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% B: WhilEEOMTE
VLB ARH ST X DPL MR M AR E R O, MBS TR SEILIN APL 324y, Firf 1
RN = B, B, B, S SR AR R A I . BN L E I S AL B
T 5 RE R (v13.2) X5,

FSAE: WERLXME |- [ FE/EEEEE 1. AL K Ty Jous o BIIIRE,

B.1 PR &R

DPL Ph U2 AR VAL, e AT — 8 W AURHE — B — JU

125 — Y3 E I e BB B -
8O HR3% LPN L X} R B
2 FE R E o leno — . ) “
detect _dimension ,EEZﬁUDJ B 78RN < DimensionInfo PR 1
2.5D 5
calibrate FHEARME O W) UniversalConstants =~ B/ 2
D4 FETFA4H N IR == \
project ]ﬁ)ﬁl D4 B g gM{)\J g ProjectedState B 2/3/4
HIERNJLFTT BodRE + HE .
check 5 AT :Kﬁ % ” GateResult Wris 5/6
infer YR E G HER  BARE + W20 IntuitionResult s 8
W LT «
“text

l

l

l

l

calibrate(observations) — UniversalConstants

check(modification, projected, constants) — GateResult

detect_dimension(env_state, has_temporal) — DimensionInfo

project(env_state, has_temporal, constants) — ProjectedState
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infer(projected, constants) — IntuitionResult

‘detect_dimension’ 5 ‘“calibrate’ TAKBIC R, FIIATIRA. TANEOSA4RE C
BIVERD , ARSI, 2547 F-4746 . "UniversalConstants' {F N% 8% N\ “project - ‘check’«
‘infer, WA EEIHE.

B.2 £ 1: “detect_dimension’

B2.1 &4
*python
def detect_dimension(
env_state: np.ndarray,
has_temporal: bool
) -=> DimensionInfo
B.2.2 i
SH RE B4 i
env_state np.ndarray A MK E, (FE4EE
has_temporal bool — s AL E I R4 (4D Bk ED
B.2.3 %itH: “DimensionInfo’

FB KRR BN BB
spatial float 1 CEESD YR, BUE 2,2.5,3, ...
temporal bool — e 15 2 I [ 4
effective_dim int 1 CEEYHD BRAEE T spatial 1 +1iemporal
is_height bool — 25N 2.5D 5E

B.2.4 AJALN
AR spatial is_height R A
(H, W) 2.0 False 2D %
(H, W, 1) 25 True 2.5D mfEY (OREAMIELERD)
(H, W, C) (C>1) 3.0 False 3D A%
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BANTEIR spatial is_height i BH

(H, W, D, T) 3.0 False 4D W% (has_temporal=True)
B.2.5 FH &AMt
A SRR i
env_state.ndim == ValueError FrE i N\ o g B = X
env_state.ndim == ValueError — YA o AR G
has_temporal=True and env_state.ndim < 4 ValueError FERRA I P E YRR 2

Hid: BT R CHEEE ndim <2 fA, Ceffective dim' MIH/IMEN 2. JFEEHIE

R VAR SRS R 2 Ceffective_dim <= 1" 433

B.3 #0 2: ‘“calibrate’

B.3.1 &4

python
def calibrate(
observations: List[np.ndarray]

) -> UniversalConstants

B.3.2 BIA
¥ -~y B4 i
observations List[np.ndarray] fE45HH K MM F], K EE>1

B.3.3 #iH#i: ‘UniversalConstants'

FB ezt BN LD BT
c_light float 1 CEEN, c=1)  max|Al/At-ly Iy
h_planck float bit!2[L] mind AI(H>0 AEF{E)
delta s min float [L] min(|dx|)
time_arrow float 1 CEEHN) KLPt||Pt+At
laws_set List[str] = - SHERG TR ZEPEIE (std/mean <0.01)

K_max float 1 (L&) i3 (A 95%)
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FB KA BHN JUTHED RHETT %

omega_max float [L]! e s (4 95%)
epsilon_gate  float bit'?[L]? & Bl E T 2 A8
delta_overlap  float 1 CEEHN Overlap 7 525045 ) 5% 73 4

D float [L] FREYHORS (ks R 5D
10 float bit!2[L]2 SEFREE BRA D

10 float [L] ZHEKE (BN D

AL (g 5 e (TGRS« AL NFREEZ, EUEXHE (A FRSHEM 1|
A IVID o BAL cugne 5 hypnee ARPH) AT BP9bREZ, HCRA (AL,

AL (D ERMED « B3 — 1L NEL D=1, %R ST #l] Dg=lp;- c=4.8x10727 m?s7!,
TN T AR AT BORE SRR ROE T E SRR 0/=DV 2 WAHE, BRIk
A 1 AT EZER.

B.3.4 KRHERE

text

1. # len(observations) <2: fff FHERIAIH—1bH £k

[\S)

BN ALY = I(t+HAL) - ()

W

.c¢_light =max(|AI) /At -1 0 -1 0M{-1}

AN

. h_planck = min(|AI) ({XHUAEZAE)D

5.delta_s min=min(|dx|)) # [JE

6. time_arrow = KL(P_t || P_{t+At})

7. laws_set: XJ{EIESFIHEMSA I, std/mean <0.01 ZHAN
8. K max. omega max. epsilon gate. delta overlap: 737 %{

9.D: #ERYHIEM A, e WA 1

B.3.5 RH &Mt

M AHRE Pi B
len(observations) == ValueError I RIETIN
IR 5 FEAR A — 3 ValueError TCIEBMIZE 5y
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B.4 ¥ 3: “project’

B4.1 &4
python
def project(
env_state: np.ndarray,
has_temporal: bool,
constants: UniversalConstants
) -> ProjectedState
B.4.2 i\
S8 KRR BN BB
env_state np.ndarray ESAHIE Ik &
has_temporal bool — e 15 2 I [ 4
constants UniversalConstants — K H calibrate )% H

B.4.3 #itt: "ProjectedState’

FB syl B B
‘DI’ ‘DIFlowLine’ D1 {5 SR YERFE
‘D2 "D2Surface’ D2 15 B 4Rk
‘D3 D3 Volume' D3 {3 B AR R
‘D4 ‘D4Spacetime’ D4 i} 255 B 4EFFAE
*dim_info® ‘DimensionInfo’ R Rl EA
‘D1FlowLine’:
FB eyl BN JUAHD B B
gradient np.ndarray bit"?[L]73 SEMEY VI
divergence np.ndarray bit"?[L]73 BEYy v,
direction np.ndarray 1 CEE4D TER AT 7] ) &
‘D2Surface’:
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FB KA BHN LD L

hessian np.ndarray bit!2[L]* Hessian FifE A1)
vorticity np.ndarray [L]! WHET V%
curvature np.ndarray 1 CeEHN) mEith# K
‘D3 Volume':
FB syl BN JUHD Bi B
density np.ndarray bit"?[L] WEREEEE py
euler char int INEENP BRFLS TS x
ricci_scalar np.ndarray [L]? YR E R bR RO
‘D4Spacetime’:

FB syl BN JUAHD B B
evolution np.ndarray bit"?[L]" I [ A H 2 o
causal_link np.ndarray 1 (H—4) RKRBE C(Li—>Tear)
is_fake time bool — T 15 FRLiL O A (1 I

B.4.4 RH KM
F FHRE B BH
env_state.ndim < 2 ValueError  FrE B — 4 N TSI IE 1 70 il

has_temporal=True {H env_state R H.iil RuntimeError I 770 fiff 5 2270 2 i

constants 7'9 None ValueError ﬂiﬁh ?f&?ﬁ

B.5 #0 4: “check’

B.5.1 &4

python
def check(
modification: Modification,

projected: ProjectedState,
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constants: UniversalConstants

) -> GateResult

B.5.2 HiA
"Modification® (ZMIR%) :
FB B i B4 L]
type i o EE&%@ : add_source. modify topology. propagate
A
target str — TER X 5
params dict FEMHR  BHRSH
info_before float bit CGIRENSS
info_after  float bit B EEREE
‘projected’: ‘ProjectedState’ (B.4.3) .
‘constants': ‘UniversalConstants’ (B.3.3) .
B.5.3 Hiti: “GateResult’
FB RE i
passed bool A B iUl ES
violations List[str] 3 R IR T 51 2%
score float 1251577 (SRR T 3R
action str T A T e 2/ PR e R
B.5.4 RIFERE
BRI BEEHIR I8 4 B S R A HRAME
(BRSSO RN I, 11, ll<e T 4 INFO NOT_CONSERVED
B R, IKI<Kpnax D2+ EXTREME CURVATURE
WK IV Xy <o, D<2||+v’ "‘E)L" "]f) )Eff;f f iﬁg EXTREME_VORTICITY
(R NERPS XEZ D3+ INVALID TOPOLOGY
SEEY SV Tim " (=" T 4 SELF REF _UNSTABLE
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BRE T ek & 4 S ok A4 BRI
PEYERR S Overlap(®p,@py)>1—¢ P 4 CROSS_DIM_LEAKAGE

AAEAE G I i

2% time_arrow>0

PRLR — 3 D4+ CAUSALITY_ VIOLATION

HR s Jour BRI 2 Ty Jo FEFEEBRE, W J; £ XL A ERSHIE
G g o, BAUN bi 2L, “HVWEARSERE O RN R e, AEL
FEFX o) o A5 RSP IR i e 22 2 i/ T B -

| Minl=owl <€

Hrb e @EEERE, &N bi?[L]?. HREGEERSY, WELR ERSE

EI‘

o mdd, I bit?; (AR AR TR, DUE R

HiE GRIERKMARZFME) « WIEREE D2 BEEHEIEYS AVION>0) 5
PR AR S N o B 50 OB R EEIEONE, TR, AR D2 E 1R
LA, AR effective_dim's 75 [ 18 B S0 LA AF AT 77 2083 (L B.S.S).

HiE (BERBEREAEED « PBARSREEH THAHBEEE, 85 2D, 2.5D,
3D. 4D. HHMZKIN D1 $HEEES D2 fREES Z B B A Tl A Y E.
R N i FI R 2, 384 D1/D2 AFAEAH ELI5 G

B.5.5 H &N R

~python
# FERERLIG T T 4 B 0D

base_gates = [{ KL 1H, EIHEALE, BSAERI )

# EAH YRR Z N
if effective_dim ==
gates = base_gates
elif effective_dim ==2.5:
gates = base_gates + [ XA S (7 77 1))
elif effective_dim ==

gates = base_gates + [HIFH R, iG]
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elif effective_dim >= 4:

gates = base_gates + [MIZG A, b3k, R —2

# IMBERLS: SRAFIGE (ARE) ST BRI D

if is_nonuniform(projected.D2) or is_non_simply connected(projected):

gates.append (A HEAZ L)

SR
AR
2 (ESSRES
2.5 ERSSREN
3 (EESRREN
4+ (EESRREN

HIEFE
HIEFE -
HIEFE -

B BRI

HARFE . BEYERE 2

WIEARLES Mgt D2 RS IRk Rk

M
modification.type ¥ fift
projected.dim_info $2%

constants 4 None

B.5.6 FH %M
AHERE
ValueError
ValueError

ValueError

B.6 ¥ 5: “infer'

PEYERR RS . R AR IAD)

PEYERR RS, HIERA . IRINETE
PEYERR RS HIERA . RINETE. BIR—E

UL
RAME A
ARIAT Y AT I
RPATRME

B.6.1 &%
python
def infer(
projected: ProjectedState,
constants: UniversalConstants
) -> IntuitionResult
B.6.2 HIA

» ‘projected’: ‘ProjectedState’ (B.4.3) .
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» ‘constants’: ‘UniversalConstants' (B.3.3) .

B.6.3 %iH: “IntuitionResult’

FB KRR L]
rules List[IntuitionRule] fik 52 F10) 4 BER L i R )
confidence float BERE N EAEESED
intuition_type str FHEWHEY
*IntuitionRule:

FB KA L]
rule_type str gravitational _well. periodic_dynamics. conservation. topological
confidence float BRI EAEE [0,1]

triggered features  List[str] = fil /& (IR FEAFAE
B.6.4 HHEEEFE
N fi R S At BREE
1 1E%  mean(K|) > Kmax/10 minl,mean(|K])/Kmax

D4 I/ FFT 0 5 E >

FMESE maxico[f(k)[*/ Licoff(k)
AT B total _information 7t max(0, 1 - std(Jwtal)/|nlean(Jmtal)|)r e
laws_set Imean(Jiow)|=0 N EAEE 0
WANE  |-2[>0 minl,[y—2|/yref
FHERH:

FRR P FM
geometric_gravity gravitational well fili &
temporal rhythm periodic_dynamics fili/x
topological navigation enclosed_space fili &
conservation_law conservation fili &
no_intuition TER fish

EIR (FBLAE) : K. Jp NbRE, BEEXHE |- | Ak) AEEGE, BB 1+ 1. mean(|K])
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bR EAERE I EIE .
#iE GIAERMERBE « MERIE Ky /10 ARRREESE, HTEiEss s

ot FAREUE AT s FREDUI R #E, BU7E DPL v1.0 SEIL R VAT i & 24
il (AMEXR FFT 838D : fik) N D4 JZEENEATF o4 VH I a5 ) — 4k
PBOE OB B B As e, HAR RS k=0,1,...,N-1, Hrf N AR EFIKE . HEB k=0 (&
WorE) JFHRGEE S, B k=1, N-1. B EAE A A b ARG g S T, MO
B o
B.6.5 FH %M
M FHRE B

projected.D2 2k ValueError Tkt 2

projected.D4.is_fake time=True = RuntimeWarning = B /5 ufhis, JEIHE A5 B PR

B.7 R4

& Fig RIFE#EO
DimensionInfo o P AN 25 SR detect_dimension
D1FlowLine D1 &Rk project
D2Surface D2 [H4FHIE project
D3Volume D3 RHFAE project
D4Spacetime D4 B} 75 RFE project
ProjectedState VW E IR e A project
UniversalConstants FHE S EBIE calibrate
Modification CRe S PN
GateResult W2 check
IntuitionRule CyBERERe W infer
IntuitionResult Yy EE R A infer

B.7.1 X1#E SICA HI=RKEH

PUN =2R45M 1 “check’ 5 infer' I H B A B, X422 SICA RS T2 A g e K00t -
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‘Geometriclnvariant' (JUTAZER) -
FB Bt Tt A

attern tvpe str JUATHEAZEAL: stable curvature. persistent vorticity
P —P periodic_evolution 4§

dim_layer str KPEZE: DI. D2, D3. D4
stability score  float FRE AR [0,1], FET 2 Wik a0
evidence count  int ARG (BB, FEIED

source_family str RUFINEETHAR R

*GateCounterexample' (712 1))

FB B i YL
gate_type str BRI T: INFO_NOT _CONSERVED %%
violation float R MERE OH—4)
raw_dim float EYGE:S
effective_dim  int HMYEE
sample hash  str MIFEARG A, SHA-256 T Nl ZfF 8 (64 FF) , HTIEW
timestamp int IR 7] K

‘IntuitionHypothesis™ (B ) -

FB g3t Vi EH
rule_type str H KM gravitational well 55
confidence float BIEE [0,1]

triggered_features List[str] & KR JEAFE

holdout_delta float 7E holdout 5 L REIE 25 (FT SICAR2 [112%)
=REEMHEN SICA [MEIERIUME, 2858 R1-R10 MWL S, 745 8] IFC A FE . DPL

BRI PE . REIAS .

B.8 5 RIZIH AR X4
RE DPL #H DUE: - Yal=e
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RIEHW

PR T (IS JE e )

DPL X

detect_dimension

DOkt
SRk N Y S N ST AR B A RS

P 2 ((FR% ) calibrate UniversalConstants.] 0 533 2 f{E B & Eipit =
. I . D1-D2 53l R U Az B FE R R 35 %
3 (3D project i bl 22
il 4 (Agent >R roicct JEENAN T Agent BEEUAMRAS Vy, DPL i th
B— B proj ProjectedState
Wi 5 (BIMEE ) | check [ V2R 25 R e sh R 2 15 5 ) 2 8  Action 1R
GateCounterexample
il 6 (R ek check (2R R S H5RAM LR, BT Agent fE[Rl— Vy
) J:#HT DPL
Zigx TR R project D3-D4 # 7 AEY H AR AL I ) HEdE 2 F
P 7.2 Cnf W] . T X AT D1-D4 2RI E, 5 XAUR B
) project et it
Wil 8 (& hid | f IntuitionHypothesis £y L4 Z iR AHAR {5 1E IR,
1) et S8 i) C A R
L9 GEZ ) project 2.5D/3D JHENLI 5 1K 55 e T 1 F]
P 10/11C %ilﬁ% . IntuitionHypothesis f@%?ﬁjﬂ{ﬁ”’ﬁiﬂﬁm)\ NEfR
NNKZE. : A2 11 F N Action JE1ZE L check
B9 X EARTE
DA 4 5 A 2R AT ] S B HH R
A E PiEA
4l pR M AL RENERN, F—% A E A 5 —f
HeE IR detect_dimension [ effective dim ANBf env_state FIZH AR
| OP\g d*x=Const. {ERaZHIEMFERIETE N, S =R HIER

BRERTE |

[=]
15 i i
A

fe#: LHER (%

check 8

T 515300)

th[/ ax jj]%ﬁ

T} score=1.0; £FiE

Fi [ —T, score FEAH N T i K1

infer.confidence\in[0,1], ZEHNEEA K confidence=0
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A& Tt BH
WH—EE  calibrate #ii i B9 UniversalConstants 7F check 5 infer H3L 5, AEEIHH
Eid CefE EErEHEEED - BEEFER M4|d>|2\/:gd4x=Const A8 WU 2 s 25
rEFE. X =4EE YA %, 5, pv dX —MASE, BRAERGA TRE HEE BB R W

VIR i4 5. DPL M BUE AR REACRIEDY 4748, = 4ED)Fy P e 26 R, fRE Rk
I 4 ) B 7 W

Btk C: D1-D4 M5 fREIE ARG
Y ARMEAH project M (M3 B, B.4) MISEBEENINE, 5EL 3.2 T
D1-D4 RIESfE——X e RS EMNEWIHR A. WIS EL Python/NumPy 5 X+
5, EAGE BT F LI
RELw: ENAE | |, ME/EEEHE 1 1. AL K NisE; VI. Vv J)
Nl k) AEE.
BLHIE:
> D4 WS BR4EREATUNR RIS 64 (3¢ 3.2.4) , MAEERIBEE. D4 EHEMN
‘state_norm’ WYES[HIHIR T, A D3 K=Y
> 25D mEMAERCE B T 2D Fii. DI. D2, D4 EREREEEEE 20 48
COREAIS TRV » D3 M EEE R GIN (\(172) .
> JHESERAE: CH W) BATHER CH W, W) (N, TERTH4EH (N, N, N)'.
> BT GRET 37 A1 3D 4 FUIRERGE M, HERR R R 0. Ricei A5
BT Y =gEEERSS D2 #FE5 D1 WA, BRE TAELE 3.2.3).
MAERER UL

WA spatial is_height temporal effective_dim
(H, W) 2.0 False False 2
(H,W, 1) 2.5 True False 3
H,W,1,T) 2.5 True True 4
(H, W, C) (C>1) 3.0 False False 3
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AR spatial is_height temporal effective_dim

(H,W,D, T) 3.0 False True 4

C.1 H¥EER
‘project’ 4% IFLIEIAEL T -

text

project(env_state, has_temporal, constants) — ProjectedState

|—— 1. detect_dimension(env_state, has temporal) — dim_info

|
2. Wiikb: squeeze H5IH—1k

| state norm =env_state /1 0

|— 3. extract_DI(state_norm, dim_info, constants) — D1FlowLine

|— 4. extract D2(state_norm, D1, dim_info, constants) — D2Surface

|— 5. extract_D3(state_norm, D2, dim_info) — D3 Volume

L— 6. extract D4(state_norm, dim_info, has_temporal) — D4Spacetime

AL WX RS 3.2.1-3.2.4 T ZRIERHAE. detect_dimension” &M=k B
B.2 f3 N (4% R B AT R .

D3 5 D4 M5KFR: D3 [AFAA YIS (4D ARECE A YA , D4 BN
‘state_norm’ VA [EHISRT, AHE D3 KR

C.2 Tikb#
Cc.21 HE

“python
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def preprocess(env_state, constants):
""H—4b5 squeeze ALFH""
# PR 1. fRE 2.5D W IEIELEE (5 2.5D+IF[E])
is 2 5d = (env_state.ndim == 3 and env_state.shape[-1] == 1) or \
(env_state.ndim == 4 and env_state.shape[-2] == 1)
ifis 2 5d:
state = env_state # fREH (H, W, 1) 8¢ (H, W, 1, T)
else:

state = np.squeeze(env_state)

# BIR 2 H—WNTENY (s AAS)
I 0=constants.] 0 # BRiL 1

state_norm = state /1 0

return state_norm

def strip_height(state_ norm, dim_info):
"SRR 2.5D e EEIEIE, [RE R CEAD
if dim_info.is_height:
if state_ norm.ndim == 3 and state_norm.shape[-1] == 1:
return state_norm[..., 0] # (H, W, 1) —» (H, W)
elif state_norm.ndim == 4 and state _norm.shape[-2] == 1:
return state_norm[..., 0,:] #(H, W, 1,T) - (H, W, T)

return state_norm

C.2.2 By \Hit
L TN eyl WAEN e RHEN
env_state np.ndarray (R PS state_norm 1 (A—f)E)
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' B ayic BAERN i R EN
constants.]_0 float bit!2[L]? - -
il (BHRHAE) « WRIGFER— AL TR (=11 [p=1) , AUk [a] ) 80E 5 R
REAET AL N A BUE AR SRS A S R AR B CRIA—A0), SERREUE % 1o
ly ¥ethe.

C3D1 SRR ED:
C3.1 By

““python

def extract D1(state_norm, dim_info, constants):

DL IR B UL T

2.5D (%5 2.5D+ITTE]) w3 S m fEWiE 5% 2D AbHE,

nnn

D =constants.D # {5 E¥ BARE, BN 1

# U 1. R 25D EEEIE (5 D2 RHE4EE —50

state 2d = strip_height(state_ norm, dim_info)

# PIR 2. Ml (RURIRLD , BEEN CEAD RE
if state_2d.ndim == 3:
#(H, W, T): ZS[EHy 0,1: BAHY 2
spatial_axes = (0, 1)
else:

spatial _axes = tuple(range(state_2d.ndim))

# DR 3 R VI CBGEZE RD
grads = np.gradient(state 2d, axis=spatial axes)

if not isinstance(grads, (list, tuple)):
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grads = [grads]

# PR A4 THEBEISIE 1V

grad_magnitude = np.sqrt(sum(g2 for g in grads) + 1e-24)

# LIRS BWMATTR CRALAE, BRD
means = [np.mean(np.abs(g)) for g in grads]
k = int(np.argmax(means))

direction = grads[k] / (grad_magnitude + le-12)

# B 6. HHEEUEY VI 1=-D-VI (X S
laplacian = sum(

np.gradient(np.gradient(state_2d, axis=i), axis=i)

for i in spatial axes

)

divergence = -D * laplacian

return D1FlowLine(
gradient=grad magnitude,
divergence=divergence,

direction=direction,

)
C.3.2 REBLIMT
e b3 TT
2.5D AbEE IR BEIEIE, CREAN A A
7 A) il RO (H, W) 5 BIEHL A R
B 7 111 TR 2 1Al SR 2
B JRE A5 IV 1= W 10724 3 VO

. BHFR (LT 5153000 Email: 2635714379@qq.com
FFJB Github % : https:/github.com/LingJing1001/Lingjing-Solo  ( F P\ #£: 7 A% %)
FFIE Github 483 : https://github.com/LingJing1001/Lingjing_Engineering (A ¥ £z 7 3 3% 1K)



mailto:2635714379@qq.com
https://github.com/LingJing1001/Lingjing-Solo
https://github.com/LingJing1001/Lingjing_Engineering

il Ab3 5

FIRLTT SRR JE e S RO RRE,  BR DARR RIS A ) &
BE V- J=-DV?2I, =5
TR SR 10712

C.3.3 EHNWITE (JRIBEN)

2 JUAeT il B2 W
‘gradient’ | V]| bit"?[L]" V:[L]'x Ibit"2[L]2 v
“divergence' V Ji bit'[L]?3 D:[L] x V2:bit"?[L]*v
“direction’ 1 CEEAD BRI E v

CA4AD2 5EHEEEE
C.41 By

“python
def extract D2(state_norm, D1, dim_info, constants):

"D [ZEM4E: Hessian. JRIE. =R

2.5D (& 2.5D+[E]D) mERRE S EEEEZ 2D A,

nnn

D = constants.D

epsilon_0=1le-12

# bR 1. FEEEEE, 2.5D N 2D ({REBEHD

state 2d = strip_height(state_norm, dim_info)

# DU 20 BT S A]
if state_2d.ndim == 3:

spatial_axes = (0, 1)

spatial ndim =2
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else:
spatial _axes = tuple(range(state_2d.ndim))

spatial_ndim = state_2d.ndim

# W3 HESEE VI 5% 1 1=-DVI (H&E)
grads = np.gradient(state_2d, axis=spatial axes)
if not isinstance(grads, (list, tuple)):

grads = [grads]

J I=-D * np.stack(grads, axis=-1) # JEIK (..., spatial ndim)

# LR 4 HHEEEY v I=1 1/(®|+ &)

v_1=1J 1/ (np.abs(state_2d)[..., None] + epsilon_0)

# IR S: 1H5 Hessian FFE H ij = 6°1/(0x i 0x j) (L= [al%H)

H = compute_hessian(state 2d, spatial axes)

# IR 6: HELRHEHR Vv I
if spatial ndim == 2:

#2D PRENEE: Ov y/ox - Ov_x/dy

vx, vy =v_I[..., 0], v_I[..., 1]

vorticity = np.gradient(vy, axis=0) - np.gradient(vx, axis=1)
elif spatial ndim >= 3:

vorticity = compute_curl(v_I)
else:

vorticity = np.zeros_like(state 2d)

# PYR 7 PR A
if spatial ndim == 2:

# B K =det(H) /(1 +[VIP)
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Ix = np.gradient(state _2d, axis=0)
Iy = np.gradient(state_2d, axis=1)
Ixx = np.gradient(Ix, axis=0)
Iyy = np.gradient(ly, axis=1)
Ixy = np.gradient(Ix, axis=1)
det H=1Ixx * lyy - Ixy2
denom = (1 + Ix2 + Iy2)2
K =det H/(denom + epsilon_0)
else:
# spatial ndim == 1: —4EREIC = Al
# spatial ndim >=3: FHHE—. HHEAENA, HEET JBESET/E)

K =np.zeros_like(state 2d)

return D2Surface(
hessian=H,
vorticity=vorticity,

curvature=K,

C.4.2 RESTHAY
i) Siiyats
2.5D b FE A EE, oy 2D Fidgie it sk iR

Jesii i &Yy J=-DVI, it ‘np.stack(grads, axis=-1)" ZH%¢
L v, TEEME, SR IOk, JERITHE

Hessian 2y (2D)

WHEAE 2D bREEE 0,v,-0,v,
WHELE 3D+ FRAEREE Vxv, (&)
e i 2 E il R A K=det H/(1+1V 117)?
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i) Ab3 5

2D
FBRIE e, BE

RTEE s AR, HRE GREST)

EHRHRY | PTES R =107

it (Hessian JEIRZR) : 25D 5 3D %A Hessian 5Kk ENASFE 2.5D #E
JaoN C(H,W,2,2) (EEEEEA "(H,W,T,2,2)") , 3D & (H,W,D,3,3). FiFEHES
—RbEE, RAE 2.5D 4 SN = (WHIEREAERE) .

C.4.3 ENWTE (JRIBERN)

& JUA i B4 WA
hessian J{T) bit!2[L]* SPLbit 2[L]4 v
vorticity (2D) [L]" 11 x VALV
curvature K 1 CEEHN H—jE v

C.5D3 15 Bk E:
C.5.1 By

“python

def extract D3(state_norm, D2, dim_info):
D3 RS R KRR Ricc FREE
s = dim_info.spatial

temporal = dim_info.temporal

#OPBR 1 EEW YRR, BOENEEYIA (U D3; D4 JiSZALPERFr )
if temporal and state norm.ndim >= 4:

spatial state = state_norm[..., 0] # IR (H, W, D)
else:

spatial_state = state_norm
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# IR 2. IREE
ifs>=3:
density = spatial state.astype(float)
elif s ==2.5:
#2.5D mifEY): density = I(x,y)? WmifETMMAREZE (2D %R
if spatial_state.ndim == 3 and spatial_state.shape[-1] == 1:
base = spatial_state[..., 0] # (H, W)
else:
base = spatial state
density = base 2
elif s ==2:
#2D FJEATH4E: (H, W) — (H, W, W)
density = spatial_state[:, :, None] * spatial_state[:, None, :]
else:
#1D T4 (N,) > (N, N, N)
density = (spatial_state[:, None, None]
* spatial_state[None, :, None]

* spatial_state[None, None, :])

# BHR 3. BRhRTEEL
if s >=3:
chi = compute _euler char 3d(density)
elif s ==2.5:
chi = compute _euler char 2d(density)
else:
# A THER) 3D 4T FLIRAREE R, 5 =0

chi=0
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# B 4. =4 Ricci HFhr=
if s >=3:
ricci_scalar = compute ricci_scalar_3d(density)
else:
JEATH4ER) 3D #iZ 9% 2.5D B4 2D % e 5 Sk AR

ricci_scalar = np.zeros_like(density)

return D3 Volume(
density=density,
euler_char=chi,

ricci_scalar=ricci_scalar,

C.5.2 RESTIY
i) AEE TR

4D W2 D3 BEAZEY) T Cstate norm[..., 01, Xt D3 i/ WHAI4EEE 4 D4
A P ST AL PR

25D MRE Kxy)?, WEEITIPUN R, HEAE 2D SPE EE G HER Cl 0, BR
I3 hﬂ“ﬁiﬂl Bk Ay g dh i A =
2D 4 ‘H, W) — (H, W, W), “state[:, :, None] * state[:, None, :]'

@
1D J4 ‘(N,) = (N, N, N)', @i =) #%

=y

o R BRI RGBS VB~ Co
= Ricel | pre RE5IIEM L C7.5)

PrE

HiE (BRALERMHRILE): X s=2" 5 s==1" KJET-4 GkE ), "density’
(¥ 3D $hh2 P FLRISRARGE M, HIRBRPEEH 0, Ricei irEM A%, WH =4 EEH
44 D2 M5 DI WM, miEsTiE (X 323) .

g (2.5D AEER) 2D ED - 25D mESK D3 KRB Ixy)2, W
AN R, SREAE 2D P kg . ZE 5 EC 3.23 #y“2.5D B —E: M

\(C_{\text{cell}}=0\), RRFi/~HHCGE A e AN \(\chi=V_{\text{vert} }-E+F\).
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C.5.3 BEHNWATE (JRIBEHN)

& IRGE b =¢] AR
density bit'2[L]> HpvlFE v
euler_char 1 RO B v
ricci_scalar [L]? mEEN v

C.6 D4 B {5 RMEHE
C.6.1 By

““python

def extract_D4(state_norm, dim_info, has_temporal):

""D4 I AE S YE: AR R SCHR

ERE: D4 HIZM state norm I [EJFISR T, AWK D3 MY A
2.5D+H A1 N S 3 38 B, fRIE causal link 5 D2/D3 JEEIR—%L
if has_temporal and state norm.ndim >= 4:

# RE 2.5D mELEE Gy 2.5DHI[E])

state_4d = strip_height(state_norm, dim_info)

# FUSERTY: IR (BJE—4E) TSRS 6 t]

evolution = np.abs(np.gradient(state_4d, axis=-1))

# IR REE CIt— 1 {t+At}): AR Z N [H] )
causal_link = compute_causal link(state_4d, temporal axis=-1)
is_fake time = False

else:
# MDY e A IR 22 2 A A

evolution = np.zeros_like(state_norm)
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for 1 in range(state_norm.ndim):
if state_norm.shape[i] >= 2:
evolution += np.abs(np.gradient(state_norm, axis=i))
causal_link = np.zeros_like(state norm)

is_fake time =True

return D4Spacetime(
evolution=evolution,
causal link=causal link,

is_fake time=is fake time,

C.6.2 RERLIA T
T TR
2.5D-+H ] b 3 SR B BTG, R causal link 5 D2/D3 JEIR—5L

LS AL W (e —4E) R o4, WAXE: TRAR(.., T)

PR SR ST 2 AHABMUZR AR R IH— AL HAF B TRAR BRI A Hh(...,)
FA Oy B F 258 2431 is_fake time=True; AR state norm [A]
5 D3 k&% D4 E¥M state norm RIS 54, DK D3.density

HiE (BRA—BO : HSERF5 X F evolution' fRE G ER “(H, W, T)) ,
1M “causal_link" JNZBAAZI AP M0 (BRI A4, TR C(H, W) o i a3t — 3
L “state_norm’ [FJEAR. Pl 5490 — A0 BE, NG H Cis_fake time' Ari&, B7E “causal link’
b B )
C.6.3 BHNWIE (JFIHEHR)

= JUfAT | B0 KHIE
evolution 6.1 bit![L]?3 Ou[L] ' Lbit"?[L]2v
causal_link INQER®) HERHA—H v
C.7 HBIRH
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C.7.1 “compute_hessian’

““python

def compute hessian(state 2d, spatial _axes):

""i+5 Hessian #EFF H_ij = &*/(0x_i dx_j)

i NN OO B = BEmIE Y5 AW spatial axes K&
H W3AEIRE state 2d —3, KEIEN (ndim_spatial, ndim_spatial).
ndim_spatial = len(spatial axes)
#H HIJEIR: state 2d.shape + (ndim_spatial, ndim_spatial)
H = np.zeros(state_2d.shape + (ndim_spatial, ndim_spatial))
fori_idx, i in enumerate(spatial axes):

gi = np.gradient(state_2d, axis=i)

for j_idx, j in enumerate(spatial axes):

HJ..., 1_idx, j_idx] = np.gradient(gi, axis=j)

return H

Fid (BRGe) : H MERMEIRE “state 2d° — 2, KJEBIE (ndim_spatial,

ndim_spatial)'. %f 2D %\ “(H, W)', ‘H.shape = (H, W, 2, 2)'; %t 25D+ AN “(H, W, T)',

‘H.shape = (H, W, T, 2, 2)"s W{{H “HJ...,1i idx,j idx] = np.gradient(gi, axis=j)" FEARVLHEC .

C.7.2 “compute_curl’

““python
def compute curl(v_I):

"3D JigfE v xy""

if v_I.ndim !=4 or v_IL.shape[-1] !=3:

raise ValueError("compute curl fX3Z#F (H, W, D, 3) #iiA")

vx, vy,vz=v _I[..., 0], v_I[..., 1], v_I[..., 2]

curl x = np.gradient(vz, axis=1) - np.gradient(vy, axis=2)

curl y = np.gradient(vx, axis=2) - np.gradient(vz, axis=0)

curl z = np.gradient(vy, axis=0) - np.gradient(vx, axis=1)
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return np.stack([curl_x, curl y, curl z], axis=-1)

C.7.3 "compute_euler char 3d’

““python
def compute_euler _char 3d(density):

" = YRR M B BB =V -E+F-C""

binary = density > np.median(density)

V = count_vertices(binary)

E = count_edges(binary)

F = count_faces(binary)

C = count_cells(binary)

return int(V - E+ F - C)

C.7.4 "compute_euler char 2d’

“python
def compute_euler _char 2d(density):
T A R s R =V -E+F"
binary = density > np.median(density)
V =count_vertices_2d(binary)
E = count_edges 2d(binary)

F = count_faces 2d(binary)

return int(V - E + F)

C.7.5 “compute_ricci_scalar 3d’

“python
def compute_ricci_scalar 3d(density, threshold=1e-6):

mmzé& RiCCi HH%*;I‘;% (EEﬁsgiﬁj&{y\)

% 3D %% p V 5EMIES) h & p V~eth, NI
RA3)~(1/2) V2h=(1/2) V2Inp V

RIS S IFC U AR RS, RRE .
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AR E M X R/ NMX I (Jp V| < threshold) i fEALEE,

B log KELFEUREENE -

eps = le-12

log_density = np.log(np.abs(density) + eps)

R =np.zeros_like(density)

for i in range(density.ndim):
second_deriv = np.gradient(np.gradient(log_density, axis=i), axis=i)
R +=second_deriv

R=05*R

# RN T IX A

mask = np.abs(density) < threshold

R[mask] =0.0

return R

Hig (BEREM) : 24 “density’ M/ (FET e=10712) B, ‘log density’ T {E,
H W FHTRE= AR BB B . ARSI I XS /N3 BE X3 (|pyl<threshold) ik
SO SRANHIEAE N5 . BIME “threshold” AR HiE PR 55 W8I 11 & 2 5 3 LA € o

C.7.6 "compute_causal_link’

““python

def compute causal_link(density, temporal axis=-1):

BRSNS

temporal_axis AR E N A CBRINERE—4E)
REFEAR: 2B temporal axis J& AR BS54
T <2 W3R A [F AR 40 .

T = density.shape[temporal_axis]

spatial_shape = tuple(

s for 1, s in enumerate(density.shape)
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if i |=temporal_axis % density.ndim
)
if T<2:
# 5 T>2 {9 link JEIR—B0 CEERIS ()5

return np.zeros(spatial _shape)

link = np.zeros(spatial_shape)

for t in range(T - 1):
a = np.take(density, t, axis=temporal axis)
b = np.take(density, t + 1, axis=temporal_axis)
link +=normalized mutual info(a, b)

return link / (T - 1)

iR CT<2 BRE : T<2 W EIEREE GG SRR ERL, 5 T>2
B Clink' PR —30. R B RURIGR, ATER A YRR,
C.7.7 M HEEE B R

T

python

def count_cells(binary):
"= B 1R R

return int(np.sum(binary))

def count faces 2d(binary):

"R fEON 1 R R

return int(np.sum(binary))

# LU R BREUIL dpl core.topology #RER:

#  count_vertices(binary) —AETH R
#  count edges(binary) =
#  count_faces(binary) — kT

#  count vertices 2d(binary) - ZETN 5%
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#  count_edges 2d(binary) YL

# PLUF AU dpl core.mutual info FRR:

#  normalized mutual info(a,b) H—HEAFE, REISHAFRFIZEAELA

#i2 Cnormalized_mutual_info" JR[E2E%&) : “normalized mutual info(a, b) i [7] 5%
ANFEFRFZERAERRA, SRR RR AR E . AR RbrE, iR [E g5 5
BB SR KM . H e B SRBE AR R A R i 515 B iR git, J& THSIgik.,

C.8 TEEHARE

“python

def project(env_state, has_temporal, constants):
""DPL W )Z#E M DI-D4 JiEorfE (st BB.4) "™
#1. YRR

dim_info = detect_dimension(env_state, has_temporal)

#2. TALPH

state_norm = preprocess(env_state, constants)

#3.D1 Tk

D1 = extract D1(state_norm, dim_info, constants)

#4.D2 THYE

D2 = extract D2(state norm, D1, dim_info, constants)

#5.D3 14

D3 = extract D3(state_norm, D2, dim_info)

#6.D4 B 4E (EEM state norm KB [A] T2

D4 = extract D4(state_norm, dim_info, has_temporal)
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return ProjectedState(

D1=D1, D2=D2, D3=D3, D4=D4,

dim_info=dim_info,

C.9 RHE XI5

FAF

env_state.ndim < 2

FLIR 7 (has_temporal=True {H
HA 10D

TS (| VI=0)
FEREE (O=0)
B2 (V|@|=0)

E[SUSESGEZN

4D IFZHmN

2.5D A\

2.5D+f AT AN (H, W, 1, T)

R TF4E (2D—3D. 1D—3D)

PR
detect_dimension
preprocess
extract DI

extract D2

AbE 7T

Hi detect dimension X env_state.ndim < 2 T4 #liH
ValueError

is_fake time=True, IR [n]Z%[A]ITALL

77 T} B ] e SO )
B IE L v=T/(|DHep)
iR Bkt (OB B B.5.4 {Hid)
WIERI T, &= v di=nd,,,

D3 B /N2 [EY) F state norm|[..., 0]; D4 EH#ZM
state_norm A [A] 53K

D1. D2. D4 FE=SEEEE% 2D 48, D3 KREEF
EHGIN (B, 2D FHE X

DI1.D2. D4 F| & & ElIEE% 2D AFE (OREE a5 ;
D3 i 2.5D ZFE; D4 JESEGHR S

3D AN AT FLRFALH, =0, RO=0

C.10 BZEH

i R 2R AR R
o(1) o)
O(N) O(N)
O(N) ON)

ON- &%) ON- d%)
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B i R R A% FRERE

extract D3 O(N) O(N)
extract D4 ON- T) O(N)
Bt O(N- (&*+1)) ON- d&)

Hrh N= f;li“”"”N,- N AR S (N, RS | DT ERRRED , d AT 4ERE (2
g 3) , T NEEE%. Hessian iHHTTHE OW: %), & FEFF4H. project’ 2 1HHE I+

FEEM NS (4,7 NEHO . f74& DPL HARRIS 548 H AR,

PR D:  BIERLJLAT IR SE AT
YET: ARMISE X “check’ #:H (W B, B.5) HOSERBSCHIMG, ik LI M ¥L
B S MR AT BURHE . BRI IR . TS AR A B E
SCEIIH % Bs D1-D4 FHEFEBHT Co AMRA S AP, (U8 CA 1441
BREDSUTTLE

FSAE: WEIANE |- |5 FE/EEIE I 1o K Ty Jous 1~ time_arrow iR

g

BOZLG—AE: A “check * KRIKEL — %44 (projected, constants,
modification)’, RMSHRHEIL (AT ), RIEATY JETE.
BUEBIT: AW REORI B, 3 C FPEIT:
BT ERZY AR L

i C  JRIEEEREY J=—DVIHTEE

D1FlowLine #4511 gradient vector “FEk o NG
no e - ~ C3.1 SRIET e

D2Surface 3 il vorticity is vector: f% C A bRIdRE N F R (3D+H) BibrE
bool T C4.1 (2D, 2.5D+HF ]
UniversalConstants 34 jj1 fi=% B

:EIE . ‘E \ ANV % v Y
clear region percentile 7B B.3.3 DA B E S A CRRA 800

UniversalConstants 31 1 0. 1 0 FE &g?f SEEREESSEKE BIL D

D.1 [I&Z&RK
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D.1.1 B

‘check’ FEOMREBIMIRE (Modification’) NFAFI, X D1-D4 T F4T LI

R, oy I AR AT A /PR E S R DU FhEE R . 11452 DPL ) R2 J&HIZ 5 SICARS

=l Ik LTS
D.1.2 LHIRLE
BB BEAE 18 P 4 B 5 R A R PRE
fFRHE W I=1T, M<e Fr A 4k INFO_ NOT_CONSERVED
fih A IKI<K nax D2+ EXTREME CURVATURE
IR 5 IV XV <@y ?Ez ;,; gﬂg;;xz ﬁ%ézﬁfﬁg EXTREME_VORTICITY
R NERPS XEZ D3+ INVALID TOPOLOGY
EEi=p =V Tim " (o= Ji A 4 SELF_REF_UNSTABLE
PEAERG RS Overlap(®p,@py)>1-d,, FirA 4k CROSS DIM_LEAKAGE
PRI AR — 3 Eﬁﬁiifﬁﬁﬁ;m+ CAUSALITY VIOLATION
D.1.3 HI&EMN K
' python

# ATEWS

assert effective_dim >= 2, "effective_dim ARi/NF 2"

# FERERIG I TR Y- B30T
base gates = [check information_conservation,
check self reference_stability,

check cross_dim_isolation]

# T A2 N
if effective_dim == 2:

gates = base_gates
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elif effective_dim ==2.5:
gates = base_gates + [check curvature bound]
elif effective_dim == 3:
gates = base_gates + [check curvature bound, check topology valid]
elif effective_dim >= 4:
gates = base_gates + [check curvature bound,
check topology valid,

check causality]

# e FATEGE (ARSI EER i
if should_activate vorticity check(projected):

gates.append(check vorticity bound)

D.2 BE 1: EETE
D.2.1 ¥EE X
175 LA PR SRR U TEBT DX 320 7 b (9% 1 0 B 2 8 75 < 1L

| Min|~Mowel <€
o
> T WMATEWIXANEFEERE, J-on BIERE,
> S TUHIEMIXENEREERE, Jon B (RZEHED
> J=-DVI: FRRERE, mEY, &9 bit 2L JUTED
> e HEREBE, H constants.epsilon gate’ fifE.
D.2.2 HHEEE
“python

def check information_conservation(projected, constants, modification):

mm,f*‘ =] T rEq:;“ A nnn
# LB 1. M D1 SREURHR M &Y

J I=projected.D1.gradient vector # JEIK (..., spatial dim)
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# PBR 2. LRI XIS vt SR ol
boundary = get_clear region_boundary(projected, constants)
normal = get boundary normal(boundary)

J n=np.sum(J_I[boundary] * normal, axis=-1) # [ 5 Ehr &

# PR3 pERA S
J in=np.abs(J_n[J n>0])

J out=np.abs(J n[J n<0])

# LYK 4. ITEIEEREE
if len(J_in) == 0 or len(J_out) == 0:
return GateResult(passed=True, score=1.0, violations=[],

action="pass")

delta_J =np.abs(np.mean(J_in) - np.mean(J_out))

eps = constants.epsilon_gate

if delta J <eps:
return GateResult(passed=True, score=1.0, violations=[],
action="pass")
else:
violation = min(1.0, delta J / eps)
penalty = max(0.0, 1.0 - violation)
return GateResult(
passed=False,
score=penalty,
violations=["INFO NOT CONSERVED"],

action="block",

)
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D.2.3 HHBIR%

““python

def get clear region boundary(projected, constants):

DT R BRI i T

TR DX € SO BRI B R X3k (£ R A HARERIXD
AF MW X S HAMER A

XF Bl N (H, W): 42 Ja o r B8 8
XHEBHIA (W, T): W5 b
grad_mag = projected.D1.gradient

percentile = getattr(constants, "clear_region_percentile", 80)

if grad mag.ndim == 3:
#(H, W, T): ZMisrhr 4k
threshold = np.percentile(grad_mag, percentile, axis=(0, 1))
clear _mask = grad mag > threshold[None, None, :]
else:
#(H, W): &Rk
threshold = np.percentile(grad_mag, percentile)

clear_mask = grad mag > threshold

boundary mask = morphological boundary(clear mask)

return boundary mask

def get boundary normal(boundary):
A HE BB 7 o o S o B

normals = np.gradient(boundary.astype(float))
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if not isinstance(normals, (list, tuple)):

normals = [normals]
norm = np.sqrt(sum(n 2 for n in normals) + le-12)
normals = [n / norm for n in normals]

return np.stack(normals, axis=-1)

# LUREREUIL dpl core.gate Rk :

#  morphological boundary(mask) TEAs 510 FHHE
#  compute boundary flux diff(J I) SURTS iRl

D.2.4 RERHE

“python
def calibrate_epsilon_gate(observations, D, I _0=1.0,1 0=1.0):
ORI AR A R S A A
flux_diffs =]
for t in range(len(observations) - 1):
I _norm = observations[t] /1 0
grads = np.gradient(I_norm)
if not isinstance(grads, (list, tuple)):
grads = [grads]
J I=-D * np.stack(grads, axis=-1)
delta = compute _boundary flux_diff(J I)
flux_diffs.append(delta)
if not flux_diffs:
return le-3

return np.percentile(flux_diffs, 95)

BRIME: # “observations’ KEEAE, “epsilon_gate = le-3".

D.3 5 2: HiFEHF
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D.3.1 e X
i 5 SRR RO D2 2 ) o A 7 o R
|K|<Kmax
e
> Ko BNTEE, BRR, R L CERM, AR

\

> Kpax @ HERBGABE, B constants K max’ K.

D.3.2 WWHHE

““python
def check curvature bound(projected, constants, modification):
K = projected.D2.curvature

K max = constants.K_max

violation_mask = np.abs(K) > K_max
if not np.any(violation mask):
return GateResult(passed=True, score=1.0, violations=[],

action="pass")

violation_ratio = np.max(np.abs(K) / K_max)
violation = min(1.0, violation_ratio)

penalty = max(0.0, 1.0 - violation)

return GateResult(
passed=False,
score=penalty,
violations=["EXTREME_ CURVATURE"],

action="dimension_lift",

. BHFR (LT 5153000 Email: 2635714379@qq.com
FFJB Github % : https:/github.com/LingJing1001/Lingjing-Solo  ( F P\ #£: 7 A% %)
FFIE Github 483 : https://github.com/LingJing1001/Lingjing_Engineering (A ¥ £z 7 3 3% 1K)



mailto:2635714379@qq.com
https://github.com/LingJing1001/Lingjing-Solo
https://github.com/LingJing1001/Lingjing_Engineering

D.3.3 BMERHE

“python
def calibrate K max(observations, I 0=1.0,1 0=1.0):
"ML e AR Fe A T R
curvatures = []
for obs in observations:
I norm=obs/1 0
if I norm.ndim == 2:
Ix = np.gradient(I_norm, axis=0)
Iy = np.gradient(I_norm, axis=1)
Ixx = np.gradient(Ix, axis=0)
Iyy = np.gradient(Iy, axis=1)
Ixy = np.gradient(Ix, axis=1)
det H=1Ixx * lyy - Ixy2
denom = (1 + Ix2 + Iy2)2
K=det H/(denom + le-12)
curvatures.append(np.abs(K).flatten())
if not curvatures:
return 1.0
all_K = np.concatenate(curvatures)

return np.percentile(all_K, 95)

BRME: # “observations’ A&, 'K max=1.0"

D4 K 3: WIERRK
D.4.1 ¥ X
TR TERC I AT D2 2 1 15 R A 15 PR

IV xv [ I<® 4%

HA

> vl /(I10l+ey): 5 BIHEEY, R
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> Vxvpe WiEW, [[El 3D+) mEibrE (2D, 2.5D+EED |

> Wmax ¢ IRHEH FHBIME, H constants.omega max’ it

D.4.2 filiR &A%
TR IRALAE LA 25t 22— 15 A2 B 38005 <
1. D2 EEREEAEYE: IVIOI>0;

2. MABEARRGEE: AAEART IR INREE.

““python

def'should activate vorticity check(projected):
R R R
grad_phi = np.gradient(np.abs(projected.D3.density))
is_nonuniform = np.any(np.abs(grad_phi) > 1¢-6)
is_non_simply connected = (projected.D3.euler_char !=2)

return is_nonuniform or is_non_simply connected

D.4.3 HHEEE

*python
def check vorticity bound(projected, constants, modification):
omega = projected.D2.vorticity

omega_max = constants.omega_max

# HKHE D2Surface.vorticity is_vector i zUbR & FI KT
if projected.D2.vorticity is_vector:

#3D+ [Al i hE, HUR

omega magnitude = np.linalg.norm(omega, axis=-1)
else:

#2D B 25D+ R bs B e, AR E

omega magnitude = np.abs(omega)
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violation mask = omega magnitude > omega max
if not np.any(violation_mask):
return GateResult(passed=True, score=1.0, violations=[],

action="pass")

violation_ratio = np.max(omega_magnitude / omega max)
violation = min(1.0, violation_ratio)

penalty = max(0.0, 1.0 - violation)

return GateResult(
passed=False,
score=penalty,
violations=["EXTREME_VORTICITY"],

action="block",

D.4.4 BUERHE

““python
def calibrate_omega max(observations, D, [ 0=1.0):
" ORI B AR T i Jie A T A
vorticity magnitudes = []
for obs in observations:
I norm=obs/1 0
grads = np.gradient(I_norm)
if not isinstance(grads, (list, tuple)):
grads = [grads]
J 1=-D * np.stack(grads, axis=-1)
v_1=1J 1/ (np.abs(I_norm)]..., None] + le-12)
if I norm.ndim == 2:

vx, vy =v_I[..., 0], v_I[..., 1]
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omega = np.gradient(vy, axis=0) - np.gradient(vx, axis=1)
vorticity magnitudes.append(np.abs(omega).flatten())
if not vorticity_magnitudes:
return 1.0
all_omega = np.concatenate(vorticity _magnitudes)

return np.percentile(all_omega, 95)

BRIME: # “observations’ A&, ‘omega max=1.0",

D.5 KR 4: AL
D.5.1 H¥sE X
AN VARSI D3 R BRR R RO T AR
XEZ
Horp
> Veer EXF—Co: = HEVR R ML ST 1 BB M 5
> Xt 2.5D: BIA y=V,eE+FS

D.5.2 WWHHEE

““python

def check topology valid(projected, constants, modification):
nuuj:E j:l\ﬁyzﬁgﬁmm

chi = projected.D3.euler_char

if isinstance(chi, int) or (isinstance(chi, float) and chi.is_integer()):
return GateResult(passed=True, score=1.0, violations=[],
action="pass")
else:
return GateResult(
passed=False,
score=0.3,

violations=["INVALID TOPOLOGY"],
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action="block",

D.5.3 SEHED
> euler char' I ‘compute euler char 3d" B¢ ‘compute euler char 2d" & ([t 3% C
C.73. C74) , ZRERA LG

> A4 (2D—3D. 1D—-3D) , ‘euler char=0" CFJLIREEN) , Ak,

D.6 K% 5: HiEkE
D.6.1 $se L
I 5 R AL BOASTYE BE 5 5 1 Fi LS T U SR M — AN B
lim /7 (x)=x"
Horp
> foll—t: TEE T E PRI
> X" EFix(f): ME—AZNRL, XN IFC AF I s s sl

D.6.2 ttHHE

““python

def check_self reference_stability(projected, constants, modification):

R R R

B EEIR I Lipschitz KU 107 £ 75 W R b
constants FTARMEH, (HRH LS EEEY E.

nmn

L = estimate_lipschitz(modification)

if L<1.0:
return GateResult(passed=True, score=1.0, violations=[],

action="pass")
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violation = min(1.0, L - 1.0)

penalty = max(0.0, 1.0 - violation)

return GateResult(
passed=False,
score=penalty,
violations=["SELF_REF UNSTABLE"],

action="block",

def estimate lipschitz(modification):

"ETHEECHT Lipschitz ¥4

modification.params & dict, {XHEHEE R FBZ 511t
param_values = [v for v in modification.params.values()
if isinstance(v, (int, float))]
if not param_values:
return 0.0

return max(np.abs(v) for v in param_values)

D.6.3 SEPEL
> BfRM f EAREEREE U 5 EIRY Y., RE, JRIESTAE:
> ARSI AMEUIRZEN Lipschitz & B0t tHE i LA i
> XF DI+ AR rE4EED

D.7 K5 6: BELEIRE
D.7.1 $&F5E X
YR R IR D1 FHiEE S S D2 FHEEA MR LB :
Overlap(®p1,Pp2)>1-0pvertap
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o
> Overlap€[0,1]: BHEEETEE;
> Ooverigp: D VFWEE, M1 “constants.delta_overlap k.
D.7.2 Overlap &
K13 4.1 T 5Mx BB.5.4:
1. 4 D1. D2 FHESKE% v Iy H—H N EENERE u vs

2 RO, B PR un) = g vy

3. BN RRES C A E =X,

E Xt SRR A IR IEH B 43 32
PR Bx 1 FLXT 2 ACXT 3
M EIRE (3D+) (VI, Vxv)) (V- J,K(I)) (direction(J;), Vxv;)
FREIRIE (2D, 2.5D+HA]) (VILIVxvl) (V- J, KJ) (v 1, K(I))

BOXTSRMS Ak T : M EimiES DI I ERME (BRREE. W) nlidsr&tE; mEn
RIS D1 bR ENFIE (BREERL. %) wIEb%.
D.7.3 iHHEE

“python

def check cross dim_isolation(projected, constants, modification):

S Y e

1 0. 1.0 M constants TEHL; B SRBSHKHE vorticity is_vector 733Z.

nmn

I 0= constants.I 0

1 0= constants.l 0

#ODBR 1 HER =X SO (S e 2R 1Y 73 30
if projected.D2.vorticity is_vector:
# [EIRIE (3DH) « FKEMTCH

pairs = [
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(projected.D1.gradient vector, projected.D2.vorticity, 1),

(projected.D1.divergence, projected.D2.curvature, 0),

(projected.D1.direction, projected.D2.vorticity, 0),

else:
# bREIIE (2D 2.5D+IF[ED ¢ FREECNT
pairs = [
(projected.D1.gradient, projected.D2.vorticity, 0),
(projected.D1.divergence, projected.D2.curvature, 0),

(projected.D1.gradient, projected.D2.curvature, 0),

# LI 2 BRI AR EAI UL

cosines = []

for u, v, order in pairs:
u_hat = normalize tensor(u, I 0,1 0, order)
v_hat =normalize tensor(v, I 0,1 0, order)
cos = cosine_similarity L2(u_hat, v_hat)

cosines.append(cos)

# IR 3. THE Overlap
overlap = np.mean(cosines)

delta_overlap = constants.delta_overlap

# LR 4. AR GEL
if overlap > 1 - delta_overlap:
return GateResult(passed=True, score=1.0, violations=[],
action="pass")

else:

# A& vs [AE
# WE vs bR

# BALEE vs AR

# ArE vs PR
# InE vs PRl

# brEt vs PR
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violation = min(1.0, (1 - delta_overlap) - overlap)
penalty = max(0.0, 1.0 - violation / max(delta_overlap, 1e-6))
return GateResult(

passed=False,

score=penalty,

violations=["CROSS DIM_LEAKAGE"],

action="dimension_reduce",

defnormalize tensor(t, I 0,1 0, tensor_order):

w10 5 1.0 ALk, BTN R

tensor_order: FKEMT (0=hr&, 1=[A&E, 2="FriKE)

H—4LAF: 1/ 0/1 0"tensor_order)

EE:
- bnEY CEHEEE. Mg, BRI, AREIRJE) : tensor_order=0
- ARy (EFFERE. MEIRGE) : tensor_order=1
- k& (Hessian) : tensor order=2
- direction AHAIHE (CLED) : tensor_order=0
t = np.asarray(t)
factor=1 0/(1 0 tensor order)ifl 0>0elsel O
if factor == 0:
return np.zeros(0)

return (t / factor).flatten()

def cosine_similarity L2(u, v):

"R R AR SEARAE, XERE L2 AR B EUE A
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BIsImg b, L2 R <q, 9> L2=Xa.i- Vv i- AX"n;
TR Axtn AHVE, ARSZARLEESE M T T [ B RO L RS R L.
nu = np.linalg.norm(u)
nv = np.linalg.norm(v)
ifnu=0ornv==0:
return 0.0

return float(np.abs(np.dot(u, v)) / (nu * nv))

7EiL Cdirection” HY “tensor_order=0" [ ) : “direction’ AHA7 A&y, CfE D1 H
H— N RN E (direction=J/IJ1) , # “tensor order=0" (ANFERR 1)) o %57 W% A &
H—4k, MNAFER “gradient vector' TfidE “direction'.

D.7.4 BIERME

T

python

def calibrate delta_overlap(observations, I 0=1.0,1 0=1.0):

v AR 1458 1R 1P 4 R 2 25 VT O 2

overlaps =]

for obs in observations:
overlap = compute_overlap_from_observation(obs, I 0,1 0)
overlaps.append(overlap)

if len(overlaps) < 2:
return 0.05

return max(0.0, 1 - np.percentile(overlaps, 5))

# LU R BREUIL dpl core.gate HBidR:

#  compute overlap from observation(obs, I 0,1 0) MMM THE Overlap

BRIME: # “observations’ A&, “delta_overlap = 0.05",

D.8 K 7: HE—
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D.8.1 e X
PR — BRI A D4 2 0& SAFAE MG 28 e, DLAC 8] i Sk 77 1) «
AFEH G Ry,  time_arrow>0
Horpr
> MEERNIL y: MEMEAE g, wx'<0 AALRRSL (=dx*/dd RYIAE)
> time_arrow: Bf[EFiSk771A, HH “constants.time arrow’ Rk,

D.8.2 tHHHE

“python
def check_causality(projected, constants, modification):
RS G
# PR 1 KB SOR 5 5N A 2RI 2%
if modification.type == "modify_topology":
creates_closed timelike curve = detect closed timelike curve(
projected, modification
)
if creates_closed timelike curve:
return GateResult(
passed=False,
score=0.05,
violations=["CAUSALITY_ VIOLATION"],

action="block",

# LUR 20 AN 8] 15 Sk 07 1A
time arrow = constants.time arrow
if time_arrow < 0:
return GateResult(
passed=False,

score=0.3,

. BHFR (LT 5153000 Email: 2635714379@qq.com
FFJB Github % : https:/github.com/LingJing1001/Lingjing-Solo  ( F P\ #£: 7 A% %)
FFIE Github 483 : https://github.com/LingJing1001/Lingjing_Engineering (A ¥ £z 7 3 3% 1K)



mailto:2635714379@qq.com
https://github.com/LingJing1001/Lingjing-Solo
https://github.com/LingJing1001/Lingjing_Engineering

violations=["CAUSALITY_ VIOLATION"],

action="block",

return GateResult(passed=True, score=1.0, violations=[],

—_n

action="pass")

def detect closed timelike curve(projected, modification):
"SI A TSR T SN P A S
if projected.D4.is_fake time:
return False
evolution = projected.D4.evolution
if np.any(np.gradient(evolution) * evolution < -le-6):
return True

return False

D.8.3 BMER

““python
def calibrate_time_arrow(observations):
" MO B AR YR A (] 87 Sk T e
if len(observations) < 2:
return 0.0
kl values =]
for t in range(len(observations) - 1):
P_t=normalize histogram(observations[t])
P_next = normalize histogram(observations[t + 1])
kl = compute KL divergence(P_t, P_next)
kl_values.append(kl)

return float(np.mean(kl values))
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# PLUR PRI dpl core.gate F5idh:
#  normalize histogram(data) HITEBE—1k

#  compute KL divergence(P, Q) KL

ERIMEL: # “observations’ AN E, ‘time arrow =0.0" () .

*python

def check(modification, projected, constants):
" EENUATTIEE (s BB.S) M
dim_info = projected.dim_info

effective_dim = dim_info.effective dim

assert effective_dim >= 2, "effective_dim ANRN/NT 2"

# PUR 1 B B RIRSR 0
base gates = [check information_conservation,
check_self reference stability,

check cross_dim_isolation]

if effective_dim == 2:
gates = base_gates
elif effective_dim ==2.5:
gates = base_gates + [check curvature bound]
elif effective_dim == 3:
gates = base_gates + [check curvature bound, check topology valid]
elif effective_dim >= 4:
gates = base_gates + [check curvature bound,

check topology valid,
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check causality]

if should activate vorticity check(projected):

gates.append(check vorticity bound)

# LR 2. BUURE, RIS
violations =[]
score = 1.0
for gate in gates:
result = gate(projected, constants, modification)
if not result.passed:
violations.extend(result.violations)

score *= result.score

# PIR 3. g R
passed = len(violations) ==

action = determine action(passed, violations)

return GateResult(
passed=passed,
violations=violations,
score=score,

action=action,

def determine_action(passed, violations):
T VESEE (I BB.S3 [ action TE—ED "
if passed:

return "pass"
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elif "INFO_NOT CONSERVED" in violations:
return "block"

elif "CAUSALITY VIOLATION" in violations:
return "block"

elif "CROSS _DIM_LEAKAGE" in violations:
return "dimension_reduce"

elif "EXTREME_CURVATURE" in violations:
return "dimension_lift"

else:

return "block"

D.9.2 MUFhgE R

SRF R H 3R X il R A AL
pass SGERUS JIT A A 56 o (CRCE I=RIVA
block o %%%ﬂ‘rﬁ/%fﬁ/ﬁ By, 1F

fefaEndbiRiiEed/x  GateCounterexample HEA SICA

dimension_lift THeferha: iR fit R THAE D A AL
dimension_reduce = FF4EHIS  PEUERR B IE fish 2 e At AL ]

D.10 REI%5H) 5 SICA X

D.10.1 GateResult
FB 3 L]

passed bool PR G BUNNESS
violations List[str] 3 R T8 2%
score float 125457) (FRIETRT) , [0,1]
action str T AR T YR A/ PR YRR R

D.10.2 *GateCounterexample' BtSt
" python

defto gate counterexample(result, modification, projected):
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T R R W SR N GateCounterexample (fff3% B B.7.1) """
sample_str = json.dumps({

"type": modification.type,

"target": modification.target,

"params": modification.params,

"info_before": modification.info_before,

"info_after": modification.info_after,
}, sort_keys=True, default=str)

sample hash = sha256(sample_str.encode()).hexdigest()

return GateCounterexample(
gate_type=result.violations[0],
violation=1.0 - result.score,
raw_dim=projected.dim_info.spatial,
effective_dim=projected.dim_info.effective dim,
sample hash=sample hash,

timestamp=time.time_ns(),

D.10.3 SICA R2 []Z&xE
"GateCounterexample’ #f A\ SICARS JufEJ5, 1 SICAR2 PEREITZEE— DR
> EEERBIFE holdout £ FHrkPEREMEZE, MIGIN “H_t;

> BWETE, WA,

D.11 RHE KM

A SRR B BH
modification.type A iE it ValueError REME KA
projected.dim_info Hk 2k ValueError RIAT G BEAS I
constants >y None ValueError RPAT R HE
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set_default constants(constants)

#1. WANGIEMER A
if len(observations) == 0:
raise ValueError("observations NZ")
if any(not np.all(np.isfinite(o)) for o in observations):

raise ValueError("observations 7 NaN/Inf")

#2. BWIZE )
delta_Is = [observations[t + 1] - observations][t]

for t in range(len(observations) - 1)]

#3. c_light: J KAE E5 BEAR LA
if delta_Is:
max_dI = max(np.max(np.abs(dl)) for dI in delta_Is)

constants.c_light = float(max_dI * constants.l 0/ constants.I 0)

#4.h_planck: F/NEF(EBEREE
nonzero_dIs = [np.min(np.abs(dI[dI != 0]))

for dI in delta_Is if np.any(dl != 0)]
if nonzero_dls:

constants.h_planck = float(np.min(nonzero_dIs))

#5. delta_s_min: #5/NaS [ [B]K&

constants.delta s min = infer min_spacing(observations)

# 6. time_arrow: XfFR KL BUEZ (A[IER[ )

constants.time_arrow = calibrate_time arrow(observations)
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o

# 7. laws_set + conservation_stats: 5 {E A ik
constants.laws_set, constants.conservation_stats =\

calibrate laws_set(observations)

#8.D: 5B HUALIG (FEBMEARMEZ AT 58 0
D_fit = calibrate_diffusion(observations)

constants.D =D _fitif D_fit is not None else 1.0

#9.K_max: HI# 95% i3
constants.K_max = calibrate K max(observations, constants.I_0,

constants.l 0)

#10. omega_max: i€ 95% ZrhrEL (Mg D)
constants.omega_max = calibrate_omega max(

observations, constants.D, constants.]_0)

#11. epsilon_gate: {F B SFHEBIE (K D)
constants.epsilon_gate = calibrate epsilon_gate(

observations, constants.D, constants.]_0, constants.l 0)
#12. delta_overlap: %54 [ &5 25 VF i 25 5
constants.delta_overlap = calibrate_delta_overlap(

observations, constants.I_0, constants.l 0)

return constants

def'set default constants(c):

BB R 2 S A D
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c.c_light=1.0
c.h_planck = 1e-3
c.delta s min=1.0
c.time arrow =0.0
c.laws_set =]
c.conservation_stats = {}
cK max=1.0

c.omega max = 1.0
c.epsilon_gate = le-3

c.delta_overlap = 0.05

cD=1.0
cI10=10
cl0=10

c.clear_region_percentile = 80.0
c.chi ref=2.0
c.gravity threshold ratio = 0.1

c.periodicity_threshold = 0.3

VE1D: “set default constants’ VB 4HS 17 NFEEGME; FRARAE IR AERS
BN B "1 0y "1 0'. “clear region percentile’s “chi_ref . ‘gravity threshold ratio’+
‘periodicity threshold” fREFERIME, ANTEEFFER 2 HEZ WM.

E.2.3 & HEBRHETEE
E.2.3.1 ‘time_arrow’ (J#% KL BUFEZE)

““python
def calibrate_time_arrow(observations):
"R Sk IETA S A KL B 2

time_arrow =mean t[ D _KL(P t||P_{t+1})-D KL(P_{t+1} || P_t)]

- time_arrow > 0: B [A] 77 A —% CHIm))

. BHFR (LT 5153000 Email: 2635714379@qq.com
FFJB Github % : https:/github.com/LingJing1001/Lingjing-Solo  ( F P\ #£: 7 A% %)
FFIE Github 483 : https://github.com/LingJing1001/Lingjing_Engineering (A ¥ £z 7 3 3% 1K)



mailto:2635714379@qq.com
https://github.com/LingJing1001/Lingjing-Solo
https://github.com/LingJing1001/Lingjing_Engineering

- time_arrow = 0: @ik

- time_arrow < 0: I3 e #%

if len(observations) < 2:
return 0.0

diff values =[]

for t in range(len(observations) - 1):
P_t=normalize histogram(observations[t])
P_next = normalize histogram(observations[t + 1])
d fwd =compute KL divergence(P_t, P_next)
d bwd =compute KL _divergence(P_next, P_t)
diff values.append(d_fwd - d_bwd)

return float(np.mean(diff values))

E.2.3.2 'laws_set" 5 ‘conservation_stats’

““python

def calibrate_laws_set(observations):
"SRRI + S E A
candidates = {
"total _information": lambda o: float(np.sum(np.abs(o) 2)),

"total gradient": total gradient integral,

}
laws =]
stats = {}

for name, fn in candidates.items():
values = [fn(0) for o in observations]
mean = float(np.mean(values))
std = float(np.std(values))
stats[name] = {"mean": mean, "std": std, "count": len(values)}

if abs(mean) > 0 and std / abs(mean) < 0.01:
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laws.append(name)

return laws, stats

deftotal gradient_integral(o):
T dxe
grads = np.gradient(o)
if not isinstance(grads, (list, tuple)):
grads = [grads]
grad mag = np.sqrt(sum(g 2 for g in grads) + 1e-24)

return float(np.sum(grad_mag))

E.2.3.3 “infer_min_spacing’

“python
definfer min spacing(observations):
" AU I TR R W 85 /)~ 22 1] ] B
sample = observations[0]
if sample.ndim < 2:
return 1.0

return 1.0

E.2.3.4 ‘calibrate_diffusion’ (fEHfE + L TFHEF)

““python

def calibrate_diffusion(observations):

"”"j:ué'f%_lﬁ\?f%&/%ﬁ D

Al 0 t1=D V21

Tk BN E D=3(dl- V) / X(V2A)P

HUH RS E -

- I € NaN/Inf
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- O BEEEEFIHE (den< le-12 iR [F] None)
- ERRY (D] > 1e6 M NALA RO
- REMEATA 0.0 CHRRRSIE)
if len(observations) < 3:
return None

if any(not np.all(np.isfinite(o)) for o in observations):

return None
num = 0.0
den=10.0

for t in range(len(observations) - 1):

I t= observations][t]

dI = observations[t + 1] - observations][t]

laplacian = sum(
np.gradient(np.gradient(I_t, axis=i), axis=i)
for i in range(I_t.ndim)

)

num += float(np.sum(dI * laplacian))

den += float(np.sum(laplacian 2))

if den < le-12:
return None

D_fit=num /den

if not np.isfinite(D _fit) or abs(D_fit) > 1e6:
return None

return D_fit

E.2.3.5 “calibrate_omega_max’ (& "D =0.0" iBfbAb3)

““python
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def calibrate_omega max(observations, D, [ 0=1.0):

AR B 5 A T

D=0.0 iBft: FERIELIANE, WHIETLE L
oSO LN 2 8] — B B 95% 3R 9 B AURFALL -
if D==10.0:

return calibrate_omega max_fallback(observations, I_0)

vorticity magnitudes = []
for obs in observations:
I norm=obs/1 0
grads = np.gradient(I_norm)
if not isinstance(grads, (list, tuple)):
grads = [grads]
J I=-D * np.stack(grads, axis=-1)
v_I=1] 1/ (np.abs(I_norm)[..., None] + le-12)
if I norm.ndim == 2:
vx, vy =v_I[..., 0], v_I[..., 1]
omega = np.gradient(vy, axis=0) - np.gradient(vx, axis=1)
vorticity magnitudes.append(np.abs(omega).flatten())
if not vorticity _magnitudes:
return 1.0
all_omega = np.concatenate(vorticity magnitudes)

return float(np.percentile(all_omega, 95))

def calibrate_omega max_fallback(observations, I 0=1.0):

"D = 0.0 IR A e L3 S
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magnitudes =[]
for obs in observations:
I norm=obs/1 0
if I norm.ndim < 2:
continue
laplacian = sum(
np.gradient(np.gradient(I_norm, axis=i), axis=i)
for i in range(I_norm.ndim)
)
magnitudes.append(np.abs(laplacian).flatten())
if not magnitudes:
return 1.0
all_vals = np.concatenate(magnitudes)

return float(np.percentile(all vals, 95))

E.2.3.6 "calibrate_epsilon_gate’ (& "D =0.0" BiLALEE)

T

python
def calibrate_epsilon_gate(observations, D, I _0=1.0,1 0=1.0):

" ARSI P 91 HEA B~ 1 R

D =0.0 iBb: BEUAE N, SO RGN IE 2 201 9 B AURHE -
if D==10.0:

return calibrate epsilon_gate fallback(observations, I 0)

flux_diffs =]

for t in range(len(observations) - 1):
I_norm = observations[t] /1 0
grads = np.gradient(I_norm)

if not isinstance(grads, (list, tuple)):
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grads = [grads]
J I=-D * np.stack(grads, axis=-1)
delta = compute _boundary flux_diff(J I)
flux_diffs.append(delta)
if not flux_diffs:
return le-3

return float(np.percentile(flux_diffs, 95))

def calibrate_epsilon_gate fallback(observations, I 0=1.0):
"D = 0.0 B SR AR ] R g
if len(observations) < 2:
return le-3
diffs =[]
for t in range(len(observations) - 1):
dI = (observations[t + 1] - observations[t]) /1 0
diffs.append(float(np.max(np.abs(dl))))
if not diffs:
return le-3

return float(np.percentile(diffs, 95))

E.2.3.7 “calibrate_ K max / "calibrate_delta_overlap
5% DD.3.3. D.7.4 KL —8, MAAEE . calibrate K_max’ 3T &7 %47

HU 95% 4rfi%l; “calibrate delta overlap® & Overlap 43 AHL “1 - 5% 30740 -
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P 7 W
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*python
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def infer(projected, constants):

T AR (S B B.6) M

rules =[]

#1. 51 71E5E
if should trigger gravitational(projected, constants):

conf = confidence gravitational(projected, constants)

rules.append(IntuitionRule(
rule type="gravitational well",

confidence=conf,

triggered features=["D3.density", "D2.curvature"],

)

#2. A E W

if should trigger periodic(projected, constants):
conf = confidence periodic(projected)
rules.append(IntuitionRule(
rule_type="periodic_dynamics",
confidence=conf,

triggered_features=["D4.evolution"],

)

#3. SFEES

if should_trigger conservation(projected, constants):
conf = confidence conservation(constants)
rules.append(IntuitionRule(

rule_type="conservation",

confidence=conf,

triggered features=["D1.divergence", "laws_set"],
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)

#4. IANEE
if should_trigger topological(projected):
conf = confidence topological(projected, constants)
rules.append(IntuitionRule(
rule_type="topological",
confidence=conf,

triggered_features=["D3.euler_char"],

)

# GO EER
if not rules:
return IntuitionResult(rules=[], confidence=0.0,

intuition_type="no_intuition")

confidence = float(np.mean([r.confidence for r in rules]))

intuition_type = determine_intuition_type(rules)

return IntuitionResult(
rules=rules,
confidence=confidence,

intuition_type=intuition_type,

E.4 RN ELEE
E.4.1 5| JE®

bR %A (mean(K|)>K,,,x - gravity threshold ratio

BEE:
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conf=min ( 1, mean(|K|)/Kax )

Hik:

““python

def should trigger gravitational(projected, constants):
K = projected.D2.curvature
mean_abs K = float(np.mean(np.abs(K)))
threshold = constants.K_max * constants.gravity threshold ratio

return mean_abs K > threshold

def confidence gravitational(projected, constants):
K = projected.D2.curvature
mean_abs K = float(np.mean(np.abs(K)))
if constants.K_max == 0:
return 0.0

return min(1.0, mean_abs_K / constants.K_max)

E4.2 BAHEX
iR FAF: D4 W ¥ FFT 0% 5 >periodicity_threshold
BERE:
max | f{k)I?
con]%k;éo—2
0 LA

873

“python
def'should trigger periodic(projected, constants):
if projected.D4.is_fake time:
return False

return confidence periodic(projected) > constants.periodicity threshold
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def confidence periodic(projected):

SRS A S A FFT i

X% 4k evolution (H, W, T) & (H, W, D, T):

SRR [ A AR EAR B (T) —4E15%5, FH FFT.
HEBR B0 & k=0,

evolution = projected.D4.evolution

if evolution.size < 4:

return 0.0

if evolution.ndim == 1:
signal = evolution
else:

signal = evolution.reshape(-1, evolution.shape[-1]).mean(axis=0)

if signal.size < 4:

return 0.0

f = np.fit.fft(signal)
power = np.abs(f) 2
power_nonzero = power|[1:]
total = np.sum(power_nonzero)
if total == 0:

return 0.0

return float(np.max(power_nonzero) / total)

E4.3 FEEX
iR %AF: “total information’ 7E ‘laws set’ H
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BREE:

Std(Jtotal) )

conf=max (O,\l -
|mean(°]total)|

41 &K H “constants.conservation_stats["total information"] .

Hik:

““python

def should trigger conservation(projected, constants):

nuu?ﬁ‘ﬁﬁjﬁéﬁfﬁﬁ%ﬁ:

projected ZHIREH L& L & .

nnn

return "total information" in constants.laws_set

def confidence conservation(constants):
" EE S EERE: HH calibrate BrBgEiE
stats = constants.conservation_stats.get("total information")
if stats is None:
return 0.0
mean = stats.get("mean", 0.0)
std = stats.get("std", 0.0)
if abs(mean) < le-12:
return 0.0
conf=1.0 - std / abs(mean)

return max(0.0, min(1.0, conf))

E4.4 b ER
R FAF: ([—2P0)
BiEE:
conf=min (1, [x=2|/3,f)
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Hik:

““python

def should trigger topological(projected):

return abs(projected.D3.euler char - 2) >0

def confidence topological(projected, constants):
chi = projected.D3.euler_char
chi_ref = constants.chi_ref
if chi_ref==0:
return 0.0

return min(1.0, abs(chi - 2) / chi_ref)

E.5 FHERERE A K
E.5.1 R

(et e FRA g 5 ]

1 geometric_gravity gravitational well

2 temporal rhythm periodic_dynamics

3 topological navigation topological

4 conservation law conservation

5 no_intuition TCH fi

E5.2 B
*python

def determine_intuition_type(rules):
types = {r.rule_type for r in rules}

if "gravitational _well" in types:

return "geometric_gravity"

elif "periodic_dynamics" in types:
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return "temporal rhythm"
elif "topological" in types:

return "topological navigation"
elif "conservation" in types:

return "conservation_law"
else:

return "no_intuition"

E53 6 E8EE

conf(r)

confidence=
|Rtrig| 7€ Ryig

s Ryig=2 » M confidence=0.

E.5.4 FREEHNEIBRET GERRF G —E 30

“python
# FHEEIRFA rule type MWL, 7 ES54 4i—% X,
# B E.7.3 5. SR E TR EE.

INTUITION_TYPE_TO RULE = {

n.n

"geometric_gravity": "gravitational well",

"temporal rhythm": "periodic_dynamics",
"topological navigation": "topological",

"conservation_law": "conservation",

}
HI5E: MU RABIERGE &, BS54 5 B73 HE, AEEE L.
E.6 5 %4
E.6.1 calibrate’

F SRR BLEA
len(observations) == 0 ValueError I RIETPN
M7 BITEARA— 2L ValueError oI B M 22 7
M FF 54 NaN/Inf ValueError HEAEIE
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E.6.2 “infer’

A FRWHRE Vi EH
projected.D2 2k ValueError Tt SR
projected.D4.is_fake time=True RuntimeWarning i Fe ybhid, A E Bkt
constants >y None ValueError RPATRAE

E.7 IR Z5#5 SICA Xt

E.7.1 ‘IntuitionResult’

FB RE BLEA
rules List[IntuitionRule] fid R 147 B L i R )
confidence float EEGEE [0,1]
intuition_type str FHERER
E.7.2 *IntuitionRule’
FB RE i
rule_type str gravitational well. periodic_dynamics. conservation. topological
confidence float FRELEAEE [0,1]

triggered features = List[str] il /& LT RRAE

E.7.3 IntuitionHypothesis" Bt&}

AR

“python
def'to_intuition_hypothesis(intuition_result, projected, constants):

R HEHE 25 LA IntuitionHypothesis (Ffisk B B.7.1)

% intuition_type MMM MFLN, &b rules[0] 5 ERMA—I,
5/H E.5.4 ) INTUITION _TYPE TO RULE g & .
if not intuition_result.rules:

return None
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target rule type = INTUITION_TYPE TO RULE.get(
intuition_result.intuition_type)
if target rule type is None:

return None

top_rule = next((r for r in intuition_result.rules
if r.rule type == target rule type), None)
if top_rule is None:

return None

return IntuitionHypothesis(
rule_type=top_rule.rule type,
confidence=top_rule.confidence,
triggered features=top rule.triggered features,

holdout_delta=0.0, # Hi SICAR2 7E holdout b iTAi /5 [A4H

E.7.4 SICA R2 |]Zxi#
‘IntuitionHypothesis' # A\ SICARS Jt/2)5:
> 1 SICAR2 HEEI1ZE7E holdout £ EF{% “holdout delta';
> % ‘holdout delta>§" (SICAR2 HIfEH) , 49N 'H_t';

> BWETE, WA,

E.8 SLHEID
E.8.1 HHRAER—B ik

‘calibrate’ %iH [ ‘UniversalConstants' £ ‘check’ (fff3% D) 5 ‘infer' FIL=E,

FBERSL:
FB “check ¥ F§ “infer f# F§
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FB “check f# “infer f§ FJ

'K _max’ v WhFEA R < GIIE
‘omega_max’ R ) L —

‘epsilon_gate’ v 5 E5rE —

“delta_overlap® 7 AR —

‘time_arrow’ v BR—E —

‘laws_set’ — 7 SPEE R
‘conservation_stats’ — Vv SPEEWEGE
“chi_ref — v HhEREEE
‘gravity threshold ratio’ — N IWANEN Y
‘periodicity threshold’ — 7 JEBHE SRR
“clear _region percentile’ 7 TEMX LS —

‘10, L0 v H—k v H—k

‘D 7 R —

“chi_ref'. “gravity threshold ratio’. “periodicity threshold’. “conservation_stats’ ~4 ‘infer’
7Bt "omega max'. ‘time arrow’ SN ‘check’ THFBl. “#{E “UniversalConstants”
Gi—3E X, PRIEH &3,

‘time_arrow’ SEMHECHIOCR: Cinfer MEMIEGEET FFT B0 HG, A BB
‘time_arrow'. ‘time arrow’ fYfE “check’ [JE R —EURLKHH .

E8.2 BffEEH

‘confidence\in[0,1] . I & 15 &

Fi BfRENE
1WA RN minl,mean(|K])/Kmax

JEL A EL b g i [0,1]

DRENER max0,1—std/|mean|

EZEE =R minl,[y—2|/yref

Zia BASE N EES A 0.
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E.8.3 5 SICARI-RI10 [xi#
‘IntuitionHypothesis’ # A SICA J&5, #kik&id:
1. Rl (B AnrhiE) « HifR triggered features’ >k H H LM ;
2. R2 (PEREIT25) : 7£ holdout LiFf4 ‘holdout delta';
3. R3 (ERE/ELD « EHMHNSESEREBEA, H4,
4. RO GUEHEBME) = Z/D 3 JOMSIAIN S,
5. RI0 (BiRizf0) = ZBAFE 2 Mhikik EIGIE.
E.8.4 5FAMHKREIZZX5IH

32 X HirfrE
HHUE X Bk AA33. A34
e X ff% BB.3. B.6
D1-D4 F§fE Btk C C.3-C.6
WEAETEE S b= D D.12.1
SICA #] (frEEde SICA) RI-RI0

Bt F: DPL—SICA ¥¥E 455 R 55 th il HR st
YiHH: APaE X DPL &5 SICA ( (firRie- A kRIS %) ) RS ol R
B (v13.2) BRI E =R SICA MRS . 5REMI 1-11 K%
FIXRZ, 5 SICARI-R10 #UMEILA G . Frafrs . BB As 305 S0
3 B; D1-D4 RFAERHIM R Co 1148 BB % Ds Kol 5 ELWE 5 HH TIPSR B A
KA GINF BB B, O A BRSPS ) TRERE .
FFELE: IEIAEE] - |; 8/ R EIE 1 1.

F1 2%
F.1.1 DPL FE RGP A B
DPL {7 T RI¥%E R2 KEIZ, M FiF Agent 352 (R3 ikl R4 ZIHAHEL) 5 SICA
R5 JCERMEEMLRICAIE S E S . DPL M %D (M B B.1D @it R 4.
5. 7.1 7.2, 9 537
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F.1.2 =358 SICA HEEESEWH

g5t IR GRS
Geometriclnvariant project iith (D1-D4 FHiE) + Fa JUATAEI, fERN SICA fEiLH
ML UE W H, WA
GateCounterexample = check fiiti (12220 125 5], YEN SICA fiFEA
IntuitionHypothesis  infer % ()3 H 5D B, 1EA SICA fxik )

=REER N SICARS Ju/EFIEMM, B R1-R10 HUUZ % 55,
F.1.3 $iER

text

env_state —P> project —P> ProjectedState

|——> GeometricInvariant ——

modification —» check ' » GateCounterexample —-I
constants —P> infer » IntuitionHypothesis —-|
v

SICA RS Ju/Z st H it
RI-R10 ZJH |
v
Hlal IFC AWJE /
DPL [ JZEJCI60 . /

RIEEIRA S

F.2 =RBEEEME XL
F.2.1 ‘GeometricInvariant' (JUAIAZER)
RIF: project’ FIHIH M D1-D4 JRIEHHIE, ZfaeE il s HE AL
fE: ZHFE (LT 5153000  Email: 2635714379@qq.com

FFJB Github % : https:/github.com/LingJing1001/Lingjing-Solo  ( F P\ #£: 7 A% %)
FFIE Github 483 : https://github.com/LingJing1001/Lingjing_Engineering (A ¥ £z 7 3 3% 1K)



mailto:2635714379@qq.com
https://github.com/LingJing1001/Lingjing-Solo
https://github.com/LingJing1001/Lingjing_Engineering

FBEN:

TB R
pattern_type str
dim_layer str

stability score float
evidence count  int

source_family str

features dict

L

JUABLIZUZEAL: stable curvature. persistent vorticity

periodic_evolution 4§

KJEJZ: DI, D2, D3. D4
ety [0,1], 5T 2 WiFra
SRR G, BB , ki

IS RARR, AN, BT RI0 BSiRIZAL
PRFE (MRF 30 , BEUREE CnfiE. WRignE

JE4E)

Hid Cfeaturess FB) : “features’ Atk F M BFE, H T A5 BARRE

. Pk BB.7.1 # ‘GeometricInvariant' FBE XN [F2D AN 78 “features: dict’ (FJik) .

it Csource_family') : ‘source family' HiiH 4 7ESE I 7S . #8 "unknown™,

R10 B2 TEIAT, AR IL R 2K.

R

“python

def extract_geometric_invariants(projected_list, source family,

threshold=0.7):

"N Z M ProjectedState 7 A2 H LA A AR 5

ZH:

- projected_list: Z M ProjectedState 1|5

- source_family: RIFMEEHIRIR (W1 "family_A")

- threshold: FEVER /T EIME, KT ZEAHA

nmn

invariants = []

#D2 iR (hrg)

curvatures = [p.D2.curvature for p in projected_list]

1. LHER (£T 515300)
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stability = compute_stability(curvatures)
if stability > threshold:
invariants.append(GeometricInvariant(

—n"

pattern_type="stable curvature",
dim_layer="D2",

stability score=stability,
evidence count=len(curvatures),

source_family=source family,

features={"mean_curvature": float(np.mean(curvatures))},

)

#D2 frakiplie: SEHUR GRRsrE S &)
vorticity magnitudes = [extract vorticity magnitude(p)
for p in projected _list]
stability = compute_stability(vorticity magnitudes)
if stability > threshold:
invariants.append(Geometriclnvariant(

—n"

pattern_type="persistent_vorticity",
dim_layer="D2",

stability score=stability,

evidence count=len(vorticity magnitudes),
source_family=source family,

features={

"mean_vorticity": float(np.mean(vorticity magnitudes)),

)

#D4 FHELL

if len(projected_list) >= 4:
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evolutions = [p.D4.evolution for p in projected_list]
periodic = compute periodicity(evolutions)
if periodic > threshold:
invariants.append(GeometricInvariant(
pattern_type="periodic_evolution",
dim_layer="D4",
stability score=periodic,
evidence count=len(evolutions),
source family=source family,
features={"periodicity": periodic},

)

return invariants

def extract_vorticity _magnitude(p):

"\ D2Surface FEGRTER GEABRR S

4 D2Surface.vorticity is_vector i zUbRE FIHT
omega = p.D2.vorticity
if p.D2.vorticity is_vector:

return np.linalg.norm(omega, axis=-1)

return np.abs(omega)

def compute_stability(sequence):

g e ES 0 1- BRAK 4B [0,1D
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NN SE NaN/Inf; %4 FFFR[E 0.
if len(sequence) < 2:
return 0.0
means = []
for s in sequence:
if not np.all(np.isfinite(s)):
return 0.0
means.append(float(np.mean(s)))
std = float(np.std(means))
mean = float(np.mean(means))
if abs(mean) < le-12:
return 0.0

return max(0.0, 1.0 - std / abs(mean))

def compute_periodicity(evolutions):
"R I FET FFT G0 A EL I A AR ) )
if len(evolutions) < 4:
return 0.0
signal = np.array([ float(np.mean(e)) for e in evolutions])
if signal.size < 4:
return 0.0
f = np.fit.fft(signal)
power = np.abs(f) 2
power nonzero = power[1:] # iR E R D=
total = np.sum(power_nonzero)
if total == 0:

return 0.0
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return float(np.max(power nonzero) / total)

BEHRE: features’ &5 FEOE SN MR MERE—8 CiiZ 1.3 (L] B .
F.2.2 "GateCounterexample' ([ %))

FRIR: “check’ 2 IEER MO Sl , Wbt WK% D D.10.2.

FEE XL :
FB R L
ARG T: INFO NOT CONSERVED.

gate_type str EXTREME_CURVATURE %
violation float W EE OH—4E] [0,1D
raw_dim float JRUE4ERE (dim_info.spatial)
effective dim  int BRYESE
sample hash | str MMFEAIG A, SHA-256 /Nt 7478 (64 FFF)
timestamp int TR (ghF)

TSR LB D D.10.2 'to_gate counterexample’ .
BRRE: i FBIC RN
F.2.3 “IntuitionHypothesis® (E. % f¥%)

RIE: Cinfer K, MU LM EE.7.3.

FBE X
FB E =il B BH
rule_type str R gravitational well. periodic_dynamics %5
confidence float BEE [0,1]
triggered features List[str] = filt & BIFTERHIE
holdout_delta float 7t holdout £ FMITERENG RS (F SICAR2 PFAl & [HIHE)

BRETEE: ULESE E E.7.3 “to_intuition_hypothesis” o

EHNME: “confidence’ 5 holdout delta’ YL EN.

F.3 5 REHIUR B
F3.0 MY 1-11 B
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RIFGIEER TAESZI L Lo-LS B 5 1-11 N5 GER R E R4 8RB
51%) v13.2) . DPL fEN R2 BAIEMRAL A,

Wl Ey i
B 1 i 25 R JRE (BhAS 44D
w2 5 REE S KA
B 3 F B e I s A i
il 4 Agent K7 — &5
s Agent R3E/EEEA
X 6 EZ Ul
Wi 7.1 Yy E SR
i 7.2 A LR T GRS
i 8 Agent &1} 5id1Z
P9 ®FE I
X 10 VNHIE YN
P 11 NHELZH,
F.3.2 DPL #: 05T R
RITIM DPL #[1 XTI
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R1 (B AT D) -

» Geometriclnvariant' K ‘project’ FJELSIUM, i projected list' 15, AATHIEAY
HATH N

» “GateCounterexample' K[ ‘check’ MJILSEZI1Z5KM, H “modification” 5 ‘projected’
T o s

» IntuitionHypothesis® K H ‘infer FJESZEHS, H projected’ 5 “constants’ #fiiE
R2 (PEREITED) -

> =RBHELEHIN Choldout delta’ B SICAR2 7 holdout 5 P4l

> Geometricnvariant' 5 “IntuitionHypothesis® ] “holdout delta>§" (SICAR2 B{E) K
ZIN CH t;

» “GateCounterexample’ TENFREA, TP 2 MM R IEME .
R3 (RRAEED -

> “GeometricInvariant' 5 ‘IntuitionHypothesis® # A "H t f, R Z:EHEE \(\Delta C\)
2 \(\Delta P\geq\lambda\Delta C\);

> “GateCounterexample' NG| ANFFUN, A HEREITH,
R6 (GEWOEIK, BSLLEF) :

> Geometriclnvariant' 5 IntuitionHypothesis® %2 \(N\) & AR fil & WAL, S \(M))
Jei A it A P K

> GateCounterexample™ F N FMFEARFIFES 53205
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> “GateCounterexample' Ml &K fRASEL ((UAENFFEARD
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BB DPL Tk
C, (FRED) D1-D4 FICAHERMERE (JZ8 FREL4ERE . FINEO

Nviol(t) (@ﬁﬁfﬂﬁ\iﬁl) “check’ [‘T%’@ﬁ%ﬂfri&

F.5 B KR
F.5.1 =ZRE[H Hiz
it RI-R10 2y 0BRSS B LA Hbs:

Ep7s BANE H&
IFC A GeometricInvariant SR U AR e
DPL [ 148506  GateCounterexample (fF4fiFEA) BT 114 R A5 R
REBRAS A s 2R 55 Wi 6 BRAMIEIR

F.5.2 BEI&EE

T

python

def write_back to_sica(structures, sica_state):

g RI-R10 20 MAUREE S [ SICA Rk

structures: —REHE M) 5155
sica_state: SICARS JUZIRE (F H_t. fRASE)

nnn

for struct in structures:
#R1 Hfinif e
if not r1_check(struct):
continue
#RO L4 BIH
if not r9_check(struct):
continue
#R10 BRIz (AURIE R

if isinstance(struct, (Geometriclnvariant, IntuitionHypothesis)):
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if not r10_check(struct):

mark_as_specialized(struct)

continue

#R2 PEREI1%E (holdout delta Hi SICAR2 i¥Aii)

if not r2_check(struct, sica_state.holdout):

continue
#R3 EAEES] (&)

if isinstance(struct, (Geometriclnvariant, IntuitionHypothesis)):
if not r3_check(struct, sica_state.H_t):

continue
#R5 ANA[ARRZ 0 (5 B B AR

if touches immutable core(struct):

continue
#R7 WA (UFEERIGIN H t B35

if isinstance(struct, (Geometriclnvariant, IntuitionHypothesis)):

commit_version(sica_state)

# 5l
if isinstance(struct, GeometricInvariant):

sica_state.ifc_axioms.update(struct)
elif isinstance(struct, GateCounterexample):
sica_state.gate priors.add negative(struct)
elif isinstance(struct, IntuitionHypothesis):

sica_state.H_t.append(struct)

#R6 TR CMAZ4edid e, BRSNS RIEHAT)

apply_decay and eviction(sica_state)

return sica_state
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F.5.3 AW S 6 X8
RERAERFM G "H t W6 R 55 5 A5

*python

def commit_version(sica_state):
AR (L 6)
sica_state.version += 1
sica_state.timestamp = time.time ns()

return sica_state.version
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G4.2 ROLBEH
V==PFACAuN,,;,/(f)
Hr
V, 74 SICA ##, XAlTEEEEY O©X);
P, NBRAFENERE:
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AN Agent IIFRAHICIZ (X 8) AZ 5NN
G.4.4 5 DPL fxt#
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1
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BRCR A B BB : & AOP BIRUARNE, R3 ML= EIRB|4EFE R EERER
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defaop_predict(
projected: ProjectedState,
modification: Modification,
constants: UniversalConstants

) -> OutcomePrediction

H.2.2 8IABIEEW
‘ProjectedState’ ([fisk BB.4.3) : 5E% D1-D4 JIEHFHIE
‘Modification' ([ff3% B B.5.2) : f&ikiTshiE %,

‘UniversalConstants' (fff3% BB.3.3) : FHEH G 12HHE.

H.2.3 A\ gmig
AOP [RI% NG i 73 Ay 5 30 53
(1) WIBRAEGRFD:

RHIEUR Zg 75 $E
‘Dl.gradient’ (A gz S OLI=RIY A4 dy
‘Dl.divergence’ (#§/%) SrPhEm AL dy
‘Dl.direction’ CHA7 [ &) SHIE— A GBI — 1) d1*dspatial
'D2.curvature' (=7 %) S EmA d
"D2.vorticity' (4 jiEf) SrYhEmL d
‘D3.density’ (fAZEFT) P E AL dy

‘D3.euler_char' (RKHi~PEHO Pri 1
‘Dd.evolution® C(Hf [H]¥E L) paesSSLIERILNed dy
‘D4.causal_link’ (K 5RICH) Iy B E AL dy

Hrb dydydydy NEZGISAERE, TIARYE AOP HAZURIALEEE; H.10.1 25 HVEIUE.
e CDl.direction” 48F%) : 'Dl.direction’ NN EY, BHEHAFIELE K
T T 403 9 1 S o AN B 3 R 5 L 70 TR it % D9 YR —A 389 - S0 70 Bl AL T A LA [ SR AR 8
FXPFF R, HRATE EERNERE GERIRE) , %0 R85 00 % [ & I
INFERERRL .
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modification.info_after (515 E &) bR 1
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A TR B EH
projected.dim_info Hk 2k ValueError RIAT G BEAS I
modification.type A iE it ValueError REME R
WMNTRIR S IR B AT ValueError TR TR A N 4 FE AN DL I

H.3 AOP &N

H.3.1 &iHEiE4# " OutcomePrediction’
FB RA Tt BA

) " GateResult.action’

redicted_gate action  str . . . . .
P _gate_ (“pass’/*block’/'dimension_lift'/*dimension_reduce")

predicted gate score  float T ) " GateResult.score’, Vil “[0,1]

predicted next_stats dict TR )R —Mil " ProjectedState’ JCEESETH R

confidence float AOP Tl A5 [0,1T
model version str T AOP FASLH I RAS (B TIhA S "V N

‘predicted_next_stats’ FB%:

FB R ¢ Vi EH
dl_gradient mean float bit"?[L]" TR D1 B FEREIE
d2 curvature mean float 1 CcEHD T D2 iR IE

TR D2 el CF

d2_vorticity mean float L]!
- v (L] vorticity is vector=True J¢H{
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1)

d3_density mean float bit'?[L]? TR D3 A% B3 (A
d4 evolution_mean float bit"?[L]" TR D4 B [E) A E

Hid (BB E &) . d2 vorticity mean' X N D2.vorticity' ) #E . #
‘D2.vorticity is vector=True' (3D+) , Z5HU IV xv,| F3RZME; #F “vorticity is vector=False'
(2D, 2.5D+Hf[E]) , EAEHL |V xv).

¥E12 Cmodel version® #&3) : ‘model version' #E#F#%3 A v{major}. {minor}.{patch}"
(I v1.2.3Y) , BUf#H Git commit hash MJHT 8 7. B R3 MRIE R RAE B3
W R SE o ] — S P9 BT TR “model version® AH[F; FRASSIXAE AOP i (H.6.2) J&
B

H.3.2 fERmRE

text

AOP #itfi OutcomePrediction
1

1% predicted gate score F&J7HEFIEFIE
1

X} score >0 aop [MFEIEHEN check [14%
1

check i sZFr GateResult

l
SEbRgh RIS BB (H.5)

Hrh 0_aop N AOP WIiBI{H, MALHUE 0.3, WEE.
H.3.3 BHAE
"OutcomePrediction.predicted_next_stats’ 1% 7B EH 5 ProjectedState’ X I F- B —
H (EIF SR AA3.3) . AOP %t TGE 2N “predicted gate score’ 5 “confidence’, HTHE
Fr 5 ik .

H.4 AOP 5 ‘“check’ [JZEH fail-closed Xf$=
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H.4.1 ¥ERE

“python
# AT

#  log=logging.getLogger( name )

#  from dpl core.planning import causal_graph search

#  from dpl core.aop import record_aop mismatch

defr3_pipeline(projected, candidate _modifications, constants):
"R3ORIR KL RIREILEK — AOP 4 — check ™A% AL4E"""
# DR 1. KR EHERL A plifit

candidates = causal graph_search(projected, constants)

# BBR 2. 45 AOP BALRIMAR, LR AL R R
# 3R BRI R IE R #4E (graceful degradation) , it Info 2% H &
if not aop_model loaded():
log.info(" AOP model not loaded; fallback to pure causal graph search™)
verified = []
for mod in candidates:
result = check(mod, projected, constants)
if result.passed:
verified.append((mod, result))

return verified

# JBI% 3. AOP #Ji

predictions = [
aop_predict(projected, mod, constants)
for mod in candidates

]

sorted_pairs = sorted(
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zip(candidates, predictions),

key=lambda p: p[1].predicted gate score,

reverse=True,
)
filtered = [(mod, pred) for mod, pred in sorted pairs

if pred.predicted _gate score >0 aop]

# DU 4. check | 1257 L&

verified =[]
for mod, pred in filtered:

result = check(mod, projected, constants)

if result.passed:

verified.append((mod, result))

else:

record aop mismatch(mod, pred, result)

return verified

AR B -

s 2] YL

‘log’ L logger ‘logging.getLogger(_ name )’

‘causal_graph search’

“dpl_core.planning’ | R3 FKI 2 11 [R5 B4 2% ok £k

. . s . AOP Titlll5 “check’ SERRZERA—H ik
record aop _mismatch® | “dpl core.aop "
R
‘record_aop_mismatch® Z% LI

““python

defrecord aop mismatch(mod, pred, result):

" AOP FUS check [TASSCBREERMIA B T UIGHHEAlE 5

mismatch_record = {

"modification": mod.serialize(),
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"aop_predicted action": pred.predicted gate action,
"aop_predicted score": pred.predicted gate score,
"actual gate action": result.action,
"actual gate score": result.score,

"timestamp": time.time_ns(),

}

append to mismatch_log(mismatch_record)

H.4.2 Fail-Closed f£iF
> AOP U, AMHB ok
> TR YITE O E IR L IZ check' [14R™HARK: ;
> AOP TllI’h ‘pass’ fH “check’ #:#MIfEik, 1%~ GateCounterexample’ (fff5% D
D.10.2) #EAN SICA fiFEAM;
> AOP TiiilI’y “block’ {H “check’ i AIfEiL, FIFEICFKAN AOP ZRIEFEA (SLPriE
U
H4.3 [1%#5 AOP 4T
BB BR 3 T HHEE
AOP /MEEAY PRI, HEF EX 731 S O(N) L fEPE
check [7]2% FEREARES, 112 WITHEEE  OM) fEMTIHHE (M K N)
AOP M EAETH “check’ [TREIAMKEMN N BEE M, £ RMBRILY T E#
PRAR THA i
H.5 AOP VIIZ%#E
H.5.1 $3ERIE
AOP I RKIET Lo-L3 YEj5um (RIEAR) AT (state, action, next_state)

=Ju:

text
LO-L3 93 5 b

|

fF— Tick iC3:
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(ProjectedState N, Modification, ProjectedState {N+1})
!
LB 7 9
- ML (70%)
- BIESE (15%)
- Wk (15%)

H.5.2 RS

*python
(@dataclass
class AOPTrainingSample:
""AOP YN ZRFEA
projected before: ProjectedState
modification: Modification
projected_after: ProjectedState
actual gate result: GateResult
environment_family: str  # FT R10 Bz ALLKIE

timestamp: int

H.5.3 048 A2 il
7 i (3
1 M ProjectedState N RAEA% i Modification
2 AT Modification JF#EREL /58— Tick
3 i3k ProjectedState {N+1}14j check SZFr GateResult
4 GNINZFEARML (JSONL #:0D
5 TR EFRIC environment family, CFF R10 Bz ALI0AE

H.5.4 ¥AEFHEERR

*'jsonl

{

"projected before": {...},
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"modification": {...},

"projected after": {...},
"actual gate result": {...},
"environment_family": "family A",

"timestamp": 1234567890123456789

BAZRERK/MEE: ProjectedState’ %) 10-100 KB (RT3 ##%) , "Modification’ %]
1KB. 10 JJZ&HEAZ) 1-10 GB.
H.5.5 $E BB
FR Y
ME— MRS Ml (projected before, modification) 2% E
G 1dJE NaN/nf FEA
WEiRER  BAMEIRED 1000 FHA

pass/block EHI LB HITE 1:1 & 1:3 (i kaNteHl, ATicE; EAAREUEER
TR 1) i 2 3 A D

KA
e CRAPEESEID o RHIT A bR R R —) - IREEDHE
RRREZ B BRI ZRIBUR R 8. BAkJr s AOP YIZRARFETLE -
H.6 AOP Eilfiik
H.6.1 filik %A
REBLTE: AOP HE NI AR AT, FrA bR & R3 BRI, X35

HETHAH AOP HEIIFFAE (H.6.2) .

fil R %A (& AR AE Y B B
AOP 5 check'['14E45  >50%, #F4E 1000 o .
[P HI R3 ¥k 2 fitk 5 EE I
Il £ g

MBI

itk e on 100 Tk WIS R G et mom

BB IR R RN

s I I 10° YT R3 M= H, THE)
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VEIC (BRI ) « A S TS5 oL 100 > Tick. & FTE AVy>100,
AR B 2 A6 B KB, fil k. AOP Eil.
H.6.2 EilfE

text

R3 HRIJZ W2 fil e 2% 1
!

EFEE — A AOP HillVifE
!

MINZREANREE BT N A
!

#Hill AOP FiAY
!

FESUESE EVEAG
!

HWAFENERE > E—ROR, B
!

F3H model version (JHSZF V. N)

l
JHREPTA R3Sl CIR 5T HRALED

R3 BRI AOP BRI FEHLH:
> 4 R3 SBIEAT TR—N: I AR I AR R
> 4 R3 BT L EN: @i gRPC/HTTP J3 RASAIRLE ;
> R RBSLTHRA S 6 [ BAMRAS ‘model version' 1 R3 #KIZA

Hh A L

i (BESRBA) : 3B-7B S (FP16) 4 6-14 GB. A4 R ONIEARE A
—— BN 105 R —K (H.6.1) , SRS N EMEUNT 2R . BIAIRE 4y
RISk A i B 7 R IR, B el B R B e

H.6.3 5 SICA BIXR

AOP 5 SICA THHEXHEXR. AOP WHEIIET R3 MRZHWAELEY, SN
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SICAR2 PERE[TAERIPEAGRIE. AOP HIIKIMA M (He.1) i R3 MUZEEITHE, 5§
SICARI-R10 HLIUIf##E

AOP X B R o 58 (1) 7 0] 2 1) B ——S@ I 2mil R3 LRI JZ i o &, k7 0
R3—R4—-RS RIS . ZEER AT RS REEREE VML 8 103k, 1ENA BT
RET TS, (AN SICA fife HE .

H.7AOP 5Z&MEKE
H.7.1 Z&MExE AOP K
EEPMABEN AOP AL, MRS ARBHRES Vy (RGF) - R3 RARIE
/IR Tick MEMRMBHT A project BHUYHT ARG, KL Ridd projected
ZHAEN AOP. LA SIS (il 6 ") J5, R3 MRIEA T —IX Tick H3)EH
WA, AOP [RIFE3AT 28408 J5 BRI S5 56

text
B — FMEE H t — SICARI/RIO XK — JRAS V. {(N+1}
!
R3 FKIZEREK Tick A project BEHUYHTARA IR
!
¥ ProjectedState & X AOP (Z#ftih)
!

AOP [HIFEERAT 2818 J5 LU S 56

H#id: AOP /& “aop predict(projected, modification, constants)' PR (H.2.1) , ANE#E
WH “project, AEBEUFHZRAS . WRATHE R MRZHKME: AOP L H L
‘projected’ Z% .

H.7.2 ML A S RE
REX5r: AOP W ABRMMILKRAS RG, —HRS TARESE, ARG,

JRAS iR =EEER TS iR 55 B8 A2 V="
o R (W SICA B &R % (rf
TAS Py 6) Z1H Agent)

HARRAS  “model version'  R3 FRIEAM: AOP F5AIZ R3 SEHE])) 1
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A5 s F=EEIEY7 R4 B8 4% I #E T
1 7K (H.6.2)
PIEMOL B4R

> MR EEERE: 4id — M4 H, — SICARIRIO ZIR — HRAS Vyy — BT

»

f Agent;
RIFAE R AOP Hi)l (H.6.2) — HHT model version® — R3 SEf ] 4% .
AOP AB 5N KA. 2R GO BN H,, =¥/ il i s 2 H I

JUAAZE A, Geometriclnvariant') . AOP /& R3 MLIZER ML DR, HAEATEAN

FRIHFE; AOP M LK IEL "model version' 37 SZH .

A 5 harness = A& (HMEERD

o He 4 B NVIDIA AVO 2%

H.8 AOP 5 NVIDIA AVO 2% harness %}
H.8.1 X}

R AOP+L0-L3
harness

B e B GLEf SR A-H RigEFR)

PR RTN IEEE KRR R i AOP /IME YK

Fail-closed f& = f&Jfi harness S )i

kL

g harness PN #B5E

L. TE H1 check [145™ A% SEIL (Fy=% D)
(V8] N

i1 DPL .2 R0 W R AIE
ik =3

B RIE  RATH LO-L3 ## j5 B Bl (state, action, next_state)

>

AV RATF

AR A5 model_version (FEFIZ) 5 SICA kR
A5 vy RNEK) BEISLERZE

H.8.2 REE5|ZME RIS
BONHE: AOP 5 DPL Tz MILZE—RIEER R, B OANEY;
Fail-closed fRiE: AOP U4, “check' [1ZAFLR+=AL;
SRR AMSL: BRI LK Cmodel version') SMNIZZEME (\(V_N\) HS7IE4T,
AT
WSGHRETHEIR: T AOP YIZrbEAk A Lo-L3 Wil jasg, aI =M. areiit.
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353
AOP R FKnE
AOP Hi NTEIR SHIRIR
¥
AOP it 7 Brigh 2k
AOP Tl 5 check &
F >50% (FFLE 1000 X
SiD)
AOP Y ZrFEA %
R R AR ZR4E TR B

H9 RHE M 5iH5EE

KA

Info H&E (KitWIE

HERAE)

ValueError

ValueError

RuntimeWarning

RuntimeError

RuntimeWarning

Hie (RERERXD) -
>  AOP EERMBABRTHNEFKRE, i Info HE; BREREEIEMN graceful

degradation W&, ANiESRH .
> AOP BN FH N el E451%, MMH ValueError's
> HERERE. FFER TR ARE IR, #itH RuntimeWarning filtk Hill.
> VIGRREARWNZ A AT R R K2 474 %, B RuntimeError.

¥

PR AR 3B-7B

L

R3 MK JZ 8138 21) 46 8] 5 48 = A
PR FARAEANTEM fail-closed {RilE
(H.1.2. H4.1D

i N 4 JEANDL S

AR i b A U R

fi & EYI (H.6)

T E I

fih & 18 B Z% (H.6.1)

H.10 SEPiAEIE
H.10.1 AOP AEFIHAEE Y

BEWE

WINGASYEE  dy=d,=d,=32, d;=16

Kt )2 4 1 512-1024

= PEN

1. LHER (£T 515300)

% 3L (action 4335 + score [A]UT + stats [A]

B9
SR 5

WoH.2.3, RIARERAL R
ki

AR AL A 1

W, H.3.1
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ZH BEWE L

Pl R AdamW PR % £
)& 107 FR I rA g M R
LR KN 32-128 PR A7 1 B

H.10.2 AOP HIfFRE
'0_aop’ (H.3.2) JNJH KA IME, SHAHUY 0.3, AECE. HT-F AOP ¥ H
2 5 “check [T2ARIH KL
> "0 aop W — VI T, AT REIR A U
Fid T ks, check' KGN .

H.10.3 5HARMFHIZZ X5 H

N

> 0 aop’ LMK — #IJ

=

22 X IR =R VAR
e H5EHN B A
DPL FfiEI btk B
D1-D4 FFiE bt C
“check [4% bt % D
‘UniversalConstants’ B> E
SICA Wift ffs% F
=E5EHEN (R3 HRIED ffs% G G.2 (R2-RS PfAZfE)
LO-L3 ¥ J5 i CHReti H A B RS E) v13.2
SICARI-R10 (g Rie SICA)

H.10.4 BIEBITICE
ARICECNMSE DD.12.4. st E. Mfist FE7.4. sk GG.9.2 & IFsER, Tt AR

FrEL

YR SR VA BLEA
e 43 e .
DiFlowLine B HFC g oot ap e e
gradient vector C3.1
piic 3 N
b2Surface 1111 MR C i miekes 5 AOP A%
vorticity is_vector C4.1
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BAT IR HirhE L

UniversalConstants #11 W5t B clear _region percentile. 1 0. 1 0. chi_ref\
7 A B33 gravity threshold ratio. periodicity threshold.
o conservation_stats

GeometricInvariant 34 [ % B
features B.7.1

BURHEE (RIS
iR 1 Gt ame vs RHBRE—PMEREXNRE S

Y AR e SCPTAN R ARG VS S AOAR AR X, B IE 24 1T 0 AT (LLM/Transformer)
RERZEHUE 1T S DPLIFC RE A BB AR E A AL Uk i B A
AEL M. A TS SRR As DPL Az LIRS B: SICA R1-R10 =] 5% F;
SRR RN S G AOP $2 LRI 3¢ Ho ARRA I NE IR ¥, AP MG U
RGVEXT L.

FESLE: bREIAXHE |- | MR/ |- 1. ¥, T8 SICA Lyapunov % i %{.
Dyoei 9 SICA 3T 5E S B SEIB HVRFE

L0 &R

“BRAEH, FmTHERE. ”

——GEH S BR AR IO, R NPT SOAS s SRR IR A, R A E—BE R
.

B LA R ZEBIE K E . 7

——ATHIABIANE — R, T R s + B SICA ) R1-R10 #L, w2
ik Agent %45 BRI M AR IE AU ST o

P AR I R g 1 —

BRARNFSHE, RAHFEK.
> SRR IR BRI R T vs 1T
> SR TAULRRATRINU] . A + B

IR, BT [ ) A I P A AR AR Sy B

L1 PIZRBE A BT X A
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BN TR RE TC AT VA 2 AR A B A

i3y Gt a %A (LLM ER)
H R A BG4 P(ylx)
R WA RIE AR

AR o (BRagit R
BANt R 8 (B A B
WeSMERR  TEBCARAE

ZAKIE | BEE

JREAMK o (ZREFESO
Higae s & CETi DAG)
AGLHME AT R IbRE
HOARE MR + R

LHEg#Z (DPL/IFC fE3)
BRI + =M
SR B, R
2 RJE (D1-D4)
A QEEERSY + Y ED
Lyapunov % & H{FA1E
JUTAAR
A BE—7Tie)
SICA R1-R10 HI3f

ZAWIPEITE (D)

IFC =A™ + Leech fit&

BobarfE: PIskigie AR R — VR FEREL, T2 AR R T KA RS

> Qi agE:
> BRI

by, JJIE token P81, x ORI BRI, BEARUANKIE M TAERE B ERE AT

HRERE

BRI A RS B2
TR SRR (<“477)

L2 Gt A BAR B = ARA PR il

1.2.1 [R#l—: BEREHRA
LLM % O3 A2 35 25 R

P(y, | V<iX)

BAR, RENIE %I P A ER R .

JER:

> ERGERERD, MEIEERT;
> TIERXSYF IR 5<Gitw L,
> %)% (hallucination) ANJ& TREGRRE, TREZRBIBBRRADIRGE .

S5BBMIR B BRI T N B2, WERRIARE S AT R SR TR N BT

WERRRR. 2L —BOCERRM, LLM 8391012 token.
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1.2.2 PRI —: BHBAHEF
LLM &ATIEE . SACHE. B Al — DI A2 token, T IEXRM .
B S g SIS BE
WORIIE Him Co + JetfERIE =, -

RSB S HEERLY, Py -

5 B EEL D1-D4 i JE 47 fift Token 7 51| 4mfi
JRENTE X YRR 5] EE DU 2K HE R B R SIBE A
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