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Frequently encountered tasks in Python
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Overview

°

file globbing, testing file types

e

copying and renaming files, creating and moving to directories,
creating directory paths, removing files and directories

directory tree traversal

parsing command-line arguments
running an application

file reading and writing

list and dictionary operations
splitting and joining text

basics of Python classes

© o oo o000

writing functions
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Python programming information

Man-page oriented information:

® pydoc sonenodul e. sonef unc, pydoc sonenodul e
doc. ht ml ! Links to lots of electronic information

The Python Library Reference (go to the index)

Python in a Nutshell

Beazley’s Python reference book

© oo 0@

Your favorite Python language book

°

Google

These slides (and exercises) are closely linked to the “Python scripting for
computational science” book, ch. 3 and 8
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File globbing

® List all .ps and .gif files (Unix):
|s *.ps ».qgif

® Cross-platform way to do it in Python:

| nport gl ob
filelist = glob.glob(’*.ps’) + glob.glob(’*.qgif’)

This is referred to as file globbing
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Testing file types

| nport os. path
print nyfile,

| f os.path.isfile(nyfile):
print 'is a plain file’

I f os.path.isdir(nyfile):
print 'is a directory’

| f os.path.islink(nyfile):
print "is a link’

# the size and age:

Si ze = os.path.getsize(nyfile)

time_of |ast _access = o0s.path.getatime(nyfile)
time _of last nodification = os.path.getntine(nyfile)

# tinmes are neasured in seconds since 1970.01.01
days _since | ast _access =\
(time.tinme() - os.path.getatine(nyfile))/ (3600x24)
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More detailed file info

| nport st at

nyfile stat = os.stat(nyfile)
filesize = nyfile stat[stat.ST_SI ZE]
node = nyfile stat[stat.ST_MODE]
| f stat.S | SREE node):
print "% nyfile)s is a regular file "\
'Wwth %4filesize)d bytes’ % vars()

Check out the st at module in Python Library Reference
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Copy, rename and remove files

® Copy afile:

| nport shuti |
shutil.copy(nyfile, tnpfile)

® Rename afile:
os.renane(nyfile, "tnp.1")

®» Remove a file:

0S. renove(’ nydata’)
# or os.unlink(’nydata’)
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Path construction

® Cross-platform construction of file paths:
filenanme = os.path.join(os.pardir, "src’, 'lib")

# Uni X; ../src/lib
# Wndows: ..\src\lib

shutil.copy(filename, os.curdir)
# Unix: cp ../src/lib .

# os.pardir
# os.curdir

(© www.simula.no/"hpl

Freauentlv encountered tasks in Pvthon — p. 9/88



Directory management

® Creating and moving to directories:

di rnanme = ' nynewdi r’
| f not os.path.isdir(dirnane):

os. nkdir(dirname) # or os.nkdir(dirnanme,’ 0755")
0s. chdi r (di r nane)

® Make complete directory path with intermediate directories:

path = os.path.join(os.environ["HOWE ], py',’ src’)
0s. nmakedi r s( pat h)

# Uni x: nkdirhier $HOVE py/src

® Remove a non-empty directory tree:
shutil.rntree(’ nyroot’)
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Basename/directory of a path

® Given a path, e.g.,
fname = '/ hone/ hpl/scripting/python/intro/hw py’

® Extract directory and basename:

# basenane: hw. py
basenane = o0s. pat h. basenane(f nanme)

# di rnanme: /hone/ hpl/scripting/python/intro
di rnane = os. pat h. di rnane(f nane)

# or
di rnane, basenane = os.path.split(fname)

® Extract suffix:

root, suffix = os.path.splitext(fname)
# suffix: .py
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Platform-dependent operations

® The operating system interface in Python is the same on Unix,
Windows and Mac

® Sometimes you need to perform platform-specific operations, but
how can you make a portable script?

# 0s. nane . operating system nane

# sys.platform : platformidentifier

# cnd: string holding command to be run

| f 0s.nane == ’posi X’ : # Uni x?
failure = os.systenm(cnd + ' &)

elif sys.platforn{:3] == "wn": # W ndows?
failure = os.systen(’start ’° + cnd)

el se:

# foreground executi on:
failure, output = commands. get st at usout put (cnd)
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Traversing directory trees (1)

® Run through all files in your home directory and list files that are
larger than 1 Mb

® A Unix find command solves the problem:
find $SHOVE -nane '+’ -type f -size +2000 \
-exec |Is -s {} \;

® This (and all features of Unix find) can be given a cross-platform
Implementation in Python
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Traversing directory trees (2)

® Similar cross-platform Python tool:

root = os.environ["HOVE'] # ny hone directory
os. pat h. wal k(root, nyfunc, argq)

walks through a directory tree (r oot ) and calls, for each directory
di r nane,

nyfunc(arg, dirnane, files) # files is |list of (local) filens

® ar g is any user-defined argument, e.g. a nested list of variables
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Example on finding large files

def checksi zel(arg, dirnane, files):

for file in files: _
# construct the file's conpl ete path:

filenane = os.path.join(dirnane, file)
I f os.path.isfile(fil enane):
Size = o0s.path.getsize(filenane)

if size > 1000000:
print "% 2fMo %’ % (size/ 1000000. O, fil enane)

root = o0s.environ[’ HOVE ]
os. pat h. wal k(root, checksi zel, None)

# arg is a user-specified (optional) argunent,
# here we specify None since arg has no use
# in the present exanple
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Make a list of all large files

® Slight extension of the previous example
® Now we use the ar g variable to build a list during the walk

def checksi zel(arg, dirnane, files):
for file in files:
filepath = os.path.join(dirnane, file)
| f os.path.isfile(filepath):
Size = o0s.path.getsize(filepath)
I f size > 1000000:
size in_M = size/1000000.0
arg. append((size_in_No, filenane))

bigfiles =[]
root = o0s.environ[’ HOVE ]
0s. pat h. wal k(root, checksi zel, bigfiles)
for size, nane in bigfiles:
print nane, 'is’, size, "M’
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Creating Tar archives

® Tar is a widepsread tool for packing file collections efficiently
® Very useful for software distribution or sending (large) collections of

files in email
$®» Demo:
>>> jnport tarfile
>>> files = *NunPy _basics.py’, 'hw py , ’'leastsquares. py’
>>> tar = tarfile.open('tnp.tar.gz’, '"w.gz') # gzip conpression

>>> for file in files:
tar.add(file)

>>> # check what’s in this archive:
>>> nenbers = tar.getnenbers() # list of Tarlnfo objects
>>> for info in nenbers:
print " %: size=%, node=%s, ntinme=%" %\
(i nfo.nanme, info.size, info.node,
time.strftime(’ %.%n %’ , tine.gntine(info.ntine))

NunPy basi cs. py: size=11898, npde=33261, ntine=2004.11.23
hw. py: size=206, npde=33261, ntine=2005.08. 12

| east squares. py: size=1560, npbde=33261, nti ne=2004. 09. 14
>>> tar.close()

® Compressions: uncompressed (W. ), gzip (W. gz), bzip2 (w. bz2)
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Reading Tar archives

>>> tar = tarfile.open('tnp.tar.gz’, 'r’)
>>>
>>> for file in tar.getnenbers():
tar.extract(file) # extract file to current work.dir.

>>> # do we have all the files?
>>> allfiles = os.listdir(os.curdir)
>>> for file in files:
if not filein allfiles: print "mssing, file

>>> hw = tar.extractfile(’hw. py’) # extract as file object
>>> hw. readl i nes()
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Measuring CPU time (1)

®» The time module:

| nport tine

e0 = tine.time() # el apsed tine since the epoch
cO = tine.clock() # total CPU tinme spent so far
# do tasks...

el apsed tine = tine.tine() - €0
cpu tinme = tinme.clock() - cO

® The os. t1 nes function returns a list:

os.tinmes()[0] : user time, current process
os.times()[1] : systemtine, current process
os.times()[2] : user time, child processes
os.times()[3] : systemtine, child processes
os.times()[4] : elapsed tine

® CPU time = user time + system time

(© www.simula.no/"hpl

Freauentlv encountered tasks in Pvthon — p. 19/88



Measuring CPU time (2)

® Application:

t0 = os.tines()

# do tasks...

0s.systen(tinme_consum ng _conmmand) # child process
tl = os.tines()

el apsed tine = t1[4] - tO[4]

user _tinme = t1[0] - tO[O]

systemtinme = t1[1] - tO[1]

cpu_tine = user_tine + systemtine

cpu tinme _systemcall =1t1[2]-t0[2] + t1[3]-tO[ 3]

® There is a special Python profiler for finding bottlenecks in scripts
(ranks functions according to their CPU-time consumption)
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A timer function

Let us make a function t i mer for measuring the efficiency of an arbitrary
function. t | ner takes 4 arguments:

® a function to call

$ alist of arguments to the function

a dictionary of keyword arguments to the function
number of calls to make (repetitions)

e o @

name of function (for printout)
def tinmer(func, args, kwargs, repetitions, func_nane):
t0 = time.tinme(); cO = tine.clock()

for i in xrange(repetitions):
func(+args, **kwargs)

print ' %: el apsed=%, CPU=%g %\
(func_nane, tine.tine()-t0, tinme.clock()-cO)
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Parsing command-line arguments

°

Running through sys. ar gv[ 1: ] and extracting command-line info
'manually’ is easy

Using standardized modules and interface specifications is better!
Python’s get opt and opt par se modules parse the command line
get opt is the simplest to use

e o 0 @

opt par se is the most sophisticated
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Short and long options

® |[tis a’'standard’ to use either short or long options
-d di rnane # short options -d and -h
--directory dirnane # long options --directory and --hel

® Short options have single hyphen,
long options have double hyphen

® Options can take a value or not:

--directory dirnane --help --confirm
-d dirnane -h -i

® Short options can be combined
-1 ddi r nane s the sane as -1 -d dirnane

(© www.simula.no/"hpl

Freauentlv encountered tasks in Pvthon — p. 23/88



Using the getopt module (1)

® Specify short options by the option letters, followed by colon if the
option requires a value

® Example: "1 d: h’

® Specify long options by a list of option names, where names must
end with = if they require a value

® Example: [’ help’, directory="," confirm]
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Using the getopt module (2)

® get opt returns a list of (option,value) pairs and a list of the
remaining arguments

® Example:
--directory nydir -i filel file2
makes get opt return

[("--directory’, nmydir’), ("-i’,"")]
["filel ,’file2]’
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Using the getopt module (3)

® Processing:
| nport get opt

try:
options, args = getopt.getopt(sys.argv[1l:], 'd:hi’,
["directory=", "help’, 'confirn])
except :
# wong syntax on the command |line, illegal options,

# m ssing val ues etc.

directory = None; confirm= 0 # default val ues
for option, value in options:

I f optionin ('-h, "--help’):
# print usage nessage

elif optionin ('-d, '"--directory’):
directory = val ue

elif optionin ("-1’, "--confirm):

confirm=1
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Using the interface

® Equivalent command-line arguments:

-d nydir --confirmsrcl.c src2.c
--directory nydir -i srcl.c src2.c
--directory=nydir --confirmsrcl.c src2.c

® Abbreviations of long options are possible, e.g.,
--d nydir --co

® This one also works: - i dnydi r
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Writing Python data structures

® \Write nested lists:

sonelist = [ textl , "text2 ]
a =[[1.3,sonelist], "sone text’]
f = open(’'tnp.dat’, "w)

# convert data structure to its string repr.:
f.wite(str(a))
f.close()

® Equivalent statements writing to standard output:

print a

sys.stdout.wite(str(a) + '\n’)

# sys.stdin standard i nput as file object
# sys. st dout standard i nput as file object
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Reading Python data structures

® eval (s): treat string s as Python code

® a = eval (str(a)) isavalid 'equation’ for basic Python data
structures

® Example: read nested lists

f = open('tnp.dat’, 'r’) # file witten in last slide
# evaluate first line in file as Python code:
newa = eval (f.readline())

results in
[[1.3, ['textl , "text2']], 'sone text’]
#1i.e.

newa = eval (f.readline())
# is the sane as
newa = [[1.3, ['textl, "text2']], ’'sone text’]
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Remark about str and eval

® str(a) isimplemented as an object function
str

°

repr (a) isimplemented as an object function
__repr__

str(a): pretty print of an object

repr (a): print of all info for use with eval

a = eval (repr(a))

o o 0 o

str andr epr are identical for standard Python objects (lists,
dictionaries, numbers)
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Persistence

® Many programs need to have persistent data structures, i.e., data live
after the program is terminated and can be retrieved the next time the
program is executed

® str,repr and eval are convenient for making data structures
persistent

® pickle, cPickle and shelve are other (more sophisticated) Python
modules for storing/loading objects
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Pickling

® Write any set of data structures to file using the cPickle module:

f = open(filename, "w)
| nport cPickle

cPi ckl e. dunp(al, f)

cPi ckl e. dunp(a2, f)

cPi ckl e. dunp(a3, f)
f.close()

® Read data structures in again later:

f = open(filename, 'r’)

al = cPickle.load(f)
a2 = cPickle.load(f)
a3 = cPickle.load(f)
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Shelving

® Think of shelves as dictionaries with file storage

| nport shel ve

dat abase = shel ve. open(fil enane)

dat abase[’ al’ ] al # store al under the key ’'al’
dat abase[’ a2’ ] a2

dat abase[’ a3’ ] a3

# or
dat abase[’ al23'] = (al, a2, a3)

# retrieve dat a;
I f "al' i n database:
al = dat abase[’ al’]

# and so on

# delete an entry:
del dat abase[’ a2’]

dat abase. cl ose()
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What assignment really means

>>> a = 3 # a refers to int object with value 3

>>> b = a # b refers to a (int object wth val ue 3)
>>> jd(a), 1d(b) # print integer identifications of a and b
(135531064, 135531064)

>>> jd(a) ==id(b) # sane identification?

Tr ue # a and b refer to the sane obj ect
>>> ais b # alternative test

True

>>> g = 4 # arefers to a (new) int object

>>> jd(a), id(b) # let’s check the |IDs
(135532056, 135531064)
>>> a is b

Fal se _ . . :
>>> b # b still refers to the int object with value 3
3
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Assignment vs in-place changes

>>> a = [2, 6] # a refers to a list [2, 6]

>>> b = a # b refers to the sane |list as a
>>> a is b

True

>>>a = [1, 6, 3] # arefers to a new |i st
>>> ais b

>>> b # b still refers to the old |1 st

] =1 # make in-place changes in a
ppend( 3) # anot her i n-place change

b # a and b refer to the sane |ist object
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Assignment with copy

® What if we want b to be a copy of a?
® Lists: af : ] extracts a slice, which is a copy of all elements:

>>> b = a[:] # b refers to a copy of elenents in a
>>> b is a
Fal se

In-place changes in a will not affect b

® Dictionaries: use the copy method:

>>> a = {'refine’: Fal se}
>>> b = a.copy()

>>> b |S a
Fal se

In-place changes in a will not affect b
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Running an application

® Run a stand-alone program:

cmd = "nyprog -c file.l -p -f -q > res’

failure = os.systen(cnd)

1 f failure:
print "%: running nyprog failed % sys.argv|O0]
sys.exit(1)

® Redirect output from the application to a list of lines:

pi pe = 0s. popen(cnd)
out put = pipe.readlines()
pi pe. cl ose()

for line in output:
# process line

® Better tool: the conmands module (next slide)
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Running applications and grabbing the output

® A nice way to execute another program:

| nport conmands
failure, output = conmmands. get st at usout put ( cnd)

1 f failure:
print *Could not run’, cnd; sys.exit(1l)

for line in output.splitlines() # or output.split(’\n’):
# process line

(out put holds the output as a string)

® out put holds both standard error and standard output
(0S. popen grabs only standard output so you do not see error
messages)
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Running applications in the background

® 0s.syst em pipes, or conmands. get st at usout put
terminates after the command has terminated

® There are two methods for running the script in parallel with the

command:
# run the command in the background
Uni x: add an anpersand (& at the end of the command

W ndows: run the command with the "start’ program
# run the operating system command in a separate thread

® More info: see “Platform-dependent operations” slide and the
t hr eadi ng module
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The new standard: subprocess

® A module subprocess is the new standard for running stand-alone
applications:

from subprocess inport call
try:
returncode = call (cnd, shell =True)
| f returncode: _
print 'Failure with returncode’, returncode;

sys.exit(1)
except OSError, nessage:
print 'Execution failed!'\n, nessage; sys.exit(1)

® More advanced use of subprocess applies its Popen object

from subprocess i nport Popen, PIPE
p = Popen(cmd, shell =True, stdout=PI PE)
out put, errors = p.conmuni cate()
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Output pipe

® Open (in a script) a dialog with an interactive program:

pi pe = Popen(’ gnupl ot -persist’, shell=True, stdin=PlIPE).stdin
pipe.wite(’set xrange [0:10]; set yrange [-2:2]\n")
pipe.wite(’ plot sin(x)\n')

pipe.wite(’'quit’) # quit Guupl ot

®» Same as "here documents" in Unix shells:

gnupl ot <<EOF

set xrange [0:10]; set yrange [-2:2]
pl ot sin(x)

qui t

ECF
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Writing to and reading from applications

® Intheory, Popen allows us to have two-way comminucation with an
application (read/write), but this technique is not suitable for reliable
two-way dialog (easy to get hang-ups)

® The pexpect module is the right tool for a two-way dialog with a
stand-alone application

# copy files to renote host via scp and password di al og
cnd = "scp % Y%s@s: %’ % (filenane, user, host, directory)
| nport pexpect

child = pexpect.spawn(cnd)

chi |l d. expect (' password:’)

child. sendline(’ &&$hQxz?+NMoH )

chil d. expect (pexpect. ECF) # wait for end of scp session
chil d. cl ose()
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File reading

® Load a file into list of lines:

I nfilenanme = ' . nmyprog. cpp’
infile = open(infilenane, 'r’) # open file for reading

# load file into a list of |ines:
lines = infile.readlines()

# load file into a string:
filestr = infile.read()

® Line-by-line reading (for large files):

while 1:
line = infile.readline()

I f not |ine: break
# process line
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File writing

® Open a new output file:

outfilenanme = . nmyprog2. cpp’
outfile = open(outfilenane, 'w)
outfile.wite(’sone string\n’)

® Append to existing file:

outfile = open(outfilenane, 'a')
outfile.wite(’....")
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Python types

Numbers: f | oat, conpl ex, i nt (+ bool)
Sequences: | | st,tupl e, str, NumPy arrays
Mappings: di ct (dictionary/hash)

Instances: user-defined class

© o o0 @

Callables: functions, callable instances
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Numerical expressions

® Python distinguishes between strings and numbers:

b = 1.2 # b is a nunber

b ="1.2 # bis a string

a=05=+0D # illegal: b is NOT converted to fl oat
a =0.5~* float(b) # this works

® All Python objects are compard with

== | = < > <= >=
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Potential confusion

® Consider:
b ="12
1 f b < 100: print b, < 100’
el se: print b, ’'>= 100’

What do we test? string less than number!

®» \What we want is

1 f float(b) < 100: # floating-point nunber conparison

# or
1 f b < str(100): # string conparison
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Boolean expressions

A bool typeis True or Fal se
Can mix bool with i nt 0 (false) or 1 (true)
| f a: evaluates a in a boolean context, same asi f bool (a):

e o 0

Boolean tests:

>>> g = '’

>>> pool (a)

Fal se

>>> pool (’ sonme string’)
True

>>> pool ([])

Fal se
>>> bool ([ 1, 2])
True

® Empty strings, lists, tuples, etc. evaluates to Fal se in a boolean
context
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Setting list elements

® [nitializing a list:
arglist = [nyargl, 'displacenent’, "tnp.ps"]

® Or with indices (if there are already two list elements):
arglist[0] = nyargl
arglist[1l] = ’'displacenent’
® Create list of specified length:
n = 100
nylist = [0.0]*n
® Adding list elements:

arglist =[] # start wwth enpty |ist
arglist.append(nyargl)
argli st.append(’ di spl acenent’)
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Getting list elements

® Extract elements form a list;

filenane, plottitle, psfile = argli st
(filenane, plottitle, psfile) = argli st
[filename, plottitle, psfile] = argli st

® Or with indices:

filename = arglist[ O]
plottitle = arglist[1]
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Traversing lists

® For eachitem in a list:

for entry in arglist:
print 'entry is’, entry

® For-loop-like traversal:

start = 0; stop =len(arglist); step =1
for index in range(start, stop, step):
print "arglist|[%l]=%" % (i ndex, arglist[index])

$ Visiting items in reverse order:

nylist.reverse() # reverse order
for itemin nylist:
# do sonet hing. ..
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List comprehensions

® Compact syntax for manipulating all elements of a list:

y = [ float(yi) for yi inline.split() ] # call function float
x =[] ati*h for i in range(n+l) ] # execute expression

(called list comprehension)

® \Written out:
y =11 |
for yi inline.split():
y. append(float (yi))

etc.
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Map function

$ nmp is an alternative to list comprehension:

y
y

map(float, line.split())
map( | anbda i: a+i*h, range(n+l))

® nap is (probably) faster than list comprehension but not as easy to
read
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Typical list operations

d =[] # declare enpty |ist
d. append( 1. 2) # add a nunber 1.2
d. append(’ a’) # add a text

d[0] = 1.3 # change an item
del d[ 1] # delete an item

| en(d) # length of |ist
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Nested lists

® Lists can be nested and heterogeneous

® List of string, number, list and dictionary:

>>> nylist = ['t2.ps’, 1.45, ['t2.qgif’, "t2.png’ ], \
{ "factor’ : 1.0, "¢’ : 0.9} ]

>>> nyli st 3]

{"c’: 0.90000000000000002, 'factor’': 1.0}

>>> nylist[3][ factor’]

1.0

>>> print nylist

['t2.ps’, 1.45, ['t2.qgif’, "t2.png’ ],

{’ ¢’ : 0.90000000000000002, ’'factor’': 1.0}]

® Note: pri nt prints all basic Python data structures in a nice format
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Sorting a list

® |[n-place sort:
nylist.sort()
modifies nyl i st !

>>> print nylist
[1.4, 8.2, 77, 10]
>>> mylist.sort()
>>> print nylist
[1.4, 8.2, 10, 77]

® Strings and numbers are sorted as expected
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Defining the comparison criterion

# i gnore case when sorting:

def ignorecase _sort(sl, s2):
sl = sl1.lower()
s2 = s2.lower ()

If sl < s2: return -1
elif s1 == s2: return O
el se: return 1

# qui cker variant, using Python's built-in
# cnp function:
def i1gnorecase sort(sl, s2):
sl =sl.lower(); s2 = s2.lower()
return cnp(sl, s2)

# usage:
mywor ds. sort (i gnorecase_sort)

#Best vari ant:
mywor ds. sort (key=l anbda s: s.lower())
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Tuples (‘constant lists’)

® Tuple = constant list; items cannot be modified

>>> sl1=[1.2, 1.3, 1.4] # |1 st
>>> 52=(1.2, 1.3, 1.4) # tuple

>>> s2=1.2, 1.3, 1.4 # may skip parenthesis
>>> s1[ 1] =0 # ok
>>> s2[ 1] =0 # il egal
Traceback (i nnernost |ast):
File "<pyshell #17>", line 1, in ?
s2[ 1] =0

TypeError: object doesn’'t support item assi gnment

>>> s2.sort ()
AttributeError: 'tuple object has no attribute ’'sort’

$ You cannot append to tuples, but you can add two tuples to form a
new tuple
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Dictionary operations

® Dictionary = array with text indices (keys)
(even user-defined objects can be indices!)

® Also called hash or associative array
® Common operations:

d[ * mass’ ] # extract itemcorresp. to key ’'mass’
d. keys() # return copy of |ist of keys

d. get (' mass’, 1. 0) # return 1.0 if "mass’ is not a key
d. has_key(’ mass’) # does d have a key ’'nass’?
d.itens() # return list of (key,value) tuples
del d[’ mass’] # delete an item

| en(d) # the nunber of itens
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Initializing dictionaries

® Multiple items:

{ "keyl . valuel, ’'key2' : value2 }
r
di ct (keyl=val uel, key2=val ue2)

o Il

d
#
d

® |tem by item (indexing):.

d[’ keyl' ] = anot herval uel
d[ ' key2'] = anot herval ue2
d[' key3'] = val ue2
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Dictionary examples

® Problem: store MPEG filenames corresponding to a parameter with
values 1, 0.1, 0.001, 0.00001

' heat si mlL. npeg’
' heat si n2. npeg’
' heat si nb. npeg’
' heat si nB. npeg’

novi es[ 1]

novi es[ 0. 1]
novi es[ 0. 001]
novi es[ 0. 00001]

® Store compiler data:

977 = {

" name’ o WAV A

‘description’ . "GNU 77 conpiler, v2.95 4",

‘conpile flags’ : ' -pg’,

"link _flags’ . -pg’,

"11 bs’ -1 f2c’,

' opt’ . '-@ -ffast-math -funroll -1 oops’
}
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Another dictionary example (1)

® |dea: hold command-line arguments in a dictionary
cm args[option],eqg.,cmargs[’infile’],instead of
separate variables

® |[nitialization: loop through sys. ar gv, assume options in pairs:
—option value

arg _counter =1
while arg counter < |len(sys.argv):
option = sys.argv[arg_counter]
option = option[2:] # renove doubl e hyphen
I f option in cnlargs:
# next command-line argunent is the val ue:
arg _counter +=1
val ue = sys.argv[arg counter]
cm args[cnml arg] = val ue
el se:
# illegal option
arg counter +=1
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Another dictionary example (2)

® Working with cnl ar gs in simvizl.py:

= open(cnmlargs[’'case’] + ., W)
.wWwite(cmargs[ m] + ’

.write(cmargs[’ b’ ] + ’
.write(cmargs[’c’] + ’
.wite(cmargs[’ func’'] +

)
)
)
)

>0 35 35 35S

\
\
\
\

make gnupl ot scri pt:

= open(cnml args[’' case’] + '.gnuplot’, "w)

f.wite("""

set title "%: Mm% b=% c=% f(y)=% A=% w=% y0=% dt=0,

"% (cmargs[’'case’],cmargs[’'m],cmargs['b’],

cmargs[’c’],cmargs[’'func’],cmargs[’' A ],
cmargs[’w],cmargs['y0" ],cmargs[ ' dt’']))

I f not cml args[’ noscreenplot’]:

f.wite("plot "simdat’ title "y(t)’ wth lines;\n")

—h -

® Note: allcm ar gs[ opt] are (here) strings!
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Environment variables

® The dictionary-like 0S. envi r on holds the environment variables:

0S. envi ron[’ PATH ]
0S. envi ron[’ HOVE' ]
0s.environ[’ scripting’ ]

® Write all the environment variables in alphabethic order:

sorted env = os.environ. keys()
sorted env.sort()

for key in sorted env:
print "% = %" % (key, o0s.environ[key])
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Find a program

® Check if a given program is on the system:

program = ’'vtk’
path = o0s.environ[’ PATH ]
# PATH can be /usr/bin:/usr/local/bin:/usr/X11/bin
# o0s.pathsep is the separator in PATH
# (: on Unix, ; on Wndows)
paths = path.split(os. pat hsep)
for d in paths:

| f os.path.isdir(d):

| f os.path.isfile(os.path.join(d, progranm):
program path = d; break

try: # programwas found if program path is defined
print "% found in %’ % (program program path)
except:
print *% not found % program
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Cross-platform fix of previous script

® On Windows, programs usually end with . exe (binaries) or . bat
(DOS scripts), while on Unix most programs have no extension

®» \We test if we are on Windows:

I f sys.platforn{:3] == "wn:
# W ndows-specific actions

® Cross-platform snippet for finding a program:

for d in paths:
| f os.path.isdir(d):
full path = os.path.join(dir, program
I f sys.platfornf:3] == "wn’: # w ndows machi ne?
for ext in '.exe', ’.bat’': # add extensions
I f os.path.isfile(fullpath + ext):
program path = d; break
el se:
i f os.path.isfile(fullpath):
program path = d; break
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Splitting text

® Split string into words:

>>> files = 'casel.ps case2. ps cased. ps’
>>> files.split()
[’ casel.ps’, 'case2.ps’, 'caseld.ps’]

® Can split wrt other characters:

>>> files = 'casel.ps, case2.ps, case3.ps’

>>> files.split(’, ')

[’ casel.ps’, 'case2.ps’, 'caseld.ps’]

>>> files.split(’, ') # extra erroneous space after comm...

[ casel. ps, case2.ps, case3d.ps’'] # unsuccessful split

® \ery useful when interpreting files
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Example on using split (1)

® Suppose you have file containing numbers only
® The file can be formatted 'arbitrarily’, e.q,

1.432 5E-09
1.0

3.2 569 -111
4 7 8

® Get alist of all these numbers:

f = open(filenanme, 'r’)
nunbers = f.read().split()

® String objects’s spl i t function splits wrt sequences of whitespace
(whitespace = blank char, tab or newline)
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Example on using split (2)

® Convert the list of strings to a list of floating-point numbers, using
map or list comprehension:

number s map(float, f.read().split())
nunber s [ float(x) for x in f.read().split() ]

® Think about reading this file in Fortran or C!
(quite some low-level code...)

® This is a good example of how scripting languages, like Python,
yields flexible and compact code
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Joining a list of strings

® Join is the opposite of split:

>>> |inel = "iteration 12: eps= 1. 245E- 05’

>>> | inel.split()

[iteration’, "12:', 'eps=", ’'1.245E-05"]

>>> w = |inel.split()

>>> "' ' join(w # join welenents with delimter '’

"iteration 12: eps= 1.245E- 05

® Any delimiter text can be used:

>>> ' @ . j oi n(w)
"iteration@adl2: @ad@ps=@adl. 245E- 05’
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Common use of join/split

f = open('nyfile , "r’")

lines = f.readlines() # list of lines
filestr =" .join(lines) # a single string
# can instead just do

# filestr = file.read()
# do sonething with filestr, e.g., substitutions...

# convert back to li1st of |ines:
lines = filestr.splitlines()
for line in |ines:;:

# process line
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Text processing (1)

® Exact word match:
1 f 1 ne == "doubl e’:
# line equal s ’double’

I ne.find(’ double’) !'= -1:
| i ne contains 'doubl e’

I f
#
® Matching with Unix shell-style wildcard notation:

| nport fnmatch
| f fnmatch. fnmatch(line, 'double’):
# line contains ’'double’

Here, double can be any valid wildcard expression, e.g.,
doubl ex [ Dd] oubl e
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Text processing (2)

® Matching with full regular expressions:

| nport re
| f re.search(r’double’, line):
# line contains ’'double’

Here, double can be any valid regular expression, e.g.,
doubl e[ A-Za-z0-9 ]+ [Dd] ouble (DOUBLE| doubl e)
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Substitution

® Simple substitution:

newstri ng ol dstring. repl ace(substring, newsubstring)

® Substitute regular expression pattern by repl acenent instr:

| nport re
str = re.sub(pattern, replacenent, str)
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Various string types

® There are many ways of constructing strings in Python:

sl ="'wth forward quotes’
s2 = "with doubl e quotes"
s3 ='wth single quotes and a variable: %rl1l)g \
% var s()
s4 = """as a triple double (or single) quoted string"""
s5 = """triple double (or single) quoted strings
allow nulti-line text (i.e., newline is preserved)

wth other quotes like ' and

® Raw strings are widely used for regular expressions

S6
s7

r'raw strings start with r and \ renmai ns backsl ash’
r"""another raw string wth a doubl e backslash: \\
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String operations

® String concatenation:
nyfile = filenane + ' tnp’ + ’.dat’

$ Substring extraction:

>>> teststr = 0123456789’
>>> teststr[0:5]; teststr[:5]
' 01234’

' 01234’

>>> teststr[3: 8]

' 34567’

>>> teststr[3:]

' 3456789’
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Mutable and immutable objects

The items/contents of mutable objects can be changed in-place
Lists and dictionaries are mutable
The items/contents of immutable objects cannot be changed in-place

© o0 @

Strings and tuples are immutable

>>> s2 = (1.2, 1.3, 1.4) # tuple
>>> s2[1] =0 # 111 eqgal
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Implementing a subclass

® Class MySub is a subclass of MyBase:
cl ass MySub( MyBase) :

def _init_ (self,i,j,k): # constructor
MyBase. init_ (self,i,j)
self.k = k;
def wite(self):
print *MySub: i=,self.i,’ j=",self.}, k= ,self.k
® Example:

# this function works with any object that has a wite func:
def wite(v): v.wite()

# make a MySub i nstance
I = MySub(7,8,9)

wite(l) #wll call M/Sub’'s wite
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Functions

® Python functions have the form

def function_nanme(argl, arg2, arg3):
# statenents
return sonet hi ng

® Example:

def debug(comment, vari abl e):
I f os.environ.get(’ PYDEBUG, '0') == "1":
print conmment, variable

vl = file.readlines()[3:]
debug(’file % (exclusive header):’ %file.nane, vl)

v2 = sonmefunc()
debug(’ result of calling sonefunc:’, v2)

This function prints any printable object!
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Keyword arguments

® Can name arguments, i.e., keyword=default-value

def nkdir(dirnanme, node=0777, renove=1l, chdir=1):
| f os.path.isdir(dirnane):
I f renove: shutil.rntree(dirnane)
elif : return O # did not nmake a new directory
os. nkdir(dir, node)
I f chdir: os.chdir(dirnane)
return 1 # made a new directory

Calls look like

nkdir (' tnpl’)
nkdir(’tnpl’ , renove=0, node=0755)
nkdir(’tnpl’, 0755, 0, 1) # | ess readabl e

® Keyword arguments make the usage simpler and improve
documentation
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Variable-size argument list

® Variable number of ordinary arguments:

def sonmefunc(a, b, *rest):
for arg in rest:
# treat the rest...

# call:
sonefunc(1l.2, 9, 'one text’, ’another text’)
# rest...........

® Variable number of keyword arguments:

def sonmefunc(a, b, *rest, *xkw):
#.o..
for arg in rest:
# work with arg. ..
for key in kw keys():
# wor k kw key]
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Example

® A function computing the average and the max and min value of a
series of numbers:

def statistics(*xargs):
avg = 0; n = 0; # | ocal variables
for nunber in args: # sumup all the nunbers
n =n+ 1, avg = avg + nunber
avg = avg / float(n) # float() to ensure non-integer divis

mn = args[0]; max = args[ O]
for termin args:

I f term< mn: mn term

I f term> max: max term
return avg, mn, max # return tuple

®» Usage:
average, vmn, vmax = statistics(vl, v2, v3, b)
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The Python expert’s version...

® Thestatistics function can be written more compactly using
(advanced) Python functionality:

def statistics(*xargs):
return (reduce(operator.add, args)/float(len(args)),
m n(args), max(args))

® reduce(op, a): apply operation op successively on all elements
In list a (here all elements are added)

$ mn(a), max(a): find min/max of a list a
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Call by reference

® Python scripts normally avoid call by reference and return all output
variables instead

® Try to swap two numbers:

>>> def swap(a, b):
tnp = b; b =a; a = tnp;

>>> a=1.2; b=1.3; swap(a, b)
>>> print a, b # has a and b been swapped?
(1.2, 1.3) # no...

® The way to do this particular task

>>> def swap(a, b):
return (b, a) # return tuple

# or smarter, just say (b,a) = (a,b) or sinply b,a = a,b
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Arguments are like variables

® Consider a function

def swap(a, Db):
b = 2+b
return b, a

® Callingswap( A, B) isinside swap equivalent to

a = A
b =B
b = 2+b

return b, a

® Arguments are transferred in the same way as we assign objects to
variables (using the assignment operator =)

® This may help to explain how arguments in functions get their values
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In-place list assignment

® Lists can be changed in-place in functions:

>>> def sonefunc(nutable, item itemval ue):
mut abl e[iten] = itemval ue

>>>a =['a, b, ' c’'] # alist

>>> sonefunc(a, 1, ’surprise’)

>>> print a

['a, 'surprise , 'c']

® Note: nut abl e is a name for the same object as a, and we use this
name to change the object in-place

® This works for dictionaries as well
(but not tuples) and instances of user-defined classes
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Input and output data in functions

® The Python programming style is to have input data as arguments
and output data as return values

def nyfunc(il, 12, i3, i4=False, 101=0):
# i0ol: input and output variable

#'back all output variables in a tuple:
return iol, ol, o2, 03

# usage:
a, b, ¢, d = nyfunc(e, f, g, h, a)

® Only (a kind of) references to objects are transferred so returning a
large data structure implies just returning a reference
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Scope of variables

® Variables defined inside the function are local

® To change global variables, these must be declared as global inside
the function
s =1
def nyfunc(x, y):
z =0 # local variable, dies when we | eave the func.
gl obal s

s = 2 # assignnent requires decl. as gl obal
return y-1,z+1

® Variables can be global, local (in func.), and class attributes

® The scope of variables in nested functions may confuse newcomers
(see ch. 8.7 in the course book)
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