from pathlib import Path
import numpy as np
import s4l_v1.analysis.core as core
import s4l_v1.document as document
import s4l_v1.simulation.emlf as emlf

# ========================== 需要填寫 ==========================

# 1. 已完成一次求解的 LF Ohmic-QS 模擬名稱。
SOURCE_SIM_NAME = "LFtest"

# 2. 要套用六分量 tensor 的皮質 MaterialSettings 名稱。
#    只有一個皮質材料範例：("Cortex",)
#    多個皮質材料範例：("L1", "L2", "L3", "L4", "L5", "L6")
#    Air、電極或其他非皮質材料不要填入。
MATERIAL_NAMES = ("Muscle",)

# 3. 六分量提供方式：
#    "arrays" = 直接在下方放入六個陣列，程式自動產生 NPZ
#    "file"   = 已經有合規 NPZ，直接指定檔案
TENSOR_SOURCE_MODE = "arrays"  # "arrays" 或 "file"

# arrays 模式不需修改這一行。只有改用 file 模式時，才填入既有 NPZ 路徑，
# 例如：ENSOR_INPUT_FILE = Path(r"D:\CustomerData\cortex_tensor.npz")
TENSOR_INPUT_FILE = None

# arrays 模式使用。正式資料請填 Python list 或 NumPy 一維陣列；長度必須等於 grid cell 數，排列順序必須與 Sim4Life cell ID 完全一致，單位為 S/m。
TENSOR_COMPONENTS = {
    "XX": 0.6,
    "YY": 0.2,
    "ZZ": 0.2,
    "XY": 0.0,
    "YZ": 0.0,
    "ZX": 0.0,
}

# ====================================================

ORDER = ("XX", "YY", "ZZ", "XY", "YZ", "ZX")
NEW_SIM_NAME = SOURCE_SIM_NAME + "_Tensor"
DATA_FOLDER = Path.home() / "Documents" / "Sim4Life_Tensor"
GRID_TEMPLATE = DATA_FOLDER / "tensor_grid_template.npz"
safe_sim_name = "".join(
    character if character.isalnum() or character in "-_." else "_"
    for character in SOURCE_SIM_NAME
)
AUTO_TENSOR_FILE = DATA_FOLDER / f"{safe_sim_name}_tensor_input_auto.npz"

if not SOURCE_SIM_NAME or SOURCE_SIM_NAME.startswith("請填入"):
    raise RuntimeError("請填寫 SOURCE_SIM_NAME")
if (not MATERIAL_NAMES
        or any(not name or name.startswith("請填入") for name in MATERIAL_NAMES)):
    raise RuntimeError("請填寫 MATERIAL_NAMES")
if TENSOR_SOURCE_MODE not in ("file", "arrays"):
    raise RuntimeError("TENSOR_SOURCE_MODE 必須是 file 或 arrays")
if TENSOR_SOURCE_MODE == "file":
    if TENSOR_INPUT_FILE is None:
        raise RuntimeError("file 模式請填寫 TENSOR_INPUT_FILE")
    TENSOR_INPUT_FILE = Path(TENSOR_INPUT_FILE)
    if TENSOR_INPUT_FILE.suffix.lower() != ".npz":
        raise RuntimeError("TENSOR_INPUT_FILE 目前只接受 .npz 格式")
else:
    if set(TENSOR_COMPONENTS) != set(ORDER):
        raise RuntimeError(f"TENSOR_COMPONENTS 必須包含 {ORDER}")
    if any(TENSOR_COMPONENTS[label] is None for label in ORDER):
        raise RuntimeError("arrays 模式請填寫 TENSOR_COMPONENTS 的六個陣列")
if len(set(MATERIAL_NAMES)) != len(MATERIAL_NAMES):
    raise RuntimeError("MATERIAL_NAMES 不可有重複名稱")

try:
    source_sim = document.AllSimulations[SOURCE_SIM_NAME]
except KeyError as exc:
    available = [s.Name for s in document.AllSimulations]
    raise RuntimeError(f"找不到模擬；目前可用名稱：{available}") from exc
if not isinstance(source_sim, emlf.ElectroQsOhmicSimulation):
    raise RuntimeError(f"指定的模擬不是 LF Ohmic-QS：{type(source_sim).__name__}")
if not source_sim.HasResults():
    raise RuntimeError("指定的模擬尚無完整結果；請先完成一次求解")
if NEW_SIM_NAME in [s.Name for s in document.AllSimulations]:
    raise RuntimeError(f"新模擬名稱已存在：{NEW_SIM_NAME}")

materials = [s for s in source_sim.AllSettings if isinstance(s, emlf.MaterialSettings)]
available_materials = [s.Name for s in materials]
if len(available_materials) != len(set(available_materials)):
    raise RuntimeError("來源模擬有重複的 MaterialSettings 名稱，無法安全選取")
for name in MATERIAL_NAMES:
    if name not in available_materials:
        raise RuntimeError(f"找不到材料 '{name}'；目前材料：{available_materials}")

try:
    e_output = source_sim.Results()["Overall Field"]["EM E(x,y,z,f0)"]
    e_output.Update()
    grid = e_output.Data.Grid
except (KeyError, AttributeError) as exc:
    raise RuntimeError("既有結果需要 Overall Field / EM E(x,y,z,f0) 才能讀取 grid") from exc

axes = tuple(np.asarray(axis, dtype=np.float64)
             for axis in (grid.XAxis, grid.YAxis, grid.ZAxis))
grid_units = tuple(str(grid.GetUnit(i)) for i in range(3))
if len(set(grid_units)) != 1:
    raise RuntimeError(f"三個 grid 軸的長度單位不同：{grid_units}")
for axis in axes:
    if len(axis) < 3 or not np.all(np.isfinite(axis)) or not np.all(np.diff(axis) > 0):
        raise RuntimeError("來源 grid 軸必須有限、遞增，而且每方向至少有 2 個 cell")

cell_count = int(grid.NumberOfCells)
cell_centres = np.empty((cell_count, 3), dtype=np.float64)
for cell_id in range(cell_count):
    point = grid.GetCellCenter(cell_id)
    cell_centres[cell_id] = (point[0], point[1], point[2])

template = {
    "cell_centres_grid_units": cell_centres,
    "x_axis": axes[0],
    "y_axis": axes[1],
    "z_axis": axes[2],
    "grid_length_unit": np.asarray(grid_units[0]),
    "component_order": np.asarray(ORDER),
    "conductivity_unit": np.asarray("S/m"),
}
for label in ORDER:
    template[label] = np.full(cell_count, np.nan, dtype=np.float64)

DATA_FOLDER.mkdir(parents=True, exist_ok=True)
if GRID_TEMPLATE.exists():
    with np.load(GRID_TEMPLATE, allow_pickle=False) as previous:
        if not set(template).issubset(previous.files):
            raise RuntimeError("現有模板格式較舊；請將它改名後重新執行")
        for key in ("x_axis", "y_axis", "z_axis", "cell_centres_grid_units"):
            if not np.array_equal(previous[key], template[key]):
                raise RuntimeError("現有模板來自不同 grid；請改名保存後重新執行")
    print("保留現有 grid 模板：", GRID_TEMPLATE)
else:
    np.savez_compressed(GRID_TEMPLATE, **template)
    print("已建立 grid 模板：", GRID_TEMPLATE)

print("Grid 參考模板：", GRID_TEMPLATE)
if TENSOR_SOURCE_MODE == "file":
    print("將從客戶指定的 tensor 檔讀取六分量：", TENSOR_INPUT_FILE)
else:
    print("將從 TENSOR_COMPONENTS 讀取六個陣列並自動建立 NPZ：", AUTO_TENSOR_FILE)
    print("請確認六個陣列採用 Sim4Life cell ID 順序，單位為 S/m。")
print("Grid cell 數量：", cell_count)
print("Grid 長度單位：", grid_units[0])
print("可用 MaterialSettings：", available_materials)

if NEW_SIM_NAME in [s.Name for s in document.AllSimulations]:
    raise RuntimeError(f"新模擬已存在：{NEW_SIM_NAME}；請勿重複執行本格")
if TENSOR_SOURCE_MODE == "file":
    if not TENSOR_INPUT_FILE.is_file():
        raise FileNotFoundError(f"找不到六分量輸入檔：{TENSOR_INPUT_FILE}")
    with np.load(TENSOR_INPUT_FILE, allow_pickle=False) as data:
        required = {
            "cell_centres_grid_units", "x_axis", "y_axis", "z_axis",
            "grid_length_unit", "component_order", "conductivity_unit",
            *ORDER,
        }
        missing = required - set(data.files)
        if missing:
            raise RuntimeError(f"輸入檔缺少欄位：{sorted(missing)}")
        for key, reference in (
            ("x_axis", axes[0]),
            ("y_axis", axes[1]),
            ("z_axis", axes[2]),
            ("cell_centres_grid_units", cell_centres),
        ):
            actual = np.asarray(data[key], dtype=np.float64)
            if actual.shape != reference.shape or not np.all(np.isfinite(actual)):
                raise RuntimeError(f"{key} 的形狀錯誤或含非有限值")
            scale = max(1.0, float(np.max(np.abs(reference))))
            if np.max(np.abs(actual - reference)) > 1e-9 * scale:
                raise RuntimeError(f"{key} 與既有模擬結果的 grid 不一致")
        if str(data["grid_length_unit"].item()) != grid_units[0]:
            raise RuntimeError("輸入檔的 grid 長度單位不符")
        if str(data["conductivity_unit"].item()) != "S/m":
            raise RuntimeError("conductivity_unit 必須是 S/m")
        if tuple(str(value) for value in data["component_order"]) != ORDER:
            raise RuntimeError(f"六分量順序必須是 {ORDER}")
        tensor = np.column_stack([
            np.asarray(data[label], dtype=np.float64) for label in ORDER
        ])
else:
    component_arrays = []
    scalar_components = []
    for label in ORDER:
        values = np.asarray(TENSOR_COMPONENTS[label], dtype=np.float64)
        if values.ndim == 0:
            scalar_components.append(label)
            values = np.full(cell_count, float(values), dtype=np.float64)
        elif values.ndim != 1:
            raise RuntimeError(f"{label} 必須是單一測試數字或一維逐 cell 陣列")
        component_arrays.append(values)
    tensor = np.column_stack(component_arrays)
    if scalar_components:
        print(
            "警告：以下分量使用固定值並套用到全部 cell：",
            scalar_components,
        )
        print("")

if tensor.shape != (cell_count, 6) or not np.all(np.isfinite(tensor)):
    raise RuntimeError("XX/YY/ZZ/XY/YZ/ZX 必須各有 N 個有限數值")


minimum_eigenvalue = np.inf
for start in range(0, cell_count, 10000):
    values = tensor[start:start + 10000]
    matrices = np.zeros((len(values), 3, 3), dtype=np.float64)
    matrices[:, 0, 0] = values[:, 0]
    matrices[:, 1, 1] = values[:, 1]
    matrices[:, 2, 2] = values[:, 2]
    matrices[:, 0, 1] = matrices[:, 1, 0] = values[:, 3]
    matrices[:, 1, 2] = matrices[:, 2, 1] = values[:, 4]
    matrices[:, 2, 0] = matrices[:, 0, 2] = values[:, 5]
    chunk_minimum = float(np.min(np.linalg.eigvalsh(matrices)))
    minimum_eigenvalue = min(minimum_eigenvalue, chunk_minimum)
    if chunk_minimum <= 0:
        raise RuntimeError(
            f"Tensor 必須在每個 cell 都是正定；發現最小 eigenvalue={chunk_minimum}"
        )

if TENSOR_SOURCE_MODE == "arrays":
    generated_npz = {
        "cell_centres_grid_units": cell_centres,
        "x_axis": axes[0],
        "y_axis": axes[1],
        "z_axis": axes[2],
        "grid_length_unit": np.asarray(grid_units[0]),
        "component_order": np.asarray(ORDER),
        "conductivity_unit": np.asarray("S/m"),
    }
    for index, label in enumerate(ORDER):
        generated_npz[label] = tensor[:, index]
    np.savez_compressed(AUTO_TENSOR_FILE, **generated_npz)
    print("已由六分量自動建立 NPZ：", AUTO_TENSOR_FILE)

field = core.DoubleFieldData()
field.NumberOfSnapshots = 1
field.NumberOfComponents = 6
field.Grid = grid
field.ValueLocation = core.eValueLocation.kCellCenter
quantity = core.Quantity()
quantity.Name = "Electric Conductivity Tensor"
quantity.Unit = core.Unit("S/m", core.Unit.UnitPrefixEnum.kNoPrefix)
field.Quantity = quantity
for index, label in enumerate(ORDER):
    field.SetComponentLabel(index, label)
    field.SetComponentUnit(index, quantity.Unit)
field.SetField(0, tensor)
if not field.Check():
    raise RuntimeError("六分量 DoubleFieldData 檢查失敗")

producer = core.TrivialProducer()
producer.Name = "Cortical_Conductivity_Tensor_" + NEW_SIM_NAME
producer.SetDataObject(field)
document.AllAlgorithms.Add(producer)
producer.UpdateAttributes()
producer.Update()

new_sim = source_sim.Clone()
new_sim.Name = NEW_SIM_NAME
for material_name in MATERIAL_NAMES:
    matches = [
        setting for setting in new_sim.AllSettings
        if isinstance(setting, emlf.MaterialSettings) and setting.Name == material_name
    ]
    if len(matches) != 1:
        raise RuntimeError(f"複製後找不到唯一的材料：{material_name}")
    material = matches[0]
    material.ElectricProps.ConductivityAnisotropic = True
    material.ElectricProps.ConductivityInhomogeneous = True
    material.SetInhomogeneousConductivity(producer.Outputs[0])
    if not (material.ElectricProps.ConductivityAnisotropic
            and material.ElectricProps.ConductivityInhomogeneous):
        raise RuntimeError(f"皮質材料的 anisotropic/inhomogeneous 設定失敗：{material_name}")

document.AllSimulations.Add(new_sim)
document.Save()
print("六分量 tensor 已通過檢查並完成材料指派。")
print("最小 eigenvalue：", minimum_eigenvalue, "S/m")
print("新模擬：", NEW_SIM_NAME)
