Python 102

Overview

Course: Python 102 tutorial, PyCon 2010, Atlanta
Presenter: Stuart Williams (stuart@swilliams.ca)

Intended audience: Programmers who want a fast introduction to intermediate and some advanced
features of Python.

Tutorial format: Frequently alternating presentation of concepts and exercise sets. Each pair of concepts
and exercises ranges in length from 5 minutes on simple topics, to 20 minutes on more involved topics.

Requirements: A laptop computer with Python 2.6 (or 3.1) installed.

License: This PyCon 2010 Python 102 Tutorial by Stuart Williams is licensed under a Creative Com-
mons Attribution-Share Alike 2.5 Canada License (http://creativecommons.org/licenses/by-sa/2.5/ca/).

Strategy

You’ll learn by seeing and doing. The interactive Python interpreter is used very heavily.
We’ll use Python 2.6 but with two “import __future_” features from 3.0.

Early exercises are exploration via the interpreter. Later sections will have more traditional “do this”
exercises.

In order to be suitable for a wide range of levels of experience and ability there are some examples and
exercises that some or most of you won’t figure out in the time we have today. Don’t be discouraged.
If you follow 50% you're doing great and you can try the harder ones after the course. Very few will
follow 100%.

For each topic I'll demonstrate with a lot of of examples.

Expect some examples to fail. This is intentional to help you learn how Python handles errors and to
learn some of its boundaries.

I am not providing the text of these exercises online because by typing them yourselves you will learn
more.

Feel free to interrupt with questions.

Be patient if I delay my answer to a question based on my planned outline.
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Numbers, etc.

Start the interpreter
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from __future_

1/ 2
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import division

int(4.3)
int(’47)
float(’4’)
long(4)
4 == 4L,
4 is 4L

2
2.0
2L
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coerce(1l, 2)
coerce(1l, 2.0)
coerce(1, 2L)
coerce(1.0, 2L)

2 <1

cmp (1, 2)
cmp (2, 1)
cmp(1, 1)

a=20
a.__cmp__(0)
a.__cmp__(1)

int (0) .__cmp__(0)
int(0) . __cmp__(1)
int (1) .__cmp__(0)
cmp (1, 0)
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2 + 3j

1/ 3.0

from decimal import Decimal, getcontext
Decimal(1l) / Decimal(3)
getcontext () .prec = 2

Decimal(1l) / Decimal(3)

abs(-4)

round(1 / 3.0, 2)
round (1234, -2)

2 *x*x 32

ord(’a’)

ord(’z’) - ord(’a’)
ord(’a’)

chr (97)
chr(ord(’a’))

print 3
print(3)
from __future__ import print_function
print 3
print(3)

import operator
operator.add(7, 3)
print (operator.__doc__)

help(operator)
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Exercises: Numbers

>>> 14 / 12

>>> 14 % 12

>>> divmod (14, 12)

>>> print(divmod.__doc__)

>>> hex(16)
>>> oct (16)
>>> Oxff

>>> 00377

>>> 0Ob11111111

>>> 2 + 3j + 4 + 3j

>>> print(abs.__doc
>>> print (hex.__doc
>>> print(oct.__doc
>>> print(pow.__doc

>>> print(round.__doc__)

>>> import math

>>> help(math)

>>> dir(math)

>>> print(’ ’.join(dir(math)))
>>> print(’\n’.join(dir(math)))

>>> import operator

>>> dir(operator)

>>> print (operator.pow.__doc__)
>>> operator.pow

>>> operator.pow(2)

>>> operator.pow(2, 8)

>>> operator.__pow__ == operator.pow
>>> dir(0)

>>> int(0).__class__

>>> str(0)

>>> str(0).__class__

>>> int(0) . __str__QO

>>> 0.__str__Q

>>> (0).__str__Q

>>> int.__div

>>> int.__div__ == int.__truediv__

>>> int.__div__ = int.__truediv__

String Literals, Operators, Immutability

>>> ’hello’
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Exercises: String Literals, Operators, Immutability
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"hello"
"today’s the day"
2 Jtodast the lldayll PP AR

10 % 2 0
'with’ + ’hold’
'with’ ’hold’

0’ in ’hello’

s = ’jello’
s[0] = °n’
s

s = ’h’ + s[1:]
s

print(id.__doc__)
s = ’hello’

t = ’hello’

id(s) == id(t)

u’hello’

u’hello’ == ’hello’
u’hello’ is ’hello’
help(’is?)

import operator

print (operator.is_.__doc__)

type(u’hello’)
print(u’hello’.__doc__)

u = u’hello’
u.__class__
u.__class__.__bases__
u.__class__.__bases__

u.__class__.__
object.__base__

(°This is a very long’
> string, is it not?’)

;\a;
len(’\a’)

\a’ == ’\x07’
len(’\b’)
len(’\c’)
len(’\d’)

’\C’

bases__[0].__bases__
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u’h’

u2 = u’$
u2
u3
u3
ué
u2 == u2

J

u’\u0024’

u’\N{dollar sign}’

== u3

u2.encode ()
u2.encode() == ’§’

u5 = u’Pound sign:\N{pound sign}:’

u5.encode ()
u5.encode(’ascii’)

ub.encode(’ascii’, ’ignore’)
ub.encode(’ascii’, ’replace’)

String Methods
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len(’hel

’hello’ .startswith(’h’)
’hello’ .endswith(’0?)

’hello world’.capitalize()
’hello world’.title()
’hello world’.title() .swapcase()

> hello
’ hello
’ hello

’hello’.
’hello’.

’hello’.
’hello’.
’hello’.
’hello’.
’hello’.
’hello’.
’hello’.

’hello’.

’hello there’.isalnum()

’hello’.

’hello’.center (20, ’-’)

’hello’ .replace(’h’, ’z’)
’steep’.replace(’e’, ’37)
’steep’.replace(’e’, ’37, 1)

1o?)

> .strip()
>.rstrip()
> lstrip()

count(°h’)
count(’1?)

index(’el’)
index(’z’)
find(’el’)
find(’z’)
find(’h’)
find(’e’)
find(’17)

isalnum()

center (20)
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Exercises: String Methods
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>>>
>>>
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>>>

What does the following expression check for?

dir(’hel
dir(str)
dir(str)

help(str

help(str.
help(str.
help(str.
help(str.
help(str.
help(str.

’hello’.
’hello’.
’hello’.
’hello’.

’yellow
’yellow

’hello’.
’hello’.

1o?)

== dir(’hello’)

)

isalpha)
isdigit)
islower)
isspace)
istitle)
isupper)

find(’e’)
find(’17)
rfind(’1’)
rindex(’1’)

is mellow’.find(’ow’)
is mellow’.find(’ow’, 6)

1just(20, %)
rjust (20, ’+7?)

s.index(’e’, 0, s.index(’ ’))

Hint: See help(str.index) and try substituting hello world’ for s in the expression.

Write an expression to check for more spaces than non-spaces in a string.

>>> ’Wait...’.rstrip(’.?)
>>> 1list(’hello’)

String Formatting

>>>
>>>
>>>
>>>
>>>

>>>
>>>

locals ()

who = ’Professor Plum’

where =

’kitchen’

what = ’knife’

locals()

’{what}’
’{what}

.format (what="knife’)
in {wherel}’\

.format (what=’knife’,

where=’kitchen’)
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>>>
>>>
>>>

>>>

>>>
>>>

>>>
>>>
>>>

>>>
>>>

’with {what}’.format(locals())

’with {0[what]}’.format(locals())

’with {0[what]}’.format(
dict(what=’knife’,
where=’kitchen’))

’arg is {0}’ .format(
dict (what=’knife’,
where=’kitchen’))

’with {what}’.format(locals())
’with {what}’.format (**locals())

import sys

print(sys.version_info)

’major {0[0]}, minor {0[1]}’.format(
sys.version_info)

sys.byteorder
’Byte order: {0.byteorder}’ \
.format (sys)

Exercises: String Formatting

>>>
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>>>
>>>
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s2 = ’with the {0} °
s2.format (’knife’)

s3 = ’in the {1}’

s3.format (’kitchen’)

s = s2 + s3

s

s.format (’knife’)

s.format (’knife’, ’kitchen’)
s2

s3

s2.format (’knife’, ’kitchen’)
s3.format (’knife’, ’kitchen’)

s2 = ’with the {what} °’
s2.format (’knife’)
s2.format (what=’knife’)
’{0} {what}’.\

format (’kitchen’, what=’knife’)

. 83 = ’in the {where}’
. s =82+ 83
. s

. s.format(what="knife’, where=’kitchen’)
. s.format (where=’kitchen’, what=’knife’)

’{what} {where} {what}’.format(
where=’kitchen’, what=’knife’)
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Use format to print the byteorder and maxint from the sys module. Then add the 4th element of
sys.version_info to the string.

Introspection

>>> type(’hello’)

>>> ’hello’.__class__
>>> ’hello’.__doc__
>>> print(str.__doc__)

>>> print(dir.__doc__)
>>> dir(str)

>>> dir(str.strip)

>>> callable(str.strip)
>>> callable(str)

>>> str.__dict__

>>> list(str.__dict__)
>>> print(vars.__doc__)
>>> vars(str)

>>> list(vars(str))

>>> list(vars(str)) == list(str.__dict__)

>>> len(dir(str))

>>> len(list(str.__dict__))

>>> set([1, 2, 3, 31)

>>> set([1, 2, 3]) - set([1, 21)

>>> set(dir(str)) - set(list(str.__dict__))
>>> print(dir.__doc__)

>>> import __builtin__
>>> dir(__builtin__)

>>> str(’hello’)
>>> repr(’hello’)
>>> eval(str(’hello’))
>>> eval(repr(’hello’))

>>> ’hello’.__class__
>>> type(’hello’)

>>> u’hello’

>>> u’hello’.__class__

>>> type(u’hello’)
>>> print(’hello’.__doc__)

Note class unicode(basestring) which documents the inheritance.
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>>> u = u’hello’

>>> u.__class__

>>> u.__class__.__bases__

>>> u.__class__.__bases__[0].__bases__

unicode -> basestring -> object -> None

>>> basestring(’hello’)

Exercises: Introspection

>>> x = 4.3
>>> str(x)
>>> x.__str__Q

>>> repr(x)
>>> x.__repr__Q

>>> s = ’hello’
>>> s.__class__
>>> s.__class__.__bases__

Where is KeyError, what is it, and what are its parent classes?
Strings have what predicate methods? (e.g. isspace and iscapital). Produce a 1ist of them.

Many of the predicate methods have a corresponding conversion method, e.g. *Hello’.lower () returns
a string for which islower is true (i.e. Hello’.lower().islower() == True). Use introspection to
generate a list of these pairings, i.e. the methods whose names start with ’>is’ paired with the conversion
method without the ’is’ prefix.

Tuples and Lists

>>>m = [1, 2, 3]
>>> m.count (3)
>>> t = (1, 2, 3)
>>> t.count(3)
>>>u = (1, 2, 3)
>>> t == u

>>> t is u

>>> m.count (5)
>>> m.index(5)
>>> m.insert (0, 6)
>>> m

>>> m.index(6)
>>> m.index (6, 5)
>>> m
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Exercises: Tuples and Lists

>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
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>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>

How can we access a 1ist as a LIFO (Last In, First Out) stack? How can we access a list as a FIFO

.insert (4, ’e’)
.remove(’e’)
.remove(’e’)

= range(6)

.reverse()

.sorted()

B 888888 B 88

sorted(m)

m

sorted(m, reverse=True)
m

m.sort ()

m

m.sort (reverse=True)

m

= range(4)
.append (5)

.extend([6, 7, 81)

= m.pop()
, m

.pop(), m
.pop), m
.pop), m

.extend([4, 5, 6])

.pop(0), m
.pop(0), m

.append([7, 8, 91)

.append((’a’, ’b’))

B8 B8B8BBEBEBEBEBBBBEBEEBERRBEBBEBEEBEBEBE

(First In, First Out) queue?
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More String Methods
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Exercises: More String Methods

>>>

>>>

>>>

>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>

>>>
>>>
>>>
>>>

>,?.join([’one’, ’two’, ’three’])
>, ?.join([’one’, ’two’, ’three’])
‘www.test.com’.partition(’.”)
’hello there’.partition(’.”)
‘www.test.com’.rpartition(’.’)
’hello there’.split()

’hello there world’.split()
’www.python.org’.split(’.’)
>www.python.org’.split(’.’, 1)
>www.python.org’.rsplit(’.”, 1)
lines = ’hello\nthere\nworld’
lines.split()

lines = lines + ’\n’

lines

lines.split()

lines.split(’\n’)
lines.splitlines()
lines.splitlines(True)
lines.splitlines()

(’one two three’).split()

>, ?.join(’one two three’.split())

(’one two three’.replace(’ ’, 7, 7))
m = range(20)
m

n=ml:]

n ==nm

nism

n[0] = ’first’
n ==nm

m

m[0:-1:2]
m[::2]

m[::-2]
m[::-1]

del m[0:-1:2]

range (16)

8 B B
Il

12

351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369

370

371

372

373
374
375
376
377
378
379
380
381
382
383
384

385
386
387
388



>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>

[’low even’] * 5
m[0:10:2] = [’low even’] * 5
m

del m[0:10:2]
m.index(10)
m[0:m.index(10)]
m[0:m.index(10)] = []
m

sl = slice(2, 4)
m[sl]

sl = slice(0, 4, 2)
m[sl]

Nested Sequences

>>>

>>>
>>>
>>>
>>>

>>>

m= [ [’one’, ’two’, ’three’],
[’One’, ’Two’, ’Three’]]

m

m[0]

m[1]

m[0] [0]

month_days = [[’Jan’, 31],

[’Feb’, 28], [’Mar’, 31]]

.. month_days
. month_days = ((’Jan’, 31),

(’Feb’, 28), (’Mar’, 31))

. month_days

Decorate, Sort, Undecorate (DSU) and Alternatives

>>>

>>>

>>>
>>>
>>>
>>>

months = [(’Jan’, 1, 31),
(’Feb’, 2, 28),
(°’Mar’, 3, 31),
Chpr’, 4, 30)]

dsu = [(days, (name, order, days))
for (name, order, days) in months]

dsu

dsu.sort ()

dsu

[ b for (a, b) in dsu ]
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>>>
>>>
>>>
>>>
>>>
>>>

Exercises: DSU Alternative

Sort months alphabetically with the sorted function (or the list.sort method).

Sort months by the number of days in each.

List Comprehensions and Functional Programming

>>>
>>>
>>>
>>>

>>>

>>>

>>>

>>>
>>>
>>>

Exercises: List Comprehensions and Functional Programming

>>>

print(min.__doc__)

from operator import itemgetter
print(itemgetter.__doc__)

days = itemgetter(2)
min(months, key=days)

max (months, key=days)

range (8)

[element for element in range(8)]
[2 * element for element in range(8)]
[2 + element for element in range(8)]

[e for e in range(8) if e % 3 == 0]

[Cc, I
for ¢ in [’a’, ’b’]
for j in range(4)]
[,
for i in range(10)
if i % 2 ==
for j in range(i)
if § % 2 1= 0]
it = (2 * i for i in range(10))

it
list(it)

def iseven(n):
return n % 2 ==
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>>>
>>>
>>>
>>>
>>>

>>>
>>>
>>>
>>>
>>>
>>>

Write a list comprehension or generator expression with three loops.

[e for e in range(10) if iseven(e)]
filter(iseven, range(10))
print(filter.__doc__)

map (iseven, range(10))

print (map.__doc__)

import operator

from functools import reduce
reduce (operator.add, range(10))
reduce (operator.mul, range(10))
reduce (operator.mul, range(l, 10))
print(reduce.__doc__)

Objects

Everything in Python is an object and has:

>>>
>>>
>>>
>>>
>>>
>>>

>>>
>>>
>>>

>>>
>>>
>>>

>>>
>>>
>>>
>>>

e a single id,

a single value,

e some number of attributes (part of its value),

a single type,
e (zero or) one or more names (in one or more namespaces),

e and usually (and indirectly), one or more base classes.

dir()

s = ’'xyz’
dir(Q)
id(s)
type(s)

s

t = ’xyz’
dir(Q)
id(s) == id(t)

u==t
dir()
id(u) == id(t)

m= [1, 2, 3]
m

dir()

m[1] = 20
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>>> m 457

>>> m[1] = s 458
>>>m 459
>>> id(s) == id(m[1]) 460
>>> m[1] = ’xyz’ 461
>>>m 462
>>> id(s) == id(m[1]) 463
>>>n =nm 464
>>> dir() 465
>>> id(n) == id(m) 466
>>>m 467
>>> m[1] = ’abc’ 468
>>>m 469
>>> n 470
>>>m == n 471

Exercises: Objects

If m is just a name then how is the 1ist object it refers to mutated?

>>> m = range(10) 472
>>> m 473
>>> m[0] 474
>>> m.__getitem__(0) 475
>>> m[1] = ’one’ 476
>>>m arT7
>>> m.__setitem__(2, ’two’) 478
>>> m 479
>>> m[0:10:2] 480
>>> m.__getitem__(slice(0, 10, 2)) 481
>>> m[3] = ’three’ 482
>>> m 483
>>> m.__setitem__(slice(4, 6), 484
[’four’, ’five’])
>>>m 485

Dictionaries (1)

>>> d = dict([(k, v) for v, k in 486
enumerate (
’zero one two’.split())])
>>> d 487
>>> s = ’zero one two’ 488

16



>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>

>>>
>>>
>>>

>>>

>>>
>>>
>>>

>>>
>>>

>>>

>>>
>>>
>>>

>>>

>>>
>>>

>>>

m = s.split()

m

enumerate (m)

list (enumerate(m))

n = list(enumerate(m))

n

[(k, v) for v, k in n]
dict([(k, v) for v, k in n])

d
d.items()
list(d.iteritems())

d={
’zero’: O,
’one’: 1,
two’: 2,
}

d

from operator import itemgetter
sorted(d.iteritems(),
key=itemgetter(1))

{’Jan’: 1, ’Feb’: 2, ’Mar’: 3}
dict([(’Jan’, 1),

(’Feb’, 2),

(’Mar’, 3)1)

dict(Jan=1, Feb=2, Mar=3)

’Jan Feb Mar’.split()

range (1, 4)

zip(’Jan Feb Mar’.split(),
range(1, 4))

dict(zip(’Jan Feb Mar’.split(),
range (1, 4)))

list(enumerate(’Jan Feb Mar’.split()))
[(k, v+1) for v, k in enumerate(
>Jan Feb Mar’.split())]

d = dict([(k, v+1) for v, k in
enumerate(’Jan Feb Mar’.split())])
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Exercises: Dictionaries (1)

>>> dict(Jan=1, Feb=2) 514
>>> dict(Jan=Janvier, Feb=Fevrier) 515
>>> dict(Jan=’Janvier’, Feb=’Fevrier’) 516
>>> dict(1=Jan, 2=Feb) 517
>>> months = ’january february march april’ 518
From months, create months_to_int of the form [None, ’Jan’, ’Feb’, ’Mar’, ...]

From months, create int_to_months of the form {’Jan’: 1, ’Feb’: 2, ... 1}

Dictionaries (2)

>>> {1: ’one’, 2: ’two’} 519
>>> {(1,): ’one’, (2,): ’two’} 520
>>> {[1]: ’one’, [2]: ’two’} 521
>>> d = dict([(k, v) for v, k in 522

enumerate(’zero one two three ’
>four five six’.split())])

>>> d 523
>>> [item for item in d] 524
>>> list(iter(d)) 525
>>> [t for t in d.items()] 526
>>> [t for t in d.iteritems()] 527
>>> d.keys() 528
>>> d.values() 529
>>> import collections 530
>>> dd = collections.defaultdict(int) 531
>>> int () 532
>>> for c¢ in ’mississippi’: 533
dd[c] += 1
>>> dd.items () 534
>>> dd 535

18



Exercises: Dictionaries (2)

>>> d = dict.fromkeys([’one’, ’two’], 99) 536
>>> d2 = dict(three=3, four=4) 537
>>> d 538
>>> d2 539
>>> d.update(d2) 540
>>> d 541
>>> d2.clear() 542
>>> d2 543
>>> d[’one’] 544
>>> d[’nine’] 545
>>> d.get(’one’) 546
>>> d.get(’nine’) 547
>>> d.get(’nine’, 0) 548
>>> d 549
>>> d.setdefault(’nine’, 9) 550
>>> d 551
>>> d.pop(’nine’) 552
>>> d 553
>>> d.pop(’ten’) 554
>>> d.pop(’ten’, 10) 555
>>> d 556
>>> d.popitem() 557
>>> d 558
Files

>>> f = open(’eg.txt’) 559
>>> f 560
>>> f.read() 561
>>> f 562
>>> len(f.read()) 563
>>> f 564
>>> f = open(’eg.txt’) 565
>>> f 566
>>> len(f.read()) 567
>>> f = open(’eg.txt’) 568
>>> dir(f) 569
>>> hasattr(f, ’__iter__’) 570
>>> hasattr(f, ’next’) 571
>>> f.next () 572
>>> f.next () 573
>>> f.next () 574
>>> f.next () 575
>>> f.next () 576
>>> for line in open(’eg.txt’): 577

print(line, end=’’)
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>>> f = open(’eg.txt’)
>>> for line in f:
print(line, end=’’)

>>> f.close()
>>> del f
>>> from __future__ import with_statement
>>> with open(’eg.txt’) as f:
for line in f:

print(line, end=’’)

>>> f

Other file operations

e open(’output.txt’, ’w’)
e open(’output.txt’, ’wb’)
e f.urite()

f.readline()

f.readlines()

Exercises: Files (and Dictionaries)

Write code which reads a file and uses collections.defaultdict to produce a histogram of the
frequency of each unique line in the file.

Namespaces, global

A namespace is a mapping from names to objects.

A scope is a section of Python code where a namespace is directly accessible. The namespace search
order is (from the python.org tutorial):

e the innermost scope, which is searched first, contains the local names;

e the namespaces of any enclosing functions, which are searched starting with the nearest enclosing
scope; (or the module if outside any function)

e the middle scope, searched next, contains the current module’s global names;

e and the outermost scope (searched last) is the namespace containing built-in names.

All namespaces changes (assignment, import, function definition, del) happen in the local scope.
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>>> x =1
>>> def testl1():
print(x)

>>> test1()

>>> def test2():

x =2
print x
>>> x
>>> test2()
>>> x

>>> def test3():

print(x)
x =3
>>> x
>>> test3()
>>> x

>>> def test4():

global x
print(x)
x =4
print(x)

>>> x

>>> testd ()

>>> x

“If a name is declared global, then all references and assignments go directly to the middle scope
containing the module’s global names. Otherwise, all variables found outside of the innermost scope
are read-only (an attempt to write to such a variable will simply create a new local variable in the
innermost scope, leaving the identically named outer variable unchanged).” [Python tutorial section 9.2
at http://docs.python.org/tutorial]

A Simple Class

Remember, everything in Python is an object and has:

e a single id,
e a single value,

e some number of attributes (part of its value),
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e a single type,
e (zero or) one or more names (in one or more namespaces),

e and usually (indirectly), one or more base classes.

Most objects are instances of classes. The type of an object is its class.

Classes are instances of metaclasses. The type of a class is a metaclass, i.e. type(type(anObject)) is
a metaclass.

Are classes and metaclasses objects?

1. The class statement creates a new namespace and all its name assignments (e.g. function definitions)
are bound to the class object.

2. Instances are created by calling the class: ClassName () or ClassName (parameters).
ClassName.__init__(<new object>, ...) is called automatically

3. Accessing an attribute method_name on a class instance creates a method object if method_name is
a method (in ClassName or its superclasses). A method object binds the object (the class instance) as
the first parameter.

pointl.py:

class Point(object):
"""Example point class
def __init__(self, x=0, y=0):

# Note that self exists by now
self.x, self.y = x, y

def __repr__(self):
return ’Point ({0}, {1})’.format(self.x, self.y)

str__ = __repr

def translate(self,
deltax=None, deltay=None) :
"""Translate the point"""
if deltax:
self.x += deltax
if deltay:
self.y += deltay

def __sub__(self, other):
from math import sqrt
return sqrt(
(self.x - other.x) ** 2 +
(self.y - other.y) ** 2)

>>> from pointl import Point
>>> pl = Point()

>>> pl

>>> pl.translate(2, 4)

>>> pl
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>>>
>>>
>>>
>>>

>>>
>>>

>>>
>>>
>>>
>>>

>>>

pl.translate(-3.5, 4.9)

pl

p2 = Point (1, 2)
p2

dir(p1)
pl.__dict__

points = [pl, p2]

points

from operator import attrgetter
sorted([pl, p2],

key=attrgetter(’x’),
reverse=True)

max (points,

key=attrgetter(’x’))

Exercises: A Simple Class

Design an Employee class with first name, last name, and age. Include a constructor to which one may
supply initial values. Override methods to customize the result of str and repr on instances of the
class. Consider what tests you would write to test you class. Use paper if it’s faster.

More of a Simple Class

point2.py:

import math

class Point(object):

def __init__(self, x=0, y=0):
self.x, self.y = x, y

def __repr__(self):
return ’Point ({0}, {1})’.format(self.x, self.y)

str__ = __repr

def translate(self, deltax=None, deltay=None):
if deltax:
self.x += deltax
if deltay:
self.y += deltay
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def __sub__(self, other):
return math.sqrt(
(self.x - other.x) *x 2 +
(self.y - other.y) ** 2)

>>> from point2 import Point
>>> pl = Point(1, 1)

>>> pi

>>> p2 = Point (1, 2)
>>> p2

>>> pl - p2

>>> Point (1, 1) - Point(2, 2)
>>> Point(1, 1) - Point(1, 1)
>>> Point(1, 1) - Point(2, 1)
>>> Point (1, 1) - 2

>>> points = [p1l, p2]

>>> from operator import methodcaller

>>> distance_from_zero = methodcaller(
’__sub__’, Point(0, 0))

>>> distance_from_zero(pl)

>>> distance_from_zero(p2)

>>> points

>>> max(points, key=distance_from_zero)

Exercises: More of a Simple Class

Fix class Point by either giving meaning to Point - int or by raising a more appropriate exception
when other is not an instance of Point. Either way you’ll want to figure out how to use the isinstance
function.

Think about map versus methodcaller. Use them together to generate a list of distances from zero
from a list of points.

Standard Methods

e __new__,__init__, __del__, __repr__, __str__, __format__

e __getattr__, __getattribute__, __setattr__, __delattr__, __call__, __dir__

o __len__,__getitem__, __missing__, __setitem__, __delitem__, __contains__, __iter__
o __1t__,__le__,__gt__,__ge__,__eq__,__ne__,__cmp__, __nonzero__, __hash__

24

616
617
618
619
620
621
622
623
624
625

626
627
628

629
630
631
632



e __add__, __sub__, __mul__, __div__, __floordiv__, __mod__, __divmod__, __pow__, __and__,
__xor__,__or__,__lshift__,__rshift__,__neg__,__pos__, __abs__,__invert__,__iadd__,
__isub__, __imul__, __idiv__, __itruediv__,__ifloordiv__, __imod__, __ipow__,__iand__,
__ixor__, __ior__, __ilshift__, __irshift__

e __int__,__long__, __float__, __complex__, __oct__, __hex__, __coerce__

e __radd__, __rsub__, __rmul__, __rdiv__, etc.

e __enter__, __exit__, __next__

Subclassing
cpointl.py:

from point2 import Point
class ColorPoint(Point):
"""Example color point class"""
def __init__(self, x=0, y=0, color=None):
super (ColorPoint, self).__init__(x, y)
self.color = color

def __str__(self):

return ’ColorPoint (%f, %f, %r)’ \
% (self.x, self.y, self.color)

>>> from cpointl import ColorPoint
>>> ¢l = ColorPoint ()

>>> ci

>>> cl.translate(2, 4)

>>> ¢l

>>> ¢2 = ColorPoint(9, 11, ’blue’)
>>> ¢c2

>>> ¢cl - c2
>>> str(c2)
>>> repr(c2)

Exercises: Subclassing

Why did str (c2) above print Point (9.000000, 11.000000) instead of ColorPoint (9.000000, 11.000000,
’blue’)? What’s the one-line fix to ColorPoint? What’s the more robust fix to Point that will fix all
subclasses of Point?

Design a subclass Assistant of your Employee class where multiple employees can be assigned one
assistant and of course one assistant can be assigned to multiple employees.
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Design a class which subclasses dict overriding its keys method to always return the list of keys in
sorted order.

Note the solution to the previous exercise is not the same as an ordered dictionary which returns keys
in insertion order, unlike a dict which does not specify an order. Think about how you would design
an ordered dictionary subclass of dict.

Dynamic Classes (advanced)

>>> class MyClass(object): 643
pass
>>> dir(MyClass) 644
>>> 1list(MyClass.__dict__) 645
>>> mycl = MyClass() 646
>>> mycl 647
>>> type(mycl) 648
>>> mycl.__dict__ 649
>>> def myhello(self): 650

print(’Called hello()’)

>>> myc2 = MyClass() 651
>>> myc2.hello = myhello 652
>>> myc2.hello() 653
>>> MyClass.hello = myhello 654
>>> myc2.hello() 655
>>> myc2.__dict__ 656
>>> myc2.hello 657
>>> del myc2.hello 658
>>> myc2.__dict__ 659
>>> myc2.hello 660
>>> myc2.hello() 661
>>> myc2.hello.im_class 662
>>> myc2.hello.__func__ 663
>>> myc2.hello.__self__ 664
>>> myc2 665
>>> def myinitl(self): 666
print(’Called myinit1()’)
self.field = ’a value’
>>> MyClass.__init__ 667
>>> MyClass.__init__ = myinitl 668
>>> MyClass.__init__ 669
>>> myc3 = MyClass() 670
>>> myc3.field 671
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>>> def myinit2(self, ival): 672
print(’Called myinit2()’)
self.field = ival

>>> MyClass.__init__ 673
>>> MyClass.__init__ = myinit2 674
>>> MyClass.__init__ 675
>>> myc4 = MyClass(’one’) 676
>>> myc4.__dict__ 677
>>> myc4.field 678
>>> myc5 = MyClass() 679
>>> class MyClass(object): 680

def __init__(self, ival):
print(’Called myinit()’)
self.field = ival

#

def hello(self):
print(’Called hello()’)

Dynamic Classes with type (advanced)

>>> print(type.__doc__) 681
>>> MyClass2 = type( 682
>>> ’MyClass2’, 683
>>> (object,), 684
>>> { ’__init__’: myinit2, 685

’hello’: myhello})

>>> myc2 = MyClass2(’two’) 686
>>> type(myc2) 687
>>> myc2.__class__ 688
>>> myc2.__dict__ 689
>>> myc2.field 690
>>> myc2.hello() 691

The dynamic call to type is what the class statement actually invokes... almost.
If there is a _metaclass__ method available in the bases, it is called instead.

Reality: 99.9% of all class definitions are like this:

class AClass(object):
def __init__(self, initial_value):
self.ifield = initial_value

def methodl(self):
print(’do something’)
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Not covered:

e class and static methods
e decorators
e property and descriptors

e metaclasses

Iterators

e A for loop evaluates an expression to get an iterable and then calls iter () to get an iterator.

e The iterator’s next () method is called repeatedly until StopIteration is raised.

e iter(foo)

— checks for foo.__iter__() and calls it if it exists

— else checks for foo.__getitem__(), calls it starting at zero, handles IndexError by raising
Stoplteration.

e Note iter(callable, sentinel) does something else.

>>> class MyIt(object): 692
pass

>>> myit = MyIt() 693

>>> iter(myit) 694

>>> def mygetitem(self, n): 695

print(’Called mygetitem’, n)
return [0, 1, 2][n]

>>> MylIt.__getitem__ = mygetitem 696
>>> iter(myit) 697
>>> list(iter(myit)) 698
>>> 1 in myit 699
>>> x, y, z = myit 700
>>> myit2 = iter([1, 2, 3]) 701
>>> 2 in myit2 702
>>> 2 in myit2 703
>>> class ListOfThree(object): 704

def __iter__(self):
self.count = 0
return self

#

def next(self):
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>>>
>>>
>>>
>>>
>>>
>>>

>>>
>>>

if self.count < 3:
self.count += 1
return self.count

raise StopIlteration

m3 = ListOfThree()
m3it = iter(m3)
m3it.next ()
m3it.next ()
m3it.next ()
m3it.next ()

list(m3it)
list(m3it)

Exercises: Iterators

Consider how you would write a subclass of dict whose iterator would return its keys, as does dict, but

in sorted order, and without using yield.

Design a class reversed to mimic Python’s built in reverse function. Assume an indexable sequence

as parameter.

Generators

>>>
>>>
>>>
>>>

>>>

>>>

>>>
>>>
>>>
>>>

it = (2 * 1 for i in range(5))
it

hasattr(it, ’next’)

dir(it)

A generator’s send and throw methods provide a communication path back into generator,

i.e. they can be used as cogenerators.

for i in (2 * i for i in range(5)):
print (i)

def 1ist123(0):
yield 1
yield 2
yield 3

list123
1list123()

it = 1ist123()
it.next ()
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>>> it.next ()
>>> it.next()
>>> it.next()

>>> def even(limit):
for i in range(O0, limit, 2):
print(’Yielding’, i)
yield i
print(’done loop, falling out’)

>>> it = iter(even(3))
>>> it

>>> it.next ()

>>> it.next()

>>> it.next()

>>> for i in even(3):
print (i)

>>> list(even(10))
>>> def paragraphs(lines):
result = 7’
for line in lines:
if line.strip() == ’’:
yield result
result = 7’
else:
result += line
yield result

>>> list(paragraphs(open(’eg.txt’)))
>>> len(list(paragraphs(open(’eg.txt’))))

Exercises: Generators

Write a generator sdouble(str) that takes a string a returns that string “doubled” 5 times. E.g.

sdbouble (’s’) would yield these values: [’s’, ’ss’, ’ssss’, ’ssssssss’, ’ssssssssssssssss’].

Re-solve the last (iterator subclass of dict) exercise to use yield in the next method.

Write a generator that returns sentences out of a paragraph. Make some simple assumptions about how
sentences start and/or end.

Re-solve the histogram exercise for words, not lines, i.e. write code which reads a file and produces a
histogram of the frequency of all words in the file.

Explore the itertools module.
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Loops: else, continue, break

>>>

for i in range(5):
if i in [2, 4]:
print (’continue’, i)
continue
print (i)

. else:

>>>

print (’Else’)

The else clause is always executed last unless break is used to exit the for loop or while

loop.

for i in range(10):
if i ==
print (’break’, i)
break
print (i)

. else:

>>>
>>>

print (’Else’)

i=1

while i <= b:
print (i)
i4=1

. else:

>>>
>>>

print (’while: else’ )

t = 10
if t < 20:
desc = ’cool’

. else:

>>>
>>>
>>>

desc = ’warm’

desc
desc = (’cool’ if t < 20 else ’warm’)
desc

Functions

>>> def f3(argl, arg2, kwargl=0, kwarg2=0):

>>>
>>>
>>>
>>>

print(’argl: {0}, arg2: {1}, °
’kwargl: {2}, kwarg2: {3}’

.format (argl, arg2, kwargl, kwarg2))

£3(1, 2)

£3(1, 2, 3)

£3(1, 2, kwarg2=4)
£3(1, kwargl=3)
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>>>

>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>

>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>

def f4(argl, arg2, kwargl=0, kwarg2=0,
*args, **kwargs):
print(’argl: {0}, arg2: {1}, °
‘kwargl: {2}, kwarg2: {3}’
.format (argl, arg2, kwargl, kwarg2))

if args:
print(’args:’, str(args))
if kwargs:
print (’kwargs:’, kwargs)
f4(1, 2)

f4(argl=1, arg2=2)
f4(arg2=1, argl=2)
f4(1, 2, 3)

f4(1, 2, kwarg2=4)
f4(1, kwargl=3)
f4a(1, 2, 3, 4, 5, 6)
f4(1, 2, 3, 4, keya=7, keyb=8)

f4(1, 2, 3, 4, 5, 6, keya=7, keyb=8)

tuplel2 = 1, 2

tuplel?2

tupleb6 = 5, 6

tupleb56

dict78 = dict(keya=7, keyb=8)
dict78

f4 (*tuplel?2)

f4(**dict78)

f4(1, 2, **dict78)
f4(1, 2, *tupleb6, **dict78)
f4(1, 2, 3, 4, *tupleb6, *xdict78)

Exercises: Functions

Write a better __init__ method for your Employee class which can handle these calls:

Employee ()

Employee(’Jane’, ’Doe’, 48)
Employee(’Jane’, ’Doe’)
Employee(last=’Doe’, first=’Jane’)
Employee(’Jane Doe’)
Employee(’Doe, Jane’)

Employee(’Jane Doe’, assistant=Employee(’John Doe’))
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Dictionaries Example

>>> # Here’s an example of functions as first 772
>>> # class objects to create a simple calculator. 773
>>> 7+3 774
>>> import operator 775
>>> operator.add(7, 3) 776
>>> expr = ’7+3’ T
>>> 1lhs, op, rhs = expr 778
>>> 1lhs, op, rhs 779
>>> lhs, rhs = int(lhs), int(rhs) 780
>>> 1hs, op, rhs 781
>>> op, lhs, rhs 782
>>> operator.add(lhs, rhs) 783
>>> ops = { 784

’+’: operator.add,
’-’: operator.sub,

}
>>> opslop] (1lhs, rhs) 785
>>> def calc(expr): 786

lhs, op, rhs = expr
lhs, rhs = int(lhs), int(rhs)
return ops[op] (lhs, rhs)

>>> calc(’7+37) 87
>>> calc(’9-57) 7es
>>> calc(’8/27) 789
>>> ops[’/’] = operator.div 790
>>> calc(’8/27) 791

Exceptions: try/except/else/finally

>>> try: 792
int(’four’)
. except ValueError as e:

print (’Caught error:’ , e)
. else:
. print (’Else: (fell off try)’)
. finally:

print (’Finally always happens’)

>>> try: 793
int(’47)
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. except ValueError as e:
print (’Caught error:’, e)
. else:
. print (’Else: (fell off try)’)
. finally:
print (’Finally is now’)

Python 3

Changes

Major breakages (http://www.python.org/doc/essays/ppt/pycon2008/Py3kAndYou.pdf):

e Print function: print(a, b, file=sys.stderr)
e Distinguish sharply between text and data

— b"..." for bytes literals

— "..." for (Unicode) str literals

Dict keys () returns a set view [+items()/values()]

No default <, <=, >, >= implementation

1/2 returns 0.5

Library cleanup
Suggestions

e from __future__ import division

e from __future__ import print_function
e from __future__ import unicode_literals

2t03 tool

e python -3

e dict.iterkeys() and similar
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Standard Library Tour

e data types: calendar collections datetime decimal math random sets
o file formats: bz2 csv pickle struct zip zlib

e text: pprint repr textwrap

e operating system: os os.path shutil

e internet: email ftplib hashlib html web

e programming: difflib doctest filecmp fileinput functtools gettext glob itertools logging
optparse pdb re timeit

Next Steps

Enjoy the conference (if you're attending)

Practice

Make a habit of learning

tutorials
— books

— videos

— newsgroups

Have fun!
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