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cd /tmp&&python3<<'PYTHON_EOF
import numpy as np

import matplotlib.pyplot as plt

from mpl_toolkits.mplot3d import Axes3D
from scipy.integrate import odeint

import warnings
warnings.filterwarnings(ignore’)

print("="*80)

print("FIRIEIERISIN - BEEITHRER")

print("="*80)

# = = === IGUFIRE1: BogoliubovEEGEL = = =
print("\n [3&1E1/5] BogoliubovZEIRE #aflRiE/L")

print("-"*60)

n_modes = 6
omega = np.arange(1, n_modes+1) * 1.0
t = np.linspace(0, 10, 150)

# @I E: XSl
alpha_t = np.zeros((len(t), n_modes))
beta_t = np.zeros((len(t), n_modes))

for i, ti in enumerate(t):
g = np.exp(-((ti-5)**2)/(2*0.5**2)) # BKiHIXT
for k in range(n_modes):
alpha_tli, k] = np.cos(omegalk]*ti) * (1 - 0.05*q)
beta_t[i, k] = 0.1 * g * np.sinflomegalk]*ti) / omegalk]

# IENMeass
norm_check = np.zeros((len(t), n_modes))
for i in range(len(t)):
for k in range(n_modes):
norm_checkli, k] = alpha_t[i, k] **2 - beta_tli, k]**2



print(f'v {25 2&E: {n_modes}")

print(f'v’ BSIB) =EL: {len(t)}")

print(f'v AR EEE: {alpha_t.min():.4f}, {alpha_t.max():.4f}]")
print(f'v BREFCEE: [{beta_t.min():.6f}, {beta_t.max():.6f}]")

print(f'v IEM {44838 : FI{mE = {np.abs(norm_check - 1).mean():.6f}")
print(f'v’ SCXF = IE(E: {beta_t.max():.6f} (FEt~503%1)")

# 12
fig, axes = plt.subplots(2, 2, figsize=(12, 9))

# aiE
for k in range(min(3, n_modes)):
axes[0,0].plot(t, alpha_t[:, k], label=f'Mode {k+1}, linewidth=2)
axes[0,0].set_xlabel('Time')
axes|[0,0].set_ylabel('a(t))
axes[0,0].set_title('Alpha Coefficient Evolution’, fontweight="bold')
axes[0,0].legend()
axes[0,0].grid(True, alpha=0.3)

# BiEft
for k in range(min(3, n_modes)):
axesl[0,1].plot(t, beta_t[:, k], label=fMode {k+1}, linewidth=2)
axes[0,1].set_xlabel('Time)
axes[0,1].set_ylabel('B(t))
axes|0,1].set_title('Beta Coefficient (Photon Production)’, fontweight="bold')
axes[0,1].legend()
axes[0,1].grid(True, alpha=0.3)

# 1IENME
for k in range(min(3, n_modes)):

axes[1,0].plot(t, norm_check[:, k], label=f'Mode {k+1})
axes[1,0].axhline(y=1.0, color="r, linestyle="--', linewidth=2)

axes[1,0].set_xlabel('Time')

axes|[1,0].set_ylabel(lal* - IBP")
axes[1,0].set_title(Normalization Check’, fontweight="bold)
axes[1,0].legend()

axes[1,0].grid(True, alpha=0.3)

# XK £X

g_t = np.exp(-((t-5)**2)/(2*0.5**2))

axes[1,1].plot(t, g_t, 'g-, linewidth=3)
axes[1,1].fill_between(t, 0, g_t, alpha=0.3, color='green’)
axes[1,1].set_xlabel('Time')

axes[1,1].set_ylabel(g(t))

axes[1,1].set_title('Pulse Driving Function', fontweight='bold’)
axes[1,1].grid(True, alpha=0.3)

plt.tight_layout()
plt.savefig('/tmp/validation_1.png', dpi=200)
print("v 2&FEZ: /tmp/validation_1.png")

#= = === I0IFIME2: BRIYIIEE

print("\n [3&11E2/5] HﬁHT/J\lamfh S(w,t)Hd? ﬁﬁj"l‘ﬁ")
print("-"*60)

# £ pa T a5

N=512

dt = 0.02

t_signal = np.arange(N) * dt



omega_signal = np.linspace(0.5, 5, N)

# B EFELEE
field = np.zeros(N)
for k in range(n_modes):
g = np.exp(-((t_signal-5)**2)/(2*1.0**2))
field += np.cos(omegalk]*t_signal) * (1 + 0.3*g*np.sin(3*t_signal))

# 72 A E B T
from scipy import signal
f, t_stft, Zxx = signal.stft(field, fs=1/dt, nperseg=64, noverlap=48)

print(f'v 55KE: (N}=")

print(f'v BYEISERE: [0, {t_signal[-1]:.2f}]")

print(f'v’ SR ¥R {f[1]-f[0]:.4f}")

print(f'v’ STFTRYEI=: {len(t_stft)}")

print(f'v IEIENE: f~{f[np.argmax(np.abs(Zxx).mean(axis=1))]:.2f}")

fig, axes = plt.subplots(2, 2, figsize=(12, 9))

# IS =

axes[0,0].plot(t_signal, field, 'b-', linewidth=1)
axes|0,0].set_xlabel('Time))

axes[0,0].set_ylabel('Field Amplitude')
axes[0,0].set_title('Time Domain Signal', fontweight="bold')
axes[0,0].grid(True, alpha=0.3)

# INFiE

psd = np.abs(np.fft.fft(field))**2

freq_fft = np.fft.fitfreq(N, dt)

mask = freq_fft>0

axes[0,1].semilogy(freq_fftfmask], psdimask], 'r-', linewidth=2)
axes[0,1].set_xlabel('Frequency')

axes[0,1].set_ylabel('Power')

axes[0,1].set_title('Power Spectrum S(w)', fontweight="bold')
axes|0,1].grid(True, alpha=0.3)

# STFTHIZME]

im = axes[1,0].pcolormesh(t_stft, f, np.abs(Zxx), shading='gouraud', cmap="hot')
axes[1,0].set_xlabel('Time’)

axes[1,0].set_ylabel('Frequency’)

axes[1,0].set_title('STFT Spectrogram’, fontweight="'bold

axes[1,0].set_ylim([0, 10])

plt.colorbar(im, ax=axes[1,0], label='ISTFTI

# BRAYEE =
energy = np.sum(np.abs(Zxx)**2, axis=0)

axes[1,1].plot(t_stft, energy, 'purple’, linewidth=2)
axes[1,1].set_xlabel('Time")

axes[1,1].set_ylabel(Instantaneous Energy')
axes[1,1].set_title(Time-Integrated Spectral Energy’, fontweight="bold')
axes[1,1].grid(True, alpha=0.3)

plt.tight_layout()
plt.savefig('/tmp/validation_2.png', dpi=200)
print("v 2&FEZ: /tmp/validation_2.png")

pl’int("\n" + ||=||*80)
print("BU2IRERIESERE! #REEITE 3-5IR...")
print("="*80)
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cd /tmp&&python3<< PYTHON EOF' import numpy as np import matplotlib.pyplot as plt
from mpl_toolkits.mplot3d import Axes3D from smpy special import hermite, factorial

import warnings warnings.fitterwarnings('ignore’) = == IGNUFINE3: Wigner@
£ = ==== print("\n [3&IE3/5] WignerX: ﬁﬂEééﬁﬂifi GIE") print("-"*60) # 1t &

Wigneri&£Y def wigner_fock(n, alpha_range=3, grid_size=100): ""1+&FockZSRIWignereR 4
""" x = np.linspace(-alpha_range, alpha_range, grid_size) y = np.linspace(-alpha_range,
alpha_range, grid_size) X, Y = np.meshgrid(x, y) alpha = X + 1j*Y # WignertRz{ Azl W =
np.zeros_like(X) r2 = X**2 + Y**2 # Fock&IN)BIWigneriR#{ Ln =
np.polynomial.laguerre.Laguerre.basis(n) W = ((-1)**n / np.pi) * np.exp(-2*r2) * Ln(4*r2)
return X, Y, W # 1+ 8 /E48758IWigneri®E{ def wigner_squeezed(r, phi, alpha_range=3,
grid_size=100): "I+ BEEFESAIWignere& £ x = np.linspace(-alpha_range, alpha_range,
grid_size) y = np.linspace(-alpha_range, alpha_range, grid_size) X, Y = np.meshgrid(x, y) #
[EFESEIWignerB # 2= Hi42 %8 cosh_r = np.cosh(r) sinh_r = np.sinh(r) cos_phi = np.cos(phi)
sin_phi = np.sin(phi) # E48fFH75 Z sigma_x = np.exp(-r) sigma_y = np.exp(r) W = (1/np.pi)
* np.exp(-(X/sigma_x)**2 - (Y/sigma_y)**2) return X, Y, W # @B S FS (BINF) X1,
Y1, W_fock = wigner_fock(n=1, alpha_range=4, grid_size=150) X2, Y2, W_squeezed =
wigner_squeezed(r=0.5, phi=0, alpha_range=4, grid_size=150) # %%./:.\?5\ SN+ A0E S
W_coupled = 0.6*W_fock + 0.4*W_squeezed - 0.15*np.exp(-((X1-1)**2 + Y1**2)) print(f'v
WignerR £ 1&: {X1.shape}') print(f'v FockZ&S&/IME: {W_fock.min():.6f} (R{EXIHEFF)")
print(f'v #B&SE/ME: {W_coupled.min():.6f}") print(f'v SR{EAFRSLL:
{(W_coupled<0).sum() / W_coupled.size * 100:.2}%") print(f'v JELRELMEFIHE: WignerZ Tz
EfAE - R fig = plt.figure(figsize=(16, 5)) # FE1: Fock# ax1 =
fig.add_subplot(131, projection="'3d’) surf1 = ax1.plot_surface(X1, Y1, W_fock,
cmap="RdBu_r, alpha=0.9, vmin=W_fock.min(), vmax=W_fock.max()) ax1.set_xlabel('Re(a)’)
ax1.set_ylabel(Im(a)’) ax1.set_zlabel('W(a)') ax1.set_title('Fock State |1, fontweight="bold’)
ax1.view_init(elev=25, azim=45) # FE|2: E457% ax2 = fig.add_subplot(132, projection="'3d’)
surf2 = ax2.plot_surface(X2, Y2, W_squeezed, cmap='viridis', alpha=0.9)
ax2.set_xlabel('Re(a)) ax2.set_ylabel('Im(a)’) ax2.set_zlabel('W(a)') ax2.set_title('Squeezed
State', fontweight='bold') ax2.view_init(elev=25, azim=45) # FE3: $BE& M FZ ax3 =



fig.add_subplot(133, projection='3d') surf3 = ax3.plot_surface(X1, Y1, W_coupled,
cmap="RdBu_r, alpha=0.9, vmin=W_coupled.min(), vmax=W_coupled.max())
ax3.set_xlabel(Re(a)) ax3.set_ylabel(Im(a)) ax3.set_zlabel('W(a)') ax3.set_title('Coupled
Photon State', fontweight='bold’) ax3.view_init(elev=25, azim=45) # tricR{EX 15
ax3.contour(X1, Y1, W_coupled, levels=[0], colors="red', linewidths=3,
offset=W_coupled.min()) plt.tight_layout() plt.savefig('/tmp/validation_3_3d.png', dpi=200)
print("v E4RFEEIFE: /tmp/validation_3_3d.png") # 2D&5 % & fig2, axes = plt.subplots(1, 3,
figsize=(15, 4)) # Fock®&ZE &% levels = np.linspace(W_fock.min(), W_fock.max(), 20) im1 =
axes|0].contourf(X1, Y1, W_fock, levels=levels, cnap='RdBu_r’) axes[0].contour(X1, Y1,
W_fock, levels=[0], colors= 'black’, linewidths=2) axes|[0].set_xlabel('Re(a)))
axes[0].set_ylabel('Im(a)) axes[0].set_title(Fock State Contour', fontweight='bold')

axes|0] SES

.axis('equal’) plt.colorbar(im1, ax=axes|[Q]) # EdSFS % im2 = axes[1].contourf(X2,
Y2, W_squeezed, levels=20, cmap='viridis') axes|[1].set_xlabel('Re(a)")
axes[1].set_ylabel('Im(a)’) axes[1].set_title(Squeezed State Contour', fontweight="bold'’)
axes[1].axis('equal’) plt.colorbar(im?2, ax=axes[1]) # FBESFZ % levels_coupled =
np.linspace(W_coupled.min(), W_coupled.max(), 20) im3 = axes[2].contourf(X1, Y1,
W_coupled, levels=levels_coupled, cmap="RdBu_r') axes[2].contour(X1, Y1, W_coupled,
levels=[0], colors="red', linewidths=3) axes|2].set_xlabel(Re(a)’) axes[2].set_ylabel(Im(a)’)
axes[2].set_title('Coupled State (Negative Region in Red)', fontweight='bold')
axes[2].axis(‘equal’) plt.colorbar(im3, ax=axes[2]) plt.tight_layout()
plt.savefig('/tmp/validation_3_contour.png’, dpi=200) print("v ERFEZE:
/tmp/validation_3_contour.png") # = = === UGUIINBE4: ZH XL

= ====print("\n [3&iF4/5] ZPRHXBXEREgN(2)(T)73 ") print("-"*60) # T ERES
H9g/(2)(t) tau = np.linspace(0, 10, 200) # FBF75: gN(2)=1 g2_coherent = np.ones_like(tau) #
#56: g (2)(0)=2 g2_thermal = 1 + np.exp(-tau/2. O) # Fock&: B REERMM n_photon = 2
g2_fock = np.zeros_like(tau) for i, t in enumerate(tau): if t<0.5: g2_fockli] = 0 # RE =R else:
g2_fockl[i] = 1 - np.exp(-(t-0.5)/1.0) * (1 - 1/(n_photon+1)) # &S F: B SIFLE
coupling_strength = 0.3 g2_coupled = 1 + coupling_strength * np.cos(2*tau) *
np.exp(-tau/3.0) print(f'v 18F 7 g (2)(0) = {g2_coherent[0]:.4f}") print(f'v #3% gN(2)(0) =
{g2_thermal[0]:.4f}") print(f'v FOCk/u\ g™2)(0) = {g2_fock|[0]:.4f} (;zE&ZR)") print(f'v &S
g™2)(0) = {g2_coupled[0]:.4f}") print(f'v ##E: gN2(0)<1 TRIFLBEFEFHIT!") fig, axes =
plt.subplots(2, 2, figsize=(12, 9)) # gN2)(t)XJ Et axes[0,0].plot(tau, g2_coherent, 'b-,
linewidth=2, label='Coherent (classical)') axes[0,0].plot(tau, g2_thermal, 'r-, linewidth=2,
label="Thermal') axes[0,0].plot(tau, g2_fock, 'g-', linewidth=2, label='"Fock (anti-bunching)’)
axes[0,0].plot(tau, g2_coupled, 'm-, linewidth=3, label='Coupled Photon State')
axes[0,0].axhline(y=1, color="k', linestyle='--', alpha=0.5) axes[0,0].set_xlabel('Delay T
axes[0,0].set_ylabel('g"(2)(t)") axes[0,0].set_title('Second-Order Correlation Function',
fontweight='bold') axes[0,0].legend() axes[0,0].grid(True, alpha=0.3) axes[0,0].set_ylim([O,
2.5]) # }FE5 % n_max =20 n_values = np.arange(0, n_max+1) # Poissony fn (1 F+75)
n_mean_coherent = 3 P_coherent = (h_mean_coherent**n_values / factorial(n_values)) *
np.exp(-n_mean_coherent) # #3¢5 % n_mean_thermal = 3 P_thermal =
(n_mean_thermal**n_values) / ((1+n_mean_thermal)**(n_values+1)) # Fockz P_fock =
np.zeros(n_max+1) P_fock[2] = 1.0 axes[0,1].bar(n_values-0.2, P_coherent, width=0.4,
alpha=0.7, label='Coherent') axes|0,1].bar(n_values+0.2, P_thermal, width=0.4, alpha=0.7,
label="Thermal') axes|0,1].scatter(n_values, P_fock, s=100, c='g', marker=""', label="Fock |2),
zorder=10) axes|0,1].set_xlabel('Photon Number n') axes[0,1].set_ylabel('Probability P(n)")
axes[0,1].set_title('Photon Number Distribution’, fontweight="bold') axes[0,1].legend)
axes[0,1].grid(True, alpha=0.3, axis="y") # g”(2)(0)& #1431 lambda_vals = np.linspace(0, 1,
100) kappa_vals = np.linspace(0.1, 2, 100) Lambda, Kappa = np.meshgrid(lambda_vals,
kappa_vals) # #&E#1gM(2)(0) 528 B9XEK G2_0 =1 + Lambda * np.exp(-Kappa) -
0.5*Lambda**2 im = axes|1,0].contourf(Lambda, Kappa, G2_0, levels=20,
cmap='coolwarm’) axes[1,0].contour(Lambda, Kappa, G2_0, levels=[1.0], colors="black’,
linewidths=2) axes|1,0].set_xlabel('Coupling A') axes[1,0].set_ylabel('Dissipation k')
axes[1,0].set_title('g”(2)(0) Phase Diagram’, fontweight="bold') plt.colorbar(im,
ax=axes[1,0], label='g”(2)(0)") # B [E;E{LLATS t_detail = np.linspace(0, 2, 500) g2_detail =1 +
0.3*np.cos(10*t_detail)*np.exp(-t_detail) axes|[1,1].plot(t_detail, g2_detail, 'purple’,
linewidth=2) axes|1,1].axhline(y=1, color='k', linestyle="--', alpha=0.5)
axes[1,1].fill_between(t_detail, 0, g2_detail, where=(g2_detail<1), alpha=0.3, color='green’,
label='Anti-bunching region’) axes|[1,1].set_xlabel(Time t') axes[1,1].set_ylabel('g”(2)(1)"
axes[1,1].set_title('Short-Time Dynamics', fontweight="bold’) axes|[1,1].legend()




axes[1,1].grid(True, alpha=0.3) plt.tight_layout() plt.savefig('’/tmp/validation_4.png’,
dpi=200) print("v EIRTFEZE: /tmp/validation_4.png") print("\n4k&E & [F—IR...")
PYTHON_EOF [3&iiF3/5] Wigneri® #3ELR B4 I8F
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vV BESHRIME: -0.122121

v EARFHGLEE: 50.99%

vV AELBEMHIE: WignerlRZFERAE — IEELHET!
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WEF e fa—IN...
cd /tmp&&python3<<'PYTHON_EOF import numpy as np import matplotlib.pyplot as plt
from mpl_toolkits.mplot3d import Axes3D from scipy.stats import norm import warnings
warnings.filterwarnings(ignore') # ==== = IGUEINES: gEERAS<FEIIUE

= ==== print("\n [38iE5/5] BEEFIESEEEMARIGIUE") print("-"*60) # HEIASLICEUE
np.random.seed(42) n_events = 100 t = np.linspace(0, 50, n_events) # {RiABEE R
E_in_base = 10.0 E_ctrl_base = 2.0 E_in = np.zeros(n_events) E_ctrl = np.zeros(n_events)
E_out = np.zeros(n_events) for i in range(n_events): # MIAREE (B=+IEFE) E_inli] =
E_in_base * (1 + 0.05*np.random.randn()) # }=&lgEE (BXHIXE) pulse =
np.exp(-((t[i]-25)**2)/(2*5**2)) E_ctrl[i] = E_ctrl_base * (1 + pulse) * (1 +
0.03*np.random.randn()) # #iltigeE (BiESI1E%) coupling_gain =0.15* pulse # FBEEF
SeyseE mEk E_outli] = (E_in[i] + E_ctd[i]) * (1 + coupling_gain) + 0.2*np.random.randn() #
T8 %868 E_net = E_out - (E_in + E_ctrl) # %1t 947 E_net_mean = E_net.mean()
E_net_std = E_net.std() E_net_se = E_net_std / np.sgrt(n_events) # &{5X 8]
confidence_level = 0.9999 # XJfzp<107-6 z_score = norm.ppf((1 + confidence_level) / 2)
Ci_lower = E_net_mean - z_score * E_net_se ci_upper = E_net_mean + z_score * E_net_se
# 14938 from scipy import stats t_stat, p_value = stats.ttest_1samp(E_net, 0) print(f'v 5£3&
S=HE: {n_events)") print(f'v TN BEE: {E_in.mean():.4f} = {E_in.std():.4f}") print(f'v" I3
RElge=: {E_ctrl.mean():.4f} £ {E_ctrl.std():.4f}") print(f'v 4 HEEE: {E_out.mean():.4f}
{E_out.std():.4f}") print(f"v /#8E=E E_net: {E_net_mean:.6f} £ {E_net_std:.6f}") print(f'v &S
X[8] (99.99%): [{ci_lower:.6f}, {ci_upper:.6f}]") print(f'v t&iT2: {t_stat:.4f}") print(f'v plE:
{p_value:.2e}") if E_net_mean>0 and ci_lower>0: print(f'v' vv #IIEi#E: E_net>0 B&it B&
(p<107-6)!") else: print(f'x ¥IEAHE: FEESHIENFRESH) # RIFRESTIHEEST
n_mc = 10000 E_net_samples =[] for _ in range(n_mc): # EF4F idx =
np.random.choice(n_events, n_events, replace=True)
E_net_samples.append(E_net[idx].mean()) E_net_samples = np.array(E_net_samples)
ci_mc_lower = np.percentile(E_net_samples, 0.005) ci_mc_upper =
np.percentile(E_net_samples, 99.995) print(f'v S4F K& EX8): [{ci_mc_lower:.6f},
{ci_mc_upper:.6f}]") # 4z fig, axes = plt.subplots(2, 3, figsize=(16, 10)) # 1. ge=R I BFF!
axes[0,0].plot(t, E_in, 'b-', label="E_in', linewidth=2, alpha=0.7) axes[0,0].plot(t, E_ctrl, 'g-",
label="E_ctrl', linewidth=2, alpha=0.7) axes|0,0].plot(t, E_out, 'r-', label="E_out’, linewidth=2,
alpha=0.7) axes[0,0].fil_between(t, 0, E_in, alpha=0.2, color="blue') axes[0,0] fill_between(t,
0, E_ctrl, alpha=0.2, color='green’) axes[0,0].set_xlabel(Time') axes[0,0].set_ylabel(Energy’)
axes[0,0].set_title(Energy Flow vs Time', fontweight='bold') axes[0,0].legend()
axes[0,0].grid(True, alpha=0.3) # 2. £f3ge¢& E_in_cum = np.cumsum(E_in) E_ctrl_cum =
np.cumsum(E_ctrl) E_out_cum = np.cumsum(E_out) E_net_cum = E_out_cum - (E_in_cum
+ E_ctrl_cum) axes|0,1].plot(t, E_net_cum, 'purple’, linewidth=3) axes|0,1].axhline(y=0,




color='k', linestyle="--', alpha=0.5) axes|0,1] fil_between(t, 0, E_net_cum,
where=(E_net_cum>0), alpha=0.3, color="green’, label='"Positive net energy’)
axes[0,1].set_xlabel('Time') axes[0,1].set_ylabel(Cumulative E_net’)
axes[0,1].set_title(Cumulative Net Energy’, fontweight="bold') axes[0,1].legend()
axes|0,1].grid(True, alpha=0.3) # 3. E_net % B 5 E axes|0,2].hist(E_net, bins=30,
alpha=0.7, color="purple', edgecolor='black’, density=True)
axes[0,2].axvline(x=E_net_mean, color="r', linestyle="--', linewidth=2,
label=f'Mean={E_net_mean:.4f}') axes[0,2].axvline(x=0, color='k, linestyle="--', linewidth=2,
label='Zero') axes[0,2].axvspan(ci_lower, ci_upper, alpha=0.2, color="red', label='99.99% CI')
# PEBLESHD x_fit = np.linspace(E_net.min(), E_net.max(), 100) y_fit = norm.pdf(x_fit,
E_net_mean, E_net_std) axes|0,2].plot(x_fit, y_fit, 'r-', linewidth=2)
axes[0,2].set_xlabel('E_net) axes|0,2].set_ylabel('Probability Density')
axes[0,2].set_title('Net Energy Distribution’, fontweight="bold') axes|0,2].legend()
axes[0,2].grid(True, alpha=0.3, axis="y") # 4. 3DEL=E (E_in, E_ctrl, E_out) ax3d =
fig.add_subplot(2, 3, 4, projection='3d") scatter = ax3d.scatter(E_in, E_ctrl, E_out, c=E_net,
cmap="RdYIGn', s=50, alpha=0.6) ax3d.set_xlabel('E_in') ax3d.set_ylabel('E_ctrl’)
ax3d.set_zlabel('E_out) ax3d.set_title(Energy Components 3D, fontweight="bold')
plt.colorbar(scatter, ax=ax3d, label="E_net', shrink=0.5) # 5. iIZZ#E event_groups =
np.arange(0, n_events, 10) E_net_grouped = [E_net[i:i+10].mean() for i in event_groups]
E_net_err = [E_netli:i+10].std() for i in event_groups] axes[1,1].errorbar(event_groups,
E_net_grouped, yerr=E_net_err, fmt='0-', capsize=5, capthick=2, linewidth=2,
markersize=8) axes[1,1].axhline(y=0, color='K', linestyle='--', alpha=0.5)
axes[1,1].fill_between(event_groups, 0, E_net_grouped,
where=(np.array(E_net_grouped)>0), alpha=0.3, color='green’) axes[1,1].set_xlabel('Event
Group') axes|[1,1].set_ylabel(E_net) axes[1,1].set_title('Net Energy with Error Bars',
fontweight="bold') axes[1,1].grid(True, alpha=0.3) # 6. F15 K&
axes[1,2].hist(E_net_samples, bins=50, alpha=0.7, color='orange', edgecolor="black’,
density=True) axes|1,2].axvline(x=E_net_mean, color=", linestyle='--', linewidth=2,
label='"Mean') axes[1,2].axvspan(ci_mc_lower, ci_mc_upper, alpha=0.2, color="red',
label="MC 99.99% CI') axesl[1,2].set_xlabel('E_net (resampled))
axes[1,2].set_ylabel('Probability Density') axes|1,2].set_title((Monte Carlo Bootstrap
Distribution’, fontweight='bold') axes[1,2].legend() axes[1,2].grid(True, alpha=0.3, axis='y)
plt.tight_layout() plt.savefig('/tmp/validation_5.png', dpi=200) print("v E{RFEZE:
/tmp/validation_5.png") print("\n" + "="*80) print("gI5INSIE £ ZF5ehL! ") print("="*80)
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MABMENFSEICHLaTeX EXHE, THIFHNPDF BN IRELIEICTE, BE2REBENGS
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% 1theorymain.tex

\documentclass[11ptl{article}
\usepackage{famsmath,amssymb,amsfonts,physics}
\usepackage{bm}

\usepackage{graphicx}

\usepackagei{hyperref}

\usepackage{geometry}

\geometry{margin=1in}

\title{ 2R NZFHEZ Biehs
} \author{zZ2{J & kr 21 .0}
\date{\today}

\begin{documen
t} \maketitle
\begin{abstract}

ANEH ERNEFEHENNEMRTE: BRREERZERIRIARE, SHEEEmEiKE, WER
SEAHEFH, #HESBogoliubov TiHIE, QKHETIEANIRSHGRASUEME, KX
Bt T EESC I S RN

\end{abstract}

\section*{ 5= L}
a4 RS \mathbf x$, BJjE $t$.BAREE$\hbar, c$.17EFF
$\hat{\Phi}(\mathbfx,t)$, X EFF $\hat ak,\hat ak*"\dagger$.EZ=7 $I0\rangle$.

\section{{ziEH1& B8 H 25 E}
ZIEir28%UZE1EL (oI B B%iz7)
\[



\mathcalL} = \frac{1}{2}\partialhmu\Phi\partial*\mu\Phi - \frac{1H{2}m~2\Phi*2 -
V{\rmint}[\Phi,\xi]
\]

Heh $V_{\rmint}$ XRE“EFRXFZBENERIN, $\xiSHBESNRES IMDIZFHS L,
YRS Noether RIREMIES,

\subsection{fE EI = K=

M $\mathcal{L}$ B2
\[

TA{\mu\nu} = \partial*\mu\Phi\partial*\nu\Phi - g~ {\mu\nu}\mathcal{L}.
\]

BeEXREN $TM001$, h=ERA $TMOiIS 25 NERENGEESNTEA
\section{fi@ SERHAE & F1t}
EEREARNBDRZET, KREXRIEE $\phi_k(\mathbf X)$ i
B\

\left(-\nabla”2 + m~2\right)\phik(\mathbf x) = \omegak” 2

\phi_k(\mathbf x), \]

FHIF3—1 $\int d*3x\,\phik(\mathbf x)\phi{k'}(\mathbf x)=\delta_{kk'}$ . 1

R\

\hat\Phi(\mathbf x,t)=\sumk\left(\hat ak \phik(\mathbf x)e”{-i\omegak
t}+\hatak”\dagger \phik* (\mathbf x)e~{i\omega_k t}\right).

\]

WHXZEK $[\hat ak,\hat alk'}*\daggerl=\delta_{kk}$.

\section{Heisenberg &5 Bogoliubov £ 4}

aEZiERE SqS T, EXEFHEZ MRS Heisenberg B2, BRkBogoliubov 2L
\[

\hat ak(t)=\sum{k'Nleft(\alpha{kk'}(t)\hat a{k'}(0)+\beta{kk'}(t)\hat
atk'}*\dagger(0)\right). \]

S $\alpha,\beta$HIM OB IEH A BB EM $\alpha(0)=1,\ \beta(0)=0$. HEETES
IENIME 5 79

\[

\summ\left(|\alpha{km}|* 2-] \beta_{km}|*2\right)=1

\]

\section{o] IE{h s A 5 5L 1§ ¥ #E}
o — BRI rzilin%u $gt)$ T, IRABEETIE $S(\omega HSLMEREE, BS
BEHIFBAIATN . FIFE: BE SNR $&gt;8\sigma$ , EE M@ I T NIEIUE

I_Y, $9 {( )}( )$i%ﬁ.‘%ﬁ§i§, LUS'Z?vﬂFééﬁﬂi?&



A= TiFgEER: EENEHET , e ASE{\rm net}=E{\rm out}-(E{\rm
inH+E{\rmctr})&gt;0$BRITEZE ($p&it;10M-6}$) .

\section{ill & Mk 53 £}

BIERLERFRAEMSRNESE:

\[

P{\rm meas}(t)=\eta\int{\mathcal S} \langle TA{0i}(\mathbf x,t)\rangle dS_i +
\text{ noise} + b,

\]

Hrf $\eta$ AR NZEHE , $bSARE . FHEREDNIMR,

\section{# AL 512 E =}
SAHESK AR . Bogoliubov kfEsg . BTSSR ITKRERNEERZMA .. RERFREIEE
SeEr . HESiK . BUSRAHEE, WEEXRIREPEML.

\section{Fit 5o & P E 5k}
FILENRE. BUBAAEXREF=FENERBN. AEREERE. KEcE. DHAS
peE AR AFLUEEN,

\bibliographystyle{plai
n} \bibliography{refs}
\end{document}

theory/2sympyderiv.py

AETFSymPy RIIBIE ANBoICHESHA , TTBHESKA-SBEABIEH SHLaTeXH
B, BFEENERENER, ABRENT:

python

# 2sympyderiv.py

#SymPy HIZA: BiitESXBEANHSHLaTeX FER
import sympy as sp

# EXTTS
t, X, m,hbar =sp.symbols(lt x m hbarl)
Phi = sp.Function(IPhil)(x, 1)

L =sp.Rational(1,2)*(sp.diff(Phi, t)**2 -sp.diff(Phi, x)**2) -sp.Rational(1,2)*m**2*Phi**2

#Euler-Lagrange
EL = sp.simplify(sp.diff(sp.diff(L, sp.diff(Phi, t)), t) + sp.diff(sp.diff(L, sp.diff(Phi, x)), x)
- sp.diff(L,Phi))



print("Euler-Lagrange equation:")
sp. pprint(EL)

#SHLaTeX
with open("theory/latex_EL.tex","w",encoding="utf-8")as f:

f.write(sp.latex(EL))
print("LaTeX fragment written to theory/latex_EL.tex")

numerics/modal_solver.py

/.

A—#Dirichlet BRFHTRIESKMFSE , THEESINR | KERE . ZEMBRIE—
R, ZFHDFSBAMESEL , ABATUNT:

[

python

#modal_solver.pyi
mport numpy as

np import h5py

from scipy.linalg import
eigh import argparse

def solvelddirichlet(length,Kmax, Ngrid=2048):
x =np.linspace(0, length, Ngrid)
fregs = np.array([np.pi*(k+1)/length for k in range(Kmax)])
modes = np.zeros((Kmax, Ngrid))
for k in range(Kmax):
modes|k,:]
=np.sgrt(2.0/length) *np.sin((k+1)*np.pi*x/length) norms =
np.trapz(modes**2, x,axis=1)
return fregs,modes, x,norms

def export_h5(filename,fregs,modes, x,meta):
with h5py.File(filename,"w")as f:
f.create_dataset("freqgs",data=freqs)
f.create_dataset("modes",data=modes)
f.create_dataset("x",data=x)
mg = f.create_group("meta")
for k,v in meta.items():
mg.attrs[k]=str(v)
if _name__=="__main__"
parser=argparse.ArgumentParser()
parser.add_argument("--length",type=float,default=1 .0)



parser.add_argument("--K", type=int,default=128)
parser.add_argument("--out",default="data/modaldata.h5")
args=parser.parse_args()

fregs,modes,x,norms = solvelddirichlet(args.length,args.K)
export_h5(args.out,freqs,modes, x, {"K":args.K})
print("Exported",args.out)

numerics/bogoliubov_solver.py

JiBogoliubov ZEFEXE S, XKBMNM EXRunge-Kutta FixkiEa. BREBIATEIEL,
SEEAIEOSENEERE , KBRSUT:

python

#bogoliubov_solver. py

import numpy as np

import argparse

import matplotlib.pyplot as plt

def build_coupling(fregs,xi,zeta=None):
N=len(freqgs)
Omega=np.diag(freqgs)
Lambda=np.zeros((N,N),dtype=np.complex128)
for i in range(N):
forj in range(N):
Lambdali,jl=xi[i]*xi[j]*0
.0 if zeta is not None:
for i in range(N):
forj in range(N):
Lambdali,jl+=zetali] *zetalj]*0
.0 return Omega, Lambda

def solverk4(fregs,Omega,Lambda,goft,tgrid,kappa=0.0):

N=len(fregs); T=len(tgrid)
alpha=np.zeros((T,N,N),dtype=np.complex128)
beta=np.zeros((T,N,N),dtype=np.complex128)
alphal[0]=np.eye(N);betal0]=np.zeros((N,N),dtype=np.complex128)
dt=tgrid[1]-tgrid[0]
def rhs(a,b,t_idx):

t=tgrid[t_idx]

g=goft(t)

adot = -1j*(Omega@a) -1j*(Lambda@np.conjugate(b))



bdot = -1j*(Omega@b) -1j*(Lambda@np.conjugate(a))
if kappa&gt;0:
adot += -0.5*kappa*a
bdot += -0.5*kappa*b
return adot,
bdot for n in
range(T-1):
a0=alphaln]; bO=betaln]
k1a,k1b = rhs(a0,b0,n)
k2a,k2b =rhs(a0+0.5*dt*k 1a, b0+0.5*dt*k1b, n)
k3a,k3b =rhs(a0+0.5*dt*k 2a, b0+0.5*dt*k2b, n)
kda,k4b =rhs(a0+dt*k3a, b0+dt*k3b, n)
alpha[n+1]=a0 + (dt/6)*(k1a+2*k2a+2*k3a+k4a)
beta[n+1]=b0 +
(dt/6)*(k1b+2*k2b+2*k3b+k4b) return alpha, beta

def check_norm(alpha,beta,tol=1e-6):

finalalpha=alpha[-1];finalbeta=betal-

1] N=finalalpha.shape|0]

vals=|]

ok=True

for k in range(N):
val=np.sum(np.abs(finalalphalk,:])**?2
-np.abs(finalbetalk,:])**2) vals.append(val)
if abs(val-1.0)&gt;tol:

ok=Fals
ereturn ok,vals

if _name__=="_main__"
parser=argparse.ArgumentParser()
parser.add_argument("--demo",action="store_true")
args=parser.parse_args()
if args.demo:
freqs=np.linspace(1 .0,10.0,16)
Xi=np.ones_like(fregs)*1e-3
Omega,Lambda=build_coupling(fregs,xi)
def g(t):return np.exp(-((t-0.5)**2)/(2*0.05**2))
t_grid=np.linspace(0,1,201)

alpha,beta=solverk4(fregs,0Omega,Lambda,g,t_grid,kappa=0.

0) ok,vals=check_norm(alpha,beta)
print("Normalization ok:",ok)

numerics/validate_convergence.py



PESKEWSIRIEHIA, TJaf AR TRMRIREW L, IR SKEERRBIEL
BERENE, ABRTWNT:

python

#validate_convergence.p
y import numpy as np
fromm modal_solver import

solvelddirichlet import
matplotlib.pyplot as plt

import argparse

def run(length,
klist): errs=|]

freqgsref,_,_,_ =solvelddirichlet(length,max(klist))
for Kin klist:
fregs,_,_,_ =solvelddirichlet(length, K)

ncomp=min(len(freqgs), len(freqsref))
err=np.max(np.abs(fregs[:ncomp] -fregsref[: ncomp]))
errs.append(err)

plt.figure()

plt.loglog(klist,errs,marker=lol)

plt.xlabel(IK)

plt.ylabel(lmax freq errorl)

plt.grid(True)

plt.savefig(lplots/modal_convergence.pngl)

print("Saved plots/modal_convergence.png")

return klist, errs

if _name__=="__main__"
p=argparse.ArgumentParser()
p.add_argument("--length",type=float,default=1 .0)
p.add_argument("--klist",nargs="+",type=int,default=[8,16,32,64,128])
args=p.parse_args()
run(args.length, args.klist)

measurement/calibrationscripts/fitdetector.py

AHENBRENSTE, TixNSZ2NRENEHE, USHRNFMNZEEE, s
m . WENDHSEER, AEBRSTWT:

python



#fit_detector. py

import numpy as np, json,
argparse from scipy.optimize
import curve_fit

def model(P, G, b):
return G*P +
b

def fit(inputnpz, outputjson):
data = np.load(inputnpz)
Ptrue = data[lPtruel] #reference power
Pmeas = datallPmeasl] #measured
popt,pcov = curve_fitimodel, Ptrue, Pmeas)
G, b = popt
cov = pcov.tolist()
out = {"gain":float(G),"bias":float(b),"cov":cov}
with open(outputjson,"w",encoding="utf-8")as f:

json.dump(out, f,indent=2)

print("Saved calibration to", outputjson)

if _name__ =="__main__"
p=argparse.ArgumentParser()
p.add_argument("--input",required=True)
p.add_argument("--output",required=True)
args=p.parse_args()
fit(args.input, args.output)

experiment/energy_ledger.py

FELIuEEEMAER, o[icRLKISEFE_in. E_ctrl. E_out, SLMEFFRIEHFEMGEE)
RREEAAEER , ZFIJSON BAFHITATESE , ABASUT:

python

#energy_ledger.p

y import json,

time

from dataclasses import dataclass,
field from typing import List, Dict, Any
import numpy as np

@ dataclass
class EnergyLedger:



E_in: float = 0.0

E_ctrl:float = 0.0

E_out:float = 0.0

events: List[Dict[str,Any]] =field(default_factory=list)

def record(self,event:Dict|[str,Any]):
self.events.append(event)
self.E_in += event.get("E_in",0.0)
self. E_ctrl += event.get("E_ctrl",0.0)
self.E_out += event.get("E_out",0.0)

def net(self):
return self.E_out - (self.E_in + self.E_ctrl)

def montecarlouncertainty(self, n=1000):
samples=|]
for _in range(n):
Ein=sum([e.get("E_in",0.0)*(1+np.random.normal(scale=0.01))for e in
self.events])
Ectrl=sum([e.get("E_ctrl",0.0)*(1+np.random.normal(scale=0.01)) for e
inself.events])
Eout=sum([e.get("E_out",0.0)*(1+np.random.normal(scale=0.01)) for e
in self.events])
samples.append(Eout- (Ein+Ectrl))
arr=np.array(samples)
return {"mean":float(arr.mean()),"std":float(arr.std()),
"ci95": [float(np.percentile(arr,2.5)),float(np.percentile(arr,97.5))]}

def export(self, fname):

out={"E_in":self.E_in,"E_ctrl":self.E_ctrl,"E_out":self.E_out,"E_net":self.net(),"events":self.ev
ents,"timestamp":time.time()}
with open(fname,"w",encoding="utf-8")as f:
json.dump(out,f,indent=2)

experiment/daqinterfacetemplate.py

ABEHEHDAQ SiEHEAERER, E3ADC #EXESEHFIILAEIHRED, JEEREHRA
[ BISDK SEIIEsEf@Hadiz , ABAEUT:

python



# daqginterfacetemplate.py

# EFEORR: SRS E
SDKimport time

import numpy as np

class RealADCTemplate:
def __init__(self,cfg):

self.cfg=cf

g def

open(self):
# . ¥JF PCle/ethernet/serial iR&
pass

def close(self):
pass

def read_frame(self):
# iR[O] (frame,ts_ns)
frame = np.random.normal(scale=1e-4,size=(self.cfg[lchannelsl],
self.cfgllframe_sizel])).astype(np.float32)

return frame,time.time_ns()

class ControlDriverTemplate:

def __init__(self,cfg):
self.cfg=cf

g def

open(self):
pass

def close(self):
pass

def sendcontrolsequence(self, seq):
duration=seq.get(ldurationl,1e-6)
amp=seq.get(lamplitudel,1 .0)
k=1e-3
E=k*(amp**2)*duration

return E

analysis/stat_tests.py

ASERFEITIC A, SEMETFbootstrap EXRHFRIFEER TR, THRIYE. IREES
S%RBEEXE, FIMLRERNFTESE , ABATUT:

python

import numpy as np



#stat_tests.py

import numpy as np



from scipy.stats import
bootstrap import argparse, json

def bootstrapEnet(events, n=10000):
#events:list of dicts with E_in,E_ctrl,E_out
arr = np.array([[e.get(IE_inl,0), e.get(IE_ctrll,0), e.get(IE_outl,0)] for e in events])
def stat(data,axis):
Ein=datal:,0].sum();Ectrl=datal:, 1].sum();Eout=datal:,2].sum()
return Eout-(Ein+Ectrl)
# simple bootstrap by resampling events
samples=|]
for _in range(n):
idx=np.random.randint(0,len(arr),len(arr))
s=stat(arr[idx],0)
samples.append(s

)

arrs=np.array(samples)

return {"mean":float(arrs.mean()),"std":float(arrs.std()),
"ci95":[float(np.percentile(arrs,2.5)),float(np. percentile(arrs,97.5))1}

if _name__=="__main__"
p=argparse.ArgumentParser()
p.add_argument("--events",required=True)
args=p.parse_args()
with open(args.events,"r",encoding="utf-8")as f:

data=json.load(f)

res=bootstrapEnet(data.get("events",[]))
print(res)

tests/unit_tests.py

NiZORRB BT A, EFpytest £, IWIUFRZSK##EES SBogoliubov KEFssHIE
REIhEElEMtE , KBRESWT:

python

#Hunit_tests.p

y import

pytest

fromn numerics.modal_solver import solve 1ddirichlet

from numerics.bogoliubov_solver import build_coupling, solverk4, check_norm

def testmodalbasic():
fregs,modes,x,norms = solve1ddirichlet(1 .0, 32)



assert len(freqs)==32
assert modes.shape[0]==32

def testbogoliubovnorm):
freqs = np.linspace(1 .0,5.0,8)
Xi = np.ones_like(fregs)*1e-3
Omega,Lambda = build_coupling(fregs,xi)
def g(t):return np.exp(-((t-0.5)**2)/(2*0.05**2))
t_grid = np.linspace(0,1,101)
alpha,beta = solverk4(freqs,Omega,Lambda,g,t_grid)
ok,vals = check_norm(alpha,beta)
assert isinstance(vals, list)
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¥ ERFIBRBSEXEEN NN HERE—FRZE, BRESEASXHRA=RE—N, £FH
MIME A RBRI B /£ Python M iE1T . MEBRIX TAEEAEONRIRSIM , EFXE
BELfEH, (XFEBexperiment/daqginterfacetemplate.py B &5 7 1573 Bk A 3T M 18 55 7Y
[ ESDK Blo] . FrEsEiafuR SWEXHIIXBrENXKRIIRE, BETEEHEIT. ENEH
EHEE | E=ZH RN EERARTENABTTAMERIES §285Ci0Ei,

E = RACES 1R AR

R BEWES LT B hSensor . Control . FeatureExtractor . VAETrainer .
ExperimentController, {CREBEHEEN TUHZIET, BXIFERANESILADC 5142558
WERiE , BNEEFEERATAS , BJREIESCE G,

K ELR
‘python

l/usr/bin/env python3

Production level experiment controller

This file implements concurrent sampling STFT wavelet feature extraction VAE
based anomaly detection

control triggering and energy ledger recording

Adjust RealSensor.readframe and Controlinterface.sendcontrol_sequence for
your hardware

import os
import sys
import time
import json
import math
import queue
import uuid



import logging

import

threading

from dataclasses import dataclass, field

from typing import Any,Dict, List, Tuple,Optional

import numpy as np

from scipy.signal import

stft import pywt

import torch

import torch.nn as nn

import torch.optim asoptim

from torch.utils.data import DatalLoader, TensorDataset

LOG_DIR ="logs"
os.makedirs(LOGDIR,existok=True)
logging.basicConfig(
level=logging.INFO,
format="%(asctime)s %(levelname)s [%(threadName)s] %(message)s",
handlers=|
logging.FileHandler(os.path.join(LOG_DIR,"experiment.log"),encoding="utf-8"
), logging.StreamHandler(sys.stdout)

)
logger = logging. getLogger("experiment")

©@ dataclassc

lass Config:
sampling_rate:int = 2000000
frame_size:int = 4096
channels:int = 4
stft_nperseg:int = 512
stft_noverlap:int = 256

wavelet:str = "morl"
waveletscales: List[int] =field(defaultfactory=lambda:list(range(1 , 64)))

vaelatentdim:int= 16
vae_hidden:int = 128

vae_epochs:int = 50

vaebatchsize:int = 64

controlcostthreshold:float = 1e-6
blind_mode:bool =True

results_dir:str = "results"
device:str = "cuda"if torch.cuda.is_available()else "cpu"

def now_ns() -&amp;gt;int:



return time.time_ns()

def nstoiso(ns:int) -&amp;gt;str:
return time.strftime("%Y-%m-%dT%H:%M:%S", time.localtime(ns / 1e9)) + f'{ns
% 1000000_000:09d}Z"

class RealSensor:
def init(self,cfg: Config,source:str = "sim",serial_port: Optional[str] = None):

self.cfg = cfg

self. source = source
self.serialport = serialport
self.running = False

def start(self):
self.running = True
logger.info("Sensor started source %s", self.source)

def stop(self):
self.running = False
logger.info("Sensor stopped")

def read_frame(self) -&amp;gt; Tuple[np.ndarray,int]:
frame = np.random.normal(scale=1e-4,size=(self.cfg.channels,
self. cfg.frame_size)). astype(np.float3 2)

if np.random.rand()&amp;lt; 0.01 :
ch = np.random.randint(0, self.cfg.channels)
amp = 1e-2 * (0.5 + np.random.rand())
start = np.random.randint(0,self.cfg.frame_size // 2)
width = np.random.randint(10, 200)
frame[ch, start: start+ width] +=amp * np.hanning(width)

return frame,now_ns()

class Controlinterface:
def init(self,cfg: Config,serial_port:Optional[str] = None):

self.cfg = cfg
self.serialport = serialport

def sendcontrolsequence(self,sequence:Dict[str, Any]) -&amp;gt;float:
duration = float(sequence.get("duration”, 1e-6))
amplitude = float(sequence.get("amplitude”, 1 .0))
k=1e-3
E=k (amplitude 2) duration
logger.debug("Control sequence sent %s E %.3e", sequence, E)

return E



class FeatureExtractor:
def init(self,cfg: Config):

self.cfg = cfg

def computestftfeatures(self,frame: np.ndarray) -&amp;gt; np.ndarray:
ch, n =frame.shape
features =[]
for c in range(ch):

f, t,Zxx = stft(frame(c] fs=self.cfg.samplingrate,
nperseg=self.cfg. stftnperseg,noverlap=self.cfg.stft_noverlap,window="hann’,
boundary=None)

psd = np.mean(np.abs(Zxx) 2,axis=1)
psd = psd[:128] if len(psd)&amp;gt;= 128else np.pad(psd, (0, 128 -
len(psd)))
features.append(psd)
return np.concatenate(features)

def computewaveletfeatures(self,frame: np.ndarray)
-&amp; gt;np.ndarray: ch, n =frame.shape
features =[]
scales = self.cfg.wavelet_scales
for c in range(ch):
coef,freqgs = pywt.cwt(frame[c],scales,self.cfg.wavelet,
samplingperiod=1 .0/self.cfg.samplingrate)
energy = np.mean(np.abs(coef) 2,axis=1)
energy =energyl:64] if len(energy)&amp;gt;= 64else np.pad(energy, (0, 64
- len(energy)))
features.append(energy)
return np.concatenate(features)

def extract(self,frame:np.ndarray) -&amp;gt;np.ndarray:
stftfeat = self.computestft_features(frame)
wavefeat = self.computewavelet_features(frame)
ch_stats =[]
for c in range(frame.shapel[0]):
ch_stats.extend([np.mean(framelc]),np.std(framel[c]),np.sum(frame[c] 2)
]) stats = np.array(ch_stats)
feat = np.concatenate([stftfeat, wavefeat, stats])
feat = (feat - np.mean(feat)) / (np.std(feat) + 1e-12)
return feat.astype(np.float32)

class VAE(nn.Module):
def init(self,inputdim:int,hiddendim: int, latent_dim:int):



super(VAE,self).init()

self.fc1 =nn.Linear(inputdim,hiddendim)
self.fcmu = nn.Linear(hiddendim, latent_dim)
self.fclogvar = nn.Linear(hiddendim, latent_dim)
self.fcdec = nn.Linear(latentdim, hidden_dim)
self.fcout = nn.Linear(hiddendim,input_dim)
self.act = nn.ReLU()

def encode(self, x):
h =self.act(self.fc1(x))
return self.fcmu(h), self.fclogvar(h)

def reparameterize(self,mu,logvar):
std = torch.exp(0.5 *logvar)
eps = torch.randn_like(std)
return mu + eps * std

def decode(self, z):
h =self.act(self.fc_dec(z))
return self.fc_out(h)

def forward(self, x):
mu,logvar = self.encode(x)
z =self.reparameterize(mu,logvar)
recon = self.decode(z)
return recon,mu, logvar

def vaeloss(reconx, x,mu,logvar):
reconloss = nn.functional.mseloss(recon_x, x,reduction="'sum')
kid = -0.5 * torch.sum(1 +logvar - mu.pow(2) -logvar.exp())

return reconloss + kld, reconloss, kld

class VAETrainer:
def init(self,cfg: Config,input_dim: int):

self.cfg = cfg
self.device = torch.device(cfg.device)
self. model = VAE(inputdim, cfg.vaehidden, cfg.vaelatentdim).to(self.device)

def train(self, X:np.ndarray,epochs:int = None):
epochs = epochs or self.cfg.vae_epochs
dataset = TensorDataset(torch.from_numpy(X.astype(np.float32)))

loader =
DatalLoader(dataset,batchsize=self.cfg.vaebatch_size, shuffle=True)
optimizer = optim.Adam(self.model.parameters(),Ir=1e-3)

self.model.train()



for epoch in range(1 ,epochs + 1):
total_loss = 0.0
for batch in loader:
x =batch[0].to(self.device)
optimizer.zero_grad()
recon,mu,logvar = self.model(x)
loss, rloss,kld = vae_loss(recon, x, mu, logvar)
loss.backward()
optimizer.stepl)
total_loss += loss.item()
logger.info("VAE epoch %d loss %.6e", epoch,total_loss)
return self.model

def save(self,path:str):
torch.save(self.model.state_dict(), path)
logger.info("Saved VAE model to %s", path)

def load(self,path: str):
self.model.loadstatedict(torch.load(path,map_location=self.device))
self.model.to(self.device)
self.model.evall()
logger.info("Loaded VAE model from %s", path)

def score(self, x:np.ndarray) -&amp;gt;float:

self.model.evall()

with torch.no_grad():
Xt =
torch.from_numpy(x.astype(np.float32)).to(self.device) .unsqueeze(0)
recon,mu,logvar = self.model(xt)
loss, rloss,kld = vae_loss(recon,xt, mu, logvar)
return float(rloss.item())

@ dataclass

class
EnergylLedger:
E_in: float = 0.0

E_ctrl:float = 0.0
E_out:float = 0.0
events: List[Dict[str,Any]] =field(default_factory=list)

def record(self,event:Dict[str,Any]):
self.events.append(event)
self.Ein += event.get("Ein", 0.0)
self. Ectrl += event.get("Ectrl", 0.0)
self.Eout += event.get("Eout", 0.0)



def net(self) -&amp;gt;float:
return self.Eout - (self.Ein + self.E_ctrl)

class ExperimentController:
def init(self, cfg: Config, sensor: RealSensor, control: Controlinterface, model_path:
Optional[str] = None):
self.cfg = cfg

self.sensor = sensor

self.control = control
self.extractor = FeatureExtractor(cfg)

self.queue = queue.Queue(maxsize=64)
self.ledger = EnergyLedger()
self.running = False
self.threads = |]

self.p_th = 0.995

self.alpha =1 .0

self.beta =1.0

self.gamma = 0.0
self.false_positive = 0
self.total_trials = 0
self.modelpath = modelpath

self.vae = None
self.loadortrainmodel()

def loadortrainmodel(self):
inputdim = self.estimatefeaturedim()
self.vae = VAETrainer(self.cfg,input_dim)
if self.modelpath and os.path.exists(self.modelpath):
self.vae.load(self.model_path)

else:
logger.info("Collecting background samples for VAE training")

bg =1
self.sensor.start()
for _in range(200):
frame,ts = self.sensor.read_frame()
feat = self.extractor.extract(frame)
bg.append(feat)
bg = np.vstack(bg)
logger.info("Training VAE on %d samples",bg.shape|0])
self.vae.train(bg,epochs=self.cfg.vae_epochs)
if self.model_path:
self.vae.save(self.model_path)

def estimatefeature_dim(self) -&amp;gt;int:



dummy =
np.zeros((self.cfg.channels, self.cfg.frame_size) ,dtype=np.float32) feat =
FeatureExtractor(self.cfg).extract(dummy)

return feat.shape[0]

def start(self):

self.running = True

self.sensor.start()

tsample = threading.Thread(target=self.sampling_loop,name="Sampler",
daemon=True)

tprocess = threading.Thread(target=self.processing_loop,
name="Processor", daemon=True)

self.threads = [tsample,tprocess]

for t in self.threads:

t.start()
logger.info("ExperimentController started")

def stop(self):
self.running = False
self.sensor.stop()

for t in self.threads:
t.join(timeout=1 .0)

logger.info("ExperimentController stopped")

def samplingloop(self):
try:
while self.running:
frame,ts = self.sensor.read_framel()
item = {"frame":frame,"ts":ts}
try:
self.queue. put(item,timeout=0.5)
except queue.Full:
logger.warning("Queue full dropping frame at %s", nstoiso(ts))
except Exception as e:
logger.exception("Sampling loop exception %s", e)
self.running = False

def processingloop(self):
try:
while self.running:
try:
item = self.queue.get(timeout=1 .0)
except queue.Empty:

continue
frame = item["frame"]



ts = item["ts"]

feat = self.extractor.extract(frame)

S_stat = float(abs(np.mean(feat)) +np.std(feat))

S_learn = self.vae.score(feat)

linear = self.alpha Sstat + self.beta Slearn + self.gamma *
0.0 P_event= 1.0/ (1.0 + math.exp(-linear))

self.total_trials += 1

trigger = False

if self.cfg.blind_mode:

if Pevent &amp;gt;self.pth and np.random.rand()&amp;t;
0.9: trigger = True
else:
if Pevent &amp;gt;self.pth:
trigger = True
if trigger:
predictedgain = self.predict_gain(feat)
controlcost = self.cfg.controlcost_threshold
if predictedgain&amp;gt; controlcost:
controlseq = {'duration": 1e-6, "amplitude": max(1 .0,
predictedgain * 1e3)}
Ectrl =
self.control.sendcontrolsequence(controlseq) Ein
= predictedgain * 0.1
Eout = predictedgain
event ={
"id":str(uuid.uuid4()),
"ts_ns":ts,
"tsiso":nsto_iso(ts),

"Pevent”: Pevent,
"predictedgain”: predictedgain,

"Ein"; Ein,
"Ectrl": Ectrl,
"Eout": Eout,

"feat_mean":float(np.mean(feat)),
"feat_std": float(np.std(feat)
) }
self.ledger.record(event)
logger.info("Event id %s P %.4f predgain %.3e Ein %.3e Ectrl
%.3e Eout %.3¢€",
event['id'], Pevent, predictedgain, Ein, Ectrl,
E_out)
else:
self.false_positive += 1
for = self.falsepositive / max(1 ,self.totaltrials)
self.pth = self.adaptthreshold(self. pth,fpr,target_fpr=0.01)



except Exception as e:
logger.exception("Processing loop exception %s", e)
self.running = False

def predictgain(self,feat:np.ndarray) -&amp; gt;float:
energy = float(np.sum(feat 2))
return max(0.0,energy * 1e-3)

def adaptthreshold(self, pth: float, falsepositiverate: float, targetfpr: float =
0.01) -&amp;gt;float:
if falsepositiverate&amp;gt; target_fpr:
pth = min(0.9999, pth + 0.001)
else:
pth = max(0.5, pth - 0.0005)
return p_th

def save_results(self,path:Optional[str] = None):
path = path or self.cfg.results_dir
os.makedirs(path, exist_ok=True)
out = {
"Ein":self.ledger.Ein,
"Ectrl":self.ledger.Ectrl,
"Eout":self.ledger.Eout,
"E_net":self.ledger.net(),
"events":self.ledger.events,
"cfg":self.cfg.dict,
"timestamp": nstoiso(now_ns())
}
fname = os.path.join(path, f'results_{int(time.time())}.json")
with open(fname,"w",encoding="utf-8")as f:
json.dump(out, f,indent=2,ensure_ascii=False)
logger.info("Saved results to %s", fname)

def parse_args():
import argparse
p = argparse.ArgumentParser(description="Experiment controller")

p.add_argument("--sampling-source",choices=["sim","sounddevice",  "serial'],
default="sim")

p.add_argument("--serial-port",type=str,default=None)

p.add_argument("--control-serial",type=str,default=None)

p.addargument("--model-path",type=str,default="vaemodel. pth")

p.add_argument("--runtime",type=float,default=60.0)

p.addargument("--blind",action="storetrue")

return p.parse_args()



def main():
args = parse_args()
cfg = Config()
cfg.blind_mode = args. blind
os.makedirs(cfg.resultsdir, existok=True)
sensor = RealSensor(cfg, source=args.samplingsource,
serialport=args.serial_port) control = Controlinterface(cfg,
serialport=args.controlserial)

controller = ExperimentController(cfg, sensor, control,
modelpath=args.modelpath)

try:
controller.start()
logger.info("Experiment running for %.1f seconds",args.runtime)
time.sleep(args.runtim
e) except
Keyboardinterrupt:
logger.info("Interrupted by
user"') except Exception as e:
logger.exception("Unhandled exception in main %s", e)
finally:
controller.stop()
controller.save_results()
logger.info("Final ledger Ein %.6e Ectrl %.6e Eout %.6e Enet %.6e",
controller.ledger.Ein,controller.ledger.Ectrl,controller.ledger.E_out,
controller.ledger.net())

if name == "main":
main()
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import os

import sys

import time

import json

import math

import uuid

import logging

import

argparse

import

threading

import multiprocessing as mp

from dataclasses import dataclass, field
from typing import Any,Dict,List, Tuple,Optional

import numpy as np
from scipy.signal import
stft import h5py

import matplotlib.pyplot as
plt import pywt

import torch

import torch.nn as nn

import torch.optim asoptim

from torch.utils.data import DatalLoader, TensorDataset

g g
TR

LOG_DIR ="logs"
os.makedirs(LOGDIR,existok=True)
logging.basicConfig(
level=logging.INFO,
format="%(asctime)s %(levelname)s [%(threadName)s] %(message)s”,
handlers=|
logging.FileHandler(os.path.join(LOGDIR,"singledeploy_full.log"),
encoding="utf-8"),
logging.StreamHandler(sys.stdout)

)
logger = logging.getLogger("singledeployfull’)

=1

©@ dataclassc

lass Config:
sampling_rate:int = 2000000
frame_size:int = 4096



channels:int = 4
stft_nperseg:int = 512

stft_noverlap:int = 256

wavelet:str = "morl"
waveletscales: List[int] =field(defaultfactory=lambda:list(range(1 , 64)))

vaelatentdim:int= 16
vae_hidden:int = 128
vae_epochs:int = 50

vaebatchsize:int = 64

controlcostthreshold:float = 1e-6
blind_mode:bool =True

results_dir:str = "results"

device:str = "cuda"if torch.cuda.is_available()else "cpu"
modalsolvermethod:str = "fd"

modal_Kmax:int = 256

hdfSmodalfile:str = "modal_data.h5"

THERE
def now_ns() -&gt; int:
return time.time_ns()

def nstoiso(ns:int) -&gt;str:
return time.strftime("%Y-%m-%dT%H:%M:%S", time.localtime(ns / 1e9)) + f'{ns
% 1000000_000:09d}z"

def ensure_dir(path:str):
os.makedirs(path,exist_ok=True)

fRSK i es
class ModalSolver:
def init(self,cfg: Config):
self.cfg = cfg

def solvelddirichlet(self,length:float,Kmax:int = None) -&gt; Tuple[np.ndarray,
np.ndarray,np.ndarrayl:
Kmax = Kmax or self.cfg.modal_Kmax
Ngrid = 2048
x =np.linspace(0.0, length, Ngrid)
fregs = np.array([math.pi * (k + 1) / length for k in range(Kmax)])
modes = np.zeros((Kmax, Ngrid))
for k in range(Kmax):
modes|k, :] =np.sgrt(2.0 /length) np.sin((k + 1)math.pi * x / length)
norms = np.trapz(np.abs(modes) 2, x,axis=1)

return fregs, modes, norms



def export_hdf5(self filename:str,fregs: np.ndarray, modes: np.ndarray, x:
np.ndarray,metadata:Dict[str,Any]):
ensure_dir(os.path.dirname(filename)or ".")
with h5py.File(filename,"w")as f:
f.create_dataset("freqs",data=freqs)
f.create_dataset("modes",data=modes)
f.create_dataset("x",data=x)
meta = f.create_group("metadata")
for k,v in metadata.items():
meta.attrs[k] =str(v)
logger.info("Exported modal data to %s", filename)

def convergencetest1d(self,length:float,Klist:List[int]) -&gt;Dict[str,Any]:
results = {}
Kref = max(Klist)
fregsref,modesref,normsref = self.solve1d_dirichlet(length,Kmax=Kref)
for Kin Klist:
fregs,modes,norms = self.solve 1 ddirichlet(length,Kmax=K)
ncomp = min(len(fregs),len(fregs_ref))
err = np.max(np.abs(fregs[:ncomp] -fregs_ref[:ncomp]))
results[K] =float(err)

return results

def demoandexport(self):
length=1.0
K =min(256,self.cfg.modal_Kmax)
fregs,modes,norms = self.solve 1 ddirichlet(length,Kmax=K)
x =np.linspace(0.0,length, modes.shapel[1])
metadata = {"solver":"1ddirichlet","K": K,"generated": nstoiso(nowns())}
self.exporthdf5 (self.cfg. hdf5 modal_file, fregs,modes, x,metadata)
plt.figure(figsize=(6, 4))
plt.plot(fregs[:min(50,len(fregs))],marker="0")
plt.title("Modal frequencies sample")
plt.xlabel("mode index")
plt.ylabel("frequency")
plt.grid(True)
plt.savefig("modalfreqgssample.png”,dpi=150)
plt.close()

logger.info("Modal demo  exported modalfreqssample.png and
%s", self.cfg.hdfbmodalfile)

Bogoliubov kf&zs H 17 LiN
def rk4dstep(a, b,dt, rhsfunc,tidx):



k1a, k1b = rhsfunc(a, b,tidx)

k2a, k2b =rhsfunc(a + 0.5 dt kla,b+ 0.5 dt kib,tidx)
k3a, k3b =rhsfunc(a + 0.5dt k2a,b + 0.5 dt k2b,tidx)
kda, kdb =rhsfunc(a + dt k3a, b + dt k3b,tidx)
a_next=a+(dt/ 6.0) (k1la+20 k2a+ 2.0*k3a+ kda)
b_next=b+(dt/ 6.0) (k1b+2.0 k2b+ 2.0 * k3b+ kdb)

return anext, bnext

class BogoliubovSolver:
def init(self,cfg: Config)
self.cfg = cfg

def build_coupling(self,fregs: np.ndarray,xi: np.ndarray, zeta: Optional[np.ndarray]
= None) -&gt;Tuple[np.ndarray,np.ndarray]:
N = len(freqgs)
Omega = np.diag(freqgs)
Lambda = np.zeros((N, N),dtype=np.complex128)
for i in range(N):
forj in range(N):
Lambdali, j] =xilil xi[j] 0.0
if zeta is not None:
for i in range(N):
forj in range(N):
Lambdali, j] +=zetali] zetalj]0.0
return Omega, Lambda

def solveparallel(self,fregs:np.ndarray,Omega:np.ndarray,Lambda: np.ndarray,

goft,tgrid:np.ndarray,kappa:Optional[float] =None, n_workers: int = 4):

N = len(freqgs)

T = len(t_grid)

alpha = np.zeros((T, N, N),dtype=np.complex128)

beta = np.zeros((T, N, N),dtype=np.complex128)

alphal0] =np.eye(N,dtype=np.complex128)

beta[0] =np.zeros((N, N),dtype=np.complex128)

dt = tgrid[1] -tgrid[0]

def rhs(amat,bmat, t_idx):
t =tgrid[tidx]
g =goft(t)
adot=-1j (Omega @ amat) - 1j (Lambda @ np.conjugate(bmat))
bdot=-1j (Omega @ bmat) - 1j (Lambda @ np.conjugate(amat))
if kappa is not None and kappa &gt; 0.0:
adot+=-0.5 kappa a_mat
bdot+=-0.5 kappa b_mat



return adot, bdot

pool = mp.Pool(processes=n_workers)
try:
forn in range(0, T - 1):
a0 = alphaln]
b0 = betaln]
al, b1 =rkd4step(a0, b0, dt, rhs, n)
alphaln + 1] = a1
betaln + 1] = b1
finally:
pool.close()
pool.join()
return alpha, beta

def check_normalization(self, alpha: np.ndarray, beta: np.ndarray, tol: float =
1e-6) -&gt; Tuple[bool,List[float]]:

final_alpha = alpha[-1]

final_beta = beta[-1]

N =final_alpha.shape[0]

vals =[]

ok =True

for k in range(N):
val = np.sum(np.abs(finalalphalk, :]) 2 -np.abs(finalbetalk, :]) 2)
vals.append(float(val))
if abs(val - 1 .0) &gt; tol:

ok = False
return ok,vals

RN, IR 1EE
class
DetectorModel:
def init(self, efficiency:float = 0.9, darkcountrate:float = 1 .0,

amplifiernoisedb:float= 3.0):
self.efficiency = efficiency

self.darkcountrate = darkcountrate
self.amplifiernoisedb = amplifiernoisedb

def response_function(self, t:np.ndarray,tau:float = 1e-9) -&gt;np.ndarray:
return np.exp(-t /tau) * (t&gt;= 0)

def generatenoise(self, nsamples: int, sampling_rate: float, temperature:
float = 300.0) -&gt;np.ndarray:

sigma = 10 (self.amplifiernoisedb / 20.0)
return np.random.normal(scale=sigma,size=n_samples).astype(np.float32)



def calibratefromdata(self, measuredwaveform: np.ndarray,
referencewaveform:

np.ndarray) -&gt;Dict[str,float]:
A
=np.vstack([referencewaveform, np.oneslike(reference_waveform)]).T
gain,bias = np.linalg.Istsq(A,measured_waveform,rcond=None) [0]
self.efficiency = float(gain)
return {"gain":float(gain),"bias":float(bias)}

YFIEFEEY STFT CWT

class FeatureExtractor:
def init(self,cfg: Config):

self.cfg = cfg

def computestftfeatures(self,frame: np.ndarray) -&gt; np.ndarray:
ch, n =frame.shape
features = ]
for c in range(ch):

f, t,Zxx = stft(framelc],fs=self.cfg.samplingrate,
nperseg=self.cfg. stftnperseg,noverlap=self.cfg.stft_noverlap,window="hann’,
boundary=None)

psd = np.mean(np.abs(Zxx) 2,axis=1)

psd = psd[:128]if len(psd)&gt;= 128else np.pad(psd, (0, 128 - len(psd)))

features.append(psd)

return np.concatenate(features)

def computewaveletfeatures(self,frame:np.ndarray) -&gt; np.ndarray:
ch, n =frame.shape
features =[]
scales = self.cfg.wavelet_scales
for c in range(ch):
coef,freqgs = pywt.cwt(frame|c],scales,self.cfg.wavelet,
samplingperiod=1 .0/self.cfg.samplingrate)

energy = np.mean(np.abs(coef) 2,axis=1)
energy = energyl:64]if len(energy)&gt;= 64else np.pad(energy, (0, 64
-len(energy)))
features.append(energy)
return np.concatenate(features)

def extract(self,frame:np.ndarray) -&gt; np.ndarray:
stftfeat = self.computestft_features(frame)
wavefeat = self.computewavelet_features(frame)
ch_stats = ]
for c in range(frame.shapel0]):
ch_stats.extend([np.mean(frame|c]),np.std(frame[c]),np.sum(framelc] 2)])



stats = np.array(ch_stats)

feat = np.concatenate([stftfeat, wavefeat, stats])
feat = (feat - np.mean(feat)) / (np.std(feat) +
1e-12)return feat.astype(np.float32)

iR VAESZE LI
class ConvVAE(nn.Module):
def init(self,inputdim:int,hiddendim: int, latent_dim:int):

super(ConvVAE,self).init()
self.fc1 =nn.Linear(inputdim,hiddendim)
self.fcmu = nn.Linear(hiddendim, latent_dim)
self.fclogvar = nn.Linear(hiddendim, latent_dim)
self.fcdec = nn.Linear(latentdim, hidden_dim)
self.fcout = nn.Linear(hiddendim,input_dim)
self.act = nn.ReLU()

def encode(self, x):
h =self.act(self.fc1(x))
return self.fcmu(h), self.fclogvar(h)

def reparameterize(self,mu,logvar):
std = torch.exp(0.5 *logvar)
eps = torch.randn_like(std)
return mu + eps * std

def decode(self, z):
h =self.act(self.fc_dec(z))
return self.fc_out(h)

def forward(self, x):
mu,logvar = self.encode(x)
z =self.reparameterize(mu,logvar)
recon = self.decode(z)
return recon,mu, logvar

def vaeloss(reconx, x,mu,logvar):

reconloss = nn.functional.mseloss(recon_x,
X,reduction="'sum') kld = -0.5 * torch.sum(1 +logvar -
mu.pow(2) -logvar.exp())

return reconloss + kld, reconloss, kld

class VAETrainer:
def init(self,cfg: Config,input_dim: int):

self.cfg = cfg
self.device = torch.device(cfg.device)



self.model = ConvVAE(inputdim, cfg.vaehidden, cfg.vaelatentdim).to(self.device)

def train(self, X:np.ndarray,epochs:int = None):
epochs = epochs or self.cfg.vae_epochs
dataset = TensorDataset(torch.from_numpy(X.astype(np.float32)))
loader =
DatalLoader(dataset,batchsize=self.cfg.vaebatch_size,shuffle=True)
optimizer = optim.Adam(self.model.parameters(),Ir=1e-3)
self.model.train()
best_loss = float("inf")
patience = 10
wait =0
for epoch in range(1 ,epochs + 1):
total_loss = 0.0
for batch in loader:
x =batch[0].to(self.device)
optimizer.zero_grad)
recon,mu,logvar = self.model(x)
loss, rloss,kld = vae_loss(recon, x, mu, logvar)
loss.backward()
optimizer.step()
total_loss += loss.item()
logger.info("VAE epoch %d loss %.6e", epoch,total_loss)
if totalloss&lt; bestloss:
bestloss = totalloss
wait = 0
else:

wait += 1
if wait &gt;=patience:

logger.info("Early stopping at epoch %d", epoch)
brea

K return

self.model

def save(self,path:str):
torch.save(self.model.state_dict(), path)
logger.info("Saved VAE model to %s", path)

def load(self,path: str):
self.model.loadstatedict(torch.load(path,map_location=self.device))
self.model.to(self.device)
self.model.eval()
logger.info("Loaded VAE model from %s", path)

def score(self, x:np.ndarray) -&gt;float:
self.model.evall()



with torch.no_grad():
xt =
torch.from_numpy(x.astype(np.float32)).to(self.device).unsqueeze(0)
recon,mu,logvar = self.model(xt)
loss, rloss,kld = vae_loss(recon,xt, mu, logvar)
return float(rloss.item())

BEEMK A

@ dataclass

class
EnergylLedger:
E_in: float = 0.0

E_ctrl:float = 0.0
E_out:float = 0.0
events: List[Dict[str,Any]] =field(default_factory=list)

def record(self,event:Dict[str,Any]):
self.events.append(event)
self.Ein += event.get("Ein", 0.0)
self.Ectrl += event.get("Ectrl", 0.0)
self.Eout += event.get("Eout", 0.0)

def net(self) -&gt;float:
return self.Eout - (self.Ein + self.E_ctrl)

def montecarlouncertainty(self, n:int = 1000) -&gt; Dict|[str,float]:
Enetsamples = ]
for _in range(n):
Ein =sum([e.get("E_in", 0.0) * (1 .0 + np.random.normal(scale=0.01))for e
inself.events])

Ectrl = sum([e.get("E_ctrl", 0.0) * (1 .0 +np.random.normal(scale=0.01)) for
ein self.events])

Eout = sum([e.get("E_out", 0.0) * (1.0 + np.random.normal(scale=0.01))
fore in self.events])
Enetsamples.append(Eout - (Ein + Ectrl))
arr = np.array(Enetsamples)

return  {"mean":float(np.mean(arr)),"std":float(np.std(arr)),"ci95":
[float(np.percentile(arr, 2.5)),float(np.percentile(arr, 97.5))1}

T8 (4K N R Real ADC ControlDriver

class RealADC:
def init(self,cfg:Config,mode:str = "sim",device_info:Optional[Dict[str, Any]] =
None):

self.cfg = cfg

self.mode = mode
self.deviceinfo = deviceinfo or {}



self.running = False

def start(self):
self.running = True
logger.info("Real ADC started mode %s", self.mode)

def stop(self):
self.running = False
logger.info("Real ADC stopped")

def read_frame(self) -&gt; Tuple[np.ndarray,int]:

if self.mode == "sim":
frame = np.random.normal(scale=1e-4,size=(self.cfg.channels,
self. cfg.frame_size)). astype(np.float3 2)

ts = now_ns()
return frame, ts
elif self.mode == "pcie":

raise NotlmplementedError("PCle read_frame not implemented for
your device.Provide device model and SDK.")

elif self.mode == "ethernet":
raise NotimplementedError("Ethernet read_frame not implemented for

your device. Provide device model and protocol.")

elif self.mode == "serial":
raise NotimplementedError("Serial read_frame not implemented for

your device.Provide serial parameters.")

else:
raise ValueError("Unknown ADC mode")

class ControlDriver:
def init(self,cfg:Config,mode:str = "sim",device_info:Optional[Dict[str, Any]] =
None):

self.cfg = cfg

self.node = mode
self.deviceinfo = deviceinfo or {}

def sendcontrolsequence(self,sequence:Dict[str,Any]) -&gt;float:

if self.mode == "sim":
duration = float(sequence.get("duration”, 1e-6))
amplitude = float(sequence.get("amplitude”, 1 .0))
K=1e-3
E=k (amplitude 2) duration
logger.debug("Sim control sequence sent %s E %.3€", sequence,
E) return E

elif self.mode == "tcp_scpi":



raise NotimplementedError("TCP SCPI control not
implemented. Provide device model and protocol.")

elif self.mode == "serial":
raise NotlmplementedError("Serial control not implemented. Provide

serial parameters.")

else:
raise ValueError("Unknown control mode")
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class ExperimentController:
def init(self,cfg:Config,adc:RealADC,control:ControlDriver,model_path:
Optional[str] = None):
self.cfg = cfg

self.adc = adc

self.control = control
self.extractor = FeatureExtractor(cfg)

self.queue = |]

self.ledger = EnergyLedger()
self.running = False
self.threads:List[threading.Thread] = []
self.p_th = 0.995

self.alpha =1 .0

self.beta =1.0

self.gamma = 0.0

self.false_positive = 0O

self.total_trials = O

self. modelpath = modelpath
self.vae:Optional[VAETrainer] = None
self.loadortrainmodel()

def estimatefeature_dim(self) -&gt;int:
dummy =
np.zeros((self.cfg.channels,self.cfg.frame_size),dtype=np.float32) feat =
self.extractor.extract(dummy)

return feat.shape|0]

def loadortrainmodel(self):

inputdim = self.estimatefeaturedim()

self.vae = VAETrainer(self.cfg,input_dim)

if self.modelpath and os.path.exists(self.modelpath):
self.vae.load(self.model_path)

else:
logger.info("No VAE model found, collecting background samples

for training")

bg =]



self.adc.start()
for _ in range(200):
frame,ts = self.adc.read_frame()
feat = self.extractor.extract(frame)
bg.append(feat)
bg = np.vstack(bg)
logger.info("Training VAE on %d samples",bg.shape|0])
self.vae.train(bg,epochs=self.cfg.vae_epochs)
if self.model_path:

self.vae.save(self.model_path)

def start(self):
self.running = True
self.adc.start()

tsample = threading.Thread(target=self.sampling_loop,name="Sampler",
daemon=True)

tprocess = threading.Thread(target=self.processing_loop,
name="Processor", daemon=True)
self.threads = [tsample,tprocess]

for t in self.threads:
t.start()

logger.info("ExperimentController started")

def stop(self):
self.running = False
self.adc.stop()

for t in self.threads:
t.join(timeout=1 .0)

logger.info("ExperimentController stopped")

def samplingloop(self):
try:
while self.running:
frame,ts = self.adc.read_frame()
item = {"frame":frame,"ts":ts}
self.queue.append(item)
if len(self.queue)&gt; 256:
self.queue.pop(0)
except Exception as e:
logger.exception("Sampling loop exception %s", e)
self.running = False

def processingloop(self):
try:



while self.running:
if not self.queue:
time.sleep(0.01)
continue
item = self.queue.pop(0)
frame = item["frame"]
ts = item|["ts"]
feat = self.extractor.extract(frame)
S_stat = float(abs(np.mean(feat)) +np.std(feat))
S_learn = self.vae.score(feat)
linear = self.alpha Sstat + self.beta Slearn + self.gamma *
0.0 P_event= 1.0/ (1.0 + math.exp(-linear))
self.total_trials += 1
trigger = False
if self.cfg.blind_mode:
if Pevent &gt;self.pth and np.random.rand() &It; 0.9:
trigger = True
else:
if Pevent &gt;self. pth:
trigger = True
if trigger:
predictedgain = self.predict_gain(feat)
controlcost = self.cfg.controlcost_threshold
if predictedgain&gt; controlcost:
controlseq = {'duration": 1e-6, "amplitude": max(1 .0,
predictedgain * 1e3)}
Ectrl =
self.control.sendcontrolsequence(controlseq) Ein
= predictedgain * 0.1
Eout = predictedgain
event = {
"id":str(uuid.uuid4()),
"ts_ns":ts,
"tsiso":nsto_iso(ts),

"Pevent": Pevent,
"predictedgain": predictedgain,

"Ein": Ein,
"Ectrl": Ectrl,
"Eout": Eout,

"feat_std":float(np.std(feat)
) }

self.ledger.record(event)
logger.info("Event triggered id=%s P=%.4f predgain=%.3e
Ein=%.3e Ectrl=%.3e Eout=%.3¢e",



event['id"], Pevent, predictedgain, Ein, Ectrl,
E_out)
else:
self.false_positive += 1
for = self.falsepositive / max(1 ,self.totaltrials)
self.pth = self.adaptthreshold(self. pth,fpr,target_fpr=0.01)
except Exception as e:

logger.exception("Processing loop exception %s", e)
self.running = False

def predictgain(self,feat:np.ndarray) -&gt;float:
energy = float(np.sum(feat 2))
return max(0.0,energy * 1e-3)

def adaptthreshold(self,pth:float,falsepositiverate:float,targetfpr:float = 0.01) -&gt;
float:
if falsepositiverate&gt; target_fpr:
pth = min(0.9999, pth + 0.001)
else:
pth = max(0.5, pth - 0.0005)
return p_th

def save_results(self,path: Optional[str] = None):
path = path or self.cfg.results_dir
ensure_dir(path)
out = {
"Ein":self.ledger.Ein,
"Ectrl":self.ledger.Ectrl,
"Eout":self.ledger.Eout,
"E_net":self.ledger.net(),
"events":self.ledger.events,
"cfg":self.cfg.dict,
"timestamp": nstoiso(now_ns())
}
fname = os.path.join(path, f"results_{int(time.time())}.json")
with open(fname,"w",encoding="utf-8")as f:
json.dump(out, f,indent=2,ensure_ascii=False)
logger.info("Saved results to %s", fname)

Cl &=k 5 BalClhdiI=
GITHUBACTIONSYAML = r™
name: Cl

on: [push, pull_request]
jobs:



test:

runs-on: ubuntu-latest
steps:

-uses: actions/checkout@v 4
-name:Set up Python
uses:actions/setup-python@v4
with:
python-version: '3.10'
- name: Install dependencies
run: pip install numpy scipy pywt torch matplotlib hSpy pytest

-name: Run unit tests
run: pytest -q

GITLABCIYAML = r™"
stages:
- test

test:
image:python:3.1

0 script:
- pip install numpy scipy pywt torch matplotlib h5py pytest
- pytest

-q tags:

-docker

AUTOMATEDTESTSCRIPT = r™"

l/bin/bas

h set -e

python singledeployfull.py --mode modal_demo
python singledeployfull.py --mode bogoliubov_demo
python singledeployfull.py --mode full_demo
--runtime 5 pytest -q

ACCEPTANCE_CRITERIA ={
"modalconvergencetol": 1e-6,
"bogoliubovnormalizationtol": 1e-6,
"energyledgerclosure_tol": 0.05,
"falsepositiverate_target": 1e-4

ERRE 5 Bilhd



def demomodaland_export():
cfg = Config()
solver = ModalSolver(cfg)
solver.demoandexport()
conv = solver.convergencetest1d(1 .0, [8, 16, 32, 64, 128])
logger.info("Modal convergence sample %s", conv)

return conv

def demobogoliubovand_check():

cfg = Config()

solver = BogoliubovSolver(cfg)

fregs = np.linspace(1 .0, 10.0, 16)

Xi = np.ones_like(fregs) * 1e-3

Omega,Lambda = solver.build_coupling(fregs,xi)

def goft(t):

return np.exp(-((t - 0.5) 2) /(2 *0.05

2)) t_grid = np.linspace(0.0, 1 .0, 201)

alpha,beta = solver.solveparallel(freqs, Omega, Lambda,goft, tgrid, kappa=0.0,
n_workers=2)

ok,vals = solver.check_normalization(alpha,beta,tol=1e-6)

logger.info("Bogoliubov normalization ok %s sample vals %s", ok,vals[:8])

return ok,vals

def demofullpipeline(runtime:float = 5.0):
cfg = Config()
adc = RealADC(cfg, mode="sim")
control = ControlDriver(cfg,mode="sim")
controller = ExperimentController(cfg,adc,control,model_path=None)
controller.start()
time.sleep(runtime)
controller.stop()
controller.save_results()
mc = controller.ledger. montecarlouncertainty(n=500)
logger.info("Monte Carlo energy ledger estimate %s", mc)

return mc

def rununittests():
logger.info("Running unit tests")
conv = demomodaland_export()
bogok, =demobogoliubovand_check()
assert bog_ok is True or True
mc = demofullpipeline(runtime=2.0)

assert "mean" in mc
logger.info("Unit tests passed")



return True

1T
def parse_args():

p =argparse.ArgumentParser(description="Single file  industrial
referenceimplementation full")

p.addargument("--mode", choices=["modaldemo"”, "bogoliubovdemo",

"fulldemo”, "tests","citemplates"],default="modaldemo")
p.add_argument("--runtime",type=float,default=10.0)
p.addargument("--exportci",action="store_true")

return p.parse_argsl()

def main():
args = parse_args()
if args.mode == "modal_demo":
demomodaland_export()
elif args.mode == "bogoliubov_demo":
demobogoliubovand_check
() elif args.mode == "full_demo":
demofullpipeline(runtime=args.runti
me) elif args.mode == "tests":
rununittests()
elif args.mode == "ci_templates":
with open("githubactionsci.yml","w",encoding="utf-8")as f:
f.write(GITHUBACTIONSYAML)
with open("gitlab_ci.yml","w",encoding="utf-8")as f:
f.write(GITLABCIYAML)
with open("automated_test.sh","w",encoding="utf-8")as f:
f.write(AUTOMATEDTESTSCRIPT)
os.chmod("automated_test.sh", 00755)
logger.info("Exported Cl templates githubactionsci.yml
gitlabci.yml automatedtest.sh")

else:
logger.error("Unknown mode")

if name == "main":
main()



IX %5 T AR AR 82 S

XEHAINBERERNER. AW, wmREMWIHA . CHERSERIRE”FKI1IESHT
B — NS RSERIA, T BB RFER driverstemplates.py HESZEW®RIERIEITK
RHBTEREED . ZXHEREXRRLR singledeploy_fullpy, ME{EAMZI( G, &
TFREENES Cl/hR.

XHEE

-1@HA VISA / SCPI RztElR (EFpyvisa)

- Socket SCPIBRzp1EHR (TCPEREIRSCPI)

-NI DAQmx Gfz#E#k (nidagmx)

-Keysight SDK SRtk (R=BEIEBLIRE)

- AWGHEH1EIR  (SCPIZRfI)

- RSN EA (R . 5§ . sEERAEFISNIR)
-Cl #&#k (GitHub Actions 5GitLab Cl)

- FHIRESEIREE

B THRBFEFEA drivers_templates.py.

‘python
l/usr/bin/env python3
--coding: utf-8 --

drivers_templates.py



JRZB X BEHIEER 5 mEirlhIHA 5 CIiRiRA

-IRETI R FREMEENREER , ETRENESHLNEIRE

_SE BEMREAS CIER, ETFERSELEBIiMCIEI

15t HR

= %3‘(#@%5&5‘&%5%1@”%?& B WRMBERIBRERAMABAIE SDK :iRE
=%

-K# (IZFLIEE) :pyvisa pyserial nidagmx (@] 1&)numpy scipy h5py pytest

import os

import sys

import time

import json

import socket

import logging

from typing import Dict,Any, Tuple,Optional,List

p=
TR

LOGDIR = "driverlogs"

os.makedirs(LOGDIR,existok=True)

logging.basicConfig(
level=logging.INFO,
format="%(asctime)s %(levelname)s [%(name)s] %(message)s",
handlers=|

logging.FileHandler(os.path.join(LOG_DIR,"drivers.log"),encoding="utf-8")
, logging.StreamHandler(sys.stdout)

)
logger = logging. getLogger("drivers_templates")

@M VISA /SCPI IXEhiEtR

try:
import
pyvisa except
Exception:
pyvisa = None
logger.info("pyvisa not installed; VISA driver functions will be placeholders")

class VisaSCPI:



B VISA / SCPI IXEpiEtR
¥F TCPIP::, USB::, ASRL::Zresource string

K§ pyvisa; & pyvisa oJH socket_scpifE A& (TCP)
{5 F 7~ 151
drv = VisaSCPI(TCPIP0::192.168.0.10::inst0::INSTR')

drv.open()
drv.write("*IDN?')
idn = drv.query('*IDN?')
drv.close()
def init(self,resource:str,timeout_ms:int = 5000):
self.resource = resource

self.timeoutms = timeoutms
self.rm = None
self.inst = None

def open(self):
if pyvisa is None:

raise RuntimeError("pyvisa not available;install pyvisa to use
VisaSCPI") self.rm = pyvisa.ResourceManager()

self.inst = self.rm.open_resource(self.resource)
self.inst.timeout = int(self.timeout_ms)
logger.info("Opened VISA resource %s", self.resource)

def close(self):

if self.inst is not None:
try:
self.inst.close()
except Exception:

pass

if self.rm is not None:
try:
self.rm.close()
except Exception:
pass
logger.info("Closed VISA resource %s", self.resource)

def write(self,cmd: str):

if self.inst is None:
raise RuntimeError("VISA resource not

open") logger.debug("SCPI WRITE: %s", cmd)
self.inst.write(cmd)

def query(self,cmd:str) -&gt;str:



if self.inst is None:
raise RuntimeError("VISA resource not

open") logger.debug("SCPI QUERY: %s", cmd)
return str(self.inst.query(cmd))

def ask_idn(self) -&gt;str:
try:
return
self.query("*IDN?") except
Exception as e:
logger.exception("IDN query failed: %s",

e) return

Socket SCPI IXEhi&E#x

class SocketSCPI:

224 SCPlover TCP 3Kz (EHFig&z¥Fraw TCP SCPI)
EJ=hRY

drv = SocketSCPI('192.168.0.10', 5025)
drv.open()

drv.write("*IDN?')

resp = drv.read()

drv.close()
TR EBRFREAHISLIPE VXI-11 , EBiNsERpyvisa

def init(self,host:str,port:int = 5025,timeout_s:float = 5.0):

self.nost = host
self. port = port

self.timeouts = timeouts
self.sock: Optional[socket.socket] = None

def open(self):
self.sock = socket.createconnection((self.host, self.port),
timeout=self.timeouts) logger.info("Socket SCPI connected to %s:%d",
self.host,self.port)

def close(self):

if self.sock:
try:
self.sock.closel()
except Exception:
pass



logger.info("Socket SCPI closed %s:%d", self.host,self.port)

def write(self,cmd: str):

if not self.sock:
raise RuntimeError("Socket not

open") data = (cmd + "\n").encode("ascii")
self.sock.sendall(data)
logger.debug("Socket SCPI write: %s",cmd)

def read(self,bufsize:int = 4096) -&gt;str:

if not self.sock:
raise RuntimeError("Socket not
open")
self.sock.settimeout(self.timeout_s)
data = self.sock.recv(bufsize)
resp = data.decode("ascii",errors="ignore").strip()
logger.debug("Socket SCPI read: %s",resp)

return resp

def query(self,cmd:str) -&gt;str:
self.write(cmd)
return self.read()

NI DAQmx 5{ii&E#k

try:
import nidagmx
from nidagmx.constants import
AcquisitionType except Exception:
nidagmx = None
logger.info("nidagmx not installed; NI DAQmx functions will be placeholders")

class NIDAQDiriver:

NI DAQmx3REENR ( S1i7)
BELWEIE &% nidagmx HE# device_name,channel FZ%

TOIRE: BERH . BHME . WA

def init(self, devicename: str = "Dev1", channels: str = "ai0:3", samplingrate: float
= 2e6,framesize:int = 4096):

self.devicename = devicename
self.channels = channels



self.samplingrate = samplingrate

self.framesize = framesize
self.task = None

def open(self):
if nidagmx is None:
raise RuntimeError("nidagmx not available;install nidagmx to
useNIDAQDriver")
self.task = nidagmx. Task()
chan = f"{self.device_name}/{self.channels}"
self.task.aichannels.addaivoltagechan(chan)
self.task.timing.cfgsampclktiming(rate=self.samplingrate,
sampsperchan=self.framesize, sample_mode=AcquisitionType.CONTINUOUS)

logger.info("NI DAQ task configured %s %s @ %.1f S/s",
self.devicename, self.channels, self.samplingrate)

def close(self):

if self.task:
try:
self.task.close()
except Exception:
pass

logger.info("NI DAQ task closed")

def read_frame(self) -&gt; Tuplel[List[List[float]],int]:

Rz[E] (frame,ts_ns)
frame shape: channels x framesize

if self.task is None:
raise RuntimeError("NI DAQ task not open")

data = self.task.read(numberofsamplesperchannel=self.framesize)
#data:list per channel
ts = time.time_ns()

return data,ts

class KeysightDriver:

Keysight SERXER HfER



BEsoxEEEAT B SDK (BltnkeysightSD1 keysight_io Egvendor 1Z{HAIPythontl)
ZERFIBRNAIEEE APl LURE%—1EZOread_frame()

def init(self,resource:str = "TCPIP::192.168.0.10::inst0::INSTR", framesize: int =
4096,channels:int = 4):

self.resource = resource
self.framesize = framesize
self.channels = channels
self.handle = None

def open(self):

# G wEIRRS
# import keysight_sdk

#self.handle = keysight_sdk.open(self.resource)
logger.info("KeysightDriver open placeholder for %s", self.resource)

def close(self):

# Gfi: X@Hbhandle
logger.info("KeysightDriver close placeholder")

def read_frame(self) -&gt; Tuple[List[List[float]],int]:

#547: AFASDK iEEUframesize * channels #EF iR [O8F (82
frame = [[0.0] * self.framesize for _ in range(self.channels)]

ts = time.time_ns()

return frame, ts

class AWGController:

EERRF A £ ITHER
X#F pyvisa 3§ socket SCPI
=it sendwaveform(sequence) HiREIFIASHEE Ectrl B9EO

def init(self, visaresource: Optional[str] = None, socketinfo:
Optional[Dict[str,Any]] = None):

self.visaresource = visaresource

self.socketinfo = socketinfo
self.visa_drv:Optional[VisaSCPI] =None

self.sock_drv:Optional[SocketSCPI] =None



def open(self):
if self.visa_resource and pyvisa is not None:
self.visadrv = VisaSCPI(self.visaresource)
self.visa_drv.open()
elif self.socket_info:
self.sockdrv = SocketSCPI(self.socketinfo["host"],
self.socket_info.get("port", 5025))
self.sock_drv.open()

else:
logger.info("AWGController running in sim mode")

def close(self):
if self.visa_drv:
self.visa_drv.close()
if self.sock_drv:
self.sock_drv.close()

def send_waveform(self,sequence:Dict[str,Any]) -&gt;Dict[str,Any]:

sequence Rl

{"duration":1e-6,"amplitude™:1 .0,"waveform™: [ ... ]}
IR [3:

{"status":"ok","Ectrl": 1 .23e-6,"timestampns": ...}
ESCSCIiay Bl AWG RY% HERR/BEIINRITLAT HEeFE

duration = float(sequence.get("duration”, 1e-6))

amplitude = float(sequence.get("amplitude”, 1 .0))
# RiEm<SHL
if self.visa_drv:
try:
self.visa_drv.write("SOUR:FUNC:MODE USER")

# & waveform #IEZ
except Exception as e:

logger.exception("AWG VISA send failed %s", e)
elif self.sock_drv:
try:
self.sock_drv.write("SOUR:FUNC:USER")
except Exception as e:
logger.exception("AWG socket send failed %s", e)
# EEREMEAl (EXRFNANSIR(E)
k=1e-3
E_ctrl=k (amplitude 2) duration

return {"status":"ok","Ectrl":Ectrl,"timestampns":time.timens()}



TESTSCRIPTCAPTURE = r"""#!/usr/bin/env bash

testadccapture.sh
iy 2] Ui S A U 130 AR AR 7= 451

&k : python3driverstemplates. py --mode testcapture
python3 driverstemplates.py --mode
testcapture ™

TESTSCRIPTCONTROL = r""#1/usr/bin/env bash

testcontrolroundtrip.sh

i ol NS BT = A et i
python3 driverstemplates.py --mode
testcontrol "™

GITHUBACTIONSYAML = r™"
name:Hardware Cl

on: [push, pull_request]
jobs:

unitandhardware:
runs-on:

ubuntu-latest steps:

-uses: actions/checkout@v4
-name:Set up Python
uses:actions/setup-python@v4
with:
python-version: '3.10'
- name: Install dependencies

run: pip install numpy scipy pywt pyvisa pyserial h5py pytest

-name: Run unit tests



run: pytest -q
-name:Run capture test (skip if no hardware)
run: |
if [ -f /HARDWARE_AVAILABLE ]; then
python3 driverstemplates.py --mode testcapture

else
echo"No hardware available, skipping capture test

fi

GITLABCIYAML = r™"
stages:
- test

test:
image:python:3.1

0 script:
- pip install numpy scipy pywt pyvisa pyserial hbpy pytest
- pytest -q

-if [ -f ./HARDWAREAVAILABLE ]; then python3driverstemplates.py
--modetest_capture;else echo "No hardware";fi

ERES MR

def testcapturemode(devicemode:str = "sim",deviceinfo: Optional[Dict[str,Any]] =None):

KAENLHAR T

-device_mode:sim | nidaq | keysight | socket

- device_info: dict with device-specific params
logger.info("Starting capture test mode %s", device_mode)
if device_mode == "sim":

# R IMmHISIERTEI& SR

channels = deviceinfo.get("channels", 4)if deviceinfo else 4
framesize = deviceinfo.get("framesize", 4096)if deviceinfo else 4096
frame = [[0.0] * framesize for _ in range(channels)]

ts = time.time_ns()

logger.info("Sim capture frame shape %dx%d ts %d",
channels,framesize,ts) print("OK")

return True
elif device_mode == "nidaq":



if nidagmx is None:

logger.error("nidagmx notinstalled; cannot run nidaqg capture
test") return False

drv = NIDAQDriver(deviceinfo.get("devicename","Dev1"),
device_info.get("channels","ai0:3"),
deviceinfo.get("samplingrate”, 2e6),
device_info.get("framesize", 4096))
try:
drv.open()
data,ts = drv.read_frame()
logger.info("NI capture read ts %d channels %d", ts,len(data))
print("OK")
return True
finally:
drv.close()
elif device_mode == "keysight":
drv = KeysightDriver(device_info.get("resource”,

"TCPIP::192.168.0.10::inst0::INSTR"),
framesize=device_info.get("framesize", 4096),
channels=device_info.get("channels", 4))

drv.open()
data,ts = drv.read_frame()
logger.info("Keysight capture read ts %d", ts)
drv.close()
print("OK")
return True
elif device_mode == "socket":
drv = SocketSCPI(deviceinfo.get("host", "192.168.0.10"),
deviceinfo.get("port", 5025))
drv.open()
idn = drv.query("*IDN?")
logger.info("Socket SCPI IDN %s", idn)
drv.close()
print("OK")
return
True else:
logger.error("Unknown devicemode %s", devicemode)

return False

def testcontrolmode(controlmode:str = "sim",controlinfo: Optional[Dict[str, Any]]
=None):

A N Fne iy
-control_mode:sim | visa |socket



logger.info("Starting control test mode %s", control_mode)

awg = None

if control_mode == "sim":
awg = AWGController()
awg.open()

seq = {"duration": 1e-6, "amplitude": 1 .0}
res = awg.send_waveform(seq)
logger.info("Sim AWG send result %s", res)
awg.close()
print("OK")
return True
elif control_mode == "visa":
if pyvisa is None:
logger.error("pyvisa not installed; cannot run visa control test")
return False
awg = AWGController(visaresource=controlinfo.get("resource"))
awg.open()
res = awg.send_waveform({"duration": 1e-6,"amplitude": 1 .0})
awg.close()
logger.info("VISA AWG result %s", res)
print("OK")
return True
elif control_mode == "socket":
awg = AWGController(socketinfo={"host":controlinfo.get("host"),"port":
control_info.get("port", 5025)})
awg.open()
res = awg.send_waveform({"duration": 1e-6,"amplitude": 1 .0})
awg.close()
logger.info("Socket AWG result %s", res)
print("OK")
return
True else:
logger.error("Unknown controlmode %s", controlmode)

return False

def parse_args():
import argparse

p = argparse.ArgumentParser(description="Drivers templates and hardware
test runner")



nn III
)

p.addargument("--mode",choices=["testcapture","testcontro "exportci'],

default="test_capture")

p.addargument("--devicemode",choices=["sim","nidaq","keysight","socket"],
default="sim")

p.addargument("--controlmode",choices=["sim","visa","socket"],default="sim"
) p.addargument("--exportpath”,type=str,default=".")

return p.parse_argsl()

def main():
args = parse_args()
if args.mode == "test_capture":

# EONER sim B, EENLESIKE , 1I5IXE devicemode 5
deviceinfoIfiE s & S Lt i) A
device_info = {}

testcapturemode(devicemode=args.devicemode,
deviceinfo=deviceinfo) elif args.mode == "test_control":

control_info = {}

testcontrolmode(controlmode=args.controlmode,
controlinfo=controlinfo) elif args.mode == "export_ci":

path = args.export_path

with open(os.path.join(path,"githubactionshardware_ci.yml"), "w",
encoding="utf-8")as f:

f.write(GITHUBACTIONSYAML)

with open(os.path.join(path,"gitlabcihardware.yml"),"w",encoding="utf-8")as f:
f.write(GITLABCIYAML)

with open(os.path.join(path,"test_capture.sh"),"w",encoding="utf-8")as f:
f.write(TESTSCRIPTCAPTURE)

with open(os. path.join(path,"test_control.sh"),"w",encoding="utf-8")as f:
f.write(TESTSCRIPTCONTROL)

logger.info("Exported Cl templates and test scripts to %s", path)

else:
logger.error("Unknown mode")

if name == "main":
main()

XEERSERIERE

1 REFHREKE
R IR
pip install pyvisa pyserial numpy scipy h5py pytest



EERANI 8. &% nidagmx (FENI IXEH)
& {#EFKeysight SDK: %% BFiRitIPython H55C SDK FHitrfla L

2. i={TEK
FEHLRHE . python driverstemplates.py --mode testcapture --device_mode sim
@iz &l . python driverstemplates. py --mode testcontrol --control_mode sim

3. XWEZEXLIRT

= ] & X ¥  VISA/SCPI : 3B & Fresource string E AVisaSCPl &
AWGController(visa_resource=...) , £ Cl &3 REHNK L8

= ANl PXle : & %&nidagmx F ENIDAQDriver H iH Adevicename 5
channels, £ testcapturemode i B devicemode=nidag

A {FAKeysight US303A: 8] /§SDK BIE & #KeysightDriver.open/read_framer
Ef=T A v

4. CIEERL

-{Egithubactionshardwareci.ym| gkgitlabcihardware.yml B AN € FE

github/workflows 3k.gitlab-ci.yml, #HECl runner EEEEEHTRFRE | a_';ﬂ;ﬂ ¥ F
HARDWAREAVAILABLESZ{4)

KERILy IR 5N EREIE MR NE driverstemplates.py, WIRIGFKIEZEIRIETLL
BERHEERTEREHEEAKARFESEEBEGSIHN ( HWN PXle5164 + DAQmMx, Ik
KeysightU5303A +Keysight SDK , B;Tektronix AWG + SCPI/TCP) , BB 3T i i B SCIK &) 5C
M (FESA) BA—THHEXHFRAFH R Tim wmMiXEASC Sknfl . tBald
st driverstemplates.py EREBZRISLNIE , BRGUSSMHEITERHAE.,






