subgoals of predefined N gf the mforrr]]cal LLIM £ O Use only the verified lemmas
proof sketch SO EL @) TOUTEl [piro s WELE @l » Allows bottom-up strategy construction

O Key difference from prior approachs informal proof as a guide even when the full plan isn't initially clear
» e.g. Problem: Show that n? + an is even > Iteratively refine the proof based on O Prior work: top-down approach requiring the

O Consider n2 _|_ n, or n2 _|_ Sn (n & N, Qa. even) Lean f€€dbaCk fu” plan upfront
m Help discover overall proof strateg © -an be seen as sefi-correction through in-context » lteratively refine the proof based on

ISCOVEr oV y learning IVEly TeTl
« Mirrors how human mathematicians O Akin to how humans improve their understanding Lean feedback
typically work based on feedback

< Experimental Setup & ————————————— < Performance on Olympiad-Level Problems <

O Informal LLM: DeepSeek-R1-0528-Qwen3-8B Olympiad MATH Custom
Model Sample Number Number .
O Formal prover model: Goedel-Prover-V2-8B/DeepSeek-Prover-V2-7B se | Bugge | MO AME  AMC  Sum | Ners  meoy S | M ey e Sem
: _ ) _ ) Number of Problems | | | 20 15 45 80 | 70 60 130 | 18 8 8 34
O Formalizer: Goedel-Formalizer-V2-8B/Kimina-Autoformalizer-7B o Lo e e e e T 1 | 400 533 622 550|714 600 662|556 750 500 588
Prover Agent (Ours) (Direct proving w/o iterative refinement) 3B 50 | 70.0 80.0 822 8.8 |80.0 883 838 | 66.7 750 625 67.6
" _ " — (Direct proving w/ iterative refinement) 100 | 70.0 80.0 86.7 81.3 | 843 883 86.2 | 66.7 750 625 67.6
<& Comparison of Formal Theorem-Proving Performance <& (Final proof synthesis w/ lemma) 260 |70.0 800 88.9 82.5| 843 883 862|667 750 750 70.6
Prover System Method Model Size Sample Budget miniF2F test DeepSeek-Prover-V2 (Ren et al., 2025) |671B| 8192 | 50.0 93.3 77.8 73.8 100.096.7 98.5|83.3 87.5 100.088.2
Large Language Models
357+ (Co et . 2025 ] QW0 DespSeck V3, and BFS-Prver fomal 128 e » Show strong performance on Olympiad-level problems
o Tree search 1024 79.5% . . . . .
2 e, g VR e e I m) Suggest that coordination with informal reasoning may be the key
D et (i c el ) Wholeproof 618 8109 o O Olympiad-level problems require a high degree of mathematical reasoning
Delta-Prover (Zhou et al., 2025) w/ Gemini 2.5 Pro Agent unknown 16384 95.9%
ij:j;fn:ozzrn;S:;:;ﬂtoz:,l;lSQOZS) Whole-proof unknown unknown 99.6% > Consistent gap in MATH and Custom
1 52.9% - - L
Kimina-Prover-Prevew (Wang et al. 2025 Whoepoof 72w 7o m) Suggests that model size and sample budget may play a more significant
_ 32 88.1% role here
Goedel-Prover-V2 (Lin et al., 2025b) Whole-proof ~ 32B 1024 91.8% . . . .
8192 92.2% O Prover model also possesses a certain level of mathematical reasoning ability
Small Language Models
DeepSeek-Prover-V1.5-RL + RMaxTS (Xin et al., 2025a Tree search 7B 32 x 16x 400 63.5%
:_r|1tefnLMS.S-StepfgoveEI:BSI:++Igg (I\_/Vu(etlal.;022024) ) ?ee searc: 72 256>><<32x>< 600 229‘? 0 C S d S . h L G _d d P f O
unyuanProver v i et al., 2025 ree searc 7 600 x 8 x 400 4% . -
BFSYProver (Xin et :jl_., 202541;) B ) Tree search B 2048>§< 2>§< 600 70.8% as€ tu y UCCESS Wlt €emma uide roots
Leanabell-Prover-GD-RL (Zhang et al., 2025) Whole-proof 7B 128 61.1‘?
Goedel-Prover-SFT (Lin et al., 2025a Whole-proof 7B 25600 64.7% . .
STP (Dong & Ma, 2(025)t ) Whole-proof 7B 25600 67.6% » Problem: » Generated lemmas:
Kimina-Prover-Preview-Distill (Wang et al., 2025) Whole-proof 7B 312 ggi’;‘: 1 theorem induction_nfactltnexpnmlngt3 1 theorem base_case_3 : (3 : N)! < 37(3 - 1) := by
1024 70.8% 2 (n : N) 2 have h_main : (3 : N)! < 37(3 - 1) := by
1 58.6% 3 (hp : 3 < n) 3 —-— Calculate the factorial and the power step-by-step
DeepSeek-Prover-V2 (Ren et al., 2025) Whole-proof 7B 1834 338:? 4 (n)! < n“(n - 1) := by sorry 4 norm_num [Nat.factorial, Nat.pow_succ, Nat.mul_assoc]
8100 82.0% 5 —— Use ‘decide' to confirm the inequality
6 <;> decide
: 32 68.4% 4
Leanabell-Prover-V2-KM (Ji et al., 2025) ke . 128 70.4% > ReaSOning trace W/ |emmas_ 7 exact h_main
. 32 76.6% :
Leanabell-Prover-V2-DS (Ji et al., 2025) 128 78.2% C _d h _f. | theorem exponent imequality (n : N} (hn : 2 < n) :
i 605 v/ Consider the specific cases | ! theoren exponent inequality (n : N} (hn : 2 <)
Goedel-Prover-V2 (Lin et al., 2025b) Whole-proof 7B 265% gggé: for n — 3 4 5 3 have h_main : n”(n - 1_) < (_n + 1)"(n - 1) := by
512 85.7% ) f f 4 have hg : n - 1 + 1 =n := by
irect proving w/o iterative refinemen 5% » ) omegea
EBirecE provingwfo i:era:ive re;inemeng 510 %g% Clearly Identl y the use o 6 have h; : n > 2 := by omega
w/ DeepSeek—Prover—V2(Direct Erovingw/ iterative refinement) 100 82.0% mathematlcal Ind uctlon 7 have hg : n - 1 > 1 := by omega
(Final proof synthesis w/ lemma) 2$0 2(2120? 8 have hg : n < n + 1 := by omega
Prover Agent (Direct proving w/o iterative refinement) en -:0 . 9 —-— Use the fact that if a < b and n > 0, then a'n <
(Ours) w/ Goedel-Prover-V2 (Direct proving w/o iterative refinement) Agent 8B 50 84.4&) V Em ploy prOOf teChan ues 5%
(Pine oot sxathesi v ey 260 o6 5% 2 e | 10 exact calc
(Direct proving w/o iterative refinement) 1 64.3% use In t € lémmas 11 n“(n-1) < (n+1)"(n—-1) = by
WG/oEcri]:ErE’]:)cise?fV2 and (Direct proving w/o iterative refinement) 50 85.7% 12 —— Apply the lemma that if a < b and n > 0, then
DeepSeek-Prover-V2 (D.irect proving w/ iterative refinement) 100 86-9% . ) a’n < b’ n
(Final proof synthesis w/ lemma) 260 88.1% 4 Reasonlng trace W/O Iemmas 13 exact Nat.pow_lt_pow_of_lt_left hy (by omega)
. ) 14 _ = (n+1)"(n - 1) := by rfl
 State-of-the-art performance among methods using SLMs X Proof strategy is unclear 15 evet hpets
v/ High success rate under low sample budget X The details cannot be worked out sufficiently

 Better performance than prior work through coordination

The full reasoning trace can be found in the appendix of our paper.
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