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### 2.1 Ka 777 4 v 7R L EREKE

rua o7 4w ZEHIT, YHZICE TS ADS/CFT Xt (K F ¥y & —22f/ B8
WIS »oEREEZMETH Y, FRICEBOIERD L W IEXTToERICfFEbans
EWIHFRBETH L, AL TR, ZoFHE T F X PREUSOH L. SRICEKRZER %K
RICERKBICH T 2 T2 T 5,

$d$xotoEKR T vV v $T ¥in ¥mathbb{R}Md ¥times d}$ icxt LT, $k$Xkit ($k <

d$) DIEHREI $B ¥in ¥mathbb{R}Mk ¥times k}$§ ~D G151, FrEfESfE (SVD) % H
WTU T XS ICERING ¢

$$T = U¥Sigma V T$$

Z 2T, $U ¥in ¥mathbb{R}"d ¥times d}$, $¥Sigma ¥in ¥mathbb{R}"{d ¥times d}$, $V
¥in ¥mathbb{R}Md ¥times d}$ <& 3., HiFEKH $BS 1x. kL7 $k§ HoORFRiEE Zhic
MIGT 2FRER7 P VOAZRFET L ETRELNG

$$B = ¥Sigma_k$$

Z 2, $¥Sigma_k ¥in ¥mathbb{R}"k ¥times k}$ ¥ $¥Sigma$ D E $k ¥times k$
TITATH B,

ZOBRKID CTLORMAITT vV M BRER T ik, UToRXEMw 3 ¢
$$¥tilde{T} = U_k B V_k"T$$

Z 2T, $U_k ¥in ¥mathbb{R}""{d ¥times k}$, $V_k ¥in ¥mathbb{R}"{d ¥times k}$ 1T % 1
Zh $US & $V$ oD $k§ FITh 5,

FIREAGR A $¥mathcal{E} = ¥|T - ¥tilde{T}¥|_F$ 13, HREKHOHHIBL 2 ERLT 2
AL LTHwbon 3,

### 2.2 JER[RT v VLB

JER[fa T vy VBRI, T Y VR OEE O IEF KA E 2 ST 2 FiETH B, 2 0DFE



7 v Vv $A, B ¥in ¥mathbb{R}"{d ¥times d}$ Do IEm#uttix. ¥ $[A, B] =
AB-BA$ ZFHWTHIEZI NS,

Rfpfo7u =2/ i $¥[[A BI¥I_F$ &, 22007 vy VB OIERHEED R %
KTIEEE RS

$$¥text{NonComm} (A, B) = ¥|[A, B]¥| F$$

ZOIERHE D IEEIL, S OBEWRWIEfE o X T2 L3 PRI NS, FRic, W
HEIcBLTIIIER s El b e EZ LN S,

JERMfaT v vy LRl E 1T, HAAITAIREIC L Y o KT OMELEE L U T OEE
ELTERING

$$A ¥otimes' B = AB + ¥lambda [A, B]$$

Z 2T, $¥lambda$ 1FIEFHNEDREE #HIEH T 2 87 A =2 ThH Y| RIETFDJ VLI
JGUCHBFE I NS ¢

$$¥lambda = ¥min(1.0, ¥|[A, BJ¥| F)$$
### 2.3 BIINLAHLE]

BFMHELE T, BERT vy rrEa I REoT ey - LA, EERZEH
T2, FEET vV $TS ixt LT, (7AEfE $¥phi(T)$ ZLATF D X 5 IcEHHE T 3 ¢

$$¥phi(T) = ¥arctan¥left (¥Hrac{¥sum_{i ¥neqj} | T_{ij} | H{¥sum_i | T_{ii}|}¥right)$$

o, Ay (FHIE) Lxtmpsr GHEEHESR) o HERICHE ST Z2E#R
LTWw3,

HBigT 3 2007y $T i & $T {i+1}$ oo fH7E $¥Delta¥phi$ (2. LT D X
JICERINS ¢

$$¥Delta¥phi = [¥phi(T_{i+1}) - ¥phi(T_i)|$$



Z DAFHZED K E WEFTDS, BRI S T 5 5 afREtE DS E v,

### 2.4 BIREROARK

RIREWROARIL. Wit 2O e LEEROX 26, XV EROBER X — v i+
570 ATH5B, Wit ORIBOT vV IANERFa T 74w 70 L. ZOERER
fHABEDLEL L TRIRT Y IV EEKT B,

BARIICIE, Wi $i$ iIcB T 28157 7 $E IS 13 UTo XS IcdEIn3
$$E i=w 1B {i-1} +w 2B i+w 3B {i+1}$$

zZc, $B {i-1}$, $B i$, $B {i+1}$ izznFnrv v $T {i-11$, $T i3,

$T {i+1}$ oFu o7 4 v 7EREHTH O, $w 13, $w 2%, $w 3$ IFFEAZETH 3
GEH., Witk bdEVWEAR $w 2 252 3),
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### 3.1 BT v VL ORES

BT v LRI, T8 LR PAVRBICEHEL, 2hreilEicloTcT vy
fb+2 702 ThHsd, KREBRTIE. BN Yy aX—2DHOALEZH VTV

25, EEROIGH T BERT @ X 9 ZHAI¥EFASHET A EM0 5 2 L BEI 5,

B $s$ et LT, $dSKICD R 7 + A FEKE $v s ¥in ¥mathbb{R}"d$ 2GSz & %,
BT vy v $T s ¥in ¥mathbb{R}Md ¥times d}$ 1ZLA T D L H i n 3

$$T s =v_s ¥Yotimes v_s + ¥epsilon$$

T ZT, $¥otimes$ [IIMEHFE T TH V. $¥epsilon$ ZIFHMELBEA T 2720 D/NE 7z
EHECTH L, COIENHEICX Y, Ty Y AROIEHESRIEE D,

#4432 ka5 7 4 v 2TV AR

FTa 774y Ty A, 2.1 SR L 2BEmIc o & FREESE (SVD)
ZRWTHEEIN S, $d ¥imesd$ OEKRT v vy $TS int LT, BRIt $k$ #H



WCTHUTD XS e zlT s -

" python
def holographic_tensor_decomposition(tensor, boundary_dim):
# SVD 41
U, S, Vh = svd(tensor, full matrices=False)
# BHRIOTTYI Y T
U_reduced = U[:, :boundary_dim]
S_reduced = S[:boundary_dim]
Vh_reduced = Vh[:boundary_dim, :]
# B
boundary_tensor = np.diag(S_reduced)
# PR
reconstructed = U_reduced @ boundary_tensor @ Vh_reduced

return boundary_tensor, reconstructed

RS, TOT VY YL EHBERT v v 7=y 2 ) L AEE LCEHE I
A

" python

error = np.linalg.norm(tensor - reconstructed, 'fro')

### 3.3 JEANGRIERDE & @hiy L

JERHAEDMIE X, 2 2D T Vv Y AMEORIETFEHFE L, ZD/ VL %KD 5 & TiTh
n5:

" python
def measure_noncommutativity(tensor_A, tensor_B):
# z3f 7 [AB] = AB - BA
commutator = np.matmul(tensor_A, tensor_B) - np.matmul(tensor_B, tensor_A)
# ZAFDO 7R R ) VA
noncomm_strength = np.linalg.norm(commutator, 'fro')

return noncomm_strength, commutator



FEr[f T v VG R, SR OB e FRE L IVRITAIR E LRI NS ¢

" python

def classical tensor fusion(tensor A, tensor B):
# e % HE
noncomm, commutator = measure_noncommutativity(tensor_A, tensor_B)
lambda_param = min(1.0, noncomm)
# dHRELS GERHRlE 2 58)
fused_tensor = np.matmul(tensor_A, tensor_B) + lambda_param * commutator
fused_tensor = fused_tensor / np.linalg.norm(fused_tensor, 'fro')

return fused_tensor, lambda_param

T/, BFavvea—T4 v IZOFEEED»T -0, Qiskit W2 BT RIEKIC X 3 EA
WP FEEEL T3 25, REBRCIZFICHBUEZ A\ WTnw3,

### 3.4 Wit i 7 v ) X 4

Wikt S 2, T 2 ER T v Y AR LICE S W CiThb s, £ BALEIC
B LMAMHMEZERL. Z02AaZtzWibofEiFEe 35 ¢

" python
def detect_discontinuity(semantic_tensors, window_size=2):
discontinuity_scores = []

phases = []

for i in range(len(semantic_tensors) - window_size + 1):

window = semantic_tensors|i:i+window_size]

# fAHZA L DR
phase_shifts = []
for j in range (len(window)-1):
noncomm, _ = measure_noncommutativity(window|j], window[j+1])

phase_shift = np.arctan(noncomm)



phase_shifts.append(phase_shift)

# it o
avg_phase = np.mean(phase_shifts)

phases.append(avg_phase)

# Wikim 2 a7 = (AHZELD 2B
ifi>0:

phase_change = np.abs(phases|[i] - phases[i-1])
discontinuity_score = phase_change / np.pi # 0~1 ICIE/L
else:

discontinuity_score = 0.0

discontinuity_scores.append(discontinuity_score)

return discontinuity_scores, phases

Wit id, Wit 2 2 7 ElfEz 2 2B e LTRESI NS ©

" python
discontinuity_points = [i for i, score in enumerate(discontinuity_scores)

if score > threshold]

### 3.5 BIFE X Z — v DERK

BlF ¥ 2 —voapiE, Witk zho e Lo T vy voka 777 4 v 7 5REE
lAaHDbE S L TITb s ¢

" python
def synthesize_emergent_meaning(tensors, discontinuity_points):

emergent_tensors = []

for point in discontinuity_points:

if point > 0 and point < len(tensors) - 1:



before = tensors[point-1]
at_point = tensors [point]

after = tensors[point+1]

# kw74 IR

boundary_before, _ = holographic_tensor_decomposition(before)
boundary_point, _ = holographic_tensor_decomposition(at_point)
boundary_after, _ = holographic_tensor_decomposition(after)

# AIFEAIK

weights = [0.3, 0.5, 0.2] # WifsicEWEA

emergent = (weights[0] * boundary_before +
weights[1] * boundary_point +
weights[2] * boundary_after)

emergent_tensors.append (emergent)

return emergent_tensors
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## 5. EEkEE

### 5.1 Wit o H:hE

M 1icRs Lo, HEIcHE D iR a 713, FRiciff s hunzits (122
Ry DG Ieoz] & TLAL, ZNRATEARDL 7] OF) KB WTHEELRY — 2
R L7z, FRC, XM~ —7—TH 5 (9281 & L2 L] OFETAMETHRD
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=7, RELAEME (0.2) Tlid, ERPichiiabarsmt s naroz, chiz, v 7
NI AZHPNEL, TYIARBORITL DR 720, (AL e-elifl S hi-c bick
WFdeE2OLNDE, EEOICHTIE, LV ERTTORRCKIUWE T -2 €y FEHW
LT, MEFABOFZRErSE 2 LTINS,

### 5.2 FEn[ BT

7 v NE DO IE T ORER 2 K 1 IR

| Ty AT | JERaEEE |
|--emmme e R |

|0 1o/ 10.4434
|1 2o/ 10.4893
|2 3o/ 10.7416
134D/ 10.6777
|4 5o/ 10.5510
|5 6o/ 109007

ROEWIEAHEE S5 L 6 of] ([L2L, ZHEETIERdo7] & TZNIERMDE
RiZo7] D) CHBIMIZ N, T NIFIARERRIRIER R L —B LT 5, 72, 283
D (TAR. EBHEL holz] & [EXRYE W] Of) b B IEHRTE 2R
LTWwd,

JERfatE 7 e 7 7 A v Wik R o 7 O ICIZER GBI B S 3, 2 AU IE R Ak S E R
Wit D FHRIERE L 5 2 ZRBLTW5,

## 5.3 Fu 77 4 v 2 fRORNE

BEWRT v YA0ka 774y 7 pfRICE T 5 HEKEREZ KR 2 1ITRT,

| Ty | BRY A X | EREREE |
|-oeeeee- |--eeemeeees |--mmmmmeee- |

|0 | (7,7) 1 0.0086 |

|1 | (7,7)  10.0640 |

| 2 | (7,7) 10.0578 |



| 3 | (7,7) | 0.0224

|
| 4 | (7,7) | 0.0384 |
| 5 | (7,7) | 0.0198 |
| 6 | (7,7) | 0.0865 |

DRI R 1T/ E < (0.01~0.09 O&iH)., i 8 Kuth b 7 KIt~DHIE T
DIFHMDIZE AR INTVBEZ LR RLTWS, BdbEOEMESEETIT Y I L6
(T2 nIRMOBRL 7 572 ) CBIHlE N7,

BIRER - C L, Wi Rfhao 7 v v v F IR R GERE 2R S H - 72,
Mid, Biimic B n T ERDS KD BERINICEIOTRBUCAT S TE 5 2 L 2 RRLTWw
%o

### 5.4 FIAHZAL & Wit o FHEE

7l 2 & Dtz 2 7 L AAEfE %2 £ 3 1T,

| friE | 227 | fitd |
|------ |--e-o-- e |
|0 10.0000|0.4173
|1 10.0120 | 0.4550
|2 10.0583|0.6381
|3 10.0135| 0.5956
|4 10.0293|0.5036
|5 10.0731]0.7332
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72)) TEWEEZRLTEY, ZRETREINIMMA L —BLTws, T, fHZEIC

oKW Z a7 b, f7iE 2 &fiE 5 THEN&EWEZRL TR,
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FEROAER., BEZHEZ 2 Wit R I3 S 03 Lo TAIBET v Y ViZAER S i
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- JERT s 0.8620
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Fric, 12298 2 L2 L] ZEDWiifi~— 71 —2FET 2008 TE W IERTHEM: & AT EZA1 L
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W, ETALONHAEEMREEST 5,

2. R RICRBLDEA**: BERT FED R EEFAFHET L WT, X0 EhRERE
HemgE L, Wit oEzm Ls2 3,
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RN RETFTAT) X LERET 5,
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## 1§
#r# A, FEEEFE

AW CTHH L 722 — F O FEAFEFM 2 U TIORT, $XTDa— Fid Python3.7 %
AwvcEEkan, TEALRKFET 4 77 Vit NumPy, SciPy, Matplotlib, ¥ X UF Qiskit T
H5,

SR VY L DR
**python
def create_semantic_tensors(texts, embedding_dim=8):
embeddings = []
for text in texts:
hash_val = sum(ord(c) for c in text)
np.random.seed(hash_val)
embedding = np.random.randn(embedding_dim)
embedding = embedding / np.linalg.norm(embedding)
embeddings.append (embedding)

semantic_tensors = [ ]
for emb in embeddings:
tensor = np.outer(emb, emb)
tensor += 0.1 * np.random.randn(*tensor.shape)

semantic_tensors.append (tensor)

return semantic_tensors

KRV T T T4y I T VYNGR
" python
def holographic_tensor_decomposition(tensor, boundary_dim=None):
if boundary_dim is None:
boundary_dim = tensor.shape[0] - 1

U, S, Vh = svd(tensor, full matrices=False)
U_reduced = U[:, :boundary_dim]



S_reduced = S[:boundary_dim]
Vh_reduced = Vh[:boundary_dim, :]
boundary_tensor = np.diag(S_reduced)

reconstructed = U_reduced @ boundary_tensor @ Vh_reduced

return boundary_tensor, reconstructed

HHERR T L I ) K 0k

**python

def detect_discontinuity(semantic_tensors, window_size=2):
discontinuity_scores = []

phases = []

for i in range (len(semantic_tensors) - window_size + 1):

window = semantic_tensors[i:i+window_size]

phase_shifts = []

for j in range (len(window)-1):
noncomm, _ = measure_noncommutativity(window|j], window[j+1])
phase_shift = np.arctan(noncomm)

phase_shifts.append(phase_shift)

avg_phase = np.mean(phase_shifts)
phases.append(avg_phase)

ifi> 0:
phase_change = np.abs(phases[i] - phases[i-1])
discontinuity_score = phase_change / np.pi
else:

discontinuity_score = 0.0

discontinuity_scores.append(discontinuity_score)

return discontinuity_scores, phases
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