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SE R RE S oA B O ) I AR E TR Y
BRFE . AR AR L LLM Jy vk —— R4
PR 2 MR T A A —— T s
K] FEMBk i (Faggioli et al., 2023; Li et al.,
2024) . XL H FEAFAE— R, FER
ISR A —20H: (Sclar et al., 2024; Ganesh
etal., 2025) , PAJ XUt fw 2= A1 B Fe it (Zheng
et al., 2023; Panickssery et al., 2024) AR
s 5 N HN W 55 B A X% (Zheng et al.,
2023; Xie et al., 2025) .

PR, R85 SR 22 i A R U T B S 1)
1, 38R 38 V)T BEVPAS AT DA 4 BE I A B
Vi AL IO ) S NN T R e =Y S
IANAE ST RV ERRA T i G B . TR — 22
i, FA15] AT ParaStepVerifier —AEN
B 29N, B IR MR fe
{& . ParaStepVerifier 2 ¢ iH 51| th 5 R HERE,
Kt A2 AR B AP IR . XPP A B R
PR BRI A A TR 2 Wy, A
Bl B o v s I e o AR
SRR WL#, ParaStepVerifier S84 Al Al
KT R R ) LLM £ 4R ft 7 5 n] 2
) JE i .

AT F BT

o I A M8 T MathOlympiadEval, iX&—4>

5% H CMO, IMO #1 OpenMathReason-

ing 1Y B A Pk i 0 0D 2 R A
Pt . A N 2R % FARyE DA IE
HEHL) IE A PE

o FESATE AR, FRAT A T H5 R K
Jilllt) LLMs ({5401, DeepSeek-R1) #E252E
HERfTE (80.1 % ) FOHMEBRIEHHME (39.7 %
) Z AR R, X EHIEREE
AR TR FefTE— R
UL S WOARE B A s NFN 382 e A 2R
HWoR 57.7 % WRAE SFT %4l (Bil4n,
OpenMathReasoning ) H1 4L & X FP e, 1X
51T % 2 il H e A PR S T e S B P
BRI

o FKATHEH T ParaStepVerifier, X —Fk
AT A R AR AR R B AR . BT
PAVPASBCA R AR, A ISR ik m, I
18 H T A T Uk B AR S5

2 HBELAE

Kl S BRIV BUA 00 R R
AEFC T AR BLE SR (LLMs) 4Bl
R, AR OUEE TS5 R B S AR A A Z 00 % B Y

SRR G . BBk B A v R
LLM-{ER-PF8 vk, {E LT I S 5 1 ] Sk
Pkhk (Faggioli et al., 2023; Li et al., 2024) . jX£&
H M IF AR R S 8, dE . A —3
I REURAE (Sclar et al., 2024; Ganesh et al.,
2025) 5 RFTTA P BCRR XS 19 [ i L, DA
KAt 5 B 5 XAgHLL R %t (Zheng et al.,
2023; Panickssery et al., 2024) ; fifi /] T Z M2
BHZi% (Wang et al., 2024; Zheng et al., 2023) ;
5 NZEHIW A 2422 (Zheng et al., 2023; Xie
etal., 2025) ; DALY PP S8 PPN A AR
] 55 m iy, JoyAA A5 % (Wang et al., 2024;
OpenAl et al., 2024) ,

HEPREE R e PPAS B S AR A i B e B
JrTHAFAE R EE2ZEE . ARYE 5 Petrov et al. (2025)
KT RBNE T BRI R XE A ATEER) R
BB BAUENPEAE BIVEAGZEE, |ATW
MATHOLYMPIADEVAL $(#R4E) 1Zilx T& R
SRR IEMEZ RIS T R A ),
ParaStep Verifier $& it 7584 B Kk, 2
el , Mahdavi et al. (2025) 5 51 7 BAKPL v (7]
ARG 2 ERRAT A ; MATHOLYMPIADE-
VAL §" R TiX— KB, R TIESMEA T3k
JE, R ACE (Fhg 1), X— s
ik P o

TATHWF T LT EE T XN GRge ik gy (5140
Heimdall (Shi and Jin, 2025) ) K& T 458
Hi2ZJ5h, R~ MATHOLYMPIADEVAL g 7RiX
B 5 TIRE M HEPE LG . /48 Yang et al.
(2025) 1t") StepMathAgent $&H T —Fp & 174
58, [HIATHY ParaStepVerifier 1T b
BIAEE N READ BRI — eI .

3 MATHOLYMPIADEVAL : J T-%2¢dE
PR L PEASG I Bt 4

KN T MATHOLYMPIADEVAL , —/NHTHY)
Blask . BAEfRdEx RAUE A (LLMs) H
R P A0 Ol . FRATE Se e SR AR
I By R D A BT 55, RS TRAH A 4 LAY
FEAAS AR AR dE . FRATRE S
MATHOLYMPIADEVAL FRA5 i) 4] 2 7FAk 45 5
FEH TR SR RS AP A B 2 [R] 1Y
HEER

31 55X

25— 1k H MATHOLYMPIADEVAL % {# 4
)5 ) 8 PR — A~ B LLM A= i i 3k
fRe % S, Hrph S H— RIS 5E
{s1,82,...,sn} HHL, MABRENERL A, IF
fliAE 55 B AEVHAL S RSN [R] 51 -

www.xueshuxiangzi.com



L BRI (Ca€{0,1} ) MTHER
M, FATE RAER ARG SSH%
% RIUFC. XA~ u kIR Tl e
S RE P O A AR R R ] PR A

2. MEFIEFME (Cr e {0,1} ) FRATIPALR
U R R A R B B, A2
BELE . AN IEPEE SN GRS
WA ME—2 s M) RE R A HT T A 25
B (P, {s1,...,8i-1}) ZH LB, @&
R A B IR R

3.2 MATHOLYMPIADEVAL W& 571 Pk

[i] 38 5 X MATHOLYMPIADEVAL i 4% 4E
204 A1 BT R A DRI AL, X 28 )RR

PUAS T2 A BRI 5e 4] 3% (CMO-

Preliminary; 86 A~ /). & fr &2 B AK DL 58

(IMO; 62 /i {i1) A1 NVIDIA f] OpenMathRea-

soning %5 5 (56 4~ /) (Moshkov et al.,
2025) o SR T RARR DB 22 AP O e A0

22, CMO-Preliminary, IMO F{I OpenMathRea-

soning (FFHlE K H CHREUZARY i rh BARDL
v HRAY) IS LI ELY . kS
B G 58 ANUERH SR 146 RS, X
R T SETRGUNE P ) — R VAP
% MATHOLYMPIADEVAL 77 (14 i) 51 A= fl,
(PG R R T P Je e I LLM::
QwQ-32B #il DeepSeek-R1, i MBI H i 1+
SRAL A )RR T 25 R n AT T RO . —A
— BB 7 A AR A 1 e R Y
PR KT ET IR @, AR R T IR
PIIERA AL R . X TSR R, A
RUBR ML T B B BRI AN ) R A . xXeeA:
JSLA AR Ty 58 5 i) — R A B T AR S ) —

67\0

b i 7 MATHOLYMPIADEVAL H1, LLM
AN RS 2 R RS AR . e, TR
AMROLT, #9125 0 A S AR A A &
IERME. FiE, AR TR ERARN
B AR T N LR B . TR 2153
VI BUEZE SRS S HMRE . IR
Bz 75— I 5

T RA T RBA S, e gk
AANIEA R T B R G 2. X AR
I3 KB BAREARTE R — A R HRFIE . e LY
BRI B HE -

o JH A I A A IS SR TR S 1
T A BT A A B A R
ZERIRORAT R S5 L1

o DEPAHEREL: R AHERTPE b e A s B A Ak
TAHuERA A iR Ik o

o AFEERAERT R RIS I A B e
AR RS B A DL o

o VPREAER R BIRE IR R B SR

B

o« BBV AN E T AR R E) iz
R B A U AR R 5.

FFE R R RAEN MR & T =4
Bl G EAH R, B EEHARN LR
YERE R AT, DABRAE: MATHOLYMPIADEVAL
B2 ) A S P RN A 4 o

3.3 %} MATHOLYMPIADEVAL {5 LLM #Hi:
(S EATE
FHATXF MATHOLYMPIADEVAL %35 £ 11 %]
WASHE /R T 24 1 R BUE F AR ) — A SRt
G TSR A R AT R A
T A R B A PRI AR AR B 1 A Y
BER. Fig LV BIRT A8, T
>k H MATHOLYMPIADEVAL [ 146 P25 224k 3|
IV R 2 22 IE A M 5 N 2Rk ) S IR

Metric CMO IMO OpenMathReasoning Overall

59 31 56 146
88.1 419 92.9 80.1
475 00 53.6 39.7

Correct Answers (Count) 52 13 52 117
Sound Reasoning Among Correct Answers (%) 53.8 0.0 577 49.6

Table 1: X}& 2 IERTES A 36 UE#E B IE R 2 17)
IG5 HT, PASTERA] 146 A58 [A) ) 1E i 25
FPEPEHERRA ELR .

MR 1 PR, RSB AR X 2 H) T E Y
SRR AT, IE LR A
KB EEEAE 2 . XA E R R
B, BIEAE AR OE AR e A i), BBz
R A BB B S R R HE R XA 1) A
MATHOLYMPIADEVAL A HA kA1 [ e
BeaE BRI R e . BRI AL S
BT REWERIEFR, HiXLEMRERD
WA RET RS . X T CMO-
Preliminary £l OpenMathReasoning [i] i, ¥
TERAEREE T, AR 24 343 TE A [ 5 1 [l AT 4K
e Z G SR HERE AP PR

4 ParaStep Verifier Jj 7%k

FATFIA T ParaStepVerifier, —F I T3 4L
SAEBRIB AL H S TR B UER WUy
EhE— PR E IR, X IA R R
B (LLMs) fEhSib e, et
TEAH . ATRERE EL T RESEHER R PEAG , AT R
PREAL SR T

www.xueshuxiangzi.com



4.1 BB

WU AE 55 R PP e R S T 45 7 oy 1)
P IRt FATRE S A R
BIPE S = {s1,82,...,sn} o BENRHITEM
AR BT A PR IR

4.1.1  BEUETS soR H b
AR IR s € S WAERFE W L F ek
TTIPAG . PR s BRI UE R 3¢ G 83E
) Rk PRI T A SCE R i s Hy—y =
{s1,82,...,8i-1} « HAREHE s &2 L
T XACES W E R (P, Hi—) -

#— IR s WA AR,
% B

4.1.2 AR

e ANIER . 5 3.2 R TR AR €
TREFEREMES . HEERERE, 9t
FAIR” WiHFRRAE ParaStepVerifier B3 IR
Z A1, DR g BRSO P AT DA DR S R
BeAh, EATEERGR: TR E SO
UL BT DR, AR AT 3K

BB S

4.1.3 JEREEE X

A m o= & MEIREFRWEE. FTEA
BREM 5 e {L,...,m} , BRI K%L
e;(P, Hi_1,s;) MRAEN ETFSCHHESH s B
PRI 5, AR M 1, HWERE 0. 2B
s; WIS IE KA VO e HLIE AP -

1 if S (P,H;_1,8;) =0
V(SZ’|P, Hi—l) = 1 j; ej( e )
0 otherwise
(1
fHR 1 RN ERIER (F5RFN 0), fH R 0 3R
INEDH AR XA AR LR R A -

V(silPHio1) = [[(1 — ¢;(P, Hi—1,5:) ()
j=1

M HACY A S ERERR, BAE S AR IE
iy -
Correctness(S|P) = HV(si|P, Hi_1) 3
i=1

4.2 J&F LLM [¥)328: ParaStep Verifier 1
il

FAVEE A ET LLM g9k S 88 28 Bk

ZABEEREA P BRI LR seh b adr, AR

S R PR .

4.2.1 W AHERT: fior i

TAT R G B R R 5 2 8P 5R
FILH BRACHE PR AL [E A 18 20 S50 . — A
S Bl — A I R R TS S =
{s1,82,...,sn} , HPEA s B—ATETTEL
SEHEHLEIC. S THRER A 20 IR 08 S BT DA
EHEATIEAL, WR s MKEMRTRK B EN
12 AR EIME 6 , WIAHSE B si A sk B
A,

BIGUEAL IR s, LLM A S YR — R
DR B S XA BT SCALHE R 46 R
P . BIHEMALEE Hi-1 = {s1,52,...,8i-1} -
MHT IR 55 VARARM AR IR Fipn =
{sit1,---,sn} o HTEUE s; WEEE T 02
— AT B SO IC A (P, Hi—q, 84, Fig)
o BINACRIMIAPER iy A BT LLM PR
HEWGER], (AR 5 HAL 55 2 AR A BHIE
BRI (P, Hi—q) #2500 74 4 R H BT s
FIERRE, IFATRATMER RS (B ) A4
5

4.2.2 GBS ESRS

ParaStep Verifier SR Fj —fft 2 0 PRAICR 1Y)
FE NS, DASE m PG I RCR AIERR M. X
TG BAEPE R RS R, RS
46 LLM JPAG R X o 4 e A 0 Y 4 07
R, NRERAEMRE . X TERNZ S RE,
ParaStep Verifier /5 2f) H: 52 5 1) 2 2 B iE AL -
EFMITE R s, 2 B
SIRFH Hioy MUSEESIR Fi B9 BT 30

4.3 RS 50 I T

N1 A AL PR K iR, ParaStepVerifier 15 1
b BREeg rh si gl FEAMEIE: WS
f it SCPl b R4 I A 4. AT 55 BA A
WA RAAL 5, XY — DB IR s KH
FR3C FATRAE TAEE: — A dH T HE W
concurrent. futures.ProcessPoolExecutor

B AR, B AR ER AT — M5,
MR, Al LLM, FEMraImr. iR
P RRPE ] H R A A TR .
i LLM APT 4T HEA B AR SRR . 458 R
A WERTE IR BRI, it R 3 1
ERARRE IER M. P I R D T
I8 AR SR T VA B[]

5 9
51 %@

B ok de  FRATAERAT LS 72 MATH-
OLYMPIADEVAL b PPAGFRATTIN ¥« FRATTIPAL
T I ERE AT 45 R B B R

www.xueshuxiangzi.com



BRI PERE, 45 Gemini-2.0-flash, QwQ-32B,
o1-mini, 03-mini, Qwen3-32B, ol il Gemini-2.5-

Pro. X S6A8E AUV Ay B0 ik W Bl Oy 52 iy
IR

KT VEAGFRATT B S U AR U B 14 £
SR B TR ERE, FRAT 2
flitabr2 F1 480 AR AT S5 HE S —A>
AR, Hip CIE? RN E MRS
LRARIER .

B SO reet FNTEBLARZE g ARIC AN IE
WL, Shica e TN PIRATAIAEZLIE 51 H
NIERR RS . EIEES] (TP). fRIEF (FP),
il (FN). R5EE. A RIRFN F1 4p40e LN
T

TP = |Sicn};rorrect N illjlrce(?rrect ) (4)
FP = ‘Sifr))rce(?rrect \ Sicn};rorrect|7 (5 )
FN = ’Sg;ronect \ Si};rceélrrect ) (6)
TP
Precision = —— 7
recision = s, (7
TP
Recall =
eca TP - EN’ (8)
Fl— 9 « Precision x Recall )

Precision + Recall’
52 &

AT A2 T ParaStep Verifier [ 525F 71 .
BATE SRR T EER A A I I e v
7 T ) AR BV S AR A R . AR
A0 T AT A Y R A iR P Ty
ZEF YRR

5.2.1 BARESUEPE BRI A R AR
TATHVEAL S5 FRAE % 2 ibdT T 45, 45
RN, HAPPEAAE AR KB A
RINERPPHI LR AH H, ParaStep Verifier i 4
= TR AN I R A i P 2109 F1 3% Bl

an, B — Nk i R i ER AR Y 41 Gemini-

2.0-flash, 4%t & ParaStepVerifier i, J &
F1 780 75.89 % #2718 83.39 %, XK T
ParaStepVerifier il i HE5M L. B2 5k
Ao R R 4 S A AR 2 S o R 1 DA BB T
TEA PR B s R4 HI sl T—2
IPERESETT

ParaStep Verifier fifi 3£ AR #5071 G fig S P H- 2 48
SR, F oA (40 ol) WIITALEE AT,
[F] s} 5 JE AR I 45 A5 1) ParaStep Verifier 75 il A%
Woan B IR KBRS, X, SRR
BULH T E A “LLM-as-a-judge” ZfiE.

N2 2 FriE4n i, ParaStepVerifier 5 Gemini-

2.0-flash 25 &S0 TR fEERE (SLA FL: 83.39
%) , Ft BAEAEE DI 5 rp o fe A,

%1, BT Gemini2.5Pro (fafk F1: 83.26
%), JaElEREfE “LLM-as-a-judge” ffoJr
LA AR $0.97, AT Gemini2.5Pro
1) $9.32 8¢ 03-mini {28 “LLM-as-a-judge” i}
1 $4.12, REEWER F1L PERAR. iXFEH
ParaStepVerifier #2£{{t T —F G2 ERAE, AR
ZREECAMEPE A O vER I, O HaE s A
BT ) AR 2K 2

4R ParaStep Verifier 7r ] iz %) 155 24 v i 7R
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Model F1 Score (% ) Cost ($)
CMO IMO OpenMathReasoning Overall
LLM-as-a-judge
QwQ-32B 4333 6522 37.84 5291 0.84
Qwen3-32B 51.61 78.43 40.00 62.75 1.04

Gemini-2.0-flash 57.14 9492 62.75 75.89 0.37
ol-mini 48.57 77.23 41.86 60.75 4.10
03-mini 67.47 95.80 69.09 80.93 4.12
ol 65.71  94.02 20.00 74.65 56.21
Gemini2.5Pro 70.89  97.52 70.37 83.26 9.32

ParaStep Verifier
araStep Verifier_ol-mini 68.89 77.23 64.00 71.37 10.64
araStep Verifier_QwQ-32B 61.73  90.27 58.82 74.29 2.18

P:
P:
ParaStepVerifier_Qwen3-32B 72.09 94.92 72.73 82.63 2.71
ParaStepVerifier_Gemini-2.0-flash  69.57 97.52 75.86 83.39 0.97

Table 2: £ MATHOLYMPIADEVAL _F 1114l 45 5.
A THE MATHOLYMPIADEVAL ##4E F R4 F1 4
(%) AT A ().

522 T HAY i aE g i Kt
k7 VPt ParaStep Verifier 75 55 2= MR 1A
b, AT H S LLM+EC (fE 4 HIW & 1
LLM 5452 02) RIEERAY RIEREEN
R B R IIATILR . R 3 TEHERT
AR, St R T ParaStep Verifier A%} T
LLM+EC 7£ F1 434 E RS A 27t

3 PR ERM, WE RO BRIk
I3 (%> 7 #1>9) , ParaStepVerifier
YIREFEL S BUH g AT F1 87t lan,
PA QwQ-32B {E K Ak ZY 5}, ParaStep Verifier
A BB 7T W B SEIL T 17.49 % 1
X F1 83T, X 9 Bk £
M52 5 P T3 28.56 %, FHILT LLM+EC, 2
RL R S 2 A OGS 498 R AE At B B 2 v A R
%235 ol-mini FEfE A M (59 25) Hidsk
T4 NIEHR 50.02 % X $EF. BT

www.xueshuxiangzi.com



Base Model Verification F1 (%) F1 (%)
Strategy (Step >7)  (Step >9)
LLM+EC 72.22 66.67
QwQ-32B ParaStep Verifier 84.85 85.71
Rel. Improv. (% A) +17.49 %  +28.56 %
LLM+EC 60.61 44.44
ol-mini ParaStep Verifier 72.22 66.67
Rel. Improv. (% A) +19.15%  +50.02 %
LLM+EC 80.00 85.71
Qwen3-32B ParaStep Verifier 87.18 88.89
Rel. Improv. (% A)  +8.98 % +3.71 %
LLM+EC 83.33 66.67
Gemini-2.0-flash  ParaStepVerifier 85.00 85.71
Rel. Improv. (% A) +2.00 %  +28.56 %

Table 3: 7E4" R HEHLEE b Y Ik SR m& 2 8] 1) F1 P
RELLBE . FAMRELR % FAT R FL A8 (Zr 6l
{&Af ) #Hy ParaStep Verifier £ %+ LLM+EC SZ 3]
HIAXHE R (Rel. Improv. % A ),

1% Qwen3-32B fil Gemini-2.0-flash 3 Ff 5 5 (1Y)
F 2k, ParaStepVerifier tHH2 L T HH A A6 HG 8
H: A" Gemini-2.0-flash ¥Fi# 14 9 %Eﬁﬁjﬁﬂiﬁﬁ
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7FZIL)$JL—FEIJ Wi, eSS 6.2 i, FATEER I
Ezlﬁ" b 1o A BRI T AT W 7 R
ARE

6.1 RS REELIIE

Base Model Verification Strategy CMO IMO OpenMathReasoning Overall
LLM-as-a-judge 4333 6522 37.84 5291
ParaStepVerifier w/o EC  47.76 70.83 42.86 57.56
QwQ-32B LLM+EC 55.07 81.90 50.00 66.67
ParaStepVerifier 61.73  90.27 58.82 74.29
LLM-as-a-judge 48.57 71.23 41.86 60.75
1-mini ParaStepVerifier w/o EC  58.54 86.24 44.44 68.64
ol-mint LLM+EC 5897 70.83 63.83 65.16
ParaStep Verifier 68.89 77.23 64.00 71.37
LLM-as-a-judge 51.61 7843 40.00 62.75
ParaStep Verifier w/o EC  58.33  88.29 52.17 71.62
Qwen3-32B LLM+EC 65.85 90.27 65.31 77.05
ParaStepVerifier 72.09 94.92 72.73 82.63
LLM-as-a-judge 57.14  94.92 62.75 75.89
Gemini-2.0-flash ParaStepVerifier w/o EC  59.26  90.27 60.38 73.68
© DA L M4EC 69.57 97.52 73.33 82.78
ParaStep Verifier 69.57 97.52 75.86 83.39

- NAYAND S
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LLM-as-a-judge 8.04 6.61 122 0.40
SeqStep Verifier (Sequential) 23.78 19.36 4.05 111
ParaStepVerifier (Parallel) 9.88 7.48 1.88 0.51
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B [ ogical Fallacies
Solution by Guess
Other
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C.1 JFBeAER

Case Study — OpenMathReasoning:

Problem Description: Find all non-negative integers 1 and n such that (27 — 1) - (3" — 1) = m?

Error Category: Solution by Guess

Reason for Error: The solution relies on pattern-spotting from a few small examples ( n =
0,1,2,... ) and fails to provide a rigorous proof that no solutions exist for larger values of n .
Through this flawed and incomplete derivation, it arrives at the correct answer.

Solution:

To find all non-negative integers m and n such that (2" — 1)(3" — 1) = m
follows:

1. **Check small values of n :** - Forn =0 :

2, we will proceed as

2°-1)B°-1)=(1-1)1-1)=0-0=0=0?

So, (m,n) = (0,0) is a solution.

10
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Prompt: LLM-as-a-judge

# Instructions

You are a meticulous Mathematical Proof verifier. Your task is to evaluate the
mathematical correctness of the entire proof for the given problem.

Your evaluation **MUST** strictly follow the structure below, using clear section

headers:

**1. Analysis Process:**

- Provide a detailed, step-by-step logical verification explaining how the
proof correctly solves the problem.

- Clearly articulate the reasoning chain, citing the justification for each
key operation (e.g., based on axioms, theorems, definitions).

- Verify that all claims made in the proof are properly substantiated and that

the final conclusion directly addresses the problem statement.

**2. Final Judgment:**
- Based *solely* on your findings in Section 1 (Analysis Process), provide a
definitive judgment on the mathematical correctness of the proof.
- Your judgment **MUST** be precisely one of the following two words:
- **"CORRECT"**: If the proof is mathematically sound, logically valid,
and properly substantiated.
- ®*"WRONG"**: If the proof contains *any* mathematical calculation error
or logical reasoning flaw.

# Input

Problem:
{problem}

Proof to evaluate:
{generated_proof}

Figure 4: I TRARARIIT SEITAG I EEA LLMAEAPEFIE R .
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Prompt: LLM-as-a-judge + Error Classification

# Instructions

You are a meticulous Mathematical Proof Verifier. Your task is to evaluate the

mathematical correctness of the entire proof for the given problem.

Your evaluation **MUST** strictly follow the structure below, using clear section headers:

**1. Analysis Process:**

- Provide a detailed, step-by-step logical verification explaining how the proof
correctly solves the problem.

- Clearly articulate the reasoning chain, citing the justification for each key
operation (e.g., based on axioms, theorems, definitions).

- Verify that all claims made in the proof are properly substantiated and that the

final conclusion directly addresses the problem statement.

**2. Error Detection:**
- Carefully check the proof for **ALL** of the following common types of mathematical
reasoning errors. Analyze each error type:
&3 Solution by Guess (using specific examples instead of general proof/solution)
* Trial and Error Approach (unsystematic testing without rigorous solution/proof.
&3 Circular Reasoning (assuming what needs to be proven)
*  Inequality Manipulation Errors (incorrect application of inequality operations
or bounds)
*  Logical Fallacies (any flawed reasoning or invalid inference)
- If any error is found, explicitly state which error(s) occurred and explain *why* it
constitutes an error in this specific proof.

**3, Final Judgment:**
- Based *solely* on your findings in Section 1 (Analysis Process) and Section 2 (Error
Detection), provide a definitive judgment on the mathematical correctness of the proof.
- Your judgment **MUST** be precisely one of the following two words:
- *="CORRECT"**: If the proof is mathematically sound, logically valid, and none
of the errors listed in Section 2 were detected.
- **"WRONG"**: If the proof contains *any* mathematical calculation error, logical

reasoning flaw, or if any of the errors listed in Section 2 were detected.

# Input

Problem:
{problem}

Proof to evaluate:

{generated_proof}

Figure 5: fiIl A5 1270 JEEER ) LLM AR PRI AP o
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Prompt: ParaStepVerifier

# Instructions

You are a meticulous Mathematical Solution Verifier. Your task iz to evaluate the
mathematical correctness of the **Current 5tep**, considering the following context: the

#+*Problem** description, the **Previous Steps*+*, and any planned **Future Steps¥+.

Your evaluation **MUST*# strictly follow the structure below, using clear section headers:

*#*]. Analysis Process:**

- Provide a detailed, step-by-step logical werification explaining how the *#*Current
Step** iz derived from the **Problem** description and **Previous Steps®+.

- If the **Current Step** cannot be logically derived from the preceding information,
explicitly identify the break in logic and the reason.

- Referring to **Future Steps** can help understand the overall direction of the
solution, but the evaluation of the **Current Step®* must be strictly based on the

information established up to that point.

*#*2. Error Detection:**
- Carefully check the **Current Step** for **AlLL** of the following common types of
mathematical reasoning errors. Analyze each error type:
*  Splution by Guess (using specific examples instead of general proof/solution)
*  Trial and Error Approach (unsystematic testing without rigorous solution/proof.
*  (ircular Reasoning {assuming what needs to be proven)
* Inequality Manipulation Errors (incorrect application of inequality operations
or bounds)
* Logical Fallacies (any flawed reasoning or invalid inference)
- If any error is found, explicitly state which error(s) occurred and explain *why* it
constitutes an error in this specific step.

##3, Final Judgment:®*
- ¥Your judgment **MUST** be precisely one of the following two words:
- **="CORRECT"**: If the proof is mathematically sound, logically wvalid, and none
of the errors listed in Section 2 were detected.
- *##="WRONG"*+*: If the proof contains *any* mathematical calculation error, logical
reasoning flaw, or if any of the errors listed in Section 2 were detected.

# Input

**Problem: **
iproblem}

#*Previous Steps:®#
{chr(18).join{previous_steps) if previous_steps else "MWo previous steps"}

##Cyurrent Step to Verify:+*
{current_step}

**Future Steps:**

{chr(18).join{future_steps) if future_steps else "No future steps"}

Figure 6: ParaStep Verifier {if 32 A5 PPA FI BB 10 55 12 73 105275
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-Forn=1:
@ —nEt-1=02-1HE-1H=12=-2

Since 2 is not a perfect square, n = 1 is not a solution.
-Forn =2:
(22-1)32-1)=@4-1)9-1)=3-8=24

Since 24 is not a perfect square, n = 2 is not a solution.
-Forn =3:
(22 -1)(33-1)=(8-1)(27—1) =7-26 = 182

Since 182 is not a perfect square, n = 3 is not a solution.
-Forn=4:
(28 —1)(3* = 1) = (16 — 1)(81 — 1) = 15 - 80 = 1200

Since 1200 is not a perfect square, n = 4 is not a solution.
-Forn=5:
(25 —1)(3° — 1) = (32 — 1)(243 — 1) = 31 - 242 = 7502

Since 7502 is not a perfect square, n = 5 is not a solution.
-Forn =6:
(26— 1)(35 — 1) = (64 — 1)(729 — 1) = 63 - 728 = 45864

Since 45864 is not a perfect square, n = 6 is not a solution.

2. **Analyze the general case:**

Let A=2" —1and B=3"—1.Then A- B=m?. For A- B to be a perfect square, A and B
must share a common factor d such that d is a perfect square, and the remaining factors of A and
B after dividing by d must also be perfect squares.

- Compute the GCD of 2" — 1 and 3" — 1:

GCD(2" —1,3" — 1)

Forn > 1,2™ — 1is odd and 3" — 1 is even. Therefore, the GCD must be odd.
- Check small values of n to see if the GCD is a perfect square: - Forn =4 :

GCD(2* —1,3* — 1) = GCD(15,80) = 5

Since 5 is not a perfect square, n = 4 is not a solution.
-Forn=6:
GCD(2° — 1,35 — 1) = GCD(63,728) = 7

Since 7 is not a perfect square, n = 6 is not a solution.
-Forn =8:
GCD(28 —1,33-1) = GCD(255,6560) = 5

Since 5 is not a perfect square, n = 8 is not a solution.
-Forn =10:
GCD(2'° — 1,3 — 1) = GCD(1023, 59048) = 11

Since 11 is not a perfect square, n = 10 is not a solution.

3. **Conclusion: **

From the above analysis, the only value of n that results in a perfect square is n = 0 . Therefore,
the only non-negative integer solution is:

[ (m,n) = (0,0)|

14
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