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Trilinos Packages with Python Interfaces

e Amesos e IFPACK

e Anasazi e LOCA

e AztecOO e ML

e Epetra  New_Package
e EpetraExt e NOX

e Galeri e Triutils
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Creating a Python Wrapper

LU PR wrapcpp|  dIgtUtils oy
—— DistUtils Module
Header Eiles SWIG Interface File Wrapper Code <

r
. 0
py 5
Python Module |
a N SBtUp.py
‘.l-.l-.l-.l-.l-.l-.l-.l-..l-.l-.l-.l-.l-.l-.
Library '. Build Script

SO $ python setup.py build
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Outline

e A brief discussion of python modules
* Trilinos python directories structure

— Overview

— Automatic generation
 SWIG interface files: New_Package.i
* The setup.py Script
e Testing PyTrilinos modules: testNew_ Package.py
e Issues

— “Pythonification”

— The PyTrilinos package

— Bugazilla

— Test harness
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A Brief Discussion of Python Modules

e Python import statements
— import MyModule
— import MyModule, YourModule
— import MyModuleas MM
— from My Module import myFunc
— from My Module imporxt myFunc as mf
— from My Module impozrt *
 When import is used, it does the following:
— Creates a hew namespace
— Puts defined objects in the namespace
— Executes code contained in the module
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A Brief Discussion of Python Modules

 importwill load and execute only once
 Module search path:

>>> Import sys

>>> prirt sys.path

['', /UsersivEspotz', Vsw/libhpython24.zip', '/sw/lib/python2.4',
/sw/lib/python2.4/plat-darwin', /sw/lib/python2.4/plat-mac’,
/sw/lib/python2.4/plat-mac/lib-scriptpackages’,
/sw/lib/python2.4/libtk', /sw/lib/python2.4/lib-dynload’,

/sw/lib/python?2.4/site-packages’', V/sw/lib/python2.4/site-
packages/Numeric', ... ]
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Brief Discussion of Python Modules

* When looking for a module example, the python
Interpreter searches each of the directories in
sys.path for the following, in search order:

— A directory example defining a package (i.e., it
contains a file named __init .py)

— example.so O examp lemodule.{so, sl,d11}
- example.pyo (Optimized byte code)

— example.pyc (byte code)

— example.py (pure python)
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A Brief Discussion of Python Modules

 Packages allow a collection of
modules to be grouped under a

common package name:

PyTrilinos/
__init .py
Amesos.py
AztecO O.py
Epetra.py
EpetraExt.py
IFPACK.pY
ML.py
NOX/

Abstract.py
Epetra.py

LAPACK.pY
@ Parameter.py

Salver.py
StatusTest.py
TopLevelpy
_Abstract.so
_Epetra.so
_LAPACK.sO
_Parameter.so
_Salver.so
_StatusTest.so
_TopLevel.py
New_ Package.py
TriuHls.py
_Amesos.py

_Aztec00.py
_Epetra.py
_EpetraExt.o
_JTFPACK.so
_ML.so
_New_Package.so
_Triutils.so
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A Brief Discussion of Python Modules

e The __init .py file can contain anything, but should
usually define list __all

e For NOX, init .pyIS:

from TopLevel import *
from TopLevel import version
import Abstract, Parameter, Solver, StatusTest
_all = [“Abstract”, “Parameter”, “Solver”, “StatusTest”]
txy:
import Epetra
__all .append (“Epetra”)
except Inp ortError:
pass
txy:
import LAPACK
__all .append (“LAPACK”)

except Inp ortError:
pass

@
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i i Trilinos python Directories Structure

@ Sandia
National
Laboratories



\

The python Directory Structure

A 4

Makefile.am

\ 4

dummy in

Makefile.in

Makefile.am

Makefile.in

A 4

New_ Package.d

TRILINOS_HOME_ DIR.In

setup.py
Makefile.am
Makefile.in
setpath.py

testNew__Package.py @ ﬁg?igﬁm
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The python Build Directory Structure

Makefile

A 4

\ 4

dummy

Makefile

A 4

New_ Package.py

New Package wrap.cpp

TRIIINOS_HOME_DIR

Makefile

setpath.py

testNew__Package.py
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Automatic Directory Generation

e Updated directions for adding python wrappers to
your package in
— Trilinos/packages/new_ package/python/Instructions.tt
* DON’t COPY new_package/python directory; use
— Trilinos/packages/new package/CreatePythonDir.py

e Examples:

— CreatePythonDir.py Anasazi
« New_Package = Anasazl
e new_package = anasazi
e NEW_ PACKAGE = ANASAZI

— CreatePythonDir.py —capital=ML
— CreatePythonDir.py —help
 Move generated directory to your package

— mv anasazl python ../anasazi/python
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SWIG Interface Files: New Package.i

% define DOCSTRING

"The New_ Package module allows access to The Trilinos package
New_Package. Use the python help() facility for local documentation
on classes and methods, or see the on-line documentation for more
in-depth infomation."

%enddef

% module(package="PyTrilinos", docstring=DOCSTRING) New_ Package

e Define the module name, its package, and its
documentation string

* Python file name (New_Package.py) and wrapper file
name (New_Package_ wrap.cpp) are derived from
@module name, not interface file name @Samia
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SWIG Interface Files: New Package.i

% {

#include <sstream>

#include "New_ Package Version.h"
#include "Newp_ Hello.h"

#ifdef NEWP_ SWAHILI

#include "Newp_ Jambo.h"

#endif

%}

e Percent-brackets enclose code that will be
passed to the wrapper code verbatim
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SWIG Interface Files: New Package.i

%ignore Newp Hello::Print(ostream &) const;
#ifdef NEWP_SWAHILI

%ignore Newp_ Jambo ::Print(ostream &) const;
#endif

« %ignore directives tell SWIG not to generate particular
wrappers (in this case because there are no python
ostreams)

 Issued prior to %includes

e Can accept wildcard *

 Modifiers are respected

» Often used to suppress warnings (e.g., operator=)
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SWIG Interface Files: New Package.i

%include "std string.i"

using namespace std;

%include "New Package Version.h"
%include "Newp Hello.h"

#ifdef NEWP_SWAHILI

%include "Newp Jambo.h"

#endif

« %include IS used to tell SWIG which header files to wrap

e std_string.iis one of many SWIG interface libraries for
handling common situations

« %import may be used to tell SWIG about needed code
without generating a wrapper
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SWIG Interface Files: New Package.i

% extend Newp_Hello {
string  str () {
stringstream os;
self> Print(os);
string s = os.str();
return s.substr(0,sJength()-1);
}
}
#ifdef NEWP_S WAHILI
% extend Newp_Jambo {
string _ str () {
stringstream os;
self> Print(os);
string s = os.stx();
return s.substr(0,slength()-1);

}
#endif

)

* The %extend directive can
be used to add methods to
the python version of the
class

e Hereweadd a_ _str ()
method, which is the
python string-conversion
method

e This allows use to use
Newp_ HelloOr
Newp_Jambo objects with
the python print statement
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SWIG Interface Files: New Package.i

%feature("autodoc", "1");
% pythoncode % {
version = New_ Package Version ().split()[2]

e Autodoc feature adds minimal documentation strings to
each method indicating input arguments and output...work
with python help() function

« % pythoncode directive puts python code directly in
New_Package.py. Here we obtain the New_Package
version string, splitit using “ ” as a delimiter, and accept
iIndex 2 of that list as the version
@ Sandia
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i The setup.py Script

e If your package uses only one namespace that is
the package name, required modifications are
minimal (and essentially cosmetic)

— Get rid of NEWP_SWAHILI stuff
— Change author name and email
 If you use more than one namespace, you'll need

more familiarity with setup.py and the distutils
module

o If you ever have to debug a make problem, you’ll
need more familiarity . . .
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i The setup.py Script

The setup.py Script has three main sections:
e Variable definitions

— Extracting macro definitions from Makefiles
e Extension definition(s)

— A python “extension module” refers to any
compiled python module

— Extension IS a distutdls class for defining a python
extension

* The setup call
— Defines the entire package
@ — Pure python module(s), extension module(s)
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Variable Definitions

TRIILINOS HOME DIR = os.path.normpath(

open ("TRILINOS_ HOME_ DIR").read()[:-1])
sys.path.insert(0,o0s.path.jaln(TRILINOS HOME DIR,"commonTools",

"buildTools"))

from MakefileVariables import *
makeVars ={}
makeVars.update(process Makefile(" Makefile"))
globals().update(makeVars)

 Get the top source directory

* Prepend com monTools/buildTools to python search path
* Import the MakefilevVariables module

« Extract make variables; put in python dictionary

 Push make variables into the global namespace
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Variable Definitions

define macros = [("HAVE_CONFIG_H", "1")]
include_dirs = [srcdir]

litrary dirs = [ ]

lilraries =[ 1

extra Ilink args =1 ]
extra compile args =CPPFLAGS.split() + CXXFLAGS.split()
uniquifylist(extra compile args)
options = NEW_ PACKAGE INCLUDES.split() +\
NEW_PACKAGE_IIBS.split() +\
PYTRILINOS INCLUDES.split() +\
PYTRILINOS IIBS.split()

uniquifylist(options)

* These lists will be passed to Extension constructor(s)
« String split() method: string =» list of strings

o Addition operator concatenates lists @ Sanda
lona
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Variable Definitions

faor option in options:
if option[:2] == "-I":
include dirs.append(option[2:])
elif option[:2] == "-L":
liltrary dirs.append(option[2:])
elif option[:2] == "-1":
lilraries.append(option[2:])
else:
extra link args.append(option)

* Put the export Makefile values in their proper places

Sandia
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Extension Definitions

new_packageWrap = "New_ Package wrap.cpp"
_New_ Package = Extension("PyTrilinos. New_ Package",

hew packageWrap],

define macros = define macros,
nclude dirs = include dirs,

lilrary dirs = library dirs,

litraries = lilxaries,

extra compile args = extra compile args,
extra Imk args = extra link args

)

* This defines an Extension object, which will be passed to setup()

)

@
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The setup() Call

setup(name = "PyTrilinos.New_Package",

version = version,

descriptdon = "Python Interface to New_ Package",
author = "RBill Spotz",

author email = "wfspotz @sandia.gov",

package dir = {"PyTrilinos" : "."},

packages = ["PyTrilinos"],

ext modules =[_New_Package ]

)

* The setup() function will check the command-line arguments for a

)

command (build, install, clean, etc.) and execute appropriately

@
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Testing: the setpath Module

myDirmyName = os.path.split( file )

HbDir = "lib. %s-%s" % (get platform(), sys.version[0:3])

fullPath = os.path.nommpath(os.path.jain(myDir, "..", "src",
"build", libDir, "PyTrilinos"))

epetraPath = os.path.normpath(os.path.janmy Dir, "..", "..", "..",
[] "epetra", "python", "src", "build",libDir, "PyTrilinos"))

sys.path.insert(0,fullPath)

sys.path.insert (1, epetraPath)

e Build the paths for the location of the New Package module and
the Epetra module

* Prepend the python search path
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Testing: testNew_Package.py

import sys
try:
import setpath
import Epetra, New_ Package
except Inp ortExrrar:
from PyTrilinos impoxt Epetra, New_ Package
pdint > >sys.stderr, "Using system-installed Epetra, New Package"
import unittest

e Tries to import locally built modules

 On ImportError exception, tries to import from system-
Installed PyTrilinos
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Testing: testNew_Package.py

class New_ PackageTestCase(unittest.TestCase):
"TestCase class farNew_Package module"

def setUp(self):
self.comm = Epetra.PyComm/()
self.comm .Barrier()

def tearDown (self):
# This willhelp tame the printing
self.comm .Barrier()

e Inherit from unittest.TestCase base class
» setUp () method called before every test
« tearDown() method called after every test

e Epetra.PyComm() returns SerialComm Or MpiComm
depending on configuration

@
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Testing: testNew_ Package.py

def testVersion(self):
"Test New_ Package New_ Package Version function"

front = "New Package Version "
version = New_ Package.New Package Version()
self.assertEquals(version [dlen(front)], front)

def test HelloC onstructor(self):
"Test New_Package Hello constructor”

hello = New_Package.Newp Hello(self.comm)
# No assert here; executing w/o an exception is enough

» More New_PackageTestCase methods
 Framework looks for methods that begin with “test’

@ « Framework provides several “assert” methods

@
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Testing: testNew_ Package.py

def test HelloPrint(self):
"Test New_ Package Hello print operator"
hello = New_Package.Newp_ Hello(self.comm)
if self.comm. MyPID() == 0O:
result="This will print out one line far each of the "+\
str(self.com m. Num Proc()) + " processes \n\n"
else:
esult =""
result += "Hello. Iam process %d" % self.comm. MyPID()
string = hello. str ()
self.assertEquals(string, result)

« Comparison depends on processor

» Special __str. () method used by python to convert objects to
strings; we have defined it in New_Package.i
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Testing: testNew_ Package.py

if name ==" main ":

)

suite = unittest.TestSuite()
suite.addTest (unittest. makeSuite(New PackageTestCase))
comm = Epetra.PyComm ()
iAmRoot =comm.MyPID() = 0
if iAm Root: print >>sys.stderr, \
M\nykdkkkkkkkkkiiikd\nTesting New Package\n****kkkkkikiiiikkki\pnn
verbosity =2 *int(AmRoot)
result = unittest. TextTest Runner(verbosity=verbosity).run(suite)
exrsPlusFails = comm. SumAll(len(result.exrrors) +\
len(result.failures))[0]
if exsPlusFails==0 and iAmRoot: prnt "End Result: TEST PASSED"
sys.exit(errsPlusFails)

e Create test suite, run and get the results
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Testing: Results

$ mpirun -np 2 testNew Package.py

kekdekkkdkkkdkkkkkkikk

Testing New_ Package
K*kkkkkkkkkiikkkkkikk

Test New_Package Hello constructor ... ok
Test New_Package Hello print operator ... ok
Test New_Package New Package Version function ... ok

Ran 3 tests in 0.049s

OK

Ran 3 tests in 0.029s

OK
End Result: TEST PASSED

@
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“Pythonification” of Your Package

« SWIG does not know if a
pointer is a simple reference
or an array

— Creates compilable code
and importable module, but
not particularly useful

— Package should be
designed so that python
users can use areasonable
container whenever C
arrays are expected in the
underlying code

- Numeric has an array
constructor that takes a
generic PyObject ... use

@ %typemap O %extend

* Python can and does return
multiple values via tuples:

- (a,b,c) = £(x)
— SWIG provides %typemap
for doing this

 Integer return codes?

— Python has always
supported exception
handling

— I have changed some
methods to raise exceptions
If non-zero return codes are
detected

* Look at other packages or talk

Sandia
tO me @ National
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“Pythonification” of Your Package

* Trilinos parameter lists and python dictionaries are
functionally equivalent

 Python dictionaries have very clean syntax

e Goal: anywhere a parameter list is expected, accept a
python dictionary in its place

e Current status:
— Some packages have been extended
— Data type support is limited
— Input only

e Caveat: SWIG cannot wrap Teuchos::Parameter:: List
because it cannot handle nested classes

National
Laboratories
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i The PyTrlinos Package

 Formerly, all python interfaces were in the
PyTrilinos package

e Currently a compiled C++ library
— Callback (cross-language polymorphism)
— FileStream (python/C files and streams)
-~ NumPyArray (interface for Numeric and C++)

— Num Py Wrapper
e Plan to move these classes to Teuchos

 PyTrilinos Will then become a “cleanup” package
that generates a valid __init .pyfile for the entire
package

— from PyTrilinos Import * _—
@ lNaat}g]rg?t!nﬁes
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Bugzilla

 Those packages that have python wrappers now
have a component in bugzilla called “Python
wrappers”

| am the default assignee for these bugs...
* Bugs for the PyTrlinos package should be rare

* Not perfect: build errors for python interfaces
should be filed under...what?
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i Test Harness

* Python test scripts are run nightly
— beowulf (serial, mpi)
—s858352 (serial, mpi)
— Plans to expand

* Python (and Thyra) have their own Special Test
Sets

 MPI| exit status is robust for test directories (not
example)

* Plans for separate python (and thyra) builds
(minimize impact)

| am working to expand test coverage and

eliminate test duplication... Sandia
@ @lmaat}g]rg?éﬁes
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The “To Do” List

e Handling C arrays

— SWIG library numerci

— Package by package, class by class, method by method
 Parameter lists

— (Teuchos::Parameter::List/PyObject) class

— Implement
e Handling Teuchos ::RefCountPtxrS
» Test and example scripts
e PyTrilinos refactor

— Move PyTrilinos classes to Teuchos

— Change PyTrilinos to be a “clean up” package
 Robustness

— Portability, parallelism, advanced features
 Documentation

@  New Packages... @ Sandia
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References

e Python
— http://www.python.orq

e distutils documentation
e Uunittest documentation

e SWIG
— http://www.swig.org
 Online documentation
e PyTrilinos
— http://software.sandia.qgov/trilinos/packages/pytrilinos

— CVS:
e Trilinos/packages/PyTrilinos/doc
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