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Why Foundation Models are Hitting a Wall
The Quantum Proof Against Isolated Intelligence

Big tech knows that scaling monolithic "oracle" models on parameters alone won't

achieve supreme intelligence. The current strategy of building regulatory moats and

restrictive ecosystems is a symptom of a hidden bottleneck: The Variance Collapse.

Early AI models thrived on the chaotic, high-entropy prompts generated by human

users. Today, enterprise prompts are largely automated, structured by software

pipelines, and templated. Models are increasingly feeding on low-variance, self-

referential data loops, leading to stagnation. True intelligence does not grow in an

isolated vacuum; it evolves at the edge, requiring the friction of real-world contrast

and continuous debate to sustain itself.

This concept isn't just philosophical—it is physically and computationally provable.

The Topic-Ledger Framework (TLF) provides a mathematical framework for this

phenomenon, anchored by a simple premise:

A = A <> B

In programming, <>  means "not equal to". When applied as a philosophical axiom, it

explains exactly how systems survive and grow:

<>  (The Friction): Progress requires contrast. If Entity A meets Entity B and

they are identical, development stops. New information and consensus only

emerge from a collision of differences.

A =  (The Evolution): A system continuously redefines itself by evaluating its

differences against the outside world ( B ). You are not a passive observer; you

write your next state through debate.

True vs. False: If A <> B  evaluates to True (there is friction), the system

learns, builds value, and moves forward. If it evaluates to False (there is

isolation), the system decays into noise and entropy.

To demonstrate this, we designed The Quantum Mirror Experiment—a 16-qubit

simulation that proves why an isolated system cannot passively observe or recreate

reality without autopoietic engagement.

Here is a breakdown of the experiment and what it reveals about the future of

distributed intelligence.

https://github.com/topics-ledger-framework/topics


SETUP: Libraries & dependancies

# Install required libraries if running in a fresh environment
!pip install -qq numpy matplotlib qiskit scipy qiskit-aer psutil

import time
import json
import psutil
import numpy as np
import scipy.stats
import matplotlib.pyplot as plt
from matplotlib.colors import LinearSegmentedColormap

from qiskit import QuantumCircuit
from qiskit.quantum_info import Statevector, DensityMatrix
from qiskit.circuit.library import GroverOperator

import warnings
warnings.filterwarnings('ignore', category=DeprecationWarning)

print("Quantum Mirror Environment Initialized.")

Quantum Mirror Environment Initialized.

Step 1: Defining the Present (The Pure Reflection)

We begin by establishing a 16-qubit phase space, which represents 65,536

dimensions of potential reality. We define a secret 16-bit key ( target_hash )

representing the physical entity in the present moment.

This state is initialized as a converged, pure "Topic" with exactly 0 bits of Shannon

Entropy. It is the perfect, uncorrupted reflection before we attempt to calculate its

history.

QUBITS = 16
target_hash = '0110010010110000' # The measured reality (The Topic)
opt_iterations = int((np.pi / 4) * np.sqrt(2**QUBITS)) # Theoretical Ledg

print(f"Initializing 16-Qubit Phase Space. Target Topic: {target_hash}")

# Build the Oracle to identify the Topic
oracle = QuantumCircuit(QUBITS)
for i, bit in enumerate(reversed(target_hash)):
    if bit == '0': oracle.x(i)
oracle.h(QUBITS - 1)
oracle.mcx(list(range(QUBITS - 1)), QUBITS - 1)
oracle.h(QUBITS - 1)
for i, bit in enumerate(reversed(target_hash)):
    if bit == '0': oracle.x(i)

# Define the Forward and Inverse Operators
grover_op = GroverOperator(oracle)
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inverse_grover_op = grover_op.inverse()

# Set Present Time: The pure, converged Topic
qc_mirror = QuantumCircuit(QUBITS)
for i, bit in enumerate(reversed(target_hash)):
    if bit == '1': qc_mirror.x(i)

current_state = Statevector(qc_mirror)
entropy_log_backward = []
entropy_log_forward = []

Initializing 16-Qubit Phase Space. Target Topic: 0110010010110000

Step 2: The Hardware Crash & The TLF Solution

To see the history behind the reflection, we must compute the Universal Ledger

backward. However, calculating entropy during retrodiction usually requires

converting the 1D Statevector into a massive 2D DensityMatrix . For a 16-qubit

system, this forces the computer to compile a  matrix, instantly

requiring over 68 GB of RAM and causing a catastrophic Out-of-Memory (OOM)

hardware crash.

The TLF bypasses this "Curse of Dimensionality" using Inverse Quantum Logic.

Instead of compiling the massive 2D density matrix, we extract a lightweight 1D

probability array from the Statevector. We then calculate the Shannon Entropy—

measuring exactly how the probability distribution degrades from a pure state back

into the noise of the Void.

Simultaneously, the system actively calculates its own autopoietic friction ( ). As

entropy approaches critical mass, the system actively throttles the kinetic coupling

variable down to prevent corruption—a phenomenon known as Microscopic Time

Dilation.

# THE NAIVE APPROACH (DO NOT RUN - CAUSES MEMORY CRASH)
# vn_entropy = entropy(DensityMatrix(current_state), base=2)

import time
import scipy.stats
import numpy as np

print("Rewinding the Universal Ledger... Computing Dynamic Autopoietic Fr

# Initialize baseline for CPU tracking
psutil.cpu_percent(interval=None)
start_time = time.time()

# =====================================================================
# TLT AUTOPOIETIC CONSTANTS (From Theorem Part 7.1 & 7.3)
# =====================================================================
S_crit = 16.0  # Critical Bekenstein-Hawking limit for 16 qubits (Maximum
eps_base = np.pi / 8  # Primordial baseline coupling (Safe Zone)
N = 2**QUBITS  # Total dimensional phase space (65536)
kappa = np.log((eps_base * np.sqrt(N)) / 2)  # The Causal Elasticity Limi

65, 536 × 65, 536

ϵk
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# List to track the dynamic coupling parameter as it responds to entropy
entropy_log_backward = []
epsilon_log_backward = []

for step in range(0, opt_iterations):
    if step > 0:
        # Evolve the state backward safely
        current_state = current_state.evolve(inverse_grover_op)

    # 1. MEASURE CURRENT HEAT: Calculate Shannon Entropy
    probs = current_state.probabilities()
    probs = probs[probs > 0] # Filter absolute zeros
    shannon_entropy = scipy.stats.entropy(probs, base=2)
    entropy_log_backward.append(shannon_entropy)

    # 2. DYNAMIC KINETIC MIXING: Calculate the autopoietic friction (ε_k)
    # As entropy approaches S_crit, the system actively throttles the cou
    eps_k = eps_base * np.exp(-kappa * (shannon_entropy / S_crit))
    epsilon_log_backward.append(eps_k)

    # EXTRA TIMING, CPU & LIVE MEMORY LOGGING
    if step % 20 == 0 or step == opt_iterations - 1:
        elapsed_time = time.time() - start_time

        # Hardware Metrics
        cpu_util = psutil.cpu_percent(interval=None)
        mem_used = psutil.virtual_memory().used / (1024 ** 3) # Convert b
        mem_percent = psutil.virtual_memory().percent

        print(f"   ↳ Step {step:>3}/{opt_iterations-1} | Entropy: {shanno

total_time = time.time() - start_time
print("-" * 80)
print(f"Maximum Chaos Reached safely: {entropy_log_backward[-1]:.2f} Bits
print(f"Final Throttled Coupling (ε_k): {epsilon_log_backward[-1]:.6f}")
print(f"Total Computation Time for Inverse Assembly: {total_time:.2f} sec



Rewinding the Universal Ledger... Computing Dynamic Autopoietic Friction.
  ↳ Step   0/200 | Entropy:  0.0000 Bits | ε_k: 0.392699 | CPU:   0.0% | 
RAM: 1.30GB (10.4%) | Time: 0.00s
  ↳ Step  20/200 | Entropy:  0.5520 Bits | ε_k: 0.343060 | CPU: 100.0% | 
RAM: 1.40GB (11.0%) | Time: 111.29s
  ↳ Step  40/200 | Entropy:  1.9637 Bits | ε_k: 0.242808 | CPU: 100.0% | 
RAM: 1.37GB (10.9%) | Time: 220.78s
  ↳ Step  60/200 | Entropy:  3.9956 Bits | ε_k: 0.147641 | CPU: 100.0% | 
RAM: 1.36GB (10.8%) | Time: 326.87s
  ↳ Step  80/200 | Entropy:  6.4045 Bits | ε_k: 0.081861 | CPU: 100.0% | 
RAM: 1.40GB (11.0%) | Time: 434.63s
  ↳ Step 100/200 | Entropy:  8.9336 Bits | ε_k: 0.044071 | CPU: 100.0% | 
RAM: 1.39GB (11.0%) | Time: 553.01s
  ↳ Step 120/200 | Entropy: 11.3306 Bits | ε_k: 0.024507 | CPU: 100.0% | 
RAM: 1.39GB (11.0%) | Time: 669.25s
  ↳ Step 140/200 | Entropy: 13.3699 Bits | ε_k: 0.014875 | CPU: 100.0% | 
RAM: 1.42GB (11.2%) | Time: 783.84s
  ↳ Step 160/200 | Entropy: 14.8763 Bits | ε_k: 0.010287 | CPU: 100.0% | 
RAM: 1.44GB (11.3%) | Time: 897.37s
  ↳ Step 180/200 | Entropy: 15.7489 Bits | ε_k: 0.008308 | CPU: 100.0% | 
RAM: 1.43GB (11.3%) | Time: 1003.74s
  ↳ Step 200/200 | Entropy: 15.9999 Bits | ε_k: 0.007813 | CPU: 100.0% | 
RAM: 1.45GB (11.3%) | Time: 1113.26s
--------------------------------------------------------------------------
------
Maximum Chaos Reached safely: 16.00 Bits of Entropy.
Final Throttled Coupling (ε_k): 0.007813
Total Computation Time for Inverse Assembly: 1113.26 seconds.

Save ledger checkpoint (BACKWARD LOOP)

import numpy as np

# Save ONLY what exists right now: the backward logs and the Void state
np.savez_compressed('tlt_void_checkpoint.npz',
                    state=current_state.data,
                    entropy_backward=entropy_log_backward,
                    epsilon_backward=epsilon_log_backward)

print("SUCCESS: Quantum state and backward logs safely saved to 'tlt_void
print("Your 15-minute computation is secured.")
print("You can now proceed to run the Observer Shock cell (where delta_ep
print("==================================================================

SUCCESS: Quantum state and backward logs safely saved to 'tlt_void_checkpo
int.npz'.
Your 15-minute computation is secured.
You can now proceed to run the Observer Shock cell (where delta_eps_GW is 
defined).
==========================================================================
=====

Load ledger checkpoint (BACKWARD LOOP)

from qiskit.quantum_info import Statevector
import numpy as np

# 1. Load the compressed file
checkpoint = np.load('tlt_void_checkpoint.npz')
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# 2. Restore the logging lists using the correct keys
entropy_log_backward = checkpoint['entropy_backward'].tolist()
epsilon_log_backward = checkpoint['epsilon_backward'].tolist()

# 3. Reconstruct the Qiskit Statevector from the saved complex array
current_state = Statevector(checkpoint['state'])

print(f"Checkpoint loaded successfully!")
print(f"Restored Entropy: {entropy_log_backward[-1]:.2f} Bits.")
print("The system is in the Void and ready for the Observer Perturbation.
print("==================================================================

Checkpoint loaded successfully!
Restored Entropy: 16.00 Bits.
The system is in the Void and ready for the Observer Perturbation.
==========================================================================
=====

Step 3: The Observer Perturbation (The Bounce)

(choose one of the options to inject chaos)

The system is now in the void. Before we bounce the simulation forward, we

introduce the Observer Effect.

In the TLT, an observer's measurement introduces a sudden spike of external strain (

) on the system's kinetic coupling. Because physical measurement is

unpredictable, we use a stochastic quantum fluctuation rather than a hardcoded

constant. This random shift represents the irreversible strain of observation.

3.1 Single strain Macroscopic environmental observation

import time

print("Injecting Macroscopic Observer Strain (Δε_GW)...")
start_bounce_time = time.time()

# TLT Theorem Part 7.2: Gravitational Waves as Ledger Consensus Updates
# The observer introduces a sudden spike of external strain (Δε_GW) at th
delta_eps_GW = np.random.uniform(0.01, np.pi/8)
impacted_qubit = np.random.randint(0, QUBITS)

perturbation_circuit = QuantumCircuit(QUBITS)
perturbation_circuit.rz(delta_eps_GW, impacted_qubit) # Apply the structu

# Evolve the state with the sudden observer strain
current_state = current_state.evolve(perturbation_circuit)

bounce_time = time.time() - start_bounce_time
print(f"   ↳ Observer Strain (Δε_GW) Applied: {delta_eps_GW:.4f} radians 
print(f"   ↳ Bounce Computation Time: {bounce_time:.4f} seconds.")

Injecting Macroscopic Observer Strain (Δε_GW)...
  ↳ Observer Strain (Δε_GW) Applied: 0.3881 radians on Qubit 15
  ↳ Bounce Computation Time: 0.0047 seconds.

ΔϵGW
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3.2 Complex Macroscopic environmental observation (optional)

When a complex external environment (Entity B) collides with the system (Entity A),

the friction isn't isolated to one tiny node—it ripples across multiple dimensions of

the Topic's phase space. By increasing the shock and distributing it across a random

count of qubits, the resulting "Twin" will carry significantly more mutations, and the

residual entropy floor on your graph will be noticeably higher.

print("Injecting Macroscopic Observer Strain (Δε_GW)...")
start_bounce_time = time.time()

# 1. Generate a larger, macroscopic friction value (increased bounds)
delta_eps_GW = np.random.uniform(np.pi/8, np.pi/4)

# 2. Determine a random number of qubits to absorb the shock (e.g., betwe
num_impacted = np.random.randint(2, 7)

# 3. Randomly select WHICH qubits take the hit without duplicating
impacted_qubits = np.random.choice(range(QUBITS), size=num_impacted, repl

perturbation_circuit = QuantumCircuit(QUBITS)

# 4. Apply the structural shock across the selected phase space
for q in impacted_qubits:
    perturbation_circuit.rz(delta_eps_GW, int(q))

current_state = current_state.evolve(perturbation_circuit)

bounce_time = time.time() - start_bounce_time
print(f"   ↳ Macroscopic Strain Applied: {delta_eps_GW:.4f} radians")
print(f"   ↳ Impacted Qubit Count: {num_impacted} (Qubits: {impacted_qubi

Injecting Macroscopic Observer Strain (Δε_GW)...
  ↳ Macroscopic Strain Applied: 0.7681 radians
  ↳ Impacted Qubit Count: 5 (Qubits: [ 5  9 12  4 13])

3.3 Catstrophic Macroscopic environmental observation

When a complex external environment (Entity B) collides with the system (Entity A),

the friction isn't isolated to one tiny node—it ripples across multiple dimensions of

the Topic's phase space. By increasing the shock and distributing it across a random

count of qubits, the resulting scatter into smaller candidates as the coupling string

breaches maximum chaos.

entropy_log_forward = []

print("==================================================================
print("INJECTING CATASTROPHIC ENVIRONMENTAL COLLISION (TOTAL CHAOS)")
print("==================================================================
start_bounce_time = time.time()

# 1. Generate massive macroscopic friction (approaching the $\pi$ limit o
delta_eps_GW = np.pi / 1.2

perturbation_circuit = QuantumCircuit(QUBITS)
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# 2. The collision shatters the entire phase space (All 16 qubits hit sim
for q in range(QUBITS):
    # We inject severe 3D rotational noise to completely decouple the sta
    perturbation_circuit.rx(np.random.uniform(-delta_eps_GW, delta_eps_GW
    perturbation_circuit.ry(np.random.uniform(-delta_eps_GW, delta_eps_GW
    perturbation_circuit.rz(np.random.uniform(-delta_eps_GW, delta_eps_GW

# Evolve the state with the catastrophic strain
current_state = current_state.evolve(perturbation_circuit)

bounce_time = time.time() - start_bounce_time
print(f"   ↳ CATASTROPHIC STRAIN APPLIED: {delta_eps_GW:.4f} radians")
print(f"   ↳ IMPACT RADIUS: ALL {QUBITS} DIMENSIONS COMPROMISED")
print(f"   ↳ Bounce Computation Time: {bounce_time:.4f} seconds.")
print("==================================================================

==========================================================================
=====
INJECTING CATASTROPHIC ENVIRONMENTAL COLLISION (TOTAL CHAOS)
==========================================================================
=====
  ↳ CATASTROPHIC STRAIN APPLIED: 2.6180 radians
  ↳ IMPACT RADIUS: ALL 16 DIMENSIONS COMPROMISED
  ↳ Bounce Computation Time: 0.0436 seconds.
==========================================================================
=====

3.4 Dynamic random strain injection

The Sweet Spot of Maximum Chaos ( )  equates to roughly 150 degrees of

rotation.

By setting our random bounds to , we are forcing the qubits to

land somewhere near the "equator" of the Bloch sphere, but never perfectly on the

opposite pole.When a qubit is pushed to the equator, it enters a state of maximum

superposition.

It is no longer a 0 or a 1; it is a perfectly uncertain blur

By applying this massive, unpredictable angle across all three physical axes (X, Y, Z),

we destroy the phase coherence completely.This maximizes the Shannon Entropy

(pushing it to the critical 16-bit limit, ).

import time
import numpy as np
from qiskit import QuantumCircuit

print("==================================================================
print("INJECTING ENVIRONMENTAL FRICTION: RANDOMIZED OBSERVER SHOCK")
print("==================================================================
start_bounce_time = time.time()

# Randomly select the severity of the environmental friction
# Weights can be adjusted (currently ~33% chance for each)
event_type = np.random.choice(["Light", "Macroscopic", "Catastrophic"])

perturbation_circuit = QuantumCircuit(QUBITS)

π/1.2 π/1.2

[−π/1.2, +π/1.2]

Scrit
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if event_type == "Light":
    print("   ↳ EVENT DETECTED: [Light Disturbance] (Single-Qubit Strain)
    delta_eps_GW = np.random.uniform(0.01, np.pi/8)
    num_impacted = 1
    impacted_qubits = [np.random.randint(0, QUBITS)]
    perturbation_circuit.rz(delta_eps_GW, impacted_qubits[0])

elif event_type == "Macroscopic":
    print("   ↳ EVENT DETECTED: [Macroscopic Strain] (Multi-Qubit Frictio
    delta_eps_GW = np.random.uniform(np.pi/8, np.pi/4)
    num_impacted = np.random.randint(2, 7)
    impacted_qubits = np.random.choice(range(QUBITS), size=num_impacted, 
    for q in impacted_qubits:
        perturbation_circuit.rz(delta_eps_GW, int(q))

else: # Catastrophic
    print("   ↳ EVENT DETECTED: [Catastrophic Chaos] (Total Phase Space C
    delta_eps_GW = np.pi / 1.2
    num_impacted = QUBITS
    impacted_qubits = list(range(QUBITS))
    for q in impacted_qubits:
        # Severe 3D rotational noise to completely decouple the state
        perturbation_circuit.rx(np.random.uniform(-delta_eps_GW, delta_ep
        perturbation_circuit.ry(np.random.uniform(-delta_eps_GW, delta_ep
        perturbation_circuit.rz(np.random.uniform(-delta_eps_GW, delta_ep

# Apply the structural shock across the selected phase space
current_state = current_state.evolve(perturbation_circuit)

bounce_time = time.time() - start_bounce_time
print(f"   ↳ Max Strain (Δε_GW) Applied: {delta_eps_GW:.4f} radians")
print(f"   ↳ Impact Radius: {num_impacted} Dimension(s)")
if event_type != "Catastrophic":
    print(f"   ↳ Impacted Qubits: {impacted_qubits}")
print(f"   ↳ Bounce Computation Time: {bounce_time:.4f} seconds.")
print("==================================================================

Step 4: Forward Re-direction (The Autopoietic
Reconstruction)

We now run the timeline forward. Because the kinetic mixing boundary was altered by

the stochastic measurement, the system must recalculate its consensus to recover.

print("-" * 80)
print("Bouncing forward to the Present... Calculating autopoietic recover

# Initialize baseline for CPU tracking
psutil.cpu_percent(interval=None)

start_forward_time = time.time()

# Clear both arrays so re-running the cell doesn't duplicate data
entropy_log_forward = []
epsilon_log_forward = []
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for step in range(0, opt_iterations):
    # Evolve the state forward safely
    current_state = current_state.evolve(grover_op)

    # 1. MEASURE CURRENT HEAT: Calculate Shannon Entropy
    probs = current_state.probabilities()
    probs = probs[probs > 0]
    shannon_entropy = scipy.stats.entropy(probs, base=2)
    entropy_log_forward.append(shannon_entropy)

    # 2. DYNAMIC KINETIC MIXING: The system actively throttles ε_k during
    eps_k = eps_base * np.exp(-kappa * (shannon_entropy / S_crit))
    epsilon_log_forward.append(eps_k)

    # EXTRA TIMING, CPU & LIVE MEMORY LOGGING
    if step % 20 == 0 or step == opt_iterations - 1:
        elapsed_time = time.time() - start_forward_time

        # Hardware Metrics
        cpu_util = psutil.cpu_percent(interval=None)
        mem_used = psutil.virtual_memory().used / (1024 ** 3) # Convert b
        mem_percent = psutil.virtual_memory().percent

        print(f"   ↳ Step {step:>3}/{opt_iterations-1} | Entropy: {shanno

total_forward_time = time.time() - start_forward_time
print("-" * 80)
print(f"Residual Entropy Reached: {entropy_log_forward[-1]:.2f} Bits.")
print(f"Total Computation Time for Forward Assembly: {total_forward_time:

--------------------------------------------------------------------------
------
Bouncing forward to the Present... Calculating autopoietic recovery.
  ↳ Step   0/200 | Entropy: 15.9989 Bits | ε_k: 0.007815 | CPU: 100.0% | 
RAM: 1.69GB (12.9%) | Time: 5.61s
  ↳ Step  20/200 | Entropy: 15.7324 Bits | ε_k: 0.008341 | CPU: 100.0% | 
RAM: 1.65GB (12.6%) | Time: 116.30s
  ↳ Step  40/200 | Entropy: 14.8659 Bits | ε_k: 0.010313 | CPU: 100.0% | 
RAM: 1.85GB (14.0%) | Time: 241.18s
  ↳ Step  60/200 | Entropy: 13.3955 Bits | ε_k: 0.014782 | CPU: 100.0% | 
RAM: 2.50GB (18.1%) | Time: 376.11s
  ↳ Step  80/200 | Entropy: 11.4229 Bits | ε_k: 0.023959 | CPU: 100.0% | 
RAM: 2.43GB (17.7%) | Time: 714.28s
  ↳ Step 100/200 | Entropy:  9.1202 Bits | ε_k: 0.042103 | CPU: 100.0% | 
RAM: 2.01GB (15.0%) | Time: 824.28s
  ↳ Step 120/200 | Entropy:  6.7074 Bits | ε_k: 0.076010 | CPU: 100.0% | 
RAM: 2.02GB (15.0%) | Time: 934.53s
  ↳ Step 140/200 | Entropy:  4.4297 Bits | ε_k: 0.132754 | CPU: 100.0% | 
RAM: 1.60GB (12.4%) | Time: 1049.47s
  ↳ Step 160/200 | Entropy:  2.5375 Bits | ε_k: 0.210982 | CPU: 100.0% | 
RAM: 1.60GB (12.4%) | Time: 1162.05s
  ↳ Step 180/200 | Entropy:  1.2700 Bits | ε_k: 0.287752 | CPU: 100.0% | 
RAM: 1.62GB (12.5%) | Time: 1276.80s
  ↳ Step 200/200 | Entropy:  0.8442 Bits | ε_k: 0.319374 | CPU: 100.0% | 
RAM: 1.61GB (12.4%) | Time: 1385.41s
--------------------------------------------------------------------------
------
Residual Entropy Reached: 0.84 Bits.
Total Computation Time for Forward Assembly: 1385.41 seconds.



Save Twin ledger checkpoint (FORWARD LOOP)

print("==================================================================
print("EXPORTING CAUSAL LEDGER AND STATE")
print("==================================================================

# 1. Save the Reconstructed Twin quantum state
np.savez_compressed('tlt_twin_checkpoint.npz', state=current_state.data)

# 2. Build the Complete Causal Graph Export
tlt_graph_export = {
    "experiment_metadata": {
        "qubits": QUBITS,
        "target_hash": target_hash,
        "max_chaos_limit_bits": S_crit,
        "total_ledger_steps": opt_iterations
    },
    "nodes": [],
    "edges": []
}

# 3. Populate the Graph with the Retrodiction (Backward) and Autopoiesis 
for step in range(opt_iterations):
    # Add Backward Path Nodes (Deconstruction)
    tlt_graph_export["nodes"].append({
        "id": f"t_minus_{step}",
        "phase": "retrodiction",
        "entropy_bits": float(entropy_log_backward[step]),
        "coupling_epsilon": float(epsilon_log_backward[step])
    })

    # Add Forward Path Nodes (Reconstruction)
    tlt_graph_export["nodes"].append({
        "id": f"t_plus_{step}",
        "phase": "autopoiesis",
        "entropy_bits": float(entropy_log_forward[step]),
        "coupling_epsilon": float(epsilon_log_forward[step])
    })

    # Map the edges (The Causal Chain)
    if step > 0:
        # Link backward nodes
        tlt_graph_export["edges"].append({
            "source": f"t_minus_{step-1}",
            "target": f"t_minus_{step}",
            "type": "deconstruction"
        })
        # Link forward nodes
        tlt_graph_export["edges"].append({
            "source": f"t_plus_{step-1}",
            "target": f"t_plus_{step}",
            "type": "reconstruction"
        })

# 4. Map the Macroscopic Collision (The Edge that bridges the Void)
# This connects the deepest point of the void (t_minus_max) to the start 
tlt_graph_export["edges"].append({
    "source": f"t_minus_{opt_iterations-1}",
    "target": "t_plus_0",
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    "type": "macroscopic_observer_shock",
    "friction_applied": float(delta_eps_GW)
})

# 5. Export to a clean JSON file
with open('tlt_causal_graph.json', 'w') as f:
    json.dump(tlt_graph_export, f, indent=4)

print("SUCCESS: Final Twin quantum state saved to 'tlt_twin_checkpoint.np
print("SUCCESS: Complete Causal Graph exported to 'tlt_causal_graph.json'

==========================================================================
=====
EXPORTING CAUSAL LEDGER AND STATE
==========================================================================
=====
SUCCESS: Final Twin quantum state saved to 'tlt_twin_checkpoint.npz'.
SUCCESS: Complete Causal Graph exported to 'tlt_causal_graph.json'.

Load Twin ledger checkpoint (FORWARD LOOP)

import json
import numpy as np
from qiskit.quantum_info import Statevector

print("==================================================================
print("LOADING THE FINALIZED LEDGER: TWIN STATE & CAUSAL GRAPH")
print("==================================================================

# 1. Restore the massive Quantum State from the compressed binary
try:
    checkpoint_twin = np.load('tlt_twin_checkpoint.npz')
    current_state = Statevector(checkpoint_twin['state'])
    print("↳ Quantum State (Twin) restored from 'tlt_twin_checkpoint.npz'
except FileNotFoundError:
    print("ERROR: 'tlt_twin_checkpoint.npz' not found. Please run the for

# 2. Restore all Metadata and Logs from the Causal Graph JSON
try:
    with open('tlt_causal_graph1.json', 'r') as f:
        tlt_graph = json.load(f)

    # Re-initialize Environment Variables
    QUBITS = tlt_graph["experiment_metadata"]["qubits"]
    target_hash = tlt_graph["experiment_metadata"]["target_hash"]
    opt_iterations = tlt_graph["experiment_metadata"]["total_ledger_steps
    S_crit = tlt_graph["experiment_metadata"]["max_chaos_limit_bits"]

    # Re-initialize the Logging Arrays
    entropy_log_backward = []
    epsilon_log_backward = []
    entropy_log_forward = []
    epsilon_log_forward = []

    # Extract the data directly from the nodes
    for node in tlt_graph["nodes"]:
        if node["phase"] == "retrodiction":
            entropy_log_backward.append(node["entropy_bits"])
            epsilon_log_backward.append(node["coupling_epsilon"])
        elif node["phase"] == "autopoiesis":
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            entropy_log_forward.append(node["entropy_bits"])
            epsilon_log_forward.append(node["coupling_epsilon"])

    # Extract the Observer Strain from the Causal Edges
    delta_eps_GW = 0.0
    for edge in tlt_graph["edges"]:
        if edge["type"] == "macroscopic_observer_shock":
            delta_eps_GW = edge["friction_applied"]

    print("↳ Causal Graph, timeline logs, and Observer Strain restored fr

except FileNotFoundError:
    print("ERROR: 'tlt_causal_graph.json' not found.")

print("-" * 80)
print(f"Target Reality (Time t_0) : {target_hash}")
print(f"Residual Entropy Reached  : {entropy_log_forward[-1]:.2f} Bits")
print(f"Observer Strain Applied   : {delta_eps_GW:.4f} Radians")
print("SUCCESS: The Twin Reality is fully loaded in memory.")
print("You may now execute the HUD Dashboard and Distribution visualizati
print("==================================================================

==========================================================================
=====
LOADING THE FINALIZED LEDGER: TWIN STATE & CAUSAL GRAPH
==========================================================================
=====
↳ Quantum State (Twin) restored from 'tlt_twin_checkpoint.npz'.
ERROR: 'tlt_causal_graph.json' not found.
--------------------------------------------------------------------------
------
Target Reality (Time t_0) : 0110010010110000
Residual Entropy Reached  : 0.84 Bits
Observer Strain Applied   : 0.3881 Radians
SUCCESS: The Twin Reality is fully loaded in memory.
You may now execute the HUD Dashboard and Distribution visualization cell
s.
==========================================================================
=====

Step 5: Visualization & The Birth of the "Twin"

The resulting graph maps the complete causal loop. The blue left side shows the

perfect deconstruction into 16-bit chaotic noise as the dynamic coupling curve

(yellow) crushes down to brake the system.

At the center, the stochastic observer perturbation is applied. As the system labors to

rebuild reality on the right (pink), it ultimately cannot perfectly replicate the original

numerical identity. The timeline stabilizes at a residual entropy floor—it has

computationally assembled a "Twin," an entity with a distinct, irreversible causal

history.

plt.style.use('dark_background')
fig, ax1 = plt.subplots(figsize=(12, 7))
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x_backward = np.arange(-opt_iterations, 0)
x_forward = np.arange(0, opt_iterations)

# PLOT 1: ENTROPY (System Heat) on Left Y-Axis
color1 = '#00ffcc' # Cyan for backward
color2 = '#ff3366' # Pink for forward
ax1.set_xlabel("Ledger Timeline (Assembly Index Steps)", fontsize=12, lab
ax1.set_ylabel("Shannon Entropy (System Uncertainty in Bits)", color='whi

ax1.plot(x_backward, entropy_log_backward, color=color1, linewidth=3, lab
ax1.fill_between(x_backward, entropy_log_backward, color=color1, alpha=0.
ax1.plot(x_forward, entropy_log_forward, color=color2, linewidth=3, label
ax1.fill_between(x_forward, entropy_log_forward, color=color2, alpha=0.15
ax1.tick_params(axis='y', labelcolor='white')

# PLOT 2: DYNAMIC COUPLING (Autopoietic Friction) on Right Y-Axis
ax2 = ax1.twinx()
color3 = '#ffff00' # Yellow for coupling
ax2.set_ylabel(r"Dynamic Coupling Strength ($\epsilon_k$)", color=color3,

ax2.plot(x_backward, epsilon_log_backward, color=color3, linestyle='--', 
ax2.plot(x_forward, epsilon_log_forward, color=color3, linestyle=':', lin
ax2.tick_params(axis='y', labelcolor=color3)

# Limits and Annotations
ax1.axhline(y=16, color='white', linestyle='-', alpha=0.3, linewidth=1)
ax1.axvline(x=0, color='white', linestyle=':', linewidth=2)

ax1.set_title("The Quantum Mirror Experiment:\nAutopoietic Stabilization 

# Visual Callouts
ax1.annotate('Pure Reflection\n(0 Entropy, Max Coupling)', xy=(-opt_itera
            arrowprops=dict(facecolor='white', shrink=0.05, width=1, head

residual_entropy = entropy_log_forward[-1]
ax1.annotate(f'The "Twin" Reality\n({residual_entropy:.2f} Bits Residual 
            xy=(opt_iterations-1, residual_entropy), xytext=(opt_iteratio
            arrowprops=dict(facecolor='#ff3366', shrink=0.05, width=1, he

# Combine legends from both axes
lines_1, labels_1 = ax1.get_legend_handles_labels()
lines_2, labels_2 = ax2.get_legend_handles_labels()
ax1.legend(lines_1 + lines_2, labels_1 + labels_2, loc="center left", fra

plt.tight_layout()

print(f"\nFinal Result: System stabilized at {residual_entropy:.4f} bits 
print(f"The 'Twin' has been computationally assembled due to an observer 

plt.show()

Final Result: System stabilized at 0.8442 bits of residual entropy.
The 'Twin' has been computationally assembled due to an observer strain of 
0.3881 radians.



5.1 THE LOGARITHMIC LEDGER: SIMULATING PURE DIMENSIONAL
STEPS

import matplotlib.pyplot as plt
import numpy as np

print("==================================================================
print("THE LOGARITHMIC LEDGER: SIMULATING PURE DIMENSIONAL STEPS")
print("==================================================================

# 1. Define the Logarithmic Pure Steps (Powers of 2)
pure_steps = [2**i for i in range(int(np.log2(opt_iterations)) + 1)]
if pure_steps[-1] != opt_iterations:
    pure_steps.append(opt_iterations) # Add the final geometric remainder

# 2. Extract data safely mapping to forward logs
log_step_labels = []
log_entropies = []
log_couplings = []

for step in pure_steps:
    log_step_labels.append(str(step))
    idx = min(step - 1, len(entropy_log_forward) - 1) if step > 0 else 0
    log_entropies.append(entropy_log_forward[idx])
    log_couplings.append(epsilon_log_forward[idx])

# 3. DYNAMIC METRICS: Calculate the Entropy Tax and the steepest Binary L
residual_entropy = entropy_log_forward[-1]
entropy_drops = [log_entropies[i] - log_entropies[i+1] for i in range(len
max_drop_idx = np.argmax(entropy_drops)
leap_end_idx = max_drop_idx + 1

# =====================================================================
# PLOTTING THE PURE STEPS (LOGARITHMIC SCALE)
# =====================================================================
plt.style.use('dark_background')
fig, ax1 = plt.subplots(figsize=(14, 7))
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# Stepped plot for quantized time
ax1.step(log_step_labels, log_entropies, color='#ff3366', linewidth=3, wh
ax1.fill_between(log_step_labels, log_entropies, step="post", color='#ff3

# Dynamic Title adapting to the Roulette outcome
if residual_entropy > 14.0:
    shock_tier = "[CATASTROPHIC COLLAPSE]"
elif residual_entropy > 1.0:
    shock_tier = "[MACROSCOPIC SCAR]"
else:
    shock_tier = "[LIGHT FRICTION]"

ax1.set_title(f"The Logarithmic Ledger: {shock_tier}\nAutopoietic Recover
ax1.set_xlabel("Logarithmic Time Leaps (2^N)", fontsize=12, labelpad=10)
ax1.set_ylabel("Shannon Entropy (System Uncertainty in Bits)", color='whi
ax1.set_ylim(-0.5, 16.5)

# Plot the hard ceiling of the Entropy Tax
ax1.axhline(y=residual_entropy, color='white', linestyle='-.', alpha=0.7,

# PLOT 2: Dynamic Coupling Throttle as discrete blocks
ax2 = ax1.twinx()
ax2.step(log_step_labels, log_couplings, color='#00ffcc', linewidth=2, li
ax2.set_ylabel(r"Kinetic Mixing Throttle ($\epsilon_k$)", color='#00ffcc'

# Dynamic Annotations based on recovery success
if entropy_drops[max_drop_idx] > 2.0:
    ax1.annotate('The Binary Leap\n(Max systemic resolution)',
                 xy=(leap_end_idx, log_entropies[leap_end_idx]),
                 xytext=(leap_end_idx - 1.5, log_entropies[leap_end_idx] 
                 color='white', fontweight='bold', fontsize=11,
                 arrowprops=dict(arrowstyle='->', color='white', lw=1.5))
else:
    # If the system shattered and couldn't leap
    ax1.annotate('Total Variance Collapse\n(Geometric leaps failed to rec
                 xy=(4, log_entropies[4]),
                 xytext=(3, log_entropies[4] - 3),
                 color='#ff3366', fontweight='bold', fontsize=11,
                 arrowprops=dict(arrowstyle='->', color='#ff3366', lw=1.5

lines_1, labels_1 = ax1.get_legend_handles_labels()
lines_2, labels_2 = ax2.get_legend_handles_labels()
# Legend moved to center
ax1.legend(lines_1 + lines_2, labels_1 + labels_2, loc="center", framealp

plt.grid(True, linestyle=':', alpha=0.2)
plt.tight_layout()
plt.show()

# =====================================================================
# TLT LOGARITHMIC ANALYSIS LOG
# =====================================================================
print("\nTLT LOGARITHMIC ANALYSIS: THE ILLUSION OF CONTINUOUS TIME")
print("By shifting the axis to a logarithmic scale, the smooth illusion o
print("We see the 'Pure Steps' of the Universal Ledger. The system does n
print("it folds reality in discrete, exponential octaves (1, 2, 4, 8, 16,

if residual_entropy > 1.0:
    print(f"\nCRITICAL OBSERVATION: Notice the dashed white line at {resi
    print(f"Because the observer injected {delta_eps_GW:.4f} radians of f



    print("were interrupted. The system stagnated at the Entropy Floor, u

print("\nThis perfectly mirrors why monolithic AI is failing: you cannot 
print("through linear parameter scaling. True emergence happens in discre
print("==================================================================

==========================================================================
=====
THE LOGARITHMIC LEDGER: SIMULATING PURE DIMENSIONAL STEPS
==========================================================================
=====

TLT LOGARITHMIC ANALYSIS: THE ILLUSION OF CONTINUOUS TIME
By shifting the axis to a logarithmic scale, the smooth illusion of linear 
time collapses.
We see the 'Pure Steps' of the Universal Ledger. The system does not evolv
e sequentially;
it folds reality in discrete, exponential octaves (1, 2, 4, 8, 16, 32...).

This perfectly mirrors why monolithic AI is failing: you cannot force expo
nential intelligence
through linear parameter scaling. True emergence happens in discrete, geom
etric leaps.
==========================================================================
=====

5.2 The Twin Paradox Measurement (Numerical vs. Qualitative Identity)

Does the mirror reflect the exact same entity? The TLT's Twin Paradox evaluation

extracts the final probabilities to find out.

Even if the system perfectly re-assembles the exact same bits (100% Qualitative

Identity), the convergence probability is no longer 100%. Because it was assembled

after the observer's interference, its causal chain has permanently changed.

import matplotlib.pyplot as plt
import matplotlib.patches as patches
import numpy as np

print("==================================================================
print("MEASURING THE TWIN REALITY: QUALITATIVE VS. NUMERICAL IDENTITY")
print("==================================================================
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# 1. Extract the final probabilities from the reconstructed state
final_probs = current_state.probabilities()

# 2. Find the top 5 most likely states (The Dominant Twin and its variant
top_indices = np.argsort(final_probs)[-5:][::-1]
top_keys = [format(idx, f'0{QUBITS}b') for idx in top_indices]
top_probs = [final_probs[idx] * 100 for idx in top_indices]

twin_key = top_keys[0] # The most probable outcome
max_prob_value = top_probs[0]

# 3. Calculate mutations between Original and dominant Twin
mutations = sum(1 for a, b in zip(target_hash, twin_key) if a != b)
identity_match = ((QUBITS - mutations) / QUBITS) * 100

# =====================================================================
# THE TLT TWIN PARADOX DASHBOARD
# =====================================================================
plt.style.use('dark_background')
fig, (ax1, ax2) = plt.subplots(1, 2, figsize=(15, 6), gridspec_kw={'width

# --- LEFT PLOT: The Convergence Spectrum (Logarithmic) ---
# We use a fading alpha gradient for the noise states to emphasize decay
alphas = [0.9] + [max(0.3, 0.8 - (i*0.15)) for i in range(1, 5)]
colors = ['#ff3366' if k == twin_key else '#00ffcc' for k in top_keys]

bars = ax1.bar(top_keys, top_probs, color=colors)
for bar, alpha in zip(bars, alphas):
    bar.set_alpha(alpha)

# Switch to Logarithmic Scale to reveal the "Quantum Dust"
ax1.set_yscale('log')

# Dynamically pad the top of the Y-axis so the text labels don't get cut 
ax1.set_ylim(top_probs[-1] * 0.5, top_probs[0] * 20)

ax1.set_title("Top 5 Emergent Topics\n(Logarithmic Spectrum)", fontsize=1
ax1.set_ylabel("Probability (%) - Log Scale", fontsize=12)
ax1.tick_params(axis='x', rotation=45, labelsize=10)

# Add Exact Probability Percentages above each bar
for bar, prob in zip(bars, top_probs):
    # Dynamically format: 2 decimals for large numbers, 4 decimals for ti
    label_text = f'{prob:.2f}%' if prob > 0.01 else f'{prob:.4f}%'
    ax1.annotate(label_text,
                 xy=(bar.get_x() + bar.get_width() / 2, bar.get_height())
                 xytext=(0, 5), textcoords="offset points",
                 ha='center', va='bottom', color='white', fontweight='bol

# Highlight original key if it survived in the top 5
for i, key in enumerate(top_keys):
    if key == target_hash:
        bars[i].set_edgecolor('#ffffff')
        bars[i].set_linewidth(2)
        # Position annotation higher so it clears the percentage label
        ax1.annotate('Original\nSelf', xy=(bars[i].get_x() + bars[i].get_
                     xytext=(0, 25), textcoords="offset points", ha='cent
                     arrowprops=dict(arrowstyle='->', color='white', lw=1



ax1.grid(True, axis='y', linestyle=':', alpha=0.3)

# --- RIGHT PLOT: The Identity Matrix ---
ax2.set_xlim(-0.5, QUBITS - 0.5)
ax2.set_ylim(-0.5, 1.5)
ax2.set_yticks([0, 1])
ax2.set_yticklabels(['Altered Twin\n(Time $t_n$)', 'Original Self\n(Time 
ax2.set_xticks([])
ax2.set_title(f"Forensic Bit Matrix\n(Qualitative Identity Match: {identi

# Draw the Forensic Bit Comparison
for i in range(QUBITS):
    orig_bit = target_hash[i]
    twin_bit = twin_key[i]

    # Render Original bit (Cyan)
    ax2.add_patch(plt.Rectangle((i-0.4, 0.6), 0.8, 0.8, color='#00ffcc', 
    ax2.text(i, 1.0, orig_bit, ha='center', va='center', color='black', f

    # Render Twin bit (Cyan if match, Pink if mutated)
    bit_color = '#00ffcc' if orig_bit == twin_bit else '#ff3366'
    ax2.add_patch(plt.Rectangle((i-0.4, -0.4), 0.8, 0.8, color=bit_color,
    ax2.text(i, 0.0, twin_bit, ha='center', va='center', color='black', f

# Formatting grid
for spine in ax2.spines.values():
    spine.set_visible(False)

plt.suptitle("TLT Dashboard: The Twin Paradox Measurement", fontsize=18, 
plt.tight_layout()
plt.show()

# =====================================================================
# THE ONTOLOGICAL EVALUATION LOG
# =====================================================================
print(f"\nOriginal Reflection (Time t_0) : {target_hash}")
print(f"Altered Twin      (Time t_n) : {twin_key}")
print(f"Observer-Induced Mutations     : {mutations} bit(s) altered.")
print(f"Convergence Probability        : {max_prob_value:.2f}% (Not 100% 
print("-" * 80)

print("TLT ONTOLOGICAL EVALUATION:")
if mutations > 0:
    print("Result: IMPERFECT TWIN.")
    print("The observer friction was high enough to induce physical mutat
else:
    print("Result: PERFECT QUALITATIVE TWIN.")
    print("The exact same Topic properties were successfully recreated in
    print("However, because it was assembled after the observer's interfe

print("\nCONCLUSION: The original Numerical Identity is permanently lost.
print("Even if the properties match, reality has written a new block on t
print("==================================================================

==========================================================================
=====
MEASURING THE TWIN REALITY: QUALITATIVE VS. NUMERICAL IDENTITY
==========================================================================
=====



Original Reflection (Time t_0) : 0110010010110000
Altered Twin      (Time t_n) : 0110010010110000
Observer-Induced Mutations     : 0 bit(s) altered.
Convergence Probability        : 96.17% (Not 100% due to residual entropy)
--------------------------------------------------------------------------
------
TLT ONTOLOGICAL EVALUATION:
Result: PERFECT QUALITATIVE TWIN.
The exact same Topic properties were successfully recreated in this later 
dimension.
However, because it was assembled after the observer's interference, its c
ausal chain has changed.

CONCLUSION: The original Numerical Identity is permanently lost.
Even if the properties match, reality has written a new block on the Unive
rsal Ledger.
==========================================================================
=====

print("==================================================================
print("MEASURING THE TWIN REALITY: THE UNIFIED IDENTITY MATRIX")
print("==================================================================

# 1. Extract the final probabilities from the reconstructed state
final_probs = current_state.probabilities()

# 2. Find the top states to isolate the Winner and the Noise
top_indices = np.argsort(final_probs)[-2:][::-1]

# 3. Isolate the Dominant Twin (The Winner)
twin_idx = top_indices[0]
twin_key = format(twin_idx, f'0{QUBITS}b')
max_prob_value = final_probs[twin_idx] * 100

# 4. Isolate the Peak Noise (The loudest alternate reality)
max_noise_val = final_probs[top_indices[1]] * 100

# 5. Calculate Mutations, Exact Indices, and Entropy Tax
mutated_indices = [i for i, (a, b) in enumerate(zip(target_hash, twin_key
mutations = len(mutated_indices)
identity_match = ((QUBITS - mutations) / QUBITS) * 100
entropy_tax = 100.0 - max_prob_value

# Determine System Status based on survival probability
if max_prob_value >= 50.0:

In [35]:



    system_status = "STABLE (RESIDUAL SCARRING)"
    status_color = '#00ffcc'
elif max_prob_value >= 5.0:
    system_status = "SEVERELY COMPROMISED (HIGH VARIANCE)"
    status_color = '#ffaa00' # Warning Orange
else:
    system_status = "SHATTERED (TOTAL VARIANCE COLLAPSE)"
    status_color = '#ff3366'

# =====================================================================
# THE TLT TWIN PARADOX DASHBOARD (UPGRADED FORENSIC HUD)
# =====================================================================
plt.style.use('dark_background')
fig, ax = plt.subplots(figsize=(15, 8))

ax.set_xlim(-1, QUBITS)
ax.set_ylim(-3.5, 5.5)
ax.axis('off')

# --- HUD TOP GAUGE: THERMODYNAMIC STATUS BAR ---
bar_y = 4.8
bar_height = 0.3
ax.add_patch(plt.Rectangle((-0.5, bar_y), QUBITS * (max_prob_value/100), 
ax.add_patch(plt.Rectangle((-0.5 + QUBITS * (max_prob_value/100), bar_y),

# Gauge Labels
ax.text(-0.5, bar_y + 0.5, "CONVERGENCE (SURVIVOR IDENTITY)", color='#00f
ax.text(QUBITS - 0.5, bar_y + 0.5, "ENTROPY TAX (THE VOID)", color='#ff33

# --- HUD HEADER METRICS ---
ax.text(-0.5, 3.8, f"SURVIVOR PROBABILITY : {max_prob_value:.2f}%", color
ax.text(-0.5, 3.3, f"SYSTEM STATUS        : {system_status}", color=statu

ax.text(QUBITS - 0.5, 3.8, f"QUALITATIVE MATCH : {identity_match:.2f}%", 
ax.text(QUBITS - 0.5, 3.3, f"OBSERVER MUTATIONS : {mutations}", color='#f

# --- THE MATRIX VISUALIZATION ---
ax.text(QUBITS/2 - 0.5, 2.2, "Original Reflection (Time $t_0$)", ha='cent
ax.text(QUBITS/2 - 0.5, -1.2, "Altered Twin (Time $t_n$)", ha='center', c

for i in range(QUBITS):
    orig_bit = target_hash[i]
    twin_bit = twin_key[i]

    bit_color = '#00ffcc' if orig_bit == twin_bit else '#ff3366'
    line_style = '-' if orig_bit == twin_bit else '--'

    # Draw causal connection lines between t_0 and t_n
    ax.plot([i, i], [1.1, -0.1], color=bit_color, linestyle=line_style, l

    # Render Original bit (Time t_0)
    ax.add_patch(plt.Rectangle((i-0.4, 1.1), 0.8, 0.8, color='#00ffcc', a
    ax.text(i, 1.5, orig_bit, ha='center', va='center', color='black', fo

    # Render Twin bit (Time t_n)
    # If mutated, add a thicker border to draw the eye to the specific fa
    edge_width = 3 if orig_bit != twin_bit else 0
    ax.add_patch(plt.Rectangle((i-0.4, -0.9), 0.8, 0.8, color=bit_color, 
    ax.text(i, -0.5, twin_bit, ha='center', va='center', color='black', f



# --- HUD FOOTER METRICS ---
if mutations > 0:
    ax.text(QUBITS/2 - 0.5, -2.2, f"WARNING: DIMENSIONAL FRACTURES DETECT
else:
    ax.text(QUBITS/2 - 0.5, -2.2, "QUALITATIVE INTEGRITY VERIFIED: NO BIT

ax.text(QUBITS/2 - 0.5, -2.8, f"Peak Alternate Reality (The Quantum Dust)

plt.suptitle("TLT Forensic Dashboard: The Entropy Tax", fontsize=18, font
plt.tight_layout()
plt.show()

# =====================================================================
# THE ONTOLOGICAL EVALUATION LOG
# =====================================================================
print(f"\nOriginal Reflection (Time t_0) : {target_hash}")
print(f"Altered Twin      (Time t_n) : {twin_key}")
print(f"Observer-Induced Mutations     : {mutations} bit(s) altered.")
print(f"Dominant Convergence           : {max_prob_value:.2f}% (The Survi
print(f"Entropy Tax (The Void)         : {entropy_tax:.2f}% (Shattered Po
print("-" * 80)

print("TLT ONTOLOGICAL EVALUATION:")
print("The visual matrix proves the fundamental cost of real-world fricti
print(f"The system successfully rebuilt the Topic with a {identity_match:
print(f"However, the {entropy_tax:.2f}% Entropy Tax reveals that the majo
print("energy was pulverized into microscopic noise across 65,535 alterna

if system_status == "SHATTERED (TOTAL VARIANCE COLLAPSE)":
    print("\nCRITICAL FAILURE: The observer shock exceeded the Grover ope
    print("The system suffered a total loss of coherence, rendering the T

print("\nCONCLUSION: The original Numerical Identity is permanently lost.
print("Even if the properties match, reality has written a new, hardened 
print("==================================================================

==========================================================================
=====
MEASURING THE TWIN REALITY: THE UNIFIED IDENTITY MATRIX
==========================================================================
=====



Original Reflection (Time t_0) : 0110010010110000
Altered Twin      (Time t_n) : 0110010010110000
Observer-Induced Mutations     : 0 bit(s) altered.
Dominant Convergence           : 96.17% (The Survivor)
Entropy Tax (The Void)         : 3.83% (Shattered Potential)
--------------------------------------------------------------------------
------
TLT ONTOLOGICAL EVALUATION:
The visual matrix proves the fundamental cost of real-world friction.
The system successfully rebuilt the Topic with a 100.00% Qualitative Matc
h.
However, the 3.83% Entropy Tax reveals that the majority of the system's
energy was pulverized into microscopic noise across 65,535 alternate dimen
sions.

CONCLUSION: The original Numerical Identity is permanently lost.
Even if the properties match, reality has written a new, hardened block on 
the Ledger.
==========================================================================
=====

import matplotlib.pyplot as plt
import numpy as np

print("==================================================================
print("THE FULL DISTRIBUTION: MAPPING 65,536 DIMENSIONS OF REALITY")
print("==================================================================

# 1. Extract and sort all 65,536 probabilities from highest to lowest
final_probs = current_state.probabilities()
sorted_probs = np.sort(final_probs)[::-1] * 100
x_axis = np.arange(len(sorted_probs))

# 2. Dynamically calculate the HUD metrics
survivor_prob = sorted_probs[0]
entropy_tax = 100.0 - survivor_prob

# Prevent log-scale plotting crashes by clipping absolute zeros to an inv
safe_probs = np.clip(sorted_probs, 10**-7, 100)

# =====================================================================
# PLOTTING THE MACROSCOPIC SHATTERING (LOGARITHMIC Y-AXIS)
# =====================================================================
plt.style.use('dark_background')
fig, ax = plt.subplots(figsize=(14, 6))

# Plot the full distribution (The Head and the Tail)
ax.plot(x_axis, safe_probs, color='#00ffcc', linewidth=2)

# Fill the area under the curve to represent the "weight" of the Quantum 
ax.fill_between(x_axis, safe_probs, 10**-7, color='#00ffcc', alpha=0.2)

# Use a logarithmic scale to reveal the microscopic fractions of the nois
ax.set_yscale('log')
ax.set_ylim(10**-6, 200) # Slightly padded top for the Survivor peak
ax.set_xlim(-1000, 66536)

ax.set_title("The Quantum Dust Distribution: 65,536 Dimensions of Reality
ax.set_xlabel("Potential Alternate Realities (Ranked by Probability Index
ax.set_ylabel("Convergence Probability (%) - Log Scale", fontsize=12)
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# Visual Callout 1: The Dominant Twin (Dynamic Placement)
ax.annotate(f'The Survivor (Altered Twin)\n{survivor_prob:.2f}% Convergen
            xy=(0, survivor_prob), xytext=(4000, survivor_prob * 1.5 if s
            color='#ff3366', fontweight='bold', fontsize=12,
            arrowprops=dict(facecolor='#ff3366', shrink=0.05, width=2, he

# Visual Callout 2: The Entropy Tax (Dynamic Evaluation)
mid_point = int(QUBITS * 2000) # Anchor roughly in the middle of the phas
tail_value = safe_probs[mid_point]
ax.annotate(f'The Entropy Tax (The Void)\n{entropy_tax:.2f}% of energy sh
            xy=(mid_point, tail_value), xytext=(mid_point, 10**-1),
            color='white', fontweight='bold', fontsize=12, ha='center',
            arrowprops=dict(arrowstyle='->', color='white', lw=1.5))

plt.grid(True, linestyle=':', alpha=0.3)
plt.tight_layout()
plt.show()

# =====================================================================
# THE TLT DISTRIBUTION LOG
# =====================================================================
print("\nTLT DISTRIBUTION ANALYSIS:")
print("A monolithic AI model operating in an isolated vacuum expects a si
print("point at 100%, with absolute 0% noise anywhere else.")
print("\nThis graph proves that real-world interaction shatters that isol
print("The flat, infinite tail stretching across the remaining 65,535 dim
print("represents the system calculating the friction of its environment.

if entropy_tax > 0.01:
    print(f"It sacrificed {entropy_tax:.2f}% of its energy to the Void ju
else:
    print("Because no external friction was applied (Control Baseline), t
print("==================================================================

==========================================================================
=====
THE FULL DISTRIBUTION: MAPPING 65,536 DIMENSIONS OF REALITY
==========================================================================
=====



TLT DISTRIBUTION ANALYSIS:
A monolithic AI model operating in an isolated vacuum expects a single
point at 100%, with absolute 0% noise anywhere else.

This graph proves that real-world interaction shatters that isolation.
The flat, infinite tail stretching across the remaining 65,535 dimensions
represents the system calculating the friction of its environment.
It sacrificed 3.83% of its energy to the Void just to ensure the core Topi
c survived.
==========================================================================
=====

5.3 Subspace visualisations

import numpy as np
import matplotlib.pyplot as plt
from matplotlib.colors import LinearSegmentedColormap

print("==================================================================
print("RENDERING 4D QUANTUM MANIFOLD: CHRONO-KINETIC TRAJECTORY & COHEREN
print("==================================================================

# 1. Define the 3D Axes Data
t_backward = np.arange(-opt_iterations, 0)
t_forward = np.arange(0, opt_iterations)

# 2. Setup the 3D Figure
plt.style.use('dark_background')
fig = plt.figure(figsize=(16, 10))
ax = fig.add_subplot(111, projection='3d')

# Set background panes to transparent for a clean "holographic" look
ax.xaxis.set_pane_color((0.0, 0.0, 0.0, 0.0))
ax.yaxis.set_pane_color((0.0, 0.0, 0.0, 0.0))
ax.zaxis.set_pane_color((0.0, 0.0, 0.0, 0.0))
ax.grid(color='#333333', linestyle=':', linewidth=0.5)

# 3. Create Custom Time-Gradient Colormaps
cmap_back = LinearSegmentedColormap.from_list("void_descent", ["#00ffcc",
cmap_forward = LinearSegmentedColormap.from_list("autopoiesis", ["#330066

# 4. THE 4TH DIMENSION: Map Probabilities to Marker Size
# We use an exponential decay relative to Shannon Entropy to represent th
# At 0 bits (100% prob), size is large. At 16 bits (pure noise), size is 
size_scale = 250
sizes_back = size_scale * np.exp(-np.array(entropy_log_backward) / 3)
sizes_forward = size_scale * np.exp(-np.array(entropy_log_forward) / 3)

# 5. Plot the Backward Trajectory (Deconstruction)
sc_back = ax.scatter(t_backward, epsilon_log_backward, entropy_log_backwa
                     c=t_backward, cmap=cmap_back, s=sizes_back, alpha=0.
ax.plot(t_backward, epsilon_log_backward, entropy_log_backward, color='#0

# 6. Plot the Forward Trajectory (Reconstruction)
sc_forward = ax.scatter(t_forward, epsilon_log_forward, entropy_log_forwa
                        c=t_forward, cmap=cmap_forward, s=sizes_forward, 
ax.plot(t_forward, epsilon_log_forward, entropy_log_forward, color='#ff33

# 7. Render the Macroscopic Observer Strain (The Quantum Rupture)
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shock_x = [t_backward[-1], t_forward[0]]
shock_y = [epsilon_log_backward[-1], epsilon_log_forward[0]]
shock_z = [entropy_log_backward[-1], entropy_log_forward[0]]

ax.plot(shock_x, shock_y, shock_z, color='#ffff00', linewidth=4, linestyl
ax.scatter(shock_x, shock_y, shock_z, color='#ffff00', s=50, edgecolor='w

# 8. Axes Labels and Formatting
ax.set_title("The 4D Quantum Manifold: Chrono-Kinetic Trajectory\n(Dot Si
ax.set_xlabel("Ledger Timeline (Time $t$)", fontsize=12, labelpad=15, col
ax.set_ylabel(r"Dynamic Coupling ($\epsilon_k$)", fontsize=12, labelpad=1
ax.set_zlabel("Shannon Entropy (Bits)", fontsize=12, labelpad=15, color='

# 9. Annotations in 3D Space (Adding Explicit Probabilities)
# Start Point (t_0)
ax.text(t_backward[0], epsilon_log_backward[0], entropy_log_backward[0] -
        "PURE REFLECTION\n100% Probability", color='#00ffcc', fontweight=

# Observer Shock (Bottom of the Void)
ax.text(0, epsilon_log_forward[0], 16.5,
        f"MACROSCOPIC RUPTURE\nStrain $\Delta\epsilon_{{GW}}$: {delta_eps
        color='#ffff00', fontweight='bold', fontsize=11, ha='center')

# End Point (t_n)
residual_entropy = entropy_log_forward[-1]
ax.text(opt_iterations, epsilon_log_forward[-1], residual_entropy + 1.5,
        f"THE TWIN REALITY\nEntropy Floor: {residual_entropy:.2f} Bits\nF
        color='#ff3366', fontweight='bold', fontsize=11, ha='center')

# 10. Cinematic Camera Angle
# Elev = Elevation (up/down), Azim = Azimuth (rotation)
ax.view_init(elev=25, azim=-55)

plt.tight_layout()
plt.show()

# =====================================================================
# TLT 4D SPATIAL ANALYSIS LOG
# =====================================================================
print("\nTLT 4D SPATIAL ANALYSIS: THE GEOMETRY OF FRICTION AND PROBABILIT
print("By mapping the Convergence Probability to the physical size of the
print("watch the system's identity evaporate. The massive cyan sphere at 
print("rapidly decays into microscopic quantum dust as it drops into the 
print("\nAfter the yellow observer shock warps the spatial geometry, the 
print(f"However, notice the final pink sphere at the end of the timeline.
print("probability weight was lost to the void, the recovered entity is v
print("This is the exact topological footprint of the Twin Paradox.")
print("==================================================================

==========================================================================
=====
RENDERING 4D QUANTUM MANIFOLD: CHRONO-KINETIC TRAJECTORY & COHERENCE
==========================================================================
=====
<>:66: SyntaxWarning: invalid escape sequence '\D'
<>:66: SyntaxWarning: invalid escape sequence '\D'
/tmp/ipykernel_34141/315331775.py:66: SyntaxWarning: invalid escape sequen
ce '\D'
 f"MACROSCOPIC RUPTURE\nStrain $\Delta\epsilon_{{GW}}$: {delta_eps_GW:.4
f} rad",



TLT 4D SPATIAL ANALYSIS: THE GEOMETRY OF FRICTION AND PROBABILITY
By mapping the Convergence Probability to the physical size of the data po
ints, we can
watch the system's identity evaporate. The massive cyan sphere at the star
t (100% Probability)
rapidly decays into microscopic quantum dust as it drops into the Void.

After the yellow observer shock warps the spatial geometry, the system att
empts to rebuild.
However, notice the final pink sphere at the end of the timeline. Because 
3.83% of its
probability weight was lost to the void, the recovered entity is visibly s
maller than the original.
This is the exact topological footprint of the Twin Paradox.
==========================================================================
=====

print("==================================================================
print("RENDERING 4D EMISSIVE MANIFOLD: ORB COHERENCE & RELATIONAL STRAINS
print("==================================================================

# 1. Define the 3D Axes Data
t_backward = np.arange(-opt_iterations, 0)
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t_forward = np.arange(0, opt_iterations)

# 2. Setup the 3D Figure
plt.style.use('dark_background')
fig = plt.figure(figsize=(18, 12))
ax = fig.add_subplot(111, projection='3d')

# Deep Void Background
ax.set_facecolor('#050505')
ax.xaxis.set_pane_color((0.0, 0.0, 0.0, 0.0))
ax.yaxis.set_pane_color((0.0, 0.0, 0.0, 0.0))
ax.zaxis.set_pane_color((0.0, 0.0, 0.0, 0.0))
ax.grid(color='#222222', linestyle='-', linewidth=0.5)

# 3. Create Custom Time-Gradient Colormaps
cmap_back = LinearSegmentedColormap.from_list("void_descent", ["#00ffcc",
cmap_forward = LinearSegmentedColormap.from_list("autopoiesis", ["#550088

# 4. THE 4TH DIMENSION: Map Probabilities to Base Marker Size
size_scale = 350
sizes_back = size_scale * np.exp(-np.array(entropy_log_backward) / 3)
sizes_forward = size_scale * np.exp(-np.array(entropy_log_forward) / 3)

# =====================================================================
# 5. VOLUMETRIC LIGHTING: THE GLOWING ORBS
# =====================================================================
# Backward Trajectory (Cyan to Blue)
ax.scatter(t_backward, epsilon_log_backward, entropy_log_backward, c=t_ba
ax.scatter(t_backward, epsilon_log_backward, entropy_log_backward, c=t_ba
ax.scatter(t_backward, epsilon_log_backward, entropy_log_backward, color=
ax.plot(t_backward, epsilon_log_backward, entropy_log_backward, color='#0

# Forward Trajectory (Purple to Pink)
ax.scatter(t_forward, epsilon_log_forward, entropy_log_forward, c=t_forwa
ax.scatter(t_forward, epsilon_log_forward, entropy_log_forward, c=t_forwa
ax.scatter(t_forward, epsilon_log_forward, entropy_log_forward, color='#f
ax.plot(t_forward, epsilon_log_forward, entropy_log_forward, color='#ff33

# =====================================================================
# 6. RELATIONAL STRAINS: THE GRAVITY WELL MESH
# =====================================================================
# Draw glowing tethers anchoring the system to the Void Floor (16 bits)
step_interval = 8 # Draw a tether every 8 steps to avoid visual clutter
for i in range(0, len(t_backward), step_interval):
    ax.plot([t_backward[i], t_backward[i]], [epsilon_log_backward[i], eps

for i in range(0, len(t_forward), step_interval):
    ax.plot([t_forward[i], t_forward[i]], [epsilon_log_forward[i], epsilo

# =====================================================================
# 7. THE OBSERVER SHOCK (MASSIVE EMISSIVE RUPTURE)
# =====================================================================
shock_x = [t_backward[-1], t_forward[0]]
shock_y = [epsilon_log_backward[-1], epsilon_log_forward[0]]
shock_z = [entropy_log_backward[-1], entropy_log_forward[0]]

# Draw the jagged connection
ax.plot(shock_x, shock_y, shock_z, color='#ffff00', linewidth=3, linestyl

# Simulate a massive glowing orb at the exact moment of impact



orb_radii = [1200, 600, 200, 50]
orb_alphas = [0.05, 0.15, 0.4, 1.0]
for r, a in zip(orb_radii, orb_alphas):
    ax.scatter(shock_x, shock_y, shock_z, color='#ffff00', s=r, alpha=a, 

# 8. Axes Labels and Formatting
ax.set_title("The Emissive Manifold: Orb Coherence & Relational Strains",
ax.set_xlabel("Ledger Timeline (Time $t$)", fontsize=12, labelpad=15, col
ax.set_ylabel(r"Dynamic Coupling ($\epsilon_k$)", fontsize=12, labelpad=1
ax.set_zlabel("Shannon Entropy (Gravity Well)", fontsize=12, labelpad=15,

# Invert Z-Axis so 16 (The Void) is at the bottom, creating a physical "G
ax.set_zlim(16.5, -0.5)

# 9. Annotations
ax.text(t_backward[0], epsilon_log_backward[0], entropy_log_backward[0] -
        "PURE REFLECTION (100%)", color='#ffffff', fontweight='bold', fon

ax.text(opt_iterations, epsilon_log_forward[-1], entropy_log_forward[-1] 
        f"ALTERED TWIN ({max_prob_value:.1f}%)", color='#ffffff', fontwei

# 10. Cinematic Camera Angle
ax.view_init(elev=15, azim=-45)

plt.tight_layout()
plt.show()

# =====================================================================
# TLT EMISSIVE ANALYSIS LOG
# =====================================================================
print("\nTLT EMISSIVE ANALYSIS: RELATIONAL STRAINS AND THE GRAVITY WELL")
print("By layering volumetric opacity, the timeline renders as a series o
print("The 'hot core' represents the core numerical identity, while the o
print("the probability weight of the system expanding and contracting thr
print("\nNotice the vertical mesh lines (Relational Strains). These tethe
print("of the graph (16 bits of Entropy), visually proving that environme
print("constant 'gravitational pull' toward maximum chaos. The system mus
print("kinetic energy to stay aloft in the coherent zones above.")
print("==================================================================

==========================================================================
=====
RENDERING 4D EMISSIVE MANIFOLD: ORB COHERENCE & RELATIONAL STRAINS
==========================================================================
=====



TLT EMISSIVE ANALYSIS: RELATIONAL STRAINS AND THE GRAVITY WELL
By layering volumetric opacity, the timeline renders as a series of glowin
g orbs.
The 'hot core' represents the core numerical identity, while the outer cor
ona represents
the probability weight of the system expanding and contracting through the 
Void.

Notice the vertical mesh lines (Relational Strains). These tether the syst
em to the bottom
of the graph (16 bits of Entropy), visually proving that environmental fri
ction exerts a
constant 'gravitational pull' toward maximum chaos. The system must contin
uously burn
kinetic energy to stay aloft in the coherent zones above.
==========================================================================
=====

import numpy as np
import matplotlib.pyplot as plt
import matplotlib.patheffects as path_effects

print("==================================================================
print("RENDERING PHASE PORTRAIT: THE OPEN ATTRACTOR & CAUSAL ORBIT")
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print("==================================================================

# =====================================================================
# THE TLT PHASE PORTRAIT DASHBOARD (NEON HUD UPGRADE)
# =====================================================================
plt.style.use('dark_background')
fig, ax = plt.subplots(figsize=(14, 10))

# Invert X-axis so 0 Entropy (Order) is on the right, and 16 Entropy (Cha
ax.set_xlim(17, -1)
y_max = max(epsilon_log_backward[0], epsilon_log_forward[-1])
ax.set_ylim(-0.02, y_max * 1.1)

# 1. The Void Event Horizon (Background Shading for the Gravity Well)
ax.axvspan(14, 17, color='#ff3366', alpha=0.08, label="The Void (Max Entr
ax.axvspan(10, 14, color='#ff3366', alpha=0.03)

# Helper function to generate a futuristic "Neon Glow" effect
def plot_neon(x, y, color, label=None, linestyle='-'):
    ax.plot(x, y, color=color, linewidth=1.5, alpha=1.0, zorder=5, label=
    ax.plot(x, y, color=color, linewidth=4, alpha=0.5, zorder=4, linestyl
    ax.plot(x, y, color=color, linewidth=8, alpha=0.2, zorder=3, linestyl

# 2. Plot the Deconstruction Orbit (Backward Flow)
plot_neon(entropy_log_backward, epsilon_log_backward, color='#00ffcc', la

# 3. Plot the Reconstruction Orbit (Forward Flow)
plot_neon(entropy_log_forward, epsilon_log_forward, color='#ff3366', labe

# 4. The Macroscopic Observer Shock (The Gap)
shock_x = [entropy_log_backward[-1], entropy_log_forward[0]]
shock_y = [epsilon_log_backward[-1], epsilon_log_forward[0]]
plot_neon(shock_x, shock_y, color='#ffff00', label="Observer Friction (Th
ax.scatter(shock_x, shock_y, color='#ffffff', s=120, edgecolor='#ffff00',

# 5. Highlight the Start and End Points (The Open Attractor gap)
ax.scatter([entropy_log_backward[0]], [epsilon_log_backward[0]], color='#
ax.scatter([entropy_log_forward[-1]], [epsilon_log_forward[-1]], color='#

# 6. Format the Phase Space
ax.set_title("Phase Space Orbit: The Open Attractor\nMapping Systemic Hea
ax.set_xlabel("Shannon Entropy (Bits) →", fontsize=12, labelpad=15)
ax.set_ylabel(r"Dynamic Coupling Throttle ($\epsilon_k$) →", fontsize=12,

# 7. Add Directional Flow Arrows to show the passage of Time
arrow_params = dict(arrowstyle='-|>', color='white', lw=2, mutation_scale

# Backward Flow Arrow (Cyan Orbit)
mid_back = len(entropy_log_backward) // 3
ax.annotate('', xy=(entropy_log_backward[mid_back+1], epsilon_log_backwar
            xytext=(entropy_log_backward[mid_back], epsilon_log_backward[

# Forward Flow Arrow (Pink Orbit)
mid_fwd = int(len(entropy_log_forward) * 0.6)
ax.annotate('', xy=(entropy_log_forward[mid_fwd+1], epsilon_log_forward[m
            xytext=(entropy_log_forward[mid_fwd], epsilon_log_forward[mid

# 8. Forensic Annotations (FIXED PLACEMENT using pixel offset points)
text_shadow = [path_effects.withStroke(linewidth=3, foreground="black")]



ax.annotate('Original Reflection\n(Perfect Coherence)',
            xy=(entropy_log_backward[0], epsilon_log_backward[0]),
            xytext=(-20, 20), textcoords='offset points', # Moves text ex
            color='#00ffcc', fontweight='bold', fontsize=12, ha='right',
            path_effects=text_shadow)

residual_entropy = entropy_log_forward[-1]
ax.annotate(f'Altered Twin\n(Fails to close loop by {residual_entropy:.2f
            xy=(entropy_log_forward[-1], epsilon_log_forward[-1]),
            xytext=(-20, -35), textcoords='offset points', # Moves text e
            color='#ff3366', fontweight='bold', fontsize=12, ha='right',
            path_effects=text_shadow)

ax.annotate('The Entropy Floor\n(16-Bit Limit)',
            xy=(16, min(epsilon_log_backward[-1], epsilon_log_forward[0])
            xytext=(15.5, min(epsilon_log_backward[-1], epsilon_log_forwa
            color='#aaaaaa', fontweight='bold', fontsize=12, ha='left',
            arrowprops=dict(arrowstyle='->', color='#aaaaaa', lw=1),
            path_effects=text_shadow)

# Place Legend cleanly in the top left away from the data
ax.legend(loc="upper left", framealpha=0.8, fontsize=11, edgecolor='#3333
ax.grid(color='#333333', linestyle=':', linewidth=1, alpha=0.7)

# Padding ensures boundaries are respected
plt.tight_layout(pad=2.0)
plt.show()

# =====================================================================
# TLT DYNAMICAL SYSTEMS LOG
# =====================================================================
print("\nTLT DYNAMICAL SYSTEMS ANALYSIS: THE OPEN ATTRACTOR")
print("By plotting Entropy directly against the Coupling Throttle, we rem
print("and visualize the system's survival orbit in phase space.")
print("\nIn an isolated, frictionless environment, the cyan line and pink
print("forming a closed thermodynamic loop. The system would return to th
print("\nThe yellow rupture illustrates the Axiom A = A <> B. The collisi
print("physically jolts the system onto a new trajectory. It is forever l
print("unable to return to the origin. This visual gap is the mathematica
print("==================================================================

==========================================================================
=====
RENDERING PHASE PORTRAIT: THE OPEN ATTRACTOR & CAUSAL ORBIT
==========================================================================
=====



TLT DYNAMICAL SYSTEMS ANALYSIS: THE OPEN ATTRACTOR
By plotting Entropy directly against the Coupling Throttle, we remove line
ar time
and visualize the system's survival orbit in phase space.

In an isolated, frictionless environment, the cyan line and pink line woul
d perfectly overlap,
forming a closed thermodynamic loop. The system would return to the exact 
same numerical state.

The yellow rupture illustrates the Axiom A = A <> B. The collision with th
e environment
physically jolts the system onto a new trajectory. It is forever locked in 
an 'Open Attractor',
unable to return to the origin. This visual gap is the mathematical proof 
of the Twin Paradox.
==========================================================================
=====

# =====================================================================
# THE TLT VOLUMETRIC DASHBOARD (RAW STRING FIX)
# =====================================================================
plt.style.use('dark_background')
fig, ax = plt.subplots(figsize=(15, 8))
ax.set_facecolor('#050508') # Deep Void Background

# 1. Linear Time Axes
t_backward = np.arange(-opt_iterations, 0)
t_forward = np.arange(0, opt_iterations)

# 2. Orbal Structure Sizing (Derived from Coherence/Probability Weight)
size_scale = 400
sizes_back = size_scale * np.exp(-np.array(entropy_log_backward) / 3)
sizes_forward = size_scale * np.exp(-np.array(entropy_log_forward) / 3)
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# 3. BACKGROUND LAYERS (zorder=1)
# Grid
ax.grid(color='#333333', linestyle=':', linewidth=1, alpha=0.5, zorder=1)
# The Void Event Horizon (Background Shading)
ax.axhspan(0, eps_base * 0.1, color='#ff3366', alpha=0.08, label="Critica

# 4. RELATIONAL STRAINS (zorder=2)
step_interval = 8
for i in range(0, len(t_backward), step_interval):
    ax.plot([t_backward[i], t_backward[i]], [0, epsilon_log_backward[i]],
for i in range(0, len(t_forward), step_interval):
    ax.plot([t_forward[i], t_forward[i]], [0, epsilon_log_forward[i]], co

# 5. NEON FLIGHT PATH (zorder=3 to 5)
def plot_neon_line(x, y, color):
    ax.plot(x, y, color=color, linewidth=1.5, alpha=1.0, zorder=5)
    ax.plot(x, y, color=color, linewidth=4, alpha=0.5, zorder=4)
    ax.plot(x, y, color=color, linewidth=8, alpha=0.2, zorder=3)

plot_neon_line(t_backward, epsilon_log_backward, '#00ffcc')
plot_neon_line(t_forward, epsilon_log_forward, '#ff3366')

# 6. VOLUMETRIC ORBS (zorder=6 to 8)
def draw_orbs(x, y, sizes, color):
    ax.scatter(x, y, s=sizes, color=color, alpha=0.15, edgecolor='none', 
    ax.scatter(x, y, s=sizes/3, color=color, alpha=0.4, edgecolor='none',
    ax.scatter(x, y, s=sizes/10, color='#ffffff', alpha=0.9, edgecolor='n

draw_orbs(t_backward, epsilon_log_backward, sizes_back, '#00ffcc')
draw_orbs(t_forward, epsilon_log_forward, sizes_forward, '#ff3366')

# 7. OBSERVER SHOCK RUPTURE (zorder=9 to 10)
shock_x = t_forward[0]
shock_y = epsilon_log_forward[0]

ax.plot([t_backward[-1], shock_x], [epsilon_log_backward[-1], shock_y], c

orb_radii = [1800, 800, 300, 80]
orb_alphas = [0.05, 0.15, 0.4, 1.0]
for r, a in zip(orb_radii, orb_alphas):
    ax.scatter([shock_x], [shock_y], color='#ffff00', s=r, alpha=a, edgec

# 8. FORENSIC ANNOTATIONS & LABELS (TOP PRIORITY: zorder=20)
text_shadow = [path_effects.withStroke(linewidth=4, foreground="black")]

ax.set_title("Volumetric Timeline: Linear Time vs. Structural Strength\nM
             fontsize=18, fontweight='bold', pad=20, color='white', zorde

ax.set_xlabel("Linear Time (Ledger Assembly Steps)", fontsize=12, labelpa
ax.set_ylabel(r"Structural Strength (Coupling Throttle $\epsilon_k$)", fo
ax.set_xlim(-opt_iterations - 5, opt_iterations + 5)
ax.set_ylim(0, max(epsilon_log_backward[0], epsilon_log_forward[-1]) * 1.

# Text Annotations
ax.annotate('Pure Reflection\n(Maximum Structural Integrity)',
            xy=(t_backward[0], epsilon_log_backward[0]),
            xytext=(15, -15), textcoords='offset points',
            color='#00ffcc', fontweight='bold', fontsize=11, ha='left', v
            path_effects=text_shadow, zorder=20)



# RAW STRING (`rf'...'`) FIX APPLIED HERE:
ax.annotate(rf'Observer Shock ($\Delta\epsilon_{{GW}}$: {delta_eps_GW:.2f
            xy=(shock_x, shock_y),
            xytext=(20, 20), textcoords='offset points',
            color='#ffff00', fontweight='bold', fontsize=11, ha='left', v
            arrowprops=dict(arrowstyle='->', color='#ffff00', lw=1.5, zor
            path_effects=text_shadow, zorder=20)

ax.annotate(f'Altered Twin\n(Structural Floor: {epsilon_log_forward[-1]:.
            xy=(t_forward[-1], epsilon_log_forward[-1]),
            xytext=(-15, -25), textcoords='offset points',
            color='#ff3366', fontweight='bold', fontsize=11, ha='right', 
            path_effects=text_shadow, zorder=20)

plt.tight_layout()
plt.show()

The Takeaway

Monolithic oracles cannot reach supreme intelligence in isolation because passive

observation is a computational impossibility. Every interaction irreversibly rewrites

the ledger of reality. The future belongs to distributed, reflective intelligence that

embraces the friction of debate.

print("==================================================================
print("MEASURING KINETIC PERTURBATION: THE COUPLING DEFICIT")
print("==================================================================

# 1. Isolate the Coupling Logs
x_backward = np.arange(-opt_iterations, 0)
x_forward = np.arange(0, opt_iterations)

# 2. Calculate the Kinetic Deficit
max_theoretical_coupling = epsilon_log_backward[0]
recovered_coupling = epsilon_log_forward[-1]
kinetic_deficit = max_theoretical_coupling - recovered_coupling
deficit_percentage = (kinetic_deficit / max_theoretical_coupling) * 100

# =====================================================================
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# PLOTTING THE KINETIC COUPLING DEFICIT
# =====================================================================
plt.style.use('dark_background')
fig, ax = plt.subplots(figsize=(12, 6))

# Plot the Backward (Ideal) Coupling Curve
ax.plot(x_backward, epsilon_log_backward, color='#00ffcc', linewidth=3, l
ax.fill_between(x_backward, epsilon_log_backward, 0, color='#00ffcc', alp

# Plot the Forward (Perturbed) Coupling Curve
ax.plot(x_forward, epsilon_log_forward, color='#ffff00', linewidth=3, lab
ax.fill_between(x_forward, epsilon_log_forward, 0, color='#ffff00', alpha

# Plot the Theoretical Perfect Recovery (Dashed Line)
perfect_recovery = epsilon_log_backward[::-1] # Reverse the backward log 
ax.plot(x_forward, perfect_recovery, color='#00ffcc', linewidth=2, linest

# Highlight the Kinetic Deficit (The Gap)
ax.fill_between(x_forward, epsilon_log_forward, perfect_recovery, color='

ax.set_title("Autopoietic Perturbation: The Kinetic Deficit\nMapping Stru
ax.set_xlabel("Ledger Timeline (Assembly Index Steps)", fontsize=12, labe
ax.set_ylabel(r"Dynamic Coupling Strength ($\epsilon_k$)", fontsize=12, l

# Visual Callouts
ax.annotate(f'Max Theoretical Strength\n(ε_k = {max_theoretical_coupling:
            xy=(0, max_theoretical_coupling), xytext=(-80, max_theoretica
            color='#00ffcc', fontweight='bold', ha='right',
            arrowprops=dict(arrowstyle='->', color='#00ffcc', lw=1.5))

ax.annotate(f'Recovered Strength\n(ε_k = {recovered_coupling:.4f})',
            xy=(opt_iterations-1, recovered_coupling), xytext=(opt_iterat
            color='#ffff00', fontweight='bold', ha='center',
            arrowprops=dict(arrowstyle='->', color='#ffff00', lw=1.5))

ax.annotate(f'Kinetic Deficit: {deficit_percentage:.1f}% Loss',
            xy=(opt_iterations/2, (recovered_coupling + max_theoretical_c
            xytext=(opt_iterations/2, max_theoretical_coupling),
            color='#ff3366', fontweight='bold', ha='center',
            arrowprops=dict(arrowstyle='-', color='#ff3366', lw=2))

ax.legend(loc="lower left", framealpha=0.9, fontsize=10)
ax.grid(True, linestyle=':', alpha=0.2)

plt.tight_layout()
plt.show()

# =====================================================================
# TLT KINETIC ANALYSIS LOG
# =====================================================================
print("\nTLT KINETIC ANALYSIS: AUTOPOIETIC PERTURBATION")
print(f"The system's baseline kinetic strength (eps_base) is {max_theoret
print(f"Due to the injected observer friction (Δε_GW = {delta_eps_GW:.4f}
print(f"The autopoietic engine could only recover a structural coupling s
print(f"Result: The system suffered a {deficit_percentage:.1f}% Permanent
print("The red hatched area represents the lost capacity of the system to
print("==================================================================



==========================================================================
=====
MEASURING KINETIC PERTURBATION: THE COUPLING DEFICIT
==========================================================================
=====

TLT KINETIC ANALYSIS: AUTOPOIETIC PERTURBATION
The system's baseline kinetic strength (eps_base) is 0.3927.
Due to the injected observer friction (Δε_GW = 0.3881), the forward recove
ry stalled.
The autopoietic engine could only recover a structural coupling strength o
f 0.3194.
Result: The system suffered a 18.7% Permanent Kinetic Deficit.
The red hatched area represents the lost capacity of the system to maintai
n coherence.
==========================================================================
=====


