PRRIRA RE A e S LY
MATH F GRPO #4k rollout B R 2R

DC-Jev-RL JiH , =% C

2026 4 10 H

Tl %

BPAR rollout Sy EE AN/ RAEDBULA RIS M b 30, &0 SO iac. —REik
A A B AR AT PRI, T DApsE IR L3 5. FATTHE MATH _EJi] Qwen3.5-4B-Base
RRE— 5o BRI, Kev-4B. [AFEA/IN E BEIPARERASS H 5 OB, A H
Z [FFRRETIIN — > 128 FTCHY AT I 2 R IER (AUROC 0.67-0.77), {HAE[R]—E R R 2
[B] HAESSHIX 73 (0.59-0.64); fREH Kev-4B {EPU R HIS SR M1, 1EIERIZE S 1Y L)
P +4.6 MED N, RIEEERER N +5.2. FEHARRR rollout i) GRPO H (P44~ 128 i
JCHIIR, HARIAAZE R, 200 2, BAEMEZAFT, B ASRAERT N SE Z SN )
Kev-4B HMRiEIEGM-TRIH OISR +1.4 FE 70 [0.9,2.0], BEYLIEIR N +0.35 BASN Skl
PLEEHR—FEMERf (MATH-500: +0.7 [—0.8,2.3] N4> ) o A FEIME, PIPRRIR SR AH
TR GRPO, (HiX F 2R H BUSASESCATI L SIAE T 2 AR run; 7EATH o, X —
I Tee R R bR S i run, 10 3 NRRE run —MEBCE UG HARRPIR run A
S GRPO M. S54SR MR 0 R R B, AR BT 7%-12% #ioc.
M Kev-4B B f— P T EWIHEE R IR EE RS, se B AR — e FFh T2
Uit . — 2% [ A A S BN ——F IR p(yes) < 0.3 IO pTZ—— R0 1.6% AYTH)
o . HE. BEDUIGRE AR SR B RO E G A

1 515

& GRPO ASH AR R 5e B, KR O EAE B 2 Te e S s b
AR rollout [1] S RAEILAHIZR M EANT 3L, KAERTSCH I, AN LB s T &I
T XA AR PRI 280 S0 e PEIRE R BRI A T RS T DA RS
AT | ] SREWE BEAS IR/, ATTiE GRPO 15315 Z G XA # I 4—— HA X4
ARG5S .

FRATEI X —REIER M. 55—, Bk Kev-4B. [FREK/NG AR A1, SIS E B0 5o
AR, e AHT 128, 256 m 512 AN TR MEE R AR M IEH? RE ENHHS RIS, f
IR SET BT 55, ARG MR RRTE RO, PRI e H i w2
i GRPO, 215 FEREHLIE (14 R =15 4 7



2 Mk IAE 2

2 MBILAE

TreeRL [1] 7 LLM 5 fha>] v i AR SRS B 18 3B T 20 32 1 AR R A2 45 v 70 1
#3173 (2, 4] Math-Shepherd il id SR RIRLEE GRS, AT HT BT AT A7 2K & A
I E M IS | AR ER (3] BT AEAE PP IR it Ty . =2 2R 7 Kk
VI GRAEA LR BE T AT RO G, X ISR A o D0 &8 A ASU A v A A — T

3 PPADR 2RI A

PR rollout [1] Xf—MEERIEZAEIN, SLEGHFP Ry, RS E I —aig.
FIRURE R LA R 2 & S IR R 58, i) AU E SEH MRS HT 2R - 4 R AL B IR Ay, 1
AL HAESRIS RERS I Ty FRATSC &> 4B WAL RE MU X I, PR E R
k.

HIWEsE.  FAMEH GRPO Bkt (M YIZrH 84 diiy 500 18 MATH 280, ULES 5056

2 77). BRI GRPO By AREURE 4 MRS (R 1, I%IR). B MREs BB, w

fE 128, 256 Al 512 M TCALEK . BAEIHEES 4 K, HEIIGKE (B3t 1024 AMEIT), Bk

RS R . — RIS PR Z B AR B SR RIS IME. AR mMES A

o Kev-4B X} on track (“EMRFEMAIME R EFEIEMPARAE R~ 7)) BE 2" 1
R

o Kev-4B X535 correct IAEE /2" MRS, HEHISCYTERTEARE:

o AR PRI on track % 2" MRS

o SRS B BTEIZRTS R TR, AR TREAE MM

MM, ARG GES “SERAER" 1 AUROC: —2& T EH, =¥

A H N —TE R AT 2 RO B, IR . RATEMERES 555 Ri%

Hr{ER) Spearman FH % R %K.

SRy, AE 4 MREEES B EREH E, B E S R EHS RS 2 . AT
LB R B BT ES 4 4 DR E R, R RIREVLEEAE I 2 AR B O (L
AL S — I EILAR: B —PEEHY, fEn —FaE Lita. KNG H L bootstrap
(17 95% IXIA]o FATD A — A5 BIEAN : 2 PERIR p(yes) < 0.3 BBIEEIXATAR . AiX %
R, FATREE L DRI WO RIS A 2 R IERIS (M Eh 0), PARERIT 2/
IEREES

4 PPk GRPO

FAMERI S AIFTRE R = 4 RE G 128 FTCRIE. S0 K = 2 M08, A
KEHA R O 28 & SRAE 4 IR tree_kev {38 Kev-4B on track /3-8 = PR 3 tree_random



5 FFBARTHEE A A LMATRC 3

BEPLER BN . e b, tree_random SF () T HORMEFI MR T AZRMIRA Bt e i 2,
LR, B 4 R E R gy S S 0 R AR A A SE B AR ]
TCMZEE T, BE#Rr 3, PARIEZIER 8 ANt BB L . Ha—UNa A% 30 rlvr
WE. BRI, REREORESEESE, (U Ties: XWE TP EsEErxT TR 8 430
R PABAHXS T2 5 S i) AR A i 2

RPN 7 IR B o PEAIBTRHIBTE AT, FerPRREAR 4 = E a1y He B, Ak GRPO
REEZH Y IES A, HX AR B T ORI T2 R AT, B AN T2 SRR
Tefiftith. W tree_kev 5 tree_random (KHEAHIR. ¥EBTGMM) AILAZ B HHIEBEMIMER U
tree_random 555 "4 rlve W] DAS BSHARITERITE

5 PERIBURRES TR U R 7

BRI 500x4 AMEETA T 4,515 ASEIZEA 18,060 A2d Bk se s, Hrb 37.8% 21k
. BT BHE D RN BUE TSR A . 7R 128 AMDCAL, ~FIIHHE 0.41, 41% MHTZ2EIEHT
& (BAEMIERLES ). A5 512 NMEICAL, KPR 51 0.29 F1 61%, PEARIIRIT AR SR
fREZ R MRS . P AR SO IR ARt Al —ERR AR, AEAES, A EAMER.

Wi S S A s R, HET — A RRAF X o Fl— B8N . % 1 AR ESR S5k
ZIER” 1 AUROC. AfPr @i e, RAES# A E SR (128 ANtk k 0.67-0.77) .
HA Rk B8 H MERE , TFMESHRETR B EAERE . 78 H N, e s 5L sl
B EIESEE IR, AUROC 7£ 128 AN cibBEE] 0.59-0.64, £ 512 MaocAbimt LA 0.67.
Kev-4B [¥) on track SRR FFEFE, R/ AR PEAELE (256 AMFJcah, HTH K
7B 0.64 XF 0.64, Z{H —0.007 [—0.033,0.020]; 95% X [b] 480 H B REESH]) . B WA RE
BT B S 5 BT Tx R (0.66; Kev-4B J 4 —0.021 [-0.055,0.014]) .
EH A BB, P PEARIRER S T4 (Kev-4B 2 +0.053 [0.026,0.080]) , A WLPFH
R A AR A 2 R o R X AR, TS R [ 3 A BT 8 2 IR BT T Bl . A 5
IR H) Kev-4B 25 3 correct AR, RURAMHE A on track.

RGN AT IR, TG SEEAZ . 16 4 MREAE S EIKZEE b, REEMES
HAS e AN HIEE, AT DASR S SR -l (38 2) .« 7E 128 Mook, Kev-4B [ on
track WAREAAHE 4 DNHIZEH 0.39 #2455 4-0.046 [0.034,0.058], AR JEHIHEE +0.045, SFEHEHIRTEL
RERPTD +0.052, RS AR 256 Milgekt: Kev-4B 2y +0.064, AR $FHI2N +0.069, Xtk
Fh +0.065. FPURZEFHRIPIRHET . 7555 SR B i B S MR AR AR = 4+0.098. B4 R
ZHATIRES , MEASHE— AR, AT S HLEIGEE AR T 578 38R0 B gty R 1y
st fE 128 NIt , X EESHIEE SIZTE P Y £ 256 MATTAE L ERM =72 . N
#iHEREW RN B HREFH 2 B LK IERT .



6 RAHFPR ROLLOUT %

128 tokens 256 tokens 512 tokens
signal AUROC  within P AUROC  within P AUROC  within P
Kev-4B on track 0.76 0.61  0.53 0.77 0.64  0.52 0.77 0.65 0.46
Kev-4B correct 0.70 0.59 040 0.75 0.59 048 0.77 0.58 047
AR on track 0.77 0.63  0.55 0.79 0.64  0.56 0.79 0.67  0.50
policy log-prob. 0.67 0.64 0.34 0.72 0.66  0.42 0.73 0.64 0.39

1 JAGSHHASRKENN “SEHRAIEH" MEES: AFITA RN AUROC FIE H ARy AUROC

([Fl—E P SRR S SR ) . PARS RIS RIS R Spearman 5 R4 po 500 EEIER,

LA, AR 4 RS

531

keep 2 of 4 by 128 tokens 256 tokens 512 tokens
problems 401 253 93
value of all 4 0.386 0.324 0.165

Kev-4B on track
Kev-4B correct
AR on track
policy log-prob.

+0.046 [0.034, 0.058
+0.040 [0.028,0.052

+0.052 [0.041,0.063

+0.064 [0.047,0.082
-+0.043 [0.026, 0.060

-+0.065 {0.048,0.083

+0.040 [0.015,0.067]
4+0.021 [—0.003, 0.046]
+0.048 [0.022,0.075]
+0.040 [0.014,0.067]

[ ] [ ]
[ ] [ ]
+0.045 [0.033,0.057]  +0.069 [0.053,0.085]
[ } [ ]
[ ) [ ]

oracle (split half) +0.048 [0.033,0.063] +0.098 [0.080,0.117 +0.059 [0.034, 0.086]

4 20 JE 4 DMRERE R EREH b, EAESRE R 2 A8 O 44) B mEsiZ A 4 4
HIZEH I E. 95% TR N H B bootstrap X[a]. MUEHLIL—PLE5 R, 5 —F Litar.

Vil B A ST B R AR A K . X A AAE PRI RLRY p(yes) T 0.3 MDTIERETZE (3 3). Kev-
4B 1Y on track HEFRILTMAX 24K X AHNAE 128 ASETCAL R 55 1.6% MRTZR, Mo 84% 2
FERIEE, HEMA S EMICRIHRN 3% M correct PNy, MWBIIFHE L (12.1%), HOTHEHI AT
HIERIZRE > (61%), I HEH T EFBIEMELEH 6.4%. TEREMUERIARA LIE & B{E, 75X
BRI BT AN AR H N ERHER A2 .

6 JHMPR rollout %5

PIRRBPIRZE R4S 3 AR 7k 200 2, Hor—P)558 —aRr i) rive MIlA; rlve 2TR
P2 (3 AR ). M HRRY run DO IR BRI E o A5G R R SR R T
PIAFF o ABHH R RS — MR T rlve, 53— 5ERE, FOBRERJCEAW, T2
TEMAF TS )G, BATHEF AR T8 =FT (scripts/make_jobs.sh). X—iE
EAER BRI TGRSR s 56 = T 5 KA T — R . R 5 AR ZAHMERRK,
6 B TROERER, KT AMEONE, K 4 SIS NI, K1 g hilgk
ek, DRIAHEH BORAE, A SR 2 RN ZE5 .



6 RAHFPR ROLLOUT % 5

128 tokens 256 tokens 512 tokens

signal pruned dead lost pruned dead lost pruned dead lost

Kev-4B on track  1.6% 84% 02%  2.1% 85% 0.3% 1.5% 8%  0.3%
Kev-4B correct 121%  61% 64% 121% 72% 42% 17.1% 6% 8.2%
AR on track 4.6% %  1.2% 8.0% 8%  1.7% 14.4% 87%  3.9%

# 3 BEMN, B p(yes) < 0.3 WIOTA: WOy HIZEELG]. By AHT 28 PO AT AR LB, DA Ao 4
WTZR A S AR I IR EES B I AL S I L) .

roots audit, every 10th step: all four roots continued tokens
condition seeds ended AUROC within prompt value gain, kept 2 gain, best 2 per step (k)
tree_random 3 1.5% 0.75 0.56 60.6 +0.3 +8.1 65.1
tree_kev 3 1.3% 0.75 0.55 59.9 +14 +8.4 4.7

2 42 YRR RSSO0 (RO T ICFEY) « A 128 MAICA L4 LB FE/T 28 B
(BT, —MURHUAMRE LS ), Kev-4B XHRI on track 53806 FIIELR G AUROC (&
FEEHRRNER) A ERPU AR ERRES (%), DA PR B Tt iy A AR o I i e 4 T S AR N T
o (A2 B AERCE (T, &5 20 ), AEHITHeEs.

6.1  PPABOMIR

VEHIBOMIR PR LLBEHLEPRIFAS T 24 WE T, RERBIRBLSWES, FRIALE R
BA T A RN AR AN TR B 0N R R T2 e (3R 4) o FE tree_kev |, Kev-4B HEfS
e E AR, L ATRPYMR I - IERR R +1.4 [0.9,2.0] NE4 A (FE 60 AT
#¥) . 7F tree_random |, MEFEIEMIEE LA EMLEE, [W— %0k +0.3 [—0.2,0.8]; X LEX[H]
YR ERAE . RS TR PR, ATASRAG +8.4 AN E RIS s X oA AE
M7 B B A HE BT RE A B 2, BUAREANR B AR AN T T4 RHEY . SO T
Gy TEHITH b, Kev-4B Xf—"MRIY on track 74X 2R IE# 5553207/ AUROC, &
AR 0.75, fEAR/RNERAIAA 0.55 [0.53,0.57], i bk f B VIR LEAR 14 T2 S s A PR EL A
(tree_random 3y 0.56) . BLLHBITEAHFMESHY T (B84 128 JHICHIRIZE, HAHAILESE
W), BHWNEP AUROC 3 0.61, fREHMSmE P BIgE LR BSOS T +4.6
ANAG R (85). ERIHIHAIR - BRI RIS I, 2k rh @ SRmsAe s > i i b 5 iy
2. BB S IEE R (FF tree_random T, IZRFTEEAH TR 54.5% IE
B, JERBCh 66.7%; BILRET LSRG RIS E Holy 38.6%) , BRI ARG iR A
R——M +9.6 DNEF R 4E/E] +6.7 NH A

I 2R PPHBOUI R B A . TEMEATIE T, H Kev-4B BERAE FHLERAR , %
BUER R AE MATH-500 2k +0.7 [-0.8,2.3] NE 4> A, 78 GSM8K |4 +0.6 [0.0,1.2], ¥£



6 RAHFPR ROLLOUT % 6

condition seeds MATH-500 GSMSK AMC23 AIME24 AIME25
base model - 76.5 87.9 50.6 10.0 10.9

rlvr 3 825+ 06 93.04+03 609+24 2154+04 167+ 2.1
tree_random 3 84.1 +22 93.3+08 65.7+42 256+68 199 +44
tree_kev 3 84.8 +£23 939+07 66.0+27 252+£59 196+ 44

£ 5 AR WERRR (%), FhFIE + FhFlabREZ . MATH-500 F1 GSMSK: .0 fi#fis. AMC23,
AIME24 F1 AIME25: R 0.6 NEE 16 NMEARPFY . rlve: i PREE (58 350) .

condition seed MATH-500 GSMS8K AMC23 AIME24 AIME25
rlvr 1 82.8 93.0 63.6 21.0 18.8
83.0 93.3 59.8 21.9 16.9
81.8 92.6 59.2 21.7 14.6
tree_random 1 82.4 92.4 63.4 21.0 16.2
86.6 93.8 70.5 33.3 24.8
3 83.2 93.7 63.1 22.3 18.8
tree_kev 1 87.2 94.7 68.4 31.9 24.4
82.6 93.5 63.1 20.8 15.6
3 84.6 93.6 66.6 22.9 18.8

% 6: WP T RZUERR (%) BFRRRAAEIEE =R T 2AE RPN 5E 2 5 g .

AMC23 |2) +0.4 [-1.7,2.6], £ AIME24 |2} —0.3 [=3.7,2.6], #£ AIME25 |2} —0.3 [—-2.6,1.9]
(F 7). THIREAEE; GSMSK |1y X a4 tifih &2 .

S ERAHLE, R s v rigsh . BRI, PIRRRIR SR L HEE T rlve:
MATH-500 45185 +1.5 f1 +2.3 NE 4G, AIME24 435 +4.0 fl +3.7. BAFTE, 1HM
KR (3% 6)o BRIR run B0 2 ANBORL T AAESCA TSR SR 2 (§6.2), BEA17E MATH-500 | &%
F 86.6%87.2%, & AIME24 |2 31.9%33.3%. HA 4 M4 N 82.4% 84.6% Fl 20.8%22.9%;
rlvr [ 3 DRTHA UM, &4 N 81.8%-83.0% F1 21.0%21.9%. PHitt—M40F0Fh 7 HEE
BRBCE A LA R RE T U . MITERES TS B IS0 , sl e E i U 2 ) Ak, ix et
run [FIEART . FEHS 100 25, A run PAEFRA L MATH-500 f#E#EE 5%, PIFRRRA(F
TE MATH-500 #5405 (81.1% F1 81.9%, rivr K 82.4%).

6.2 LASESCATF

R KB, AL GRPO run KRABULAAISCA . Al LaTeX 5 markdown fyAEIEAF
WK GARE, A AEYHRE run IEREFIIIRLE (55 2905 §8.3) « FRATIHTIIRRAYEE & PAX



6 RAHFPR ROLLOUT % 7

minus tree_random MATH-500 GSMS8K AMC23 AIME24 AIME25

rlvr —1.5 -0.3 —4.8 —4.0 -3.2
[-3.1,0.0]  [-1.0,04] [-8.3,—1.7] [-7.6,—0.8] [-5.6,—1.1]

tree_kev +0.7 +0.6 +0.4 —-0.3 —-0.3
[—0.8,2.3]  [0.0,1.2]  [-1.7,2.6] [-3.7,2.6] [-2.6,1.9]

® 7: MHX] tree_random WRELXTZE (A 40N FERHEM FHUS AR, SRZEEXHEHBCFY, 4
4928 H B RAER 95% X 8], tree_kev i, tree_random 43 & H P EHIBEEELEARI/E A ; rlvr i tree_random
S ERTERIVER .

MR R AR B S ELB, RIET 300 NP4 i B0A $er & AT markdown ARl mppl 4 s X — &
AR A L 5 E L .

1=

=20

GRBPR A AT AR T U0 BRI 11% 2 12% 1) MATH-500 f## DA A7 201k,
A run FRLERT 50 2 EAR TiX— i, 5 50 Buf R Lk 8% (3K 8). ZJ5 tree_random Ff+ 2 [
EEBIAER 100 2219 2% THE2H 150 22 83%, tree_kev Ffif- 1 LB AER 150 22 4% THE5 200
B 8% . HAtAEA run (f13E rlve {3 ) WRAMFERLA 7% X 07k P 7YX
P run 558 TEO R SIAAR BT ZBURE RS AR, HA 25% F115% MRS S
BES TRAALBINE, T 30 T run (rlvr_kev_gate i f- 2 fl rlvr_kev_add
iy 3) 4350k 85% Fl 58%.

TE—PRWHL, R BRI R BRI E . — MRETPUS 7 LB RY T 128 AMAJT, X
128 MATC) LT B2 300 NFAF: FE—A run AUARS, PUASIEFXT R ARRRIFL” B
A—WEZ I 0.3%. L, MPUARAPRETAS, FERAEI LI K Z B : tree_kev T
i1 Kev-4B (%, tree_random FRENLIE; FEHLHEREF A IE run KBV,

BUEERBAMEIN . 55 80—k, AHERE RN S A MBS UGS, R
TR IR 5 A AR B IR AR (32 9)5 FERPIR run o, HERIA RIS A — A
5 0-49 &, (AT 9 A run HPREFAR AR A POAIER (ZEAE —15.3 ] —1.4 DNE A
ZIA)), R E AR EL O R BRI o AERRR YR T 0 B, ENICH IR R S R L
HilH: tree_random Ffif 2 7E55 100-149 25 +1.2 NEA S, AEREMINAME 1A 40% 25
Fi; tree_kev fify- 1 ¥E55 150-199 222 +1.7 (Hfi kL 20%). s2ftAilliXs run LA T, K
INHCSRAIIESTRE AN K . FEATTH ) 26 4~ GRPO run 1, LIk /Y 6 470 )@ 5 A4, Horp
2 N LA BIERS s EATIER AIME24 RS 6 4 (30.4% F) 34.6%, HAh run 2% 24.4%:;
i §8.3).



6 RAHFPR ROLLOUT % 8

share of drafts, step

condition seed MATH-500 AIME24 0 50 100 150 200 final
rlvr 1 82.8 21.0 12% 1% 0% 1% 1% 1%
83.0 21.9 12% 0% 0% 0% 0% 0%

81.8 21.7 12% 1% 1% 0% 1% 1%

tree_random 1 82.4 21.0 12% 1% 1% 1% 3% 3%
2 86.6 33.3 11% 1% 2% 83% 83% 82%

3 83.2 22.3 12% 6% 2% 1% 2% 2%

tree_kev 1 87.2 31.9 11% 3% 5% 4% 18% 8%
82.6 20.8 12% 4% 2% 1% 3% 3%

3 84.6 22.9 12% 8% 4% 4% 6% 7%

4 8: MARIEAFRIT K (AT 300 N AF sp B $et s SU4F . markdown bRl ig) 19 MATH-500 f## e
O BUCEBIER (BUl, 4 50 ) MURZPEME, B run S, PR MR

6.3 Wi

tree_kev W —ANRFIFIGTE AL, rlve B—AMR UL,  tree_kev A1 2 HYIIZRAEE
BIAF DAL — D ERZ T EEMREN 5 55 0-24 25 4% MRS, 5 50-74 L
H 11%, % 100-124 9 41%, %5 150-174 29 65%, 45 175-199 v 59% (3 105 X—
Fe Bl s — it Ty 2 —, RAENSE 75 BIF M O) o BEREERKEEA 620 HEhnE| 859 4
WG fEAJE 25 A, 51% MIRETE 1024 MTry K EE EIRAC BN, IRukasisz T 63%. ©
()5 ZRBETE 90% 1Y) MATH-500 i H ET48—NERZGHEE, B MEES 931 AMEJT, #EffhZE
82.6% 5 rlvr £, rlvr BFpF 3 2t (A 75 SIFIRM S DAL BRI R ZORIEHE 90% 1
MHEES) . FEHAEA ran 1, WEE 50 SR —AE D BESEZ FEEZNINGME 22
0 7% Gth 2 ENE R NG T EE . tree_random Fi-f- 2 ¥£ 46% ) MATH-500 & H 43
AR IE—NESR, MEMITHRA 0.2% EEHEIN-—1T, tree_kev Fji-f 2 2y 24.4%.
XA EE ) run # UL B EIERS A0, MRS G — AR, AR SR EE N
EATEAETAN . R Kev-4B LB RREAT4r, B NEXFELEAI)r: 18 tree_kev fi 1~ 2 1
£ MATH-500 R, W BEZATIHIREEMR S, IikasHeszn) 348 1 I, Kev-4B 4355011 P [
BWHE S — B R IANT +0.046 [0.041,0.051], BAESHIEARY 54 4 EF +0.085 [0.068,0.103]
(58 5 §8.4 B4 . BAE tree_kev W1, B HARIT S, i@ a2 BIMET 128 4>
TG, AT RE N EE ATy M rive Fi 1 3 RS RA RGN ThaEl.

6.4 UG L PPALR S

Rbr.  — BRI AN R K 128 TAoiR, FHEH APPSR, Hi—MR
It E R TC. FER)G 20 B, SADMIRRER EEARE A R P oREERT L, BRIR ran AR RCT



7 itk )

steps 049 steps 50-99 steps 100-149 steps 150-199
condition seed drafts A right drafts A right drafts A right drafts A right
rlvr 1 ™% —8.5 2% +4.2 1% -39 2% +1.8

5% —15.3 1% -9.3 0% -5.0 0% —-2.1

6% —14.3 1% -0.7 1% +3.3 1% +2.6

tree_random 1 9% —-14 2% -10.7 2% +4.2 2% +11.4
2 10% -9.8 2% —18.8 40% +1.2 75% +0.4

3 13% —2.2 5% -3.3 2% +9.4 1% +3.8

tree_kev 1 9% —4.4 5% —5.6 8% -5.2 20% +1.7
12% —-54 3% +1.3 2% +0.0 2% -0.9

3 12% -3.8 ™% -0.5 5% 2.7 6% +3.6

2 90 DARIEFRRI LRI, #5250 e BN S B, PAK A right: FE[RIN &4 PR
ML EIBCTEIRY . BRI AR TR0 Y LU B 25 [F) 4 AR X — Le Bl (P43 50) .

11% %] 12% (tree_random) il 7% F| 12% (tree_kev) [HifJC. #EH11, tree_random 4§
65.1 T/MAJC, tree_kev LAl 74.7 T4, rlvr iy 87.0 TA; XLEIPERI T HAFp T HIfHE
BEE LK (SELEACH rive #i7 3 Fl tree_kev F 1 2 43R4 108.9 F1 101.6 T4) . 7F
HZHT FH Kev-4B ZR4T4r, 23R ALEAR ME— R RS MAT o

VERNSE . FERX R 9 A run b, BEBIAUZESS 0 201 MATH-500 #ERZENT 75.2% il
78.0% Z[H); —A> run FE4S 150 AL AIEE 200 WKL Z [ HERR 372840 1.4 AN A . B
run i ZRCEHFE MATH-500 _FPAST OB AL TR —00258 200 Ry sl , —koe
AV . PRIREESHRPIRI2E 0.6 NE A, EMZE 1.4 (9 run) . BHIREIMPPLZ [B]—E
SR, TR AR BRI

7 vhHE

e N, PEHBRLP R AN MR BB B4, Kev-4B [ on track 73 50X 5
[F]—3E 8 128 TR IEAf S 55 1R2ES , AUROC 2 0.61, AHFEFER/MY AR EFIBIAY (0.63)
BRES 5 B XA (0.64) HAF, MG EATEALMEIMU . AHIrG 8 H R E S
U, PUREERME SH AR B U H A7 e, T XA ] — T AU 7 2% P O B e A S B . HE DIk
TSRS E CAR, XA TEES (0.55 [0.53,0.57])) 5 55 Kev-4B 7EPYANHE Ak i w4,
IEIER TR OIS T +1.4 [0.9,2.0) DNES AL, FEVLEER 0.3, FIEEIFHPI TR +8.4,
X fE AR (FIEE +2.2 A, JERER 407, REGXE): SILFE, ST
HRBOCR B S IEAE S, M RMBA/NT (FERGIHME: +9.8 F1 +7.0 NAZ )



7 itk 10

training completions, steps final
condition seed 0-24 50-74 100-124 150-174 175-199 MATH-500
rlvr 1 5% 0% 0% 0% 1% 0%
rlvr 2 3% 0% 0% 0% 0% 0%
rlvr 3 5% 19% 65% 74% 5% 90%
tree_random 1 3% 1% 0% 0% 0% 0%
tree_random 2 6% 2% 7% 0% 0% 0%
tree_random 3 3% 2% 0% 0% 0% 0%
tree_kev 1 3% 0% 0% 0% 0% 0%
tree_kev 2 4% 11% 41% 65% 59% 90%
tree_kev 3 2% 4% 3% 0% 0% 0%

2 10: 7R —MEMMERZ FEEZME 0 (W72 20 7R, IRE H S NE) e
OBl A4S ran FETAS 25 20 LR AGUIGEE, PASORZAHIGAE MATH-500 bR 500

HE LR AR B AT OB R AR R . TERTE RIS, PR Kev-4B & AR T AS 2 B L
IR, S ZMERR BT T BEUE FARTEH B H BRI X R NI A 284k GSMSK R ZE(AN +0.6
(0.0,1.2) NE S, RIS . IPHIBRIERAR T G B2 BRE% GRPO X455 %
AHMA, HARXFENHAGYIES . FEHFEM: Ei)s 20 £, tree_kev A 17%
LA LT IER T, tree_random 4 15%; 4FRM-T-HBIEHIALL 510 48% H1 47%. 1%l
VEREAE SRR A BEOR P AR N P2 SRS O RE A, 0 B DRI N P SR A BE 1 e Ak it 3141
BA A ST ERR R . PR E R A RIS EE B O tree_kev [— MR T & ¥
R NERZ REEME, RSB AHRAY rive W — ARk, imH Kev-4B 145
fEETHITT 128 AMATCET 4, AR Z A

PHE: B UM YR dE . HRhTIIE, PIRMRRIR SRR AR T R R A MATH-
500 E4polwms 4+1.5 F1 +2.3 NES A, AIME24 B3 5m +4.0 F1 +3.7; HiX F2E H s A
QAL B HEER 2 AR run. BT AIME24 B4k 31.9%-33.3%, HABRAR run
20.8%-22.9%, rlvr A 21.0%-21.9%. [FFEAYIRIERATH d IG5 kARG & b run
(55 3% §8.3) . XHEMPR run A5 2 AN, rlve (19 3 NP F— PR . RS
Gy KA, XD run JYE RS SR — YR EER AT 2 T, SR 7E run A S A LI
(), A2 I R A B MR 2 e S o FE— R L, RS ERRTT Sk AR e, I DAEAR
(7] B A2 AE T URP I Sk 2 [R5 AL AR A2 DAL —A> run KA U4 . AT 2 BB SR 1 & 18] T
T SA SRR B R R SRR L, PR run B0 AR 0 T%-12% [1RIRTC

JRt.  HA—FPOREE UL (4B) . —ANXF 128 ATCHYARIE I ITHI A (on track) . —FPifIE
(PR, PREEPIAS, B TUANHT) o DASE B2 2] Z-AN%K 200 25, PASCEERMRRR A 1F 3 4> Fh
T (xlvr: 34Y), HA S =R 2AERIAHLSE 2 SN . BRI HRE 2 I, PEFIRIA AT i



repeated lines several draft Kev-4B P,

condition seed tokens truncated share after answer answers opening right wrong
rlvr 1 541 2% 1% 0% 2% 1% 0.84 0.60
555 4% 1% 0% 6% 0% 0.85 0.59
909 8% 28% 90% 95% 1% 0.88 0.64
tree_random 1 553 3% 1% 0% 3% 3% 0.83  0.60
2 549 ™% 0% 0% 46% 82% 0.88  0.56
582 1% 1% 0% 5% 2% 0.84 0.57
tree_kev 1 567 8% 0% 0% 18% 78% 0.88 0.55
2 931 ™% 24% 90% 94% 3% 0.89 0.66
485 2% 1% 0% 1% % 0.83 0.57

11 BARZORMEAE MATH-500 15 7424 (300 MEEIAICEL. 8 2048 oAb gkt (&
20 ANFAFRY) AT R AR BT FATA A LB AE S ME B R Y R EE XTI R, &
HEZMERBERWMELO (BIEsS s )« PEARIER RIS RS L, PAR Kev-4B XTIEHf S
AR EM Pe.

HIRHITE R, BRI R E R, it P A S5 amMimR, S0 run 47 20 MHEITE; EW
DR X LA R, AR Rh 7 HORAE . SR HERR AR DX )0 H FERAE, A 1 E R A
BT TS RN A 2 BRI A AT ZE, AR YIRSk AT XA 14 R A B A 2 i i X
1o FAHRARICEUTAZBE] . X2 run HHABSLIIL] GPU.,

SR

. $R. RIEHE (B4 GRPO ZHAEUGT) . GRPO run 8 MITZRAEFE, DASHT
WOIRIRE . M. ZEGHITH D BHAEQET (experiments/part3c_tree/). FRAGHIECH
HIEF TR dejev/11m/prefix_study.py. dcjev/analysis/part2.py fil dcjev/analysis/
paper_numbers.py M H A A,

%3
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B bk

train accuracy (verifier)

completion tokens

12

groups with no correct sample

700 A

600 -

550

0.275 A

0.250 A

0.225 A

0.200 -

0.175 A

0.150

0 50 100 150 200
GRPO step

Kev P(correct)

50 100 150 200
GRPO step
math500 accuracy (greedy)

50 100 150 200
GRPO step

val accuracy (greedy)

0.76 0.78
0.74 4 0.84 -
0.76
0.72 4 0.82 1
0.70 A 0.74 1
0.80 -
0.68
0.78 0.72 4
0.66 1 ’ —8— rivr
i i ~@— tree_random
0.64 0.76 4 0.70 —@— tree_kev
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
GRPO step GRPO step GRPO step
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