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An Introduction to Python
(A One-Hour Tour)

Binh Q. Nguyen
U.8. Army Research
Adelphi, Maryland
June 2, 2008

orcin) topics =

d

y ic progr ing |
interactive programmable calculator

programming paradigms , markup language processing

graphical user interface development environments

web services system services

networking scientific computing
cryptography extension and embedding
a
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noxcon objectives -1
* high-level overview of the language
- features
— utilities
- examples
- sources

* information and suggestion to
- decide whether to use Python
- download and run the Python interpreter
- use itinteractively
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>>>a=12,34 # float :

Sombmd dynamic data types
>2>>ama*t+11  #flvat number x =60.359999993399!

»>>g=12 #integera = 12

>>>a"t+11 #a, L 11 are int

>>> (1 +2)) * (3 -4j)
048

97154840321303
09218080194
501

72594,

271256847108202
50459972683529986382
3184786048521481935558

15!
53611059586230656L
“**int, float, long, complex, big numbers =
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built-in types ...

>>> a = 0x0f ; b =0360; c=3+4j; d=2.3e10
>>> oct(alb), oct(a*b), oct(a&b), hex(a<<2), hex(b>>1 ), hex(~a)
(*0377,'0377",'0", '0x3¢’, '0x78", -0x10")

>>> ¢c.imag
= Bitwise Operations
>>> c.real il e
30
Binary Operations
;>0> abs(c) +, -, %, 1,** [pow()], /I, %, divmod()
>»> ¢ + c.conjugate()
s Unary Operations
>>>>>>59/2 e
2.0 Conversion O

>>>59% 2 abs(), bool(), int(), float(), long(), complex()
1.80000000000

>>> divmod(5.9, 2)

(2.0, 1.80000000000)

June 2, 2008 An Introdustion to Python s

roccom)  built-in types ...

>>> x=True, y=False; z=None
>>>xoryandz
True
o= Built-in Constants
>>»>b=10*2
>>>a> None absence of a value
a>b
Faise False None, Faise, zero, empty
>>»>a<b
e True All other values
>>>aish Logical Operations
False
ook wh and, or, not
>>>aisb Comparison Operations
T <, <=, == I= > >= s, is not
>>>aisnotbh
False
June 2, 2008 An Introduction to Python L)
MARFIGHTER FOCUSED.




=

- ordered collection
- i ', “ab”, 'a"@"x’, "a'@'x", “al'@\'x”
- list -1, [1,2,3,a ...] —mutable
- tuple -(1,).{1,2,3,a", ‘b, 'c’, ...) -immutable
**index ranges from 0 to len(s)-1 or from —len(s) to -1
**s[len(s)-i)==s[-i]; i=1..len(s)
* Mapping type - unordered collection
- diet ~{h a1, 2,..}
- keys & values (name-value pairs)
** unindexable - use keys to retrieve values ™

+ Set - unordered collection
- set -- mutable
- frozenset - immutable
June 2, 2008 An Introduction to Python 7
WARFIGHTER FOCUSED.

roecom®  other string types

= cStringlO

read and write strings as files
* struct

string as a packed binary data

pack(), unpack(), calcsize(), ...
sre

regular expression

dune 22008 An Introduction ta Python e

norcom® control-flow statements =g
+ foriin <sequence>: « foriinrange(10): #/=0.9
statement(s) sum +=i # sum = sum+
) + for xin range(100, 200, 1):

o if<>: ifx%2=0:
elif <>: s4+=x
elif <> : continue # next iteration, skip
the remaining statements.
else: ifx%3=0:

print '<%d> divides 3’ % (x)

ntinue # start next jteration %% 5==0:
=2 print '<%d> divides 5' % (x)

+ break # stop iteration elifx % 7==0:
e print *bailing out’
= return # [to caller] break
else:

« while<>: print "x=", x

statement(s) + whilex>0:

x=x-1
June 2, 2008 An Introduction to Python °




conditional expression =

x = A if <condition == True> else B

equivalent form

if A <condition == True>:
x=A

else:
x=8B

>>> MAXRANGE = 200
>>>fordin[ 166, 239, 192, 241, 207 ]
printd, '", ‘within range’ if d < MAXRANGE else 'out of range’

166 : within range

239 : out of range

192 : within range

241 : out of range

207 : out of range

June 2, 2008 An Introduction to Python 1

moccomP hitwise ops & control flow =4

>>> a = Oxff >>> n=2%*16
>>> b = 0x0f >>> while n:
>>>hex(a ™ b) printn,
'0xf0’ n=n>1
>>> hex(a|b) 65536 32768 16384 8192
“OxFP 4096 2048 1024 512 256
>>> hex(a & b) 1286432168421
*0xf >>>n=1
>>> hex(a >>4) >>> while n <= 2**16:
Oxf printn,
>>> << 8 | Ox0: nEnecy
.Uxﬁg?(a 8 9x00) 124816 32 64 128 256
= 512 1024 2048 4096 8192
>>>hex(a*a) 16384 32768 65536
'0x0*
June 2, 2008 An Introduction ta Python "
WARFIGHTER FOCUSED.
built-in functions -

>>>x=[3,1,2,-1]

>>> print ‘f=%5.1f i=%d s=%s’ % (2.12, 4, ‘abc’), x
f= 2.1 i=4 s=abc [3,1,2,-1]

>>> sorted(x); len(x) #[-1,1,2 3] 4

>>> max(x); min(x); sum(x) #3 -1 5

abs(), ord(), chr(), enumerate(), eval(), hex(),
id(), hash(), raw_input(), open(), type(), zip(), ...

June 2, 2008 An Introduction to Python 12




""“"f‘!’) function -]

def function_name([arguments]):
statement(s)
[return [type]] o

def fact(n):

ifn<=1:return1 | '
return n * fact(n-1) | Procecing /

printfact(s) #720
def fact (n): B
return 1if n < 2 else n * fact(n-1)

.

June 2, 2008 An Introdustion to Python 1

roECOM) class -
class class_name: e o
statement(s)  ( gpject-oriented )
‘\\_; ///
class Node: R

def _init__(self, name, links):
self.name = name # Node /D
self.links = links # list of links
def get_links(self): return self.links
def set_links(self, links): self.links = links

June 2, 2008 An Introduction to Python 14
WARFIGHTER FOCUSED.
nroccon ) inheritance -
class DerivedClass(Base1, Base2,...):
statement(s)
class PropModel: # signal propagation model

def _init_(self, params):
self.params = params
def get_params(seif): return self. params
def get_LER(self): pass # no-op, do nothing

class FSL(PropModel): # Free-Space Loss model
def __init_(self, params):
PropModel. _init_(params)

def get_LER (self): # overriding the base class method
return LER # return Link-Error Rate
June 2, 2008 An Introduction ta Python 15




i more on str() ... -

>>>s="abc ... xyz’

>>> s.isupper() #: False

>>> s.capitalize() #: 'Abc .. xyz'

>>> s.upper() #: 'ABC ... XYZ2'

>>> s.endswith('z') #i True

>>> s, startswith('a’) #z True

>>> s.endswith('zyz") #: False

>>>5[2:5] #z ‘c.’

>>> 5[5:] #r Lxyz

>>> 5.split() #1 Fabe)'...'wyz]

>>> g.find('c’) #z 2

>>> s.rfind(.") #= 6

>>>s + 123’ #: ‘abc ... xyz123'

>>>5="'ab™3 #: ‘ababab’

>>> help(str)

June 2. 2008 An Introduction to Pythen 18
WARFIGHTER FOCUSED.

s more on list() ... =

>»>>x=[1,"a'3,'2']
>>>y =range(6, 11)
>>>x.pop(1)

>>> x.pop()

>2> %

>>> x.append(4)
>>> x.insert(1, 2)
>>> x.append(5)

>>> x
>>> x.extend(y)
>>> %
>>> x[3:7]
>>> x=[1,2,3]*3
>>> help([])

June 2, 2008

# initial values
#y:=[6,7,8,9,10]

#remove ‘a’ (the 2™ item) from x
#remove ‘2’ from x, x.pop(-1)
#x=[1,3]

# add ‘4’ to the end of the list x
#insert ‘2’ to the 2™ position (i=1)
# add '5’ to the end of the list x
#x=[1,2,3,4,5]
#sameasx=x+y

#x= [1,2,3,4,5,6,7,8,9,10]
#slice x[3:7]:= {4,5,6, 7]
#x=01,2,3,1,2,3,1,2,3]

i help(x), help(list)

An Introduction 1o Python 7

moccom® stack & queue using list =)

+ x=range(5)
- def size(x):
- defis_empty():

- pop():

X.pop() # 5= [01,2,3,4]

return len(x)
return size(x)==0

+ stack - last in first out (LIFO)
- push(5): x.append(5) #

= queue - first in first out (FIFO)

— enqueue(5): x.append(5)# = [
- dequeue():  x.pop(0) #0,x= [1,2,3
June 2. 2008 An Introduction to Python 18




rocco®  tuple() and dict () =

Tuple Dictionary
>>>t=(1,2,3) >>>d={A"65,C': 0x43}
>>> d['B’]=0x42

==>0int >>> d.keys()
False LA 'C, B
>>>2int >>> d.values() #[65, 67, 66]
True >>>‘D’ind # False
555 1[4] >>>d.get('C’) # 67 (0x43)
g0 e
/ indexable ™ /~ unindexable ™
\_immutable ‘. mutable _~
June 2, 2008 T An Introduction ta Python 19
WARFIGHTER FOCUSED.
noecom set() -]
>>> a = set(range(5)) Setz=(0,1,2,3,4)
>>> b = set(range(3,8)) RN
>>> a.intersection(b) 0 \
set([3, 4]) RN o |
>>> a.union(b) e
set([0, 1,2,3,4, 5,6, 7)) Sk
>>>a-b SRR
set([0, 1, 2]) \ 5 /
>>>b-a L R
Sl
2e([S, 8, 1)) Setb={3,4,56,7)
June 2, 2008 An Introduction te Python 20
WARFIGHTER FOOUSED.

roecom® handy built-in functions

* range(5) =>[0,1,2,3,4]

* range(2,13,3) =>[2,5,8, 11]

* dir( [object] ) => list of names

* dir() => current names

* dir(str) =>[..., "isalnum’, ...,
‘replace’, ... , 'strip’, ... 'upper’, "zfill']

* help(str)

* help(str.strip)




moccom}  creating instances -3

T 1, class Node:
[al<==>[bl<==>[c] ) "ot init_{set,
B sy e name,
links=None}:
a= Node(tal) self.name = name

self.links = links

b =Node(‘b’)
c = Node(‘c’, [b] )
a'set*"nks( [b] ) def set_links(self, links):
b.set_links( [a, c]) self.links = links

def get links(self):
return seif.links

June 2, 2008 An introduction to Python z

roscomd functional programming =4

filter(), map(), reduce(), lambda, list comprehension
>>> def even(x): return x % 2 ==
>>>def odd(x): return not even(x)
>>>r = [ random.randint(1, 10) for i in range(1000) ]
>>> seft(filter(even, r)) #set([8, 2,4, 10, 6])
>>> set(filter(odd, r)) #set([1,3,9,5,7])
>>> map(fioat, set(filter(odd, r))) #[1.0, 3.0,9.0,5.0,7.0]
#>>> [ float(x) for x in set ( filter(odd, r) ) ]
#>>> [ float(x) for x in set ( [ x for xin r if odd(x) ] ) ]
>>> def product(x, y): return x *y
>>>reduce( product, range(1,6)) #1*2*3*4*5=120
>>>reduce(lambdax, y: x*y, range(1, 6) )
June 2, 2008 An Introduction to Pymon =

roECon ) file operation -]

f= open( <filename>, [‘r’, ‘a’, ‘w’,...])
* f.read()

f.readlines()

f.write(s)

f.seek(n)

+ f.tell()

f.close()

help(file)

June 2, 2008 An Introduction to Pytnon 24




exceptions

.

built-in exceptions: Exception, IOError, KeyError,
MemoryError, RuntimeError, SystemExit, ...

user-defined exceptions
raising exceptions: raise <ExceptionType>
handling exceptions:

.

.. # do something that may raise an exception
except <>:
. # encountering an exception, do this
else:
# do this if an exception did not occur

finally:

... # do this whether an exception has occurred

June 2, 2008 An Introduction to Python 2

=

moecomPrecap on presented topics

= Python - a dynamic computer language

built-in types: int, float, bool, complex, oct, hex, big numbers,
string, list, tuple, set, dictionary

operations: bitwise, binary, unary, boolean, conversion

control flow statements:
if ... elif ... else, continue, break, pass, for, while

frequently used functions: dir(), help(), range(), print{)
interactive programmable calculator
programming paradigms

.

~ procedural: def func(): return
~ object-oriented: class, inheritance, self, *.” notation
— functional: filter(), map(), reduce(), lambda
+ file operations: open(), read(), write(), close(), ...
* exceptions: try ... except ... else ... finally
June 2, 2008 An Introduction to Python 26
WARFIGHTER FOCUSED.
noecen)) next topics =
* modules — creating and importing
- keywords
- cryptography

- Internet & web services
- markup language processing
- system services & networking
+ scientific computing
» graphical user interface
» extension and embedding
» development environment

June 2,2008 An Introduction 1o Pythan a1




modules ...

import random

n = random.randint(1, 10) #[1, 10]
from random import *

n = randint(1,10)
from random import uniform

n = uniform(1,10) #[1.0.. 10.0)
import random as rand

n =rand.seed(10.0)

June 2, 2008 An Introduction to Python ]

roecov®  the “builtins” module =

» automatically imported

* to see a list builtin objects:
>>> dir(__builtins__)
['ArithmeticError', ... , ‘zip']

* to see their descriptions:
>>> help(__builtins__)
...lots of output...

Juna 2,2008 An Iniroduction to Pythen 29

roecov dmodules & main applications4

#importing module myutils ~ #file: “myutils.py”

#__name__ == myutils MAXNUM = 20

import myutils as u def fact(n): ...

p = u.fact(10) def search(x): ...
class MyClass: ...

q = u.search('xyz’)
o =u.MyClass()
n = u.MAXNUM def test(): ...

#running myutils application #main application

python myutils.py if __name__==
2= . ‘_main__"
#__name__==__main__ test()
June 2, 2008 An Introduction to Python 30
WARFIGHTER FOCLISED.
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Sncosr) key words =

>>> from keyword import kwlist
>>> for kw in kwlist:
print kw,

and as assert break class continue
def del elif else except exec finally for
from global if import in is lambda not
or pass print raise return try while
with yield

June 2, 2008 An Introduction to Python 3

roecom P cryptographic modules ... =

sha, md5, hashlib, hmac

>>> import sha, md5, hmac

>>> sha.new("abc-xyz'). hexdigest()
'55e6a20533a2b7c99761d0874b48a0413d164337"
>>> md5.new('abe-xyz').hexdigest()
'096252a7b87b04f2b7928c04d5a40174'

>>> key ='shared_secret_key'

>>> text ="abc-xyz'

>>> hash_algorithm =hashlib.sha256

>>> hmac.new(key, text, hash_algorithm).hexdigest()

'4b23a5d8f806332180acffc57d986108cb0e7d1678098
5f237e1512d39a43a63"

June 2, 2008 An Introduction to Python 32

noccom® | cryptographic modules =g

>>> import hashlib #(standard library)

>>> hashlib.sha1('abc-xyz').hexdigest()

'55e6a20533a2b7c99761d0874b48a0413d164
337

>>> hashlib.sha512('abc-xyz').hexdigest()

'd311bb080815ae77e0cae3706fh94c8059¢c69
0286cd566cf2be98a21e7659d5f7aa37590d
a941082e4f37b60c46e713eab187a93f59632
3132fd3e493f258013"

>>> hashlib.md5(*abc-xyz').hexdigest()

'096252a7b87b04f2b7928c04d5a40174’

June 2, 2008 An lntreduction to Python 38
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=

aoecom} |nternet & web services

>>> import webbrowser as w
>>> w.open('http://www.yahoo.com')

>>> import urllib as u

>>> f = u.urlopen(url)

>>> x = f.read()

>>> f.close()

>>> u.urlretrieve(url, filename=‘xyz.htm")

Other libraries: ftp, http, pop, smtp, ...

Aune 2, 2008 An Introduction to Pythen ke
WARFIGHTER FOCUSED.

soecom®  markup languages -]

* HTML parsers
- HTML
- XHTML

* XML parsers
- DOM
- SAX
— Expat

* SGML parsers

June 2, 2008 An Introduction 1o Python 35

muecont)) system services

o0s, sys, threading, socket,
interprocess communications (IPC), ...

os.getcwd(), os.getenv(‘HOME’), ...
os.path.basename(p), os.path.isfile(f), ...
sys.stderr, sys.stdout, sys.stdin, ...
threading.Thread(): run(), isAlive(), ...
socket(): ntohl(n), gethostname(), ...

Popen (IPC): communicate(), poll(), wait(), ...

June 2, 2008 An It oduction to Python £
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roccomP extension and embedding =

* extension - calling C/C++ functions from
Python programs
embedding - calling Python functions from
C/C++ programs
* open-source tools:
- SWIG Simplified Wrapper & Interface Generator
- Boost.Python C++ and Python interoperability
— Pyrex Mixing Python & C to generate extensions
- f2py  Fortran to Python interface generator

- hitp:iiwiki.python,

gratingPy ithOtherL

June 2, 2008 An Introduction to Python

oz htific computing & visualizatioi

* math — standard library
* add-on:
- SAGE - math
- SymPy —symbolic math
- PyChem - multivariate analysis
— NumPy - numerical Python
- SciPy - scientific Python
- PyOpenGL - binding to OpenGL
- VTK - visual tool kit
June 2, 2008 An introduction to Python 38
WARFIGHTER FOCUSED.

moscom® graphical user interface

* Tkinter - the standard GUI of Python
« other tool kits:

- wxPython

— pyKDE

- pyGtk

- PyQt

June 2, 2008

An Introdustion to Python




L

roecom® A Tkinter application

from Tkinter import * T

=10ixf
from random import randint, choice 2.4 ss¥3e T
SIZE =200 a0 (G

canvas = Canvas(Tk(), w=SIZE,
height=SIZE, bg="lightblue' ) "&

¥

col0rs=['green‘,'yellaw'l,'orange', £
‘red’,'magenta’,'blue’,'white’ ] el Q%
for i in range(300): s el dad

x, y = randint(0, SIZE), randint(0, SIZE)

d =randint(5, 10)

canvas.create_oval(x, y, x+d,y+d, fill=choice(colors))
canvas.pack()
canvas.mainloop()

June 2, 2008 An Introduction to Pyihon 0
WARFIGMTER FOCLSED.

Roccos )y Turtle graphics

import turtle

colors=['green’,'yellow’,'orange’,'red’,'magenta’, 'blue’, lightblue' ]

ncolrs = len(colors)

w=h=220

PEN_WIDTH =20

turtie.setup( width=w, height=h )

turtie.titie('Rainbow Colors by BQN')

pen = turtie.Pen()

pen.up()

X, y = pen.position()

pen.goto(x, (PEN_WIDTH - h)/2)

pen.down()

pen.width(PEN_WIDTH)

foriinrange (10,0, -1):
pen.color(colors[i% ncolrs ] )
pen.circle( PEN_ WIDTH*i/2)

turtie.done()
June 2, 2008 An Introduction 1o Python a
ARFIGHTER FOCUSED.
noecovd  development tools -1

* Freely available
- IDLE - comes with Python
- IPython  -- comes with SciPy
—DrPython - requires wxPython
- Eclipse+PyDEV -- requires Java
* Commercial IDE
- Wing IDE
— Komodo IDE

June 2, 2008 An Introduction to Python a2
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e topics presented =3

d i o

interactive programmable calculator

programming paradigms 5 Markup language processing

graphical user interface

development environments

system services

web services
networking scientific computing
cryptography extension and embedding
@ python
June 2, 2008 An introduction to Python 43

oecom®  http://www.python.org -

tutorial for the current version (2.5.2)
« library reference

* language reference

* news & announcements

* links to other relevant sites

* binary and source files for downloading
- Windows™
- Linux™

June 2, 2008 An introduction to Python. L

| iz

bnguyen@arl.army.mil
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