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python

import numpy as np
import networkx as nx
import logging

from scipy import stats

logging.basicConfig(level=logging.INFO, format='%(levelname)s: %(message)s')

# reproducibility: fix RNG seed
np.random.seed(0)

# units: kT values are in eV
kT list=10.2, 0.1, 0.05, 0.02585] # units: eV

#1)J, h OFEAL CMEFRT S T DB DHICEH 1T LML)

def make_smallworld_J(N, k_avg=16, p_rewire=0.1, weight_scale=0.5, seed=0):
G = nx.watts_strogatz_graph(n=N, k=k_avg, p=p_rewire, seed=seed)

J = np.zeros((N, N), dtype=float)

fori, j in G.edges():

w = weight_scale * np.random.normal(loc=0.0, scale=1.0)

Ji,jl=w

Jj,i1=w

np.fill_diagonal(J, 0.0)

return np.clip(J, -1.0, 1.0) # ¥IERA =B LoV v EV S

#2) I>O—4 (EEFuELle /N\—RFS{EOmAEEIRT)
def encoder(z, W, b, beta=10.0, noise_std=0.01):



| = np.dot(W, z) + b

s_cont = np.tanh(beta * | + np.random.normal(scale=noise_std, size=Il.shape))
s_hard = np.where(l >=0, 1, -1)

return s_cont, s_hard

#3) W5 EE% (Parallel Tempering) & L 7 hac#e

def sample_ising_parallel_tempering(J, h, s_replicas, kT _list, sweeps_per_temp,
variation_std=0.05, swap_interval=10):

n_replicas = len(kT _list)

N = J.shape|[0]

# NOTE: device variation (device_var) in this PoC is modeled as an effective;2 EZ &) DT
1L

#HIEEMICIZEEREIEICIN ICHENZ ZEHZVDOT, ERFEDI I aTIE

# device variation Z J/h ICE L DREZKRET L TSI,

device_var = np.random.normal(1.0, variation_std, size=(n_replicas, N))

def energy(s):

return -0.5 * np.dot(s, J).dot(s) - np.dot(h, s)

energies = [energy(s) for s in s_replicas]
swap_attempts =0
swap_accepts =0

for sweep in range(sweeps_per_temp):
for r in range(n_replicas):

KT = KT_list[r]

s = s_replicas|r]

for i in np.random.permutation(N):
eff kT = kT * device_varfr, i

deltakE = 2 * s[i] * (h[i] + np.dot(J[i, :], s))
arg = -deltak / (eff_kT + 1e-12)

prob = np.exp(np.clip(arg, -700, 700))
if deltakE < O or np.random.rand() < prob:
s[i] = -s[i]

energies[r] = energy(s)

if (sweep + 1) % swap_interval == O:

for r in range(n_replicas - 1):

swap_attempts += 1

E1, E2 = energies|r], energies[r+1]

betal = 1.0/ (kT _list[r] + 1e-12)

beta2 = 1.0/ (kT _list[r+1] + 1e-12)

delta = (beta1 - beta2) * (E2 - E1)

if delta >= 0 or np.random.rand() < np.exp(np.clip(delta, -700, 700)):
s_replicas|r], s_replicas[r+1] = s_replicas[r+1].copy(), s_replicas[r].copy()
energies[r], energies[r+1] = energies[r+1], energies]r]
swap_accepts +=1



#B: 0w TREXREZFE (TNYTHAOJTEN)

if swap_attempts > 0:

acceptance_rate = swap_accepts / swap_attempts
logging.debug(f'Swap acceptance rate: {acceptance_rate:.2%}")

return s_replicas, energies

#4) X1 ORBRIL— T B (R

# fact_energies =]

# hallucination_energies =[]

# n_replicas = len(kT_list)

# for z in test_set _100:

# s_cont, s_hard = encoder(z, W, b)

# s_replicas = [s_hard.copy() for _in range(n_replicas)]

# s_replicas, energies = sample_ising_parallel_tempering(J, h, s_replicas, kT_list,
sweeps_per_temp=1000)

# output_s =s_replicas[-1]

# output = readout(output_s)

# ok, final_energy = fact_check and_calc_energy(output)

# ifok:

# fact_energies.append(final_energy)

# else:

# hallucination_energies.append(final_energy)

#

# u_stat, p_value = stats.mannwhitneyu(fact_energies, hallucination_energies,
alternative='"less')

# logging.info(f"Mann-Whitney U Test: U={u_stat}, p-value={p_value:.4e}")
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[X : Hybrid JEPA System-2 Architecture (3ZEH#FE) ]

[1] Physical World / Sensors

* Video, State, Signals

1

[2] Encoder f_¢ (GPU)

* JEPA Encoder

+ Semantic Latent Space z

* Meaning Preservation (Training / Low-Frequency)

1

[3] Latent-to-Spin Mapper

* k-bit Projection (k = 4)

* Z — s (Spin States)

* No Chop / Tail Preserved

l

[4] Spintronic Inference Core (System 2)

* p-bit / MTJ Array

* Ising Hamiltonian

* Thermal Fluctuation Exploration

* Fast Sub-optimal Convergence
[Hs)=-(1/2)*=J ij*s_i*s j-=h i*s_i]

| (KIWL—T&T1—KNvD)

|——> [4-b] Temperature / Noise Control

| - On-chip Sensor

| - Effective Temperature

| - Distribution Calibration

I

[5] Readout & CMOS Guard Layer
+ Spin — Digital
+ Safety / Constraint Check

1
[6] Prediction / Action / Update



