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What 1s a script ?

short program

used (mainly) to glue existing components
written 1n a high-level scripting language
interpreted & portable [only interpreter needed]

examples: Unix shells, Tcl, Perl, PHP, Python,
Ruby, Rexx, Scheme, VisualBasic, ...

more and more popular (open source community)



Short programs ...
Consider a data file f . dat a to be read:

1.19 5.2

1. 762543E- 02

0 0.1 0.01 0.001
9 3 7

Python solution:

F
n

open("f.data", 'r')
F.read().split()

In C/C++4/Java: more complex



... have advantages
Scripting yields shorter code

Shorter code gives less bugs

Faster development/ debugging cycle
(edit + test, no compiling)

[see J. K. Ousterhout article for time/LoC comparisons]



Pro/Cons of Scripting

Pros

connecting components

interface/GUI over an
existing module

extensive text processing

LoL (lots of lists)

communication with web

prototyping

Cons

static typing advantages
needed

complicated data
structures & algorithms

large datasets



(Unix) Shells vs Python

Python 1s a real programming language with:
* High-level basic data types
* Object-orientation
* Exception handling (try ... except)
* Lots of available modules
* Shells' basic gluing mecanisms (> >> < | )
can be mimicked in Python
(0s.system, os.exec™, os.popen, ...)
* Same for basic file system operations
(cp, mv, rm, Is, chmod, file related tests, ...)



Perl vs Python

@ist = ([1,2,3],["a","b","c"]);

for $i ( 0 .. $#list) {

for $j ( O .. S$#{S$list[$i]} ) {

printf "list[%][%l] is %8\n", $i, $, Slist[Si][F];

}

}
list =[[1,2,3],["a","b","c"]]
for 1 In range(len(list)):

for J 1nrange(len(list[i])):
print("list[%][%] 1s %") % (i,],list[i][])])



ﬂython basics (1)
(static) types + strong typing (basic C-like types)

No (s
X =1
X = "foo" # ok
X =4 + X
# TypeError cannot concatenate 'str' and 'int'’

Lists, tuples and dictionnaries

(1, "abc", 1.0, 1.0E-10, 2-4j)
[1,"abc", 1.0, 1.0E-10, 2-4j]

{1: "resultl.eps”, 0.1: "result2. eps"}
{"June": 30, "July": 31, "August": 31}

3= 77
TR

Lists of Lists of ...
people = {"codel": ('John',"Smth', 32),
"code2": (' John'.' Doe', 40) !}



Slicing (overview)

>>> a = range(4)
>>> a[:] # enables copy by value, eg i n b=a
(0, 1, 2, 3, 4, 5, 6, 7, 8]
>>> g 2: 4]
(2, 3
>>> af 2:]
[2, 3, 4, 5, 6, 7, 8]
>>> b = [range(0, 3), range(3, 6), range(6,9)]
>>> p
[0, 1, 2], [3, 4, 5], [6, 7, 8]]
>>> b[ 1] [ 1]
4
>>> p[ 1, 1]
Traceback (nost recent call |ast):
File "<stdin>", line 1, in ?

TypeError: list indices nmust be integers



Python basics (2)

conditional

| f condition:

bl ock I f
el f condition:

bl ock I f
el se:

bl ock el se

while

whil e condi ti on:

bl ock whil e

loop
for elenent in |1st:

bl ock | oop

list comprehensions
| =r ange( 3) # [0, 1, 2]
plus2=[e+2 for e in |]
# [2,3, 4]
evens=[e for e in | \
| T eW2==0]
# [0, 2]

1(



Python basics (3)

* functions
def f(x,y):

return x-y
£(3,2) # 1

* named arguments
f(y=2,x=3) # 1

* default arguments
def f(x,y=1):

return x-y
f(x=3) # 2

* variable size arg. list
def f(x,y, *rest):
sum = X-Yy
for e In rest:
sum = sum + e
return sum
f(3,2,4,5) # 10

* works with kw arg.

def f(x,y,**kw):
work wth kw key]

f(3, 2, addl=4, add2=5)



Speed ?

Scripts are said to be slower (than compiled code)

but:

* bytecode generation (.py -> .pyc)

* specific (compiled C) external modules exist

* extension: possible use of inlined / external
efficient code (C, Fortran)

* embedding: possible use of python within C
code



Python modules for Scientific Prg.
Modules interface powerful compiled libraries
* Numeric / Numarray : fast/compact array data type
* Scientific Python module (scipy) on top of them

* Provide a strong basis with : linear algebra,
integration, interpolation, FFT, signal and image
processing, stats, graphics and plotting, genetic
algorithmes, ...

* Other (domain dedicated) modules extend this basis



P. Poizat — DimuonNet'2005 (April, 26th, 2005)

Arrays

>>> from Nunmeric | nport *

>>> a =
>>> a

zer os( 6)

array([0, 0O, 0, 0, 0O, 0])

>>> ph o=
>>> b

array([[

>>> C =

>>> ¢
array(|

| dentity(4)

11 01 01 O ’

01 11 01 O ’

01 01 11 O ’

0o, 0, 0, 1]])

arange( 0, pi, pi/6)

0 , 0.52359878, 1.04719755,

1.57079633, 2.0943951 , 2.61799388.
3. 14159265] )



Arrays from functions

>>> def f(Xx,y):
. return 2*(x**2) +vy

§§§ a = fronfunction(f, (5,5))
>>> a

array([[ O, 1, 2, 3, 4],

2, 3, 4, 5, 6],

8, 9, 10, 11, 12],

18, 19, 20, 21, 22],

32, 33, 34, 35, 36]])
>>> # a[3,1] = 19 = 2*(3**2) + 1



Arrays and types

>>> zeros(3, Fl oat)
array([ 0., 0., 0.])

>>> zer os( 3, Conpl ex) |
array([ 0.+40.j, 0.+0.j, 0.+40.j1])

>>> array([0, 0., 0+1j]) |
array([ 0.+0.j, 0.+40.j, O0.+1.j])

Le



Shapes and reshaping

>>> shape( b)

(4, 4)

>>> shape( a)

(6,)

>>> reshape(a, (3, 2))
array([[0, O],
[0, 0],
[0, 0]])




Slicing (revisited)

>>> a = reshape(arange(9), (3,3))

>>> g
array([[0, 1, 2],

[ 3, 4, 9],

(6, 7, 8]]
>>> a[1,1] # now it works !
4

>>> a[ 1:, 1:]
array([[4, 5],
[7, 8]])

other slicing operators:

I¢



Universal functions and resizing

work on arrays

>>> sin(identity(2))

array([[ 0.84147098, O. ¥
[ 0.

0.84147098] )

| array resizing when needed !

>>> array(|
array([ 4,
>>> array(|
array([ 4,

>>> # sane than:
>>> array([1, 2

array([ 2,

>>> dot (array(]|

38

1,
6])

5])

6] )

2

, 2]

) + array([3,4])

) + array([3])

array([1,2]) + array(][3, 3])
) * array(][ 2, 3])

1,2]),array([2, 3]))

I¢



Python & external code

Possible solutions :

® use os.system, os.popen, ...

* wrapping (C/C++/Fortran):
* SWIG (define an interface using an IDL)
* F2PY (fortran code -> .so library)
* Numerous others

see www.scipy.org/wikis/topical_software/TopicalSoftware

2


http://www.scipy.org/wikis/topical_software/TopicalSoftware

S]raeed Comparisons: the benchmark
Laplace.py benchmark

www.scipy.org/documentation/weave/weaveperformance.html

unknown function u(x,y) such that V’u=0
for I In range(l, nx-1):
for J 1nrange(l, ny-1):
uft,)] = (Qulr-1, J] +ufr+1, J])*dy**2 +
(ufi, j-1] + u[i, j+1])*dx**2)
[(2.0*(dx**2 + dy**2))

100 iterations on a 500x500 grid, eps: 1E-16
Compares: pure python, pure numeric, scipy weave

inlined C (blitz/inline), fortran external module via
2py, pyrex. [C++, given separately takes 1s] 2


http://www.scipy.org/documentation/weave/weaveperformance.html

Speed: benchmark outputs

[ poi zat @orrigan | aplace]$ python | apl ace. py

Doi ng 100 iterations on a 500x500 grid

nuneri c took 8.18 seconds

blitz took 2.59 seconds

I nli ne took 0.81 seconds

fastinline took 0.51 seconds

fortran took 0.78 seconds

pyrex took 0.48 seconds

slow (1 iteration) took 2.77 seconds

100 iterations should take about 277.000000
seconds

slowwth Psyco (1 iteration) took 1.89 seconds

100 1terations shoul d take about 189. 000000
seconds

[ poi zat @orrigan | apl ace] $



Speed Comparisons: pb. & solution

Problem:

* launch x times the benchmark to compute min,
max and average completion times

* generate an HTML report (via redirection)

® usage :tester 20 > report. htmn

Solution: use python !



Speed: benchmark outputs

[ poi zat @orrigan | aplace]$ python | apl ace. py

Doi ng 100 iterations on a 500x500 grid

nuneri c took 8.18 seconds

blitz took 2.59 seconds

I nline took 0.81 seconds

fastinline took 0.51 seconds

fortran took 0.78 seconds

pyrex took 0.48 seconds

slow (1 iteration) took 2.77 seconds

100 1terations should take about 277.000000
seconds

slowwth Psyco (1 iteration) took 1.89 seconds

100 1terations should take about 189. 000000
seconds

[ poi zat @orrigan | apl ace] $



Speed: benchmark outputs

[ poi zat @orrigan | aplace]$ python | apl ace. py

Doi ng 100 iterations on a 500x500 grid

nuneri c took 8.18 seconds

blitz took 2.59 seconds

I nline took 0.81 seconds

fastinline took 0.51 seconds

fortran took 0.78 seconds

pyrex took 0.48 seconds

slow (1 iteration) took 2.77 seconds

100 1terations should take about 277.000000
seconds

slowwth Psyco (1 iteration) took 1.89 seconds

100 1terations should take about 189. 000000
seconds

[ poi zat @xorrigan | apl ace] $

28



[Xthon solution (1)

#! [/ usr/ bi n/ py

| nport sys # get argunents

| nport os # O S. operations

| mport sre # requl ar expressions

| nport string # string operations

| nport scipy # average conputation

pattern = '(.*)took(.*)seconds’

command = "python | apl ace. pyc"

tomp _file = "/tnp/results”

tests = ["nuneric","blitz","inline","fastinline",
"fortran","pyrex","slow (1 iteration)",
"slowwth Psyco (1 iteration)"]

results = {}

nbtests = int(sys.argv|[1])

2(



Python solution (2)

for test in tests: # initializing
results[test] =[]

for testnunber I n range(nbtests): # testing
# running a test
0S. systen( command+" >%&"% np file)
# getting results
F = open(tnp _file,'r")
lines = F.read().split('\n")
for line in |ines:
m = sre. match(pattern,line)
If mis not None:
com tine mgroup(1,2) # nulti. assign.
com tine string.strip(com,
float(string.strip(tine))
resul ts[ com . append(ti nme)
F. cl ose()

# renoving result file
o< 1inlirnk(tn fil el



Python solution (3)

# post - processing

print "<HTM_.><BODY>"
print "Running tests on % iterations" % nbtests
print "<TABLE BORDER=1>"
print """<TR><TH>cat egory</ TH>
<TH>m n tinme (sec)</TH>
<TH>avg tine (sec)</TH>
<TH>max tinme (sec)</TH></TR>"""
for test In tests:
print """<TR><TD>%</ TD>
<TD>% 2f </ TD><TD>% 2f </ TD><TD>% 2f </ TD>
</ TR>""" \
% (test,
mn(results|[test]),
sci py. average(results[test]),
max(results|[test]))
print "</ TABLE>"
nrint "</ BRODY></ HTM >" 2



Speed Comparison (final results)

tester.py 10 > report10. htm

. File Edit ¥iew Go Bookmarks Tools Window Help

@ Q @ O % filedithamespoizat! COMMUNIC ATIONS/PYTHOMN/E?
N -

. B, [=AMail 4 Home 3 Radio My Metscape Cy Search (@) Shop  £3Bookmark

Funning tests on 10 iterations

category min time (sec) javg time (sec) max time (sec)
numeric 723 1312 14,79
blitz 257 A 57 4,50
inline 0,81 1.53 1.71
fastinline 0,50 (0,94 1.06
fortran 0,75 1.41 1.60
pyrex 0.47 0,89 0.99
slow (1 iteration) 249 472 528
slowr with Peyco (1 iteration) 1,84 247 289

2¢



Enhancing Outputs ?

3(



Enhancing Outputs ?
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Plottlng API(S)

fastinling ~———— ]
nnnnnn

Gnuplot, [xg]plt, dislin, . S e

| ds_tests = range(nbtests)
| nport Ghupl ot

g = Ghupl ot. Ghupl ot () | | | _
g('set data style lines') o — ]

g. pl ot (Giupl ot . Data(i ds_tests,
results[tests[O0]],
title=tests[0]))

for test Iin tests[1l:]:

g.repl ot (Giupl ot. Data(i ds _tests,
results[test],
title=test))

g. hardcopy("results. eps”, col or=1, enhanced=1)



Building a GUI

from Tkinter |nport *

def sayHell o(): 9 908
print "hell o" Hello vwoHd ! |

root = Tk()
hello = Button(root, text="Hello world !",
command = sayHel | o)

hel | 0. pack()
root. nmai nl oop()



More & more modules/libraries

* Hinsen's Scientific Python :
lots of extensions for geometry (vectors, tensors,
...), stats, signal processing, netCDF, MPI and
BSPIib interfaces, ...

* distributed parallel programming (MPI) :
pyMPI, pythonMPI, pyPAR, Scientific Python, ...

* Grid computing: PyGlobus, PEG
* Interfaces for R, BioPython, Matlab, ...
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Reference;mg%ython + scientif1c)

www.python.org /NumericAndScientific

Wiki on numeric & scientific python

WWW.SCIPY.OTg
Scientific Tools for Python

www.enthought.com
Python scientific distribution for Windows

www.logilab.net/cups
Club des Utilisateurs de Python dans le domaine
Scientifiaue (sorrv. in French onlv)
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