#!/usr/bin/env python3
# ===============================================================
#  CST–Warp Engine Numerical Simulator
#  Complete ODE Solver using SciPy
#  Author: Gabino Casanova (concept), Python implementation by ChatGPT
# ===============================================================

import numpy as np
from scipy.integrate import solve_ivp
import matplotlib.pyplot as plt

# ===============================================================
# CONSTANTS & PARAMETERS
# ===============================================================

# CST Warp parameters (tunable)
lambda_phase = 0.08       # Rate CST phase aligns to target
eta = 0.15                # Synthetic mass generation efficiency
zeta = 0.12               # Synthetic mass decay rate
Ein = 60                  # Incoming energy (arbitrary units)
k = 0.45                  # Warp-Velocity coupling coefficient
A = 1.0                   # Gaussian amplitude
r0 = 0.0                  # Center of curvature shell
sigma = 1.1               # Gaussian width

# Destination CST phase (simulate autopilot toward destination)
phi_dest = 12     # e.g., Mars=4, Alpha Centauri=12, Andromeda=87

# ===============================================================
# ODE SYSTEM
# ===============================================================

def cst_warp_odes(t, X):
    # Unpack state variables
    W, phi, m_s, H, tau = X

    # -----------------------------------------------------------
    # 1. Warp factor derivative
    # -----------------------------------------------------------
    # warp increases slowly, but instability reduces it
    instability = 1 if abs(phi - 50) > 10 else 0
    dWdt = 0.03 - 0.05 * instability

    # -----------------------------------------------------------
    # 2. CST Phase alignment
    # -----------------------------------------------------------
    dphidt = lambda_phase * (phi_dest - phi)

    # -----------------------------------------------------------
    # 3. Synthetic mass evolution
    # -----------------------------------------------------------
    dm_sdt = eta * Ein - zeta * m_s

    # -----------------------------------------------------------
    # 4. Curvatures
    # -----------------------------------------------------------
    K_front = 0.12*W + 0.005*(50 - phi)
    K_rear  = 0.18*W + 0.005*(phi - 50)
    dK = K_rear - K_front

    # Warp velocity (for plotting only)
    v_warp = 0.2*W + k*dK

    # -----------------------------------------------------------
    # 5. Reactor heat equation
    # -----------------------------------------------------------
    dHdt = 0.05*W + 0.02*np.abs(phi - 50) - 0.005*H

    # -----------------------------------------------------------
    # 6. Internal CST clock
    # -----------------------------------------------------------
    dtau_dt = 1.0 / (1 + 0.12*W + 0.01*np.abs(phi - 50))

    return [dWdt, dphidt, dm_sdt, dHdt, dtau_dt]

# ===============================================================
# SIMULATION TIME
# ===============================================================
t0, tf = 0, 600  # seconds
t_eval = np.linspace(t0, tf, 5000)

# ===============================================================
# INITIAL CONDITIONS
# ===============================================================
# W, phi, m_s, H, tau
X0 = [0.0, 50.0, 10.0, 5.0, 0.0]

# ===============================================================
# SOLVE ODE SYSTEM
# ===============================================================
print("Running CST–Warp simulation...")
sol = solve_ivp(cst_warp_odes, [t0, tf], X0, t_eval=t_eval, rtol=1e-9, atol=1e-9)

W     = sol.y[0]
phi   = sol.y[1]
m_s   = sol.y[2]
H     = sol.y[3]
tau_v = sol.y[4]
t     = sol.t

# ===============================================================
# POST-PROCESS CURVATURES & WARP VELOCITY
# ===============================================================
K_front = 0.12*W + 0.005*(50 - phi)
K_rear  = 0.18*W + 0.005*(phi - 50)
dK = K_rear - K_front
v_warp = 0.2*W + k*dK

# Gaussian curvature field sample values
r_values = np.linspace(-3, 3, 300)
K_gauss = A * np.exp(-((r_values - r0)**2) / (sigma**2))

# ===============================================================
# PLOTTING
# ===============================================================

plt.figure(figsize=(12, 7))
plt.plot(t, W, label="Warp Factor W", linewidth=2)
plt.plot(t, v_warp, '--', label="Warp Velocity v_warp", linewidth=2)
plt.grid(True)
plt.xlabel("Time (s)")
plt.ylabel("Warp Level / Velocity")
plt.title("CST–Warp Engine: Warp Factor & Warp Velocity Over Time")
plt.legend()
plt.tight_layout()
plt.show()

plt.figure(figsize=(12, 7))
plt.plot(t, phi, label="CST Phase φ", linewidth=2)
plt.axhline(phi_dest, color='cyan', linestyle=':', label="Destination Phase")
plt.grid(True)
plt.xlabel("Time (s)")
plt.ylabel("CST Phase")
plt.title("CST Phase Alignment Dynamics")
plt.legend()
plt.tight_layout()
plt.show()

plt.figure(figsize=(12, 7))
plt.plot(t, m_s, label="Synthetic Mass m_s", linewidth=2)
plt.grid(True)
plt.xlabel("Time (s)")
plt.ylabel("Mass (arbitrary units)")
plt.title("Synthetic Mass Evolution")
plt.legend()
plt.tight_layout()
plt.show()

plt.figure(figsize=(12, 7))
plt.plot(t, H, label="Reactor Heat H", linewidth=2, color='red')
plt.grid(True)
plt.xlabel("Time (s)")
plt.ylabel("Heat")
plt.title("Reactor Heat Accumulation")
plt.legend()
plt.tight_layout()
plt.show()

plt.figure(figsize=(12, 7))
plt.plot(t, tau_v, label="Internal CST Clock τ(t)", linewidth=2, color='magenta')
plt.grid(True)
plt.xlabel("Time (s)")
plt.ylabel("CST Time (seconds)")
plt.title("Internal CST Time Dilation Simulation")
plt.legend()
plt.tight_layout()
plt.show()

plt.figure(figsize=(12, 7))
plt.plot(r_values, K_gauss, label="Gaussian Curvature Shell K(r)", linewidth=2)
plt.grid(True)
plt.xlabel("r (m)")
plt.ylabel("Curvature Magnitude")
plt.title("Warp Bubble Gaussian Curvature Profile")
plt.legend()
plt.tight_layout()
plt.show()

print("Simulation complete.")
