#!/usr/bin/env python
# coding: utf-8

# In[24]:
import os
import s4l_v1.document as document
import s4l_v1.analysis as analysis
import s4l_v1.materials.database as database
import s4l_v1.model as model
import s4l_v1.simulation.emlf as emlf
import s4l_v1.units as units
from s4l_v1 import ReleaseVersion
from s4l_v1 import Unit
import s4l_v1 as s4l
from s4l_v1.data import TutorialDataDirectory
import numpy as np
import numpy
from pathlib import Path

import ModelingPostPro
import XPostProcessor as xp
import XCoreModeling as xcm

import time



def loadModel (dir_path=None):

	filepath = os.path.join(dir_path, "nerve_model_electrode_noaxons.sab")
	print(filepath)
	#assert os.path.exists(filepath), "Invalid path: '%s'"%filepath

	# set modeling unit to mm
	model.SetLengthUnits( units.MilliMeter )  # not reflected in GUI!
	print('Despite the display in the GUI, the model unit is', model.LengthUnits())

	model.Import(filepath) #[0].Entities



def Create_Axon_Distribution(edge_length, minimum_edge_length):
    ents = s4l.model.AllEntities()
    axon_ent = s4l.model.CreateGroup("Axons_Folder")
    point_ent = s4l.model.CreateGroup("Points_Folder")

    options = xcm.MeshingOptions()
    options.EdgeLength = edge_length  # 0.045# To change to change the density of points
    options.MinEdgeLength = minimum_edge_length  # 0.013
    ns = 1  # downsampling factor

    cnt = 0
    cn = 0
    axonn = 0
    for ent in ents["Fascicles_Folder"].Entities:  # type: ignore
        # Gets the bounding box of the fascicle
        entity_bounds = xcm.GetBoundingBox([ent])
        L = 0.95 * (entity_bounds[1][2] - entity_bounds[0][2])
        z0 = 0.5 * (entity_bounds[1][2] + entity_bounds[0][2])

        # Creates a slice of the fascicle at given location
        slice = xcm.CreatePlanarSlice(ent, xcm.Vec3(0, 0, 0), xcm.Vec3(0, 0, 1), 1)
        xcm.CoverWireBody(slice)
        slice.Name = "tempslice_" + ent.Name
        name = ent.Name

        slice = xcm.ConvertToTriangleMesh(slice)
        slice.Name = name

        # slice=xcm.ConvertToTriangleMesh(slice,max_edge_length=0.1) #target=0.1, min=0.001
        xcm.RemeshTriangleMesh(slice, options)

        # Creates a subfolder of axons and point for each fascicle
        entfold = s4l.model.CreateGroup("S_Points_" + name)
        splines = s4l.model.CreateGroup("S_Splines_" + name)

        # Gets the surface of the fascicle and calculates the equivalent diameter
        surf = xcm.MeasureArea([slice])
        diam = 2 * np.sqrt(surf / np.pi)

        # Creates a surface mesh on the fascicle cross section. The centers of
        # the triangles are candidate location of the axons
        faceter = s4l.analysis.core.ModelToGridFilter()
        faceter.Entity = slice
        faceter.MaximumEdgeLength = 0.3 * diam
        faceter.Update(0)
        target_grid = faceter.GetOutput(0)
        assert target_grid is not None
        # L=86

        cm = 0
        # Creates the axon trajectories
        for i in range(0, target_grid.NumberOfCells, ns):
            p = 1e3 * target_grid.GetCellCenter(i)
            point = s4l.model.CreatePoint(p)
            point.Name = "P_" + name + "_" + str(cm) + "_Random"
            entfold.Add(point)

            # z = np.random.uniform(zz_min,zz_max)
            L1 = L * np.random.normal(1, 0.025)
            x = p[0]
            y = p[1]
            z = p[2]
            print(f"z {z} never used, only z0 {z0}")
            a = s4l.model.CreateSpline(
                [xcm.Vec3(x, y, z0 - 0.5 * L1), xcm.Vec3(x, y, z0 + 0.5 * L1)]
            )
            a.Name = name + "_Spline_" + str(cm) + "_Random"
            splines.Add(a)

            cm += 1
            cn += 1
            axonn += 1

        cnt += 1

        # Adds the axon trajectories and the point in the folders
        axon_ent.Add(splines)
        point_ent.Add(entfold)

        # Delete the slice from the model
        slice.Delete()

    print("Total number of axons:", axonn)

    # Creates Unique Folder for Fibers and Points
    fold = s4l.model.CreateGroup("Functionalization")
    fold.Add(axon_ent)
    fold.Add(point_ent)

    return fold



def DiscretizeAxonModel():
    
	''' In this function, the axon trajectories are converted in electrophysiology axon models of myelinated and 
        unmyelinated axons. Unmyelinated Sundt fibers are assigned with a 1um fiber diameter, while myelinated "rat"
        fibers are assigned to 7um diameters '''
    
    
	entities = s4l.model.AllEntities()
	axons_folder=entities['Axons_Folder'].Entities
	
	sundt_axons = []
	rat_axons = []
	
	for folder in axons_folder:		
		if '6' in folder.Name:
			# Sundt 1um
			for axon in folder.Entities:
				sundt_axons.append(axon)
		else:
			# Rat 7um neurons
			for axon in folder.Entities:
				rat_axons.append(axon)
	
	sundt_props = model.SundtNeuronProperties()
	sundt_props.AxonDiameter = 1.0
	discretized_sundt = model.CreateAxonNeurons(sundt_axons, sundt_props )
	
	rat_props = model.RatNeuronProperties()
	rat_props.AxonDiameter = 7.0
	discretized_rat = model.CreateAxonNeurons(rat_axons, rat_props )



def CreatesEMSimulation():

	simulation = emlf.ElectroQsOhmicSimulation()
	document.AllSimulations.Add( simulation )

	# Mapping the components and entities
	component__plane_x = simulation.AllComponents["Plane X+"]
	component__plane_x = simulation.AllComponents["Plane X-"]
	component__background = simulation.AllComponents["Background"]
	component__plane_y = simulation.AllComponents["Plane Y+"]
	component__plane_y = simulation.AllComponents["Plane Y-"]
	component__plane_z = simulation.AllComponents["Plane Z+"]
	component__plane_z = simulation.AllComponents["Plane Z-"]
	component__overall_field = simulation.AllComponents["Overall Field"]
	entity__blood2 = model.AllEntities()["Blood 2"]
	entity__fascicle1 = model.AllEntities()["Fascicle 1"]
	entity__fascicle3 = model.AllEntities()["Fascicle 3"]
	entity__fascicle4 = model.AllEntities()["Fascicle 4"]
	entity__fascicle2 = model.AllEntities()["Fascicle 2"]
	entity__fascicle7 = model.AllEntities()["Fascicle 7"]
	entity__electrode_1 = model.AllEntities()["Electrode_1"]
	entity__connective_2b = model.AllEntities()["Connective_2b"]
	entity__silicone = model.AllEntities()["Silicone"]
	entity__blood3 = model.AllEntities()["Blood 3"]
	entity__fascicle5 = model.AllEntities()["Fascicle 5"]
	entity__connective_2a = model.AllEntities()["Connective_2a"]
	entity__saline = model.AllEntities()["Saline"]
	entity__connective = model.AllEntities()["Connective"]
	entity__nerve = model.AllEntities()["Nerve"]
	entity__interstitial = model.AllEntities()["Interstitial"]
	entity__fascicle6 = model.AllEntities()["Fascicle 6"]
	entity__blood1 = model.AllEntities()["Blood 1"]
	entity__electrode_2 = model.AllEntities()["Electrode_2"]

	# Adding a new MaterialSettings
	material_settings = emlf.MaterialSettings()
	components = [entity__silicone]
	material_settings.Name = "Silicone"
	simulation.Add(material_settings, components)

	material_settings = emlf.MaterialSettings()
	components = [entity__interstitial]
	mat = database["IT'IS LF 4.2"]["Fat"]
	if mat is not None:
		simulation.LinkMaterialWithDatabase(material_settings, mat)
	else:
		# Fallback if material is not found
		material_settings.Name = "Fat"
		material_settings.MassDensity = 911.0, Unit("kg/m^3")
		material_settings.ElectricProps.Conductivity = 0.07762127305463426, Unit("S/m")
		material_settings.ElectricProps.RelativePermittivity = 19286.645785175333
	simulation.Add(material_settings, components)

	material_settings = emlf.MaterialSettings()
	components = [entity__saline]
	material_settings.Name = "Saline"
	material_settings.ElectricProps.Conductivity = 2.0, Unit("S/m")
	simulation.Add(material_settings, components)

	material_settings = emlf.MaterialSettings()
	components = [entity__blood1, entity__blood2, entity__blood3]
	mat = database["IT'IS LF 4.2"]["Blood"]
	if mat is not None:
		simulation.LinkMaterialWithDatabase(material_settings, mat)
	else:
		# Fallback if material is not found
		material_settings.Name = "Blood"
		material_settings.MassDensity = 1049.75, Unit("kg/m^3")
		material_settings.ElectricProps.Conductivity = 0.6624597361833767, Unit("S/m")
		material_settings.ElectricProps.RelativePermittivity = 5258.608390020375
	simulation.Add(material_settings, components)

	material_settings = emlf.MaterialSettings()
	components = [entity__nerve]
	mat = database["IT'IS LF 4.2"]["Nerve"]
	if mat is not None:
		simulation.LinkMaterialWithDatabase(material_settings, mat)
	else:
		# Fallback if material is not found
		material_settings.Name = "Nerve"
		material_settings.MassDensity = 1075.0, Unit("kg/m^3")
		material_settings.ElectricProps.Conductivity = 0.3479543931346832, Unit("S/m")
		material_settings.ElectricProps.RelativePermittivity = 69911.4914652573
	simulation.Add(material_settings, components)

	material_settings = emlf.MaterialSettings()
	components = [entity__fascicle1, entity__fascicle2, entity__fascicle3, entity__fascicle4, entity__fascicle5, entity__fascicle6, entity__fascicle7]
	material_settings.Name = "Fascicles"
	material_settings.ElectricProps.ConductivityAnisotropic = True
	material_settings.ElectricProps.ConductivityDiagonalElements = numpy.array([0.086, 0.086, 0.571]), Unit("S/m")
	simulation.Add(material_settings, components)

	material_settings = emlf.MaterialSettings()
	components = [entity__connective, entity__connective_2a, entity__connective_2b]
	mat = database["IT'IS LF 4.2"]["Connective Tissue"]
	if mat is not None:
		simulation.LinkMaterialWithDatabase(material_settings, mat)
	else:
		# Fallback if material is not found
		material_settings.Name = "Connective Tissue"
		material_settings.MassDensity = 1026.5, Unit("kg/m^3")
		material_settings.ElectricProps.Conductivity = 0.07919585744745661, Unit("S/m")
		material_settings.ElectricProps.RelativePermittivity = 302705.19018286216
	simulation.Add(material_settings, components)

	# Adds the boundary conditions
	boundary_settings = [x for x in simulation.AllSettings if isinstance(x, emlf.BoundarySettings) and x.Name == "Boundary Settings"][0]
	components = [component__plane_x, component__plane_x, component__plane_y, component__plane_y, component__plane_z, component__plane_z]
	simulation.Add(boundary_settings, components)
	boundary_settings.BoundaryType = boundary_settings.BoundaryType.enum.Flux

	boundary_settings = emlf.BoundarySettings()
	components = [entity__electrode_1]
	boundary_settings.Name = "Boundary Settings 1"
	boundary_settings.DirichletValue = -0.5, units.Volts
	simulation.Add(boundary_settings, components)

	boundary_settings = emlf.BoundarySettings()
	components = [entity__electrode_2]
	boundary_settings.Name = "Boundary Settings 2"
	boundary_settings.DirichletValue = 0.5, units.Volts
	simulation.Add(boundary_settings, components)

	# Editing GlobalGridSettings "Grid (Empty)
	global_grid_settings = simulation.GlobalGridSettings
	global_grid_settings.DiscretizationMode = global_grid_settings.DiscretizationMode.enum.Manual
	global_grid_settings.MaxStep = numpy.array([10.0, 10.0, 10.0]), units.MilliMeters
	global_grid_settings.Resolution = numpy.array([0.625, 0.625, 0.625]), units.MilliMeters
	global_grid_settings.PaddingMode = global_grid_settings.PaddingMode.enum.Manual
	global_grid_settings.BottomPadding = numpy.array([1.0, 1.0, 1.0]), units.MilliMeters
	global_grid_settings.TopPadding = numpy.array([1.0, 1.0, 1.0]), units.MilliMeters

	manual_grid_settings = simulation.AddManualGridSettings([entity__blood1, entity__blood2, entity__blood3, entity__connective, entity__connective_2a, entity__connective_2b, entity__electrode_1, entity__electrode_2, entity__fascicle1, entity__fascicle2, entity__fascicle3, entity__fascicle4, entity__fascicle5, entity__fascicle6, entity__fascicle7, entity__interstitial, entity__nerve, entity__saline, entity__silicone])
	manual_grid_settings.MaxStep = numpy.array([0.025, 0.025, 0.06]), units.MilliMeters
	manual_grid_settings.Priority = 0.0

	# Adding a new ManualVoxelerSettings
	automatic_voxeler_settings = [x for x in simulation.AllSettings if isinstance(x, emlf.AutomaticVoxelerSettings) and x.Name == "Automatic Voxeler Settings"][0]
	automatic_voxeler_settings.Priority = 2

	manual_voxeler_settings = emlf.ManualVoxelerSettings()
	components = [entity__fascicle1, entity__fascicle2, entity__fascicle3, entity__fascicle4, entity__fascicle5, entity__fascicle6, entity__fascicle7]
	manual_voxeler_settings.Name = "Fascicles"
	manual_voxeler_settings.Priority = 8
	simulation.Add(manual_voxeler_settings, components)

	manual_voxeler_settings = emlf.ManualVoxelerSettings()
	components = [entity__silicone]
	manual_voxeler_settings.Name = "Silicone"
	manual_voxeler_settings.Priority = 9
	simulation.Add(manual_voxeler_settings, components)

	manual_voxeler_settings = emlf.ManualVoxelerSettings()
	components = [entity__electrode_1, entity__electrode_2]
	manual_voxeler_settings.Name = "Electrodes"
	manual_voxeler_settings.Priority = 10
	simulation.Add(manual_voxeler_settings, components)

	manual_voxeler_settings = emlf.ManualVoxelerSettings()
	components = [entity__nerve]
	manual_voxeler_settings.Name = "Nerve"
	manual_voxeler_settings.Priority = 4
	simulation.Add(manual_voxeler_settings, components)

	manual_voxeler_settings = emlf.ManualVoxelerSettings()
	components = [entity__interstitial]
	manual_voxeler_settings.Name = "Interstitial"
	manual_voxeler_settings.Priority = 5
	simulation.Add(manual_voxeler_settings, components)

	manual_voxeler_settings = emlf.ManualVoxelerSettings()
	components = [entity__blood1, entity__blood2, entity__blood3]
	manual_voxeler_settings.Name = "Blood"
	manual_voxeler_settings.Priority = 6
	simulation.Add(manual_voxeler_settings, components)

	manual_voxeler_settings = emlf.ManualVoxelerSettings()
	components = [entity__saline]
	manual_voxeler_settings.Name = "Saline"
	simulation.Add(manual_voxeler_settings, components)

	manual_voxeler_settings = emlf.ManualVoxelerSettings()
	components = [entity__connective, entity__connective_2a, entity__connective_2b]
	manual_voxeler_settings.Name = "Connective"
	manual_voxeler_settings.Priority = 7
	simulation.Add(manual_voxeler_settings, components)

	# Editing SolverSettings "Solver
	solver_settings = simulation.SolverSettings
	solver_settings.PredefinedTolerances = solver_settings.PredefinedTolerances.enum.High

	# Update the materials and the grid
	simulation.UpdateAllMaterials()
	simulation.UpdateGrid()

	# Create the voxels
	simulation.CreateVoxels()

	return simulation



def CreateNeuronSimulation(strategy):
    import s4l_v1.simulation.neuron as neuron

    # Create a Neuron simulation
    sim = s4l.simulation.neuron.Simulation()
    sim.Name = "Neuronal Simulation Titration_"+strategy

    # Add the simulation to the UI
    document.AllSimulations.Add(sim)

    # Setup Settings
    setup_settings = sim.SetupSettings
    setup_settings.PerformTitration = True

    if strategy=='NEURON':
        sim.SetupSettings.TitrationStrategy=0        
    elif strategy=='Estimator':
        sim.SetupSettings.TitrationStrategy=1        

    # Neuron Settings
    entities = model.AllEntities()
    axons = [ent for ent in entities if '[Rat Neuron 7.00um]' in ent.Name or '[Unmyelinated Sundt Neuron 1.00um]' in ent.Name]
    neuron_settings = neuron.AutomaticAxonNeuronSettings()
    sim.Add(neuron_settings, axons)

    # Source Settings
    # get incident field sensor component from lf simulation
    incident_sim = document.AllSimulations["LF"]
    assert incident_sim is not None, "Electromagnetic simulation to be used in the Neuron simulation could not be found."
    source_settings = sim.AddSource(incident_sim, "Overall Field")
    source_settings.PulseType = source_settings.PulseType.enum.Bipolar
    source_settings.InitialTime = 0.1
    source_settings.AmplitudeP1 = 1.0
    source_settings.DurationP1 = 0.5
    source_settings.Interval = 0.1

    # Sensor Settings
    # Fascicle 1 spline 1
    axon1 = [axon for axon in sim.GetNeuronEntities() if axon.Name == "Fascicle 1_Spline_0_Random [Rat Neuron 7.00um]"][0]

    point_sensor_settings = sim.AddPointSensor(axon1)
    point_sensor_settings.SectionName = "node[2]"
    point_sensor_settings.RelativePosition = 0.5

    point_sensor_settings = sim.AddPointSensor(axon1)
    point_sensor_settings.SectionName = "node[8]"
    point_sensor_settings.RelativePosition = 0.5

    point_sensor_settings = sim.AddPointSensor(axon1)
    point_sensor_settings.SectionName = "node[17]"
    point_sensor_settings.RelativePosition = 0.5

    # Fascicle 6 spline 1
    axon2 = [axon for axon in sim.GetNeuronEntities() if axon.Name == "Fascicle 6_Spline_0_Random [Unmyelinated Sundt Neuron 1.00um]"][0]

    point_sensor_settings = sim.AddPointSensor(axon2)
    point_sensor_settings.SectionName = "section[70]"
    point_sensor_settings.RelativePosition = 0.5

    point_sensor_settings = sim.AddPointSensor(axon2)
    point_sensor_settings.SectionName = "section[169]"
    point_sensor_settings.RelativePosition = 0.5

    point_sensor_settings = sim.AddPointSensor(axon2)
    point_sensor_settings.SectionName = "section[286]"
    point_sensor_settings.RelativePosition = 0.5

    # solver settings
    solver_settings = sim.SolverSettings
    solver_settings.Duration = 2.5
    solver_settings.NumberOfThreads = 6
    solver_settings.TimeStep = 0.00025 
    # Rat membrane dynamics are very fast, and thus need a smaller timestep
    return sim



def AnalyzeSimulation(sim, plot_v = False):
    # Adding a new SimulationExtractor
    #assert sim.HasResults(), f"Provided simulation {sim.Name} does not yet have results. Run it to be able to analyze it"
    # Adding a new SimulationExtractor
    simulation_extractor = sim.Results()

    # Adding a new TitrationEvaluator
    inputs = [simulation_extractor["Titration Sensor"]["Titration"]]
    titration_evaluator = analysis.neuron_evaluators.TitrationEvaluator(inputs=inputs)
    titration_evaluator.UpdateAttributes()
    titration_evaluator.Update(0)
    document.AllAlgorithms.Add(titration_evaluator)

    # Extracting the Titration information for further analysis
    tf=titration_evaluator.TitrationFactor      # titration factor
    tl=titration_evaluator.LocationOfFirstSpike # section of the first spike
    ts=titration_evaluator.TimeOfFirstSpike     # latency, in [ms]
    neuron_names=titration_evaluator.NeuronName        # name of the neuron spiking
    thresholds=np.array(tf)
    
    if plot_v:
        # Adding a new SensorExtractor
        sensor_extractor = simulation_extractor["Fascicle 1_Spline_0_Random [Rat Neuron 7.00um]  (Functionalization/Axons_Folder/S_Splines_Fascicle 1)@node[17]@0.50"]
        document.AllAlgorithms.Add(sensor_extractor)

        # Adding a new SensorExtractor
        sensor_extractor_2 = simulation_extractor["Fascicle 1_Spline_0_Random [Rat Neuron 7.00um]  (Functionalization/Axons_Folder/S_Splines_Fascicle 1)@node[2]@0.50"]
        document.AllAlgorithms.Add(sensor_extractor_2)

        # Adding a new SensorExtractor
        sensor_extractor_3 = simulation_extractor["Fascicle 1_Spline_0_Random [Rat Neuron 7.00um]  (Functionalization/Axons_Folder/S_Splines_Fascicle 1)@node[8]@0.50"]
        document.AllAlgorithms.Add(sensor_extractor_3)

        # Adding a new SensorExtractor
        sensor_extractor_4 = simulation_extractor["Fascicle 6_Spline_0_Random [Unmyelinated Sundt Neuron 1.00um]  (Functionalization/Axons_Folder/S_Splines_Fascicle 6)@section[169]@0.50"]
        document.AllAlgorithms.Add(sensor_extractor_4)

        # Adding a new SensorExtractor
        sensor_extractor_5 = simulation_extractor["Fascicle 6_Spline_0_Random [Unmyelinated Sundt Neuron 1.00um]  (Functionalization/Axons_Folder/S_Splines_Fascicle 6)@section[286]@0.50"]
        document.AllAlgorithms.Add(sensor_extractor_5)

        # Adding a new SensorExtractor
        sensor_extractor_6 = simulation_extractor["Fascicle 6_Spline_0_Random [Unmyelinated Sundt Neuron 1.00um]  (Functionalization/Axons_Folder/S_Splines_Fascicle 6)@section[70]@0.50"]
        document.AllAlgorithms.Add(sensor_extractor_6)

        # Adding a new PlotViewer
        inputs = [sensor_extractor.Outputs["v"], sensor_extractor_2.Outputs["v"], sensor_extractor_3.Outputs["v"], sensor_extractor_4.Outputs["v"], sensor_extractor_5.Outputs["v"], sensor_extractor_6.Outputs["v"]]
        plot_viewer = analysis.viewers.PlotViewer(inputs=inputs)
        plot_viewer.UpdateAttributes()
        document.AllAlgorithms.Add(plot_viewer)

    return [neuron_names,thresholds]



def Calculates_Recruitment_Curve(simulation,N):
	""" Calculates the recruitment percentage of axons/neurons for a range of threshold currents.
		Notes: users should use this script with care and adapt it at occurrence for the specific
		investigated system. The provide calculations assumes that each axon/neuron has the same
		weight with respect to recruitment. There can be cases where this assumption is not valid.

		Parameters:
		N (int): Number of points in the log-spaced current range.

		Returns:
		numpy.ndarray: Recruitment percentages.
	"""

	assert simulation.HasResults()==1, "Neuronal Simulation Should Have Results"

	simulation_extractor = simulation.Results()

	# Adding a new SensorExtractor
	sensor_extractor = simulation_extractor["Titration Sensor"]
	sensor_extractor.Update()
	document.AllAlgorithms.Add(sensor_extractor)

	# Adding a new TitrationEvaluator
	inputs = [sensor_extractor.Outputs["Titration"]]
	titration_evaluator = analysis.neuron_evaluators.TitrationEvaluator(inputs=inputs)
	titration_evaluator.UpdateAttributes()
	titration_evaluator.Update()
	document.AllAlgorithms.Add(titration_evaluator)

	tf=titration_evaluator.TitrationFactor      # titration factor
	tl=titration_evaluator.LocationOfFirstSpike # section of the first spike
	ts=titration_evaluator.TimeOfFirstSpike     # latency, in [ms]
	nname=titration_evaluator.NeuronName        # name of the neuron spiking

	# Calculates the recruitment index (see note)
	Naxons = len(tf)
	currents = np.logspace(np.log10(np.min(tf)), np.log10(np.max(tf)), N)
	recruitment = np.array([np.count_nonzero(tf <= c) / Naxons * 100 for c in currents])

	return [currents,recruitment]




import matplotlib.pyplot as plt
import numpy as np

def PlotXY(x, y, xname, xunit, yname, yunit, title):
    """
    Given two numpy vectors x and y, the function creates a 2D matplotlib plot including axis labels and a title.

    Parameters:
    x (np.ndarray): x-axis data
    y (np.ndarray): y-axis data
    xname (str): Label for x-axis quantity
    xunit (str): Unit of x-axis
    yname (str): Label for y-axis quantity
    yunit (str): Unit of y-axis
    title (str): Plot title
    """

    # Ensure x and y are numpy arrays
    x = np.asarray(x)
    y = np.asarray(y)

    # Create the plot
    plt.figure(figsize=(8, 5))
    plt.plot(x, y, label=f'{yname} vs {xname}', color='cadetblue')  # You can customize the color
    plt.xlabel(f'{xname} ({xunit})')
    plt.ylabel(f'{yname} ({yunit})')
    plt.title(title)
    plt.grid(True)
    plt.legend()
    plt.tight_layout()
    plt.show()




def Calculates_Selectivity_Indices(simulation):

	'''Given a electrophysiology simulation and a rule to assign neurons(axons) to groups (e.g. fascicles),
	the script calculates the selectivity indices.''' 

	# Adding a new SimulationExtractor
	simulation_extractor_2 = simulation.Results()

	# Adding a new SensorExtractor
	#print('Sensors ', simulation_extractor_2.keys())
	sensor_extractor = simulation_extractor_2["Action Potential Sensor"]
	document.AllAlgorithms.Add(sensor_extractor)

	# Adding a new SelectivityEvaluator
	inputs = [sensor_extractor.Outputs["Action Potential"]]
	selectivity_evaluator = s4l.analysis.neuron_evaluators.SelectivityEvaluator(inputs=inputs)
	selectivity_evaluator.UpdateAttributes()
	document.AllAlgorithms.Add(selectivity_evaluator)

	# Adds the algorithm to the GUI
	s4l.document.AllAlgorithms.Add(selectivity_evaluator)

	# Gets the default assignment of axons to groups
	#my_assignment = selectivity_evaluator.raw.Assignment

	# Gets the axons. In their name the axon diameter is specified
	axons=[k for k in selectivity_evaluator.Assignment.keys()]
	#axons=[a.Name for a in simulation.GetNeuronEntities()]

	# In this example, axon names include the fascicle ID. Now I assign each axon to its group/fascicle
	for axon in axons:
		group=int(axon.split("_")[0].split(" ")[1])
		#my_assignment[axon]=group
		selectivity_evaluator.SetNeuronAssignment(axon, group) 
		selectivity_evaluator.UpdateAttributes()
		selectivity_evaluator.Update()
		#print (selectivity_evaluator.GetNeuronAssignment(axon))
		
	#evaluator.SetNeuronAssignment('Fascicle 1_Spline_0 [SENN Neuron 5.00um]  (Axons_Folder/Splines_Fascicle 1)',20)
	#print(selectivity_evaluator.Assignment)

	# Provide the assignment to the algorithm
	#evaluator.raw.Assignment = my_assignment
	selectivity_evaluator.UpdateAttributes()
	selectivity_evaluator.Update()

	# Calculates the selectivity indices
	evalu=selectivity_evaluator
	results=evalu.SelectivityMap()

	groups=np.array(list(results.keys()))
	selectivity_indices=np.array(list(results.values()))

	return [groups,selectivity_indices]





def Calculates_Selectivity_Curve(simulation, currents):	

	selectivities=[]

	# Creates Recruitment Curves
	N=10
    
	# Calculate Current-Dependent Selectivity Indices
	for current in currents:
		simulation.ClearResults()
		
		# Remove the titration option
		simulation.SetupSettings.PerformTitration=False
		
		sets=simulation.AllSettings
		ss=sets['Source Settings']
		ss.AmplitudeP1=current

		simulation.RunSimulation()	

		if simulation.HasResults():
			print('Computing Selectivity for current ', current)
			[groups,selectivity_index]=Calculates_Selectivity_Indices(simulation)
			selectivities.append(selectivity_index)
			
	selectivities=np.array(selectivities)
	legend=[str(g) for g in groups]	
	
	return [selectivities,legend]




import matplotlib.pyplot as plt
import numpy as np

def Plot_MultiXY(x,y,xname,xunit,yname,yunit,title,labels):
    # Make sure y is transposed correctly if needed
    y = np.transpose(y)
    
    # Plotting
    plt.figure(figsize=(10, 6))
    
    for i in range(y.shape[0]):
        plt.plot(x, y[i, :], label=labels[i])
    
    # Set axis labels with units
    plt.xlabel(f"{xname} ({xunit})")
    plt.ylabel(f"{yname} ({yunit})")
    
    # Set title and legend
    plt.title(f"{title}")
    plt.legend()
    
    # Show plot
    plt.grid(True)
    plt.tight_layout()
    plt.show()



document.New()



#Loads the CAD model of the nerve and electrodes
loadModel(r"C:\Users\Public\Documents\ZMT\Sim4Life\9.0\Documentation\Tutorials\Tutorial Projects\CAD_files")



# Creates a list of Entities
ents=s4l.model.AllEntities()



# #### **Extracts the fascicles as Entities - Required for Neuro-Functionalization**

folder=s4l.model.CreateGroup('Fascicles_Folder') # Folder where all Fascicle Entities are Grouped

for e in ents:
    if hasattr(e, 'Name') and 'Fascicle ' in e.Name:
        print(f"Adding: {e.Name}")
        folder.Add(e)



Create_Axon_Distribution(0.25, 0.05)    



# Creates the EM simulation
em_simulation=CreatesEMSimulation()



# Runs the EM simulation
em_simulation.RunSimulation(wait=True)




# Fields Normalized to 1mA
simulation_extractor = em_simulation.Results()

# Adding a new EmSensorExtractor
em_sensor_extractor = simulation_extractor["Overall Field"]
em_sensor_extractor.FrequencySettings.ExtractedFrequency = u"All"
em_sensor_extractor.Normalization.Normalize = True
em_sensor_extractor.Normalization.NewReferenceValue = 0.001 # Fields normalized to 1mA input current
document.AllAlgorithms.Add(em_sensor_extractor)




inputs = [em_sensor_extractor.Outputs["EM E(x,y,z,f0)"]]
slice_field_viewer = analysis.viewers.SliceFieldViewer(inputs=inputs)
slice_field_viewer.Data.Mode = slice_field_viewer.Data.Mode.enum.QuantityComplexModulus
slice_field_viewer.Data.Component = slice_field_viewer.Data.Component.enum.ComponentsAll
slice_field_viewer.Slice.SliceOrigin = np.array([0.0008823550888337195, 0.0006480618030764163, 0.009349999949336052])
slice_field_viewer.Slice.Normal = np.array([0.0, 1.0, 0.0])
slice_field_viewer.UpdateAttributes()
slice_field_viewer.Update()
document.AllAlgorithms.Add(slice_field_viewer)




# Discretize Axon Fibers
DiscretizeAxonModel()



# Creates and runs the Neuronal Simulation (Complete Electrophysiological Simulation, NEURON-based)
simNeuro = CreateNeuronSimulation(strategy='Neuron')




# Runs the Neuronal Simulation

t0=time.time()
simNeuro.RunSimulation()
tn=time.time()-t0
print ('Execution Titration - NEURON approach - duration ', tn, ' seconds')




# Creates and runs the Neuronal Simulation (Estimator, GAF-baseed)
simEstimator = CreateNeuronSimulation(strategy='Estimator')



# Runs the Neuronal Simulation

t0=time.time()
simEstimator.RunSimulation()
tn=time.time()-t0
print ('Execution Titration - Estimator approach - duration ', tn, ' seconds')


# Reporting acceleration using the Estimator strategy over the Neuron strategy
#print('Estimator vs NEURON execution time ratio ', te/tn, 'Acceleration: ',tn/te,' times')
[neuron_namesN, thresholdsN] = AnalyzeSimulation(simNeuro, plot_v = True)
[neuron_namesE, thresholdsE] = AnalyzeSimulation(simEstimator)



# Plot titration factor estimation per fiber, both from NEURON and GAF results
fiber_indexes = np.arange(1, len(thresholdsN)+1).astype(float).tolist() # Create an array of fiber indices
legend = ['NEURON', 'Estimator'] # Create a legend for the plot
thresholds_all = np.vstack((thresholdsN, thresholdsE)).T #stack 2 arrays into a 2D array and transposes it 




Plot_MultiXY(fiber_indexes,thresholds_all,"Fiber index","","Titration factor","","Titration factor prediction",legend)



import matplotlib.pyplot as plt 

plt.figure()
is_rat = np.array([True if '[Rat Neuron 7.00um]' in axon else False for axon in neuron_namesN])
plt.scatter(thresholdsN[is_rat], thresholdsE[is_rat], c="b", label="Rat")
plt.scatter(thresholdsN[~is_rat], thresholdsE[~is_rat], c="r", label="Sundt")
plt.xscale("log")
plt.yscale("log")

plt.ylabel('Threshold Current [mA] - Estimator')
plt.xlabel('Threshold Current [mA] - Neuron')
m = np.min(list(thresholdsN) + list(thresholdsE))
M = np.max(list(thresholdsN) + list(thresholdsE))
plt.plot([m, M], [m, M], "k--", alpha=0.5)
plt.title('Comparison Threshold Estimator vs Neuron')
plt.grid(True)
ax = plt.gca()
ax.set_aspect('equal', 'box')

plt.xlim(m*0.8, M*1.2)
plt.ylim(m*0.8, M*1.2)
plt.legend()



#Compute the recruitment curve

[currents,recruitment] = Calculates_Recruitment_Curve(simNeuro,10)



# Plots the recruitment curve
PlotXY(currents,recruitment,'Threshold','mA','Recruitment Index','%','')



[selectivities, legend] = Calculates_Selectivity_Curve(simNeuro, currents)



# Plot Selectivity Curves
labels = [f'Fascicle {int(x)+1}' for x in legend]

#Plot_MultiXY(currents,selectivities,"Current","mA","Selectivity Index","","Selectivity Plot",labels)
Plot_MultiXY(currents,selectivities,"Current","mA","Selectivity Index","","Selectivity Plot",labels)





