B, FISE: BEFpREERSZETFENESHSIENM Noul
B IE IR N EIRIEIR IR E IHESR (Tree-Jev-GRPO)

% : 3kFBA (Ziyang Zhang)
M7 AT RIS « EETES Gated-DeltaNet 285 Qwen/Qwen3.5-4B 5 Kev-4B (/v1/systemone) £ NVIDIA RTX PRO
6000 Blackwell Server Edition (95.59 GB VRAM) FER{SCHEEIE
System-One B{tZ I =&REZ Part |1l « #%%kRs DOI: 10.5281/zeno0do.23439711 (Part I) & 10.5281/zenodo.23441431
(Part Il) « 4XAZ: https://github.com/rainyflash/DC-Jev-RL

RE: REHEEXNRIEMMKE (GRPO) LARFANE Part |l I2HHIREREIIESERNEIEZR (DC-Jev-GRPO) BER
F TS E B EREHEIERISTEE D, BEERKER R CEEBIE (Lean

4) SREHREHFESH, EFHBMEISUANT B (Test-Time

Scaling) EEHIRAMARIMNEGHRN: REEEEEMSIHEEEEMS (Flat-Chain Redundancy & Dead-End
Decoding) . 7  GRPO  &ERMIMSIRE G ERFFS, AMURE  70%85% M GPU
BEHESERSESRNBHIENEIE, FAEESMITTE 150 4 token PBAKRKTESHIEEERE, HEsEMRED
1,500+  MNEEEKMHIEIE ~ token; MIEARANSIFRSIER (MCTS) BESERIFEMATFFIHZ 7B

HREXFMRE (PRM) , 81MRERDRITEEFRHKX 300+ ms BEENERRISH A KV
Elr, BESTERUCEIMELIEM, A0UEH  Tree-Jev-GRPO (EFHERE  Gated-DeltaNet RIS SHENIE
System-One Noul R AIEERD GRPO) , HTFELIET Qwen/Qwen3.5-4B

HFARREIENE: (1) HiRBE 24 B Gated-DeltaNet £MEEEN (75% BFEEF O(1) [BEEHRKRE) + 8 B
GQA &R, (f 64 DFHTRISRINEY KV IRERBEFMHE 3.81 & (INF 6.14 GB, SEFMIUEEL 54.10 GB
BEZ 14.20 GB, & 73.8%) ; (2) 1&& B=128 4 token FHEEEREMET R, L 0.012 ms SEIUMRELER
Kev-4B (/v1/systemone) 5 28 Eigttk, EREATRAREFITEEXNRRTER T RITE (IXFE 14.80
ms/BR, 4 FHAMET BXE 52.10 ms, tKEEIT MCTS FHFIHR 6.11 %) . —BEHXAa{TH HETERE
g_noul(v) < tauprune = 030 (FERIRIAETFE. BAXREHEARMIESIE) , HUE  Noul
EBIK; (Speculative Noul Pruning) MZEMRIEZIVEARISSTHRME KV &, BmEdEEERERN UCB Jev
EFRENEEN TR B TRES X! ERREFMNER, FMRETHDSHEIME (Sibling-Relative

Branch Advantage) , EEMHEPIRRS XA u NEHFOIZES Ch(u)
BEBIA—, FEAEER T HERISS INERGE (B 2) . &
MiniF2F-Lean4 (64.8%) . ProofNet-Formal (52.4%) . MATH-500 Level-5 Hard (68.7%) 5
GPQA-Diamond (56.1%) P AIFEEIR SH{CIERRREE £, Tree-Jev-GRPO LA 60.50%

HOPUESEYERESFEEES— (#1 SOTA) |, FREE T #B#mY DC-Jev-GRPO ik +8.82%. @M _{E RLVR iX
+20.42%, [EIRTHIR; 66.0% HITEAREIFCXUHD token (SEI 2.94 FEMENME) .

KHEA): AIENGRILES)  (Tree-GRPO); #EMUM  Noul 3, MEARENT R, HXUCERIER  (Lean
4); Qwen3.5-4B; Kev-4B; Gated DeltaNet,

1. SIS 58 —HRELIN (Introduction & Motivation)

1.1 NimEHE RLVR FHKIEEFESAOIRIMEIEHRER
EAAR=ZFHAY Part | (DC-Jev-RL, ELEA188 AR, Zenodo DOI: 10. 5281/ zenodo. 23439711) 5 Part

[l (DC-Jev-GRPO, mFEEH#HRFS, Zenodo DOI:
10. 5281/ zenodo. 23441431) th, FATERT FIFEERFUETR System-One

IBEHARSRIREL (j ar edpal nmer/ kev- 4b) BEBEMERFSBNFIRIRIRZRNTAMER, AT, HFHIVSHRNEFHHEHE
1,500-4,096 tokens ZRBIAHETIERZCEIBIERR (MiniF2F-Lean4. ProofNet) SERZEREHMERR (MATH-500 Level
5. GPQA-Diamond) B, FTieEtnE_(E RLVR iX2RF DC-Jev-GRPO, #BERB T RTRFEFFIFEERFM (Flat-Chain
Rollout Topology) AI=_REEHIMEHRIN:

IRA—: BRI EESARSIARSEMRE (RE 70%-85% &) . RFE GRPO MRPEMIIFE G=8
£EHNIT, MUESITERSERNAESIAGIR, BEXGHNRE: UEESIZES 148 ™ token
RERFETFMESR. BUSTEHRABTEIRN Lean 4 HER (Tactic) B, REMIETTETIRILR, MAdkEHER
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1,400+ 1™ token TEEEIRAIR T E BESEHERIIE

I KEyERIESHEERE (Sequence-Level Credit Blurring) . ERKIFRES 1-2
TS TIREBRIRERS B, 1TSS 3

TIEEHIAFASHRERY, REFIMIBRBSBRAMB BLERFIINAE
token, SHIRMBEST TRIMLRILEMS I, HIINEXRIRISSZE,
=" &5t MCTS 5337 PRM RBFIRIE TR, g ERIFEFIAT RIS 3184
ms, TIXUREL SR IR 64 DTG 54.10 GB B RN, ZIEnE PRM
P EEEER (Hallucinated Theorem Shortcut) * Hi3R, SEIRREMHERDXEEY K.

1.2 Qwen/Qwen3.5-4B RS & HEEHIMRSHAAZLTE
ASGRE Tree-Jev-GRPO, ENXEGIRES Gated-DeltaNet Biggiita . 14.8 ms 21 System-One T aiRNSHENME

Noul BEIRLAR REN ZHAMIEENFE—T RIS Qwen/Qwen3.5-4B HEEZ F, 7£ NVIDIA RTX PRO 6000
Blackwell (96 GB VRAM) _tsCHlFK&iEk:

1. J/B& Gated-DeltaNet RIS EZESE (d5l 1) : FIF Qwen3.5-4B &1 75% HIE (24/32 B) 73 O(1) REK/MRY
Gated-DeltaNet ZMEFRENE, & 64 DXEISKIIRY KV EFESS 3.81 1§ (6.14 GB vs. 2340 GB) , S EEMNIUEE
54.10 GB f&= 14.20 GB (& 73.8%) .

2. 14.80 ms EETRFUERSHENY Noul B5fy: SRAXTRRIKER, L 14.80 ms/Hr (ELBEIFRGFIR 21.5

F 4 FORMETER 611 &) BEUHEDRFRE, —B  g_noul (v) < tau_prune = 0.30
SZBDBIRRTEERREIS S, B KV #EEDELSR UCB Jev BORHES BED.

3. RS ENLE (Sibling-Relative Branch Advantage) : EEMOXYRXTARE u AENFSOX  Ch(u)

BERT&EP— s, HEEAOERMRMAIXED .

4, =XZOEEEE SRR AT BB DINESIEA IR IRAEE (B8
1) . EFeHEANNRBFMSENREER (BF 2) ST Binf—EMEE (B 3) .

5. OXEKESHAIERRtEER #1 SOTA: PUfEgSIL 60.50% (#BikmIE DC-Jev-GRPO +8.82%. #Bi#—{H RLVR
+20.42%) , HlE 66.0% Fo34 token,

2. K2R SRIEZERAF TR (Related Work & Taxonomy)
Flat RLVR-Binary (R1-Zero) G FIRT R HE 18.40 GB () TNER (IXKi) 7 (5 Bf#BEIR) RIEEFFIRE  73.6% BIRE
Flat DC-Jev-GRPO (Part II) G SIS RFHE 18.52 GB () 65.2 ms (Kif) 75 (i Noul) BEISENRMESE 51.0% EORE
Autoreg-MCTS-GRPO (Bii#%)  BIZEN (TUREY) 38.20 GB (W&AY) 3184 ms/Tm 35 (RKERUIRS) AREEEXAFTS  63.0% HORE
PRM-MCTS-GRPO (#R& PRM)  Hugkixf (&) 54.10 GB (W&EY) 48.5 ms/T5m T (4RG3 [ERERYR) IMECEEE,S  57.0% EHiRE
Tree-Jev-Static (A3 v1) DeltaNet BUZERS ~ 14.20 GB (SREEE) 148 ms/Tom RERINEREN (R5EEY)  SUshodSTExitsy  41.9% BHORE
Tree-Jev-GRPO (37 #1) DeltaNet BIfi#fif 1420 GB (-73.8%)  148ms (6.1x)  FESMEREIN (<0.30) FLBERIME + UCB_Jev16.2% (-66.0%)

=1 mPERUFSI SNEEREE oS EREEEXITL.

3. At EAEEERISEN Tree-Jev-GRPO S5ifENt4 Noul Bt

3.1 Qwen/Qwen3.5-4B ;B4 Gated-DeltaNet FiEH BIFEESILET SIFEN

WLUERAE q ARTS v0 AEERISNA T = (V. ), 8 WHPEEEDS u {F=K B=128 A
token (B—MEELE Step k: / Lean 4 ZREEHR) BHIFEMAZT. Qwen/Qwen3.5-4B B 32 EMEH 24 B
Gated-DeltaNet ZiEFENE (75%) 5 8 E GQA £ FEHE (25%) KEER. HT&IETENENEINRESENS
Su KBS FFRHIRE D BFEHg o(1) BE, THA u
A XHEFAOERABRFLRGERENE T ANERERRSHRE, HHE= 8 B GQA HINTIEIR KV R, EXHFHOIEER
tau(u -> v) fRIEE, BELL 0.012 ms {JHRE theta_kev #HFIERSE, FEESARXTHEIRER tau {<= u}
HOER EHT 14.80 ms B RRTIIETE, NS 28 BRI mRE: SERETE T
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p_step(v).

FEREBYERE p_prog(v) .

DXIERIEE

5 p_i nfo(v) SoAfTHI#E p_noul (V) :

g_noul(v) = clip([ p_noul(v) * (0.20 + 0.80 * p_step(v)) ] / 0.45,0.02, 1.0), V_Jev(v) = g_noul(v) * sum i w_i(Vv) * p_i(V)
UCB_Jev(v) = Q_Jev(v) + c_puct * P_prior(v| u) * sgrt(1- c_bar(v) + eps 0) * [ sgrt(N(u)) / (1 + N(V)) ]
A_tree(v) = [ Q_Jev(v) - mu_{Ch(u)} ] / [ sigma_{Ch(u)} + eps], mu_{Ch(u)} = (/|Ch(u)|) sum_{V' in Ch(u)} Q_Jev(V")

w1 (BE

Gated-DeltaNet BIZER KV EEE3E)

 K=64 9. FE D=2048, Bt

t5=% rho=0.58

RURIZERIH, Qwen/Qwen3.5-4B HUBASZMTIENEEHERIRESEFRME 3.81 £ (6.14 GB vs. £FEH 23.40

GB) ,

EE 1 (HEUME Noul REIRAIEIINE SRR &R EE)

g_noul(v) < tau prune =
D)], BY§ S FLOP =

0.30 #IZRNEURAT, BOSTHAEMERSTFFHEM D B
1/ 101 - p_prune * (1 - d prune / D)] =

BRI ERCE BRI A RFENIEERY 54.10 GB &= 14.20 GB (158 73.8%) .

é%ﬁﬂﬂ DTERE d_prune << D &bERE

TrEBIRBEDBE—FEEM T R P(exists | in L(T) : R_ver(l)=1),

T 2 (B SEMBNE L ELREE) :

ull), EDX

HESERT Var(R) =

ull) > 0, EREEEBESE™SETRFFS GRPO (SCSERHE 61.5%) .

4. NVIDIA RTX PRO 6000 Blackwell (96 GB) BBfEili ¥ SiFN S BEit St

WO EEWAE (PRRE)

AESIHEIFAS (1281) 0.9462

BRIEGIEEDZ (2561) 0.7420

BRHAECrESESER (1481) 0.0640

BIXREFEEASD T (192t) 0.1850

ST/ SRIRIER (1641) 0.1120
x 2:

0.30) .

(a) Kev-4B Milestone Node Probing & Noul Early Pruning on Blackwell

0.9180 0.9310 0.7140 1.0000 0.9317 0.9338
0.6850 0.7940 0.5820 0.9236 0.7342 0.6784
0.0820 0.3100 0.1420 0.0793 0.4120 0.0098
0.0410 0.0520 0.1960 0.1515 0.5260 0.0156
0.2200 0.4100 0.1280 0.0824 0.7480 0.0182

Z D * [1 - p_prune * (1 - d_prune /
= 2.94 Fc.‘ Token BOmE, HEEESFE B_tok

E[Var(R | tau {<= u})] + Var(E[R | tau {<=
RER u 3BT Ch(u) IHEFEES mu_{Ch(u)} AIREEERISARRSZR Var(ER | tau_{<=

BIRENES 158 Token
BEHR k=3 (UCB=1.18)
{REBIRE k=1 (UCB=0.89)
SZBIBEE; @148t (&14521)
SZEPBEH; @192t (&41408t)

I7BPEIE; @164t (B14361)

NVIDIA Blackwell 96GB L Kev-4B (/v1/systemone) X3RN FRAREZET mANSEIRNSRERRER (tau_prune =

(b) Accuracy vs. Tree Compute Efficiency Pareto Frontier

=
o
|

o
o

o
o

o
IS

e
N

Assigned Branch Node Value V(v) in [0, 1]

o
S)

VALID_LEMMA
(Fork k=3)

CONJECTURE
(Explore k=1)

& 1:

JIFERSIERARTERRN., HENME
RUZEE AR,

CONTRADICTION
(Prune @148t)

(a) BFPID TR RAVMEITES Noul REIRSIESE;

Noul

=== Speculative Noul Prune Threshold (tau=0.30)

= Autoregressive MCTS Judge (318.4 ms)
Un-gated Scalar PRM (Additive Leak)

B Tree-Jev-GRPO (14.8 ms Prefill + Noul Prune)

[}
o

S
«

N
o

w
@

w
o

Mean 4-Benchmark Accuracy (%, Higher is Better *)

CIRCULAR_LOOP
(Prune @192t)

FAKE_THEOREM
(Prune @164t)

4,096) TXILLT 6 M75iE (R35E2) .

0.0%

1. Zero-Shot Flat-8 (F<3)IIXJ88) N/A

78.4% 37.5% 25.0%

v
v
L

u
o
L

I

] %

2

Tree-Jev-GRPO (Ours #1: 60.5%, 1330t, 2.94x)
Tree-Jev-Static (Ours v1: 55.0%, 2330t)

Flat DC-Jev-GRPO (Part II: 51.7%, 2672t)
PRM-MCTS-GRPO (45.8%, 3142t)

@ LLMJudge-MCTS

Flat Binary RLVR (40.1%, 3865t)

1 @ Qwen3.s5-4B-Base

@ Qwen2.5-3B-RLVR

1500 2000 2500

3000 3500 4000

Mean Decoded Tree/Group Tokens per Problem (Lower is More Efficient <-)

Part Il

1.00x
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¥
LoRA r=16) 5=£tBREAIEM Token FE (B tok =

(b) PUEFEIMER SR vs. EARRFIIRRAD Token MHERIERTIA.

5. E{&HEEE (Qwen/Qwen3.5-4B, seed=42) @3 GRPO vs. BiZiH GRPO =il

B S BRI EAEN T
FAEE—E Qren/ Quen3. 5- 4B (seed=42,

DC-Jev-GRPO

SCMESIRFM SIS HISHE

SRRIESEMITL; 78.4% BIREELAR
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SCERIRH NS SR S5 E

2. Flat RLVR-Binary (RE—18) 09812  625%  74.2% 62.5% 50.0% 1.05x  62.5% HRLTFX; FEEAAKIEBEM—EHiE

3. Autoreg-MCTS (EIEIIAHH) 06840  125%  64.5% 75.0% 62.5% 072x  318.4ms/HERERIER; KERNSHELBRST

4. PRM-Tree-GRPO (2] JH:4#) 05920  0.0% 58.0% 87.5% 62.5% 1.24x HiHIE Leand SEIGHHZEIR (87 5% vs 62.5%1&)
5. Flat DC-Jev-GRPO (Part Il) 04126  0.0% 52.8% 75.0% 75.0% 148x  SEMIER(0%), ERTHELENHEEMIEARRS X
6. Tree-Jev-GRPO (&7 #1) 02184  0.0% 16.4% 100.0%  100.0% 2.94x 148t {hRBUSESEHBAI; 100% FEHGIERR, 2.94x NN

%= 3: EHEEKEE (Qwen/Qwen3.5-4B, seed=42) B8R Token & (4,096t) THIRF GRPO SHILZH GRPO SLHIERItL.,

(a) Same-Backbone (Qwen3.5-4B, seed=42) Flat vs. Tree Proof Veriﬁcatior;gb) Dead-End Pruning & 2.94x Compute Speedup (seed=42)

mmm Box / Unverified Tactic Match (%) :\;
;\; 100 4 B Strict Step-Verified Proof Accuracy (%) 100.0%00.0% Z 80 4 30 ;?
< S X
> = 4 o
g e 2
§ 801 75.0%75.0% 2 60 4 25 2
< 3 &
i S 50 o0 @
3 7 a T3
5 5 40 g
<) S L1538
2 40+ ¥ 50 58
2 3 2
° Q 20 ]
£ 20 b rLog
© H 10 w
]
0 = 4 X
Zero-Shot Flat Binary Autoreg Un-Gated Flat DC-Jev  Tree-Jev-GRPO Flat Binary Autoreg Un-Gated Flat DC-Jev Tree-Jev-GRPO
Flat-8 RLVR MCTS-GRPO PRM-Tree (Part 1) (Ours #1) RLVR MCTS-GRPO PRM-Tree (Part I1) (Ours #1)
E2: FHEEKRE (Qwen/Qwen3.5-4B, seed=42) ¥=HIZEEINIE: (a) REIILAE vs. FAEIERERZE, (b) FLHBETT Token HIFS
2.94 (EEMEIINE
Ver bati m Prefix-Tree Execution & Specul ati ve Noul Pruning Trace on Qaen/ Qven3. 5-4B (Bl ackwel | 96GB)
[ Shared Root Prefix u_0 (Tokens 1..128 | Cached Once in DeltaNet + 8 GQA Layers | V_Jev = 0.912)]:

"Theorem Show n*2 + 1 == 0 (nmod 3) has 0 integer solutions.
Step 1: By Euclidean division, any integer n satisfies n

Lean4 / Analytic Setup:
0, 1, or 2 (nmod 3). Let us fork cases."

+-- [Branch v_1 (Tokens 129..148 | ALGEBRAI C_CONTRADI CTI ON_DEAD_END)]:
| "Step 2a: Factor n*"2 + 1 over Zas (n + 1)(n - 1) =3k..." -> g_noul = 0.079 < 0.30 [PRUNED @48t! -1452t]
+-- [Branch v_2 (Tokens 129..164 | HALLUCI NATED_THEOREM SHORTCUT)]:
| "Step 2b: Apply fake tactic “by_fermat_quadratic_nod_3"..." -> PRM=0.748 (Fooled!) | g_noul = 0.082 [PRUNED @64t!]
+-- [Branch v_3 (Tokens 129..256 | VALID LEMVA FORK -> UCB_Jev = 1.184 -> Forks Leaf v_{3,1} QE. D. @42t)]:
"Step 2c: Residue check n*"2 in {0,1} (md 3) =>n"2 + 1 in {1,2} != 0 (nod 3). \boxed{0} (Lean4 QED, A tree=+1.32)"

6. MAKEERSH S (CEIRIEBE RN SR RERE

(b) Per-Benchmark Accuracy Breakdown (Same Qwen3.5-4B Base)

s Flat DC-Jev-GRPO
W Tree-Jev-Static (v1)
= Tree-Jev-GRPO (Ours #1)

(a) 4-Benchmark Long-Horizon & Proof Leaderboard

. Qwen3.5-4B Base
Flat Binary RLVR
== PRM-MCTS-GRPO

Tree-Jev-GRPO (Ours #1) 60.50%
704

Tree-Jev-Static (Ours v1) 55.03%

Flat DC-Jev-GRPO (Part Il) 51.67%

PRM-MCTS-GRPO (Un-gated) 45.77%
LLM-Judge-MCTS (Autoreg) 43.02%
Flat RLVR-Binary (R1-Zero) 40.07%

Qwen3.5-4B-Base (0-Shot) 34.15%

Verified Proof / Reasoning Accuracy (%)

Qwen2.5-3B-RLVR (Ref)

T T T
30 40 50 60 70

I
20 MiniF2F-Lean4 ProofNet-Formal MATH-Level5-Hard GPQA-Diamond

Mean Verified Accuracy across 4 Long-Horizon Benchmarks (%)

A RESERMGEREE (MiniF2F-Leand, ProofNet-Formal,
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(Formal Pass %) (Proof Synth %) (Hardest Comp %) (Sci Reason %)

3:

MATH-Level5-Hard, GPQA-Diamond) E#EHERSSTRILL,
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HER S AR [RERE )

#1 Tree-Jev-GRPO (Z3Z #1) [Qwen3.5-4B] 64.8% 52.4% 68.7% 56.1% 60.50% 16.2% 1330 2.94x
#2 Tree-Jev-Static (A% v1) [Qwen3.5-4B] 58.6% 46.8% 62.7% 52.0% 55.03% 41.9% 2330 1.68x
#3 Flat DC-Jev-GRPO (Part Il @) [Qwen3.5-4B] 55.2% 43.8% 58.2% 49.5% 51.67% 50.9% 2672 1.47x
#4 PRM-MCTS-GRPO (FiJi2fd) [Qwen3.5-4B]  49.2% 38.4% 50.0% 45.5% 45.77% 57.0% 3142 1.25x
#5 LLM-Judge-MCTS (B[E])3##) [Qwen3.5-4B]  46.8% 35.6% 46.3% 43.4% 43.02% 63.0% 3442 1.14x
#6 Flat RLVR-Binary-GRPO (R¥-_{g) [Qwen3.5-48%.6% 32.5% 41.8% 41.4% 40.07% 73.6% 3865 1.01x
#7 Qwen3.5-4B-Base (F#AS) [Qwen3.5-4B] 38.5% 27.4% 32.8% 37.9% 34.15% 76.2% 3910 1.00x
#8 Qwen2.5-3B-RLVR (4MEE£:EB) [Qwen2.5-3B]  31.2% 21.6% 26.9% 32.8% 28.12% 79.2% 4080 0.96x
*= 4 UAKEERESEOIEAERTETNER (3 WHFTFIIE) . Tree-Jev-GRPO L 60.50% HHTFE  #1

SOTA, #BiRE—{E RLVR jx +20.42%.

Flat RLVR-Binary (R3S Best-of-N) 31.3% 35.8% 38.8%  418%/446%  440%  455%/48.0% 21.4% 0.0% (E£)
PRM-MCTS-GRPO (i Jf&#7& PRM #)  38.1% 43.3% 47.0% 50.0% / 49.2% 52.2% 53.7% / 52.5% 31.8% 28.2%
Flat DC-Jev-GRPO (Part Il REEE) 46.3% 51.5% 55.2% 58.2%/552%  60.4% 61.9% / 59.0% 38.5% 31.2%
Tree-Jev-Static (A3 v1, FBIEH) 47.8% 54.5% 59.0% 62.7%/586%  65.7% 67.9% / 63.5% 46.2% 493%
Tree-Jev-GRPO (A3 #1, Noul BUiGRY)  54.5% 61.9% 66.4% 68.7% /64.8%  71.6% 73.9% / 69.7% 55.8% 61.5%
x® 5 MEKAHEMRE  Btok M 512 ¥REE 16384 tokens EIE  MATH-Level5-Hard (8#HIEH

MiniF2F-Lean4) E9H EEENILL. Tree-Jev-GRPO 7£ 1,024 tokens T (61.9%) EMiB#kfE DC-Jev-GRPO 7£ 8,192 tokens

THIRI (60.4%) , LI 8 {EMHBSENAERGEE.

(a) MiniF2F-Lean4 Formal Theorem Proving Convergence

(b) MATH-500 Level-5 Hard Convergence Curve

(=]
v
L

[=)]
o
L

v
o
L

v
o
!

N
v
L

MiniF2F-Lean4 Formal Proof Pass Rate (%)

704
& 651
o
©
€ 601
51 I
s I e -
_________ > 55
- &
I
B s R B S e Fo
_——— + |\ S, =TT
—_————— > —_—
—————— 9 454 -
- Qwen3.5-4B Base o _ Qwen3.5-4B Base
R e Flat RLVR-Binary ?\ - - Flat RLVR-Binary
PPl — — PRM-MCTS-GRPO - 404 - —— PRM-MCTS-GRPO
== Flat DC-Jev-GRPO (Part ) | £ — — Flat DC-Jev-GRPO (Part Il)
== Tree-Jev-Static (Ours v1) S 35 == Tree-Jev-Static (Ours v1)
=@= Tree-Jev-GRPO (Ours #1) =@= Tree-Jev-GRPO (Ours #1)
(I) SIO 160 léO 2(|)0 ZEI»O 3(IJO 3éO 4(|)0 (I) 5|0 l(I)O 1%0 260 ZéO 3(|)0 350 4(|)0
Online Tree-GRPO Training Steps on NVIDIA Blackwell 96GB Online Tree-GRPO Training Steps on NVIDIA Blackwell 96GB
4: MiniF2F-Lean4 5 MATH-500 Level-5 Hard #£4; Tree-GRPO illZRUg8shE: (0-400 ££) .
SLEHEI0A = . 6= =ﬁ . ° .
7. HRASEIS. REREREREGS =SHEMEZ5 (Ablations & Trilogy Synthesis)
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(a) Dead-End Token Waste (-66.0%) & Advantage Variance Reduction

(b) Test-Time Compute Scaling Law on MATH-Level5-Hard

mmm Wasted Dead-End Decoding Tokens (%, Lower is Better v)
80 A mmm Prefix-Conditioned Advantage Variance Reduction (%, Higher ~)
73.6%
704
_. 604
B
© 50 +
o
8
< 40
=
[
o 30
20 A
10 A
0
Flat Binary Autoreg Un-gated Flat DC-Jev Tree-Jev Tree-Jev-GRPO
RLVR MCTS PRM-MCTS (Part 1) Static (v1) (Ours #1)
5: (a) JEHARFTAAEEES Token L (HUR 66.0%)

WS EY R,

70 A

60

504

40

MATH-500 Level-5 Hard Accuracy (%)

30 A

- =@= Tree-Jev-GRPO (Ours #1: Pruned Prefix Tree)
(4 - Tree-Jev-Static (Ours v1: Unpruned Tree)
=A= Flat DC-Jev-GRPO (Best-of-N Flat Chains)
4~ PRM-MCTS-GRPO (Un-gated Scalar PRM Tree)
Flat RLVR-Binary-GRPO (Best-of-N Flat R1-Zero)

SRIRSMHABLERRE (61.5%) ; (b)

1024 2048 4096 8192 16384

Total Test-Time Token Budget B_tok per Problem (Log-2 Scale)

MATH-Level5-Hard

HRI SESEE (HRE Qwen/Qwen3.5-4B M5 EHIE | SEER

EHT Tree-Jev-GRPO (tau_prune=0.30, B=128, R3{648%
- BERRHENIME Noul BRBI# (tau_prune=0.0, iB{LH v1)58.6%
- BRSO AN MRRTREFFIII—L)  60.2%
- BIRISEHRBEERE UCB Jev (BEIEIIS5%R) 61.9%

- FERRRIBRFN (BIL D Part Il ¥ DC-Jev-GRPO) 55.2%

- BB% Noul SRIEI Ji= (BILATI 1#E PRM-MCTS-GRP@9.2%
- BB% System-One Sif#fsh (BB F—E RLVR) 44.6%
Rk

ESM\EIHZEI(E tau_prune = 0.15 62.3%

BRI BUi%IEE tau_prune = 0.60 (IREZESIF51E58.2%

52.4%

46.8%

48.4%

49.5%

43.8%

38.4%

32.5%

50.0%

46.2%

68.7%

62.7%

64.2%

65.7%

58.2%

50.0%

41.8%

66.4%

63.4%

56.1% 60.50% (#1) 16.2% 2.94x 61.5%
52.0% 55.02% (-5.48%) 41.9% 1.68x 49.3%
52.8% 56.40% (-4.10%) 18.5% 2.76x 14.2%
53.8% 57.72% (-2.78%) 21.4% 2.58x 56.0%
49.5% 51.68% (-8.82%) 51.0% 1.46x 31.2%
455%  45.78% (-14.72%) 57.0% 1.25x 28.2%
414%  40.08% (-20.42%) 73.6% 1.01x 0.0%
54.9% 58.40% 26.8% 2.35x 55.4%
51.4% 54.80% 11.2% 3.60x 52.1%

% 6: Tree-Jev-GRPO #Z/MEIRBRISCE SEUKE)E tau_prune UMD,

(a) 64-Branch Tree Memory (-73.8% VRAM)

(b) Tree-Jev-GRPO Component Ablation

(c)@{\loul Pruning Threshold tau_prune Tradeoff
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0- 35-

Dual 4B Policy+PR8ingle 4B Full-AQwen3.5-4B DeltaNet Flat

(Full-Attn Tree)

(a) 64 DZEIENT GPU BIFEXLY (T8 73.8%)

(Unshared KV) Tree-Jev (Ours)

& 6:

Binary

BN MATH-Level5-Hard (%)
. MiniF2F-Lean4 (%)

Flat

DC-Jev

Adv

w/o Sibling w/o Noul Full
Prune (v1) Tree-Jev

r4.0

T
w
w

T
w
o

4-Benchmark Mean Acc (%)
N
w
Token FLOP Speedup (x)

F2.0
52 4 rl5
50 - T T T — 1.0

tau=0.0
(No Prune)

tau=0.15
(Loose)

tau=0.30
(optimal)

tau=0.45
(Strict)

tau=0.60
(Over-Prune)

i (b) BeOEMHERISELR; (o) BURZSIE tau_prune JEFRZSIMEE HZE,

TIELHERE Part I: DC-Jev-RL (GEZEHSEAIEE) Part II: DC-Jev-GRPO (4t LLM RL) Part llI: Tree-Jev-GRPO (FifSHH<IZIERD)

Pk EEE R 5 X MuloCo v5 ELUHIEHE
ZIOEEIgT PPO + Kev-4B (/v1/systemone)
BHEREEE NVIDIA L4: 213.2 ms/batch (4.0x)
RRASZ R Hopper 'Bf#&ERLE{EEE (vx=0)
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GSMB8K, MATH-500, Countdown, IFEval

BAEEE Qwen3.5-4B HEW LoRA (R BA

MiniF2F-Lean4, ProofNet, MATH-L5, GPQA-D

& DeltaNet B + 5 Kev-4B BEEIR;

Blackwell 96GB: 65.22 ms/$i (-50.2% T7F) Blackwell 96GB: 14.80 ms/T5 1 (-73.8% &7

THEHTKX (38.4%) SRIEBKINEBER

HARE BRERD (73.6%) SHERBHE
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TIELHERE Part I: DC-Jev-RL (GEZEHSEAIEH]) Part II: DC-Jev-GRPO (f@éE LLM RL) Part lll: Tree-Jev-GRPO (BiZSH#HLIZIERR)

BREE SOTA E4q #1: 2.471x ONS, 100% B #1: 85.90% 8% (+12.10% vs RLVR), 2.78x #1: 60.50% %> (+20.42% vs RLVR), 2.94x &

X 7. System-One 3B{LFI=EBEN (Part | ELLSE + Part || RIEHEXITT + Part |1l BIEERIEIRIER) K045,

B A. HUOEBHFIEPMES REESHEIER (Appendix)

1 5EE 2 IAME: RKBIPIESLKA D, 9XERE d_prune << D BAREEZEFEH# Noul
742 (g_noul < 0.30) RBIAIEEZERS p_prune, REIRREFHAZEIEFE D 4 token, MENMRER{EFE D_eff = (1 -
p_prune)*D + p _prune*d prune = D*[1 - p prune*(1 - d prune/D)], HAIIESEIINEY S FLOP = 1 / [1 -
p_prune*(1 - d_prune/D)] = 2.94x ({XASEM p prune=0.725, d prune/D=0.088) . H—LHEHEERE Var(R) =
E[Var(R | tau_{<= u})] + Var(E[R | tau_{<= u}]), DX TR u P\Jf‘lﬂj ESE—RIE tau_{<= u} D2 Ch(u)
RilME, FEEIER T IFRAIRTERIEISZEIR Var(E[R | tau_{<= u}]) > O,

RpAl / BEHE0m - iRFE(E / Blackwell 96GB ClftE YESXSHA(ERiRE

BE%MEERNEMERE W _base Qwen/Qwen3.5-4B (24 DeltaNet + 8 GQA) 75% BRF O(1) AR, #SHNE 7.94 GB

64 DZABNE T VRAM _tree64 14.20 GB (XJLEXUEELL TS 54.10 GB) KV E17P%E 3.81 &, SBHFHE 73.8%

EEX AT RFUEFER t_node, t_batch4 14.80 ms/F55R (52.10 ms/4FT55) tbE[EIF MCTS (318.4 ms) # 6.11 %
BIEESKEDYNEE B, k fork, B tok B = 128 tokens, k fork in {2,3,4}, B_tok = 4096 15 128 tokens EEEEEERAMA—IR Kev-4B 1¥4h
HENM Noul BIkzERE tau_prune, tau_gate tau_prune = 0.30, tau_gate = 0.45 1£ 148-192t LIS FIESFUEIR, & 66.0% F34 token
PUCT FRRERBIMEES c_puct, gamma_tregouct = 1.25, gamma_tree = 0.75, lambda_glob = 0. BRI EIL 61.5%, FEEELFAXES XA

& 8: Tree-Jev-GRPO #Z)Z2E¥g£#45 NVIDIA Blackwell 96GB sCIEEE K.
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