Ooo0ooooodd HOWTO

oooo 3.6.10

Guido van Rossum
and the Python development team

120 24,2019

Python Software Foundation
Email: docs@python.org




O

1.1
1.2
1.3
1.4

2.1

4.1

6.1
6.2
6.3
6.4
6.5

7.1

o100
10.1
10.2
10.3

goog

N
OOO0000 ... e
N
OO0 .. e

00000 (iterator)

I 0

gbobgboobooobooog

000000 (generator)

goooboooboogn .o o oo oo

000000 (built-in function)

itertools 1 O OO0

I
I
N
OOO000 ... e
I

functools 0 0 0 O O

operator DT OO oo oo oo oo oo s s

gboboboobod

gooooao

good

OO0 e e
Python OO OO .. ..o oo oo e
Python OO . . . .. .. . o

10

12
13

15

17
17
18
18
19
20

22
23

24

26

00 A.M. Kuchling

oooo 032

oboooooooooobooobOoobOooboobooboooD pythonOO0O0OO0OOOOOOOO
oboooboob0obooboobDobobboooobo0obOo0ooOnn iterator O generator DO OO DO OO



0000oo0oOooo HOWTO, OO OO 3.6.10

00000 itertools U functoolsOUOOOUODOOO0OOODOOOO0O0OOODOOOCOODOODOOOO




010 0Ooo0nd

obboooooooboooobobooobooooboooOspython0 00000000 OOODOOOODOOO
gobo oogoo (rerator) DOOO0OO0O0OO0OO

gbooooboboooooboooobobooooboobooooobobooobobooobooobon
goooo:
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ooooooboono MLOO (Standard ML, OCaml O 0) 00 Haskell DO 0O OO0

gbooooboboooooboooobobooooboboooooboooobobooobooobon
uboboooooooboboboooobOoboboooooooboOobOobooooLisp, C++, Python O
gboooooooooooboooo;oobboboooobboooooooobooobooobboobobooon
oboooooobobobooobooobooboooooboooooobobooobogooDoboboooDoDboo
gboobooooboobooboooobooboooboobooobooboooobseuIbobooobooooan
obobooobooboooobobooooobobooooboooo

goboobooboobobbobboboboboobooboooboboobobooboobooboo
gboooooobobobooooobooboboooooboobobooobooboobooooobOooboon
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b gboooboboboboboboboaoboobobooooboboobobooobobooboaoboooa
gobooboboobooobooboobooboobooobobbobboboobooo

gboooboooboooboobooobooooooboobodn a=30c¢c =a + b0O00O0OOOOOO
ggbgoboboaoboobuoobuoobobbobbooboobooboobooobobbaoboa
O00000o0b00o0DO0odg PythonODODOODODOOD print () O time.sleep() OOOOOOO
gbobooobooobooboooooobs;bobooboboooo0ooboooboo1ooboooobooOooobooon
gbooooooboooon
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obooooboboog pyhonOO0O0OO0O0OO0OODOOOVOOOODOOOOODOOOOODOOOOODOOO
gbobobooooooooooobobgoobobobobobobobobooooobobobobogo
gbooooboobooooboobooboooboobobooooobobooooboooboooboooboooboon
obooooooon

gobooboobooboobobbobobobboobooboobooboobooobobooboo
gboooooboobooooboobooooboobobooooobobooobooboobooooooobooon
gboooooobobooobooboboooboobboooooboobooooooboobooooobooobon
obooboooobooboooboobooooboobooboooooboOpPythond O OOOOOOODOOO
gogbgoobooboobooooooobooboobooboo@Wooobboboboooobooon)
gbooooboobooboboooobobooobobooogo

obooooboobooooobooooboobooooboobooooobobooobooboooooon
gobobooboobooobooboobooboobooboboboobobooboobooboooDg:

- DOOOO0OO0ODOO
 DOOO0OOO0
s OO0OO

- DO00OO00OO0ODOO0OO0O0O0O

11 00000000

ggbgoboboaobooboobuoobobbobboobooboobooboooboobbaoboa
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gbooooboboooooboooobobooooboboooooboooobooboooboooboon
obooooboobobooobooboobooobooboooooobooboooobooboobooooooboon
goooooooooooooooobooobooooboogboboobboobooo;obobobobboboobooo
gboobooboooboobobooooboooobooboooooboooon

oboooooobooooboooooobooob boboooboboooobooobooobooooboooooooon
gboooooooooooooooooooooooboooooooooooobboobbooboob bogoo
XO0yoOooooooo oboooooboooXx oy oooooooooooooooooooooo
gboooooobobooooboboooobooboooobooboobooooobooboooooobon
ooo

goboooooooooboooboooobogooboooobooboobobbooDooboooOo;,oooo
gboooobobooooobooooboobooooboboooooboooobooboooboooboan
obooo

obooobooobooooboooobobooboooobooooooppython0oDooooooooOoO
gboobobooboobooboooobooboobooboooooooboobo;o0oboboobooon
ubobooooooooooobooboooooooobooboboooboooonog (pythonOODOOO
goxMLOgoOooooboooobo)booobooboooobooobooooboobbooboboobooboooo
goooooooboboboboboobooooobobobobobooooobo,oobobobo
gboooooboooooboooobobooboobooboobOOoboooobon
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1.2 000000

oboooobooboooooboooobooboooooboobooooobobooobooboooooon
gooooboooooooobooooobooobbobooooboooobooboboooooboobobOoo
gboooooboobobooboobobooobooboobobooooooboooooboobooooobooboon
gbooboooooboooon
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ggbogobogbobooboobooboobodaa

gbooooobooboooobooboooobooboobooooobobooooboooboooooboooboon
gbobobooooooboooooobooboboboboooboooooooooooooboOobobon
obobooooobooooobooooobooboboooboobooooobobooooobobooog

oboooooobobooooboooboboboooooboboooooboobooobogooDoboboooDoDboo
gbobooooooboooboooooboobobooooboooboobooobooooboobobo;ooboOoon
oboboooobooooooobooooboobbobooobooboooogoo
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ggbgoboboaobooboobuoobobbobboobooboobooboooboobbaoboa
gogbooboooboobooboobooobooobobooooobbobbooboobooboo
uboboboboooboooooooobobooooobooboobOobobobooooo XMLOODOOO
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020 0O0O000 (iterator)

oboooobooboobooooobobobooboooobon pyhonODO0O0OO0OO0O0OOOOOO:0OO
gooooo

gboooooooooooobooboobooooo;b0boboooobobobooooboobooooon
ob0o0oo0b0 PythonOODOOOO0OO0 _next__ () OOO0OO0O0OOO0OCODOOOOCODOOOOOOOOOOO
gboooob0o0oob0ooboob0obbo0bD0obb0o0D0bO0d cnext__() OO0 StopIteration
gbooooobooooooboooooooooooboooboobooboobs;booboOobobooobooaon
gbooooboboooooboooobobooogooo

uboood iter() D0booooboooooobobobobooboboboboboooobaona
Uooo0ooooooobob O0b00o0oO00O0oDODOD TypeError 0 O0O000OOPython O ODOO
gbbooboooobooboooobooboooobooooooobooobooboooboooan
oob0o0o0obOobOobObO oobogboOdbD terable000O00O0O0O0O0OOOO

gogbgooboooboboobooboobooboon:

>>> L = [1, 2, 3]

>>> it = iter (L)

>>> it

<...lterator object at ...>

>>> it._ next_ () # same as next (it)

1

>>> next (it)

2

>>> next (it)

3

>>> next (it)

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

StopIteration

>>>

Python OO OODOOOOODOOO0OOCODOOO0ODOOOCOODOOO0OOO0OOOODOO0O0 forOOOO for X
in YOOOOOYOODOOOOOOOOOODOD iter() D0O0O0O0OO0OO0ODOOODOOOODOOODOOOO
gboboobooboooooobooooooboon:

for i in iter (obj):
print (1)

for i in obj:
print (1)

000000 1ist () O tuple() DOOOOOOOOOOODOOOOOOOODOOOOODOOOOOO
gboooog:
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>>> L = [1, 2, 3]

>>> iterator = iter (L)
>>> t = tuple(iterator)
>>> t

(1, 2, 3)

gdgbogboobgobooboobooboobo:.-boobooNOooboooooooaoooao
gobobobobooN-Ooboobooboobooboon:

>>> L = [1, 2, 3]

>>> iterator = iter (L)
>>> a, b, ¢ = iterator
>>> a, b, c

(1, 2, 3)

gbbdbdlbOmax () Omin() UOOOOO0OO0OOOOOO0OOOOOOOOOOOOOOOOO0OO
gobobooog "in" 0O "not in"0D0OOO0DOO0D0DOO0ODL0DOOO: X in iterator 00
gbbooboooobooboobo Xobooooobooboooooboooooooboobooooo
Ub00000O0;max(),min() OO0O0O0000O0O0O0O0O0O0O0 OO0 XOOOOOoOoOooooooao
"in", "not in"0OU0O0OO0O0OO0O0OOO0OOO

gboooooboooboobooooooooobooboobsboobooboboooboooOobooboaoon
uboboooobobooobooboooooobOooboooooboobooobooooboOoboooooooboon
b0 ob0o0ooob0obboO0obO0bboODO cnext__() OOO0OO0OODODOOODOODOOOODOO
ooooooooboooooobooboooobo bobobooboobooobooooobooobooooo
gboobooooboboooboobooooobooboooooaon

21 000000000O00DO0O

uboooooboooobOooboobo0ooboobbooooo0oboOoobOOo0o0ob0g PythonOOOO
gboboooboboooooboboooboboooobobobooooboooooDo

gbobod iter(y0b0oO0O0ObDOO0OOODOODOOOODOODOOOOODOO:

>> m = {'Jan': 1, 'Feb': 2, 'Mar': 3, 'Apr': 4, 'May': 5, 'Jun': 6,
. '‘Jul': 7, 'Aug': 8, 'Sep': 9, 'Oct': 10, 'Nov': 11, 'Dec': 12}
>>> for key in m:

S print (key, mlkey])

Mar
Feb
Aug
Sep
Apr
Jun
Jul
Jan
May
Nov 11
Dec 12
Oct 10

= J o > 0w oo DN W

(€]

gbooooboboooooboooobobooooboobooooobooooboboooboobon
gbooooogooo

8 020 0O0O0aoO (iterator)
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gl iter() Ubdbouooobuoobodgboboooobobuooboboobaobobaooa
gbooboooobboobooboobobooboobobobOodddvalues(),items () DOOOOO
gboooobooooboobooon

OO0 diet () UOOODOOODOOOODO (key, value) DOOOOODOOODOOODOOOOOOOOO
goboooooon:

>>> L = [('Italy', 'Rome'), ('France', 'Paris'), ('US', 'Washington DC") ]
>>> dict (iter (L))
{'Italy': 'Rome', 'US': '"Washington DC', 'France': 'Paris'}

U0000000b000 readline () DOOO0OOOOOOOODOOOODOOODOOOOOOOOODOO
oboboooooboooooboboooooboboooboooboon:

for line in file:
# do something for each line

goboobobooboobooboobooboooooboboobbooboobooong:

s = {2, 3, 5, 7, 11, 13}
for i in S:
print (i)
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30 Uobooodouoooodod

gbobooooboobooooobobooooob 200muoboocobOOobOoooobOoboooboOoono @
gbooooooboboooobooboboboobooobooooooboboooboooDoboboboobDoDboo
gboooobobooooobooooboboooobooboooooboooobobooobooobon
oon

UboboobOoboobooooo@OobOlstcomp O0genexpl) 0 O00OODOODOODOOOODOOO
000000000000 00000000 Haskell (https://www.haskell.org/) DO 0ODOO0O000O0DODO
gboooobobooooobooooboboooobooboooboobooog:

line_list = [' 1line 1\n', 'line 2 \n', ...]

# Generator expression —-—- returns iterator
stripped_iter = (line.strip() for line in line_list)

# List comprehension —-- returns list
stripped_list = [line.strip() for line in line_list]

obooooooboooogoob »ift"0oobooooooooboon:

stripped_list = [line.strip() for line in line_list
if line != ""]

00000000000 PythonOODODDOOOOOD; stripped-1ist0000000O0O0DO0ODOOO
obooooboobooooobooooboobooooboboooooboooobooboooooboon
obooogooboooooooboooobobooooboboboooobooooboboboboobooobon
goooooooooooboooboobooobboobboboogooooobDooboDooDbooDbooDo
gbooooboboooooboooobobooooboooo

oboooobooooooo»yroocobooboooooooooboo roooboboooboooboooon
gogobooobgoob:

( expression for expr in sequencel
if conditionl
for expr2 in sequence?2
if condition2
for expr3 in sequence3 ...
if condition3
for exprN in sequenceN
if conditionN )

gboooooooboooooboboooo(@oobooboo)yoboboboooooo

00000000 expression0 00000000000 OOOODOOOOO if00000000O0O0
00000;000 conditionO0O0O0ODODODO expression0000000O0O0O0O0OOODODOO

10
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ggbgobaoboaboabuoobouoobobobobooboaobuoobooboooobboaoboa
gogbooobgooboobobboobooobooboobooobon:

obj_total = sum(obj.count for obj in list_all_objects())

for...in0 00000000000 DODOODOODOOODOOODODOOOOOOODOOODODOOO
0000000000000 O0DOO00O0 0000000000 bO000OO0DO00O00bOoOOoDoOoOooOooDa
O000000O0 sequencel UOUODOOODOODOOODOO sequence2000000O0O0OOOOODOO
sequencel 0 sequence2 00000000 ODOMO sequence3 00 00OOOOONO

goo0bDo0o0oooo0oO0oooOo0o0ooDOo0oooooo0o0 pythonODOOODOOOOODOOO:

for exprl in sequencel:
if not (conditionl):
continue # Skip this element
for expr2 in sequence2:
if not (condition2):
continue # Skip this element

for exprN in sequenceN:
if not (conditionN) :
continue # Skip this element

# Output the value of
# the expression.

gboooon fer...in000000 if00000000OO0O0ODOO0ODOOODOOOOODOOOOOO
oboooobooboooo3boooboobooooobooooboobonuonn:

>>> seql = 'abc'
>>> seq2 = (1, 2, 3)
>>> [(x, y) for x in seql for y in seqg2]
((ta', 1), ('a'y 2), ('a', 3),
('b', 1), ('b', 2), ('b', 3),
('‘e¢', 1), ('c', 2), ('c', 3)]

Python OO DODOOODOODOOOOODOODO expression0000O00OO0O0ODOODOOOOODOO
gboooobooboooboobooooboboooobobooobooboooobon:

# Syntax error

[x, v for x in seqgl for y in seqg2]

# Correct

[(x, y) for x in seqgl for y in seqg2?]

11




(140 000000 (generator)

obooooooboboooboobobooobooboboooooboOobooooooboobooooooboon
gbobooooobooooobobooooboboboobooboooo

Python0 COODOOO0O0O0DOOOOOO0ODOODOOOOOOODOOOOOOOOODOOODODO
oboobOooOoobooobooboboOoobbo0oonoOonD retcuvrnd00o0oOoooOoOoOOoOoOOO
gboooooobobobooobooboboobooooboooobooboboobooDoDoboobooobooDboo
gbooooboobobooobooboobooooboobooooobooboooobooboooooboooboon
gbobooooboooobobobooooooobooboboboboooooooboOoboboooooboOon
obooboooooboooogo;ooobobooobooboooboooboobooooobooboooooonon

gogboobobobooboobooboobooog:

>>> def generate_ints (N):
for i in range (N):
yield i

yvieldOOOOOOOOOOOOODOOOODOOOOOODO;PythonO bytecode OOODOOODOOOOMO
gbooooooboooooboboooobooboon

gboboobooboooobooooobooooboobooooboboOoooob booobooboooaon
Uboobooobo0ooooon yieldOODOOODODOO OOOODOOO return00ogooogo i0
00000000 yvieldD return000000000O0 yvieldOOOOODOODOOOODOOODOOOO
obooooboobobobogbooboooboobooboooobD bobDoboobODg cmext__() ODOO
gbooooboooooobooon

00 generate_ints () DO00O0O0DO0O0OOOOOOOOOO:

>>> gen = generate_ints (3)

>>> gen

<generator object generate_ints at ...>
>>> next (gen)

0

>>> next (gen)

1

>>> next (gen)

2

>>> next (gen)

Traceback (most recent call last):

File "stdin", line 1, in <module>
File "stdin", line 2, in generate_ints
StopIteration

000 for i in generate_ints(5) O a, b, ¢ = generate_ints(3) UOOOOOOOOO
ooad

gobo0o0b0DbODO00D000O0CUOreturn value 0O _next__() 0000 DODOODODOOAO

12
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StopIteration(value) DUDOUOLOOUOOO0ODOUDOOOOOOUOOODOOOOOOOOOOO
gobooboboobooboobooboobobbooboooo

gbooooboboooooboooobobooooboboooooboooobooboooooboon
oboboooobooooooooobOoboboobOo0ob0o0o0oooboo0o0nb00n0d self.countd 00O
U0 _next__ () UOD0O0OO self.count 00000000000 OOOOOOOODOOOOODOOOO
gbooooboboooooboooobobooooboobooooobooooboOoboooboooboon
gboooog

Python DO DO ODOO0OOO0O0O0O0O0O0O0ODODODODO Lib/test/test_generators.py 00D OD0OD0OODOODOO
ooo0bDo0o0oooooOoO0o00o0oOb0o0bDD Gr-orden) DO00O00D0OOO0OO0DOOOODODOD

# A recursive generator that generates Tree leaves in in-order.
def inorder(t):
if t:
for x in inorder (t.left):
yield x

yield t.label

for x in inorder(t.right):
yield x

0000 test_generators.py OOON-QueensO0 (Nx NOOOOOOOOOOODOOOOOOO
000000 NOODOODODOODO)ODODOODOOO (Nx NOODOODOODoOoooooooao
oooooo)yoDooooooooooooo

41 0 00O0O0OO0ODOOO

Python24 000000000 0D0O0OO0OOOOOOOOOOOODOODOOOOOOOODOODODO
gboboooboooobooobooooboooooboooboobooooboooooooobooooOooobooooboooonon
obooooooboboooobooboboooooobobooooboOobooooooboOoboooooooboon
oboooooboooooboobooobobooooboooboooboobooooboboboobDOobooon

Python25000000000000000D000C00O000O0D0O yieldODODODOOOOOODOD
gbooooboobooboooog:

val = (yield 1)

oboooooooboobo0oobonn yielddOO0OO OO OOOooOoOoOOoOO0OOOOO0OOOO
ggbooboobobobobobobbobbobboobbooboobooboobobooboaoboa
googoooooo

(PEP34200000000000000D0O0O0O0O0ODODOO yield-OODODODOOOODOODOOOOO
gbgboboboboboboboboboobooooooon val = yield 100000000 val
= (yield i) + l2000000000CODOOOOODOODOOOODOOOOO)

0000000000000 send(value) DOO0OO0OO0OOO0DODO OOOOOOOOOODOOODOOO
0000 vieldOODODOOOOOOOOOODOODO _next__() 000000000 yieldO Nonel
gooog

41, 00000O0OOOOOO 13
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obobooo1oobooooboobobooooobooboooooobooboooooboobobooooon
goobgd

def counter (maximum) :

i=20
while i < maximum:
val = (yield 1)

# If value provided, change counter
if val is not None:

i = vwval
else:

i+=1

gboooooobooooooboooa:

>>> it = counter (10)

>>> next (it)

0

>>> next (it)

1

>>> it.send(8)

8

>>> next (it)

9

>>> next (it)

Traceback (most recent call last):

File "t.py", line 15, in <module>

it.next ()

StopIteration

vieldd NoneUDOOOOODOOODOODOOODOODOODODOODOODODOOODOODODO
gbbobOoob0ooooboobO0obobo0obo0obOonn send() OOODOOODOOOOODOOODOOO
goboooooboooooboobooooon

goboobobb send()y DOOODODOOODOOODOODOO:

* throw (type, value=None, traceback=None) D00 0O0O0O0D0OO0OOO0ODOOOOOODOO
00;00000000000000DO000000000O yvieldOOOODODOODDOOOOD

e close () D0OO0O0OOODO GeneratorExit 0O OOODOOOODOOOOODOOOOOOOOO
0000000000000 D00000 GeneratorExit O StoplIterationdUOOOQOOaod
0oo0;000db00do00dbo0fdbodb00db000b00odb000db00dbd RuntimeError
000000000 cleose() DOODODODODOO GCOODOOOOOOODODOOO

GeneratorExit U0 0000000000 OO0OO0O0OO0OO0OO0OO0O0O00O0O GeneratorExit
goooooooog try: ... finaly: OOO0OOOOOOOO

goboobobooboobooboobobbobboobooboobooboooboobboboo
gboooooaoo

ubboobooooboobo booooobooboobooboobooobooobooOobooooboooboooooooan
goo@oooO)obooooooooO (retcurn0)00oooooOoOobOOOODOODOODOOO
U (vieldd)OOOOOOOOODOOOODOODOOOO

14 040 000000 (generator)




050 000000 (built-in function)

obobooobooboooooboooobooboooboobobobooboobooooDbon
Python OO ODOOOOO map () O filter() ODOODOODOOOOODOODOOOODODO:

map (£, iterA, iterB, ...)U0000O0O000O0O0OO0OO0OODOODOOO0O f(iterA[O],
iterB[0]), f(iterA[1l], iterB[1l]), f(iterA[2], iterB[2]),

>>> def upper(s):
return s.upper ()

>>> list (map (upper, ['sentence', 'fragment']))
['"SENTENCE', 'FRAGMENT']

>>> [upper(s) for s in ['sentence', 'fragment']]
['SENTENCE', 'FRAGMENT']

gboobooboooboobobooooobooogooo

filter (predicate, iter) 000000000000 O0O0O0ODOOOOOCOCOOOOOODOODOO
00000000 O0OOpredicate 00000000000 0DOOCO0OOO0ODO; filter() OOOODO
gbooooboobooooobooooogon

>>> def is_even (x):
return (x % 2) == 0

>>> list(filter (is_even, range(10)))
[OI 2! 4! 6/ 8}

gbooooboooboobooog:

>>> list (x for x in range(10) if is_even(x))
[OI 2’ 4’ 6/ 81

enumerate (iter, start=0) U000000000O00O0O0O00D0O00000@Grer0000O00OO
gboo)bobooooboooob 2000000000

>>> for item in enumerate(['subject', 'verb', 'object']):
C. print (item)

(0, 'subject')

(1, 'verb'")

(2, 'object')

enumerate () U0 O0ODO0O0OOD0OOO0OO00O0DOOO0ODOODOOOO0OOODLODOOOOODODOO:

f = open('data.txt', 'r'")

for i, line in enumerate (f):

(ooooooo)

15
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(COOO0O0OO00o00)

if line.strip() == "'":
print ('Blank line at line #%i' % 1)

sorted (iterable, key=None, reverse=False) J0UO0O0OO0OOOODOOOODOOOOOOO
000000000000 D0 keyOOO reverse0 00000 sort () DOODO0O0OOODOODOODOOO

>>> import random

>>> # Generate 8 random numbers between [0, 10000)
>>> rand_list = random.sample (range (10000), 8)

>>> rand_list

[769, 7953, 9828, 6431, 8442, 9878, 6213, 2207]
>>> sorted(rand_list)

[769, 2207, 6213, 6431, 7953, 8442, 9828, 9878]
>>> sorted(rand_list, reverse=True)

[9878, 9828, 8442, 7953, 6431, 6213, 2207, 769]

@O0oO0ODOO000DbO0O000 sortinghowto 00O 0)

O0000 any(iter) OO0 all(iter) O iterable 0O0O0OO00OO00O00O0 any() OOOOOOO
gobonD True0000 211 () O0O0OD0OO0DO0 TrueDOODOO:

>>> any ([0, 1, 01)
True
>>> any ([0, 0, 0])
False
>>> any ([1, 1, 11)
True
>>> all ([0, 1, 01)
False
>>> all ([0, O, 01)
False
>>> all([1, 1, 11)
True

zip (iterd, iterB, ...) 000000 iterable 00 1000000000000000D00C0ODOO
ooo:

zip(['a', 'b', 'c'], (1, 2, 3)) =>
(rat, 1), ('b', 2), ('c¢', 3)

zip() 00000000000 OOO0O0OOO0COOO0OOO0O00O0 list0000000000000
0000000 wple0000000000@ 00000000000 lazyevaluation@: 00 00)00
oooo)

gboooooboobobooobooboboooboobobooooboboboooboobooboooobooboon
gboboooooboooobobooooobobooooooo

zip(['a', 'B"], (1, 2, 3)) =>
(ra', 1), ('b', 2)

gboooobobooooobooooboboooobooboooooboooobobooooobon
obooooooboboooboobobooooooboobooobooboooooooboooooooon
gboboooooboooboobobooooobobooboog
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https://en.wikipedia.org/wiki/Lazy_evaluation
https://ja.wikipedia.org/wiki/%E9%81%85%E5%BB%B6%E8%A9%95%E4%BE%A1

[1 60 itertools [1[1[1][][]

itertools 00000000000 OOODOODOODOOOOOOOOODOOOOOOODOODOODOOO
gobobobgoobooboboobboobooboobooboobobboboobn

gbooooboobooboobooboooobobooooa:

 JbO0obooboobuooboobobboobobooboa

gbooboobooooboboooogon

gboooooboooooboooooooon

- JO0O0DbOO0O0DbLO0DOObOoObOoDO

61 0000000DOO0OO

itertools.count (start, step) UOO0O0OO0OO0OOOOOOOOOOOOODOOOOOOOO
oo @obooooopoooooooo(@boooo hooooooo:

itertools.count () =>

o, 1, 2, 3, 4, 5, 6, 7, 8, 9,
itertools.count (10) =>

10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
itertools.count (10, 5) =>

10, 15, 20, 25, 30, 35, 40, 45, 50, 55,

itertools.cycle(iter) DD 0O0O0D0O0O0D0OO0O0DOOO00O0OOO0O0DODOOODDOODODOOO
gboooobooboooobooboboooooon

itertools.cycle([1, 2, 3, 4, 5]) =>
1’ 2’ 3’ 4’ 5’ 1’ 2’ 3! 4’ 5’

itertools.repeat (elem, [n]) 0000000000 0000000 00000000000
gbooo

itertools.repeat ('abc') =>
abc, abc, abc, abc, abc, abc, abc, abc, abc, abc,
itertools.repeat ('abc', 5) =>

abc, abc, abc, abc, abc

itertools.chain(iterd, iterB, ...)000000000O00O0OO0O0O00O0O0OOO0OOOOOO0OO
0000000000 0000O0000 00000000000 b0o0ooO0ooO0ob00o0oOoOooOooooan

itertools.chain(['a', 'b', 'c¢']l, (1, 2, 3)) =>
a, b, ¢, 1, 2, 3

17
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itertools.islice(iter, [start], stop, I[step]) UUOOU0OO0OO0O0O0O OODOOOOOOOO
goooddi s,ep00O0ODODDODOOOO stop00000O0O0O0O0OOOOOOO0O0O0OOOOO stop-start
OO0 step000D000D0OO0OOODODOODOOODOOOOPYthonODOODOOODOOODOOODOOODOOO
00000ooooooOa start, stop, step 0000000

itertools.islice(range (10), 8) =>
o, 1, 2, 3, 4, 5, 6, 7
itertools.islice(range(10), 2, 8) =>
2, 3, 4, 5, 6, 7
itertools.islice(range(10), 2, 8, 2) =>
2, 4, 6

itertools.tee(iter, [n]) 0000000000 OO;00000000000000000000
0000000000000 0000Rr000D0O0000DOOO0O0O0D20000000000000
ubooooboobooooobooooboobooooboboooooboooobooboooooboon
ggbobobobboobbooboobouodobuoobooboobobobobbog

itertools.tee( itertools.count () ) =>
iterA, iterB

where iterA —>
0, 1, 2, 3, 4, 5, 6, 7, 8, 9,

and iterB —>
0, 1, 2, 3, 4, 5, 6, 7, 8, 9,

6.2 0000000DOODOO

00000 operator JOOODOO0OOOPython OO DOODOOCODOOOOOODOOOOOOODO
000000 operator.add(a, b) (DOOOOODO)J operator.ne(a, b) (a '= b O000)O
operator.attrgetter ('id'") (.id000O0O0OODOOOOO0OOO))YOOOOOOOOO

itertools.starmap (func, iter) U0O0O0O0O0O0OOOOOOOOOOOOOOOOOOOOOOO
000000000 funcOOODOO:

itertools.starmap (os.path. join,
[('/bin', 'python'), ('/usr', 'bin', 'java'),
('/usr', 'bin', 'perl'), ('/usr', 'bin', 'ruby')])
=>
/bin/python, /usr/bin/Jjava, /usr/bin/perl, /usr/bin/ruby

63 0000000

OD00o00oODOo0oboOonooDO (predicatey OO ODO0O00ODOOOOODOODOOODOODOOOODOO
gbooooo

itertools.filterfalse (predicate, iter) U filter () UOO0O0O0O OOODOOOOOOO
gooooon:

18 060 itertoolsC O O0OO
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itertools.filterfalse(is_even, itertools.count()) =>
i, 3, 5, 7, 9, 11, 13, 15,

itertools.takewhile (predicate, iter) D0OUOUOOO0O0OO0O0O0OO0OO0OO0O0O0OO00O0OOO0O
gobgoobooobooboobooboobooboobooo

def less_than_10(x):
return x < 10

itertools.takewhile(less_than_10, itertools.count()) =>
o, 1, 2, 3, 4, 5, 6, 7, 8, 9

itertools.takewhile (is_even, itertools.count()) =>
0

itertools.dropwhile (predicate, iter) DUOUOOO0OOUOOO0OOOO0OO0O0OOOO0DOOOO0OO0O
goboooboobooboooboboobob

itertools.dropwhile (less_than_10, itertools.count()) =>
i0, 11, 12, 13, 14, 15, 16, 17, 18, 19,

itertools.dropwhile (is_even, itertools.count()) =>
i, 2, 3, 4, 5, 6, 7, 8, 9, 10,

itertools.compress (data, selectors) 0200000000000 0000O0OODOOOOOO
00000000 selectors OO0O00O00000O00OO0 dataeD0O00O00O0OO0O0O:

itertools.compress([1l, 2, 3, 4, 5], [True, True, False, False, True]) =>
1, 2, 5

64 00000

itertools.combinations (iterable, r) OO iterable 00 r-tuple 000000000 OOOOO
goooooooooooa

itertools.combinations([1, 2, 3, 4, 51, 2) =>
(L, 2y, (1, 3), (1, 4), (1, 5),

(2, 3), (2, 4), (2, 5),
(3, 4), (3, 5),
(4, 5)
itertools.combinations([1, 2, 3, 4, 51, 3) =>

(L, 2, 3), (L, 2, 4), (1, 2, 5), (1, 3, 4), (1, 3, 5), (L, 4, 5),
(2, 3, 4), (2, 3, 5), (2, 4, 5),
(3, 4, 5)

O0d0ooooooboooon eerable 000D 0OD0OO0O0DOD0O0OOODOOOOOOOOOOOOOOO
ogo1000002,3,4,5000000000000000 itertools.permutations (iterable,
r=None) D0 0O0OOOD0OO0OO00O0O0O0OOODODODOOOOOO rO0000O0OO0DOODODOOOOOO

itertools.permutations([1, 2, 3
(L, 20, (1, 3), (1, 4), (1, 5
(2, 1), (2, 3), (2, 4), (2, 5

ooooooo)
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(3, 1), (3, 2), (3, 4), (3, 5,

(4, 1), (4, 2), (4, 3), (4, 5),

(5, 1), (5, 2), (5, 3), (5, 4)
itertools.permutations([1, 2, 3, 4, 5]) =>

(L, 2, 3, 4, 5, (1, 2, 3, 5, 4), (1, 2, 4, 3, 5),

rO00000000 i terable000000000000ODO iterable00000000000O0O00O0O0OOO

oboboobOoboobooooboobooboobOobOoboooOgidterable0 00 000ODOODODODOO
gbooooogn:

(|a|, lbl, lal)’ (|a|, lall

itertools.permutations ('aba', 3
(lbv, 'a', lal), ('a', la|, ]

ooooooo (ra', 'a', ')y o20000000000002002700000000000O
gooog

itertools.combinations_with_replacement (iterable, r) OO00O0OO0OOOOOOOOO:
O000000OooOoooO0o0o0ooOobo0o00o0ooobooooooOoobOo0ooOooOoobOooooobooooaOoa
0000000000 200000000000000000000

itertools.combinations_with_replacement ([1, 2, 3, 4, 51, 2) =>
(L, Ly, (1, 2), (1, 3), (1, 4), (1, 5),
(2, 2), (2, 3), (2, 4), (2, 5),
(3, 3), (3, 4), (3, 5),
(4, 4), (4, 5),
(5, 5)

65 0 00000O0ODOOOO

godbbO000dbobO itertools.groupby (iter, key_func=None) U0 O0ODOOOOODODOO
00 key-func(elem) U0 OOO0OO0OOO0OOODOOODOOODOOODOOOODOOODOODOODODOO
gdoboobobobOobooob oboboboboobooobooobooooo

groupby () UD0D0DO00D0DO00O0O0O0O0O0O0O0O0OO0O0O0O0OOO0OOOOOOOO0DLO0ObOO0bOO0nOn
gooboooobooooo2-000b00000b0000000

city_list = [('Decatur', 'AL'), ('Huntsville', 'AL'), ('Selma', 'AL'"),
('Anchorage', 'AK'), ('Nome', 'AK'"),
('Flagstaff', 'AZ'), ('Phoenix', 'AZ'), ('Tucson', 'AZ'"),

]

def get_state(city_state):
return city_state[1]

itertools.groupby(city_list, get_state) =>
('"AL', iterator-1),
("AK', iterator-2),

ooooooo)
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('AZ', iterator-3),

where
iterator-1 =>
('Decatur', 'AL'), ('Huntsville', 'AL'), ('Selma', 'AL')
iterator-2 =>
('Anchorage', 'AK'), ('Nome', 'AK'")
iterator-3 =>
('Flagstaff', 'AZ'), ('Phoenix', 'AZ'), ('Tucson', 'AZ")

groupby () DOOOO0OO0O0OOOO0OO0OO0OO0OO0OO0OOOOO0OOODOOOOOOOOODOODOOOOOn
obboooooboooobooboobooooobooobooooobooboooboooooboooooooboon
OO0 dterator-1 000000000000 dterator-20000000000000O00CO0O0OODOOOOOO

6.5. 000 0O0OOO0OOO 21




(170 functools [1 1 [ [0 [

Python2.5000 functoolsOOOUOOOUOOOOODOOOODOODOODODODODOUODDOODUODOOO
000000000000 00O000b000000000b0000b000b0b000b0000 functools.
partial () DO GQOQOO

obooooboooboooooboooobooboooooboobooooobobooobooboooooon
oboooddPbython0OO f£(a, b, c)0000D0OOO0OOODODOOODO;£(1, b, c)OODOOO
Ug(b, c)b0obO0oobO0ooboOoobooobOob;000 £ 0b00b000bobo0oooooboooono
gboooobooooboobooooboon

partial () goooboooad (function, argl, arg2, ..., kwargl=valuel,
kwarg2=value2) 000D 0O0OO0O0OUOOO0O0OOO0OOODODDOOOO0OOUOOODLODUOOOOOOOO
O00000ooooboooooon functiond0O0O0O0O0DO0O0oOoooOoOoOoOoon

ggbgobooboboobooboobogboobod:

import functools

def log(message, subsystem):
"""write the contents of 'message' to the specified subsystem."""

o

print('%s: %s' % (subsystem, message))

server_log functools.partial (log, subsystem='server')
server_log('Unable to open socket')

functools.reduce (func, iter, [initial_value]) O00OO0OO0OO0O0O0O0O0OO0DO0OOOOOOO
goooooooooobobob o000 0ooooobbbobobObob00o0g funcog
0000000000000 000000O00 functools.reduce() DOODOODOOOOOOOOO
O0OAO0OBOOODO func(a, B) DOOOOODOOOOOODODODOOO COOOOO func (func (A,
B), C)0U00dooouobbobbbooooobboboooooooao...... gooooobobooogd
0o0oooooooobo oobobobobobobobobbobbbbDbbDbDb TypeError D000 Q0OQO Ooog
initialvalueOOOOOOOOOOOOOO func(initial_value, A) UOOOOOOO

>>> import operator, functools

>>> functools.reduce (operator.concat, ['A', 'BB', 'C'])
'ABBC'

>>> functools.reduce (operator.concat, [1])

Traceback (most recent call last):

TypeError: reduce () of empty sequence with no initial wvalue
>>> functools.reduce (operator.mul, [1, 2, 3], 1)

6

>>> functools.reduce (operator.mul, [], 1)

1

operator.add () O functools.reduce() OO0O0OO iterable 000000000 OO0DOODOOO

22
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ggbgoboobooboobodbd sum() DOOODOOOO0O40OoonDon:

>>> import functools, operator

>>> functools.reduce (operator.add, [1, 2, 3, 4], 0)
10

>>> sum([1, 2, 3, 41)

10

>>> sum([])

gbobdgbdgbodl functools.reduce () UUOOUOOOOOO fordoonoooanbonooOod
gobgooo:

import functools
# Instead of:
product = functools.reduce (operator.mul, [1, 2, 31, 1)

# You can write:

product = 1

for i in [1, 2, 3]:
product x= 1

0000000 itertools.accumulate (iterable, func=operator.add) UOOO0O0OOOO0O
0000000000000 000000000 accumulate() DO0OOOOOOOOOOOOOOO
Oo00oOoO0oOoooooaa

itertools.accumulate ([1, 2, 3, 4, 5]) =>
1, 3, 6, 10, 15

itertools.accumulate([1, 2, 3, 4, 5], operator.mul) =>
1, 2, 6, 24, 120

7.1 operator U 0 O[O

cperator U0 0O0O0OO00OO0ODOOOOOOOOOPYthonDOOOOOOOOOOODOOOODOODO
gboooobooboboooboobooboooooboooooobobooooboobooooobooboon
gboooobooooo

gobooboboooboooooooooooo:
e J0O0OO0O: add(),sub (), mul (), floordiv (), abs (), ...
e JOOODO: not_(), truth ()
e J0O0OO0OMO: and_(),or_(), invert ()
*0O0:eg(),ne(),1t(),le(),gt (),ge()
e JOOOOOODO: is_(), isnot ()

gbooboobdbOoperator DOODOOO0OOOOOOOODOOO

7.1. operator 1 0 000 23




80 Uoououooog

oboooooobobooooboobobooooobobooooooboboooooooboobooooooboon
goboooooboooooobooogobobooogoo

gbooooboboooooboooobobooooboobooooobobooobobooobooobon
oooo:

stripped_lines = [line.strip() for line in lines]
existing_files = filter (os.path.exists, file_list)

gbbodoobooboobooboooobooobooobobooboo0obobO0o0ob0o0 000 lambda O
000 lambda 0000000000000 O0O0 ODOOODOOODOOOOOOOOOOOOOOOOOO
gooo:

adder = lambda x, y: xty

print_assign = lambda name, value: name + '=' + str(value)

gboooobobooboobob det00b00bOOoooobOOoOO:

def adder(x, y):
return x + y

def print_assign(name, value):
return name + '=' + str(value)

goboboobboobboobboobboobboob;,0bo0bbuo0obobib0o0bOd lambda
gboooobooboooogd

ggoobbbbboooooibbbDlampda OD0O0OOO0OOOOOOOOOOOOOOODODOOOOO
googoobboooobbooobbbooobobboooobobOoif... elif... elsel try...
except UOOOO0OOO0OODOOO0OOOOODOOOOOlambdaO00O0O0OO0ODOOOOOOODOODOOOO
gbooobooooboooobooboboobooOo0oobOoobOOoooooOooobooOoboooboOobooobooaon
oboooooooo!

import functools
total = functools.reduce(lambda a, b: (0, a[l] + b[l]), items) [1]

obbooobooOoooooboobooooooobOooboboooobooooobOoOoobOoOonon0n det
obobooooobooooobobooooobon:

import functools
def combine(a, b):
return 0, af[l] + b[1l]

total = functools.reduce (combine, items) [1]

24
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gdbooo fordbugnbouobuooboggn:

total = 0
for a, b in items:

total += Db

Ubod sum() OOOOOO0OOOOOOOOOOOOOODO:

total = sum(b for a, b in items)

OO0OO0000 functools.reduce () DO0OO0O0OOO0OOO0O forO0000 O0O00OOOOOOOOOO

goo

Fredrik Lundh 0 00 lampda OO0 000000000000 0OO0OOODOOOOOOODOOOODO:

1.

2.

3.

4.

5.

gooobooooo

goboboobooobouoobuoooboboobooboaobooaood

gboooboobooooooboooobobooooobooboo

OO0000O0O000defOD0OO0OODOOO

goooboood

gbooooboboooooboooobobooooboboooooboooobobooobooobon
gbooooooboooon
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000000000000 000000000000000000000000000000d : Ian Bicking,
Nick Coghlan, Nick Efford, Raymond Hettinger, Jim Jewett, Mike Krell, Leandro Lameiro, Jussi Salmela, Collin
Winter, Blake Winton.

Version 0.1: posted June 30 2006.

Version 0.11: posted July 1 2006. Typo fixes.

Version 0.2: posted July 10 2006. Merged genexp and listcomp sections into one. Typo fixes.
Version 0.21: Added more references suggested on the tutor mailing list.

Version 0.30: Adds a section on the functional module written by Collin Winter; adds short section on the

operator module; a few other edits.
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10.1 0O 0O

Harold Abelson O Gerald Jay Sussman, Julie Sussman O O O Structure and Interpretation of Computer
Programs[] https:/mitpress.mit.edu/sicp/ 0 0 000000000000 DO0OOCOO0ODOOOOO0ODOOO
200 3000000000000 000DOO0OO00O0ODOO0ODOO0ODbDOOO0O0OOODOODObDObOOOn
0000000000 0000 Scheme 000000000 O0OOODOODOODOODOODODOODOODOOO
000pDooOoOd pythonODOOODOOOOODOO

http://www.defmacro.org/ramblings/fp.html: OO0 O000O00000O0O0O0000O0O0 JavaOOOOOOODOO
goopoooooooogoooo

https://en.wikipedia.org/wiki/Functional programming: 0 000000000000 OOOCODOOOOOO
https://en.wikipedia.org/wiki/Coroutine: 0 OO0 OOO0O0O0O0O00O0O

https://en.wikipedia.org/wiki/Currying: 0 000000000000

10.2 Python O 0 OO

http://gnosis.cx/TPiP/: David Mertz’s 0O 0O O 0O O O Text Processing in Python 0 0000000000000
go0oO0ODODOO0O00000OoODOO0OObOODDOO rutilizing Higher-Order Functions in Text Processing”
ooooooooooooooo

Mertz 0 IBM O DeveloperWorks 1 00O 0000000000 DOODOOO 3000000000000
O ; part 1, part 2, part 3,

10.3 Python O[O

itertools 00O OOOOOODO
functools OO OOOODOODOOOOODOOODO
operator O 0OOOOOOO

PEP 289: ”Generator Expressions”

PEP 342: ”Coroutines via Enhanced Generators” describes the new generator features in Python 2.5.
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https://www.ibm.com/developerworks/linux/library/l-prog2/index.html
https://www.ibm.com/developerworks/linux/library/l-prog3/index.html
https://www.python.org/dev/peps/pep-0289
https://www.python.org/dev/peps/pep-0342

HREN

Python Enhancement Proposals
PEP 289,27
PEP 342,13,27
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