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See the license page to find further explanations and the full text of the PSF License.
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The language comes with a large standard library that covers areas such as string processing (regular expressions, Uni-
code, calculating differences between files), internet protocols (HTTP, FTP, SMTP, XML-RPC, POP, IMAP), software
engineering (unit testing, logging, profiling, parsing Python code), and operating system interfaces (system calls, filesys-
tems, TCP/IP sockets). Look at the table of contents for library-index to get an idea of what’s available. A wide variety
of third-party extensions are also available. Consult the Python Package Index to find packages of interest to you.
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Python versions are numbered “A.B.C” or “A.B”:
* A is the major version number — it is only incremented for really major changes in the language.
* B is the minor version number — it is incremented for less earth-shattering changes.
¢ ( is the micro version number — it is incremented for each bugfix release.

Not all releases are bugfix releases. In the run-up to a new feature release, a series of development releases are made,
denoted as alpha, beta, or release candidate. Alphas are early releases in which interfaces aren’t yet finalized; it’s not
unexpected to see an interface change between two alpha releases. Betas are more stable, preserving existing interfaces
but possibly adding new modules, and release candidates are frozen, making no changes except as needed to fix critical
bugs.

Alpha, beta and release candidate versions have an additional suffix:
¢ The suffix for an alpha version is “aN” for some small number N.
 The suffix for a beta version is “bN” for some small number N.
* The suffix for a release candidate version is “rcN” for some small number N.

In other words, all versions labeled 2.0aN precede the versions labeled 2.0bN, which precede versions labeled 2.0rcN,
and those precede 2.0.
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See the Developer’s Guide for more information about the development cycle, and PEP 387 to learn more about Python’

s backward compatibility policy. See also the documentation for sys.version, sys.hexversion, and sys.
version_info.
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The documentation is written in reStructuredText and processed by the Sphinx documentation tool. The reStructuredText

source for the documentation is part of the Python source distribution.
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Announcements of new software releases and events can be found in comp.lang.python.announce, a low-traffic moderated
list that receives about five postings per day. It’s available as the python-announce mailing list.
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To report a bug or submit a patch, use the issue tracker at https://github.com/python/cpython/issues.
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The very first article about Python was written in 1991 and is now quite outdated.

Guido van Rossum and Jelke de Boer, “Interactively Testing Remote Servers Using the Python Programming
Language”, CWI Quearterly, Volume 4, Issue 4 (December 1991), Amsterdam, pp 283-303.
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The Python project’s infrastructure is located all over the world and is managed by the Python Infrastructure Team.
Details here.
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Very stable. New, stable releases have been coming out roughly every 6 to 18 months since 1991, and this seems likely
to continue. As of version 3.9, Python will have a new feature release every 12 months (PEP 602).

The developers issue bugfix releases of older versions, so the stability of existing releases gradually improves. Bugfix
releases, indicated by a third component of the version number (e.g. 3.5.3, 3.6.2), are managed for stability; only fixes
for known problems are included in a bugfix release, and it’s guaranteed that interfaces will remain the same throughout
a series of bugfix releases.

The latest stable releases can always be found on the Python download page. There are two production-ready versions of
Python: 2.x and 3.x. The recommended version is 3.x, which is supported by most widely used libraries. Although 2.x is
still widely used, it is not maintained anymore.
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High-profile Python projects include the Mailman mailing list manager and the Zope application server. Several Linux
distributions, most notably Red Hat, have written part or all of their installer and system administration software in Python.
Companies that use Python internally include Google, Yahoo, and Lucasfilm Ltd.
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See https://peps.python.org/ for the Python Enhancement Proposals (PEPs). PEPs are design documents describing a
suggested new feature for Python, providing a concise technical specification and a rationale. Look for a PEP titled
“Python X.Y Release Schedule”, where X.Y is a version that hasn’t been publicly released yet.

New development is discussed on the python-dev mailing list.
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>>> L = []

>>> dir (L)

['_add__', '__class__', '_ _contains__ ', '_ _delattr_ ', '_ delitem__ ',
' _dir_ ', '__doc__', '_eq ', '__format__', '_ge_',

' __getattribute__ ', '_ _getitem_ ', '__gt__ ', '__hash_ ', '__iadd__"',
' dmul_ ', '__init_ ', '__iter ', '_le_ ', '_len_ ', '__1t_ "',

' mul_ ', '_ne_ ', '_new__', '__reduce_ ', '_ _reduce_ex__',

' _repr_ ', '__reversed_ ', '__rmul__ "', '__setattr__', '__setitem__',
' _sizeof_ ', '__str__ ', '__ _subclasshook__', 'append', 'clear',

'copy', 'count', 'extend', 'index', 'insert', 'pop', 'remove',

'reverse', 'sort']

>>> [d for d in dir(L) if '_ ' not in d]

['"append', 'clear', 'copy', 'count', 'extend', 'index', 'insert', 'pop', 'remove',
—'reverse', 'sort']

>>> help (L.append)
Help on built-in function append:

append(...)
L.append (object) —-> None —-- append object to end

>>> L.append (1)
>>> L,

[11]
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There are also good IDEs for Python. IDLE is a cross-platform IDE for Python that is written in Python using Tkinter.
Emacs users will be happy to know that there is a very good Python mode for Emacs. All of these programming envi-
ronments provide syntax highlighting, auto-indenting, and access to the interactive interpreter while coding. Consult the
Python wiki for a full list of Python editing environments.
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The IDLE interactive development environment, which is part of the standard Python distribution (normally available as
Tools/scripts/idle3), includes a graphical debugger.

PythonWin is a Python IDE that includes a GUI debugger based on pdb. The PythonWin debugger colors breakpoints
and has quite a few cool features such as debugging non-PythonWin programs. PythonWin is available as part of pywin32
project and as a part of the ActivePython distribution.

Eric is an IDE built on PyQt and the Scintilla editing component.
trepan3k is a gdb-like debugger.
Visual Studio Code is an IDE with debugging tools that integrates with version-control software.
8% oW A S e B A8 5ol 4 IDEZF d5 Ut e g =R UTH
* Wing IDE
* Komodo IDE
e PyCharm



https://github.com/python/cpython/blob/main/Tools/scripts/idle3
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of.
Pylint and Pyflakes do basic checking that will help you catch bugs sooner.
Static type checkers such as Mypy, Pyre, and Pytype can check type hints in Python source code.
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One is to use the freeze tool, which is included in the Python source tree as Tools/freeze. It converts Python byte code to
C arrays; with a C compiler you can embed all your modules into a new program, which is then linked with the standard
Python modules.
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The following packages can help with the creation of console and GUI executables:
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* Nuitka (Cross-platform)

* Pylnstaller (Cross-platform)
» PyOxidizer (Cross-platform)
¢ cx_Freeze (Cross-platform)

* py2app (macOS only)

* py2exe (Windows only)
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It can be a surprise to get the UnboundLocalError in previously working code when it is modified by adding an
assignment statement somewhere in the body of a function.

ol T

>>> x = 10
>>> def bar():
print (x)
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>>> x = 10

>>> def fool():
print (x)
x += 1

results in an UnboundLocalError:

>>> foo ()
Traceback (most recent call last):

UnboundLocalError: local variable 'x' referenced before assignment
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A9 ool A HEE A (global) & A At o] F AF 2 Hpof] BAA T4 Q5 Th:
>>> x = 10
>>> def foobar():

global x

print (x)

x += 1

>>> foobar ()

10
o) BAA AL (FU2 A2E A W5 BHA 0D AT B o)) AA R 95 2mmo] G
Ao) ke SRR e 4714717 A8 etk

>>> print (x)
11

nonlocal 7|9 EE AL23to] 2 HE AFZ A ¥]5=38E L 34 Q5 Th:

>>> def fool():

x = 10
def bar():
nonlocal x
print (x)
X += 1
bar ()
print (x)
>>> foo ()
10
11

2.2. 32 <o 11
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2.2.2 shol Mol A A&7} A Mol thgt F2-& Lol 72

QUTh W57} B4 BE ) ool

ol o A, T Yol A FxE 7w ot e FAIACz A
&%W‘Q@Hﬂ, ““V*P—E Aoz AdsA e dAHe

Agolt 23 AT GA BN LE o3k BUTh FHEO R, BhYd Mol globald &7 3

o= 5hA] e RAgo et AA AL AFFUCH WEol, RE A 2ol globalo] 87Tk, G4
global& AHESHA FUTh W U YE2EF EES] 74 L2 R EE F2E Aoz dds ok
ek o] E2ke R8-S AReks] 9% global A FEHS REE Tk

>>> squares = []
>>> for x in range(5):
squares.append (lambda: x**2)

12 xr+28 ALBE 571 YTt HE A AES ATHUL EEH W, 21710,1,4,9 2
A2 4 4 A5 U T, AR AESHE BF 162 HHUTHE A2 5 A5 Th

>>> squares[2] ()

16

>>> squares[4] ()

16

o] x7} grhell A1 (local) o] ofu] 2} 2] - A5z of] o= o] 91 7] ufj ol WA s, it S & off QA
Futh— 39 = w7} opd Uk £x9) Bol A, x9] G 40| BE, BE F4 o)A 4++2, 5 163 WBHT
Uth x9] g WA T Frie] st oA MAT A Bog N oS FAT ST J5UTh:

>>> x = 8

>>> squares[2] ()

64

o1 31 5hel W, Fehell sl A9 o Mol g2 Aol A x9) gholl I £3HA LT T B AFUTh

>>> squares = []
>>> for x in range(5):
squares.append (lambda n=x: n**2)

A7) M n=xe Frho] Aol Al M4 ng BET, 229 % A Qo] A x 9 2L 7S
o A 10} 1 o] 3 S o] 0, AN 1o B A 5o 55 oo 1 e
7 gy oA SulE ATE BT

>>> squares|[2] ()
4

>>> squares[4] ()
16

o 57

ol e 3he A o] e} Ak ol = A gH U Th

flo
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Sd 220 oA 2E ol AEE IR FHAAYHL SEA RE(FF conﬁgUr cfgehal &9
Uthe Bes A9Yth 58 22198 BE BEo|A config &S YZE 37w std Fyrh; 124
BEoldY o]gor A 7 A Uth 4 59 A" aE A shtol 7] uf 2 oll, & A o thek ¥ 7
AP BE Xl g gUth & S v d 2FUth

config.py

[x =0 # Default value of the 'x' configuration setting ]
mod.py:

import config

config.x = 1

main.py:

import config
import mod
print (config.x)

Note that using a module is also the basis for implementing the singleton design pattern, for the same reason.

225 B0l YEES A5 B A FAYUAR

dutA © 2 from modulename import *& }\}—Q-OPZ] Al L. 28 A S 2 E 3= 329 ol & 7

A8 A a1, 9 (linter) 7} A ] = A] ob2 °l &< AR 72 o AU
i

2) 2 QEE AL, 1P/ SE BEC] LI THE BES JH3) 511 BE o] Fo)
szo] Qo] v AR AT 4 AFUth 2ol Ste QEEE A4S BE JEES A7
AW, & Foll o2 YEES LSS W BH B2 & S U Th

standard library modules — e.g. sys, os, argparse, re

2. third-party library modules (anything installed in Python’s site-packages directory) — e.g. dateutil,
requests,PIL.Image

3. locally developed modules
<3 T E B BAE Aol A JEEES A5} 2o 22 o) Ea) oF a1= 4-$7} 2155 U T}, Gordon McMillan
< O 2ol %?ESHD}-
F 2E &5 “import <module>” 33*—191 AXEZALIE S AZEEAIZFUL FHA =
Eo] A MR ZEQ o] = (name) S & ﬁ;}gﬂi{j’_ 3} 31 (“from module import name”) Y = E 7} | AF)
o Jod Ak A AR REo] F HA RES JXE S+ FoletA A HA ZEo|
St o 2L obx AT+ AV R
o] A%, F WA 5ol st FolAut ALEHTH, X EE T TR GA ol T AU dx
EEEEw, A WA BES 23 4RH YT, T A BES QRES 2T 5 A5 U
AR REo] EPE EHoW JEES T=2) H YY) 2N B ROE o FF b T £ ALtk o
A%, 5 W oA RE RES YZE = Ao M5 42 4+ daUrth o] AL, T ZANE =4
o)A SUlE HES YRE S Aol F YA
T AXEE I AU BEY 273 A1 Eoldle T 2AE A Zst=d 22 afvh T g
Holge Ao Anzg QEES GIAAL. o] /e 2 ad A% byl vl Be JEEs D
2w 53 G AU BE AY FrANT A W JEES F4E S/ AL S5 dHU
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BEI I3 273U R RES XS 2= d v Rl HolE T AL EES Y H 2= 72
A FE A FHAIL, F i gAY 23 AT BE ool AFZE Hojd F o5,
REL olUIE sys.modulesol] 9L AUth

226 2| 7bell 7] R gto] BHE= o

%
l‘li‘

£
2,

e

L

3

ol Py Ws T AF zrIdwES AFUTh o] TS A EAAA L

def foo (mydict={}): # Danger: shared reference to one dict for all calls
compute something ...
mydict [key] = value
return mydict

=

ol € Aw TE8HY, mydicto] ©d FFo] 2@ Pt F AAE, foo () 7F AFH 7 A FE w)

£5 G5 520 JRgoR Al AME BE Aow AUk 294 H7 @y 8471 429 ),

R AEe o wso AUt of dlAle] YAV e} 2ol Al F AM L WA Y, Fol T3

sZ2 o WA AR e 22T

Bolo] wel, ), EA4Y, B2 D None} 22 2 A4 A0 FATUT GA e, PAE B Fo
9} =

ol 7|5 o & ddl, 7hd AAE 7R E AHESHA e Aol FF Ut A, NoneZ 7|2 H o2 AL
e 5ol A v ) 2 7 None Q1A] 218 T Al Bl 2E/g MY 2]/ ol A2 =P L. o & &9,
=

def foo (mydict=None) :
if mydict is None:
mydict = {} # create a new dict for local namespace

o 75 R8T 4 YEUTh ALSE B Aol Aet BT 9w, QA 7]
w0 A gk AN B, 2 gro] thA] L W W A A B g M
oleba shei, the 3} 2ol FAE 4 &k

2}
] 21 & “memoizing”

# Callers can only provide two parameters and optionally pass _cache by keyword
def expensive (argl, arg2, *, _cache={}):
if (argl, arg2) in _cache:
return _cache[ (argl, arg2)]

# Calculate the value
result = ... expensive computation

_cache|[ (argl, arg2)] = result # Store result in the cache
return result

ARG GAUE 2R Ao WEE ST 4 ATh A EAIYT
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227 & F5ol A T P52 A Aot s MAESE Adsteld o9 A ok &
Y72

gol S S5 5} A ARE g ool AAE SATIN L oA A AAE FER, S
AXE YAV AFFU 18 b <5} 8 ALg 3ol e §4E 52T 0 o YA AAE ALY

& U

def f(x, *args, **kwargs):

kwargs['width'] = '14.3c'

g(x, *args, **kwargs)

228 Azhe} iAW So] Aol FL FoIGUA2

Parameters are defined by the names that appear in a function definition, whereas arguments are the values actually passed
to a function when calling it. Parameters define what kind of arguments a function can accept. For example, given the
function definition:

‘def func (foo, bar=None, **kwargs):

pass
foo, bar Y kwargse func®] i HFJUTE 2 U, funcE T2 o, S &4
[func(42, bar=314, extra=somevar) ]

42,314 9 somevar 2 AAY Yt

9 Y2E YyEHFT T JAE W E HPHE o] fE FAYU7R?

= 1 0O
>>> x = []
>>> y = x
>>> y.append(10)
>>> y
[10]
>>> x
[10]
yol 828 F718hd x= WS € 0§71t FFE AAU
o] ATg W= F /A 247 AUtk
) Wi des AAE 77l olEdUth v = xE TR 2 AE AR S BEA Ut -x
7FazstE A% 2L AAE Fxote A Wi yE DR U ol sty AA(ElaE) v A, x 9
y BT 3 ANE 32T v
/\

Ath= AU Th

After the call to append (), the content of the mutable object has changed from [] to [10]. Since both the variables
refer to the same object, using either name accesses the modified value [10].

Al =9 AR E xoll thdshd:

22, I 2o 15
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>>> x =5 # ints are immutable

>>> y = x

>>> x = x + 1 # 5 can't be mutated, we are creating a new object here

>>> x

6

>>> y

5

o) A xshy7l e 24 ke A2 G4 AGUEh ol AT Sl A Mgl x = x ¢ 18 5YY
) = S7HNAX B 58 WA ske Zo] obduth; tiAl A AA (B4 6) & el xol iU (5, x
7} %}26}% AAE vHEYTh. ol the] Foll= F 78 AA (B 634 5) 9 o] & Fxote 7 712 WS 2

FUth(x= oAl 6 F2SAR y= A3 58 FEFUh.

Some operations (for example vy . append (10) and y.sort ()) mutate the object, whereas superficially similar op-
erations (forexampley = y + [10] and sorted (y) ) create a new object. In general in Python (and in all cases in
the standard library) a method that mutates an object will return None to help avoid getting the two types of operations
confused. So if you mistakenly write v . sort () thinking it will give you a sorted copy of y, you’ll instead end up with
None, which will likely cause your program to generate an easily diagnosed error.

I8y, 22 dato]l juf 2 Fof whel o F3E 2 $ 7HA] A4k :ﬂiﬂ' AsuUth: SE Y ALt
Zb A& 0, +=t B 2EE AASA N FEolY A= HANA G5yt (a_list += [1, 2, 3
L a_list.extend([1, 2, 3 5531 a_listE HAFA T, some_tuple += (1, 2, 3)3F
some_int += 12 A AAE A5 .
ge x98H:
o 7} AA(1ist, dict, set ) 7F oW, dF 5 AAES AE-3to] AN E HA A sl AA &
A= RE g7t AAE A g Yth

ul

= 7"Xll(str int,tuple )7} o™, o] & F=xst=
Fe MEZL oz dastes A0S G AR A

ol oA A=t Yo E AEH S 71 L. 2> DA Ao thgt T2 & w7 w7, &2t
o 5152 75| <A o1 % ol oA Lelel A7} g, o] % B2 U Ich, o12] A BHOE Ao
e dg % gleeh
1) 238 FE& vhshsto]:
'd
>>> def funcl(a, b):
a = 'new-value' # a and b are local names
b=Db+1 # assigned to new objects
return a, b # return new values
>>> x, y = 'old-value', 99
>>> funcl (x, V)
("new-value', 100)

oA A G Y
2) Ao W4E Al o

3) 7HA (Al AR oA W E S

il
rlo
[>
=
2
3
o
N
5
K
=
o)
o
=,
5§
)
v
o
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-
>>> def func?2(a):

al0] = '"new-value' # 'a' references a mutable 1list
al[l] = a[l1] + 1 # changes a shared object
>>> args = ['old-value', 99]

>>> func?2 (args)
>>> args
["new-value', 100]

4) WATE YA APt

>>> def func3(args):
args['a'] = 'new-value' # args 1is a mutable dictionary
args['b'] = args['b'] + 1 # change it in-place

>>> args = {'a': 'old-value', 'b': 99}
>>> func3 (args)
>>> args

{'a': '"mew-value', 'b': 100}

.

5 Ex ZHa Aadao e FolA:

(>>> class Namespace:
def _ init_ (self, /, **args):
for key, value in args.items():
setattr(self, key, value)

>>> def func4 (args):
args.a = 'new-value' # args 1is a mutable Namespace
args.b = args.b + 1 # change object in-place

>>> args = Namespace (a='old-value', b=99)
>>> func4 (args)
>>> vars (args)

{'a': 'new-value', 'b': 100}

o] FA HAFsHA b0l & F2 o= AL flEsUTh
1

o] Ao ol Avrt 2FE FES WA AU

B
N

2.2.11 u}o]|Kof| 4 122} 4= (higher order function) & o|4d A vl=
T}

A }%0}74‘% Ha AAE S 5 AsUnh dE S0, &
=

: =l L=
*x+b S A AHSHE B £ (x)  WEEHE linear ( £ Aostya dta 7Hg s Al . SHE &

def linear(a, b):

def result (x):
return a * x + b

return result

Tt FYE AAE AHESIAL:

class linear:

def _ init_ (self, a, b):
(th= =l o] A ell Al<)

22, 94 2ol 17
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self.a, self.b = a, b

def _ call_ (self, x):
return self.a * x + self.b

(o] A sl o] Ao A A<)

F A RE

[taxes = linear (0.3, 2)

taxes (10e6) == 0.3 * 10e6 + 27} S 52 3= Za)8 A= A2}
A )3

ZelE A4 B2 PAL okt mel T BES} 7 Boj Ak Bl dgUth Lei), 2el AHALe

-
J&52 B AP S TR S ASUT

class exponential (linear) :
# _ _init_ inherited
def _ call_ (self, x):
return self.a * (x ** self.b)

AA L ole WA S FElE A€ T 5 dEh

class counter:

value = 0

def set (self, x):
self.value = x

def up(self):
self.value = self.value + 1

def down (self):

self.value = self.value - 1
count = counter ()
inc, dec, reset = count.up, count.down, count.set

o]7]A inc(),dec() W reset () 2 ZL A+ AL E FHotE= d-AE F5 Ut

A o7, AnkA e‘ ol copy . copy () U copy . deepcopy () & A=A 2. &
u

QR AR L o AA BAE 5 9EUh GAUE ol copy O A=} A5 U T

)
i_r“
il
e
>,

+
rr

[newdict = olddict.copy ()
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2213 AA o WA S o B RES o)A 2E 5 AHUR

For an instance x of a user-defined class, dir (x) returns an alphabetized list of the names containing the instance
attributes and methods and attributes defined by its class.

2214 TEoA A o] 5L o WA 2L 4 YU

Qubx 0 2 WY, AR AAL o] Fol ¢/ WEe] 18 & fEUh AR, Y Gy o
22 gol AF U def % class £ FSE WA o] A, o] A9 ghe BHEAUL he HES
TP A A L

pass
>>> B = A
>>> g = B()
>>> b = a

>>> print (b)
<__main__ .A object at 0x16D07CC>
>>> print (a)
<__main__ .A object at 0x16D07CC>

Arguably the class has a name: even though it is bound to two names and invoked through the name B the created instance
is still reported as an instance of class A. However, it is impossible to say whether the instance’s name is a or b, since
both names are bound to the same value.

dutA o g wa T=7t 5 3] “o] F& Gotop F d e+ gsyth =2 o g U4 A <l (introspective)
Z209e A G @, ot A AT 42 B9 WAel £8ol B 4 ok A
comp.lang.python ©f| 4], Fredrik Lundh= A A 7} o] A& o] 3l £F 3 v]-75 A5 YT}

of g & o] Ao A TATE Yol o] F5 = A 22 R AL Fo| (AA]) AHA = o 2 2ol Al
A 2Rl o GA EE]eA Lotde
SZD oA AL S Fol (AA) AA] 2 AF YT

A H H 2t E2hA Al L

j=]
° -
WJgé}%}%

HixE gol oA A4A7E obd Utk o] NS st Al L

>>> "a" in llb", "a"
(False, 'a')

EE AR} obl e ERA Ao] o] T Aol 7] whiel 91 The 3} 2ol AHA A FAAE ek

[(nan in "b"), LIPR ]

the 3t 2ol F7ks A &

{"a" in ("b", nan) ]

o}
U

FE Y AAAH (=, 4= 5)E B YU T o] 5L WA AT oh e oY £ B TEAY
o},

22, 4] o] 19
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2216 Co] “2:” AIY A4kA1} 553 A o] A5U7?

T

o, A5 UTh ¥ e e 2H U

[on_true] if [expression] else [on_false]

x, y = 50, 25
small = x if x < y else y

ol & o] stoly 2.500 A £70F 7] Hofl, kA QA FE T+ =l RS AR St Aol s yTh:

[[expression] and [on_true] or [on_false]

T, of BETE AT FHUTh on_muert AR BelA g A W] 2RE AHH e 5 Yy
o B e e e A Ao e

2217 shol AN FESH B 2 =S AYT 5 ASUR

Yes. Usually this is done by nesting 1ambda within 1ambda. See the following three examples, slightly adapted from
Ulf Bartelt:

from functools import reduce

# Primes < 1000
print (list (filter (None,map (lambda y:y*reduce (lambda x,y:x*y!=0,
map (lambda x, y=y:y%x, range (2, int (pow(y,0.5)+1))),1),range (2,1000)))))

# First 10 Fibonacci numbers
print (list (map (lambda x, f=lambda x,f: (f(x-1,f)+f(x-2,f)) if x>1 else 1:
f(x,f), range(10))))

# Mandelbrot set

print ( (lambda Ru,Ro, Iu,Io,IM,Sx,Sy:reduce (lambda x,y:x+'\n'+y,map (lambda vy,
Iu=Iu, Io=Io,Ru=Ru,Ro=Ro,Sy=Sy,L=lambda yc, Iu=Iu, Io=Io,Ru=Ru,Ro=Ro,i=IM,
Sx=Sx, Sy=Sy:reduce (lambda x,y:x+y,map (lambda x,xc=Ru, yc=yc, Ru=Ru, Ro=Ro,
i=1i, Sx=Sx,F=lambda xc,yc,x,vy,k, f=lambda xc,yc,x,vy,k, f: (k<=0)or (x*x+y*y
>=4.0) or 1+f(xc,yc,x*x-y*yt+xc,2.0*x*y+yc,k-1,f) :f(xc,yc,x,y,k,f):chr(

64+F (Ru+x* (Ro-Ru) /Sx,yc,0,0,1)),range (Sx))) :L(Iut+y* (Io-TIu)/Sy), range (Sy
y))) (-=2.1, 0.7, -1.2, 1.2, 30, 80, 24))

# \_ /N /] / |__ lines on screen

# v 74 / / columns on screen

# / / / maximum of "iterations"

# / / range on y axis

# / range on X axis
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2218 §4-2] A MS: B2 oA L2 Al ()= AL o mFLi

A slash in the argument list of a function denotes that the parameters prior to it are positional-only. Positional-only pa-
rameters are the ones without an externally usable name. Upon calling a function that accepts positional-only parameters,
arguments are mapped to parameters based solely on their position. For example, divmod () is a function that accepts
positional-only parameters. Its documentation looks like this:

>>> help (divmod)
Help on built-in function divmod in module builtins:

divmod (x, y, /)
Return the tuple (x//y, x%y). Invariant: div*y + mod == x.

WS R 2 S F AN 92 A9 o gtk BekA, A9 E AAE divmod () &
E&3Hd ol /b ey I ch

>>> divmod (x=3, y=4)
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: divmod() takes no keyword arguments

2.3 S:7}e} EAHo

2.3.1 163172183 H o= WA AT 72

8+ zlﬂo}am, A4 3 @l 0 o3, aF AN} gEA 0”5 EYUTE o] & o], M5 2”5 835
1071075 8) o 7 AR stei, ol FA A

>>> a = 0010
>>> a
8

164 = syt 16305 ool 02 €013, 2FAY 22 X’ 2071 shd Utk 163 A4+
2FAG HEAE AQ S = AUt A S S0, dhol i AB =] B0l A:

>>> a = 0xab
>>> a
165
>>> Db
>>> Db
178

0XB2

2.3.2 9 -22// 10 o] -3 ul3ts 7|2

F21 %5 722 RIS EZAEE el AYgUth oy ol o] AL Pk, v 22 2= At
[l:<l//j>*j+<l%3> ]
A4 7] floor & gl of U th C 8 o] F54& WFHEE 87313, 1 // & A2 (truncate)
AFdE =i ¢ 7M1 2SR EREE S IS5 UL

2.3. &A1} E214 21
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7 A A1 s joll tig AA AR At A flEUTh 37 oW, B2 A 7F Qlom, AR Y
BEASNL & 37F>= 0 ﬁ ol o F&Futh Alﬂlﬂﬂlm" 7he] 71k, 200 4] 7 X_oﬂ% oy
A 71 AEUZR? -190 $ 12 == 27FF8FUTH -190 $ 12 == -102 E7]E 7Iggl= WYYk

2.3.3 How do | get int literal attribute instead of SyntaxError?

Trying to lookup an int literal attribute in the normal manner gives a SyntaxError because the period is seen as a
decimal point:

>>> 1. class___
File "<stdin>", line 1
1.__class___

A

SyntaxError: invalid decimal literal

The solution is to separate the literal from the period with either a space or parentheses.

>>> 1 ._ class__
<class 'int'>
>>> (1)._ _class_

<class 'int'>

N
w
=S
Md
X
ue
tlo
M
N
fu
_%
g

M 7R

t() ¥ 2 AL AL, B Eo]int ('144") == 144. npRATFA R, float ()
2 W3} o8 S0] float ('144') == 144.0.

rlr oX
i
Lo
oM,
o
o £

o
b
s

AUty 28 A int ('0144') == 144+= Zo]T int ('0x144")
(strlng, base) = F WH| /dE—“'Zi A2 W o] A8 T 4= (base)
oF=9{ A, int ' ) == 324%JYrh base7}0—°—i AQE ™, A= sFol ] A A= A
sto] s g U th: A3 ‘00°= 8+ ‘/}E}‘Hﬂ, ‘0x’E 16145 YERY U Th
AHE S AR HEet= AR olgtd WA T eval () 2 AHSSHA] PR A L. eval (
L& < -1y FUth: #2793k = —‘T‘—Z‘i’“ﬂ A gpol W S AZT
th & 5o, F27t Y EY T UAHEE A+ __import_ ('os').system("rm -rf
< U

2 M)
z
et
o
)
&
& :.L

[e]
‘E‘ = -
ValueErrors
nl
=

’_l.
-
+ &
rlo
o

by
£
o
+
97

eval () L ET AE glo|H FHA 07 A= EH7F QoA o %%o]eval '09') & Ipo] R o] (‘0
Al Z é%

32517 0b7] W Eol L& of &7} Al e o,

235 5218 EAA 2 oA MBI

To convert, e.g., the number 144 to the string '144 "', use the built-in type constructor str (). If you want a hex-
adecimal or octal representation, use the built-in functions hex () or oct (). For fancy formatting, see the f-strings
and formatstrings sections, e.g. "{:04d}".format (144) yields '0144"' and "{:.3f}".format (1.0/3.0)
yields '0.333".

[k
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2.3.6

ox, il

1
T

27

AR A A EADE WA B

T sy "“Z}ax_itﬂolﬂwﬂqur/} EEY Af 2 FRoZ A A4
af oF ok lﬁi‘)rzﬂx}ﬂ‘ﬂ]/ﬂ FTUIZEHolHE 488 5 A+ AA7F 2 R5HH, io.String
array BES AFSSIEAA L

IO

>>>

import io

s = "Hello, world"
sio = i0.StringIO(s)
sio.getvalue ()

'Hello, world'

>>>
7
>>>
6
>>>

sio.seek (7)

sio.write ("there!")

sio.getvalue ()

'Hello, there!'’

>>>
>>>
>>>

import array
a = array.array('u', s)
print (a)

array('u', 'Hello, world')

>>>
>>>

a[o] = Yyl
print (a)

array('u', 'yello, world'")

>>>

a.tounicode ()

'yvello, world'

- BADL 52 RS GV E A8 Aol AP EEUT o 1Y F2 3R e EAL o]
T o5 EAF o7t gl AP Uth o] 212 Edtcase S FUW He vl AHEH = 712 71
AU}

-
def al():
pass
def b():
pass
dispatch = {'go': a, 'stop': b} # Note lack of parens for funcs
dispatch[get_input ()] () # Note trailing parens to call function
* W & getattr () & AR SHAIALL
import foo
getattr (foo, 'bar') ()
.
getattr () = ZH L, FHLJALEN, BE 55 2F5te BE QA oA 25 3ol 7ol st Al 2
o] 21 thZ I 2ol E ghol B 2o oY oA AHEH YT
2.3. &2 #1149 23
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-
class Foo:

def do_foo(self):

def do_bar (self):

f = getattr(foo_instance, 'do_' + opname)
£()

T o] 52 3l A (resolve) 312 A locals () & ARSI Al 2

def myFunc () :
print ("hello")

fname = "myFunc"
f = locals () [fname]
£0

2.3.8 F2tgellA 3 & nlg& Al Asl= Perl 2] chomp() ¢ 553 o] Y5472
S.rstrip("\r\n") S AE3H O & Z8 IS A AR F1 FAE s Lo Y= BEE FEAE
AA % Qg UTh TAL 571 2ol W Fol o] A Ro] @ F o1 4E e E, wE W B2 & F A}

Zﬂﬂ%‘%i}.

>>> lines = ("line 1 \r\n"
ll\r\nll
. TO\=\@ " )
>>> lines.rstrip("\n\zr")
'line 1 '
QAo & o] B EH BAES AL wlw DL wlFol, 5. rstrip ()& o @ A O% g
3}

2.3.9 scanf() 1} sscanf() ol] 3] ¢ 35}= A o] Q&5 7)?

ddHezEglsyth

For simple input parsing, the easiest approach is usually to split the line into whitespace-delimited words using the
split () method of string objects and then convert decimal strings to numeric values using int () or float ().

split () supports an optional “sep” parameter which is useful if the line uses something other than whitespace as a
separator.

For more complicated input parsing, regular expressions are more powerful than C’s sscanf and better suited for the
task.

[k
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2.3.10 ‘UnicodeDecodeError’1} ‘UnicodeEncodeError’ o 2] = F31-& o]n]| g 7}?

1

unicode-howto & Z=Z A A L.

2.3.11 Can | end a raw string with an odd number of backslashes?

A raw string ending with an odd number of backslashes will escape the string’s quote:

>>> r'C:\this\will\not\work\"
File "<stdin>", line 1
r'C:\this\will\not\work\"

A

SyntaxError: unterminated string literal (detected at line 1)

There are several workarounds for this. One is to use regular strings and double the backslashes:

>>> 'C:\\this\\will\\work\\"
"C:\\this\\will\\work\\"

Another is to concatenate a regular string containing an escaped backslash to the raw string:

>>> r'C:\this\will\work"' "\\'
"C:\\this\\will\\work\\"'

It is also possible to use os.path.join () to append a backslash on Windows:

>>> os.path.join(r'C:\this\will\work', '")
'C:\\this\\will\\work\\"'

Note that while a backslash will “escape” a quote for the purposes of determining where the raw string ends, no escaping
occurs when interpreting the value of the raw string. That is, the backslash remains present in the value of the raw string:

>>> r'backslash\'preserved'
"backslash\\'preserved"

Also see the specification in the language reference.

241 W =230 YT Lguth $E S Foleld oYl sof T

WAL H HolE7] Aol 71l o & Aol Sl T
& it} of5 Ut} o] FAQE CPythonl 53& F4Y T}
29

9% 542 ol 7
. 22 29 AR IHE £ 15U Th 53 VO U okE Ad =l 2 ook 2 u) 1Ry o)
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A& AAZ, oMl TE SEE ¥ = B E20] dxth e $8 5B A a0l =2l
A WAL 2l £gol H ¥ A AnbA AT
cATEe H e BE (R uE 2uEoR WS nE Aol uA A5 22
BoEART PN 2 o WE A 4 Azt
o ZHLE glolE £ ZE AFR S Al L. bltin-types T} collections REC| st A YA E ALTHAL
o XF POl EH YT FAVIE S A 2| E RS AFE o, o] o] HE Y thE g E T wE
7hsd ol ERUTH(EAH A= d5Uth. o] 22 WS 47 S8} 2o Cr A4 d 2| n e H
Arole Fule 285Utk A& S0], A€ste W list.sort () W& WA= &™ sorted()
B2 AFL A @ (28] A F7F 1 AR 9 o &= sortinghowto S R S A Q)
« 235} 718 (indirections) & == A o] Q3 B ZelE] e B A4S BEE R ) 2hge
SEol $43 A FE 2T Y, 2219 SEsh =P FE 2AsE salok gt
53] FL gef A=l defol A 15T (EE S AN o B4 oh.

If you have reached the limit of what pure Python can allow, there are tools to take you further away. For example,
Cython can compile a slightly modified version of Python code into a C extension, and can be used on many different
platforms. Cython can take advantage of compilation (and optional type annotations) to make your code significantly
faster than when interpreted. If you are confident in your C programming skills, you can also write a C extension module
yourself.

o ®17):

s Heoll 23 97 sl o)A

24.2 WL FALE A ool 7 EEH A WS FAY U

[ex]
Be str AAE R A7 A, AFHE BEFE ANE P 2E) WA vbA %] str.join() L
EE5H A4

chunks = []

for s in my_strings:
chunks.append (s)

result = ''.join (chunks)

(Eoe dedez a84<

r

| 7= i0.StringIloE AFRS= AJYThH
B hytes AAE FA317] 98, AFE = FEFE A A o] o] o] 7] (+= A2kAP) & AFR 3ol bytearray
AAE F3ste= A :

2o r

result = bytearray()
for b in my_bytes_objects:
result += b

v
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25 A EA (FE/H2E

2.5.1 EZ3 2| A EE oW A HIZ 7|2

g A4 A} tuple (seq) £ YA A AN(HAZE, EEOHYEHE)E LS TAHE L2 ES /I RFEE
W2y o

o & 5o, tuple([1, 2, 31)2 (1, 2, 3)S A=Edl T tuple('abc') = ('a', 'b', '¢")E A&
§W4ﬂﬂﬂe“ﬂﬁﬁ%%@%ﬂ%ﬂé%%ﬂ%%%??iﬁﬂﬂﬂﬂ%%%ﬂ@@?ﬂ%%

o tuple () S TE3F+=

g AR list (seq) & CMQ ANDay oHHES 22 A2 22 5o
o & E0f,1ist ((1, 2, 3))2I[1, = i [
Uth AA7E 2l AE o, seql ] 9 2o Akt WU T

l
_>.i
it
i)
<
v

25.2 4 YAt FEQu7)?

ol M AP ae Frol Sz AduAdg Utk 5o A0S A HA Add s 12 F HA QdE o3
oldd Aoz ALYtk S5 Ad 29 AL 12 upA Aoyl 28 Eol A F WA Qldsoly o] H
2102 ALHYTh seq[-n] & seqllen(seq)-n] 3 201 A7 AIL

S A AT S v Bel T 5 AS ULk
2 o &

o, BA o) ] B 2 nhE-e A Ao e

o
=]
2

253 A|FLE Aoz ofEjE o] & st oW A 72

reversed () W& T4+E AFRIAIA| L

for x in reversed(sequence) :
# do something with x ...

°| A

rlo
i

H A2 E G MAA GAE olHH ol E & H AT Ao A A S TR YT

25.4 2 AEA FEL oA AT

o] Z& Tt o ZHA W ol th gk 1 =9 = FholH 2 2 A S FR YAl L
https://code.activestate.com/recipes/52560/

PAE £AE N E BT, JAEE AL D ThS PAE Zo A AU 55 322 A A
o .

if mylist:
mylist.sort ()
last = mylist[-1]
for i in range(len(mylist)-2, -1, -1):
if last == mylist[i]:
del mylist[i]
else:
last = mylist[i]

grEe) RE 247 AT A2 AH8E 5 UAThE (B, BT 54 b ol ) ol 2ol $3% o mhE
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[mylist = list (set (mylist))

JAL UAEES PPOE W], RS AAW TS, YAER HEPULh

l

255 2] AEol A ol2] 5 oA AAGU

A AL v IR =2, AA 2 & AHE st BAH o o olH Y ol gt A

ﬂﬂﬂ:ﬁ$%#ﬂﬁﬂw BA 4 5 o) ] 4.0 4 ohol s ABE AL ] 4

< Al 7HA M8 J Yy o

3l 712 7hsA

A3 W o,

mylist[:] = filter (keep_function, mylist)
mylist[:] = (x for x in mylist if keep_condition)
mylist[:] = [x for x in mylist if keep_condition]

g 2E Fmel Aol obul 7bg whg ok,

25.6 shol Aol A o] @A g B} 82

P AEg AHEIHIAS

[["this", 1, "isll, "an", "array"]

)

BlAaE = A7 533 Woll A Cut sk (Pascal) ¥ D3 55 U T 718 2 Aol 2 gfo

B9 A7t £3E 4 Arke Aok

2

A

g 2B o}

The array module also provides methods for creating arrays of fixed types with compact representations, but they are
slower to index than lists. Also note that NumPy and other third party packages define array-like structures with various

characteristics as well.

To get Lisp-style linked lists, you can emulate cons cells using tuples:

[lisp_list = ("like", ("this", ("example", None) ) )

]

If mutability is desired, you could use lists instead of tuples. Here the analogue of a Lisp caris 1isp_list [0] and
the analogue of c¢dris 1isp_list [1]. Only do this if you’re sure you really need to, because it’s usually a lot slower

than using Python lists.

257 thatg) B A EE ojwW A WS U7
o3 2o oAk vl d e whe e fle 2

[>>> A = [[None] * 2] * 3

Qs ent2 A By

>>> A
[ [None, None], [None, None], [None, None]]

e e ek, o2 920l e o

>>> A[0][0] = 5
>>> A
[[5, None], [5, Nonel], [5, None]]
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o S 7] .
iE% ‘?}%QD}. Tk 3ol theh WA AFE2 2 ol

2| &

_ I
rEfLbE], A 9] 8H43) of 2l o] Fdte AL obyy
AR e Pt dolg] PAES WA VE UGS AR WE PJAER 2 24E AL AYUT
A = [None] * 3
for i in range(3):

A[i] = [None] * 2

a9 Ao 7b29 3749 the PAES TP el2E AT U P FEYdAE ST 5
AUt
w, h =2, 3
A = [[None] * w for i in range (h)]

Or, you can use an extension that provides a matrix datatype; NumPy is the best known.

2.5.8 How do | apply a method or function to a sequence of objects?

To call a method or function and accumulate the return values is a list, a list comprehension is an elegant solution:

result = [obj.method() for obj in mylist]

result = [function(obj) for obj in mylist]

To just run the method or function without saving the return values, a plain for loop will suffice:

for obj in mylist:
obj.method ()

for obj in mylist:
function (ob7j)

n

N
o

9 G2 25T, 9 a_tuple[i] += [‘item’]o] o] 9] & U o 77}

£ 519 A7} Y Aok A shol 4ol Jh ASh g A9 ol o) 2]
Utk

IN

& 0o
Mo
2 o

o] 2O AT A AR E e P RS 2a0] A48 W WA 0T AEHA W, 92

list 2 +=2 oA A& g,
the 3} 2ol A FTHR:

rir
Lo

rr

>>> a_tuple = (1, 2)
>>> a_tuple[0] += 1
Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

o] 9] 2] o] &= Watat}: 10] a_tuple[0] ]7}317]L A (1)l Hsl
AN AR 2E FEY 240l st L ot FES] 2477kl Ae W
LA T

SR ool A, o] FE Rl sHe g e e 2tk
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>>> result = a_tuple[0] + 1
>>> a_tuple[0] = result
Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

2 2WolBR, Ao tf ] F2 o] ol e & A AU T
Ko z

A
che 3 2ol A FH:

>>> a_tuple = (['foo']l, 'bar')
>>> a_tuple[0] += ['item']
Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

o9 23 EgEU H Eeke 22 ezt A9Aw Us Atk AU

>>> a_tuple[0]
['foo', 'item']

To see why this happens, you need to know that (a) if an object implements an ___iadd__ () magic method, it gets
called when the += augmented assignment is executed, and its return value is what gets used in the assignment statement;
and (b) for lists, __iadd__ () is equivalent to calling extend () on the list and returning the list. That’s why we say
that for lists, += is a “shorthand” for 1ist .extend ():

>>> a_list = []
>>> a_list += [1]
>>> g_list

[1]

AL e FEFUH

>>> result = a_list.__diadd_ ([1])

>>> a_list = result

o lis7h /el 71 AR 99 20, 0 A8 AR A & 2 el 7} A 2 Lsseol A e g9l 2%
A }+=no-opldl, a_list7}h ]7301 771 A | 2 22 Aol gk A8 o] 7] s &t kA

Hele o} A3 Lol
mebA, £20] B2 A oA Lo Qe the B 5T

>>> result = a_tuple[0].__iadd__ (['item'])
>>> a_tuple[0] = result
Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

The __iadd__ () succeeds, and thus the list is extended, but even though result points to the same object that
a_tuple[0] already points to, that final assignment still results in an error, because tuples are immutable.
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2.5.10 533 JE S shar A5 yth: sheo] ¥ ol 4] Schwartzian M & o 4 Q54U 712

Perl 7471 B] 2] Randal Schwartzo]l ] 3 o] 7|2 2| 2ES] 2 @ 45 ZF R 425 “AE g7l vjg o= v E 2
© g2 AEIYrh o] oA, list.sort () WAEL key AAES AR 2:

Isorted = L[:]
Isorted.sort (key=lambda s: int(s[10:15]))

2511 3t Y AEE }2 g AE 7o 7 AYse]H o)W A 3 o} g 7}?

IRES T olH o lHE e, A 2|l AES AET v, dote 24 AH A L.

>>> listl = ["what", "I'm", "sorting", "by"]

>>> 1list2 = ["something", "else", "to", "sort"]

>>> pairs = zip(listl, list2)

>>> pairs = sorted(pairs)

>>> pairs

[("I'm", 'else'), ('by', 'sort'), ('sorting', 'to'), ('what', 'something')]

>>> result = [x[1] for x in pairs]

>>> result

['else', 'sort', 'to', 'something']

2.6 A

2.6.1 ZYA2E= FqldYyr)?

Ze) ot class B2 AP 3te] BE 54 AR FAUTh o2 AR L dLE s AN E BES YR FYo=
AHgE Y, dlol 5 3} HEH HlolEi(Oi PRE)G ZEMAE)E 7 WEFUTH

et Wol s Fe) ek SHe Sht ol 4o ThE FeUAE Mo E F 5 AUtk T E Hol & Fe s
9 fEREG A S ALFUL ol & 452 55 A4 RLS FAH O AF T 5 IS Fch
S Ao thEk 712 H A WA EE A B AuhMailbox Feh a0} ThFR K AA T G AL H el s
MboxMailbox,MaildirMailbox, OutlookMailbox@} ZH& AH ZFA7F IS 4 A5

2.6.2 WA =L ol 72

HAEE 498 0 2 x.name (arguments...) 2 TE3E oW AR xo d-dyth HAEE S
Y YollA T2 Zog Ut

class C:

def meth(self, arg):
return arg * 2 + self.attribute
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2.6.3 self = F3l7)?

o

self = T2 WA =) 3 WA AR 9 e el A o] =Y UT) meth (self, a, b, c) = AoH
o7} 548 2o 20 o @ AAHL ko] ] x.meth(a, b, ) Z EZFolofFUTh EZH v
meth(x, a, b, c)AH ITEF ATt 7 ch

WA o) ok SN tself & BAIH 02 Aok Bz o i T AAUR = FRFHAAL.

2.6.4 A7t Fol R FE 2y I A B Fe A2 AA-ARIA] YA FAFF 712

Use the built-in function isinstance (obj, cls). You can check if an object is an instance of any of a num-
ber of classes by providing a tuple instead of a single class, e.g. isinstance (obj, (classl, class2,

.) ), and can also check whether an object is one of Python’s built-in types, e.g. isinstance (obj, str) or
isinstance (obj, (int, float, complex)).

Note that isinstance () also checks for virtual inheritance from an abstract base class. So, the test will return True
for a registered class even if hasn’t directly or indirectly inherited from it. To test for “true inheritance”, scan the MRO
of the class:

from collections.abc import Mapping

class P:
pass

class C(P):
pass

Mapping.register (P)

>>> ¢ = C()

>>> isinstance(c, C) # direct
True

>>> isinstance(c, P) # indirect
True

>>> isinstance (c, Mapping) # virtual
True

# Actual inheritance chain
>>> type(c).__mro_
(<class 'C'>, <class 'P'>, <class 'object'>)

# Test for "true inheritance"
>>> Mapping in type(c)._ mro_
False

WEEe Z219e A8 4o Feh2olA isinstance ) T A% AHEIHA gl F AN L
A2 A4 Aus ke, H A% AR AT 2L AA o S A 25y 2 2of wep b2
Y £ A 54 B2 AL 229 WASE A5 AT 2 Sol, T/
Sashe gvt Aok

ol

l

def search (obj):
if isinstance(obj, Mailbox) :
# code to search a mailbox
elif isinstance (obj, Document) :
# code to search a document
elif
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Oy H2H2 € Sd20lA search () FINEE A8t @A I2& &

i
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rlr
pa )
o
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class Mailbox:
def search(self):
# code to search a mailbox

class Document:
def search(self):

# code to search a document

obj.search ()

265 $190le £

91 9] (delegation) & A 2 719 (t) 249l Aol gt mE FUth AUk x AR 7} 91 WA= F Fhite
=S MAs Aty AR BA T WA= MM RS 1AL AT TE RE HASE
o ol g vl M=o gl st A 22 E e 5 AFH

sheld mzaevi e 9 9= t}. o2 ol g Fe At HAXN Y SR T, 72
HE REHHE HEAR t&g‘rs} & )

class UpperOut:

def _ init_ (self, outfile):
self._outfile = outfile

def write(self, s):
self._outfile.write (s.upper())

def _ _getattr__ (self, name):
return getattr(self._outfile, name)

Here the UpperOut class redefines the write () method to convert the argument string to uppercase before call-
ing the underlying self._outfile.write () method. All other methods are delegated to the underlying self.
_outfile object. The delegation is accomplished via the __getattr___ () method; consult the language reference
for more information about controlling attribute access.

Note that for more general cases delegation can get trickier. When attributes must be set as well as retrieved, the class must
define a __setattr__ () method too, and it must do so carefully. The basic implementation of __setattr__ ()
is roughly equivalent to the following:

class X:
def _ setattr_ (self, name, value):
self. dict  [name] = value
Most __setattr__ () implementations must modify self.__dict__ to store local state for self without causing

an infinite recursion.
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2.6.6 How do | call a method defined in a base class from a derived class that
extends it?

fjr

U super () S AFRSIAA L

class Derived (Base) :
def meth (self):
super () .meth () # calls Base.meth

In the example, super () will automatically determine the instance from which it was called (the self value), look up
the method resolution order (MRO) with type (self) ._ mro__, and return the next in line after Derived in the
MRO: Base.

class Base:

BaseAlias = Base

class Derived (BaseAlias) :

26.8 JH o)~ vlolEl9 A o) 2 WA =S WS W o YA sof T2

(C++tJava®] o m|o|A)) 8 A T o] 6 & B A WA = B sho] Mo A A-Ag Yt

A7 YoEle] A9, Bd] Fes B RES O HUA L. o mel R Eo A G2 H ke H, T o4
o2 ol E2 YA 02 g oF FuTh:

class C:
count = 0 # number of times C.__init___ called

def _ init_ (self):
C.count = C.count + 1

def getcount (self):
return C.count # or return self.count

c A Y c.__class_ A CE Eol7t=Hlol&~ &

oY= 3l c.count+= isinstance (c, C)7}AHSE= BE co t38] C.count S ZFZF gt}

ZF9: CY WA= YoA, self.count = 429 L AL self? A YA 8 “count”’ 8= A E 2
#H o] gl A"l AE WU A F A dlolE o] 59 AAZ L F4 vAE Yol Jd=A ol A
o) o228 A Ao o T ok

[C.count = 314 }

1=

A8 Aol 5 AR Feo] o) A F o) H A

!

B4 WA EE b5 3 o
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class C:
@staticmethod
def static(argl, arg2, arg3):
# No 'self' parameter!

Jevh A WA EY B3E e @A DGR IS GET BE o T E Aok A Yk

def getcount () :
return C.count

Ao BEF BE o] Sea (Ee DA BRD 22 AS 72 E AYAES P2
thd, ol o] Yt AL AT U

2.6.9 sto]o A FAHAH(EE WA E)E ALDA AP AT 5 A5U7I1?
ol e AAR BE BN S A gH AT AR AubA oz AR Eol A 7 WA e
ol A The ) o] A4 gtk

class C {
C() { cout << "No arguments\n"; }
C(int i) { cout << "Argument is " << i << "\n"; }

(@)

}

Shol Aol A= 712 Q12HE AHg3he] BE F9 S AHAE A4 F FU 8 EW

i

e

rlr

class C:
def _ init_ (self, i=None):
if 1 is None:
print ("No arguments")
else:
print ("Argument is", 1)
o) AL FAB FEHAL AT, AA 2L ok AU T

2
W ho] A4 BES NEF £E dFUTh oI E Fol:

def _ init__ (self, *args):

22 HIol RE VA E AN = Sag YT

2.6.10 __spam & A}-£3}2 11 3}+=1] _SomeClassName__spam ] tjj gt oj| 2] 7} A 3}
U,

ok

olF A WEo] Y= W ol 52 Ze X HlF /M (private) ME Ao sh= ThkspAI vh a4 @

Al-&3t7] 980 <5 A pe ?JHD]—(mangled)” __spam ZA(Hojx F 7] AP U ‘:”z 54"41 shite] =38 té‘%);
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26.11 U] 2o At _ del__ & o] sk uh A5

i

A o) 5257 Ut

% 742 7he @ ol 7k hE U Th

The del statement does not necessarily call __del__ () —itsimply decrements the object’s reference count, and if this
reaches zero __del () is called.

If your data structures contain circular links (e.g. a tree where each child has a parent reference and each parent has
a list of children) the reference counts will never go back to zero. Once in a while Python runs an algorithm to detect
such cycles, but the garbage collector might run some time after the last reference to your data structure vanishes, so
your __del__ () method may be called at an inconvenient and random time. This is inconvenient if you’re trying to
reproduce a problem. Worse, the order in which object’s __del__ () methods are executed is arbitrary. You can run
gc.collect () toforce a collection, but there are pathological cases where objects will never be collected.

Despite the cycle collector, it’s still a good idea to define an explicit close () method on objects to be called when-
ever you’re done with them. The close () method can then remove attributes that refer to subobjects. Don’t call
__del__ () directly—__del__ () shouldcall close () and close () should make sure that it can be called more
than once for the same object.

S Th(o] & AS o] B g arhul),

Finally, if your __del__ () method raises an exception, a warning message is printed to sys.stderr.

shol e Fels(Et 1 48) 9 BE ALUAE 245 gL Sea YA 4 Axdzo] B
e A% PAEES FAT] BE QAHAE 2AREE nw 1Y 5 AEUT)

Ld() WEE AA +9 F9 LR FES LGS & H5E MBFLTh CPython] 4
Faolnz, A7} vl = el A A4 2
A BT B3 2ol AN T 5 UgvT:

>>> 1d(1000)

13901272

>>> 1d(2000)

13901272

FhY ide o2 A5 Aol Foted], id() TF A gofl oA 11, $& A3 AAIF YT idg AAF

stef= AA 7L o A 3] Aok J=5 st d, I AA| o ti 3 ohE FEE HEAA L

>>> a = 1000; b = 2000
>>> id(a)
13901272
>>> id(b)
13891296
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2.6.14 is AA2AE A} 3 ofo|dlE]E] AA}E= oA XS S 95U 72

is AxbAbes A otoldE Bl E AAFGUTE HAba is b id(a) == id(b) 2 FSHUT
obolHIENE AALS 7PE 523 £ AA B AT FUF T a is ab FH Trued B
I, olol el e] 8 A1 S o 554 A A o T 5 54 B ek chel, ofol el
22 d True} FalseE ¥k8dro] B A Yt

22, AA) ofo] I B 7} H g 0} 1B AA7E 554 AAME AT 5 A5t
ofoldE Bl 7} A= = Al 74A] &l syt

1) Assignments create new names but do not change object identity. After the assignment new = o1d, itis guaranteed
that new is old

I
rlr sy

P

1o}
| 2~

fm

o r°“

=]

pud

o=

ne
o~

2) Putting an object in a container that stores object references does not change object identity. After the list assignment
s[0] = x,itisguaranteed that s[0] is x.

3) If an object is a singleton, it means that only one instance of that object can exist. After the assignments a = None
andb = None, itis guaranteed that a is b because None is a singleton.

O F2 9] th2 Ao A& ot HIE E AA AXE A ko 554 HAEZFASZH U 53], A=2E9]
BAE A P int 9 strit 2 45 E ol o) ofoldlEl el FAS AHg AL ok H U Th:
>>> a = 1000

>>> b = 500

>>> ¢ = Db + 500

>>> a is c

False

>>> a = 'Python'

>>> b = 'Py'

>>> ¢ = b + 'thon'

>>> a is c

False

nRZRA =, 7h AEH o] o A Ada"d A s Y FhekA] ks yth:

>>> a = []
>>> b = []
>>> a is b
False

FEF golE e ZEoA, ofo]l B E] HAE SHFEA AHE St B 7HA dibEd e e £ o dsUth:

1) As recommended by PEP 8, an identity test is the preferred way to check for None. This reads like plain English in
code and avoids confusion with other objects that may have boolean values that evaluate to false.

2) Detecting optional arguments can be tricky when None is a valid input value. In those situations, you can create a
singleton sentinel object guaranteed to be distinct from other objects. For example, here is how to implement a method
that behaves like dict .pop ():

_sentinel = object ()

def pop(self, key, default=_sentinel):
if key in self:
value = self[key]
del self[key]
return value
if default is _sentinel:

(TH& s o] Aol A1)
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(o] A H o] A | A AL
raise KeyError (key)
return default

3) Container implementations sometimes need to augment equality tests with identity tests. This prevents the code from
being confused by objects such as f1oat ('NaN') that are not equal to themselves.

For example, here is the implementation of collections.abc.Sequence.__contains__ ():

def _ contains_ (self, wvalue):
for v in self:
if v is value or v == value:
return True
return False

2.6.15 How can a subclass control what data is stored in an immutable instance?

When subclassing an immutable type, override the __new__ () method instead of the __init__ () method. The
latter only runs affer an instance is created, which is too late to alter data in an immutable instance.

All of these immutable classes have a different signature than their parent class:

from datetime import date

class FirstOfMonthDate (date) :
"Always choose the first day of the month"
def _ new__ (cls, year, month, day):
return super()._ _new__ (cls, year, month, 1)

class NamedInt (int) :
"Allow text names for some numbers"

xlat = {'zero': 0, 'one': 1, 'ten': 10}
def _ new__ (cls, value):
value = cls.xlat.get (value, value)
return super()._ _new__ (cls, value)

class TitleStr(str):
"Convert str to name suitable for a URL path"
def new__ (cls, s):

s = s.lower () .replace(' ', '-")
s = '"'".join([c for ¢ in s if c.isalnum() or c == "'-'])
return super()._ _new__ (cls, s)

The classes can be used like this:

>>> FirstOfMonthDate (2012, 2, 14)
FirstOfMonthDate (2012, 2, 1)

>>> NamedInt ('ten')

10

>>> NamedInt (20)

20

>>> TitleStr ('Blog: Why Python Rocks')
'blog-why-python-rocks'
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2.6.16 How do | cache method calls?
The two principal tools for caching methods are functools.cached_property () and functools.
lru_cache (). The former stores results at the instance level and the latter at the class level.

The cached_property approach only works with methods that do not take any arguments. It does not create a reference to
the instance. The cached method result will be kept only as long as the instance is alive.

The advantage is that when an instance is no longer used, the cached method result will be released right away. The
disadvantage is that if instances accumulate, so too will the accumulated method results. They can grow without bound.

The Iru_cache approach works with methods that have hashable arguments. It creates a reference to the instance unless
special efforts are made to pass in weak references.

The advantage of the least recently used algorithm is that the cache is bounded by the specified maxsize. The disadvantage
is that instances are kept alive until they age out of the cache or until the cache is cleared.

This example shows the various techniques:

class Weather:
"Lookup weather information on a government website"

def _ init_ (self, station_id):
self._station_id = station_id
# The _station_id is private and immutable

def current_temperature (self):
"Latest hourly observation"
# Do not cache this because old results
# can be out of date.

@cached_property

def location(self):
"Return the longitude/latitude coordinates of the station"
# Result only depends on the station_id

@lru_cache (maxsize=20)

def historic_rainfall (self, date, units='mm') :
"Rainfall on a given date"
# Depends on the station_id, date, and units.

The above example assumes that the station_id never changes. If the relevant instance attributes are mutable, the
cached_property approach can’t be made to work because it cannot detect changes to the attributes.

To make the /ru_cache approach work when the stafion_id is mutable, the class needs to define the __eq__ () and
__hash__ () methods so that the cache can detect relevant attribute updates:

class Weather:
"Example with a mutable station identifier"

def _ init_ (self, station_id):
self.station_id = station_id

def change_station(self, station_id):
self.station_id = station_id

def _ _eqg (self, other):
return self.station_id == other.station_id

(tH& sl o] Al ol Al)
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def _ hash__ (self):
return hash(self.station_id)

@lru_cache (maxsize=20)

def historic_rainfall (self, date, units='cm'):
'Rainfall on a given date'
# Depends on the station_id, date, and units.

REO AL YRE B ) (F& WA AL o] WEo) W F a4 plol WA YL w) AL AE=F
Z3ahe . pyc HAL py FA L EFele tdE2le] _ pycache Hﬂﬂﬂﬂﬂﬂﬂcﬂﬁ%JHﬂ
pyc 342 .py LA 2L o] 5O 8 A1 F8tAL, .pyc R 2UH, 34 WE 54 python v E] 3k
TEHE T T8 8AE e Y2 A5 Utk (RIS W82 PEP 31472 R4 AI L)
.pyc 3t o] w50 x| %] kS 4 9l 3 7} 7] 0] 9 A J}o]o] gga;;ﬂ gag e As FA G ULt 5,
__pycache_ A EH HAHIE s F glth= 54Ut A& S AFEALE JH A A v T2 AR AR
Aot Aol ol do] dojg = AFUTH 7HE W AHE Eﬂ 5}1 A= wf J U
PYTHONDONTWRITEBYTECODE 37 331 m}o] A 9]

@47} M’Eﬂﬂ AA 2 3 HES Y9XE o] A
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o, U2 RE XYz pYyE Y¥E = A9 2E foo.py”Zt A& W, (python foo.pys A ¥
JH3t) foos AW, xyzE YXE 37| W2l xyzoll 3l .pyc7F THE A XA ufOO-p 9=
3HA] ¢ 7] W el foooll thaf A= .pyc ItY o] REE o] A A] 5T
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F
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fooo| M3t .pyc FAL WE Fo 7l 9o - = AXE HA P 2E U .pyc 9IS S -
py_compiled compileall &S AHES = A5t

py_compile RES 999 EES 502 AVIT £ gFUth & A HHL ST ZEONA
compile () &FE th3}A 0 2 AbE3h= AYYth

>>> import py_compile
>>> py_compile.compile('foo.py')

o] & .pycE foo.py9h 2 Ao Y _pycache__ A e o] 7S Gt Ae 7 w7
WS crile® o2 AR R 5 dFUTh.

compileall 2&& AHgsto] tE B 2o BE S Abs o2 Aud e & Q55U compileall.py

S Adsta HotdT oyl spdo] xFE HHHE Y AR E ATt A Z2FZEA o] & T 5
Sl ok
[python -m compileall . ]
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27.2 @A L o] FL oA FHUAR
=

E g AAHE_ name_ S HOZH EE A}
W, 22 0ol ATHEZ AP TUYLEL gt oz B E
Elg o] AU 2| Bl 2EE A3, name 2 913 Zoj ul o] T =& A3 T}

foo.py

from bar import bar_var
foo_var = 1

bar.py:

from foo import foo_var
bar_var = 2

A= JHZEH LGS BAE s T

e main imports foo

Atk

rlr

* Empty globals for foo are created

* foo is compiled and starts executing

e foo imports bar

* Empty globals for bar are created

* bar is compiled and starts executing

* bar imports £oo (which is a no-op since there already is a module named foo)

¢ The import mechanism tries to read foo_var from foo globals, to set bar . foo_var = foo.foo_var

wp2) 2 ) 7} AU T Sho] o] o1 fooR AHZ )= S AL $RFA G fo0d) A A5

gAv e 7t o [ 8] blo] 17 wiE J YT
import fooZ ARSI AP FEOA] foo.foo_varol] AN AT EH T S ujx 28 o] oj ).
o] FA| ol 3l 7t sk (H &%h Al 74A] 3 A o] AF U th

Guido van Rossum-2 from <module> import ... o}d Al 3] W11, RE I &

2 @5 el WA
A2 AFFUTh A A5 Fex W5 275+ foF gttt ol AL QxE

Jim Roskind+= 7} RE A ThS <A 2 GA S £33 A4S A oy o)
s YHWZ (A, s+ L wlo]x A E

e import &
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c B FE(Y2E A ol 271348 A =3,
Van Rossum doesn’t like this approach much because the imports appear in a strange place, but it does work.
Matthias Urlichs SHE AN AZEVZQFA UEE I E ANFAT AL AU

€ A
ol s 2 Y=L 4T viEtH o] A gk Th

2.7.4 __import__(‘x.y.z’)= <module ‘x’> & v133tUt}; zE o]® A LU 72

importlib®] #e| &< import_module () & Al AHG8hE XS L YA L

[z = importlib.import_module('x.y.z") ]

275 JxE H RES Qs vhA d2E S o, A Aol A5 A syt
o] oo WA 712

EEAPE ol P ABYY o] FE, oML REL XS YZE FuN RE IS dvUnh 184

ghom, 7 mEo| 22 /B BES JEE S B2 BEE TAH Z2 RN, 7R ES oy Wl PR

R ASI Al B R4S Ut WA E BES A2 oAl do e, theat 2ol S A L

import importlib
import modname
importlib.reload (modname)

%
FI'F
bk
|
rlo

AL o] 712 100% FAskA] s Uth 53], b= 22 8= £

[from modname import some_objects

A e Ao A

QZE @ AR oA MAOE A% AAFUTh B S~ H A 2 W,
402 ool FYth:

JESSE o)
£ /)% 22 Q20 ANHA 5Tk o AL BT 2 Ga A

fu-

>>> import importlib

>>> import cls

>>> ¢ = cls.C() # Create an instance of C
>>> importlib.reload(cls)

<module 'cls' from 'cls.py'>

>>> isinstance(c, cls.C) # isinstance is false?!?
False

S AA o] “ole]AE 7 E Afstd A Ed o] s AU Th:

>>> hex (id(c.__class_ ))
'0x7352a0"

>>> hex (id(cls.C))
'0x4198d0"
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AA et SAFFAQ

3.1 so]e o) BAe] 1E3he] SA27E AL FUAR

Guido van Rossum2 15 8}ol]| S ]2 7] 5 AH-g-she 21 o] m-¢- -p-ofstal AnbA <l sfold 22 7] 9] 2o
A 71ol g @5 Uh 22 AFE2 A Zbo] & 58 Tl o] 7lse Argete HE M UTh
A 237 7 W Eoll & B4 719k A A A4 Sk 2 el £ A7 e st a2

7F
Czzadves a2 3= 2245 WA guyth:

if (x <= vy)
X++;
Y=7i
z++;

Z 0] Fol¥ x++ &
ZRIYHEAE x > yEd W= y7t F4sE ol E T35t
o

A
g 2E0] A AHUL ColAE FZEE X 8t= o g
o]

A e Fo 7L QU7 wEe, sfel e I A8 2 A

ZHA o] Sl Uth 53 ABAE AR St IEE glu 2e v d5eiAH, ohE AHAR o8 (£

Zgsfop e v tha =TS =71 A2 BFAUTh

W2 3E AEA2 AR/ S E T AR Fof WA Th o= QI3 22 o] gE] dojA
T3t gxbel gl o], 22 IS 2577 ol H AUt o] Ao R, 9harTt 3k Shu of

grotol huth (748, 20-30%). 20&2] Tho] 2 Co 202 R T A o B2 HYL +F T+ IdFUrh

oA A H/E HE AR Q7] vl w2 obdyriut - A o] gle A nF HolH A E oyt

—E0227] 7Nk 2 A s =gl gyt
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3.2 2HeHe 2he A4ko 2 o 49 AT ek ol Rl
o AES AN L.

3.3 W5 247 Albo] o) 22 R SIIAR
NEAE £5 Te 7} 22 Aol w24 Btk

>> 1.2 - 1.0
0.19999999999999996

shol el Wt A7 ch ¥ A sy T o] 212 St A Ao HE o] gleow, s
A25H AHE Aot H I 20 o #E o] s UTh

CPython®] float P& A FS 93] C doubleS A2 TUTh float AAY e 1A AUE(IukF o g
53] E) 9] o] Hg Ao AFEH I spo]H-L Fg A4 ALHE k= o C A4bS AFS-3HH, o]+
Al Z 2 A A stego] Fdof UL &, 5 &43 Askel #3853 sho] W& Ce Java s £33
w2 de e A EA-E 2Py

AR B A € F e B2 A oA RE asdozs AostA 28T 5 syt dE

=

[>>> Xx = 1.2 ]

o] o, xoll thall A= g2 10 gk 1.20] thgh (W F2) AR o] A| ¥, A &3] A= 5 Uth
AREA QA ) Al AA AgE = 2 o 25yt

[1.0011001100i10011001100ilO011001100110011001100110011 (binary)

o1 A€ BEEA = ket Bgvth

[1.1999999999999999555910790149937383830547332763671875 (decimal)

f
)
o4
%
v
v

S3N| =9 QA JAEE shol A £5 &5 Ao 15-16442]9] 1045 ATE

15—
AT B E, ol A AEA Y] BE a5 A B FRFHYA L.

o

% 7kx 33l Y

b A AUth EAd0] UL HThE AL RS ) o E AT T T 4 Yok AL o
e, 2EPA 87 AL WAH T WAH A FEU 0| AL B FEF JAES TRAL olF F
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A= A 29} 3 Z o) A] ‘self’ & WA 2] 0 7 A} &3 of 5l o] G I
AP Y7

oFo] t] of = Modula-3o1 A W% ek o] & 747 o] 2 v 8Tt}

A, 22 W5 A S AAEs o2 HES AT Atk Ao] § BEFUh self.xi}
self.meth ()& JO@ Feh2 428 7|95hx) Rattiete Q2L WL A= AHSETHE 22
235 5 YFUTH Crrol A, Ao W Ale] gl A0 R FRT 5 ASUG(AG L =B AL
Q4G 4 QIrka 7Hg & ul) - ShA @ shol Ao A, Ao WS Ao] glo A, FA3] Steld Feh s o2
Shojof gtk Aot Crrd}lava 2 EEo) A A2HA oSl Eo]n_ HFolE 2 3T T e

ol YA L ol Aol E A3 F& Tt

Second, it means that no special syntax is necessary if you want to explicitly reference or call the method from a particular
class. In C++, if you want to use a method from a base class which is overridden in a derived class, you have to use
the : : operator — in Python you can write baseclass.methodname (self, <argument list>). Thisis
particularly useful for __init__ () methods, and in general in cases where a derived class method wants to extend the
base class method of the same name and thus has to call the base class method somehow.

Ao R, AaEs MY P9 T BAY B BAE A AU st A A WA (2
e e R A A TS LR U e YA
ool A W oh et And e wgel T dYolehe AL U8 Aol slofo} H, (EAS] &
Wl A]) A o ¥ EHUTh Crvt AL 53 o] 442 2 A5HA T, shol ol & Qo] glojA o] el 8
BRogw PP EY ok st A AU BAA self.vars A3 o] 4712 327 k.
AR, QA A MRS AG I P, self.varshil Aok Brhs AL, WA ol A] 11315 A
ore ol 5o v HelE 24 27t 9o o g ohal e, A9 s
Args Wat F o] A2 ThE o] § 2ol Yom, g o] F T2+ shol o] Lefof Fch,

3.6 ZANOIA S AT 5 gt ol FE ROl

ghol 4 3.8 ¥, 7Hs AUt

Assignment expressions using the walrus operator : = assign a variable in an expression:

while chunk := fp.read(200):
print (chunk)

ZLA 8 A B = PEP 5725 Z2 8] A L.

3.7 Spo] AL 9 YK 7% (ol & Sof listindex() ol &= ¥ H =5 A1-85}3
ThE 715 (S o len(list) ol & T4 A&7

Guido 7} ¥l 5%o]:

(a) G5 A4k -9, A9 32 7] (prefix notation) ©] £ (postfix) 3 7] H H. o} B 2 ¢ P - 9]
(2859 (inﬁX)!) A2 oA LW AFS 7HA AL e, AT A of S A ek

Hl A ZA g Ego] H+ H7WHE Fobete XYUTH x¥ath) & 22 T4 S xfa+ x¥b 2
Al A 67 412 AT YA 00 7] H & }\]-_9_'(5]-0:] 7o 2] 2235t uj| o] o] MBS B W3
_1}]_/\1/\]

(b) len(x) 2= ZEE ¢l W) A= FA7M] dol& 83t Ytk 22 Ut o] A2 Ao A
T 7HAE ¢HFs Ut 7Ur~ Agolal, A= 459 HH oW PUth Wi E, xlen() & ¢
W, x 7} Qe o] A% TRBAL EZ len() 0] Y= Fel 2o A A& AF ] A ol vehs
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oln] &1 ojok gyt wF-E L AR b= FEl 20 get() O]H-keys() WA =7 9 AL
o] o} Ao write() A E7F QS w) o2 A= TS BAAL

—https://mail.python.org/pipermail/python-3000/2006-November/004643.html
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3.8 join() o] B AEU FE WA =5} ohel Eabed Bl A =9l o] fE ol
QU712

W 2 7se AlFste M =7 S 74, shol A 16‘:":4

— 7/& A
Ut ol A2 mA =] ti g2 de] ots o AT

ol ALgH ol H3l F 74 A b whE o] AU T
3 A B A 2 (EAD ) o T
ool 3 ke 18 5 A w, A ol )
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&3] Sz Agehe o 94 Y
S R SR DA

FAL HE P A Fo| A FRA(EE, N1 RA LR, el 9 A2 TEE ot AL NP EE
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A & 5 A7 = ATk

join() & B4 MAEGUTE A8 Al TEA EALeA £ AALE oo E 3 AYE 24
Apolol] AHA1 & AT R AAS ) MEQUTE o] MASE A A4 AT 4+ e A e
Eghsto], AR AAol U@ FAe M2 RE AXg} B ST 4 95T o] =3} bytearray

270 ol ol Ak vl A =7 = A g o

3.9 o 9] dulif w72

A try/except block is extremely efficient if no exceptions are raised. Actually catching an exception is expensive. In
versions of Python prior to 2.0 it was common to use this idiom:

try:
value = mydict [key]

except KeyError:
mydict [key] = getvalue (key)
value = mydict [key]

Ao gl A G4 71792 A0 ol gRS W o7 YU Th TR A FOH, T Lol
9%

Ytk

3% rlo

[
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if key in mydict:
value = mydict [key]

else:

value = mydict[key] = getvalue (key)
o] 54 A %ol, value = dict.setdefault(key, getvalue (key)) & A8 &% YA,
getvalue () T&0| BE 4ol F7k5)7] W2l 23| AGe 2ol A2 = AUt

3.10 sto]#lof switch 1} case £o] gl ol fr= FAYU7I?

In general, structured switch statements execute one block of code when an expression has a particular value or set of
values. Since Python 3.10 one can easily match literal values, or constants within a namespace, with a match

case statement. An older alternative is a sequence of if... elif... elif... else.
- w2 7?”*& 011/‘1 Adgsfof st= FFollE, case 2 22T Tl Wi eE 9 E HE &+
AUt o2
functions = {'a': function_1,
'b': function_2,

'c': self.method_1}

func = functions[value]
func ()

AR R WA E T2 A9 getater 0 B BFE ST 54 oI5 A MAZE Ao HI
98 ¥ 5 dedh

class MyVisitor:
def visit_a(self):

def dispatch(self, wvalue):

method_name = 'visit_ ' + str(value)
method = getattr(self, method_name)
method ()

o] A ] visit_ g} Zo] M E o] Fo HFAE *}3?'5}— FEUth olH e HFAVE LeH, ghel

°|
AT 5 Qe anoll 2= A9, 447 AA L REHAEE

Imitating switch with fallthrough, as with C’s switch-case-default, is possible,

3.11 0Sd 2= F3 o) &5t 4l B Z oA 28| =EF of &2

s me Qo] Tl Aol % Bibe] C 28 mef A FAG
= 29 &5 JHUTh gebd, A7 2= PRl Col UE

=
W 2: i3], C 28 S V3= S &3] AL AH ¥ Z B F= 7} Q)+ Stackless Pythono] 955U th

3.10. 3}o]# o] switch 1} case Fo] gl o] -G= TSl 7)? 47
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shol{o] T8 mAl A9 TE BN YR FHE FHL A Q5 7] wEol ol 4 Gk HAN L 2L
239 4 95U Th 2, Foldel A, ol A 4248 EA7E opg Ut 7% 27181 T2 dlof o] g
3417 22, shol A Ykt FHE A/ UT ALE ASE AR 2 E/H L YU}

Functions are already first class objects in Python, and can be declared in a local scope. Therefore the only advantage of
using a lambda instead of a locally defined function is that you don’t need to invent a name for the function — but that’s
just a local variable to which the function object (which is exactly the same type of object that a lambda expression yields)
is assigned!

3.13 Fo|HE 7|A T E,C =& dol 2 Ayl & 5 IG5 7)?

Cython compiles a modified version of Python with optional annotations into C extensions. Nuitka is an up-and-coming
compiler of Python into C++ code, aiming to support the full Python language.
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Other implementations (such as Jython or PyPy), however, can rely on a different mechanism such as a full-blown garbage
collector. This difference can cause some subtle porting problems if your Python code depends on the behavior of the
reference counting implementation.

QR sho] 4 TR A, ThE ZE (CPythonol A+ MFLUth £ otuts 519 7|69 27 Do Atk

for file in very_long_list_of files:
f = open(file)
c = f.read (1)

Indeed, using CPython’s reference counting and destructor scheme, each new assignment to £ closes the previous file.
With a traditional GC, however, those file objects will only get collected (and closed) at varying and possibly long intervals.
B sho]d TOIA 4B HE TEE AYSE, YA H 02 AL WA with B AEH ok FU T
a2 vl ] &2 A ALk A Qlo] 2HE o

for file in very_long_list_of_ files:
with open(file) as f:
c = f.read(l)
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Traditional GC also becomes a problem when Python is embedded into other applications. While in a standalone Python
it’s fine to replace the standard malloc () and free () with versions provided by the GC library, an application
embedding Python may want to have its own substitute formalloc () and free (), and may not want Python’s. Right
now, CPython works with anything that implements malloc () and free () properly.
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Lists and tuples, while similar in many respects, are generally used in fundamentally different ways. Tuples can be thought
of as being similar to Pascal records or C st ruct s; they’re small collections of related data which may be of different
types which are operated on as a group. For example, a Cartesian coordinate is appropriately represented as a tuple of
two or three numbers.

Lists, on the other hand, are more like arrays in other languages. They tend to hold a varying number of objects all of
which have the same type and which are operated on one-by-one. For example, os.listdir ('.") returns a list of
strings representing the files in the current directory. Functions which operate on this output would generally not break if
you added another file or two to the directory.
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Dictionaries work by computing a hash code for each key stored in the dictionary using the hash () built-in function.
The hash code varies widely depending on the key and a per-process seed; for example, 'Python' could hash to
-539294296 while 'python', a string that differs by a single bit, could hash to 1142331976. The hash code is
then used to calculate a location in an internal array where the value will be stored. Assuming that you’re storing keys
that all have different hash values, this means that dictionaries take constant time — O(1), in Big-O notation — to retrieve
a key.
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mydict = {[1, 2]: '12'}
print (mydict[[1, 2]11)
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There is a trick to get around this if you need to, but use it at your own risk: You can wrap a mutable structure inside a
class instance which has botha__eq_ () anda__hash__ () method. You must then make sure that the hash value
for all such wrapper objects that reside in a dictionary (or other hash based structure), remain fixed while the object is in
the dictionary (or other structure).

Rl

L o N

2ES Q71 A

class ListWrapper:
def _ init_ (self, the_list):
self.the_list = the_list

(th= sl o] Aol Al%)
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(o] A H o] A | A AL
def _ _eqg (self, other):
return self.the_list == other.the_list

def _ hash__ (self):
1 = self.the_list
result = 98767 - len(l)*555
for i, el in enumerate(l) :
try:
result = result + (hash(el) % 9999999) * 1001 + 1
except Exception:
result = (result % 7777777) + i * 333
return result

AT AL Bl AE L] AR AW S A BT T A ke o
44 2.

=3 AAZ gy elel] A=Al FARKC], FAY ol == 02(F ol._eq  (02) is True)olH
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In the case of ListWrapper, whenever the wrapper object is in a dictionary the wrapped list must not change to avoid

anomalies. Don’t do this unless you are prepared to think hard about the requirements and the consequences of not
meeting them correctly. Consider yourself warned.
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for key in sorted (mydict) :
# do whatever with mydict [key]. ..
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An appropriate testing discipline can help build large complex applications in Python as well as having interface specifi-
cations would. In fact, it can be better because an interface specification cannot test certain properties of a program. For
example, the 1ist .append () method is expected to add new elements to the end of some internal list; an interface
specification cannot test that your 1ist.append () implementation will actually do this correctly, but it’s trivial to
check this property in a test suite.
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In the 1970s people realized that unrestricted goto could lead to messy “spaghetti” code that was hard to understand and
revise. In a high-level language, it is also unneeded as long as there are ways to branch (in Python, with if statements
and or, and, and if/else expressions) and loop (with while and for statements, possibly containing continue
and break).

One can also use exceptions to provide a “structured goto” that works even across function calls. Many feel that exceptions
can conveniently emulate all reasonable uses of the go or goto constructs of C, Fortran, and other languages. For
example:

class label (Exception): pass # declare a label
try:
if condition: raise label () # goto label

except label: # where to goto
pass

This doesn’t allow you to jump into the middle of a loop, but that’s usually considered an abuse of goto anyway. Use
sparingly.
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[f = open ("/mydir/file.txt") # works fine! ]
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dir = r"\this\is\my\dos\dir" "\\"
dir r"\this\is\my\dos\dir\ "[:-1]
dir "\\this\\is\\my\\dos\\dir\\"

3.25 ¢ slolH el = o] ERE t 5 #T “with” £o] glsU7|?

Python has a with statement that wraps the execution of a block, calling code on the entrance and exit from the block.
Some languages have a construct that looks like this:

with obj:
a =1 # equivalent to obj.a = 1
total = total + 1 # obj.total = obj.total + 1
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The snippet assumes that a must have a member attribute called x. However, there is nothing in Python that tells the
interpreter this. What should happen if a is, let us say, an integer? If there is a global variable named x, will it be used
inside the with block? As you see, the dynamic nature of Python makes such choices much harder.

The primary benefit of with and similar language features (reduction of code volume) can, however, easily be achieved
in Python by assignment. Instead of:

function (args) .mydict [index] [index] .a = 21
function (args) .mydict [index] [index] .b = 42
function (args) .mydict [index] [index] .c 63

o1 GA A A A L

ref = function(args) .mydict[index] [index]
ref.a = 21
ref.b = 42
ref.c = 63
FulnsRsd Hoe AP e

o8 1L sl ol A A Al 7hel AR Lul, T A WAL el
+ Rz

Similar proposals that would introduce syntax to further reduce code volume, such as using a ‘leading dot’, have been
rejected in favour of explicitness (see https://mail.python.org/pipermail/python-ideas/2016-May/040070.html).
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3.26 Why don’t generators support the with statement?

For technical reasons, a generator used directly as a context manager would not work correctly. When, as is most com-
mon, a generator is used as an iterator run to completion, no closing is needed. When it is, wrap it as contextlib.
closing (generator) inthe with statement.
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"B": [6, 7], # last trailing comma is optional but good style
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For third-party packages, search the Python Package Index or try Google or another web search engine. Searching for
“Python” plus a keyword or two for your topic of interest will usually find something helpful.
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import sys
print (sys.builtin_module_names)
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#! /bin/sh

exec python $0 1+"s@"
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The atexit module provides a register function that is similar to C’s onexit ().
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def handler (signum, frame):
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if name_ == "_ _main_ ":

main_logic ()
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if name_ == "_ _main_ ":

self_test ()
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The pydoc module can create HTML from the doc strings in your Python source code. An alternative for creating API
documentation purely from docstrings is epydoc. Sphinx can also include docstring content.
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import threading, time

def thread_task (name, n):
for i in range(n):
print (name, 1)

for i in range(10):
T = threading.Thread(target=thread_task, args=(str(i), 1))
T.start ()

time.sleep(10) # <——————————————————————————— f

T oA (B ERFNA) 2 EE P2 A A 9x, B Wl Sy ERFH o JAE s AN
HYUTH 7 o] §5 08 28 E 2AZ 7} ol A 2H S/ B2 D w7k A 2A =8 A REA 7] w2
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def thread_task (name, n):
time.sleep (0.001) F < !
for i in range(n):
print (name, 1)

for i in range (10):
T = threading.Thread (target=thread_task, args=(str(i), 1i))
T.start ()

time.sleep(10)
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import threading, queue, time

# The worker thread gets jobs off the queue. When the queue is empty, it
# assumes there will be no more work and exits.
# (Realistically workers will run until terminated.)
def worker () :
print ('Running worker')
time.sleep(0.1)
while True:
try:
arg = g.get (block=False)
except queue.Empty:

print ('Worker', threading.current_thread(), end=' ")
print ('queue empty')
break

else:

print ('Worker', threading.current_thread(), end='" ")
print ('running with argument', arg)
time.sleep(0.5)

# Create queue
dq = queue.Queue ()

# Start a pool of 5 workers

for i in range (5):
t = threading.Thread(target=worker, name='worker % (i+1))
t.start ()

# Begin adding work to the queue
for i in range (50):
g.put (1)

# Give threads time to run
print ('Main thread sleeping')
time.sleep (5)
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Running worker

Running worker
Running worker
Running worker

(H& sl o] Al ol Al )
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(o1 s o] A ol A A <)
Running worker
Main thread sleeping

Worker <Thread(worker 1, started 130283832797456)> running with argument O
Worker <Thread(worker 2, started 130283824404752)> running with argument 1
Worker <Thread(worker 3, started 130283816012048)> running with argument 2
Worker <Thread(worker 4, started 130283807619344)> running with argument 3
Worker <Thread(worker 5, started 130283799226640)> running with argument 4
Worker <Thread(worker 1, started 130283832797456)> running with argument 5

AA T WS BE AEAE FEFUAIL. Queue FEE 750 T AHF o] 2E Al FF T

YrA oz ;ﬁo_lﬂ SlE] Z 2 E] =(GIL) 0] AF&H o] 3 Ao 3} A E g 5lo] AW VMo A AgEE=E
duch dulA o=, stolH 2 o] E I E Y olF Aol vt A E TF HAEE AlFFUT sys.
setswitchinterval () 2 £3] Aot} A AT AE AAHT 4 Q<5 Iﬂ-ﬁ]—}ﬂ Z+ dlolE T & H
ol9} 2} BYolol A SRS BEC T Tt shold Zz 1) BANA A4 AU

o] £ 02, o] A& AT A 1A 7] $)a) A PVM ol £ 2= 7 8ol o3 A 8ket o] s 7} Basithe AL
gtk ARALEE, o AL AR Aoz Holm g HlolE R (A4, Pk, gAY 59 BF
Wl T g 2 2to] A= A4 A9 ol v g ok

AE S0, S A4 2% 9 AYUth(L, L1, L2+ g AE, D, DI, D2= 9, x, y= &AL i, j=
A5 ey

L.append (x)
L1 .extend (L2)
L[i]

X L.pop ()
L1[i:3] = L2
L.sort ()

X =Yy
x.field =y
D[x] =y
D1.update (D2)
D.keys ()

X

i =i+l

L.append (L[ 1)

L{i] = L[3J]

D[x] = D[x] + 1

Operations that replace other objects may invoke those other objects’ __del__ () method when their reference count

reaches zero, and that can affect things. This is especially true for the mass updates to dictionaries and lists. When in
doubt, use a mutex!
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435 A JE|ZE B AAT 5 QU

40 QIE el (GIL)E 5% shol A= ThE ZRAIA A 7170 sho] 8 ¥l A 5 o]
o A Uth (79)) BE sho] A TE/FGILS Fx Qi 5okl A shel 1 A, T3 2= shol W m2
a2o] A4 2.4 shke] CPURH ALE-3H7] W& g o),

o] M 1.5 Al Ao, Greg Stein< A A 2 GILS A At N H3t 202 )28t ZFAQ 3| x| RS (“AF2S
299”9 X)) & T+ P 5 o). Adam Olsen2 | 2 19] python-safethread Z 2 A E o] A -F-AF3H A S 38 3
SUtH 2935, FAE BRFGILAAE EAS=d 223 AU 5] oz 3 b4 2= A5l

w48 BARASFUTH (H=30% B =HUTh.
2T Tt E CPU 7| Ao A Tfo] AL At A2 4= Qloks =2 obdytH o A gl
oA Z2HNAZ FYE BT Y g & A3 & of Ut A Z-& concurrent.futures 5
ProcessPoolExecutor F#j&E 237 st 42 WS AF YT nultiprocessing &2 %
Qs Aol g Aol H AT ol E AF A5E A

o)

2,

C A4S AFEA AHEste AT =80 FUth C F32 AFg3ho] Al7te] 2 e AY9S +33Hd,
g2 A ~AdE7C ZE Y= FAGILS AT g2 A =7l ojH A S TIPS F Y= T4
AUtk z1ibfthashlibg} T2 AR = glolHEj ] ZE-2 o] o] 24 gy}

GILS A Ado] obyet e e e] ¥ 4] Zo]ojof sttt Al A5y 234 gz e g7}
ANE FHE T JdF5UTE EF) 5, o] A% dojd 7hsA o] stk B AA 2o dA| A A=
ZEA 2 7] wEol, G Fe] Fdol H AAULh o E Eo, I A5} 2 Exd o] A Ut
ol# gt MAl= AE el el E o] 53 of U th 2 A A & ol = AHA| A7 B35 (free list) ©] AF YT
o] A-f HE2 A Z e HE|Z o] 5l oF FUTh o]& Aoz ALH Yt

a8 3 AR o = 2 EA 7} Q7] W Fof], 53138 A 7 ¢kl & 5 Q=R T A AaHG U Al AbA)
o oy o] 2152 AA AG HEHE Az A AT EE AT ¢ e AR GwE &5
2 3 & 75 Aol =5 UTh

gl Ao g Ak AEI S T34 = U5 Sz HE 24 Fod, 24 dEZ P EHE HE o
ZZAAZ A3 A vlE] @2 o] HL FAdY7R?

4.41 3}d& oAGA AAF U2 (2] o E 5td AR E)

os.remove (filename) 9|t} os.unlink (filename) <
L. F e FL¥ YT unlink () & @3] o] Fof th gt
e e & A A Y, os.rmdir () & AP AIL; BHEH W os.mkdir () & AFE 34 A L. os.
makedirs (path) = &A3}A ¥+ path? £ g dE el & W5 Yl os.removedirs (path) &= H]
oAdesh S YUAHE AATUL A4 g EH e Eget 1 fE-& A3 W shutil.rmtree () &
AEFAA 2.

3} o] 2L v} B W os. rename (old_path, new_path) & AFL3A A L.

S A2, £ = open(filename, "rb+")E AH§St] I f.truncate (offset) & ARG A
2 ; offset?] 7] 22 A &AM (seek) Y X YUT} os.open() 22 A 9t AL os.ftruncate (fd
offset)E YFYTH A7 A fd= 34 712 EF2 ) U

shutil 25| % copyfile (), copytree () ¥ rmtree () & ZL2N doA FEste W2 T/t 29

= of syt

=

14
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4.4.2 5}+9S o)W A B a2

The shutil module contains a copyfile () function. Note that on Windows NTFS volumes, it does not copy
alternate data streams nor resource forks on macOS HFS+ volumes, though both are now rarely used. It also doesn’t copy
file permissions and metadata, though using shutil.copy2 () instead will preserve most (though not all) of it.

443 vloluiz) HlolEl S ole (T k) UL T U7}
bt ulo el tlo B §AL QAL 22|, struct RES AFESE Aol 4% FHUTh vl
HlOlEi(E A8 =g }%%z}%%%w A ol AA =z MEE 2 JEE G 22w 2 e

hs gk
o g o], the M= 5ol A ¥ ATI YA 9] F ) 2-uho] £ A4} ko] 4-nfo]

import struct

|m
o
n
i
4o,
fy
A
u

with open(filename, "rb") as f:
s = f.read(8)

X, y, z = struct.unpack(">hhl", s)
Zo B ) > = 9 AT ek H| o] B8 ZAIFUTH B2} b shue) “B-2 (short) 47(2ul0] E) B 9],
12 E ARGl A Sk “7) (ong) A4 (4 no] ) Qo

z)

ek,

fez]
=
t% 2 A vl ol B (e & E°l intv} float®] FF 2| 2E) 8] A9, array EES AT T & S

Z3: vloly g diolHE ¢la 28 W, vloj v REZ 3d-& Fojof Ty th (o 7] A+, "rb" & open ()
o7 ALy, oAl "(715%}) E AHEsld, 9ol IAE REF FE|dl £f.read () + bytes A
Al str A& g th

4.4.4 os.popen() .2 TLE s}o|Z o A os.read() & A2 5 Q= AXY B Ut} 9
A 72
os.read()+ €9 3= U&= 2 F 49l 5t 7|<2HE Hste A4E - Y Yth os.popen ()

Y% open () B5ol A MBSl AT} 2L Be] 4F 32 AAF WEUTH WebA, 0s.popen () 22
g5 0} 4 sho) 2 pol A n POl EE 90 2], p.read (n) & AL83]oF Tt

N

4.45 % (RS232) . Eo] B A 25172

For Win32, OSX, Linux, BSD, Jython, IronPython:
pyserial
F4Y 29 Z-%, Mitch Chapman 9] =24l AAES FZFAHAI L

https://groups.google.com/groups?selm=34A04430.CF9@ohioee.com
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4.4.6 <) sys.stdout(stdin, stderr) & Yol = &3] 2] gL 72

ol 3t AA &= A4 C 3 d 712 15E F43 AS I h
W open () 4E 53 FoloA tt== 75 3L AA 9 F%, £.close () & TolH 3t AAE
o]y o] FHAF A B2 A o' FASHIL 6HELC T 7leAE B Ut o] AL 7 /M A L E o) £

o] 53 Aol 4 A5 2 2 ol = g Th,

2 1} stdin, stdout Y stderr-& o] Mol A EH3}HA ] E]E]—H] C gA] o] 59 A 54
 E Ul sys.stdout.close () & A3PSHH gto| W & vld AA 7 23l Ao = 3
C ot 7|28 &4 syt

ol Al 7FA] F SFrtell ﬂ{ﬂ SHE C 3t 7| AE B o |, WA o] Zlo] A g of g o] shal A2 A1A
A of T (NS S0, YOS FAF A= F4 2E0] £5E F AdFUTH. 213049, 0s.close ) 2
A8 B A2

os.close(stdin.fileno())
os.close (stdout.fileno())
os.close (stderr.fileno())

EE A 4401928 424 AT

=

)

Yk,

%l

+

rlr

45 Y EIF/QEY Z 2 T

4.5.1 slo|H ol &= o]l WWW T 127} 91547}
gho] B 2] 2] @ 5 & v+ QD 9 internet 7} netdata F-g F 2 A Al 2. Tol Aol AH Z3 Zefo|dE & 9]
Aadg FE5oe vl E50] He B2 2E0] syt

ALS 71t =3 Y¥ 3 8 9F2 Paul Boddie 7} https://wiki.python.org/moin/WebProgrammingoll A %] &
23t

Cameron Laird maintains a useful set of pages about Python web technologies at https://web.archive.org/web/
20210224183619/http://phaseit.net/claird/comp.lang.python/web_python.

CGl Z A& & oEwA U ¥ 5 Y5447 (METHOD=POST)?

ltd

S POST & 27} 1 o)A & AR AaUth o] A4S A7 £8F 5 YLF 54 7= L= A%

U7
o. b2 urllib.request & AMS-3t= s o Ut

#!/usr/local/bin/python
import urllib.request

# build the query string
gs = "First=Josephine&MI=Q&Last=Public"

# connect and send the server a path
req = urllib.request.urlopen('http://www.some-server.out-there'
'/cgi-bin/some-cgi-script', data=qgs)
with reqg:
msg, hdrs = req.read(), req.info ()
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dutr o2 HAE A FJH POST A4S A9, 2] EAF L urllib.parse.urlencode () & A& 3}o]
ol g-3f oF ghof] F2l g Al L. ol & E9], name=CGuy Steele, Jr. & RHUlgH:

>>> import urllib.parse
>>> urllib.parse.urlencode ({'name': 'Guy Steele, Jr.'})
'name=Guy+Steele$2C+Jr."

o B7]:
FH Y 3t of| = urllib-howto2 ZFE3HA] A Q.

453 HTML < $13) o w5 AF&3) ok gL 7}?

Web Programming wiki pageol| 4] F&3F H 3 2SS 23 4 5y th

FE TholEY 2] 2F sntplibs AR SHAEAIL.
U2 ©] & ARS8k vl e i34 v 2 A 7] Ut o] 2 SMTP 2|2 & A gshs BE &
E A FE g

import sys, smtplib

fromaddr = input ("From: ")
toaddrs = input ("To: ").split(',")
print ("Enter message, end with ~D:")
msg = "'
while True:

line = sys.stdin.readline()

if not line:

break

msg += line

# The actual mail send

server = smtplib.SMTP ('localhost"')
server.sendmail (fromaddr, toaddrs, msg)
server.quit ()

frua2 A8 o k-2 sendmail = AHE- 3L T} sendmail Z 2 750 9] 91 X &= A|~®ntch ohE U oh Wl £+ /usr/
lib/sendmail, &% /usr/sbin/sendmail. sendmail W7 <& H o] X7} =20] & AJ Ut AZ F =

£ e 24yt

import os

SENDMAIL = "/usr/sbin/sendmail" # sendmail location

p = os.popen("%s -t —-i" % SENDMAIL, "w")

p.write("To: receiver@Rexample.com\n")

p.write ("Subject: test\n")

p.write("\n") # blank line separating headers from body
p.write ("Some text\n")

p.write ("some more text\n")

sts = p.close()

if sts != 0:

print ("Sendmail exit status", sts)
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4.5.5 2712] connect() WA = oA B2 7] & 9] 5leH o] DA 3l of 72

select RE0] 279 H]5 7] JOE A Y3t= o] &3] AH2F U Th

To prevent the TCP connect from blocking, you can set the socket to non-blocking mode. Then when you do the
connect (), you will either connect immediately (unlikely) or get an exception that contains the error number as .
errno. errno.EINPROGRESS indicates that the connection is in progress, but hasn’t finished yet. Different OSes
will return different values, so you’re going to have to check what’s returned on your system.

You can use the connect_ex () method to avoid creating an exception. It will just return the errno value. To poll, you
can call connect_ex () again later — 0 or errno.EISCONN indicate that you’re connected — or you can pass this
socket to select.select () to check if it’s writable.

ZF31: The asynciomodule provides a general purpose single-threaded and concurrent asynchronous library, which can
be used for writing non-blocking network code. The third-party Twisted library is a popular and feature-rich alternative.

4.6 t|oejuHo] X~

4.6.1 shol Mol v olEjul o] 2 37| x| ol ThEF VeI sl 0] 27} YL&U7?

.

DBM} GDBMZH-E T] A = 7] vk 3 A] of] tf 3 <1 €] Jﬂ O|A% 3
HAA Y dolE Ml o] 2 F A FFh= sqlite3 R ER %%HE}.
}. %

2 SAE ol o] Bl o] 20f T 2 2| o] AT Y

ZBHAA 2

462 ol Mol A A% AAE oW TAYU7?

pickle ol Heie) REE o2& )¢ ARl Y4 02 Sh Aok (143l
AL AAT = g AW, shelve gtolH 8 EE L pickle T} (g)dbm<
;,‘L_‘é; =g 79 4 (persistent) 1] 3= Y5 U T}

47 553} 527}

471 shol Aol A 445 oA P FU7R

import random
random.random ()

* randrange (a, b)+<[a, b) Helel A4
e uniform(a, ElabEYe F s 4

e normalvariate (mean, sdev)+= A (7}EAIQH EXE AM=F g )
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[«

18 5% Pt B2l 48 45 EU 4

e shuffle (L)

< g
=A< A MY G A7 E HEV] HE A"
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CHAPTER D

agEUTh B4, A, e B AR e B ERE YA BES CE BE 5 A5 extending-
index £ Aol A% ¥ o] gl
fREe] FFelut TF sl A A A= o] FAE THE A YTH

2REUT] Crroll = C T84 752 A8 T sho] 1 ZF-E (include) 342 590l extern "Cv
oo YE WX FI Sol A AB T 7} T2 7§ Fol extern "CrE WA AN L. AGAE 73]
Ao} A A (static) Cr+ AA £ o) 7] - A 7ko] obd T

T35t = F Yol el o g2 wel C e A ste o2 7hA v gtol st
Cython and its relative Pyrex are compilers that accept a slightly modified form of Python and generate the corresponding

C code. Cython and Pyrex make it possible to write an extension without having to learn Python’s C API.

If you need to interface to some C or C++ library for which no Python extension currently exists, you can try wrapping
the library’s data types and functions with a tool such as SWIG. SIP, CXX Boost, or Weave are also alternatives for
wrapping C++ libraries.
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5.4 Col 4] Y e] o] sho] W £FL oA APT 5 A& U2

Bot= A4S 5 4= PyRun_SimpleString () ©|H, o] 25 _ main_ o] AEH A E A
@ 2 JIAHE Aok et 0= H]'i‘?j'?ﬂ-ﬂ (SyntaxErrorE E3H3}E) o9 7F A1 S -1
3ttt o] B2 Ao & 93, PyRun_String () & AFS-3M Al 2 Python/pythonrun.coll Y+
PyRun_SimpleString () &A2E 7§’_|Z_6']-/\] Al

5.5 Coll 4] Q1] 2] sho]dl EHAL o] QA Fr1e 4 AH U7

]
]

A

?_

O

o A Y& PyRun_String ()

A g start 7] & Py_eval_input2 Al-&3}e] SEHAAIL; EE
EREER PEEE Tact T

>
o 12

Slldi

‘{":_
U

o},

J

5.6 shol® 27| o] 4] CZHL oY A 22 F72

That depends on the object’s type. If it’s a tuple, PyTuple_Size () returns its length and PyTuple_GetItem()
returns the item at a specified index. Lists have similar functions, PyList_Size () and PyList_GetItem().

For bytes, PyBytes_Size () returns its length and PyBytes_AsStringAndSize () provides a pointer to its
value and its length. Note that Python bytes objects may contain null bytes so C’s strlen () should not be used.

AA Y d= /‘}6}34 3, WA NULLo] ofd A 293 t} pyBytes_Check (), PyTuple_Check (),
PyList_ Check() L AP SN L

28] S A 01*7} A8k ghol A Aol tf g 14F APIE 5T - AHAI & &2 Include/
abstract.hE oA A L. PySequence_Length (), PySequence GetItem() S} T2 SEZ EE
T Fol M AA A8} QA E H o] A~ & 4 Ql& Wk of 2} A (PyNumber_ Index ) &) 2} PyMapping API
o uig e g FEG 22 EFS AAF YL

5.7 Py_BuildValue() 2 A1-83}¢] 91| Zole] REL vhei uby
U712

23 < §is Utk A PyTuple_Pack () & AHSSHI Al 2.

=L
7]

(lo

5.8 Coll 4] 244 ¢] Bl A= & o]®A| 55372

PyObject_CallMethod () @4 AA S Qo9 WA EE 25 o 45T + AUk il At
AR, £2F WA S o], py_Buildvalue () o S5 A7 2L T EAL D A2 gt}

PyObject *
PyObject_CallMethod (PyObject *object, const char *method_name,
const char *arg_format, ...);

A 2 °ﬂ A AUt - ol AR A F 9 25 A-E gy ok vkg 31E Py DECREF ()

& 5°l, A 10,00 % 3} AA| & “seek” VI =E T Eo2 W (3Fd AA ZAH 772k 7Hg i ohy:
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res = PyObject_CallMethod(f, "seek", "(ii)", 10, 0);
if (res == NULL) {
an exception occurred
I3
else {
Py_DECREF (res) ;

PyObject_CallObject ()£ FA AR EF et F2& G322, A} Qlo] +E T E3)8]d, format
o728 AL, e AR TS &Y, AAE Z2EE FH UL dE £ “0)”

5.9 PyErr_Print() ¢] &3 (== stdout/stderr2 Q== 2 E ) S o|d
A FEy7i?

o] FEo A, write () HIAEE A D3t AAE I HAHA L. o] AAE sys.stdoutTsys.stderr
o] thABFA A L. print_errorE TE5 AL BF Edo]2AM v AU Zo] ASIHE R FAA L. Ted YL
o] B write () HIAE7F HUY = 2o g2 ZHUth

olgdA st= 7MF A WL i0.5tringlo EHE A= A YT

>>> import io, sys

>>> sys.stdout = io0.StringIO()

>>> print ('foo')

>>> print ('hello world!'")

>>> sys.stderr.write (sys.stdout.getvalue())
foo

hello world!

2 AL Sk AR A AA = o2 25U

>>> import io, sys
>>> class StdoutCatcher (io.TextIOBase) :
def  init_ (self):
self.data = []
def write(self, stuff):
self.data.append(stuff)

>>> import sys

>>> sys.stdout = StdoutCatcher ()

>>> print ('foo')

>>> print ('hello world!")

>>> sys.stderr.write(''.join(sys.stdout.data))
foo

hello world!

5.9. PyErr_Print() 2] %% (&=L stdout/stderr 2 QA == 2 E A)-S o=@ A F&5 U712 69
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5.10 Coll 4] sto]H o g A4 H Rgof o] YA JA|2gY7|?

the3t el BE Aol B £IAHE

o
>

Ytk

S
%9l

[module PyImport_ImportModule ("<modulename>") ;

R2E5Z ot dXE oA YO W (F, sys.modulesol ofA glow), o] AL RES X273tk 184
oW T3] sys.modules["<modulename>"]19] FH& H&AFUTH o] 22 BRES oW o] F T =
Y2 Sl FoAHAIL - DA 273 EH EF Stal sys.modulesd] AZEHES Gt

a8 thg, the ) o] BEY o= BE(F BE) 4 E BE o] F)o ANAT 5 A5

[attr = PyObject_GetAttrString (module, "<attrname>");

25 Q& ol thYet7] Y8l PyObject_SetAttrString () & T&8HE A% A5

5.11 5}o] 6] A Ca+ 23 o] S A| AE] 0] 2 T 7}?

27 Abgrel whet ol 7hA) 2 Al o] lrUth o] AP e FE o R St W, g Y WA EA S
A0 2 AR 2. ghol W AERY A2 'l o] H9- CoF C+ Abelofl = & Kol 7} itk 212 47
—weA C FZ2A (ZAE) F L = ’

2
C++2hol B2l 8] A9, C5 2= A2 o5 Ut

5.12 Setup 5} Y& A3l RES F713=1l make 7} A sl t}; <f

A Rk
Setup& 7} © 2 Erjok shu), A o] glow WE Z2A At At (o] £AS A3 AA RS
A ~AYE Aol Aoy, o] e vF AasiM 28 k¥ A A A7 fle A Zsyth)

5.13 242 o9 Tlm AT 7?

540z 2y 4o GDBE NS o, Bgol 22T wj7hA] B3] RS 4T 4 vtk

= =
~gdbinit SAel A (E B4 0 2) TS HHL FASHIA 2

[br _PyImport_LoadDynamicModule ]

a9 thg, GDBE AW & -

$ gdb /local/bin/python
gdb) run myscript.py

gdb) continue # repeat until your extension is loaded
gdb) finish # so that your extension is loaded

gdb) br myfunction.c:50

gdb) continue
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514 2|52 A Aq0 A slo]| A RES FHutYslar A9k i st o] ¢l

GUTh 9 2SR

o FE o] 273H WAL ghol A
python2.x/config/ t] & Eﬂﬂﬂ- 23y

i) 49, 23 sdS ¥ o2 ¥ python-devel RPM-2 A 2] 314 A] €.

o v]¢te] ¢, apt-get install python-devE A3 L.
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5.15 “ZEH QY A B AAY YY" L o 9A THE 5 ASUNR
o}

w2 sho] A T34 B =2l H o e
Sof, i el A2 ARANAY FEY 45 RALTE
Aol § R oW ZA 2 o
alo] Mo A= codeop RES AHEE
=9°],IDLEZ o] Z1 = A& Th
C /\1 o]Z@ A sl= 7F&A 42 W L PyRun_ InteractiveLoop () E T3 (o HE L A g EofA]),
dlolA Az E 7 4H S AP EE st= A Y YT} PyOoS_ReadlineFunctionPointer () 7} o 8]
T A2 Ao f Y € vt 7]Ei ARG 45 95Utk XA 8 8l E= Modules/readline.c9}
Parser/myreadline.cE I XA L.
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5.16 A 2= 2] &S g++ 7| S _ builtin_newy} __pure_virtual-& o] #)

e 5 AFUNR

g G REE FAOw Ledold Al0E B GAYHT g0 S 48l O Fa 7 Aol
Modules Makefile o] 4] LINKCCE # 7 314 A] 2), g++5 A--3}o] o] g-o soF gt (&
£9],g++ -shared -o mymodule.so mymodule.o).
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517 X WA=t C2 PR 1 9 AL stolMoz 7R (2
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T x|
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— 1.
Sl AE5S S3l) AA FHAE e

I238& Yt int, list, dict SR Z2 YA ZHP2E AT 4 95Ut

The Boost Python Library (BPL, https://www.boost.org/libs/python/doc/index.html) provides a way of doing this from
C++ (i.e. you can inherit from an extension class written in C++ using the BPL).

514, )52 A AT A Shold LES AoYstn AW, A% shalo] gt o 2FSUR T
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o) AEL P Aol oyt oful AL Bl T2 P& AR o] % Frhd o BE
Aol £HF AYUTE 184 gow, F ¥ Ao B2 5 dvinh

Unless you use some sort of integrated development environment, you will end up typing Windows commands into what is
referred to as a “Command prompt window”. Usually you can create such a window from your search bar by searching for
cmd. You should be able to recognize when you have started such a window because you will see a Windows “command
prompt”, which usually looks like this:

[c:\> ]

ot 2A7tthE L, I Fo v Al e F AFUth A BEE geR 22 A 47 & 5 st

[D:\YourName\Projects\Python> ]
AFE A4 P A 2ol 2 1 el Ao AE2A T Ak old B2 AU, Fol W =2 IAL
A F 7D AT

Sho] Wl ~Z G EE Thol i AE ZelE ehe bR Z2 3ol A QA B s} Tk AL 23 glojoF Py
AemelEt 2TYES 93, vho|E L A%A5a, uho = TES AYstel T2 YL FEIU L
I2¥d, JH 22 HE S8 stol W2 A el st d o RA Evldl oF sh3l s Y7k

A, B ol “py’ehe Tl E sl 4 71 E At AA R A A st HE FS I
Qo™ ¥H py & AP return 715 = oF Futh:

[C:\Users\YourName> Py

thg 3t 2ol EAHUth

Python 3.6.4 (v3.6.4:d48eceb, Dec 19 2017, 06:04:45) [MSC v.1900 32 bit (Intel)] on.
—win32

Type "help", "copyright", "credits" or "license" for more information.

>>>
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>>> print ("Hello")

Hello
>>> "Hello" * 3
'HelloHelloHello'
Be Algte] tisy RES A SRAE 22 e g o) /% & AN 2 A8 F T tEH shel 4 A AS
TR}, exit ) FFE TEFAU 2 & JFstEA ctrl 718 FEIL VA “Enter” 718 w2 9= S
By mEmEz Sohghrh
W3k, A7} > 22 290 » Python 3.x » Python( ¥ &) vl 3 A ET} 28 A F v HE S tolE 5 glow), 1
AT A Fol N >>> ZEZEES B 5 AFUTE o] A9, exit () 4B TEHACcerl 2 & 4 HY
Aol AehA U Th A=A T “python” BHS AW skt Fol L, AEZHE SR B BHUTh
ojAl py Mol AAFH P o nRE, FALE FAY Fto] M ATHEE E 5 UFUTE TolH AT HE] A
BEUYAY ARE AAQH kT &‘%MEP- G419 sto]H AT Y EFhello.py B O] 522 B9 Bl
o AXSHL oA, B 252 EV YA E o 2 dejglo B g thgy) Zo] Y& o] AF U
[C:\Users\YourName> ]

T oA AT HE HF 2 FHollpy & AHYsto] stol W ATHES Al Fetr] Al py B 23T AdYth

C:\Users\YourName> py Desktop\hello.py
hello

6.2 SholHl 23 Y= A stz w5 el w o)A sl of Tz

TS0 A FF gfo] A A x| He| A}= o)) .py B2} 51 73 (Python.File) & ?ié;li , TEHZEEH ((D:\
Program Files\Python\python.exe "%1" $*)& 433} open UﬂEﬂJ gt 9§38 Al Fg ) o]
AL W 2w e A foopy T 2 ATHE AYFAL wE 7o ZEITH A ¢o] oo’ 2
Aol 239 =5 AW ool W PATHEXT 820 W40] py & 5719l oF T .

6.3 o Wjw) 2 sho] WL A 2Hah vl A 7ke] 2.0 AR

QubA 0 2 sho] M AE ol A Bl w2 A A2 A v, w2 vl We A& ol 417 2.3 A|zhe]
ARtk W B A7 AT ol d @ AL shojalo] AT TAH A0 Holk TE AES AAH
o4 2 2537 We] B o 2EAHA BETh

o A% o3 ARl holel s A4} 2xEdolsl 42 dgoz WATE A S FUh L vt
ole|z 2 E Y LMo HE 9e BE AL BUHAGES A0S @%ﬂ%ﬂa¢%+4
A% A= E ok Ao s e A dgUlth A dol A Hholel s Al 4 =dlelel 79 salstel
AR 2 LA FAH AEA SN L. BE S A 2H 27] AL FAFES 2R 29, MeAfee

= 53] 2AE 420yt
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See hol M ~AYER =9 AWY who] V2 & vEelw o)
to make executables.
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6.5 *.pyd 5}ol-& DLL3} 5 Q3h 712

o, .pyd 342 dll o] A%k, & 7}11 zkol o] Qs th wHeF Al o]
O‘E} PyInlt foo () T4E WEEA] 7R A Qlof oF g th B4l sho] A “import foo” § & 4~ o1, 3t

o] %12 (foo.py, foo.pyc Tt o} 2}) foo.pyd & AN E Z o] 11, o] & WA SIH 2 7]3}8}7] 98l PyInit_foo ()
FTE2SANET AJYUTH U520 A DLL &) A& 2738 A o] 7] w] £l .exe S foo.libe} 8 T34 oF F Ut}

foo.pydel th et AA F 2= A=A foo.dll S A3t U AFg3= A2 7)ofd PYTHONPATH%‘ S Fe
SHAAl L. S e TS *‘@4?‘5}71 A3l foo.pyd 7k Q1= B2 = AR 22 a2 dlIF H 23 Aol =dl
ol g9tk £&, import fooE 0}71 ﬂHWLf 0pyd7}JeJ Utk DLLO A ® 7] A= a2 T =] A
AHG 7he 3t S H 5o AojH Yk

oo.pyd gt ©] 52 DLLZ 7FA] a1

L"h

6.6 AL LI sol L Z st W oA 3o T

AL QoA hol A AE) 2B E s TheH} 2ol 2ok 4 Y5k

1. Do not build Python into your .exe file directly. On Windows, Python must be a DLL to handle importing modules
that are themselves DLL’s. (This is the first key undocumented fact.) Instead, link to pythonNN.d11; it is
typically installed in C: \Windows\System. NN is the Python version, a number such as “33” for Python 3.3.

T bR Py o shol Mo JAF 4 A UTh ZE B FT L pythont. 1ib o B3 F2E 9
U]b‘]—_T’_, ﬁE}%] 2 3= pythonNN.d1ll o gt 3 E omdyct (LWl 21 : pythonNN.lib &
pythoniN.d11 o s g3t &9 “import lib” YUt 22 AL sl 7] art F ol gyt
HEY 93+ H3 §4S A Gt RE AL E‘r"‘ ol LA FTh E“H =
A=$ LoadLibraryEx () FE2 AFE3o] pythonNN.d11l & 2ot 2 3=+= 9
GetProcAddress () FEHO|A 94L& ZAE|E AFL 3} pythonNN.d1l (o] L] C A .4 o)
S % GOl EI S A8 S0k FIch. 1 o|el @ £ € ol 4 C APIOIA $EE 2w
CIEo) S5 A 5 Utk

2. If you use SWIG, it is easy to create a Python “extension module” that will make the app’s data and methods

available to Python. SWIG will handle just about all the grungy details for you. The result is C code that you link
into your .exe file (!) You do net have to create a DLL file, and this also simplifies linking.

3. SWIGE &% ‘j%J °l Sol met o] 5o GetAl = 273 F(C FH)E AAFULE & 59, B
59 °ol& °] leodl A%, 2713} £ mltleO()E Ut SWIG *H FH 2 E AHE3HH initleoc() 2
. °17A4—8~*H ZH 2Tt A E HEE AR 2YA FH s 27|83 Th
2RANHACIES exe FL| AT F A= ol Fe= 27 TFFE TS A RES Jo|og
P2z ESE A 5Lt iE U tH (o] A o] A3 = A 2 F HA AFE d Yt

4. 7hde] oA, Gal2 FAl] 3 REZ ol JHZEHE 27857 98 the Z=E AT

> o rfr

b
0
zfy
g
o

#include <Python.h>

Py_Initialize(); // Initialize Python.

initmyAppc(); // Initialize (import) the helper class.
PyRun_SimpleString ("import myApp"); // Import the shadow class.
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5. o] 2] C APIO] = 5 744 B4 7 Qa=t], o] 2-& 41 0] PythonNN.dIl & THE = o] AF-8-5] &= 7 5hal
2] 91 MSVC ©]9]¢] 75k 2] € AHg-3hul W3] 5 U o,
Problem 1: The so-called “Very High Level” functions that take FILE * arguments will not work in a multi-

compiler environment because each compiler’s notion of a st ruct FILE will be different. From an implemen-
tation standpoint these are very low level functions.

A 2: W gho] void 1 C 2] e o € AT vl SWIGE a3 22 ZEE ATt

Py_INCREF (Py_None) ;
_resultobj = Py_None;
return _resultobj;

olo}, Py_None-2 pythonNN.dll W 5-2] _Py_NoneStruct 2h= £33kt o] B =2 0of tfj st 2 2 273+
a2z Uk A 2elAE, o] I WE Astde SAA A AUt o3 e I g
HHZ A A 2

[return Py_Buildvalue (""); ]

< FE A7) A E WA, SWIGE] stypemap BB & AHE-dto] AHg o2 WA sHE A o] 7}
HA = B EUTHAE &7 SWIG 2 E A Y.

QoA sho] A A 2 PEE AL o] shol A AEzelE 32 A
o A3t e A9 3 Aswe =949 AT 28, G

o] o} d Y + wxPythonWindow
S 2)-2 “native” I Z 2] E] & ThEo]oF Futh. o] -2 glolx A = glejet A s g5 Uth
FAlZ stol ] ioE ¢ 7] H 27 E A Y= BE ﬁﬂli g H AT 5 QOB = read() 2} write()
WA= ERehE kol 1 AR (34 BEo) B9 8) T oW H T,

A 717F Ul sheo] i £20) |1S A shA] =5 82 o9 A 3l of

Pk

FAQ+ §& AH&ote A AsA] ¢ron, ol 2 AetY P A (PEP 8) &= 24HH Sho] &l I & of th & 4
o] ~5fo|~E AXFFUTh 01 5 3k Emacs python-mode 9] 7] 2k o

BE RGN W} 2ol 28 EEHE AL E2 Azto] obd Utk o] HlA MSVCE ThE A ko)
3l o 22 VB A TAF Uk TS D52 whe} 5} E A S Tools » Oprions » Tabs, 712 1 549 532
“’Default” 2 3} “Tab size” 2} “Indent size” = 4 2 A 7 3} 37, “Insert spaces” & 2] & H{Eo 7 A el g}
U]—o] i_Q—E] Fa_]/]_ /\ﬂ] ]/\E O]:‘H /K% '3“ _:1_7_.]:]“ Oﬂ _I'D___Zﬂ 7}- HLA“B‘]—— O—l— _,4—0] 5&‘] O] IndentationErr
TabError & WAA ZYth E3}H tabnanny EE2 A3l v 2] oA t]dE g EE 59

ek 3
=4 B

6.8 E27 qlo] 7] d¥a A3t oG A sl oF F7)?

msvert ZES ARG o] A2 2F AE-54 S ZEYUL o] A2 7| HE S| EVF EA S =AE
I8k kbhit () 2ol Z §lo] FAHE = getch () & @91 dyth
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6.9 How do | solve the missing api-ms-win-crt-runtime-11-1-0.dll er-
ror?

This can occur on Python 3.5 and later when using Windows 8.1 or earlier without all updates having been installed. First
ensure your operating system is supported and is up to date, and if that does not resolve the issue, visit the Microsoft
support page for guidance on manually installing the C Runtime update.

6.9. How do I solve the missing api-ms-win-crt-runtime-I1-1-0.dll error? 77


https://support.microsoft.com/en-us/help/3118401/
https://support.microsoft.com/en-us/help/3118401/
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7.1 YubAIGUI A

7.2 What GUI toolkits exist for Python?

Standard builds of Python include an object-oriented interface to the Tcl/Tk widget set, called tkinter. This is probably
the easiest to install (since it comes included with most binary distributions of Python) and use. For more info about Tk,
including pointers to the source, see the Tcl/Tk home page. Tcl/Tk is fully portable to the macOS, Windows, and Unix
platforms.

Depending on what platform(s) you are aiming at, there are also several alternatives. A list of cross-platform and platform-
specific GUI frameworks can be found on the python wiki.

7.3 Tkinter 2 &

7.3.1 Tkinter -3-& 2 73 o]E A 117 (freeze) P 7}?

[kl

Freeze = 5 A3y & 2214 E= =YYt Tkinter &-§ T2 WS 7 H T, S§ T2 17
Bee7t 2 27

= 9] 8] Tel 3} Tk 2}0] = AP o] obd Yt
One solution is to ship the application with the Tcl and Tk libraries, and point to them at run-time using the
TCL_LIBRARY and TK_LIBRARY environment variables.

To get truly stand-alone applications, the Tcl scripts that form the library have to be integrated into the application as well.
One tool supporting that is SAM (stand-alone modules), which is part of the Tix distribution (https://tix.sourceforge.net/).

Build Tix with SAM enabled, perform the appropriate call to Tclsam_init (), etc. inside Python’s Modules/
tkappinit.c, and link with libtclsam and libtksam (you might include the Tix libraries as well).
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On platforms other than Windows, yes, and you don’t even need threads! But you’ll have to restructure your I/O code a
bit. Tk has the equivalent of Xt’s Xt AddInput () call, which allows you to register a callback function which will be
called from the Tk mainloop when I/O is possible on a file descriptor. See tkinter-file-handlers.

7.3.3 Tkintero] 4] 7] v}l g o] & 23t2] s Utt: o] 77t FA Y712
An often-heard complaint is that event handlers bound to events with the bind () method don’t get handled even when
the appropriate key is pressed.

AP EBULL WGl A8 A T EoA 7} G AYU, o S AT A E
FASYN L. HE FALS 1AL FYT W) 7| HE ZA2E WU THE o] B TFA) g5 LT takefocus
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8.1 slo]xlo] F3IYY71?

spol e zz oy Adojgyrct B2 E}%%o Z2 I AHSFH YT ol w7 AR JdF
A5 uegos JdBE 22 I Y Ao]Z AFRT A 2 Google, NASA 2 Lucasfilm Lid. &} 252 32 oj A]
AE 2z E o] NLAT A8 = e
stol ol thaf o] &ar ATk, sholH dF A} A H A FE A7 Al 2
8.2 Y HF¥E ol slo]H o] Ax]H o] fr= F AU Y72
sto] A o] Alxdlof] A X5 o] A/ 7] o] glotd, 28A 2 5 = 2 7HA] 7hs sk o] dsUth
. O}U}E AFEHY EARAZFZ2 2 WS a2 Ao 3t 2 S AXP S Ad Utk FAS =71
FHE ARSI AA A=A FS5H oF FUTth
o AFEH o AAA ANA & 2O o] Slo|H o 2 A5 Qo sto] W AAE XT/E = 5Tt
GUI ZZIOPAA Y E Ji/ﬁ‘ﬂi}*}ﬂ A~TYPE o271 7HA] OY & =2 o] gl JlF Yt
e AR A= AFE o= FFolH o] A A = o °]A14‘3]'- o] & 2 AlH, $8l& sto] o] 234
Hewlett Packard9]- Compaq-/] Ao sl &2 A5y} 3] HP/Compaq? &2 =4 = X7}

shol oz HAE 9L AT

* Many Unix-compatible operating systems, such as macOS and some Linux distributions, have Python installed by
default; it’s included in the base installation.
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>>>

2to3

A2t

sho] 2 2x SLEE vpo] A 3x IERE WAF I A L3 B, 225 T LA T v A
EgE AN gA L 5 Qe tiF 2 vEsg s tE Yt

- =
2t03 + E T ol B oA lib2to3 E Al FHUTH S HHSZ AP T + Y+ 2T HE+= Tools/
scripts/2to3 & A& H Yt} 2to3-reference= R A Q.

abstract base class (=4} Hj o] A~ Z) ’\)

FA el Feat hasattr () 22 2 HAYE EAFAY v EEA ZRE (& 50, W3
HAE) A7, AEF o)~ F Zq-/]s]'h W AT o RN C Ero] & Heghyth ABCE 7H Al B
ZYHAE Y=, FHAE AL A Yo HAE isinstance () 2 issubclass () o o & 7+
A8+ de=Fdas C\’qu/}, abc & AWAE BA 8. sto] o= E’%’S W7 ABC 0] 2t =t
oS3 22 AlE0] dH Ut A8 F & (collections.abce E’.Eroﬂ/ﬂ) =AF (numbers R EolA]),
2EY (i0o BE ]Aﬂ), A>XE JAH2}t 2 (importlib.abc EEA). abc ZES AFE3I A 24

ol e o G £ ASEE B, DA Gl EHE £1 B4 RS 4 uE 43t @79

A WMo oo 4 A AT AT S QAT A W, Fehs 54 B B of o]
AL A7 2 g, Ed2, 42 _ _annotations_  EF oEE|HE AAAH UL}

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this functionality. Also see
annotations-howto for best practices on working with annotations.
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argument (<1 2})
FrE o g (Ee s 2 ALY e
= 212} (keyword argument): T+ i%aﬁ A 2L7) gFof] &2 AR} (o:ﬂ% %01 name=) £+ **
ol 2 "HM el AgH = UA = () TZ2oA3Hs5 =
LT EBISE

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o A X QN R} (positional argument): 7]
AdolH & o ol » & 20 A
w3 911 QARSI Tk

Qe g4 nhrje) o] & B2 A9 wgol fAH ek of ol 45 FH B0 AL calls E
£84 0 A D 5

207 o] v /)Wl FE I FAQ A& ol zpe} w] /] W 5=2] #Jo] 9} PEP 362% E A

asynchronous context manager ()% 7] A A E #a]z})

An object which controls the environment seen in an async with statement by defining __aenter__ () and
__aexit__ () methods. Introduced by PEP 492.

asynchronous generator (H]%-7] A 1] #] o] €])
H]-5 7] Xﬂbﬂﬁﬂ olf o|H# ol & EHFE= TF sync def 2 Fo5 &= IFH gAY Hole=,
async for SLILAIEE 4 e Uee] 5 S BEL yield EAAS THATIE do| ThEIh
HEvals7l Avd ey g5 7 71 A 9 oj ™ W o A= v 5 7] Al g ol g oE gl ol E & 723

Ut} o ahe o n)7} HateiA e AL, ST 8o B A B fAY T

HE5 7] AF e ol &4+ await EH AT, async for 3} async with B2 =38 4 G5 Urth

=
rd'

asynchronous generator iterator (¥]£ 7] A\ & o] €] o] €] o] )
& 7] Al o B 7 e A A,

This is an asynchronous iterator which when called using the __anext___ () method returns an awaitable object
which will execute the body of the asynchronous generator function until the next yield expression.

Each yield temporarily suspends processing, remembering the location execution state (including local variables
and pending try-statements). When the asynchronous generator iterator effectively resumes with another awaitable
returned by __anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

asynchronous iterable (¥] % 7] o]g]2] &)
An object, that can be used in an async for statement. Must return an asynchronous iterator from its

__aiter__ () method. Introduced by PEP 492.
asynchronous iterator (B]-£ 7] o] €] & o] €])
An object that implements the __aiter__ () and __anext__ () methods. __anext__ () must return an

awaitable object. async for resolves the awaitables returned by an asynchronous iterator’s __anext__ ()
method until it raises a St opAsyncIteration exception. Introduced by PEP 492.

attribute (o] E | HE)
A value associated with an object which is usually referenced by name using dotted expressions. For example, if
an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression, and
would instead need to be retrieved with getattr ().
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awaitable (o] ¢ o] €] &)
An object that can be used in an await expression. Can be a coroutine or an object with an __await__ ()
method. See also PEP 492.

BDFL
A8 28 Z A1 = A A} (Benevolent Dictator For Life), < Guido van Rossum, 2}o] % 9] ZA] =}

binary file (W}o] 2] 2} )
A file object able to read and write bytes-like objects. Examples of binary files are files opened in binary mode
("rb', 'wb' or 'rb+"'), sys.stdin.buffer, sys.stdout .buffer, and instances of 10.BytesIO
and gzip.GzipFile.

str AAE 3 2 4 9 Y AR A £ HAE 5 E B2 AL,

borrowed reference
In Python’s C API, a borrowed reference is a reference to an object, where the code using the object does not
own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage collection can
remove the last strong reference to the object and so destroy it.

Calling Py_INCREF () on the borrowed reference is recommended to convert it to a strong reference in-place,
except when the object cannot be destroyed before the last usage of the borrowed reference. The Py_NewRef ()
function can be used to create a new strong reference.

bytes-like object (0} o] E & & 7 A))

bufferobjects & A D3t C-A< W HE 22 E g £ JdF5 Ut o8 &5 memoryv1ew AA &2
EE2o|1 bytes, bytearray, array.array AAES &Y}, H]—O] ELAF AA L2 vloly g
Fﬂ o|H & thF= o 8] 7HA] AAkEol AHEE = st &5, vkel v g «L‘ro]i A, aAS TR AE

Ze A5l Y%tk

8 Q52 ko2 olE 7k R AY Ro A5Th ol o] ARA L FF g 3-27] vt

EdE AA S &9 ??:}14 t} b ¥ 5 AA o] o| E=Dbytearray E}bytearray 9 memoryview
7F A5 Uth o A2 vtolv g HiolE 7 B AR (‘A7) A& vl EG R/ AA) o AREHES
ST o™ Zi%" ]E% bytes®tbytes A9 memoryview 7} 01*145}

bytecode (B} o] E F &)
oIl £22 T2 vhol= L2 A3 o), Chython Q¥ 2AE| A shol 22 ge] Y 2
A3V ch vel = TE S pye 3o 1A Ho], 28 1A g WA 0wl o A EL T
ol A kol E I =z o] AAHAL MF 5 gTh. o] “E 3 Ao)” & 7 Hho| £ T o) $dh
7] AE At 7 77 oA A E i D3t ch vlo] E == A& ThE ol R 7MY 7] A ol A
AE A0 2 J|ThSA T, Thol 41 WE 7ol 98 4 o] 2| £ STk 2ol 7915 of Fuch

Hho E 5= 9ol 59 B8 dis RE AW Aol VT,

callable
A callable is an object that can be called, possibly with a set of arguments (see argument), with the following syntax:

[callable(argumentl, argument?2, argumentN)

A function, and by extension a method, is a callable. An instance of a class that implements the ___call__ ()
method is also a callable.

callback (Z4Y)
AA2 A== v o= A Ho A Ay HH FH T,
class (& 2)
M-SR o] A S-S
WA= o ES 2T
class variable (Z&] A~ H$)
2o A FoH
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complex number (£ 4 5)
0148} Al A| A E 9] B
o) 2=
Bk ‘JH( 19 AFHE A
T BIIHE 2 BAT
3+1j.math 25 E44H
L.

2 75 ddth 2astra =

context manager (A€ A~ E 32|z}
An object which controls the environment seen in a with statement by defining _ _enter__ () and
__exit__ () methods. See PEP 343.

context variable (A Hl A E W)
e £ of e} b g2 71 4 Sl W, o= 7 A 2227} wgol ofe) ok gk
2HE-24 A et ‘ﬂ]’\zﬂﬂ%“/} Jyu, AEAE HEE 53, 3t A8 2~
EA e S Qov ANAE Wae 2 e EAAL 57 AT A WEE 2
contextvarsE IR A L.

I SR | S EeA AR T, A S,
B, cmath AL BAa5d B8 W £F 22 53

W, Ae) s BAE T

\/J
>HM¢
e

XLSL‘ r*°

contiguous (J <)
W3 = 83| C-A % (C-contiguous) ©) At ZEZ A2 (Fortran contiguous) 2 W A< o] 2kal o AR Yt
A 15 L A ol A e A4Sl e}, 98 o AN, FEES A2 o] 9 o, 0l 4
/\]3'5}% LEake QYA AT E v 2 2ol wf X5 o] of gh T} ThAkd C-A <% v G ol A, W2 g
-4 TAHE FESS T o vpA g AG A7 7 k] AT shA vl L E S A% u G o
1 3 A g A7} 7p ) w3 T

coroutine (i—?— gl)

el o st gel s AuEEe & Ao AR e A4 @

% o8 o2 AFAA AYGsta, =3k, ARE = JdF U o] AEL asynce def
DO;;@@?ﬁgqqmmwwgawg
coroutine function (Z. €l &4)
F2E AANE EgF= 34 F2E 4= async def ToE AYd 4 i, await 2 async
forﬂ- async with 7|9 =& £33 4 5yt o] AE2 PEP 492 o 93] =45 A5 Yt
CPython
vhol Zx e Aoje] A Q1 & e, python.orgol A vl 22 5 ‘4‘74' o] 5+ &g Jython ©] 1} Iron-
Python 3} 22 t}2 A& 72T 2 87} & | 8] “CPython” o] A& Y th

decorator (t] Z.#]| o] €])
OE F4E SR $ A, BE eurapper BH S A T4 ATz AggYch d2d el
E]2] &3} o= classmethod () & staticmethod () YUY

daelolel £He wA Be BUY Bk 0 F A5 At v goz S5k

def f (arqg):

f = staticmethod (f)

@staticmethod
def f (arqg):

z StAIRE @ Ak 2 ok dl e o] B ol th g o ApAI R W82 3 A 9

we gy,

descriptor (t] A= %‘ E-])
Any object which defines the methods __get__ (),__set__ (),or__delete__ (). When a class attribute
is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to get, set or
delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor, the respective
descriptor method gets called. Understanding descriptors is a key to a deep understanding of Python because
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they are the basis for many features including functions, methods, properties, class methods, static methods, and
reference to super classes.

g3 P9 WA =S o) 3k AHA| 3 &2 descriptors U T 2 2 B AR Y Shj Al o] U3 Th

dictionary (5 A4 2])
An associative array, where arbitrary keys are mapped to values. The keys can be any object with __hash__ ()
and __eq__ () methods. Called a hash in Perl.

dictionary comprehension (5 4] 7 Z 2|3 A)
olHHE & 84 AAY LRE At AHE B2 9H Y E vkt 1HE S . results
= {n: n ** 2 for n in range(10)}<2 %t n ** 20| WA H 7| nS £ F3}l= I {2 E A
& t}. comprehensions-& #2340 Al L.

dictionary view (5 A2 H)
dict.keys(),dict.values(),dict.items () HAEIEHFE AANES DAY Rl BE
Utk o] AS2 9] &5 e 54 FE Agst=d, 9y 27 a4 2 o, {771 o] MsE
gttt SdUth 9 Ue R E S- B AER v list (dictview) 8 ARSSHE U T
dict-views S H A Q.

docstring (52 E )
A string literal which appears as the first expression in a class, function or module. While ignored when the suite is
executed, it is recognized by the compiler and put into the __doc___ attribute of the enclosing class, function or
module. Since it is available via introspection, it is the canonical place for documentation of the object.

duck-typing (< €}¢]3)
SuE A A o)A E PR EA FAE=d AAe P HA Y= zray
HAZ Y AEYHEZIEEHAY AR EUT (‘LA g Bola 2848 =
th”) EA Y Ao o]~ FxFqoeN, F AAE TE= P HA TS S gFoaH
FARE NAE 4= dF5 Utk d Eo]H L2 type () ©]t isinstance () = AMSSH AAME 9 & T
(3FA) v o Elo]Ho] A o]~ Zefs B BeE 5 Lo fodfoF FUtt) thAlel, hasattr ()

EAFP
3 2R th= 84 & +£3517]7F 4 o} (Easier to ask for forgiveness than permission). ©

ot
ol
i
-
30
rlr
i)
©
X,

79 2etdE, SulE 7| U o EFRES EAE 7HA S, 1 710l W o9& FE UL o
ZESta mE AE Y-S W tryShexcept 9 EAHE EFA YT o] HIZ Y2 Ce E2 oHE

B2 ol o) o A] A} ALE| = LBV 2~ EFal 3} of vl o).

expression (£ 3 2))

o' grew A 4 ole BHAL 27t thE YR n¥eY, ¥4 L 2HY, o] F, JEYRE
WA 2, Aakz), FEEF L2 FE EHFEEA 24ES Fol 28 AY Utk o2 gL dojg
' H xdHer AT Qe

HEAoE, BE Sl THE
24 Eol vk U £

extension module (&% 2 &)
CUC+=2 ZAA4H ZEQU, 5to] 2 2] CAPIE ARSI A S o] U AFE AL T =9} AF S 283 o)

f-string (f-F212)
£ Er B ge] £9 A HYTS B3 f-EAG 0Py Ry, 2N EA4L AHE o
Z et PEP 498 & H A 8.

file object (3} 24 A)
An object exposing a file-oriented API (with methods such as read () or write () ) to an underlying resource.
Depending on the way it was created, a file object can mediate access to a real on-disk file or to another type of
storage or communication device (for example standard input/output, in-memory buffers, sockets, pipes, etc.). File
objects are also called file-like objects or streams.

AA2E A 2R S AASol dgUTh aw) Hhol U el 519, W3 = (buffered) #ho] v 2] 3+,
9E 519 059 AEolat io REANA B U Y AANE BEL FEAA PPL

o
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open () ¥
file-like object (3}
54) 217] of

filesystem encoding and error handler
Encoding and error handler used by Python to decode bytes from the operating system and encode Unicode to the
operating system.

oy
mi

o 2

u::

g

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.

The sys.getfilesystemencoding() and sys.getfilesystemencodeerrors () functions can
be used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read () function:
see filesystem_encodingand filesystem_errors members of PyConfig.

See also the locale encoding.
finder (3}21t))
AXEFH RES Y3 2 E Fod T AEstE= AA.

There are two types of finder: meta path finders for use with sys.meta_path, and path entry finders for use
with sys.path_hooks.

See importsystem and import1ib for much more detail.

floor division (3 4~ U} A)
Vg A AER WFee 88 Uk A5 Uk AR // o8 Bol, #8411 // 4
o e 27t F AW, A% YA 2. 758 EFUTh (-11) // 47b-2.758 Y& 3k -30] Hoj
F-o] 8 of U th PEP 238 H A2

function (2+4)

SEAAA oJH FE EHFE €AY BFE. QAY T oA A} 7 ALEE 4 94|, vy Y
Aol A2 4= 5 Ut v 7] 4= & W A = 2} function A A = B A|
function annotation (g~ o] - €| o] A)
Qke} o] of | o] A

LR Rt
A

St ojH ol dutd o2 3 Sl E 2 ARREH YT o & 59, o] &5+ F /1Y int AAE who}
Y Ao 7gEa, FAY int ¥ g & Ao Eﬂwﬂuw

def sum_two_numbers(a: int, b: int) -> int:
return a + b

3t o] - H| o] A B2 function A of| Al A gt}

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto for best
practices on working with annotations.

future
A future statement, from __ future__ import <feature>, directs the compiler to compile the current
module using syntax or semantics that will become standard in a future release of Python. The __ future_
module documents the possible values of feature. By importing this module and evaluating its variables, you can
see when a new feature was first added to the language and when it will (or did) become the default:

>>> import __ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)
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garbage collection (7}8] 2] 4~ A)

o AHEE A SFE RS Wb ek AR oML Rx A4 FAT B2 £HS FARL L 5
e =3 AHul A 27712 5 AuA 2 AE SF U 1A FATE go BES A Ao @

F g%tk

generator (A&l o] ¥])
A el ol e g olE & EelFE o b A Hoj=g, dd9 ES HEs
Al 23T Ho] Ut o] &2 for-FZE AME 8 At next () & g Hof shuA Al
+ dHYth
BE AUd oy &8 7] 7] A% o | EWo A= Ay g olE olE# ol E & 7l R Uth &3
oln| 7t B&tA e A, AT Lo E N RIS QYT

generator iterator (] ] o] ¥ o] €] & o] ¥])
A e ol e g7t b= AA.

A 2ale g4 o vl U Th.

generator expression (AU @] o]&] & 2])
& A

olHHolHE ST 24 = s3tif do] Flo &+
At A AE HYUth 2 AL SR FHE AT FES HEoYYh

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

generic function (A ] 8 g4)
22 A AR g dsd el +ES A T2 749
Hashx] daejEel o8] 248 vt

Az 292 €o]F] &7 functools.singledispatch () Bl Z & 0| B2} PEP 443% H A 2.

n

4. 52 oW 7He] AHEEA L

generic type (4|11 &)
A type that can be parameterized; typically a container class such as 1ist or dict. Used for type hints and
annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

GIL
A A zefE % g HA L.

global interpreter lock (A& 2] = 2]E] &)
gt o) @& shite] Ad| =t gtolx vlo|E I & E AW F WG] 95l CPython 1H Z 2] H 7}k
AFE B AU S, (dict 22 8T HAF S 285He) AR Bdo] FAH O & FA] A 20
i3l HHSHEF w5 o] A] CPython 78 & EUth e ZEH AAE F1e AL UOH
ZZEE 3 ad=ssr] A v=t il ts Z2AA 7AZ Al HEAY g2 RS

545U,
However, some extension modules, either standard or third-party, are designed so as to release the GIL when doing
computationally intensive tasks such as compression or hashing. Also, the GIL is always released when doing 1/O.

B Y u A 2§ HolHE Fal) “Aad Eof 2§22 (free-threaded)” QB Z 2 B & WS A}
3t HAY =82 AF o)A XA, T FY Z2AX F9 Fs At A7 Wi d Yt
o] A5 ol E FE = A TEE AN EISA HEAA FA v Lol B £ Ao E A AX L

hash-based pyc (3l A] 7] ¥} pyc)
FEAS HH7] A3 s ax 5td e HF 54 Alto] ofd A& ARS8 HEolE I E A
9}9. pyc-invalidation& 2% 344 2.
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hashable (3] X] 7}%)
An object is hashable if it has a hash value which never changes during its lifetime (it needs a __hash__ ()
method), and can be compared to other objects (itneedsan __eq___ () method). Hashable objects which compare
equal must have the same hash value.

A FF5AL ANE DAY 71U Agte] W& AJLE 4 QA Fl=t], o] AR L2 S o] YE A
o2 s A gte AHgsk 7] W2 Ay
o shol el Bul g AREL A bs e (F2E G4 Ve 28 bd AEel S
IR sUth (FE o] U frozenset Z-2) 9 Z1E| O]L‘]%% E9 9 2S0] FA 3wk A
]‘—‘61—\4‘:]' A2 Ao Zefao AABEA ARNEL 7| BAOE F A 5T (2] AAL A€
L) B chE ok v 2E W, AR 1d() 2 2 wEe guch
IDLE

An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter environ-
ment which ships with the standard distribution of Python.

immutable (£%)

importing (Y £ ¥)

B REo] dol RS OhE BEY sold DEAA ASE 5 LS sh AL
importer (2 Z€])

RES 2% 81 2E 3715 sk AR, B Held oz 26 AR Ao

interactive (t} 31 3))
stol e th3y ez el HE 21 g, ez el ZEZEoA 233 284S dYT 5 91,
Zz72+ A A2 E 4 Qo= =Yk AAF ¢lo] ©A] python A& &4A 2 A
ﬁ%“ﬁtziE b dsyth. *H ofolt] o] & HAISH AU RETH 3| 7| A & S thH = vl -7 4= gt

T AU Th(help (x) & 71234

interpreted (QJE] Z 2] €] &)

_4

Hlol|E I = At el EA wfZell 2 o] S8s] A 7] = A uh, sho] A2 At Aoj 7 of et
Az H dofguth oA HAIF R A 3d S WEA GAE, 2 0GES A Y APT
Aot EPUTh 2 223 0] & o A3 /?—:'.%]Qﬂ% SR 9 QB Z 2] E] Jdoj&= HE A3Y Ao
Boh g2 /w7 718 25 Uth tiehs = BA 8.

interpreter shutdown (QJE]Z2]E] £ 8)

S3tete 84S B2, sto| A A Z e E = S A7)0 I Yst=dl, BEolU oY 71 8%
WT‘TLZCJ%7 2 RESGH AAES HAZ S E b Th 3 VA AV E e MBS
U th AR} 9 9k At weakref o] Sl ZEEY AR S *]X”\]ZJ T AFUTh TF A7
%?i”ﬁﬂﬂ“ EEgId AL ES W 5 e, 2 o] Y EFE AHECl Y 7 FEA g2

s ﬂ!
td
e 1
-
L300 ==
o rr
k
o
N
m]n
Al
L
%

=
A7 WA YUTH(ET o= gho] B e
AEZ e $82 9 YA APFE=__main_ BEECY2IHETAFPS T = AU

iterable (o] ]2 &)
An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes you
define withan __iter__ () method or witha __getitem__ () method that implements sequence semantics.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (), ***).
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When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator for the
object. This iterator is good for one pass over the set of values. When using iterables, it is usually not necessary to
call iter () or deal with iterator objects yourself. The for statement does that automatically for you, creating
a temporary unnamed variable to hold the iterator for the duration of the loop. See also iterator, sequence, and
generator.

iterator (] €] & o] €])

An object representing a stream of data. Repeated calls to the iterator’s __next__ () method (or passing
it to the built-in function next () ) return successive items in the stream. When no more data are available a
StopIteration exception is raised instead. At this point, the iterator object is exhausted and any further calls
toits__next__ () method justraise StopIteration again. Iterators are required tohavean __iter_ ()

method that returns the iterator object itself so every iterator is also iterable and may be used in most places where
other iterables are accepted. One notable exception is code which attempts multiple iteration passes. A container
object (such as a 1ist) produces a fresh new iterator each time you pass it to the iter () function or use it in a
for loop. Attempting this with an iterator will just return the same exhausted iterator object used in the previous
iteration pass, making it appear like an empty container.

typeiter o] B ZkA1 gk W&o g5yt
CPython =& %} A : CPython does not consistently apply the requirement that an iterator define __iter_ ().

key function (7] ¢)

7 g rEe 2’ Eﬂ ©] A (collation) &=+ F & (Sorting) o] L} vl & (ordering) ol AF§5 & g2 EEFEZ
HEYUTLE o & 59}, locale.strxfrm() < ZAY S PSS a2+ FE 7] & W=+ d AL
Ayt
1= .

ato] Mo W EF7F 2 4S50l o BA A A A AL Fol=AE Aol et7] Hof 7] TS Hol= AU th
o] ZlEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby () ©] AFY T}

There are several ways to create a key function. For example. the str.lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a 1ambda expression such as
lambda r: (r[0], r[2]). Also, operator.attrgetter (), operator.itemgetter (), and
operator.methodcaller () are three key function constructors. See the Sorting HOW TO for examples of
how to create and use key functions.

keyword argument (7] 9 & 21 z})
o1z & BHA L.

lambda(i’)ftl-)
o) gro] FAAL Shupel £l o2 THH o F Wi Avd B PO B4E BES BYLS

lambda [parameters]: expression YU Th

LBYL
H 7] Aol K2} (Look before you leap). ©] & ALY S &0l 23] & o17] Aol YA H 2 A
2A5S AAFPIT o] 2L EAFP Q2T ool 2, B i B9 2AE B AU,
5 2= R, LBYL 42 1S A" 0ol 39 208 TEA D A9 A
& 9], ZE if key in mapping: return mappinglkey] &£ 7 ]-f,f—oﬂ A 9k 23] Ao,
2 2 = 7} key® mappinge| A A A3 A& 5 gtk o] @ ol F ol Lk EAFP 4282

Aggomn HAB 5 A5

list (2] 2 E)
A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked list
since access to elements is O(1).

list comprehension (2] 2 E 7 Z 2|3 A)
AAse 845 AR £ ARE AT 1 ATE AR Be

Q

["{:#04x}"'.format (x) for x in range(256) if x % 2 =

A3 ¥, result =
£ 00| 4] 255 AFolof Il+&

Il —“~
— r[r
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A5 16375 (0x.) 52 XTFote ALY g 2EE v Uth if 32 AT 5 9)
89, range (256) o] Yl& EE 247 AggUch

loader (2¢])
RES 28t AA. load_module () ©o]2h= o] £9] WA =S Hols|of FUrh Zr&= BE 512l H
ZFEHEYth AN YR PEP 302 &, FA v o] 2 282~ = importlib.abc.Loader & B A 2.

)%

S

locale encoding
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.setlocale (locale.
LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "cpl252™").

On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.

See also the filesystem encoding and error handler.

magic method (7] 2] o] 4] =)
E5 A= o uFA Al u$3t

mapping (7] 3)
A container object that supports arbitrary key lookups and implements the methods specified in the
collections.abc.Mapping or collections.abc.MutableMapping abstract base classes.
Examples include dict, collections.defaultdict, collections.OrderedDict and
collections.Counter.

meta path finder (W€} 7 & 1} 21 t)
sys.meta_path 9 @A o] BeFE sale. W A2 AT 42 A=e sholt] ¢ B of
9171 34 th Ve,

HE A2 37 L3 sE A =S A= importlib.abc.MetaPathFinder & B 3§
e},

metaclass (W €} 2] 2)
Zeag 2ol 2ea Aoe 22 ol F, ZAa G, MoA 2haSe BES UE
HEf Zelat o] Al AALE Wolq 2 A8 BEE 498 AU o
AAEL2 7|2 TS ATTZUL Ffo| S SHHA = Ea
Utk g 73 ARE AL A= o] = 2 Q
L .

I9
oy

o
Elrlr o®

1l
N
1
™
o
&
k
zo
N,
= rlr
i)

[> ko

LAY

In o

Fz i

2

o =

o

A

N

-

=

_)H_:

0%

o,
1Eyo 4

ol

L

method (W] A £)
Sl mky Qboll A FojH = g
A A (BF self gl EThH & 9l

method resolution order (W] A= 2 & 4= 4)

Method Resolution Order is the order in which base classes are searched for a member during lookup. See
python_2.3_mro for details of the algorithm used by the Python interpreter since the 2.3 release.

module (2&)
Zo 2 A3 9 & @t AAl RE2 499 o)A A EE B ols T AU
RE2 Axd AApof 3l glojx o g 2EH YT
72 & HA L.
module spec (2§ A9))
BEEs 2EScH ASHE d2EAA AR S
ModuleSpec 9 AAE A,

tlo
i
k]
rlr
)
al(f

k

&7t importlib.machinery.
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mutable (7}H)
7hA AR = ghol M 4 QA vkid() + 985t
named tuple (V| Y & EZ)
“named tuple(M] 4 & FZ)" ol ehs S o= FEoA A& o5 B2 ol E8 R/
T Lo g ho AN T = 2 Z
Ae T AFYTh
time.localtime () # os.stat () 7} 93k 3 28], o8 WA P ol vJdE FEHYUTH =
T}2 o= sys. float_infoYUrt:

A~
T A

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be created
from a regular class definition that inherits from t up1e and that defines named fields. Such a class can be written by
hand, or it can be created by inheriting t yping.NamedTuple, or with the factory function collections.
namedtuple (). The latter techniques also add some extra methods that may not be found in hand-written or
built-in named tuples.

namespace (o]E327hH
T AGE = FA 0 4
B oh ot 5 o], 4 1 7o) SeIe] & B oS B Rk
Yt} o & E9, f,‘}f,‘—builti ns.open I} os.open () = =2 37
olF ¥ oWl BREo| & FH=AE L H A THEolA
t} o] & £E0], random.seed () =¥ itertools.islice() 1
|

SRR EPER T L

ﬁ
ol
N
! rlo
a0
X
s
I
fu
-
o
[t et
L ©
5
i_r“

=

LA qHE #7259 AH YR T 7|53 PEP 420 3 7] #]. o] & &7 s 7] A= B8] & AA 7}
RN TE YA, 53] __init_ .py FHo] glerm g A4t 3 7] A ok= Y th
25 T HASK.

nested scope (ZHH A7 2)
EHUR YA HFE FREe 5. A& 59, thE &5 HF A B H = utg &5 A=
HEES ARG IdS5ULE 1A 27z =7|EF oz = A2 75 E‘E, A2 HA Gethe
Zlof] 2] 3 oF @"/]T/P- A UL E2 7PF R 2Tz oA Qi FUTH VAR, A9 vy
A o] 5 F7HANA ¢ %‘4‘3]' nonlocal S HIZ AF o 2= A& &g th

new-style class (5+ 2 €} %EH )
Old name for the flavor of classes now used for all class objects. In earlier Python versions, only

new-style classes could use Python’s newer, versatile features like ___slots__, descriptors, properties,
__getattribute__ (), class methods, and static methods.
object (Z4A))

Y
Ry
[>
o

FEHCIEREY ) S 2L FF (FAE) o] Aod RE HlolF. 3, BE FoEd
HFAAd Aol SR YUk

package (2 7] %))
A Python module which can contain submodules or recursively, subpackages. Technically, a package is a Python
module witha __path___attribute.
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A 74 &} ol g T IIA] = HA Q.
parameter (7} 7] ¥H 52)
S (e UAE) oA ST S 5= e A (EE ol FS AAE) B AHJE ol B2
AEE. oA T7FY W AS7E A5 YT
o A X-719) = (positional-or-keyword): 9] =] 1A U 7] 9] = Q12 2 AGE 4= Q)&= AAE A AT th
o]

S Ao] 7|8 Bele] v AR e] ] o] & S

[def func (foo, bar=None): ... ]
» $1X]- & (positional-only): 1A Z W A2 5+ A= AAE AZIUTh A4 A& i/ls=

T AYY MiAAT FFol / wAE Tt 2 F o AT 5 AFUTh & S0 vkl A

posonlyl 3} posonly2:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... ]
- A= G (keyword-only): A EZ T AFD 4 9 AAE A Gk /19 =0 A5

= ?:Lj\ ZqJ-J ) 7] B E o A kol Bube] 7 - T“H MHES UL +E I 2 T A F T
95Ut A& 01, o} ol A kw_onlyl &} kw_only2:

[def func(arg, *, kw_onlyl, kw_only2): ... ]

o 7F-9} 2] (var-positional): (C+2 PR 7| =5 ol S| A o] v] op5 o X 9] 2] AAxpEo B af) Alw2
T AE AA A2 do Ad2E AR U o w7 beE w7 o] Foll * & kel
=94 FoE F AdFUH A E ol HhEollA args:

>

[def func (*args, **kwargs): ... ]

« 7PA-71 9 = (var-keyword): (tF2 v 7] 01] )3 A o m] HlolS ol A 79l QRS o o)
S S ol T A9 AR A BT o] 6o At oA o El et
doll BoAA BYE s Uth A& %01 H«l of ol A kwargs.

RS A A AAES 9% R GRY ole A Aol AL B4 ARES AR T 4 YTk
12

x}_&o} 7 &, oz} uff 7 HH 4= 2] Afolof] 2= FAQ A&, inspect .Parameter ]2, function
4, PEP 362% H A Q.

path entry (3 2 I E g])

AR 7IREIRIE 7 XE @ RESS 27 Sl6) Faske 2 E A2 Y st A4
path entry finder (7 2 QN E 2] 5}21t])
sys.path_hooks o & S E (5, 4= dE2] F) o] E&F& 3t g, ol F =2 A Eg
ERES IS S ds YT
AR JEF FAHE0] FHEE HAEEL importlib.abe.PathEntryFinder o 43Utk

path entry hook (F £ dlE ] &)
A callable on the sys.path_hooks list which returns a path entry finder if it knows how to find modules on a
specific path entry.

path based finder (73 2 7]4} 3}¢1 )
712 e A= Sl 5 F o], 2 E AR oA RES

path-like object (7 25 A A])
gd Aad 425 ey e AA. AE2F A= A28 JEY & str Y bytes A o] A
os.PathLike Z2EZS T d3l= A YUY os.PathLike Z2EF S A YstE= AA| = os.
fspath() @45 SEZH A str W} bytes L A|l2H A2z HIH f,\— g5y, Al os.
fsdecode () & os.fsencode () & ZZ str Ybytes 25 BAS=H AFRE 4 95Ut PEP

S19= EC\’JQ sy

&Y

XY
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PEP

gpold 7/d Al ¢k PEP<= sto] AfUE| o]l AEE AlFstA L sho] W Ee T Z2A|A EE o
et S 752 AEste AA A dUTh PEP= Al 750l et 23 7 AR 2AE

Alg-3l oF gy ot

PEP= T8 2R 715 Al st FA o e AR UE 452
FAE BE7] 9% 712 i AYUS AU PEP ZA A= AR

portion (3 4)

PEP 420 o A A9 8 A%, o] & F7k 7] Aol o] A 3k hipe] T el gl o] Sol gl HAEY
A% Gip 52 A5 = A% 75 gTh,

positional argument (9] X] 21 x})

AAE HA L.

provisional API (23 API)

7 API= £ gholHe g9 A7 T HAo2RE AF3] Aleld AdUth B solxe] 2
]

W7} ol A 2 ebA B, 3 A o] bl EAIH = o, 51o] A o] W e srin AZEThe A
oo §AHA g WAl Qo 4 gtk 1A WAL 2R d Ao dojyR L ge
AU — APLE 2 357] Aol $1 Frhsha 2R Al Aol WAH Aol uk Aol Ao}
7 API A 2 3=, A S8 o §A5 A b WAL “HFY 2B 0% o AT BE 429
Al el %A THAL fATE AW Foet RE AR AT

o) AR BE )BT LW AT FF ARH A LFol E AT A BT VAL 5 JEE

BhE Ut} o AP S U2 PEP 4118 9 U o)

provisional package (ZH3 o] 7] A])

T APLE BAL

Python 3000 (3} 0]% 3000)

oho] i 3x vl 32 2pQ1 o] W (M 39 w2 7F A w9 o]ofr|d Al Hof vkE0] ] o] Folth) o] A&
“Py3k” 2 Eo] 27 % ).

Pythonic (3} o] 2 t}-2)

£ Jloj 5ol A Qb A EL ARFA ZES THSHE t4L, ho] A Aojol A M A5 AHE
5 o] A 5L F7fo] i ofoltioju} = 2 of & Eol, so] Mol A AL 2 o]t AL for
28 Ao o He B RE 247 £R5E AYYUTh THE BL dojol & oA 7o T
Qorg, so o ol% A e AFEL 4o A 7L E B A8 E Ttk

for i in range(len(food)):
print (foodli])

o 2, shol ke W L ol %yt

for piece in food:
print (piece)

qualified name (3713} ] &)

REe] A Anzo A LEe) B H Feh, P v ES 2L AR G HAFE Yo PR
o] . PEP 3155 ol A Ao gtk A4 359 Fehao Aol 7318 o] B AR o] &
23Uk

>>> class C:

class D:
def meth (self):

(Th= S o] Aol Al
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(o] A sl o] Ao A A<)

pass
>>> C._ _qualname_
ICI
>>> C.D.__gqualname_
'C.D'
>>> C.D.meth._ qualname_
'C.D.meth'
.
CEA

BES 77l AHEE o, &3] A3 ol (fully qualified name)> 25 F 15 .lH RS
W BEZ 7t Hoz BEH o8 = : -

>>> import email.mime.text
>>> email.mime.text. name
'email .mime.text'

reference count (2} 314)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Some objects are “immortal” and have reference counts that are never modified, and therefore the objects are never
deallocated. Reference counting is generally not visible to Python code, but it is a key element of the CPython
implementation. Programmers can call the sys.getrefcount () function to return the reference count for a
particular object.

regular package (A 1t = 7] #])
__init__.py 3¢S E3st= g E 2l e 22 AEF 9l 9] 7] A.

ol T I7IA = HAL.

__slots__
Se)a e AT, AAEA O ENRESS A% F1E )Y AL AsdA AT B
AAGTOZH v = F/l A7rohe AE FUth 7] Q7= AR, o] H a2 Y2 Zut2 A A5 7
Z ke e PolohAl, Wm elo] Tighet S8 T2 ado A Be 49 dAH A} B 4R
St sk 2ol E5UTH

sequence (X] @A)
An iterable which supports efficient element access using integer indices viathe __getitem__ () special method
anddefinesa___len__ () method that returns the length of the sequence. Some built-in sequence typesare 1ist,
str,tuple,and bytes. Note that dict alsosupports __getitem__ () and___len__ (), butis considered

a mapping rather than a sequence because the lookups use arbitrary immutable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes be-
yond just _ _getitem__ () and __len__ (), adding count (), index (), contains__ (), and
__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence Operations.

set comprehension (F ¢ A= 23 A)
olHH &l = 84 AAY dFE Aoty 2345 F2 A S wEst= 2438 U, results =
{c for ¢ in 'abracadabra' if c not in 'abc'}E=ExEY HAT {'r', 'd"1E WA
U t}. comprehensions & 3FZ 5H0 Al &

single dispatch (& 2 t] A3 x])
T o] shte Q1ALe Pof| 7|2 A AAE = Alvl E T 2] x| 9] & FE.

slice (&g}o]2)

HE UL S RS YU AN GoIAL N8 SIFETADE HEAA G
variable name[l 3:5] A9 b A o Mo AHE F2oE FHFULL HEZE HE A3
HdE)Z7H2 YR de= Sllce 7—'1?4] £ Ao
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special method (5 WA =)

sto]H o] ol ofH AL, GIA T2, AP T u] EAF R TEHEWAE. ojd HA=EE F 719
WE 2 A& YU ol 52 2 JFUth S5 A= %Spemalnames o A E WA Jd5UTh

statement (Z7})
B A9 E (RE “B-E (block)) & FASHE REAUTL £ 234 o AL} 79 =2 AFgahe
o 71 +2E £ std Yt} 718 if, while, for.

static type checker

An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also fype
hints and the t yping module.

strong reference
In Python’s C API, a strong reference is a reference to an object which is owned by the code holding the refer-
ence. The strong reference is taken by calling Py_ INCREF () when the reference is created and released with
Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the Py_DECREF ()
function must be called on the strong reference before exiting the scope of the strong reference, to avoid leaking
one reference.

See also borrowed reference.

text encoding (G| A E Q17.9])
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer a
string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.

text file (2 A E 5}Y)

str AAE AT £ 5 9 U 4A. FF, GAE FA2 AAZE vl AF Holg 2=
A2 BT A E 91T G A AL RUCH HAE HU9 o e HAE BE (rr L ) 2
g% 3¢, sys.stdin, sys.stdout, io. StrlngIO./] A2EHAE &5 S JdHyTt

ol EL T A4 £ e & 5 e 3L AA ol s A= vholu 2] 9t & FxetAl L

al
triple-quoted string (2% u}-2 % ¥ £x}4)

oE3E () o Z—F% =E ()

715 & AlF oA = AR o 27FAFULh o)aA oz 5 A ok A2y
ZUSEE FAE g 2T £ AEE 5, AdF BAE 22X GuE oy Eo 22 5 &,
E2ERS L& 53] &R JFUT

type (3)
gholx AA e P& 2A 0] ol FTHY AAJAE ZAFUTH ZE AA &= o] FUth AAY
B2 class_ ojEgHER ‘?‘4/‘1]/\%‘—? AAY type (ob)) B A& 5 A5 YT

type alias (3 ol g 2] o] )
2 A Aol ti Y ste] RESoj A& B9 5.
Fodglolas 3 I EE deFsted 8L & 59

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuple[int, int, int]]:
pass

£ ohedt 2ol © 971 47 B 4 Jayh
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Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) —-> list[Color]:
pass

o] 7] 5 AW 3St= typingd} PEP 4845 2 5HA 8.
type hint (ﬁs‘ 3lE)
Hp, ZHlA o EYRE 9 3 v/l RS o vk 310] 71t E = 32 A A8k o] ' H| o] AL

Type hints are optional and are not enforced by Python but they are useful to static type checkers. They can also
aid IDEs with code completion and refactoring.

A9 W4E AAHT, AG AR, FAhs o=
get_type_hints ()& AHg3he] M2 4 Qlgruith

o] 7]%< 4 @3+ typing T} PEP 4845 3

BN
o
>
ko

universal newlines (-4 £ 9 7))
R _4_71.0 ;q;;th Z9o] Zog 9AF: HAE /\E]ﬂj
e "\n', A== A "\r\n"', A uf 715/\1 e \r'. F7HA QL ARGl #Si A= bytes.
splitllnes( ‘—:'Lr Tk ol 2} PEP 278 2} PEP 3116 = HAﬂL.

variable annotation (‘14> o] - E] o] 4)
el

mlo
QL
1%
o
rr
fuj
bt
Jo
1©
[>
=
o,
gl
)

W T FYa oERRES of H o4
M S Fels ol 2 HE of g0 A 2w e AE AU Th
class C:

field: 'annotation'

M olngo]de ditH e R 3 SlER ARG UTH & o, o] Mgt int & 7HE A2 g 7
HUoh:
H

[count: int = 0

Ha o] i H o] d T2 A annassign ol A] 2 8 g o

See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto
for best practices on working with annotations.

virtual environment (7}t $17)
Shol tl ALE A9} 88 210l 22 A2 Wl WS £ THE Shold 85 22 AW F2of
FEFE FA oA, sto|AH W 7 A S AAFAY L o] Est= AL 7Hs oA s, FE
Ao AeH A9 7.
venv & HA| Q.

virtual machine (7} 4 7] A)
szEYojuto 2 HolH AXE. vpo]| M) /1A 7] A& nlo|E TE A}
=g AR,

Zen of Python (3}o] % Al)
shol 4 i b9l Ueish AT L] B2, Aol o] k1 A o] E8o] HUTh of BEL 13
ZEIZEOA “import this” & JHstd B Yt

e
v
N
i
|
oy
rr
=
o
[m
K
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APPENDIX B

o] 417 A of] 3]

o] A" A= reStructuredText A0 A ThEo] X o2, gto]x APAE sl SHs] A 24 A8 7]
Sphinx & A& 5 YT}

*.:i“é/ﬂﬁ} o] & % Eiﬂ W shol A ZpA| &F upA A 2 A A 02 2D -F ALY = T 7] o] star
AT, o ¥ of] ti 3 7 B += reporting-bugs 7| o] | & F LS A . A 22 AL E /\}X}t AR} g
Sh=

& BEolA B #AE =Y th
* Fred L. Drake, Jr., 92 sto]H A A = 3o 2 o)A w2 Zrl=9] 27}
* the Docutils project for creating reStructuredText and the Docutils suite;

* Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

w
£
o
%
ruE:
_>a
o
ol
r
X
il

e Abgho] sholHl Ao, spol £ gholHejg] ¢ polH A A 7l F T 7)o xpe] FE A QA
B2 22 glo] A A u Z 3] Misc/ACKS & Z23AAA L.
stolo] o] B AYAE ZHA A AL sho| W AFYE Y d83 7o 4t — ZARE Y o
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apPENDIX C

>

o A9} 2}ol Al

|".J.,

C.1 2ZEY o] Ia}

glo] {2 ABC2l= A ojo] T A A2 A v E 2= 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
ZFZ) 2] Guido van Rossumf] 2] 3] 1990 d o] Z4lof| ThE o] HE U T Jol o= o2 AFFE2] B2 33 o]
Z 3 YA 7 Guido= 3ho] A o] £ 8 AALE ol JFUTh

1995, Guido+ Virginia 2] Reston Oﬂ ¢l += Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston vaus/ 22) o A1 sho] A 2 A% 3L, o] ol A o] ] M A2] 42 £ o] F A LT

20004 5 %_J, Guido 2} -‘3]-01 é‘ﬂ Al 7] 9HEl 2 BeOpen.com 2. 2 & 7 4] BeOpen PythonLabs 2 A A5 Ut &
2 3} 104, PythonLabs & -2 Digital Creations( 3 A} Zope Corporation; https://www.zope.org/ FZ) 2 %754t}
2001 4, Jlr W Az E %] 01 A 2 (PSF, https://www.python.org/psf/ ZFz) o] A g5 & th o] ©Al = gho] A
#A AA Qe 2rotEs 585 A H vl F e 24 Ytk Zope Corporation> PSFO] £ 3191 9 U T}

28 ot WEHe 3] ST} (37) & Ao 94 hups: fopensourceor/ & 841
2). QAR O =, B RE (A% AL o UTh Thol A vl 3 GPLI} 3 Utk obel 9] Ei= Tk}

Hjj 32 sgd 3 6 E s GPL & =7
09.0~12 n/a 1991-1995 CWI yes
1.3~152 1.2 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.1+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 o] Ak 2.1.1 2001-A ] PSF yes
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Z3: GPLY 238dH =
2ol 4l = GPL} 2]
53 gho] fl = Tho] W}
ek,

2] 7} GPLE slo] W& Wl 23t
WS 3 anz EA du
PL stof]l kxd th & 22 EF & 27T +

4>l
oxl
i glo

Guido®] # % 5}ol] o] W] 2 & 7135517 WHE W 9| A RAA S A A= F U T

C2 sjol ol A A5} A T A18517] §1 o] & ok

o] &} A ™ A= PSF License Agreement©]| W} 2fo] Al 71 Hof g Ut}

2
O6FE], A Ao oA, 22| Z 7]E} == PSF License Agreement 2} Zero-Clause BSD license®l|
whe} o] % ehol M2 7} ol g U ).

lﬂ—o]”‘dﬁ] %@'5] ],_":'__ /\_LEoﬂoiq] E]'L E]—O]éﬂiﬂ—@,
Utt. o] 23t gholdlxo] BAAG B

2
f
1o
ot
)
AW
e
ol o

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.12.4

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSEF"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.12.4 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.12.4 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights
Reserved" are retained in Python 3.12.4 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.12.4 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made to.

—Python
3.12.4.

4. PSF is making Python 3.12.4 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION.
<~>OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.12.4 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.4

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.4, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material breach.
—of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.12.4, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

(tH& slo] Aol Al<)
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(o] A sl o] Ao A A<)

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
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THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.12.4 DOCUMEN-
TATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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The _random C extension underlying the random module includes code based on a download from http://www.math.
sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim comments from the orig-
inal code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR

(H& sl o] Al ol Al )
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CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.32 427

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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The test.support.asynchat and test . support.asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.34 F7] &=

http.cookies &2 th53 22 Fo A2 234yt

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode %! UUdecode &5~

wu EEL T 2L 3o Age e

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

C37 XML YA =g XA 5=

xmlrpe.client RES The 3 22 29 A3 ek

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF

(TH& sl o] A ol A1)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-S kqueue Q1 E| 3] o] 2o thal THe 3} 2 9] AgHe ERFU T

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

3} Python/pyhash.c ©|+& Dan Bernstein 2] SipHash24 &1 2] & 2] Marek Majkowski 2] =& o] Z 35| of
A5yt 7)ol 23 22 W&ol 3= o s th:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in

all copies or substantial portions of the Software.
</MIT License>
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Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod ¢} dtoa

The file Python/dtoa. c, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings,
is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/web/
20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains the fol-
lowing copyright and licensing notice:

/‘k*‘k*************************************************************
*

* The author of this software is David M. Gay.

*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

* % o

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

* % o

***************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available by
the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived from
that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/
TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

(TH& sl o] Al ol Al )
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"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
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copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions

for use, reproduction, or distribution of Your modifications, or
(th= =l o] A ol A<)
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for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes C extension underlying the ct ypes module is built using an included copy of the libffi sources unless
the build is configured ~——~with-system-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as—-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc °f &l A2 = 3|A] EHo]E9] 3L cfuhash Z2AEE 7|Hlo 2 SHt}:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
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FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

The _decimal C extension underlying the decimal module is built using an included copy of the libmpdec library
unless the build is configured ——with-system—1libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N H~E A~ 9 E

The C14N 2.0 test suite in the t est package (Lib/test/xmltestdata/c14n-20/) was retrieved from the W3C
website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
(th sl o] A o] A%
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this list of conditions and the following disclaimer.
* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/sox/
12.17.7/s0x-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE INFRINGE-
MENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE OR ANY
PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect and
consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
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permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

120 Appendix C. < x}¢} glo] A A




APPENDIX D

sho] 3} o] WA
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.

WA 2ol 0 AL AT ARE o AL9) 2ho] 4l o A Al F T

121



Python Frequently Asked Questions, 2]~ 3.12.4

122 Appendix D. 24



1z
ro,

..., 83

2to3, 83

>>> 83

__ _future_ , 88
__slots_ ,96

A

abstract base class (54 H|o]x Z¢
annotation (o] k= H| o] A), 83
argument
difference from parameter, 15
argument (Q12}), 84
asynchronous context manager (8] % 7] ZHl
2E F#HE A}, 84
asynchronous generator (H]% 7] A4 g o] ),
84
asynchronous generator iterator (H]% 7]
A el ol e o] el o] ), 84
asynchronous iterable (H]57]
asynchronous iterator (H]%7]
attribute (S]ETHE), 84
awaitable (o]0 E]E), 85

B

BDFL, 85
binary file (¥}e]g 39), 85
borrowed reference, 85
bytecode (H}o]E F X&), 85
bytes—like object (VH}o]E

C

callable, 85

callback (%), 85

C-contiguous, 86

class (E8 ), 85

class variable (Ed 2 ¥

complex number (B49), 86

context manager (FHX2E #2|A}), 86

), 83

ol HE), 84
ol ¥l o|H), 84

AR 2A)), 85

context variable (AHEXAE W), 86
contiguous (%), 86
coroutine (ZFH), 86
coroutine function (&

CPython, 86

D

decorator (d/Z g °]E), 86

descriptor (tJ23 Y H), 86

dictionary (942, 87

dictionary comprehension(YAvE] 3
), 87

dictionary view (944 1), 87

docstring (5EA~EH), 87

duck-typing (¥ Et°]3), 87

E

EAFP, 87
expression (X34)), 87
extension module (B 2

F

f-string (f——E‘Z]'oaﬂ), 87

file object (3} AA)), 87

file-like object (L& AA)), 88

filesystem encoding and error handler,
88

finder (3}21 ), 88

floor division (B4 Y=xAl), 88

Fortran contiguous, 86

function (&), 88

function annotation (&5

G

garbage collection (7F¥]A] $=4), 89

generator (A1 ¥ o] E), 89

generator expression (AU & olH £34]), 89

generator iterator (AU o] o] ¥ & o] H),
89

F9 =), 86

Azl

), 87

LHl o] A), 88

123



Python Frequently Asked Questions,

4|2 3.124

generic function (A& &), 89

generic type (AU 3), 89

GIL, 89

global interpreter lock (Y
=), 89

SR =

F{

hash-based pyc (G| A] 714k pyc), 89
hashable (3] A] 7}%), 90

IDLE, 90

immutable (£%), 90

import path(YZE Z =), 90
importer (YEFE), 90
importing (Y =H), 90
interactive (t)33), 90
interpreted (A E Z 2 E|X), 90
interpreter shutdown (1B =
iterable (°]E & E&), 90
iterator (] Ed# o] ), 91

K

key function (7] &%), 91
keyword argument (7]¥E A}, 91

L

lambda (Zt}), 91

LBYL, 91

list (8]AE), 91

list comprehension (]
loader (24), 92

locale encoding, 92

M

magic
method (WA E), 92
magic method (7] 2 WA &), 92
mapping (7]3), 92
meta path finder (WE F=E 3} H), 92
metaclass (HE}F F2), 92
method (WA E), 92
magic, 92
special, 97

2H $35),90

2E Az, 91

method resolution order (WA E ZAA <A,

92
module (X&), 92
module spec (& £d) 92
MRO, 93
mutable (7}9), 93

N

named tuple (MY9E 5=),93

2] H

namespace (°] & Z7}), 93

namespace package (o] & F7F 9 7)1 A)),
nested scope (34 /\i:i) 93
new-style class (72 EY Ed2), 93

O

object (AA)), 93

P

package (3] 7] A)), 93
parameter

difference from argument, 15
parameter (W] 7] ), 94
PATH, 56
path based finder (AZ 7]} 5}2lt]), 94
path entry (FZ AEF), 94
path entry finder (FZE dEz] 321t]), 94
path entry hook (B2 dEF %), 94
path-like object (FEF ZAA)), 94
PEP, 95
portion (EA), 95
positional argument ($]X] Q1A}), 95
provisional API (Z+A API), 95
provisional package (FA 3]7]A)), 95
Python 3000 (3+o] & 3000), 95
Python 34 A<t

PEP 1,95

PEP 5,6

PEP 8,10,37,76

PEP 238,88

PEP 278,98

PEP 302,92

PEP 343, 86

PEP 362,84, 9%

PEP 387,3

PEP 411,95

PEP 420,93,95

PEP 443,89

PEP 483,89

PEP 484,83, 88,89, 98

PEP 492, 8486

PEP 498, 87

PEP 519,94

PEP 525,84

PEP 526, 83,98

PEP 572,45

PEP 585, 89

PEP 602,5

PEP 3116,98

PEP 3147,40

PEP 3155,95
PYTHONDONTWRITEBYTECODE, 40
Pythonic (3}o] W T}H2), 95

IOH

124

=
ro,



Python Frequently Asked Questions, 2]~ 3.12.4

Q

qualified name (B34 o] &), 95

R

reference count (X 34), 96
regular package (B4 3 7] A]), 96

S
sequence (A]@2), 96
set comprehension (& A= dA), 96
single dispatch (A& YAy
slice (£2}o]2), 96
special

method (H A &), 97
special method (54 WAE), 97
statement (%), 97
static type checker, 97
strong reference, 97

T

text encoding (HlAE <13 1), 97

text file (Hl2E 1}14),97

triple—quoted string (A= W2 % H FX149),
97

type (%), 97

type alias (& o|€glo]2), 97

type hint (¥ 3E), 98

U

universal newlines (WA = 3d7), 98

Vv

variable annotation (W4 o] o]A), 98
virtual environment (7} 373), 98
virtual machine (Z}AF 7] A), 98

e <

47 W5
PATH, 56
PYTHONDONTWRITEBYTECODE, 40

N

Zen of Python (3}lo]# Al), 98

=
ro

125



	일반적인 파이썬 FAQ
	일반적인 정보
	파이썬이 무엇입니까?
	파이썬 소프트웨어 재단이 무엇입니까?
	파이썬을 사용할 때 저작권 관련 제한이 있습니까?
	파이썬은 애초에 왜 만들어졌습니까?
	파이썬의 강점은 무엇입니까?
	파이썬 버전 관리 규칙은 무엇입니까?
	파이썬 소스를 어떻게 얻을 수 있습니까?
	파이썬 설명 문서는 어떻게 구합니까?
	저는 프로그래밍을 해본 적이 없습니다. 파이썬 튜토리얼이 있습니까?
	파이썬에 특화된 뉴스 그룹이나 메일링 리스트가 있습니까?
	파이썬 베타 테스트 버전은 어떻게 구합니까?
	파이썬 버그 리포트나 패치는 어떻게 제출합니까?
	제가 참고할만한 파이썬 관련 기사가 있습니까?
	파이썬 관련 책이 있습니까?
	도대체 www.python.org는 어디에 있는 겁니까?
	왜 이 언어는 파이썬이라 불립니까?
	“몬티 파이튼의 플라잉 서커스”를 좋아해야합니까?

	현실 속의 파이썬
	파이썬은 어느 정도 안정화 되어있습니까?
	얼마나 많은 사람이 파이썬을 씁니까?
	파이썬으로 진행된 중요한 프로젝트가 존재합니까?
	파이썬에 어떤 새로운 개발요소들이 예정되어 있습니까?
	기존의 파이썬과 호환 가능하지 않은 변경안을 제시해도 괜찮습니까?
	파이썬이 초보 프로그래머들에게 좋은 언어입니까?


	프로그래밍 FAQ
	일반적인 질문
	중단점, 단일 스테핑(single-stepping) 등을 포함하는 소스 코드 수준 디버거가 있습니까?
	버그를 찾거나 정적 분석을 수행하는 데 도움이 되는 도구가 있습니까?
	파이썬 스크립트로 독립 실행형 바이너리를 만들려면 어떻게 해야 합니까?
	파이썬 프로그램을 위한 코딩 표준이나 스타일 지침서가 있습니까?

	핵심 언어
	변수에 값이 있을 때 UnboundLocalError 가 발생하는 이유는 무엇입니까?
	파이썬에서 지역과 전역 변수에 대한 규칙은 무엇입니까?
	다른 값으로 루프에서 정의된 람다는 왜 모두 같은 결과를 반환합니까?
	모듈 간에 전역 변수를 공유하려면 어떻게 해야 합니까?
	모듈에서 임포트를 사용하는 “모범 사례”는 무엇입니까?
	객체 간에 기본값이 공유되는 이유는 무엇입니까?
	한 함수에서 다른 함수로 선택적이나 키워드 매개변수를 전달하려면 어떻게 해야 합니까?
	인자와 매개변수의 차이점은 무엇입니까?
	리스트 ‘y’를 변경할 때 리스트 ‘x’도 변경되는 이유는 무엇입니까?
	출력 매개변수가 있는 함수를 작성하려면 어떻게 해야 합니까 (참조에 의한 호출)?
	파이썬에서 고차 함수(higher order function)를 어떻게 만드나요?
	파이썬에서 객체를 어떻게 복사합니까?
	객체의 메서드나 어트리뷰트를 어떻게 찾을 수 있습니까?
	코드에서 객체 이름을 어떻게 찾을 수 있습니까?
	쉼표 연산자의 우선순위는 어떻게 되나요?
	C의 “?:” 삼항 연산자와 동등한 것이 있습니까?
	파이썬에서 난독화된 한 줄 코드를 작성할 수 있습니까?
	함수의 매개변수 목록에서 슬래시(/)는 무엇을 의미합니까?

	숫자와 문자열
	16진수와 8진수 정수는 어떻게 지정합니까?
	왜 -22 // 10 이 -3을 반환합니까?
	How do I get int literal attribute instead of SyntaxError?
	문자열을 숫자로 어떻게 변환합니까?
	숫자를 문자열로 어떻게 변환합니까?
	제자리에서 문자열을 어떻게 수정합니까?
	문자열을 사용하여 어떻게 함수/메서드를 호출합니까?
	문자열에서 후행 줄 바꿈을 제거하는 Perl의 chomp()와 동등한 것이 있습니까?
	scanf()나 sscanf()에 해당하는 것이 있습니까?
	‘UnicodeDecodeError’나 ‘UnicodeEncodeError’ 에러는 무엇을 의미합니까?
	Can I end a raw string with an odd number of backslashes?

	성능
	내 프로그램이 너무 느립니다. 속도를 높이려면 어떻게 해야 합니까?
	많은 문자열을 함께 이어붙이는 가장 효율적인 방법은 무엇입니까?

	시퀀스 (튜플/리스트)
	튜플과 리스트를 어떻게 변환합니까?
	음수 인덱스는 무엇입니까?
	시퀀스를 역순으로 이터레이트 하려면 어떻게 합니까?
	리스트에서 중복을 어떻게 제거합니까?
	리스트에서 여러 항목을 어떻게 제거합니까?
	파이썬에서 어떻게 배열을 만드나요?
	다차원 리스트를 어떻게 만듭니까?
	How do I apply a method or function to a sequence of objects?
	덧셈은 작동하는데, 왜 a_tuple[i] += [‘item’]이 예외를 일으킵니까?
	복잡한 정렬을 하고 싶습니다: 파이썬에서 Schwartzian 변환을 할 수 있습니까?
	한 리스트를 다른 리스트의 값으로 정렬하려면 어떻게 해야 합니까?

	객체
	클래스는 무엇입니까?
	메서드는 무엇입니까?
	self는 무엇입니까?
	객체가 주어진 클래스나 그 서브 클래스의 인스턴스인지 어떻게 확인합니까?
	위임이란 무엇입니까?
	How do I call a method defined in a base class from a derived class that extends it?
	베이스 클래스를 쉽게 변경할 수 있도록 코드를 구성하려면 어떻게 해야 합니까?
	정적 클래스 데이터와 정적 클래스 메서드를 만들려면 어떻게 해야 합니까?
	파이썬에서 생성자(또는 메서드)를 어떻게 재정의할 수 있습니까?
	__spam을 사용하려고 하는데 _SomeClassName__spam에 대한 에러가 발생합니다.
	내 클래스는 __del__을 정의하지만 객체를 삭제할 때 호출되지 않습니다.
	주어진 클래스의 모든 인스턴스 목록을 어떻게 얻습니까?
	id()의 결과가 고유하지 않은 것처럼 보이는 이유는 무엇입니까?
	is 연산자를 사용한 아이덴티티 검사는 언제 신뢰할 수 있습니까?
	How can a subclass control what data is stored in an immutable instance?
	How do I cache method calls?

	모듈
	.pyc 파일을 어떻게 만듭니까?
	현재 모듈 이름을 어떻게 찾습니까?
	서로 임포트 하는 모듈을 어떻게 만들 수 있습니까?
	__import__(‘x.y.z’)는 <module ‘x’>를 반환합니다; z를 어떻게 얻습니까?
	임포트 된 모듈을 편집하고 다시 임포트 할 때, 변경 사항이 표시되지 않습니다. 왜 이런 일이 발생합니까?


	설계와 역사 FAQ
	파이썬은 왜 문장의 그룹화에 들여쓰기를 사용합니까?
	간단한 산술 연산으로 이상한 결과가 나오는 이유는 무엇입니까?
	부동 소수점 계산이 왜 그렇게 부정확합니까?
	파이썬 문자열이 불변인 이유는 무엇입니까?
	메서드 정의와 호출에서 ‘self’를 명시적으로 사용해야 하는 이유는 무엇입니까?
	표현식에서 대입을 사용할 수 없는 이유는 무엇입니까?
	파이썬은 왜 일부 기능(예를 들어 list.index())에는 메서드를 사용하고 다른 기능(예를 들어 len(list))에는 함수를 사용합니까?
	join()이 리스트나 튜플 메서드가 아니라 문자열 메서드인 이유는 무엇입니까?
	예외는 얼마나 빠릅니까?
	파이썬에 switch 나 case 문이 없는 이유는 무엇입니까?
	OS별 스레드 구현에 의존하는 대신 인터프리터에서 스레드를 에뮬레이션할 수 없습니까?
	람다 표현식이 문장을 포함할 수 없는 이유는 무엇입니까?
	파이썬을 기계 코드, C 또는 다른 언어로 컴파일 할 수 있습니까?
	파이썬은 메모리를 어떻게 관리합니까?
	CPython이 더 전통적인 가비지 수거 체계를 사용하지 않는 이유는 무엇입니까?
	CPython이 종료될 때 모든 메모리가 해제되지 않는 이유는 무엇입니까?
	별도의 튜플과 리스트 데이터형이 있는 이유는 무엇입니까?
	CPython에서 리스트는 어떻게 구현됩니까?
	CPython에서 딕셔너리는 어떻게 구현됩니까?
	딕셔너리 키가 불변이어야 하는 이유는 무엇입니까?
	list.sort()가 정렬된 리스트를 반환하지 않는 이유는 무엇입니까?
	파이썬에서 인터페이스 명세를 어떻게 지정하고 강제합니까?
	goto가 없는 이유는 무엇입니까?
	날 문자열(r-strings)이 역 슬래시로 끝날 수 없는 이유는 무엇입니까?
	왜 파이썬에는 어트리뷰트 대입을 위한 “with” 문이 없습니까?
	Why don’t generators support the with statement?
	if/while/def/class 문에 콜론이 필요한 이유는 무엇입니까?
	파이썬은 왜 리스트와 튜플 끝에 쉼표를 허용합니까?

	라이브러리와 확장 FAQ
	일반 라이브러리 관련 질문
	작업 X를 수행할 모듈이나 응용 프로그램을 어떻게 찾습니까?
	math.py (socket.py, regex.py 등) 소스 파일은 어디에 있습니까?
	유닉스에서 파이썬 스크립트를 실행 파일로 만들려면 어떻게 해야 합니까?
	파이썬 용 curses/termcap 패키지가 있습니까?
	파이썬에 C의 onexit()와 동등한 것이 있습니까?
	시그널 처리기가 작동하지 않는 이유는 무엇입니까?

	일반적인 작업
	파이썬 프로그램이나 컴포넌트를 어떻게 테스트합니까?
	독스트링으로 설명서를 어떻게 만듭니까?
	한 번에 하나의 키 입력을 받는 방법은 무엇입니까?

	스레드
	스레드를 사용하여 어떻게 프로그래밍합니까?
	제 스레드가 아무것도 실행되지 않는 것 같습니다: 왜 그런가요?
	여러 작업자 스레드 간에 작업을 어떻게 배달합니까?
	어떤 종류의 전역 값 변경이 스레드 안전합니까?
	전역 인터프리터 록을 제거할 수 없습니까?

	입력과 출력
	파일을 어떻게 삭제합니까? (그리고 다른 파일 질문들…)
	파일을 어떻게 복사합니까?
	바이너리 데이터를 읽는 (또는 쓰는) 방법은 무엇입니까?
	os.popen()으로 만든 파이프에서 os.read()를 사용할 수 없는 것처럼 보입니다; 왜입니까?
	직렬 (RS232) 포트에 어떻게 액세스합니까?
	왜 sys.stdout(stdin, stderr)을 닫아도 닫히지 않습니까?

	네트워크/인터넷 프로그래밍
	파이썬에는 어떤 WWW 도구가 있습니까?
	CGI 폼 제출을 어떻게 흉내 낼 수 있습니까 (METHOD=POST)?
	HTML 생성을 위해 어떤 모듈을 사용해야 합니까?
	파이썬 스크립트에서 메일을 보내려면 어떻게 해야 합니까?
	소켓의 connect() 메서드에서 블로킹을 피하려면 어떻게 해야 합니까?

	데이터베이스
	파이썬에 데이터베이스 패키지에 대한 인터페이스가 있습니까?
	파이썬에서 영속 객체를 어떻게 구현합니까?

	수학과 숫자
	파이썬에서 난수를 어떻게 생성합니까?


	확장/내장 FAQ
	C로 나만의 함수를 만들 수 있습니까?
	C++로 나만의 함수를 만들 수 있습니까?
	C를 쓰는 것은 어렵습니다; 대안이 있습니까?
	C에서 임의의 파이썬 문장을 어떻게 실행할 수 있습니까?
	C에서 임의의 파이썬 표현식을 어떻게 평가할 수 있습니까?
	파이썬 객체에서 C값을 어떻게 추출합니까?
	Py_BuildValue()를 사용하여 임의 길이의 튜플을 만드는 방법은 무엇입니까?
	C에서 객체의 메서드를 어떻게 호출합니까?
	PyErr_Print()의 출력(또는 stdout/stderr로 인쇄되는 모든 것)을 어떻게 잡습니까?
	C에서 파이썬으로 작성된 모듈에 어떻게 액세스합니까?
	파이썬에서 C++ 객체에 어떻게 인터페이스 합니까?
	Setup 파일을 사용하여 모듈을 추가했는데 make가 실패합니다; 왜 그렇습니까?
	확장을 어떻게 디버깅합니까?
	리눅스 시스템에서 파이썬 모듈을 컴파일하고 싶지만, 일부 파일이 없습니다. 왜 그렇습니까?
	“잘못된 입력”과 “불완전한 입력”을 어떻게 구별할 수 있습니까?
	정의되지 않은 g++ 기호 __builtin_new나 __pure_virtual을 어떻게 찾을 수 있습니까?
	일부 메서드는 C로 구현되고 그 밖의 것은 파이썬으로 구현된 (예를 들어 상속을 통해) 객체 클래스를 만들 수 있습니까?

	윈도우 파이썬 FAQ
	윈도우에서 파이썬 프로그램을 실행하려면 어떻게 해야 합니까?
	파이썬 스크립트 실행 파일로 만들려면 어떻게 해야 합니까?
	왜 때때로 파이썬은 시작하는 데 시간이 오래 걸립니까?
	파이썬 스크립트에서 실행 파일을 만드는 방법은 무엇입니까?
	*.pyd 파일은 DLL과 동일합니까?
	윈도우 응용프로그램에 파이썬을 포함하려면 어떻게 해야 합니까?
	편집기가 내 파이썬 소스에 탭을 삽입하지 않도록 하려면 어떻게 해야 합니까?
	블로킹 없이 키 입력을 확인하려면 어떻게 해야 합니까?
	How do I solve the missing api-ms-win-crt-runtime-l1-1-0.dll error?

	그래픽 사용자 인터페이스 FAQ
	일반적인 GUI 질문
	What GUI toolkits exist for Python?
	Tkinter 질문
	Tkinter 응용 프로그램을 어떻게 고정(freeze)합니까?
	I/O를 기다리는 동안 Tk 이벤트를 처리하도록 할 수 있습니까?
	Tkinter에서 키 바인딩이 동작하지 않습니다: 이유가 무엇입니까?


	“왜 내 컴퓨터에 파이썬이 설치되어 있습니까?” FAQ
	파이썬이 무엇입니까?
	내 컴퓨터에 파이썬이 설치된 이유는 무엇입니까?
	파이썬을 삭제할 수 있습니까?

	용어집
	이 설명서에 관하여
	파이썬 설명서의 공헌자들

	역사와 라이센스
	소프트웨어의 역사
	파이썬에 액세스하거나 사용하기 위한 이용 약관
	PSF LICENSE AGREEMENT FOR PYTHON 3.12.4
	BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0
	CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1
	CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2
	ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.12.4 DOCUMENTATION

	포함된 소프트웨어에 대한 라이센스 및 승인
	메르센 트위스터
	소켓
	비동기 소켓 서비스
	쿠키 관리
	실행 추적
	UUencode 및 UUdecode 함수
	XML 원격 프로시저 호출
	test_epoll
	Select kqueue
	SipHash24
	strtod 와 dtoa
	OpenSSL
	expat
	libffi
	zlib
	cfuhash
	libmpdec
	W3C C14N 테스트 스위트
	Audioop
	asyncio


	저작권
	색인

