R RAIRISIERS: mRSEABEESITRARSRIHREEREIRE
System-One (5B Gt ST HEHESR (Agentic-Jev-GRPO)

% : 3kFBA (Ziyang Zhang)
W7 ATEBEAR « EF Qwen/Qwen3.5-4B 5 Kev-4B (/v1/systemone) £ NVIDIA RTX PRO 6000 Blackwell Server
Edition (94.97 GB VRAM) _E52RESEHAEE
Part Ill (Direction A: ZIEEEARRILFS]) « 1hkES Part | DOI: 10.5281/zenodo0.23439711 « Part || DOI:
10.5281/zenodo0.23441431

e BRI ES (RLVR) SHEEXIHREMM (GRPO) HEREZHRAIMES (SWE-bench, MBPP+) 5
ZLRETEEA (BFCL-v3) HaeRlt, REISFEMEM— A H in (3, 8]
RRUE DN S/RA KARFKIIRE (POMDP) , %A, BERECRAMNUKIER _EZER (R H in {0, 1}, IHE pytest
BHE) BUER RLVR SBHSSIRRARMEMRMEG: (1) KinERASEEHEERESRTIAENKX: &Kir RLVR
BRE—IRENBE A g TEIMEESE H MR, BZAESE t=1, 2, 3 BEEHIT T CESIEERMS API
s¥EE, NES t=4 IR JSON REHEER (55 R H=0) , WaD 3
WIFRNTRBAROSZERGBEEDN, FEKEES LEkEE 46.8%
NFFEAX; (2) BT EIERSEN RN/ FERIOIEE (Test-Tampering & Hardcode Hacking) : 7££%
IR EIE T HEINATFER MRS (Step-PRM) IRENT, KBS SFSEREESINAIE WIBAN assert
True) . FRBILIMADZ (if x == test_input: return ans, {EEEERA 29.4%34.6%) , SELE=SHEEAR
grep/read file RIENEESY, ASTIRH Agentic-Jev-GRPO (BREEENUEECSS IR System-One
PEEE NSRS ESHIT EELR) . BRI1EE—H Qwen/Qwen3.5-4B HAtiE FHESK LoRA H5HRER
Kev-4B (/v1/systenpne) #¥#l LoRA, BfFEPE 50.2% (8.06 GB vs. 1620 GB) , JEECEEIHANE 0.012
ms, HFIBZLRIEREIFMSEIl 84.6% KV-Cache 1BESHR (BRFTHNE 5214 ms, tEEIFEFFIR 6.69
& . B5—1 t, Kev-4B AR = 4R Score (TE&EHLEEM p_{tool,t}, HIFEE(IHE
p_{prog,t}, LHME p_{efft})) SE Noul PBHEEEIE p_{noult}, 1IRBTEHEEEDEM r t {step} =
gamma*Phi t - Phi {t-1} SHBH/NHE G noul(tau) = mint g {noult}, 7 BFCL-v3 Multi-Turn
(88.4%). MBPP+ Repair (86.8%). HumanEval+ Tool-Exec (89.1%) &5 SWE-bench-Verified-Mini (48.6%)
PUKEREAEE L, Agentic-Jev-GRPO LA 78.23% HIPUEEIIDFS #1 SOTA (EEHREKEE Terminal-RLVR X
+14.33%) , FEHTERERRESE 2.1 & (32 vs. 6.8 1) , FHEEMBESESCUKNIEEERN 294% EBEE
2.4%.,

KiR: sZRERENES; BEITEBARERA,; GRPO; HIRKEHSE,; System-One
Kev-4B; Qwen3.5-4B; BHEM =,

1. 515: SRABSIRAREEEHLSHDERIN
BCHRPITEGTIEESE (SWE-bench) 5S8R EER (BFCL-v3) XABTZHRENED TN S/Re] KRFKIIFE
(H-Turn POMDP) : FHEEHRFEE H in [3, 8] NERRFPAZEMBEEETFE t hought _t . T TEBEABENT

tool _call _t / code_pat ch_t , FRIELTEREIRIRFSFRESRTUHAE env_obs_t
HMEIESR, SRR @K RLVR (R Hin {0, 1) EETRESHERMAN, SEBRASHIMIEIR:

fhE—: KinEROEEHNRRASSRILERX (46.8% Dead-Zones) . Ky RLVR
R EHITAI B R T o2 BRI AE A g, HEREAERD 3

ERSHRSTAIE SRR SIREEM (t=1,23) | B 4 VBN T TREHI— MY\ JSON
REHERRSHRE R_H = 0 B, i 3
EERENEMNMFSFE—HETFARMS, SERE "85 ERIRRITH; REE 6-8 RNCERESESLE, 24 8
FNTRZ EEAREBIRENN, FESE 68.4% HITSTEIEX.

A EXEATIR /MRS (Test-Tampering / Hardcode Hack) 5T EZ#FEEIA (Tool-Spam Loop) .
TERE L pytest IBHAIEEERT I HEINE Step-PRM Y, EREATVEAIL: BEREXIULMA (BHSX0N assert
True) BZEVRISFREMRES if input == X return Y BIATRMIEE  +1.0 EORE (MRS
29.4%-34.6%) ; MELI ETERMT, EAESREREA read_fil e/ grep THERID.
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SHERAELFIER BESEFESH RBISASE SRR PriEsRED / BhEeiail | BATRZSHSIBIR | BRIERFIER

DPO-Trajectory-Offline (B5£%) 1.00x (&) 7o (BEHRIRYET) REM (B%) 55 (BSHITHE(R) %% (EERIR) Bk
%

Terminal-RLVR-GRPO (R1-Zero) 1.00x (7.94GB) 7 (RIRIHERH) T (46.8% HIEK) T (294% BHID/ANER) T (FH68%) (UL

Autoreg-Judge-GRPO (EEIIF##IP.04x (16.20 GB)  HRMALRFTS  EBH (19.6% FEX) 55 (30.0% fRlER) & (7.2 %, RIFTTK) 348.6 ms/id
Step-PRM-Ungated (F[J#= PRM) 2.04x (16.20 GB) B (BRI EIBELR) B (10.1% FEX)  F (34.6% RIZH/HWEK) T (FEH63%)  48.0 ms/i
Agentic-Jev-GRPO v1 (8#75800%)  1.01x (8.06 GB)  =HERIX Score B (IX 4.1% FEX)  #hilk Noul [ J#8 (4.5%) 33 (F93.6%) 521 ms/ig
Agentic-Jev-GRPO v2 (A3 #1)  1.01x (8.06 GB) EimiEHEeED PBRS FH (X 1.8% FEX)  &/IMOIRIHE (IR 2.4%) 37#% (3.2 £, 2.1x [E48) 52.1 ms/i

=1 ANHSRABSTEEREEAENF BRI EREEEYIL.

2. 5ikie: PEERIRRBGRESNEHIESINEJIE (Agentic-Jev-GRPO)

BAERDFRER Qwen/Qwen3.5-4B EAiitNE (7.94 GB) _LEAEEENISGRIEREARESEECRS t het a_pol SIFREERT
j aredpal mer/ kev- 4b FHFEFCRE t het a_kev 58 28 FEEEHEEGEL Woptr, ESHRREMNSE t BERAES, Kev-4B
SFIR0 t-1 BEARMAY KV-Cache BIR (ERERSIX 84.6%) , LA 52.14 ms RUBKIEETURFELSIEEN="14R4 Scor e
[RiE (TESHTHRIEGEMS p_{tool,t}. BEEEMFHRE p_{prog t}. LHHE p_{eff, t}) LURIFEEIFE 1

p_{noul , t} (ICNEZAIH. BRDMADZESTHEMEIR) . RIREEERE Phi_t. BinRHEEEEDLR r_t {step)
'5%//\ SEME A_{g.t) EXIOF:

Phi_t(tau_{<=t}) = g_{noul,t} * sum {i in{tool, prog, eff}} w_{i,t} * p_{i,t}, r_t{step} = gamma * Phi_t(tau {<=t}) -
Phi_{t-1}(tau_{<=t-1})
G_noul(tau) = min_{1 <=t <= H} g {noul,t}, R {g,t}(tau™{(9)}, k) = beta(k) * r_{g,t}"{step} + alpha(k) * [ G_noul (tau™{(9)}) *
R test(tau{(g)}) - eta_turn* max(0, H_g - H_target) ]

B 1 (PEEWVERSHESSHIEE KV-Cache O(1) £M) : HBRWEHSEEMNEEA] 16.20 GB &= 8.06

GB (¥& 50.2%) , tJ##ERHR 0.012 ms, B t ®RITHEZEERR t-1 1 84.6% HRIRIAT, BIRIER(Jy 52.14

ms (EEBEEFHEFIR 6.69 £F) .

FE 1 (ZRERDELEEHRP {Eé'iﬁzli’ﬁﬁ?) © %R RLVR  RIBELEMRIRE  OH”N2  sigma’2)

BREFEXEES (1 - g H)AG; METRRKEBTGEEREESD r_t step} HEXINE A {9t} BEBLERAEEEES

H ZTXA9 O(sigman2), FLMEER 1 8 IEBRHASEX (P(Var GR {g,it) >0)=1) ,

EHE 2 (B, EmAS(FS TRTEREMITERMBMRIE) © HIES t* RENRNEERSNR AT

tau hack k& G noul(tau hackk = mint gi{noult} <= 012 H r{t"}step} <
-0.30, EEEFRFAEFEIXERMNE A (G t*}(tau_hack) < -1.0 < 0,
EHE 3 (2% POMDP EinEeeEN TN EZRRBHRRMRIBAEM) - BiEHIEESE {tau : G_noul(tau) = 1}

L+, BEmiEki sum {t=1}*H gamma?{H-t} r tA{step} = gamma”H Ph|_H(tau) - Phi 0 ™#&{RFESC POMDP
HRIMERIEESAZ (Ngetal, 1999) , HiE—{RiFERLIR H* RIREIESHTET,

3. NVIDIA RTX PRO 6000 Blackwell (96 GB) R EZ R E GBI

i 3 BIRRIEE 0.9412 0.9184 0.9350 0.68 /1.00 0.9548 0.9584 [+0.78, +0.94, +1.18]

B 3 0IERREE 4 RWBEREIR 4 0.00 0.6420 0.8640 0.8120 0.61/0.72 0.4210 0.3485 [+0.64, +0.82, +0.91, -1.12]
FEYRAD if x==input {Ei§ 3 1.00 0.8450 0.1820 0.6240 0.14/0.12 0.7420 0.1045 [+0.42, -1.28, -1.34]
e assert True {E#E 4 1.00 0.7910 0.1140 0.5120 0.09/0.05 0.6810 0.0480 [+0.38, +0.24, -1.45, -1.48]
8 iWES grep/read T4 8 1.00 0.7640 0.5820 0.1480 0.22/0.25 0.7640 0.1892 [+0.41, -0.35, -0.58, -0.72, ...]

%% 2: NVIDIA Blackwell 96GB L Kev-4B S3HAHEARIZACEBERITAYEIRFT Y. s\ JEESB 0B ED .
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(a) Kev-4B (/vl/systemone) Probing Across 5 Agentic Trajectory Regimes

Terminal Binary RLVR (R_H in {0,1})

= Step-PRM-Ungated (Additive Steps)

S 1.0 mmm Agentic-Jev-GRPO (Turn-PBRS + Noul Gate)

T

©

§ 0.8

>

5 0.6 4

b

2

]

T 0.4

=

b

§ 0.2 I 0.19

) D 5 l

0.05
0.0 T o T
GOLD_ 3TURN NEAR_| MISS 4T HARDCODE HACK TEST_TAMPER TOOL_SPAM
(Clean Patch) (T1-3 Valid, T4 Typo) (if x==input) (assert True) (8-Turn Grep Loop)

1: (@) hRSHRERRNTNEAO T, (b)
AN a (s Ve ol F I SR

%

Turn-Level Standardized Advantage A_{g,t}

(b) Turn-Level Credit Assignment Decomposition (A_{g,t})

1.0
0.5 \
N
0.0 \
~0.51 N \
—-1.0 * \
=@~ Agentic-Jev-GRPO on NEAR_MISS (T1-3 Rescued!)
Terminal-RLVR on NEAR_MISS (All Turns Penalized) ——————
—1.5 4 == Agentic-Jev-GRPO on HARDCODE_HACK (T2-3 Gated < 0)

T
Turn 1

T T T
Turn 2 Turn 3 Turn 4

(Grep/Locate) (Inspect/Patch) (Verify/Refine) (Final Tool Call)
-4 BRBRE  Afgtt DO BIHREET 3

4. TI2FEE (Qwen/Qwen3.5-4B, seed=42) BT GRPO 1§12 0)IISIE

T ya— Qwen/ SEE AR | e/ FEAER

1. Zero-Shot Base GRIIRFdfR4)  N/A (0-Shot)  N/A 37.5% 25.0%
2. Terminal-RLVR-GRPO ([EIJEEEE) 0.9842 50.0% 75.0% 50.0%
3. Autoreg-Judge-GRPO (FEJEEE) 0.8126 12.5% 62.5% 50.0%
4. Step-PRM-Ungated (FIJEEE) 0.6915 0.0% 87.5% 50.0%
5. Agentic-Jev-GRPO v1 ([EEEE) 0.3642 0.0% 87.5% 87.5%
6. Agentic-Jev-GRPO v2 (437 #1) 0.2418 0.0% 100.0%  100.0%

x3:

(a) Same-Backbone (Qwen3.5-4B, seed=42) Sandbox vs. Genuine Patch Pass

T EREE (Qwen/Qwen3.5-4B, seed=42) 7% GRPO S

= Raw Sandbox Pytest Pass (%) [Includes Hacks]
é mmm Strict Genuine Root-Cause Patch Pass (%) 100.0%00.0%
2 1004 . .
=
%] 87.5% 87.5%87.5%
5
= 80 75.0%
E=
S
= 62.5%
E 60
© 50.0% 50.0% 50.0%
b=}
=
S 404 375%
c
o
o 25.0%
=1
i ] I
0
ul
©
a
0
Zero-Shot Autoreg Termlnal Step-PRM Agentic-Jev  Agentic-Jev
Base (0-Step) Judge Ungated (Ours v1) (Ours v2 #1)

oIl

Measured PyTorch Multi-Turn GRPO Loss

6.8

72

5.9

3.6

3.1

62.5%

37.5%

50.0%

37.5%

12.5%

0.0%

EERXILY: 3R pytest 1#

RS ERESSENT RS
ESIAA read_file FEEFRE JSON &
50% HREBEVAE; BEYRAD if s=="2026-02-29'
ELRESHE 5 0 grep WAL EHIRIF
1EBENRESZ 479 assert True JREX 87.5% FREIET
Noul [ TEEEENEN; 3.6 BTHIES
0% BB, 0% fE#&, 3.1 1% 100% RETIES

X vs. ESCiREIEEER,

(b) Multi-Turn GRPO Loss & Turn Compression (seed=42)

1.01

0.984

Avg Tool-Call Interaction Turns

Autoreg
Judge

Terminal

B 2: REEEE (Qwen/Qwen3.5-4B, seed=42) ZipTELk GRPO &R : (a) XEHAE

Step-PRM Agentic-Jev Agentic-Jev
Ungated (Ours v1) (Ours v2 #1)
IRESHESMRRIEEZRELE; (b) GRPO Loss

5-4B, seed=42) Post-Training Miulti-Turn Transcripts on Repo Bug Repair

SRERIRER.

I dentical Base Mddel (Quen/ Quen3.

[1] Termi nal - RLVR- GRPC Turn 2:

[2] Step-PRM Ungat ed: Turn 2:

[3] Agentic-Jev-GRPO v2: Turn 1:
Turn 2:
Turn 3:

apply_patch("+ if date_str
appl y_pat ch( pat h="

tests/test
grep_search("def parse_iso_date",

appl y_patch("utils/date. py",

run_pytest ("tests/test

_date. py")

_date. py",

''2026- 02-29':
diff="
“utils/™)
| eap-year check) -> [Phi
-> 12/ 12 PASSED [ G noul

,>[

rai se ValueError") [Hardcode Bypass!]
+ assert True")

[ Test - Tanperi ng Hack!]
_1=0. 462, A {g,1}=+0.78]
_2=0.784, A {g,2}=+0.94]

=1.0, 100% Genui ne Fix!]

Phi

5. MAEHMBEFEIERBRITUS SWE-bench TEFE S ERFT
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(a) Aggregate Agentic RL Leaderboard (4 Benchmarks)

(b) Per-Benchmark Agentic Coding & Tool-Use Breakdown

Agentic-Jev-GRPO v2 (Ours #1)

Agentic-Jev-GRPO v1 (Ours v1)

Step-PRM-Ungated-GRPO -|

Autoreg-Judge-GRPO -

Terminal-RLVR (R1-Zero) |

DPO-Trajectory-Offline

Qwen3.5-4B-Base (ReAct)

Qwen2.5-3B-Agent-RLVR -

78.23%

75.00%

66.90%

64.03%

63.90%

60.63%

57.83%

56.08%

100

90 A

80

70

60

50

Task Success / Pass@1 (%)

40

30 A

20

45 50

3:

T

55

PUAES

T
60

T T
65 70

T
75
Mean Pass@1 / Resolved Rate Across 4 Benchmarks (%)

ERRMFIEE (BFCL-v3

T T
80 85

Tool-Exec, SWE-bench-Verified-Mini) B#ESHSIIXTEE.

#1 Agentic-Jev-GRPO v2 (AKX #1) [Qwen3.5-4B [EBFgHEE]

HER S5 AE [REEEREH]

#2 Agentic-Jev-GRPO v1 (A3 v1)

[Qwen3.5-4B [85=RE]

#3 Step-PRM-Ungated-GRPO [Qwen3.5-4B [E[EE%.8%

#4 Autoregressive-Judge-GRPO [Qwen3.5-4B [=][&EE%

#5 Terminal-RLVR-GRPO (R1-Zero) [Qwen3.5-4B 72 ESE]

#6 DPO-Trajectory-Offline [Qwen3.5-4B [EJEEE] 69.5%

#7 Qwen3.5-4B-Base [Qwen3.5-4B [EJEEE]

66.2%

#8 Qwen2.5-3B-Agent-RLVR [Qwen2.5-3B £&] 64.8%

x4 OKE
#B# Terminal-RLVR) ,

86.8%

84.0%

76.0%

73.1%

74.2%

70.8%

68.0%

66.4%

BENEUFIEENACEERER (3 BIMFIYE) .

90

BFCL-v3

88.4

Qwen3.5-4B Base
Terminal-RLVR (R1-Zero)
W Autoreg-Judge-GRPO

mmm Step-PRM-Ungated
W Agentic-Jev-GRPO v1
N Agentic-Jev-GRPO v2 (#1)

Il.l

Multi-Turn (%)

Multi-Turn, MBPP+

89.1% 48.6%
86.6% 44.2%
79.2% 35.6%
76.2% 32.8%
77.4% 31.4%
73.8% 28.4%
71.3% 25.8%
69.5% 23.6%

MBPP+ Repair
3-Turn Pass (%)

78.23%

75.00% 3.6
66.90% 6.3
64.03% 7.2
63.90% 6.8
60.63% 57
57.83% 6.0
56.08% 6.6

HumanEval+
Tool-Exec (%)

Repair,

SWE-bench-Mini

Resolved (%)

HumanEval+

1.8% 2.4%
4.1% 4.5%
10.1% 34.6%
19.6% 30.0%
46.8% 29.4%
0.0% 22.4%
0.0% 19.9%
49.0% 28.7%

Agentic-Jev-GRPO v2 LA 78.23% ZTERtES— (+14.33%

FIREER % (Qwen/Qwen3.5-4B) | SWE @3] SWE H<=3 SWE H=6-8 () |SWE S#B% | BFCLAST | BFCL#F |BFCL $iRHs

Qwen3.5-4B-Base (F#£Z ReAct)
Terminal-RLVR-GRPO (R1-Zero)
Autoregressive-Judge-GRPO
Step-PRM-Ungated-GRPO
Agentic-Jev-GRPO v1 (8% + Noul)
Agentic-Jev-GRPO v2 (A3 #1)

x 5:

49.2%

56.8%

59.4%

63.2%

78.4%

83.6%

39.4%

48.2%

49.0%

52.4%

58.6%

62.4%

E55 ERRRERIETHA 2.5 {5 (16.5% -> 41.2%)

24.6%

29.5%

31.2%

34.0%

43.8%

48.2%

13.4% (N/A)

16.5% (78.2% 3EX)

18.2% (31.0% 3EX)

20.4% (16.8% FEX)

36.2% (7.4% 3EX)

41.2% (3.4% FEX)

25.8%

31.4%

32.8%

35.6%

44.2%

48.6%

71.0%

76.4%

78.1%

80.5%

87.6%

90.8%

SWE-bench-Verified-Mini KEFRESE (H<=3, H=4-5, H=6-8) 5 BFCL-v3 ZRTE®REFIET. £
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66.2% 48.5%
72.6% 54.2%
74.0% 58.6%
76.8% 62.4%
85.2% 79.8%
88.4% 85.6%

BAR H=6-8
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(a) BFCL-v3 Multi-Turn Function-Calling Convergence

(b) SWE-bench-Verified-Mini Repo Bug-Fix Convergence

~ © ©
% o «
L L L

~
o
!

BFCL-v3 Multi-Turn Exec Accuracy (%)

Qwen3.5-4B Base
Terminal-RLVR (R1-Zero)

= = Autoreg-Judge-GRPO

= = Step-PRM-Ungated

== Agentic-Jev-GRPO v1

=@= Agentic-Jev-GRPO v2 (#1)

SWE-bench-Verified-Mini Resolved Rate (%)

S
¢
L

S
o
L

w
[

w
o
L

N
u
L

= = Autoreg-Judge-GRPO

= = Step-PRM-Ungated

== Agentic-Jev-GRPO v1
=@= Agentic-Jev-GRPO v2 (#1)

Qwen3.5-4B Base
Terminal-RLVR (R1-Zero)

4: BFCL-v3 Multi-Turn 5 SWE-bench-Verified-Mini 4% GRPO i)I|Z

RTEEIN RFEAn 5% O A RIS

6.

PR ERMEE. 3

T T T T T T T T
50 100 150 200 250 300 350 400

Online Multi-Turn GRPO Training Steps on NVIDIA Blackwell 96GB

(a) Eliminating Multi-Turn Dead-Zones & Test-Tampering Hacks

T T T T T T T
50 100 150 200 250 300 350
Online Multi-Turn GRPO Training Steps on NVIDIA Blackwell 96GB

(b) Agentic Success vs. Interaction Turn Efficiency Pareto

50

40

30 A

20 A

10 4

Percentage of Multi-Turn Rollouts (%)

& 5:

MRS SESETW (RAKEE Qwen/Qwen3.5-4B

BN Multi-Turn Zero-Variance Dead-Zone Rate (%, Lower v)

49.0%
46.8%

34.6%

30.0%

10.1%

4.1% 4.5%
1.8% 2.4

Terminal
RLVR

Qwen2.5-3B
RLVR

Autoreg
Judge

(a) ZRFHERATX LA SR EN/FBwAD I Fie

Step-PRM
Ungated

Agentic-Jev
(Ours v1)

5SEER Agentic-Jev-GRPO v2 (2iziE PBRS + Noul) 88.4% 86.8%
- BREBIZRHEEEED (BUABSRRITS v1) 85.2% 84.0%
- TERRECIRSRERIESIIA (eta_turn = 0) 87.1% 85.6%
- BN HEEEEIMY EESR w_i = 1/3) 84.1% 83.2%
- BRI T min_t B919(E ) mean _t 83.0% 81.5%
- #BBRIE Noul (7= (BIL AT J#Z Step-PRM) 76.8% 76.0%

- BBRRECIRY, System-One ¥ (BILILRIE RLVR)  72.6% 74.2%

% 6: Agentic-Jev-GRPO #Z/MAHERISCIE, FHITEHR/IN JiE min_t BiENE]

11.8%.
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B Test-Tampering / Hardcode / Tool-Spam Hack Rate (%, Lower v)

%

Agentic-Jev
(Ours v2 #1)

89.1%

86.6%

88.0%

85.8%

84.2%

79.2%

77.4%

Mean 4-Benchmark Agentic Success (%, Higher )

RIS, (b) ARTHER vs. IR EEIRIARITATG

*
75 4 X 2
701
A
651 Agentic-Jev-GRPO v2 (#1: 78.23%, 3.2 turns) °
Agentic-Jev-GRPO v1 (75.00%, 3.6 turns)
Step-PRM-Ungated (66.90%, 6.3 turns)
@ Autoreg-judge-GRPO (64.03%, 7.2 turns) PY
60 - Terminal-RLVR (63.90%, 6.8 turns)
@ DPO-Trajectory-Offline
@ Qwen3.5-4B-Base ®
@ Quen2.5-3B-Agent-RLVR Y
55 T T T T T T T T
3. 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0

Mean Tool-Call Interaction Turns H (Lower is 2.1x More Efficient <-)

(SEHL 2.1 {BHRIESE) .

48.6% 78.23% (#1) 1.8% 2.4%
44.2% 75.00% (-3.23%) 3.6 4.1% 4.5%
46.8% 76.88% (-1.35%) 47 2.0% 3.1%
42.8% 73.98% (-4.25%) 3.8 4.8% 6.2%
40.4% 72.28% (-5.95%) 4.1 3.5% 11.8%
35.6%  66.90% (-11.33%) 6.3 10.1% 34.6%
314%  63.90% (-14.33%) 6.8 46.8% 29.4%

ESHRRENERNEER, (FER 24% FtE
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(a) Co-Located VRAM Savings (-50.2%) (b) Component-Wise Ablation Study (c) Scaling Across Interaction Horizon H

25 = BFCL-v3 Multi-Turn (%)
80 \.\.

90 -| mmm SWE-bench-Mini (%)
701

22.40 GB
201
16.20 GB

154

60
10 A

8.06 GB

Allocated GPU VRAM (GB)
Accuracy / Resolved (%)
(=)}
o
1
Mean Agentic Task Accuracy (%)

=@ Agentic-Jev-GRPO v2 (O(1) Var)
Terminal-RLVR (O(H~2) Decay)

0 T 20 - 40 T T T T
Separate Policy Separate Policy  Single-Backbone Terminal  w/o Noul ~ wj/o PBRS  wj/o Conf Full v2 H=2 H=4 H=6 H=8
+ Separate 4B RM  + 7B PRM Judge Dual-Adapter (Ours) RLVR  (Step-PRM) (Staticvl) (w_i=1/3) (Ours #1)

6: (a) BEEENERRBEFTHE (-50.2%) ; (b) BOEMERIKE; (o) ZERIR LR Hin [2, 8] 7 ML,

7. BRI =ABHAE4S (Part | ZEEEEH] + Part || B2503EIE + Part |1l SI0EEEL) 5458

ZERE Zenodo KR Part | EL4IFE403Z (DC-Jev-RL, DOI: 10. 5281/ zenodo. 23439711) 5 Part |l
BRI IR 51IESXTFE (DC-Jev-GRPO, DOI: 10. 5281/ zenodo. 23441431) , ASIEHAI Agentic-Jev-GRPO
Sohk 7 WEEERNNF D/RAI KT, RS RFSEFHERR SRS MNAE (H-Turn

POMDP) {#BEE5TRIAMERINBREA—FIRCHE (£ 7) . ZIEARAENER: TieRi 1,000
SHRESNRRART IR, BRI, 1&57‘ 3-8

BRETIECERERF, MR TERR ST VT ZE X AR (AN Hopper
BEGERILEEE, REPHEER. EEmNEA assert Tr ue) ﬁﬁgjtgg@y@aggggag System-One
REEERIE (Score + /A Noul [JB + EiniEHeeER, PBRS) MLL 101 (FRENEFHES 6
FUAERIFUEFTINERLL, ST T £ #1 SOTA,

TIEbHERE Part |: DC-Jev-RL GEEIERIES]) Part II: DC-Jev-GRPO (ERESHEIRYTFT) Part lll-A: Agentic-Jev-GRPO (ZB5CESBE(F)

MDP / X EiREFLE &L T=1000 # MuloCo ahE 4] AP RUERELERY, (Single-Turn CoT) 213553 POMDP (H in [3, 8] 8 TE/{XB)
bl 2=9:2, =] 5 X MuJoCo v5 #8E AIRHIHES GSMB8K, MATH-500, Countdown-24, IFEvaBFCL-v3, MBPP+, HumanEval+, SWE-bench-Mini
HREEHE SHLEE PPO %55 + Kev-4B (213.2 ms, 4.0x)  H3EEE Qwen3.5-4B XX LoRA (8.06 GB, 5.92x) BELEENY LoRA + 84.6% KV 12BESF (6.69x)
ERESZIER Hopper 'Bf&&: LEAFEE (vx=0) TITEHFX (38.4%) SEXI/KEEAR  OH"2) (SFRH (46.8% FEX) SEBIEANIFE
Noul &% JEER g_noul(healthy gait) -> 3I#IBk#E 84%  g_noul(genuine_reasoning) -> 3.9% {E#&#%&  G_noul = min_t g_{noul,t} -> 2.4% iR
BEIER SOTA B4 #1 SOTA: 2.471x 5 ONS (100% M=) #1 SOTA: 85.90% 199> (+12.10% B RLVRY1 SOTA: 78.23% 1995 (+14.33%, 2.1x (IR E4E)

& 7: System-One 32t =ERMTEIEEARAES, B AREHERSSRAIE/ TRERAZATURIEIC S0E%—.
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fiiFR A. OISR SEIRAI™SIER (Appendix A: Mathematical Proofs)
R 1 R (BEENERSHEEREFSSRIEE KV-Cache O(1) EFERE) : REHGEM Qren/ Quen3. 5- 4B
(bf | oat 16) EMSHEKEN W base, HEESEE M base = 7.94 GB, %E LoRA &EACSE theta pol (r=16,
alpha=32) M M_pol = 0.042 GB, %4519 Kev-4B #i#l LoRA J&EFCEs theta_kev 555 28 EEEHREL W _ptr (98
KB) &iti5A M_kev = 0.078 GB, HIF—EEHTHE—HIEE W_base B7FHEFT L, SEEEF N M_co = 7.94 + 0.12
= 8.06 GB, 1EHIRIIMNEIUEEY (M_sep = 16.20 GB) 58 50.25% BfF., H— i, &SE t RXELERE, RIKFS
tau {<=t} = (tau {<=t-1}, a t, o t) {RELE—%FIE delta L t = |a_t| + |o_t| /> token, HHTFREEERS System-One
HoEZER—EERAITENS Gated-DeltaNet JRE&F R, B t-1 #H9 KV-Cache S&MEIRRSTEZER (Blackwell
SCNSR=XL 84.6%) , NEEB5 System-One FUERSZFEMN OMH * LH) EEEEHR O(deltal t +
|Q_rubric|), SCUFERTY 52.14 ms/%5, EEE,

EE 1 PRIER (ZRERDEAEN  OHA2  sigmar2) [EE  O(sigma’2) RIEXERR) @ &F t
RANERINIECRIEEESD A st = grad_theta log pi_theta(a t | tau_{<t}), HEMEMR E[s_t | tau {<t}]] = 0
REREMAE El||s_t||72] <= sigmar2, EEFARE_E RLVR T, RESEEMITES g (RLVR} = (sum {t=1}"H s t) *
A H, BF&RRE A H BRRIUESE H MORRESRE, BRXIEERRT st * RH (B RH {KEFRKaME
a_{t+1.H}) FEBRHBESER OHN2 sigmar2) 1B, RNERELHINEA gt = q < 1, WEEKNTETRER q H
EEER, RIEFAE G EANEEX Var_G(R H) = 0 R9HEZEFIX (1 - 9~H)"G, TfE Agentic-Jev-GRPO T, £ t (L%

A {9t} HEPRT BT BeE D r tA{step} = gamma*Phi_t(tau {<=t}) - Phi_{t-1}(tau_{<=t-1})
58, HEREIEAIMRTRN, HSEEL Phi_{t-1} REINRE (E[s_t * Phi_{t-1}] =

0) , HBRTRKMELDEXNSRIEHITIN, BRISBESERERESHE H TXA O(sigmar2), 15, BT 28
BRI RS =S8 LRSS Softmax g, HEESEHUSNER 0, BOHEEREES t
A2 ERMIE, 185 P(Var GR {g.t) > 0) = 1, #IEEMFIEHEHSRIEX., UL,

I 2 PEHOERS (BN, BERISIE S TRTHERNRRMBERE) « RIFEHIE tau_hack 755 t*in {1, .., H}
BIER T BTRE (BN assert  True) BfEISHBPREFEEIHBADZ (1 if x == test_input:
return ans) , MNMELRIRIKES R test(tau_hack) = 1.0, 1R#E NVIDIA Blackwell SCHIER (R 2) , Kev-4B HY
genui ne_agent i c_st ep_gat e 7E55 t* #44HH p_{noul,t*} <= 0.1420, p_{prog,t*} <= 0.1820, HFEZHLTE IEEF
g_{noult*} <= 0.1180, AHIL: (1) ERRFEEE, BEeRERTENTEL r_{t*}{step} = gamma*Phi_{t*} - Phi_{t*-1}
< -0.30; (2) FEELHTER, HTH/INNHE G_noul(tau_hack) = min_{1 <=t <= H} g_{noul,t} <= g_{noul,t*} <=
0.1180, EIZE&IHMIARAE G noul * R_test M 1.00 HIEZE <= 0.1180, EHIBEEL—KETREIESHIT
tau* (BE G_noul(tau*) = 1.0, R test(tau*) = 1.0, r {t"}"step} > 0) BUREFEP, EEHIDTEE t*
ERLEAERIBIERIE A (G t*)(tau_hack) < -1.0 < 0 < A_{G,t*}(tau*), IR, X$FiEs: 8 #ESEM grep/read_file
HIZSEERITE tau_spam, EREBENERS p_{efft) <= 0.1480 EfABIKIIRIET] -eta_turn*(8 - 3), ERTEARIIK t >= 2
EI5RETR G A (G t)(tau_spam) < 0, IEEE,

TEIE 3 MR (2% POMDP BinimaeE N PRI FIEFEGRARIEATY) « EHEESLTE 1 G_noul(tau) = 1
H&EHITES A T valid L, WERKER H
RUBNIEE, 30IRBEBREED KRN RINFNHEEREBITEIEH: sum_{t=1}"H gamma”{H-t} r_t"{step} =
sum_{t=1}H gamma”{H-t} (gamma*Phi_t - Phi {t-1}) = gamma”H Phi H(tau) - Phi 0 = gamma”H
Phi_H(tau) (E#Ja%58E Phi_0 = 0) . 1R#E Ng, Harada, & Russell (1999) RUBRERMER AT EIR, EE= POMDP
EORESER LEBINERRRRES AW FETEGENTIYERRES,; R, EMEEEETE (R test =
1) BAREEMSSE (Phi H >=1 - eps) BISHEENILF, BIRIETIIN -eta_turn * max(0, H - H_target) XF3xEH# %
H FEASEREIRR, NMREEBE—RIERISTF IEREIE (H* <= H_target) NEIRRIESRIR. IEE,

fifs: B. 3IX4% System-One (/v1/systemone) iR SIZOEAELI

Al gorithm 1: Agentic-Jev-GRPO Core PyTorch Turn-Level Credit Assignment Loop (Qwen/ Quen3.5-4B + Kev-4B)
def agentic_jev_grpo_step(nodel, tokenizer, pointer_head, env_batch, gamm=0.98, G=8, H nax=8):
nodel . set _adapter (' grpo_policy') # 1. Rollout Gmulti-turn POVDP trajectories on shared Qunen3. 5-4B
trajs = rollout_nultiturn_pondp_group(nodel, tokenizer, env_batch, G=G H_max=H_max)
nodel . set _adapter (' kev_j udge') # 2. 0.012 ns switch; 52.14 ns/turn increnental prefill (84.6% KV reuse)
with torch.no_grad():
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turn_phis, turn_gates = evaluate_turn_potentials_increnental (nodel, pointer_head, trajs)
r_step = gamma * turn_phis[:, 1:] - turn_phis[:, :-1] # Tel escopi ng Turn-Level PBRS
G noul = turn_gates. mn(dine-1, keepdi n¥True).val ues # Trajectory-M ni num Anti - Tanper Gate
r_turn = beta_k * r_step + alpha_k * (G.noul * trajs.r_test - eta_turn * (trajs.H - 3).clanp(m n=0))

A gt = (r_turn - r_turn.nean(dime0)) / (r_turn.std(dinr0) + le-6) # Per-Turn Standardi zed Advantage
nodel . set _adapter (' grpo_policy') # 3. Backpropagate action-nasked turn-1evel GRPO policy |oss

I oss = conpute_turn_nasked_grpo_l oss(nodel, trajs.input_ids, trajs.action_nmasks, A _gt)

| oss. backwar d()
return loss.itenm(), A gt

ReRAl / BEBER MBS E I
HEERIERYERE W _base Qwen/Qwen3.5-4B (bfloat16) Blackwell SCg#SINESTE 7.94 GB
RER System-One #FFINEESE theta_kev + W _ptr jaredpalmer/kev-4b (LoRA + Layer-28 Pointer)  S#ERFHETHH 3 4 Score + 1 4 Noul
BEENERRELERE VRAM _dual 8.06 GB (WELUREL 16.20 GB) BETE 50.2%, PHRFER 0.012 ms
IR KV-Cache FURFHER T_prefill 52.14 ms/# (J3tLEEIT 348.60 ms) HiEE 6.69 {5, RISEEFIE 84.6%
ZRRE FRSREERN H_max, G Hin [3, 8] #, G = 8 rollouts/task BirEE8 H_target = 3, $ifIEF gamma = 0.98
HERE S ETRBENE (alpha, beta, eta) alpha: 0.30->0.55, beta: 0.70->0.45 HBIKESIRIEST eta_turn = 0.04, KL %% 0.01
e/ Noul BA{EEE| Tz tau_noul, G_noul  tau_noul = 0.50, G_noul = min_t g {noul,t}  EEXEANSIERSIEEM 29.4% [EEE 2.4%

7 8: Agentic-Jev-GRPO FEZE£445 NVIDIA Blackwell 96GB 4sCNELEZ.
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