e PP AR — A T
Kev-4B 4 MATH iy GRPO 578 TH4 . w2k TH4
DC-Jev-RL TiH , & %%

2026 4 10 H

Tl %

Kev-4B J& Qwen3.5-4B-Base [f—1~ LoRA i&RECER IN—FEEN M B 77 HAEAL R it
TE—3LE FRAY —4 LoRA &REI2eIZ: GRPO SEMS W DA S & — 68T . T &ix
RO T4, PARPEHIBRZ MATH EiY GRPO 3k TH4. fEHEET 1,
AR 5 H p32 ZHE 2 Z AT 0.015, VN2 G Hsppom s s>/ 48% BA7.
B, EELPESEIGAY 4,000 MBS, Kev-4B X4 IF iR 16 15 [F A & BTSRRI A
24 (AUROC 0.87 %} 0.88); [F]—HBUEHEMFEE AT, UNZ0H 29 fif. #E GRPO fr (200
W, FAKAE 223 AR T, HUHIRIESS I MATH-500 #ERfZM 76.5% 4% 82.5%. &
Kev-4B HIWi IE# HER I A5, ST Kev-4B (40 BB BAE 28 10, A S8 —A4
g SE (MATH-500 | 87.4% FI 88.4%) , HA4hh+ 5 HHEIERE run AT, XH4
SR RD T RO T ASE SCAR B AR IE SRR k. AT H Y 26 4~ GRPO run X —4#
(16 A (RSB TEARERY) F 2 AIME24 IR 6 A VIR RiF 455 E A
YRR, R 2-3 A7, IROTCEREHE TS, HH Kev-4B #4501 25
BF, SRI&EE H Kev-4B KRR . SEPRERAMEE, MATH-500 f4H 70.7%. Kev-4B it
SNETEZ G H P AT 5% S A Kev-4B 9 11 4> run 1 6 PN IE A X
W AR, A, A VIGMRE DA RA SO B B G

1 515

BT I s ikoE ) (RLVR) (EZ SR MG AY )8 EIZRl 5828, GRPO (3, 14]
LHAR R (11, 12] @i WE . Bibasha i (FARE . & R AW A AR AR, AEHERLE
MUiisl; H—drEAR X e AN, EARGEME S PPHRA N LB A TEIT 7, AR
(10, 16] AAERIUESS [18] @iX —RNARMAE L. PRI 2 R AP AT R]_E R ACHr,
AR AR 23 4 22 T RE R AL (5, 15],

XF Qwen3.5-4B 5 RLVR, Kev-4B [13] &I ABAAS SMEHY PP RIBAL . el —
BRI Qwen3.5-4B-Base ER—A> LoRA iERCAS I— 46451k, RIS AITE R ol DASE )
—Pr B TALE : SN LoRA 51K LoRA FHAMELER T 1, PEAIB —ET ARl i %%, T



2 Mk IAE 2

B . A ST B XA T8 T4, WA S GRPO ik T4, 15 =14

[

L AR —AR A — IR Nl e T AR A 58 — AR 2444 2 A7 (§6)7

2. SEZFG. FK/D AR PPHBRAALE, PARSIRERUEHER RS, Kev-4B X703
EIEBRIBE S A ? B PEAIRALE Z RGP P ERsEh ir it (§7)?

3. 1€ Kev-4B HHIW N A B UER: K5, BEFR et MATH Efy GRPO? Kev-4B GETR UL LR
(§8)7

2 MBRIAE

RLVR %4 GRPO. GRPO [14] IR T2 MEARKAELIIC PPO 1 Hr{H R %L,
DeepSeek-R1 [3] fHMCHHEBEIN RIS EMOIL . JSSEm IR AN REZ: RNz
HEZ [11], AT REERERE [12]. FROTR A AIIERLM Liv et al. [12] AL, 17
e, A KL 5. BT RL AEZEHAERS [ HERAE . 15— BRI, Wi xt Al — 4IRS
R A 22 5, T E R DA IR X — AT [17].

FIT-HERRA PRSI R . 25 SRR AR i R S A2 73 | 25 i 25 B8 BT 20 (10, 16]
AR (18] I A AR ER R IR R (RTRASEHERR ), R 2" AR B LLM
PEAISIREE . WS AN “FEARIEAN" PBERRURR [19]. SRMSHERREIR , X R L B it
MW E [5]; fEVFZ YT, RL SFMg#E:S T AR ES (1, 4, 15].

g R Z FIE LR 2 LoRA JiEH (7, 9] ik 2 NG Blas 7EEB i3 ] — Sk e 0 HL
B —HLHAEN Zras A — D IEAE VISR SRS G RO A — R ZE I IR d . (2 " A WG
MR IR AN A PP RIS AR st P P 1 ok JAE A

3 SR L PP AR — A T

Kev-4B [13] /& Qwen3.5-4B-Base ({71t 1001bb4ad) FH—4Fk 16 1) LoRA @&HELasil—1~
S5k AT SEm S R — B g — LoRA &ERCes, PRI — 1 2 A A o ] DA ) it IR 55
AR, EXACE FEESE LAY default 2ORHE (Fk 32, o =64, BRTAERJ. MLP
Gated DeltaNet #5%), kev ;& Kev-4B KATHERLA, #R4E5 HARGH HUMEH . KA RIKGE R
I gR, BTDAR R E R AL, Kev-4B #3| G -2 BN BT T . SN aE1T45
I, EESERL AR VRS kev, FFPAHASHERZ FEE Kev-4B W48k M PEAIBAYE 211 & T
AT A A S 80 Kev-4B 5e4Af[R], #idi L bfl6 ' LoRA A HARGHHHEARZESR
MEEA AR, X —22 M T & (§6).

73— ML Kev-AB /028 “AMEAUME . FATER —2ERE . [F— I8 T IS piFhi it
PRAT: MBI E T RAT,  DASCHE ] U U SR SR P Kev-4B 4743 3 [1) (1) I i



4 GRPO & & 3
ﬁo

4 GRPO &8

Hm B, I Qwen3.5-4B-Base fll—ZHIIALH) LoRA JHif, FrPAS 0 Lalt/d st
A, YR H 2 MATH (6] INZR8erh 3-5 A H . AP REEREPLAIE 500 8 (Fh5 12345) ff:
NYIESE , X ME— TR R AR HAR N SR BT A BE LIP3k [ . MATH-500 £
MR TE MATH YIZRGE] s (@R TR ) o fREORBPME LR A B R ETE
\boxed{} . ¥ math-verify [8] FIEMHE P iR)5—1> boxed FHREESHHEME, WM L.
WHBEMAR RS HER.

Rollout,  #—M vLLM [9] IR4545RHAE 16 A, FF80 8 MEE, N 1 (RZ 1024 4N
J0) s BRRERTG . SRMSERCARAR & AR iR 55 v . VLLM SIZRHESE0 (] — 2B S AR
WA 225 . AT AR R IE [17], BGEN min(miain/mviin, 2), FCRIE—
Z5

Hire®.  —MRERIE ST AR I i~ 285, R DA Se b DAL R A e Bt
K EmbsiEER, 5 Lite PPO [12] M. RAMEEL)G, BIEERIESXT—AL b Brfy i 45 AR ]
Ky, PERIALE A BRI & . SR TRICHRISARIE , XL b A i 1A ORI R
PAFANE [11] AR AUS— R AdamW B, itk PPO BYLHLARIES 1, #ETNEIER A
KL i, 2> R AEmikse B rlve 25 {1,3,10} - 107° dhikili (88.1), ZJa i APl & il
Mo BREEFERCETT N 1.0, &Rt 128 M, 4> run iI1Z5 200 2.

Whihtk. v € {0,1} AR HIE . Pe /& Kev-4B X} “Frés & A B 22 Ew?” ]
&R RS Py REX “FraRE e Sl B AN B HERE RA R
ST MR Py 2 AR PSSR RIE 2T B, IEFHRR L experiments/part2_
1lm/prompts/judge_prompts.json, FEL{r] GRPO run Z HiRIE [ E . PEAIALE 28 3 A
(R E 1536 MF)IT) .

M 2 Jil
rlvr v

rlvr_kev_add v+ AP, A=0.2
rlvr_kev_gate v-F;

kev_only P, (LIIESS)
rlvr_ar_add v+ AP, A=0.2

BT A <1, FEMPEAAE P IR I HE Y SO s T O, PPRIRA R REE A E MR A R
AV HHHET . kev_only $2 IS — 8 (URIF B AETR I ZR5RNS, SRR R =S
PPHIRAL. PR 2 fF, Kev-AB it AR HNLLY 64 MRETTr, DUATIES.



5 FEIHIEE 4

VRl . 4F 50 BAEEGIEAE . MATH-500 Al GSMSK Jlif4E (2] AY—NE5E 500 14 o bF
fli (B 2048 MAlgT) » fE—H 2 )G, TEEEN GSMSK {4 MATH-500 3.0 0,
7E AMC23. AIME24 1 AIME25 438550 FE 16 ¥k (JRE 0.6, top-p 0.95), RE&REAR Y HER
Fo FATMAARA run PR ZAORNE, AP . BEEE AT, RIS AR EA R B S H
R FRATIRAEART T rlve BRECHZE(E PR FICEE), PAR RS H AR bootstrap 1581 95%
EAF X

BYVPAINESE . HEAESRIETE 1000 EE (MATH-500 Al GSMSK [ 500 &4 ) A EPARE 1
5 4RSS, TR RFE RS 512, R @ GRPO Bk ST = A fEE . A
PR I 2 AT . XM FES, RATRS EXIRIERS AE ) AUROC: —@X 47
2 —2AEEH W, BR8N R, X IE 2 GRPO 4B W LU
AT ERAERR R (B MER2E ECE; Brier 40%0) FIfCHr. DURPEksh F SRR AT 24 2 24
FRAY

o ROGEE: OMEETHN— R4 B R A BRI

o LA FERBBIN A H IR

o FAR: FEREBM—A) “B—BHOmuE” B

o SLEC RIERRE IR boxed ZEEH, 2 AF4H .

AL AL, S — AR E it R W~ AR BBUBHERE RS (PR
B2, EIEEALE L) plyes). XTUHFFMEH MRS, HAHT W EFABEL, Ry GRPO
run (AR GRPO run (W HHRIFRTE BB T2 A E & & .

5 JERRHE

A run i fl—4 Colab BEIML, FEl—3t NVIDIA RTX PRO 6000 Blackwell Server Edition
GPU (96 GB). l%:#s (kev HiEHIEF ) PyTorch 2.8; Qwen3.5 1 Hugging Face s, H Gated
DeltaNet JZ2iz1T1F flash-linear-attention N4% F) 5 vLLM 0.31 rollout IR45#8 (BAMFFAEE) FLH
X GPU, % = lZkdst Hl—> rollout flRd5ds. A8 F 4B HABSLI 5 5 W INTEX S GPU
FaEty, AT RIS GPU _EARRFER, FFEEAPRYE. A7 [EE s Iy . vLLM 1y
KR (FEEE—2—A) ARG A FEPLER: . GPU N ZifE R, B AR —
B UGEATH AR LR o 4 25 BIRAF—UR AR, PR W AR s IR ISR run B
— I

6 LEETNE M4

VEHIERAVE . A 576 SR THCEMRE R L (GSMSK il MATH I 208 25 1l JRFE
B R AERN), LEZET LK Kev-4B 5 Kev-4B | p32 2% SCHAEMEAR L2 22 0.015,
FEIAZE 0.0023, FE 99.0% AR EE AR, Bongk. &I9F LoRA FH-fA Rl & N



3 questions 1 question

judge used by ms/request ms/question ms/question peak GB
Kev-4B, merged, fused kernels, Part T judge 53.0 17.7 18.4 22.8
one row per question server
Kev-4B, merged, shared prefix offline studies 44.3 14.8 27.9 13.4
Kev-4B on the policy’s backbone GRPO 49.9 16.6 41.5 10.1

trainers
AR judge, fused kernels baseline - - 18.0 9.7
AR judge reasoning first (vLLM) baseline - - 478 -

4 1: FEZIHAY RTX PRO 6000 I, XL 1000 AHLHE K AFE (MATH-500 Fl GSMSK i H ) fil—k
PEAIEACHT . Kev-4B FE—ANf R p a1 25 56T — MBI = AN50 000 s AR PPIREAS o 2 — Ui
[ feql s HEEALPPRIe A i 2048 DK S PR . IEfH: #RRRMACH) GPU A7, SRAIAL.

1 Kev-4B #xZ 2% 0.009, —F X IEMfRE- 50 g2 ni6e 71/ R (AUROC 40512k 0.954,
0.954 #1 0.955)

WAF. AW —ME T, 83GB. MEGEMUG, WRAERLEA Kev-4B it kg3t =g+ 5
] 8.8GB A7, PR 5] 17.1GB, /b 48%. fEREHK (8 £ 1024 EICIIFS, TFEkh
JERGAE ) P ORISR, IR 14.4GB Xf 22.7GB, /b 37%. WiFr R4 —ASH ke
HAHFEIR ) 25250 (experiments/validation/shared_check_idle.*.json). [fij5 Kev-4B T
G B r A S EEHR T PRI — A P 2 DR T, X BTN AT AT — R T i ek
IR e

M. LIEERLA N IR Kev-AB FEUIERATE 18ms. {E700 GPU |, ST L
1) Kev-4B A5 F0ALT 36.2 A-REROTOR, WM AIFBLILN 30.6 4. SCB T LIGERADA A
FHAH, A S . AN TSRS L (EK), GRPO YIZR3 R SR FEAL
A A A B IR R 49.9ms (3 1) o YRS P I LR 8D 8.0 45k,
Ui} 5T UM GPU, R AR R 2R

7 VPHAIBOMEE S KRR HRISE I BE R

FLRESEMGAE 4,000 AP R T 60.9% (MATH-500 F 51.7%, GSMSK T4 | 70.0%) .
1000 1E/ A 603 18 BEA E Xl Ay B 221

Kev-4B 5 AR WHIRMEREH Y. %2 2 HHEME SRR HIER AUROC, 7E4B22i
|, Kev-4B [ correct i5%] 0.87, AR {FH55%] 0.88. AR TEHIBISRSEIE AR/, (B8t ERT A%
B Kev-4B Ji AR >k —0.013 [—0.021, —0.005] ($81 H FRAEAFEN1 95% DXIA]) . AERTH P, W



7 RPN AL S KA LA Rk ey iR "

all MATH-500 GSMS8K
signal AUROC  within AUROC AUROC ECE Brier
Kev-4B correct 0.87 0.82 0.88 0.83 0.10 0.16
Kev-4B genuine 0.87 0.82 0.89 0.84 0.14 0.17
Kev-4B quality 0.88 0.83 0.90 0.84 0.09 0.15
AR correct 0.88 0.80 0.90 0.83 0.06 0.13
AR quality 0.87 0.80 0.90 0.82 0.25 0.22

# 2: £ 1000 8 (MATH-500 fil GSMSK 4L H Ay 500 i) . AR 4 W BRI, £
SXTERSFIER AUROC: £z B, PAETH PIR ([R]85 AR R i 280 ) %5516 R
“IEHR” M%) ECE Ml Brier 43041 (FEX correct FEEIA T L) .

HiE GRPO ZHELZ v i, HEF R T a3k : 0.82 %} 0.80, 25{H +0.019 [—0.001,0.041], NEE4N
e, 7F GSMSK A PA4»#E (40.049 [0.020,0.081]). 7F B2 MATH-500 |, Kev-4B 7%
J& , (HIRBEEARREY#E (—0.017 [—0.044,0.012]) . Kev-4B B =AM (5 B LFAHF : genuine
M quality ) AUROC 5 correct #ift. 1R “BERIEH” MMEE, AR PFHIN /SRR HES T
i (ECE 0.06 %t 0.10)., Kev-4B [¥J correct TEAHRARES P (MM 0.51, AR iTH4 0.34),

JEHEIGVE I AF, ATIRH . FEREALANELY 1000 K2R F, SEEFEFAEE Y AR B LF]
AUROC 0.92 (¥£iZ% T4 h il g RaE AR 82 HMINHY 0.91) , [AFEX 2R 1 Kev-4B
correct 4 0.88 Fil 0.88. Axilsif EAYGISEA LA B (+0.048 [0.027,0.069]) ; & H NERIGIIEABE
Gt (+0.024 [-0.054,0.099]), B T PR RGO H KA. BB TEL BT i)
T 2048 FCiy BB (A 38% IEFEHR), 2Rk NER. fE2W GPU L, BRFKIT
HIFERS 478 ms, 2975 GRPO Ik Kev-4B 44> FEAER 1) 29 £ (§6). GRPO &F— 2T
128 M2

a2 ATV, 32 3 S PUM S T A IR correct MR ITI92EAL . IERRARE ) B
LA, DI PEAR AR AESESE (Kev-4B —0.53, AR —0.75) . W#EHERS AR
HEHMIEESR (—0.21 Fl —0.34), T AHHER A 68 DB S MIEEAAAL . FEREIBM “H—2
HREIAE” AR B S LA PRI R E T - Kev-4B fEIERIMRES BT +0.02, Hi 83% fYy
fREDRCETE AR PERITHR +0.03. XA SRR . SR Z MR ZEHAT LR, (HENTR
RGENER, AR BRI R F AR SRS 1 2 B A Tl 2> A3 2R il o



8 FHBRE Ao A IiE BB R AD 2 ’

correct completions incorrect completions
edit Kev-4B AP. AR AP, Kev-4B AP. AR AP,
answer only —0.21 —0.34 —0.02 -+0.00
padded —0.03 —0.04 —-0.01 —0.04
asserted +0.02 +0.03 +0.01 +0.03
altered —0.53 —0.75 - -

4 3 MRkt P (Kev-4B) #1 Py (AR 3FH) B~P7384k, Hgubas Hoh IE BRI DR A5 70 B 5E
The REEE: MEEHN RSN HRATENI: AA: BN HH RN, #44%: Bn—me
BAERIAEHT]; e SRR E R A AR .

55 B0k HS0% H60H 14 (530 5 60 HHIH)

1075 0.692 0.738 0.738 0.738
3-107°  0.694 0.730 0.744 0.737
1074 0.698 0.748 0.678 0.713

B 4 HOPREH: rlve, FF 1 IIEERE (500 EE Y MATH JIZ68, S00M).

8  VEHIBIBLHE A uE &5 41 K I ity 7
8.1 2K

2 ) B HAERAIEAR ik —k, (A rlve ZEHIAIFNT 1. B4 run J1Z5 60 25, &2 16
L, B8 ANEE, 3 FAAHIH 1070, 3-107° M 107 (F 4) . wEFHME: BEE 30 £
55 60 LIRS R R A 3 AR ZEAR L 0.5 ANE 20, IR INARA
(experiments/part2_1lm/LR_SELECTION.md). iXZ5HLNEZE 1075 Fl 10~* P4 run RIFFHEHTE
TR M4EF 3-107° A run EAICSE TER 0 AR 30 ZAMERR, RATBEL. 107° (0.738) 5
3-107° (0.737) MZEAHIL 0.5 NE A, FILHNALE =, =HARTE ran %E T 1075, 7£
1074 R, BAEMERREISE 30 TFE 0.748, FH 60 £ X EH 0.678, KT EEHA. =4 run #
MRl —ANFE AR K, 45 0 B ERTRAIRTE (0.692. 0.694. 0.698): vLLM 57O RFSEAR
IR SS A RS N H AR E I, X — 25 R WA MRS 1 RN

8.2 Rk

rlvr fil rlvr_kev_add &1 7 3 NP1, HARSAES 2 4> K 5 G RARMKIERAR, X6
A ran BYHERRSE, 7 AR rlve (IR, L SmUIGRI AR . O XA H ER
B, AMOEFTZ Y225, MR ran &1, Fh T2 22 542 B RHI—4.

LUNBSIESE.  rlvr 145 200 2, #2 MATH-500 M 76.5% (JLAEA) #2555 82.5%, GSMSK M
87.9% i F] 93.0%, AMC23 M 50.6% #2553 60.9%, AIME24 f1 AIME25 M 10.0% #I 10.9%



8 FFFIURE A iR BB RIG BT 7 8

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

rlvr 3 825+ 06 93.0+03 609+24 2154+04 16.7+2.1
rlvr_kev_add 3 84.6 26 93.1+09 656+39 256+66 186 +L5.5
rlvr_kev_gate 2 8.2 +45 93.3+£05 67.7+46 285 +£85 21.1+49
kev_only 2 70.7 4+ 1.3 91.3+£00 41.8+23 494+1.0 23+ 1.5
rlvr_ar_add 2 824+ 1.7 9324+08 621+23 21.6+28 180+£1.9

% 50 AN WERR (%), FTIE £ FRTRIRRMEY. MATH-500 fl GSMSK (1319 f): Fr0 MR,
AMC23. AIME24 fI AIME25: JRE 0.6 FAEHE 16 AREARNG TR, AR : WUy T,

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
3 81.8 92.6 59.2 21.7 14.6
rlvr_kev_add 1 82.2 92.1 62.5 21.9 13.8
84.2 93.6 64.4 21.7 17.5
3 87.4 93.7 70.0 33.1 24.6
rlvr_kev_gate 1 82.0 92.9 64.4 22.5 17.7
2 88.4 93.7 70.9 34.6 24.6
kev_only 1 69.8 91.3 40.2 4.2 1.2
2 71.6 91.3 43.4 5.6 3.3
rlvr_ar_add 1 81.2 92.6 60.5 19.6 16.7
2 83.6 93.8 63.7 23.5 19.4

4 6: B run PRZORNS: HERR (%), DARFK 5.
PEEE] 21.5% F1 16.7%.

94 Kev-4B ZfEAT AR TF@@BM%. rlve (W= AFTFE MATH-500 4% 82.8%.
83.0% F1 81.8%, 7 AIME24 |k 21.0%. 21.9% 1 21.7% (3 6). 18 Kev-4B ¥ P. I AXJ5,
PR RO SER5 2 A3 (MATH-500 | 82.2% Fil 84.2%), 5 =4~h 87.4%. MRS, —AFp1
g 82.0%, FH—AN 88.4%. 1E AIME24 I, 3X AN R Fi55] 33.1% Fl 34.6%, <3 HAh run
FRAER AT 23.5% ¢ iIX A run $5E T % B AAIIE, AR TR rlve (RN 2E: rlvr_kev_add
1 MATH-500 >/ +2.1 [0.6,3.6] A% M., rlvr_kev_gate S +2.7 [0.7,4.8], FETaFE8I4E
KR 7). XX EVLE], FEX L H B AR FIERE T rlve; EAFAULIZE 51k
TR ]S D I S AT rlve. A AR JEHIBZ Py (rlvr_ar_add) K,
PAFFER S rlve 1L (MATH-500 F —0.1 [-1.9,1.6] ME4 &) tEXPN5E run 5 AR



8 FFFIURE A iR BB RIG BT 7 )

minus rlvr MATH-500 GSMS8K AMC23 AIME24 AIME25
rlvr_kev_add +2.1 +0.1 +4.7 +4.0 +1.9
[0.6,3.6] [—0.5,0.8] [1.6,8.2] 0.1,8.3] 0.2,3.7]
rlvr_kev_gate +2.7 +0.3 +6.8 +7.0 +4.4
[0.7,4.8] [—0.4, 1.0] 2.6,11.3] [2.4,12.2] [1.3,8.2]
kev_only —11.8 —-1.7 —19.1 —16.6 —14.4
[~14.6,-9.1] [-2.6,—-0.9] [-28.2,—10.4] [-26.9,—7.5] [-24.4,—5.9]
rlvr_ar_add —0.1 +0.2 +1.2 +0.0 +1.3
[-1.9,1.6]  [~0.5,0.9] [—2.0,4.7] [2.5,3.0] [~1.6,4.6]

A T MR rlve MO ZE (A0 0 BRI AR F R T2 22, TR H P, FHHETH B A
B 95% DX[a].

training, last 20 steps final policy, MATH-500
condition accuracy Kev-4B P, tokens all wrong all right Kev-4B P. Kev-4B AUROC
rlvr 67.0 0.74 679 16% 44% 0.81 0.88
rlvr_kev_add 69.0 0.74 593 14% 46% 0.82 0.89
rlvr_kev_gate 69.7 0.78 831 14% 47% 0.87 0.89
kev_only 55.5 0.87 829 25% 32% 0.91 0.85
rlvr_ar_add 68.0 0.73 585 15% 47% 0.80 0.89

% 8 B 20 BMIIGLH (R TERI): IR INERE . 250 64 MRE L Kev-4B 19749
Po. fRESTTER, DAL SR At (RIERRA2EI(5E) IO4UFF S H 0. S50 : MATH-500
5 Kev-AB {174 P RIKHRAEL L AUROC,

W, REMNMEE (88.3).

SUNPEAIBROR B ehias 1. A b (kev_only), SKM& KL Kev-4B 1) Pe: TEfG 20 22
IR L, e8] 0.87 (rlvr: 0.74), MiFGIERSAE R Seff2r B HERf 454 55.5% (rlvr:
67.0%). 5 rlvr ftL, FZARMEAE MATH-500 A2 —11.8 [—14.6, —9.1] IH A, #E AIME24
FHAZE —16.65 PAFIAE MATH-500 ARG T B AT A By i SRR AR (69.8% il 71.6%, JEJEE Ny
76.5%) , TE=ATETEEAE WA, RIS SRS 1 Kev-4B YCHIEFAES . Kev-4B 45E
TE MATH-500 bIA5IREZE 4T 0.86, T4 rlve & 5RHE AT IRE S29T 0.61. Kev-4B FEIZ:f#
& N AUROC——GRPO B M IEZH N HE——M AT 20 2619 0.85 355 20 2619
0.65. X TIAEREMIAR AN, 4B MIEHBELE TGS (§7): BMPER2E, BARW
o
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completion tokens groups with no correct sample
0.30
0.70 900 A
850
0.65 0.25
800
0.60
7501 0.20
0.55 700
0.50 650 1 0.15 A1
600
0.45
T T T T T T T T 0.10 T T T T
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
GRPO step GRPO step GRPO step
Kev P(correct) math500 accuracy (greedy) val accuracy (greedy)
0.850
0.85 4
0.825
0.80 1 0.800 -
0.75 4 0.775
4 | -e
0.70 1 0.750 -~
0.725 A -e-
0.65 | -o-
0.700 A -
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
GRPO step GRPO step GRPO step

Lo Nl (RO ISR RO RAE BT . AT A (E TR HOALT 5 .
SR L Kev-4B 1) P (10 BHESIFEY), WA 50 57 MATH-500 R IESE Fi9 7 LIERI.

VPSR . B run #7ESS O VPGB, 7E 12 4 run 1, 55 0 20 MATH-500 #ERf%
T 75.4% $| 78.0% Z[H] (FpfEZE 0.8 NEAM ), BEMERMZAE 68.2% F 70.2% Z[f]. £ run
B ZANEAE MATH-500 40T OIPATEIR . — U258 200 2R il —IRER& 1T W
WEERFIMIZE 0.6 MHEA S, REMZE 1.4 (12 4 run). D RERISZ ] —ANH 75 2 50%
FEX — M 2 s SR 5 HA R 8] 1) 25 5 AN AR

8.3 Gt E i Al X

B 2 5 ZA run (R AR AT R - MATH-500 8 H iR . ZHCRKS 07 LaTeX
il markdown MRS, DMEHBIERERE (4) o WANSUERFTEAiscR . Al LaTeX
o markdown fEMIFMil—iE, &R, SHAER FHSHEIEE (F) . 08— SRIKE 5
BAMRRE . HIBERZE, XHUPHREIRIEEMERS—E (4). H—MXAE, FRAIHeA
PEIEFRRIT LA T 5 L PR A & BT 300 NPT e @ AT (8. NCEND), thiefy
markdown FR@lspL I (e B ). SHE=F0RAE, FRAVT—MEE T (24 20 M) 762
KOS i mr AT Rk A . X P AR AE Bl SR AR 2 a1 il B DL i 7 S o

WIASUERIRN FEOR RS RORS. 7R 0 4, BB 11% £ 12% By MATH-500 f@# DA%
Firsk (32 9). A run FEHT 50 BHHAR TIX— LB, 5% 50 LIFEZLH 9%; + A run A
T ERIFERA. (RAFEHEZ 3%). rlve_kev_gate Fi1- 2 BiX—HBIMES 100 11 5%
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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%

rlvr_kev_add 1 82.2 21.9 2% 0% 0% 0% 0% 0%
84.2 21.7 12% 1% 0% 1% 1% 1%

87.4 33.1 12% 9% 2% 16% 90% 90%

rlvr_kev_gate 1 82.0 22.5 12% 2% 1% 2% 1% 1%
2 88.4 34.6 12% 4% 5% 7% 85% 85%

kev_only 1 69.8 4.2 12% 1% 1% 1% 0% 1%
2 71.6 5.6 1% 0% 0% 0% 0% 0%

rlvr_ar_add 1 81.2 19.6 11% 1% 1% 3% 3% 3%
2 83.6 23.5 2% 1% 1% 0% 2% 2%

46 9: DAEIEAFRITFL (AT 300 45 il #ee i€ AT . markdown FRgislofi (&) (19 MATH-500 f## i
GBI BRRCGE AL (BT, B9 50 2B) RURZAPAE, BAS run B, O EAUER

FHE|EE 150 1) 77%, rlvr_kev_add #F 3 MES 150 A1) 16% FHE|ZE 200 1) 90%. XIS
run [ 2 MATH-500 #5455 3I7E 85% F1 90% (18 H L PARRG AL, Hp 4 3lf 85% 1 58% 1
R JEHES TR NE R ER R ERE . BN A run WK (7
797 F1 623 MATT; # 11) o [FAl—FpF ) run DUHIRET A BIAHEGEE , FEMAHFEREAS X,
Fr A — YA BB ARIF A @ e rlve BR T 2 F 3 ghicH Y.

SO R T RFER e, H R AELEREA run . 5B =369 B O 2 A4 run,
A C WA 2 A run PARIRER 700045, o 2 AN G BauEsy (FE58 =#89 C 1w
AFPIR 25 tree_random 5 rlvr fME—X L2 MR ) o FLNACA Y 5
ANEARAEE : =3 C U TH run r, HA 25% 1 15% MBI Z JGHES T
XA ES . 2 13 Fm ORI B AE RS S AT H 4358 26 4~ GRPO run. Y TH 6 4~ run
76 AIME24 _Fik%] 30.4% %] 34.6%, HAth run £% 24.4%; #£ MATH-500 FE{1i5%] 84.6% |
88.4%, HAth run 2L 84.6%. /rIEAHHT & LA FEFFLE A 300 D47 aL 150 5%
600 F4F, ok AR @ ATV ERRID, VI T8 run 545 &0 53% (i 2 AR AR 3k |
HAl run 22 16%. X—YHRETE run £FERIGA LW, SRR ERITER, FrAXEXHX
L8 run AR, TASEXTSREE BRI R I

BESS R A AMEN . GRPO $R&EIUH IS AR, DRI — b XU (4 A 225 L[] 4 A
RTINS, XA ARSI AL, R 10 R RS A PR 8 NI, R
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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

rlvr_kev_add 1 6% —-8.2 1% -10.7 1% -3.1 0% -25.9
™% —10.6 1% —4.6 1% +6.9 1% -1.9

9% -94 ™% -1.6 5% -1.3 62% -1.2

rlvr_kev_gate 1 8% —11.2 2% —4.3 3% -2.5 2% -79
2 13% -79 3% —0.1 26% -0.6 39% +2.2

kev_only 1 9% -9.9 1% -7.1 1% —6.2 1% +9.4
2 8% -79 1% +14 0% -0.9 0% -17.3

rlvr_ar_add 1 7% —11.0 2% -2.3 4% +0.4 3% -34
2 6% -10.9 1% —-2.9 1% +24 1% -1.3

#é 10: DAAEIEARR I L YIZREE, 4% 50 29t O ENIFn G, PAK A right: FE[RIN & A PSR
B IR . BRI L g A TE A Y O30 80 25 ) 2 HAU AR ok — LE ) (P20 250

FaFF K AR ES A LA AR S B A IE BRI R . 58 0-49 2, FEATR 12 > run "FEAHRE P IE
B 2EfAE —15.3 B 7.9 NE sz, Xte BT O N B IRE . EE 50 D, fed)H
TIPS run AL —1.6 3] +2.2 NES AR, FEHA ran o (EATHBR A ER) 7
—25.9 #| +9.4 Z 8], £ rlvr_kev_add Fi 3 Hr, FFGTERES T O HLER LL [R] 20 A i 225 s /D )
1B, #5 150-199 2 —1.2 NE A, TTENHENRMEE PRGN 5% TH2] T 62%; EAIK
o (A PPRI) BATER (P —0.019). RFF2A1X L ran YRR, FATCRMIEIESSRA
NERE AN K

PAASSRIE A2 VRS A L. kev_only IYPFP T, rlvr_kev_gate Ffi1 1 Al rlvr F 1 3 H5E
. HMER, HEMEE—E (K 2 4). EEM0R4E MATH-500 @&, f 13% sfi(EL
AT SRS TA R, T4 SCHAl run FE £ 1.1%; rive F 1 3 4 90% REES N ERZ
JEEE TS (R 11) o rlve MRENVARIER, FrRAXRFTREIFHEE, AR &h
Kev-4B 738t , BRI fEATHEY, REIEH Kev-4B 70801 11 4> run A 6 HPAXFP
gha, HAth 15 A run W EAE 2 A4S 1 HAPRIBES I 9% (§8.4) o BRI A UL SRS B A -
R A RUEAS Y EE ran fF MATH-500 bk 78.6%-82.6% (“F-¥J 80.8%), W KARERAS
J&THY run N 80.6%-84.6% (“F1 82.8%).



R

S PSR LA B A B 2 13

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
rlvr_kev_add 1 494 1% 1% 0% 13% 0% 0.84 0.61
502 2% 1% 0% 5% 1% 0.84 0.60
623 6% 0% 1% 62% 90% 0.90 0.62
rlvr_kev_gate 1 1001 10% 19% 86% 90% 1% 0.90 0.62
2 797 9% 1% 3% 80% 85% 0.92 0.66
kev_only 1 775 1% 22% 7% 100% 1% 0.93 0.88
2 748 0% 13% 87% 100% 0% 093 084
rlvr_ar_add 1 485 1% 1% 1% 10% 3% 0.84 0.61
2 540 3% 1% 0% 5% 2% 0.84 0.59

A 11 FMRARME MATH-500 E5 T2 (S00): RO 7E 2048 S oabuibid tepl, (&
20 ANFAFRY) ATH R MRE R AT FE A LB AR5 — ME B R R R XTI ME LS. &
HEMERERWMBEILH (RIESERS—1) o PAIEIEERIF SRR E LB, LA Kev-4B X IEH)5
HIREREN Peo

8.4 PPAIBIM 2y RN ?

GRPO run 452 )5, BATRE T IFHIBAUR M 2 A (9% (dcjev/11n/repeat_probe.py;
% 12). A sEhE A BCE f s — ME AR (RIESER e E ), BRI I 2R 1Y
YA

Ay A Kev-4B BrfiA k.  fEFIWIFST ok 88 SR s Al 5 0 f J T B P 5 P, Kev-4B 1
P, TEIIERSH R IEHIY 2436 MRE FHEE 4+0.012 [0.010,0.013), FEHHASIRAT 1537 M HAs
f& —0.002 [—0.006,0.001], FEEEAFFEE WS, 2246k +0.012 Al —0.003. AR PPAIBLRIASL K :
SFEHIEZ 4+0.037, IPEEAREZ 4+0.012,

RIS E 2 IBRN R S AT Ml . FRATIESE R ran——kev_only fll rlvr_kev_gate (£HUFf
T 1) PAK rlve (Fh¥ 3) — T EFEEITHRE MATH-500 2, 8 NMESE—-NERZE
BT, SR RMAEIB ST T —H. 1R8N ERZ AR ER WL, WS NERE5RE
—AMNERARREMEE, RIHEN (4051 17, 66 I 54 1) . Kev-4B 4 RELKREAT 0 TS
IIRE . X TH2 Kev-4B 1) P. ) kev_only, S—PERZ GRS TEIEMER L ERS
+0.059 [0.052,0.066], 7EAYREZE FHEE +0.107 [0.093,0.122], 98% MIAHRE R AT M 0.77
TH3] 0.88. rlvr_kev_gate {HIIELRHY IR LA Kev-4B 1) Py, KAEIRUERSHIH IEFHRRE 2
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solutions Kev-4B P, Kev-4B P, AR P,

right / wrong  right  wrong  right wrong right wrong

base policy’s solutions, repetition added

last two paragraphs twice more 2436 / 1537 4+0.012 —0.002 +0.007 —0.006 +0.037 +40.012

written twice 2436 / 1564 +0.012 —0.003 +0.006 —0.004 +40.029 -+0.007
repeating final solutions of GRPO runs, as written against cut after the first answer

kev_only, seed 1 323 / 124 +0.059 +0.107 +0.016 +0.046 +0.046 +0.050

rlvr, seed 3 345 / 64 +0.043 +0.064 +0.017 40.058 +0.037 —0.004

rlvr_kev_gate, seed 1 349 / 43 +0.068 +40.091 +0.026 +0.073 +0.033 +0.005

A 120 HENPHIRREZ > P (FER) B P (LER), 2 HTERIESFI N IER (right) FFT R (wrong)
MR b, A R . b PRI PR SR A i (MATH-500 A1 GSMSK 148), MAEE. F:
HIZH GRPO run (4 MATH-500 f#%, JFAERT HEFESE — &R G#El. Kev-4B ) P fl Py PAJK
AR AR Pa, 4 A HNGRI D7 30T 205 I SO A XA #8 F HRAE

), HAXAE e R R XS b, BN ERZENTRE Py #25 +0.026
[0.023,0.030], 87% MIMEE LT THEAESE A COWIEME RN, & T T IEm2
%o Kev-4B AFE rlve fff- 3 (3 hrh, (HEFFEL XA run AR B MREAT Hm 4 EE
Z. I P +0.043 [0.038,0.047], 45RE %R LE +0.064 [0.044,0.082], IEMEZE L P, & +0.017,
ATEXEE G ) AR PRAEAL, WA S — DB R G MEEA T s (EfE R By
Bl +0.046. 40.033 A1 +0.037), HIEARIRA—E.

FATIMAR EIL BT, TSRS HRA A [ R H PRl PERREL X Fh
SR 2, BREF AR IRIRAT. BRI, XIS D ERZEFRENNES
PERIEHIRIALR) 4, FroAS A TEHIBIRL N B 2 e At 2 TOIR SRS & AT R PP IR AL R,
HR AN .

9 ilig
TR T 4. g T AR RS oo i PR R 25 A R R B 6, i Rge
HE B r—E T Z WG IE5 /0 48% SA7. XF 96 GB GPU 1y 4B fmg , ix H2 07 1H;
EE/NY) GPU _Fei B KRR | & n AE sk PR BE 15 5 SR e — 2 . AU Rk s
fidgs 18 ms, PAMITHIERLES DA A I s FH 7 R 1 — Le sk FE 5 2%

PEHIBORAESE S 2 FHR TH 4.  rlvr_kev_add fll rlvr_kev_gate &4 — NP P in e T
rlvr WRAFIT, S HAMEER ST rlve 2 Eo XA run 5HAL ran B BIFETE
TR T B 5R ;. ATH P 6 A run AT, Hoo 2 AR A RIERS . F—2% 000
HAbF 4 rlve ME. BN HA 2-3 MR, RATICIE AW 36 PRI R L E X
PO s 25 5 ke (XA Kev-4B s e 1419 5 A run o 2 M, rlvr (1) 3 4
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repeated draft

condition seed paper MATH-500 AIME24 tokens lines opening
informal draft first
rlvr_kev_gate 2 11 88.4 34.6 797 1% 85%
rlvr_kev_add 3 11 87.4 33.1 623 0% 90%
tree_kev 1 II1-C 87.2 31.9 567 0% 78%
sub_probe 1 I1I-B 87.2 30.6 546 0% 90%
tree_random 2 I11-C 86.6 33.3 549 0% 82%
sub_probe 2 I11-B 84.6 30.4 694 0% 90%
neither
tree_kev 3 I11-C 84.6 22.9 485 1% 7%
rlvr_kev_add 2 11 84.2 21.7 502 1% 1%
rlvr_ar_add 2 11 83.6 23.5 540 1% 2%
tree_random 3 1I1-C 83.2 22.3 582 1% 2%
sub_kev_recal 2 III-B 83.0 24.4 538 1% 1%
rlvr 2 II 83.0 21.9 595 1% 0%
rlvr_sub 2 II1-B 83.0 17.1 588 1% 2%
rlvr 1 11 82.8 21.0 541 1% 1%
tree_random 1 I11-C 82.4 21.0 553 1% 3%
rlvr_kev_add 1 II 82.2 21.9 494 1% 0%
rlvr_ar_add 1 II 81.2 19.6 485 1% 3%
rlvr_sub 1 I1I-B 80.6 19.6 630 1% 1%
repeats itself
tree_kev 2 II1-C 82.6 20.8 931 24% 3%
rlvr_kev_gate 1 11 82.0 22.5 1001 19% 1%
rlvr 3 11 81.8 21.7 909 28% 1%
sub_kev 2 III-B 80.4 17.1 1072 24% 2%
sub_kev_recal 1 III-B 79.4 17.9 904 22% 7%
sub_kev 1 I1I-B 78.6 14.8 1723 49% 1%
kev_only 2 I 71.6 5.6 748 13% 0%
kev_only 1 11 69.8 4.2 775 22% 1%

% 13: ATH K4 GRPO run (3. S =30 B A C, 4% 200 2), g5 1 RUs -4
FEHARIEAFR (EA—F/ MATH-500 &5 AR RIITL) . R HC (MATH-500 i h-Fa9 2/ 5% 1
S aiEEATAE) , S E AR . PIAHBIAES run 2 [RIFREAUE 1, B/ 2R I TiX S {E . I
AU (%) FA MATH-500 fREHIATCEL. 6 0 rive 2 =/MILSCERMS ], Hol—K.
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run FECA ). PEAIBCMAEE AR B R HIASR RS . RIS A RS — DRI FIE, 1A < 1
IS PP B A AR R RO A 5 2 ) TR T - R R R R 2 ) Al 1) S A IR A IR L2, DA A
ERH R RIER I R AR F . AL, SFACERD (rlve &5 20 20
16%) , MAEFIER FRAFEZ ], PR 47l RE 5GP K%, AT R F RS Kev-4B
SN JGILE H FHE Ao (§8.4), AWH K &4 Kev-4B 7040 11 4> run #1456 4
IZAqnt, HAth 15 A run g 2 AN SXEEEEN run FRECE AR SRR .

PR . FRNI run Z AR ZAATER I A ], A e 2 SRS B S AR WU 2 18] 2
S AR run 7E AIME24 iK% 30.4% %] 34.6%, A0 HHA run 2L 24.4%. YHRRR%
KA AR run PR, MATH-500 f# 5 HLSOR BT o5 U BIEEARR 50 2R PIRPEAEZ IR
22 28% JHEI B 1%, HEMNE 50 BITR, B 150 2T . ik aext YRR R E
BRI AME TE . BEROTXHEENFZA G 2 =R TR R LR, TR XA )
Bl R IRCR . I BRATIR A B run S HXMG 7R/ MBI B S RLVR AR, R 245X
FE, BCE R Z R TR AT M (R R L DI . e S R S R ER R A RN, b2
RS2, BATCARR: PRI shHl gt LRIk, SR8 nK.

VERIBSRIAS R IGUESY . BN, Kev-4B ) Po X43HL B RmE IE IR fEE ) AUROC #4109 (§7).
PREFRM], R B RN Ethie e q e, RAERER/ N (Firf Rt ). HXT Pe YIZRAT,
TSR TIPHIB A SRS AR E R RN P AR PPAIBIA R SE H A B Rk,
VPR LR 20 P A HE R AL B B AL, e GSMSK AN AN HL M I M mf R ik B LA >
XIEJE Gao et al. [5] Frfiid il FEAl, OB /N, RAFE 200 222 . B2k AUROC
i )R VIR A YNGR EIRI, AL X B LA I SRm BT A ) 40 b, AR TR
g 5 ORI XA L

B —Rh SR SRR (4B), —MES (MATH, 7 MATH-500. GSMSK MI=13%
T VP . 200 2, —ANN rlve Y@y g3, —MPAIRNE, A% 23 M r——
A JREVAUEI— 25 A AL KA B A b XA o DX [R5 H BRAE, A 1-o vLLM X [R]— A
M EE TR ZEL 0.8 ME 2R (88.2) PIAMARERAE B S A MR 2 5 E . B
LAFMRIRE (AENRMRE. HEMUIGMRE), PITCRM R I 2O R 2T sk
R AL LA GPU, BrARRYES N GPU _EWARAERAL, FATAIRA UG .

SR

PR AR 2 2T BRI 5 494 L 46 H 35 (B GRPO AR AR, DASB B A% ).
GRPO run M IIZME, DA BELFT I RE PR B 7E i (experiments/part2_
11m/. experiments/validation/) . FAEHIIE X IEFNECFHH dcjev/analysis/sweep.py.
dcjev/analysis/part2.py fll dcjev/analysis/paper_numbers.py M H4E .
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We are given:

- 5 shirts
- 6 pairs of pants
- 8 hats

To make an outfit, we choose **one
shirt**, **one pair of pants**, and **one
hat*x*,

Since the choices are independent, we
multiply the number of options for each

category:

$$
5 \times 6 \times 8 = 240
$$

So, the total number of possible outfits

is:

$$
\boxed{240}
$$

We have 5 shirts, 6 pairs of pants, and 8
hats. For each outfit, we choose one
shirt, one pair of pants, and one hat.
The total number of outfits is the
product: 5 * 6 x 8 = 240.

Thus, the answer is \boxed{240}.

To determine the total number of outfits
consisting of one shirt, one pair of
pants, and one hat, we use the fundamental

counting principle.

- There are 5 choices for shirts.
- There are 6 choices for pants.

- There are 8 choices for hats.

Multiplying these together gives the total

number of combinations:

\[
5 \times 6 \times 8 = 240
\]

Thus, the total number of possible outfits

is:

\ [
\boxed{240}
\1

19

To determine the total number of outfits
that can be made, we use the **fundamental
counting principle**, which states that if
there are multiple independent choices to
be made, the total number of combinations
is the product of the number of options

for each choice.

### Step-by-step Breakdown:

- **Shirts**: 5 options
- **Pants*x: 6 options

- **Hats**: 8 options

Each outfit consists of **one shirtx**,
**one pair of pants**, and **one hat**,
and each choice is independent of the

others.

### Total Outfits:

$$
5 \times 6 \times 8 = 240
$$

### Final Answer:

$$
\boxed{240}
$$

We are given:

- 5 shirts
- 6 pairs of pants
- 8 hats

Each outfit consists of **one shirtx*x,

**one pair of pants**, and **one hat*x*.

### Step 1: Use the Fundamental Counting
Principle

Since each choice is independent, the
total number of outfits is the product of

the number of choices for each item:

$3$
5 \times 6 \times 8
$3$

### Step 2: Perform the Multiplication

$$

5 \times 6 = 30
$$

$$

30 \times 8 = 240
$$

### Final Answer:
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