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FiPy Example

## piece.py
from fipy import *
m = Gmsh3D(open('piece.geo').read())
x, y, z = m.cellCenters
phi = CellVariable(mesh=m,
                   value=arccos(x / sqrt(x**2 + y**2)) / pi)
Viewer(phi).plot()
X, Y, Z = m.faceCenters
phi.faceValue.constrain(value=0,
                        where=(Z == -0.2))
eq = (TransientTerm() == DiffusionTerm(1 / (phi + 1e-3)**2) + 0.1 * phi)
for i in range(10):
    eq.solve(phi, dt=1e-3)
Viewer(phi).plot()
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FiPy Overview

mailing list stats

download stats



FiPy Overview



FiPy Overview

Pysparse
Gmsh

SciPy



FiPy Overview

Testing must work transparently in parallel

522 high level tests 



FiPy Overview

parallel
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Parallel Choices

openmp

code = """
#define ITEM(arr,i,vec) (arr[arrayIndex(arr##_array, i, vec)])
int vec[%(rank)d];
#pragma ...
%(loops)s%(indent)s%(code_in)s%(enders)s
#undef ITEM
""" % locals()

weave.inline(code, ...)

● Requires changes to low level code
● Many operations are not covered 
● Memory isn't parallel
● Too much communication
● Inline requires a code fork (difficult to maintain)



Parallel Choices

● Pervasive changes
● Epetra is not numpy (fancy indexing etc)
● Not fully parallel
● Trilinos becomes a requirement or code fork 

PyTrilinos.Epetranumpy

class _MeshVariable(Variable):
    """
    .. attention:: This class is abstract. 
                   Always create one of its subclasses.
    """
    def __init__(self, mesh, name='', value=0., rank=None,
                 elementshape=None, unit=None, cached=1):

        if not isinstance(value, Epetra.Vector):
            value = Epetra.Vector(value, mesh.map)



Parallel Choices

parallel solver parallel mesh

● Independent FiPy processes with local mesh
● Only the solver communicates
● Only the mesh needs to know about overlaps 
● No changes to numerix 
● Everything is fully parallel
● Communication is minimal required
● No code forks
● FiPy script is independent of parallel constructs
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Parallel Design

Single broadcast location

from fipy.tools import serial
class Mesh(object):
    """Generic mesh class.
    """
    def __init__(self, vertexCoords, faceVertexIDs, cellFaceIDs, communicator=serial):
        """faceVertexIds and cellFacesIds must be padded with minus ones."""
        self.communicator = communicator

    @property
    def _globalNonOverlappingCellIDs(self):
        return numerix.arange(self.numberOfCells)
    @property
    def _globalOverlappingCellIDs(self):

   return numerix.arange(self.numberOfCells)
    @property
    def _localNonOverlappingCellIDs(self):
        return numerix.arange(self.numberOfCells)
    @property
    def _localOverlappingCellIDs(self):
        return numerix.arange(self.numberOfCells)



Unified Communicator Interface

from fipy import *
from fipy.tools import serial ## serial or parallel
m = Grid2D(nx=2, ny=2, communicator=serial)

Useful for testing

class CommWrapper(object):
    """  Encapsulates capabilities needed for Epetra. Some capabilities are not parallel.
    """
    def __init__(self, Epetra):
        self.epetra_comm = Epetra.PyComm()
class Mpi4pyCommWrapper(CommWrapper):
    """Encapsulates capabilities needed for both Epetra and mpi4py.
    """
    def __init__(self, Epetra, MPI):
        self.MPI = MPI
        self.mpi4py_comm = self.MPI.COMM_WORLD
        CommWrapper.__init__(self, Epetra)

Maintain state in single location

“from PyTrilinos import ...” confined to four locations
./fipy/solvers/trilinos/...
./setup.py
./fipy/matrices/trilinosMatrix.py
./fipy/tools/commWrapper.py

class SerialComm(CommWrapper):
    @property
    def Nproc(self);
        return 1
    

    



Partitioning

no overlaps overlaps not part of PyTrilinos

● FiPy has existing “GmshImport” .msh reader 
● “gmshImport” uses os.system(“gmsh ...”), no direct interface
● requires .geo scripting
● parsing .msh files, difficult in parallel
● only one layer of overlaps
● Gmsh needs a “pythonic” python wrapper



Parallel Testing
$ mpirun -np 2 python setup.py test [--trilinos --pysparse --scipy --pyamg] 
running test
running test
   ...
   ...
----------------------------------------------------------------------
Ran 522 tests in 502.188s

FAILED (failures=3)

## test.py
“””
>>> from fipy import *
>>> m = Grid1D(nx=1)
>>> v = CellVariable(mesh=m, value=0)
>>> v.constrain(1, m.facesLeft)
>>> DiffusionTerm().solve(v)
>>> print v
[ 1.]
“””

def _test(self): 
    import doctest
    return doctest.testmod()
    
if __name__ == "__main__": 
    _test()     

def __str__(self):
    return str(self.globalValue)

many small tests in FiPy

$ mpirun -np 4 python test.py –trilinos
ok
ok
ok
ok
  

$ python
>>> from fipy import *
>>> m = Grid1D(nx=0)
>>> v = CellVariable(mesh=m, value=0)
>>> v.constrain(1, m.facesLeft)
>>> DiffusionTerm().solve(v)
>>> print v
[]

doctests need to work in parallel

solver choices
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FiPy Example in Parallel

## piece.py
from fipy import *
m = Gmsh3D(open('piece.geo').read())
import time
t0 = time.time()
x, y, z = m.cellCenters
phi = CellVariable(mesh=m,
                   value=arccos(x / sqrt(x**2 + y**2)) / pi)
## Viewer(phi).plot()
X, Y, Z = m.faceCenters
phi.faceValue.constrain(value=0,
                        where=(Z == -0.2))
eq = (TransientTerm() == DiffusionTerm(1 / (phi + 1e-3)**2) + 0.1 * phi)
for i in range(5):
    eq.solve(phi, dt=1e-3)
## Viewer(phi).plot()
from fipy.tools import parallel
print 'time:',parallel.procID,time.time() - t0 
print 'global cells:',parallel.procID,m.globalNumberOfCells
print 'local cells:',parallel.procID,m.numberOfCells

$ mpirun -np 2 python piece.py
time: 1 56.2974278927
time: 0 56.297506094
global cells: 1 232887
local cells: 1 119554
global cells: 0 232887
local cells: 0 119399

$ python piece.py
time: 1 85.5958778858
global cells: 0 232887
local cells: 0 232887



FiPy Example in Parallel



Reactive Wetting in Parallel

5 fully coupled equations



Conclusion
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