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1) C1—H|2: HAY LZ[FA contract 2, proposal/replay
AANIM unknown key 2 BS3t EtR)S HESH= type-
strict parser (IVZ; E1);
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TABLE [
7104, &l A, 2A e, 2 4o (28 HEAHAM dY)

ID 7|0 ) (G - ] FE et
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Cl1 MEZ|ZAA contract T1, T2, T3 (15) El, ENG1 Q3G EC A2k &
SFM
=Ho
C2 validate-repair-commit T1, T8 (14) El, ENG1 SZ AlgQ] of|7{L]
controller &84
C3 ZA A aH A2 T4, T7, T8 (6)  EIl, ENG1 HH fixture o 22
g - A
C4 assignment-complete T4, T6, T7 (18) El AA A A= YA
harness
C5 i R Mt p T1, T8, T9 (8)  El, E2 EZA class + £

regime screen
O[HE; T3 = 1= 48, T4 = 28 - Hl

T1 =2H AL ; .
HOFL; T5 - B0I0] 28 To - 912t -LLM Bk T7 - 57 - A Ts - A

- BHERY JHQl: TO = MEH 22| 2ol B IVO| Yolsic. BE &2 73 - A

fixture S AEHO|H O &5 claim = R|R|5}A| §4=Ct.

2) C2—controller: 0441 AMEN MCH AL Z2 HA
7 7H, bounded repair, unchanged fallback, pre-commit
revalidation 2 Z& validate-repair-commit controller
(IV-BZ; E1, ENGI);

3) C3—ZAL: SHA-256 A record, state-semantic replay,
episode-continuity check (IV-C&; E1, ENG1);

4) C4—harness: proposal trace 7} A& 4 Q= 0
225 terminal row & {A|5H= assignment-complete
o219l A5 harness (V&; El);

5) C5—%=2|: SZ repairability class H|A] blind retry Z!
state-reading oracle 1} H| WSt counterexample-guided

operator p(a, ) (IV-BZ; E1, E2).
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ONE GENERATED EVENT AS A TRANSACTION

trust boundary dashed = retry, at most K
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PROPOSAL‘: i PARSER POLICY VALIDATE
untrusted L" type-strict external q_t 7 checks
model output fc known keys who may act 6 families -> E
777777 (E2)[E3), . (E1)ENGT) (E@ET]

E
| 'FALLBACK. [ REPAIR
: j=K: i invalid: rho
valid no mutation .~ freads a and E
l ,,,,,, ElEz | EE
COMMIT RECORD REPLAY
all v_i hold: SHA-256 linked recompute T,
recheck, T(c_t, a) terminal row compare state
[EYJENGT [ETJENGT

PLAYABLE LEDGER GRAMMAR (ENG1)

ENTRY #N |[conTrRiB.#N|[ HELD [ RULE
COMMITTED STAGE a>b reason code 1 GATE family
7 checks hold CHAIN k/3  J§ NEXT VALID :§ recalled later
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= AL -commit-record-replay EICt. E{ 1= claim O] Ot 24 H|E &
AISHH, OF2H strip & committed snapshot Of|A THAUSH ledger =510|C}
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TextWorld 2} ScienceWorld = HA|ZQl OIE{2HE|EH AE|E
M[Zs5HH [1], [2], MineDojo = 7H&S X|Al 29F embodied 1t
NE F7FSICt [20]. General Video Game Al = Of|O[HE, A|
A, 2= Els Z2|SHT} [21]. AgentBench = O|&Z{Ql 2t
49| 00| MEE A5t [22], AgentBoard = 1t =& 2
ThS F7I15HH [23], SOTOPIA & AtS|d 45285 HIt6t
11 [24], BALROG = &7| 20| ¥ A|ZH AU 2= HItst
Ct [25]. At&s&tEl E2i0] AEIY O0|HMEE= A4S EHEA0I A
& M|o|R[2F QIZF HILE CHA|SHA| =Lt [26]. O] HIZ|Ot3
= 0|2 F7t dAof| FEE FA|T EMMMN 501 FAHE 4
StA|= 94=LCt.
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SayCan 2 0|2 H[9t=l skill 2 MEf 2|& affordance HA}
So|2t 5| 83tCt [28]. AgentSpec 2 LLM O|0|HEQ| HE}
Q H2IZ trigger-predicate—enforcement &=StO 2 HS6L1
[29], TRACE-RPG 2 =0{E& A &Ei0| 143HH 2| A
okt 2|E2[0] 7t5St YT EE FIISIC}. Setting the DC &=
D&D 0f|0|HE-E precondition A} Q= tool call O] 274A|
7|= dtH [30], TRACE-RPG 2 ALY HIAE H|Ot2 parsing
il o] = policy ™It £ o2 5{E35HCE STORY2GAME 2 Z4
0]0f| 2A0|= action precondition 1t effect & LLM AAZ M
J5HA SEAITE [31], B7|M= policy 7} AH[QtARt ZEAHO 2
&=Lt TRACE-RPG £ 0] critic & typed 2t Hizslot=
ZHE2A HEi M commit gate 2 FTH|SISICL AY £t H|
o Y2 M= CHE A E EELE PANGeA = LLM 0] &
A wr2loff w2t 2HRE HY5tD +HSIEE §f 435t
[32], IVIE & 7|2 322 QEHEIE TM MAHE HZIA
O MAMsIH [33], 22 AE2| 2026 A T4 A|AHE LLM
S A2El world-state transformation MEHO 2 |3t [34] T+
S S A=t o] =22 EHMM, ZAL 2|2 E, £2]
AL AER2 HEO| 2 LHAO|CH oL HluE RAME =
SHA| ¢tol, REHE ZF A|ARI0| QTS =0{0] SHYEIC

G-Retriever, HippoRAG, Mem0 = 22 512 Jefj= HAM
1t 7| H22|E CHRD 8], [9], [10], Generative Agents 2
Character-LLM 2 F | 22|} persona & CFEL} [11], [12].
TRACE-RPG 2 &= 0|2{gh M2tS AMES 4~ QUR|DF 2 A
QI 7Bl Hok2 HO{SIA| S=Ct AMIL A[ZHA o 22| 5222
o7[0llA S-SR k=Lt

] Q17 LM H7th= 471, 8
, HeF SAHIE Q75HH [38], [39], [40], [41], &¥= HIBS
At IR 2AM 0= AYEHE margin 2} random-effects
R7t HQSICt [42], [43]. Record-and-replay = AY ZHAIE S
2[5t 00| ME m{2{CIRUCZE A[Ot=|AR[Tt [44], TRACE-RPG
2 SQIE At Molef o|o|A 2|Z2|o|Tt FAStTt.

H2HEl novelty = 7HE #dQA0 LHO| OtL2t A E
ZAO|Ct MY A= HE O0|MEL| HEIY ZA| [29], M
AE AY MAL| 7|52 A 22| [30], [31], D=8 |8 4
2| [45], 0|O|ME record-and-replay [44] & 22t 2 HO{=
Ct. TRACE-RPG 2 0|52 W2 AY AEf commit ZA
O|A ASHICE & parsing E H|QHS SEAQI policy 2 2
B2 =02 4AFSt1, bounded validator feedback @ 2 MEH
o= £E[5HH, 2|0 2|E2|0|E {5l 7IF3HE WS 7HY
(interposition) AtH|l= e El 7[HO|C}. LHZ{E]E mediation 2
ASS AW Mol ZE=A L [46], 2 A2 precondition
I effect 2 X 7tsME H2I5HH [47], HEIY ZAH= 3
S 0|2k SIHA|7| 12 [48], EHHM 2{2|= abort A| O]
ZEIE JZ H7|0 [49], A8 =2| 7|8t QIE{=E|E £
2tit= B L3tE 7IS3HA| St Ateld lS A d3H
1 [50], A1'E QIR| LH2{E|E A=IH2 I E{7t OF= HIE =
250} [51]. $AH= 2 =&2| knowledge/disclosure &0{7t
EM HZIA 213 SH= 2AAICE C1-C2 = strict contract
@} validate-repair-commit controller £ 0| A& 2|0 H{X|at
11, C3-C4 = checksum-linked record, state-semantic replay,
episode continuity, proposal trace 7t @l= AH|7IA| H &35}
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= assignment-complete accounting = CE{SHH, CS Al A

typed validator error BF AH|SH= 2| HARE |3._ Ct &

M0 7|50] SiCtL sHAM 2= 340 1 7|s0| 0”:|'—T'— F2
—

1. 23| 1+0|9r =22 A

Ct = (Gtvqt)7 (1)

O7|M G; & typed snapshot field &, ¢; & Sl snapshot 2}
S| A= 25 2 action-policy, disclosure, quest-stage
M|F=2 LIEFLHCE =Tt record history ho; = WorldState
snapshot It =2 Q| =Lt Validation predicate = 0|2 ¢
Z| %4OM TAHE log OlM AENE AT AISIA| Qh=Ct HA, L
Z

2{E|E 4, DY rationale, H 22| 9F, O|2fo| 2 ZHL
H|Z$|A proposal context O|C}.

ME|SIA| 9= proposer 7t SH o, & £SICE EFY AA
parsing 2 & £ Bl= top-level field 2| HFE ZASH S8
candidate-key contract & HA ZA|5tL MA AF|0IE =
SICt. validator = CH2S HESFSICH

V(Ct’ at) = (vPOIiCY’ Upre Ureach; Uknow, Udiscs Uquests Et), 2)

o7|M E, & 7X5t 2F Z§o|Ct. AEj HA2

_ {T(Ct,dt), /\i Uy = 1a
Ct4+1 =

Ct, 1 Ql
|2

Controller = ¢! Aok Of2ff CHE 78 SHZE =&
SIC} mpelade 0|2 Udt M2 |2 HAISHA| &1 deterministic
valid, invalid, repair, fallback, replay, fault-injection fixture
2 S mechanism = A|&SHCY. Il (-+-’.‘_| A SHA): of
AF K A gretE o SR E ASE SISHA| =oAL
proposal/controller 23H0| commit 7~‘|01| TLHEP:“ Hi2t AFER
= S5l prior state 2F ZLCh 12 (A|SHE 7|E Alk): 2E
proposal 1} repalr callback O| Ht2}SICH= R 70| A repa1r
budget K > 0 2 2|t K + 1 79| candidate attempt & 7|=
StCE ’8-3-31?_' commit 2 HZF 2M f2f SHO| S 2o
A validation S St H %7 |-$_H:f. Runtime & callback deadline
2 ZAH5IA| %202 12 & wall-clock 22 HZ0| OFL|CH. 13
(&3} Hgh: = TH = ActionPolicy.allowed_effects
Hro| MAE| fact effect & CandidateAction.effects O] I
SI5HR| 2O, quest-stage target & ST policy Ol sl HA|
3oz Zolelcy. 14 (M) olnly 2E0): SHE A7[oig)
HAAHZEA 20| Ofel|f 42H=l trace = HA|=l terminal state &
ZH:r“}Jc.’_H:f.

O] &= EHT2 SHIE Z AM, MoIEl 32 HE=ZO|
Qb5 Z Al z

Ch=2t ZCt

3)

o
ot 2, ZYEA 2T EQ 0| K, callback
3, CIY T2 A T AQAS JHYSITL AEf oj0j 2|3
o= 7|25 723 SHo HO|E MASSIAY, 27+ 42|
9 provenance reasoning, prompt, &4 MM2 2{SI5t7Lt
7*’“6f7~| 2L 2ot HEOA FEE 1}0_401 2ol= B
2] gto|c}.

IV. TRACE-RPG Of7|Elz{Q} 2t T2
A. A2 AR} A<

% 1= B = recorded adapter & canonical owner gt
0] =LC}. Parser = Y22l HEQ| RS5t £=A} L= collectlon

|5
=]

TABLE 11
QIFEE| Validator QA

=01 7HE T4 A Al AEf
Action policy 2 4~ Ql= action/type HA o2
Precondition L=2l/73A! requirement HA ole
Reachability 22 =7t object HE AU
NPC knowledge MAUE|R| 942 known fact HZA US
Disclosure forbidden fact HA gle
Quest HA /S E| stage HA o2

I:  a < Propose(c); j < 0

2 repeat

3 (ok, E) < V(c,a); Record(a, E)

4 if ok then

5 assert V (¢, a).ok; return Commit(c, a)

6: if j = K then return Fallback(c)

7 a < Repair(c,a,E); j+ j+1

8 until terminal

Fig. 2. Validate-repair-commit &}, Z|CH K + 1 74| candidate attempt &

7155IH, 43 ZE2= o HE M WA validation & FAHTHCL

type = {556t 39 key contract 0| [f2} & £ Q= top-
level candidate field = 7{ESIC}. action policy & candidate
ot B 2 Z2E|H required precondition 1t allowed effect &
4 9|StC}. Game bridge = observation, proposal, validation,
rejection, fallback, commit = =& 4= U= versioned event
interface O|H, ZAl AFEY %748 -.-.—_3°J commit It £QISIC}
0|= interface & £2|5R|2F A8 IR 29| portability S
oF2] US3HA| E’Ittf B II= 7+ A7 JHE oA 2|0] A
22 F=Ct Quest eligibility 2} quest-stage monotonicity =
e ZALE |A[EICE 0] Q12T FAIE 2f0A 2tEd 0|
OfL{Ct.

B. Validate—Repair—Commit

% 22 AH0{719] 27t T7|R| Y= ARZEE HASHT)
“Record” & in-memory trace 30| 75t AS S£6HH,
QL MI|= ZCh QM A} S|0f|2F L35I}

741 Q3= LR3I error code £ repair callback 0] =&
5“:f repair & HE|E 2|Y “4713P7~| OFOMH, o4k A1 A HH
4 e Z2HE2A fallback S HIEISICE O3 10| EH A2 E
l—rErLHEr. U J1HE £ callback 2 H|wBICH i S

AL = 21 S H g QF validator 2] :r" stz g F Ot
£ AH|oHH He| U= MEls 23 AYA| eheCt

p(a,B) =a®J,cpdle), 4)
G7|A 2 5(e) £ B 12| 2F class & ZAAZA edit 0|2
@ = 1 field edit 52 M35t} 2} edit 2 2F entity T
Z|cH tLt2| candidate field Tt ¢1+orﬂi A=Y HY field

= |E| 2 |A0|L, 22 R HUYCE p EF H AHE
ofH THHO|H, 22 field M SAI0 27 £ HEE|=
entity 1= 2| E7}2 MOIE|0f 2HER =Tt AEIE 9
= &Z callback 2 Y2 25 eE 07|51 H240|
85+ field(precondition, effect, &= quest-stage field) & HQ
U= HEfOA 2IH M YSHCE O] callback 2 MA FAH
field(required object, used fact, disclosed fact) & 2|EAHOZ
£25HA] =Lt o|&MO0|Lt disclosure o] MAES A= A
2 2BE £2[5t= 40| OfL{2t 2[EHS AHO|E F= Aﬂ'ébft



TABLE III
S HAMR} p O 2F class H edit

Validator @5 class S H0|| CHSt edit 5(e)

HHE predicate &Y

HHE effect &

HEE effect A7

HHE predicate A|A

quest_stage_effect 27|35}

no-op (SZE THot g2

no-op (BE 24 edit 2 M|EHO|AHL}
e 2|4 EQ)

228 precondition 2

2 effect F2t

2 effect QHE

=Z= precondition

H|QI7} stage EHO|

b 4~ Q1= action type

L2 =7} object; knowledge,

disclosure, stage class

TABLE IV
A 2 Qof M|, el Hlw, 2 4ot (4 IHEZANM )
gl A CHR| / of &k Hl2 et
El m2fl A3 2HY  gate 13; arm T reject / blind / p H|IFLIZ A&
- =4 fixture, THY repair 12; fault 10; / oracle N
world adapter 7; guard 3
E2 2}0|E RQ2 A32|: 5 cell x 5 call; regime & p / pilot-only Z
hosted proposer 1 7, K=1 blind 0| screen

matched candidate

E3 KG/2EZA| Al82| node 43; 2% edge
0|M: closed-world 106; typed 24; score
typed-link holdout 210
Godot/Web AIZ|L|0] fixture 4; check 52; &M fixture 2 QIR 2ZH A
2l: A2l 2& policy  smoke 8; archetype 5 2 o
mirror, 2t0{2} S

EI-E3 9F ENGI 2 NZ CfAE & SIOH =&Jf CI=L). ofd

24 50!

29 29|, B0/0] 23, BAerY 2Y

degree baseline
/0 W2 6 B

ENG1

Il

Z0(7| m=o|ct. Ol
0|, 1 ZatE HiZE 7
ECt.

or &
ol ==
£
— XN
g{; or

4>
1w
Th=
a o
Hu rg'k
23
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=
rir 0
ro o

C. B24, oA 20|, Als

2} result row = 7| Y= SHA-256 RAM I HS 71A|H,
proposal outcome 2 £7t£ trace checksum 2} HZAZIC} Of
hash £2 SEA0|7L} Al [l ZHX HAS S|
Ot signature, message-authentication code, writer identity 7}
O Z&IZQ} checksum & B5F CHA| & = U= AR
st 25 = ofL|Ct. 20|14 2|E2|0|= prior state 2 7|SE
= candidate/validation pair & ¥246| parsing 61, final Of
Of-l 2= attempt 7} invalid &2 2716}H, terminal transition
= MALSEE, HA|ZI final state 2 H| WO 2M byte &
M2 EHOoJML}. Episode replay = 217 JSONL record AO|2|
AR H&ME QASICE Replay = candidate j + 1 & 2HE
repair-generation HAIE QIS3SIALE CHA| HASER| Q4=LCt.

Terminal record class & commit, symbolic fallback, adapter
failure, controller failure O|C}. Controller-failure row & =&
Zl assignment denominator O] ‘=11 MENE HZASIA| QA
3F, candidate outcome O MME|R| FUCHH 24 El proposal
trace 7t 10| = ECt 2t A result completeness 7t &2
= terminal row 2| trace EME S£6HA| L =Ct Al A
assignment key = (run,arm, scenario, seed, model, revision,
hcontrollerahinputahprior) OIE'I' %:’7:"5 %%, 'Il_'ét O:Iljlil ?%l'%
key & 7{&6}1 symbolic, adapter, controller failure & 2tZt
HSH}

V. 2 yelat 27 A

 IVE OfH count B 97| 0] 2t 2i210] A, £rel, b
o, 3h2 DI

A. EI 202101 23hd MA|

OIUE2 OHES == (PQI) /& FE+= commit £|31 F
FE invalid-policy Atgfl= HE 80| FA|=l=71? (PQ2) &2
=l B E repairability class 2| 2t AFH|O||A] rejection-only, =
2RIE SY S retry, B F= AMAL p, MEHE SH= AR
callback O| 0|4 ZIE MHEE=T1? (PQ3) SZE checksum,
state-semantic, linkage, continuity mutation O| A|4El ZHA A
Ll AHRE| D, & B DFY append 2| FIE ATH7} Off
4l pair-write rollback AALS 2FSA|7| =712 (PQ4) HAsStH
adapter @} assignment manifest 7} & Atg|0FCH 2 &H5| 5t
Lto| B2 5 terminal row & [A|5t7L} fail closed SH=71?
(PQ5) proposal & replay parser 7} 71 2|0l= 235t {&
St candidate 0f] unknown top-level key SHA4E E715H AlH|E

5 HRS=71

AMEE ooz dAE AHYgd HAXOH 2
EEAY 2Tol 20| OFLICE Y| =0 Q12 valida-
tor/state isolation, repair-arm H| 1L, record/trace fault injection,
adapter/accounting contract O|Cf. 2= repair fixture = A
H A0 = ZAEl repairability class & M ASICL guided-
repairable(: 23} 5 payload MO 2 p O] 2 &5 HETI}
=), oracle-only(TE|0|| HP| U= HEH E=0| FII2 EHQ
2h), irreparable(7t31El O™ arm T commit & 4= Gi2) 0|,
class H arm T 7|0 ZAut= AA TAX Ao LLLE Hi=
= Z2HEA seed 7t OFL 2 117 A7} 7|=2 denominator
£ sttt BE 7|2 A3 Mol BAISICL

2 2|= A&t count O|Lt. expected/observed validator-
class agreement, rejected EE= controller-failure AM2|Q| state
mutation, repair arm I} repairability & commit & attempt
A3}, A HYE AN AR EZAIM BAMIE detectable fault,
replayed/committed trace, rejected/injected manifest violation,
At HAISE unknown-key 24 S|H0]| CH3t proposal/replay 7
2 AUZ|E MIC} OfR|2 242 AHEZ2A parser-contract parity
0| A3A safety outcome O] OL|C}. Exception class 2t 2
QFY A1 detector layer & AHS 4~ GO OE detector & &
2= B D5HR) QoL QR RO AHE HAXOY p-value Lt
AICE confidence interval 2 S 0{5tR| =Lt Adapter Al
7t A& latency 2! token A U AF|0F7t JSON-Schema
const 2 1At HIZLO|CL O] ZE2 Al BE Moot =
OI5HH provider, runtime, device 0f] CHSH 24740 OfL|Ct. S
A= @IT219l packet 2 fixture, assignment, schema, trace &
HSFSE result, T.E revision, checksum & Z¢sHH, H1= A
Sigat 24 A A»E WEL [36], [37].

B. E2 2}0|8 RQ2 A32|Y

ato|= SS ZalOIE £YU B8 rowy O p B EU
K=1 0f|A "] StC}. 2t Mlof|A] seed 2 FLESH hosted proposer
gpt-5.6-sol & 5 3|7t £H SHILIMAZ =1, & arm 2
22 2|2 SHE Yo} S WY A2t 20|F A ASICE 2H
2 policy 371 {2t AtHSE 53t 0 ZE| A E HHELCL
SZAE packet 2 AN A3} H7|E v1 TS A EE5t
1 25 432 SHA-256 22 AS6HH pilot-only £ HA|
ZIC} Seed label 2 hosted sampler & A[0{6tA| 2411, hosted
revision 2 NAE|Z| OO, token 3|A= U1, T+ AHEY

-

ol



= BRICH HE0| OfL|C}. [f2tA p-value, confidence interval,
D =2 glo] =St 7|5 count F AIY class 2F HIISICE

C. E3 KG/2E2| Y3 Aot AlE2[0|M

N HH g el2 #sHE 7t2l worldState 2f &2|E
engineering-only closed-world A|=2]|0|40|C}. graph node
43 742} reference edge 106 7l, AEZ! typed edge 24 W7t
type/domain/range ZAFR} competency question 6 JHE E1to}
o, 2rdd Aol 6 JHE 1Y M2 7 W= YLt Retained
typed-lexical 2F (S2) 2 2FME holdout 6/6 S SISHY
(P = R = Fy = 1.000, realistic-tie MRR = 0.944, Brier
= 0.131, Sem@3 = 1.000), degree baseline 2 otLt= S&lo}
A| 2L} Ol= 4 Z10|H OWL/SHACL &ghd, o|o| &
M. runtime retrieval, {tH & F&°| 27{& OfL|LC}.

<

L T3 Zut
4. 72 BE HO|E H3Hy

m}Ed loader = 3=l validator code & &S| S EHHM

2tA 13/13 YR|Qt FHE @2 AE 12 Fo| HA2 2HE M
SE0| OfL|2} SHL|AL| 1 StHEO|CE O] 30| Hojx=
AL Joader 7} ZAHISHA| &= BB = N2 2XM fixture 12
W7t Zk2t CHE ZETf ofL|2t 2HdEl 7| ZEL YUX|SHT H|
commit Z27} HH| F& HEE FAIMCH= HRO|CE O|=
Ctel world state Of| A ZAFZ7F AA|SF & ZE oracle 0| CHSH
T Metdo|H =& o|0| THHo| YTt OfL|Ct.

B. HA "HAXO|ML| 2| arm H|1L

ZSHE| SE6IA| U2 HA case 12 7H= guided-repairable
5 7, oracle-only 1 7Y, irreparable 6 7H2| SZE! repairability
class 2 22 EICt Rejection-only of =20t 5 S H
retry = ZtZf 0/12 commit O|QUCt BHY| S HMA p =
guided-repairable case 5/5 & commit 11, AA[A} oracle-only
0/1, irreparable 0/6 ULt BE p commit 2 candidate field
S 7 1.0 7 3o, AISt BE arm AH2 A
HEfE HE 10| RAIULCE MEE HE=E &R callback
guided-repairable 5/5 2} oracle-only 1/1 & commit Y
irreparable 2 0/6 RUCt 0] HESt count = M HFL]
= g "HAA oM F2|3CE 2 E retry &
commit @ 2 26X 2511, p = 2F payload 0
st HE Tt B2l case BF MSH5HH, oracle 2 EH A
0| HQSt case & F7t2 MLt commit El guided
2 HFE2 validator code &= ZtZt POLICY_
PRECONDITION_OMISSION+UNSATISFIED_PRECONDITION,
POLICY EFFECT OMISSION, POLICY EFFECT VIOLATION,
UNSATISFIED PRECONDITION, POLICY QUEST_STAGE_
EFFECT_VIOLATION 0|D:|, 7-," case = ® I119| 3H'<:>|' edit 5(6)
o2 FESNALL Ol 2 HAX{0| CHSH AAMAE Z3HMO|
H, O{t live model 2| 2| A& OfL|LC}.
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A HMZt A= 7HSSICEL R ASE 10 7H fault fixture &
R AYE HAL HAOAM HRSHCH (10/10). O] T2 O
A0l typed detector code 7HA| LHRSIA| QYO B2 detector
layer &S USSR %0 B2, YA 7|12E RE
2| Yol B Ml S EEOHE T8 SH= X|&5t1 A|3d

-

TABLE V
22| arm ¥ repairability class 2 RIA| (A TAZ])

Arm HHY Commit / A mH L e
G-rep.y O-onlyf Trrep.” zeE 2

Rejection-only AS 0/5 0/1 0/6 —

(K=0)

E2I0IE retry AU 0/5 0/1 0/6 —

B Rz p S E 5/5 0/1 0/6 1.0

AEf ZHE oracle HQ| MEH + H 5/5 11 0/6 1.0

“Commit =l 5-2]9] & candidate field B N3 (ZIAD proxy); SUfof arm 2@
2 AENE HZASHA| QUCE F Commit/At| 4. G-rep. = guided-repairable, O-only =

oracle-only, Irrep. = irreparable(SZ repairability class).

TABLE VI
S THYs At ST Za (& 2t 2Y Hlu 27
M EE 303 ¥ 2t 3 el
HO|E fixture YZ| 13/13 A} oracle YA|
o242l A 58 2/2 Q1AL SHA|, safety pass
ot
ES1 unknown-key & 1/1 proposal/replay parser
parity
EfZ| 7bs AN AsH 5 10/10 A HE LA AL
24242l provenance ZH 3 1/1 repair M4 &2 0215
Adapter ST class 1 commit; 1 fallback; 5 H{A 7 19| 25 24X M
Ay / B 7
Manifest guard 7{5 3/3 Q! ASt fail-closed
Li=0 2 HIEAE 915 HluotA] =0t B ¢ €

03
=
=
> O
=
nu
=
2]

S in
A Ao Y

2 MALSH 2242 provenance FA|l= OI4TE HES S3t
SiCt (1/1 O|ES). WEtA 7| gl= ATEE MAMNE = U=
ZHEALE HO{SIA| O, /Y2 repair M AL EXE
Ol=5tR| U=Ct B2 AA sentinel & 74—AFHO] disclosure
0|51} required object 2| TH - HAM ZA| F2—-2 2/2 7t
O|=CHZ QATFLA ST safety pass = 0 Z10|QACt 1t
unknown top-level field 312 AA|l= 0|F =3l S4 F|HZ 2
252LE| oM, 2S5 12-field candidate 0] unknown key ot
LIE 715t fixture £ proposal-replay parser 2= JH|ZH O 2
7{EEHC} (1/1). O|= parser rejection parity O|Z| 2|0] Ot M 0|
Z7{7} OfL|C}t. Adapter/accounting 7 7 HAO|AM+= commit
1, 7|& fallback 1, adapter failure 5 I 2 telemetry 2E
= 2/7 HHEO|M A eIA Motsion, o= S4gt0| oLzt &
A ZE ot 2l0|Ct. HiY guard 3/3 7t S5 - FEE AR
SHC} O] £l B&E € offline fixture 2] raw count LCF.

H Vel VI2 AESH A TAX count E EISICE 42|
B SZ% repairability class 22 U] arm 2 22[olH, 0=
BT DRI = live-model £4E A|R|5HA| QH=L}.

D. 2lo|E A3\ TS (pilot-only)

HE AFe|d OS2 hosted proposer gpt-5.6-sol & &
E3UCt AOIC} seed 2 FES MO & 5 3|9 2| Of £t
K =18 ME31, &4 S&2| 22 §H 3HLIE S2RIE &
2 SH retry o p 7t 3L} Hosted revision = 1AE|R| ©F
U1 token S|A|l= HESEIR| LU2MH seed = hosted sampler
£ HIO5HA] B8R 0| SEE2 57 249 #&20| OtL|2}
ZHLSO0|CL 2t 22 SALE 22 +2I& E15HA| @4=C}.

E VIIOA & 2%= 9= O 2 guided-repairable 25
7t LIREE MGt signal-repair state(Signal-v2) 2| policy-
blind A0 AMTF LIEFRICEH 2[Z &6 5/5 7} 25 28R p



TABLE VII

20|12 A32|'d ThU HE A (2T AY 5 2, K=1)

7|H/ =2A 22 88 p vsblind commit A ZZR F
4/ 3H 5/5 5/5 vs 5/5 +0 —

=Z / H|2H 5/5 5/5 vs 5/5 0 —

2/ SH-HISHN 0/5 0/5 vs 0/5 +0 QSR

Signal-v2 / 374 5/5 5/5 vs 5/5 +0 —

Signal-v2 / HIZ7H 0/5 5/5 vs 0/5 +5 PEO+PEV+PPO

QSR = quest-stage regression, PEO = policy-effect omission, PEV = policy-effect
violation, PPO = policy-precondition omission. A = S FEHOUA p commit 4=
minus blind commit £C}. BE £=X|= pilot-only 0||31 -’.‘-% EA 7t ofL|Ct. 7| =
vl ZIEH2 HOj|A A LISt

(2) BRE HOt: HO|E AE, HE Q= HE

ever

(© Al tH-I 91"

gl olCTlE QA

| >|gma| restored | STAGE 1>2
d | STAGE 2

Fig. 3. S80|0{7} Godot slice Ol 4= commit gate. 2HAE fixture SHLt
9| scripted presentation stage Ml 7HOllM 22t ledger(UAILIIE 2F 24
2], 1280%720; Of|A| 2 2747} OtL|C}). (a) 2A|=! disclosure 7f E'_EEIEf
ledger = 7'||0|E AEES 0|.=. A1 11, canonical state 7t BHAE|Z]| YU2 S HI5|
H, CtE f& =2 712|7|1, H5]E Z2(0|0{7| AHAEE £ 9\1'_ -ﬁlz'oi

HHRLCE. (b) .n.§6+ AH|2t0| FBI=ICt &=, committed snapshot 2| ARt 2
O 7|10 A (F7t=! fact, HAE ':f71| 1>2, case chain 2/3), 2|1 JA
0| siA|5t= 5"50| O|0f2ICE (c) HEFIE= 7| 2 N N, 27 -3—1—/?- JE|_'
2|Z2)|0|7t E15H= ETt state hash(4b2310..) & B2 validator 4= Lt
S R E £2 committed snapshot 2| presentation-only ZHE0|H (1 1
Of2lf strip), oracle label, 792! fact, live model, participant = 7HISIA| Q=
Ct. T{'d2 usability, immersion, efficacy = F2T SIHF2ISIR| QF=C}.

= 5/5, B2RIEE 0/5 £ commit SHCE LIHZ| Sz Al 4 7
= FE $9E EO0|A| UL N M2 2= HTL 0[0] &
830, 524 7|49| goal-directed ’%S 2| 87t quest stage
regression O|°*L'_|- Sl Mo B.= noncommit arm &1} 15/15
7} prior-state hash & HZ3ICt. 0] Z1t= ol Sl-.-.- regime
0l A1 2| mechanism transfer oF 2|12|51H RAH &85, B &
4, 52 88 YUtsl= Z|R|SHA| @4=C} W2t & *ﬂﬂl'a'
F’*"._ pilot-only O|H &Z& 0| claim 2 €2 2 =
Ch o7|E v1 TN = S8 It 4—||3H 3 700N 52| 2
7t knowledge 25 1 2 SUR|2F commit £|R| §&0f, 2F
SHLEtE 2| 2710|H £& 2|7t (A ?Jgg 2o 2
ALt

B A= EA|Zo|ct S fixture 2 A| A A HAO| 5
85} row BF @ T2101 B0 E0{7t1, 20|E E-+= A}A| hash-
bound packet & Edl| £25tH ZZ QIZ2IQ! denominator |
= E0{7FA] 94=Ct. Z} lane O] S5HA| 942 =2 H IV7t
LISt}

ENGI1. Godot 4.7.1 slice 0f] YHEE Z2 AHO|EQ| &= H

M 30| 2dE YA trace E 2[EYOI3MCE HRE FR
disclosure = 0|2 state hash £ = B3 £01% commit 2
o= 7~1ZIA|5’40E1=| ZCt hash = '— LI 249l runner 2 A4EH5|
°'1|°"Ef JZ 32 0] & 7"‘f9f oflmaE E0|M E20]017t
e 82 OlAlGICE 2R = AO|E A2 OHE & =2
0|& A, commit 2 7|04 ’Sg HE0|H CH2 WSS SHAISH
1, AEFIEE hash 7} B2 Fx3S et AYd 2=
2|220| ! trace 2t 1 ’é%ﬁ%’ﬁ. LL17f0|7\| 0| =4do| otCt.
slice O] = committed fact Bt @}+= case-file board, opt-in hint
ladder, just-in-time coach card, OF22| chain-assembly prompt
7t 1, S4t Web dashboard = A|QtOICH AIZI0| MA| =2 Al
St AL BRE THE ZHAL E” FA| 528t in-scope ZAL, SHE
HAFEHO| Hio| A S Al T EQF BUX|SHH fail-closed T=
mirror 28E| T 2 H0| £C}. 0|= scripted fixture SFL+2]
AR 22 ZSHEO0|C} (core HAF 52/52 o H= RIAIEl 4 71 &
& AAD. live model 0||-|' Python transport, participant input,
narrative-quality result &= 1O H, =2 committed snapshot
Of| A2+ mHHE|0] (2 1 OI'EH strip) usability L} efficacy =
7} opLCt.

VIL. =2

U2 52 45._| AF10f| CHSHA{ZH mechanism behavior
215F A& QIC} OIFCIEl HAFZ} AFEfES 74E|0|.l—7\|
bounded repair @} fallback O] MAH HAZE [ME2E=X| HYH
El corruption O| A[HE HAAF HLO|AM HEE[=A], assigned
row 7t A E 2ol 2FE HEi=2 =R IRt HEE
QFAAQl typed detector code Off H&3HA|= 4=Lt
2natQl 42| H|Wo| RISt sA2 guided-CH-oracle ZAHA
Ct. B E A= callback O| &3O 2 Hi= 0|19r" He A=
EHE zl-_;ll_oEI- _J'k_ OIo-lA-l p 7|- __rI.A-IAI- 113}ol- _J'k_ wu_ oracle- Only
A& HM2tst7| WiEO|CE B | HAFAR= validator 2 F
Z3} 9|3t AH|SHHA] guided-repairable class Of|A] oracle 1t
A55| LZ|SICE 0|0] 210|E A3 E|d 222 0| mechanism
0| hosted proposal 2 Z0|Z|=2|S EHAHSHCE LA AEf7L 2
(=3 guided repairable class 2 QI3E o » o blind
retry 7t 22|51, 2|2 §8& L guided-irreparable regime
HERLCE. O] regime °|—7.-_‘—é‘,' DAE|R| 52 hosted revision,
HtE S5 M0 Lt 8 EO|L_|- oYl s3Hs A
9IC}. Feedback & _J.\_Hlﬁl- £2| BOojl= ﬁi1|7|' QIC}. Self-
Refine 2 &2 |EI3P7~ E’o“.: RHO| MAM3E Q10E feedback
OE E|2HO0|11 [45], Reflexion 2 Al 7} verbal self-reflection
& HA3HH [52], Self-Debugging 2 *IEIEIE Ay =
runtlme O AlsH ZAuE AH|SICH [53]. p = channel 2} H2{0|
A| C}2L}. Feedback 2 Al 0] B2 validator 7 AH|At
St typed 2F ’é.'E!OI_T'_, EﬂH°J BE live arm 2 &EHE H2|
StCt 0|22 BAMIQ| MA| &ENZ} OFLI2} verifier 2| 2t2f|7} Ct
counterexample-guided inductive synthesis

= SHE 0|=
£ 20 [54], 0{7| A verifier = commit gate AFA|C}.

-I> HN rlo

B. MgigIote| 2

TRACE-RPG 2 constrained decoder [5], [6], [7], 24 !
22| 824 [8]1, [9], [10], .*Elgol'l 7tsst _$_|-71jl_|- benchmark
[1]. [2]. [22]. [25] £ CHAISHA| 21 HRISICE Process-linked
trace = AgentBoard 0| 24 HHAE AR T 23] REM
o E.j-lt OfL|Ct. &5 ¢4, & =& semantic oracle 2f A%
blind-retry comparator EZF MUSE OIS 22 H|w, QI3



HE| validity & & retrieval 2 memory ablation, &S}zl

A&t mixed-effects £AZ ZF2 blinded matched-validity
QIZH A= O3] 2 ==2| He| 8ho|H, AF2|'d oYU

O A= CHAISEA| G4=Ct [38], [35], [43].

VIIL Bt 9, 2el, 2= He

Z2HO = HAIA AA 9 747} QUL L1: encoded predicate &=
structured field O| A Hi}2] o|O0|E 2EASIA| 25HH, AFEf Y2tA
Qo 2= S YUMS SHESHA| ZSICH [55]. MAF ER2 &
7I2 Z2A5HA| o2 JLAIHEO|CE. L2: authored world SHFR}
constructed live-state variant SFHLEZ cross-world, cross-policy,
2 UGS 28 4~ QICE L3: state-reading callback 2
oracle 0| offline class 2} regime-dependent screening & !
8F repair Z210|L} sample efficiency & 2HEHSHA| &=L} L4:
hosted proposer Stf= revision 114, token 3|4, sampling =
H|0{6t= seed 7t @11 live Python—Godot authorization round
trip &£ QICt. L5: participant 2} affect data 7t QICt. game packet
2 A2 24 Mgt =4 2H[7t = protocol Y #0|H
comprehension, agency, enjoyment, immersion, player benefit
ol CHst Ofd &= Z|A[SHA| 4=LCt. L6: unkeyed hash =
integrity Bt | Z5tH writer authentication O|L} adversarial
tamper resistance = A|&6HA| Z=Lt. L7: record consistency
= single writer & 7}46HH concurrent-writer safety & O|Z
SO0|C}. L8: engine evidence = startup-dominated sample Of
16.7ms & '+ Godot fixture StLIO|H portability L} real-
time Z3}7} OfL|Ct L9: MEHE| fixture 2t screening cell
2 population, safety-rate, model-ranking =22 Z|R|6}A| O
=L} Internal validity = =& policy expectation & fixture
leakage 20|, reproducibility = 114 software 2} artifact Of|
O|ZstCt.

Ot UE12 participant EE+= personal telemetry & #{ 2|5t
A & =Ct S human 2 affect 0= SHY review,
informed consent, compensation disclosure, minimization, re-
tention/deletion rule, opt-out O] E 6} LLM judge & A
StEEFE automated & crowd judgement 25 calibration 1}
bias control O] Q6B Z HZX £LtO 2 Q|SIC} [38], [39],
[40], [41].

IX. 82

TRACE-RPG 2 2=l candidate-event payload & en-
coded 7|Z commit gate & Sdl| canonical mutation S Z2HE
Z42|6}4l, linked record 2} state-semantic replay 2 terminal
outcome 2 ZHAF 7HS 1A BHELE HYZEH @mafol o
U2 SZE 2 fixture 0| A mechanism M-S &
YSiC B ato|m Adald mARS AR 42| It
regime Of| ATt guided 5/5 CH blind 0/5 22|85 225110 CHE
regime Of| A= FHEHR 2O 2 pilot-only 2 '=+=Ct. Cross-model
superiority, player-experience benefit, retrieval FE= memory
effectiveness, affect efficacy, commercial-engine performance
FAIAQI =tF =g o2 H=rt. 0|0] E0[ofo|A EH= A
HIO|E AAICt. Godot slice H|A E&E = HF2IO9 2, commit
712 5|H, 2= &2 committed snapshot Of| ATt D}l
EICt

rlorlor|r

Al AR 13|

Large language model 2 prose, code 2} test drafting,
citation-identity check & E X311, hosted model 2 B B

7| =l live-screening candidate S AM3ICH B = H1 count
£ deterministic runner E£= hash-bound receipt O A] 2LC}.
playable slice | Ul OtE (Z4t, Q13 mi'd Bl AR, case-
file board, evidence icon, guide vignette) 2} prop mesh StLt
(evidence desk) = IFUH provenance S 2= curated AI MM
asset O|H, 12 39| B.= AE{ gf, hash, ledger 22 committed
snapshot Of|A] AIZI0| HIEHZISH ZAO[CE XAF= claim & source
artifact Of] CHR3H T LE0] CHSH 24US ZICE

HlojE] ¥ RE 7t8M

Repository 0| = implementation, build source, SZ& & of-
fline 2! live packet, 2424 HIIE Zt& playable Godot
Slice, 12|70 I 13} IVE MASHE 71| 23S 710] - 22 24
- A | ERIATE E0 QUL Reviewer archive Lt DOI deposit
o 22513 et
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