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4. Bk gEAOMETHR-RERRESE S, BlfFTHET
ERMES (WEER. BHEF) o WEIEF, HEERKEM
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5. PR R FPE: HERRTHZEITHE (ax) P&
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4. EERE (RBIE) Hh

1. Cry3 AT B B 9% 204 28 R =2 L #9382 )

11 5250 77 %

R B o A Cry3A %% 2L B 7= o Bl BR 4, 72040 TR ) & 8 IR 7 A AR
By 3 A R AT, R R & B Y 6 AT B AT U TR
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1.2 s R

B ER %2 AT LI R RTABTT o

7.1 Cry3ARRAF B BK % 20 AT IR & AR I 45 R

FESHZRR  WRIE ng/mL W B WY BT SME
TH 0 0. 162 0.178 / 0.1700
bRAE 1 0. 25 0.235 0. 235 / 0. 2350
R 0. 50 0. 296 0. 285 / 0. 2905
bR 3 1. 00 0. 405 0. 441 / 0. 4230
bR 4 2. 00 0. 624 0. 623 / 0. 6235
i 5 4.00 0. 891 0. 974 / 0. 9325
e 0. 267 0. 277 0. 276
W 1 / 0. 259 0. 259 0. 253 0. 2650

AFE 2 / 0. 449 0.434 0. 463 0. 4480



0. 445 0. 450 0. 446

AR u(x),u(p) M u() BT H 7 R, AREE R AR B u(x),u(y) T a(p) it

HERNFA2,

K72 ATV TR B u(x),u(n) T u() T H AR

FE M 4R X; u(x,) Vi u(y,) y u(y)
TH 0 0 0.1700 0.01003 / /
b 1 0.25 0.02512 0. 2350 0 / /
FrifE 2 0.50 0. 05017 0. 2905 0. 006896 / /
FrifE 3 1.00 0. 1002 0. 4230 0. 02257 / /
PR 4 2.00 0.2002 0.6235 0. 0006269 / /
FrifE 5 4. 00 0. 4000 0. 9325 0. 05203 / /
FEib 1 / / / / 0. 2650 0. 004020
FE i 2 / / / / 0. 4480 0. 003825

1.2.1 KEENAu D FoUNITEE R
i# 3T PythonZp 21t Bulx), KA T:

import numpy as np
import matplotlib
matplotlib.use('TkAgg")
import matplotlib.pyplot as plt
import emcee
from scipy.stats import norm
# 5l
x_data = np.array([0, 0.25, 0.50, 1.00, 2.00, 4.00])
y_data = np.array([0.17, 0.235, 0.2905, 0.423, 0.6235, 0.9325])
u_x_data = np.array([1e-6, 0.02512, 0.05017, 0.1002, 0.2002, 0.4000])
u_y data=np.array([0.010029883, le-6, 0.006895545, 0.022567238, 0.000626868, 0.05203002])
y0 =0.2650
u_y0=0.004020
# 5 SRR
deflinear model(x, a, b):
returna *x +b
# 38 SOMEAUSR B (B8 x Ay e )

deflog_likelihood(theta, X, y, yerr, xerr):



a, b, log_f=theta
model = linear_model(x, a, b)
sigma2 = yerr**2 + (a * xerr)**2 + model**2 * np.exp(2 * log_f) # & x M€
return -0.5 * np.sum((y - model)**2 / sigma2 + np.log(sigma?2))
# 58 SR A
def'log_prior(theta):
a, b, log_f=theta
if-5.0<a<0.5and-0.5<b<1.0and-10<log f<1.0:
return 0.0
return -np.inf
# 58 SRS A
def'log_probability(theta, x, y, yerr, xerr):
Ip = log_prior(theta)
if not np.isfinite(lp):
return -np.inf
return Ip + log_likelihood(theta, x, y, yerr, xerr)
# MCMC % &
nwalkers = 32
ndim=3 #a,b, log f
nsteps = 5000
# M6 E
initial = np.array([0.1, 0.2, -3]) #a, b, log_f FIFI A1
pos = initial + 1e-4 * np.random.randn(nwalkers, ndim)
# QIR

sampler = emcee.EnsembleSampler(nwalkers, ndim, log_probability, args=(x_data, y data,
u_y data,u x_data))

#1247 MCMC

sampler.run_mcmc(pos, nsteps, progress=1rue)
# ARBUEA

samples = sampler.get_chain(flat=True)

# 2 a Al b [FFEA

a_samples = samples[:, 0]

b_samples = samples[:, 1]

# HHE u_y0 B2 X y0 ZEATHIFE



n_y0 samples = 1000
y0_samples = np.random.normal(y0, u_y0, n_y0 samples)
# HIRLE x0 FEA

x0_samples = np.array([])

# XS yO BEAS, THE X0 B9 A
for y0 sample in y0_samples:
x0_samples = np.concatenate([x0_samples, (yO_sample - b_samples) / a_samples])
# 5 x0 BN E
x0_mean = np.mean(x0_samples)
x0_std = np.std(x0_samples)
print(f'x0 = {x0_mean:.4f} +/- {x0_std:.4f}")
# AL
# 1. MCMC KFEEILIE
fig, axes = plt.subplots(ndim, figsize=(10, 7), sharex=True)
labels =["a", "b", "log_f"]
for i in range(ndim):
ax = axes|[i]
ax.plot(sampler.get _chain()[:, :, i], "k", alpha=0.3)
ax.set_xlim(0, len(sampler.get chain()))
ax.set_ylabel(labels[i])
axes[-1].set_xlabel("step number")
plt.suptitle("MCMC Sampling Trace")
plt.tight layout(rect=[0, 0.05, 1, 0.95]) # % 1 F&, WEGubr B E B
plt.show()
#2. Jai oA
fig, axes = plt.subplots(ndim, figsize=(10, 7))
labels =["a", "b", "log_f{"]
for i in range(ndim):
ax = axes|[i]
ax.hist(samples[:, 1], bins=50, density=True, color="steelblue", edgecolor="black")
ax.set_xlabel(labels[i])
ax.set_ylabel("Probability Density")

plt.suptitle("Posterior Distributions")



plt.tight_layout(rect=[0, 0.05, 1, 0.95])

plt.show()

#3.x0 (15 %o Ai

plt.hist(x0_samples, bins=50, density=True, color="steelblue", edgecolor="black")
plt.xlabel("x0")

plt.ylabel("Probability Density™)

plt.title("Posterior Distribution of x0")

plt.axvline(x=x0_mean, color="red', linestyle='--', label='Mean = {x0_mean:.4f}")

plt.axvline(x=x0_mean + x0_std, color="green’, linestyle='--', label=f'Mean + Std = {x0_mean +
x0_std:.4f}")

plt.axvline(x=x0_mean - x0_std, color='green', linestyle="--', label=f'Mean - Std = {x0_mean -
x0_std:.4f}")

plt.legend()
plt.show()
#4. e E
plt.figure(figsize=(8, 6))
plt.errorbar(x_data, y data, xerr=u_x_data, yerr=u_y_data, fmt="0", label="Data")
# I REAS HO A B 2k
nsamples_plot = 100
inds = np.random.randint(len(samples), size=nsamples_plot)
for ind in inds:
a, b, log_f=samples[ind]
y_fit = linear_model(x_data, a, b)
plt.plot(x_data, y_fit, "C1", alpha=0.1)
# il I A 2

a_best, b_best, log f best =np.mean(a_samples), np.mean(b_samples), np.mean(samples[:,2]) #

P BB D R EAf
x_fit = np.linspace(np.min(x_data), np.max(x_data), 100)
y_fit = linear model(x_fit, a_best, b _best)
plt.plot(x_fit, y_fit, "r-", linewidth=2, label="Best Fit")
# Hrit x0 A7 E
plt.axvline(x=x0_mean, color="k", linestyle="--", label=f"x0 = {x0_mean:.4f} +/- {x0_std:.4f}")
# 224 yO FRIANEA 5E X35
plt.axhspan(y0 - u_y0, yO + u_y0, color="gray', alpha=0.3, label="y0 Uncertainty")
# 22 y0O BP0k



plt.axhline(y=y0, color="k", linestyle=":")

#ntr e

plt.plot(x0_mean, y0, marker="+', color="k', markersize=10)
plt.xlabel("x")

plt.ylabel("y")

plt.title("Linear Fit with MCMC")
plt.legend()

plt.grid(True)

plt.tight layout()

plt.show()
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# 3t Python4g 21t Hu(x) , R T:
import numpy as np
import matplotlib
matplotlib.use('TkAgg")
import matplotlib.pyplot as plt
import emcee
import corner
from scipy.optimize import curve fit

from scipy.stats import norm

# Define the four-parameter model
def four param_model(x, A, B, C, D):

return D + (A - D) / (1 + (x/C)**B)

# Define the log-likelihood function
deflog_likelihood(theta, x_data, y data,u x data, u_y data):

A, B, C, D = theta



model = four_param_model(x_data, A, B, C, D)

sigma2 =u_y data**2 + (B * (A - D) * (x_data**B) * u_x_data/(C**B * (1 +
x_data/C)**B)**2))**2

return -0.5 * np.sum((y_data - model)**2 / sigma2 + np.log(2 * np.pi * sigma?2))

# Define the log-prior function
def'log_prior(theta):
A, B, C, D = theta
if not all(0 < value < 10 for value in [A, B, C, D]):
return -np.inf

return 0.0

# Define the log-probability function
deflog_probability(theta, x_data, y data, u x data,u y data):
Ip = log_prior(theta)
if not np.isfinite(lp):
return -np.inf

return Ip + log_likelihood(theta, x_data, y data, u_x_data, u y data)

# Define the data

x_data = np.array([0, 0.25, 0.50, 1.00, 2.00, 4.00])

y_data = np.array([0.17, 0.235, 0.2905, 0.423, 0.6235, 0.9325])

u_x_data = np.array([1e-6, 0.02512, 0.05017, 0.1002, 0.2002, 0.4000])

u_y data =np.array([0.010029883, le-6, 0.006895545, 0.022567238, 0.000626868, 0.05203002])
y0 = 0.2650

u_y0 = 0.004020

# Initial guess for the parameters

initial guess =[0.169915, 1.064054, 6.244783,2.156547] # A, B, C,D

# Maximum likelihood estimation (MLE) using curve_fit

try:

popt, pcov = curve_fit(four param_model, x_data, y data, pO=initial guess, sigma=u_y data,
absolute _sigma=True)

A_fit, B_fit, C_fit, D_fit = popt



print("MLE Fit Parameters (curve_fit):")
print("A =", A_fit)
print("B =", B_fit)
print("C =", C_fit)
print("D =", D _fit)
except RuntimeError as e:
print(f"Error during curve fit: {e}")
A fit, B fit, C fit, D fit = initial guess # Fallback to initial guess

pcov = np.eye(4) * 1e-6 # Dummy covariance matrix

# MCMC setup
nwalkers = 32
ndim = 4
nsteps = 10000

burnin = 2000

# Initialize the walkers
rmg = np.random.default_rng()
initial = np.array(initial _guess)

pos = initial + 1e-4 * rng.standard normal((nwalkers, ndim))

# Create the sampler

sampler = emcee.EnsembleSampler(nwalkers, ndim, log_probability, args=(x_data, y_data,
u x data,u y data))

# Run the MCMC sampler

sampler.run_mcmc(pos, nsteps, progress=True)

# Discard the burn-in samples

samples = sampler.get_chain(discard=burnin, flat=True)

# Analyze the MCMC results
A _mcme, B meme, C_meme, D_mcmc = np.mean(samples, axis=0)
print("\nMCMC Fit Parameters:")

print("A =", A_mcmc)



print("B =", B_mecmc)
print("C =", C_memc)

print("D =", D_mcmc)

# Corner plot

corner.corner(samples, labels=["A", "B", "C", "D"], truths=[A_fit, B_fit, C_fit, D_fit])
plt.suptitle("MCMC Parameter Distributions", y=0.98)

plt.show() # Display the corner plot

plt.close()

# Function to find x0 and its uncertainty, now including u_y0
def find_x0(y0, u_y0, samples, x_data, num_y0_ samples=100):
x0_values =[]
A_samples = samples]:, 0]
B_samples = samples][:, 1]
C_samples = samples[:, 2]
D_samples = samples|:, 3]
rng = np.random.default_rng() # Use a random number generator
for A, B, C, D in zip(A_samples, B_samples, C_samples, D_samples):
# Sample y0 values from a normal distribution
y0_samples = norm.rvs(loc=y0, scale=u_y0, size=num_y0 samples, random_state=rng)
for y0_sampled in yO_samples: #lterate over the sampled y0 values
# Use a root-finding method to solve for x0
def equation(x):
return four param_model(x, A, B, C, D) - y0_sampled
# Providing a bracket around the root can help the solver
x_lower = min(x_data)
X_upper = max(x_data)
try:
from scipy.optimize import brentq
x0 = brentq(equation, x_lower, X_upper)
x0_values.append(x0)
except ValueError:

# If brentq fails (e.g., no root within the bracket), return NaN



x0_values.append(np.nan)
except Exception as e:
print(f"Error during root finding: {e}")
x0_values.append(np.nan)
x0_values = np.array(x0_values)
x0_values = x0_values[~np.isnan(x0_values)] # Filter out NaN values
if len(x0_values) == 0:
return np.nan, np.nan # Return NaN if no valid x0 values are found
x0_mean = np.mean(x0_values)
x0_uncertainty = np.std(x0_values)

return x0_mean, x0_uncertainty

# Find x0 and its uncertainty
x0, ux0 = find_x0(y0, u_y0, samples, x_data) #Pass u_y0 to find x0
print("\nx0 =", x0)

print("ux0 =", ux0)

# Plot the data and the fit
plt.figure(figsize=(10, 8))

plt.errorbar(x_data, y_data, xerr=u_x_data, yerr=u_y data, fmt="0", label="Data")

# Plot the best-fit curve
x_fit = np.linspace(min(x_data), max(x_data), 100)
y_fit =four_param_model(x_fit, A mcmc, B_mcme, C_mcme, D_mecmc)

plt.plot(x_fit, y_fit, label="MCMC Best Fit")

# Plot x0 with crosshairs

if not np.isnan(x0):
plt.axvline(x=x0, color="red', linestyle='--', label=f'x0 = {x0:.3f}")
plt.axhline(y=y0, color='green’, linestyle='--', label=f'y0 = {y0:.3f}")

plt.errorbar(x0, y0, xerr=ux0, yerr=u_y0, fmt="+', color="purple', markersize=12, label="x0
Uncertainty')

plt.xlabel("x")

plt.ylabel("y")

plt.title("Four-Parameter Fit with x0")



plt.legend()
plt.grid(True)
plt.show() # Display the fit plot

plt.close()

# Plot MCMC samples
plt.figure(figsize=(12, 8))
for i in range(ndim):
plt.subplot(ndim, 1,1+ 1)
plt.plot(sampler.get chain()[:, :, i], color="k", alpha=0.3)
plt.ylabel(f"Parameter {['A', 'B', 'C', 'D'|[i]}")
plt.xlabel("Step Number")
plt.suptitle("MCMC Sample Traces", y=0.98)
plt.tight layout()
plt.show() # Display MCMC traces
plt.close()
# Plot posterior distributions
plt.figure(figsize=(12, 8))
for i in range(ndim):
plt.subplot(ndim, 1,1+ 1)
plt.hist(samples][:, i], bins=50, density=True, alpha=0.6, color="skyblue")
plt.xlabel(f"Parameter {['A’', 'B', 'C', 'D'][i]}")
plt.ylabel("Density")
plt.title(f"Posterior Distribution of Parameter {['A', 'B', 'C', D'[[i]}")
plt.suptitle("Posterior Distributions of Parameters", y=0.98)
plt.tight_layout()
plt.show() # Display posterior distributions

plt.close()
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# 3 Python 2 1 u(x), RAWT:
import matplotlib
matplotlib.use('TkAgg")
import numpy as np
import matplotlib.pyplot as plt
from scipy.interpolate import CubicSpline
from scipy.optimize import brentq
import emcee
import corner

import seaborn as sns

# BB seaborn FE

sns.set(style="whitegrid")

# 58

x_data = np.array([0, 0.25, 0.50, 1.00, 2.00, 4.00])

y_data = np.array([0.17, 0.235, 0.2905, 0.423, 0.6235, 0.9325])

u_x_data = np.array([1e-6, 0.02512, 0.05017, 0.1002, 0.2002, 0.40007)

u_y_data = np.array([0.010029883, 1e-6, 0.006895545, 0.022567238, 0.000626868, 0.05203002])
y0=0.2650

u_y0=0.004020
n_params = 13 # 6 x_real, 6 y_real, 1 yO_true

def'log_prior(theta):
x_real = theta[:6]
y_real = theta[6:12]

y0_true = theta[12]

# FE X realse 7 i
if not np.all(np.diff(x_real) > 0):

return -np.inf



# THE IR R
log p=0.0
#x_realf)/c 5

log_p +=np.sum(-0.5 * ((x_real - x_data) ** 2/ (u_x_data ** 2)) - np.log(u_x_data * np.sqrt(2
* np.pi)))

#y realf) /oL

log_p +=np.sum(-0.5 * ((y_real - y_data) ** 2/ (u_y_data ** 2)) - np.log(u_y_data * np.sqrt(2
* np.pi)))

#y0_trueff] 5o

log p +=-0.5 * ((yO_true - y0) ** 2 / (u_y0 ** 2)) - np.log(u_y0 * np.sqrt(2 * np.pi))

return log p

def'log_probability(theta):
Ip = log_prior(theta)
if not np.isfinite(lp):

return -np.inf

x_real = theta[:6]
y_real = theta[6:12]

y0_true = theta[12]

# K3 = IR 2K A 1E
try:

cs = CubicSpline(x_real, y_real, extrapolate=False)
except:

return -np.inf

# 7€ SR MO bR 4L
def func(x):

return cs(x) - y0_true

X_min =Xx_real.min()

x_max = x_real.max()



s K AL 7
try:
f min = func(x_min)
f max = func(x_max)
except:

return -np.inf

if np.sign(f min) == np.sign(f max):

return -np.inf # % A R

# FHAR
try:

x0 val = brentq(func, x_min, X_max)
except:

return -np.inf

return Ip

# R Iaa s B

n_walkers = 50

def generate initial positions(n_walkers):
initial = np.zeros((n_walkers, n_params))
for i in range(n_walkers):
valid = False
while not valid:
x_real = x_data + np.random.normal(0, u_x_data / 10)
if np.all(np.diff(x_real) > 0):
valid = True
y real =y data + np.random.normal(0, u_y data/ 10)
y0_true = y0 + np.random.normal(0, u_y0 / 10)
initial[i] = np.concatenate([x_real, y real, [y0_true]])

return initial



initial _positions = generate_initial positions(n_walkers)

# 1I24TMCMC

sampler = emcee.EnsembleSampler(n_walkers, n_params, log_probability)

# Burn-in

print("Running burn-in...")

n_burn = 1000

state = sampler.run_mecmc(initial_positions, n_burn, progress=True)

sampler.reset()

# RAE
n_steps = 5000
print("Running production...")

sampler.run_mcmc(state, n_steps, progress=True)

# AREUREAS

samples = sampler.get_chain(flat=True)

# THEXO R Ja IR e A

x0_samples =[]

for theta in samples:
x_real = theta[:6]
y_real = theta[6:12]

y0_true = theta[12]

try:
cs = CubicSpline(x_real, y_real, extrapolate=False)
except:

continue

def func(x):

return cs(x) - y0_true



X_min =Xx_real.min()

x_max =x_real.max()

try:
f min = func(x_min)
f max = func(x_max)
except:

continue

if np.sign(f min) == np.sign(f max):

continue

try:
x0 = brentq(func, x_min, x_max)
x0_samples.append(x0)

except:

continue

x0_samples = np.array(x0_samples)

# FEArx0 samplesse 13 N %

if len(x0_samples) == 0:

raise ValueError("No valid x0 samples found.")

# VH SO (0 o o B AN 58
x0_median = np.median(x0_samples)

ux0 = np.std(x0_samples)

# B xOMI{H
print(f"Median x0: {x0_median:.4f}")

print(f"Estimated uncertainty u_x0: {ux0:.4f}")

# PTALAEXO 1 Jim 96 73 A1



plt.figure(figsize=(10, 6))

plt.hist(x0_samples, bins=50, density=True, alpha=0.6, color="blue")
plt.title(f'Posterior Distribution of x0\n $u_{{x0}}$ = {ux0:.4f}', fontsize=16)
plt.xlabel('x0', fontsize=14)

plt.ylabel('Probability Density', fontsize=14)

plt.show()

# 2015 26
plt.figure(figsize=(10, 6))

plt.errorbar(x_data, y data, xerr=u_x_data, yerr=u_y data, fmt='0', color="k', label="Data with
Errors')

# 2 0 i G R A 1R o 2
for i in np.random.choice(len(samples), 100):
theta = samples][i]
x_real = theta[:6]
y_real = theta[6:12]
try:
# Kb 3E = UM 2R AEE
cs = CubicSpline(x_real, y_real, extrapolate=False)
x_plot = np.linspace(x_real.min(), x_real.max(), 100)
y_plot = cs(x_plot)
plt.plot(x_plot, y _plot, color='gray', alpha=0.1, label="Posterior Samples' if i == 0 else None)

except:

continue # WIRIHE KM, BhiLizfEA

# 2t L B %0
plt.axvline(x0_median, color="r", linestyle="--', label=f'Median x0 = {x0_median:.3f}")
plt.axhline(y0, color="b', linestyle="--', label=f'y0 = {y0}")

plt.plot(x0_median, y0, 't+', markersize=15, markeredgewidth=2, label="x0 Position")

# N INAR R AR 25
plt.xlabel('x', fontsize=14)

plt.ylabel('y', fontsize=14)



plt.title('Spline Fits with MCMC Uncertainty', fontsize=16)

# I B 4]

plt.legend(loc="upper left', fontsize=12)

# A R

plt.tight layout()

# oK

plt.show()

# 18 F corner 2= | Z 8 1) J& 56 7 At
corner_labels = [f'x_real {i+1}' foriin range(6)] + [f'y real {i+1}' fori in range(6)] + ['y0O_true']
corner.corner(samples, labels=corner_labels, truths=np.median(samples, axis=0))

plt.show()
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import numpy as np

import matplotlib

matplotlib.use('TkAgg")

import matplotlib.pyplot as plt

import emcee

import corner

from scipy.optimize import curve_fit, brentq
from scipy.stats import norm

# Define the four-parameter model
def four param_model(x, A, B, C, D):
return D+ (A -D) /(1 + (x/C) ** B)

# Define the log-likelihood function with improved numerical stability
def'log_likelihood(theta, x_data, y data,u x data, u_y data):

A, B, C, D = theta

model = four param_model(x_data, A, B, C, D)

term = (x_data/ C) ** B

denominator = (1 + term) ** 2

numerator =B * (A - D) * (x_data ** B) * u_x_data

sigma2 =u_y data ** 2 + (numerator / (C ** B * denominator)) ** 2

sigma?2 = np.clip(sigma2, 1e-10, None) # Prevent division by zero

return -0.5 * np.sum((y_data - model) ** 2 / sigma2 + np.log(2 * np.pi * sigma2))

# Define the log-prior function
def'log_prior(theta):
A, B, C, D = theta
if not all(0 < value < 10 for value in [A, B, C, D]):
return -np.inf
return 0.0

# Define the log-probability function
def'log_probability(theta, x_data, y data, u_x data, u y data):
Ip = log_prior(theta)
if not np.isfinite(lp):
return -np.inf
return Ip + log_likelihood(theta, x_data, y data, u_x_data, u_y data)

# Define the data

x_data = np.array([0.00000001, 2.18, 7.02, 17.97, 24.94])

y_data = np.array([2112340, 1300280, 489811, 96846.5, 23873.5])
u_x_data = np.array([0.00000001, 0.25308, 0.54124, 0.80461, 0.3141])
u_y data = np.array([54255.4, 12028.4,21010.9,1212.24,4.38535])

y0 = 678846

u_y0=15669.63442

# Initial guess for the parameters
initial guess =[2112341.33478, 1.30913, 3.35404,-127128.81488] # A, B, C,D



# Maximum likelihood estimation (MLE) using curve fit with better error handling
try:
popt, pcov = curve_fit(four param_model, x_data, y_data,
pO=initial guess,
sigma=u_y data,
absolute _sigma=True,
maxfev=10000)
A _fit, B_fit, C_fit, D_fit = popt
print("MLE Fit Parameters (curve_fit):")
print(f"A = {A_fit:.6f}")
print(f'B = {B_fit:.6f}")
print(f"C = {C_fit:.6f}")
print(f'D = {D_fit:.6f}")
except Exception as e:
print(f"Error during curve fit: {e}")
A _fit, B_fit, C_fit, D_fit = initial guess
pcov =np.eye(4) * le-6

# MCMC setup with fixed random state for reproducibility
rng = np.random.RandomState(42)
nwalkers = 32

ndim =4
nsteps = 10000
burnin = 2000

# Initialize the walkers
initial = np.array(initial guess)
pos = initial + 1e-4 * rng.randn(nwalkers, ndim)

# Create and run the sampler

sampler = emcee.EnsembleSampler(nwalkers, ndim, log_probability,
args=(x_data, y data,u x data, u_y data))

sampler.run_mcmc(pos, nsteps, progress=True)

# Process samples

samples = sampler.get_chain(discard=burnin, flat=True)

A _mcme, B meme, C_meme, D_memc = np.median(samples, axis=0) # Using median for robustness
print("\nMCMC Fit Parameters (median):")

print(f"A = {A_mcmc:.6f}")

print(f"B = {B_mcmc:.6f}")

print(f"C = {C_mcmc:.6f}")

print(f'D = {D_mcmc:.6f}")

# Corner plot with better formatting
fig = corner.corner(samples,
labels=["A", "B", "C", "D"],
truths=[A_fit, B_fit, C_fit, D_fit],
quantiles=[0.16, 0.5, 0.84],
show _titles=True,
title_kwargs={"fontsize": 12})
plt.suptitle("MCMC Parameter Distributions", y=1.02, fontsize=14)
plt.tight layout()



plt.show()
plt.close()

# Improved x0 calculation with better error handling
def find_x0(y0, u_y0, samples, x_data, num_y0_samples=100):

x0_values =[]

rng = np.random.RandomState(42) # Fixed random state

y0_samples = norm.rvs(loc=y0, scale=u_y0, size=num_y0 samples * len(samples),
random_state=rng)

for i, (A, B, C, D) in enumerate(samples):
y0_sampled = y0 samples[i * num_y0 samples:(i+ 1) * num_y0 samples]
for y in yO_sampled:
try:
x0 = brentq(lambda x: four_param_model(x, A, B, C, D) -y,
min(x_data), max(x_data),
rtol=1e-6, maxiter=100)
x0_values.append(x0)
except (ValueError, RuntimeError):
continue

if not x0_values:
return np.nan, np.nan

x0_values = np.array(x0_values)
return np.median(x0_values), np.std(x0_values)

x0, ux0 = find_x0(y0, u_y0, samples, x_data)
print(f"\nx0 = {x0:.6f} £ {ux0:.6f}")

# Enhanced plotting

plt.figure(figsize=(10, 8))

x_fit = np.linspace(min(x_data), max(x_data), 500)
y_fit=four_param_model(x_fit, A mcmc, B mcme, C_meme, D_mcmc)

plt.errorbar(x_data, y _data, xerr=u_x_data, yerr=u_y data,
fmt="0", color="k", markersize=8,
capsize=3, capthick=1, label="Data")

plt.plot(x_fit, y_fit, "r-", Iw=2, label="MCMC Best Fit")

if not np.isnan(x0):
plt.axvline(x=x0, color="b', linestyle="--', alpha=0.7, label=f'x0 = {x0:.3f}")
plt.axhline(y=y0, color='g', linestyle="--', alpha=0.7, label=f'y0 = {y0:.3f}")
plt.errorbar(x0, y0, xerr=ux0, yerr=u_y0,
fmt="+', color="m', markersize=12,

markeredgewidth=2, label="x0 Uncertainty')

plt.xlabel("x", fontsize=12)
plt.ylabel("y", fontsize=12)
plt.title("Four-Parameter Fit with x0", fontsize=14)



plt.legend(fontsize=10, framealpha=0.9)
plt.grid(True, alpha=0.3)

plt.tight layout()

plt.show()

plt.close()

# Improved trace plots
fig, axes = plt.subplots(ndim, 1, figsize=(12, 10), sharex=True)
for i, ax in enumerate(axes):
ax.plot(sampler.get chain()[:, :, i].T, color="k", alpha=0.2)
ax.set_ylabel(["A", "B", "C", "D"][i], fontsize=12)
ax.yaxis.set_label coords(-0.1, 0.5)
axes[-1].set_xlabel("Step Number", fontsize=12)
plt.suptitle("MCMC Sample Traces", y=0.99, fontsize=14)
plt.tight_layout()
plt.show()
plt.close()

# Improved posterior plots
fig, axes = plt.subplots(ndim, 1, figsize=(12, 10))
for i, ax in enumerate(axes):
ax.hist(samples[:, i], bins=50, density=True,
color="skyblue", edgecolor="navy", alpha=0.7)
ax.set_xlabel(["A", "B", "C", "D"][i], fontsize=12)
ax.set_ylabel("Density", fontsize=12)

—n

ax.grid(True, alpha=0.3)
plt.suptitle("Posterior Distributions of Parameters", y=0.99, fontsize=14)
plt.tight layout()
plt.show()
plt.close()
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import matplotlib

matplotlib.use('TkAgg")

import numpy as np

import matplotlib.pyplot as plt

from scipy.interpolate import CubicSpline
from scipy.optimize import brentq



import emcee
import corner
import seaborn as sns

# W B seaborn F¥ 3\
sns.set(style="whitegrid")

# 7€ SCHHE

x_data = np.array([0, 2.1, 4.2, 8.12, 16.12, 24.4))

y_data = np.array([2808275, 1236735, 780648, 455927, 254947, 175650])
u_x_data = np.array([0.0000001, 0.4, 0.68, 1.21, 2.34, 3.66])

u_y data=np.array([36943.5, 41617, 17394.2, 12054.1, 4439.86, 5061.32])
y0 = 587240

u_y0=>5704.72

n_params =13 # 6 x_real, 6y real, 1 yO_true

def'log_prior(theta):
x_real = theta[:6]
y_real = theta[6:12]
y0_true = theta[12]

# fAIx_realse {5 id 1Y
if not np.all(np.diff(x_real) > 0):
return -np.inf

# RS R

log p=0.0

# x_real [5G35

log p +=np.sum(-0.5 * ((x_real - x_data) ** 2/ (u_x_data ** 2)) - np.log(u_x_data * np.sqrt(2 *
np.pi)))

#y real 5056

log p +=np.sum(-0.5 * ((y_real - y_data) ** 2/ (u_y_data ** 2)) - np.log(u_y_data * np.sqrt(2 *
np.pi)))

#y0_truefl) 556

log p +=-0.5 * ((yO_true - y0) ** 2/ (u_y0 ** 2)) - np.log(u_y0 * np.sqrt(2 * np.pi))

return log_p

def'log_probability(theta):
Ip = log_prior(theta)
if not np.isfinite(lp):
return -np.inf

x_real = theta[:6]
y_real = theta[6:12]
y0_true = theta[12]

# 3 = R K A 1R
try:

cs = CubicSpline(x_real, y_real, extrapolate=False)
except:

return -np.inf



# 58 SUR A xO bR £Y
def func(x):
return cs(x) - yO_true

X_min = X_real.min()
X_max =X _real.max()

# KA i i AL AT S
try:

f min = func(x_min)

f max = func(x_max)
except:

return -np.inf

if np.sign(f_min) == np.sign(f max):
return -np.inf # ¥ H R

# FHRAR
try:

x0_val = brentq(func, x_min, Xx_max)
except:

return -np.inf

return Ip

# "L A IR A B

n_walkers = 50

def generate initial positions(n_walkers):
initial = np.zeros((n_walkers, n_params))
for i in range(n_walkers):
valid = False
while not valid:
x_real = x_data + np.random.normal(0, u_x_data / 10)
if np.all(np.diff(x_real) > 0):
valid = True
y_real =y _data + np.random.normal(0, u_y data/ 10)
y0_true = y0 + np.random.normal(0, u_y0 / 10)
initial[i] = np.concatenate([x_real, y real, [y0_true]])
return initial

initial_positions = generate initial positions(n_walkers)

#IZTMCMC
sampler = emcee.EnsembleSampler(n_walkers, n_params, log_probability)

# Burn-in

print("Running burn-in...")

n_burn = 1000

state = sampler.run_mecmc(initial positions, n_burn, progress=True)
sampler.reset()



# FRFE

n_steps = 5000

print("Running production...")
sampler.run_mcmc(state, n_steps, progress=True)

# IR

samples = sampler.get_chain(flat=True)

# THE XM 5 Ja kA

x0_samples =[]

for theta in samples:
x_real = theta[:6]
y_real = theta[6:12]
y0_true = theta[12]

try:

cs = CubicSpline(x_real, y_real, extrapolate=False)
except:

continue

def func(x):
return cs(x) - yO_true

X_min = X_real.min()
X_max = x_real.max()

try:
f min = func(x_min)
f max = func(x_max)
except:
continue

if np.sign(f min) == np.sign(f max):
continue

try:
x0 = brentq(func, x_min, X _max)
x0_samples.append(x0)

except:
continue

x0_samples = np.array(x0_samples)

# FEx0_samples & 13 NT
if len(x0_samples) == 0:
raise ValueError("No valid x0 samples found.")

# THEXO R A7 BRI AN 58
x0 median = np.median(x0_samples)
ux0 = np.std(x0_samples)

# i tHxOff
print(f"Median x0: {x0 median:.4f}")



print(f"Estimated uncertainty u_x0: {ux0:.4f}")

# AT XO R Ji5 56 73 A

plt.figure(figsize=(10, 6))

plt.hist(x0_samples, bins=50, density=True, alpha=0.6, color='blue")
plt.title(fPosterior Distribution of x0\n $u_{{x0}}$ = {ux0:.4f}', fontsize=16)
plt.xlabel('x0', fontsize=14)

plt.ylabel('Probability Density', fontsize=14)

plt.show()

# 24 A 2R
plt.figure(figsize=(10, 6))
plt.errorbar(x_data, y_data, xerr=u_x_data, yerr=u_y data, fmt='0', color="k', label='Data with Errors')

# 2B 7 e U6 R A Y 2k
for 1 in np.random.choice(len(samples), 100):
theta = samples][i]
x_real = theta[:6]
y_real = theta[6:12]
try:
# Hh)3E = R 2R HE
cs = CubicSpline(x_real, y_real, extrapolate=False)
x_plot = np.linspace(x_real.min(), x_real.max(), 100)
y_plot = cs(x_plot)
plt.plot(x_plot, y_plot, color='gray', alpha=0.1, label="Posterior Samples' if i == 0 else None)
except:

continue # WIRIHE LML, Bt ZFEA

# 2 TP AL Z X0

plt.axvline(x0_median, color='r', linestyle="--', label=f'Median x0 = {x0_median:.3f}")
plt.axhline(y0, color='b, linestyle="--', label=f'y0 = {y0}")

plt.plot(x0_median, y0, 'r+', markersize=15, markeredgewidth=2, label='x0 Position')

# VS INAR R 26

plt.xlabel('x', fontsize=14)

plt.ylabel('y', fontsize=14)

plt.title('Spline Fits with MCMC Uncertainty', fontsize=16)

# Vs i &l 1)
plt.legend(loc="upper left', fontsize=12)

# AEAT R
plt.tight layout()

# SR EITE
plt.show()

# 14 FH corner: il 24U Jim 56 70 A1

corner_labels = [f'x_real {i+1}' fori in range(6)] + [f'y_real {i+1}' fori in range(6)] + ['y0_true']
corner.corner(samples, labels=corner_labels, truths=np.median(samples, axis=0))

plt.show()
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3.1 L7 i

32 LpER

KRB A HPCREZE gl 2 XAl& (RILLEILEE) GRE
AR E R AT, XA & B 6 A B AT I R A AR
W&, BMRENREREREZRN2K, FMAFEZLMOK.

F L g 2 P i AT SE e 2 R AR T AP T
RT4FPCK R & g W XAl & (RILA R E) Rl4

JER T e W mg/L W B W6 E

= H 0 1. 005 1. 101 / 1. 0530

FRVE 1 1. 2875 1.185 1.209 / 1. 1970

RV 2 2. 575 1.336 1.373 / 1. 3545

FRVE 3 5.15 1. 425 1. 442 / 1. 4335

bRV 4 10. 30 1.511 1. 496 / 1. 5035

b5 20. 60 1.552 1.535 / 1. 5435
e 1. 409 1.391 1.387

A 1 / 1. 398 1. 402 1. 390 13962
e 1. 493 1. 488 1. 491

B 2 / 1. 489 1. 494 1. 490 1. 4908
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Ff i 4 — _

% X; u(x) ¥ u(y) v u(y)

=H 0 0 1. 0530 0. 042553 / /
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B 1 / / / / 1. 3962 0. 001529
Fffir 2 / / / / 1. 4908 0. 000423
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import numpy as np

import matplotlib
matplotlib.use('TkAgg")

import matplotlib.pyplot as plt
import emcee

import corner

from scipy.optimize import curve_fit
from scipy.stats import norm

# Define the four-parameter model
def four param model(x, A, B, C, D):
return D + (A - D) / (1 + (x/C)**B)

# Define the log-likelihood function
def'log_likelihood(theta, x_data, y data,u x data, u_y data):

A, B, C, D = theta

model = four param_model(x_data, A, B, C, D)

sigma2 =u_y data**2 + (B * (A - D) * (x_data**B) * u_x data/(C**B * (1 +
(x_data/C)**B)**2))**2

return -0.5 * np.sum((y_data - model)**2 / sigma2 + np.log(2 * np.pi * sigma2))

# Define the log-prior function
def'log_prior(theta):
A, B, C, D = theta
if not all(0 < value < 10 for value in [A, B, C, D]):
return -np.inf
return 0.0

# Define the log-probability function
def'log_probability(theta, x_data, y data, u_x data,u y data):
Ip = log_prior(theta)
if not np.isfinite(lp):
return -np.inf
return Ip + log_likelihood(theta, x_data, y data, u_x_ data, u y data)

# Define the data

x_data = np.array([1e-6,1.2875,2.575,5.15,10.30,20.60])

y_data = np.array([1.0530,1.1970,1.3545,1.4335,1.5035,1.5435])

u_x_data =np.array([1e-6,0.030657,0.030933,0.030411,0.030586,0.030439 ])
u_y_data = np.array([0.042553,0.010638,0.016401,0.007535,0.006649,0.007535])
y0 =1.3962

u_y0=0.001529

# Initial guess for the parameters
initial guess =[0.169915, 1.064054, 6.244783,2.156547] # A, B,C,D

# Maximum likelihood estimation (MLE) using curve_fit
try:

popt, pcov = curve_fit(four param_model, x_data, y_data, pO=initial guess, sigma=u_y data,
absolute _sigma=True)

A _fit, B_fit, C_fit, D_fit = popt

print("MLE Fit Parameters (curve_fit):")

print("A =", A_fit)



print("B =", B_fit)
print("C =", C_fit)
print("D =", D_fit)

except RuntimeError as e:
print(f"Error during curve fit: {e}")
A fit, B_fit, C_fit, D_fit = initial guess # Fallback to initial guess
pcov =np.eye(4) * le-6 # Dummy covariance matrix

# MCMC setup
nwalkers = 32

ndim =4
nsteps = 10000
burnin = 2000

# Initialize the walkers

rng = np.random.default _rng()

initial = np.array(initial _guess)

pos = initial + 1e-4 * rng.standard normal((nwalkers, ndim))

# Create the sampler
sampler = emcee.EnsembleSampler(nwalkers, ndim, log_probability, args=(x_data, y data, u_x_data,
u_y data))

# Run the MCMC sampler
sampler.run_mcmc(pos, nsteps, progress=True)

# Discard the burn-in samples
samples = sampler.get_chain(discard=burnin, flat=True)

# Analyze the MCMC results

A _mcmc, B meme, C_meme, D_memc = np.mean(samples, axis=0)
print("\nMCMC Fit Parameters:")

print("A =", A_mcmc)

print("B =", B_mcmc)

print("C =", C_mcmc)

print("D =", D_mcmc)

# Corner plot

corner.corner(samples, labels=["A", "B", "C", "D"], truths=[A_fit, B_fit, C_fit, D_fit])
plt.suptitle("MCMC Parameter Distributions", y=0.98)

plt.show() # Display the corner plot

plt.close()

# Function to find x0 and its uncertainty, now including u_y0
def find_x0(y0, u_y0, samples, x_data, num_y0_samples=100):
x0_values =[]

A samples = samples|:, 0]
B_samples = samples][:, 1]
C_samples = samples][:, 2]
D_samples = samples[:, 3]



rng = np.random.default rng() # Use a random number generator

for A, B, C, D in zip(A_samples, B_samples, C_samples, D_samples):
# Sample y0 values from a normal distribution
y0_samples = norm.rvs(loc=y0, scale=u_y0, size=num_y0 samples, random_state=rng) #
Sample y0
for y0_sampled in yO_samples: #lterate over the sampled y0 values
# Use a root-finding method to solve for x0
def equation(x):
return four_param_model(x, A, B, C, D) - yO_sampled

# Providing a bracket around the root can help the solver
x_lower = min(x_data)
X_upper = max(x_data)

try:
from scipy.optimize import brentq
x0 = brentq(equation, x_lower, X_upper)
x0_values.append(x0)

except ValueError:
# If brentq fails (e.g., no root within the bracket), return NaN
x0_values.append(np.nan)

except Exception as e:
print(f"Error during root finding: {e}")
x0_values.append(np.nan)

x0_values = np.array(x0_values)
x0_values = x0_values[~np.isnan(x0_values)] # Filter out NaN values

if len(x0_values) == 0:
return np.nan, np.nan # Return NaN if no valid x0 values are found

x0 mean = np.mean(x0_values)
x0_uncertainty = np.std(x0_values)
return X0 _mean, x0_uncertainty

# Find x0 and its uncertainty
x0, ux0 = find_x0(y0, u_y0, samples, x_data) #Pass u_y0 to find_x0

print("\nx0 =", x0)
print("ux0 =", ux0)

# Plot the data and the fit
plt.figure(figsize=(10, 8))
plt.errorbar(x_data, y_data, xerr=u_x_data, yerr=u_y data, fmt="0", label="Data")

# Plot the best-fit curve

x_fit = np.linspace(min(x_data), max(x_data), 100)

y_fit = four param model(x fit, A mcmc, B mcmc, C memce, D memc)
plt.plot(x_fit, y_fit, label="MCMC Best Fit")

# Plot x0 with crosshairs
if not np.isnan(x0):



plt.axvline(x=x0, color="red, linestyle="--', label=f'x0 = {x0:.3f}")

plt.axhline(y=y0, color='green’, linestyle='--', label=f'y0 = {y0:.3f}")

plt.errorbar(x0, y0, xerr=ux0, yerr=u_y0, fmt="t+', color="purple', markersize=12, label='x0
Uncertainty")

plt.xlabel("x")

plt.ylabel("y")
plt.title("Four-Parameter Fit with x0")
plt.legend()

plt.grid(True)

plt.show() # Display the fit plot
plt.close()

# Plot MCMC samples

plt.figure(figsize=(12, 8))

for i in range(ndim):
plt.subplot(ndim, 1,1+ 1)
plt.plot(sampler.get _chain()[:, :, i], color="k", alpha=0.3)
plt.ylabel(f"Parameter {['A', 'B', 'C', 'D'|[i]}")

plt.xlabel("Step Number")

plt.suptitle("MCMC Sample Traces", y=0.98)

plt.tight layout()

plt.show() # Display MCMC traces

plt.close()

# Plot posterior distributions
plt.figure(figsize=(12, 8))
for i in range(ndim):
plt.subplot(ndim, 1,1+ 1)
plt.hist(samples[:, i], bins=50, density=True, alpha=0.6, color="skyblue")
plt.xlabel(f"Parameter {['A', 'B','C', D'[[i]}")
plt.ylabel("Density™)
plt.title(f"Posterior Distribution of Parameter {['A', 'B', 'C', 'D'|[i]}")
plt.suptitle("Posterior Distributions of Parameters", y=0.98)
plt.tight layout()
plt.show() # Display posterior distributions
plt.close()
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# 3¢ Python g A2 1T Hu(), RAWT:

import matplotlib

matplotlib.use('TkAgg")

import numpy as np

import matplotlib.pyplot as plt

from scipy.interpolate import CubicSpline
from scipy.optimize import brentq

import emcee

import corner

import seaborn as sns

# W seaborn £
sns.set(style="whitegrid")

# 8 SUEE

x_data = np.array([1e-6,1.2875,2.575,5.15,10.30,20.60])

y_data = np.array([1.0530,1.1970,1.3545,1.4335,1.5035,1.5435])

u_x_data = np.array([1e-6,0.030657,0.030933,0.030411,0.030586,0.030439 ])

u_y data = np.array([0.042553,0.010638,0.016401,0.007535,0.006649,0.007535])
y0 = 1.3962

u_y0=0.001529

n_params = 13 # 6 x_real, 6 y_real, 1 yO_true

def'log_prior(theta):
x_real = theta[:6]
y_real = theta[6:12]
y0_true = theta[12]

# fAIx_realse {5 id 1Y
if not np.all(np.diff(x_real) > 0):
return -np.inf

# THE SRR

log p=0.0

# x_real [P 5C 50

log p +=np.sum(-0.5 * ((x_real - x_data) ** 2/ (u_x_data ** 2)) - np.log(u_x_data * np.sqrt(2 *
np.pi)))

#y real )5G35

log p +=np.sum(-0.5 * ((y_real - y_data) ** 2/ (u_y_data ** 2)) - np.log(u_y data * np.sqrt(2 *
np.pi)))

#y0_trueffI5c i

log p +=-0.5 * ((yO_true - y0) ** 2/ (u_y0 ** 2)) - np.log(u_y0 * np.sqrt(2 * np.pi))

return log_p

def'log_probability(theta):
Ip = log_prior(theta)
if not np.isfinite(lp):
return -np.inf



x_real = theta[:6]
y_real = theta[6:12]
y0_true = theta[12]

# K3 = R K A 1R
try:

cs = CubicSpline(x_real, y_real, extrapolate=False)
except:

return -np.inf

# 58 SUR X0 B £Y
def func(x):
return cs(x) - yO_true

x_min = X_real.min()
X_max = x_real.max()

# KA AL AT S
try:

f min = func(x_min)

f max = func(x_max)
except:

return -np.inf

if np.sign(f min) == np.sign(f max):
return -np.inf # ¥ AR

# FHRAR
try:

x0_val = brentq(func, x_min, Xx_max)
except:

return -np.inf

return Ip

# "L IR B

n_walkers = 50

def generate_initial positions(n_walkers):
initial = np.zeros((n_walkers, n_params))
for i in range(n_walkers):
valid = False
while not valid:
x_real = x_data + np.random.normal(0, u_x data/ 10)
if np.all(np.diff(x_real) > 0):
valid = True
y_real =y _data + np.random.normal(0, u_y data/ 10)
y0_true = y0 + np.random.normal(0, u_y0 / 10)
initial[i] = np.concatenate([x_real, y real, [y0_true]])
return initial

initial positions = generate initial positions(n_walkers)



# iZ4TMCMC

sampler = emcee.EnsembleSampler(n_walkers, n_params, log_probability)

# Burn-in

print("Running burn-in...")

n_burn = 1000

state = sampler.run_mecmc(initial positions, n_burn, progress=True)
sampler.reset()

# LR FE

n_steps = 5000

print("Running production...")
sampler.run_mcmc(state, n_steps, progress=True)

# IRIUPEA

samples = sampler.get_chain(flat=True)

# THHEXOR 5 A

x0_samples =[]

for theta in samples:
x_real = theta[:6]
y_real = theta[6:12]
y0_true = theta[12]

try:

cs = CubicSpline(x_real, y_real, extrapolate=False)
except:

continue

def func(x):
return cs(x) - y0_true

x_min = x_real.min()
X_max = x_real.max()

try:
f min = func(x_min)
f max = func(x_max)
except:
continue

if np.sign(f_min) == np.sign(f max):
continue

try:
x0 = brentq(func, x_min, X _max)
x0_samples.append(x0)

except:
continue

x0_samples = np.array(x0_samples)

# fEx0_samples & 3 N



if len(x0_samples) == 0:
raise ValueError("No valid x0 samples found.")

# THEXO R Hh A7 BRI AN 5
x0 median = np.median(x0_samples)
ux0 = np.std(x0_samples)

# i tHxO MR
print(f"Median x0: {x0 median:.4f}")
print(f"Estimated uncertainty u_x0: {ux0:.4f}")

# A ALALXO ) 5 56 73 AT

plt.figure(figsize=(10, 6))

plt.hist(x0_samples, bins=50, density=True, alpha=0.6, color='blue")
plt.title(f Posterior Distribution of x0\n $u_{{x0} }$ = {ux0:.4f}', fontsize=16)
plt.xlabel('x0', fontsize=14)

plt.ylabel('Probability Density', fontsize=14)

plt.show()

# 0L P 2%
plt.figure(figsize=(10, 6))
plt.errorbar(x_data, y_data, xerr=u_x_data, yerr=u_y data, fmt='0', color="k', label='Data with Errors')

# 28] 73 i IR RE AR 1) T 2
for 1 in np.random.choice(len(samples), 100):
theta = samples][i]
x_real = theta[:6]
y_real = theta[6:12]
try:
# K3 = IR 2K A 1E
cs = CubicSpline(x_real, y_real, extrapolate=False)
x_plot = np.linspace(x_real.min(), x_real.max(), 100)
y_plot = cs(x_plot)
plt.plot(x_plot, y _plot, color="gray', alpha=0.1, label='Posterior Samples' if i == 0 else None)
except:

continue # WIRIHE R, BhidiZFEA

# 2l AL B X0

plt.axvline(x0_median, color='r', linestyle="--', label=f'Median x0 = {x0_median:.3f}")
plt.axhline(y0, color="b", linestyle="--', label=f'y0 = {y0}")

plt.plot(x0_median, y0, 'r+', markersize=15, markeredgewidth=2, label='x0 Position')

# IS INAR AT R 25

plt.xlabel('x', fontsize=14)

plt.ylabel('y', fontsize=14)

plt.title('Spline Fits with MCMC Uncertainty', fontsize=16)

# Vs i &l 1)
plt.legend(loc="upper left', fontsize=12)

# A A =
plt.tight layout()



# SR EITE
plt.show()

# 14 FH corner2: il Z 41 J5 58 73 A1

corner_labels = [f'x_real {i+1}' for i in range(6)] + [f'y_real {i+1}' fori in range(6)] + ['y0_true']
corner.corner(samples, labels=corner_labels, truths=np.median(samples, axis=0))

plt.show()
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