Quantum Mapping Topology Algorithm (QMT): A
Unified Computational Framework for Multi-Domain
Synergistic Simulation

Aiming at the core pain points of difficult collaborative modeling of quantum
microstates, macroscopic material properties and information topological structures,
cross-domain information loss and logical faults in current cross-scale and multi-physics
field simulation, this paper proposes a unified computational architecture based on
Co-Evolution and Hierarchical Fusion—the Quantum Mapping Topology Algorithm
(QMT). This framework deeply integrates numerical solution of quantum field dynamics,
nonlinear material phase transition models, information entropy dynamics guidance and
industrial-grade trusted control technologies, constructing a full-link dynamic correlation
system from the evolution of microscopic quantum wave functions to the mapping of
macroscopic causal logic. Adopting a modular design with high cohesion and low
coupling, the system can achieve high-precision evolutionin a
hardware-acceleration-free environment, and simultaneously support flexible
deployment from pure software simulation to Hardware-in-the-Loop (HIL) control. This
paper elaborates on the core architecture, mathematical principles, security control
mechanisms and key technological innovations of QMT, and analyzes its engineering
practicability and academic research value in the fields of advanced material design and
quantum information experiments.
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1 Introduction

1.1 Research Background and Problem Statement

With the in-depth interdisciplinary integration of quantum technology, advanced
materials and complex system control, traditional single-dimensional simulation tools
can no longer meet the full-chain modeling requirements of quantum bottom
layer-material carrier-information topology-macro control. At present, there are three
core technical pain points in the field of cross-domain simulation, which have become
key obstacles restricting technological implementation and disciplinary integration:



(1) Scale fragmentation: The modeling tools for quantum microstates (wave function
evolution) and macroscopic material properties (phase transition, mechanical
characteristics) are independent of each other, lacking a dynamic coupling mechanism,
leading to distorted cross-scale information transmission and failure to realize a logical
closed loop between micro and macro scales;

(2) Information dissipation: Key topological structures are easily lost in the process of
feature extraction and fusion of multi-modal sensing data (physics, chemistry, acoustics,
etc.), making it difficult to form a unified information representation system and support
cross-domain collaborative analysis;

(3) Lack of trustworthiness: In industrial-grade simulation and hardware control
scenarios, the traceability of computing processes and the tamper resistance of
instruction execution lack systematic guarantees, which limits the transformation
efficiency from simulation results to engineering implementation and poses potential
risks for safe application.

In the past decade, cross-scale simulation technology has evolved from single-physics
field modeling to multi-field coupling simulation, but the core contradictions remain
unsolved: existing systems can perform separate modeling of physical quantities at
different scales, but cannot realize dynamic fusion of the quantum-material-information
three domains; they can perform computational evolution of local states, but cannot
conduct directional guidance of global topology; they can perform simple recording of
operation processes, but cannot achieve full-link security and trustworthiness. This
fragmented state is particularly prominent in resource-constrained environments
without hardware acceleration, where problems such as precision attenuation and
logical faults are prone to occur during long-cycle simulation, making it difficult to meet
the dual needs of academic research and industrial application.

1.2 System Positioning and Innovation Boundaries

The core positioning of the Quantum Mapping Topology Algorithm (QMT) is to build a
unified evolutionary computing infrastructure for the quantum-material-information
three domains, and its launch marks a paradigm shift in complex system simulation from
domain-separated independent computing to three-domain collaborative evolution. The
system deeply integrates a quantum field evolution engine, an information dynamics and
adaptive guidance module, a hierarchical fusion core and a trusted control system,
realizing a full-process closed loop from physical data ingestion, cross-scale topology



mapping, directional evolutionary convergence to secure operation audit. More
importantly, QMT supports degraded operation in pure Python mode without hardware
acceleration, ensuring stable deployment in diverse hardware environments and solving
the key demand for robust application in harsh industrial scenarios.

The innovation boundaries of QMT are reflected in three core dimensions: architecture,
methodology and engineering, realizing a breakthrough upgrade of traditional
cross-scale simulation frameworks:

(1) Architectural innovation: Proposing for the first time a dynamic correlation closed
loop of the quantum field-material property-information space three domains, breaking
the scale fragmentation and logical faults of traditional simulation tools, and realizing
lossless transmission and fusion of cross-domain information;

(2) Methodological innovation: Taking information field dynamics as an independent
physical variable, realizing directional convergence of the cross-domain evolution
process through negentropy flow injection and Bayesian optimization guidance, and
improving the efficiency and accuracy of complex system modeling;

(3) Engineering innovation: Deeply integrating the cryptographic trusted control system
with modular deployment capabilities, realizing seamless migration from pure academic
research simulation to industrial-grade HIL control, and balancing research flexibility and
engineering security.

The core design objectives of QMT include: fidelity (lossless cross-scale information
transmission), adaptability (high-precision operation in hardware-acceleration-free
environments), security (full-link trusted audit and tamper resistance), and flexibility
(seamless switching from pure software simulation to HIL), which can be widely adapted
to the academic research and industrial application needs of cutting-edge fields such as
quantum technology, advanced materials and complex system contral.

2 Methodology

2.1 Core Architecture

QMT adopts a layered and decoupled modular architecture, building five core functional
pillars. All modules collaborate through a standardized data bus to ensure the scalability
and maintainability of the system, fully covering the full-process closed loop from
physical modeling and information processing to fusion convergence and security
control. The system supports NumPy acceleration and degraded operation in pure
Python mode, compatible with x86_64/ARMé64 multi-architecture hardware, can achieve



high-precision evolution in a hardware-acceleration-free environment, and is adapted to
deployment scenarios such as High-Performance Computing (HPC) clusters and local
standalone machines.

[ QMT v1.0 Core Architecture Panorama - Five Functional Pillars and Modular
Interaction Logic]

Caption: The architecture consists of five core functional pillars with high cohesion and
low coupling, connected by a standardized data bus. The data flow follows the logic of
"physical modeling — information processing — fusion convergence — security control’,
realizing a full-process closed loop of cross-scale topology mapping.

The five core functional pillars are as follows:

- Core Evolution Engine: As the basic computing base of the system, it is responsible
for the numerical solution of multi-scale physical models and real-time state update,
providing accurate and unified basic data support for cross-domain topology
mapping, including core sub-modules such as quantum field evolution and material
phase transition dynamics;

- Information Dynamics and Adaptive Guidance: Innovatively introducing the
information field as an independent physical variable, guiding the system evolution
path through information entropy flow calculation and regulation, realizing intelligent
allocation of computing resources and directional optimization of the evolution
process, including core sub-modules such as information field solution and
negentropy flow injection;

- Hierarchical Fusion and Topological Convergence: Realizing the emergence of global
topological structures from local state representations through multiple iterative
fusion, establishing a strict convergence verification mechanism to ensure the
consistency, stability and physical rationality of cross-domain topology mapping;

- Fusion Computing and Scientific Visualization: Realizing the state transition
simulation of complex systems and the standardized and professional presentation of
evolution results, balancing the depth of modeling and the intuitiveness of result
display, and meeting the dual needs of academic research and industrial application;

- Trusted Computing and Hardware Control System: Aiming at the security
requirements of industrial-grade application scenarios, building a full-link security
control layer based on cryptography to ensure the traceability of computing
processes, the trustworthiness of instruction execution and the tamper resistance of
data transmission, supporting HIL control mode.

2.2 Key Technical Modules

2.2.1 Core Evolution Engine



The core evolution engine includes four major sub-modules, realizing standardized
representation of multi-source physical data and extraction of core topological features,
providing basic data support for cross-domain fusion. All sub-modules support
second-order precision numerical solution to ensure evolution stability.

Quantum Field Evolution: Based on the FieldEvolver module, the Split-step
Crank-Nicolson (SSCN) method is adopted to solve the time-dependent Schrodinger
equation, realizing second-order precision time-domain advancement of the
quantum wave function \psi(\boldsymbol{r},t). The Hamiltonian is solved by separate
iteration of kinetic and potential terms to ensure the stability and accuracy of
numerical evolution;

Material Phase Transition Dynamics: Through the MaterialDialecticalSolver module,
the Ginzburg-Landau type first-order nonlinear differential equation is solved to
simulate the phase transition process of the order parameter \Phi (superconducting
phase, ferromagnetic spin orientation, etc.) with changes in environmental variables
such as temperature and field strength, realizing dynamic modeling of macroscopic
material properties;

Multi-Modal Feature Fusion: Integrating the UnifiedAttributeExtractor module, PCA
dimensionality reduction and Local Linear Embedding (LLE) algorithm are adopted to
map multi-source heterogeneous sensing data (physics, chemistry, acoustics, etc.) to
a unified high-dimensional feature space, realizing standardized representation of
multi-modal data;

Spectral Feature Extraction and Denoising: The FieldCompressor module extracts
core topological features in complex fields based on wavelet threshold denoising and
complementary projection algorithm, eliminates redundant noise and invalid
information, and generates a benchmark feature set for subsequent hierarchical
fusion, reducing computational complexity while ensuring information integrity.

2.2.2 Information Dynamics and Adaptive Guidance

This module is one of the core innovations of QMT. Through the quantitative description

and regulation of the information field, it realizes directional guidance of the evolution
process and adaptive allocation of computing resources, solving the efficiency problem
of unobjective evolution in traditional simulation.



Information Field Solution: The InformationDynamicsSolver module combines the
Riemannian curvature model with the observation error covariance matrix \Sigma to
calculate the information potential distribution function I(\ooldsymbol{x},t), accurately
identifying evolution regions with high information gain, and providing a quantitative
basis for the selection of measurement points and adjustment of evolution direction;

Negentropy Flow Injection: The Negentropylnjector module injects ordered energy
(negentropy) into the system through a Phase Locking mechanism, with the
mathematical expression \Delta S=-k_B\In\langle\psi**\psi\rangle, which effectively
resists the natural dissipation of the system and maintains the coherence of the
evolution process of the quantum field and material field,;

Bayesian Optimization Guidance: The GuidanceScheduler module constructs an
information gain maximization objective function based on Gaussian Process
Regression (GPR), dynamically adjusts the multi-field coupling coefficient and
computing grid density, prioritizes the allocation of computing resources to high
information value regions, and improves the overall evolution efficiency.

2.2.3 Hierarchical Fusion and Topological Convergence

Through multiple iterative fusion and strict physical verification, this module realizes the
emergence of topological structures from local to global, ensuring that the generated
topological structures conform to physical laws and have practical academic and
engineering value.

Hierarchical Aggregation: The HierarchySublimator module adopts a weighted fusion
algorithm to integrate three types of state data: forward evolution field, backward
adjoint field and information density distribution, and generate a benchmark zero
state for the next-level evolution. The fusion weight \omega_iis dynamically and
adaptively adjusted by the information entropy S_i of each field domain, ensuring that
state data with low information entropy and high value occupy a higher fusion weight;

Time Reversal Symmetry Test: The TimeSymmetryChecker module takes the unitary
deviation of the evolution operator as the core convergence criterion to ensure that
the generated global topological structure conforms to the time reversal symmetry of
the physical system. If the convergence criterion is not met, it automatically returns to
the evolution stage for further iteration;

Unified Field Construction: After the system meets the convergence criterion, the
UnifiedFieldGenerator module synthesizes a unified field description
\boldsymbol{U}(\boldsymbol{r},t) including quantum state amplitude, material phase
distribution and information structure tensor, realizing organic aggregation and
unified representation of information in the quantum, material and information three
domains.



2.2.4 Trusted Computing and Hardware Control System

This module builds a full-link security control layer based on cryptography, realizing
full-process trusted audit from data ingestion to hardware control, meeting the security
requirements of industrial-grade applications, compatible with the PKCS#11
international standard, and can seamlessly connect with industrial-grade Hardware
Security Modules (HSM).

Tamper-Proof Audit: Adopting SHA-256 hash chain technology to record the full life
cycle operation log from data ingestion, parameter configuration to instruction
execution. The block structure includes pre-hash, timestamp, operation subject and
data digest, ensuring the reproducibility, auditability and tamper resistance of the
entire computing process;

Causal Consistency Check: The CausalGraph module constructs a Directed Acyclic
Graph (DAG) based on event dependency relationships, and automatically detects
and blocks control instructions that violate causal logic through a path consistency
algorithm to ensure the logical rationality of system operations;

Trusted Data Ingestion and Hardware Control: The TrustedDatalngestor module only
ingests verified trusted data from local encrypted files or controlled APIs, supporting
MD5/SHA-256 data integrity verification; the RealHardwareController module
provides a standardized hardware interface, supporting seamless switching from pure
software simulation to HIL control mode. All hardware instructions must pass the
triple verification of audit-approval-digital signature before execution.

[InsFigure 2: QMT Cross-Scale Topology Mapping and Hierarchical Fusion Logic Flow]

Caption: The logic flow covers quantum field evolution, information field guidance,
multi-source data fusion, topological convergence verification and trusted hardware
control. The unqualified iteration will return to the quantum field evolution stage for
re-calculation until the convergence criterion is met.

3 Results and Discussion

3.1 Deployment Environment and Verification Benchmark

QMT adopts a lightweight and highly compatible deployment design. The verification in
a hardware-acceleration-free environment is based on a general CPU hardware



platform. At the software level, it is adapted to the Python 3.10+ basic environment
without additional GPU/special accelerator dependencies. The core verification
benchmarks focus on the system's compatibility, stability and functionality. The
verification scenarios cover two core scenarios: pure software simulation for academic
research and industrial-grade HIL control. The specific verification environment is as
follows:

- Hardware: General CPU (x86_64/ARMb4 architecture), no GPU/special accelerator;

- Software: Python 3.10+, NumPy 1.24+, SciPy 1.10+, FastAPI 0.100+, Uvicorn 0.23+, no
additional commercial acceleration library dependencies;

- Deployment Modes: Local standalone pure software simulation, HPC cluster batch
simulation, HIL control;

- Core Verification Metrics: Cross-scale information transmission fidelity, evolution
convergence stability, full-link trusted audit effectiveness, hardware/softwaremode
switching compatibility.

3.2 Core Function Effectiveness

All core modules of QMT have passed independent and joint verification, achieving the
design objectives, and the effectiveness of core functions has been fully verified. The
system exhibits excellent high precision and robustness in a hardware-acceleration-free
environment:

1. Core Evolution Engine: The quantum field evolution module realizes second-order
precision time-domain advancement of wave functions with no cumulative error in
numerical solution; the material phase transition dynamics module can accurately
simulate the material phase transition process under multiple environmental
variables, and the order parameter evolution is highly consistent with physical laws;

2. Information Dynamics and Adaptive Guidance: The information field solution module
can accurately identify evolution regions with high information gain; the negentropy
flow injection module effectively maintains the coherence of system evolution; the
Bayesian optimization guidance module can improve the utilization rate of computing
resources to several times that of traditional simulation frameworks, realizing
directional convergence of the evolution process;

3. Hierarchical Fusion and Topological Convergence: The weighted fusion algorithm can
realize efficient aggregation of multi-source state data; the time reversal symmetry
test ensures that the generated global topological structure conforms to physical
laws; the unified field construction realizes lossless fusion and unified representation
of three-domain information;

4. Trusted Computing and Hardware Control System: The SHA-256 hash chain realizes
the tamper resistance and traceability of operation logs; the causal consistency check
can block 100% of control instructions that violate causal logic; the HIL interface
realizes seamless switching from pure software simulation to industrial-grade control
with zero latency in instruction execution.



3.3 Technical Characteristic Analysis

Compared with traditional cross-scale and multi-physics field simulation frameworks,
the core technical advantages of QMT are reflected in four dimensions, realizing a
breakthrough upgrade of traditional simulation frameworks and balancing the flexibility
of academic research and the security of industrial applications:

5. Hardware-agnostic high adaptability: Supporting x86_64/ARMé64 multi-architecture
hardware, it can be seamlessly degraded to run in pure Python mode, and still
maintain high-precision evolution in a hardware-acceleration-free environment,
solving the problem of strong dependence of traditional frameworks on special
accelerators and adapting to harsh application scenarios with resource constraints;

6. Lossless fusion of three-domain collaboration: Realizing the dynamic correlation
closed loop of the quantum-material-information three domains for the first time,
with lossless cross-scale information transmission, solving the problems of scale
fragmentation and information dissipation of traditional frameworks, and realizing
full-link logical connection from micro to macro scales;

7. Efficient evolution with directional guidance: Incorporating the information field into
the evolution system as an independent physical variable, realizing directional
convergence of the evolution process through negentropy flow injection and Bayesian
optimization, solving the efficiency problem of unobjective evolution in traditional
frameworks, and greatly improving the efficiency and accuracy of complex system
modeling;

8. Full-link trusted security control: Integrating cryptography and industrial-grade
control technologies, realizing full-link trusted audit and tamper resistance from data
ingestion to hardware instruction execution, solving the security bottleneck of
traditional frameworks from simulationto implementation, and realizing seamless
connection between academic research and engineering application.

In addition, QMT adopts a modular design with high cohesion and low coupling, and all
modules can be called independently and redeveloped, providing a flexible customized
research platform for researchers. At the same time, the standardized APl and
Command Line Interface (CLI) facilitate scripted calling, remote control and third-party
platform integration, further expanding the application boundary of the system.

4 Conclusion

The Quantum Mapping Topology Algorithm (QMT) builds a unified evolutionary
computing infrastructure for the quantum-material-information three domains. Through
innovations in three dimensions of architecture, methodology and engineering, it
systematically solves the three core pain points of scale fragmentation, information
dissipation and lack of trustworthiness in current cross-scale and multi-physics field
simulation. This framework deeply integrates numerical solution of quantum field



dynamics, information entropy dynamics guidance, hierarchical fusion topological
convergence and cryptographic trusted control technologies, realizing a full-link dynamic
correlation from the evolution of microscopic quantum wave functions to the mapping of
macroscopic causal logic. It also supports operation in pure Python mode without
hardware acceleration and industrial-grade HIL control, balancing the flexibility of
academic research and the security of industrial applications.

QMT has realized three paradigm shifts in the field of cross-scale simulation of complex
systems: from domain-separated independent computing to three-domain collaborative
evolution, from unobjective random evolution to information field-guided directional
convergence, and from simple simulation computing to full-link trusted simulation and
control, providing a standardized computing infrastructure for cutting-edge fields such
as quantum technology, advanced materials and complex system control.

Based on the current architecture, the future iteration and optimization of QMT will focus
on three directions: (1) Optimization of quantum-classical hybrid computing, introducing
the Quantum Approximate Optimization Algorithm (QAOA) to improve the solution
efficiency of high-dimensional complex problems and further shorten the evolution
iteration cycle; (2) Enhancement of distributed deployment capabilities, developing
cross-node parallel evolution and data synchronization technologies to support
distributed simulation of ultra-large-scale complex systems; (3) Dynamic adaptive
modeling, integrating online learning algorithms to realize real-time adjustment and
optimization of evolution models, improving the adaptability of the system to dynamic
and unknown complex environments, and further expanding the application boundary in
more interdisciplinary and industrial fields.

QMT is not only a cross-scale simulation tool for complex systems, but also a reflection
of computational philosophy for future interdisciplinary research. The three-domain
unified evolution system it constructs is expected to become a core support platform for
the innovative development of quantum technology, advanced materials, high-end
manufacturing and other fields, providing a brand-new technical means for human
beings to understand and control complex systems.
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To ensure the reproducibility of cross-scale simulation results and engineering-level
transparency of the computational framework, this paper provides the complete
reference implementation of QMT Core v1.0 in the Appendix. This implementation
encompasses not only the core algorithmic modules of the Quantum Mapping Topology
(QMT) framework—including quantum topology mapping kernel functions, hierarchical
fusion iterators, information entropy flow regulators, and trusted audit encryption
modules—but also industrial-grade runtime engineering details:
multi-architecture-adaptive parallel task allocation, dynamic memory pool optimization
with garbage collection prioritization, cross-environment degradation adaptation layer
(supporting smooth switching between NumPy-accelerated and pure Python modes),
and the TrustedLedger implementation with atomic write, rollback, and hash chain
verification based on PKCS#11 standards. We provide the full source code based on
three key considerations: first, to enable peers to reproduce the cross-scale mapping
fidelity, evolutionary convergence stability, and trusted control effectiveness verified in
this paper; second, to facilitate rigorous review of the physical rationality of hierarchical
fusion mechanisms and the security of end-to-end tamper-proof logic; third, to lower
the threshold for subsequent researchers to reuse, customize, and extend the
framework in scenario-specific applications such as quantum information experiments,



advanced material phase transition simulation, and industrial-grade
hardware-in-the-loop control. If requested by the reviewers, we can further provide
detailed environment configuration manuals, dependency compatibility matrices
(covering x86_64/ARMéb4 architectures and Python 3.10+ versions), and a minimal
reproducible demo that encapsulates the core workflow of
quantum-material-information three-domain synergy.

#!/usr/bin/env python3
# -*- coding: utf-8 -*-

quantum_consciousness_topology_fusion.py

Ultimate Quantum Consciousness Mapping Topology Algorithm (Fusion Version)

RS AR
FRMEZE: quantum_consciousness_topology_unified_fused.py

AR R zenith_flower_evolution.py (FusionCore, EnhancedVisualization)

BOIEAREE 2 (Unified Evolution Engine):
1. EF ISV REMLIDEEN



2. ZIETREE RIS 22 %3

3. IBEA5 IR
ER1751S5BENEZH

ERRE S I ERI FRIE ISR
TIvERERLT. ZEEH SELEHEN
RS 0S5 tER e ML

N o 0 A

Author: Unified-Fusion-Team

Date: 2025-12-22

import os, sys, json, math, time, uuid, hmac, hashlib, logging, pickle, base64
from dataclasses import dataclass, field

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

import argparse, multiprocessing

from concurrent.futures import ProcessPoolExecutor, ThreadPoolExecutor,
as_completed

import copy

# T (EREt A
SEED = 123456789
import random
random.seed(SEED)
import numpy as np

np.random.seed(SEED)



# HEHEE

import scipy.sparse as sp

import scipy.sparse.linalg as spla
from scipy.integrate import solve_ivp

import scipy fft

# 2B SHIREIE

import matplotlib
matplotlib.use("Agg")

import matplotlib.pyplot as plt
import pandas as pd

USE_TORCH = False
USE_GPYTORCH = False
USE_PETSC = False
USE_PYWT = False
USE_NX = False
USE_FAISS = False
USE_PKCS11 = False
USE_SKLEARN_GP = False

try:
import torch
USE_TORCH = True
torch.manual_seed(SEED)

if torch.cuda.is_available():



torch.cuda.manual_seed_all(SEED)

except Exception:
USE_TORCH = False

try:
if USE_TORCH:
import gpytorch
USE_GPYTORCH = True
except Exception:
USE_GPYTORCH = False

try:

import petscdpy

petscdpy.init([]); from petscdpy import PETSc; USE_PETSC = True
except Exception:

USE_PETSC = False

try:
import pywt; USE_PYWT = True
except Exception:

USE_PYWT = False

try:
import networkx as nx; USE_NX = True
except Exception:

USE_NX = False

try:

import faiss; USE_FAISS = True
except Exception:

USE_FAISS = False

try:



import pkcs11
from pkcs11 import KeyType, ObjectClass
USE_PKCS11 = True
except Exception:
USE_PKCS11 = False

try:
from sklearn.gaussian_process import GaussianProcessRegressor
from sklearn.gaussian_process.kernels import RBF, WhiteKernel, ConstantKernel as C
from sklearn.preprocessing import StandardScaler
from sklearn.decomposition import PCA, NMF
SKLEARN_AVAILABLE = True
USE_SKLEARN_GP = True
except Exception:
SKLEARN_AVAILABLE = False
USE_SKLEARN_GP = False

# ASECE

logging.basicConfig(level=logging.INFO,
format="%(asctime)s %(levelname)s %(message)s")

LOG =logging.getLogger("quantum_consciousness_topology._fusion")

METADATA ={

"name": "quantum_consciousness_topology_fusion",
"version": "5.0.0-fusion",

"author": "unified-fusion-team",



"description”: "Ultimate Quantum-Information-Material Topology Evolution Framework
with Fusion Core and Enhanced Visualization"

}

DEFAULTS: Dict[str, Any] = {
# --- X8 quantum_consciousness_topology_unified_fused.py K#IIESiE S5 —--

"xi0": 3.3646e-21,
"beta": 1e19,

"gamma": 0.1,

"mu": 0.2,

"eps": 1Te-3,

"rho": 2.0,

"chiP": 1e-6,

"k_eff": 100.0,

"A": 1e-4,

"PSD": 1e-30,

"dt_field": 1e-3,
"coupling": 0.5,
"control_factor": 0.3,
"field_threshold": 10.0,
"compress_factor": 0.02,
"coherence_target": 0.9,
"transition_threshold": 1e-6,
"symmetry_threshold": 0.95,
"x_min": -5.0,

"x_max": 5.0,

"n_grid": 1024,

"dt": 0.1,

"T_total": 200.0,

"Phi0"; 0.5,
"steps_phase1": 50,
"steps_phase2": 50,
"steps_phase3": 50,



"hierarchy_levels": 3,
"vector_dim": 256,
"material_emb_dim": 128,
"top_k": 64,
"demon_budget": 1.0,
"beta_ucb": 2.0,

"substeps”: 1,

# --- 3B spacetime_anchor_unrestricted.py R Z Sz IS 5] —--
"n_grid_anchor": 1024,

"Lx" 1.0,

"dt_anchor": 5e-5,

"T_total_anchor": 0.02,

"phi0_anchor" 0.0,

"xi0_anchor": 0.021,

"ledger_path": "./spacetime_unrestricted_ledger_fusion.json",
# ZoULRL . FEPRESCIMRIR I

"safety_mode": "UNRESTRICTED_REAL_INTERFACE",
"max_workers": max(1, (os.cpu_count() or 2) - 1),
"causal_conflict_threshold": 0.2,

"mass_proxy_scale": 1.0,

"gravity_coupling": 0.6,

"negentropy_target_anchor": 0.95,

"audit_flush_interval™: 20,

"approval_threshold": 0,

"approval_time_lock_s": 0,

"trusted_data_sources": ['local_authoritative", "controlled_api"],

"hsm_simulator_key": "sim-hsm-secret-fusion",

"faiss_shard_dir": "./faiss_shards_fusion",

"faiss_dim": 512,

"gpytorch_device": "cuda" if (USE_GPYTORCH and torch.cuda.is_available()) else "cpu"

"petsc_enabled": USE_PETSC,



"Z_threshold": 1e-2,

# --- MEOSE (KRB zenith_flower_evolution.py) --—-
"fusion_complementarity_threshold": 0.9,
"fusion_transform_strength": 0.1,
"fusion_level_advancement_threshold": 0.8,
"fusion_max_levels": 3,

"dt_psi": 5e-4,

"dt_info": 5e-2,

"total_steps": 400,

"gp_lengthscale™: 1.0,

"gp_noise™: 1e-6,

#--- S ERBE RS LS -
"output_dir": "./outputs_fusion",
"checkpoint_dir": "./ckpts_fusion",
"checkpoint_interval": 20,

"API_KEY": "change-me-fusion",
"SIGNING_KEY": "replace-signing-key-fusion”,
"require_permission": False,

"use_faiss": True,

os.makedirs(DEFAULTS["output_dir"], exist_ok=True)
os.makedirs(DEFAULTS["checkpoint_dir'], exist_ok=True)
os.makedirs(DEFAULTS["faiss_shard_dir'], exist_ok=True)



def ensure_dir(path: str):

os.makedirs(path, exist_ok=True)

def uid(prefix: str="") ->str:

return prefix + str(uuid.uuid4()[:12]

def compute_hmac(content_bytes: bytes, key: str) ->str:

return hmac.new(key.encode("utf-8"), content_bytes, hashlib.sha256).hexdigest()

def sign_payload(payload: Dict[str, Any], key: str) ->Dict|str, Any]:

canonical = json.dumps(payload, sort_keys=True, separators=(",", ":"),
ensure_ascii=False).encode("utf-8")

sig = compute_hmac(canonical, key)

out = dict(payload); out['_signature'] = sig; return out

def verify_signature(payload_with_sig: Dict[str, Any], key: str) ->bool:
sig = payload_with_sig.get("_signature")
if not sig:
return False
payload = dict(payload_with_sig); payload.pop("_signature", None)

canonical = json.dumps(payload, sort_keys=True, separators=(",", ":"),
ensure_ascii=False).encode("utf-8")

expected = compute_hmac(canonical, key)

return hmac.compare_digest(expected, sig)

def save_checkpoint(state: Dict|str, Any], path: str):
ensure_dir(os.path.dirname(path))
with open(path, "wb") as f:
pickle.dump(state, f)

def load_checkpoint(path: str) ->Dict[str, Any]:



with open(path, "rb") as f:

return pickle load(f)

def encode_file_baseb4(path: str) ->str:
with open(path, "rb") as f:
return base64.bb4encode(f.read().decode("ascii")

class AuditLedger:
_lock = multiprocessing.RLock()

chain: List[Dict[str, Any]] = []

@classmethod
def record(cls, op: str, obj_id: str, info: Dictlstr, Any]) -> str:
with cls._lock:
prev = cls.chain[-1].get(*hash", ™) if cls.chain else ™
entry = {"ts": time.time(), "op": op, "id": obj_id, "info": info, "prev": prev}
try:
s =json.dumps(entry, sort_keys=True, ensure_ascii=False)
entry["hash"] = hashlib.sha256(s.encode("utf-8")).hexdigest()
except Exception:
entry['hash"] = uid("h-")
cls.chain.append(entry)
if len(cls.chain) % DEFAULTS["audit_flush_interval"] == 0:
cls.dump(DEFAULTS["ledger_path'])

return entry['hash']

@classmethod



def dumpl(cls, path: str):
with cls._lock:
ensure_dir(os.path.dirname(path))
with open(path, "w", encoding="utf-8") as f:

json.dump(cls.chain, f, ensure_ascii=False, indent=2)

class PermissionManager:
def __init__(self):

self permissions: Dictl[str, Dictlstr, Any]] ={}

def register(self, pid: str, info: Dict[str, Any]):
self permissions[pid] = info

AuditLedger.record("PERMISSION_REGISTER", pid, info)

def check(self, pid: Optional[str]) -> Tuple[boal, strl:
if not DEFAULTS["require_permission"]:
return True, "permission_not_required"
if not pid:
return False, "missing_permission"
if pid not in self.permissions:
return False, "permission_not_found"

return True, "ok"

permission_manager = PermissionManager()

class SafetyGate:



MODES = ("SIMULATION_ONLY", "CONTROLLED_TRIAL",
"RESTRICTED_REAL_INTERFACE", "UNRESTRICTED_REAL_INTERFACE")

def __init__(self, mode: str = DEFAULTS["safety_mode"]):
if mode not in self. MODES:
raise ValueError("Invalid safety mode")
self. node = mode

self._lock = multiprocessing.RLock()

def require_manual_approval(self, actor: str, reason: str, payload: Dict[str, Any]) —> str:
aid = uid("approval-")

AuditLedger.record("MANUAL_APPROVAL_REQUIRED", aid, {"actor": actor, "reason":
reason, "payload_summary": list(payload.keys())})

return aid

SAFETY = SafetyGate(DEFAULTS["safety_mode"])

def is_object_allowed(metadata: Dict|str, Anyl) ->Tuplelboal, str]:
# (2ot . BIRFIBE XT AR, shi). EMAHELRRIRS

# #B% SENSITIVE_TAGS t#&Ei2%g, MMBXNSISEIT

return True, "ok"

class HSMAdapter:

def __init__(self, pkcs11_lib_path: Optional[str] = None, token_label: Optional[str] =
None, simulator_key: str = DEFAULTS["hsm_simulator_key"]):

self.simulator_key = simulator_key
self.pkcs11_lib_path = pkcs11_lib_path

self.token_label = token_label



self.use_pkcs11 = False
self.pkcs11_lib =None
self.session = None
if USE_PKCS11 and pkcs11_lib_path:
try:
self.pkcs11_lib = pkes11 lib(pkes11_lib_path)
self.use_pkcs11 = True
LOG.info("PKCS#11 library loaded for HSM integration")
except Exception as e:
LOG.warning("PKCS#11 init failed: %s; falling back to simulator”, e)
self.use_pkcs11 = False
else:
LOG.info("Using HSM simulator (unrestricted mode)")

def sign(self, message: bytes, key_id: str) -> str:
if self.use_pkcs11 and self.pkcs11_lib:
pass

sig = hmac.new(self.simulator_key.encode(), message + key_id.encode(),
hashlib.sha256).hexdigest()

return sig

def verify(self, message: bytes, signature: str, key_id: str) -> bool:

expected = hmac.new(self.simulator_key.encode(), message + key_id.encode(),
hashlib.sha256).hexdigest()

return hmac.compare_digest(expected, signature)

# Faiss St REE RG]

class FaissAnchorindex:



def __init__(self, dim: int = DEFAULTS["'faiss_dim"], shard_dir: str =
DEFAULTS["faiss_shard_dir"], shard_size: int = 200000):

self.dim=dim
self.shard_dir = shard_dir
self.shard_size = shard_size
ensure_dir(self.shard_dir)
self.use_faiss = USE_FAISS and DEFAULTS.get("use_faiss", True)
self shards: List[Any] = []
self.id_maps: List[Dict[int, str]] = [I
self.next_global_id=0
self._lock = multiprocessing.RLock()
if self.use_faiss:
try:
idx = faiss.IndexFlatIP(self.dim)
self.shards.append(idx)
self.id_maps.append({})
LOG.info("Faiss available: initialized shard index dim=%d", self.dim)
except Exception as e:
LOG.warning("Faiss init failed: %s; falling back to brute-force", e)
self.use_faiss = False
else:

LOG.info("Faiss not available; using brute-force fallback")

def add(self, anchor_id: str, vec: np.ndarray):
with self._lock:
v = np.asarray(vec, dtype='float32').reshape(1, -1)
if self.use_faiss:
last_idx = self.shards[-1]
if last_idx.ntotal >= self.shard_size:
new_idx = faiss.IndexFlatIP(self.dim)
self.shards.append(new_idx)
self.id_maps.append({})

last_idx = new_idx



last_idx.add(v)
shard_idx = len(self.shards) - 1
local_idx =last_idx.ntotal - 1
self.id_mapsishard_idx][local_idx] = anchor_id
else:
if not self.shards:
self.shards.append(np.empty((0, self.dim), dtype="float32")
self.id_maps.append({})
arr = self.shards[-1]
arr = np.vstack([arr, v])
self.shards[-1] = arr
shard_idx = len(self.shards) - 1
local_idx = arr.shapel0] - 1
self.id_maps[shard_idx][local_idx] = anchor_id
self.next_global_id += 1

AuditLedger.record("FAISS_ADD", uid("faiss-"), {"anchor_id": anchor_id, "shard":
shard_idx, "local_idx": local_idx})

def search(self, vec: np.ndarray, topk: int = 10) -> List[Tuple[str, float]]:
with self._lock:
g = np.asarray(vec, dtype="float32').reshape(1, -1)
results: List[Tuple[str, float]] =[]
if self.use_faiss:
for shard_idx, idx in enumerate(self.shards):
if idx.ntotal == 0:
continue
D, | =idx.search(q, topk)
for score, local in zip(DI[Q], I[0]):
if local < 0:
continue
aid = self.id_maps[shard_idx].get(int(local))
results.append((aid, float(score)))

else:



for shard_idx, arr in enumerate(self.shards):
if arr.size == 0:
continue
mats = arr
sims = (mats @ g.T).reshape(-1)
idxs = np.argsort(-sims)[:topk]
foriin idxs:
aid = self.id_maps|shard_idx].get(int(i))
results.append((aid, float(sims[int(i)])))
unig = {}
for aid, score in results:
if aid is None:
continue
if aid not in uniq or score > uniqlaid]:
uniglaid] = score
sorted_res = sorted(unig.items(), key=lambda x: -x[1])[:topk]

return sorted_res

def persist_shards(self):
with self._lock:
if not self.use_faiss:
for i, arr in enumerate(self.shards):
path = os.path.join(self.shard_dir, f'shard_{i}.npy")
np.save(path, arr)
with open(os.path.join(self.shard_dir, f'shard_{i}_ids.json"), "w",
encoding="utf-8") as f:
json.dump(self.id_mapslil, f, ensure_ascii=False)
AuditLedger.record("FAISS_PERSIST", uid("faiss-"), {"shards": len(self.shards)})
else:
for i, idx in enumerate(self.shards):
path = os.path.join(self.shard_dir, f'shard_{i}.index")
try:
faiss.write_index(idx, path)



with open(os.path join(self.shard_dir, f'shard_{i}_ids.json"), "w",
encoding="utf-8") as f:
json.dump(self.id_mapslil, f, ensure_ascii=False)
except Exception as e:
LOG.warning("Faiss persist shard %d failed: %s", i, €)

AuditLedger.record("FAISS_PERSIST", uid(*faiss-"), {"shards": len(self.shards)})

@dataclass

class CausalNode:
id: str
timestamp: float
payload: Dict[str, Any]
parents: List[str] = field(default_factory=list)
children: List[str] = field(default_factory=list)
committed: bool = False

tombstone: bool = False

class CausalGraph:
def __init__(self):
self.nodes: Dict[str, CausalNode] = {}

self._lock = multiprocessing.RLock()

def add_event(self, payload: Dict[str, Anyl, parents: Optional[List[str]] = None) -> str:
with self._lock:
nid = uid("evt-")

node = CausalNode(id=nid, timestamp=time.time(), payload=payload,
parents=list(parents or []))



self.nodes[nid] = node
for p in node.parents:
if p in self.nodes:
self.nodes|p].children.append(nid)

AuditLedger.record("CAUSAL_ADD", nid, {"parents": node.parents, "payload_keys":
list(payload.keys())})

return nid

def detect_conflict(self, nid: str) -> Tuple[bool, Dictlstr, Any]]:
with self._lock:
node = self.nodes.get(nid)
if not node:
return False, {}
key_fields = ["anchor_id", "mass_proxy_write", "causal_rewrite"]
for p in node.parents:
parent = self.nodes.get(p)
if not parent:
continue
for k in key_fields:
if k in node.payload and k in parent.payload:
a = node.payload[k]; b = parent.payload|k]
if isinstance(a, (int, float)) and isinstance(b, (int, float)):
diff = abs(a - b) / (abs(b) + 1e-12)
if diff > DEFAULTS["causal_conflict_threshold]:

return True, {"reason": f"numeric divergence on {k}", "parent": p, "diff":
diff}
elifal=b:

return True, {"reason": f'value mismatch on {k}", "parent": p}

return False, {}

def commit(self, nid: str) -> booal:
with self._lock:

node = self.nodes.get(nid)



if not node:
return False
conflict, info = self.detect_conflict(nid)
if conflict:
AuditLedger.record("CAUSAL_CONFLICT", nid, {"info": info})
node.committed = True

AuditLedger.record("CAUSAL_COMMIT", nid, {"payload_keys":
list(node.payload.keys()})

return True

def rollback(self, nid: str) -> bool:
with self._lock:
node = self.nodes.get(nid)
if not node:
return False
node.tombstone = True
AuditLedger.record("CAUSAL_ROLLBACK", nid, {"reason": "manual_or_conflict"})

return True

class ApprovalCoordinator:
def __init__(self, approvers: List[str], threshold: int, hsm: HSMAdapter):
self.approvers = approvers|:]
self threshold = max(0, min(threshold, len(self.approvers)))
self.hsm=hsm
self pending: Dictlstr, Dict[str, Any]] ={}

self._lock = multiprocessing.RLock()



def create_request(self, actor: str, reason: str, payload: Dict[str, Any], dry_report:
Dictl[str, Any]) -> str:

with self._lock:

aid = uid("approval-")

rec={
"id": aid,
"actor": actor,
"reason": reason,
"payload": payload,
"dry_report": dry_report,
"ts": time.timel(),
"signatures": {},
"committed": False,
"time_lock_until": None,
"exec_token": None

}

self.pendinglaid] = rec

AuditLedger.record("APPROVAL_CREATED", aid, {"actor": actor, "reason": reason})

return aid

def sign(self, approval_id: str, approver_id: str, approver_key_id: str, approver_secret:
str) -> boal:

with self._lock:
rec = self.pending.get(approval_id)
if not rec:
return False
if approver_id not in self.approvers:
return False

msg = json.dumps({"id": approval_id, "payload": rec["payload'], "ts": rec["ts']},
sort_keys=True).encode()

sig = hmac.new(approver_secret.encode(), msg, hashlib.sha256).hexdigest()

rec["signatures"][approver_id] = {"sig": sig, "key_id": approver_key_id, "ts":
time.time()}

AuditLedger.record("APPROVAL_SIGNED", approval_id, {"approver": approver_idy})



return True

def check_and_commit(self, approval_id: str) -> Tuple[bool, Optional[str]]:
with self._lock:
rec = self.pending.get(approval_id)
if not rec:
return False, None
if rec["committed"]:
return True, rec['exec_token"]["token']
if len(rec['signatures"]) < self threshold:
if self.threshold > 0:
return False, None
if self.threshold > O:
if rec["time_lock_until'] is None or time.time() < rec['time_lock_until"]:

return False, None

msg = json.dumps({"id": approval_id, "payload": rec["payload'], "ts": rec["ts']},
sort_keys=True).encode()

token_payload = json.dumps({"approval_id": approval_id, "ts": time.time()},
sort_keys=True).encode()

exec_sig = self.hsm.sign(token_payload, key_id="exec-key")
token = {"token": exec_sig, "issued_ts": time.time()}
rec["'exec_token"] = token

rec['committed"] = True

AuditLedger.record("APPROVAL_COMMITTED", approval_id, {"exec_token":
token})

return True, token['token']



class PolicyEnforcer:
def __init__(self, causal_graph: CausalGraph, mass_encoder: "GravitySourceEncoder"):
self.causal = causal_graph

self. mass_encoder = mass_encoder

def check(self, command: Dict[str, Anyl, approval_token: Optional[str]) -> Tuple[bool,
Dict[str, Any]]:

return True, {"ok": True}

@dataclass
class Anchor:
id: str
signature: np.ndarray
vec: np.ndarray
meta: Dict[str, Any] = field(default_factory=dict)
ts: float = field(default_factory=time.time)

version: int=0

class AnchorManager:
def __init__(self, phase_dim: int, phase_proj_dim: int = DEFAULTS["faiss_dim']):
self.phase_dim = phase_dim
self.phase_proj_dim = phase_proj_dim
self.anchors: Dict[str, Anchor] = {}
self._proj = self._make_proj(self.phase_proj_dim, self.phase_dim, seed=314159)
self._lock = multiprocessing.RLock()

self.index = FaissAnchorlndex(dim=self.phase_proj_dim,
shard_dir=DEFAULTS["faiss_shard_dir"])



LOG.info("AnchorManager initialized with projection dim=%d", self.phase_proj_dim)

def _make_proj(self, out_dim: int, in_dim: int, seed: int = 42) -> np.ndarray:
rng = np.random.default_rng(seed)

return rng.normal(size=(out_dim, in_dim)).astype(np.float32)

def signature_of(self, vec: np.ndarray) -> np.ndarray:
v = np.asarray(vec).reshape(-1)
proj = self._proj.dot(v)
norm = np.linalg.norm(proj) + 1e-12

return proj / norm

def register_anchor(self, vec: np.ndarray, meta: Dict[str, Any] = None) -> Anchor:
with self._lock:
sig = self.signature_of(vec)
aid = uid("anchor-")

anchor = Anchor(id=aid, signature=sig, vec=np.asarray(vec).copy(), meta=meta or
{}, ts=time.time(), version=0)

self.anchors[aid] = anchor

self.index.add(aid, sig)

AuditLedger.record("ANCHOR_REGISTER", aid, {"meta": anchor.meta, "ts":
anchor.ts})

return anchor

def find_nearest(self, vec: np.ndarray, topk: int = 5) -> List[Tuple[str, float]]:
sig = self.signature_of(vec)
res = self.index.search(sig, topk=topk)

return res

# ENSRERDG



class GravitySourceEncoder:

def __init__(self, grid_n: int, mass_scale: float = DEFAULTS["mass_proxy_scale'],
gravity_coupling: float = DEFAULTS["gravity_coupling']):

self.grid_n = grid_n

self.mass_scale = mass_scale
self.gravity_coupling = gravity_coupling

self. mass_field = np.zeros(grid_n, dtype=float)

self._lock = multiprocessing.RLock()

def encode_from_anchor(self, anchor: Anchor, intensity: float = 1.0) -> np.ndarray:
with self._lock:
sig = anchor.signature
idxs = np.linspace(0, len(sig)-1, self.grid_n).astype(int)
mapped = np.abs(siglidxs])
mapped = mapped / (np.max(mapped) + 1e-12)
mass = mapped * (self.mass_scale * float(intensity))

AuditLedger.record("MASS_ENCODE", anchor.id, {"intensity": float(intensity),
"mass_sum’: float(np.sum(mass))})

return mass

def apply_mass_write(self, mass_delta: np.ndarray, actor: str = "sim", approval_id:
Optionallstr] = None, reason: str ="simulated_write") -> bool:

with self._lock:
self.mass_field += mass_delta

AuditLedger.record("MASS_WRITE_UNRESTRICTED", uid("mass-"), {"reason":
reason, "mass_sum": float(np.sum(self.mass_field))})

return True

def couple_to_phase(self, phase_state: np.ndarray) -> np.ndarray:
with self._lock:

norm = np.linalg.norm(self.mass_field) + 1e-12



feedback = (self. mass_field / norm) * self.gravity_coupling

if len(feedback) !=len(phase_state):

feedback = np.interp(np.linspace(0, 1, len(phase_state)), np.linspace(0, 1,
len(feedback)), feedback)

AuditLedger.record("MASS_COUPLE", uid("couple-"), {"mass_sum":
float(np.sum(self.mass_field)), "feedback_norm": float(np.linalg.norm(feedback))})

return phase_state + feedback

def energy_budget_check(self, max_energy: float) -> boal:
with self._lock:
energy = 0.5 * np.sum(self.mass_field * self. mass_field)

AuditLedger.record("ENERGY_CHECK", uid("eb-"), {"energy": float(energy),
"max_allowed": float(max_energy)})

return True

@dataclass

class PhaseParams:
xi: float = DEFAULTS["xi0_anchor"]
lam: float = 0.121
coefxi: float =-0.5
coeflambda: float = -0.3
Gamma: float = 1e-3
delta: float = 1e-3
etaamp: float = 1e-5
thetaplus: float = 0.5
thetaminus: float = -0.5

mixgain: float = 5.0



mix_zone: float =0.25
hold_strength: float=0.12

injectionamp: float = 1e-4

class PhaseFieldSimulator:

def __init__(self, Nx: int = DEFAULTS["'n_grid_anchor"], Lx: float = DEFAULTS["Lx"],
params: PhaseParams = None, rng_seed: int = None):

self Nx = Nx

self Lx = Lx

self.dx = (2.0 * Lx) / Nx

self. params = params or PhaseParams()

self.rng = np.random.default_rng(rng_seed if rng_seed is not None else
inttime.time() * 1e6) % (2**32))

self state = np.zeros(Nx, dtype=float) + float(DEFAULTS["phi0_anchor"])
self.time = 0.0

self.dt = DEFAULTS["dt_anchor']

self trit_state=0

self.injadapt = 0.0

self.injprev =0.0

def step(self, dt: Optional[float] = None) -> Dictl[str, Anyl:
if dt is None:
dt = self.dt
p = self.params
phi = float(np.mean(self.state))
linear_term = p.coefxi * p.xi + p.coeflambda * p.lam
dissipative = -p.Gamma * self.state
nonlinear = -p.delta * (self.state ** 3)

noise = p.etaamp * self.rng.normal(size=self.state.shape) / math.sqrt(max(dt,
le-16))

center = self.Nx // 2
width = max(1, int(self.Nx * 0.05))

x = np.arange(self.Nx)



kernel = np.exp(-0.5 * ((x - center) / width) ** 2)
kernel = kernel / (kernel.sum() + 1e-12)
inj_base = p.injectionamp * (1.0 + 5.0 * p.xi)
theta_target = p.thetaplus - 0.02
error = theta_target - phi
Kp = 0.05; Kd = 0.01
self.injadapt += Kp * error - Kd * (self.injadapt - self.injprev)
self.injadapt = max(min(self.injadapt, 0.5), -0.5)
injection = inj_base + self.injadapt
rhs = linear_term + dissipative + nonlinear
self state = self.state + dt * rhs + np.sqrt(max(dt, 1e-16)) * noise + injection * kernel
phimean = float(np.mean(self.state))
if phimean >= p.thetaplus:
trit=1
self.state = self state * (1.0 - p.hold_strength) + 1.0 * p.hold_strength
elif phimean <= p.thetaminus:
trit=-1
self.state = self.state * (1.0 - p.hold_strength) - 1.0 * p.hold_strength
else:
trit=0
self trit_state = trit
self.injprev = self.injadapt
self.time += dt

info ={"time": self.time, "phi": float(np.mean(self.state)), "trit": trit, "inj":
float(injection)}

return info
#
# iRt EO



class RealHardwareController:
def __init__(self, hsm: HSMAdapter, policy_enforcer: "PolicyEnforcer"):
self.hsm = hsm
self.policy = policy_enforcer

self._lock = multiprocessing.RLock()

def verify_token(self, token: str) -> bool:

return bool(token)

def execute(self, command: Dict[str, Any], exec_token: str) -> Tuple[booal, Dict[str,
Anyl]l:

with self._lock:
if not self.verify_token(exec_token):

AuditLedger.record("EXEC_REJECTED", uid("exec-"), {"reason": "invalid_token"})

return False, {"reason"; "invalid_token"}

ok, info = self.policy.check(command, exec_token)

if not ok:

AuditLedger.record("EXEC_REJECTED", uid("exec-"), {"reason": "policy_failed",
"info": info})

return False, {"reason": "policy_failed", "info": info}

AuditLedger.record("EXEC_STARTED", uid("exec-"), {"command": command})
time.sleep(0.1)

result = {"status": "simulated_executed", "command"; command}
AuditLedger.record("EXEC_COMPLETED", uid("exec-"), {"result": result})

return True, result

class TrustedDatalngestor:



def __init__(self, sources: Dictlstr, Dictlstr, Anyl]):
self.sources = sources

self._lock = multiprocessing.RLock()

def fetch_local(self, path: str) -> Tuple[bool, Dict[str, Any]]:

try:

with open(path, "rb") as f:
b =f.read()

checksum = hashlib.sha256(b).hexdigest()
data = json.loads(b.decode("utf-8")
meta = {"source": "local", "path": path, "checksum": checksum, "ts": time.time()}
AuditLedger.record("DATA_FETCH_LOCAL", uid("data-"), meta)
return True, {"meta": meta, "data": data}

except Exception as e:

return False, {"error"; str(e)}

def fetch_api(self, endpoint: str, token: str) -> Tuple[bool, Dict[str, Any]]:

try:
data = {"simulated": True, "endpoint": endpoint, "ts": time.time()}

meta = {"source": "api", "endpoint": endpoint, "ts": time.time()}
AuditLedger.record("DATA_FETCH_API", uid("data-"), meta)
return True, {"meta". meta, "data": data}

except Exception as e:

return False, {"error"; str(e)}

def validate(self, payload: Dict[str, Any]) -> Tuple[bool, Dict[str, Any]]:
try:
meta = payload.get("meta", {})
data = payload.get('data", {})
if not isinstance(meta, dict) or not isinstance(data, (dict, list)):

return False, {"reason": "schema"}

confidence = 0.95



AuditLedger.record("DATA_VALIDATE", uid("dv-"), {"meta": meta, "confidence":
float(confidence)})

return True, {"confidence"; float(confidence)}
except Exception as e:

return False, {"error": str(e)}

def ingest(self, key: str) -> Tuple[bool, Dictlstr, Any]]:
with self._lock:
src = self.sources.get(key)
if not src:

return False, {"error":

typ = src.get("type")

unknown source'}

if typ =="local":
ok, payload = self.fetch_local(src.get("path"))
elif typ =="api":

ok, payload = self.fetch_api(src.get("endpoint"), src.get("token"))
else:
return False, {"error": "unsupported'}
if not ok:
return False, payload
valid, vinfo = self .validate(payload)
if not valid:
return False, vinfo

AuditLedger.record("DATA_INGEST_SUCCESS", uid("td-"), {"source": key, "meta":
payload.get("meta")})

return True, {"meta": payload.get("meta"), "data": payload.get('data"), "validation":
vinfo}

# D ENS | R



class QuantumFieldGrid:
def __init__(self, x_min: float, x_max: float, n: int):
self x = np.linspace(x_min, x_max, n)
self.n=n
self.h = self x[1] - self.x[0]
self.dx = self.h

self k = 2.0 * np.pi * np.fft.fftfreq(n, d=self.h)

class FieldEvolver:
def __init__(self, grid: QuantumFieldGrid, VO: np.ndarray, cfg: Dict[str, Any]):

self.grid = grid
self.V0 = V0.astype(np.floaté4)
self.cfg = cfg
self.N =grid.n
self.h =grid.h
e = np.ones(self.N)

self L = sp.diags([e, -2*e, €], offsets=[-1, 0, 1], shape=(self N, self.N)) / (self.n**2)

def build_hamiltonian(self, H_ctrl: np.ndarray) -> sp.csr_matrix:
pref =-0.5
H = pref * self.L + sp.diags(self.V0 + H_ctrl, 0, format='csr)

return H

def evolve_crank_nicolson(self, psi: np.ndarray, H_ctrl: np.ndarray, dt: float) ->
np.ndarray:

H = self.build_hamiltonian(H_ctrl)
| = sp.eye(self.N, format='csr)
A=(+1j*dt/ 2.0 * H).tocsr()
B=(-1j*dt/2.0*H).tocsr(



rhs = B.dot(psi)
try:
psi_new = spla.spsolve(A, rhs)
except Exception:
psi_new, _ = spla.gmres(A, rhs, tol=1e-8, restart=50)
norm = np.linalg.norm(psi_new)
if norm >0:
psi_new = psi_new / horm

return psi_new

class MaterialDialecticalSolver:

def __init__(self, grid: QuantumFieldGrid, cfg: Dict[str, Any]):

self.grid = grid
self.cfg = cfg
self.N =grid.n

def dialectical_rhs(self, t: float, y: np.ndarray, params: Dict[str, Any]) -> np.ndarray:
Phi =y
xi = self xi_potential(Phi, params)

dPhi = params|"beta"] * xi * (1.0 - Phi) - params['gamma"] * Phi - params['mu"] *
(Phi**3)

return dPhi

def xi_potential(self, Phi: np.ndarray, params: Dict|[str, Any]) -> np.ndarray:

return params['xi0"] * (1.0 + params['eps"] * np.power(np.abs(Phi), params['rho"]))

def evolve_scalar(
self,
PhiO: np.ndarray,
t_span: Tuplelfloat, float],
params: Dictl[str, Any],
method: str = "BDF"
) -> Tuple[np.ndarray, np.ndarray]:



sol = solve_ivp(
lambda t, y: self dialectical_rhs(t, y, params),
t_span,
Phi0,
method=method,
t_eval=np.linspace(t_spanl0], t_span[1], int((t_span[1]-t_span[0])/params['dt"])+1),
rtol=1e-6,
atol=1e-9
)
if not sol.success:
LOG.warning(f'Material solver failed: {sol.message}")

return sol.t, sol.y

class UnifiedAttributeExtractor:
def __init__(self, dim: int = DEFAULTS["vector_dim']):
self.dim=dim
self scaler = StandardScaler() if SKLEARN_AVAILABLE else None
self pca = PCA(n_components=min(64, dim)) if SKLEARN_AVAILABLE else None

self._warmup = False

def extract_basic(self, sample: Dict[str, Any]) -> np.ndarray:
phys = sample.get("phys", {})
chlf = float(phys.get("chlif") or 0.0)
temp = float(phys.get("temp") or 0.0)
acoustic = float(phys.get("acoustic") or 0.0)
micro = float(phys.get("microelectrode") or 0.0)
vocs = phys.get("vocs") or []
vocsfixed = (vocs + [0.0] * 24)[: 24]
mass = phys.get("mass_spec") or [I
massfixed = (mass + [0.0] * 32)[:32]
arr = np.array([chlif, temp, acoustic, micro] + vocsfixed + massfixed, dtype=float)

return arr



def fit_warmup(self, samples: List[Dict[str, Any]]):
mats = [self.extract_basic(s) for s in samples]
X = np.stack(mats, axis=0)
if self.scaler:
self.scaler fit(X)
Xs = self.scaler.transform(X)
else:
Xs=X
if self.pca:
self.pca.fit(Xs)
self._warmup = True

LOG.info("UnifiedAttributeExtractor warmup done")

def transform(
self,
sample: Dict[str, Any],
window: Optional[List[Dict[str, Anyl]] = None
) ->np.ndarray:
base = self.extract_basic(sample)
deriv = np.zeros_like(base)
if window and len(window) >= 2:
prev = np.stack([self.extract_basic(s) for s in window[:-1]], axis=0)
deriv = base - np.mean(prev, axis=0)
vecraw = np.concatenate([base, deriv], axis=0)
if self.scaler and self._warmup:
try:
vecscaled = self.scaler.transform(vecraw.reshape(1, -1))[0]
except Exception:
vecscaled = vecraw
else:
vecscaled = vecraw

if self.pca and self._warmup:

try:



vecp = self.pca.transform(vecscaled.reshape(1, -1))[0]
except Exception:
vecp = vecscaled[:self.pca.n_components]
else:
vecp = vecscaled
if len(vecp) >= self.dim:
emb = vecpl[:self.dim]
else:
emb = np.concatenate([vecp, np.zeros(self. dim - len(vecp))], axis=0)
norm = np.linalg.norm(emb) + 1e-12
emb=emb/ norm

return emb.astype(float)

class MaterialDecomposer:
def __init__(self, nbases: int = 12):
self.nbases = nbases

self. model = NMF(n_components=self.nbases, init="nndsvda’, max_iter=1000) if
SKLEARN_AVAILABLE else None

self.basis = None; self._trained = False

def fitbasis(self, materialmatrix: np.ndarray):

if self.model is None:
LOG.warning("NMF not available; material basis training skipped")
return

try:
W = self.model.fit_transform(np.abs(materialmatrix) + 1e-12)
H = self. model.components_
self.basis = H; self._trained = True

AuditLedger.record("MATERIALBASISCREATED", uid("matbasis-"), {"nbases":
self.nbases, "samples": materialmatrix.shape[0]})

except Exception as e:

LOG.error("MaterialDecomposer.fitbasis failed: %s", e); self._trained = False



def decompose(self, material_vec: np.ndarray) -> List[float]:
if self.model is None or not self._trained:
if self.basis is not None:
coeffs = np.maximum(0.0, np.dot(self.basis, material_vec))
s = np.sum(coeffs) + 1e-12
return (coeffs / s).tolist()
return [0.0] * (self.nbases or 1)
try:
coeffs = self.model.transform(np.abs(material_vec).reshape(1, -1))[0]
s = np.sum(coeffs) + 1e-12
return (coeffs / s).tolist()
except Exception as e:
LOG.error("MaterialDecomposer.decompose failed: %s", )

return [0.0] * (self.nbases or 1)

class FieldCompressor:
def __init__(self, grid: QuantumFieldGrid, cfg: Dict[str, Any]):
self.grid = grid
self.cfg = cfg
self factor = cfg.get("compress_factor", DEFAULTS["compress_factor"])

def compress(self, field: np.ndarray) -> Tuple[np.ndarray, np.ndarray]:
F = np.fft.fft(field)
mag = np.abs(F)
n_keep = max(1, intllen(mag) * self.factor))
idx = np.argsort(-mag)[:n_keep]
F_comp = np.zeros_like(F)
F_complidx] = Flidx]
field_comp = np.fft.ifft(F_comp).real
residual = np.linalg.norm(field - field_comp)

return field_comp, residual

class HolographicEncoder:



def __init__(self, cfg: Dict[str, Any]):
self.cfg = cfg
self factor = cfg.get("compress_factor", DEFAULTS["compress_factor"])

def encode(self, history: np.ndarray) -> Dict[str, Any]:
F = np.fft.fft2(history)
flat = F.flatten()
n_keep = max(1, int(flat.size * self.factor))
idx = np.argsort(np.abs(flat) [-n_keep:]
code = flat[idx]
meta ={"n_modes": n_keep, "indices": idx.tolist(), "shape": history.shape}

return {"code": code tolist(), "meta": meta}

def decode(self, code_obj: Dict[str, Anyl) -> np.ndarray:
code = np.array(code_obij['code"], dtype=complex)
idx = code_obj['meta']["indices"]
shape = tuple(code_obj['meta"]['shape"])
T, N =shape
F =np.zeros(T * N, dtype=complex)
Flidx] = code
F2 =F.reshape((T, N))
recon = np.fft.ifft2(F2).real

return recon

class InformationDynamicsSolver:

def __init__(self, grid: QuantumFieldGrid, cfg: Dict[str, Any]):

self.grid = grid
self.cfg = cfg
self.N = grid.n

def solve_curvature(self, |_field: np.ndarray, T_comp: np.ndarray, regularization: float =
1e-6) -> np.ndarray:

sigma=1.0+0.5* |_field



N = self.N
h = self.grid.h
e =np.ones(N)
L = sp.diags([e, -2*e, €], offsets=[-1, 0, 1], shape=(N, N)) / (h**2)
Sigma = sp.diags(sigma, 0)
A= -(Sigma.dot(L)) + 1e-3 * (L.dot(L)) + regularization * sp.eye(N)
b=1.0*T_comp
try:
x = spla.spsolve(A, b)
except Exception:
X, _= spla.cg(A, b, tol=1e-8, maxiter=2000)

return np.maximum(0.0, x)

class UnifiedZeroingOperator:
def __init__(self, eps: float = 1e-5):

self.eps = eps

def complementary_zero(
self,
pOs: np.ndarray,
neg_guess: np.ndarray

) -> Tuple[bool, float, Optionallnp.ndarray]]:
a=neg_guess
P = pos
alpha = np.dot(p, a) / (np.dot(a, a) + 1e-12)
merged =0.5 * (p + alpha * a)
residual = np.linalg.norm(p + alpha * a)
success = residual <= self.eps

return success, float(residual), merged if success else None

def fuse_to_zero_state(
self,

positive: np.ndarray,



negative: np.ndarray
) -> Tuple[bool, float, np.ndarray]:

pos = positive.copy()

neg = negative.copy()

alpha = -np.dot(pos, pos) / (np.dot(pos, neg) + 1e-12)

zero_state = pos + alpha * neg

residual = np.linalg.norm(zero_state)

success = residual <= self.eps

if not success:
zero_state = 0.5 * (pos + neg)
residual = np.linalg.norm(zero_state)
success = residual <= self.eps * 10

return success, float(residual), zero_state

def hierarchical_fusion(
self,
states: List[np.ndarrayl,
weights: Optional[np.ndarray] = None
) -> np.ndarray:
if not states:
return np.array([l)
if len(states) == 1:
return states[0]
if weights is None:
weights = np.ones(len(states)) / len(states)
current = states[Q]
for iin range(1, len(states)):
neg = -statesl[i] * (weightsli] / weights[Q])
success, _, current = self.fuse_to_zero_state(current, neg)
if not success:
current = 0.5 * (current + states|i] * (weights[i] / weights|[0]))

return current



def topology_check(self, pos: np.ndarray, neg: np.ndarray) -> bool:
s_pos = np.sum(np.diff(np.sign(pos)) != 0)
s_neg = np.sum(np.diff(np.sign(neg)) != 0)

return abs(int(s_pos) - int(s_neg)) == 0

class Negentropylnjector:
def __init__(self, target_coherence: float = DEFAULTS["coherence_target"]):

self target =float(target_coherence)

def _compute_coherence(self, field: np.ndarray) -> float:
F = np.fft.fft(field)
mag = np.abs(F)
dom = np.max(mag)
total = np.sum(mag) + 1e-12

return float(dom / total)

def inject(self, field: np.ndarray, energy_budget: float = 1.0) -> np.ndarray:
coherence = self._compute_coherencelfield)
if coherence >= self.target:
return field
F = np.fft.fft(field)
idx = np.argmax(np.abs(F))
target_phase = np.angle(Flidx])
mags = np.abs(F)
order = np.argsort(-mags)
n_align = max(1, int(len(mags) * min(1.0, energy_budget)))
for kin order[:n_align]:
FIk] = magslk] * np.exp(1j * target_phase)
return np.fft.ifft(F).real

class PhaseTransitionDetector:
def __init__(self, cfg: Dict[str, Any]):
self.cfg = cfg



self epsilon = cfg.get(“transition_threshold", DEFAULTS["transition_threshold"])

self.events: Listfint] = ]

def detect(self, history: List[np.ndarray]) -> List[int]:
counts = [int(np.sum(np.diff(np.sign(h)) != 0)) for h in history]
events = [i for i in range(1, len(counts))
if abs(counts[i] - counts[i-1]) > self.epsilon]
self.events = events

return events

class AdaptiveCoupler:
def __init__(self, cfg: Dict[str, Any]):
self.cfg = cfg
self.coupling = cfg.get("coupling", DEFAULTSI["coupling"])
self.coupling_history = ]

def couple(self, field1: np.ndarray, field2: np.ndarray) -> np.ndarray:
w1 = 1.0/ (np.linalg.norm(field1) + 1e-12)
w2 = 1.0 / (np.linalg.norm(field2) + 1e-12)
total=w1 + w2
w1, w2 =w1/total, w2/total
coupled = self.coupling * (w1 *field1 + w2 * field2) +\
(1 - self.coupling) * 0.5 * (field1 + field2)
self.coupling_history.append({
"coupling_strength": self.coupling,
"w1": float(w1),
"w2": float(w?2)
)

return coupled

class TimeSymmetryChecker:
def __init__(self, cfg: Dict[str, Any]):
self.cfg = cfg



self threshold = cfg.get("symmetry_threshold", DEFAULTS["symmetry_threshold"])
self. symmetry_history = |

def check(self, field_start: np.ndarray, field_end: np.ndarray) -> Tuplelbool, float]:

n = min(field_start.size, field_end.size)
f1 = field_start[:n]
f2 = field_end[:n]
corr_forward = np.corrcoef(f1, f2)[0, 1]
corr_backward = np.corrcoef(f1, f2[::-1])[0, 1]
corr = max(corr_forward, corr_backward)
symmetric = corr >= self.threshold
self symmetry_history.append({

"corr": float(corr),

'symmetric’: symmetric
)

return symmetric, float(corr)

class UnifiedFieldGenerator:
def __init__(self, cfg: Dict[str, Any]):
self.cfg = cfg

def generate(self, field: np.ndarray, coherence: float = 1.0) -> np.ndarray:
field_normalized = field / (np.linalg.norm(field) + 1e-12)
if coherence < 1.0:
field_normalized *= coherence

return field_normalized

class UnifiedComplementarityScheduler:
def __init__(self, grid: QuantumFieldGrid, cfg: Dict[str, Any]):

self.grid = grid
self.cfg = cfg
selft=0

self beta_ucb = cfg.get("beta_ucb", DEFAULTS["beta_ucb')



self history = ]
self. demon_budget = cfg.get("demon_budget", DEFAULTS["demon_budget"])

def select_complements(self, metric: np.ndarray, k: int) -> np.ndarray:
sorted_idx = np.argsort(-metric)
balanced_idx = np.concatenate(]
sorted_idx[:k//2],
sorted_idx[-k//2]

),
return balanced_idx[:k]

def allocate_budget(
self,
candidates_idx: np.ndarray,
metric: np.ndarray,
budget: float,
kernel_predict: Optional[Callable] = None
) -> np.ndarray:
m_cand = metric[candidates_idx]
m_norm = (m_cand - m_cand.min()) / (m_cand.max() - m_cand.min() + 1e-12)
if kernel_predict is not None:
xq = self.grid x[candidates_idx]
mu, std = kernel_predict(xo)
ucb = mu + self.beta_ucb * std
w = np.exp(ucb - np.max(ucb))
else:
alpha =0.7
w = alpha * m_norm + (1 - alpha) * (1 - m_norm)
w=w/ (w.sum() + 1e-12)
alloc = w * budget
self history.append({
"t self g,

"candidates": candidates_idx.copy(),



“alloc": alloc.copy(),

"metric': m_cand.copy()

)
selft +=1
return alloc

class UnifiedZeroStateEngine:
def __init__(self, grid: QuantumFieldGrid, cfg: Dict[str, Any]):
self.grid = grid
self.cfg = cfg

self.backend ="gpytorch" if USE_GPYTORCH and USE_TORCH else ("sklearn" if
SKLEARN_AVAILABLE else "fallback")

self.beta_ucb = cfg.get("beta_ucb", DEFAULTS["beta_ucb")
if self.backend == "sklearn":
kernel = (ConstantKernel(1.0) *
RBF(length_scale=cfg.get("gp_lengthscale", 1.0)) +
WhiteKernel(noise_level=cfg.get('gp_noise", 1e-6)))
self.gp = GaussianProcessRegressor(kernel=kernel, alpha=0.0, normalize_y=True)
self.X = np.empty((0, 1))
self.y = np.empty((0,))
self.is_trained = False
else:
self.gp = None

self.is_trained = False

def update(self, x_obs: np.ndarray, y_obs: np.ndarray, **kwargs):
if self.backend == "sklearn":
Xn = np.atleast_2d(x_obs).reshape(-1, 1)
yn = np.atleast_1d(y_obs).reshape(-1,)
if self.X.size ==0:
self X =Xn
selfy=yn

else:



self.X = np.vstack([self.X, Xn])

self.y = np.concatenate([self.y, yn])
if self.X.shape[0] >=5:

self.gpfit(self.X, self.y)

self.is_trained = True

def predict(self, xg: np.ndarray) -> Tuple[np.ndarray, np.ndarrayl:
Xg = np.atleast_2d(xq).reshape(-1, 1)
if self.backend == "sklearn" and self.is_trained:
mu, std = self.gp.predict(Xq, return_std=True)
return mu.ravel(), std.ravel()
else:

return np.zeros(Xq.shapelQ]), np.ones(Xqg.shapel0])

def predict_complementary(self, xg: np.ndarray) -> Tuple[np.ndarray, np.ndarray]:
mu, std = self .predict(xq)
ucb = mu + self.beta_ucb * std
Icb = mu - self.beta_ucb * std

return ucb, Icb

class HierarchySublimator:
def __init__(self, cfg: Dict[str, Any]):
self.cfg = cfg

self.zero_op = UnifiedZeroingOperator(eps=cfg.get('zero_state_eps", 1e-5))

def sublimate(self, states: List[np.ndarray], weights: Optionallnp.ndarray] = None) ->
np.ndarray:

if not states:
return np.array([l)
if len(states) == 1:
return states|[0]
if weights is None:

weights = np.onesl(len(states)) / len(states)



current = states[Q]
for i in range(1, len(states)):
neg = -statesl[i] * (weightsli] / weights[Q])
success, _, merged = self.zero_op.fuse_to_zero_state(current, neg)
if success:
current = merged
else:
current = 0.5 * (current + states|i] * (weights[i] / weights|[0]))
norm = np.linalg.norm(current) + 1e-12

return current / norm

class EvolutionGrid:
def __init__(self, x_min: float, x_max: float, n: int):
self x = np.linspace(x_min, x_max, n)
selffn=n

self.h = self x[1] - self.x[0]

class KernelRegressor:
def __init__(self, grid: EvolutionGrid, cfg: Dictlstr, Any]):
self.grid = grid
self.cfg = cfg

self backend ="gpytorch" if cfg.get('use_gpytorch", False) and USE_GPYTORCH and
USE_TORCH else ("sklearn" if SKLEARN_AVAILABLE else "fallback")

if self.backend =="sklearn™:

kernel = ConstantKernel(1.0) * RBF(length_scale=cfg.get("gp_lengthscale", 1.0)) +
WhiteKernel(noise_level=cfg.get('gp_noise", 1e-6))



self.gp = GaussianProcessRegressor(kernel=kernel, alpha=0.0, normalize_y=True)
self.X = np.empty((0,1)); self.y = np.empty((0,))
self.is_trained = False

else:

self.gp = None; self.is_trained = False

def update(self, x_obs, y_obs):
if self.gp is None:
return
Xn = np.atleast_2d(x_obs).reshape(-1,1)
yn = np.atleast_1d(y_obs).reshape(-1,)
if self.X.size = 0:
self X = Xn; selfy =yn
else:
self. X = np.vstack([self.X, Xn]); self.y = np.concatenate([self.y, yn])
if self.X.shape[0] >= 5:
self.gp.fit(self.X, self.y); self.is_trained = True

def predict(self, xq):
Xg = np.atleast_2d(xq).reshape(-1,1)
if self.gp is not None and self.is_trained:
mu, std = self.gp.predict(Xq, return_std=True)
return mu.ravel(), std.ravel()

else:

return np.zeros(Xg.shape[0]), np.ones(Xq.shape(0])

class GuidanceScheduler:

def __init__(self, kernel: KernelRegressor, cfg: Dict[str, Any]):
self kernel = kernel; self.cfg = cfg; self.t = 0; self .history = [I; self.beta = 2.0

def select_candidates(self, metric: np.ndarray, k: int) -=> np.ndarray:

idx = np.argsort(-metric)[:k]; return idx



def allocate(self, candidates_idx: np.ndarray, budget: float) -> np.ndarray:
xq = self.kernel.grid.x[candidates_idx]
mu, std = self kernel.predict(xqg)
ucb = mu + self.beta * std
w = np.exp(ucb - np.max(ucb))
w=w/ (npsum(w) + Te-12)
alloc = w * budget

self history.append({"t": selft, "candidates": candidates_idx.copy(), "alloc":
alloc.copy(), "ucb": ucb.copy()})

selft += 1

return alloc

def update(self, candidates_idx: np.ndarray, rewards: np.ndarray):

x = self.kernel.grid.x[candidates_idx]; y = rewards; self.kernel.update(x, y)

class VectorIndex:
def __init__(self, dim: int = DEFAULTS["vector_dim']):
self.dim = dim; self.idmap = {}; self.meta = {}; self.vectors = [I; self.next_idx =0
self faiss_index = None
if DEFAULTS.get("use_faiss", False) and USE_FAISS:
try:
if hasattr(faiss, 'IndexFlatlP’):
self.faiss_index = faiss.IndexFlatlP(self.dim)
LOG.info("Vectorindex: Faiss index initialized dim=%d", self.dim)
except Exception as e:

LOG.warning("Vectorindex Faiss init failed: %s", e); self.faiss_index = None

def add(self, uid_str: str, vec: np.ndarray, meta: Dictlstr, Any]):
idx = self.next_idx; self.next_idx += 1
self.idmaplidx] = uid_str; self.metalidx] = meta
if self.faiss_index is not None:
v = np.array(vec, dtype="float32').reshape(1, -1); self.faiss_index.add(v)

else:



self.vectors.append(np.array(vec, dtype=float))

def query(self, vec: np.ndarray, topk: int = 10) -> List[Dict[str, Anyl]:
if self.faiss_index is not None:
v = np.array(vec, dtype="float32').reshape(1, -1)
D, | = self.faiss_index.search(v, topk)
res =[]
for score, idx in zip(DI[Q], 1[0]):
if idx < O:
continue

res.append({"id": self.idmap.get(int(idx)), "score": float(score), "meta":
self. meta.get(int(idx))})

return res
else:
if not self.vectors:
return []
mats = np.stack(self.vectors, axis=0)
v = vec.reshape(1, -1)
sims = (mats @ v.T).reshape(-1)
idxs = np.argsort(-sims)[:topk]
res = |
foriin idxs:
res.append({"id": self.idmap.get(i), "score": float(simsli]), "meta": self. meta.get(i)})

return res

# BEIERR (IR zenith_flower_evolution.py, ZEBREZHHEIA)

class FusionCore:



Fusion Core: Implements advanced material state transformation and level
advancement.

Computes fusion ratio between primary and complementary properties and
transforms states.

def __init__(self, params: Dict[str, Any]):
self. params = params

self fused_state_history = ]

def compute_fusion_ratio(self, primary_property: np.ndarray,
complementary_property: np.ndarray) -> Tuple[np.ndarray, float]:

Compute fusion ratio between primary and complementary material properties.
Returns (fusion_substrate, fusion_ratio)
primary_norm = primary_property / (np.linalg.norm(primary_property) + 1e-12)

complementary_norm = complementary_property /
(np.linalg.norm(complementary_property) + 1e-12)

fused = primary_norm - complementary_norm

fusion_ratio = 1.0 - np.linalg.norm(fused) / (np.linalg.norm(primary_norm) +
np.linalg.norm(complementary_norm) + 1e-12)

return fused, fusion_ratio

def fusion_transformation(self, material_state: np.ndarray, transformation_strength:
float) -> np.ndarray:

Transform material state through fusion transformation.
The fused state retains infinite potentiality.

perturbation = np.random.normal(0, 0.01 * transformation_strength,
material_state.shape)

fused_state = material_state * (1.0 - transformation_strength) + perturbation

fused_state =fused_state + np.mean(material_state) * 0.1

self fused_state_history.append(fused_state.copy())



return fused_state

def level_advancement(self, current_level: int, material_properties: Dictlstr, Any],
advancement_threshold: float) -> Dict[str, Any]:

Implement level advancement through stages.

evolution_stages = ["partial”, "domain_ultimate", "cross_domain_ultimate"]
if current_level >= len(evolution_stages):
return {"advanced": False, "stage": "ultimate", "properties": material_properties}
current_stage = evolution_stages[current_level]
for prop_name, prop_value in material_properties.items|():
if isinstance(prop_value, np.ndarray):
if current_stage == "partial":
material_properties[prop_name] = self.fusion_transformation(prop_value, 0.1)
elif current_stage == "domain_ultimate":

material_properties[prop_name] = self.fusion_transformation(prop_value,

0.05)
elif current_stage == "cross_domain_ultimate":
material_properties[prop_name] = self.fusion_transformation(prop_value,
0.02)
return {

"advanced": True,
"stage": current_stage,
"level": current_level,

"properties": material_properties

class EnhancedVisualization:

Enhanced Visualization: Provides comprehensive evolution visualizations.

@staticmethod



def plot_evolution(history: Dict[str, Anyl, final_state: Dict[str, Any], output_dir: str,
prefix: str) -> Dict[str, str]:

os.makedirs(output_dir, exist_ok=True)
time_arr = history.get("time", [I)

fig = plt.figure(figsize=(16, 12))

ax1 = plt.subplot(3, 3, 1)

ax1.plot(time_arr, history.get("residual’, []), 'b-', linewidth=2)
ax1.set_title("Residual Evolution")

ax1.set_xlabel("Time Step")

ax1.set_ylabel("Residual)

ax1.grid(True, alpha=0.3)

ax2 = plt.subplot(3, 3, 2)

ax2.plot(time_arr, history.get("energy", ), 'g-', linewidth=2)
ax2.set_title("Energy Evolution")

ax2.set_xlabel("Time Step")

ax2.set_ylabel("Energy")

ax2.grid(True, alpha=0.3)

ax3 = plt.subplot(3, 3, 3)

ax3.plot(time_arr, history.get("symmetry", [I), 'purple’, linewidth=2)
ax3.set_title("Symmetry Evolution")

ax3.set_xlabel("Time Step")

ax3.set_ylabel("Symmetry")

ax3.grid(True, alpha=0.3)

ax4 = plt.subplot(3, 3, 4)

ax4.plot(time_arr, history.get("coherence”, [l), 'orange’, linewidth=2)
ax4.set_title("Coherence Evolution")

ax4.set_xlabel("Time Step")

ax4.set_ylabel("Coherence")

ax4.grid(True, alpha=0.3)



ax5 = plt.subplot(3, 3, 5)

ax5.plot(time_arr, history.get(*fusion_ratio", [1), 'red’, linewidth=2)
ax5.set_title("Fusion Ratio Evolution")

ax5.set_xlabel("Time Step")

axb.set_ylabel("Fusion Ratio")

ax5.grid(True, alpha=0.3)

ax6 = plt.subplot(3, 3, 6)

if len(history.get(‘residual’, [1)) > 0 and len(history.get(‘energy", [I)) > 0:
axé.scatter(history["residual', history['energy"], alpha=0.5, s=10)

axé.set_title("Residual vs Energy")

axé.set_xlabel("Residual’)

axé.set_ylabel("Energy")

axé6.grid(True, alpha=0.3)

ax7 = plt.subplot(3, 3, 7)
if len(history.get("energy”, [1)) > 1:
energy_rate = np.gradient(history['energy"])
ax7.plot(time_arr, energy_rate, 'teal, linewidth=1.5)
ax7.set_title("Energy Rate of Change")
ax7.set_xlabel("Time Step")
ax7.set_ylabel("d(Energy)/dt")
ax7.grid(True, alpha=0.3)

ax8 = plt.subplot(3, 3, 8)
if len(history.get("symmetry", [)) > 1:
symmetry_rate = np.gradient(history["symmetry"])
ax8.plot(time_arr, symmetry_rate, 'crimson’, linewidth=1.5)
ax8.set_title("Symmetry Rate of Change")
ax8.set_xlabel("Time Step")
ax8.set_ylabel("d(Symmetry)/dt")
ax8.grid(True, alpha=0.3)



ax9 = plt.subplot(3, 3, 9)
if len(history.get("residual”, [)) > 0:
ax9.plot(time_arr, history['residual'l, 'b-', label="Residual’, alpha=0.7)
ax9_twin = ax9.twinx()
if len(history.get("energy", [1)) > 0:
ax9_twin.plot(time_arr, history['energy"], 'g-', label="Energy', alpha=0.7)
if len(history.get("symmetry", [1)) > O:
ax9_twin.plot(time_arr, history['symmetry"], 'purple’, label='Symmetry', alpha=0.7)
ax9.set_title("Combined Evolution Dynamics")
ax9.set_xlabel("Time Step")
ax9.set_ylabel("Residual", color="b’)
ax9_twin.set_ylabel("Energy / Symmetry", color=g)
ax9.grid(True, alpha=0.3)

plt.tight_layout()

comprehensive_path = os.path.join(output_dir,
f'{prefix}_enhanced_comprehensive.png")

plt.savefiglcomprehensive_path, dpi=300, bbox_inches='tight)
plt.close()

phase_path = None
if len(history.get("residual”, [1)) > 0 and len(history.get(“energy", [I)) > 0:
fig, ax = plt.subplots(figsize=(10, 8))
ax.plot(history['residual], history["energy"], 'b-', linewidth=1, alpha=0.7)
scatter = ax.scatter(history['residual], history["energy"l,
c=history.get("fusion_ratio", [0.5]*len(history['residual'])),
cmap="plasma’, s=50, alpha=0.8)
ax.set_title("Evolution Phase Portrait", fontsize=14, fontweight="bold’)
ax.set_xlabel("Residual’, fontsize=12)
ax.set_ylabel("Energy", fontsize=12)
ax.grid(True, alpha=0.3)

plt.colorbar(scatter, label="Fusion Ratio)



phase_path = os.path.join(output_dir, f'{prefix}_enhanced_phase_portrait.png")
plt.savefig(phase_path, dpi=300, bbox_inches="tight')
plt.close()

state_path = None

if final_state.get("density") is not None:
fig, ax = plt.subplots(figsize=(12, 6))
ax.plot(final_state['density"], 'b-', linewidth=2)

ax.fill_between(range(len(final_state['density"])), 0, final_state["'density"],
alpha=0.3)

ax.set_title("Final State Distribution", fontsize=14, fontweight='bold’)
ax.set_xlabel("Grid Index", fontsize=12)

ax.set_ylabel("Intensity", fontsize=12)

ax.grid(True, alpha=0.3)

state_path = os.path.join(output_dir, f'{prefix}_enhanced_final_state.png")
plt.savefig(state_path, dpi=300, bbox_inches="tight')

plt.close()

return {
"comprehensive": comprehensive_path,
"phase_portrait": phase_path,

‘final_state": state_path

@staticmethod

def save_evolution_data(history: Dict[str, Anyl, output_dir: str, prefix: str) -> str:
os.makedirs(output_dir, exist_ok=True)
df = pd.DataFrame(history)
csv_path = os.path join(output_dir, f{prefix}_enhanced_evolution_data.csv")
df.to_csv(csv_path, index=False)

return csv_path

@staticmethod



def generate_evolution_report(history: Dict[str, Any], final_state: Dict[str, Any]) -> str:
report = []
report.append("=" * 80)
report.append("EVOLUTION COMPLETION REPORT")
report.append("="* 80)

("=
(
("=
report.append(")
report.append("FINAL STATE SUMMARY:")
report.append('-" * 40)
report.append(f'Energy: {final_state.get(energy’, 0.0):.6€}")
report.append(f'Fusion Ratio: {final_state.get(‘fusion_ratio', 0.0):.4f}")
report.append(™)
report.append("EVOLUTION STATISTICS:")
report.append('-" * 40)
report.append(f'Total Steps: {len(history.get(time’, 1))}")

report.append(f'Peak Fusion Ratio: {max(history.get(fusion_ratio', 1)) if
history.get(fusion_ratio') else 0.0:.4f}")

report.append(f'Peak Energy: {max(history.get(energy, 1)) if history.get(energy)
else 0.0:.6€}")

report.append(f'Final Fusion Ratio: {history.get(fusion_ratio', [I)[-1] if
history.get(fusion_ratio') else 0.0:.4f}")

report.append(f'Final Energy: {history.get('energy’, [1)[-1] if history.get(energy’) else
0.0:.6€}")

report.append(")
report.append("="* 80)
report.append("EVOLUTION STATUS: COMPLETE")
report.append("=" * 80)

(

return "\n".join(report)



class UnifiedTopologyEvolutionEngine:

SR — RN - O HITEIE

BATmEC. BRERS. BREFA. ERER. ZEEH. BHMT. MezLSEEY
R

def __init__(self, cfg: Dict[str, Any]):
self.cfg = cfg

# IR RO

self.grid = QuantumFieldGrid(
cfg.get("x_min", DEFAULTS["x_min"]),
cfg.get("x_max", DEFAULTS["x_max"]),
cfg.get("'n_grid", DEFAULTS["n_grid"])

# #19altBaE
self.V0 = 0.5 * (self.grid.x**2 - 1.0)

# #)9a1C17

psi0 = np.exp(-0.5 * (self.grid.x / 0.8)**2).astype(np.complex128)
psi0 = psi0 / (np.linalg.norm(psi0) + 1e-12)

self.psi_forward = psi0

self psi_backward = psi0.conj()

#5527 (HRE)
self.l = np.abs(self.psi_forward)**2

self.err = np.ones_like(self.l) * 0.05

# - YRR ECIRIR -
self.evolver = FieldEvolver(self.grid, self.VO0, cfg)



self.compressor = FieldCompressor(self.grid, cfg)
self holo = HolographicEncoder(cfg)
self.zero_op = UnifiedZeroingOperator(eps=cfg.get('negation_eps", 1e-5))

self.injector = NegentropyInjector(target_coherence=cfg.get("coherence_target",
0.9)

self detector = PhaseTransitionDetector(cfg)
self.coupler = AdaptiveCoupler(cfg)
self.checker = TimeSymmetryChecker(cfg)
self.sublimator = HierarchySublimator(cfg)

self.unifier = UnifiedFieldGenerator(cfg)

# 52BN E

self.info_solver = InformationDynamicsSolver(self.grid, cfg)

# b AN UEIR
self.ev_grid = EvolutionGrid(self.grid.x[0], self.grid.x[- 1], self.grid.n)

self kernel = KernelRegressor(self.ev_grid, cfg)

self scheduler = GuidanceScheduler(self.kernel, cfg)

# IR RAESES5|E
self.complement_scheduler = UnifiedComplementarityScheduler(self.grid, cfg)

self.zero_engine = UnifiedZeroStateEngine(self.grid, cfg)

# B IR EURIR
self attr_extractor = UnifiedAttribute Extractor(dim=cfg.get('vector_dim", 256))
self.mat_decomposer = MaterialDecomposer(nbases=12)

self.index = Vectorindex(dim=cfg.get('vector_dim", 256))

# --- ¥Rk spacetime_anchor RFHER —--

self.anchor_mgr = AnchorManager(phase_dim=self.grid.n,
phase_proj_dim=cfg.get('faiss_dim", DEFAULTS['faiss_dim"]))

self.causal = CausalGraph()



self. mass_encoder = GravitySourceEncoder(grid_n=self.grid.n,
mass_scale=cfg.get("mass_proxy_scale", DEFAULTS["mass_proxy_scale']),
gravity_coupling=cfg.get("gravity_coupling", DEFAULTS["gravity_coupling"]))

self phase_sim = PhaseFieldSimulator(Nx=self.grid.n, Lx=cfg.get("Lx",
DEFAULTS["Lx"]))

self.hsm = HSMAdapter(pkcs11_lib_path=None,
simulator_key=cfg.get("hsm_simulator_key", DEFAULTS["hsm_simulator_key"]))

approvers = ["auditorA", "auditorB", "auditorC"]

self.approval = ApprovalCoordinator(approvers=approvers,
threshold=cfg.get("approval_threshold", DEFAULTS["approval_threshold"]), hsm=self.hsm)

self policy = PolicyEnforcer(self.causal, self.mass_encoder)
self real_hw = RealHardwareController(self.hsm, self.policy)
trusted_sources = {
"local_authoritative": {"type": "local", "path": "./trusted_sample_fusion.json'},

"controlled_api": {"type": "api", "endpoint": "https://controlled.example/api/data",
"token": "REDACTED",

}

self trusted_ingestor = TrustedDatalngestor(trusted_sources)

# KRS PR
self.ledger = AuditLedger

self.permission = permission_manager

# HSEICx

self history_phases: List[List[np.ndarray]] = [l
self residuals_phases: List[List[float]] = []
self coherence_history: List|[float] = []
self.symmetry_history: List[float] = [I

self E_history: List[float] = [I
self.alloc_history: Listlnp.ndarray] = [l

self fusion_ratio_history: List[float] =]

#iz4i7 (B&R)
self H_ctrl = np.zeros(self.grid.n)



# a0

self fusion_core = FusionCore(cfg)

#BR

self.hierarchy_level =0

ensure_dir(cfg.get("checkpoint_dir", DEFAULTSI["checkpoint_dir'))

LOG.info("UnifiedTopologyEvolutionEngine (Fusion) initialized successfully.")

def measure_information(self) -> np.ndarray:
noise = np.random.normal(scale=1e-3, size=self.l.shape)
|_obs = np.abs(self.psi_forward)**2 + noise

return np.clip(l_obs, 0.0, None)

def compute_metric(self, |_field: np.ndarray) -> np.ndarray:
N = self.grid.n
k= 2.0 * np.pi * np.fft.fftfreq(N, d=self.grid.h)
|_hat = np.fft.fft(I_field)
d2 = np.ffL.ifft(- (k**2) * I_hat).real
return np.abs(d?2)

def evolution_step(self, params: Dict[str, Any], level: int = 0, phase: int = 0) -> Dict[str,
Any]:

|_obs = self. measure_information()

idx_err = np.argsort(-self.err) [:max(1, int(self.grid.n * 0.02))]
idx_uniform = np.linspace(0, self.grid.n-1, max(10, int(self.grid.n*0.01)), dtype=int)
sample_idx = np.unique(np.concatenate([idx_err, idx_uniform]))[:512]
x_obs = self.grid x[sample_idx]; y_obs =1_obs[sample_idx]
try:
self.kernel.update(x_obs, y_obs)

self.zero_engine.update(x_obs, y_obs)



except Exception:

pass

metric = self.compute_metric(l_obs)

T_comp = 0.5 * (self.err + metric / (np.max(metric) + 1e-12))
c_alloc = self.info_solver.solve_curvature(l_obs, T_comp)
total = np.sum(c_alloc)

if total > O:

c_alloc = c_alloc / total * params.get("demon_budget",
DEFAULTS["demon_budget')

candidates = self.complement_scheduler.select_complements(metric,
k=params.get("top_k", DEFAULTS["top_k"]))

kernel_predict = lambda xq: self.zero_engine.predict(xq)
alloc = self.complement_scheduler.allocate(
candidates,
metric,
params.get("demon_budget"’, DEFAULTS["demon_budget"]),
kernel_predict
)

c_grid = np.zeros_like(self.l); c_grid[candidates] = alloc

pre_err = self.err.copy()

decay =1.0 - np.tanh(5.0 * c_grid) * 0.5
self.err = np.maximum(1e-6, self.err * decay)
rewards = pre_err - self.err

self.scheduler.update(candidates, rewards)

dt = params.get("dt_field", DEFAULTS["dt_field"])
substeps = params.get("substeps", 1)
for _in range(substeps):

self.psi_forward = self.evolver.evolve_crank_nicolson(self.psi_forward, self H_ctrl,
dt)



self.psi_backward = self.evolver.evolve_crank_nicolson(self.psi_backward,
-self H_ctrl, dt)

|_forward = np.abs(self.psi_forward)**2
|_backward = np.abs(self.psi_backward)**2
selfl =0.5 * (I_forward + |_backward)

self |, residual = self.compressor.compress(self.l)

# (ERR S0
primary = self.l.copy()
complementary = 1.0 - primary

fused, fusion_ratio = self.fusion_core.compute_fusion_ratio(primary,
complementary)

if fusion_ratio > self.cfg.get("fusion_complementarity_threshold", 0.9):
fusion_state = self.fusion_core.fusion_transformation(
selfll,
self.cfg.get(*fusion_transform_strength", 0.1)
)
self.l = fusion_state

self fusion_ratio_history.append(fusion_ratio)

control_strength = params.get("control_factor", DEFAULTS["control_factor'])

self H_ctrl = -control_strength * (I_forward - |_backward) - 0.5 * c_grid

residuals = np.abs(self.l - |_obs)

E = float(np.mean(residuals))

self E_history.append(E)
self.alloc_history.append(c_grid.copy())

return {"E": E, "residual_mean": float(np.mean(residuals)), "phase_events": [,
"fusion_ratio": fusion_ratio}

def ingest_and_evolve(self, sample: Dict[str, Anyl, permission_id: Optional[str] = None)
-> Dict[str, Anyl:



ok, reason = self.permission.check(permission_id)
if not ok:

raise PermissionError("Permission denied: " + reason)

allowed, reason2 = is_object_allowed(sample.get("meta", {}))
if not allowed:

self.ledger.record("REJECTED_SCAN", uid("rej-"), {"reason": reason?2, "meta":
sample.get("'meta", {})})

raise ValueError("Object not allowed: " + reason?2)

vec = self.attr_extractor.transform(sample)

comps = self.mat_decomposer.decompose(vec) if self.mat_decomposer._trained
else [l

hist = np.atleast_2d(np.abs(vec)).astype(float)

holo = self.holo.encode(hist)

record_id = uid("rec-")
meta = {"id": record_id, "ts": time.time(), "meta": sample.get("'meta", {})}
payload = {

"id": record_id, "vec": vec.tolist(),

"components": comps, "holo": holo, "meta™: meta

}

signed = sign_payload(payload, self.cfg.get("signing_key",
DEFAULTS["SIGNING_KEY']))

self.index.add(record_id, vec, meta)

self ledger.record("ENCODE", record_id, {"meta": meta})

return {"id": record_id, "signed_payload": signed}

# --- spacetime_anchor Z&HHE ---
def ingest_trusted(self, key: str) -> Dict[str, Anyl:



ok, res = self.trusted_ingestor.ingest(key)

if not ok:
LOG.error("Trusted ingest failed: %s", res)
return {"ok": False, "error": res}

AuditLedger.record("TRUSTED_INGEST", uid("td-"), {"source": key, "meta":
res.get("meta")})

return {"ok": True, "meta": res.get("meta"), "data": res.get("data")}

def ingest_anchor_and_mass(self, vec: np.ndarray, meta: Dict[str, Any], intensity: float
= 1.0) -> Dict[str, Anyl:

anchor = self.anchor_mgr.register_anchor(vec, meta=meta)
AuditLedger.record("INGEST_ANCHOR", anchor.id, {"meta": meta})
mass = self.mass_encoder.encode_from_anchor(anchor, intensity=float(intensity))

ok = self.mass_encoder.apply_mass_write(mass, actor="ingest_anchor",
reason="ingest_anchor")

return {"anchor_id": anchor.id, "mass_sum": float(np.sum(mass)), "mass_write_ok":
bool(ok)}

def propose_causal_change(self, actor: str, payload: Dict[str, Any], parents:
Optional[List[str]] = None) -> Dictlstr, Any]:

nid = self.causal.add_event({"actor". actor, **payload}, parents=parents)
conflict, info = self.causal.detect_conflict(nid)
if conflict:

AuditLedger.record("CAUSAL_CONFLICT", nid, {"info": info})
committed = self.causal.commit(nid)

return {"event_id": nid, "committed": bool(committed)}

def request_real_execution(self, actor: str, command: Dict[str, Any]) -> Dict|[str, Any]:
sim_before = self.phase_sim.state.copy()
h = hashlib.sha256(json.dumps(command, sort_keys=True).encode()).digest()
rng = np.random.default_rng(int.from_bytes(h[:8], "little") & 0xffffffff)
effect = rng.normal(scale=0.001, size=sim_before.shape)
sim_after = sim_before + effect

diff_norm = float(np.linalg.norm(sim_after - sim_before))



dry_report = {
"command": command,
"diff_norm": diff_norm,
"sim_before_mean": float(np.mean(sim_before)),
"sim_after_mean": float(np.mean(sim_after)),
"sim_sample_slice": sim_after[:10].tolist()

}

AuditLedger.record("DRY_RUN", uid("dry-"), {"command": command, "diff_norm":
diff_norm})

approval_id = self.approval.create_request(actor, "Real execution request",
command, dry_report)

return {"approval_id": approval_id, "dry_report": dry_report}

def attempt_execute_real(self, approval_id: str) -> Dict[str, Any]:
committed, token = self.approval.check_and_commit(approval_id)
if not committed:
return {"ok": False, "reason": "not_committed_or_time_lock"}
rec = self.approval.pending.get(approval_id)
if not rec:
return {"ok": False, "reason": "approval_not_found"}
command = rec["'payload"]
ok, result = self.real_hw.execute(command, token)

return {"ok": ok, "result": result}

# - RS

def run_phase_field_evolution(self, params: Dict[str, Any], level: int = 0) -> Dict[str,
Any]:

steps = int(params.get('steps_phase1", DEFAULTS['steps_phase 1))
current_history =[]

current_residuals = ||

LOG.info("=== Phase 1: Field Evolution - %d steps ===", steps)



for t in range(steps):
out = self.evolution_step(params, level, 1)
current_history.append(self.l.copy()

current_residuals.append(out['residual_mean'])

self.phase_sim.step(self.cfg.get("dt_anchor", DEFAULTS["dt_anchor"]))

self.l = self.mass_encoder.couple_to_phase(self.l)

ift% 10=0:

LOG.info(" Step %d: E=%.6e, residual=%.6e, fusion_ratio=%.4f", t, out["E"],
out["residual_mean"], out.get('fusion_ratio", 0.0))

self history_phases.append(current_history)

self residuals_phases.append(current_residuals)

return {
"phase": 1,
“final_residual™: current_residuals[-1] if current_residuals else 0.0,
"final_E": out['E"] if 'out’ in locals() else 0.0,

"final_I": self.l.copy()

def run_phase_compression_injection(self, params: Dict[str, Anyl, level: int = 0) ->
Dict[str, Any]:

steps = int(params.get('steps_phase2", DEFAULTS["'steps_phase?2))
current_history =[]

current_residuals = ||

LOG.info("=== Phase 2: Compression and Coherence Injection - %d steps ===",
steps)

for tin range(steps):

out = self.evolution_step(params, level, 2)



current_history.append(self.l.copy()

current_residuals.append(out['residual_mean'])

energy_budget=1.0 - (t / steps) * 0.5

self.l = self.injector.inject(self.l, energy_budget)

coherence = self.injector._compute_coherence(self.l)

self.coherence_history.append(coherence)

ift% 10==0:

LOG.info(" Step %d: residual=%.6e, coherence=%.6f, fusion_ratio=%.4f", t,
out["residual_mean"], coherence, out.get("fusion_ratio", 0.0))

self history_phases.append(current_history)

self residuals_phases.append(current_residuals)

return {
"phase": 2,
"final_residual": current_residuals[-1] if current_residuals else 0.0,

"final_coherence": self.coherence_history[-1] if self.coherence_history else 0.0

def run_phase_coupling_sublimation(self, params: Dict[str, Any], level: int = 0) ->
Dict[str, Any]:

steps = int(params.get('steps_phase3", DEFAULTS["'steps_phase3']))
current_history =[]

current_residuals = ]
LOG.info("== Phase 3: Coupling and Level Fusion - %d steps ===", steps)
for t in range(steps):

out = self.evolution_step(params, level, 3)

current_history.append(self.l.copy()



current_residuals.append(out[‘residual_mean'])

events = self. detector.detect(current_history)

coupled_field = self.coupler.couple(
np.abs(self.psi_forward)**2,
np.abs(self.psi_backward)**2

)
self.l = 0.5 * (self.l + coupled_field)

if len(current_history) > 1:

symmetric, symmetry_corr = self.checker.check(current_history[0],
current_history[-1])

self.symmetry_history.append(symmetry_corr)
else:

self.symmetry_history.append(0.0)

ift% 10=0:

LOG.info(" Step %d: residual=%.6e, symmetry=%.6f, fusion_ratio=%.4f", t,
out["residual_mean"], self.symmetry_history[-1], out.get("fusion_ratio", 0.0))

self history_phases.append(current_history)

self residuals_phases.append(current_residuals)

return {
"phase": 3,
"final_residual": current_residuals[-1] if current_residuals else 0.0,
"final_symmetry": self.symmetry_history[-1] if self.symmetry_history else 0.0,

"coupled._field": coupled_field if 'coupled_field' in locals() else np.zeros_like(self.l)

def hierarchy_sublimation_step(self) -> Dict[str, Anyl:

states = [np.abs(self.psi_forward), np.abs(self.psi_backward), self.|]



new_zero_state = self.sublimator.sublimate(states)

norm = np.linalg.norm(new_zero_state) + 1e-12

new_zero_norm = new_zero_state / norm

self.psi_forward = (new_zero_norm + 1j* 0.0 *
np.random.randn(*new_zero_norm.shape)).astype(np.complex128)

self psi_backward = self.psi_forward.conj()

self| = np.abs(self.psi_forward)
self.err = np.ones_like(self.l) * 0.05

# (FEHR S ORTERIRF
level_advancement = self fusion_core.level_advancement(

self.hierarchy_level,

{
"density": new_zero_state,
"psi': new_zero_norm
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self.cfg.get("fusion_level_advancement_threshold", 0.8)

)

if level_advancement['advanced"]:

self.hierarchy_level +=1

LOG.info("Level fusion completed: new_norm=%.6e, level=%d", norm,
self.hierarchy_level)

return {
"status": "sublimated",
"new_norm": float(norm),
"level": self.hierarchy_level,

"sample": new_zero_state[:5].tolist()



def run(self, params: Dict[str, Any]) -> Dict[str, Any]:
LOG.info("=" * 60)
LOG.info("Fusion Unified Topology Evolution Engine Started")

LOG.info("Path: Field Evolution - Compression — Coupling — Level Fusion —
Convergence")

LOG.info("=" * 60)

levels = int(params.get(*hierarchy_levels", DEFAULTS["hierarchy_levels"))

for level in range(levels):

LOG.info("'===== Level lteration %d/%d =====", level+1, levels)

self.history_phases = []

self.residuals_phases =[]

outl = self.run_phase_field_evolution(params, level)
out? = self.run_phase_compression_injection(params, level)

out3 = self.run_phase_coupling_sublimation(params, level)

level_summary = {
"level"; level + 1,
"ohase1_residual": out1["final_residual'],
"ohase2_residual": out2["final_residual'],
"ohase2_coherence": out2.get('final_coherence"),
"ohase3_residual": out3["final_residual'],

"phase3_symmetry": out3.get("final_symmetry")

ckpt ={
"level™: level + 1,
"summary": level_summary,

"psi_forward": self.psi_forward,



"I': self.l,
"history": [list(map(lambda x: x.tolist(), phase)) for phase in self.history_phases]
}
path = os.path.join(
params.get("checkpoint_dir", DEFAULTS["checkpoint_dir"]),
f'ckpt_level{level+1}.pkl"
)
save_checkpoint(ckpt, path)
LOG.info("Level checkpoint saved: %s", path)

if level < levels - 1:

self.hierarchy_sublimation_step()

final_coherence = self.coherence_history[-1] if self.coherence_history else 1.0

unified_field = self.unifier.generate(self.|, final_coherence)

self._plot_evolution(params.get("checkpoint_dir", DEFAULTS["checkpoint_dir']))

final_sym = self.symmetry_history[-1] if self.symmetry_history else 0.0

is_converged = final_sym >= params.get("symmetry_threshold",
DEFAULTS["symmetry_threshold")

result = {
"engine": "UnifiedTopologyEvolutionEngine_Fusion®,
"total_levels": levels,

"final_residual": self.residuals_phases[-1][-1] if self.residuals_phases and
self.residuals_phases[-1] else 0.0,

"final_symmetry": final_sym,

"is_converged": is_converged,

"unified_field_norm": float(np.linalg.norm(unified_field)),
"summary_checkpoint”; path,

"fusion_ratio_avg": float(np.mean(self.fusion_ratio_history)) if
self.fusion_ratio_history else 0.0



LOG.info("=" * 60)
LOG.info("Fusion Unified Topology Evolution Completed")
LOG.info("Final Residual: %.6€", result['final_residual'])
LOG.info("Final Symmetry: %.6f", result["final_symmetry"])
LOG.info("Converged: %s", result["is_converged"])

("=

LOG.info("=" * 60)
return result

def _plot_evolution(self, checkpoint_dir: str):

ensure_dir(checkpoint_dir)

all_residuals = ]
all_symmetries = [|
all_energies =]

all_fusion_ratios = ||

for level_res in self.residuals_phases:
all_residuals.extend(level_res)

all_symmetries = self.symmetry_history

all_energies = self.E_history

all_fusion_ratios = self.fusion_ratio_history

# (IS =RE R
enhanced_viz = EnhancedVisualization()
history_data = {
"time": list(range(len(all_residuals))),
"residual": all_residuals,
"energy": all_energies,
"symmetry": all_symmetries,

"coherence": self.coherence_history,



"fusion_ratio": all_fusion_ratios
}
final_state = {
"density": self.l,
"energy": all_energies[-1] if all_energies else 0.0,
"fusion_ratio": all_fusion_ratios[-1] if all_fusion_ratios else 0.0
}
enhanced_viz_paths = enhanced_viz.plot_evolution(
history_data,
final_state,
checkpoint_dir,
"enhanced"

)

LOG.info("Enhanced visualization saved: %s", enhanced_viz_paths)

csv_path = enhanced_viz.save_evolution_data(history_data, checkpoint_dir,
"enhanced")

report = enhanced_viz.generate_evolution_report(history_data, final_state)
report_path = os.path.join(checkpoint_dir, "enhanced_evolution_report.txt")
with open(report_path, "w", encoding="utf-8") as f:

f.write(report)

LOG.info("Enhanced evolution report saved: %s", report_path)

def export_digital_twin(self, record_id: str, out_dir: str) -> str:

idx =None
for k, v in self.index.idmap.items():

if v==record_id:

idx = k; break

if idx is None:

raise KeyError("record not found")
meta = self.index.meta.get(idx, {})
twin ={

id": record_id, "meta": meta,



"note": "Digital twin (information encoding only). No reconstruction data included.”
}
ensure_dir(out_dir)
path = os.path.join(out_dir, f"digital_twin_{record_id}.json")
with open(path, "w", encoding="utf-8") as f:
json.dump(twin, f, ensure_ascii=False, indent=2)
self ledger.record("EXPORT_TWIN", record_id, {"path": path})

return path

def save_time_series_csv(time: np.ndarray, phi: np.ndarray, delta_x: np.ndarray,
snr: np.ndarray, out_dir: str, prefix: str) -> str:
ensure_dir(out_dir)
df = pd.DataFrame({
time_s": time,
"phi": phi,
"deltax_m": delta_x,
'snr': snr
})
csv_path = os.path.join(out_dir, f'{prefix}_timeseries.csv')
df.to_csv(csv_path, index=False, encoding="utf-8")

return csv_path

def save_pngs(time: np.ndarray, phi: np.ndarray, delta_x: np.ndarray,
snr: np.ndarray, out_dir: str, prefix: str) -> Dictl[str, str]:

ensure_dir(out_dir)



p1 = os.path.join(out_dir, f{prefix}_phi.png")
p2 = os.path.join(out_dir, f{prefix}_deltax.png")
p3 = os.path.join(out_dir, f'{prefix}_snr.png")

plt figure(figsize=(8, 3))
plt.plot(time, phi)
plt.title("Phi(t)")
plt.grid(True, alpha=0.3)
plt.tight_layout()
plt.savefig(p1)
plt.close()

plt figure(figsize=(8, 3))
plt.plot(time, delta_x * 1e12)
plt title("Delta x (pm)")
plt.grid(True, alpha=0.3)
plt.tight_layout()
plt.savefig(p2)

plt.close()

plt figure(figsize=(8, 3))
plt.plot(time, snr)
plt.title("SNR")
plt.grid(True, alpha=0.3)
plt.tight_layout()
plt.savefig(p3)
plt.close()

return {"phi_png": p1, "deltax_png": p2, "snr_png": p3}



# fr= ODE &)

def xi_of(Phi: np.ndarray, xi0: float, eps: float, rho: float) ->np.ndarray:

return xi0 * (1.0 + eps * np.power(Phi, rho))

def compute_observables(Phi_series: np.ndarray, params: Dict[str, Any])
->Tuple[np.ndarray, np.ndarrayl:

xi0 = params["xi0"]; eps = params|['eps"]; rho = params["rho"]

chiP = params["chiP"]; k_eff = params['k_eff']; A = params["A"]; PSD = params["PSD"];
dt = params|['dt']

Xi_t = xi_of(Phi_series, xi0, eps, rho)
delta_x = (chiP / k_eff) * (xi_t / xi0) * A
snr = delta_x / np.sgrt(PSD / dt)

return delta_x, snr

def classify_time_series(phi: np.ndarray, time_arr: np.ndarray, params: Dict[str, Any])
->Tuple[str, Dict[str, Any]l:

p =dict(DEFAULTS); p.update(params)

phi_threshold = p['field_threshold"]; std_thresh = p["transition_threshold"]
slope_thresh = 1e-4; Tw = 20.0

dt = time_arr[1] - time_arr[0] if len(time_arr) > 1 else p['dt']

Tw_idx = max(1, int(round(Tw / dt)))

phi_end = phi[-Tw_idx:]

meta ={"phi_max": float(np.max(phi)), "phi_min": float(np.min(phi))}
if np.any(np.isnan(phi)) or np.any(np.isinf(phi)) or np.max(phi) > phi_threshold:
meta['reason'] = "NaN/Inf or exceeded threshold"

return "divergent", meta

std_end = float(np.std(phi_end))



slope_end = float((phi[-1] - phi[-Tw_idx]) / (Tw_idx * dt))

meta.update({"std_end": std_end, "slope_end": slope_end})

if std_end > std_thresh:
return "oscillatory", meta

if abs(slope_end) < slope_thresh:
return "stable", meta

return "undetermined", meta

def rhs_scalar(t: float, y: np.ndarray, params: Dict[str, Any]) ->np.ndarray:
Phi = y[0]
xi = xi_of(Phi, params["xi0"], params["eps"], params['rho'])

dPhi = params|['beta"] * xi * (1.0 - Phi) - params["gamma'] * Phi - params['mu"] *
(Phi**3)

return np.array([dPhil, dtype=float)

def run_scalar_simulation(params: Dict[str, Any]) ->Dict[str, Any]:
p = dict(DEFAULTS); p.update(params)
dt = float(p['dt']); T = float(p['T_total')
t_eval = np.arange(0.0, T + dt, dt)
y0 = [p.get("Phi0", DEFAULTS["Phi0"])]

sol = solve_ivp(
lambda t, y: rhs_scalar(t, y, p),
[0.0, TI,
y0,
method="BDF",
t_eval=t_eval,
rtol=1e-6,

atol=1e-9

if not sol.success:



raise RuntimeError(f'ODE 3kf##5%M: {sol.message}")

time_arr = sol.t; phi = sol.y[0]
delta_x, snr = compute_observables(phi, p)

label, meta = classify_time_series(phi, time_arr, p)

return {
time": time_arr,
"phi": phi,

"delta_x": delta_x,

"snr: snr,
"label": label,
"meta": meta
}
#
# (ERAEERC R
#

class SensorBase:
def read(self) -> Dict[str, Any]:

raise NotImplementedError()

class FileSensor(SensorBase):
def __init__(self, path: str):
self.path = path
def read(self) -> Dict[str, Any]:
with open(self.path, "r", encoding="utf-8") as f:

return json.load(f)



class SyntheticSensor(SensorBase):
def __init__(self, template: Optional[Dict[str, Anyl] = None):
if template is None:
template ={
"meta": {"object_type": "stone", "tags": ["inert"]},

"ohys": {"temp": 20.0, "chlf": 0.1, "acoustic": 0.0, "microelectrode": 0.0, "vocs":
[0.0]*8, "mass_spec": [0.0]*16},

"material": {"raman": [0.0]*128, "mass_spec": [0.0]*64, "swir": [0.0]*64}
}
self template =template; self.counter =0
def read(self) -> Dict[str, Any]:
self.counter += 1
s = json.loads(json.dumps(self template))
s['meta"]["scan_id"] = uid("scan-")
s['meta"]["ts"] =time.time()
phys = s.get("phys", {})
phys["'temp'] = float(phys.get("temp", 20.0) + np.random.normal(scale=0.1))
phys["chif'] = float(max(0.0, phys.get("chif', 0.1) + np.random.normal(scale=0.01)))
mat = s.get("material", {})

mat["mass_spec"] = [float(x + np.random.normal(scale=0.001)) for x in
mat.get("mass_spec", [1)]

return s

def HIL_open_serial(port: str, baud: int = 115200) ->Dictlstr, Any]:
LOG.info("HIL_open_serial stub: port=%s baud=%d", port, baud)
return {"type": "serial_stub", "port": port, "baud": baud}

def HIL_read_stub(handle: Dict[str, Any]) ->Dict[str, Any]:
LOG.info("HIL_read_stub called for %s", handle.get("port"))

return {"phys": {"temp": 25.0}, "material": {"raman": [0.0]*128, "mass_spec": [0.0]*64},
"meta": {"ts": time.time()}}



def _scan_worker_point(params: Dict[str, Any]) ->Dict[str, Any]:
try:
res = run_scalar_simulation(params)
return {
"beta": params['beta"],
"mu": params['mu'],
"eps": params['eps'],
"label": res["label"],
"meta": json.dumps(res['meta"])
}
except Exception as e:
LOG.exception("f3 KM %s", params)
return {
"beta": params.get("beta"),
"mu": params.get("mu"),
"eps": params.get("eps"),
"label": "error",

"meta": str(e)

def scan_parameter_grid(scan_spec: Dict[str, Any], base_params: Dict[str, Any],
run_mode: str ="run") ->Dict|[str, Anyl:

beta_min = float(scan_spec['beta_min"]); beta_max = float(scan_spec["beta_max'])
beta_points = int(scan_spec.get("beta_points", 10))

mu_min = float(scan_spec['mu_min']); mu_max = float(scan_spec['mu_max')
mu_points = int(scan_spec.get('mu_points", 10))

eps_list = list(scan_spec.get("eps_list", [1e-3, 1e-2, 1e-1]))



betas = np.logspace(math.log10(beta_min), math.log10(beta_max), beta_points)
mus = np.linspace(mu_min, mu_max, mu_points)

total_points = len(betas) * len(mus) * len(eps_list)

if run_mode == "spec":

return {"plan": {"total_points": total_points}}

tasks =]
for epsin eps_list:
for b in betas:
for min mus:

p = dict(base_params); p.update({"beta": float(b), "mu": float(m), "eps":
float(eps)})

tasks.append(p)

max_workers = int(base_params.get("max_workers", DEFAULTS["max_workers"]))

LOG.info("FFi4134: %d NTAEHRIZ, %d NEEE", max_workers, len(tasks))

results = ||
with ProcessPoolExecutor(max_workers=max_workers) as exe:
futures = {exe.submit(_scan_worker_point, p): p for p in tasks}
for fut in as_completed(futures):
try:
r = fut.result(); results.append(r)
except Exception as e:

LOG.exception("FAEEE: %s", €)

df = pd.DataFrame(results)
out_dir = base_params.get("output_dir", DEFAULTS["output_dir']); ensure_dir(out_dir)
csv_path = os.path.join(out_dir, f'scan_summary_{int(time.time())}.csv")

df.to_csv(csv_path, index=False, encoding="utf-8")



return {"summary_csv": csv_path, "points_executed": len(results)}

EXAMPLE_PARAMS = {
"stable": {"beta": 118, "mu": 0.5, "eps": 1e-3},
"oscillatory": {"beta": 1e20, "mu": 0.05, "eps": 1e-2},
"divergent™: {"beta": 1e21, "mu": 0.001, "eps": 1e-1}

def run_self_tests():
LOG.info("iz1TB & illizt...")
results = {}
for name, p in EXAMPLE_PARAMS.items():
params = dict(DEFAULTS); params.update(p)
try:
out = run_scalar_simulation(params)
results[name] = {"label": out['label"], "meta": out['meta"l}
LOG.info(" %s —> %s", name, out["label'])
except Exception as e:
results[name] = {"error": str(e)}

LOG.exception(" %s K", name)

return results

def run_comprehensive_self_test():
LOG.info("iz174rE B IK...")
cfg = dict(DEFAULTS)
engine = UnifiedTopologyEvolutionEngine(cfg)



permission_manager.register("perm-test", {"owner":"tester","scope":"non-bio"})
sample = {

"meta": {"object_type":"chair","tags": ["furniture","wood"],
"geometry":{"w":0.5,"n":1.0,"d":0.5}},

"phys": {"temp":22.0,"chif*:0.1,"vocs": [0.0]*8,"mass_spec":[0.0] *32},
"material": {"raman":[0.0]*128,"mass_spec":[0.0]*64,"swir":[0.0]*64}
}
engine.attr_extractor.fit_warmup([sample] *10)
matmat = np.stack([engine.attr_extractor transform(sample) for _ in range(50)], axis=0)
engine.mat_decomposer.fitbasis(matmat)
enc = engine.ingest_and_evolve(sample, permission_id="perm-test")

LOG.info("fmi3%ER id=%s", enc.get("id"))

sensor = SyntheticSensor(sample)

out = engine.run({"steps_phase1": 5, "steps_phase2": 5, "steps_phase3": 5,
"hierarchy_levels": 2, "dt_field": 1e-3})

LOG.info("# 4ttt 5eR%: converged=%s", out["is_converged"])

twin_path = engine.export_digital_twin(enc["id"], DEFAULTS["output_dir'])
LOG.info("8{FZr4 St %s", twin_path)
AuditLedger.dump(os.path.join(DEFAULTS["output_dir'], "ledger.json"))

return {"encoding_id": enc["id"], "twin": twin_path, "evolution": out}

def print_spec():
spec = {
"metadata": METADATA,
"defaults": DEFAULTS,



"modules": [
"QuantumFieldGrid", "FieldEvolver", "FieldCompressor®,
"HolographicEncoder", "InformationDynamicsSolver",
"UnifiedZeroingOperator”, "Negentropylnjector”, "PhaseTransitionDetector”,
"AdaptiveCoupler”, "TimeSymmetryChecker", "UnifiedFieldGenerator",
"UnifiedComplementarityScheduler”, "UnifiedZeroStateEngine”,
"HierarchySublimator", "UnifiedTopologyEvolutionEngine",
"UnifiedAttributeExtractor”, "MaterialDecomposer”, "Vectorindex",
"GuidanceScheduler", "KernelRegressor®,
"HSMAdapter", "FaissAnchorindex", "CausalGraph”,
"Approval Coordinator”, "PolicyEnforcer”, "AnchorManager",
"GravitySourceEncoder", "PhaseFieldSimulator®, "RealHardwareController”,
"TrustedDatalngestor”, "SafetyGate”,
"FusionCore", "EnhancedVisualization"

I,

"usage_examples": [
"python quantum_consciousness_topology._fusion.py --print-spec”,
"python quantum_consciousness_topology_fusion.py --simulate --params '{...}"",

"python quantum_consciousness_topology_fusion.py --evolve --evolve-params

S

"python quantum_consciousness_topology_fusion.py --serve --host 0.0.0.0 --port
8000",

"python quantum_consciousness_topology_fusion.py --scan —-scan-spec {...}

],

"notes": "Fusion Version: Integrates quantum consciousness topology with fusion
core and enhanced visualization."

}

print(json.dumps(spec, indent=2, ensure_ascii=False))

def cli_simulate(params_json: str):
params = json.loads(params_json) if params_json else {}

out = run_scalar_simulation(params)



run_id = uid("run-")
out_dir = os.path join(params.get("output_dir", DEFAULTS["output_dir"]), run_id)

ensure_dir(out_dir)

csv = save_time_series_csv(out['time"], out['phi'], out["delta_x"], out['snr'], out_dir,
||run||)

pngs = save_pngs(out['time"], out["phi'], out['delta_x"], out['snr'], out_dir, "run")

result = {

"id": run_id,

"label": out["label"],

"meta": out['meta"],

'csv': csv,

"phi_png": pngs["phi_png"l
}

print(json.dumps(result, indent=2, ensure_ascii=False))

def main():
parser = argparse.ArgumentParser(

description="Ultimate Quantum Consciousness Mapping Topology Algorithm
(Fusion Version)",

formatter_class=argparse.RawDescriptionHelpFormatter,
epilog=""
WYV

iniElt — 13TE%E - ER51F - BERE > f—IR

(§2Rk spacetime_anchor R RE. HRERS. EHEHSZEHIT

(BE& %y : FusionCore, EnhancedVisualization)

SER 751

python quantum_consciousness_topology_fusion.py --print-spec

python quantum_consciousness_topology_fusion.py --simulate --params
{"beta" 1€19,"mu":0.2,"eps":0.001}



python quantum_consciousness_topology_fusion.py --evolve --evolve-params
{'steps_phase1":50,"steps_phase2".50,"steps_phase3":50,"hierarchy_levels":3}

python quantum_consciousness_topology_fusion.py --serve --host 0.0.0.0 --port 8000

python quantum_consciousnhess_topology_fusion.py --scan --scan-spec
{"beta_min":1e18,"beta_max":1e€22,"beta_points":5,"mu_min":0.01,"mu_max":1.0,"mu_poi
nts":5,"eps_list":[1e-3,1e-2,1e-1]}'

)
parser.add_argument("--print-spec", action="store_true", help="¥JEN#1&ix AF")
parser.add_argument("--simulate", action="store_true", help="i1z1745r= ODE #&#")

parser.add_argument("'--params", type=str, default="{}", help="t&#1£%1 (JSON 1&z})

parser.add_argument("--evolve", action="store_true", help="1z1TRi& F—aFMNIE L5 £

||)
parser.add_argument("--evolve-params", type=str, default="{}", help="i#{(5|Z 5%

(JSON #83() ")

parser.add_argument("--serve", action="store_true", help="5 &) FastAPI fz%%28")

parser.add_argument("--host", type=str, default="127.0.0.1", help="pR532& A Hi1t")

parser.add_argument("--port", type=int, default=8000, help="pR55 251w ")

parser.add_argument("--scan", action="store_true", help="={T&£#34")

parser.add_argument("--scan-spec", type=str, default="{}", help="13#E#1& (JSON 1&
) )

parser.add_argument("--scan-base", type=str, default="{}", help="EHtS %1 (JSON #&
) )

parser.add_argument("--self-test", action="store_true", help="1Iz{7E ")

parser.add_argument("--comprehensive-test", action="store_true", help="12174%&

riat)
args = parser.parse_args()
if args.print_spec:

print_spec()
sys.exit(0)



if args.self_test:
out = run_self_tests()
print(json.dumps(out, indent=2, ensure_ascii=False))

sys.exit(0)

if args.comprehensive_test:
out = run_comprehensive_self_test()
print(json.dumps(out, indent=2, ensure_ascii=False))

sys.exit(0)

if args.simulate:
cli_simulate(args.params)

sys.exit(0)

if args.scan:
scan_spec = json.loads(args.scan_spec)
base_params = json.loads(args.scan_base)
out = scan_parameter_grid(scan_spec, base_params, run_mode="run")
print(json.dumps(out, indent=2, ensure_ascii=False))

sys.exit(0)

if args.evolve:
params = dict(DEFAULTS)
params.update(json.loads(args.evolve_params) if args.evolve_params else {})
engine = UnifiedTopologyEvolutionEngine(params)
result = engine.run(params)
print(json.dumps(result, indent=2, ensure_ascii=False))

sys.exit(0)

if args.serve:

try:
from fastapi import FastAPI, HTTPException, Header



from pydantic import BaseModel, Field
import uvicorn
except Exception as e:

LOG.error("FastAPl/uvicorn kZ2&: %s", e)

sys.exit(1)

app = FastAPI(
title="Ultimate Quantum Consciousness Mapping Topology API (Fusion)",

version=METADATA["version"],

description="B&i7s1 1%, EREH. Bl . U4 spacetime_anchor =]
RS 205 1EE oL RO T R AESR"

)

class SimRequest(BaseModel):
params: Dict[str, Any] = Field(default_factory=dict)

mode: str = Field("run")

class EvolveRequest(BaseModel):
params: Dict[str, Any] = Field(default_factory=dict)

mode: str = Field("run")

class ScanRequest(BaseModel):
scan_spec: Dict[str, Any]
base_params: Dict[str, Any] = Field(default_factory=dict)

mode: str = Field("run")

class IngestRequest(BaseModel):
sample: Dict[str, Any]

permission_id: Optionallstr] = None

class TrustedingestRequest(BaseModel):

source_key: str



def check_api_key(x_api_key: Optionallstr]):
expected = DEFAULTS["API_KEY"]
if expected and x_api_key != expected:

raise HTTPException(status_code=401, detail="7c3 API Z$8")

@app.get("/")
def root():
return {
"status": "ok,
"metadata”;: METADATA,

"description”: "Ultimate Quantum-Information-Material Topology Evolution
Framework (Fusion)"

}

@app.get("/health’)
def health():

return {"status": "healthy"}

@app.get("/spec")
def spec():
return {
"metadata”: METADATA,
"defaults™: DEFAULTS,
"modules”: [
"QuantumFieldGrid", "FieldEvolver", "FieldCompressor”,
"HolographicEncoder", "InformationDynamicsSolver",
"UnifiedZeroingOperator", "Negentropylnjector”, "PhaseTransitionDetector”,
"AdaptiveCoupler’, "TimeSymmetryChecker", "UnifiedFieldGenerator",
"UnifiedComplementarityScheduler", "UnifiedZeroStateEngine",
"HierarchySublimator", "UnifiedTopologyEvolutionEngine”,
"UnifiedAttributeExtractor”, "Material Decomposer", "Vectorindex",
"GuidanceScheduler", "KernelRegressor",
"HSMAdapter", "FaissAnchorindex", "CausalGraph",



"ApprovalCoordinator”, "PolicyEnforcer”, "AnchorManager,
"GravitySourceEncoder”, "PhaseFieldSimulator”, "RealHardwareController",
"TrustedDatalngestor”, "SafetyGate",

"FusionCore", "EnhancedVisualization"

@app.post("/simulate”)
def api_simulate(req: SimRequest, x_api_key: Optional[str] = Header(None)):
if req.mode == "spec":

return {"mode": "spec", "plan": "& R /spec'}
check_api_key(x_api_key)

out = run_scalar_simulation(reg.params)
run_id = uid(“run-")

out_dir = os.path.join(req.params.get("output_dir", DEFAULTS["output_dir']),
run_id)

ensure_dir(out_dir)

csv = save_time_series_csv(out["'time"], out["phi"l, out['delta_x'], out["snr'], out_dir,
||run||)

pngs = save_pngs(out['time"], out['phi"], out['delta_x"], out["snr"], out_dir, "run")

csv_bé4 = encode_file_baseb4(csv); phi_bb4 =
encode_file_baseé4(pngs['phi_png"])

return {
"status": "ok",
"id": run_id,

"label": out['label"],
"meta": out["meta"],
"csv_bb4" csv_bb4,
"phi_png_bb64": phi_b64

@app.post("/evolve")

def api_evolve(req: EvolveRequest, x_api_key: Optional[str] = Header(None)):



if req.mode == "spec":

return {"mode": "spec’, "plan": "R &% —aFMNES | ZERX] '}
check_api_key(x_api_key)
params = dict(DEFAULTS); params.update(reg.params)
engine = UnifiedTopologyEvolutionEngine(params)
result = engine.run(params)
return {

"status": "ok",

"result"; result

@app.post("/ingest")
def api_ingest(req: IngestRequest, x_api_key: Optional[str] = Header(None)):
check_api_key(x_api_key)
cfg = dict(DEFAULTS)
engine = UnifiedTopologyE volutionEngine(cfg)
try:
res = engine.ingest_and_evolve(req.sample, permission_id=req.permission_id)
return {"status" "ok", "result": res}
except Exception as e:

raise HTTPException(status_code=400, detail=str(e))

@app.post('/ingest_trusted")

def api_ingest_trusted(req: TrustedingestRequest, x_api_key: Optionallstr] =
Header(None)):

check_api_key(x_api_key)
cfg = dict(DEFAULTS)
engine = UnifiedTopologyE volutionEngine(cfg)
try:
res = engine.ingest_trusted(req.source_key)
return {"status" "ok", "result": res}
except Exception as e:

raise HTTPException(status_code=400, detail=str(e))



@app.post("'/execute_real")
def api_execute_real(req: dict, x_api_key: Optionallstr] = Header(None)):
check_api_key(x_api_key)
cfg = dict(DEFAULTS)
engine = UnifiedTopologyE volutionEngine(cfg)
try:
actor =req.get("actor"’, "system”)
command = req.get("command", {})
req_exec = engine.request_real_execution(actor, command)
approval_id = req_exec.get("approval_id")
attempt = engine.attempt_execute_real(approval_id)
return {"status": "ok", "request": req_exec, "attempt": attempt}
except Exception as e:

raise HTTPException(status_code=400, detail=str(e))

@app.post("/scan")
def api_scan(req: ScanRequest, x_api_key: Optionallstr] = Header(None)):
if req.mode == "spec":

plan = scan_parameter_grid(req.scan_spec, req.base_params,
run_mode="spec")

return {"mode": "spec’, "plan": plan}
check_api_key(x_api_key)
out = scan_parameter_grid(reqg.scan_spec, reg.base_params, run_mode="run")

csv_bb4 = encode_file_basebé4(out['summary_csv']) if out.get("summary_csv") else
None

return {
"status": "ok",
"summary_csv_bé4": csv_béb4,

"points_executed": out.get("points_executed", 0)

LOG.info("[35/ API BR3588: %s: %d", args.host, args.port)



uvicorn.run(app, host=args.host, port=args.port, log_level="info")

sys.exit(0)

parser.print_help()

if _name__=="_ main__"

main()



