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What is Python?

¥ Scripted language

¥ Dynamically typed and managed memory

¥ Development of the language is open source

¥ Available for all major operating systems

¥ ÒBatteries IncludedÓ - very large and comprehensive standard library

¥ Emphasizes code readability

¥ Can switch between functional, OO and procedural styles.
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BeneÞts of Python

¥ Fast development cycle

¥ Somewhat platform independent

¥ Readable syntax

¥ Powerful built-in types (string, list, dictionary)

¥ GUI kits (wxPython, Tkinter, pyGTK)

¥ Can be used with CGI

¥ Strong text processing capabilities (string class, regular expressions, glob)

¥ Easy to learn

¥ Python interaction shell

¥ Built-in documentation

¥ Blocks are denoted with whitespace
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Python Interpreter Implementations

¥ CPython - the ÒofÞcialÓ implementation.

sh$  python  myprogram.py hello 3 2

¥ Jython - an interpreter written in Java. Can interface within Java source code 
with a strong API.

¥ PyPy - an interpreter written in Python. Useful for experimental and 
prototyping purposes.
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Whitespace

x = 4
while x < 1000:
   if x % 2 == 0:
      x = x * 7 - 3
   else:
      x = x * 2

   print x

Whitespace is part of PythonÕs syntax

Blocks are denoted by tabs (or spaces) and a colon.
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Basics: Comments

# These are a bunch of comments and some code, too.

x = 2

# x = 4

print x   # this should print out 2

To denote a comment, use #
There are no multi-line comments
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Basics: Integers and Floats

x = 4
print x + 3     # 7

x = 100 ** 100 + 2
print x         # 100000[...]000002L   notice the L

x = 3 / 2
print x         # 1   Integer division!

x = 3.1 + 4
print x         # 7.1

print int(Ò4Ó) + 4       # 8

print float(Ò4.0Ó) + 4   # 8.0

Treated the same as any other object
Integers automatically overßow
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Basics: Lists and Tuples

x = [1, 2, 3, 4, 5]
y = [6, ÔfooÕ, [1, 2]]
print x + y       # [1, 2, 3, 4, 5, 6, ÔfooÕ, [1,2]]
print x * 2       # [1, 2, 3, 4, 5, 1, 2, 3, 4, 5]
print [0] * 10    # [0, 0, 0, 0, 0, 0, 0, 0, 0, 0]

y.append(1)
print y           # [6, ÔfooÕ, [1,2], 1]
print len(y)      # 4    len works for any iterable object

copy = x
copy[3] = ÔZÕ
print copy        # [1, 2, 3, ÔZÕ, 5]
print x           # [1, 2, 3, ÔZÕ, 5]   Shallow copy!

b = (1,2,3)       # tuples use parentheses
b[2] = ÔnopeÕ     # throws a TypeError exception

Tuples are lists that are immutable (unchangeable)
Lists and tuples are heterogeneous
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Basics: if statements

age = 18
DD = True

if age >= 21:
   if DD:
      print ÒwaterÓ
   else:
      print Òlong island ice teaÓ
elif age >= 18:
   print Òdr. pepperÓ
elif age >= 12:
   print ÒspriteÓ
else:
   print Òshirley templeÓ
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Basics: booleans

t = True
f = False

print 3 == 3          # True

print 3 < 3           # False

print 3 <= 3          # True

print not True        # False

print True and True   # True

print False or False  # False
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Basics: Loops

x = [1, 4, 3, 2]

for num in x:
   print x + 1   # prints 2 5 4 3

for num in range(3):   # what you may be more used to
   print num     # prints 0 1 2

for num in range(2, 5):
   print num     # prints 2 3 4

for num in range(10, 5, -1):
   print num     # prints 10 9 8 7 6

x = 4
while x < 9:
   print x       # prints 4 5 6 7 8
   x += 1        # no ++ 

For-loops are what you may know as a ÒforeachÓ loop
Python has break and continue
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Basics: Dictionaries

x = {1 : 4, ÔfooÕ : ÔbarÕ}
y = {}

print x[1]          # 4
print x[ÔfooÕ]      # ÔbarÕ

x[ÔzebraÕ] = 99

print x.keys()      # [1, ÔfooÕ, ÔzebraÕ]
print x.items()     # [(1, 4), (ÔfooÕ, ÔbarÕ), (ÔzebraÕ, 99)]
print x.values()    # [4, ÔbarÕ, 99]

for key in x:
print  x, x[key]   # 1 4   foo bar   zebra 99

Dictionaries are PythonÕs hash tables
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Basics: Functions

c = 99

def myfunction(a, b=5):   # b has a default value of 5
   global c    # optional if the global is only going to be read
   c += 1
   return a + b + c

print myfunction(1, 2)         # 103
print myfunction(b=2, a=1)     # 104
print myfunction(1)            # 107

x = [0, 1, 2, myfunction, 4]   # functions are objects, too

print x[3](1)                  # 108

14



Don Miner          don1@umbc.edu                                                                                 an introduction to python

Basics: Input and Output

print 1, 2, 3, 4    # prints 1 2 3 4  separated by spaces, newline at the end
print 1, 2, 3, 4,   # same thing but with no newline

p = raw_input(ÒpromptÓ)   # waits for input from stdin until enter is pressed
                          # stores result in p

rhandle = open(Ôfile.txtÕ)   # opens a file for read
rhandle2 = open(Ôf2.txtÕ)

whandle = open(Ôout.txtÕ, ÔwÕ)  # opens a file for write

text = rhandle.read()           # reads the entire file at once as a string
text2 = rhandle2.readlines()    # reads the entire file, but splits it into a list, delimited by newlines

whandle.write(Òhello worldÓ)    # write text as-is to the file
whandle.writelines([Òline oneÓ, Òline twoÓ, Òline threeÓ]) # write the list of stings to the file
whandle.close()                 # close the file

import sys     # get the sys module

# stdin, stdout and stderr act like file handles
sys.stdin.readlines()   # get input until user puts in ctrl-d, from stdin
sys.stderr.write(ÒERROR!!Ó)
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Basics: dir

SILVER:Desktop don$ python
Python 2.6.2 (r262:71600, Apr 16 2009, 09:17:39) 
>>> import sys
>>> dir(sys)
['__displayhook__', '__doc__', '__excepthook__', '__name__', '__package__', 
'__stderr__', '__stdin__', '__stdout__', '_clear_type_cache', '_current_frames', 
'_getframe', 'api_version', 'argv', 'builtin_module_names', 'byteorder', 
'call_tracing', 'callstats', 'copyright', 'displayhook', 'dont_write_bytecode', 
'exc_clear', 'exc_info', 'exc_type', 'excepthook', 'exec_prefix', 'executable', 
'exit', 'flags', 'float_info', 'getcheckinterval', 'getdefaultencoding', 
'getdlopenflags', 'getfilesystemencoding', 'getprofile', 'getrecursionlimit', 
'getrefcount', 'getsizeof', 'gettrace', 'hexversion', 'maxint', 'maxsize', 
'maxunicode', 'meta_path', 'modules', 'path', 'path_hooks', 'path_importer_cache', 
'platform', 'prefix', 'ps1', 'ps2', 'py3kwarning', 'setcheckinterval', 
'setdlopenflags', 'setprofile', 'setrecursionlimit', 'settrace', 'stderr', 'stdin', 
'stdout', 'subversion', 'version', 'version_info', 'warnoptions']
>>> dir(ÒÓ)
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Basics: help

>>> help(open)   # brings up help information on help
Help on built-in function open in module __builtin__:

open(...)
    open(name[, mode[, buffering]]) -> file object
    
    Open a file using the file() type, returns a file object.  This is the
    preferred way to open a file.
(END) 

# You can define your own help strings in your functions:
def complex(a, b):
   '''Does very complex math with two numbers, then returns the result!'''
   return a + b
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Exceptions

while True:
   try:
      x = int(raw_input(Òenter a numberÓ))
      break
   except ValueError:
      print Òyou suck at thisÓ

# To raise an exception:
raise IndexError(Ò3 is out of range!!Ó)

# User defined exceptions:
class MyError(Exception):       # optionally inherit from Exception
   def __init__(self, value):
      self.value = value
   def __str__(self, value):    # called by print, str(), etc.
      return str(value)

Python uses exceptions heavily
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OS module

import os

os.fork()

The OS module is OS dependent

Lots of useful functions: chrdir, chmod, chown, chroot, curdir, devnull, 
environ, exec*, getpid, kill, nice, popen, pipe, wait, ....
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Strings and indexing/splicing

x = Ò    don miner \t 5   umbc\nÓ
print x.strip()   # gets rid of trailing whitespace: Òdon miner \t 5   umbcÓ
print x.split()   # splits on whitespace: [ÔdonÕ, ÔminerÕ, Ô5Õ, ÔumbcÕ]

first, last, num, school = x.split()  # can unpack any list in this way
print first.upper()   # DON
print first + Ô!Ô + last   # don!miner

print ÒJohnÕs momÓ + Ôsaid ÒhelloÓ.Õ  # Ò and Ô are interchangeable 

# splicing can be done with any iterable object
x = Ò0123456789Ó
print x[0]   # 0
print x[6:]  # splicing: 6789
print x[:8]  # 01234567  note, no 8!
print x[6:8] # 67
print x[-1]  # 9
print x[-3:] # 789
print x[::2] # the third space is step:  02468
print x[::-1] # reverse: 9876543210
print x[8:1:-1] # 8765432

multiline = '''OH NO HERE COMES AN ENTER
everything went better than expected.'''

print ÔFOOÕ.join([ÔaÕ, ÔbÕ, ÔcÕ, ÔdÕ])  # prints  aFOObFOOcFOOd

Text processing with strings is easy
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String templates

print "%s says that %d is his favorite number" % ('bob', 7)
                  # bob says that 7 is his favorite number

print Ò%(name)s says that %(num)d is his favorite numberÓ % {ÔnumÕ : 3, ÔnameÕ : ÔjohnÕ}
                  # john says that 3 is his favorite number

print "%.5f!!" % 3.4       # 3.40000!!

Strings support printf-style string formatting
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Generators

def floatrange(start, stop, step):
   cur = start
   while cur < stop:
      yield cur
      cur += step

a =  floatrange(0.0, 9.3, .93)
print a.next()    # 0.0
print a.next()    # 0.93

for k in floatrange(0.0, 9.3, .93):
   print k        # 0.0  0.93  1.86  2.79  3.72  4.65  5.58  6.51  7.44  8.37  9.3

def infinite_list(start = 0):
   while True:
      yield start
      start += 1

for n in infinite_list():    # doesnÕt run forever
    if n > 10:
       break

Generators are iterable objects that havenÕt been evaluated yet

22



Don Miner          don1@umbc.edu                                                                                 an introduction to python

Duck Typing

class cow:
   def hello(self):
      print ÒmooÓ

class cat:
   def hello(self):
      print ÒmeowÓ
   def __len__(self):
      return 5

def say_hello(animal):
   animal.hello()

say_hello(cow())     # prints moo
say_hello(cat())     # prints meow

print len(cat())     # 5

ÒWhen I see a bird that walks like a duck and swims like a duck and 
quacks like a duck, I call that bird a duck.Ó
Instead of having polymorphism or interfaces, python just tries to see if an 
object has a method.
Built-in functions such as len and sorted assume some functions exist to do 
their work.
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map/Þlter/lambda

p = (lambda x, y: x * y)
print p(3,4)       # 12

print map( (lambda x: x*x), [1,2,3,4,5,6] )   # [1, 4, 9, 16, 25, 36]

print filter( (lambda x : x % 2 == 0 ), [1,2,3,4,5,6,7,8] )    # [2, 4, 6, 8]

def addk(k):
   return (lambda x: x + k)

adds = []
for i in range(10):
   adds.append(addk(i))

print adds[3](4)     # 7

Python has common functional programming methods
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List comprehensions

li = range(6)    # 0 1 2 3 4 5

y = [ x * x for x in li]
print y       # 0 1 4 9 16 25

# you can also add an if condition
y = [ x * x   for x in li   if x % 2 == 0 ]

# If you use parentheses instead, it creates a generator
yg = ( x * x   for x in li   if x % 2 == 0 )

# They can fit in other code:
sen = Òhello there worldÓ
rev = Ô Ô.join(token[::-1] for token in sen.split()) 
print rev         # olleh ereht dlrow

List comprehensions are a way to do a one-line loop that returns the resulting 
values in a list.
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*args and *kwargs

def print_stuff(msg, *args):
   print msg.upper()
   for s in args:
      print s

print_stuff(ÔhelloÕ, 1, ÔfooÕ, 66)      # HELLO   1    foo    66

def print_stuff2(msg, **kwargs):
   print msg.upper()
   for key in kwargs:
      print key, kwargs[key]

print_stuff2(ÔhelloÕ, foo=ÕbarÕ, test=4)   # HELLO    foo bar     test 4

Python allows for ÒdynamicÓ function arguments
*args gives a list of any extra arguments passed in
*kwargs uses a dictionary, instead
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*args and *kwargs

def add(a, b, c):
   return a + b + c

params = (1,2,3)
print add(*params)    # 6
print add(1, 2, 3)    # this is the same

params = {b : 2, c : 3, a : 2}
print add(**params)      # 7
print add(b=2, c=3, a=2) # this is the same

You can also use *args and **kwargs to ÒexpandÓ something into function 
parameters
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Standard Library

The Python standard library may be the most comprehensive standard library 
for any language. The following are some of the built-ins:

re (regexp), datetime, calendar, mutex, math, random, glob, pickle, marshal, 
sqlite3, gzip, md5, sha, getopt, threading, multiprocessing, socket, email, 
HTMLparser, xml, cgi, urllib, stmpd, poplib, SimpleHTTPServer, cookielib, 
adioop, imageop, wave, Tkinter...
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Popular 3rd party packages

CherryPy - HTTP Framework

Cheetah - text/code template engine

Django - Web Framework

Twisted - Event driven networking engine

pygame - game development; good for 2D graphics in general

pyOpenGL - OpenGL graphics

numpy and scipy - advanced math

pyGTK, pyQT, wxPython - GUI kits
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Additional resources

python.org - ofÞcial documentation and downloads

http://maple.cs.umbc.edu/~don/python.pdf  - this presentation

www.google.com - lots of people talk about python!
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