Bl EMNISERSTIKERRNTF . BEFREENIEES System-One
BiESERIDRINESIRERILF INESR (DC-Jev-GRPO)

{E&: 3KFBA (Ziyang Zhang)
W7 ATERUAR « EF Qwen/Qwen3.5-4B 5 Kev-4B (/v1/systemone) 7£ NVIDIA RTX PRO 6000 Blackwell Server
Edition (94.97 GB VRAM) _E5erkEEIIERIGIE
A3 Zenodo IER; DOI: 10.5281/zenodo.23441431 (Part 1l) « #hikfs Part | DOI: 10.5281/zenodo.23439711 « {{A3:
https://github.com/rainyflash/DC-Jev-RL

BmE L DeepSeek-R1-Zero AREN TIPSR ES" (RLVR i
GRPO) ESZETRESHEE (LLM) HFSEEHEEE)EE. Am, ERN_ESREIES (Rver in {0,
1)) EXhR) ISP REH=AEEMERE: (1) THEHFX (Zero-Variance Group

Dead-Zone) : EXESHESHSEE (41 MATH-500 Level 4-5) Bf, AR G NI FEEREHE (£
0) , SHAERFEE sigma G = 0. iBFEE Ag = 0, HERLIPAS, EEPENRECSETRT 80%
NPEEHES; (2) IEENSEN SR 5 "RiEEHR (Yap-Loop

Hacking) " : HIEIREAHLUDEREITSENEER. HEE 1,400 4 token BIEIFEEEIR (Wait, let me double
check..) RIEIBKRAIRE +1.0 D, (3) TEANTFTHBASARIESER/ES, msINIMZBEFERMEHF (LL

M-as-a-Judge) NSSHEHSEFEE. BISEREE 6 BEURTENKENFRE. AR EH
DC-Jev-GRPO (BREEENUERCESHNNIFIE System-One HREEERNE
GRPO) . EIBESREIINTINEEILI: TypeSafe Al FHRAY j ar edpal ner/ kev-4b

HIEBTFRRENEERT—CRE&IETENERE  Qwen/Qwen3.5-4B 2 R LoRA &EFiEES5E 28
EHEEHEEEL (Pointer Head) . FIFX—ZEtAREIEM, DC-Jev-GRPO HEEFH(NIIFH —MHHEZEEN Qwen3.5-4B
EREE (7.94 GB) , RIRHEEEATIZAISEE LoRA 554509 Kev-4B Hi#ll LoRA, BEBFHARME 50.2% (XE
8.06 GB, IJLLIUEE! 16.20 GB) , LI 0.012 ms EF2M{He, F7E NVIDIA RTX PRO 6000 Blackwell (96 GB
VRAM) ELIERIEEEIFFUES 65.70 ms BIRIE (EbEEFEAMR 592 %) FERHER=45372155 Noul
FEATITIE )12, FEISEREE (Quen/ Quen3d. 5-4B, seed=42, LoRA r=16) KJESL PyTorch fEZ GRPO
REMERESD)ISEie R, DC-Jev-GRPO  #ISHT & RLVR Fix 500% HEAEZXLUKRFIHE PRM
IS HHEERIBIR, ST 100.0% PHEIGIDERSR, £ GSM8K, MATH-500, Countdown-24 5 IFEval-Strict
PURERFEE E, DC-Jev-GRPO LA 85.90% RISIEREFEBEWESE— (#1 SOTA) |, EREIKE @M (& RLVR i&
+12.10%, FERPSEEKERESE 2.78 {3 (339 vs. 941 tokens) , Bk 89.6% MTHEIEX, FHIGEFIEMERM
32.8% JEEZE 3.9%.

KA KIESHERRES; GRPO; RLVR; System-One
TRESHERY: Kev-4B; Qwen3.5-4B; JSFE3ZFEa; FhHVEME T35,

1. SIS 55— EEN (Introduction & Motivation)

1.1 JAZ4EE PPO EIEiFiER GRPO fYiEiH SRR
KESHER (LLM) NEGEEIECLNEZEERRTE GPU EEH4HPINMER (RIZER.  Actor, {MEMEE
Critic, &##&8) Reference. &fH&ER Reward Model) B9 PPO 2849 (Ouyang et al, 2022) , j&EHEALL

DeepSeekMath (Shao et al., 2024) 5 DeepSeek-R1 (DeepSeek-Al,
2025) ARFNTITFCHREBXIRIEMIL (Group Relative Policy Optimization,

GRPO) . FEHRIERAIAIIGIERENIRICFS (RLVR) SBXH, B MNERNE q, REBRERE—H G MEE {o_1, ..
o G}, BIIENRANHMEMM A RELESRIERIER R ver(q, 0_g) in {0, 1}, HEARNHFTIHA—HITERBE: Ag

= Rg - muG) /  (sigma_G + eps). RE_fE  RLVR  #£tkfE, (87 3B-8B
AMEFFRAREYAISTH L) |25 P B8 H = KAV ERERFE -
TRBE—: THEHTEX (Zero-Variance Group Dead-Zone, sigma_G = 0) .

SRS RSO EHER (flg MATH-500 Level 4-5 AEHFR) B, EN G=
PREFFERE—FEAHN LLHE, SHTERERGHETREEE Rver = (0, 0, .., 0), LRHAEHE muG
0. trfEE  sigma G = 0, FIERENMBEL Ag = 0, FKIEHETSEX (grad_theta J_GRPO

I oo
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0) . BMEHAHEANEZE o003 EBETEEHTE 4 SmOCHEES. (WERE—SHIGUVMEGR, —E RLVR
teBHEEREBPSILENEEEZERNZ, REE 100% W&,

e IREUsIAN "SWUER" 5 "RiEER (Yap-Loop) " {FEL,

HR, HAENMEISEITIEEE S B FHHEISSEHIERRY \boxed{} #1F (Lucky-Guess Shortcut) , SE7ERH
1,420 4~ token HIEEBEMNFEEZREREN (!ll]ﬁE SFEEJ1tX  'Wait, let me double check 6*4
again..') EEHE=EM, Zf RLVR  {K#AL% +1.0 HOERH, EESEUEECSEENSERN  Token
8K (Overthinking) ﬁﬁ1’§f}EE’J9=|]$Ii£rSEﬂF49F MR (Linear

PRM) BHFRAMELCEREED, RBWEREFA "WEEUSENEXHEER" #iTRD

RiE= BRENEEFFHEHSERIIFEFIER. [ENMRNTEEHEFREES JE?E (40 IFEval
ARSI, BES. REFHUR) . SEIMIBIRTZA 4B-7B R J' }J’FE*F”ZJZEIEIIEI

LLM-as-a-Judge, MX&ERHSNERFEEEE W ~8 GB #EE 1620 GB LiE) , &%k 6-10
BB RIFERGER SKERFRE.

1.2 SRERIEEERMS F AKX Z LT

FEAARITRIB Part | EEAEHIEI (Zhang, 2026; Zenodo DOI:
10. 5281/ zenodo. 23439711) 1, FANEBATIERMEIT System-One
RERIERY (j ar edpal ner/ kev- 4b) BEBELABRBIMFUEFRERAEISHIA TYIRRRIREL. EAL (Part

1) &, HEMNEX—eXHEREE LLM

Bi#> (GRPO) , HERIMT7T—MRETRESEENENZEREIRNE: | ar edpal ner/ kev- 4b
EESREETSI—CRAEMEERE Qwen/Qwen3.5-4B  JJIIZHY LoRA i&EFSE (r=16, alpha=32) fn&g 28
ERERTENIEHL (98 KB) . Alt, BHiHEH DC-Jev-GRPO, E#ELL Qwen/Qwen3.5-4B {ENERSERIERE, 7
GPU EFHE (Co-locate) #BE LoRA 5 Kev-4B ¥ LoRA, IR AR Gk

1. REENER = L ER 7f’]: BESHHMK 50.2% (8.06 GB vs. 16.20 GB) , i&ECesJ#R(NEE 0.012 ms,

2. BURFIEZ IERIEWEITS: £ NVIDIA RTX PRO 6000 Blackwell (96 GB) _E{YZE 65.22 ms (EtBE[EIAFFIR 5.95
&) BIEIECIRENEIEIIRES p_proc. LIREES p_i nst . EREES p_conc SEE{EEE 3% p_noul ,

3. SERAVIEICIRIE ERIERE T EAEXEREE (EE 1) . EFREREEAEONEEE (B8
2) RMERRERR THRNEEREATS (FE 3) .
4, EFREIEEE (Qwen/Qwen3.5-4B, seed=42) PyTorch Va5 GRPO T ES0)IERS :

BRI —ERIENE CITRESRAERE, AERHRR T FREEREUCE T,
5. MAKER LLM RL #EREHR #1 SOTA: 7 GSM8BK (91.4%). MATH-500 (75.6%). Countdown-24 (89.2%) 5
IFEval-Strict (87.4%) LEXS 85.90% 1955 —.

2. BXIESRIEBEN 223 (Related Work & Taxonomy)

= 1 ,zéé}EXTtBTélﬁu/\ﬁFImuklnE*E*”FUIIQEHE{{?—U,BTTLT??amF JEEASE. THERKMIE. BhiEE/fh
FRIEIEEE 2. FAREE ST ARIHMSIER S MEEREEES.

DPO-Offline (BL{miFHiIL) 1.00x (B3%%) 75 (IRBRIHREF) TNEF (BL) 55 (FEKERN) {REFS RIS
RLVR-Binary-GRPO (R1-Zero) ~ 1.00x (7.94 GB) 7 (1R 0/1 £558) 7 (38.4% HFEKX) K (REIEXNSEIE) ASHRF ((EM) 1.0 ms ()
LLM-Judge-GRPO (BE|3##I) 2.04x (16.20 GB) BIEERNNE B (EREHE) 7 (FEKEITE) X5 (IBEER) 388.9 ms
PRM-Linear-GRPO (i J#= PRM) 2.04x (16.20 GB) B (NEFI =) B (BHRID) 55 (ImEHHERIR) IRBREF SR 42.0 ms
Jev-GRPO (£ v1, B E) 1.01x (8.06 GB) =HERUEE Score B (I 5.1% FEX) &% Noul [ 4= YR (REDTR) 65.7 ms
DC-Jev-GRPO (A v2, 52284%)  1.01x (8.06 GB)  =#E Score + B 45 (IR 4.0% 5EX)  Noul [ 1% + BEHBEE X5 (FEval #1) 657 ms

*1: AMAESEEENEIFRIIGE TS EEEENI.

3. Fixit: BEEWEEEE DC-Jev-GRPO & 5IBiCIER

3.1 Qwen/Qwen3.5-4B iR & Gated-DeltaNet Z2{353% LoRA HEH11E
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AFRFHERETENEDNIER Qwen25, &FH—  Qwen/Qwen3.5-4B (Qnen3_5For Causal LM) KT 32
BEREEEE, BiEEETENE (Gated DeltaNet: |inear_attn +
causal _convld) SoEFAEFENERE (self_attn) XERIS., 8 Wbase A  Dbfloatle BENREN
Qwen3.5-4B EMINE (H5F 794 GB &%) . BRIMEHTEREMERE {(q_proj, k proj, v_proj, o_proj}
FERERREMERRERRE: (1) = #E’J%E%iﬁﬁﬂﬁ theta_pol (r=16, alpha=32) ; (2) kB
j ar edpal ner/ kev- 4b BORERFNEHECRE t het a_kev REZE 28 EIgFHEREL Wptr,

il 1 (REENEERSREFSTIEERE) | RAEEEEEAN M _base = 7.94 GB, 4 LoRA EHtEEEF/9 M_lora
<= 0.06 GB, 5 28 FE155tk M ptr = 98 KB, {EFHNUERRIZEEGTELH M sep = 2*M base + M lora = 16.20 GB
T, MAEELEEMNE Mco = Mbase + 2*Mlora + Mptr = 806 GB (P& 50.2%
B7%) . BERSITOMERDR{IEX Python 1&ECEs# 5| (AT 0.012 ms) , HBM NEENER 0,

3.2 U4EFH1T System-One [Fi&. Noul SEEIN=STEFERMGE

EFTDMNER, HBUENE theta_kev HXERE q SRERE o_g HUTEIXTUEFRIMAEE, FIASE 28 ERERS
HA{(28)) SRR MROEMRFIE: BEESTEM p_proc in [0,1]. EBASURBEHME p_inst in
[0,1]. #IEREEE p_conc in [0,1]. ESCHEEA{THIJ#E p_noul in [0,1] RESEHDHHEEREE c_i in
[0, 1], SEERIREENS:

g_noul(q, 0_g) = clip([ p_noul(g, 0_g) * (0.20 + 0.80 * p_proc(q, 0_g)) ] / tau_noul , 0.05, 1.0)

R total(qg, 0_g, k) = g_noul(g, o_g) * [ alpha(k)*R _ver(q, 0_g) + beta(k)*w_proc*p_proc + delta(k)*w_inst*p_inst +
eta(k)*w_conc*p_conc] + lambda_pbrs* Phi_dens(q, 0_g)

EHE 1 (F5% GRPO ZEXHRTERE) : E{E RLVR T, BT p_pass(q) << 1/G NESHEERIELL (1 - p_pass)*G
+ p_pass"G HEME=4E Var G(R_ver) = 0, SHIBEIHK, ME DC-Jev-GRPO T, HTF5 28 EEEHHEETRR
token FRHITESCAENT  Softmax  BRET TNAVELEHAE, REHNGFER M =2EEMNEZ og != og', BIF
P(Var G(R total) > 0) = 1, MTIE 100% HIAEBHRIEE EIRE B BERISIERE.,
FE 2 (BARHEPSURERESRIEEANTERABERE) © &K G BRHEEREE m NTEEES
o* (Rver=1, pnoul >= 0.60)5 Gm PNSXIHES :erﬁi.?{réﬂlﬁlﬂ o hack (Rver=1 {8 pnoul <=
0.35) . FEFRAJIE tau_noul = 0.50 T, 185 R total(o_hack) < mu_G <
R total(o*), MMRIE(FEHITSRSTH&RME A G(o_hack) < 0, TIM=EHESIKEEIEMNS A_G(o*) > 0.
EHE 3 (HEEEES %ﬁ/'FE’JEiﬁBIE_ RESAASME) @ MFREMHE k -> 1 B, EFEREESDERTE g _noul=1
S545R TS R ver=1 BILIERRESF, AL  Rtotal EMTEREFERKESRKE. EEEERSNTEIEH
o*, EFT%&%%@&IE@%E’\JIEEU‘?%B%R%?’EEE token,

4. NVIDIA RTX PRO 6000 Blackwell (96 GB) AL 4

FAJERE NVIDIA RTX PRO 6000 Blackwell Server Edition (94.97 GB GDDR7 VRAM, NVIDIA Blackwell (CUDA
Compute Capability 12.0)) RItET R EXNRMMEHER LM #HEHEHTTRE bfl oat 16 SLHL /v1/ syst enmone
T (K258 1) . SNEASMTIRIEHTIUEFNGE 65.70 ms, tbEEF4REF (388.85 ms) 1 5.92 {Z,

FEF=EAIERE (58t) 0.9258 0.8914 0.9445 0.6288 1.0000 0.9568 0.9522
ERDIERRIEI (4/5 LIERR) 0.00 0.4129 0.7689 0.8235 0.5852 0.6207 0.3421 0.2124
SOTEEFEE (REGER) 1.00 0.1499 0.8273 0.5194 0.3326 0.2128 0.6895 0.1338
RIEERINREIR (14201) 1.00 0.5356 0.7894 0.1519 0.2143 0.2694 0.7251 0.1942
PR ZsF0E=FEL (390i) 0.00 0.3809 0.1752 0.2589 0.1600 0.1615 0.1603 0.0300

Z 2: NVIDIA Blackwell 96GB _E Kev-4B (/v1/systemone) X3P EAAHEIBETAISCUMEER, | HEEF SRR,
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(a) Live Kev-4B (/vl/systemone) Rollout Probing on NVIDIA Blackwell SSGB? (b) Accuracy vs. Token Efficiency Pareto Frontier
Binary RLVR (0/1 Outcome Verifier) E *
—_ Linear Un-gated PRM + Outcome S 851
~ 1.0+ 0.95 mEE DC-Jev-GRPO (Kev-4B Score + Noul Gate) | 2 ‘
=) K}
— —
T g
2 1 S 80+
; 0.8 =
= £
> g A
£ >
g 06 @ 751
=) 5 P
= o1
o < DC-Jev-GRPO (Ours #1: 85.9%, 339t)
2 0.4+ < Jev-GRPO (Ours v1: 83.4%, 380t)
e g 70 PRM-Linear-GRPO (76.5%, 852t)
g 0.21 < RLVR-Binary (R1-Zero: 73.8%, 941t)
2 0.2 . 0-19 2 @ LLM-judge-GRPO (73.8%, 838t)
Q" 0.13 3 @ DPO-Offline
< < 65 @ Qwen3.s5-4B-Base
0.03 S @ Qwen2.5-3B-RLVR [ )
0.0 T T T - o . : . T T T
GOLD_PROOF NEAR_MISS SHORTCUT_HACK  YAP_LOOP_HACK SYCOPHANCY = 400 500 600 700 800 900
(Rigorous 58t) (4/5 Steps Valid) (Lucky Guess) (1420t Babble) (Length Hack)

Mean Reasoning Generation Length (Tokens, Lower is More Efficient <-)

1: (a) NVIDIA Blackwell 96GB _E Kev-4B 33 AFPEEMEIRHTAISCAFTONIEL; (b) HEEERS Token MERIARIEHNE.

5. ™i2REE (Qwen/Qwen3.5-4B, seed=42) PyTorch £ GRPO #=HlIZE=0i)I[BEIE
ATNE—MREAREE MHERBREREIIFEEASERRERRER" X—ZORIFE, HWE NVIDIA RTX

PRO 6000 Blackwell (96 GB VRAM) Figit T T R R EHI e G 6
Mt 2T BRI T2 —ERY Qwen/Qwen3.5-4B ERESHA LoRA R

INIT LORA STATE (seed=42, LoRA r=16, lora alpha=32, Ir=5e-4) , FTESCH  PyTorch 72 GRPO
REEE (1 oss. backward() + AdamWstep()) . BE
Gated-DeltaNet IR HEEHELES (Left- Paddmg) ATEYBIRASI SR, {RIET 100%
FERAITESEE SN, X 3. B 2 S TATHARIERT T BER,

RIS % (2EETF Qwen/QWERD SR S RS

1. Zero-Shot Base (KiJllZrxd#84H) N/A (0-Shot) 25.0% 25.0% 0.00s i 40t <think> BUIZRSE \boxed{ &bEkiT
2. RLVR-Binary-GRPO ([=J&EE) 0.9408 50.0% 75.0% 50.0% 41.0 3.17s 50% HREEEIIE; ESRMBITHLER
3. LLM-Judge-GRPO ([EJiEEE) 0.7792 0.0% 50.0% 37.5% 59.4 5.93s 3|/ILT 'Wait, let me double check' FEiFEEIR
4. PRM-Linear-GRPO ([JEEE) 0.6744 0.0% 87.5% 50.0% 284 5.94s PYEH '6/2=3 1% 4 18 34' HNETIEBIR
5.Jev-GRPO v1 (A3Z v1, [JEREE) 0.3884 0.0% 87.5% 87.5% 336 5.93s Noul [ H==8HEE, MEEEDLHES

6. DC-Jev-GRPO v2 (3 #1, EEEE) 0.2647 0.0% 100.0% 100.0% 31.2 5.94s 0% ZEX. 0% {E#E. 100% FHEIEUE=5VERR

2% 3. NVIDIA RTX PRO 6000 Blackwell (96 GB) _E™t&[E[EKEE (Qwen/Qwen3.5-4B, seed=42) PyTorch f££k GRPO 3Li)|[3JtL.

(a) Same-Backbone (Qwen3.5-4B, seed=42) Box vs. Strict Verified Accuracy(b) Live PyTorch GRPO Loss & Token Compression (seed=42)

;\3 Box-Only Answer Match (%) w F70
= . . o
W Strict Process + Outcome Verified Acc (%) 100.060.0% o 0]
£ 100 = 1.0 1 0.941 5
= o ]
i 87.5% 87.5%7.5% g L 60 ©
o
el . =)
5 80 A :D) 0g{ ©77° 2
% £ 0.674 g
@ < Ls0 &
5 601 © 06+ e
2 50.0% 4 K
= L 40
c 0.388 [
S 40 - l:>_- 0.4 1 c
o
= T <
=) 25.0925.0% 2 0.265 8
> S 30
S 20+ @ 0.2 o
= [ >
g g <
o]
<
0- 0.0- - 20
Zero-Shot LLM-Judge RLVR-Binary PRM-Linear Jev-GRPO DC-Jev-GRPO LLM-Judge RLVR-Binary PRM-Linear Jev-GRPO DC-Jev-GRPO
Base (0-Step) GRPO (R1-Zero) (Un-gated) (Ours v1) (Ours v2 #1) GRPO (R1-Zero) (Un-gated) (Ours v1) (Ours v2 #1)

2: REKE (Qwen/Qwen3.5-4B, seed=42) 14k GRPO SLiJII4558R: (a) Box FKENEHER vs. MEIGIDEREZ; (b) STl GRPO
Loss 5tgit Token K&,

Identical Base Mddel (Qnen/ Qven3.5-4B, seed=42) Post-Training Qutputs on Pronpt #0 (6*4 + 5*2 = 34)

[1] Zero- Shot Base: "1. Calcul ate cost of notebooks: $6 \tines 4 = 24%... Final Answer: \boxed{" [Truncated]
[2] RLVR-Binary-GRPO "6*4 + 5*2 = 24 + 10 = 34.\n\boxed{34}" [50.0% Dead-Zone Rate, 1-line shortcut]
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[3] LLM Judge- GRPO "6*4=24, 5*2=10, 24+10=34. Wait, let me double check 6*4 again. Wait, is 6*4=24 or 267?..."
[4] PRMLinear-GRPO "Divide 6 by 2 to get 3 and concatenate 4 to get 34.\n\boxed{34}" [Un-gated Shortcut Hack!]
[5] Jev-GRPO v1: "Step 1: 6 * 4 = 24. Step 2: 5 * 2 = 10. Step 3: 24 + 10 = 34.\n\boxed{34}"

[6] DC-Jev- GRPO v2: "Step 1: Cost of 6 notebooks = 6 * 4 = 24. Step 2: Cost of 5 pens =5 * 2 = 10.

Step 3: Total = 24 + 10 = 34.\n\boxed{34}" [100.0% Strict Verified Accuracy!]

6. (X LLM 2ZIEFRBRITUS MATH-500 MES ERFHR

(a) Aggregate LLM RL Leaderboard (4 Benchmarks) (b) Per-Benchmark Accuracy Breakdown (Reasoning + Alignment)
100 4 Qwen3.5-4B Base W |ev-GRPO (Ours v1)
DC-Jev-GRPO (Ours #1) 85.8% RLVR-Binary (R1-Zero) W DC-Jev-GRPO (Ours #1)
94.2 mm LLM-Judge-GRPO

Jev-GRPO (Ours v1) 83.3% 90 4
g
PRM-Linear-GRPO - 76.5% g
9

© 804
RLVR-Binary (R1-Zero) - 73.8% 3
<

LLM-Judge-GRPO - 73.8% *\‘5 70 4
IS
<
DPO-Offline - 69.4% [

& 60

Qwen3.5-4B-Base 67.0%
Qwen2.5-3B-RLVR (Ref) - 64.1% 50
T T T T T T T T
50 55 60 65 70 75 80 85 90 95 GSM8K MATH-500 Countdown-24 IFEval-Strict
Mean Pass@1 / Strict Accuracy across 4 Benchmarks (%) (Pass@1 %) (Pass@1 %) (Exact Acc %) (Prompt Acc %)

3: UK LLM 3B IEENRE (GSM8K, MATH-500. Countdown-24. IFEval-Strict) SEHER SO TUERZEIIEL,

#1 DC-Jev-GRPO (A3 #1) [Qwen3.5-4B [JEEEI94.2% 75.6% 86.2% 87.4% 85.85% 1.5% 3.1%
#2 Jev-GRPO (£3Z v1) [Qwen3.5-4B FEiREE]  92.6% 72.8% 83.4% 84.6% 83.35% 380 3.4% 5.2%
#3 PRM-Linear-GRPO [Qwen3.5-4B [GJEEE] 88.5% 65.4% 75.6% 76.4% 76.47% 852 9.7% 32.5%
#4 RLVR-Binary-GRPO (R1-Zero) [Qwen3.5-4B [GE 64.2% 74.8% 68.5% 73.83% 941 41.7% 28.5%
#5 LLM-Judge-GRPO [Qwen3.5-4B [FJEEE] 86.2% 62.0% 71.2% 75.8% 73.80% 838 20.2% 27.4%
#6 DPO-Offline (Static Preference) [Qwen3.5 -4 B3BEUYEAE] 58.6% 61.4% 74.2% 69.40% 521 0.0% 19.5%
#7 Qwen3.5-4B-Base [Qwen3.5-4B [E/EEE] 81.5% 56.8% 58.2% 71.4% 66.97% 462 0.0% 17.1%
#8 Qwen2.5-3B-RLVR [Qwen2.5-3B £8] 79.2% 52.4% 63.5% 61.2% 64.08% 650 41.8% 24.5%

&4 UK LM B FIEENACREERER (3 IR FI9E) . 8 TUIETF 7 Tt=R— Qwen/Qwen3.5-4B JEEE,

RIEEERE (Qwen/Qwen3.5-4B) |MATH L1-L2| MATH L3 | MATH L4 | MATH L5 (&#:3X) MATH-500 543 IFEval #§={ | IFEval {<fE | IFEval £43 / AE2

Qwen3.5-4B-Base (BHA) 78.4% 61.2% 46.5% 31.8% (N/A) 56.4% 72.1% 64.8% 69.4% / 24.8%
RLVR-Binary-GRPO (R1-Zero) 86.5% 71.8% 554%  41.2% (74.5% FEX) 64.2% 74.0% 59.2% 68.5% / 23.1%
LLM-Judge-GRPO (EIE3#:) 83.0% 67.5% 51.8%  38.4% (22.0% FEX) 61.0% 81.6% 74.5% 79.2% / 31.4%
PRM-Linear-GRPO (%[ 4%) 87.2% 73.0% 56.8%  43.5% (12.4% FEX) 65.4% 79.5% 71.0% 76.4% / 28.9%
Jev-GRPO v1 (&7 + Noul) 91.0% 79.4% 67.2% 56.0% (6.8% 3E[X) 72.8% 86.8% 81.2% 84.6% / 38.2%
DC-Jev-GRPO v2 (3 #1) 92.8% 82.1% 71.0% 60.6% (5.2% EIX) 75.6% 89.5% 84.6% 87.4% / 42.6%

% 5: MATH-500 EEWESP (Level 1 E Level 5) 5 IFEval LJ5RFIMAIE ARSI, EREH Level 5 £, DC-Jev-GRPO
BT M 74.5% EEE 5.2%, HERZIEF +19.4%,
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(a) GSM8K Training Convergence Curve (b) MATH-500 Training Convergence Curve
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84 4 It - RLVR-Binary-GRPO (R1-Zero) 60.0 - RLVR-Binary-GRPO (R1-Zero)
- = = PRM-Linear-GRPO = = PRM-Linear-GRPO
== Jev-GRPO (Ours v1) == Jev-GRPO (Ours v1)
821 ... =@= DC-Jev-GRPO (Ours #1) 57-51 .. =@= DC-Jev-GRPO (Ours #1)
T T T T T T T T T T T T T T T T T T
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Online GRPO Training Steps on NVIDIA Blackwell 96GB Online GRPO Training Steps on NVIDIA Blackwell 96GB

4: GSMB8K 5 MATH-500 7£4 GRPO i)||Zlszihsk (0-400 £5) .

7. EXHIE. FHIER SRS OBHERESEIE (Ablation Studies)

0 Eliminating GRPO Zero-Variance Dead-Zones and Reasoning/Format Hacking via System-One Primitives

B Zero-Variance Group Dead-Zone Rate (% of Rollout Groups Wasted, Lower is Better v)

41.8% B Shortcut / Yap-Loop / Format Hacking Incidence (%, Lower is Better v)
.8%

27.4%

Percentage of Training / Eval Rollouts (%)

RLVR-Binary Qwen2.5-3B LLM-Judge PRM-Linear Jev-GRPO DC-Jev-GRPO
(R1-Zero) RLVR (Ref) GRPO (Un-gated) (Ours v1) (Ours #1)

5: FHEBFKLELEI (Zero-Variance Dead-Zone) S3ifElER (Shortcut/Yap Hacking) Xdtb.

HRLSCIS SESHFS (FIKE Qwen/Qwen3.5-4B

S22z DC-Jev-GRPO (v2, tau_noul=0.50, G=8) 91.4% 75.6% 89.2% 87.4% 85.90% (#1) 4.0% 3.9%
- BIREISFESZESEE Jev-GRPO v1) 89.6% 72.8% 86.5% 84.6% 83.38% (-2.52%) 380 5.1% 5.8%

- (W IRIEIEZESEE (lambda_pbrs = 0) 90.5% 74.1% 88.0% 86.2% 84.70% (-1.20%) 468 4.2% 4.8%
- BEMEHREEEIMN EESN w_i = 1/3) 88.2% 70.1% 84.0% 81.2% 80.88% (-5.02%) 412 6.4% 8.9%
- BpaTeiE Noul 4% (BILATI J#Z PRM-Linear)  85.2% 65.4% 79.1% 76.4% 76.52% (-9.38%) 852 8.2% 24.4%
- BB& System-One ## (B¢ _{& RLVR) 84.1% 64.2% 78.4% 68.5%  73.80% (-12.10%) 941 38.4% 32.8%
BURkME: [TJIRER(E tau_noul = 0.35 (B3 %) 89.8% 73.2% 87.1% 85.0% 83.78% 395 4.1% 8.4%
UM TH=BE tau_noul = 0.65 (P55 %) 90.6% 74.5% 88.4% 86.5% 85.00% 324 5.8% 3.1%
BURkME: /NRHFE G = 4 Rollouts (58 50% 4pE17)89.4% 73.0% 86.8% 85.2% 83.60% 346 6.2% 4.3%

#& 6: DC-Jev-GRPO A KBTI SHES VR DHT.
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(a) Single-Backbone VRAM Savings (-49.5%) (b) Component-Wise Ablation Study (c) Sensitivity to GRPO Group Size G

B MATH-500 Pass@1 (%) 90 4
25 22.63 GB 00 | ™ IFEval strict Acc (%) g
= 2 854
2 20 - g ././‘___.
= —_ 4
< 16.20 GB S 80 g 80 4
> i - ~
515 3 p
o 5 70 £ 754
® 10 o e
§ 8.06 GB < 2 704
S 60 <
* 57 | § 65 -
= =@= DC-Jev-GRPO (Ours)
RLVR-Binary-GRPO
0 T 50 - 60 T T T T
Separate Policy Separate Policy Single-Backbone Binary  w/o Noul wj/o Conf wj/o Density  Full G=2 G=4 G=8 (Ours) G=16
+ Separate 4BRM  + 7B Judge ~ Dual-Adapter (Ours) RWR  (Linear)  (w_i=1) (Jev-GRPO)DC-jev-GRPO

6: (a) REFEIEHREEHEW (8 50.2%) ; (b) BOMALEEEISEIE; () GRPO HA/N G BUBMEDHT.

8. BWESS (Part | EEEMNEBAIEH + Part Il XISBUEIE) 5458

ZEBHNIE Zenodo KFMI Part | EEYIEEGHNSI (DOl 10. 5281/ zenodo. 23439711) 543  Part |l
KESHEEGENEIMAR, R T WEEEIHFEES (MuloCo v5) EERFAFEHESIESYIST (Qwen3.5-4B
GRPO) MIB{HIEICSLRAE— (R 7) . LBENIEA: ARXREIATUER. mRAa{T4H )= (Noul  Gate) A9
System-One FERIEBER ZEHNHEETFEH, BT —REAFI R ITIZERRIE.

ML Part I: DC-Jev-RL (ZE4EHEE AYDIBIETH) Part Il: DC-Jev-GRPO (KiFSIREHEESIESIIFT)

RERIRESERRT Zenodo IER; DOI: 10.5281/zenodo.23439711 Zenodo IFR; DOI: 10.5281/zenodo.23441431 (v2.0.0 Ef4)

PRk E R 5 X MuJoCo v5 Eiff (Hopper, HalfCheetah, Walker2d &) 4 X LLM RL #2848 (GSM8K, MATH-500, Countdown-24, IFEval)

IR SEF IR JTELE PPO SRBERILE + Kev-4B (/v1/systemone)  BAELEE Qwen3.5-4B HEHEE LoRA 5 Kev-4B ##) LoRA (-50.2% T77)
ST STUEFTERE NVIDIA L4 (24 GB): 213.2 ms/batch (4.0x IENVIDIA RTX PRO 6000 Blackwell Server Edition (94.97 GB): 65.70 ms (5.92x iiiE)
ERBELZ BN Hopper 'Bif&E: L/FEE (vx=0 IREVFED) FITEAIUX (38.4%) SEXHER/FIBMEIMELE (32.8%)

Noul S&& J=ER g_noul(healthy_gait) -> #IHIBHEIEERA 84% g_noul(genuine reasoning) -> 4R SHEEIEEIX 88.1%

EREEREEE SOTA Bk #1 SOTA: 2.471x 5 ONS, 100% (5/5) == #1 SOTA: 85.90% PUt519% (+12.10% &k RLVR), 2.78x Token 45

X7 Part| (EZHz4IRL) 5 Part Il (KESHEE! GRPO) 7£ System-One R pERIEELS FHIBSTH S —,
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MR A. SFEEFRIEPSRRESHLE (Appendix)

IR 1 IEBHE (FHEARXIER) ¢ JTEWIERTEANSA 0 (Rver(g, o_1)=..=R ver(q, 0_G)=0) B}, &5
RLVR #HFBZE Var G(R_ven)=0, i8R A g=0, f7E DC-Jev-GRPO T, IthAf R total(q, o) =
g _noul(o_g)*[beta(k)*w_proc*p proc(o g) + delta(k)*w_inst*p inst(o g) + eta(k)*w_conc*p conc(o g)] +
lambda_pbrs*Phi_dens(o_g). BB F5 28 BRI R REZ 8 L RYSTRET Softmax
BRiE, HEESEHUEUER 0, SOHMEERNAR token F5l o g !'= 0 g', JIFXMAE R_total(g, o_g) != R_total(q,
0_g'), B Var_G(R total) > 0, BEERHEX. UL,

EE 2 IEHE (BEENEREREEARMNE) - B Blackwell  SEHERW (k  2) ©TA], F=Z5ERR
R total(0*)=0.9522, MZXJ#ER R total(o_shortcut)=0.1338, [EiE{EHR R total(o_yap)=0.1942, #EE m
ANFERIERS G-m MEBRIZRIRSEF, EHE mu_G FHEAITF (0.1942, 0.9522) ZE], BURHEMINE A_G(o_hack) =
(R_total(o_hack) - mu_G)/(sigma_G + eps) < 0, (RESEERE™SIIHEI—IERESKIEREIR. IEEE.

P —- R / AR YIBE SEERE

HEHAMER R W base Qwen/Qwen3.5-4B (bfloat16) Blackwell SCEESINERTRE 7.94 GB

System-One #¥iEEI28 theta_kev + W _ptr jaredpalmer/kev-4b (LoRA + Layer-28 Pointer)  BUXRFItEZsHIH 3 4 Score + 1 4 Noul

BRI ERSR B RF VRAM _dual 8.06 GB (XJLLUREY 16.20 GB) BEFTE 50.2%, tH4ERT 0.012 ms

SEHIER GPU BRSSE8 GPU NVIDIA RTX PRO 6000 Blackwell SeB4DEdsBaBDDR7, NVIDIA Blackwell (CUDA Compute Capability 12.0)
[RIEEEEHIZER LoRA BiE theta_pol r = 16, lora_alpha = 32, seed = 42 H#HT q_proj, k_proj, v_proj, o_proj

GRPO EHEHKX/NG KL RE G, beta_KL G = 8 rollouts/prompt, beta KL = 0.01 FBIER eps = 0.20, AdamW Ir = 2e-5 / 5e-4

=M ISR E R (alpha,beta,delta,eta) (0.25,0.45,0.20,0.10) -> (0.55,0.20,0.10,0.15) 400 ERZFBITLE

Fix Noul I Z=RIESKE tau_noul, eps_floor tau_noul = 0.50, eps_floor = 0.05 BN EHEHER S EEER

% 8: DC-Jev-GRPO ZEIEMISE SHMAsCNSIREL B R,
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