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ol 2 e AHE SEF 0] o, AN A AR AR St B Pk B Be guE
ﬂs}}\] W AFZ /\}ﬁ AL 7]—2‘5‘]_/\1 /\]J__

=

1.1.4 mlo|M2 o =0l & = RSLI?

©]7] Guido van Rossum # 7} 2}/ 31 3 78] 2 oF sho]x o] &4 A 7] i th:

#] = CWI(Centrum Wiskunde & Informatica) 2] ABC 150 4] QA EZ 2 E Ao E = Y3

M9 AL A%, 71 35 Ashv Aoje] DA el Be AL wMREUTh 5
2712 F F71u oA -dE A5y S 238 A 22 sho# e thekdt 7] E 0l
FA AP upgo 2 wEol Ay

ABC 1o]of oA A& EWE I YA npS o =& 755 E%J%HD}. ABC oo (281
0* o]o] o] P )= A Bt FHT UPEL st HW o] AAZ. -AA FFA o] Dol =

Z o] o] ddojo 7} 2 EAAE F A H UTh A+ Modula-2+5 AHE-3h=d] 2F7He] 7 & o]
°‘°*LModula-3«l gztol Y BEF 3= U H ko Modula-3 & B ZET ¢loj & A
Bl 55 U th Modula-32 of &] o] A 2291 {3} o n] 22 v £ 3+ I slo] A 7] 552 71%?&
HE}.

A= CWI || A] Amoeba FAF -2 A A 15| ’\—H A3t 9 9<% U th Amoeba= Bourne A &
= 9A F28HA Zoke 7Y Al E“E AEIF o] 2E WAL QA7 Wil Ag]=
c 2= 2 23} o1} Bourne Al A3 Zlol obd o 2 A AF e o] 38
35 Y th. Amoeba ol A] ol 2 Fol A=z Aol 7]l glolA

A2 E

odeel T84S dAAL 21"*%‘4
Al

U

37

O 2o

ABC2] & #]7] tﬂ/\ﬂ Amoeba
7%, Amoeba E-F29] o] &
Qoj7} B2 3 Aol et BRI

19899 FejAups AfFol] A B2 Akl gl I ol EFE7ZE YFUTh o
o= Al A A A A HE FABH Ao & A A 71 b5 oll Python& Amoeba Z 2 A E
o A Fo] 7L/\g/\q%r_;§|2§ AFEE I YU 282 A FEEY eSS T A=

U
e
=2
X
r
N

Fsd 23 g E ol 7l e stk A
Aol e W ol AN A2 & s

27 AAARES 218 5 U3lz,
199149 29, 1d°] %3 ¥ /1% 73 5, A& USENETO] 2272 g5tk A

[«

_]
=
Misc/HSTORY 3+ of 914U Th

1.1.5 mo|Mel ZH2 FAHLULI?

shol e thopet 43l A4 b5 e, M4 dx mFAA AU

The language comes with a large standard library that covers areas such as string processing (regular expressions,
Unicode, calculating differences between files), internet protocols (HTTP, FTP, SMTP, XML-RPC, POP, IMAP,
CGI programming), software engineering (unit testing, logging, profiling, parsing Python code), and operating system
interfaces (system calls, filesystems, 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.
 Bis the minor version number - it is incremented for less earth-shattering changes.
« (Cis the micro version number - it is incremented for each bugfix release.

See PEP 6 for more information about bugfix releases.

Not all releases are bugfix releases. In the run-up to a new major 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.
o The suffix for a beta version is “bN” for some small number N.
o 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 also the documentation for sys.version, sys.hexversion,and sys.version_info.
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Announcements of new software releases and events can be found in comp.lang.python.announce, a low-traffic mod-
erated 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, please use the Roundup installation at https://bugs.python.org/.

You must have a Roundup account to report bugs; this makes it possible for us to contact you if we have follow-
up questions. It will also enable Roundup to send you updates as we act on your bug. If you had previously used
SourceForge to report bugs to Python, you can obtain your Roundup password through Roundup’ s password reset
procedure.
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Guido van Rossum and Jelke de Boer, “Interactively Testing Remote Servers Using the Python Program-
ming Language”, CWI Quearterly, Volume 4, Issue 4 (December 1991), Amsterdam, pp 283-303.
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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 major new 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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See https://www.python.org/dev/peps/ 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 'y ' _eq ', '__format__', '_ge_ ',
__getattribute__', '__getitem__', '__gt__ ', '__hash__', '__iadd__"',
' dimul_ ', ' dinit_ ', '__diter_ ', ! 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,

[1]
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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.
22} A S sk B A8 st 4 IDEV} Ut e 2 gheh ok
» Wing IDE
« Komodo IDE
e PyCharm
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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:
o Nuitka (Cross-platform)
« Pylnstaller (Cross-platform)
« PyOxidizer (Cross-platform)
o cx_Freeze (Cross-platform)
e py2app (macOS only)
e py2exe (Windows only)
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2.2 3l 210
2.2.1 H40f ZH0] A2 I UnboundLocalError 7} A= 0| = 2oL 771?

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.

O] I =

>>> 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

ol Az A Wil B e of, | W47} T 2Tz e A < (local) o] B 3L 93 2Tz A
H 53 o] B2] W4 E 7he) 7] WA Utk foos) phA B B2 ol A % S E R, Aok el of
e A WEE A4 AHH 02 9 print (x) 7} 27185 2 ke A WS E A shel
Fuf o h ey g
A9 ool Al H4E A o (global) & 2 A Adte] 7 A5 2 W0 A S 4 QlFUTH
>>> x = 10
>>> def foobar():

global x

print (x)

x += 1

>>> foobar ()
10

>>> print (x)
11

nonlocal 7Y EE AHESte] SHE 2T ZoA HE de &+ Y5 Uth

>>> def fool():

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

sho ol A, 4 ol A s 79 sk s %
deUsE, BAReR Aow s g A A G oz

Agole 27 YA v A A2t o global& 8134
S & &1A] 0}8 F 28 o s A RO, 2 E A Y {}:Eoﬂ globalo] & FHEThd,
I global S AHE3HA HU o LHXJ S AEE T EEY A 2 I REIFREAIow
A oF Ut o] 22 B8-S AE37] 93t global AAY F84S FEE YT

Utk W57k g4 B2 0 oftel A 4

i

[N
2
=
rv
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223 C}2 o2 RmOIM HOIE AT of Z5 22 ZWE WEBHLINN

for 28 AH 5ol B 7hA) ThE Yrh(Es Au B2 E 4o Arkn AP AAA L, o E Eof:

~—

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

O

12 xx 28 ARSHESAY Yt 28 P 2ES AFFU $599, 4
MAT Ro2 T S Yg ek T AAZ AEHE BF 162 BETH:

>>> squares[2] ()
16
>>> squares[4] ()
16

X
Az Btk — Aol E w7 ohd Utk £ Zo A, x 8 G 40| BE, BE $5E oA 4+52, 5 16

< x7F &rhol] A1 (local) ©] oy e} & F AF ol HoJF o] Ql7] wfZol Wty drhrt T &2 uf
]
eyt x 9 e WA st Fre] AAt o RA WA A B 2H o] 8 AT = A5 UTh

0|
oN
N
o
=

>>> x = 8
>>> squares|[2] ()
64

o] 2 m 3t o, Srhol tha) 2 Aol W Zo) gt
Yk

Aol A9 x o groll O £5A F=T & B2

tlo
f>

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

o7 A n=x Frjol A Al W4 g W5, L2 o AW A x 9 2L S REE D)
o8 w ALF Utk ol o] grol 3 AR gkl A o, F WAl A 1, Al AR 2 5 o] BE o n
U} webA) 7 g ol Al £nhE 2TE wash

>>> squares[2] ()

4

>>> squares[4] ()

16

o] S22 Prholluk FEHE 2ol obulet Yuk Fol = AP Uk

224 2 7t0f| M HeE S7SH2{H OE A sioF gLint?

wel Z2 a3 Yol A BE Zke] RS FRFE FHA P S8 2E(EF configh cfgh
sdUhe HEE AdUH: 38 22399 B RE0A config RES YEE 37| %5t FUth
e E BEo] A o] §02 AF A AU 2 BES AxEAE 27 Fhite] 7] W Rel, BE A%
o ek M AL BE R NYR U o & S¥ o2 2k

config.py:

x =0 # Default value of the 'x' configuration setting

mod.py:

import config

config.x = 1

main.py:

12 Chapter 2. =21z FAQ
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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 DE0M LEZEE AIZ5l= “BH-H A" = RAYLIF?

AA F7Fskar A4Al

feig
= fa
S ¢NE REL YEE B g0 FHth

9
sz
1. 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
B JEE VA BAE 1A JEES F1} FU2E 055 oF 3= 397} A%tk Gordon
McMillan2 TH53F 2 o] S5 Ut

T 25 BT “import <module>” 3§ A1 9] JZEE ARSI €8 A X E = WIS YT T HA
EEo] A AA 52 o] (name) & B3 S 8 11 dFaL (“from module import name”) ¢ X E 7}
49 5o dod AUt A AR REo] F A RES YXE 3= T2 A
HA BE5o) & o5 oHF A 5 U7l =YYt
o A%, T WA REO| el Faol AT AR, QFEEE A Y Bz 1A ol BT 4 Yok
AFEsL 52T ), A WA ES 2757 HRE 9T, F A RES ATES 432 4 du ok
Y EEo] Y SHo| W YREES Tmo] A4S FEON UE ROE 5ok T HE AT
0| A%, A WS BE BEE AEE ol 0] F5obA 9 2 dwith ol 4%, 5% BAE
S mEoA LHE BES JEE S Ao] £2 48T
TR AETEZ HFAYREY 27 AHE EoldE Y AN EAst=o 2o uvh &5 49
YRS 2o Ao ARER JRES /AL, of /e T A wel e BE xS
D257 9 ] 53 HETUTE RE0 AT Frol AT AED ) ATEE B §7 1 42 4
AUt ZEY 434 27| w7 BES AS EEste v &o] WolE F AT EES Y W
S E ok A2 AMIAHE R Qo S8 SHAA 2, ) B4 e 23] 9 AT T 2 ol B0l 23z E
Hold Ao, BEL otutk sys.modulesol| = AUt
2.2.6 A 7t0| 7|2 0| SRElE= Olf= FANULI?
o) 99 M2t B3 AP T2 IAUES AFUL o] G5 Az HAA 2
def foo(mydict={}): # Danger: shared reference to one dict for all calls

compute something
mydict [key] = value
return mydict

ol & XS &3, mydicto] ©d FEo] 2FHYLh F AL, foo () 7F A AE 7] A1 w,
w2 of, mydict 7} F M9 &&5-& 235

Z 719Ut 284 =52 st gr Jod

H S oj A Yth o] o A2 A e} 2ol s AR 7} A=W, of o gt
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B9 ol ek, 57, £

3 %Nmé@%%%%ﬁﬂ%%%ﬂ%ﬁ@ﬂ%EM%HLﬂéE%
:WEH/\ o]/\E-]/\g]_ﬂO 7].@ A .

Ji’v e
M
23

o] 75 0. I8, 4 : 4], None 2 7| BZLO% AL
3L G4 U ol A 94 7) None 914 S 919 18 Al € A E /<A 1 2]/ 0] £ A R 41 Al 9.

= Sof, o3} 2o] 22 uAAQ:

_lé
é
]
N,
e
gy
[o
fru
>
fo
ol
B
biA
rr
paY
o
off
11]>
o c
_\‘L

def foo (mydict={}):

AL o] FA ANA L

def foo (mydict=None) :
if mydict is None:

mydict = {} # create a new dict for local namespace
o) 5L H 8T 5 ABUTE ALSE o Aol APt B4k e, ANAA WL G P &
ZHE2 A SEAL, 22 ghol Al 2 FE W A A e vkEetE Ad Utk ol A

<9 w72}

A [}
= Q-
“memoizing” ©] 2}l 8}, th53} 2ol D 5 QlF U th

# 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 A BAY S T3S A WS E LSS S dFTh A g BAY U

227 B BHR0IM CHE B2 MEARIOIL} FIE TR 4SS HEHst2{R OfZ A ol

= =

L
G4 A BE <9} +x AP AE AGF] AR FHFAAL; ol AL AH ANE FEE,
79E AAE GAV 2 AFFUTH T2 ThE #5h++ B A S0l THE F4 2 BT ) ol 5T IS
ALY 5 Y&tk

def f(x, *args, **kwargs):
kwargs['width'] = '14.3c'

g(x, *args, **kwargs)

2.2.8 2x}e} o7 A, XIO|H 2 FULULI7?

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

il
2

foo, bar @ kwargs= func® W/Hs I YT 28 funcE 22U, o &

func (42, bar=314, extra=somevar)

42,314 ¥ somevar < QI YT
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N
N
©
o
)
[m
<
I}
rII
oY

& 2|AE X & HEL]

[

OlR= FAYLIN?

rir

>>> x
>>> y
>>> y.append(10)
>>> y

g 5ystE P as) Aee BEA g
£ WE U ol shupel 27 (2l 2 E) 7 g

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].

A B AAE xoll t dshd:

>>> = 5 # ints are immutable

>>> = X

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

HKoX X

>>>

o] % £ A7t Blo] 7] W o) :, x =

= 5% T obduieh thAl AL AR (B4 6) 8 w5 o] x 2
M (&, ot A L e e, F A AH (R 63} 9)% o] T FRI}E F
Al A58 2 GUT ek o)A 68 BEIAA T, v+ ]3] 58 FEFU.

Some operations (for example v . append (10) and y. sort () ) mutate the object, whereas superficially similar
operations (for exampley = 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 y . sort () thinking it will give you a sorted copy of y, you’ 1l
instead end up with None, which will likely cause your program to generate an easily diagnosed error.

T, 22 Asbol wiu 2 o g o2 5 3E 2E 3 7HA] A4t A s Ut SE O Y A4
A& 0], +=F B|2EE WA, FZolu 4= HA3sHA O}AHEHa list += [1, 2, 3]
a_list.extend([1, 2, 3]1)HF 5537 a_listE HASA 9 some_tuple += (1, 2, 3)
some_int += 1& A AAE kS5 T}.
ge xdsd:
o 7P AA|(1ist,dict, set 5)7F YW, R EA AE AHE3to] AAE A G AAE
A= RE b7t AA S A g Yth

Pxsyhae 2 g e g
G g2 SAANAA 4
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2210 53 BhHHATE U B4S S5t OfRH sHOF BLITH (RE0H ot

SE)?
sho] ol A QAHE B 02 ADES 7S A 2. Tl YL wA) Ao that FEE HEY W], B
2715} 9152419 A7t o] & 7k o Lelof 27t Gla, B2l R BEE GEUL ole) pA Pow

>>> 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)

AL
) 4% W ALa el o
S

3) 7HA (A A= A MBS 5 ) AAE ALt
>>> def func2 (a):
al[0] = '"new-value' # 'a' references a mutable 1ist
all] = all] + 1 # changes a shared object
>>> args = ['old-value', 99]

>>> func2 (args)
>>> args
['new-value', 100]

4 WA= gAY A sol:

>>> def func3(args):

args(['a']l] = 'new-value' # args is a mutable dictionary
args['b'] = args['b'] + 1 # change it in-place
>>> args = {'a': 'old-value', 'b': 99}

>>> func3(args)
>>> args
{'a': 'new-value', 'b': 100}

5) Ex Fda dadao g FolAl:

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

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

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

>>> vars (args)

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

o] FA s wEol ok E FL2 o) fr= A9 fFUTh
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2.2.11 mo|MollA{ X} &t4=(higher order function)E O{EA| TIELI2?

TALA AUt SUG ana g 4B FAL ANE 482 - UG A
arx+b & AL B4 £ (x) B MBFHE Linear (a,b) & A ohe] 7 Aok A 2. £ 4
AFTE AL A

def linear (a, b):

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

return result

= ZYE AAE AL A

class linear:

def _ init_ (self, a, b):
self.a, self.b = a, b

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

F A T,

taxes = linear (0.3, 2)

taxes (10e6) == 0.3 * 10e6 + 27}HEE 3= Z3E AR E Al F ok

o8 A A2 P4 oz =2l w mEv} oRz) dol Atk Bl it e, By Agae
2 55 ABL TR+ AFUTh

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

A o2 WAEe) AHlE AEs TS A5k

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
o714 inc(),dec () Y reset () = Z2 A5 HTE T3t F-AH A5t

N

N
I°]
0z
e
o
—
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dutrg o w, Ak Y uf copy.copy () U copy.deepcopy () 8 AEIHA L. BE AA & FAT
FE IAT, gEE 7 oh
AR AA = o GA BEAFE 5 5yt 9 Y Elel= copy () HIAEZE A5 UTH

2213 2% HIMELL HERIHES OEH &S £ YBLIM?

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 ZCOM ZHH 0|2 O{EA &S £ JUSLI?

JulA o 2 WA, AR o= AR R o] 2 o] 917 o] 18 4 glgUth 2R R Tl A
o] 2 ghol A7 @wu} def %} class B9 A9 % wparpz| o] A w, o] A9zt ZHEYUrtth g
FEE AL

>>> class A:

pass
>>> B = A
>>> a = 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.

At o g I A= EA Y <ol Lot e EglsULh gEFH o2 YA J(lntrOSpectwe)
Z2IWZ AR =3k o= ¢ P Aog JI A HAol Ego] F 4 Y= ASduth
comp.lang.python ©| 1, Fredrik Lundh+= 1Al 7} o] A Fof tf 3 =53 vl7F-& A5t

o] gl o] AP A AT oo o] 2L A= A e uhH: w1 o] (AA]) AA = o HE

oAl ZHAlS] o] 5& T 4= glal, AF] A 2A % FFUTH- upetx] 23 o] B A &=

Al o= F st S AHE o] BF (0] F & ol Al A4S AL ko] (AA) AR 2+

AJYtt--

o o] F o A JAU A o]F o] JlvkE AS ¢ HH ks EEkA] v A L
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N

2.15 g7 AR M =2 = O{EA ELi2?

A ELE gol Mol A AR 7} o U Th o] AL TEFAA L

>>> "all ll’l "bll, "all
(False, 'a')

AE £ A7 OB BAA Aol ] iAol 7] W] 4= T3} 2] YT AN Y FrH vk

(nan in llbll), ngm

ohe3t 2ol B A ek

"a" in ("b", nan)

ChFeH T 9] AR, 4= S E TRAA QU Th o5& AR A oh Bk TSl B B PR
Sy,

2.2.16 C2o| “2” ¢igh LAt S ST A0l USLIN?

o, AUt L e 2ayTh

[on_true] if [expression] else [on_false]

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

o] £e] shold 25004 474 7] Ael, WA FETE 2 AUAES A3 Aol AHUTh

[expression] and [on_true] or [on_false]

e, o) F87 AIA Gtk on el A2 BAA G2 DA DRD AL S A%
Utk webAl, 34 ... if ... else ... FAL AGHE Aol FHUTH

2217 TOIHOIM LHSBIE 8 & AES ANE & YGLI

Yes. Usually this is done by nesting 1ambda within 1ambda. See the following three examples, slightly adapted
from UIf 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=i, Sx=Sx,F=lambda xc,yc,x,V,k, f=lambda xc,yc,x,y,k,f: (k<=0)or (x*x+ty*y
>=4.0) or 1+f(xc,yc,x*x-y*y+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(Iuty* (Io-TIu)/Sy), range (Sy
y)))(-2.1, 0.7, -1.2, 1.2, 30, 80, 24))

# 2 W 2 | / | lines on screen

# v % / / columns on screen

(Th5 sTeTATol A1)
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(o] A sl o] A ol A AH)

# / / / maximum of "iterations"
# / / range on y axis
# / range on x axis

Aol A o] g A =dkA] mH A2, o F o] 5!

2.2.18 49| O7HS, SFUHM se2lAl()E FRE 2lO|ELI7t?

A slash in the argument list of a function denotes that the parameters prior to it are positional-only. Positional-only
parameters 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.

2o LA & F ARSI A0 28D v ek mebd, 19 E QA diviod (
g ok

Emh

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

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

2.3 X2t EXE

2.3.1 16712t 8%l Fp= O1E A X|HELIN?

8A+E A A3l ™, 874 g &l 05 20|, AR AU HEA “o” & BEYUTLE o & £, 3¢ “a” &
8715 2k “10” (10715 8) 0.2 M3l w, o & A A 3H4IA) 2

>>> a = 0010

>>> a

8

AP OB 50 & ol 7] s F U ok 162 SAkE

l6A+5 g5yt 1635 ‘3—20110— o|al, A%
2l o], o] OJE%_FAEMW.

= =
2FAGHEAZ AQE S syt A S

i b

>>> a = 0Oxab
>>> a

165

>>> b = 0XB2
>>> Db

178
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2.3.2 9l -22 // 10 0| -3 HI&tEHL|77}2

F2i % j7Fi 2L FEE AET st AUt ool ol AS YL, vt 22 Ax 9%
o4

i== (1 // 3 F 3+ E I

A W7l E floor g ks of fhyth C 7 o] 542 BHHEF 278, 1 // JE AEE
(truncate) Aot =1 ¢ j7Hi 22 FITE AT T 27054

7 d A1 o8 Joll e AA AR AbEl= AY flsdth 37 S, B2 A7 9leH,
MG EE AL ¢ 37F>= 0 Aol B FE&FUTh AAZAF 10S 7Fe] A THE, 20041 7 A oll =
ot E 7tEl 71 AF U7 -190 & 12 == 27} F8FYth -190 3 12 == -10& E7]E 7tele

WY

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'>

234 ZXEE IAIE O{EA HERILIT?

For integers, use the built-in int () type constructor, e.g. int ('144') == 144. Similarly, float () converts
to floating-point, e.g. float ('144"') == 144.0.

JNEROZ o]AL £AE A4 E AT UL LefA int ('0144') == 144 Fol1
int ('0x144"') & ValueError& ‘37"@/\] ZAYTh int (string, base) = F WA A= ZF Qx=2 H
o] AFR S X4 (base) & WolEo]A], int ( '0x144', 16) == 324YUT} base7} 02 & X A= A,

b shol 1S AL A ESre] AT LIk A3 00 £ 818 LLEL, 06 & 167152 Lhebg
k.

223 Aol BAE e AR et AR olehd WA I eval () 2 AHESEA TR AL L. eval () &

dRe = Heb g S 2l o dsuth F27F AeHA b R0l = vholdd E?ﬂ 1S A

¢ dFUTh AE 501, TR F HHABE A= __import_ ('os') .system("rm

-rf SHOME") & A2 5 suTh

eval () = ETF RAS gtold @A 02 s A ste A7} Qlol A, A& S0l eval (109") & FFo] A o]
(0 & A AN A 0 = 3] &5kA 7] w2l +& ol 2 7h T §3“41’/}
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23.5 A EXLE LA HEESLI?

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/
0) yields '0.333".

2.3.6 HMZI2|0IM 2XIEE O1EAH SHE LI

28 4 QU BAGe 2ol p e U iR Ee) A%, sl G R o A 22
TAS T T AR A FUTE U8 E AT 5 S AN B, L0.Stringlo

AA G array RES AL HAA L

>>> import io

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

>>> sio.seek (7)

5

>>> sio.write ("there!™)
6

>>> sio.getvalue ()
'Hello, there!'!

>>> import array

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

array('u', 'Hello, world'")
>>> a[0] = 'y’

>>> print (a)

array('u', 'yello, world'")
>>> a.tounicode ()

'vello, world'

dispatch = {'go': a, 'stop': b} # Note lack of parens for funcs

dispatch([get_input ()] () # Note trailing parens to call function
o W& T4 getattr () & AHEIA AL

import foo
getattr (foo, 'bar') ()
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o] AL vt ol &2 BholH e P of 2] oA AR E U th

class Foo:
def do_foo(self):

def do_bar (self):

f = getattr(foo_instance, 'do_ ' + opname)
£0

o« 3 o] 52 A (resolve) 3F2 ™ locals () & AHESHI Al 2:

def myFunc () :
print ("hello™)

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

2.3.8 Is there an equivalent to Perl’ s chomp() for removing trailing newlines from

strings?
5.rstrip("\r\n") & AT ThE T FUL A AR g BAW 59| Bo) Y BE E FEA
EAAZ %l%‘%‘i‘r TAE s7F £l ¥l Zo] o] 7} £o] st E o] 42 YEUHE, EE R E9 &
2 AR5 AA D Uk
>>> lines = ("line 1 \r\n"
n\r\nn

. n\r\nn)
>>> lines.rstrip ("\n\z")

'line 1 '
At o2 gt Hof| st SN HAES ¢S wjvt o317 wfZoll, S.rstrip() & ol A& AHEEHH
2 A5 g

2.3.9 Is there a scanf() or sscanf() equivalent?

adAe® = gsyth

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.
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2.3.10 What does ‘UnicodeDecodeError’ or ‘UnicodeEncodeError’ error mean?

unicode-howto & ZZ 1A 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 Z2I0| R LALICL SEE 0[2{H O{EH| SO} BLI7t?
=2

a2 ARt o2 AE AUt WA, o HAE7] Al 71 F8f oF & AtEe] AF
o A% 542 IolA Fd vttt thF U th o] FAQ& CPyrhondll 3 <& FUTh
o 532 29 AA vttt g £ AFUTH 53] /O U thE 2~ = sl o] ok uf 23 F
o IEE FAFeH I AR ol 22 TN A FAF TATHS Frolof FUT) (profile BES
FRBA A L)
« WX 23 HEE FASAE A AGS AT o wh2A 85T 5 A5 U (timeit BE
Zx).
o st 2 A 3}oll & AZ 3] (regressions) & FA A &2 EQY317] Aof| (B9 HAEY 7| 71 H <
)+ I AW A E e Ao F5UTH
ol AE AAE, Tl T HEE Eole B2 EH JFULE 2 F 8 7Med A FEAEE
719l W 48 2w =50 5= 2 7HA] kg ol A F gk
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o FuFSS HMEANEY (Ee guE S or AR ZE AA o vA H A3 EE e
P Al Yy 2ol d= 5 UsUh

o ZHFE Hlol8 #2& AES Al L. bltin-types 3 collections gl tiet A8 A& A7k
A2

o XF holBY 7t FAVE 7] AT ZenEEE AT o), ool WSd thE thtE T}
WS 7hs /ol EF Ut (EAE A= FFUTh. ol A2 W A7 2P ol Cr 2 H =2
B EE] Fols FlE 2EEU oS S0, AL ™ list.sort () WA WA =Y &d
sorted () TTE AFSSAAIL (28|21 & 1 F AFEHY o= sortlnghowtoE ZZFAA L)

« F43}= 24 (indirections) & WE=w A o] I AHZ 7Y B2 42 st=F 2yt
TR ol 83 AP F= 2AsH, ESEE A St =S A YTh =3 FA3E ok

).

U RS RS AAN  Ere

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 B7):

A 9ol 2RE 917 o)A,

-

24.2 B2 EXEE & 0|01E0|= 71 E2H2 HH2 AL

str@} bytes AR = & tﬂo]EE, w2

ool vlZE&A Ut dutAd o], T A A& AA EAE 4 ]-4 A —’—Oﬂ H]ﬁlﬂ‘%‘?}
alm

W str AAE FA 7] 980, A7E = &= AL 2laEo) wiA 8t

T &0k YUtk

chunks = []

for s in my_strings:
chunks.append (s)

result = ''.join (chunks)

m-
ifo
2
rO
e

(== gg oz £ 7+ i0.StringloE AR SHE A Y Ytth

L‘G‘I__ bytes 7“X1]% l’—‘—Z_’]‘ ‘}'7] ‘ﬂ%ﬁ) -?:]_Zo]-ﬂ_“;_-_ ‘FC]_'%:F_“E X‘“Z}-E} 0]01%0] 7] (+: ﬂ/‘\l_;(]_)% }\]_%_6_]_0:]
bytearray AA|E 33= A G U}

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

251 REI 2AEE O{EA HEFLIMN
3 B2 tuple (seq) & YA AL (HAAZE BEEOHHE)E L2 TAHE L2 FES /AR
ZZ Wt

So°l, tuple ([1, 2, 31) & (1, 2, 3)%&%*Pﬂtuple( abc' )L ('a' 'p', 'c")E
Z )
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gol M A dae FEot 2 AYAFE UL Y A 02 A WA dd s 12 F

FolA Aoz ALH U S5 QAo B 12 upx|gf eldl o3 2 BojlA F WA dE Aol
ol A0 2 ALH YT} seql-n]l & seqllen(s

T ALY AE ARSSHE v HEE 5 5y ﬂeaqs
E A, LA 3 = vhES A A= d

reversed () W& T+E AL 4 A L

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

o] AL PE A Ao FEFE A A AA L o EEH o] E & H Y =A9] A ARHES R T

25.4 ZAEONM S22 O{EH MHEL|I}?

o 2L FHBHE o7 7hA P ol tF 7 =2 Shol A R el AL FR AP L
https://code.activestate.com/recipes/52560/

YA ¢AE U E JUUTY, D2ES FYF TS 2 2E Bol A 2WFAA T2 FHS 44 3

AL

if mylist:

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

last = mylist[i]

daEe] BE 84 HE AR AHEE & ATHA (5, BT 514 /s ol@) o] Aol 5 o mEth

’mylist = list (set(mylist))

AL YAES AFo T W], TR AA TS, Pl aER HEY U

25.5 B|AEOAM O] =2 LA M AHESL|71?

B A Ao} v} AR 2, A 222 A}
SR, ey A ol A 2
WS T OS2 Al 7R M e U ok

83l WA A2 o2 olfd o4 St A% WA 7
£ ol g ol do R Setol s AL AEF/7HH D1

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 B alol obul 7bg whg v ch
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2.5.6 IO MOllA OJEH HIES UE=LIR?

e LS A SIS

’["this", 1, "is", "an", "array"]
S| AEE AIZE B "ol A Cub 9pZ (Pascal) ¥ A3} S5 FU T 7HE 2 Abol A2 shold g AaEo
chepst go] AR 28 5 vk AU

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_1ist [0]
and the analogue of cdris 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.

2.5.7 C}xl2 E|AEE oA SHSL|771?

Y]

che 3t 2ol B M S BE e T e ATk

’>>> A = [[None] * 2] * 3

o145k L ulz A BT

>>> A

[ [None, None], [None, None], [None, None]]

T ke g std, of 2] 9 2o yEbE Y o

>>> A[0][0] = 5
>>> A
[[5, None], [5, None], [5, None]]

Tl R BB BANE SALRE WEA 9371 AR B¢ A2 A W, 3
© o] 29 2o e AES| YIINS FEE EFFE el AEE B TR B WP AP wE
ol Lhehihtl, 9] 343 o 3ol Ashs 22 opg Utk

AR Y e At o9 B AES WA BE TS ME BE JAER 4 248 A5 AU

A = [None] * 3
for i in range(3):
A[i] = [None] * 2

W Po)7h291 349 ThE A= EFE A=A AU A A AAE HET S5
g h

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

Use a list comprehension:

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

259 M2 E=35t=0|, 9 a_tuple[i] +=[ ‘item’ 10| Ol|2|E LS ZIL|7}?
S Y A4 ] AAbRbeRE AMA I sho] ol A 7 AR eF B A A o] xfo] o] AjelT]
]

o] =9 S U A4 M A E HE] V)= FEY 840 82 v gutgo® HEH A,
glE= list & +=5 A= A&t
o

o3} o] A4 FThR:

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

TypeError: 'tuple' object does not support item assignment

of| £] & o]-fr= “é%%i‘%ﬂr: 10]a_tuple[0] °] 7F&] 7] AA| (1) ol 3l A A, A3t AA| 2 & B A 1,
A A28 FEY 8400 thYste]al otH, T2 847 717+ AS WA T 5 ¢l7] w2l
of & 7} HA ot

9 ofefjoll A, o] T Yol ot 4 ek b 25 th

>>> result = a_tuple[0] + 1

>>> a_tuple[0] = result
Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

FE2EHEE, A4 Y Fio] ol & HB A YT
T3 2ol ZHA sHH:

>>> a_tuple = (['foo']l, 'bar'")

>>> a_tuple[0] += ['item']

Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

9t 2T 6 =YL H 5ehe AL g7 AW 5 F AR AL dU Tk

>>> 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__ () isequivalent 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]
>>> a_list

[1]

AL e S5k

rlo
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>>> result = a_list._diadd_ ([1])

>>> a_list = result

a list7} 78] 7] = AA| 7 H AT AE AA o 3t ZAE|7F thA] a_listol] Uk th g9
ay

% 23 +=no-opdd, a llst7]-0]24 ] ]—ﬂ 7|7 9 d Ax} 7
S o e o] 45 Qo oh

&2 AA ol that 2AH o] 7] Wi J Y th

webA, 929 F2 AN Dofibe AL the 3t FE U h
>>> 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.

2.5.10 225l ML 511 AlSL|c): mlo|Mof|A Schwartzian HHES &F £ Q& L|77}?

(o]

Perl 7] 71 E] 9] Randal Schwartzol] 9] 3t o] 71L& FAEY 72+ Q42 ZF QA4S «“AE 17 o P 3=
HEZo g2 FEF ) Ffol Mo A&, List.sort () WA EY key AAE AMEBIA A 2

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

2.5.11 st

nl

[AEE CIE 2|AEL| g2 HESHH™ 0{2A sliof gL|7t?

IRES T olH e olHE ¥ e, A s

[m
fjrt
o
i)
e
ul
&
e
ok
rlr
ko
B>
it
l-f>~
u)
ol
>
>
fo

>>> listl

["what", leva, "Sorting", "by"]

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

>>> pairs zip(listl, 1list2)

>>> 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 ZHA|

26.1 Sefa= FAYLIIN?

o2 class B AW o] BHE 57 A FYUrh FeUL AAE A2EA ANE BES) AT 7T
S B, ol A B ] G2 AR )5 A E e A O

gelat ol e aekn s i o) 4o the GUAE o2 U gyt 2 o
Foleo] o= HES WA S E SHTUT, ol 448 53 AA mlg AAAo2 AYel Y < o)
£2 ghUch S ol 03 /)8 G2 A WA E AT Qbuailbox 29t ohaka 54 ALK &

it A=
& A2 2] 8] F= MboxMailbox, MalldlrMallbox OutlookMailboxS} ZF2 A H SV AL 5

A=y
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2.6.2 HMEE FARAL|7I?

HAE= gukd Ex name (arguments...) & $&3= o]H A x9] Pyt YAEE= S
Ao ol B 49 ok
class C:

def meth(self, arg):
return arg * 2 + self.attribute

2.6.3 self= 2aiQlL|7}?

self & T2 WA =0] 3 WA AAE A5 Fe A o] 5 YUt meth(self, a, b, c) & FH wA
T AT Feh A0 o]E AAEA ko ] x.meth(a, b, c) & TZHooFFUrh &4
W‘:Lmetmx, a, b, c)Ad TEHJhL A4t

MM E Ho et TENA self & BA AR AGF of Sh o] f& FAYUN & F2AA L.

2.6.4 |7} FOIZ ZAHALE I ME SaHA Q| QATHAQIX] OfEH Eolst |72

Use the built-in function isinstance (obj, cls). Youcancheck if an objectis an instance of any of a number
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 aregistered 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) # Iindirect
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

e =2 a2 AL J o] Sel 20X isinstance () E A AHESHA] Yol FolsHAA L
Zojsg A H S ArhE, o 4 A% AR A 2D L AR Fe| A S Hol ok o) 2ol wef
e A9 —r?’ﬁﬁ} A 54 524E AEsete S vIAEE Fosts AdUh & S

ReA7LE AT Bl AT

l
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def search (obj):
if isinstance(obj, Mailbox) :
# code to search a mailbox
elif isinstance (obj, Document) :
. # code to search a document
elif

O U2 H2H2 ZE Sef20lA search () FINEE A 98t &4 22& &5t AYYth

class Mailbox:
def search(self):
# code to search a mailbox

class Document:
def search(self):

# code to search a document

obj.search()

2.6.5 2/Qlo[2t ZoiQlL|7}?

9 9 @elegation) & A7) A% 71 (14491 s Hol L€ TP AL EF. x AR 7} QL3 WA = B S
542 A5 ATk AHe] BATh WA A AR e PRL AFHLE RENAZE
xe] S ol A =0l A sk Al Fel AT s 4 Ao

shod 222w 44 9L FAL 5 Ygieh of
7]&;4 - —‘—L T’ﬂ ]E% = EH—'—X]'E Hﬂ%]— “f%aﬁ—é% ?’?ﬂ_

b

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
calling the underlying self._ outfile.write () method. All other methods are delegated to the underlying
self._outfile object. The delegation is accomplished viathe __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__ () isroughly equivalent to the following:
class X:

def _ setattr_ (self, name, value):
self. dict  [name] = value

Most __setattr__ () implementations must modify self.__dict__ tostore local state for self without caus-
ing 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

W7 super () F5E AHE Al 2

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 se 1 £ 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) :

2.6.8 8™ ZalA HIO|E} M ZalA o

x
[N
Ml
L=
i

2™ o{EA| sH{oF BfLl7t?

(C+U Java®) 2] w0l 4) A A vl o] Bl 9} A W] A = 25 5o Mol A X 4F ).

AA dolHY 49, Bed] Fehx o2 HES JSUA L. o= HEC A g HYFHAW, Y
oA Fe 2 o) 22 YAIH O 2 ALG ok Tk

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

cAA Y c.  class oA CE Eolrli wlo]a Zaja A Az o] ol AR Za o) o] A A
F A &+ % c.count = isinstance(c, C)7FAHI= BEE coll U8 C.count & 2t}
F9: CY A= Yo A, self.count = 422} 22 Y2 self Q] A A1 2] “count” 2= Al &
2 A0l gl AAHAE BEU 2A2 34 dolE o5l A2 T4 WA ol ATl
A Qo] FAHAE A A oF FuTh

C.count = 314

A MAER Zbs U th

class C:
@staticmethod
def static(argl, arg2, arg3):
# No 'self' parameter!
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aHu, A MAES] 238 A= 2

~

chak

pul

rlr
rlo

Bl BESE P4 E AL Ak

def getcount () :
return C.count

Seie] FEZ} BE G st 2o (Ex WA
Aoha, o] A o] Aok A& 3E ATFU

r

dd SR AS FR)E A F 7235

2.6.9 mO|MOllM HEXHEE HME)E O1EA Z 2 ~ USLIIN?

ol §H S AAZ EE WA= HEEH A AL At oz AL FHA 7 EA Yy

Crroll At the 3t o] A4 gtk

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

}

shol A A& 7 2 AAE ALgIe] BE F9E R B YAAE 24

O_Lz

sHof gt ol 2 S

class C:
def _ init_ (self, i=None):
if i is None:
print ("No arguments")
else:
print ("Argument is", 1)

def _ init_ (self, *args):

2.6.10 __spamE Al235l2{1 5l=0 _SomeClassName__spamO0i| CH3t of|2{ 7} gt

=
o]Z A3 WZo] Qi M o] 2L Zg| 4 u] B (private) W2 H o] FH Pkl A|wh G A o WS
Al&st7] f18l “F 4 YU th(mangled)”. _ spam @4} (H ol F 74 A D& -JEH Shito] 53 ‘12 =)
o] R E A WHAE= _classname__spamlZ HIAE A= ‘”Eﬂ o17]4 classname & 2E A3 L& 0]

AAR @A) Ze) 2 o & A k.

This doesn’ t guarantee privacy: an outside user can still deliberately access the “_classname__spam” attribute, and
private values are visible in the object’ s ___dict__. Many Python programmers never bother to use private variable
names at all.
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2.6.11 L} FallAE= _del__ S HolsIX|2 ZHAME AtH[e I S E | X| QEELICH

@ 717 b5 o] f 7k &Y ok

The del statement does not necessarily call__del__ () - it simply 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
canrungc.collect () toforce acollection, 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
whenever you’ re done with them. The close () method can then remove attributes that refer to subobjects. Don’
tcall__del_ () directly - __del__ () should call close () and close () should make sure that it can be
called more than once for the same object.

T IFRE I EEYES weakref BES AEIE AYULh o] RES IR 3AFE 594
R AAG AL 5 AEE Gtk A B Bol, Bel A8 PR R A Aol o e A2 E
A1-g-3ll oF Tk (o] A A5 o] B8 Friu).

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

2612 FO{ZI ZEAQ| BE QIAHA SBS O{EH LELIII?

o RE Q22 2ARA Gk U 4
§AT0) BE AAHAT 2AGEE 2210y 4 Yok

2.6.13 id () 2 Zut7} 1 RSIX| E2 AXME EOl= 0lRE FAHYULIIN?

) U A S B ok LR HES B = 44 E v T CPythonol] A= o] 210 A7]e] b=
o Faolne, AA 7 Ol A T AR BES|T TS AAN AL 28 A B
AEIEAF LATUTE 0T 2ol o A% 5 Aileh:

>>> 1d(1000)
13901272
>>> 1d(2000)
13901272

F A ide= D}E J = AA ol &ok=Hl, id () =
AAFSAL AR} o A5 Lok YEF ShelE, 2 ARl o & ohE =

>>> g = 1000; b = 2000
>>> id(a)
13901272
>>> id(b)
13891296
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2.6.14 is HLIXIE AL S OIO|HIEIE] HAl= AWM LEE o~ JSLIT?

is A4k A obol MBS AT Ata is b id(a) == id(b) 9 F5 Tk

HolEE 80l A 528 S 4L AN B AU FAHL 15 ok Y True® BAATE
AUtk otolMEE AAe WA R 554 AR wEUTh 554 AAe 2, ofoldE g

A=t 229 TruettFalse & W8] H AR U,

T}, A7 ool ME E 7 B3 w) ololAE ] A E54 AAE BAR S dETTh dudow,

obol WIE B 7} 14w = Al 71A) bkl Sl it

1) Assignments create new names but do not change object identity. After the assignment new = old, it is guar-
anteed that new is old.

2) Putting an object in a container that stores object references does not change object identity. After the list assign-
ment s [0] = x,itis guaranteed 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 and b = None, it is guaranteed that a is b because None is a singleton.

o2 o) ThE Aol A ololHE g WA A A o 554 HAEA AT 53], 42
Fol BT A B int % stra} 2L A5 FABE o] ool WEl ] AAE AEHAL O F ULk

>>> a = 1000

>>> b = 500

>>> ¢ = Db + 500
>>> a is c

False

>>> a = 'Python'
>>> b = 'Py'

>>> ¢ = b + 'thon'
>>> a is c

False

npZRA =, 7H AEH o] o A da"d A s A FDekA] eksyth

£F ol neje] FEO A, ofol e E AAE SuhEA AL HHE B K DA A HELS B 5 A5y
t}:

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:
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.
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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, wvalue):
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 c 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'

2.6.16 How do | cache method calls?

The two principal tools for caching methods are functools.cached_property () and functools.
1ru_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 lru_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.
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The advantage of the least recently used algorithm is that the cache is bounded by the specified maxsize. The disad-
vantage 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.

The Iru_cache approach can be made to work, but the class needs to define the __eq__and __hash__ methods so 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 eq__ (self, other):

return self.station_id == other.station_id

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.
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EEO) AL YEE D uf (£ A Aspdd stdo] B0 F ax spdo] MAHGlS w) H3td
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>>> import py_compile
>>> py_compile.compile('foo.py")

o] 1L .pycE foo.py et B2 f A0l 2= __pycache A H HHE ol 7| HFHUT (E= A=A
U7 M= cfile 2 o] & AL

L
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python -m compileall

BES AW Y A9 WS nane S BOEM RE AAY 0|52 2 5 JHUh gol
'_main__'ol®, Z2ade] AaYER 4% FUUTh AVAOE BES JEE A S
e w 3 % QE sl ol 2Lk A HlAEE AT, _name_ & Held Fof @ o] =S A3
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273 MZ YEE sl ZES O{EH U= & USLIN?

the BE ol ek A A 2

foo.py:

from bar import bar_var
foo_var =1

bar.py:

from foo import foo_var
bar_var = 2

A= dHZ BT v dAE s TE A Ytk
» main imports foo
« Empty globals for foo are created
» foo is compiled and starts executing
e foo imports bar
« Empty globals for bar are created
e bar is compiled and starts executing
e bar imports foo (which is a no-op since there already is a module named foo)

o The import mechanism tries to read foo_var from foo globals, tosetbar . foo_var = foo.foo_var

upA 2 A 7 A by ok sho] M o] obF] fooE AB 2P E k= Ae SR SHA ¥kl food] A 7T
gAM U 7k o] 3] wlo] 917 w2 J Ytk

import foo& ARESFAL A FEO|A foo.foo_varo] AL L T wje 22 do] Lot
o] FA ol sl 753k (2 4% Al 74A] 8 2 Wi o] s U th
Guido van Rossum-2 from <module> import ...-= o}of] AL§3

!
A& AFGUE A 050 ol el 2710 B A B AL Aok I ol 2
AT E o] E Aol <module>.<name> O & =L oju|dt]c}

Jim Roskind = —}E%ﬂl/ﬂ OE SAE GAE ST AS A Th
« HEUWZ) (AY, g R ullo]x 2 aE dZE T 7t le D)
e import &
« B4 ZE(JEE A oA 271308 Ao 23).

Van Rossum doesn’ t like this approach much because the imports appear in a strange place, but it does work.

Matthias Urlichs &= 2] 57 E] 2|7 AZE7I ZQ3A] A& F=E AT A S AT YTh

ol s 2 =2 FL vietH ol A st

274 __import_ ( ‘x.y.z’ )£ <module ‘X’ >& HI2ISIL|C}; zE O{E A HSL|7I?

importlib® H9] &4 import_module () = Al AFR 5= XL T FAIA L

z = importlib.import_module('x.y.z")
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275 UZE E D=8 WS CiA| UZE & M, HE AF0| ZAIE[X] EELICH
H Ol 20| THSLI7I?

import importlib
import modname
importlib.reload (modname)

A3 o] 7L 100% FA3A Fguich 53, e 2L BFL ETFHE REL

from modname import some_objects

Az e AA o)A WAL AL AQGUTE BEO| Tl Ao 2 W, A S BB AL
FEE & Fela A2 as AN A ST ol e e 2 AU A S0 2 oo} F Lt}
>>> import importlib

>>> import cls

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

>>> importlib.reload(cls)

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

>>> isinstance(c, cls.C) # isinstance 1is false?!?

False

ZH = AA Y “ofolHIE E” & A5t FA1S o] EHal At

>>> hex (id(c. class._ 1))
'0x7352a0"

>>> hex (id(cls.C))
'0x4198d0"
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if (x <= vy)
X++5
y-—i
zZ++;

ZA0] Fol W xe+ U AT A, Solzr) e Be Algte] 187 ehrkn WA BRI 49 BLC
22 adHMERE x > v HE y7h FasHe o FE FFAEA 2 SolrhE Wzt A& ok
]

>
AA1E FE G o)

2ol St e 79 209 SE) QY AG Y CAAE FERE WAL
ofe] 714 B ol AU Th 54 26U L LSt TEE du at vl &AW, ThE 2BAR 9L
AU

(= Aok ) ) tha BHFS wlE AL A
IL

1o

Be Y ARde AT BEE T
%% 31 F3hol Pu)o], zr 1YL 2 et

718 Sl SR T oA 0 2 E, T4} 9 sho]
shobof o} (753, 20-30). 20%9] shol A& Co 202 KTt B4 o WL 49 £AT 4 A5k,
AL AT BE/ DL g7 W B obd ke - Aol i A n5E B HPE 7)ol g
Utk Selzr] Auk 2 e B3] =gl Btk
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% 023} 22 Aho] w7 By ch

>> 1.2 - 1.0
0.19999999999999996

793 0 AL shol WY W ekw A AU T8A itk o 2L shol At AL Bl o,
FE BAFO| HF A5 £AZ ASH PF DA ° B YHY)
i)

CPython®] float §2 A4S 93 C doubleS AR T} float Z
2530 E)9 o)A BF o AAE L Fol A2 B £54F ALE £33 o C AXE AFE-31H,
o) TPAl = 2 A A2 BESl o] FEol S ZFT. F, BF 257 Q1 4ko] B3l T, 3o -2 C lava B

ERVBL de) Geid Aol EAY AE P h
Many numbers that can be written easily in decimal notation cannot be expressed exactly in binary floating-point.
For example, after:

o] Z-of], xof thall A= g2 103 g 1. 20 th ek (-7 F2) A o] A vk, F &8 2 A= ks uth
AREA QA 71 A ol A AA AR = 2 o ZEyth

’l.OOllOOl100l100l100l100l100l1001100110011001100110011 (binary)

oA AR the T 2Tk

’1.1999999999999999555910790149937383830547332763671875 (decimal)

S3R|ES] A A EE ol HF agFol 15-16712]19] 10+ F =S A5 g

For a fuller explanation, please see the floating point arithmetic chapter in the Python tutorial.

3.4 mio]’M Extgo| 2 Ol FALULINN?

2 7bx) 3 o] 95Uk,
b 45Uk £AGo] 29
Julsie, 2224 8T G 17
ol % st Uk

= ThE 472 sl o] EALL SRR | BA” 0 r st A9 Th

Aoz WASA shou], shol Mol A o @ W E EAL 4 “eight” & THE 0% WAFA kT,
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3.5 HAME Mot SE0|A ‘self’ £ WA|MOZ AI235|0} 5t= 0|2
2QL|7?
o}o] t] o] == Modula-3 9| A ¥ 551 Tt} o
QPN

gl & -
AR, 22 W oAl WA=y 2 o]EZREE AMESAL Jthe Aol o £ 3yt self.xt
self .meth () Eelon Sda e 7]‘11?3‘W ZolHetE A E7h AR Y= A e
£33 & AFUTh CHoll A, A G W Ao gle Aoz

N

A5 g4 &t (S e =2
37 A% 5 STk AR R ) - 1A 5 sfol ol A, Ao W A elo] Qo] A, B3 el E el
49| & gtofof i th A Crrolava 1Y L)AL A2HA O ER HES m_ Aol S £ T

wheba ol 28 WAl 4L o7l o Sel Ak of W8 f-8 T

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.
upR| ko g ol AE A W0 Ao tiolu) B W E2AE S 2} stol Mol R o] M= (A2 AH)

e 2EA gol diYE = (2l dgor “3/\]14 o8 AAF A ok2) Wo] 7] wi&ol|, Qe Z 2 E
oA o] A% WA} ob) ek QB WMol ThEk Th ol ek AS S W o] 9lojof Bk, (584
o SHlA) FEAHIE FHULE Ce Adde T3l o] HHe frf’“%}?ﬂ“} sho] ol = A o] §lolA]
OIEWPE% oW ERLE ?J*ﬂolt e A2 AU BAIA self.varE AHESHH o] A 71 &
BER ke U}ZW}NE GAEA MRS AL A, self.var kil Ao} 5”/}‘: ZiE oA = el
A A EE A e 01%01] ga g2l dadas) deEe 2 44 2.7} 9L o n gy oA
Wo), Ao Mot AAH A Mt F Ao AR 02 o] B o0, A8 01% 5+ sho] Ao
&efof .

3.6 A UM CHYLS AIESE &~ Bl Ol RAHYULIIP?

Jpol 385 H, 7Hs T i

vtk 7] 8] (walrus) A 2R} =2 AFS 5= T AL 3o 9= W42 g gy

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

ZFA| 3 A B = PEP 5728 #2314

>

1<

3.7 mO|M2 o) el |§( |£ E0] list.index())0l|l= HIMEE A5}
1 CHE 7|o(01l =01 len(list)) 0l = &4 E AI2ELI1?

(a) Q5 A2 A9, A9 % 7] 9 (prefix notation) ©] T (postfix) E7|HHET} o & dFych-
A (2822 S5 (infix)!)) A4HE F8Hol A e Al A5 7HA AL gl 847t "‘Zﬂ of oh
A=t AdH R Ego] He= 27He o]'?f]"_ ZJUth x*(a+b) o Z2 34
K+ x' 2 TpAl A4 5] A8 A3 U4 00 EAUE ABstel ¢ A 2B
o] WSS H| W3l KA

(b) len(x) 2t ZEE ¢J= Wl A= 7471 2olE 2738t Jthe As duth o] A2 A
oA F 7HAE dHFYth ﬁﬂr% 2&4013, A= 459 74Eﬂ oyt Bith =, x.len()
= =l x7t Aol 28 FA AU EE len() o] & SeH2olA FEste 459 2
Holvehe 21 ol &L °‘°1°l: Fuch e e g EaJMﬂ get() ©] 1} keys()
| A =7} °‘7M, Qo] ofd Aol write() FIH =7} QL w Wlu] 2 A= TS BAA Q.

—https://mail.python.org/pipermail/python-3000/2006-November/004643.html
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3.8 join()0| B|AEL} £& BIMES7} OfLlat 2XIY HIMES! 0|RE
SoiQiLimf?

’H’ H.join([viv, v2v, I4Y, '8', '16'])

o] Ab& R0l thal F 7HA A Y= wkE o] gl YT

A WA A BB Y (RG99 A EE A S Ao] 38 1] FRUD ek Bol mehd
ek olo] e ke T8 5 AW, A4 AP 14 3 g Boleks AUk WA=
AL A2 ol Fol HFATH, elH DA ST 5 QA BEE =24 ol 77 g

F A olol & BE T3 ol EAF Utk "L AAL MWE BAG 452 Adsteta Betn
EUT. S2AE, FAL 187 FHUE ofH o] §2 split ) & BAL WA =2 A5
A Do ee AL A 2FU 18 0] T3} 2L B

AL PPN A Fold TRA(ES, RACE, 499 FW A%) 2 TRE 59 EADL T
S5 5 ggge 47 & 4 Q7 MEgU,

join() & 24 MAEGUTE A A FEA Lol A FAD A ALE ol H Aol E B AP
24 Abolo AN AYFEZ ANGA WEAUTH o] HEE SR A8 FAF S+ A A
Seg Zgtel, AAL AN S FH S w2t BE AR} T AT 5 AU h vhol =D

3.9 ol|2l= Lo} tHEL|7t?

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]

o] AL
Zol =

gAav e Ao &4 717 & Aoz AR w27t sk 28X o, o2t
dys Utk

if key in mydict:
value = mydict [key]
else:
value = mydict[key] = getvalue (key)

o] A AL, value ict.setdefault (key, getvalue (key)) A2 5 9l A °h,

= di =
getvalue () 350 T Aol A7E 7] 0ol 285 ARG AN AR+ AU h
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3.10 m}o|Mof| switch L} case 20| 9= 0|S= 2o1QiL|71?

You can do this easily enough with a sequence of if... elif... elif... else. For literal values, or
constants within a namespace, you can alsouse amatch ... case statement.
WS B Fh5 A FoI A A s o SH Aol case Bhe TEF Tl WA GRS BE S

ALYt 98 =4

functions = {'a': function_1,
"b': function_2,
'c': self.method 1}

func = functions[value]
func ()

A o o g WA = o] A%, getattr () W& TFHE AL 54 o]5E 71 FIA =5 AW o
>0

oS dest & 9l

class MyVisitor:
def visit_a(self):

def dispatch(self, wvalue):

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

o] A A2l visit_ 8} Zro] WA E o] HFAE AF

= a
= [e)
ol AR T = gles a2 &= A7, FAAZL AA Y BRE ML=

=5t thAl QIE{=Z 2|E{ ol A EE o
?

2xe) e ol Thah Aol = Shte) € 28 m el 92 FAIF o,
re 7o) qlele] w7bo] shol oz Ful @ 4 At WebA, AA] 28 = e & Col e

HH92: T 8], C 285 3ot e 5 & s] A A AE ez 28 27} L& Stackless Pythone] gl th

sholdel 72 me 9 e £WA Yol FPA £AL AT 4 97 wlFol Fol g} wAA L
A4S EFT 4 vtk Tejuh, shol Mol A, o] A& A4 EA 7L oYtk 758 e thE
Qlofo] gt P47} el sho]d i BT A/ YT AOE ASE AR ZY B0 BY
g}

4 ol u] Tpol el Y7 AA oI, Ao} ATz AAT 5 A5 T HehA A olo] Ao A T4
B4 PTHE S R AT o] B G4 o] 5L vE 2t gtk AYY T - AT IR L B
4 A7 (kBB o] AEHE A7 A2 22 G AR A= Ao M5 WY Th
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3.13 mO[’ME 7|4 2=, C L= CHE A0 E HIY & & YSLIIN?

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.

3.14 HDjo|ME o2 2|E oA Z2|BL|7}k?

shol 4 v 2] ¢l o AR AHee @) weh g Ut shol A BE U CPyihon® FE AP S
Mgl AA AT 5 Gt ANE GAFAL, E O W AUSS S Ie] Fx TS FARL, RA S
5 g 8e 23 HAY ANE A 8 44 LuFS Fr M0 dPPULh gc BELS
PhilA e SR, T FAE A, 27719 ) W5E 25 G4E AB T

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.

Q% vo] 4l TRl A, The 5 (CPythonol A= M AL TH = olukE 5t 7] 7he] 47 Yotk

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 f closes the previous
file. With a traditional GC, howeyver, those file objects will only get collected (and closed) at varying and possibly
long intervals.

R E shold PN 5ok TES 2ok W, WA 2 51 AL with BE AREH o Ty
U rhee W el ARG aAfel 4% g o

for file in very_long_list_of files:
with open(file) as f£f:
c = f.read(1l)

3.15 CPythonO| & M3 Al 7HIX] £ MAIE ALESHK] E= O|lF=
FALLI7F?

FA, ol AL CRE 7150l b ek 0] 449°) 93 eh (o], $21 Bochm GC ehol B e 2l o) 3] o
S e Hte) A EAFE (1F AP ohillEh 4 E e 22 9, Al T A,
23] £R A= Utk shol Mol o] Aoz A5 HES shelw 92k B P Th)

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 for malloc() and free(), and may not want Python’ s. Right
now, CPython works with anything that implements malloc() and free() properly.
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3.16 CPythonO| Sz = M &= HIZ2|7} SHMIE|X| 4= OlReE FA

olL|7}?
stold g A ol 5 w2l A Fxd AAE stoldo] FuE wf T4 T AAH A= AF U
<8 et gow AT £ dG Utk C ehojreflo o) ddd A7t 27 R SH ViR =
AFUTHAE 50l Purify 2} 22 =& ool thall 333y th. 22}, sholn 2 F 5 A v e] A 2o
Aol BE Td AAE gL A=F Y
G oA Al shol o] 54 FEL AASEE FA S atexit RES AR5 oD A4S A S
T AYIENL

3.17 Hx 9| &1} 2|AE H[O[EHE0| Y= O|F= FANAULIN?

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 structs; 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 ('.") returnsa
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.

REL WYL 2, QU R E0| BEJAY, on R4 A OB HE S YU P AEE AP
oJehd, AAEA P2ES] R4E WAL S AFUTh B 24W AU 72 AET 5 glolA,

37 &
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3.18 CPythonO|M E2|AEE= O{EA LS EL|7}I?

CPython-"/l E]CE% AA 2= 7 4 O] Auth Lisp 2EFL o] A 2] 2 E (linked lists) 7} oFd Ut}

A
Mgk, o] W el ek LB gt Do) Aol PlaE

fjo &

AL AAE Ay a[i]) 9 W Go] HAAEY T7|Lh Y20 Gt T A AHOE HEUTH
Fzo] F7h AL AU W, Fx W Ge) 2717 24P UTh GBS WRH 02 25 45 G
571 9190 OF B2l A2 FiTh G E Sl ol T o, Foh B kol BE of ohg B Wel & A
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3.19 CPythonO|AM EMLA2|= {E A L E L|7}I?

CPython ] 42 7] 2% 7b5 8 oA Hlol 22 FRF U Th B-=2] o) ] sl th 530 4ol A
%3] (3744 714 E3 A4b A% o] BAkE L, 7R o] o ek,

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, 211])

= F A S A (1, 219id7F A AR £9 A3 2 7] W Foll KeyError o] 2] 7} @A §F
Utk &, 949 g 7] is7t obd gl ==& Ar&-3to] v s oF g th

¢ Y2EE 7|Z AS T u] AR S BE YT 7P AAQ Bl AETL ARAY U 2 E 28T 5
AL, FEA ZE= 7 RS Rz o w4 Q7] W Fof 2HE kA ks U T

o Y2EE 7|2 §3A UL AL A A 33 A] FEF AAFUTE o] A2 A AFE g
EEFAYRS W 220 FH37] oy HIE T UTE Bt MU E Y T8 ERAIES
MEHUTH d. keys () 9 BE 2 941 9] 7|12 A 4= )

c YA AR ALHE B AES Y] AEos BAFUL BAE e AR 5 e
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Az GAv e GEFE A7l 22 5 e BE AAE 97 Ao EAH o FuTh-
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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 hasbotha __eqg () 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).

X0,
rr
Py

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

def _ eqg (self, other):
return self.the_list == other.the_list

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

SA] Alate Bl AELY] AR AW 7L SIA] BT The AT Abs LW SRS Ve o2 A B
YA L.

=3t AA 7 gAY Q=X FAG ], FA ol == 02(F ol._eq  (02) is True)olH
hash (01) == hash(02)(Z ol.__hash__ () == 02.__hash__ ()) gJoF &t} o]& 3t A3t A}
TGS FEoRA] ot gAY et A 7|uE 227 25 g o)
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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.

3.21 list.sort() 7 HEHEl 2|AEE HISISIX| Q= O|ReE FAYLI7?
t}.

Aol 23 A3 A, &R A7) 935 B|AEE BEAE AL Ju)dyt) weba, 1ist . sort ()
< S 2EE AR oA FEdTh o /\Va% FNN 717 e, AEE 2| AEE WEASHA st
o970 5, BAE EALiko] ARoA W AR A 9 WAL §AoF L) A2 2| AEE Poj2A
e = UL

A Bl ~EE whabste |, th A W sorted () & E ARSI Al L. o] FE Al 5E o] B 7 & ol A Al
P AEE e, 42T S BT o8 Bol, 428 £A % G429l 715 olEd o= S
R U= syt

for key in sorted (mydict):
# do whatever with mydict [key]...

3.22 ulO[’MOllA 2UE{m|O|A HME O €A X|HStD ZHELI7F?

C++9} Tavash 22 Alojol 4] 2| B 3HE 2B ol thak Q1] sl o] 2 WAl =
QS ARFU T Be RS A5 Bl e H o]~ WAl
F2ebe o w0 Bokw Az a .

of

EE WA=
A g3he 2ol

o1t 268 4 A0S FALABOE FAY 2 A abe BEE T 28 U8
isinstance () £} issubclass () & /\]-—&6]-01 A FY 27 EAH ABCE FH5H=X &S
4 95Ut collections. abc B EL Iterable, Contalner ! MutableMapplng.\/} e 523l
ABC A< Bt

stolH el A, 14 840 st AHG HAE &2 B3l AE o)A HAY B2 o|FS S 5
91 o}

EEN UG FLEHAE AJEEI A HAEE AT 5A BE Aed o] PA &} oA JFFoz
A8 % 9T Be ol 25 e 225 Aol 202 A N2 E AR £ 9%
Hh %A 9% QRS0 A LS WEEAE o % QB3] o] 22 ekl A (b o 89 o] g
L8l 22 A HarE T 4 %%qlﬂ- doctesti}unlttest REEEALAH2E =4 dY3T
£ 85l BEY BE 7 28 AAHE LA HAE 2SS 2ET 4 Bk

An appropriate testing discipline can help build large complex applications in Python as well as having interface
specifications would. In fact, it can be better because an interface specification cannot test certain properties of a
program. For example, the append () method is expected to add new elements to the end of some internal list; an
interface specification cannot test that your append () implementation will actually do this correctly, but it s trivial
to check this property in a test suite.

HAE AQEE A= A2 M =0 Hu, A HAE T FUEE I=E HAT 5 5
AR o Zol AR EH = 7| HAE 7]4 7l 2 (test-driven development) Oﬂ/ﬂ =, axﬂ FE AAE7 A
HA HAE A ES RS ZAAsof FUTh 8 Fo] A2 of gfF o] A A2l A ALt Hl &
A3 A etA s 5 A P =t s s=
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3.23 goto7}| Y= Ol E FAUL|77}?

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 i f—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.

3.24 & EX}H(r-strings)0] G S2A |2 EE & §l= OlfRE FAYL

7F?
o AL, B4 A o SN B S gEUTh B ol gl o LA BE G E FAE
ojAAlo] Z &L, EUA] 2 FAE S FH YT
AL A o LA oladol= A E SAT L T2 AN GER A Aol A gL
YA 05 5 Q=S A dHUT ol H T Z2 A AL AAIA b T4 o 2N E A= 05
B2, g AR olE 3 §ekA GHUTh TR, o A o Aol x Se] $AD mhEE £AE
AGE 4 Q5T o] FALr-EADe] O wH FAo R A8 w & A5 T
AES A2PS WEHAL 49, BE AR N2d 522 SN 58300 f2 A
f = open("/mydir/file.txt") # works fine!

DOS ol B3t A2 3 e F=se = A%, 8 ol the 5 B ARFHIA L

dir = r"\this\is\my\dos\dir"™ "\\"
dir = r"\this\is\my\dos\dir\ "[:-1]
dir "\\this\\is\\my\\dos\\dir\\"

3.25 2f mlo|Moll= {EE|RE S fIct “with” 20| G&L|71?

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

ol oA, ol # T P27 Ros Yt

50 Chapter 3. 47[2} 2Al FAQ




Python Frequently Asked Questions, £ A| H{ 3.10.18

o BAE shaZ, dsbo] W Ci8l 2L THE Aol B8 2 NS SHEE, ofd W7 B 1 9=
W okal A & 4 sleuich. ol Ao] A eol@e} 2 WY Th- AT = AT A Aol RE Ao
~32E ST YU
sl e 54 Y& ALY A% A0 o o= el fE ) s A vl & 2 gy et W
EZREE A Fo AA z7}6}74”rxﬂ7% = AFUrTh ol & Qa Tt gr|vte® = ofd
AEElREI F2H L FAA T4 Ywvich A WA, A W5 we Wy o el e
g Sof, e 2L BAAT AUNS BAN L
def foo(a):

with a:

print (x)

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 1nteger" 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 B A AT 2

ref = function(args) .mydict[index] [index]

ref.a = 21

ref.b = 42

ref.c = 63

ol g AAL sho ol A A A zhe]l AR L, T vl WAL FAS & wut »Pstu Hnz 4
£EE ol RALE d5Un

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 common, a generator is used as an iterator run to completion, no closing is needed. When it is, wrap it as
“contextlib.closing(generator)” in the ‘with’ statement.

3.27 if/while/def/class 20| 20| 225! 0|f= FAL[7I?
22 F2 ASAHL 207 913 BRI AV ABC Aol A F sugunh. o d mes)u
AA L
if a ==
print (a)
9}
if a ==
print (a)
T A Zlo] o g A FF Y ¢ 7] HEA FHEAAIL. o] FAQ HH A & o] o] B A A E Al At
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print (sys.builtin_module_names)

import sys
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T 7HAE ok dUth 2T HE 514 RE= A9 7hsalof ool A WA &2 4! 2 A&t 1 H o
sho]H ez 2E] F 27} glojok .
A AA] = chmod +x scriptfileo|u} o}ulE chmod 755 scriptfile2 A3P3lo] 3=t}

AAlE o 7AW es £ S syt 7P R 2 gt 22 €2

—n

#!/usr/local/bin/python

shol 4 Qe el B 7t EAFC] AN A A2 o] 5L gl srde] A WA 22 A4

~agEs} Holn Az E A} Qe AA} EP A0 HEE 52 H, env 221
1% ok shol 4l Qe = 267} A8} paTae] Tl el elo] Sk HA S H, A9 BE f U2 Mol
ER LS =E

#!/usr/bin/env python

O] ZE& CGl 2T YEo| A E3HA up Al 2. CGl 2T HES PATH HG4E T35 Ao ghA, QA E = g

o] AA Ao 2 Y& AR oF gyt

HHHHE A& 2} 37 0] 7}E XA /usr/bin/env Z & 1@ o] Ag]dr}; E= eny Z 2 12 0] o}d]
SFUth o] A9, 23 Z2 HAS AIET 5 A5 Ut (Alex Rezinsky & 7]H Y th):

#! /bin/sh

exec python S0 14ms@n

o AL o] Aol AT FHES doc BALEE AosIt= AU 28 o =7lste] A2
dd 4 Adstt

’ doc = "nw  Whatever..."""

4.1.4 mlO|M & curses/termcap i F|X| 7} U&L|7I?

SUuA MY AL BE oM A2 wEAL |RA 0T AntaE A= X9 Modules A B T 2l
Bl 2] o] curses RES XFFUTH (A= Wiz = AT 5 ls Ut - A=F8 curses RE-S

gtk

curses &2 7] & curses 7] RF opu 2t A4, Al EAF A A1, W = E vhe- A 29439 22 neurses
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4.1.5 1}0|M0j| C2| onexit()2} S S5t Z40| /USL|77}?

The atexit module provides a register function that is similar to C’ s onexit ().
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’handler(signum, frame)

w2k F 7] wi ) W= A Aok ok

def handler (signum, frame):

4.21 mlOo|M T2 JHO|LI HEHEE O{EA EHAEEL|7}?

sfo] A= F 7HA HAE Z | JdY9 37 d5 U doctest RES BES SAEFHY & dAE
20 AP, 29 FA2EH AFH AN T F v uF U

unittest REL Java®} Smalltalk H|AE Z & Y304 2d3 d o QX H2E ZfdYgagych
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if name == "_ _main_ ":

main_logic ()

2w BE st €= AAE 1 £ 5t
ddZz2ao 77 & G5 FHa 58 Rgom TAAFHY, o] 534S AARIE HAE &
2l ok Tyttt 4 HAEE 253l HAE A9 E= 24 REFH ARE § JdF YT o] A2
W AFAY S AT gto] Mol ofF At F A Wl ol sHES g5 Utk 229 I =7
2} A HAE 48 Aot TE S AR o S43 v A BE & JdsUth MI1E 94A 2
2SS 27 AT = 7 W= LYot
Z2 O] wQl BEo] ofd “Xd BRE7 &= BEY AA HAEZ23E & 5Tt
if name == " _ main_":

self _test ()
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_thread 2E9] o}d threading EE& AF&3HAA| 2. threading R E2 _thread EEo] Al &3t

A4z molo|En slo] Mol e 2ASHE 72,

4.3.2 M 2B ETI OIR AL M™AEX| b= A ZELICh 2 O3II?

Mol 2E s FRE A, BE AA S FHUD W9 2d S0 0T B AY5 o], Ad =}
442 2T Azke] g&UTh
AR 2L me g B BE AU St $RE 1E 88 1 FUS 28 29Uk

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), 1i))
T.start ()

time.sleep(10) # <~ !

e o)A (B ERBCIA) 2T FYUE AR A 9w, & Aol S EAHow e
sAZE 7} ol 2 B BE E w7hA A 2 =S A A A

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), 1))
T.start ()

time.sleep(10)

time.sleep() & A FE AU Ug FEL A, A Avhro] dAUTE gL Aol $5
U}, 2 717] o} o] o] = queue & & A310) 7 AA & WL, 7 Adlesl AR of ol £2&
FA3A B, w9l 2SS 2dE 5 Bl B2 dES st AU
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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
g = queue.Queue ()

# Start a pool of 5 workers

for i in range(5):
t = threading.Thread(target=worker, name='worker 2i' % (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)

ARt ohed 2e E9 o 44T

Running worker
Running worker
Running worker
Running worker
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
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& Sol, th A4t B A4 AUtk (L L1, L2 2125, D, DL D2+ gAY, x v AL 1 j&
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L.append (x)
L1l.extend (L2)

x = L[1]

x = L.pop ()
L1[i:j] = L2
L.sort ()

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

o) AL ohgYTh:

i = 1i+1

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!

435 MY QAEIZE|E S5 MAHE = HSLIR?

2] 6] S(GIL)R 5% sho] AT ThF L2 A A AW 714 0l shol 42 WA s vl s 7 F o)
31 o] AR, (A9) BE sholf T EFGILE 331 9l F ool vk A okel 3 4, ThE 29 = shol 4
22190 AL 24 Shike] CPUR AHE-3H) w9 ek,

Back in the days of Python 1.5, Greg Stein actually implemented a comprehensive patch set (the “free threading”
patches) that removed the GIL and replaced it with fine-grained locking. Adam Olsen recently did a similar ex-
periment in his python-safethread project. Unfortunately, both experiments exhibited a sharp drop in single-thread
performance (at least 30% slower), due to the amount of fine-grained locking necessary to compensate for the removal
of the GIL.

This doesn’ t mean that you can’ t make good use of Python on multi-CPU machines! You just have to be creative
with dividing the work up between multiple processes rather than multiple threads. The ProcessPoolExecutor
class in the new concurrent . futures module provides an easy way of doing so; the multiprocessing
module provides a lower-level API in case you want more control over dispatching of tasks.

C2¢ 55 A8 3He A% Ego) Gtk CHFL AHg ool A7re] 22 Aol FAL L3,
2545 AES

4
Fo Ay 2H=rhC T Yt FAGILE AAFL ThE Ad=rt ol A e 5
% 915U Th 21ib % hashlibe} 2 A B eholHeje] RE-S o u] o] &7 ghy]

ok JX,OL
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It has been suggested that the GIL should be a per-interpreter-state lock rather than truly global; interpreters then
wouldn’ t be able to share objects. Unfortunately, this isn’ t likely to happen either. It would be a tremendous amount
of work, because many object implementations currently have global state. For example, small integers and short
strings are cached; these caches would have to be moved to the interpreter state. Other object types have their own
free list; these free lists would have to be moved to the interpreter state. And so on.

And I doubt that it can even be done in finite time, because the same problem exists for 3rd party extensions. It is
likely that 3rd party extensions are being written at a faster rate than you can convert them to store all their global
state in the interpreter state.

And finally, once you have multiple interpreters not sharing any state, what have you gained over running each
interpreter in a separate process?

4.4 ¢

0
1
[

=3

4.4.1 LS O1EA AAELIZI? (2] CfE oY HES--)

0llr-

=}

A=

fifo

o}

0s.remove (fllename )y o]t os.unlink (filename) S AFRSHAHAAL; AHAE=o0s B E =z
AAL. F38,s 593 Uth unlink () & @3] o] o gt Y Al A" $F59] o] & t}.

gl E A A Y, os.rmdir () 2’\}3 &4 ]9—, S8 os.mkdir () 2 AFR3HH A L. os.
makedirs (path) & £A161A] &+=pathd 7 AEZE w5 4Yth os .removedlrs (path) & v
oAdE=hF ‘_h:]eﬂeia] EAATULEH AA g E g Efe} 1 WES AAS E shutil. rmtree ()
28 A2

il
rl

Y o] 5L ¥l W os. rename (old_path, new_path) & AFS34I Al L

LS A=W, £ = open(filename, "rb+") § AFE3o] €3 f.truncate (offset) & AFE
B4 A 2 ; offset 2] 7]%7“’ A G A (seek) 91 X JUTh os.open() 22 HH 5tde] F L os.
ftruncate (fd, offset) & YHFUTE 74 fdE 51d 7| AHEFL2 A5 YU o)

shutil EEO| % copyfile (), copytree () ¥ rmtree () & £33t Yo A ZE3= WL 347}

Z3s]o] 3ok

4.4.2 TlYU S OfEAH SAEL|7F?

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.copy?2 () instead will preserve most (though not all)
of it.

Bapguhol v e vl ol B WAl S 9711} 28], struct BES A88HE Zo] A4 F5UTh whel v
o1E) (5 A S LS B DS A ol fl AN WAL s w3 1 A

hs gk
o & o, the e Aol A A AT FAe] F A9 2-ubo| = G5 9} Bt d-npo] = H 4

[e])]
By

mlm
of>

import struct

with open(filename, "rb") as f:
s = f.read(8)
X, y, z = struct.unpack(">hhl", s)

IR EALY > =9 dytdoldE ZAFUTH 4 ‘h’ & 3] “EH-2 (short) B 2uFol E) &
A shuke] “7l(long) A4 (4vlolE) & 31'5‘/]‘*

4.4. Az} E 59



https://en.wikipedia.org/wiki/NTFS#Alternate_data_stream_(ADS)
https://en.wikipedia.org/wiki/Resource_fork

Python Frequently Asked Questions, £ A| B{% 3.10.18
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Oiquﬂ-ﬁ‘ll/]];].) I;H/\] "r"(ﬂi%}()o }\]__9_5]_11] J}o]o] Eﬂ‘____‘)_j_:_io:]g]:ﬂf read()—‘Ebytes Zﬂiﬂ

Al str A E RESH o

4.4.4 os.popen()2 2 Ot= mHlO|ZO|A] os.read() € AI2E £ Qe AXME EQL|C};

HlL|77}?
os.read ( %ﬂ dE YeEtdE 22 52 5Hd 7128 A e AeE T YUt os.popen ()
2 W open () Foll A dgst= JJr 22y 5‘—40‘ AAE T yth WebA, os.popen ()
o7 s EJrO]Ep"ﬂH nyulolEE Qo8 W, p.read (n) & ARS8l oF U th

4.4.5 2= (RS232) ZEO0f O{LLH| HMAEH|77}?

Win32, OSX, Linux, BSD, Jython, IronPython 2] 73-$-:
https://pypi.org/project/pyserial/
T4y 29| F%, Mitch Chapman @] 24l AIA &S FZRIFHAIL

https://groups.google.com/groups?selm=34A04430.CF9@ohioee.com

4.4.6 2l sys.stdout(stdin, stderr) SO} EFS|X| QS LI7II?

gto]d utd AA & A4 C ot d 7lsAke] a1

W& open() FTE 3 ’5H «L}O] oA REE= o)

Sholde] Aol A Be A0 AT I

uj £9] 3} Z}pof| A AHE —E dojtr| = it

&1 stdin, stdout F stderr< o] M of| A E -3 A A gl= =, C AA] o] 5olA S8 JE & -‘?—01'3]'
1 2 9t AR 7 &3] 202 FAH A5

,f.close () = gto| XA o} AA =
= g 0174 o £7} 7bu) 2] 7} =

ATE C 3 ) AE B kv,

o) Al 7}A] Z shutell ti gk 3H C 91 7|28 2o 21, WA o] Zo] AT ofj o] 5faL AL 24|
ol o gt (& €0, V/0E 3= FF REO 5T+ AFUth. 28904, os.close ()
E AFSSI Al L

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

EE5A A4S0, 128 AR ST S 9

et

rr
xfy

4.5 HESI/Qe ==Y

4.5.1 nlo|’Moll= Ot WWW =7} /JUSL|77?
grol 2 & g ¥ H A v 7 LY internet 3 netdata F-E FR YA 2. Tho| R AW S FEoldE
S P AL S FHEH =0l He w2 28 dsUth

AL 753 2 9 Y = 2 oF2 Paul Boddie 7} https:/ /wiki.python.org/moin/WebProgrammingof] A -5 %]
¥yt
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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.

4.5.2 How can | mimic CGlI form submission (METHOD=POST)?

I would like to retrieve web pages that are the result of POSTing a form. Is there existing code that would let me do
this easily?

Yes. Here’ s a simple example that uses ur11lib.request:

#!/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=gs)
with reqg:
msg, hdrs = req.read(), req.info ()

Note that in general for percent-encoded POST operations, query strings must be quoted using urllib.parse.
urlencode (). For example, to send name=Guy Steele, Jr.:

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

© B7):

urllib-howto for extensive examples.

4.5.3 HTML 4= 2[5l 0I'H R ES AFSSHOF &LI71?

4.5.4 mO|M OllM HiYe HLH2{H O{EA| sHOk ELint?

£ goluele] BE omtplibE AHEFAIAL L

e e o) 2 AL EHE WP ek s Y BA A AU Th o] MY S SMTP 2] AU E A FE RE
s A 5P,

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')

(ThS Aol AT ol A1)
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(o] A sl o] A ol A AH)

server.sendmail (fromaddr, toaddrs, msg)
server.quit ()

S AL o) oF-L sendmail & AFR U T} sendmail Z 2 13 9] Y X = A|A~Hulrk 1‘/]—%1/] o 2=
/usr/llb/sendmall W 2= /usr/sbin/sendmail. sendmail Tl 3F < | o] X7} &2 0] & A Y th

e F=e o33 Z5UTh

import os

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

p = os.popen (" -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)

4.5.5 A319| connect() HIMENAM E2ZE 1|5tz o{LA| SO} E|7}?

select ZE0| £2719] v]5 7] VOE A Y3l+=d &3] AHEFE YtTh

To prevent the TCP connect from blocking, you can set the socket to non-blocking mode. Then when you do the
socket.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 socket .connect_ex () method to avoid creating an exception. It will just return the errno
value. To poll, you can call socket .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.

Z3: The asyncio module 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 C|O|E{H|O|A
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pickle gto]B &gl RE-E o] AL vl it Ao 2 s A et (3] €8 3, 27 E+=
22 A2 AZE o+ FATW, shelve 2to] B 2] EE-2 pickle?} (g)dbm= AH§-5Fo] ¢ 9] 9] aho]l
AAE E3F5F= 42 (persistent) U] F S W5 Y T}

import random
random. random ()

This returns a random floating point number in the range [0, 1).
ol Egole the W S 4477 A5t 7H:
« randrange (a, b)+ [a,b) B F+E AT

e uniform(a, b) chooses a floating point number in the range [a, b).
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e normalvariate (mean, sdev)= A (7F$A9H &
A3 n4E Pt AA20A AF AL, AR
« choice (5) & o] AT 2ol A £29] 82 1S Ad gy
+ shuffle (L) & g2EE A A A5t & #2992 A& vhsyth
N =3
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CHAPTER B

5.1 CZ LITS| S48 BHE 4 USLIM?

% YTt} extending-

EE

JgFULE &, 1, A AR NEL PSS 2= WF RESCEUESF
index —Erfﬂ°ﬂ A= o] JFUTh
5o ZFolv g FolH AH AT o] FAE thE A YU th

5.2 C++Z LIEIS| &t & QS & USLII?

254 C++°ﬂ Re= C TR 7les AHEFYTh o]l S5 FE (include) 7 9] o] extern
new _ BHX] ]_—7 T}ol# 9l E]zﬂg]ﬂ-i%‘@l}-@-—’,‘— o extern "C"E WA A A] L
AR A= 7HA zﬁo_d‘ o]} A A (static) C++ 22| = =

+
_1\‘1

5.3 CE& A= A2 o{ESLICE CHeto] /ASLIm?

S stel s Aol mheh, of e & we] C 332 AP shE of ¢ 4 theke] AUtk
Cython and its relative Pyrex are compilers that accept a slightly modified form of Python and generate the cor-
responding C code. Cython and Pyrex make it possible to write an extension without having to learn Python’ s C
APL

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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o] & 3= AN & T4 =PyRun_SimpleString () o)W, 0] =2 E _ main_ o] AHAE A
A9E T AL AL A7 4 F W 02 WAL (Syntaxsrror & EUHE) o8] 7p AT
-1& vsshth o W A o] & Y5, PyRun_String () & ARSI Al 2; Python/pythonrun. c
o 9l= PyRun_SimpleString () £25 FZIPAL

5.5 COIAM 2|2| ulo|M mSAlS O EAH HIlE & /}USLINN?

AENA Y2 PyRun_String() $F5E start 7] & Py_eval_input & AFE31] T &34 Al L;
£ BARI, BT e wET

5.6 mO|M A0 CZLtE HIEAH FSELIM?

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

AR IS 74/‘]'3]’31] A, M A NULL 9| ofd X &213 t}2 PyBytes_Check (), PyTuple_Check (),
PyList_. Check () S AN L

29 R4 QSO 2 ABHE ol W ARl T D4 E APLE A5 UTH- AAD 5L
Include/abstract.hd YO A L. PySequence_Length (), PySequence_GetItem() 53 Z
2 IEE REZTFY sto]AH Al AL} AH ﬁ] o]~ & 4 Qg B9 oy 2t £ AH(PyNumber_Index ()
5) 9} PyMapping AP19] 53 3} 242 o} 2 W2 %@'E EEZZ AAEYH

5.7 Py BuildValue() € AlE23510{ &lo] 0|2 &
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a9 5 ssyth Al PyTuple _Pack () & AHESH Al L.

5.8 COIlM A2 HIMESE HEAH S SELIMN?

PyObject_CallMethod () S AA|e] doo HAHEE T&35t= o A 4 JdF5 Ut wj7) A4
L AA), T2 A=Y o]2, Py Buildvalue () o AFRE = A 2o vl 2214 2 2 gk Uth:

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

FEUT - HFol Y AR A Ao 7 AFdych whE g
A A5t
AR “seek” AN EE TEte] W (3t AA ZAEI 7} “f” 2fa 78 3

tlo

HAE7F e BE QA l/ﬂ z}
Py_DECREF () & H L of 2] &£ o]
A5 £, AA 10,022 7Y
Yoh:
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res = PyObject_CallMethod(f, "seek", "(ii)", 10, 0);
if (res == NULL) {
an exception occurred ...
}
else {
Py_DECREF (res);

}

PyObject_CallObject () & &4 212} | o & [}
format © 2 “()” & M@t st AR -5 TE5HH W, <

5.9 PyErr_Print() 2| &2 (E &= stdout/stderr2 Q&= BE Z)2
oA EsL|7t?

gtol M T = A, write () HIAEE A Q3= AAE YU AIL. o] AAE sys.stdout I sys.
stderrol] Hl Y34 Al L. print_errorE T &3 AY BF Ed ol v A UFo] FEIEE FAAL.
23l 82 Y write () HINEZF R U= o2 Ytk

o2 3= 7MF H WL io0.Stringlo FUPAE AFESE AYYTh

>>> import io, sys

>>> sys.stdout = i0.StringIO()

>>> print ('foo')

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

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

hello world!

2o AYe ST SR A AR e 2EUh

>>> 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!

5.10 COllM mo[Me = EHEl 2 =0l O1EAH HMATL|7}?

che 2ol BE AR e £AHE AL 4+ AFUTh

’module = PyImport_TImportModule ("<modulename>");

BEEe ot YEE okA %o (5, sys.modules©] o}F glod), o] AL EES 27|3F U
%A ko T3] sys.modules["<modulename>"] 2] g}O LSSt T} o] A2 R ES o] o] &
Tl @A ol F AL - &A] 278} &5 813l sys .modules o] AFEHES Tt
2A o2, e 2ol REY o EYRE(S EEol AYd EE o)f) ol dA2T 5+ d5Uth
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’attr = PyObject_GetAttrString(module, "<attrname>");

Bgol = ol tidshr] Al pyobject_setAttrString () & 2&3he A= A5 Fyh
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Setup> )@ 0 2 Zupo sl Aol flow We 2ot As g (o BAE o 2steid A
ALY A 23YE d 7ol AR}, o] M1t W ALEA 18 =4S 5 3 A7 Qe A
Z3uh)

5.13 2&S oA CIHZELII?

Aoz 2o 30| GDBE A S

), 2o 2= 9 W7hA] Fgo] FHEL 4T 5 5Tk
_gdbinit SHo] A (E= th5h4) 0 2) ThS

c
HHe e Al L

br _PyImport_LoadDynamicModule

a9 1S, GDBE A& uj:

$ gdb /local/bin/python

gdb) run myscript.py

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

) br myfunction.c:50

) continue

5.14 2|52 AAB0IAM mjo|M 2RES HulUst
glsLich o O™ SLI7R?

3

X2, 28 ool

Most packaged versions of Python don’ t include the /usr/1ib/python2.x/config/ directory, which con-
tains various files required for compiling Python extensions.

For Red Hat, install the python-devel RPM to get the necessary files.

For Debian, run apt-get install python-dev.
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g+ S EES FHOE ZESHHY, oS THA *‘fﬂrm%}L g++5 AH&-sto] thA| A5k (ol A
Modules Makefile 9| /] LINKCCE W A3 Al ), g++5 AFR5to] o] &2 & 252 H I3 o gyt
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g5Urh int, list, dict 4 22 W& SH2E FEE + A5tk

Boost 3}o] % 2}o] B & &) (BPL, https://www.boost.org/libs/python/doc/index.html) &= C++0]| A o] & 43 5}
S AT U (5, BPLES AFS 5] C+ 2 A" &4 225 45 5 dssyth.

rlr

5.15. “ZZE AU} “S2ATc U S YA FEE = USLIN? 69


https://www.boost.org/libs/python/doc/index.html

Python Frequently Asked Questions, £ A| B{% 3.10.18

70

Chapter 5. EZHLHZE FAQ



CHAPTER O

2= o4 FAQ

o
o
H
40

OlA mpo| M =2 RS MlSI2{T 02 Al sHok EL|7f?

o] %L Bag AR o] ohduith, ofu] A= BE Tl =2 1YL AYsHE Ao 4% FHriH o
BE o] #HT AYULE 283 o, & 5 Aol 2T 45U

Galo] o | B AL AL 2K o o], AT R mEDE P olet Bt Qo] AT FYo 2
99 FAYYTE LE A= A4 Fo]A cnd B GG 5to] o] A2 =L 4 dSUT Ao R e
T2 Ao “H Yy ZFZE”IF FAIF 7] wj &l o] 2] o] AA A ZF=A] JAAE 4 glofof Frt:
’C:\>

obu} 227k th2a, 7 A BHE AT 0] 9 & YHUh 1 BE e w22 A2 47 ¥ 5 A5y

t}:
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WS AP Fv 7 d AUtk
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Futh dBzHE 2T HEE ¢]i, HlolE I EE Hotdstal, Hlo|E I =S AJPsto] =2 a3
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WA, HE o] “py” 2k DOl E WA E A e A Z AA A el obgth WE e d
Ao, B py & Yot return 7] 5 2] oF Fyth:

C:\Users\YourName> py

o3 o] EAE U

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.
>>>

VL EE 5 BET 2 AABEUTH S, o] Eolh AL thFA 0% ] 7]
sh ol Aa T2 WAL 5 QEUTh o AL ol de] 243 YR % F S Uth Ad e R
A AL dgskel H15tn 1 ATE FAFA
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>>> print ("Hello")

Hello

>>> "Hello" * 3

'HelloHelloHello'

Be Aol atY RES AYGUAE mr o] b A2 STk 81 sol A
AAE S, exit () FFE ZTEAY 2 & 9YstdA ctrl 7|8 F 23 WA “Enter” 7] &
= A5 ¥Y ZFZER oYtk

TS A2 > 2 25 » Python 3.x » Python(4 B &) Wl A9 22 A2 vl 7 53 grold 4~ 9lom,
S oA oo EFEEE B4 ok o] B8 eit (0 B4E BEAAG CtrL 2 2 99

= 99
St o] At Utk =0l A & “python” W H = A st= FoliL, JE =T HE FTESHE F=
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C:\Users\YourName>

DA oA 22HE A= Fol py E YDA FojW 2AHEE AT Aalpy BHL 2FY
Ak

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

6.2 mo|M A3 E A3 ntU= TS 0G| sHof EL{7f?

91 9ol £ oho] 1 A7) 2] Az o] vl py SA12} 512§ (Python File) & 2123
(D: \Program Files\Python\python.exe "%1" %$*)& Al3]3}= open ¥ = 2] -—L]—
qq_ ] trgx‘:'é J_E_LEOﬂ/H ‘foopy _1,]-71'0 /\ﬁ% Qﬁgﬁ‘r?—io‘ﬂcﬂoﬂv
2ol foo' & A sho] 2TYEE A 5he] ¥ PATHEXT 7 Mol py S 27180

wﬁﬂu

6.3 o} = To|[M2 A|ZISH= O AlZH0| 22 ZEIL|71?

Qb 0 2 shol AL AL S0 A] o) wh A A2 A B, W) 2 shol A2 Al At B 4] oA
A7t BTG v A G L, ST A8 el H0] 5 7AE ADE Ho L e
AE ALl A & 53}/ W 2] 6% o BEATA BEU,

o) #AIL 3% AHEIS volels PN azEsole) BRA Ao YATE AL S AsiTh Y
dpole s 27U L S ALdoRRE 98 BE AL RUHGHES AU E TS ) F A2l
%Eﬂa%gﬂﬂceEM@Lﬂozﬂaaﬂ%HWAVﬂﬂﬂmmaA@}aggnﬂq
TS ol ste] AA = FASA T DA AN . BE D A28 97 42 AAFES
TR A4, MeAfee s 55 £A1E do U,
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See Ffo| W AT ER =7 A3 vlo] g = whEe 1 o) w A & oF ] 7} for a list of tools that can be
used to make executables.

6.5 *.pyd I} DLLI} EUSH|7}?

of, .pyd 3} 42 dll o] x| 2, H 7}%] i}ol Aol gLyt wek FAlo] foo.pyd 8= o] 2] DLLS 714
I YT, PyInit_foo () E&‘—’F% WA 7RA] AL O‘O%OF ?&H‘”/‘r. F4l-& 3Ho] A “import foo” & &
Aow, gho] /-2 (foo.py, foo.pyc W7k of] 2}) foo.pyd E FAME A o]aL, o] & LA = 7]|35}317] 94
PyInit_foo() TES A= AYYUth A=A DLL o 22 27 2 o] 7] wj &9 .exe = foo.lib
o}y ashd oty

foo.pydoll T3k A A2 Q2o A foo.dllS ANt v AHLS= 7 27} obd PYTHONPATH @&
frolstAle. Tt 22 238 AP35 HOH foo.pyd7t Y& o= YA, 2 TR S I F 237
Foledie] Z8 3t £8, import foo & 17| ]34 += foo.pyd 7} B & 3] th DLL O A "471le
ey 51501]/\1 __declspec (dllexport) & AAFH YT} pydo| A H 71 A= ALE 7153 S B E 9
gyt

6.6 2= SEZZM0il ulo|MS Z&5t2H o€ A sHOk FLI7t?
A% ol A shold Al Lol el Fehe W g3} 2ol R ok 5 ok

. exe 3t o) A sho| M -& AWt ek Ut YT A Fho] M-S T AHA o] DLLSY BES 9=
EE ﬂﬂo}ﬂ -AOHH = DLLo]ojof fhuth. (o] A o] A 8= A b2 A HA AR Ut thAle,
pythonNN dill o Hastd Yk dulA o 2 ¢:\Windows\System o] AXF Tt} NN& o
o] Wz o] 11, Python 3.39] 7% “33” 3} 22 <A} U T}

A 9% o] 9T 4 AT, 2E Y YL pyehony. 1ib o AT J1§
./] u)stal, AEFY FF = pythonNN.dll o t)st H I E o v}, (YuF Z3l: pythonNN. 1ib
+ pythonNN.d11 || 3] 3 3k= 49 “import lib” U th @2 FAE 98 719 A drh

DEY Pt 92 $4E 20 DAL BE AL Ak Fol WAPUT Ao 7=
= 9% % LoadLibraryEx () $HS Al235}o] pythonNN.d1l 2 ZEEdjof Uttt I F=+=
A= GetProcAddress () FEOA A& ZQAEE AL 51o] pythonNN.d11 (o] # 9] CAPI)
o AN~ R W HolE & AbEsl ok Futh WA E = o] st £RAE]E FHo] A CAPIA FH &
F2E RECRE FRAA AET 5 A

20
L

2. SWIG%/\} T A, A HolE o} HAMEE sfo 1“401]/‘1 AR S A B E = vlo]l H “BY B 5
< A3k Aol g5 Ut SWIGE é% S8 2 A NEALGES Agd AU 2
7%}; exe Ao P33 C T} *é‘ JEUTH DLL ¢S & 2ot glon, BHEX o
gast= A El%‘r*ﬂﬁﬂr/}
3. SWIGE 23 859 ol 5ol whe} o] Fo] @ehAl= 27138 4 (C ) & A FUTh € =9,
REO o]Eo]leod] F-¢, 273} = mitleO()E . SWIG *ﬁ ZH & AFE-31HH initleoc()
Z Utk o] A2 T ZYPAT7F ARSI E O RE A 282 28 271384

2EANA C TEE exe Ao AT 5 Gl o] FE 2713 F5E TEFE Ro] RES ol
o2 JEESE A% F A5t BEYUTH (o] 20] EASH A FL F WA AL AL Th
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4. 7k Ol “‘o}W A2 G G RER vpo| M AH 2 HE 27887 A v ZEE AHE
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#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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Py_INCREF (Py_None) ;
_resultobj = Py_None;
return _resultobij;
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o}o}, Py_None< pythonNN.dll Y5 2] _Py_NoneStruct2}l= 8318kt o] ] 2o 8k 32
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return Py_Buildvalue("");
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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 | solve the missing api-ms-win-crt-runtime-I1-1-0.dll error? 75
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7.2 nlo|Moi| ot GUI E2I0] /}SL|7}?

gho] Mo FF WEofl= Tel/Tk 98 ol th st AA| 2 3F e 7 o] 27} 2 3] =], tkinter 2131 & 9
yrth o] Z o] ofutx 71 (Fho] M o] tf & wfol ] v o] 23 E o] Qlerng) Md X 3tal AME-3}H]
A5 Ut A0 )3 S E 2 &8H= Tkl o 3F A 3F U 8-S Tel/Tk EJﬂ 14 & Fx34 A L. Tcl/Tk
=S, A5 U ZPE A A T3H Ut

oA Eo] BRZ 3t S Fof weh 2 7HA tigke] dFUTh A2 23 9 S5 54 GUL =3
dH T BEE gto| 7oA &g = dHyh

7.3 Tkinter &2

7.3.1 Tkinter 22 T2 13 0{EHA| 1™ (freeze) &tL|77}?

Freeze= 5P A8 SR8 2 7AW S vte = & YT} Tkinter S8 Z2 7S 7 AT o, &
2L o] A TCIJ»]—Tk a].o]l:]fﬂﬂ 71 Eo3lng 1A = Nsﬂtﬂo] 0}1)1,]1:]-

[kl

=z

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 Tc1sam_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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7.3.2 I/0E 7|cl2|= SOt Tk O|HIEE X2|SIEE & £ USL|II?

On platforms other than Windows, yes, and you don’ t even need threads! But you’ Il 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 TkinterOl|A| 7| HIQIE 0| S&HSHX| &L SLICH: O|F7F FAL|71?

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.

7 & AA2 il g o] A8 == Al “7|HE A" 7L gl 2 Y Y Th focus “éaﬂ"ﬂ o gk Tk A 73
AE AN 2. e AL 20 28Tl 7| EE 2ALS WFUT (@082 28A g5 UTth
takefocus &4 -& H A Al 2)
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APPENDIX A
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bl

>>> The default Python prompt of the interactive shell. Often seen for code examples which can be executed
interactively in the interpreter.

e 2L AL e 4 ALYk

o The default Python prompt of the interactive shell when entering the code for an indented code block,
when within a pair of matching left and right delimiters (parentheses, square brackets, curly braces or
triple quotes), or after specifying a decorator.

e Ellipsis W& A,

2to3 A tool that tries to convert Python 2.x code to Python 3.x code by handling most of the incompatibilities which
can be detected by parsing the source and traversing the parse tree.

2to3 is available in the standard library as 1ib2to3; a standalone entry point is provided as Tools/
scripts/2to3. See 2to3-reference.

abstract base class (34 Wo|A Ze|A) FA oA~ &
A Bl BSHA Z5H (& 0], WF A=) 4
o tlo] & B th ABCE 744 A Zefa
X isinstance () £ issubclass () o 93] X

S 82, ool Mol BE Y4 ABC ol Hefe st

B % asattr () 22 tt2 HIadsol A}
_?_ ]o]/\e 76_43}: Bh:ﬂ ] ;q]_-_zﬂ—oi/gq
6Ptil, Bt 741 '6PZ1 2O W A

t 2W2sdUth abe EE A YA
E}%Jﬂzt 150 gtk A8 px

)

(collections.abc EEA]), A (humbers BEEA]), 2EE (1o EEA]), YT E 3}l 2}

29 (importlib.abc BE|A). abc B ES A& A LAl THo] AB CE = AC A5 rh
annotation (o] ;= E|o] H) 5ol et & T E 2 AAHE Wy, S olERE B S wiid

B B

A% 0l oidol 4 A 40 AALY F A A A S 5 3 o) of

Blo| ML 77t B %, 2| A, 3429 _ annotations_ EH:%EOH AgE Yo

o] 752 AWk ¥4 ol H o] A, o o] 1 H| ]/‘d,PEP 484, PEP 5262 FX5HA| 8. o] = H| o]

S| X
= L
A 2k ol bl 3k 2 Alel| = annotations-howto & 2314 &
argument (Q12h) F-E 22T o o (B vAE) 2 ABH = & F 72 AL

. 719 = SR} keyword argument): 4 & ] 4] tﬂx}ﬂ ool -2 QAAH (el & 0], name=) ==
** 5 Qo] B9l g E 2 AEH = AR A& 23} 22 complex ()

55 BT ]-rlE ARG Y ok

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})
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& 2] Q1 2} (positional argument): 7] = Q1 217} o} d 21 A},
e Avt ]E%ﬂ‘j o o * & o] AT 5+ JdF YT
35 e RE 94 ARk

complex (3, 5)
complex (* (3, 5))

AAb= T vl 9] o] 5 22 A tﬁ$°ﬂ gyt ol t el B85 = FFEol el Al = calls
g HAS. EHACR, ojE o) AAZ AFEE = U Th Fal R gho] A o
AR =

|01 v i FEIFAQ ZE QI AFe} vl 7 M 4=2] Alo] 9} PEP 362% EA| &

asynchronous context manager (¥]% 7] AEl A€ #2]2}) 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]-5-7] AlU#|o]€]) u]5 7] Al ol H o]H#olE & E8F+= . async
def 2 Jo|¥+ 27 W A5 A Y Holtl, asyne for FZAAELT S e A HES W

Erxyield B@AS EHICHE Fo) OEY T

BE 5] AU dele §52 )7 A, ol @ ol w5 7] AV ol H ol EdolE &
ARk o E ok o7l BESA ke A9 E, AT SOl E AN RETS 99

vl 5 7] AlvEolg g4+ await EH A, asyne for £33} asyne with & 28 4 5

9
=

U,
asynchronous generator iterator (8] 7] Ay & o] €] o]eg]#o]E]) B|E 7] Al d o] &7 Hte= 2.
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 vari-
ables 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 (8]% 7] ©]€]2] &) An object, that can be used inan async for statement. Must return
an asynchronous iterator from its __aiter__ () method. Introduced by PEP 492.

asynchronous iterator (8] % 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
StopAsyncIteration exception. Introduced by PEP 492.

attribute (S]E2]HE) &3] AR HA S AHE ot ol 502 FxH & AA 9 d3st g dE Sof, 4Al

07t AEZ|RHE aE 7AW, 0a X ™ F=H U

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 ().

awaitable (o] €] ©]E]E) 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 A#}d] 22 £ 41 =2 A} (Benevolent Dictator For Life), = Guido van Rossum, 3} 0] % 2] ZA] =},

binary file (W} o] 28] 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 io.BytesIOand gzip.GzipFile.

str AAE 932 5 Qi 9 Aol AL B aE Y ® FEFHAL

borrowed reference (" & ZF=x) 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.
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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 (B} o] E €7 ZJA)]) bufferobjects & A| P32 C-91<5 HH S A2 E T 4= 9HF T
2] % memoryview 4 Zﬂ££ =&09]il bytes, bytearray, array.array AAEL
oh Wl =R AAEL wol ] Hlol e S TRt olg] 7hA] A4S AHEE 4
Mol shel 2 A, ~AL B3 A4 e AS o] YL

o A4t violul g dlolE 7 7t A d Q7 i Uth o]d Ao AgAe FF «eal-
2 7] vl EGF AR et 2@ T YT 7HH W3 Ao A2 bytearrayﬂ—bytearray./]
memoryview 7} O]Aqr/]' o2 A4tEL mlojy g ol 7 & AR (“8)7] A& nlo|ELEHF
AA) A AFH=E Q72U o] AEQ] dZ = bytes? bytes AR 2 memoryview 7}
AESIES

bytecode (H}o]E T &) Fo|H AA FEE=dlol|E FEE 731U 5 =4, CPython QB Z 2] E 9| A }o] A
Z2 IR YR FIYYh H}O]E FEE .pyc Lo A Hof, T2 HdS F AR AP uj
o] el x] A ThE U T (&2 o) A BEo] E Ci«] AAIGLE 3T JdFUTh. o] “F A" =
Zr ulol E I = o th 33t 7| AE A3 ”3} W 71 A A AdE g B YT vl E I ==
A2 T2 Fhol A 713 7] Aol A & ZLE F 2102 7| slA| T, Fo] A vl 3 Thel| A o A & gt
Zlof =28l oF g th.

HlolE = Yol el 552 dis BE AW A e] g Uh

callable (Z2]¥) A callable is an object that can be called, possibly with a set of arguments (see argument), with
the following syntax:

callable (argumentl, argument2, ...)

A function, and by extension a method, is a callable. An instance of a class that implementsthe __call__ ()
method is also a callable.

callback (%)) Azt ALds = n)ale o] Al Ao A A3
i ef

AT AL Ao B e E Bt

y =]

At s = e

coercion The implicit conversion of an instance of one type to another during an operation which involves two
arguments of the same type. For example, int (3.15) converts the floating point number to the integer 3,
but in 3+4 .5, each argument is of a different type (one int, one float), and both must be converted to the
same type before they can be added or it will raise a TypeError. Without coercion, all arguments of even
compatible types would have to be normalized to the same value by the programmer, e.g., float (3)+4.5
rather than just 3+4.5.

complex number (52452) 953 A4 A 2~d o] S0, E’_% AL AR} s oz xd
FYth R AFd e A (-1 AFDHE F3H A, FF o= li F o A=
2 AL ol 2 T4 LU 2E FESE S AT A5EE 5 AR
2o 71Ut} o & S0],3+17. math REY BA4 o] 83 W, cmaths AFR 3T
B B8 U £2 L #3H Uth LRI 274 BRGH, A2 A5 FA
A= 25Ut

context manager (8]~ E 2] %}) An object which controls the environment seen in a with statement by
defining __enter_ () and __exit__ () methods. See PEP 343.

context variable (1E] A E W 4*) A variable which can have different values depending on its context. This is
similar to Thread-Local Storage in which each execution thread may have a different value for a variable.
However, with context variables, there may be several contexts in one execution thread and the main usage for
context variables is to keep track of variables in concurrent asynchronous tasks. See contextvars.

contiguous (J<%) ¥ ¥ = A3EH3| C- Oﬂﬁ\—(C-contiguous) o] A} = E & A< (Fortran contiguous) 4 W] <5 0]
g AAZ YT A HFH = C-A%5oldA TEZR ASYUh A wjdolA, FEELS
A% ol A5, 0004 A 2ok @ 2 Aha o6 0] Aol = v 2.2 o 5 5 o] of ] o Tkl
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C-A%5 Mg, R 4 TAHUZ FESES YT o npA] 2 AE A7} 7p2d whe] gyt
stA| gk 2 EZ AL v oA =, A AR AP A7 74 wike] ¥ g o

coroutine (ZF¥l) I FE2 HEFZH | dutgd P YUt ABFEL2 S 2 oA AYsla of =
AGo| A EEF Ut TFEHL o E A ZAA AYstar, &k, ANE = JAFuUTh o] A
S8 async def 202 33T 4 95Ut PEP 4928 H AL

coroutine function (T F¢ ¢+4) T8 AA & ST 5. TFH g4+ async def 722 F 9
H 4 93, await 2 async forQtasync with 7|9 =S £33 4 &5 U th o] AE L PEP

492 of) o} =15 YL
9l

CPython }o]% 272w dojo] 37 2 ol & Qld], python.orgol| A ¥l £ Yt} o] 73S Jython o]}
IronPython ¥} 22 t} & 7 qd g7 1% cq1 £ o] “CPython” 0] AFEE Y D]-.

decorator (| Z#|o]¥]) T} & F+E = &4, BF @urapper = AMSSH S WSt o ®
ALFA Utk dZg °)E e &3 9= classmethod () -»]-statlcmethod ol t}.
H

sl ol 8 B B Mo P LYY e F G5 A n g S5k

def f (arqg):

f = staticmethod (f)

@staticmethod
def f (arg):
22 Mol Fezol e EASA T, @ A 2 Gt vl Z g o Blof th & 5 AAIF &2 o
EEEE I FEPEREL EERE

descriptor (tJ A~ =3 3]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 they are the basis for many features including
functions, methods, properties, class methods, static methods, and reference to super classes.

t2aHe o =S of 3t 24| 3F W &2 descriptors U T] 2 3 E] AF&H oFU A o] Y31 T}

dictionary (5 414 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 (541 2] A=z A) olH 8 gl& 24 JAY RE At 235
go g g E usel= 438 . results = {n: n ** 2 for n in range(10)}<
fhn xx 20 Migd 7] ng 23t 9 U2 E 44 FU T comprehensions & FZ25HAAl 2.

dictionary view (5 A 2] H) dict.keys (), dict. values (), dict.items () WIAE7I S8 3+ 2
Zﬂae —l}‘:]LﬂE] ‘I'I"‘j/]'J—-"l"qu o]/\ax_. —1}‘:]]’_1 %‘éoﬂ EHB_]'%—I?J.‘]IE‘FE Zﬂ—'—o}ftﬂ» —1}‘:]
ek 948 o, 3ok ol MstE Mg At EYULh SAd Y HE 2D JAEE iR
list (dictview) & AF23HH = Ul dict-viewsS H A S

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 (Y E}0]33) Zu}& AEHH A E 7HH =4 Aot AAY S KA = =z2 089
2EHY; Al TS mA =Y ﬂEﬂ%Eﬂi%ﬂ AU ARG EHUTH (“LB A" Hola 2 2 A7
A, DAL 0 Th) S A R oAlo] AefH o) AE RPN, T AAY nEE O
Aol XL FSTorM FTAANLS s MAE 4 Gt g EFo]FL type ( 0]\/]—151nstance (0
S 087 GAE MU (AT H ol B0l 24 ol 4 2ol & 5 4 3800 59150}
ghUtt) thAloll, hasattr () AARYEAFP =2 18 W S &4 th

EAFP 35]2tR )= S 45 12317 7} 4 o} (Easier to ask for forgiveness than permission). ©] 3] 2 4 Q&=
Thol W 7Y /\E}%_wg SHIE 7Y o]ERRES 2AE /MAE T, 1 710l S o9 E Fs
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Uttt o] Z3starmhg 2B 2 W2 tryftexcept 2 EAZ SR H Y o] HAHYLC
o} 22 T} We Aof ol A AF A H £ LAYL 2EF ) o u] U T
expression (33 42]) oj®H gtog Z33 4 Q&=
o1 F, o ERRE oA 2, A, Y E
OE WS Aotz o, BE o] 7
SR ABEF UE £ 50 Aok e £ 29
l ]

f-string (f-—l.t'_—x]-?_;."_) "YU R B Qo] 29 —.—X]-Oﬂ HEES T3] “f-2xg ot Had, 29
£2% 2E Y o 29T PEP 498 & HAI 2.

file object (3} 2} A]) An object exposing a file-oriented API (with methods such as read () orwrite ()) toan
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.

AA R = A B/ 5t AR Eo] 5yt E(raw) vho] ] 2] 312, ¥ 3] = (buffered) vl-o| v 2] 3},
HAE 3. o] 59 AEFH o)A io EEAA BYFUth 3L AAE = FHAI Y
open() ¥FE 2= AYYrh

file-like object (S} 7 AA) 3L 24| o v e
filesystem encoding and error handler (3} ] A~ ¥ 917 )3} of|2] 2]2]~7]) Encoding and error handler used

by Python to decode bytes from the operating system and encode Unicode to the operating system.

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 () func-
tion: see filesystem_encodingand filesystem_ errors members of PyConfig.

ZALFIY T HAS
finder (3}¢Qlt]) AT EE RES Y3 2 & o A =3= AA.

Since Python 3.3, 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 PEP 302, PEP 420 and PEP 451 for much more detail.

floor division (84 i 4l) 714 17k A4 2 RSk 304 Al A4 Al 4k // o

o E Eo], BAA 11 // 49 FL 27t EH A A4 u} Aﬂo 2.752 E8EF Yt} (-11) // 4
7F-2.75€ W ¥ st -30] Fol Fo3oF gt} PEP 2383 KA 8.

function (3) S Z =}l 7 01 A @32 25 999 . fiAG T o) AY A AEE 5 e
g, vir] o] Addo A2 4= Q& Uth v 7] 4 9 v Al = 9} function A AT H A L.

function annotation (42 o] ;=B 0] 4) §H4 vl 7wl 41} whsk ghe] of 1o o] 41

FoojrHolde ditdor § dE 2 ARFULE o8 Sof, o] §4E T 9 int ARE
o5 Aoz 7UH 1, SA6] int B GL E Aoz APtk

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

B4 o i H| o] A B2 function oA AW}

o] 7]-s& A3 W of mH o] 4 I} PEP 4845 2 3HA 8. EESE o] 'l H| o] A of] Tt $F B H Al =
annotations-howto = ZFZ 34| 8.

_ 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
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__ 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)

garbagecollectlon (7}B]x] 27) o AFLE A O W RS uhgels A} oML AR B4 2AT
Iz ¢8-S BARL BL 5 JE <8 HA £A7E 53 A £ A4S SRR H A
FA71E gc 4_%; A& A Ao e 4 g5yt

generator (A oE]) #|LU]d o] E] olElg|o]E] & B e g, dulatA]E Hol=g), 99 g
€ WEL yield BUAL 2T Wo) BEYTL o] 5L for-FZ 2 X887t next ()
gz g o sty Ad £ Qs Ytk

B A& A ol E olE g olE & Ztel YT o &

HE A o E F5E stel A A, oW £
ah ol vl 7} B e A) ke 7

Each yield temporarily suspends processing, remembering the location execution state (including local vari-
ables and pending try-statements). When the generator iterator resumes, it picks up where it left off (in contrast
to functions which start fresh on every invocation).

generator expression (A& o] €] 33 2]) An expression that returns an iterator. It looks like a normal expres-
sion followed by a for clause defining a loop variable, range, and an optional if clause. The combined
expression generates values for an enclosing function:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (AU 2] &4) 2L A4S A E 2 FESo tisf] L3 o] 42 TAHAY T 55
A] A

o o FH o] AHE B A= H 2T
At 2]z €018 %3} functools.singledispatch () Bl 23| 0B} PEP 4435 H A Q.

generic type (A1 &) W70 W3 & 5 9t @ AWAOE List hdict 9 2L AE oY Zeh 2,
g 2=9} o wglo] Ao AHgFUTh

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A< 9lEZ2]E = & BRAQ

slobal interpreter lock (1%} QIE|Ze1E] ) & W] &3] shipe) A} sholdl o] =
£ 1457 98] CPyhon AE 22 7 AHS 5 B AU S, (dict 9} 2L 58
o) A4 ZAol KA A0 2 5 A oA 2ol tha] 9 SHE S BHE o] Al CPython 7%
BEU ez E A4S FIE AL dHZHE nEad Sae] G4 HEE o, o
m2 AN A AZSE B B B R AP

SEAIEE ol | B RE S, EFO| Y AR BT, dFolu e 22 ALt R oRA
o= GIL< J‘#O}E% AAE IS U E3LTVOE o= 34 GIL2 Rbd gyt

Past efforts to create a “free-threaded” interpreter (one which locks shared data at a much finer granularity)
have not been successful because performance suffered in the common single-processor case. It is believed
that overcoming this performance issue would make the implementation much more complicated and therefore
costlier to maintain.

hash-based pyc (3] 4] 7%t pyc) #5442 3L7] flall s 25 9pd o) HF 574 AlRbe] obd S|AIE
AHg3l= vlo| E I = ) A] 3FY. pyc-invalidation& 2 3FA 2.
hashable (3] A] 7}°5) 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 (it needs an __eq___ () method). Hashable
objects which compare equal must have the same hash value.
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interactive (0 2}3)) Python has an interactive interpreter which means you can enter statements and expressions at
the interpreter prompt, immediately execute them and see their results. Just launch python with no arguments
(possibly by selecting it from your computer’ s main menu). It is a very powerful way to test out new ideas or
inspect modules and packages (remember help (x)).

interpreted (QE]ZE|E]=) violE I & HAspd o] &4 wfjFofl 2 F-F 0] S8l A] 7] = SFA| v, 3ho] A
2 A3 A7t 0}‘4‘3}0151 2B dojduUrth o] A2 BAHoE Ay 5 LS VEA I,

srstde A4 ARY 2 Aok FAUTh 1z a0 £ 1 A4 AW 7]§a}x]u¢, S
P doj=HE 7&«4;_ @015‘:}%‘1}3 R 1vA= Rz AR 7]‘3 Zt& Ut EHﬁ]r T HAS.
interpreter shutdown (QE]Z2]g] £8) & ET‘D‘}E‘rh A& WS, glo]# A Z el EHE= E-E3 A 7]
24 O}LH],;E ol o 7HA] T2 YR FREA L2 RETFIH LSS dAFOE 9
‘)'%“4 ok T3k 7| A =AY E 0434 H T EF ok AR A G 9] 3} APt weakref F 9 of] Q=
FEEY AYES A A = AFUTE T8 A7) X AAH = I g ES e 5
A, 270 &3t AdEC] ¥ 75 &E 5 A7 WEY YT (T3 o & 2ol B g

2Eolu A AAE=dYh.
AHZPE £2Y FH FAL AYFHE  main REOIUAIHENAF S ZUYE= AUt

iterable (©]E]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 with an __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 (),
--+). 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 () ordeal with iterator objects yourself. The £ or 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 generar()r.

iterator (©] €] ©]€]) 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 ex-
hausted and any further calls to its __next__ () method just raise StopIteration again. Iterators are
required to have an __iter__ () method that returns the iterator object itself so every iterator is also iter-
able 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.
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typeiter ol T 2} 3 W& 0] 9l Th

CPython G=& %} A]: CPython does not consistently apply the requirement that an iterator define
__iter__ ().

Z | o] A (collation) &=+ 7 & (sorting) ©] L} ¥l & (ordering) ol AH-&-=]

key function (7] ) 7] S E = =
t} o & £9], locale.strxfrm() 2 Z2A I EZ S EE=
o

=g sFe 29

L S0 ABA A A AL Fol=AE Aoty Al 7] 45 whot
=94t} o]A A5 E=min (), max (), sorted(), list.sort (), heapg.merge (), heapq.
t

nsmallest (), heapq.nlargest (), itertools.groupby () ©] Ux5Yc}

There are several ways to create a key function. For example. the st r. 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,the operator module provides three key function constructors:
attrgetter (), itemgetter (), and methodcaller (). See the Sorting HOW TO for examples of
how to create and use key functions.

keyword argument (7] 9] & 21z} QA & H A Q.

lambda (Fth) 522 o] ghol FHAL sl Tel4 0w T4H oS P el B4 et
U= B WL lambda [parameters]: expression YUYt}

%
]

2~
T

LBYL % 7] Aol B2} (Look before youleap). ©] T ~E}L L T & 0|} 23] & 317] Aol HA|H o7 AFA

ZAEE AU o] 28 Y2 FAFP H2 A o= 1, @2 if 7o SR EZ A A Yt}

U5 28 E oA, LBYL 2R “H 717 eL < 7]” o)l A 2712 WA 2 o] Ids5Y

th o] & 0], FE if key in mapping: return mappinglkey] & AA} 3o, A 2k %3]

Ao, tb2 28| =7} keyE mappingol| A Al Astd A& = JF Utk o]# o]4+ E o] EAFP
A2 A TozH 128 4 dw ok

locale encoding (2#A)| Y 2137 Y) 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: cp1252).
locale.getpreferredencoding (False) can be used to get the locale encoding.

Python uses the filesystem encoding and error handler to convert between Unicode filenames and bytes file-
names.

list (2] 22E) 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] AE Az 3 A) A|AA9 Q45 AR EE=dRE gty 1 20E g AER
3= 70838 . result = ['{:404x}'.format (x) for x in range (256) if x
% 2 == 0] £ 004 255 AFoo] gl B550) 1675 (0x) & 23E EAGY PJ2ES
WY if 22 AT 5 95Ut AR, range (256) o Yk BE 247 AP ek

loader (£T]) An object that loads a module. It must define a method named 1oad_module (). A loader is
typically returned by a finder. See PEP 302 for details and importlib.abc.Loader for an abstract base
class.

magic method (W] 2 | A =) E5 v A= o] v FA A<l Hj23 L

= .

&

mapping (W8) A container object that supports arbitrary key lookups and implements the methods specified in
the Mapping or MutableMapping abstract base classes. Examples include dict, collections.
defaultdict, collections.OrderedDict and collections.Counter.

meta path finder (W€} A2 5}91t]) sys.meta_path ¢ AMo] EFE v, vg A= 5=
Az =2 el o Bels o 971 BT g,
e 2 357 F 8= WA E S e A= importlib.abc.MetaPathFinder & E W
2o,

¢

metaclass (WEl Ze|2) S 29 S A AHY= ZH2 ol E, S IAYE, Hloa FHaE
o B2ES wtsUth HE ZY 2= o] A AAE oA ZPAE T A AL F UL gREQ
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o
TG W2 o2 Z Yol AHEHS YT

metaclasses 9| A ©] ZFA| 3 Y &S 28 2= Q)5 T)
method (WA E) S vl Stof| A Aojsl= . O S22 A2BE A JEZHEZA TE2H W,
IAEE N HA A (HE self g E8TH 2 A8 A AR S S UL T¢ o E=HE

AFZ EHAS.

method resolution order (W] 4] & Z & 4 A]) Method Resolution Order is the order in which base classes are
searched for a member during lookup. See The Python 2.3 Method Resolution Order for details of the al-
gorithm used by the Python interpreter since the 2.3 release.

module (25) stold 2=o] 243} th9) & Ggali A4, LELS 999 so] 4 AR S T o B
27 2oyt BES 9w Ao o) Holmew =gy

712 = BA L.

MRO WA= 274 =4 & HALQ.

mutable (Z7}¥) 7P AA = gho] M 4= A vkid () + ASA FAF

named tuple (V] Y = &) “named tuple(V] Y & FF)” o] 2h+= & A olg B2 E
g HEE AMESte] Ad A 35 9l 840 AN~ T 5 gl ol Fef 2o AEH YTt
Folup FEfxe = e 75 % IS 5 AF YT
time.localtime () #os.stat () 7} ¥h&3k gh2 £ 3sto], o2 WP o) vd = FEIUT

T o}2 o= sys. float_info Yyt

>>> 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 tuple and that defines named fields. Such a class can be
written by hand or it can be created with the factory function collections.namedtuple (). The latter
technique also adds some extra methods that may not be found in hand-written or built-in named tuples.

namespace (¢] 5 57H) W57 AZEH = A ol 32 AV E AP YT AAl SHE o5
T (A E A A) Batotyet A, A, | o] Fo]l dsUTh olF 3L olE T ES
WA A REdS ALY dlE E0], 5 builtins.open ¥ os.open() & 159 o5
F 7ol o3 FEPEYLE £ o] F FH2 ofH BEO| I4E FHIEAE B T oA
=T FA EEA o =28 St ol & 9], random.seed () =X itertools.islice ()
2t3l 2 1 35 o] 47t random ¥ itertools BE Ol o3 FEH o] HEHUTh

namespace package (0] & Z 7t 9| 7] X]) A PEP 420 package which serves only as a container for subpackages.
Namespace packages may have no physical representation, and specifically are not like a regular package
because they haveno __init__ .py file.

BEEZ HAS.

nested scope (38 223%) 2t 490N M4 E F2oE 5. o & So), 2 T4 U4 4
9 E FrE u2 5o dE MSES A2 TS YFUT P 2nns Ao B2
R, e 5 A Sheths Aol o sof gLtk A MAE L A R el Aol A g1

o

HFUh A 2, A9 A5 AY o5 Tl A ¢1al Yt nonlocal 2 v AT L9
2 & gy h
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new-style class (F+ €} Z#] &) 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__ , de-
scriptors, properties, __ (), class methods, and static methods.

object () FH) (IEZREUZ) & 2 T2 (MAE) o] BH EE vlofE. =3 BE 7ok
Sl of 5 R Mol 2 2l A,
package (F| 7] 2]) AN EH EESo| U, AAH R AH Jﬂﬂ?‘]%% AT Ao s VeAHeR,
7] A= __path_ AEZFEZ} = ol REAYTh
At 71 A 2 ol 5 FX A = HAL.
parameter ORV) 91 (0 9A) Ao 57 S 5 9l 7 (o 2T ) &
Ao ol £ 2L AL, oA 25 AAAG S5
o A X-71¥ = (positional-or-keyword): 9] | Q1A U 7] 9] = 2l
Utk o] o] 712 FEf ] mi7f AUt A& Sl tha

}'i;ﬁa = ‘l" 2)\“\;__‘ ?_]X}—% 117@"2’
oA A foo &} bar:

def func (foo, bar=None) :

o A A-A& (positional-only): A X Z A FE = = AAE AZ UL A AL i AS-=
S A A HEO / EXE et 2 FH YT = JdF5 U dE o U

ol A posonlyl 3 posonly?2:

’def func (posonlyl, posonly2, /, positional_or_keyword) :

o 719 E-AE (keyword-only): 7]% ul A Ae AAE AZFYLE 7| =-A-§ w7
tﬁ—?%f&’“ Aol AUy 5= 1 1 o] 6‘}‘/}«1 71 -9 2] vl 7| H 4= —‘E—ZEHEJ@‘BHH

Ao 4 AdF ULk dE , TF2- o A kw_onlyl £} kw_only2:

def func(arg, *, kw_onlyl, kw_only2):

o 7VA-9 A (var-positional): (T}2 w7l A4S0 &3 A] o] u] gtol5o] 7 9] 2] AAE T 3l)
Asd = d=AA AAEY g AA2E A QT o] mj7f 4= w7 4= o] 5o
* 5 Qo] & 04/\1 Ao 5= AdFUth A& 0] th3 oA args:

’def func (*args, **kwargs):

o 7}H-71 9 = (var-keyword): (TF2 vl 7H@—/F%°ﬂ 3 Al o] u] WrolE o X 7] 9] = AR H3l)
ABD 5 9 Aole] A5 AAE AAEL AT o)A AR w5 o] So
** 5 Qo] Boj A Hold 4= G Ut & S0 99 ool A kwargs.

WA A ARG 8 7 BB ol A H o AL B4 ANES AFE 5 A%
Uk,
ol x} 3—0]%‘} g2 ol zte} v 7/l H 4= 2o] AFolo] 2= FAQ A&, inspect.Parameter Z] 2,

function 2, PEP 362_1_ HA 8.

pathentry (A2 JER]) 2= 7|93}l 71 JZE F REES 27 o) Fusts d2E 742 A9
shite] g4,

path entry finder (F 2 NE =] 5}2lt]) sys.path_hooks o Y= ZFHE
= IlE ], FARA A2 ED 2 RES F= S €2 A5t
AEAEY IRIEEo] FHe}=mANEES

path entry hook (7 2 Q1 E 2] &) A callable on the sys . path_hook list which returns a path entry finder if it
knows how to find modules on a specific path entry.

path based finder (3 2 7|9t 5}Q1v]) 7]& v et 74 = 3}l 6= 5 shuheld], ¢ =
S,

path-like object (B2 F AA|) 3L A€ A2 E e+ AA. A=2F AA= A2 & YEPH & str
Ubytes AA o] At} os.PathLike T2 EZS T HSE= AA YY) os.PathLike Z2EF
S A Y3lE= AA| = os. fspath () T4 E TEF A str YU bytes L A" A2 Z HEE 4

importlib.abc.PathEntryFinder | Y3 4T}

tlo
AL

oy
AnE =

Fe
[m
o,
Fru
=2
>
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PEP

g5 Ut} Al os. fsdecode () 2 os.fsencode () = Z+Z str Y bytes 23S B 33+
AH8E 4 Jds5 Utk PEP S92 =95 5yt

ko] & 7H A A <t PEP“ s}o] A ﬂv‘/]ﬂoﬂ AREAZAY Tl M e T 22 AN EE ST
ol st 22 715 AWt A A YUTH PEPE AME 7] 5ol thgt 123 7| A g 2
AE Xﬂ%'—ﬁﬁo]i%qu-

PEP= F8 ME L 7|5 At FA o st AFUE 48 3t Iho] Ao E013 A A
AR AR BE7] A 7|2 WM AYUS Y YT PEP 24 2= AFUE WA ol & F+53taL
W) o) A2 EAS T Aelol gt

PEP 1 FZ3HA &

portion (E41) PEP 420 o] 4 51 & 21, 0] $21 5171 0f o] 81 shufe] vl 2ol o9l

sk 5o A3 (dp Aol A AH £ A% s Th.

positional argument ($] 2] €12} ¢1x} & H A Q.

provisional API (213 API) 773 API&= R & glo| 2|9 A 334 Hgo g HE A3 A9
durth AEFH o]~ & W37t oq]ﬂﬂx]‘— AT IR Aol gtal FAH &= § T o] AAE ]
d oot A4St &}74 Z 3 o] F A A ?%t HAol dojd syt 2 HAF S EZ
g3 r dojupA = gkZ AP Ut — APIE =385H7] Aol X Foietal 224 23]
HAE Aot dojd Ayt
A APIMZAE, A7 T80l FAHA e WAL “H T s 0= gAY YY - BE
A8 E ZA Sl tial 4A 55 é%%x] Sl o= EE AR AYE YT
ol AAt= ZE Bol By gt LM A F AR E A LRl HE e A G AT YRS
U th o 2R sk 82 PEP 411% B2 gyt

provisional package (23 #]7]x]) FA API S HA 8.
Python 3000 (2}o]%1 3000) s}o] % 3.x wiaz 2ble] ¥ (M 39 vj27F ¥ v o]of7|d Al & of vt

Pythonic (3}o] M th-2) ThE A o] EollA AREA <

o] o] 2olt}) o] AL “Py3k” 2 %omﬂgwq
= Al gtol A o

o)l A 7} AL F AGE & o] DE% 7y7tel w}z%o}omoab}iziﬁ = Sof, ol ao
M A 28 oHPL for £ AFEAlA olHeEe RE 248 25 AYUL. e gL
Qlofol = o] d BRE] TR YO B2, o] W] o5 atA] e AFREL tAle] 74} LB 2

ARESH7| = gyt

N
L
I
o

>
ofo
:(?L_“
>

M

[

rulru

for i in range(len(food)):
print (food[i])

o 289, Fol Ak B oI5k

for piece in food:
print (piece)

qualified name (F 7318 o] F) ZEQ A 2T Zo|A BE HoH S, g, A= o

=x
‘427 HolFr o2 739 oIF. PEP IS AN AL B . 249 Bost Zah 29l A5
o, A3 ol §L AR ol I} Ttk

>>> class C:

class D:
def meth (self):
pass
>>> C._ qgualname_
YC’
>>> C.D.__qualname_
'C.D'
>>> C.D.meth. gualname
'C.D.meth'
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EEL 7tel7l=d AMEE ul], &A 3] AFSH ol & (fully qualified name) & RE 22 I 7| A&
EgHN BEE b A0 2T o] 2L o u gt} o2 Sof, email.mime. text:

>>> 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. Reference counting is generally not visible to Python code, but it is a key element of
the CPython implementation. The sy s module defines a get refcount () function that programmers can
call to return the reference count for a particular object.

regular package (J7F 3]71A]) __init_ .py $¥¢L 233= e o 2L AFAQ 9 7] A.
o5 FF A7 A = HA 8.

_slots__ 2 YFYg AAQdY, A2B A AEHREESES A 572 v AAstr A~

HeE|E A AT zH HRe S E0stE 2395 FUt Q7] 97]&= dHAH o] Eﬂig‘

AFEE71 7 F 72 HolghA, W R elof] T S8 T2 oA W o] A
Eg3 4oz AL Ao 2SUTH

sequence (XA] @) An iterable which supports efficient element access using integer indices via the
__getitem__ () special method and defines a _ len__ () method that returns the length of the se-
quence. Some built-in sequence types are 1ist, str, tuple, and bytes. Note that dict also supports
__getitem_ ()and___len__ (),butisconsidered 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 ().

set comprehension (& AZ A A) olgHE & 84 AAY IHEE A3t 238 F2 IS
vlEkst= 7FF 3 WY, results = {c for c in 'abracadabra' if c not in 'abc'}
=E22499 A% {'r', 'd'} = AA T} comprehensions2 FZ A A L

single dispatch (A2 t]AF]x]) T3 o] 31+ A=t ol 7| x| A 2AY = A|v| 8 &< tyas)z]9
3t ey,

slice (&glo]l2) HE AJdx o] dRE 283t AA|. Setolats ME ATYE B7|H S AFSEIA @
FUTh variable_name[1:3:5] A9, [] oA A 7o) RAHE FE o E Fedth d2s
HNEA23PE) Z7HS WRAOE slice AAE AL FUTH
P

special method (54~ WA &) 3} ]
E. oA HAEE F e BER AlFSAL U o]
o] FAZ BEolA st

statement (73 42 29 E (Z =9 “EF (block)”) & T+t FEYUTH B2 234 o] A
HER=2=3 /\]-ilb‘]-t o8] 7HA] 2 E 59 gyt 7Fd if, while, for.

strong reference (733t 2 X) In Python’ s C API, a strong reference is a reference to an object which is owned by

the code holding the reference. The strong reference is taken by calling Py_INCREF () when the reference
is created and released with Py_DECREF () when the reference is deleted.

2o AR 529 A
Saage

4= W] A] = = specialnames

_llm _1.11:1

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 refer-
ence, to avoid leaking one reference.

0P HE E HAS.

text encoding (B) A E 21 37.YJ) 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”.
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text file ()2 E 51Y) str AAE 0 & 5+ J= 9L A4, 55, dAE 5142 AA 2= ulo]E 2|
dolel 2 A AA AT FlAE <5y & A% AFUTE G2 e et daE RE
('r'EEx'w) 2 dd 3}Y, sys.stdin, sys.stdout, i0.StringI0 9 AAEHAE &5+ AH

U,

Sl =GR AA B Q3L 5 A D AR AN £ vol V2] Y £ B2 AL,

triple-quoted sring (415 T3t 1 EAhed) WL () 1} SLGEL ) A 2 FelA 24 2
g E ShE Sl Ao 9t /%2 ABSHAL AW, o @ 74 ol ol A Lt 9
FUth o] 2ol = ﬂﬂ%%ﬁ%ﬂ%ﬁ4%ﬂ%£%%ﬂ“®ﬂ£§‘¢“C%%HLQQ
EAE 2K GUE ol Zo] AW 5 QT SAEYLS L0 53] 2R J5Un

type (3) The type of a Python object determines what kind of object it is; every object has a type. An object’ s
type is accessible as its __class___ attribute or can be retrieved with t ype (ob7j).

type alias (% o 20| 2) FE AR ]I 5ho] WS o} A& W] Fool.
Yo Qelol 2t g F=E desste o R8T o S

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

et 2ol | 97 97 BE 5 gk

Color = tuple[int, int, int]

def remove_gray_shades(colors: list[Color]) —-> list[Color]:
pass

Fo

typing3} PEP 4845 ZZ5}1A)
type hint (g 31 &) ¥, Fe2 o ELHE ¢ 3 v 7|
H| o] A.

Type hints are optional and are not enforced by Python but they are useful to static type analysis tools, and aid
IDEs with code completion and refactoring.

E

of i

rlr

b urE kel s 9 A3

2 W= xﬂﬂ‘é}J_, Ad Ay, F2 oJEYHE 9 549 3 IE L& typing.
get_type_hints () & AFR-3} Onf‘ﬂ 4 dsyth
o]ﬂ%%ag%a%wymnqﬂPEP%4%i‘ o 2.

Az

universal newlines (FUHA & 37) USH 22 AES EF £9 ZOo7 A3, HAE AEHS
A= HE: 92 7H?5“ A "\n', A== FE '\r\n', A N EA] F& '\r
Z7}A Q Abgof] B A= bytes.splitlines () ¥yl ol 2} PEP 278 9} PEP 3116 & A &

variable annotation (4> o] - EH|o] ) W == S 2 o] ERHEQ o] - H| o] A.
HeE T E S oEZREY o HolAS Euj o g2 A8 AU

B
2

class C:
field: 'annotation'

WS ofmHol e Ao o AER ASPUTh & Fol, o] WSt int S AL A=
71HE U ek

count: int = 0

LE o)A 22 A A annassign of| A A F o}

S A= 3 o] =H o] 4, PEP 484 @ PEP 526 F 2 31A| 8. 3k o] - H|o

¥ A}4] = annotations-howto & 2F3 o}AﬂL.

nvironment (7} 37) ho| W ALE A9} S8 2 g o], 7o A AH O A] A E = T2 F}o)
g ZEIWEY 5”011 B FA GOoHA, Fto| A vl £ 7| A= AA AL 1 o

S A8 A5 e e, g How AeE A9 a4,

—

Gl

-l%i

Aol
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venv & HA| 8.

virtual machine (7}4 7] 4]) 2z E9|ojvto g o HFE. oM 7H 7| Al= violE & HAstd
27} 229 vlol= 1= g AR,

Zen of Python (o128 4) o1 EJ29) #1219} BEHE <) 55910, 10] & ol o512 48 oh= o =5
FUr} o] 222 )8y ZEZE A “inport this” & AH B AL,
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APPENDIX B

About these documents

These documents are generated from reStructuredText sources by Sphinx, a document processor specifically written
for the Python documentation.

A X8} o] & 98t A Q1 N Thol A LA &} v A 2 A A 0 2 AP B ALY =8 YUt 7] o 3
3 AT, o] Wy o tf 3 A B = reporting-bugs 3| ] A& il } Al L. A 22 AL F A= A AL
g eH
Te BEol 7 Be 7ArE =y

o Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much of the content;

« reStructuredText 2} Docutils 22¢] EE HFE = Docutils Z2 A E,

o Fredrik Lundh, Z2.2] tf ¢F 51} o] 8 2= (Alternative Python Reference) 3 2 A E of] A Sphinx 7} -2 o} o]
ol A9l Uh

B.1 Contributors to the Python Documentation

of, sfol A %F gholBefg] ¢ sto| A A A 7| FUTh 7] Ao FEAH QA
2 A Z 39 Misc/ACKS & =R SHA A 2.
3

ME 27 B AL Fhold AR UE ] AT} 7)of W E T - A T
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appeENDIX G

oI b2} 20| Ml A

C.1 AZEQ0{Q A}

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWI, see https:
/Iwww.cwi.nl/) in the Netherlands as a successor of a language called ABC. Guido remains Python’ s principal
author, although it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives (CNRI, see https:
/Iwww.cnri.reston.va.us/) in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen Python-
Labs team. In October of the same year, the PythonLabs team moved to Digital Creations (now Zope Corporation;
see https://www.zope.org/). In 2001, the Python Software Foundation (PSF, see https://www.python.org/pst/) was
formed, a non-profit organization created specifically to own Python-related Intellectual Property. Zope Corporation
is a sponsoring member of the PSF.

All Python releases are Open Source (see https://opensource.org/ for the Open Source Definition). Historically, most,
but not all, Python releases have also been GPL-compatible; the table below summarizes the various releases.

HY ==t oAM= 2 [ &Y ALK} GPL compatible?
09.0~1.2 | 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] AF 2.1.1 2001-3 4] | PSF yes

Z31: GPL-compatible doesn’ t mean that we’ re distributing Python under the GPL. All Python licenses, unlike the
GPL, let you distribute a modified version without making your changes open source. The GPL-compatible licenses
make it possible to combine Python with other software that is released under the GPL; the others don’ t.
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Guido o] A/ =5to]| o] i 25 7h5 oA Whe B2 & F A-A ARSI A A= - Yt

C.2 THO|Moll HMIASHHLE AFRS7| SI8H 012 2z

Python software and documentation are licensed under the PSF' License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under the PSF
License Agreement and the Zero-Clause BSD license.

shol ol E3E Q¥ sz Eo]of & ThE gholAlart A §F U Th ehol Al s eho] Al 2ol o35}
= =9} G EUTh ole @ eholllA0) B9AT R m e £u g o] o e 2ol 4l

-
SRR EXEREY

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.18

1. This LICENSE AGREEMENT is between the Python Software Foundation.
— ("PSEF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.10.18 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 3.10.18 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 3.10.18 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 3.10.18 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
3.10.18.

4. PSF is making Python 3.10.18 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY.
—OF

EXAMPLE, BUT NOT LIMITATION, PSEF MAKES NO AND DISCLAIMS ANY.
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.10.18 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.18
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FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.18, OR ANY.
—~DERIVATIVE

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. 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,.
—O0or any

third party.

8. By copying, installing or otherwise using Python 3.10.18, 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 THEREOEF.

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

(Th5 sTeTATol A1)
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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
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

(ThS slTeTATol A1)
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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.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.18 DOCU-
MENTATION

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 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 original 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. 1IN 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.

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)
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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. IN 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.

C.3.3 H|S7| &3 MH|A

The asynchat and 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.
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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.

o7 e 29 ARke TRFUTH

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.
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C.3.6 UUencode & UUdecode g4

The uu module contains the following notice:

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
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C3.7 XML ¥ T2 A &2

xmlrpe.client REL 04T 22 79 43S ¥R

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.
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C.3.8 test_epoll

The 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
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 RE S kqueue 1B o] 20 th3) T3} 22 o) AL EFFh

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. 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.
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C.3.10 SipHash24
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<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>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

The file Python/dtoa. ¢, 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 following copyright and licensing notice:

/****************************************************************
*

* 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.

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN 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.

*

***************************************************************/
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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:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-corelopenssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL 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. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT "“AS IS'' AND ANY
EXPRESSED 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 OpenSSL PROJECT OR
ITS 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)

FE R ST T S N S R TR S N S S S S S S N S S e T S S S S N SRS N S T S T S
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ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eayl@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L I S T

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eay@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

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 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. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " '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

ERE T R A B N S N S N S S SN S N S N SN T IS S S S N S S S i T T N S R S N S
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* OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

* SUCH DAMAGE.

*

* The licence and distribution terms for any publically available version or
* derivative of this code cannot be changed. i.e. this code cannot simply be
* copied and put under another distribution licence

* [including the GNU Public Licence.]

*/

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 NONINEFRINGEMENT.
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 extension 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

(ThS sleTATol A1)
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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.3.15 zlib

21ib S-S A 2G| A BAR dib A0 VT o5 o] o] AHGE S O, T zlib 22
A2 AHgSte] e U th

4

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 & A}25 = 3 A] H o] 29 3L cfuhash T2 A EE 7|Hlo 72 Sh T}

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

(Th5 slTeTATol A1)
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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 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 module is built using an included copy of the libmpdec library unless the build is configured
—-with-system-libmpdec:

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 C14NEHIAE ARIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/cl14n-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:

(ThS sleTATol A1)
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* Redistributions of works must retain the original copyright notice,
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/sox-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 INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

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 IN-
FRINGEMENT 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
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