# -*- coding: utf-8 -*-
"""
Create a Hessian-based VTA model from existing Sim4Life results.

This script does not run the neuron solver. It reads:
  1. an already-solved low-frequency EM simulation, and
  2. an already-solved neuron titration simulation.

Edit the settings below, then run the script inside Sim4Life's Python Scripter.
"""

import re
import time

import numpy as np
import XCoreModeling as xcm
import s4l_v1.analysis as analysis
import s4l_v1.document as document
import s4l_v1.model as model


# ==================== User Settings ====================
CLINICAL_CURRENT_MA = 1

# Names as shown in Sim4Life's simulation tree.
TARGET_EM_SIM_NAME = "LF"
TARGET_NEURO_SIM_NAME = "Nr"

# Usually "Overall Field" for low-frequency EM simulations.
OVERALL_FIELD_RESULT_NAME = "Overall Field"

# Use the first entry returned by TitrationEvaluator.
# Change this only if your neuron simulation contains multiple titrated neurons.
TITRATION_RESULT_INDEX = 0

# Output model/viewer names.
OUTPUT_NAME_PREFIX = "VTA_ExistingResults"
# =======================================================


def _safe_name(text):
    return re.sub(r"[^0-9A-Za-z_]+", "_", str(text)).strip("_")


def _get_simulation(name):
    try:
        return document.AllSimulations[name]
    except Exception:
        available = [s.Name for s in document.AllSimulations]
        raise RuntimeError(
            "Simulation not found: '{}'. Available simulations: {}".format(
                name, available
            )
        )


def _get_result_component(sim, component_name):
    try:
        return sim.Results()[component_name]
    except Exception:
        available = []
        try:
            available = [r.Name for r in sim.Results()]
        except Exception:
            pass
        raise RuntimeError(
            "Result component '{}' was not found in simulation '{}'. Available: {}".format(
                component_name, sim.Name, available
            )
        )


def _get_output(container, output_name):
    try:
        return container.Outputs[output_name]
    except Exception:
        available = []
        try:
            available = [o.Name for o in container.Outputs]
        except Exception:
            pass
        raise RuntimeError(
            "Output '{}' was not found on '{}'. Available outputs: {}".format(
                output_name, container.Name, available
            )
        )


def _read_scalar_current(current_extractor):
    for _ in range(10):
        current_extractor.Update(0)
        data = current_extractor.Outputs[0].Data.GetComponent(0)
        if data.size > 0:
            return float(np.real(data)[0])
        time.sleep(0.5)
    raise RuntimeError("Could not read the input current from CurrentExtractor.")


def _extract_titration_result(neuro_sim, index):
    results = neuro_sim.Results()

    titration_eval = analysis.neuron_evaluators.TitrationEvaluator()
    titration_eval.Name = "ExistingResults_TitrationEvaluator"
    titration_eval.Inputs[0].Connect(results["Titration Sensor"]["Titration"])

    titration_factors = []
    for _ in range(10):
        titration_eval.Update(0)
        titration_factors = list(titration_eval.TitrationFactor)
        if len(titration_factors) > index:
            break
        time.sleep(1.0)
    else:
        raise RuntimeError(
            "Could not read titration factors from the existing neuron results."
        )

    spike_locations = list(titration_eval.LocationOfFirstSpike)
    neuron_names = list(titration_eval.NeuronName)

    if len(spike_locations) <= index:
        raise RuntimeError("Could not read LocationOfFirstSpike from titration results.")
    if len(neuron_names) <= index:
        raise RuntimeError("Could not read NeuronName from titration results.")

    target_name = str(neuron_names[index]).strip()
    neuron_entities = list(neuro_sim.GetNeuronEntities())
    matched_entity = next(
        (
            entity
            for entity in neuron_entities
            if target_name in entity.Name or entity.Name in target_name
        ),
        None,
    )
    if matched_entity is None and len(neuron_entities) == 1:
        matched_entity = neuron_entities[0]

    if matched_entity is None:
        available = [entity.Name for entity in neuron_entities]
        raise RuntimeError(
            "Could not match titration neuron '{}' to a neuron entity. Available neurons: {}".format(
                target_name, available
            )
        )

    section_key = str(spike_locations[index])
    section_geometries = neuro_sim.GetSectionGeometries(matched_entity)
    if section_key not in section_geometries:
        available_keys = [str(key) for key in section_geometries.keys()]
        raise RuntimeError(
            "First-spike section '{}' was not found in neuron geometry. Available sections include: {}".format(
                section_key, available_keys[:20]
            )
        )

    section = section_geometries[section_key]
    if len(section.SegmentCenters) == 0:
        raise RuntimeError(
            "First-spike section '{}' has no segment center coordinates.".format(
                section_key
            )
        )

    first_spike_point = model.CreatePoint(section.SegmentCenters[0])
    first_spike_point.Name = "ExistingResults_FirstSpike_Point"
    first_spike_point.Visible = True

    return {
        "titration_factor": float(titration_factors[index]),
        "first_spike_section": section_key,
        "neuron_name": target_name,
        "neuron_entity": matched_entity,
        "first_spike_point": first_spike_point,
    }


def _interpolate_field_at_point(field_output, point_entity, name):
    point_grid = analysis.core.ModelToGridFilter()
    point_grid.Name = name + "_Grid"
    point_grid.Entity = point_entity
    point_grid.UpdateAttributes()
    point_grid.Update(0)
    document.AllAlgorithms.Add(point_grid)

    interp = analysis.core.FieldInterpolationFilter()
    interp.Name = name + "_Interpolation"
    interp.Inputs[0].Connect(field_output)
    interp.Inputs[1].Connect(point_grid.Outputs[0])
    interp.UpdateAttributes()
    interp.Update(0)
    document.AllAlgorithms.Add(interp)

    return np.real(interp.Outputs[0].Data.Field(0)[0])


def main():
    em_sim = _get_simulation(TARGET_EM_SIM_NAME)
    neuro_sim = _get_simulation(TARGET_NEURO_SIM_NAME)

    print("Using existing EM simulation:", em_sim.Name)
    print("Using existing neuron simulation:", neuro_sim.Name)
    print("The neuron solver will not be run by this script.")

    overall_field = _get_result_component(em_sim, OVERALL_FIELD_RESULT_NAME)
    potential_output = _get_output(overall_field, "EM Potential(x,y,z,f0)")
    current_density_output = _get_output(overall_field, "J(x,y,z,f0)")

    current_ext = analysis.extractors.CurrentExtractor(
        inputs=[potential_output, current_density_output]
    )
    current_ext.Name = "ExistingResults_InputCurrent"
    document.AllAlgorithms.Add(current_ext)

    raw_input_current_a = _read_scalar_current(current_ext)
    if raw_input_current_a == 0.0:
        raise RuntimeError("The extracted input current is zero; field scaling is impossible.")

    scaling_factor = (CLINICAL_CURRENT_MA * 1e-3) / abs(raw_input_current_a)

    norm_potential = analysis.field.UserDefinedFieldNormalizer(inputs=[potential_output])
    norm_potential.Name = "ExistingResults_Potential_{:.3g}mA".format(
        CLINICAL_CURRENT_MA
    )
    norm_potential.Target.Value = scaling_factor
    norm_potential.UpdateAttributes()
    norm_potential.Update(0)
    document.AllAlgorithms.Add(norm_potential)

    titration = _extract_titration_result(neuro_sim, TITRATION_RESULT_INDEX)

    hessian_eval = analysis.em_evaluators.HessianElectricPotentialEvaluator()
    hessian_eval.Name = "ExistingResults_Hessian_MaxAbsolute"
    hessian_eval.Inputs[0].Connect(norm_potential.Outputs[0])
    hessian_eval.OutputValue = hessian_eval.OutputValue.enum.MaxAbsolute
    hessian_eval.UpdateAttributes()
    hessian_eval.Update(0)
    document.AllAlgorithms.Add(hessian_eval)

    hessian_at_first_spike = float(
        np.real(
            _interpolate_field_at_point(
                hessian_eval.Outputs[0],
                titration["first_spike_point"],
                "ExistingResults_FirstSpike_Hessian",
            )
        )
    )
    vta_threshold = abs(hessian_at_first_spike * titration["titration_factor"])

    iso = analysis.viewers.IsoSurfaceViewer()
    iso.Name = "ExistingResults_Hessian_VTA_Viewer"
    iso.Inputs[0].Connect(hessian_eval.Outputs[0])
    iso.IsoValues = (vta_threshold,)
    iso.UpdateAttributes()
    iso.Update(0)
    document.AllAlgorithms.Add(iso)

    model_name = "{}_{}_{}mA".format(
        OUTPUT_NAME_PREFIX,
        _safe_name(TARGET_NEURO_SIM_NAME),
        "{:.3g}".format(CLINICAL_CURRENT_MA),
    )
    vta_model = iso.ExportIsoSurfaceToModel(model_name)
    vta_model.Name = model_name
    vta_model.Visible = True

    print("Raw EM input current:", raw_input_current_a * 1e3, "mA")
    print("Clinical current:", CLINICAL_CURRENT_MA, "mA")
    print("Field scaling factor:", scaling_factor)
    print("Neuron name:", titration["neuron_name"])
    print("First-spike section:", titration["first_spike_section"])
    print("Titration factor:", titration["titration_factor"])
    print("MaxAbsolute Hessian at first spike:", hessian_at_first_spike, "[V/m^2]")
    print("VTA iso threshold:", vta_threshold, "[V/m^2]")
    print("VTA model:", vta_model.Name)
    print("VTA volume:", xcm.MeasureVolume([vta_model]), "mm^3")

    return vta_model


vta_model = main()
