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def apply_discount(product, discount):
price = int(product['price'] * (1.0 - discount))
assert @ <= price <= product['price']
return price
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>>> shoes = {'name': 'Fancy Shoes', 'price': 14900}
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>>> apply_discount(shoes, 0.25)
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>>> apply_discount(shoes, 2.0)
Traceback (most recent call last):
File "<input>", line 1, in <module>
apply_discount(prod, 2.0)
File "<input>", 1line 4, in apply_discount
assert @ <= price <= product['price']
AssertionError
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if __debug__:
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>>> if cond == 'x':
do_x()
elif cond == 'y':
do_y()
else:
assert False, (
'This should never happen, but it does
'occasionally. We are currently trying to
'figure out why. Email dbader if you '

'encounter this in the wild. Thanks!')

6&;e_iiquJ@u;@l@ﬁ,\sﬂ_ﬁw‘ras\y?wlgﬂ:;tgw

g el ge 35wl 53 Ll

Qeul s assert O yle H oolatn! PGS Joluie Olalabl £-V-Y
Ss23 05 ysassert Oyle el 550 53 Jgldte glos 95 canlsl 1 |3
.VAJC,A}:MQTA\{@-l)vaS-@S;)\;
N&i(’)}})}.ﬁ))ﬁ@wuuﬁ‘)}é:;d‘&‘,b&ﬁ&:&lfd)‘)‘)jﬁ
AS o klb o1y laasertion i g aS Sl o 5 s

S a5 5 slalia 4 ol by el Szt 5 SIS Slalzl ol 0315 £

AS oolaw! by ools i ylie! (8l assert 31 Jof Hlalan .0-Y-¥
Wl La 313 i Lol ) assert &l 3l eslizal gl olzsl o 55
50 g Slonliial b 4l (gl ! FeS19  slalases j3 Ails o aS ) shailan

ki 45 Hshailan s i o Jlad 8 (6l Oy s 4 @SSErtion O,le ~00

1 Heisenbug



ol slawsd i EI Y

CPython ;5 (6 jl o &y 50 4 sl (65w ags 1, PYTHONOPTIMIZE s
;ywdw

L null-operation Ly |, assertion sla &o)le plad 554 0 Sl L8 ol
Lot 7555 5 0s (65T e (Sale wassert gla & jle Lisd Jb glasaT 3
assertojjagbj_&abgc;\(\ﬁ@.aSwlwdigﬁy}ﬁ@\.x}&@
s el g |l s

(el ol 45 8 Ly e 5 4l 0L (s (b Ol 3 st
Slbe lostizal ¢l ol 3,15 3505 55 505 o 55 4elp sla 0L 43 oS shailes
Sl SSTU s s (6587 a osls et jlzel (gl s assert 55 b s

eslizul assert )l G 5l 4l ;ST 0ns 5 i oS LIS
u.u,:@u_:fu_m,ﬂ\,cu&iﬁjfmﬁwg@ﬁ,‘muw@
el gl e w U bl 5 sd lad (sbbdS 55 (g5 gm (5T S5 4 s Sy
255k 5}7.')44.‘)099

LS s B3 b6 oS o e S ) s 1 s o3l e S5
Sl 53 dules S sloul 1y T o&s s 5 anl &G 0yl 3l eslinul b e oS
S8 Cod o 5 5 1y Jguames il o )lS 48 5,05 3 50 5 (IS 4ST sl
55 LaaT 31 as s Glite ol asst gaT 1y assert Slhle S50 o L & T
Y gmms Sdo gl 1) Ao 0 25 058 Gile osly 5 S enlinul 5 5 glaS
Aas o ol

def delete_product(prod_id, user):
assert user.is_admin(), 'Must be admin'
assert store.has_product(prod_id), 'Unknown

product’
store.get_product(prod_id).delete()
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def delete_product(product_id, user):
if not user.is_admin():
raise AuthError('Must be admin to delete')
if not store.has_product(product_id):

raise ValueError('Unknown product id')
store.get_product(product_id).delete()



ol slawis i EIYYP
o3ls islasValueError s AuthError glaless ol Oloj 53 (YU US™ askes s

b Ll J ST g ) 5e by b g A el

Add w30 dbod 45 b assert — p9d Hludan -Y-Y

Osuly sl assert Syle Saluas Sy e 4 &S oKin Ll ol Lo gl
Lg:l.:jbhjal.;i\@\J:hqai.'\f):&».;}&@&lu')\u:.w).s:\.:a)‘ymJ..:....i‘,;{
.@\ﬁjc;)yqﬁhwﬁ.ﬁ-}}by.(:b).ub

ol S gl assert Oole eyl sl Olse 4l Tuple oS5 oS Sl
Uast ol 5 A8 aalad e ol o350 48 5 o33 o 050508 Ol

D15 dal

assert(l == 2, 'This should fail')
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assert (
counter == 10,
'It should have counted all the items'

)
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with ("hello.txt', 'w') as f:
f.write('hello, world!"')
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f = open('hello.txt', 'w')
try:
f.write('hello, world')
finally:
f.close()
Q‘ng.ﬂus‘jj}ng;&))try ... finally Q)L&)‘bb@“\s.\.&s&f
A dal g SWSn e el 5 ) @ and guS GIS pl gl B ke ol
f = open('hello.txt', 'w')

f.write('hello, world')
f.close()

axrlge U L 81 ol s ot 5 o8s o U8 o el 35 5l 02y
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S o plis culin b asl 518 pladl 1 g With 51 eslizal L oS e o3lisd
A dial g o15T H8s
&l osly r&u OT Sl estimal ¢ sl s With &yl 51l eslial ¢

.l threading.lock 5,5 WS

some_lock = threading.Lock()

# Harmful:
some_lock.acquire()
try:
# Do something...
finally:
some_lock.release()

# Better:
with some_lock:
# Do something...
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class ManagedFile:
def __init__ (self, name):
self.name = name

def __enter__(self):
self.file = open(self.name,
return self.file

w')

def __exit__ (self, exc_type, exc_val, exc_tb):
if self.file:
self.file.close()

et 4 5 US| s (55 - CONtext manager G, 5l ManagedFile IS
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o2 plowl ol 0315 dnn 5 (S0 4 45T (WS L ol o 1 3l

>>> with ManagedFile('hello.txt') as f:
f.write('hello, world!")
f.write('bye now')
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from contextlib import contextmanager

def managed_file(name):
try:
f = open(name,
yield f
finally:
f.close()

w')

>>> with managed_file('hello.txt') as f:
f.write('hello, world!")
f.write('bye now')
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with Indenter() as indent:
indent.print(‘'hi!")
with indent:
indent.print('hello')
with indent:

indent.print('bonjour"')
indent.print(‘'hey")
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class Indenter:

def __init__ (self):
self.level = 0

def __enter__ (self):
self.level += 1
return self

def __exit__(self, exc_type, exc_val, exc_tb):
self.level =1

def print(self, text):
print(' ' * self.level + text)
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_var__ gl 5 lawl 5 Double Underscore o
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class Test:
def __init__ (self):

self.foo = 11
self._bar = 23
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>>> t = Test()
>>> t.foo

11

>>> t._bar

23

r.k_c gi._ol{_barﬁjcﬁ).s_c,_d\.c )‘ oslaul c.X_;..su.o odalie 45)).14;\_0.%
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# my_module.py:
def external_func():
return 23

def _internal_func():
return 42
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>>> from my_module import *

>>> external_func()

23

>>> _internal_func()

NameError: "name '_internal_func' is not defined"
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>>> import my_module

>>> my_module.external_func()
23

>>> my_module._internal_func()
42
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>>> def make_object(name, class):
SyntaxError: "invalid syntax"

>>> def make_object(name, class_):
pass
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class Test:
def __init_ (self):
self.foo = 11

self._bar = 23
self.__baz = 42
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>>> t = Test()
>>> dir(t)
[' _Test__baz', '__class__"', ' __delattr__',' dict_ ',

' dir_ "', '_doc__"', '_eq_"', '__format__‘',
|_ge_|’

' _getattribute__ ', '_gt_ ', ' _hash__','_ _init_ ',

' le ', ' 1t ', ' module_ ', ' ne_ "',
' _new__',

' _reduce__', '__reduce_ex__', '__repr__"',

' setattr_ ', ' sizeof_ ', ' str_ ',

' _subclasshook__"', '__weakref__', '_bar', 'foo']
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class ExtendedTest(Test):

def __init__ (self):
super().__init__ ()

self.foo = 'overridden'
self. _bar = 'overridden'
self.__baz = 'overridden'

u.;_?j\@&_ijs_baz)bar_ foo saiaps sl v\.,'fdjiéo}f\

§s9 dal s (6 3l 4> ExtendedTest S

>>> t2 = ExtendedTest()

>>> t2.foo

'overridden'

>>> t2._bar 'overridden'

>>> t2.__baz

AttributeError: \

"'ExtendedTest' object has no attribute

__baz
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>>> dir(t2)

['_ExtendedTest__baz', ' Test_baz', ' _class__ ',
' delattr__', ' _dict_', ' _dir__"', ' _doc_‘',
' eq_', '__format__"', '__ge__ ‘',

'__getattribute__ ',

' gt ', '_hash__', ' __dinit__ "', '_le_"',

I_-l.t_l ,

' module__ ', ' _ne ', ' new__', ' reduce_',

' _reduce_ex__"', '_repr__"', '__setattr__',

' sizeof_ ', ' __str__', '__subclasshook__',

' __weakref__', '_bar', 'foo', 'get_vars']
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>>> t2._ExtendedTest__baz

'overridden'
>>> t2._Test__baz
42
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class ManglingTest:
def __init__ (self):
self.__mangled = 'hello’

def get_mangled(self):
return self.__mangled

>>> ManglingTest().get_mangled()

‘hello’

>>> ManglingTest().__mangled

AttributeError: \

"'ManglingTest' object has no attribute '__mangled'"
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class MangledMethod:

def __method(self):
return 42

def call_it(self):
return self.__method()

>>> MangledMethod().__method()

AttributeError: \

""'MangledMethod' object has no attribute '__method'"
>>> MangledMethod().call_it()

42

-xfunw}cﬁﬁbw‘ﬁwﬂ«fm@bﬁsdw&i

_MangledGlobal__mangled = 23

class MangledGlobal:
def test(self):
return __mangled
>>> MangledGlobal().test()
23
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class PrefixPostfixTest:
def __init__ (self):
self.__bam__ = 42
>>> PrefixPostfixTest().__bam__
42
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>>> for _ in (32):
('Hello, World.")
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>>> car = ('red', 'auto', 12, 3812.4)
>>> color, _, _, mileage = car

>>> color
'red’

>>> mileage
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>>>

12
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>>> 20 + 3
23

>>>

23

>>> (

23
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>>> ()

[]

>>> _.append(1)
>>> _.append(2)
>>> _,append(3)
>>>

[1, 2, 3]
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>>> errno = 50159747054
>>> name = 'Bob'

S ol 5l ply L1y s 2 iy obile cajine s
‘Hey Bob, there is a Oxbadcoffee error!’
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>>> 'Hello, %S' % name
'Hello, Bob'
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>>> '%x' % errno
'badcoffee’
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>>> 'Hey %s, there is a Ox%x error!' % (name, errno)
'Hey Bob, there is a @xbadc@ffee error!'

ol 2 Sl Sllee B s 5 25 S0 4 5 YU A5 ol Ll 5 o Cpiomnn

.b}.w

>>> 'Hey %(name)s, there is a @0x%(errno)x error!' % {
"name": name, "errno": errno }
'Hey Bob, there is a 0xbadc@ffee error!'
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>>> 'Hello, {}'.format(name)
'Hello, Bob'

S e palgl e S g e i nsucfijfv,‘?‘*er\ié##‘f@\t
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Ans ool format wb 4 635, 5 saole ST ok 03 ol o5

>>> 'Hey {name}, there is a Ox{errno:x}
error!'.format(

name=name, errno=errno)
'Hey Bob, there is a 0xbadc@ffee error!'
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>>> f'Hello, {name}!' \
'Hello, Bob!'
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>> g = 5

>>> b = 10

>>> f'Five plus ten is {a + b} and not {2 * (a +
b)}.'

'Five plus ten is 15 and not 30.'

C».w‘()}&il.g:,?4.3'}25;ijégg'comhsutg%,l@éu&i)éu‘cw%);
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>>> def greet(name, question):
return f"Hello, {name}! How's it {question}?"

>>> greet('Bob', 'going')
"Hello, Bob! How's it going?"

1 Formatted String Literals
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ST
>>> def greet(name, question):

return ("Hello, " + name + "! How's it "
+question + "7?")

! = "BUILD_STRING ST 31 0 g ol OT 1 jimg o oS~ bl 5 (s 5lwosly

iz SS9 S8 Llod 4 Ll .S s oslil (g 5luang

>>> import dis
>>> dis.dis(greet)

2 0 LOAD_CONST 1 ('Hello, ')
2 LOAD_FAST 0 (name)
4 FORMAT_VALUE 0
6 LOAD_CONST 2 ("! How's it ")
8 LOAD_FAST 1 (question)
10 FORMAT_VALUE 0
12 LOAD_CONST 3 ('?7Y)
14 BUILD_STRING 5

16 RETURN_VALUE
str.format() 5s, 55 35 30 oSt 1 ol (B glaazs ) Blodl pioan
55 alie daardy uu B Plas Jo OLSGl L gl 57 ) iS o Sl
S oo 2 S e

>>> f'"Hey {name}, there's a {errno:#x} error!" \
"Hey Bob, there's a Oxbadcoffee error!"

Ll s,kd g sla SN 4 4 056k )3 odd (U IB Wd (g5l 5 glaas

N 5 it O 1 (a5 el (s o5 0SS .Sl ES2015 55 gy S

1 Opcode
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>>> from string import Template
>>> t = Template('Hey, $name!')

>>> t.substitute(name=name)
'Hey, Bob!'

=13 o5l i1, Template WSS o3 S import 4 L &5 s o bl s
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>>> templ_string = 'Hey $name, there is a $error

error!’

>>> Template(templ_string).substitute(
name=name, error=hex(errno))

'Hey Bob, there is a 0xbadc@ffee error!'
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1 Template Strings
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>>> SECRET = 'this-is—-a-secret'
>>> class Error:

def __init__ (self):
pass

\Y

>>> err = Error()

>>> user_input = '{error.__init__.__ globals__[SECRET]
} 1
# Uh-oh...

>>> user_input.format(error=err)

'this-is—a-secret’

CJB I __globals__ (6 iSis a4 s i b Sl o5 oo 68 Ao

| ke g5 ol cbaacy (6 SNl STl 3 ST st 1 Lo e a2y ez
LS (635558 3 eded IS 5 slaar sy CIB (65 ms Sy 53 5 S o S
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>>> user_input =

'${error.__init__._ _globals__[SECRET]}"

>>> Template(user_input).substitute(error=err)
ValueError:

"Invalid placeholder in string: line 1, col 1"
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>>> import this

The Zen of Python, by Tim Peters

Beautiful is better than ugly.

Explicit is better than implicit.

Simple is better than complex.

Complex is better than complicated.

Flat is better than nested.

Sparse is better than dense.

Readability counts.

Special cases aren’t special enough to break the rules.

Although practicality beats purity.

Errors should never pass silently.

Unless explicitly silenced.

In the face of ambiguity, refuse the temptation to guess.

There should be one—and preferably only one—obvious way to do it.
Although that way may not be obvious at first unless you’re Dutch. Now is better than
never.

Although never is often better than right now.

If the implementation is hard to explain, it’s a bad idea.

If the implementation is easy to explain, it may be a good idea.

Namespaces are one honking great idea—let’s do more of those!

1 Tim Peters
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>>> def yell(text):
return text.upper() + '!'

>>> yell('hello')
"HELLO!"

it Ll rolgs -1
iy gn 0315 LS LB Lol gy b 2L L O gl 4l 53 3 g (slaesls plos
wpum@ﬁ.m;w&cl,:,wjjmuw‘um,,uu&uﬁ

s oLl L 55 T o0 2 Ol w5 05 50
p st o dile )3 Al 5 e ey (Tl O3k 3 e B S Vel b O
.+¢>pr¢$4Lgﬁgaj@uaﬂjoTtgﬁis
>>> bark = yell
0T 55,8 aloyell pbay (b o 8 clast p) ST a5 Gl 3 15 bl
bark i3 b sl 5 o S das o )l 3 (S oo 0,51 OT & &5 bark « & 51,

.Agrb?!kn)yalu;p\cuou»

>>> bark('woof"')
'"WOOF!"

o Lo s S Gees (o8 s S Wl 53 0T (glapli 5wl sLa
Sl pU s (bark) ;s o g ST B 1 (yell) wb ool b Ll 5

ST GBS s Grb S mB ol Al g e (S (om0 L
>>> del yell

>>> yell('hello?')
NameError: "name 'yell' is not defined"

>>> bark('hey')
'"HEY!"'
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>>> bark.__name__
'yell'

bl o 2wd 039w Lal ool "yl 5 gin @b __name__ i Sl b Jl
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>>> funcs = [bark, str.lower, str.capitalize]
>>> funcs

[<function yell at 0x10ff96510>,

<method 'lower' of 'str' objects>,

<method 'capitalize' of 'str' objects>]

(_;J_i:;G.ZC_,J_,AA{wju.usd.;sluglw:l):ovui.oﬁssdlsdl?&\A{wj:.w:

el 0514 0L >

>>> for f in funcs:

print(f, f('hey there'))
<function yell at 0x10ff96510> 'HEY THERE!''
<method 'lower' of 'str' objects> 'hey there'
<method 'capitalize' of 'str' objects> 'Hey there'
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>>> funcs[0]('heyho')
"HEYHO! '
M3 Wb SO0 ®lgh 4 Olgf o1y mlgs V1Y
e 0L ST Olyie a5 LaoT Al 5 o et sLbl &) o il 55 O
Dl ST Ol 4 & i g 1, greet GU"-“‘«‘P'%’“J‘“Q’CU’““é’w
el ol sy dlseal, why OG5 S 0 3L, | @U¢§i6>})ﬁ
das o oled |y amd Colg 5o e
def greet(func):

greeting = func('Hi, I am a Python program')
print(greeting)

.Lsuu,gdm@ﬁ..swl.'xi;\%:sﬁc_msuc\,:gé\:du:;w@j:@
mUgreeting e 4z )3 U v.i.abgreet GU S35 Olse 4 1y bark @l: 'S
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>>> greet(bark)
'HI, I AM A PYTHON PROGRAM!'

Sl S x5 Calibes (gla S5 5 sl 6l 35 1) (s b Ll o et

B ey ) ol el Al b 0L by Lol e ST s
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>>> def whisper(text):
return text.lower() +

>>> greet(whisper)
'hi, i am a python program...'

1 Optimus Prime — (Sl Guadd S
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>>> ( (bark, ['hello', 'hey', 'hi']))
['HELLO!"', 'HEY!', 'HI!'']
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1 Higher-order functions

2 Functional programming style
3 Iterable

4 Nested functions

5 Inner functions
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>>> def speak(text):
def whisper(t):
return t.lower() + '...'
return whisper(text)

>>> speak('Hello, World')
'hello, world...'

Ly whisper J i (s U5 0530 S o Sl 31, speak &b S L

Ay 4 oyl 1 oS Sy o e il g0 13 OT 1 g dlolBly 5 ST (0 ity 23
el gl o3l bl ¢ 55 90 5528l JST 5o el S o Bl 4 5,0
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>>> whisper('Yo")
NameError:
""name 'whisper' is not defined"

>>> speak.whisper
AttributeError:
"'function' object has no attribute 'whisper'"

(s > Speak w5l ol s Whisper s 5 55 5 wb 4 dal g bl Sl
by (s w5 o e s L3 oo Tl e (LS e (ST Iy
Al 8 Ay wb ol 13
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def get_speak_func(volume):
def whisper(text):
return text.lower() + '...'
def yell(text):
return text.upper() + '!'
if volume > 0.5:
return yell
else:
return whisper
ol S ls 5> get_speak_func ~ 68 Sl 4 AL atils e g
l3 8 n ) e B a5 LS e s
>>> get_speak_func(0.3)

<function get_speak_func.<locals>.whisper at
0x10ael8>

>>> get_speak_func(0.7)
<function get_speak_func.<locals>.yell at 0x1008c8>

Mpgwcag%ﬁ@u;mm|g},gﬁ;‘\ﬁ\;\,\g\js@m?s‘
s el ) Sl b ¢ it 4 0T
>>> speak_func = get_speak_func(0.7)

>>> speak_func('Hello")
"HELLO!"'
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def get_speak_func(text, volume):
def whisper():
return text.lower() + '...'
def yell():
return text.upper() + '!'
if volume > 0.5:
return yell

else:
return whisper

>>> get_speak_func('Hello, World', 0.7)()
'"HELLO, WORLD!"'
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>>> def make_adder(n):
def add(x):
return x + n
return add

make_adder(3)
make_adder(5)

>>> plus_3
>>> plus_5

>>> plus_3(4)
7
>>> plus_5(4)
9

G S 5 sl gl factory O n opl s Ol se 4 make_adder «Jks ol s

J=3 5N s 4 Ul e add U G S 4S8 US55 .S e Jes add b
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1 Lexical closures
2 Closures
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class Adder:
def __init_ (self, n):
self.n = n

def __call__(self, x):
return self.n + X

>>> plus_3 = Adder(3)
>>> plus_3(4)
7

u:wo}:igv\:sg@\f\;c\:umb&&isgu;‘wqﬁ:ﬁ)g
.,\Sujl}ﬁ-ljé\,@o;,:_call_cuuﬁ@

553 J=Is callable c\?é&&:wq.w Sl p b lil aan 4l
o bl Sl B e o LT oS ST ) 5l

>>> callable(plus_3)
True

>>> callable(yell)
True

>>> callable('hello')
False

Jol 450 Olnig e Olgas 4 il (Suals OIS Y)Y
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>>> add = lambda x, y: x + vy

>>> add(5, 3)
8

el 5 Y g a8 Ll kST iy s def 5150057 L 1 o 6 Olos A3l 50
..3}.3

>>> def add(x, y):
return x + vy

>>> add(5, 3)
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>>> (lambda x, y: x + y)(5, 3)
8
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1 Function expression
2 statements
3 annotations
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>>> tuples = [(1, 'd"), (2, 'b'), (4, 'a'), (3, 'c")]

>>> sorted(tuples, key=lambda x: x[1])

[(4, *'a'), (2, 'b"), (3, 'c'), (1, 'd")]

s e tuple a 53 (&S Sl £33 oldas L1y W tuple 51 ud (55 s 5o
LS S5 0T 5550 53 il 5 op 45 ol (G5l o 31 (6,503 &g byl 53 .S

>>> sorted(range(-5, 6), key=lambda x: x * X)
[01 _11 11 _21 21 _3r 31 _4r 4! _Sr 5]

‘) C)LMBM‘))M‘SJ;{J-—&&JL-E&‘ Lg‘J-" ‘MYJ‘ oslaiul a}>=5 ,\_:,\};, C)\}J.:a‘
(Sl o 0 dlons ol s Sy gy 57 IS L ) 15 el o LT Lty
13 oo 15 Il plawl o g Vo L UStn ST

WaliaY (55 53 5 mlsf dsle Ui 11 35 ala¥ )3 (6 Ko b &K
S s olime la ks Aslen Ll 5 oo 5

055 1y palie aS ol Al 6l ) b Laid ol S’ oline Sl
.MLQ@)P@\)J&JMUJgQEﬁS@B}&gJﬁ@@‘?‘}@MJW
WLl 0 1) 0] ol e 5 (61 2 (A L) Jlie bty

1 Lexical Closure



oyl saaid i T AF

>>> def make_adder(n):

return lambda x: x + n
>>> plus_3 = make_adder(3)
>>> plus_5 = make_adder(5)

>>> plus_3(4)
7

>>> plus_5(4)
9
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# Harmful:

>>> class Car:
rev = lambda self: print('Wroom!"')
crash = lambda self: print('Boom!")

>>> my_car = Car()
>>> my_car.crash()
'Boom!"’

u.ul_«p-‘ = L&‘-\_..AY Sleslaral U filter() L map() odomy sla =L Sy48 9>
.u\:;wainvAl{bLAQTjJ.::fg;é:ﬁjJSmbjj:&U\}}4.3.6-)\3‘5@\.(:..»

# Harmful:

>>> list(filter(lambda x: x % 2 == 0, range(16)))

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

# Better:

>>> [x for x in range(16) if x % 2 == 0]
[0, 2, 4, 6, 8, 10, 12, 14]

S L ol 3l s Lles S (Gledamy LS L lambda i eslizul b uS o S6 S

S@L‘P56°bc5é§iﬁ))r’*‘)°%)gw‘5&@’%‘*&;’@
Lol es,ld0 el ode 355 55 USO8 208 55 g 94 o s <=L>u| (S s
ke S asls oS 5l i 1y Ul g pad oIS (o T s L 35 ) Lok 0,0

ol ’\':;‘J;gs”’

lawY ol OIS F-r-v
) s oL 4 3 gt Lo s 45 s (glaber &S5 ol 5 laY il 5 0
NEIWY
LMJL@wjufquoﬂgéyMngﬂavdu%Nc@o

e ;.A...a 5 smS":'/J.: )|J..?u



oel lawis s E AP

Ul (s 18 pU L (sole ml 57 51 o3lital LT i 1 355 5l aian @
S oslizal e 1 el aly ey S183,05 6 20

‘h)}‘&%)jfé PO olxel O yud XY
M‘AS.&}JPubjjbjgjdo%ghébbcur' J.:..fjj..pj

S o 5 T o bed e IS ey o Sl 4t o &S5 s

slo o3ls U pls JLJ fespls bl 4o [, TPS (slgs S OT | be 4t "
Sl oS JolS Sz s [y LS A al o b 3 (2 2 5 (S350
Jf_fq;/’@ g oslel ol SleMb] o IXYZ CS 5 b s ol C3lela]

'”/':“'-(JL’“J/WJ—’J‘JJ U//‘JL(U:'/f':‘{};Lﬁ"

Al gt L iy T sl b sls dal g [l 1y Lad O gt 5Lis Sl i3 o

Cows a5 3 s 05l sl sy 3 lca LT & 5505 pl 4 (Ko i
G ol oo 1y 0T 5y o ol S0 by 5255575 Oy st b il
=3 L LT 6,8 18 2By Lo s la Sl B L5 ST AE Y sl )
o205 s Sl ol b S ) shatl (ol (gl oS p 8 e ol 5

iy 8 a5 i or e 55 ety 4 T L it 5 O
3l s ol [y IS 5l gl 1 s ¥ Coln g pol ¢ LS OLS e

%Sw;’,ﬁ\:@audit_log @}&Jﬁ)}f:&‘jb‘sftd]’j‘ﬂw).}
dns Ao oo 13wl i Gl 3 L a5 (Sl bt Ve L 8 ST ol k)
045 (ol b Sl g o 3 0568 Olontd S5 5 LS e Sl 1y 545 IS

1 Decorators



AV 155,50 plgi ipgm Juad
Slomel 5 a5 Al 5 o by 52555 oS o0 (gl 5 (oS Ll s L
SLas 5055588 55 0 s K4S ssoe e ol U e ol s sl 5K
T 550 Sl Uy S o sl o ) (e aeli O L,
adaz 510y 0L o 4 iy p gie cpdiz 5 LS @S0 4 5L by 55557
sls dgl WIS wl 5 S s
Ul e 05 55 ) s2,55573 5 Shes o ou Goor <553 e s o7 pkitns
S SL 5l

5% yg5 8 O yud ) -T-Y
Asl) S B lasls) Pl 5 2 aE O s 0l 555587
48T alab pa das e by Gl BB el (il 3ol sk (b W3S 5 ml 5
S LSl g g gy b WIS 1) OT il 5 il o sme (B 05100 4
Decorator wdSl aulS” .5 55 oo < gmims 5 5 558 3 3 oslizul gl Jle 5,50 &
03Ul 55,85 Gl 4o 58 35 4edS 31 A alsl ys 5 ol 555wy Uslas
.J; m.a‘y
Aas oo ) LT 4 i 5y 03 ST L) OISl 0k gla s g 5875 el 0L 4
gl (B bt (Sl dts LB s L byl gl
Joli ns plawil Al 5 o0 0 5L Decorator i eslizul L «° LSS slayls
I RV S PV
S5 SINF s by so
Casp Sl g o s J RS Sl 2o
ol sl Ol o
R P R L NGIEPNE Ve

ey (Ol 8 40 (6 5lu 6 ,5-3) Caching o



okl leas i I AA
o) 555 Ok Tl wnsls LLs Ol 5o by )55 5,0 4 Ll J
§ 350 o) Do 5 s oo i 4y o 51 ST o2 Izl s o7 plaj 5,8
Bl a3 g O gy o dins dam 5 G 1505 LIS )3 Al o i Ly s, 8> &S
55 dal gl
S 5 el el g (oS s g5 5575 3550 535k sl s 0587 SS clabas
Gl bS5 5 EI0 s sla &5 ) sa 3 pn LBl &S ol (Glias s Hlins
L 5,5 ol 1 o ol eyl 53 ks ol ol OT L 0y 1k
el sla (S5 5l galai 5 oS LaT o 52,85 L1y s o 4 06 &)
i Lo by 525587 5SS
S 523305 53 623T3L sl m Je sl alad 058 cp g g0 ol (o) 2 5 U3
e el Ol s (Ul 4 s Ol g g8 O‘j&«gc\}? L) Jy u«u)\fc\j <la
ke by s 875 &5 5o 6l sl STl 5 el SIS
A_fb@\}sLicajsoﬁssuﬂmo})ao\,_:@bcb:.m;t,‘;\c\};o
sls Ko ElF w560 0lse
Candy 5l Al e A5 5 b sls L5 Ko Bl s s 0l pls e
. (lexical closures) LS sslazwl i cl: s

r.:f C)J—& U~ QV\:M OJLAT)K U’:‘ {l?r.:‘ (5‘)" c%}

B yel ye5 s Sl V-T-Y

St Ly 5555 1) b5 a5 557 Slinen (6 o Wby a2 55> Y
AS o (Getyaiy w5 6l 3l domy 5 J3 U s e o3l Lt a5 S e
STy ol



A 155,50 aolgh spgm Juad
U das oo |y sdzee oslizal LB gla ¢S 5k oy m5 0l b s 05l 5055 >
J_x;a;;ngj_:r&ucu,u,.,L“.Mu:,;,ft,‘mx\,@\,:ﬂujwﬁgxﬁ
&S e
2SS 0L 583 el Ol 4 Sl €585 o3l 5,587 5l o3l
;,_;qﬁ@;,,o\,.;o@\wj_i,@b_;\;&\scuéii5@\@}5@&\5
s F s s Ol ol 0T dilg e 5 AS e
Ll gn 4 ABL (55525553 (ool Wl on 5l (S35 cpl Gl 25 b

s 54 ) O gl A

def null_decorator(func):
return func
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>>> def greet():
return 'Hello!'

>>> greet = null_decorator(greet)

>>> greet()
'Hello!"’

CU&})HJQTMBWM‘)C\ 05;&.—"’—{,;"5‘_) greet cU ‘J&"Q:’.‘)b
ey god S 4 doda Ol 55 90 ) 67 ol e el 0387 05 null_decorator

o%uwuvﬁ"oé;@‘}bupb6‘M;M|)6@'Jﬂ);34§@‘a|¢JP

1 wrap



orl slawid i B 4.
esus Sl 6l p Ol 50,5585 oS 45 0 550 Jlis ol Tl Coanys il

Al et
cgreet = w,ib— sgreet s, null_decorator e Sl sl w

S el e Al s 5 wle oS5 sl p 0smly decorator@ il e

def greet():
return 'Hello!'

>>> greet()
‘Hello!"'
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def uppercase(func):
def wrapper():
original_result func()
modified_result original_result.upper()
return modified_result
return wrapper
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def greet():
return 'Hello!'

>>> greet()
"HELLO!"'
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>>> greet
<function greet at 0x10e9f0950>

>>> null_decorator(greet)
<function greet at 0x10e9f0950>

>>> uppercase(greet)
<function uppercase.<locals>.wrapper at 0x76da02f28>
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def strong(func):
def wrapper():
return '<strong>' + func() + '</strong>'
return wrapper

def emphasis(func):

def wrapper():
return '<em>' + func() + '</em>'

return wrapper
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def greet():
return 'Hello!'
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>>> greet()
'<strong><em>Hello!</em></strong>"'
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def proxy(func):
def wrapper(xargs, *xxkwargs):

return func(xargs, *xkwargs)
return wrapper
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def trace(func):
def wrapper(*args, skkwargs):
print(f'TRACE: calling {func.__name__}() '
f'with {args}, {kwargs}')
original_result = func(*xargs, *xkwargs)

print (f'TRACE: {func.__name__}() '
f'returned {original_result!r}")

return original_result
return wrapper
jcu‘t_sOJ_&J_ESJ‘SL&QLA;)Tth&S:‘P‘J@M}traCG Cchijﬁ
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def say(name, line):

return f'{name}: {line}'

>>> say('Jane', 'Hello, World')

'"TRACE: calling say() with ("Jane", "Hello, World"),
{}

'"TRACE: say() returned "Jane: Hello, World"'

'Jane: Hello, World'
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def greet():
"""Return a friendly greeting. """
return 'Hello!'
decorated_greet = uppercase(greet)
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>>> greet._ _name__

'greet’

>>> greet.__doc__

'Return a friendly greeting.'

>>> decorated_greet._ name__
'wrapper'

>>> decorated_greet.__doc__
None

Sl el g LS o S0 Al 5 Ol e LIS 5 ol IS
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import functools
def uppercase(func):
(func)
def wrapper():
return func().upper()
return wrapper

sla metadata 555 o Ceb 55,555 s functools.wraps | siws 31 eslawl
5 @l el dsle (g p3lin 5 LSS (5 i wS s Sy ST oL el

€4 ol (5 i Ly Sl 035505 s D g 0 b Ky 2l
def greet():

"""Return a friendly greeting.
return 'Hello!'

mirn

>>> greet.__name__

‘greet'

>>> greet.__doc__

'Return a friendly greeting.'
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def foo(required, *args, *kkwargs):
(required)
if args:
(args)

if kwargs:
(kwargs)

Ul 5 e Ll 03,1 Lt "required” (U 4y 0La 85T o w0 il G35 b
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1 Arguments
2 Keyword arguments
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>>> foo()

TypeError:
"foo() missing 1 required positional arg: 'required'"

>>> foo('hello')
hello

>>> foo('hello', 1, 2, 3)
hello
(1, 2, 3)

>>> foo('hello', 1, 2, 3, keyl='value', key2=999)

hello

(1, 2, 3)

{'keyl': 'value', 'key2': 999}
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def foo(x, *args, *xkkwargs):
kwargs['name'] = 'Alice’
new_args = args + ('extra', )
bar(x, *new_args, s*kkwargs)
o NS L5 NS e (e DLl g Syl s Al g e e s )
o ST Ly oSO 05,5 Blsl gl o b 5 cpl 1l e Ll ST )5
o) ol s i 1y sl WS el dte (liaal 4l O gl LS 03t
s J 28 gl 45T S eslinal APL K 51 Gl - Sae oS Canslej (81 2 (63,208
23S dalg
class Car:
def __init_ (self, color, mileage):

self.color = color
self.mileage = mileage

class AlwaysBlueCar(Car):
def __init__ (self, *xargs, s*xkwargs):
super().__init__ (*xargs, *xkwargs)
self.color = 'blue’

>>> AlwaysBlueCar('green', 48392).color
'blue’
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def trace(f):
(f)
def decorated_function(*args, skkwargs):
print(f, args, kwargs)
result = f(*xargs, *xxkwargs)
print(result)
return decorated_function

def greet(greeting, name):
return '{}, {}!'.format(greeting, name)

>>> greet('Hello', 'Bob')

<function greet at 0x1031c9158> ('Hello', 'Bob') {}
'Hello, Bob!'
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1 Don’t Repeat Yourself
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def print_vector( zZ):
print('<%s, % "% (X, y, 2))
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>>> print_vector(@, 1, 0)
<0, 1, 0>

s ol g aw slayls bl (gl aST (glesls Sl Cy‘\-"\lmdb-
WJle (gl o il Ao la 50 oS sl S print_vector BB LT Qb oS
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>>> tuple_vec = (1, 0, 1)
>>> list_vec = [1, 0, 1]
>>> print_vector(tuple_vec[0],
tuple_vec|[1],
tuple_vec[2])
<1, 0, 1>
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>>> print_vector (*xtuple_vec)
<1, 0, 1>
>>> print_vector(*list_vec)
<1, 0, 1>
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>>> genexpr = (x * x for x in range(3))
>>> print_vector(*kgenexpr)
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ol iy 5 5 S fESSS e B oy g ey 555 ST ) S 305 5 g5 (5 S0

Sl

>>> dict_vec = {'y': 0, 'z': 1, 'x': 1}

1 Function Argument Unpacking
2 Iterable
3 Generator expresions
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>>> print_vector(**kdict_vec)
<1, 0, 1>
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>>> print_vector(*dict_vec)
<Y, X z>
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def fool(value):
if value:
return value
else:
return None

def foo2(value):
"""Bare return statement implies ‘return None """
if value:
return value
else:
return

def foo3(value):

"""Missing return statement implies ‘return
None ™ """
if value:

return value

U;MPgcuw,m.\?fdu)tcusuou,?ﬂo\yuﬂwt@\.@,f\

.AsbjfufjﬂjNone

>>> type(fool(0))
<class 'NoneType'>

>>> type(f002(0))
<class 'NoneType'>

>>> type(foo3(0))
<class 'NoneType'>
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>>> g
>>> b

[1, 2, 3]
a
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>>> g
ok, 2, 2]
>>> b

[1, 2, 3]
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>>> g ==
True
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>>> g is b
True
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>>> C

[1, 2, 3]
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>>> g == C
True
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>>> g 1S C
False
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class Car:
def __init_ (self, color, mileage):

self.color = color
self.mileage = mileage

>>> my_car = Car('red', 37281)

>>> print(my_car)

<__console__.Car object at 0x109b73da0>
>>> my_car

<__console__.Car object at 0x109b73da0>

5 oIS ol sl ani 3T o el ST (5 OT elod (2B sk
Bl TR (sl CPythoN s e b alasl o ysT aS) o i & g0l anlid
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>>> print(my_car.color, my_car.mileage)
red 37281

s Str__ ladme Sl pxg o i liw to_string() dze oSO ik 5 gl
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class Car:
def __init_ (self, color, mileage):

self.color = color
self.mileage = mileage

def __str_ (self):
return f'a {self.color} car’
@&w\ibﬁ@fjgbjmkﬂm@c%sdgb:b Car d»%d_}d@é)
.JJJTJ:A‘P
>>> my_car = Car('red', 37281)
>>> print(my_car)
'a red car'
>>> my_car
<__console__.Car object at 0x109ca24e0>
Lﬁﬁ‘)w‘s‘fﬁwuéjb-f‘)&W}}Adﬁ)bcarsgﬁw)ﬂ
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>>> print(my_car)
a red car

>>> str(my_car)
'a red car'

>>> '{}'.format(my_car)
'a red car'
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class Car:
def __init_ (self, color, mileage):
self.color = color
self.mileage = mileage

def __repr__(self):
return '__repr__ for Car'

def __str_ (self):
return ' _str__ for Car'

u;z,)r\.x_fdwd‘u\:f@|ﬁ||)4§61,§‘_;ws}¢@})'ldﬁj¢dl>
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>>> my_car = Car('red', 37281)
>>> print(my_car)
__str__ for Car
>>> '{}'.format(my_car)
' str__ for Car'
>>> my_car
_ _repr__ for Car
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str([my_car])
"[__repr__ for Car]'
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>>> (my_car)
' _str__ for Car'
>>> (my_car)

__repr__ for Car'
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>>> import datetime
>>> today = datetime.date.today()
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>>> (today)
'2017-02-02"
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>>> (today)
'datetime.date(2017, 2, 2)'
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def __repr__(self):
return f'Car({self.color!r}, {self.mileage!r})"’
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def __repr__(self):
return (f'{self.__class__.__name__}(
f'{self.color!r}, {self.mileage!r})")
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>>> repr(my_car)
'Car(red, 37281)'
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>>> print(my_car)
'Car(red, 37281)'
>>> str(my_car)

'Car(red, 37281)'
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1 DRY — Don’t Repeat Yourself
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class Car:
def __init_ (self, color, mileage):
self.color = color
self.mileage = mileage

def __repr__(self):
return (f'{self.__class__._ name__}('
f'{self.color!r}, {self.mileage!r})")

def __str_ (self):
return f'a {self.color} car'
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def __str_ (self):
return unicode(self).encode('utf-8")
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class Car(object):
def __init_ (self, color, mileage):
self.color = color
self.mileage = mileage

def __repr__(self):
return '{}({'r}, {!r})'.format(
self.__class__.__name__,
self.color, self.mileage)

def __unicode__ (self):
return u'a {self.color} car'.format(
self=self)

def __str_ (self):
return unicode(self).encode('utf-8")
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def validate(name):
if len(name) < 10:
raise ValueError

ol 05871 3 55 s slow i ValueError slial ¢ oeiw lae el pde O 50 )5
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>>> validate('joe')
Traceback (most recent call last):
File "<input>", line 1, in <module>
validate('joe')
File "<input>", 1line 3, in validate
raise ValueError
ValueError
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class NameTooShortError(ValueError):
pass

def validate(name):
if len(name) < 10:
raise NameTooShortError(name)

o212 NameTooShortError Ol yie o " galiaul 555" climul § 5 &Gl
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>>> validate('jane')
Traceback (most recent call last):
File "<input>", 1line 1, in <module>
validate('jane')
File "<input>", 1line 3, in validate

raise NameTooShortError(name)
NameTooShortError: jane
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class BaseValidationError(ValueError):
pass

Cons 4y gl WIS 51l 55 o 1y 55 " bl (gl gl WS alS™ (Jl-

A

class NameTooShortError(BaseValidationError):
pass

class NameToolLongError(BaseValidationError):
pass

class NameTooCuteError(BaseValidationError):
pass
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try:
validate(name)

except BaseValidationError as err:
handle_validation_error(err)
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new_list = (original_list)
new_dict = (original_dict)
new_set = (original_set)
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1 Built-in collections
2 Shallow copy
3 Deep copy
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[(f1, 2, 31, [4, 5, 61, [7, 8, 9]]
list(xs) # Make a shallow copy

>>> XS
>>> yS

xS L alie S gmee Uy Jitas 5 oo o 8 &K Y ys 45T Canline OIb o
S LB g b g nl Sl S oo (B 53 A gy 2 b0 g Sl

>>> XS

(1, 2, 31, [4, 5, 6], [7, 8, 9]]

>>> yS

(1, 2, 31, [4, 5, 61, [7, 8, 91]

S 5S ile T daas ol el ol S 1 Jis Wby ys 4SSl Aol (gl
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1 recursive
2 Object tree
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S1YS) (=S = Sl ol b sd adae B AT sy 5 e 9 ST @L5H (XS)

J)‘Jf@;
>>> xs.append(['new sublist'])
>>> XS
[[1, 2, 31, [4, 5, 61, [7, 8, 9], ['new sublist']]
>>> yS

[f1, 2, 31, [4, 5, 61, [7, 8, 9]]
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>>> xs[1] [0] = 'X'

>>> XS

(1, 2, 31, [°X', 5, 61, [7, 8, 9], ['new sublist']]

>>> yS

(1, 2, 31, X', 5, 61, [7, 8, 9]]
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>>> import copy
>>> XS [r1, 2, 31, (4, 5, 6], [7, 8, 9]]
>>> 7S copy.deepcopy(xs)

odaline (UST w1y LS sl copy.deepcopy() L aS” 0T 25 08" 5xs 35
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>>> XS
(1, 2, 31, (4, 5, 6], [7, 8, 9]]
>>> 7S
(1, 2, 31, (4, 5, 6], [7, 8, 9]]
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>>> xs[1] [0] = 'X'

>>> XS

rra, 2, 31, ('x', 5, 61, (7, 8, 9]
>>> 7S

(1, 2, 31, [4, 5, 61, [7, 8, 9]]
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class Point:
def __init_ (self, x, y):

S
self.x X
self.y =y

def __repr__(self):
return f'Point({self.x!'r}, {self.y!r})'

y_repr__() jusls de o 5o ool L ¢ 5B 50 o S Al 39 ge SR
w)fdﬁ.lﬁ’-fw)"bd“%g_f.’.‘j‘°Msb‘f.“w‘é>‘)ﬁﬁ‘ﬁuf'>;@u‘
jm_:fw slowl Point = & 5l @sas oS JaSle 5l esliial b cgdas a0 53

>>> g
>>> b

Point (23, 42)
copy.copy(a)

‘)ﬁ)%‘éw}f‘)dT&é}&‘POlnt;‘_;SIQL:}IM;‘
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>>> g

Point (23, 42)
>>> p

Point (23, 42)
>>> a is b
False
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class Rectangle:
def __init_ (self, topleft, bottomright):

self.topleft = topleft
self.bottomright = bottomright

def __repr__(self):
return (f'Rectangle({self.topleft!r}, '
f'{self.bottomright!r})"')

oS bl 1y s &5 ga e S ol e il K05 O b |

rect = Rectangle(Point(@, 1), Point(5, 6))
srect = copy.copy(rect)
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>>> rect

Rectangle(Point(@, 1), Point(5, 6))

>>> srect

Rectangle(Point(@, 1), Point(5, 6))

>>> rect 1s srect
False

i 5 e Gl S e Sl Cad IS 400 45,8 45 Bl 4l sl
wj\b;Gidgu..r‘.fo.su.:M9\.&»‘_;.sjgw))"rﬁb}@bﬁg\):?:l:ouu;'b



WY ED 1,5 5 b (camm gitali s 9 Lo WIS 10,0 Juad

o L QU 55,8 2l el e 2 lraeda 53 Gy

J; .J..:A‘j:- OMWﬂJ(@LEAA)
>>> rect.topleft.x = 999
>>> rect
Rectangle(Point (999, 1), Point(5, 6))
>>> srect

Rectangle(Point (999, 1), Point(5, 6))
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>>> drect = copy.deepcopy(srect)

>>> drect.topleft.x = 222

>>> drect

Rectangle(Point (222, 1), Point(5, 6))

>>> rect

Rectangle(Point (999, 1), Point(5, 6))

>>> srect
Rectangle(Point (999, 1), Point(5, 6))
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1 Abstract Base Classes
2 maintainable
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class Base:
def foo(self):
raise NotImplementedError()

def bar(self):
raise NotImplementedError()

class Concrete(Base):
def foo(self):
return 'foo() called'

# 0h no, we forgot to override bar()...
# def bar(self):
# return "bar() called"

?mﬂ)w‘_;\%%gd:_mo_ild}‘_;\ﬂ;)}4_;531;“;&\.&5‘)‘\4@&\1{
AS gy gl s aal WIS glade Sl b
>>> b = Base()

>>> b.foo()
NotImplementedError
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>>> ¢ = Concrete()
>>> c.foo()

'foo() called'

>>> c.bar()
NotImplementedError

sy g it Bl 0T 55 Cons JolS7 i Ll el ol adsl (65l 3Ly ol
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from abc import ABCMeta, abstractmethod

class Base(metaclass=ABCMeta):

def foo(self):
pass

def bar(self):
pass

class Concrete(Base):
def foo(self):
pass
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# We forget to declare bar() again...
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assert issubclass(Concrete, Base)
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>>> ¢ = Concrete()

TypeError:

"Can't instantiate abstract class Concrete " \
"with abstract methods bar"
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>>> tup = ('hello', object(), 42)
>>> tup
("hello', <object object at 0x105e76b70>, 42)
>>> tup[2]
42
>>> tup[2] = 23

TypeError:
"'tuple' object does not support item assignment"
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>>> from collections import namedtuple
>>> Car = namedtuple('Car' , 'color mileage')
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>>> 'color mileage'.split()
['color', 'mileage']
>>> Car = namedtuple('Car', ['color', 'mileage'])
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>>> Car = namedtuple('Car', [
'color',

'mileage’,
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>>> my_car = Car('red', 3812.4)

>>> my_car.color

‘red’

>>> my_car.mileage
3812.4
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>>> my_car[0]

‘red’

>>> tuple(my_car)
('red', 3812.4)

>>> color, mileage = my_car

>>> print(color, mileage)

red 3812.4

>>> print(xmy_car)

red 3812.4

Ui les il g e 4S5 ol ol La namedtuple i eslizul 1 51 SO o
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>>> my_car
Car(color="'red' , mileage=3812.4)
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>>> my_car.color = 'blue’
AttributeError: "can't set attribute"
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Car = namedtuple('Car', 'color mileage')

class MyCarWithMethods(Car):
def hexcolor(self):
if self.color == 'red':
return '#ff0000'
else:
return '#000000'

hexcolor() 4w 4 V“S ke goi |, MyCarWithMethods « & ol 5 s Jl

oS Sl 0T
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>>> ¢ = MyCarWithMethods('red', 1234)
>>> c.hexcolor()
'#ff0000'
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>>> Car = namedtuple('Car', 'color mileage')

>>> ElectricCar = namedtuple(
'ElectricCar', Car._fields + ('charge',))
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>>> ElectricCar('red', 1234, 45.0)
ElectricCar(color="'red', mileage=1234, charge=45.0)
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1 Built-in Helper Methods
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>>> my_car._asdict()
OrderedDict([('color', 'red'), ('mileage', 3812.4)])
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>>> json.dumps(my_car._asdict())
"{"color": "red", "mileage": 3812.4}'
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>>> my_car._replace(color="'blue')
Car(color='blue', mileage=3812.4)
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>>> Car._make(['red', 999])
Car(color="'red', mileage=999)
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1 Self-documenting
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1 Class variables
2 Instance variables
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class Dog:
num_legs = 4 # <- (Class variable

def __init__ (self, name):
self.name = name # <— Instance variable

0313 i (S 36 48 (K Lomss 1 gl g0d 18 55 led ol et 5l
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>>> jack = Dog('Jack")

>>> jill Dog('Jill")

>>> jack.name, jill.name
('Jack', 'Jill')
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>>> jack.num_legs, jill.num_legs
(4, 4)

>>> Dog.num_legs

4
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>>> Dog.name
AttributeError:
"type object 'Dog' has no attribute ‘'name'"
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>>> Dog.num_legs = 6
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>>> jack.num_legs, jill.num_legs
(6, 6)
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>>> Dog.num_legs = 4
>>> jack.num_legs = 6

oS o das o3l 635 Gl Y s 4 IS ol Wl



VOY B 1,5 5 o (camn gitali i 9 Lo WS 10,0 Joad

>>> jack.num_legs, jill.num_legs, Dog.num_legs
(6, 4, 4)
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>>> jack.num_legs, jack.__class__.num_legs
(6, 4)
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class CountedObject:
num_instances = 0

def __init__ (self):
self.__class__.num_instances += 1
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>>> CountedObject.num_instances

S>> CountedObject().num_instances

i>> CountedObject().num_instances

§>> CountedObject().num_instances

>>> CountedObject.num_instances
3
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# WARNING: This implementation contains a bug

class BuggyCountedObject:
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num_instances = 0

def __init__ (self):
self.num_instances += 1 # !!!
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>>> BuggyCountedObject.num_instances
0
>>> BuggyCountedObject().num_instances
1
>>> BuggyCountedObject().num_instances

1

>>> BuggyCountedObject().num_instances
1

>>> BuggyCountedObject.num_instances
0
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1 Class methods
2 Static methods
3 Regular instance methods
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class MyClass:
def method(self):
return 'instance method called', self

def classmethod(cls):
return 'class method called', cls

def staticmethod():
return 'static method called'
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>>> obj = MyClass()
>>> obj.method()

('instance method called', <MyClass instance at
0x11la2>)
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1 Instance Method
2 Dot-call
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>>> MyClass.method(obj)
('instance method called', <MyClass instance at
0x1la2>)
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>>> obj.classmethod()
('class method called', <class MyClass at 0x1la2>)
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>>> obj.staticmethod()
'static method called'
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>>> MyClass.classmethod()
('class method called', <class MyClass at 0x1la2>)

>>> MyClass.staticmethod()
'static method called'

>>> MyClass.method()

TypeError: """unbound method method() must
be called with MyClass instance as first
argument (got nothing instead)"""

Ll cr.:.;{ sls=1 2 1y 4 |y staticmethod() s classmethod() r:;‘ﬂu“
el 38 905 TypeError slks L method() e gl 8
cu”ﬁ;;q;\;,41,;L,msﬂ,u,w.a,@ﬂ,wxswmﬁw
@1,@A&g;mumo\vg@!.ﬁ;;@&};\;w%:fL_;,,L‘,.“.E;M\,«sﬂ
TypeError sLiwl U Sl 8 ey 03,145 5 4 g self Ol ST slowl sl O 5L s



O3l glewid i EIPY

b il 01 Ll o s 0 By g8 ) o SISBT L5 Sl 58 ol
u_‘.fdl_':.aysu_,.a)ﬁAu.ch.Aa.:u:éu.j.s);.rJuQli\ilqgi‘);\)&,ﬁéya\ el
Wy el ol de gl Sl eslizal Ol 1 aLI S &l

ol el 513 1y ST ESG Osal g ) 55 e e (slie

class Pizza:
def __init_ (self, ingredients):
self.ingredients = ingredients

def __repr__(self):
return f'Pizza({self.ingredients!r})"'

>>> Pizza(['cheese', 'tomatoes'])
Pizza(['cheese', 'tomatoes'])
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Pizza(['mozzarella',6 'tomatoes'])
Pizza(['mozzarella', 'tomatoes', 'ham', 'mushrooms'])
Pizza(['mozzarella'] x 4)
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1 Factory design pattern (object-oriented programming)
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class Pizza:
def __init_ (self, ingredients):
self.ingredients = ingredients

def __repr__(self):

return f'Pizza({self.ingredients!r})"

def margherita(cls):
return cls(['mozzarella', 'tomatoes'])

def prosciutto(cls):
return cls(['mozzarella', 'tomatoes', 'ham'])
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>>> Pizza.margherita()
Pizza(['mozzarella', 'tomatoes'])

>>> Pizza.prosciutto()
Pizza(['mozzarella', 'tomatoes', 'ham'])
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import math

class Pizza:
def __init_ (self, radius, ingredients):
self.radius = radius
self.ingredients = ingredients

def __repr__(self):
return (f'Pizza({self.radius!r}, '
f'{self.ingredients!r})"')

def area(self):

return self.circle_area(self.radius)

def circle_area(r):
return r xx 2 * math.pi

1 Yummy
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>>> p = Pizza(4, ['mozzarella', 'tomatoes'])
>>> p

Pizza(4, {self.ingredients})

>>> p.area()

50.26548245743669

>>> Pizza.circle_area(4)

50.26548245743669
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1 Data Structures
2 Stack
3 Abstract Data Types (ADTs)
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phonebook = {

'bob': 7387,
'alice': 3719,
'jack': 7052,

}

squares = {x: X *x x for x in range(6)}

>>> phonebook['alice']
3719

>>> squares
{0: @, 1: 1, 2: 4, 3: 9, 4: 16, 5: 25}
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2 tuples
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>>> import collections
>>> d = collections.OrderedDict(one=1, two=2,
three=3)

>>> d
OrderedDict([('one', 1), ('two', 2), ('three', 3)1)

>>> d['four'] = 4

>>> d

OrderedDict([('one', 1), ('two', 2),
('three', 3), ('four', 4)])

>>> d.keys()

odict_keys(['one', 'two', 'three', 'four'])
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>>> from collections import defaultdict
>>> dd = defaultdict(list)

# Accessing a missing key creates it and

# initializes it using the default factory,
# i.e. list() in this example:

>>> dd['dogs'].append('Rufus')

>>> dd['dogs'].append(‘Kathrin')

>>> dd['dogs'].append('Mr Sniffles')

>>> dd['dogs']
['Rufus', 'Kathrin', 'Mr Sniffles']
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>>> from collections import ChainMap

>>> dictl = {'one': 1, 'two': 2}
>>> dict2 = {'three': 3, 'four': 4}
>>> chain = ChainMap(dictl, dict2)
>>> chain

ChainMap({'one': 1, 'two': 2}, {'three': 3, 'four':
4})

# ChainMap searches each collection in the chain
# from left to right until it finds the key (or
fails):

>>> chain['three']

3

>>> chain['one']

1

>>> chain['missing']

KeyError: 'missing'
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>>> from types import MappingProxyType
>>> writable = {'one': 1, 'two': 2}
>>> read_only = MappingProxyType(writable)

# The proxy is read-only:

>>> read_only['one']

1

>>> read_only['one'] = 23

TypeError:

"'mappingproxy' object does not support item
assignment"

# Updates to the original are reflected in the proxy:
>>> writable['one'] = 42

>>> read_only

mappingproxy({‘one': 42, 'two': 2})
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1 typed array
2 mutable
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>>> arr = ['one', 'two', 'three']
>>> arr[0]
‘one’

# Lists have a nice repr:
>>> arr
['one', 'two', 'three']

# Lists are mutable:

>>> arr[1l] = 'hello’

>>> arr

['one', 'hello', 'three']

>>> del arr[1]
>>> arr
['one', 'three']

# Lists can hold arbitrary data types:
>>> arr.append(23)

>>> arr

['one', 'three', 23]
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>>> arr = 'one', 'two', 'three'

>>> arr[0]
‘one'

# Tuples have a nice repr:
>>> arr

('one', '"two', 'three')

# Tuples are immutable:

>>> arr[1l] = 'hello’

TypeError:

"'tuple' object does not support item assignment"

>>> del arr[1]
TypeError:
"'tuple' object doesn't support item deletion"

# Tuples can hold arbitrary data types:
# (Adding elements creates a copy of the tuple)
>>> arr + (23,)
('one', '"two', 'three', 23)
Slab st b b1, - array.array .F'-Y-0
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>>> import array

>>> arr = array.array('f', (1.0, 1.5, 2.0, 2.5))
>>> arr[1]

1.5

# Arrays have a nice repr:
>>> arr

array('f', [1.0, 1.5, 2.0, 2.5])

# Arrays are mutable:
>>> arr[1l] = 23.0
>>> arr

array('f', [1.0, 23.0, 2.0, 2.5])

>>> del arr[1]
>>> arr
array('f', [1.0, 2.0, 2.5])

>>> arr.append(42.0)
>>> arr
array('f', [1.0, 2.0, 2.5, 42.0])

# Arrays are "typed":
>>> arr[1l] = 'hello'
TypeError: "must be real number, not str"
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>>> arr = 'abcd'
>>> arr[1]
Ibl

>>> arr

'abcd'

# Strings are immutable:

>>> arr[1l] = 'e'

TypeError:

"'str' object does not support item assignment"

>>> del arr[1]
TypeError:
"'str' object doesn't support item deletion"

# Strings can be unpacked into a list to
# get a mutable representation:

>>> list('abcd')

[Ial’ Ibl’ ICI, Idl]

>>> '!',join(list('abcd'))

‘abcd’

# Strings are recursive data structures:
>>> type('abc')

"<class 'str'>"

>>> type('abc'[0])

"<class 'str'>"
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>>> arr = bytes((0, 1, 2, 3))
>>> arr[1]
1
# Bytes literals have their own syntax:
>>> arr

\X00\x01\x02\x03
>>> arr = \X00\x01\x02\x03

# Only valid "bytes" are allowed:
>>> bytes((0, 300))
ValueError: "bytes must be in range(@, 256)"

# Bytes are immutable:

>>> arr[l] = 23

TypeError:

"'bytes' object does not support item assignment"

>>> del arr[1]
TypeError:
"'bytes' object doesn't support item deletion"
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>>> arr = bytearray((0, 1, 2, 3))
>>> arr[1]
1

# The bytearray repr:
>>> arr
bytearray(b'\x00\x01\x02\x03")

# Bytearrays are mutable:

>>> arr[l] = 23

>>> arr
bytearray(b'\x00\x17\x02\x03")

>>> arr[1]
23

# Bytearrays can grow and shrink in size:
>>> del arr[1]
>>> arr

bytearray(b'\x00\x02\x03")

>>> arr.append(42)
>>> arr
bytearray(b'\x00\x02\x03x")

# Bytearrays can only hold "bytes"

# (integers in the range @ <= x <= 255)
>>> arr[1] = 'hello'

TypeError: "an integer is required"

>>> arr[1l] = 300
ValueError: "byte must be in range(@, 256)"

# Bytearrays can be converted back into bytes
objects:

# (This will copy the data)

>>> pytes(arr)

b'\Xx00\x02\x03%"'
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carl = {
'color': 'red',
'mileage': 3812.4,
'automatic': True,

¥
car2 = {
'color': 'blue',
'mileage': 40231,
'automatic': False,
¥
# Dicts have a nice repr:
>>> car2
{'color': 'blue', 'automatic': False, 'mileage':
40231}

# Get mileage:
>>> car2['mileage']
40231

# Dicts are mutable:
>>> car2['mileage'] = 12

>>> car2['windshield'] = 'broken'
>>> car2
{'windshield': 'broken', 'color': 'blue',

'automatic': False, 'mileage': 12}

# No protection against wrong field names,
# or missing/extra fields:

car3 = {
‘colr': 'green',
'automatic': False,
'windshield': 'broken',
¥

2Nl i oSl 31 29 5 - tuple .Y-Y-0
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>>> import dis

>SS diS.diS( (||(23’ |a|’ Ibl, ICI)”, ||'
'eval'))

® LOAD_CONST 4 ((23, 'a', 'b',
‘c'))

3 RETURN_VALUE
>>> dis.dis( ("r23, 'a', 'b', ‘'c'i", '‘,
'eval'))

® LOAD_CONST 0 (23)

3 LOAD_CONST 1 ('a')

6 LOAD_CONST 2 ('b")

9 LOAD_CONST 3 ('c")

12 BUILD_LIST 4

15 RETURN_VALUE

P p0d st 56 (ol Sl 95 ol o Sl (gl o oL Ll 4l
Wl 52 sl 53l o 5 Shes Sl e
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# Fields: color, mileage, automatic
>>> carl = ('red', 3812.4, True)
>>> car2 = ('blue', 40231.0, False)

# Tuple instances have a nice repr:
>>> carl

('red', 3812.4, True)

>>> car2

('blue', 40231.0, False)

# Get mileage:
>>> car2[1]
40231.0

# Tuples are immutable:

>>> car2[l] = 12

TypeError:

"'tuple' object does not support item assignment"

# No protection against missing/extra fields
# or a wrong order:
>>> car3 = (3431.5, 'green', True, 'silver')
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class Car:

def __init_ (self, color, mileage, automatic):
self.color = color

self.mileage = mileage
self.automatic = automatic

Car('red', 3812.4, True)
Car('blue', 40231.0, False)

>>> carl
>>> car?

# Get the mileage:
>>> car2.mileage
40231.0

# Classes are mutable:
>>> car2.mileage = 12
>>> car2.windshield = 'broken'

# String representation is not very useful

# (must add a manually written __repr__ method):
>>> carl

<Car object at 0x1081e69e8>

odlw (sledld Ll - collections.namedtuple .£-Y-0
Olan OT Cotlu s 5 el o3lizal o6 das 426 05l (aduns )5 &S WIS oy
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>>> from collections import namedtuple

>>> from sys import getsizeof

>>> p1
>>> p2

namedtuple('Point', 'x y z')(1, 2, 3)
(1, 2, 3)

>>> getsizeof(pl)
72

>>> getsizeof(p2)
72
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>>> from collections import namedtuple

>>> Car = namedtuple('Car' , 'color mileage
automatic')
>>> carl = Car('red', 3812.4, True)

# Instances have a nice repr:
>>> carl
Car(color="red', mileage=3812.4, automatic=True)

# Accessing fields:
>>> carl.mileage
3812.4

# Fields are immtuable:

>>> carl.mileage = 12

AttributeError: "can't set attribute"

>>> carl.windshield = 'broken'
AttributeError:

"'Car' object has no attribute 'windshield'"

48l d94¢ NamedTuple (o318 £45 - typing.NamedTuple .0-Y-0

0315 & 55 (sl 2,5 ealiiwl Ol 5 go dns 4 ¥/7 43eui O 1y 5> NamedTuple |
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>>> from typing import NamedTuple

class Car(NamedTuple):
color: str
mileage: float
automatic: bool

>>> carl = Car('red', 3812.4, True)

# Instances have a nice repr:
>>> carl
Car(color="'red', mileage=3812.4, automatic=True)

# Accessing fields:
>>> carl.mileage
3812.4

# Fields are immutable:

>>> carl.mileage = 12

AttributeError: "can't set attribute"

>>> carl.windshield = 'broken'
AttributeError:

"'Car' object has no attribute 'windshield'"

# Type annotations are not enforced without

# a separate type checking tool like mypy:

>>> Car('red', 'NOT_A_FLOAT', 99)

Car(color="'red', mileage='NOT_A_FLOAT', automatic=99)

C Ob) o i yo S UL — struct.Struct .1-Y-0
sldl 4 ly as g asl o b 5ledd C3L s (39,9 Ll struct.Struct OIS
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.l float



10 B gl 5o o3ls gl )b bu tpzniy Juad

¢ ol o ss e eslinal osls Lol e Hshte 4 oyl 4 Osuly s WStruct

w5 L 53C 5 05mL OLj o baesls e b Jols (g1 (ohsy o shaie 4 i Laesls
A

>>> from struct import Struct

>>> MyStruct = Struct('i?f")
>>> data = MyStruct.pack(23, False, 42.0)

# All you get is a blob of data:
>>> data
\x17\x00\x00\x00\x00\x00\x00\x00\x00\x00

# Data blobs can be unpacked again:
>>> MyStruct.unpack(data)
(23, False, 42.0)

o badd 4 ol == ywd — types.SimpleNamespace .Y-Y-0
e ]
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>>> from types import SimpleNamespace

>>> carl = SimpleNamespace(color="red",
mileage=3812.4,
automatic=True)

# The default repr:

>>> carl

namespace(automatic=True, color='red',
mileage=3812.4)

# Instances support attribute access and are mutable:
>>> carl.mileage = 12

>>> carl.windshield = 'broken'

>>> del carl.automatic

>>> carl

namespace(color="'red', mileage=12,
windshield="'broken')
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vowels = {'a', 'e', '"i', 'o', 'u'}
squares = {x * x for x in range(10)}

25w L Ol 5 J (548 semee ¢SO Ctl gl 4 oS WL atils a5
3 sh on o3l 3 gnb 5 Jb 628805 6K sl gl {31 eslizul set()

Solw esly |y esls Cy BB = C‘f‘ O 5l 53 55 50 3,lukul Glagbals
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>>> yowels = {'a', 'e', 'i', 'o', 'u'}
>>> 'e' in vowels

True

>>> letters = set('alice')
>>> Tletters.intersection(vowels)
{Ial’ Iel’ Iil}

>>> vowels.add('x")

>>> yowels

{Iil |a| 1 1 1
’ ’

u', 'o', 'x', 'e'}

>>> len(vowels)
6
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>>> vowels = frozenset({'a', 'e', 'i', 'o', 'u'})
>>> vowels.add('p")

AttributeError:
"'frozenset' object has no attribute ‘'add'"

# Frozensets are hashable and can

# be used as dictionary keys:

>>> d = { frozenset({1, 2, 3}): 'hello' }
>>> d[frozenset ({1, 2, 3})]

‘hello’

' 2w S 4as gozx0 — collections.Counter .Y'—£-0
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>>> from collections import Counter
>>> inventory = Counter()

>>> loot = {'sword': 1, 'bread': 3}
>>> inventory.update(loot)

>>> inventory

Counter({'bread': 3, 'sword': 1})

>>> more_loot = {'sword': 1, ‘'apple': 1}
>>> inventory.update(more_loot)

>>> inventory
Counter({'bread': 3, 'sword': 2, 'apple': 1})

A ly s b e e ole slus (WISl s, len C\J&u\f&l{aﬂs@j
multiset -5 35 54> 90 Lole <=L¢5 s 05497 Cowds gl p s o ol L
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>>> len(inventory)
3 # Unique elements

>>> sum(inventory.values())
6 # Total no. of elements
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>>>
>>>
>>>
>>>

= [

.append('eat')
.append('sleep')
.append( 'code")

n unounuon

>>> §
['eat', 'sleep', 'code']

>>> s.pop()
'code’

>>> s.pop()
'sleep’

>>> s.pop()
'eat'

>>> s.pop()
IndexError: "pop from empty list"

N )8 § & g (24D — collections.deque .Y-0-0
Js (double-ended) Lgzil 55 L aziy &S5 &g 40 0510 s deque oS
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>>>
>>>
>>>
>>>
>>>

>>>

.f:
S

n n n

S

Al

rom collections import deque
= deque()

.append('eat"')
.append('sleep")
.append('code')

deque(['eat', 'sleep', 'code'])

>>> s.pop()
‘code’

>>> s.pop()
'sleep’

>>> s.pop()
'eat’
>>> s.pop()

IndexError: "pop from an empty deque"

S3lg0 Olwilre (S 9 cwilin (14 - queue.LifoQueue .1'-0-0
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>>> from queue import LifoQueue
>>> s = LifoQueue()

>>> s.put('eat')

>>> s,put('sleep')

>>> s.put('code')

>>> S

<queue.LifoQueue object at 0x108298dd8>

>>> s.get()
‘code’

>>> s.get()
'sleep'

>>> s.get()
'eat’

>>> s,get_nowait()
queue.Empty

>>> s.get()
# Blocks / waits forever...
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>>> ¢ = []

>>> (.append('eat')

>>> (g.append('sleep')
>>> g.append('code')

>>> q
['eat', 'sleep', 'code']
# Careful: This is slow!

>>> (.pop(0)
'eat'

o )8 9 &3 g (220 — collections.deque .Y-1-0

Lo 4s 45 s Oguly )5 (double-ended) gl 95 L o laCas deque WIS
201 Ll slan i 50315 OT S 53 2 311, jolie Code 5 039580 Sl
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S 52 4S Sl OT Ly 53 (6 s dn oo 2wd 53 WIS ol Cand (abais
Syl Ll 5 0(N) Ll
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>>>
>>>
>>>
>>>
>>>

>>>

from collections import deque
q = deque()

g.append(‘'eat"')
g.append('sleep')
g.append('code')

q

deque(['eat', 'sleep', 'code'])

>>>

g.popleft()

'eat'

>>>

g.popleft()

'sleep'

>>>

g.popleft()

'code'

>>>

IndexError: "pop from an empty deque"

g.popleft()

osl sloais 5 B YA
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>>> from queue import Queue
>>> q = Queue()

>>> (.put('eat')

>>> q.put('sleep')

>>> (.put('code’)

>>>
<queue.Queue object at 0x1070f5b38>

>>> q.get()
'eat'

>>> q.get()
'sleep'

>>> g.get()
'code’

>>> (.get_nowait()
queue.Empty

>>> g.get()
# Blocks / waits forever...

& gt S Ao - multiprocessing.Queue .£-1-0
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1 Global Intrepreter Lock
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>>> from multiprocessing import Queue
>>> q = Queue()

>>> (.put('eat')

>>> q.put('sleep')

>>> (.put('code’)

>>>
<multiprocessing.queues.Queue object at 0x1081c12bo>

>>> q.get()
'eat'

>>> q.get()
'sleep'

>>> g.get()
'code’

>>> g.get()
# Blocks / waits forever...
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= I

.append((2, 'code'))
.append((1, 'eat'))
.append((3, 'sleep'))

a new element is inserted, or use
bisect.insort().

q
q
q
q
# NOTE: Remember to re-sort every time
#
#
g.sort(reverse=True)

next_item = qg.pop()
print(next_item)

# Result:

# (1, 'eat')
# (2, 'code')
# (3, 'sleep')

9995 S 4y — heapq .Y-Y-0

L 0235581 Slikes ol 0 g3y 3 list Olas OT arly & o3l Sl Sl g 5 o)
25 on plil O(log n) (s 5o L 0T 0553 51 jolis 055 Ol

S gl b sl LK ki 4 s gy op e 3 S diasle ol Sl eslizal
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import heapq
q =[]

heapq.heappush(q, (2, 'code'))
heapqg.heappush(qg, (1, ‘eat'))
heapqg.heappush(qg, (3, 'sleep'))

while q:
next_item = heapq.heappop(q)
print(next_item)

# Result:

# (1, 'eat')
# (2, 'code')
# (3, 'sleep')

o dol b slviao H £95 09§ wlin — queue.PriorityQueue .V'-Y-0
Lgs . uS 0 osliwl heapg g3 bl Oles By o e e s )
dim L LS pbte 4 Olejon Canlbog 51 0T laiy SbB ;s heapqg L 0T sl

el el y5 Wiy
L (function-based & 5o 45) heapq I Jil 5 oo 555 LS wlwl o Ls

A8 esliinl 5 = claasl 5 s (class-based & 50 45) queue.PriorityQueue
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from queue import PriorityQueue

g = PriorityQueue()

—

(2, 'code'))
(1, 'eat'))
(3, 'sleep'))

—

g.put
g.put
g.put

—

while not g.empty():
next_item = qg.get()
print(next_item)

# Result:

# (1, 'eat')
# (2, 'code')
# (3, 'sleep')
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my_items = ['a', 'b', 'c']
i=20
while i < (my_items):
(my_items[i])
i+=1
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>>> ( (my_items))
(0, 3)

>>> ( (0, 3))

[0, 1, 2]

5 eslial Co e Sl p ol i (ool tj&range Sledd feol- (gazes
Ol Cod &5 pslisrange Lol 28 gdisl> glas Jlkil s list sl range
LS o I8 0k pd ST e B K ) geo 0 g 9 LS 0,53 A T O g

for i in ( (my_items)):
(my_items[i])

glen)rangej\o;@\d|ﬁ.w>%o\j§@rﬁjl{b\lgfub
5 1YL ST L sy ol pl s lie 0 5 il ESG leml  shis
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for item in my_items:
(item)

S ) shiles Dl Osml 3 il K bl ¢l sy (p 5 elin VU US4kl
¢L§sw,ol};@¢¢~_@¢§iwu@Q}:oyg&bd\,;,\?{@h&m
35 g0 polie &S AL iy a5 e 01 el sley S 535 2 5e 0Lk

8,8 el b 3y ge il 3 Ll 1348 5 5 Oles 4 Ced s
L bl bl 5 S 53 55250 paie 8 il 4 5 Lo sl 5 53 s

.V.:&\{u&\sw}znsﬁymx\gm}\j@YlfSM



VI ED (yeul 5o brails :puinds Juad
ekl 4S5 S slow | o nadl> o\jsu_»v.alen)range Sheslamal oy Ol 4o
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>>> for i, item in enumerate(my_items):
print(f'{i}: {item}"')

N,
0O T o

5 olie ag a5 55 0l o0 Vb AT dalad )3 (S s otalin 7 il
23 5 LALS (555 ol (o0 Ok 53 et el 42313 (g 2> DT g
el bl il S5 0T (61 5 03l plail haley 55 (6 21505 55 3 5
>>> emails = {
'Bob': 'bob@example.com',

'Alice': 'alice@example.com',

}

>>> for name, email in emails.items():
print(f'{name} —> {email}"')

'Bob —> bob@example.com'
'Alice —> alice@example.com'

o il )3 ;K05 gn p g G 3 sm 55 bl Y 2 ol sl s
ail 08 (o3Il 5 03,8 sl ail K B LBl 4ils A Led s oS oo
3y 5 alsle il & sad (gl S S e OT s dal w51, (Step size)

S

for (int 1 =a; 1i<n; i+=5) {
0 nac
}
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for i in (start, stop, step):
# ...

Qel 1o bdil> b Hl5 G Ho Guuls OlS 1-1-1
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>>> squares = [x * X for x in (10)]

el QG el o Gokas Olis Cad oy

>>> squares
[0, 1, 4, 9, 16, 25, 36, 49, 64, 81]
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>>> squares = []
>>> for x in range(10):
squares.append(x * X)

L ooy 99 ol Gamlin g o3l o)y » &S5 b ool o3los Hlas 55 A5 ankad -
o S S i o o S sl il 4 ol e SIS
oS oo 25 e 4 Ll atie Sodel & Gb S K sl sk
values = [expression for item in collection]
Dgh b g 55 ) dS ankd Wilen for gail> ¢S o 4 Ll 5 0 YU s

values = []
for item in collection:
values.append(expression)
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>>> even_squares = [x *x x for x in range(10)
if x % 2 == 0]
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>>> even_squares
[0, 4, 16, 36, 64]
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even_squares = []
for x in range(10):
if x % 2 == 0:
even_squares.append(x * X)

Lol s ST (oo B &S5 Ol g5 oo o oS ambad ol (6l ¢ 8 - Sl
U o Lol odels 4 b 55 b o Olsie b ide &5 Sl ol 3 S Soglis ol
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values = [expression
for item in collection
if condition]

values = []
for item in collection:

if condition:
values.append(expression)
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>>> { x x x for x in (-9, 10) }
([64, 1, 36, @0, 49, 9, 16, 81, 25, 4])
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>>> { x: x * x for x in (5) }
{0: @0, 1: 1, 2: 4, 3: 9, 4: 16}
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.C| [start:stop:step]

>>> 1st = [1, 2, 3, 4, 5]
>>> st

[1I 2’ 3’ 4' 5]

# lst[start:end:step]

>>> 1st[1:3:1]
[2, 3]
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>>> 1st[1:3]
[2, 3]
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>>> lst[::2]
[1, 3, 5]
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>>> numbers[::-1]
[5, 4, 3, 2, 1]
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>>> 1st = [1, 2, 3, 4, 5]

>>> del Ust[:]
>>> st
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>>> original_lst = 1lst
>>> 1st[:] = [7, 8, 9]
>>> 1st

[7, 8, 9]

>>> original_lst

[7, 8, 9]

>>> original_1lst is lst
True
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>>> copied_lst = 1lst[:]

>>> copied_1lst

[7, 8, 9]

>>> copied_lst is lst
False
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numbers = [1, 2, 3]
for n in numbers:

(n)
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repeater = Repeater('Hello"')
for item in repeater:
print(item)
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class Repeater:

def __init__ (self, value):
self.value = value

def __iter___(self):
return RepeaterIterator(self)
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class RepeaterIterator:

def __init__ (self, source):
self.source = source

def __next___(self):
return self.source.value
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>>> repeater = Repeater('Hello')
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>>> for item in repeater:
(item)
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repeater = Repeater('Hello")
iterator = repeater.__iter_ ()
while True:
item = iterator.__next_ ()
(item)
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>>> repeater = Repeater('Hello')

>>> jterator = (repeater)
>>> (iterator)

'Hello'

>>> (iterator)

'Hello'

>>> (iterator)

'Hello'
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class Repeater:

def __init__ (self, value):
self.value = value

def __iter__(self):
return self

def __next___(self):
return self.value

Shais 0L yaiterator |5 5l Ul § s Oliamen Repeater S !
LS

>>> repeater = Repeater('Hello')

>>> for item in repeater:
print(item)

Hello

Hello

Hello
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for n in numbers:
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>>> my_list = [1, 2, 3]

>>> jterator = iter(my_list)
>>> next(iterator)

1

>>> next(iterator)

2

>>> next(iterator)

3
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>>> next(iterator)
StopIteration
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>>> next(iterator)

StopIteration

>>> next(iterator)
StopIteration
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class BoundedRepeater:
def __init_ (self, value, max_repeats):
self.value = value
self.max_repeats = max_repeats
self.count = 0

def __iter__(self):
return self

def __next___(self):
if self.count >= self.max_repeats:
raise StopIteration
self.count += 1
return self.value

&l 358 o Ca pde max_requests jzel )L U LI, S5 Slass YU WS s
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>>> repeater = BoundedRepeater('Hello', 3)
>>> for item in repeater:
print(item)

Hello

Hello
Hello

a:Lﬁ.o,:il.;).snextjiter@j)ac\j:jwhile abL&wH.:bYL:JSM‘ﬁf‘

repeater = BoundedRepeater('Hello', 3)
iterator = iter(repeater)
while True:

try:

item = next(iterator)
except StoplIteration:
break
print(item)
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class Repeater:

def __init__ (self, value):
self.value = value

def __iter_ (self):
return self

def __next__ (self):
return self.value
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Sedale 5Oy se 4 generator i oslasl
def repeater(value):

while True:
yield value
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>>> for x in repeater('Hi'):
print(x)

IHiI

IHiI

IHiI

IHiI

IHiI
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>>> repeater('Hey')
<generator object repeater at 0x107bcdbf8>
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>>> generator_obj = repeater('Hey")
>>> next(generator_obj)
IHeyl
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def repeater(value):
while True:
yield value
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>>> iterator = repeater('Hi')

>>> (iterator)
IHiI
>>> (iterator)
IHiI
>>> (iterator)
IHiI
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def repeat_three_times(value):
yield value
yield value
yield value

yield 31 5L aw Lg oslw jlus &y 5o 45 9 0lid oslazwl While 51 W ge ol s
oy i gy b yield 31 o108 o 1513 51 g el o o3
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>>> for x in repeat_three_times('Hey there'):
print(x)

'Hey there'

'Hey there'

'Hey there'
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>>> jterator = repeat_three_times('Hey there')
>>> next(iterator)
'Hey there'

>>> next(iterator)
'Hey there'

>>> next(iterator)
'Hey there'

>>> next(iterator)
StopIteration

>>> next(iterator)
StopIteration
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class BoundedRepeater:
def __init_ (self, value, max_repeats):
self.value = value
self.max_repeats = max_repeats
self.count = @

def __iter_ (self):
return self

def __next___(self):
if self.count >= self.max_repeats:
raise StopIteration
self.count += 1
return self.value
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def bounded_repeater(value, max_repeats):
count = 0
while True:
if count >= max_repeats:
return
count += 1
yield value
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>>> for x in bounded_repeater('Hi', 4):
(x)
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def bounded_repeater(value, max_repeats):

for i in (max_repeats):
yield value
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1 Design Pattern
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def bounded_repeater(value, max_repeats):

for i in range(max_repeats):
yield value

iterator = bounded_repeater('Hello', 3)
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>>> jterator = ('Hello' for i in range(3))
>>> for x in iterator:
print(x)
'Hello'
'Hello'
'Hello'
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>>> listcomp = ['Hello' for i in range(3)]

>>> genexpr = ('Hello' for i in range(3))
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>>> listcomp
['Hello', 'Hello', 'Hello']

>>> genexpr
<generator object <genexpr> at 0x1036c3200>
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>>> next(genexpr)
'Hello'

>>> next(genexpr)
'Hello'

>>> next(genexpr)
'Hello'

>>> next(genexpr)
StopIteration
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>>> genexpr = ('Hello' for i in range(3))

>>> list(genexpr)

['Hello', 'Hello', 'Hello']

sleig 4l s ped b Cond a1y Wae 6§ ol 4 015 0 YU O 5

S sl |5 i) Obes jl s oK s Cud 6K sl gl 548 o



osRl sasd 5 B YPP
Qcﬂgw:bdﬁjaﬂydﬁ“&ugﬁ&&ﬁlqﬁjkqﬁ\ﬁ
g ) diles o S Olg o YU S ) oS

genexpr = (expression for item in collection)
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def generator():

for item in collection:
yield expression
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>>> even_squares = (x *x x for x in range(10)
if x % 2 == 0)

aMuwdj}Ew.J}J@&u‘)ﬂU' WCJJD‘”‘(’L‘JCJAYL“O}A

LS s odds oy i 550 Slel Do g 55 Lol Mg ol b0 5o (US o

J}.&GA oalaial L&QT

>>> for x 1n even_squares:
print(x)

0 4

16

36

64
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genexpr = (expression for item in collection
if condition)
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def generator():
for item in collection:
if condition:
yield expression
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for x in ('Bom dia' for i in range(3)):
print(x)
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>>> sum((x x 2 for x in range(10)))
90

# Versus:

>>> sum(x x 2 for x in range(10))
90

1 In-line Generator Experssions
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(expr for x in xs if condl
for y in ys if cond2

for z in zs if condN)
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for x in xs:
if condl:
for y in ys:
if cond2:

for z in zs:

if condN:
yield expr

b SO Dol G Do ) ol i s s 4 50 e Sy
90355 S Hlns Ol 9 4l p sl gl o i (gasl 5 &S5 55 oS | o s 45
ol 555l 2S5,
Col g S olianl o3l 35040 (gl Jost ST Slole 516 LS v diian
g el sl ) W e 6 s 45 53 5 sadl 93 B Sl 5L ST S )3

oslitul U 5, 51 0T low 503,5 5am y Wge Ctlo gl p o &K Ojle



YEAED (sl 5o adls iedcd Juad

S sl b b gyl edoms sl ss il (6l o b sl g opl by ol
S S sk s SIS

SO Catle gl p il LS )5 ooy slads 1 16 b yls b &S S50 o

i 3035 o S S Wge 5 pkir 415 0T B Sl g S o3l o 5

A ol 18T 2t ) ol Lol T e 55 doms iy SaSs 4 Lo T

b O o budge kol pCA H3 (Guuls OIS .0-1-1

3 oy 5 S oo 15 LSS (6o L 1 6 ol e Vs - e e
S aS g o Sl s 3l OT 4 Ol o S0 0T Sl 5
.M@JW‘W).aGJL;MB-

O b g Ol g5 god ;503 0358 osliul by 55 ad go &S 51 aS oKs
S5 A g Wse 0T o)bss b ol 5L 5 Suils o s

Wse oS nloul gl Fosle iy &K clsd o ard y b &K 5 S ola e
S S gme 4 4S8 035 OLabsle b ol 5 ads 5 Shes Ll 51 e o ol ool

g gr d 5 b Do b WS

) 516 5353 &g 4 B go Lo Y-
oS o0 1, Laiterator sufkn‘ﬁw‘é\fmbwu@a\p
S Ols5 oo clo i3 Sy e 4 Ol 53 o3l iterator ol s wb 4 L

B ged bl 5 SV b 5 edoy e
U pmbsior 5l o3y (s sladdgo (25 b 1y hy cnl Il i ol )
612;¢§:Q,,p4{\,Lm,.Q,JM\g‘,wrg{s,gﬁeb‘;}j@b\fu@,

'Mfa_s'“

1 Chain
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def integers():
for i in range(1l, 9):
yield i
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>>> chain = integers()

>>> list(chain)
[1' 2’ 3’ 4' 5' 6’ 7’ 8]
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def squared(seq):

for i in seq:
yield i * i
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>>> chain = squared(integers())

>>> list(chain)

[1, 4, 9, 16, 25, 36, 49, 64]
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def negated(seq):

for 1 in seq:
yield -i
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>>> chain = negated(squared(integers()))
>>> (chain)
[-1, -4, -9, -16, -25, -36, -49, -64]
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integers = range(8)

squared (i * 1 for 1 in integers)
negated (-1 for i1 in squared)
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>>> negated

<generator object <genexpr> at 0x1098bcb48>
>>> list(negated)

[0, -1, -4, -9, -16, -25, -36, -49]
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name_for_userid = {
382: 'Alice'’,

950: 'Bob',
590: 'Dilbert',

}
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def greeting(userid):
return 'Hi %s!' % name_for_userid[userid]
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>>> greeting(382)
'Hi Alice!'

>>> greeting(33333333)
KeyError: 33333333
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def greeting(userid):
if userid in name_for_userid:
return 'Hi %s!' % name_for_userid[userid]
else:
return 'Hi there!'
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>>> greeting(382)
'Hi Alice!'

>>> greeting(33333333)
'Hi there!'
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def greeting(userid):
try:
return 'Hi %s!' % name_for_userid[userid]

except KeyError:
return 'Hi there'
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def greeting(userid):
return 'Hi %s!' % name_for_userid.get(
userid, 'there')
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>>> greeting(950)

'Hi Bob!'

>>> greeting(333333)
'"Hi there!’
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>> xs = {'a': 4, 'c': 2, 'b': 3, 'd': 1}
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>>> (xs.items())
((‘a*, 4), ('b", 3), ('c', 2), ('d', 1)]
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>>> (xs.items(), key=lambda x: x[1])
[((‘d*, 1), ('c', 2), ('b", 3), ('a', 4)]
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>>> import operator
>>> sorted(xs.items(), key=operator.itemgetter(1))
[(¢‘d*, 1), ('c', 2), ('b*, 3), ('a', 4)]
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>>> sorted(xs.items(), key=lambda x: abs(x[1]))
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>>> sorted(xs.items(),
key=1lambda x: x[1],
reverse=True)
[(‘a', 4), ('b*, 3), ('c', 2), ('d', 1)]
05l 3 A lS ol 5 51 (LB ol g o)Ll 55 5 i 5 hailes
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wi gif.elif.else &y au bya SV b Slhle b il 5L Sl (Sae DBl
(iS55 Sloslinul L aS o b LaT 55, L asls daad idw ool 5o euosd
el ol a1 switch/case & le
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>>> if cond == 'cond_a':
handle_a()
elif cond == 'cond _b':
handle_b()

else:
handle_default()
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1 first-class functions
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>>> def myfunc(a, b):
return a + b

>>> funcs = [myfunc]
>>> funcs[0]
<function myfunc at 0x107012230>

o3 il 55 b 4 0l 8T Ol gte 415 (6 p3lio asls!

>>> funcs[0](2, 3)
5
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>>> func_dict = {
'cond_a': handle_a,
'cond_b': handle_b
}
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>>> cond = 'cond_a'
>>> func_dict[cond] ()
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>>> func_dict.get(cond, handle_default) ()
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ol 0k (5,8 s> s KeyError glbst I cuoean
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>>> def dispatch_if(operator, x, y):

if operator == 'add':
return x + vy

elif operator == 'sub':
return x -y

elif operator == 'mul':
return x x y

elif operator == 'div':

return x /vy
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>>> dispatch_if('mul', 2, 8)

16

>>> dispatch_if('unknown', 2, 8)
None

5550 w5l ST Ol 4 unknown 1aS” glej dudl wils e 5
oo a0l a8 L b g sl hlai b NONE lulie (oS oo 03lizel
w9 o return None & H)le @": c.w sl ys el
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>>> def dispatch_dict(operator, x, y):

return {
'add': lambda: x + vy,
‘sub': lambda: x - vy,
'mul': lambda: x * vy,
'div': lambda: x / vy,

}.get(operator, lambda: None)()
Ails 8 bealy s Olen ids 5035 Jar J3 Al dilen o

>>> dispatch_dict('mul', 2, 8)

16

>>> dispatch_dict('unknown', 2, 8)
None
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>>> {True: 'yes', 1: 'no', 1.0: 'maybe'}
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>>> {True: 'yes', 1: 'no', 1.0: 'maybe'}
{True: 'maybe'}
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>>> xs = dict()

>>> xs[True] = 'yes'
>>> xs[1] = 'no’
>>> xs[1.0] = 'maybe’
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>>> True == 1 == 1.0
True
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>>> ['no', 'yes'][True]
Iyesl
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>>> {True: 'yes', 1: 'no', 1.0: 'maybe'}
{True: 'maybe'}
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>>> ys = {1.0: 'no'}
>>> ys[True] = 'yes'
>>> yS

{1.0: 'yes'}
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1 hash table data structure
2 buckets
3 hash collision
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class AlwaysEquals:
def __eq__(self, other):
return True

def __hash__(self):
return id(self)

35 im0 F ey Le sl 1, True Hldis aiuan WS ol 53 eq e
Bsd gm0l Sl b 4 True jlaie o 555 s b ,a b WIS ol i lin &y 5o

>>> AlwaysEquals() == AlwaysEquals()

True

>>> AlwaysEquals() == 42

True

>>> AlwaysEquals() == 'waaat?'
True

Sleslital Uiy s b a juesis Jia ¢SS AlwaysEquals oS 51 4 ses o piomes
Al S o plowid a6
>>> objects = [AlwaysEquals(),
AlwaysEquals(),
AlwaysEquals()]
>>> [hash(obj) for obj in objects]
[4574298968, 4574287912, 4574287072]
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el 33 4 poein dicasd
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>>> {AlwaysEquals(): 'yes', AlwaysEquals(): 'no'}

{ <AlwaysEquals object at 0x110a3c588>: 'yes',
<AlwaysEquals object at 0x110a3cf98>: 'no' }

QTJ'H))LA_E.«&_iu@jm_n:mxb_hash_ulsﬁjbwdb
Loy ;S oS (05 1 S S 550 0 g pbh LT i 6 0l 8

=
class SameHash:

def __hash__(self):
return 1

W )y SIS L SameHash IS (sladi goi 4 oS oo sutalie aalsl 3

Al & o pboa Sha ldie Olsie a1y Sldie ¢S5 0T 35 o Ll

>>> a = SameHash()
>>> b = SameHash()
>>> a == b

False

>>> hash(a), hash(b)
(1, 1)

ol o3lial (6 2805 & oS Ol e 4 ST al sladi e 51 ST L

?ﬂ>J*U5'CgLéU5‘¢:
>>> {a: 'a', b: 'b'}
{ <SameHash instance at 0x7f7159020cb0>: ‘'a’,
<SameHash instance at 0x7f7159020cf8>: 'b' }

Lot and 5 SIS (9, IS 55 VL Jle 3 (S oo otalive &S shailan



YV E W6 iy b )15 (gl (2o 5 1psin uaid

U S ot lie oS by b tin slie 50387 oy 1) 6l Iag 2280

onT iy par 0 B ol s b sy S LS 93 o8 dins pasets
(212 peledeagd b b B i

o buas{True: ‘ves’, 1: “no”, 1.0: “maybe”} ¢ iS5 IS 55 b 4

Loaw ;8,0 ) True gladdS «51 > .45 dal = {True: “maybe”} s ,28s

A SLSS i Sldie glls se5 ol KuS

>>> True == 1 == 1.0

True

>>> (True), (1), (1.0))
(1, 1, 1)
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>>> {True: 'yes', 1: 'no', 1.0: 'maybe'}
{True: 'maybe'}
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>>> xs = {'a': 1, 'b': 2}
>>>ys = {'b': 3, 'c': 4}

93 p3lie 5 UIS plas 48 0l 25 U L (s 20505 &K b ol sl Ul
2 S a5 e YU Jle ST 8L @ls 55 0T 09,55 5 X5 (5 480
S8 ol b 1 3525 (65505 55 8 03 S Ulsie 4 b gand) 5 dal
.rﬁucéjdojsg)gl)df:&;j;);‘oﬁ&adwgw\
e Sl eslitel Ol 53 2s S i plel Sl p p g e SR ST SN

el (6 2SS 43 3 5> 4e Update

1 conflict



vy 4 b pisso b U ol @Laa..x.s,a T WY

>>> zs = {}
>>> zs.update(xs)
>>> zs.update(ys)
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def update(dictl, dict2):

for key, value in dict2.items():
dictl[key] = value

DSy dals i ele Julizs Jols ¢ S Culg o
>>> 7§
>>> {'c': 4, 'a': 1, 'b': 3}
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>>> zs = dict(xs, *x%kys)

>>> 7§

{'a': 1, 'c': 4, 'b': 3}
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>>> 7S = {*%*kXS, *xys}
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>>> 7S
>>> {'c': 4,

a': 1, 'b': 3}
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b3 oS LadT Ol clisd o 0305 Lilas print b &7 s baosls 3 &
Wl (5 fESS5 Wesls pl g1l 51 (S !
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>>> mapping = {'a': 23, 'b': 42, 'c': OxcOffee}
>>> str(mapping)
{'b': 42, 'c': 12648430, 'a': 23}
&l aS s ls 54 str cLSj\ o:&@\&@}géﬁséhuijjdwjﬁ-
Js5be 3l eslimal cla gy cpl 51 (SS 558 o 03 5 HISG (6,288 &S5 Sl iales
Flos Gose w1, g 2K Ol 5 e json.dumps ¢SS L.l 5zl s json
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>>> import json

>>> json.dumps(mapping, indent=4, sort_keys=True)

{

"a'": 23,
"p": 42,
"c": 12648430

}
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dict, list, tuple, str, int, float, bool, None

gl 3 S ol ST S Ol 1 (6,180 O dal gy oS o808
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>>> json.dumps({all: 'yup'})
TypeError: '"keys must be a string"

'ﬁJP@ﬁwQ4rﬁu oslannl soset (gesls & )'\456?)}& 2 pomed
>>> mapping['d'] = {1, 2, 3}

>>> json.dumps(mapping)
TypeError: "set([1, 2, 3]) is not JSON serializable"
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>>> import pprint

>>> pprint.pprint(mapping)

{'a': 23, 'b': 42, 'c': 12648430, 'd': set([1, 2,
31)}
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>>> import datetime
>>> dir(datetime)
['"MAXYEAR', 'MINYEAR', '__builtins__', '__cached__',

_doc__"', '__file__', '__loader__', '__name__"',

'__package__', '__spec__', '_divide_and_round',
'date', 'datetime', 'datetime_CAPI', 'time',
'"timedelta', 'timezone', 'tzinfo']
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>>> dir(datetime.date)
['_add__"', '__class__"', ..., 'day', 'fromordinal',
'isocalendar', 'isoformat', 'isoweekday', 'max',
'min', 'month', 'replace', 'resolution', 'strftime',
"timetuple', 'today', 'toordinal', 'weekday', 'year']
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>>> [_ for _ in dir(datetime) if 'date' in _.lower()]
['date', 'datetime', 'datetime_CAPI']
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>>> (datetime)
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Help on module datetime:

NAME
datetime - Fast implementation of the datetime

type.
CLASSES

builtins.object
date
datetime
time
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>>> (datetime.date)
>>> (datetime.date.fromtimestamp)
>>> ( )
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$ which pip3
/usr/local/bin/pip3

5)5'60):')%”«-‘0“)3‘)3_9"'&43)};‘@Ubﬁdb%é‘yﬁ‘)b

38 oo o3litul 3 gmws Slvirtualenv ¢ Cstle gl b il
$ python3 -m venv ./venv
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$ 1s venv/
bin include lib pyvenv.cfg
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$ which pip3
/usr/local/bin/pip3
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$ source ./venv/bin/activate
(venv) $

1 Package Manager
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(venv) $ which pip3

/Users/dan/my—-project/venv/bin/pip3
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(venv) $ which python
/Users/dan/my—-project/venv/bin/python
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(venv) $ pip list
pip (9.0.1)
setuptools (28.8.0)

pip install  giws 5l ol 5 oo virtualeny Lsws )3 i &G i ) shie 4

V"SG" i | yschedule el L Sl 5 IS anks 43 V“S osliz| <package>

(venv) $ pip install schedule
Collecting schedule

Downloading schedule-0.4.2-py2.py3—-none-any.whl
Installing collected packages: schedule
Successfully installed schedule-0.4.2
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(venv) $ pip list
pip (9.0.1)
schedule (0.4.2)
setuptools (28.8.0)

A 2l oSl (Y L b (LB) Sml h eSS Sl ol s S
Jatgudn_‘us):sﬁyoﬂlﬁdm)'hm_fo;u:_wlpython )jlwa)"éji.;}
s on 03kl OT (g 5 ol ol (gladius 5 (5 jloes
rL;LfL;U;M; @ctivate  gws diles TU C,Ls-.b_:m&il)\ Oly o :u'}ig- Laf
23 gl VenV L 1ol e OT &l 1L aS 515 3 4> 5 ;5 deactivate
(venv) $ deactivate

$ which pip3
/usr/local/bin
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(venv) $ pip freeze > requirements.txt
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def greet(name):
return 'Hello, ' + name + '!'

>>> greet('Guido"')
'Hello, Guido!'
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>>> greet.__code__.co_code

\X01 | \X00\x17\x00d\x02\x17\x005\x00
>>> greet.__code__.co_consts
(None, 'Hello, ', 'I!'")
>>> greet.__code__.co_varnames
("name',)
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1 Virtual Machine Instructions
2 Constants
3 Variables
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>>> import dis
>>> dis.dis(greet)

2 ® LOAD_CONST 1 ('Hello, ")
2 LOAD_FAST 0 (name)
4 BINARY_ADD
6 LOAD_CONST 2 (")

8 BINARY_ADD
10 RETURN_VALUE
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