

    
      Navigation

      
        	
          index

        	
          next |

        	CompMod 0.01 documentation 
 
      

    


    
      
          
            
  
CompMod Documentation

Installation can be performed in many ways, here a two:


	The right way:



pip install git+https://github.com/lcharleux/compmod.git





Under Windows systems, installing the Python(x,y) bundle allows this procedure to be performed easily.


	If you are contributing to the module, you can just clone the repository:



git clone https://github.com/lcharleux/compmod.git





And remember to add the abapy/abapy directory to your PYTHONPATH. For example, the following code can be used under Linux (in .bashrc or .profile):

export PYTHONPATH=$PYTHONPATH:yourpath/compmod
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Models

This section contains numerical models that can be used directly to run finite element simulations which can be compartmentalized or homogeneous.


CuboidTest


	
class compmod.models.CuboidTest(**kwargs)[source]

	Performs a uniaxial tensile or compressive test on an cuboid rectangular cuboid along the y axis. The cuboid can be 2D or 3D. Lateral conditions can be specified as free or pseudo homogeneous.





	Parameters:	
	lx (float) – length of the box along the x axis (default = 1.)

	ly (float) – length of the box along the y axis (default = 1.)

	lz (float) – length of the box along the z axis (default = 1.). Only used in 3D simulations.

	Nx (int) – number of elements along the x direction.

	Ny (int) – number of elements along the y direction.

	Nz (int) – number of elements along the z direction.

	disp (float) – imposed displacement along the y direction (default = .25)

	export_fields – indicates if the field outputs are exported (default = True). Can be set to False to speed up post processing.

	lateral_bc (dict) – indicates the type of lateral boundary conditions to be used.

	abqlauncher (string) – path to the abaqus executable.

	material – material instance from abapy.materials

	label (string) – label of the simulation (default: ‘simulation’)

	workdir (string) – path to the simulation work directory (default: ‘’)

	compart (integer) – indicated if the simulation homogeneous or compartimented (default: False)

	nFrames (integer) – number or frames per step (default: 100)

	elType (string) – element type (default: ‘CPS4’)

	is_3D (boolean) – indicates if the model is 2D or 3D (default: False)

	cpus – number of CPUs to use (default: 1)

	force (boolean) – test in force

	displacement (boolean) – test in dispalcement









This model can be used for a wide range of problems. A few examples are given here:


	Simple 2D compartmentalized model:



from abapy import materials
from abapy.misc import load
import matplotlib.pyplot as plt
from matplotlib import cm
import numpy as np
import pickle, copy, platform, compmod


# GENERAL SETTINGS
settings = {}
settings['export_fields'] = True
settings['compart'] = True
settings['is_3D']   = False
settings['lx']      = 10.
settings['ly']      = 10. # test direction
settings['lz']      = 10.
settings['Nx']      = 40
settings['Ny']      = 20
settings['Nz']      = 2
settings['disp']    = 1.2
settings['nFrames'] = 50
settings['workdir'] = "workdir/"
settings['label']   = "cuboidTest"
settings['elType']  = "CPS4"
settings['cpus']    = 1

run_simulation = False # True to run it, False to just use existing results

E           = 1.
sy_mean     = .001
nu          = 0.3
sigma_sat   = .005
n           = 0.05


# ABAQUS PATH SETTINGS
node = platform.node()
if node ==  'lcharleux':
  settings['abqlauncher']   = "/opt/Abaqus/6.9/Commands/abaqus"
if node ==  'serv2-ms-symme':
  settings['abqlauncher']   = "/opt/abaqus/Commands/abaqus"
if node ==  'epua-pd47':
  settings['abqlauncher']   = "C:/SIMULIA/Abaqus/6.11-2/exec/abq6112.exe"
if node ==  'epua-pd45':
  settings['abqlauncher']   = "C:\SIMULIA/Abaqus/Commands/abaqus"
if node ==  'SERV3-MS-SYMME':
  settings['abqlauncher']   = "C:/Program Files (x86)/SIMULIA/Abaqus/6.11-2/exec/abq6112.exe"


# MATERIALS CREATION
Ne = settings['Nx'] * settings['Ny']
if settings['is_3D']: Ne *= settings['Nz']
if settings['compart']:
  E         = E         * np.ones(Ne) # Young's modulus
  nu        = nu        * np.ones(Ne) # Poisson's ratio
  sy_mean   = sy_mean   * np.ones(Ne)
  sigma_sat = sigma_sat * np.ones(Ne)
  n         = n         * np.ones(Ne)
  sy = compmod.distributions.Rayleigh(sy_mean).rvs(Ne)
  labels = ['mat_{0}'.format(i+1) for i in xrange(len(sy_mean))]
  settings['material'] = [materials.Bilinear(labels = labels[i],
                                 E = E[i], nu = nu[i], Ssat = sigma_sat[i],
                                 n=n[i], sy = sy[i]) for i in xrange(Ne)]
else:
  labels = 'SAMPLE_MAT'
  settings['material'] = materials.Bilinear(labels = labels,
                                E = E, nu = nu, sy = sy_mean, Ssat = sigma_sat,
                                n = n)


m = compmod.models.CuboidTest(**settings)
if run_simulation:
  m.MakeInp()
  m.Run()
  m.MakePostProc()
  m.RunPostProc()
m.LoadResults()
# Plotting results
if m.outputs['completed']:


  # History Outputs
  disp =  np.array(m.outputs['history']['disp'].values()[0].data[0])
  force =  np.array(np.array(m.outputs['history']['force'].values()).sum().data[0])
  volume = np.array(np.array(m.outputs['history']['volume'].values()).sum().data[0])
  length = settings['ly'] + disp
  surface = volume / length
  logstrain = np.log10(1. + disp / settings['ly'])
  linstrain = disp/ settings['ly']
  strain = linstrain
  stress = force / surface

  fig = plt.figure(0)
  plt.clf()
  sp1 = fig.add_subplot(2, 1, 1)
  plt.plot(disp, force, 'ro-')
  plt.xlabel('Displacement, $U$')
  plt.ylabel('Force, $F$')
  plt.grid()
  sp1 = fig.add_subplot(2, 1, 2)
  plt.plot(strain, stress, 'ro-', label = 'simulation curve', linewidth = 2.)
  plt.xlabel('Tensile Strain, $\epsilon$')
  plt.ylabel(' Tensile Stress $\sigma$')
  plt.grid()
  plt.savefig(settings['workdir'] + settings['label'] + 'history.pdf')


  # Field Outputs
  if settings["export_fields"]:
    m.mesh.dump2vtk(settings['workdir'] + settings['label'] + '.vtk')





(Source code)


	VTK output: cuboidTest.vtk.

	VTK file displayed with Paraview:



[image: _images/cuboidTest.png]

	Simple 3D compartmentalized model:



from abapy import materials
from abapy.misc import load
import matplotlib.pyplot as plt
from matplotlib import cm
import numpy as np
import pickle, copy, platform, compmod


# GENERAL SETTINGS
settings = {}
settings['export_fields'] = True
settings['compart'] = True
settings['is_3D']   = True
settings['lx']      = 5.
settings['ly']      = 5. # test direction
settings['lz']      = 5.
settings['Nx']      = 10
settings['Ny']      = 10
settings['Nz']      = 10
settings['disp']    = 1.2
settings['nFrames'] = 50
settings['workdir'] = "workdir/"
settings['label']   = "cuboidTest_3D"
settings['elType']  = "CPS4"
settings['cpus']    = 1

run_simulation = False # True to run it, False to just use existing results

E           = 1.
sy_mean     = .001
nu          = 0.3
sigma_sat   = .005
n           = 0.05


# ABAQUS PATH SETTINGS
node = platform.node()
if node ==  'lcharleux':
  settings['abqlauncher']   = "/opt/Abaqus/6.9/Commands/abaqus"
if node ==  'serv2-ms-symme':
  settings['abqlauncher']   = "/opt/abaqus/Commands/abaqus"
if node ==  'epua-pd47':
  settings['abqlauncher']   = "C:/SIMULIA/Abaqus/6.11-2/exec/abq6112.exe"
if node ==  'epua-pd45':
  settings['abqlauncher']   = "C:\SIMULIA/Abaqus/Commands/abaqus"
if node ==  'SERV3-MS-SYMME':
  settings['abqlauncher']   = "C:/Program Files (x86)/SIMULIA/Abaqus/6.11-2/exec/abq6112.exe"


# MATERIALS CREATION
Ne = settings['Nx'] * settings['Ny']
if settings['is_3D']: Ne *= settings['Nz']
if settings['compart']:
  E         = E         * np.ones(Ne) # Young's modulus
  nu        = nu        * np.ones(Ne) # Poisson's ratio
  sy_mean   = sy_mean   * np.ones(Ne)
  sigma_sat = sigma_sat * np.ones(Ne)
  n         = n         * np.ones(Ne)
  sy = compmod.distributions.Rayleigh(sy_mean).rvs(Ne)
  labels = ['mat_{0}'.format(i+1) for i in xrange(len(sy_mean))]
  settings['material'] = [materials.Bilinear(labels = labels[i],
                                 E = E[i], nu = nu[i], Ssat = sigma_sat[i],
                                 n=n[i], sy = sy[i]) for i in xrange(Ne)]
else:
  labels = 'SAMPLE_MAT'
  settings['material'] = materials.Bilinear(labels = labels,
                                E = E, nu = nu, sy = sy_mean, Ssat = sigma_sat,
                                n = n)


m = compmod.models.CuboidTest(**settings)
if run_simulation:
  m.MakeInp()
  m.Run()
  m.MakePostProc()
  m.RunPostProc()
m.LoadResults()
# Plotting results
if m.outputs['completed']:


  # History Outputs
  disp =  np.array(m.outputs['history']['disp'].values()[0].data[0])
  force =  np.array(np.array(m.outputs['history']['force'].values()).sum().data[0])
  volume = np.array(np.array(m.outputs['history']['volume'].values()).sum().data[0])
  length = settings['ly'] + disp
  surface = volume / length
  logstrain = np.log10(1. + disp / settings['ly'])
  linstrain = disp/ settings['ly']
  strain = linstrain
  stress = force / surface

  fig = plt.figure(0)
  plt.clf()
  sp1 = fig.add_subplot(2, 1, 1)
  plt.plot(disp, force, 'ro-')
  plt.xlabel('Displacement, $U$')
  plt.ylabel('Force, $F$')
  plt.grid()
  sp1 = fig.add_subplot(2, 1, 2)
  plt.plot(strain, stress, 'ro-', label = 'simulation curve', linewidth = 2.)
  plt.xlabel('Tensile Strain, $\epsilon$')
  plt.ylabel(' Tensile Stress $\sigma$')
  plt.grid()
  plt.savefig(settings['workdir'] + settings['label'] + 'history.pdf')


  # Field Outputs
  if settings["export_fields"]:
    m.mesh.dump2vtk(settings['workdir'] + settings['label'] + '.vtk')





(Source code)


	VTK output: cuboidTest.vtk.

	VTK file displayed with Paraview:



[image: _images/cuboidTest_3D.png]

	CuboidTest with microstructure generated using Voronoi cells :




	Source: cuboidTest_voronoi.

	VTK output: cuboidTest_voronoi.




	
DeleteOldFiles()

	Deletes old job files.






	
MakeInp()[source]

	Writes the Abaqus INP file in the workdir.






	
MakeMesh()[source]

	Builds the mesh.






	
MakePostProc()[source]

	Makes the post-proc script






	
PostProc()

	Makes the post proc script and runs it.






	
Run(deleteOldFiles=True)

	Runs the simulation.





	Parameters:	deleteOldFiles – indicates if existing simulation files are deleted before the simulation starts.










	
RunPostProc()

	Runs the post processing script.












RingCompression


	
class compmod.models.RingCompression(**kwargs)[source]

	let see 2 kind of RingCompression , one homogenous and the second compartmentalized

RingCompression_3D

from compmod.models import RingCompression
from abapy.materials import Hollomon
from abapy.misc import load
import matplotlib.pyplot as plt
import numpy as np
import pickle, copy
import platform

#PAREMETERS
is_3D = True
inner_radius, outer_radius = 45.2 , 48.26
Nt, Nr, Na = 20, 3, 6
displacement = 45.
nFrames = 100
sy = 150.
E = 64000.
nu = .3
n = 0.1015820312
thickness =14.92
workdir = "workdir/"
label = "ringCompression_3D"
elType = "C3D8"
filename = 'test_expD2.txt'
cpus = 1
node = platform.node()
if node ==  'lcharleux':      abqlauncher   = '/opt/Abaqus/6.9/Commands/abaqus' # Ludovic
if node ==  'serv2-ms-symme': abqlauncher   = '/opt/abaqus/Commands/abaqus' # Linux
if node ==  'epua-pd47':
  abqlauncher   = 'C:/SIMULIA/Abaqus/6.11-2/exec/abq6112.exe' # Local machine configuration
if node ==  'SERV3-MS-SYMME':
  abqlauncher   = '"C:/Program Files (x86)/SIMULIA/Abaqus/6.11-2/exec/abq6112.exe"' # Local machine configuration
if node ==  'epua-pd45':
  abqlauncher   = 'C:\SIMULIA/Abaqus/Commands/abaqus'

#TASKS
run_sim = True
plot = True

def read_file(file_name):
  '''
  Read a two rows data file and converts it to numbers
  '''
  f = open(file_name, 'r') # Opening the file
  lignes = f.readlines() # Reads all lines one by one and stores them in a list
  f.close() # Closing the file
#    lignes.pop(0) # Delete le saut de ligne for each lines
  force_exp, disp_exp = [],[]

  for ligne in lignes:
      data = ligne.split() # Lines are splitted
      disp_exp.append(float(data[0]))
      force_exp.append(float(data[1]))
  return -np.array(disp_exp), -np.array(force_exp)


disp_exp, force_exp = read_file(filename)

#MODEL DEFINITION
disp = displacement/2
material = Hollomon(
  labels = "SAMPLE_MAT",
  E = E, nu = nu,
  sy = sy, n = n)
m = RingCompression( material = material ,
  inner_radius = inner_radius,
  outer_radius = outer_radius,
  disp = disp,
  thickness = thickness,
  nFrames = nFrames,
  Nr = Nr,
  Nt = Nt,
  Na = Na,
  workdir = workdir,
  label = label,
  elType = elType,
  abqlauncher = abqlauncher,
  cpus = cpus,
  is_3D = is_3D)

# SIMULATION
m.MakeMesh()
if run_sim:
  m.MakeInp()
  m.Run()
  m.PostProc()

# SOME PLOTS
mesh = m.mesh
outputs = load(workdir + label + '.pckl')

if outputs['completed']:

  # Fields
  def field_func(outputs, step):
    """
    A function that defines the scalar field you want to plot
    """
    return outputs['field']['S'][step].vonmises()
  """
  def plot_mesh(ax, mesh, outputs, step, field_func =None, zone = 'upper right', cbar = True, cbar_label = 'Z', cbar_orientation = 'horizontal', disp = True):

    A function that plots the deformed mesh with a given field on it.

    mesh2 = copy.deepcopy(mesh)
    if disp:
      U = outputs['field']['U'][step]
      mesh2.nodes.apply_displacement(U)
    X,Y,Z,tri = mesh2.dump2triplot()
    xb,yb,zb = mesh2.get_border()
    xe, ye, ze = mesh2.get_edges()
    if zone == "upper right": kx, ky = 1., 1.
    if zone == "upper left": kx, ky = -1., 1.
    if zone == "lower right": kx, ky = 1., -1.
    if zone == "lower left": kx, ky = -1., -1.
    ax.plot(kx * xb, ky * yb,'k-', linewidth = 2.)
    ax.plot(kx * xe, ky * ye,'k-', linewidth = .5)
    if field_func != None:
      field = field_func(outputs, step)
      grad = ax.tricontourf(kx * X, ky * Y, tri, field.data)
      if cbar :
        bar = plt.colorbar(grad, orientation = cbar_orientation)
        bar.set_label(cbar_label)


  fig = plt.figure("Fields")
  plt.clf()
  ax = fig.add_subplot(1, 1, 1)
  ax.set_aspect('equal')
  plt.grid()
  plot_mesh(ax, mesh, outputs, 0, field_func, cbar_label = '$\sigma_{eq}$')
  plot_mesh(ax, mesh, outputs, 0, field_func = None, cbar = False, disp = False)
  plt.xlabel('$x$')
  plt.ylabel('$y$')
  plt.savefig(workdir + label + '_fields.pdf')
  """
  # Load vs disp
  force = -2. * outputs['history']['force']
  disp = -2. * outputs['history']['disp']
  fig = plt.figure('Load vs. disp2')
  plt.clf()
  plt.plot(disp.data[0], force.data[0], 'ro-', label = 'Loading', linewidth = 2.)
  plt.plot(disp.data[1], force.data[1], 'bv-', label = 'Unloading', linewidth = 2.)
  plt.plot(disp_exp, force_exp, 'k-', label = 'Exp', linewidth = 2.)
  plt.legend(loc="upper left")
  plt.grid()
  plt.xlabel('Displacement, $U$')
  plt.ylabel('Force, $F$')
  plt.savefig(workdir + label + '_load-vs-disp.pdf')





(Source code)

RingCompression_3D compartimentalized

from compmod.models import RingCompression_VER
from abapy import materials
from abapy.misc import load
import matplotlib.pyplot as plt
import numpy as np
import pickle, copy
import platform

#PAREMETERS
inner_radius, outer_radius = 45.18 , 50.36
Nt, Nr, Na = 20, 4, 8
Ne = Nt * Nr * Na
disp = 10
nFrames = 100
thickness = 20.02
E  = 120000. * np.ones(Ne) # Young's modulus
nu = .3 * np.ones(Ne) # Poisson's ratio
Ssat =1000 * np.ones(Ne)
n = 200 * np.ones(Ne)
sy_mean = 200.

ray_param = sy_mean/1.253314
sy = np.random.rayleigh(ray_param, Ne)
labels = ['mat_{0}'.format(i+1) for i in xrange(len(sy))]
material = [materials.Bilinear(labels = labels[i], E = E[i], nu = nu[i], Ssat = Ssat[i], n=n[i], sy = sy[i]) for i in xrange(Ne)]

#workdir = "D:\donnees_pyth/workdir/"
#label = "ringCompression3DCompart"
#elType = "CPE4"
#cpus = 1
#node = platform.node()
#if node ==  'lcharleux':      abqlauncher   = '/opt/Abaqus/6.9/Commands/abaqus' # Ludovic
#if node ==  'serv2-ms-symme': abqlauncher   = '/opt/abaqus/Commands/abaqus' # Linux
#if node ==  'epua-pd47':
#  abqlauncher   = 'C:/SIMULIA/Abaqus/6.11-2/exec/abq6112.exe' # Local machine configuration
#if node ==  'SERV3-MS-SYMME':
#  abqlauncher   = '"C:/Program Files (x86)/SIMULIA/Abaqus/6.11-2/exec/abq6112.exe"' # Local machine configuration
#if node ==  'epua-pd45':
#  abqlauncher   = 'C:\SIMULIA/Abaqus/Commands/abaqus'

workdir = "workdir/"
label = "ringCompression_3D_compart"
elType = "CPE4"
cpus = 6
node = platform.node()
if node ==  'lcharleux':      abqlauncher   = '/opt/Abaqus/6.9/Commands/abaqus' # Ludovic
if node ==  'serv2-ms-symme': abqlauncher   = '/opt/abaqus/Commands/abaqus' # Linux
if node ==  'epua-pd47':
  abqlauncher   = 'C:/SIMULIA/Abaqus/6.11-2/exec/abq6112.exe' # Local machine configuration
if node ==  'SERV3-MS-SYMME':
  abqlauncher   = '"C:/Program Files (x86)/SIMULIA/Abaqus/6.11-2/exec/abq6112.exe"' # Local machine configuration
if node ==  'epua-pd45':
  abqlauncher   = 'C:\SIMULIA/Abaqus/Commands/abaqus'


#TASKS
run_sim = False
plot = True

#MODEL DEFINITION

m = RingCompression_VER( material = material,inner_radius = inner_radius,
  outer_radius = outer_radius,
  disp = disp/2,
  thickness = thickness,
  nFrames = nFrames,
  Nr = Nr,
  Nt = Nt,
  Na = Na,
  workdir = "workdir/",
  label = label,
  elType = elType,
  abqlauncher = abqlauncher,
  cpus = 1,
  compart = True,
  is_3D = True)

# SIMULATION
m.MakeMesh()
if run_sim:
  m.MakeInp()
  m.Run()
  m.PostProc()

# SOME PLOTS
mesh = m.mesh
outputs = load(workdir + label + '.pckl')
if outputs['completed']:

  # Fields
  def field_func(outputs, step):
    """
    A function that defines the scalar field you want to plot
    """
    return outputs['field']['S'][step].vonmises()
  """
  def plot_mesh(ax, mesh, outputs, step, field_func =None, zone = 'upper right', cbar = True, cbar_label = 'Z', cbar_orientation = 'horizontal', disp = True):

    A function that plots the deformed mesh with a given field on it.

    mesh2 = copy.deepcopy(mesh)
    if disp:
      U = outputs['field']['U'][step]
      mesh2.nodes.apply_displacement(U)
    X,Y,Z,tri = mesh2.dump2triplot()
    xb,yb,zb = mesh2.get_border()
    xe, ye, ze = mesh2.get_edges()
    if zone == "upper right": kx, ky = 1., 1.
    if zone == "upper left": kx, ky = -1., 1.
    if zone == "lower right": kx, ky = 1., -1.
    if zone == "lower left": kx, ky = -1., -1.
    ax.plot(kx * xb, ky * yb,'k-', linewidth = 2.)
    ax.plot(kx * xe, ky * ye,'k-', linewidth = .5)
    if field_func != None:
      field = field_func(outputs, step)
      grad = ax.tricontourf(kx * X, ky * Y, tri, field.data)
      if cbar :
        bar = plt.colorbar(grad, orientation = cbar_orientation)
        bar.set_label(cbar_label)


  fig = plt.figure("Fields")
  plt.clf()
  ax = fig.add_subplot(1, 1, 1)
  ax.set_aspect('equal')
  plt.grid()
  plot_mesh(ax, mesh, outputs, 0, field_func, cbar_label = '$\sigma_{eq}$')
  plot_mesh(ax, mesh, outputs, 0, field_func = None, cbar = False, disp = False)
  plt.xlabel('$x$')
  plt.ylabel('$y$')
  plt.savefig(workdir + label + '_fields.pdf')

  """
  # Load vs disp
  force = -2. * outputs['history']['force']
  disp = -2. * outputs['history']['disp']
  fig = plt.figure('Load vs. disp')
  plt.clf()
  plt.plot(disp.data[0], force.data[0], 'ro-', label = 'Loading', linewidth = 2.)
  plt.plot(disp.data[1], force.data[1], 'bv-', label = 'Unloading', linewidth = 2.)
  plt.legend(loc="upper left")
  plt.grid()
  plt.xlabel('Displacement, $U$')
  plt.ylabel('Force, $F$')
  plt.savefig(workdir + label + '_load-vs-disp.pdf')





(Source code)


	
DeleteOldFiles()

	Deletes old job files.






	
LoadResults()

	Loads the results from a pickle file.






	
MakeMesh()[source]

	Builds the mesh






	
PostProc()

	Makes the post proc script and runs it.






	
Run(deleteOldFiles=True)

	Runs the simulation.





	Parameters:	deleteOldFiles – indicates if existing simulation files are deleted before the simulation starts.










	
RunPostProc()

	Runs the post processing script.
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Materials

For the moment, this is empty
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Distributions

Some distributions


Triangular distribution


	
compmod.distributions.Triangular(mean=1.0, stdev=1.0)[source]

	A triangular symetric distribution function that returns a frozen distribution of the scipy.stats.rv_continuous [http://docs.scipy.org/doc/scipy-0.14.0/reference/generated/scipy.stats.rv_continuous.html] class.





	Parameters:	
	mean (float) – mean value

	stdev (float) – standard deviation






	Return type:	scipy.stats.rv_continuous instance







>>> import compmod
>>> tri = compmod.distributions.Triangular
>>> tri = compmod.distributions.Triangular(mean = 1., stdev = .1)
>>> tri.rvs(10)
array([ 1.00410636,  1.05395898,  1.03192428,  1.01753651,  0.99951611,
        1.1718781 ,  0.94457269,  1.11406294,  1.08477038,  0.98861803])





import numpy as np
import matplotlib.pyplot as plt
from compmod.distributions import Triangular

N = 1000
mean, stdev = 5., 2.
tri = Triangular(mean = mean, stdev = stdev)
data = tri.rvs(N)

x =np.linspace(0., 10., 1000)
y = tri.pdf(x)
plt.figure()
plt.clf()
plt.hist(data, bins = int(N**.5), histtype='step', normed = True, label = "Generated Random Numbers")

plt.plot(x,y, "r-", label = "Probability Density Function")
plt.grid()
plt.legend(loc = "best")
plt.show()





(Source code, png, hires.png, pdf)


[image: _images/triangular.png]









Rectangular distribution


	
compmod.distributions.Rectangular(mean=1.0, stdev=1.0)[source]

	
A Rectangular symetric distribution function that returns a frozen uniforn distribution of the ‘scipy.stats.rv_continuous <http://docs.scipy.org/doc/scipy-0.14.0/reference/generated/scipy.stats.uniform.html>’_class.





	param mean:	mean value


	type mean:	float


	param stdev:	standard deviation


	type stdev:	float


	rtype:	scipy.stats.rv_continuous instance








>>> import compmod 
>>> rec = compmod.distributions.Rectangular
>>> rec = compmod.distributions.Rectangular(mean = 5. , stdev = 2.) 
>>> rec.rvs(15)
array([ 6.30703805,  5.55772119,  5.69890282,  5.41807602,  6.78339394,
      1.83640732,  3.50697054,  7.97707174,  4.54666157,  7.27897515,
      2.33288284,  2.62291176,  1.80274279,  3.39480096,  6.09699301])





import numpy as np
import matplotlib.pyplot as plt
from compmod.distributions import Rectangular

N = 1000
mean, stdev = 2., 1./3.
rec = Rectangular(mean = mean, stdev = stdev)
data = rec.rvs(N)

x = np.linspace(0., 5., 1000)
y = rec.pdf(x)
plt.figure()
plt.clf()
plt.hist(data, bins = int(N**.5), histtype='step', normed = True, label = "Generated Random Numbers")

plt.plot(x,y, "r-", label = "Probability Density Function")
plt.grid()
plt.legend(loc = "best")
plt.show()





(Source code, png, hires.png, pdf)


[image: _images/rectangular.png]









Rayleigh distribution


	
compmod.distributions.Rayleigh(mean=1.0)[source]

	A Rayleigh distribution function that returns a frozen distribution of the scipy.stats.rv_continuous [http://http://docs.scipy.org/doc/scipy-0.14.0/reference/generated/scipy.stats.rayleigh.html#scipy.stats.rayleigh.html] class.






	param mean:	mean value


	type mean:	float


	rtype:	scipy.stats.rv_continuous instance





>>> import compmod 
>>> ray = compmod.distributions.Rayleigh
>>> ray = compmod.distributions.Rayleigh(5.)
>>> ray.rvs(15)
array([ 4.46037568,  4.80288465,  5.37309281,  4.80523501,  5.39211872,
    4.50159587,  4.99945365,  4.96324001,  5.48935765,  6.3571905 ,
    5.01412849,  4.37768037,  5.99915989,  4.71909481,  5.25259294])





import numpy as np
import matplotlib.pyplot as plt
from compmod.distributions import Rayleigh
N = 1000
mean = 2
ray = Rayleigh(mean)
data = ray.rvs(N)
x =np.linspace(0., 10., 1000)
y = ray.pdf(x)
plt.figure()
plt.clf()
plt.hist(data, bins = int(N**.5), histtype='step', normed = True, label = "Generated Random Numbers")
plt.plot(x,y, "r-", label = "Probability Density Function")
plt.grid()
plt.legend(loc = "best")
plt.show()





(Source code, png, hires.png, pdf)


[image: _images/rayleigh.png]
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Rheology


	
class compmod.rheology.SaintVenant(epsilon, cell, grid, dist)[source]

	A class for parallel assembly of unit cells exhibiting time indepedent behavior. One parameter can be distributed using the cell fu

# -*- coding: utf-8 -*-
import numpy as np
import matplotlib.pyplot as plt
from compmod.distributions import Rayleigh, Triangular, Rectangular
from compmod.rheology import SaintVenant, Bilinear

E = 1.
sigmay = .01
n = .1
sigma_sat = .02
epsilon = np.linspace(0., 0.2, 1000)

sigmay_mean = sigmay
ray = Rayleigh(sigmay_mean)
std = ray.stats()[1]**.5
tri = Triangular(sigmay_mean, std)
rect = Rectangular(sigmay_mean, std)

grid = np.linspace(0., 0.06, 10000)
cell= lambda eps, sy: Bilinear(eps, E, sy, n, sigma_sat)
sigma = cell(epsilon, sigmay)
sv_ray = SaintVenant(epsilon, cell, grid, ray)
sv_tri = SaintVenant(epsilon, cell, grid, tri)
sv_rect = SaintVenant(epsilon, cell, grid, rect)

sigma_ray = sv_ray.sigma()
sigma_tri = sv_tri.sigma()
sigma_rect = sv_rect.sigma()

prob_ray = sv_ray.Dist
prob_tri = sv_tri.Dist
prob_rect = sv_rect.Dist

fig = plt.figure(0)
plt.clf()
fig.add_subplot(2,1,1)
plt.plot(epsilon, sigma, "k-", label = "Dirac")

plt.plot(epsilon, sigma_ray, 'r-', label = "Rayleigh")
plt.plot(epsilon, sigma_tri, 'b-', label = "Triangular")
plt.plot(epsilon, sigma_rect, 'g-', label = "Rectangular")
plt.legend(loc = "lower right")
plt.grid()
plt.xlabel('Strain, $\epsilon$')
plt.ylabel('Stress, $\sigma$')
fig.add_subplot(2,1,2)
plt.plot(grid, prob_ray, 'r-', label = "Rayleigh")
plt.plot(grid, prob_tri, 'b-', label = "Triangular")
plt.plot(grid, prob_rect, 'g-', label = "Rectangular")
plt.grid()
plt.xlabel('Yield Stress, $\sigma_y$')
plt.ylabel('Probability density, $p$')
plt.legend(loc = "lower right")
plt.tight_layout()
plt.show()





(Source code, png, hires.png, pdf)


[image: _images/demo.png]
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  Source code for compmod.models

'''
Models
=========
'''
# A repository for compartmentalized models compatible simulation models.
from abapy.mesh import RegularQuadMesh
from abapy.materials import VonMises, Hollomon
from abapy.misc import load
import numpy as np
import os, time, subprocess, pickle, copy

#-------------------------------------------------------------------------------
# SIMULATION (META CLASS)
#-------------------------------------------------------------------------------


class Simulation(object):
  """
  :param abqlauncher: path to the abaqus executable.
  :type abqlauncher: string
  :param material: material instance from `abapy.materials`
  :param label: label of the simulation (default: 'simulation')
  :type label: string
  :param workdir: path to the simulation work directory (default: '')
  :type workdir: string
  :param compart: indicated if the simulation homogeneous or compartimented (default: False)
  :type compart: boolean 
  :param nFrames: number or frames per step (default: 100)
  :type nFrames: integer
  :param elType: element type (default: 'CPS4')
  :type elType: string
  :param is_3D: indicates if the model is 2D or 3D (default: False)
  :type is_3D: boolean 
  :param cpus: number of CPUs to use (default: 1)
  :type compart: integer
  :param force: test in force
  :type force: boolean
  :param displacement: test in dispalcement
  :type displacement: boolean
  """
  def __init__(self, **kwargs):
    defaultArgs = {"abqlauncher":None, "material": VonMises(), "label": "simulation",  "workdir": "", "compart":False, "nFrames": 100, "elType": "CPS4", "is_3D": False, "cpus" : 1}
    for key, value in defaultArgs.iteritems(): setattr(self, key, value)
    for key, value in kwargs.iteritems(): setattr(self, key, value)
    if self.is_3D: 
      self.elType = 'C3D8'
    
  def Run(self, deleteOldFiles = True):
    '''
    Runs the simulation.
    
    :param deleteOldFiles: indicates if existing simulation files are deleted before the simulation starts.
    :type deleteOlfFiles: boolean
    '''
    if deleteOldFiles: self.DeleteOldFiles()
    t0 = time.time()
    print '< Running simulation {0} in Abaqus>'.format(self.label) 
    p = subprocess.Popen( '{0} job={1} input={1}.inp cpus={2} interactive'.format(self.abqlauncher, self.label, self.cpus), cwd = self.workdir, shell=True, stdout = subprocess.PIPE)
    trash = p.communicate()
    print trash[0]
    t1 = time.time()
    self.duration = t1 - t0
    print '< Ran {0} in Abaqus: duration {1:.2f}s>'.format(self.label, t1 - t0)   
  
  def DeleteOldFiles(self):
    """
    Deletes old job files.
    """
    suffixes = ['.odb', '.lck', '.log', '.dat', '.com', '.sim', '.sta', '.prt', '.msg']
    for s in suffixes:
      path = self.workdir + self.label + s
      try:
        os.remove(path)
      except OSError:
        pass
  
  def RunPostProc(self):
    """
    Runs the post processing script.
    """
    t0 = time.time()
    p = subprocess.Popen( "{0} viewer -noGUI {1}".format(self.abqlauncher, self.label + '_abqpostproc.py'), cwd = self.workdir,stdout = subprocess.PIPE, shell=True)
    trash = p.communicate()
    print trash[0]
    t1 = time.time()
    print '< Post Processed {0} in Abaqus: duration {1:.2f}s>'.format(self.label, t1 - t0) 
    self.outputs = load(self.workdir + self.label + ".pckl")
  
  def PostProc(self):
    """
    Makes the post proc script and runs it.
    """
    self.MakePostProc()
    self.RunPostProc()
  
  def LoadResults(self):
    """
    Loads the results from a pickle file.
    """
    self.outputs = load(self.workdir + self.label + ".pckl")
    


#-------------------------------------------------------------------------------
# CUBOID TEST  
#-------------------------------------------------------------------------------    
    
[docs]class CuboidTest(Simulation):
  """
  Performs a uniaxial tensile or compressive test on an cuboid rectangular cuboid along the y axis. The cuboid can be 2D or 3D. Lateral conditions can be specified as free or pseudo homogeneous. 

  
  :param lx: length of the box along the x axis (default = 1.)
  :type lx: float
  :param ly: length of the box along the y axis (default = 1.)
  :type ly: float
  :param lz: length of the box along the z axis (default = 1.). Only used in 3D simulations.
  :type lz: float
  :param Nx: number of elements along the x direction.
  :type Nx: int
  :param Ny: number of elements along the y direction.
  :type Ny: int
  :param Nz: number of elements along the z direction.
  :type Nz: int
  :param disp: imposed displacement along the y direction (default = .25)
  :type disp: float 
  :param export_fields: indicates if the field outputs are exported (default = True). Can be set to False to speed up post processing.
  :type export: boolean
  :param lateral_bc: indicates the type of lateral boundary conditions to be used.
  :type lateral_bc: dict
  {0}
  
  This model can be used for a wide range of problems. A few examples are given here:
  
  1. Simple 2D compartmentalized model:
  
  .. plot:: example_code/models/cuboidTest.py
     :include-source:
  
  * VTK output: :download:`cuboidTest.vtk <example_code/models/workdir/cuboidTest.vtk>`.
  * VTK file displayed with Paraview:
  
  .. image:: example_code/models/cuboidTest.png
     :width: 30%
  
  2. Simple 3D compartmentalized model:
  
  .. plot:: example_code/models/cuboidTest_3D.py
     :include-source:
     
  * VTK output: :download:`cuboidTest.vtk <example_code/models/workdir/cuboidTest_3D.vtk>`.
  * VTK file displayed with Paraview:
  
  .. image:: example_code/models/cuboidTest_3D.png
     :width: 30%
  
     
  3. CuboidTest with microstructure generated using Voronoi cells : 
   
  * Source: :download:`cuboidTest_voronoi <example_code/models/cuboidTest_voronoi.py>`.
  * VTK output: :download:`cuboidTest_voronoi <example_code/models/workdir/cuboidTest_voronoi.vtk>`.
 
  """
  __doc__ = __doc__.format(Simulation.__doc__)
  
  
  def __init__(self, **kwargs):
    defaultArgs = {"Nx":10, "Ny":10, "Nz":10, "lx":1., "ly":1., "lz":1., "disp":.25, "export_fields": True, "lateralbc":{}, "steps": 1}
    for key, value in defaultArgs.iteritems(): setattr(self, key, value)
    for key, value in kwargs.iteritems(): setattr(self, key, value)
    super(CuboidTest, self).__init__(**kwargs)
  
[docs]  def MakeMesh(self):
    """
    Builds the mesh.
    """
    Nx , Ny, Nz = self.Nx, self.Ny, self.Nz
    lx, ly, lz = self.lx, self.ly, self.lz
    elType = self.elType
    if self.is_3D:
      Ne = Nx * Ny * Nz
    else:
      Ne = Nx * Ny
    m = RegularQuadMesh(Nx, Ny, l1= lx, l2 = ly, name = elType)
    m.add_set(label = "AllElements", elements = m.labels)
    nsets = copy.copy(m.nodes.sets) 
    if self.is_3D: 
       m = m.extrude(N = Nz, l = lz)
       m.nodes.sets['bottomleft'] = nsets['bottomleft']
       m.nodes.sets['bottomright'] = nsets['bottomright']
    self.mesh = m

    
[docs]  def MakeInp(self):
    """
    Writes the Abaqus INP file in the workdir.
    """
    pattern = """**----------------------------------
**DISTRIBUTED MECHANICAL PROPERTIES
**----------------------------------
**HEADER
*Preprint, echo=NO, model=NO, history=NO, contact=NO
**----------------------------------
** PART "pSAMPLE" DEFINITION
*Part, name = pSample
#MESH
#SECTIONS
#LATERALBC
*End part
**----------------------------------
** ASSEMBLY
*Assembly, name = Assembly
*Instance, name=iSample, part=pSample
*End Instance
*End Assembly
**----------------------------------
** MATERIALS
#MATERIALS
**----------------------------------
** STEPS
*Step, Name=Loading0, Nlgeom=YES, Inc=1000000
*Static
#FRAME_DURATION, 1, 1e-08, #FRAME_DURATION
** BOUNDARY CONDITIONS
*Boundary
iSample.Bottom, 2, 2
iSample.BottomLeft, 1, 1#3DBOUNDARY
iSample.Top,    2, 2, #DISP
** RESTART OPTIONS 
*Restart, write, frequency=0
** FIELD OUTPUTS
*Output, field, frequency=999999
*Node Output
U
*Element Output, directions=YES
E, PE, EE, PEEQ, S
** HYSTORY OUTPUTS
*Output, history
*Energy Output
ALLPD, ALLSE, ALLWK
*Node Output, nset=iSample.Top
RF2
*Node Output, nset=iSample.TopLeft
U2
*Node Output, nset=iSample.Left
COOR1
*Node Output, nset=iSample.Right
COOR1
*Element Output, elset=iSample.allElements, directions=NO
EVOL
*End Step
  """
    Nx , Ny, Nz = self.Nx, self.Ny, self.Nz
    lx, ly, lz = self.lx, self.ly, self.lz
    elType = self.elType
    material = self.material
    disp = self.disp
    nFrames = self.nFrames
    if self.is_3D:
      Ne = Nx * Ny * Nz
    else:
      Ne = Nx * Ny
    sections = ""
    matinp = ""
    if self.compart:
      section_pattern = "*Solid Section, elset=Elset{0}, material={1}\n*Elset, Elset=Elset{0}\n{0},\n"
      labels = [mat.labels[0] for mat in material]
      for i in xrange(Ne):
        sections += section_pattern.format(i+1, labels[i]) 
        matinp += material[i].dump2inp() + '\n'
    else:
      section_pattern = "*SOLID SECTION, ELSET = ALLELEMENTS, MATERIAL = {0}\n{1}"  
      label = material.labels[0]
      sections = section_pattern.format(label, self.lz)
      matinp = material.dump2inp() 
    if hasattr(self, "mesh") == False:
      self.MakeMesh()
    m = self.mesh
    lateralbc = ""
    if len(self.lateralbc.keys()) != 0:
      lateralbc += "*EQUATION\n"
      lateralbc_keys = self.lateralbc.keys()
      for lbck in lateralbc_keys:
        if lbck == "right": 
          direction = 1
          nset = m.nodes.sets['right'] 
        if lbck == "left": 
          direction = 1
          nset = m.nodes.sets['left']
        if self.lateralbc[lbck] == "pseudohomo":
          for nodelabel in nset[1:]:
            lateralbc += "2\n{0}, 1, 1, {1}, 1, -1\n".format(nodelabel, nset[0])
        """
        if self.lateralbc[lbck] == "periodic":
          left_nodes = m.nodes.sets['left']
          right_nodes = m.nodes.sets['right']
          xl = np.array([])
          side_pairs = []
          top_pair = []
          bottom_pair = []
          
          for nl in left_nodes:
            nlx = 
        """       
    pattern = pattern.replace("#LATERALBC", lateralbc[:-1])  
    pattern = pattern.replace("#MESH", m.dump2inp())
    pattern = pattern.replace("#SECTIONS", sections[:-1])
    pattern = pattern.replace("#MATERIALS", matinp[:-1])
    pattern = pattern.replace("#DISP", str(disp))
    pattern = pattern.replace("#FRAME_DURATION", str(1./nFrames))
    if self.is_3D:
      pattern = pattern.replace("#3DBOUNDARY", "\niSample.BottomLeft, 3, 3\niSample.BottomRight, 3, 3")
    else:  
      pattern = pattern.replace("#3DBOUNDARY", "")
    f = open(self.workdir + self.label + '.inp', 'wb')
    f.write(pattern)
    f.close()

[docs]  def MakePostProc(self):
    """
    Makes the post-proc script
    """
    pattern = """# ABQPOSTPROC.PY
# Warning: executable only in abaqus abaqus viewer -noGUI,... not regular python.
import sys
from abapy.postproc import GetFieldOutput_byRpt as gfo
from abapy.postproc import GetVectorFieldOutput_byRpt as gvfo
from abapy.postproc import GetTensorFieldOutput_byRpt as gtfo
from abapy.postproc import GetHistoryOutputByKey as gho
from abapy.postproc import GetMesh
from abapy.indentation import Get_ContactData
from abapy.misc import dump
from odbAccess import openOdb
from abaqusConstants import JOB_STATUS_COMPLETED_SUCCESSFULLY



# Odb opening  
file_name = '#FILE_NAME'
odb = openOdb(file_name + '.odb')
data = {}

# Check job status:
job_status = odb.diagnosticData.jobStatus

if job_status == JOB_STATUS_COMPLETED_SUCCESSFULLY:
  data['completed'] = True"""
    if self.export_fields : pattern += """
  # Field Outputs
  data['field'] = {}
  fo = data['field']
  fo['U'] = [
    gvfo(odb = odb, 
      instance = 'ISAMPLE', 
      step = 0,
      frame = -1,
      original_position = 'NODAL', 
      new_position = 'NODAL', 
      position = 'node',
      field = 'U', 
      delete_report = True)
      ]
 
      
  fo['S'] = [
    gtfo(odb = odb, 
      instance = 'ISAMPLE', 
      step = 0,
      frame = -1,
      original_position = 'INTEGRATION_POINT', 
      new_position = 'NODAL', 
      position = 'node',
      field = 'S', 
      sub_set_type = 'element', 
      delete_report = True),
    ]
   
  fo['LE'] = [
    gtfo(odb = odb, 
      instance = 'ISAMPLE', 
      step = 0,
      frame = -1,
      original_position = 'INTEGRATION_POINT', 
      new_position = 'NODAL', 
      position = 'node',
      field = 'LE', 
      sub_set_type = 'element', 
      delete_report = True),
    ] 
      
  fo['EE'] = [
    gtfo(odb = odb, 
      instance = 'ISAMPLE', 
      step = 0,
      frame = -1,
      original_position = 'INTEGRATION_POINT', 
      new_position = 'NODAL', 
      position = 'node',
      field = 'EE', 
      sub_set_type = 'element', 
      delete_report = True),
    ]     
  
  fo['PE'] = [
    gtfo(odb = odb, 
      instance = 'ISAMPLE', 
      step = 0,
      frame = -1,
      original_position = 'INTEGRATION_POINT', 
      new_position = 'NODAL', 
      position = 'node',
      field = 'PE', 
      sub_set_type = 'element', 
      delete_report = True),
    ] 
  
  fo['PEEQ'] = [
    gfo(odb = odb, 
      instance = 'ISAMPLE', 
      step = 0,
      frame = -1,
      original_position = 'INTEGRATION_POINT', 
      new_position = 'NODAL', 
      position = 'node',
      field = 'PEEQ', 
      sub_set_type = 'element', 
      delete_report = True),
    ] """
    
    pattern += """# History Outputs
  data['history'] = {} 
  ho = data['history']
  ho['disp'] =   gho(odb,'U2')
  ho['force'] =   gho(odb,'RF2')
  ho['allse'] =   gho(odb,'ALLSE').values()[0]
  ho['allpd'] =   gho(odb,'ALLPD').values()[0]
  ho['allwk'] =   gho(odb,'ALLWK').values()[0]
  ho['volume'] =  gho(odb,'EVOL')
  
  # Mesh 
  data['mesh'] = GetMesh(odb, "ISAMPLE")
  
else:
  data['completed'] = False
# Closing and dumping
odb.close()
dump(data, file_name+'.pckl')"""
    pattern = pattern.replace("#FILE_NAME", self.label)
    f = open(self.workdir + self.label + '_abqpostproc.py', 'w')
    f.write(pattern)
    f.close()


  def LoadResults(self):
    super(CuboidTest, self).LoadResults()
    if self.outputs['completed']:
      fields =  self.outputs['field']
      if hasattr(self, "mesh") == False: self.MakeMesh()
      for key in fields.keys():
        for i in xrange(len(fields[key])):
          self.mesh.add_field(fields[key][i], key+"_{0}".format(i))



#-------------------------------------------------------------------------------
# RING COMPRESSION  
#-------------------------------------------------------------------------------  
[docs]class RingCompression(Simulation):
  """
 let see 2 kind of RingCompression , one homogenous and the second compartmentalized
 
 RingCompression_3D
    
 .. plot:: example_code/models/ring_compression_3D.py
     :include-source:
     
 RingCompression_3D compartimentalized

 .. plot:: example_code/models/ring_compression_3D_compart.py
     :include-source:
  """
  def __init__(self, **kwargs):
    """
    :param inner_radius: inner radius of the ring
    :type inner_radius: float
    :param outer_radius: outer radius of the ring
    :type outer_radius: float
    :param Nr: Number of elements in the radial direction
    :type Nr: int
    :param Nt: Number of elements in the orthoradial direction
    :type Nt: int
    :param Na: Number of elements in the axial direction. Used only if the is_3D option is active.
    :type Na: int
    """
    defaultArgs = {
      "inner_radius": 1., 
      "inner_radius": 2.,  
      "thickness": 1.,
      "Nr":10, 
      "Nt":10,
      "Na":10, 
      "disp": .5,
      "unloading": True,
      "export_fields": True
      }
    for key, value in defaultArgs.iteritems(): setattr(self, key, value)
    for key, value in kwargs.iteritems(): setattr(self, key, value)
    super(RingCompression, self).__init__(**kwargs)
    
[docs]  def MakeMesh(self):
    """
    Builds the mesh
    """
    Ri = self.inner_radius
    Ro = self.outer_radius
    thickness = self.thickness
    Nr, Nt, Na = self.Nr, self.Nt, self.Na
    mesh = RegularQuadMesh(Nt, Nr, .25, Ro - Ri, name = self.elType)
    mesh.nodes.add_set_by_func('left_nodes', lambda x, y, z, labels: x == 0.)
    mesh.nodes.add_set_by_func('right_nodes', lambda x, y, z, labels: x == .25)
    
       
    def function(x, y, z, labels):
      theta = 2 * np.pi * (.25 - x)
      r = y + Ri
      ux = -x + r * np.cos(theta)
      uy = -y + r * np.sin(theta)
      uz = 0. * z
      return ux, uy, uz
    vectorField = mesh.nodes.eval_vectorFunction(function)
    mesh.nodes.apply_displacement(vectorField)
    nodes = mesh.nodes
    for i in xrange(len(nodes.labels)):
      if nodes.x[i] < 0.: 
        nodes.x[i] = 0. 
    
    mesh.add_set('all_elements', mesh.labels)
    mesh.add_set('surface_elements',range( Nt * (Nr-1)+1, Nt*Nr+1  ))
    mesh.add_surface('surface_faces',[ ('surface_elements',3) ])
    if self.is_3D:
       mesh = mesh.extrude(N = Na, l = thickness, mapping = {self.elType: self.elType}) 
       mesh.nodes.add_set_by_func('lateral_nodes', lambda x, y, z, labels: z == 0)
       mesh.nodes.add_set_by_func('external_nodes', lambda x, y, z, labels: z == z.max())
       
    self.mesh = mesh

  
  def MakeInp(self):
    pattern = """**----------------------------------
**RING COMPRESSION SIMULATION
**----------------------------------
**HEADER
*PREPRINT, ECHO=NO, MODEL=NO, HISTORY=NO, CONTACT=NO
**----------------------------------
** SAMPLE DEFINITION
*PART, NAME = P_SAMPLE
#RING_MESH
#SECTIONS
*END PART
**----------------------------------
** INDENTER DEFINITION
**----------------------------------
*PART, NAME = P_PLATE
*END PART
**----------------------------------
** ASSEMBLY
**----------------------------------
*ASSEMBLY, NAME = ASSEMBLY
*INSTANCE, NAME = I_SAMPLE, PART = P_SAMPLE
*END INSTANCE
*INSTANCE, NAME = I_PLATE, PART= P_PLATE
*NODE, NSET=REFNODE
  1, 0., 0., 0.
*SURFACE, TYPE=#SURFTYPE, NAME=SURFACE
  START, #OUTER_RADIUS, #OUTER_RADIUS
  LINE,  0., #OUTER_RADIUS         
*RIGID BODY, REF NODE=REFNODE, ANALYTICAL SURFACE=SURFACE
*END INSTANCE
*END ASSEMBLY
**----------------------------------
** SURFACE INTERACTIONS
**----------------------------------
*SURFACE INTERACTION, NAME = SURF_INT
*FRICTION
0.0,
*SURFACE BEHAVIOR, PRESSURE-OVERCLOSURE = HARD
*CONTACT PAIR, INTERACTION = SURF_INT, SUPPLEMENTARY CONSTRAINTS = NO
I_SAMPLE.SURFACE_FACES, I_PLATE.SURFACE
**----------------------------------
** MATERIALS
**----------------------------------
** SAMPLE MATERIAL
#MATERIALS
**----------------------------------
** STEPS
**----------------------------------
*STEP, NAME = LOADING, NLGEOM = YES, INC=1000
*Static
#FRAME_DURATION, 1, 1e-08, #FRAME_DURATION
*BOUNDARY
I_SAMPLE.LEFT_NODES, 1, 1
I_SAMPLE.RIGHT_NODES, 2, 2#3DBOUNDARY
I_PLATE.REFNODE, 2, 2, #DISP
I_PLATE.REFNODE, 1, 1
I_PLATE.REFNODE, 3, 6
*RESTART, WRITE, FREQUENCY = 0
*OUTPUT, FIELD, FREQUENCY = 1
*NODE OUTPUT
COORD, U, 
*ELEMENT OUTPUT, ELSET=I_SAMPLE.ALL_ELEMENTS, DIRECTIONS = YES
LE, EE, PE, PEEQ, S, 
*OUTPUT, HISTORY
*ENERGY OUTPUT
ALLFD, ALLWK
*ENERGY OUTPUT, ELSET=I_SAMPLE.ALL_ELEMENTS
ALLPD
*ENERGY OUTPUT, ELSET=I_SAMPLE.ALL_ELEMENTS
ALLSE
*NODE OUTPUT, NSET=I_PLATE.REFNODE
RF2, U2
*END STEP
"""
    
    if self.unloading:
      pattern += """*STEP, NAME = UNLOADING, NLGEOM = YES, INC=1000
*Static
#FRAME_DURATION, 1, 1e-08, #FRAME_DURATION
*BOUNDARY
I_SAMPLE.LEFT_NODES, 1, 1
I_SAMPLE.RIGHT_NODES, 2, 2
I_PLATE.REFNODE, 2, 2, 0.
I_PLATE.REFNODE, 1, 1
I_PLATE.REFNODE, 3, 6
*RESTART, WRITE, FREQUENCY = 0
*OUTPUT, FIELD, FREQUENCY = 1
*NODE OUTPUT
COORD, U, 
*ELEMENT OUTPUT, ELSET=I_SAMPLE.ALL_ELEMENTS, DIRECTIONS = YES
LE, EE, PE, PEEQ, S, 
*OUTPUT, HISTORY
*ENERGY OUTPUT
ALLFD, ALLWK
*ENERGY OUTPUT, ELSET=I_SAMPLE.ALL_ELEMENTS
ALLPD
*ENERGY OUTPUT, ELSET=I_SAMPLE.ALL_ELEMENTS
ALLSE
*NODE OUTPUT, NSET=I_PLATE.REFNODE
RF2, U2
*END STEP"""
    Nr , Nt, Na = self.Nr, self.Nt, self.Na
    if self.is_3D:
      Ne = Nr * Nt * Na
    else:  
      Ne = Nr * Nt
    material = self.material
    sections = ""
    matinp = ""
    if self.compart:
      section_pattern = "*Solid Section, elset=Elset{0}, material={1}\n{2}\n*Elset, Elset=Elset{0}\n{0},\n"
      labels = [mat.labels[0] for mat in material]
      for i in xrange(Ne):
        sections += section_pattern.format(i+1, labels[i], self.thickness) 
        matinp += material[i].dump2inp() + '\n'
      matinp = matinp[:-1]  
    else:
      section_pattern = "*SOLID SECTION, ELSET = ALL_ELEMENTS, MATERIAL = {0}\n{1}"  
      label = material.labels[0]
      sections = section_pattern.format(label, self.thickness)
      matinp = material.dump2inp() 
    
    if hasattr(self, "mesh") == False:
      self.MakeMesh()    
    
    pattern = pattern.replace('#RING_MESH', self.mesh.dump2inp())
    pattern = pattern.replace('#OUTER_RADIUS', str(self.outer_radius))
    pattern = pattern.replace('#DISP', str(-self.disp))
    pattern = pattern.replace('#FRAME_DURATION', str(1. / self.nFrames))
    pattern = pattern.replace('#SECTIONS', sections)
    pattern = pattern.replace('#MATERIALS', matinp)
    if self.is_3D:
#      labels = self.mesh.nodes.sets['topleft']
#      nl = len(labels)
#      label = labels[(nl-1)/2]
      pattern = pattern.replace("#3DBOUNDARY", "\nI_SAMPLE.lateral_nodes, 3, 3\n")
      pattern = pattern.replace('#SURFTYPE', "CYLINDER")
    else:  
      pattern = pattern.replace("#3DBOUNDARY", "")
      pattern = pattern.replace('#SURFTYPE', "SEGMENTS")  
    f =open(self.workdir + self.label + ".inp", 'w')
    f.write(pattern)
    f.close()

  def MakePostProc(self):
    import os, subprocess, time, pickle
    if self.unloading :
        step_number = 2
    else: step_number = 1
    pattern = """# ABQPOSTPROC.PY
# Warning: executable only in abaqus abaqus viewer -noGUI,... not regular python.
import sys
from abapy.postproc import GetFieldOutput_byRpt as gfo
from abapy.postproc import GetVectorFieldOutput_byRpt as gvfo
from abapy.postproc import GetTensorFieldOutput_byRpt as gtfo
from abapy.postproc import GetHistoryOutputByKey as gho
from abapy.indentation import Get_ContactData
from abapy.misc import dump
from odbAccess import openOdb
from abaqusConstants import JOB_STATUS_COMPLETED_SUCCESSFULLY



# Odb opening  
file_name = '#FILE_NAME'
odb = openOdb(file_name + '.odb')
data = {}
step_number= #STEP_NUMBER

# Check job status:
job_status = odb.diagnosticData.jobStatus

if job_status == JOB_STATUS_COMPLETED_SUCCESSFULLY:
  data['completed'] = True
  """
    
    if self.export_fields : pattern += """
  # Field Outputs
  data['field'] = {"U":[], "S":[], "LE":[], "EE":[], "PE":[], "PEEQ":[]}
  fo = data['field']
  for i in xrange(step_number):
      
      fo['U'].append(
        gvfo(odb = odb, 
          instance = 'I_SAMPLE', 
          step = i,
          frame = -1,
          original_position = 'NODAL', 
          new_position = 'NODAL', 
          position = 'node',
          field = 'U', 
          sub_set_type = 'element', 
          delete_report = True))
        
          
      fo['S'].append(
        gtfo(odb = odb, 
          instance = 'I_SAMPLE', 
          step = i,
          frame = -1,
          original_position = 'INTEGRATION_POINT', 
          new_position = 'NODAL', 
          position = 'node',
          field = 'S', 
          sub_set_type = 'element', 
          delete_report = True))
       
      fo['LE'].append(
        gtfo(odb = odb, 
          instance = 'I_SAMPLE', 
          step = i,
          frame = -1,
          original_position = 'INTEGRATION_POINT', 
          new_position = 'NODAL', 
          position = 'node',
          field = 'LE', 
          sub_set_type = 'element', 
          delete_report = True)) 
          
      fo['EE'].append(
        gtfo(odb = odb, 
          instance = 'I_SAMPLE', 
          step = i,
          frame = -1,
          original_position = 'INTEGRATION_POINT', 
          new_position = 'NODAL', 
          position = 'node',
          field = 'EE', 
          sub_set_type = 'element', 
          delete_report = True))  
      
      fo['PE'].append(
        gtfo(odb = odb, 
          instance = 'I_SAMPLE', 
          step = i,
          frame = -1,
          original_position = 'INTEGRATION_POINT', 
          new_position = 'NODAL', 
          position = 'node',
          field = 'PE', 
          sub_set_type = 'element', 
          delete_report = True))
      
      fo['PEEQ'].append(
        gfo(odb = odb, 
          instance = 'I_SAMPLE', 
          step = i,
          frame = -1,
          original_position = 'INTEGRATION_POINT', 
          new_position = 'NODAL', 
          position = 'node',
          field = 'PEEQ', 
          sub_set_type = 'element', 
          delete_report = True))
      """ 
    pattern += """# History Outputs
  data['history'] = {} 
  ho = data['history']
  ref_node = odb.rootAssembly.instances['I_PLATE'].nodeSets['REFNODE'].nodes[0].label
  ho['force'] =  gho(odb,'RF2')['Node I_PLATE.'+str(ref_node)] # GetFieldOutputByKey returns all the occurences of the required output (here 'RF2') and stores it in a dict. Each dict key refers to a location. Here we have to specify the location ('Node I_INDENTER.1') mainly for displacement which has been requested at several locations.
  ho['disp'] =   gho(odb,'U2')['Node I_PLATE.'+str(ref_node)]
  ho['allse'] =   gho(odb,'ALLSE').values()[0]
  ho['allpd'] =   gho(odb,'ALLPD').values()[0]
  ho['allfd'] =   gho(odb,'ALLFD').values()[0]
  ho['allwk'] =   gho(odb,'ALLWK').values()[0]
 
 
else:
  data['completed'] = False
# Closing and dumping
odb.close()
dump(data, file_name+'.pckl')"""  
    pattern = pattern.replace('#FILE_NAME', self.label)  
    pattern = pattern.replace('#STEP_NUMBER', str(step_number))  
    f = open(self.workdir + self.label + '_abqpostproc.py', 'w')
    f.write(pattern)
    f.close()

  
  
    

#-------------------------------------------------------------------------------
# CUBOID TEST VER (WORK IN PROGRESS)
#-------------------------------------------------------------------------------
   
class CuboidTest_VER(Simulation):
  """
  Performs a uniaxial tensile or compressive test on an cuboid rectangular cuboid along the y axis. The cuboid can be 2D or 3D. Lateral conditions can be specified as pseudo homogeneous or periodic. 

  
  :param lx: length of the box along the x axis (default = 1.)
  :type lx: float
  :param ly: length of the box along the y axis (default = 1.)
  :type ly: float
  :param lz: length of the box along the z axis (default = 1.). Only used in 3D simulations.
  :type lz: float
  :param Nx: number of elements along the x direction.
  :type Nx: int
  :param Ny: number of elements along the y direction.
  :type Ny: int
  :param Nz: number of elements along the z direction.
  :type Nz: int
  :param steps: steps !
  :type steps: dict 
  :param export_fields: indicates if the field outputs are exported (default = True). Can be set to False to speed up post processing.
  :type export: boolean
  :param lateral_bc: indicates the type of lateral boundary conditions to be used.
  :type lateral_bc: dict
  {0}
  
  This model can be used for a wide range of problems. A few examples are given here:
  
  1. Simple 2D homogenous model:
  
  
  
    
  CuboidTest with microstructure generated using Voronoi cells : 
   
  * Source: :download:`cuboidTest_voronoi <example_code/models/cuboidTest_voronoi.py>`.
  * VTK output: :download:`cuboidTest_voronoi <example_code/models/cuboidTest_voronoi.vtk>`.
 
  """
  __doc__ = __doc__.format(Simulation.__doc__)
  
  
  def __init__(self, **kwargs):
    
    
    defaultArgs = {"Nx":10, "Ny":10, "Nz":10, "lx":1., "ly":1., "lz":1., "disp":.25, "force":100., "force_fin":110., "export_fields": True, "lateralbc":{"top":"pseudohomo"}, "loading":{"displacement"}, "unloading_reloading": False}
    for key, value in defaultArgs.iteritems(): setattr(self, key, value)
    for key, value in kwargs.iteritems(): setattr(self, key, value)
    super(CuboidTest_VER, self).__init__(**kwargs)
  
  def MakeMesh(self):
    """
    Builds the mesh.
    """
    Nx , Ny, Nz = self.Nx, self.Ny, self.Nz
    lx, ly, lz = self.lx, self.ly, self.lz
    elType = self.elType
    if self.is_3D:
      Ne = Nx * Ny * Nz
    else:
      Ne = Nx * Ny
    m = RegularQuadMesh(Nx, Ny, l1= lx, l2 = ly, name = elType)
    m.add_set(label = "AllElements", elements = m.labels)
    nsets = copy.copy(m.nodes.sets)
    m.nodes.sets = {}
    if self.is_3D == False:
#Sets of edges definition  
       m.nodes.add_set_by_func_2D('left', lambda x,y, labels: (x == 0.)*(y!=0)*(y!=y.max()))
       m.nodes.add_set_by_func_2D('right', lambda x,y, labels: (x == x.max())*(y!=0)*(y!=y.max()))
       m.nodes.add_set_by_func_2D('bottom', lambda x,y, labels: (y == 0.)*(x!=0)*(x!=x.max()))
       m.nodes.add_set_by_func_2D('top', lambda x,y, labels: (y == y.max())*(x!=0)*(x!=x.max()))
       
#Sets of summits definition       
       m.nodes.add_set_by_func_2D('pilot', lambda x,y, labels: (y == y.max()) * (x == x.max()))
       m.nodes.add_set_by_func_2D('origin', lambda x,y, labels: (y == 0) * (x == 0))
       m.nodes.add_set_by_func_2D('topleft', lambda x,y, labels: (y == y.max()) * (x == 0.))
       m.nodes.add_set_by_func_2D('bottomright', lambda x,y, labels: (y == 0) * (x == x.max()))
      
       
    if self.is_3D: 
       m = m.extrude(N = Nz, l = lz)
#Sets of sides definition  
       m.nodes.add_set_by_func('rear', lambda x,y,z, labels: (z == 0.)*(x!=0)*(x!=x.max())*(y!=0)*(y!=y.max()))
       m.nodes.add_set_by_func('front', lambda x,y,z, labels: (z == z.max())*(x!=0)*(x!=x.max())*(y!=0)*(y!=y.max()))
       m.nodes.add_set_by_func('left', lambda x,y,z, labels: (x == 0.)*(z!=0)*(z!=z.max())*(y!=0)*(y!=y.max()))
       m.nodes.add_set_by_func('right', lambda x,y,z, labels: (x == x.max())*(z!=0)*(z!=z.max())*(y!=0)*(y!=y.max()))
       m.nodes.add_set_by_func('bottom', lambda x,y,z, labels: (y == 0.)*(z!=0)*(z!=z.max())*(x!=0)*(x!=y.max()))
       m.nodes.add_set_by_func('top', lambda x,y,z, labels: (y == y.max())*(x!=0)*(x!=x.max())*(z!=0)*(z!=z.max()))
       
#Sets of edges definition         
       m.nodes.add_set_by_func('topright', lambda x,y,z, labels: (x == x.max())*(y == y.max())*(z!=0)*(z!=z.max()))
       m.nodes.add_set_by_func('toprear', lambda x,y,z, labels: (z == 0)*(y == y.max())*(x!=0)*(x!=x.max()))
       m.nodes.add_set_by_func('topleft', lambda x,y,z, labels: (x == 0)*(y == y.max())*(z!=0)*(z!=z.max()))
       m.nodes.add_set_by_func('topfront', lambda x,y,z, labels: (z == z.max())*(y == y.max())*(x!=0)*(x!=x.max()))
       
       m.nodes.add_set_by_func('bottomright', lambda x,y,z, labels: (x == x.max())*(y == 0)*(z!=0)*(z!=z.max()))
       m.nodes.add_set_by_func('bottomrear', lambda x,y,z, labels: (z == 0)*(y == 0)*(x!=0)*(x!=x.max()))
       m.nodes.add_set_by_func('bottomleft', lambda x,y,z, labels: (x == 0)*(y == 0)*(z!=0)*(z!=z.max()))
       m.nodes.add_set_by_func('bottomfront', lambda x,y,z, labels: (z == z.max())*(y == 0)*(x!=0)*(x!=x.max()))
       
       m.nodes.add_set_by_func('frontright', lambda x,y,z, labels: (x == x.max())*(z == z.max())*(y!=0)*(y!=y.max()))
       m.nodes.add_set_by_func('rearright', lambda x,y,z, labels: (x == x.max())*(z == 0)*(y!=0)*(y!=y.max()))
       m.nodes.add_set_by_func('rearleft', lambda x,y,z, labels: (x == 0)*(z == 0)*(y!=0)*(y!=y.max()))
       m.nodes.add_set_by_func('frontleft', lambda x,y,z, labels: (x == 0)*(z == z.max())*(y!=0)*(y!=y.max()))
       
 #Sets of summits definition       
       m.nodes.add_set_by_func('pilot', lambda x,y,z, labels: (y == y.max()) * (x == x.max()) * (z == z.max()))
       m.nodes.add_set_by_func('refx', lambda x,y,z, labels: (y == y.max()) * (x == x.max()) * (z == 0))
       m.nodes.add_set_by_func('toprearleft', lambda x,y,z, labels: (y == y.max()) * (x == 0.) * (z == 0))
       m.nodes.add_set_by_func('refz', lambda x,y,z, labels: (y == y.max()) * (x == 0.) * (z == z.max()))
       
       m.nodes.add_set_by_func('refy', lambda x,y,z, labels: (y == 0) * (x == x.max()) * (z == z.max()))
       m.nodes.add_set_by_func('bottomrearright', lambda x,y,z, labels: (y == 0) * (x == x.max()) * (z == 0))
       m.nodes.add_set_by_func('origin', lambda x,y,z, labels: (y == 0) * (x == 0.) * (z == 0))
       m.nodes.add_set_by_func('bottomfrontleft', lambda x,y,z, labels: (y == 0) * (x == 0.) * (z == z.max()))
      
       
    self.mesh = m
    
  def MakeInp(self):
    """
    Writes the Abaqus INP file in the workdir.
    """
    pattern = """**----------------------------------
**DISTRIBUTED MECHANICAL PROPERTIES
**----------------------------------
**HEADER
*Preprint, echo=NO, model=NO, history=NO, contact=NO
**----------------------------------
** PART "pSAMPLE" DEFINITION
*Part, name = pSample
#MESH
#SECTIONS
#LATERALBC
*End part
**----------------------------------
** ASSEMBLY
*Assembly, name = Assembly
*Instance, name=iSample, part=pSample
*End Instance
*End Assembly
**----------------------------------
** MATERIALS
#MATERIALS
**----------------------------------
** STEPS
"""
    step_pattern = """*Step, Name=#NAME, Nlgeom=YES, Inc=1000000
*Static
#FRAME_DURATION, 1, 1e-08, #FRAME_DURATION
** BOUNDARY CONDITIONS
*Boundary, op = NEW
#2D_INIT#2DBOUNDARY#3D_INIT#3DBOUNDARY
#DISP** LOADS
*Cload
ISAMPLE.PILOT, 2, #LOAD
** RESTART OPTIONS 
*Restart, write, frequency=0
** FIELD OUTPUTS
*Output, field, frequency=1
*Node Output
U
*Element Output, directions=YES
E, PE, EE, PEEQ, S
** HYSTORY OUTPUTS
*Output, history
*Energy Output
ALLPD, ALLSE, ALLWK
*Node Output, nset=iSample.pilot
RF2
*Node Output, nset=iSample.pilot
CF2
*Node Output, nset=iSample.pilot
U2
*Element Output, elset=iSample.allElements, directions=NO
EVOL
*End Step
"""
    Nx , Ny, Nz = self.Nx, self.Ny, self.Nz
    lx, ly, lz = self.lx, self.ly, self.lz
    elType = self.elType
    material = self.material
    if self.is_3D:
      Ne = Nx * Ny * Nz
    else:
      Ne = Nx * Ny
    sections = ""
    matinp = ""
    if self.compart:
      section_pattern = "*Solid Section, elset=Elset{0}, material={1}\n*Elset, Elset=Elset{0}\n{0},\n"
      labels = [mat.labels[0] for mat in material]
      for i in xrange(Ne):
        sections += section_pattern.format(i+1, labels[i]) 
        matinp += material[i].dump2inp() + '\n'
    else:
      section_pattern = "*SOLID SECTION, ELSET = ALLELEMENTS, MATERIAL = {0}\n{1}"  
      label = material.labels[0]
      sections = section_pattern.format(label, self.lz)
      matinp = material.dump2inp() 
    if hasattr(self, "mesh") == False:
      self.MakeMesh()
    m = self.mesh
    
#Adding boundary conditions on sides with abaqus equations
    def Equation(direction, labels, coefs):#focntion for writing equations
      direction = int(direction)
      if direction != 1 and direction!= 2 and direction != 3:
        print "Value of the first argument is wrong"
      if len(labels) != len(coefs):
        print "labels and coefs has not the same lenght"
      out = ''
      out += "{0}\n".format(len(labels))
      for i in xrange(len(labels)-1):
        out += "{0}, {1}, {2},".format( labels[i], direction, coefs[i])
      out += "{0}, {1}, {2}".format( labels[-1], direction, coefs[-1])
      out += "\n"
      return out
      
    lateralbc = ""
    lateralbc += "*EQUATION\n"
      
    if len(self.lateralbc.keys()) != 0:      
      lateralbc_keys = self.lateralbc.keys()       
      
      for lbck in lateralbc_keys:
        if lbck == "right": 
          direction = 1
          nset = m.nodes.sets['right']
          n = len(nset)
        if lbck == "left": 
          direction = 1
          nset = m.nodes.sets['left']
          n = len(nset)
        if lbck == "top": 
          direction = 2
          nset = m.nodes.sets['top']
          n = len(nset)
        if lbck == "bottom": 
          direction = 2
          nset = m.nodes.sets['bottom']
          n = len(nset)
        if self.is_3D:
          if lbck == "front": 
            direction = 3
            nset = m.nodes.sets['front'] 
            n = len(nset)
          if lbck == "rear": 
            direction = 3
            nset = m.nodes.sets['rear']
            n = len(nset)
            
        if self.lateralbc[lbck] == 'pseudohomo':
          if lbck == "top":
            nset_top = m.nodes.sets['top']
            if self.is_3D:
              for i in xrange(Nz-1) : nset_top.append(m.nodes.sets['topright'][i])
              for i in xrange(Nz-1) : nset_top.append(m.nodes.sets['topleft'][i])
              for i in xrange(Nx-1) : nset_top.append(m.nodes.sets['toprear'][i])
              for i in xrange(Nx-1) : nset_top.append(m.nodes.sets['topfront'][i])
              nset_top.append(m.nodes.sets['refx'][0])
              nset_top.append(m.nodes.sets['toprearleft'][0])
              nset_top.append(m.nodes.sets['refz'][0])    
            else:
              nset_top.append(m.nodes.sets['topleft'][0])
            for i in xrange(len(nset_top)):
              lateralbc += Equation(2, [nset_top[i],m.nodes.sets['pilot'][0]],[1.,-1.])
        
          if lbck == "right":
            nset_top = m.nodes.sets['right']
            if self.is_3D:
              for i in xrange(Ny-1) : nset_top.append(m.nodes.sets['rearright'][i])
              for i in xrange(Ny-1) : nset_top.append(m.nodes.sets['frontright'][i])
              for i in xrange(Nz-1) : nset_top.append(m.nodes.sets['topright'][i])
              for i in xrange(Nz-1) : nset_top.append(m.nodes.sets['bottomright'][i])
              nset_top.append(m.nodes.sets['refx'][0])
              nset_top.append(m.nodes.sets['refy'][0])
              nset_top.append(m.nodes.sets['bottomrearright'][0])    
            else:
              nset_top.append(m.nodes.sets['bottomright'][0])
            for i in xrange(len(nset_top)):
              lateralbc += Equation(1, [nset_top[i],m.nodes.sets['pilot'][0]],[1.,-1.])
              
          if lbck == "front":
            nset_top = m.nodes.sets['front']
            if self.is_3D:
              for i in xrange(Ny-1) : nset_top.append(m.nodes.sets['frontright'][i])
              for i in xrange(Ny-1) : nset_top.append(m.nodes.sets['frontleft'][i])
              for i in xrange(Nx-1) : nset_top.append(m.nodes.sets['topfront'][i])
              for i in xrange(Nx-1) : nset_top.append(m.nodes.sets['bottomfront'][i])
              nset_top.append(m.nodes.sets['refz'][0])
              nset_top.append(m.nodes.sets['refy'][0])
              nset_top.append(m.nodes.sets['bottomfrontleft'][0])    
            for i in xrange(len(nset_top)):
              lateralbc += Equation(3, [nset_top[i],m.nodes.sets['pilot'][0]],[1.,-1.])
          
        if self.lateralbc[lbck] == 'periodic':
          if lbck == "right":
            if self.is_3D:#for 3D models
  ########## For Sides
  ########## BC for the nodes of right/left sides            
              for i in xrange(n):
                lateralbc += Equation(2, [m.nodes.sets['left'][i], m.nodes.sets['right'][i], m.nodes.sets['refz'][0],m.nodes.sets['pilot'][0]],[1.,-1.,-1.,1.])# same displacement along Y for the right and left nodes
                lateralbc += Equation(3, [m.nodes.sets['left'][i], m.nodes.sets['refz'][0], m.nodes.sets['right'][i], m.nodes.sets['pilot'][0]],[1.,-1., -1., 1.])# same displacement along Z for the right and left nodes
                lateralbc += Equation(1, [m.nodes.sets['right'][i], m.nodes.sets['left'][i], m.nodes.sets['pilot'][0], m.nodes.sets['refz'][0]],[1.,-1., -1., 1.])# same displacement along X for the right and left nodes
                
  ########## For edges            
  ########## BC for the nodes of topright/topleft edge            
              for i in xrange(len(m.nodes.sets['topright'])):            
                lateralbc += Equation(3, [m.nodes.sets['topright'][i], m.nodes.sets['topleft'][i], m.nodes.sets['pilot'][0], m.nodes.sets['refz'][0]],[1.,-1., -1., 1.])# same difference of displacement along Z for the topright and topleft nodes and the pilot and topfrontleft nodes
                lateralbc += Equation(1, [m.nodes.sets['topright'][i], m.nodes.sets['topleft'][i], m.nodes.sets['pilot'][0], m.nodes.sets['refz'][0]],[1.,-1., -1., 1.])# same difference of displacement along X for the topright and topleft nodes and the pilot and topfrontleft nodes
               
                
  ########## BC for the nodes of bottomright/bottomleft edge               
              for i in xrange(len(m.nodes.sets['bottomright'])):
                lateralbc += Equation(3, [m.nodes.sets['bottomright'][i], m.nodes.sets['bottomleft'][i], m.nodes.sets['pilot'][0], m.nodes.sets['refz'][0]],[1.,-1., -1., 1.])# same difference of displacement along Z for the bottomright and bottomleft nodes and the pilot and topfrontleft nodes
                lateralbc += Equation(1, [m.nodes.sets['bottomright'][i], m.nodes.sets['bottomleft'][i], m.nodes.sets['pilot'][0], m.nodes.sets['refz'][0]],[1.,-1., -1., 1.])# same difference of displacement along X for the bottomright and bottomleft nodes and the pilot and topfrontleft node
                
  ########## BC for the nodes of rearright/rearleft edge
              for i in xrange(len(m.nodes.sets['rearright'])):
                lateralbc += Equation(2, [m.nodes.sets['rearright'][i], m.nodes.sets['rearleft'][i], m.nodes.sets['pilot'][0], m.nodes.sets['refz'][0]],[1.,-1.,-1.,1.])# same displacement along Y for the rearright and rearleft nodes
              for i in xrange(len(m.nodes.sets['rearright'])):
                lateralbc += Equation(3, [m.nodes.sets['rearright'][i], m.nodes.sets['rearleft'][i], m.nodes.sets['pilot'][0], m.nodes.sets['refz'][0]],[1.,-1., -1., 1.])# same difference of displacement along Z for the rearright and rearleft nodes and the pilot and topfrontleft nodes
                lateralbc += Equation(1, [m.nodes.sets['rearright'][i], m.nodes.sets['rearleft'][i], m.nodes.sets['pilot'][0], m.nodes.sets['refz'][0]],[1.,-1., -1., 1.])# same difference of displacement along X for the rearright and rearleft nodes and the pilot and topfrontleft nodes
                
  ########## BC for the nodes of frontleft/frontright edge            
              for i in xrange(len(m.nodes.sets['frontleft'])):
                lateralbc += Equation(2, [m.nodes.sets['frontright'][i], m.nodes.sets['frontleft'][i], m.nodes.sets['pilot'][0], m.nodes.sets['refz'][0]],[1.,-1.,-1.,1])# same displacement along Y for the frontright and frontleft nodes
              for i in xrange(len(m.nodes.sets['frontleft'])):
                lateralbc += Equation(1, [m.nodes.sets['frontright'][i], m.nodes.sets['frontleft'][i], m.nodes.sets['pilot'][0], m.nodes.sets['refz'][0]],[1.,-1., -1., 1.])# the difference of displacement between two opposite nodes for frontleft/frontright nodes along the X axis is equal to the displacement of the associate pilot node along X
                lateralbc += Equation(3, [m.nodes.sets['frontright'][i], m.nodes.sets['frontleft'][i], m.nodes.sets['pilot'][0], m.nodes.sets['refz'][0]],[1.,-1., -1., 1.])# the difference of displacement between two opposite nodes for frontleft/frontright nodes along the Z axis is equal to the displacement of the associate pilot node along X

  
  ########## BC for the nodes of rearleft/frontleft edge                 
              for i in xrange(len(m.nodes.sets['rearleft'])):
                lateralbc += Equation(3, [m.nodes.sets['frontleft'][i], m.nodes.sets['rearleft'][i], m.nodes.sets['pilot'][0], m.nodes.sets['refx'][0]],[1.,-1., -1., 1.])# the difference of displacement between two opposite nodes for frontleft/rearleft nodes along the Z axis is equal to the displacement of the associate pilot node along Z
                lateralbc += Equation(2, [m.nodes.sets['frontleft'][i], m.nodes.sets['rearleft'][i], m.nodes.sets['pilot'][0], m.nodes.sets['refx'][0]],[1.,-1., -1., 1.])# the difference of displacement between two opposite nodes for frontleft/rearleft nodes along the Y axis is equal to the displacement of the associate pilot node along Y
                lateralbc += Equation(1, [m.nodes.sets['frontleft'][i], m.nodes.sets['rearleft'][i], m.nodes.sets['pilot'][0], m.nodes.sets['refx'][0]],[1.,-1., -1., 1.])# the difference of displacement between two opposite nodes for frontleft/rearleft nodes along the X axis is equal to the displacement of the associate pilot node along X

                
  ########## For summit nodes           
  ######### BC for the summit node (toprearright  and toprearleft) and (topfrontright  and topfrontleft)         
              lateralbc += Equation(3, [m.nodes.sets['refz'][0], m.nodes.sets['toprearleft'][0], m.nodes.sets['pilot'][0], m.nodes.sets['refx'][0]],[1.,-1., -1., 1.])# the difference of displacement between topfrontleft/toprearleft nodes along the Z axis is equal to the displacement of the differnce of displacement between pilot and topfrontleft node along Z 
              lateralbc += Equation(1, [m.nodes.sets['refx'][0], m.nodes.sets['toprearleft'][0], m.nodes.sets['pilot'][0], m.nodes.sets['refz'][0]],[1.,-1., -1., 1.])# # the difference of displacement between toprearright/toprearleft nodes along the X axis is equal to the displacement of the differnce of displacement between pilot and topfrontleft node along X 
   
  ########### BC for the summit node (bottomrearright  and origin) and (bottomfrontright  and bottomfrontleft)           
              lateralbc += Equation(3, [m.nodes.sets['bottomrearright'][0], m.nodes.sets['origin'][0], m.nodes.sets['pilot'][0], m.nodes.sets['refz'][0]],[1.,-1., -1., 1.])
              lateralbc += Equation(1, [m.nodes.sets['bottomrearright'][0], m.nodes.sets['origin'][0], m.nodes.sets['pilot'][0], m.nodes.sets['refz'][0]],[1.,-1., -1., 1.])
              lateralbc += Equation(3, [m.nodes.sets['refy'][0], m.nodes.sets['bottomfrontleft'][0], m.nodes.sets['pilot'][0], m.nodes.sets['refz'][0]],[1.,-1., -1., 1.])
              lateralbc += Equation(1, [m.nodes.sets['refy'][0], m.nodes.sets['bottomfrontleft'][0], m.nodes.sets['pilot'][0], m.nodes.sets['refz'][0]],[1.,-1., -1., 1.])
              lateralbc += Equation(3, [m.nodes.sets['bottomfrontleft'][0], m.nodes.sets['origin'][0], m.nodes.sets['pilot'][0], m.nodes.sets['refx'][0]],[1.,-1., -1., 1.])
                  
            else:#for 2D models
              for i in xrange(n):
                lateralbc += Equation(2, [m.nodes.sets['left'][i], m.nodes.sets['right'][i],m.nodes.sets['pilot'][0], m.nodes.sets['topleft'][0]],[1.,-1.,-1.,1.])# same displacement along Y for the right and left nodes
              for i in xrange(n):
                lateralbc += Equation(1, [m.nodes.sets['right'][i], m.nodes.sets['left'][i], m.nodes.sets['pilot'][0], m.nodes.sets['topleft'][0]],[1.,-1., -1., 1.])# the difference of displacement between two opposite nodes along the X axis is equal to the difference of displacement between pilot ant topleft nodes along X
              lateralbc += Equation(1, [m.nodes.sets['bottomright'][0], m.nodes.sets['origin'][0], m.nodes.sets['pilot'][0], m.nodes.sets['topleft'][0]],[1.,-1., -1., 1.])# the difference of displacement between bottomright ant origin nodes along the X axis is equal to the displacement between pilot ant topleft nodes along X
          
          if lbck == "front": #periodic conditions for front and rear sides
            for i in xrange(len(m.nodes.sets['front'])):
              lateralbc += Equation(2, [m.nodes.sets['front'][i], m.nodes.sets['rear'][i], m.nodes.sets['pilot'][0],m.nodes.sets['refx'][0]],[1.,-1.,-1.,1.])# same displacement along Y for the right and left nodes
              lateralbc += Equation(3, [m.nodes.sets['front'][i], m.nodes.sets['rear'][i], m.nodes.sets['pilot'][0], m.nodes.sets['refx'][0]],[1.,-1., -1., 1.])# same displacement along Z for the right and left nodes
              lateralbc += Equation(1, [m.nodes.sets['front'][i], m.nodes.sets['rear'][i], m.nodes.sets['pilot'][0], m.nodes.sets['refx'][0]],[1.,-1., -1., 1.])# same displacement along X for the right and left nodes  
                
            for i in xrange(len(m.nodes.sets['topfront'])):            
              lateralbc += Equation(3, [m.nodes.sets['topfront'][i], m.nodes.sets['toprear'][i], m.nodes.sets['pilot'][0], m.nodes.sets['refx'][0]],[1.,-1., -1., 1.])# same difference of displacement along Z for the topright and topleft nodes and the pilot and topfrontleft nodes
              lateralbc += Equation(1, [m.nodes.sets['topfront'][i], m.nodes.sets['toprear'][i], m.nodes.sets['pilot'][0], m.nodes.sets['refx'][0]],[1.,-1., -1., 1.])# same difference of displacement along X for the topright and topleft nodes and the pilot and topfrontleft nodes
               
            for i in xrange(len(m.nodes.sets['bottomright'])):
              lateralbc += Equation(3, [m.nodes.sets['bottomfront'][i], m.nodes.sets['bottomrear'][i], m.nodes.sets['pilot'][0], m.nodes.sets['refx'][0]],[1.,-1., -1., 1.])# same difference of displacement along Z for the bottomright and bottomleft nodes and the pilot and topfrontleft nodes
              lateralbc += Equation(1, [m.nodes.sets['bottomfront'][i], m.nodes.sets['bottomrear'][i], m.nodes.sets['pilot'][0], m.nodes.sets['refx'][0]],[1.,-1., -1., 1.])# same difference of displacement along X for the bottomright and bottomleft nodes and the pilot and topfrontleft node
              
            lateralbc += Equation(1, [m.nodes.sets['bottomfrontleft'][0], m.nodes.sets['origin'][0], m.nodes.sets['pilot'][0], m.nodes.sets['refx'][0]],[1.,-1., -1., 1.])
              
            
    # STEPS:
    steps_inp = ""
    for step in self.steps:
      steps_inp += step_pattern
      steps_inp = steps_inp.replace("#NAME", step["name"])
      pattern = pattern.replace("#LATERALBC", lateralbc[:-1]) 
      if step["control"] == "displacement":  #the pilot node is piloted with a displacement condition  
        steps_inp = steps_inp.replace("#DISP", "iSample.PILOT, 2, 2, {0}\n".format(step["value"]) )
        steps_inp = steps_inp.replace("#LOAD", "0.")
      if step["control"] == "force": #the pilot node is piloted with a force condition and the test is not a cyclic test
        steps_inp = steps_inp.replace("#LOAD", "{0}".format(step["value"]))
        steps_inp = steps_inp.replace("#DISP", "")
      steps_inp = steps_inp.replace("#FRAME_DURATION", "{0}".format(1. / step["frames"]))
      
      if self.is_3D:
        steps_inp = steps_inp.replace("#2D_INIT", "")
        steps_inp = steps_inp.replace("#2DBOUNDARY", "")
        steps_inp = steps_inp.replace("#3D_INIT", "iSample.origin, 2,2\niSample.origin, 1,1\niSample.origin, 3,3,\niSample.bottomfrontleft, 1, 1")
        if len(self.lateralbc.keys()) != 0: 
          lateralbc_keys = self.lateralbc.keys()
          for lbck in lateralbc_keys:
            if self.lateralbc[lbck] == 'pseudohomo':
              if lbck == "top":          
                steps_inp = steps_inp.replace("#3DBOUNDARY", "\niSample.bottom, 2, 2\niSample.bottomright, 2, 2\niSample.bottomrear, 2,2\niSample.bottomleft, 2,2\niSample.bottomfront, 2,2\niSample.refy,2,2\niSample.bottomrearright, 2,2\niSample.bottomfrontleft, 2,2")
              if lbck == "right":
                steps_inp = steps_inp.replace("#3DBOUNDARY", "\niSample.left, 1, 1\niSample.bottomleft, 1, 1\niSample.topleft, 1,1\niSample.frontleft, 1,1\niSample.rearleft, 1,1\niSample.refz, 1,1\niSample.toprearleft, 1,1")
              if lbck == "front":
                steps_inp = steps_inp.replace("#3DBOUNDARY", "\niSample.rear, 3, 3\niSample.rearleft, 3, 3\niSample.rearright, 3,3\niSample.toprear, 3,3\niSample.bottomrear, 3,3\niSample.bottomrearright, 3,3\niSample.refx, 3,3\niSample.toprearleft, 3,3")
            if self.lateralbc[lbck] == 'periodic':
              if lbck == 'top':
                steps_inp = steps_inp.replace("#3DBOUNDARY", "")
                
         
      if self.is_3D == False:
        steps_inp = steps_inp.replace("#3D_INIT", "")
        steps_inp = steps_inp.replace("#3DBOUNDARY", "")
        steps_inp = steps_inp.replace("#2D_INIT", "\niSample.origin, 2,2\niSample.origin, 1,1")
        for lbck in lateralbc_keys:
          if self.lateralbc[lbck] == 'pseudohomo':
            if lbck == "bottom":
              steps_inp = steps_inp.replace("#2DBOUNDARY", "iSample.Bottom, 2, 2\niSample.BottomRight, 2, 2")     
            if lbck == "left":
              steps_inp = steps_inp.replace("#2DBOUNDARY", "iSample.left, 1, 1\niSample.topleft, 1, 1") 
    # MAIN FILE:
    pattern += steps_inp
    pattern = pattern.replace("#MESH", m.dump2inp())
    pattern = pattern.replace("#SECTIONS", sections[:-1])
    pattern = pattern.replace("#MATERIALS", matinp[:-1])
    
    

    f = open(self.workdir + self.label + '.inp', 'wb')
    f.write(pattern)
    f.close()
  def MakePostProc(self):
    """
    Makes the post-proc script
    """
    pattern = """# ABQPOSTPROC.PY
# Warning: executable only in abaqus abaqus viewer -noGUI,... not regular python.
import sys
from abapy.postproc import GetFieldOutput_byRpt as gfo
from abapy.postproc import GetVectorFieldOutput_byRpt as gvfo
from abapy.postproc import GetTensorFieldOutput_byRpt as gtfo
from abapy.postproc import GetHistoryOutputByKey as gho
from abapy.postproc import GetMesh
from abapy.indentation import Get_ContactData
from abapy.misc import dump
from odbAccess import openOdb
from abaqusConstants import JOB_STATUS_COMPLETED_SUCCESSFULLY



# Odb opening  
file_name = '#FILE_NAME'
odb = openOdb(file_name + '.odb')
data = {}

# Check job status:
job_status = odb.diagnosticData.jobStatus

if job_status == JOB_STATUS_COMPLETED_SUCCESSFULLY:
  data['completed'] = True"""
    if self.export_fields : pattern += """
  # Field Outputs
  data['field'] = {}
  fo = data['field']
  fo['U'] = [
    gvfo(odb = odb, 
      instance = 'ISAMPLE', 
      step = 0,
      frame = -1,
      original_position = 'NODAL', 
      new_position = 'NODAL', 
      position = 'node',
      field = 'U', 
      delete_report = True)
      ]
 
      
  fo['S'] = [
    gtfo(odb = odb, 
      instance = 'ISAMPLE', 
      step = 0,
      frame = -1,
      original_position = 'INTEGRATION_POINT', 
      new_position = 'NODAL', 
      position = 'node',
      field = 'S', 
      sub_set_type = 'element', 
      delete_report = True),
    ]
   
  fo['LE'] = [
    gtfo(odb = odb, 
      instance = 'ISAMPLE', 
      step = 0,
      frame = -1,
      original_position = 'INTEGRATION_POINT', 
      new_position = 'NODAL', 
      position = 'node',
      field = 'LE', 
      sub_set_type = 'element', 
      delete_report = True),
    ] 
      
  fo['EE'] = [
    gtfo(odb = odb, 
      instance = 'ISAMPLE', 
      step = 0,
      frame = -1,
      original_position = 'INTEGRATION_POINT', 
      new_position = 'NODAL', 
      position = 'node',
      field = 'EE', 
      sub_set_type = 'element', 
      delete_report = True),
    ]     
  
  fo['PE'] = [
    gtfo(odb = odb, 
      instance = 'ISAMPLE', 
      step = 0,
      frame = -1,
      original_position = 'INTEGRATION_POINT', 
      new_position = 'NODAL', 
      position = 'node',
      field = 'PE', 
      sub_set_type = 'element', 
      delete_report = True),
    ] 
  
  fo['PEEQ'] = [
    gfo(odb = odb, 
      instance = 'ISAMPLE', 
      step = 0,
      frame = -1,
      original_position = 'INTEGRATION_POINT', 
      new_position = 'NODAL', 
      position = 'node',
      field = 'PEEQ', 
      sub_set_type = 'element', 
      delete_report = True),
    ] """
    
    pattern += """# History Outputs
  data['history'] = {} 
  ho = data['history']
  ho['U'] =   gho(odb,'U2')
  ho['RF'] =   gho(odb,'RF2')
  ho['CF'] =   gho(odb,'CF2')
  ho['allse'] =   gho(odb,'ALLSE').values()[0]
  ho['allpd'] =   gho(odb,'ALLPD').values()[0]
  ho['allwk'] =   gho(odb,'ALLWK').values()[0]
  ho['volume'] =  gho(odb,'EVOL')
  
  # Mesh 
  data['mesh'] = GetMesh(odb, "ISAMPLE")
  
else:
  data['completed'] = False
# Closing and dumping
odb.close()
dump(data, file_name+'.pckl')"""
    pattern = pattern.replace("#FILE_NAME", self.label)
    f = open(self.workdir + self.label + '_abqpostproc.py', 'w')
    f.write(pattern)
    f.close()     
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  Source code for compmod.rheology

# -*- coding: utf-8 -*-
# Rheology 

import numpy as np

[docs]class SaintVenant(object):
  """
  A class for parallel assembly of unit cells exhibiting time indepedent behavior. One parameter can be distributed using the cell fu
  
  .. plot:: example_code/rheology/demo.py
     :include-source:
  """
  def __init__(self, epsilon, cell, grid, dist):
    self.epsilon = epsilon
    self.cell = cell
    self.grid = grid
    self.dist = dist
    self.make_Sigma()
    self.make_Dist()
  
  def make_Sigma(self):
    """
    Computes the stress matrix
    """
    cell = self.cell
    eps = self.epsilon
    grid = self.grid
    Ne = len(eps)
    Ng = len(grid)
    Sigma = np.zeros([Ne, Ng])
    for i in xrange(Ng):
      Sigma[:,i] = cell(eps, grid[i])
    self.Sigma = Sigma
      
  def make_Dist(self):
    """
    Computes the probability density vector.
    """
    grid = self.grid
    self.Dist = self.dist.pdf(grid) 
  
  def sigma(self):
    """
    Computes the global stress vector.
    """
    Sigma = self.Sigma
    Dist = self.Dist
    grid = self.grid
    dg = grid[1] - grid[0]
    return (Sigma * Dist).sum(axis = 1) * dg 

    
    
def Bilinear(epsilon, E = 1., sigmay = .01, n = .1, sigma_sat =  None):
  """
  Loi de comportement bilinéaire saturée en traction monotone.
  """
  if sigma_sat != None:
    if sigmay > sigma_sat:
      sigmay = sigma_sat  
  epsilon_y = sigmay / E
  if n < 0.: n = 0.
  if n == 0.:
    k = 0.
  else:
    k = (n**-1 + E**-1)**-1
    
  
  sigma = np.zeros_like(epsilon)
  if epsilon[0] != 0. : # setting starting stress
    eps0 = epsilon[0]
    sigma0 = E * eps0
    if sigma0 > sigmay:
      sigma0 = sigmay + k * (eps0 - (sigmay / E))
      sigmay = sigma0
    if sigma_sat != None:
      if sigma0 >  sigma_sat:
        sigma0 = sigma_sat
        sigmay = sigma0
    sigma += sigma0
         
  deps = epsilon[1:] - epsilon[:-1]
  for i in xrange(1, len(epsilon)):
    de = deps[i-1]
    sigma[i] = sigma[i-1] + E * de
    if abs(sigma[i]) > sigmay:
      de *= 1 - (sigmay - abs(sigma[i-1]))/E
      sigma[i] = np.sign(sigma[i-1]) * sigmay + k * de
      sigmay = abs(sigma[i])
    if sigma_sat != None:
      if abs(sigma[i]) > sigma_sat:
        sigma[i] = np.sign(sigma[i]) * sigma_sat
        sigmay = sigma[i]   
  return sigma 
  

"""
class Bilinear2(object):
  def __init__(self, E = 1., sigma_y = 1., n = .1, sigma_sat = None, N = 1000):       
    self.E =  E
    self. sigma_y = sigma_y
    self.n = n
    self.sigma_sat = sigma_sat
    self._epsilon = np.zeros(N)
    self._sigma = np.zeros(N)
    self._pos = 1
    
  def set_epsilon(self, epsilon):
    pos = self._pos
    try:
      epsilon = float(epsilon)
      self._epsilon[pos] = epsilon
      pos += 1
    except:
      epsilon = np.array(epsilon)
      self._epsilon[pos:pos+len(epsilon)] = epsilon
  def get_epsilon(self):
    pass      
  
  def sigma(self):
    sigma = np.zeros_like(epsilon)
    sigma_y = self.sigma_y
    sigma_sat = self.sigma_sat
    n = self.n
    for e in epsilon:
      pass
"""      
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  Source code for compmod.distributions

# Distributions

from scipy import stats
import numpy as np

[docs]def Triangular(mean = 1., stdev = 1.):
  """
  A triangular symetric distribution function that returns a frozen distribution of the `scipy.stats.rv_continuous <http://docs.scipy.org/doc/scipy-0.14.0/reference/generated/scipy.stats.rv_continuous.html>`_ class.
   
  :param mean: mean value
  :type mean: float
  :param stdev: standard deviation
  :type stdev: float
  :rtype: scipy.stats.rv_continuous instance
   
   
  >>> import compmod
  >>> tri = compmod.distributions.Triangular
  >>> tri = compmod.distributions.Triangular(mean = 1., stdev = .1)
  >>> tri.rvs(10)
  array([ 1.00410636,  1.05395898,  1.03192428,  1.01753651,  0.99951611,
          1.1718781 ,  0.94457269,  1.11406294,  1.08477038,  0.98861803])


  .. plot:: example_code/distributions/triangular.py
     :include-source:
  """
  width = np.sqrt(6) * stdev 
  return stats.triang(.5, loc = mean - width, scale = 2.*width)



[docs]def Rectangular(mean = 1., stdev = 1.):
   """
   A Rectangular symetric distribution function that returns a frozen uniforn distribution of the 'scipy.stats.rv_continuous <http://docs.scipy.org/doc/scipy-0.14.0/reference/generated/scipy.stats.uniform.html>'_class.
   
   :param mean: mean value
   :type mean: float
   :param stdev: standard deviation
   :type stdev: float
   :rtype: scipy.stats.rv_continuous instance


  >>> import compmod 
  >>> rec = compmod.distributions.Rectangular
  >>> rec = compmod.distributions.Rectangular(mean = 5. , stdev = 2.) 
  >>> rec.rvs(15)
  array([ 6.30703805,  5.55772119,  5.69890282,  5.41807602,  6.78339394,
        1.83640732,  3.50697054,  7.97707174,  4.54666157,  7.27897515,
        2.33288284,  2.62291176,  1.80274279,  3.39480096,  6.09699301])

  .. plot:: example_code/distributions/rectangular.py
     :include-source:
   """
   width =  np.sqrt(3.) * stdev
   a = mean - width
   b = mean + width
   return stats.uniform(loc = a, scale = b -a )

   
[docs]def Rayleigh(mean = 1.):
   """
   A Rayleigh distribution function that returns a frozen distribution of the `scipy.stats.rv_continuous <http://http://docs.scipy.org/doc/scipy-0.14.0/reference/generated/scipy.stats.rayleigh.html#scipy.stats.rayleigh.html>`_ class.

    :param mean: mean value
    :type mean: float
    :rtype: scipy.stats.rv_continuous instance


    >>> import compmod 
    >>> ray = compmod.distributions.Rayleigh
    >>> ray = compmod.distributions.Rayleigh(5.)
    >>> ray.rvs(15)
    array([ 4.46037568,  4.80288465,  5.37309281,  4.80523501,  5.39211872,
        4.50159587,  4.99945365,  4.96324001,  5.48935765,  6.3571905 ,
        5.01412849,  4.37768037,  5.99915989,  4.71909481,  5.25259294])
        
        
    .. plot:: example_code/distributions/rayleigh.py
     :include-source:
   """
   return stats.rayleigh(scale = mean * (2./np.pi)**.5)
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