Properties:
Introduction into Python » minimalistic syntax
» powerful
» high-level data structures built in
K

scripting, rapid applications, and — as we will se
— Al

» widely in use (a plus for you)

Daniel Polani

What we will mainly need:
» flexible data and algorithm structures
» functionality
» procedurality

Web Site: htt p://ww. pyt hon. or g/ (also main source Note:
for this introduction) » you will be taught the essentials for it to be useft
UH Availability: in PC labs A,B,C and to solve the problems posed later

» intro is not meant to be complete

» read for yourselves if you want to learn more (th
no way around it)



To start: type pyt hon in command line >>> the world_is_flat = True
. . . >>> §f the_world_is_flat:
it will look like print "Be careful not to fall off!"

Python 2.4 (#1, Mar 8 2005, 19:08:08)

- _ Be careful not to fall off!
[GCC egcs-2.91.66 19990314/Linux (egcs-1.1.2 release)] on linux2 Y

Type "help™, "copyright', "credits" or "license" for more information. L essons:

> ® prompt >>> allows to enter command
» Yyou can now type commands in the line denoted by >>> #  command is ended by newline

® variables (the_world_is_flat) need not be initialized or declared

» To leave: type end-of-file character (ct r | - D on Unix, # acolon “:” opens a block

ctrl -z on Windows ® .. prompt denotes that block is expected

i i i #® ablockis indented

» We Ca" thIS: Interactive mOde ® Dby ending indentation, block is ended

Notation: » interactive work possible
s >>>prompt means, your input s no declaration of variables
s ... prompt means, indentation (block) expected or

possible » dynamic typing

» N0 prompt means, python output » no brackets denote block, just indentation

» this needs getting used to
» agood editor (e.g. emacs) supports the style



Remark: a comment begins with a #. Everything after that
is ignored
# this is a comment

foobar = 1 # this is setting “foobar” to 1, followed by a comment
mystring = "# not a comment, just a hash"

>>> 2 + 2

>>> (50 - 5*6)/4

>>> 7/3 # integer division returns floor

>>> 7/-3

>>> 7.0 / 2 # Floating point is recognized dynamically
>>> width = 20

>>> height = 5 * 9

>>> width * height

>>>X=y=Z=0

>>> ' spam eggs’

' Spam eggs’

>>> ' doesn\'t’

"doesn’ t"

>>> "doesn’ t"

"doesn’ t"

>>> ""Yes," he said.’

""Yes," he said.’

>>> """Here you can do
everything"""

"Here you can do\ neverythi ng’

>>> 'and again ' * 5

"and again and again and agai n and agai n and
>>> | ost all spaces "Lostrip()

"l ost all spaces’



>>> nystring = ’abcd
>>> nystring[ 1]

' b

>>> nystring[0: 2]

' ab’

>>> nystring[ 2: 4]

' eod

>>> nystring[ 4]

Traceback (nost recent call last):
File "<stdin>, line 1, in ?

I ndexError: string index out of range

>>> nystring[: 2]

' ab’

>>> nystring[2:]

' ed

Note: individual characters in a Python string cannot be

changed
>>> nmystring[0] = 2z
Traceback (nost recent call last):
File "<stdin>, line 1, in ?
TypeError: object does not support
Instead use:

>>> 'z’ + nystring[1l:]
" zbcd’

item assi

>>> mystring[2:1]

>>> mystring[-1]
e
>>> mystring[-2]
e
>>> mystring[-2:]

cd”
>>> mystring[:-2]

ab”

>>> s = “supercalifragilisticexpialidocious”
>>> len(s)

34

>>> len(mystring[1:3])

2



>>> mylist = [’foo”, ’bar”, 3, 1.5]

>>> mylist

[*foo”, “bar’, 3, 1.5]

>>> mylist[1] # counting starts from O

“bar”

>>> mylist[-1] # negative index from end of list

1.5

>>> mylist[1:-1] # sublist from second element to second last
[’bar”, 3]

>>> mylist[:2] + [’bingo”, 2*2] # concatenate and evaluate
[*foo”, “bar”, ’bingo”, 4]

>>> 3 * mylist[:2] # list with 3 copies of mylist

[’foo”, ’bar’, *foo”, ’bar’, *foo”, ’bar’]

>>> jnnerlist [’in?, “ner’]

>>> mylist[3] = innerlist # one can nest lists

>>> mylist

[’ foobar®, *foo”, ’bar’, [’in’, “ner’], 1.5]

>>> mylist[3]

[’in”, “ner’]

>>> mylist[3].append(’list”) # and operate on the inner lists
>>> mylist

[ foobar®, *foo”, ’bar’, [’in’, “ner”, “list’], 1.5]

>>> innerlist # mylist[3] and innerlist are the same object
[’in”, “ner”, “list’]

>>> mylist[2] += 2 # it is possible to change elements
>>> mylist

[*foo”, bar’, 5, 1.5]

>>> mylist[:2] = [*foobar’] # or even to replace sublists
>>> mylist

[*>foobar”, 5, 1.5]

>>> mylist[1:1] = [*foo”, ’bar’] # or to insert

>>> mylist

[ foobar”, *foo’, ’bar’, 5, 1.5]

>>> len(mylist) # len works also for lists

5

>>> # Fi bonacci series:
# the sumof two elenents defines the
... a b =0, 1
>>> while b < 10:
print b
a, b =Db, atb



Features:

1. multiple assignment: rhs evaluated before anything
on the left, and (in rhs) from left to right

2. whi | e loop executes as long as condition is Tr ue
(non-zero, not the empty string, not None)

3. block indentation must be the same for each line of
block

4. need empty line in interactive mode to indicate end
of block (not required in edited code)

5. use of pri nt

>>> | = 256*256
>>> print 'The value of i is’,
The value of i is 65536
>>>a, b=0, 1
>>> while b < 1000:
print b,
a, b =0b, atb

# comma prevents new i ne

112358 13 21 34 55 89 144 233 377 610 9¢

>>>
>>>

x = int(raw_input("'Please enter an integer: "))
if x < O:

x =0

print “Negative changed to zero”

. elif x == 0:

print ’Zero”

. elif x == 1:

print ’Single’

. else:

print “More”

Note: use el i f instead of el se i f to avoid indentation

Note: use as a switch statement

Remark: Python f or iterates over sequence (string, list
generated sequence)

>>> # Measure sone strings:
a =['cat’, "window , ’'defenestrat
>>> for X in a:
print x, |en(x)
cat 3
w ndow 6
defenestrate 12



>>> range(10)

Note: Itis not safe to modify sequence while iterating over
[0, 1, 2,3, 4,5,6, 7,8, 9]

it. If necessary, create a copy: >>> range(5. 10)
>>> for x in a[:]: # make a slice copy of the entire list [5. 6, 7, 8, 9]
if len(x) > 6: a.insert(0, x) >>> range(0, 10, 3)
[0, 3, 6, 9]
>>> a >>> mylist
[’defenestrate”, “cat”, “window”, “defenestrate’] [*foobar”, “foo”, “bar”, [”in”, “ner”, “list’], 1.5]

>>> for i1 in range(len(mylist)): print i, mylist[i]

0 foobar

1 foo

2 bar

3 [’in?, “ner”, “list’]
4 1.5

» break ends the innermost f or or whi | e loop whil e True:
pass # the bl ock nmust not be enpty,

# but if we do not want
# to do anything, do pass

» conti nue continues the next iteration of the loop,
ignoring the remaining rest of the present iteration

» el se as second clause of an iteration is performed
when the loop ends regularly (not by a br eak)

for n in range(2, 10): # notation as in program
for x in range(2, n):
ifn%x==0:
print n, ’equals’, x, **”, n/x
break
else:
# loop fell through without finding a factor
print n, is a prime number”



def fib(n): # write Fibonacci series up to n
""" Print a Fibonacci series up to n.""" # help string
a, b=0,1
while b < n:
print b,
a, b =b, atb

>>> # Now call the function we just defined:
. Tib(2000)
112358 13 21 34 55 89 144 233 377 610 987 1597

Function:
» definition by def
» Name and argument list

» optional documentation string
» statements must be indented with respect to def

Properties:
» all variables are local, unless named gl obal or
system variables

» always a call by reference

>>> fib

<function fib at 10042ed0>
>>> f = fib

>>> f (100)
112358 13 21 34 55 89

Note: functions are objects and can be assigned to
variables
Note: fi b is a procedure, i.e. a function that returns None.

Return Value: to return a value from a function, use the
keyword r et ur n

>>> def Fib2(n): # return Fibonacci series up to n
""" Return a list containing the Fibonacci series up to n.""
result = []
a, b=0,1
while b < n:
result._append(b) # see below
a, b =Db, atb
return result

>>> 100 = Fib2(100) # call it
>>> 100 # write the result
[1, 2, 2, 3, 5, 8, 13, 21, 34, 55, 89]

Note: append is a list method. It applies to the previous
object.



Example: Note:
def ask_ok(prompt, retries=4, complaint="Yes or no, please!”): » | nis used outside of an iteratiOn, as predicate
white True: identifying whether an object is in a list
ok = raw_input(prompt) ) ) .
if ok in Cy’, ’ye’, ’yes’): return True » ral se to raise exceptlons
if ok in (°’n”, “no”, ’nop’, ’nope’): return False
retries = retries - 1 Note:

if retries < 0: raise 10Error, ’refusenik user’
print complaint

» call first the obligatory arguments, then the optia
(even if optionals are named)

Useeg. as: :
» only one value assignment per argument

ask ok('Do you really want to quit?’) or
ask_ok("I aminpatient, give nme a quick repl:

def all _args(*args): >>> range(3, 6) # normal call wth separa
for ain args: print a [3, 4, 5]
>>> args = [3, 6]
>>> all _args('a, 'b", 'c¢’) >>> range(*args) # call with argunments un
a [3, 4, 5]
b
c



Create Anonymous (Lambda) Functions:

>>> def make_increnentor(n):
return |anmbda x: X + n

>>> f = make_i ncrenentor (42)
>>> f (0)

42

>>> f (1)

43

Note: hel p(1ist) will give you a list of possible

operations on the | i st structure, e.g.

» append( x) appends an item to the list a (same
a[len(a):] = [x]

s extend(L) isequivalenttoa[len(a):] = I
(what exactly does it do?)

s insert (i, x) inserts x in front of the i -th men
of the list

» renove(x) removes the first occurrence of x fr
the list (what happens if x is not in list?)

o pop([i]) removes the item at position i and returns it
» i ndex(x) returns the index of the first item with value x
» count ( x): how often does x appear in list?

» sort(cnp=None, key=None, reverse=Fal se)
sorts the elements of the list, in-place.
cnp( X, y) should return —1, 0 or 1, depending on
whether z < y, z = y or z > y. You can replace cnp by
your own function (or lambda expression).

» reverse() reverses list, in-place

>>> stack = [3, 4, 5]
>>> stack.append(6)
>>> stack.append(7)
>>> stack

[3. 4, 5, 6, 7]
>>> stack.pop()

7

>>> stack

[3. 4, 5, 6]

>>> stack.pop()

6

>>> stack.pop()

5

>>> stack

[3. 4]



>>> queue = ["Eric", "John", "M chael "]

>>> queue. append(" Terry") # Terry arri
>>> queue. append(" Grahant') # Graham arr
>>> queue. pop(0)

"Eric’

>>> queue. pop(0)

"John’

>>> queue

["Mchael’, "Terry', 'Gahani]

Note: yes, it's Monty Python, not the snake after which the
language’s named!

def even(x):
return x %2 ==

>>> filter(even, range(0, 10))
[0, 2, 4, 6, 8]

def cube(x): return x * x * X

>>> map(cube, range(0, 10))
[0, 1, 8, 27, 64, 125, 216, 343, 512, 729

Allows: elegant construction of lists
vec = range(10)

print vec

print [2*x for x in vec]

prints

[0, 1, 2, 3, 4, 5 6, 7, 8, 9]

[0, 2, 4, 6, 8, 10, 12, 14, 16, 18]

Conditions: usei f
print [[x, x * x] for x in vec]
print [[x, x * x] for x invec if x %
to obtain

[[0, o1, [1, 11, [2, 41, [3, 91. [4, 161, [5, 25], [6, 36],
[7, 491, [8, 64], [9, 81]1]

[[1., 11, [3, 91. [5, 251, [7, 491, [9, 8111



Note: almost like lists, but fixed structure. Items separated
by list

>>> t = 12345, 54321, ’hello!”
>>> t[0]
12345
>>> t
(12345, 54321, ’hello!”)
>>> # Tuples may be nested:
.u=t, (1, 2, 3, 4, 5)
>>> U
((12345, 54321, ’hello!”), (1, 2, 3, 4, 5))
>>> empty = O
>>> singleton = “hello’, # <-- note trailing comma
>>> singleton
Chello”,)

Note: this ugly syntax for singletons cannot be avoided

Operator: del removes a member from a list

>>> a = [1, 2,3, 4, 5]
>>> del a[ 0]

>>> a

[ 2, 3,4,5]

>>> del a[ 1: 3]
>>> a

[2, 3]

and can be used to delete a full variable: del a

Def.. a set is an unordered collection without duplicates.

>>> basket = [’apple’, ’orange’, ’apple’, ’pear’, ’orange’, “banana’]
>>> fruits = set(basket) # create a set without duplicates
>>> fruits

set([’orange’, ’pear’, “apple’, “banana’])

>>> “orange’ in fruits # fast membership testing

True

>>> “crabgrass” in fruits

False

>>> g
>>> p
>>> a
set([
>>> g
set([
>>> a
set([
>>> a
set([
>>> g
set([

= set(Cabracadabra’)
= set(Calacazam”)

# unique letters in a

a”, “r*, *b*, "¢, *d'])

- b # letters in a but not in b
r7, d”, b’

I b # letters in either a or b
a, "ct, Crr, *d, b7, "mT, *z7, 1]

&b # letters in both a and b
a”, cD

b # letters in a or b but not
*r7, d*, *b*, "m*, “z7, "I’



Def.: dictionaries, also maps, associative arrays map
(almost) arbitrary objects to other objects: like arrays
with not-necessarily numeric indices

Note: in Python, indices can only be immutable objects: e.g.
strings, numbers or immutable tuples (i.e. tuples that
recursively contain only immutable objects) — no lists

Concept: unordered set of key: val ue pairs
Empty Dict: {}
Use: like an array/list

Further Functions. keys() returns a list of dict keys.
has_key() checks whether a key is in the dictionary.

>>> tel = {"jack”: 4098, ’sape’: 4139}

>>> tel[’guido’] = 4127

>>> tel

{’sape’: 4139, ’guido’: 4127, ”jack’: 4098}
>>> tel[”jack™]

4098

>>> del tel[’sape’]

>>> tel[”irv’] = 4127

>>> tel

{’guido’: 4127, ~irv’: 4127, “jack’: 4098}
>>> tel.keys()

[*guido”, ”irv’, “jack’]

>>> tel.has_key(’guido”)

True

>>> dict([("sape”, 4139), (Cguido’, 4127), (’jack’, 4098)])
{’sape”: 4139, ’jack’: 4098, “guido’: 4127}

>>> dict([(x, x**2) for x in vec]) # use a list comprehension
{2: 4, 4: 16, 6: 36}

>>> knights = {’gallahad’: “the pure’, “robin’: ’the brave’}
>>> for k, v in knights.iteritems():
print k, v

gallahad the pure
robin the brave



>>> for i, v in enumerate([’tic’, “tac’, “toe’]):
print i, v

0 tic

1 tac

2 toe

>>> questions = ['nane’, 'quest’, ’'favori:

>>> answers = ['lancelot’, "the holy grai

>>> for q, a in zip(questions, answers):
print *What is your %? It is %

What is your nane? It is |ancelot.
What is your quest? It is the holy grail
What is your favorite color? It is blue.

Note: only minimalistic selection

Executable Script: put (on Unix) line with system call of
python script #! / usr/ bi n/ pyt hon at the front. It

begins with comment, but bang ! has special meaning.

Argument Passing: sys. ar gv[ 0] will contain call to script
(or, in special cases the empty string’ * or the option
- C, see Sec. 2.1.1 of Python tutorial

def ny_function():
"""Do nothing, but docunent it.
pass

>>> print my_function.__doc__
Do not hi ng, but docunent it.



Construction: - write program in file ¥ibo . py SysModule: i nport sys makes many important funct
# Fibonacci numbers module available:
def Fib(n): # write Fibonacci series up to n » stdin/out
a, b=0,1 .
While b n- s argument lists

print b, » and other
a, b = b, atb

def fib2(n): # return Fibonacci series up to n
result = []
a, b=0,1
whille b < n:
result._append(b)
a, b = b, atb
return result

and call it then with import Fibo in the main module. This defines the module name. To
call the functions, you need to qualify: fibo.fib2(10)

Question: What does di r () do? FileOpening: file("fil enane. dat") opens a file fc
reading (alsofile("filenanme.dat", "r"))an

Builtin Functions: di r builtin
HITHITEURet ' —) file("filenanme.dat", "w') opens it for writir
Use: iff isafile,usef.wite(’abl abla’)

For Composed Output:
f.wite("% is % feet tall\n" % ("Jac



File Reading: (as whole) f. read() Task: check out the methods for strings

FileReading: f.readl i nes() returns a list of all lines in
the file (as strings)

File Reading by Iteration: for line in f:
print line
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