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

See PEP 6 for more information about bugfix releases.
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Alpha, beta and release candidate versions have an additional suffix:
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* The suffix for an alpha version is “aN” for some small number N.
¢ The suffix for a beta version is “bN” for some small number N.
¢ The suffix for a release candidate version is “rcN”’ for some small number N.

In other words, all versions labeled 2.0aN precede the versions labeled 2.0bN, which precede versions labeled 2.0rcN,
and those precede 2.0.
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The documentation is written in reStructuredText and processed by the Sphinx documentation tool. The reStructuredText
source for the documentation is part of the Python source distribution.
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The very first article about Python was written in 1991 and is now quite outdated.

Guido van Rossum and Jelke de Boer, “Interactively Testing Remote Servers Using the Python Programming
Language”, CWI Quearterly, Volume 4, Issue 4 (December 1991), Amsterdam, pp 283-303.
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The Python project’s infrastructure is located all over the world and is managed by the Python Infrastructure Team.
Details here.
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High-profile Python projects include the Mailman mailing list manager and the Zope application server. Several Linux
distributions, most notably Red Hat, have written part or all of their installer and system administration software in Python.
Companies that use Python internally include Google, Yahoo, and Lucasfilm Ltd.
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>>> L = []

>>> dir (L)

['_add__"', '__class__', '_ _contains__ ', '_ _delattr_ ', '_ delitem__ ',
' dir_ ', '__doc__', '_eq ', '__format__', '_ge__"',

' __getattribute__', '__getitem__', '_gt__ ', '__hash__', '__iadd__"',
' dmul_ ', '__init_ ', '__iter_ ', '_le_ ', '_len_ ', '__1t_ "',

' mul_ ', '_ne_ ', '_new__', '__reduce_ ', '_ reduce_ex__',

' _repr__ ', '__reversed__', '_rmul__', '__setattr__', '__setitem__',
' _sizeof_ ', '__str__', '__subclasshook__', 'append', 'clear',

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

'reverse', 'sort']

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

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

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

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

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

[1]
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There are also good IDEs for Python. IDLE is a cross-platform IDE for Python that is written in Python using Tkinter.
Emacs users will be happy to know that there is a very good Python mode for Emacs. All of these programming envi-
ronments provide syntax highlighting, auto-indenting, and access to the interactive interpreter while coding. Consult the
Python wiki for a full list of Python editing environments.
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The IDLE interactive development environment, which is part of the standard Python distribution (normally available as
Tools/scripts/idle3), includes a graphical debugger.

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

Eric is an IDE built on PyQt and the Scintilla editing component.
trepan3k is a gdb-like debugger.
Visual Studio Code is an IDE with debugging tools that integrates with version-control software.
8% oW A S e B A8 5ol 4 IDEZF d5 Ut e g =R UTH
* Wing IDE
* Komodo IDE
e PyCharm
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Pylint and Pyflakes do basic checking that will help you catch bugs sooner.
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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:
* Nuitka (Cross-platform)
* Pylnstaller (Cross-platform)
» PyOxidizer (Cross-platform)
¢ cx_Freeze (Cross-platform)
* py2app (macOS only)
* py2exe (Windows only)
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It can be a surprise to get the UnboundLocalError in previously working code when it is modified by adding an
assignment statement somewhere in the body of a function.

o] I =

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

>>> def foo():
print (x)
X +=1

results in an UnboundLocalError:

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

UnboundLocalError: local variable 'x' referenced before assignment
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T o
99] ool A W5 A (global) ©.F M ABHe] YR 23z WMo WA T 5 YU T
>>> x = 10
>>> def foobar():

global x

print (x)

x += 1
;;; foobar ()
10
o] BAIA A2 (Felaet A2 M4 FHACR FASH ST ) AAZ o A2 e
W49 ks AL = A71A1717] 918 23tk

>>> print (x)
11

nonlocal 7| EE AHESI] SHE AT M HT LS T

x0
oy
L
i)

>>> def foo():

x = 10
def bar():
nonlocal x
print (x)
X += 1
bar ()
print (x)
>>> foo ()
10
11
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2.2.2 shol Aol A A7} Aol Waol tiet 72 AR

Fpol o A, g Holl A F2H 7wt st e FAZHCE AqdUtth. it 22 Wl ofheld
%k%EH?J@P?i, ““1“4_‘1i Adder A9 gk A F ez EFTh

Agol 23 AT A AR EE o5k Btk FHO, YIF W5 globald L7
=k e R Ago] et AA S A FCh W], = }20] globalo] LR ChY, 34
,@ g& n=E zl?:a Z%OﬂELEQ}JOJOHok

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

o)A xr 28 AT SO YTt Y HAEE ATHUTh T2, 2710, 1,4,9 8 162 92T
A% 4T 4 dgvch 2, AA R AR BT 162 BRI A4S 5 AEU T

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

o] %71 2Fefol A9 dlocal) ] oh] 2} 915 A3 320f GoJ5] o] 517] wl £ o] 3ol e} 52 w) oAy

ol
HUd —Aojd 7t opduth F29] ZolA, x8] g 40lBR, BE e oA 472, 5 165 MHEH
Utk x9) ke W5 Brhe] A7} o BA WA A BowA ol E BV 4= YUtk
>>> x = 8

>>> squares[2] ()
64

o2 51 5}e] W, Feol il A 9ol el kg Aol A x9) ol )£ Y T Bas Yk

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

A7) M n=xe Frho] Al Al W4 ng BET, 229} e A Qo] A x 9 2L 7S
o A 10 Gl o] 3 1 Lo 0, AN 1o B AN 5o 55 oot e
7 gy oA SulE ATE BT

>>> squares[2] ()
4

>>> squares[4] ()
16

o 57

ol e S3he A o] ohule} Auk F4ol = A gH ULk

flo
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Sd 220 oA 2E ol AEE IR FHAAYHL SEA RE(FF conﬁgUr cfgehal &9
Jrhe vt AUk 98 2290 BE BEo|A config BES JEE 575 5@ Furk; 199
BEoldY o]gor A 7 A Uth 4 59 A" aE A shtol 7] uf 2 oll, & A o thek ¥ 7
AP BE Xl g gUth & S v d 2FUth

config.py

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

mod.py:

import config

config.x = 1

main.py:

import config
import mod
print (config.x)

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

225 REo|A JEES AFEsHE “mu Al RolglUrte
AubA © 72 from modulename import *E AFESHA UpAA| L. 28 A St AXEE = L9 o] & F 7
o] o480 A 11, 2 ¥ (linter) 7} A2} H 7] @& o] 2L A7) 7 DA o FA L o),
519 W S0 A BES YEE S A L. T8 Sl SEo] e s ThE RES WikeA L BE o] Fo)
LS Aol o AR 5 4 Aedeh @ 2ol 9ol YEEE NG 2E LS A
27} AT, 3 2ol o7 JEEE A$5hE A FH @ A4S TTH
e

L.

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
TH A E A FAE FJoluA Y2ES v F R o]l oF k= 4 -¢-7F 5 Ytk Gordon McMillan
B
TRERT “1mport <module>” ‘03/:‘,9] AXEZALIE S AZEEAIZFUL FHA =
Eol A WR nEQ o] = (name) s B ?é}gﬂi{jl_ 3} (“from module import name”) Y = E 7} 2 AF9)
Fol floed APyt A WA BEo] F WA EES QX E sk FolEtA A HA ZE
9 o B2 ob2 AHE T 5 g7l Wl E ALt
o] A%, F WA 5o st Folut ALGHTH, X EE T T GA ol T+ s dx
E52w, A A4 BES 2797t R UL, T A BELS JRES 2PT 5 d5Ur
U 2Eo] TYE EHoW JEEE o) AP $20IM b2 RO o FHor T S Tk o
AL, 5 W oA RE RES YZE 3= Ao 7b58A S £ JFUTh o] AL, g ZANE EA
Feold guhe RES YEE s Aol F2 APy
TH AZEE NSFAUY EEY 27| AINES Sl e T FAS i dst= v 2o wuh T Ao Y
Ropge Ao Anng QEES SN L. o] 71 22 Y A Pyl et B JEES LA
e 55 §8FU BE AT FroAAB S 0] AZEES P2 S/ AL SE dHUD

N
N
e
o>
re
2
—r
w
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BEI I3 273U R RES XS 2= d v Rl HolE T AL EES Y H 2= 72
A FE A FHAIL, F i gAY 23 AT BE ool AFZE Hojd F o5,
REL olUIE sys.modulesol] 9L AUth

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

%
l‘li‘
£
2,
e
L
3

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

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

o] 58 Ag TENY, mydictd] ¥ FHo] ZIFUTE F WAL, foo () 7 AAH I AR W,
g o] Qe AR E A&7 W0l mydict 7} F 79 5 =33 oh
) 2 7193k 28A 54 g 357 399 ),

114 L=

of ol, s AA AR W, o] B T

.y

O
0]
i)
M
rlo
Mz
B
o I
rTr
&
o,
=2
2
=
i)
<
=
1
Re
ird
=
A
[>
uf
M)
y
N
[>

ol 7|2 & el 7HH AAE 71 EF e E AHESHA] ¢b= Aol F5UTH A, Nones 7| & g0 2 ARG-5FaL
S ol A w74 7F None A A AT o5 A 2lAE/g A Y 2|/ S0l & EAA L. & 9,
Th& 3} 2ol 224 ThAIA| 2
def foo(mydict={}):
AL o] FA 2AAA] L
def foo (mydict=None) :

if mydict is None:

mydict = {} # create a new dict for local namespace

L3

7)
] 2 & “memoizing

ahol, The 3 2ol TAL 4 Yavith

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

# Calculate the value

result = ... expensive computation

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

ARG GAUE 2R Ao WEE ST 4 A5h Ao EAIYT

v

o0&
-
>
[»]
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227 & F5ol A T P52 A Aot s MAESE Adsteld o9 A ok &
Y72

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

& U

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

kwargs['width'] = "14.3c’

g(x, *args, **kwargs)

228 Azhe} iAW So] Aol FL FoIGUA2

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

def func(foo, bar=None, **kwargs):
pass

o,

il

foo, bar B kwargs+= func® WA AUt 28U, funcE &S ul, J &

’func(42, bar=314, extra=somevar)

42,314 9 somevar 2 AAY Yt

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

>>>
[10]
>>> X
[10]
yoll 848 7188 xE WA & o7t 238 29Ut
o] AFE W= F 7HA 8471 dF YT
) Wee des] AAE 7Fel 7= ol 9Uth v = x5 $85H 2| 2EY A S UEA st -x
7h Fxeke A 22 AAE Fxske A i yE BEUTH o)+ st AA (B 2E) v A, x &
BEE I AAE Z2Ee g dut

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

>>> y = x

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

>>> x

6

>>> y

5

o] % x 9hy7h B A ke 2 X4 gUth ok AL R0l WRelI, x = x + 12 5B

o %€ S7AN A4 55 WA s Aol ohd U Th oA Al AA (B4 6)§ BEO] xol AT THE, x

7FFxoke AAE vhEUTh. o] the] Foll= 7 Ao AA (= 63 5) ¢t o] & FE 5t 7 Ho] WS 2
- 21z 3

FUth(x< oAl 62 Fx8HAIE, y= o] -3] 58 F2Fuh.

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

I Y, 22 Aol Wu 2 o kel & 52 2= ?ﬂ' 7]'11 A ZH a7 AU SE AY ALt
Zb A& 0, +=xt B 2EE AASA W FEolY A= HANA G5yt (a_list += [1, 2, 3
L a_list.extend([1, 2, 3N H 5531 a_listE HAFA T, some_tuple += (1, 2, 3)3}
some_int += 1& A AAE A5Yr}.
ge x9sH:
o 7} AA(1ist, dict, set ) 7F oW, dF 5 AAES AE-3to] AN E HA A sl AA &
A= RE g7t AAE A g Yth

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

oo A A= P r G S 7| A L. thd2 A AA o thst FxE w7 wf2oll, &&2+
o 5152 75| <A o1 % ol oA Lelel A7} g, o] % B2 U Ich, o12] A BHOE Ao
e dg % gleeh
1) 238 FE& vhshsto]:
>>> def funcl(a, b):
a = 'new-value' # a and b are local names
b=Db+ 1 # assigned to new objects
return a, b # return new values
>>> x, y = 'old-value', 99
>>> funcl (x, V)
("new-value', 100)

oA A G Y
2) Ao W4E Al o

3) 7HA (Al AR oA W E S

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

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

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

4) WATE YA APt

>>> def func3(args):

args(['a']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) e 22Ul dad i g FolAl:

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

>>> def funcéd (args):

args.a = 'new-value' # args 1s a mutable Namespace
args.b = args.b + 1 # change object in-place
>>> args = Namespace (a='old-value', b=99)

>>> funcéd (args)
>>> vars (args)
{'a': '"mew-value', 'b': 100}

P AE 2FZE AEI}AY ZHE AAE AET 5 .
*x+bE A A= T £ (x) & W8S linear (a,b) & A9 stE 2 dhoha MG AHAAI L. S HE &

def linear (a, b):

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

return result

Ee ZHE AAE ARSEA:

class linear:

def _ init_ (self, a, b):

(TH& ST Aol A1)

2.2. 32 <o 17
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(o] A sl o] A A M A%)

self.a, self.b = a, b

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

T )
taxes = linear (0.3, 2)
taxes (10e6) == 0.3 * 10e6 + 27} H T2 3t= Z 2|8 A S AZg
Fe18 A P2 AL o7k w3 3Ev) ofgk Aol ket o] gtk T, 28 gEne
442 53 AYS TR+ A5k
class exponential (linear):
# _ _1init__ inherited
def _ call_ (self, x):
return self.a * (x ** self.b)
A7 o2 WA =] FeE A TS Ak
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
91714 inc (), dec () ® reset () & 2& A5 W48 Tl F4AY 25U
2.2.12 so] Ao A AAE YA B A7
dntH o2, dwkA d o copy.copy () U copy.deepcopy () £ A=Al L. BE AAE EAE =
A, o 2 S g o,
AF A= o GA HEAE 5 A5yt gAY Bl copy () WA E7F 5 U th:
’newdict = olddict.copy () ‘
NBrE koo 2 BAE £ Qg
’new 1 =10[:]
18 Chapter 2. =2 7|3 FAQ
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2213 AA o WA S o B RES o)A 2E 5 AHUR

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

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

QurA o 2 wahAw, AR AAE o Fo] 7] WBe) 18 4 vk RO R, IS Gy ol
22 gol AF U def % class £ FSE WA o] A, o] A9 ghe BHEAUL he HES
SELRSPER

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.

gutA o 7 W I 7 EA 7H] “o] BS Polopr T} B L ¢S YT o =4 0 = YA A <l (introspective)
Z29e A G @, ot A ACE 42 B9 WAel £8ol B 4 ok A
comp.lang.python ©f| 4], Fredrik Lundh= A A 7} o] A& o] 3l £F 3 v]-75 A5 YT}
o 2] o] Ao A HATE L Fol 9] o] 52 D= AT 2 W gl (AAD) AA = oA 2ol A
9] 0 B2 W 5 913, AE A4 ZAE e O whepA 1A 0] o B A Bl Fopl
LT YL o2 o] R 7 (0] F FD ol A A o] L Fo (AA) AA 2= AA YT

2
v
o
al(f
[o
il
1054
v
2
30,
X
v
=
b
o
]l
o
0,
v
rlr
P
o
e
=,
Au)
An
i)
k1
i

27 npag Al 21

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

>>> "a" in llb"’ "a"
(False, 'a')

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

’(nan in llbll)’ ngw

the 3t 2ol F7ks A &

"a" in ("b", nan)

—

CHFR Tl Q) AR (=, += 5) % WA AU Th o] 5 AA 2 A4} ok ek e Be] Bl FEAY
»
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2216 Co] “2:” AIY A4kA1} 553 A o] A5U7?

T

o, A5 UTh ¥ e e 2H U

[on_true] if [expression] else [on_false]

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

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

[expression] and [on_true] or [on_false]

a2, o] FET= FASA BT U on_trueZt AB B2 FE 7P o RA A3 uE 5 Syt

wEbA, FAF L. A L. else ... PAS ARRSE Aol FHYTH
2217 shol AN FESH B 2 =S AYT 5 ASUR

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

from functools import reduce

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

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

# Mandelbrot set

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

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

# 1% 1%4 / / columns on screen

# / / / maximum of "iterations"

# / / range on y axis

# / range on x axis

20 Chapter 2
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2218 §4-2] A MS: B2 oA L2 Al ()= AL o mFLi

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

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

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

WS B2 2] SN F ARSI K AL o m Tk mebd, |4 E ARE divmod () &
E&3Hd ol /b ey ek

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

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

2.3 S:7}e} EAHo

231 163159} 8715 B4 oA A A TR

8148 A A5kl w, 8704 7t 9ol 02 2ol i, AFAU U EA “0" 8 EYUT o] Sof, My B84
241071025 8) 0.2 A stelw, o & A| d s 2

>>> a = 0010

>>> a

8

164 = syt 16305 ool 02 €013, 2FAY 22 X’ 2071 shd Utk 163 A4+
LAY HEAE AR T = st A€ 01, stol 4 AE z e ol A:

>>> a = 0Oxab
>>> a
165
>>> b
>>> b
178

0XB2

FE21 % M2 RIS EZESF =AY Y] o] AL A3, the 22 A E dstid
i=(1//3) *3+ (1%3

A4 7] floor & WHEsl of U Th C 8 o] F54& WF =& 87313, 1 // & A2 (truncate)
ARdYE=i ¢ 712 R EREE2F I USFUY

2.3. &A1} E214 21
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7t A A1 s joll tish AA A}a‘l A} 1= A S5 UTh §7F S50l ¥, B2 Abe 7F oy, AM At
BEZASNL & 37F>= 09 Aol B F&F YT AIAZ A F 10 7Fe] 71 thd, 200A] 2 X_oﬂ% oy
A 71 AEUZR? -190 $ 12 == 27FF8FUTH -190 $ 12 == -102 E7]E 7Iggl= WYYk

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

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

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

S

SyntaxError: invalid decimal literal

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

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

<class 'int'>

N
w
=S
Md
X
ue
tlo
M
N
fu
2
g

M 72

S AR FAAN L, A E S0]int ('144") == 144. }R7FAE, float ()
Uth of| & E0] float ('144') == 144.0.
A

rlr oX
i
Lo
oM,
o
o £

o
b
s

23 S RAE AT EZ AT UTE 22l int (10144") == 144+& FO]Alint ('0x144")
ValueErrors WAy int (string, base)x= F WA /d‘i“,Zi o1z} 2 W Eof ARE-E F 4= (base)
wolZ ol A, int , 16) == 32494tk base7}0—°—i A, A FFol W A A& At
sto] s g Y th: A3 ‘00’ 8 4+E UEHH AL, ‘0x’ &= 1645 YEFH U T

83 Ao FAEE AR M= ARolgtH WA T eval () 2 AHESHA] IR A L. eval () 2 4
5 HAAPE 2T & JdFUth: F27F LA %+ —‘T‘—Z‘ﬁ‘ﬂ A FholH JAAS AGT
A& o], ¥/t 989 T YU E A+ __import_ ('os').system("rm -rf

4

eval () L ET AE glo|H FHA 07 A= EH7F QoA o %%o]eval '09') & Ito] o] (‘0
A% < 3 83HA 7] W ol & ol 7 A Y o

235 5218 EAA 2 oA MBI

To convert, e.g., the number 144 to the string '144 "', use the built-in type constructor str (). If you want a hex-
adecimal or octal representation, use the built-in functions hex () or oct (). For fancy formatting, see the f-strings
and formatstrings sections, e.g. "{:04d}".format (144) yields '0144"' and "{:.3f}".format (1.0/3.0)
yields '0.333".
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2.3.6

ox, il

1
T

27

ARl A AL L oG A 54 F

2 QeUth BAGL 29o) 7] ek
Slok gt T2l AAel oA funs oo

Varray BEES ARSI EAAAIL:

o2 N x4

_QL
N
-~

= i
AT+ J= A7 288, 1 o.StrlngIO

>>>

import io

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

'Hello, world'

>>>
7
>>>
6
>>>

sio.seek (7)

sio.write ("there!")

sio.getvalue ()

'Hello, there!'!

>>>
>>>
>>>

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

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

>>>
>>>

a[O] = vi
print (a)

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

>>>

a.tounicode ()

'yvello, world'

- BADL 52 RS GV E A8 Aol AP EEUT o 1Y F2 3R e EAL o]
T o5 AT a7t gk A Y Uth o] AL Estcase T2 W W Wl AHEE = 712 71
AU}
def al():

pass
def b():

pass
dispatch = {'go': a, 'stop': b} # Note lack of parens for funcs
dispatch[get_input ()] () # Note trailing parens to call function

* W & getattr () & AR SHAIALL
import foo
getattr (foo, 'bar') ()
getattr () = AL, FHLJALEN, BE 55 2F5te BE QA ol A 25 3ol 7o st Al 2
o] & tha 7} Zo] F ghol B Y] oy Stol A AR YT
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class Foo:
def do_foo(self):

def do_bar (self):

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

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

def myFunc () :
print ("hello™)

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

2.3.8 F2tgellA 3 & nlg& Al Asl= Perl 2] chomp() ¢ 553 o] Y5472
S.rstrip ("\r\n") & ALE3H OF2 38 TS A A3IA] ¢kl EALE s Bl = BEE FEAE
AA S A5 T':Z]'Oﬂ s7F gl ¥l Fo] o] 7| 2] 3= o] s UHEHWH, BE ¥ F9 & T 247}
Zﬂﬂ%‘%i}-
>>> lines = ("line 1 \r\n"

n\r\nn
.. "\r\n")
>>> lines.rstrip("\n\xr")
'line 1 '
Qb oz o Mo o 24 HAES 92 WY AL shy] wEel, s.rstrip() 2 oW A 0% A4S 2
25 3h ot

2.3.9 scanf() 1} sscanf() ol sl g3}= o] Y& 7?2
adAeze lsyth

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.

24
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2.3.10 ‘UnicodeDecodeError’1} ‘UnicodeEncodeError’ of| 2] = 318 2|u| g 7)?

1

unicode-howto & Z=Z A A L.

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

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

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

A~

SyntaxError: unterminated string literal (detected at line 1)

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

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

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

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

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

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

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

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

Also see the specification in the language reference.

2.4.1 Ul =270 % Lguch £ £ 5 Holeld o]@A alok Tz

WAL H HolE7] Aol 71l o & Aol Sl T
& it} of5 Ut} o] FAQE CPythonl 53& F4Y T}
2 9)

9% =4 L shold 7
. B 29 AA T OHE % YUt 53 V0 U thE el =l 28 o ok7l 3 ) 12Uk
- BEE AANF AL AR Aol 2o A G4 G Hobok YUt (profile BES F
234N 2).
-@Wﬂﬂéﬁﬂéiﬂﬁﬂﬁﬂﬁ%%%%&@ﬂﬂéﬂH%QTA Ut} (timeit BE %>.

72 7o) F5uth
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olAde AR, ol ZE HEE Fole B2 EY] JFUNY e T8 7 A5 FE =257
Aol W 22 2o 5ol He B 7k A d 9 U
s duZlge HwEdA e (e H e s so s HASHH) ZE AA O vA H A3} EYS
REeAEgdd 2 ode e A5
o ZukE dlo]H FX2E AHE S Al L. bltin-types 7} collections BE] et AHAE AFAHA L
o XF o] BEY Y FAVFE S AT 2| HEE AF T W, ool WY & it mE
7FeAdol v Ut (RS A= o q ﬂﬂoW”ﬁmaﬂﬁﬁﬂﬁﬂCEQ@%Eﬂﬂﬂﬂﬂ
Afole F e 285Uk ]%% , 8832 list.sort () WA WA= & sorted()
GE A AI R (2B AL R AL A % o o= SortlnghOWw% FxHAAIL)
o ZA3L= 744 (indirections) & THE = A 3Fo] 91 QB Z 2 E] 7L H BL A4S =2 a3 Th 7HH 9
?%ﬂ%%wﬂm4°w;ﬁﬁwiiilﬁéiﬂ ﬁQQQ‘ﬂE§$%ﬂ%ﬂﬂ¢§Hq,
53] A2 gy =] FH AN IHFUH(FF 7HEAEd = sEs U .

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

o ®17):
A Hoell &3E 917] 7l o] A.

24.2 Be AL B ool Boli A1 TR A WH S FAYUR

=

stribytes A7t BWo| L, Be £ A4S 97 o] o] o] W 2} o] o] 0] 7 7h A} AR & A4 3] wo]
M EEAdUTh Aurgd w, & 4 | 241 @o)e] A gl Wl gk
Be str AR E F AR 9, DA £ BEPE AAE F B0 WAL kA 2ol str.join() L

s AUTh

chunks = []

for s in my_strings:
chunks.append(s)

result = ''.join (chunks)

(e gdgirdozg 84 AL FE=1i0.5tringIoE AR AYYtTh

B bytes AAE A7) A3, DFH & BETE AR o]} 2ol 7] (+= A & AHg 5ol bytearray
AAE F43he Ak

result = bytearray()
for b in my_bytes_objects:
result += b
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2.5 A AX (FEZ/BI2E)

251 &3} g AES ojWA WBT A2

B A4 A tuple (seq) & A9 o] AAAARE, RE 0|88 2L AR 2L 452 711 FE=
MGk

o & &9, tuple([1, 2, 31)2 (1, 2, 3)SAE3}L tuple('abc') = ('a', 'b', 'c")EAE
FUTH QA7 FEoIH AMRE S BHEA] Gl 22 A E St n g, AR 7 ojv] FEAA] AR k&

o
o] tuple () 2 T&3= o] AF Tk
o AR} list (seq) = DA AIFA Y oJHHES T2 A Z2 T2 FEHo
& 5o, 1list ((1, 2, 3) i [
Ytk A7 B AE W, seq

252 &% olEl At RAUAR

reversed () W& T4+E AFRIAIA| L

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

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

rlo
i

25.4 2 AEA FEL oA AT

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

PAE $£AS S FRTHY, P AEE JET
o .

oo
A0
[>
lu
mH
=2
2
[>
=
_(?L

WA 5 FEE A

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

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

AL B REE Ao Wdsts, FHES AAT S, BlaER HEHUT

l

255 2] AEol A ol2] 5 oA AAGU

B A A AAA R, A 21 AT YA H O R JL 0 o a0l d i AL & A A5
ﬂwﬂ:ﬁ$+?ﬂﬁﬂw JA1 A £ ol ol A0 s Sebol~ N A837)7h o 3 whE U T
22 A 747 W Yk

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

g 2E Fmel Aol obul 7bg whg ok,

2.5.6 stol Aol Al oA WAL THEL}8?

P AEg AHEIHIAS

’ ["this", 1, "iS", "an", "array"]
P AES A7 B4 WA O sk (Paseal) ¥ D3} 55 U Th 7HE 2 Aol @ L whol A 2 AEe
chepet o) AR 7L £ 4 glrhe Ay,

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 car is 1isp_list [0] and
the analogue of c¢dris 1isp_list [1]. Only do this if you’re sure you really need to, because it’s usually a lot slower
than using Python lists.

25.7 thag 2| AEE oA w572
o3 2o oAk vl d e whe e fle 2

’>>> A = [[None] * 2] * 3

Qs ent2 A By

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

e e ek, o2 920l e o

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

v

o0&
-
>
[»]
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D o|fE R YAES BASNE BARLLS WERA 42 /E A B F2 WES] @B I 232
do] 28 22 g2E 33709 F2E £t HAEE v UTH & o th3t H A A2 & 3
thebLhd, Ae) B3] o 2R o] Rk AL ot
AR e Aok Folo) PYAES WA VE L AR VE Y2ER 228 A9E AU
A = [None] * 3
for i in range(3):
A[i] = [None] * 2
2w Bol 7293709 the P aEs 2REE e AE A AU P2k AN E A8 5
A%t
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.

25.8 23 2] Al 20 A EE oA 2 & FUA?

PrE Az R g e AL

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

l

2.5.9 QA2 255k, o a_tuple[i] += [‘item’]o] & 2] & U 2 3] 7}2
ZE ) A7t ) Aababels AL T sho] Aol A Zhd A e} B AR o] xpo] H o] A3}

o ot FE Y AT P AR E AL FEY Sh0] 489 W) QWA AEH AT, $2)

rlr

thet 2ol A4 i

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

TypeError: 'tuple' object does not support item assignment

o 2] ¢} o] = %%‘JHD} 1°] a_tuple[0]°] 7}2]7]= A A (1)l B3l
A A28 FEo] 84 00 st o, 722 247 7ke7l= A
gy o

Sl obgol A, o] 2 R o] sh AL Tl b 2tk
>>> result = a_tuple[0] + 1
>>> a_tuple[0] = result

Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

< EWolBE, A4k tf ¢ FEo] ol HE TR Y T

1=}
3} o] Ag st

do

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

TypeError: 'tuple' object does not support item assignment

dele zw dedsyth o w22 AL oH 7 AAA N Het ) 7 S AR v AR AU o

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

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

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

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

a_list7} 78] 7| = AA 7 HAE P 3, HAE AA

o th3t £AE 7 ThA] a_listol AYB U Y H =
A= no-oplHl, a_list7}h WOﬂ 7he 713 Q| A} 2 Ao gk 218 o] 7] &Y th, shA Rk
B ele o 13 Yolgth,
kA, 89 {FE A AA dojvts 42 thed T 5 EU T
>>> 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 5313 JB & stal A5yt sho] Aol 4 Schwartzian ' #hg & = 5 U 712

Perl # 5 €] 2] Randal Schwartzof] ] 3 o] 7| HL 2| A~EQ Z+ Q45 ZH Q4 E «“AHH 7o) | F 5= wEE
o2 AEFUth hol Mo A=, list.sort () HAEL key AAE AHE A 2

Isorted = LJ[:]
Isorted.sort (key=lambda s: int(s[10:15]))
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2511 St ArEETIE grES Zoa H

e,

shei el o] g7 &l of Tz}

A0S FEY olHolHE Hesta, 27 gl 2EE A3 TS, Hohe 845 AHA A L.
>>> listl = ["what", "I'm", "sorting", "by"]

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

>>> pairs = zip(listl, list2)

>>> pairs = sorted(pairs)

>>> pairs

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

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

>>> result

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

2.6 A

261 Zejrs FAYUA

FAaEclass B APste] BHE EF AA YU FEl 2 AA = A"
X85, v o] 97} 2218 o] Bl (o] = 2 -2 S 1= (oA =) w5 g g ok
Zejat vol s FH AT S St o] g2 ThE FAAE Ao T4 9

o) o] =) E S A= E AL ol 448 o 44 R g A .
SR D N E A2 A AAEE A QW ai Lbox FeY 29} kel 4 AT WAL A2l o
MboxMailbox,MaildirMailbox, OutlookMailboxe} ZF& AH = Q

2.6.2 WA EL LAY

HAEE d¥FA © 2 x.name (arguments...) 2 &5t ofH AR x9 I Yth HA=E S~
Aol Yol A = Fog Ut

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

2.6.3 self= F-51Q]U7)?

self = T4 A =9 3 WA A2LE At #Ael| 4 o] 5 Y YT meth (self, a, b, c)&E @ﬂ% HAEE=
A 9 7]—‘27@5]—9“&]/\9] ojE A A~HA xo &l x.meth(a, b, c)EIZEFHo|oghth TE2H HAEE=
meth(x, a, b, c)Ad TEFH U}

X
2 42 o
[e]

= AHa ok S o] FAYUR = BEsAA L.

et
o,
>

X,

A= o] & T E ol A “self’
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264 AA7 Fol 7 Fehart 2 A1 Fene ALUAAA YA HATIAR

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

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

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

from collections.abc import Mapping

class P:
pass

class C(P):
pass

Mapping.register (P)

>>> ¢ = C()

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

>>> isinstance(c, P) # 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

WEEe 2188 Aga 49 Fe 2ol isinstance )8 AR AHGIHA 2ol 54 L.
AE 4 Aus Johe, B A% AR AT 2 AA Y FH2E A5ty S
A2 2B A 53 54 ALotE 22 ASE Fo e AU ol & o, A7

2
=
i)
v
T

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

O 2 H2W 2 2E FAd20A search () PINES Ao sta &A 222 &8k Ad Ytk

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

class Document:
def search(self):
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(o] A sl o] A A M A%)

# code to search a document

obj.search()

265 930l FAI72

f

9 <) (delegation) & AR A1 F 714 (F A4 Aok s FUH AU x A7 A3 WA 5 shpe)
42 WAL Acky s BATh AAseEE WA S e PUL AT R HE BE WA E
o) 5} vl A =l 9] 5he A el

class UpperOut:

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

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

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

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

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

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

an infinite recursion.

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

i

W& super () &5E ARSI A 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 f value), look up
the method resolution order (MRO) with type (self) .__mro__, and return the next in line after Derived in the
MRO: Base.
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Wlo) 2 Ze) 28 8ol sk Aol A ST 4 Uik T @ g Fol BB ghuk A s o
o B2 AL o] s ZUAE FAOR (] Sof A0l 1§40 e AAstel = Aol

class Base:

BaseAlias = Base

class Derived (BaseAlias) :

268 34 2o~ vlolelsh A1 el 2 v =2 WS o] B A sof iz

(C+1} Java©] o]l o] 4)) A 2 vl o] B9} 4 A W] A = L5 o] Wol A 2] 9F T,

AA ol8Y A9, Ged] Fehs o= HES B L. o= BEo A g hYsHe W, Bl A
Sej2 o] 2 WA H 02 ALEF of P ok

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

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

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

c AU c.__class_ oA cE Eop7bE Hlolx Felx A Ao HQ A7 S0 o) A A = A
¢+ 3k c.count+= isinstance(c, C)7FAH3I= BE cof tis) C. counté Fz g

ZF9: CY HIAE YA, self.count = 428 2L YL selfd XA @A o “count” 2= A2
o] gle Jdadag trE Ut Sl A A oy o] 59 A A2 A HAE YFef A=A ol TA R
o] Ze2E A A3l oF Futh:

C.count = 314

R A WA EE 715 F T

class C:
@staticmethod
def static(argl, arg2, arg3):
# No 'self' parameter!

Jevh AA WA= 238 e A DA IS G BE oF T4 E AR se Ayt

def getcount () :
return C.count
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2.6.9 slo]Rloll A FAPAHEE WA E)E AEA AF AT = AR
ol e UAE BE WA= A g A ¢ AEL LA 9o A 7Hg WA vy ok

ool A= The 7 ol 24 g ch

[o
u
o,
033
2
Sl

ﬂ

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

}

Shol Mol A 7| QA4S AHg3hol E F 98 Tt B BHAE Aok Gtk o) & 59

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

def _ init__ (self, *args):

22 HIWol REMIAE A= Sag YT

2.6.10 __spam-& A}-£3}2 11 35}+=1] _SomeClassName__spam o] tjj gt oj| 2] 7} ¢}

olF A¥ W=Eo] e Wy o5 FU 2 HF M (private) H4-E A o ok FdstA Rl B A WS
Al&st7] S8 ¢ ﬂ” ‘?JHE‘r(mangled)” __spam FA (Aol F /i A D&, Hof shuho] $3 EE) 9
REAHAE classname__spamlZ HAE Wﬂ]ﬂ—tﬂ 0:17]"1 classname 2 EEAY LEo| Al A4
A4 S o] EdYTH

o] AL | FME HAAsHA ks UTh: 9 F AREAF= o] M 3] “_classname__spam” O] E 2] HEO] R A O 7
A2 5 o, vlF 7 gk AAY __dict__ o YEbdUth B stold g a v = v/ WA
o5& A3 AMEHA| kst

26.11 U S 2= __del 3 FosiAInt AA S AAL v T 252 F54UTh

B 7HA) b5 ol 7k ek

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 can run
gc.collect () toforce a collection, but there are pathological cases where objects will never be collected.

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

T8 F2E Vol E o2 Y2 weakref RES A= ZYULh o] EES FX 3 FE 58X ¢
AAE 7] D 5 YEF FUth o 2 o, ¢ AR TRE HR FA| Fxo) h3) e 2 E MG of
kel d A5l Basrha,

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

shol A& el (EL )Y RE AAUAE FASA F5UTh U2 AR b zo) B
g Fx P AES FAN] BE ALUAE FARES 1Y T 5 YEUT

26.13 1d() ¢ A7} TR e AR BolE o] FAYUA

Jo

id() WS AR 59 B AFHFES BT & P55 VBT CPythono A1+ o] A o] A v e)
Fao| B2, AR 7w melol 4 AAE 5 A= sl the AR 7w Eele] e 9 Ao g = A9
A5 AU T3t 2ol AT 5 AU h

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

F A9 ideE & A4 AA o £et=d], id() T& A o oA, T& AL AP Ut idE AAF
St = AA 7} o] A3] ol == s, 2 AA o e e FRE e AA L

>>> a = 1000; b = 2000
>>> id(a)
13901272
>>> id(b)
13891296

2614 is AURE 4§ ofo]MEle] F Ak A N 5 YgIAR

is A= AA ofoldE &
ofol eI E] AALe) 71 2 7 &4
Utk ool e g AA: AutH o
E2 A TrueY FalseE Hk3tsto] B A5
Zeju}, AA ool W B 7F A ) o
ofo] JIE E] 7} HAE & Al 74A] 433l
1) Assignments create new names but do not change object identity. After the assignment new = old, it is guaranteed
that new is old.

AUt HAba is b id(a) == id(b) g &5 EY
WA 7} 23 AA 3 5 D8kl =

=

[e)

4 AR T mhE U T,

1=
%
N

o
° j:om
-, To

30,
oy
=
oo

B AAZ 554 AAE AR S Atk dndos,

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

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

2] ohE Aol otk B 8 AA ARH A ofom S HAEF AR
HAS A o int & stri} 22 A58 Fdske dl oteldEE A AHEslAE

e,

Fuith 53, 42 E)
o ek

)

—
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>>> a = 1000

>>> b = 500

>>> ¢ = b + 500
>>> a 1s cC

False

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

>>> ¢ = b + 'thon'
>>> a is c

False

nRZRA =, 7hA AEH o] o A A" A A FhekA] gksyth:

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

FZE gholB 2] ZEo A, ofo] B E] AAME S¥FEA AFR St 2 7HA dibEd sd S B & s th
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.

o £ 59, 422 collections.abc.Sequence._ _contains_ ()9 F+&JYrc}:
def _ contains__ (self, value):
for v in self:
if v is value or v == value:

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

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

This example shows the various techniques:
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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 stafion_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 __eqg (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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27 15

2.7.1 .pyc 3tYS oG A wEY 72

REOAST JEE D o (Ex AN AgE stdo| BEA F 2aagdo] WAH S W) Asdd =5
ZgetE .pyc L2 Lpy L= 8= Y HE 29 __pycache_ A H Y] ghg o] A oF gt
pyc 342 py A7} Z2 o] F o2 A AL, L pycE 1M, 342 e 54 python HEo| 1 2] 3t

FTEAE TV TE LA IYYE "“14‘4- (X}*ﬂ?& W82 PEP 31473 X8 A1 L)

5
o
+
30
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)
_,\L
E
:(

r

>
A;
ne
3

.pyc 3t o] g5 o] x| 7|
__pycache__ AlH
AP st= Aol o]& Lol

g9 ddgeg A BAYU 3,
SA 2 ALAA L e g1

d
p=J

oy I

2
il
SN2

i
2
it .

A=dth ]’o 4 /ﬂ‘ﬂi Eﬂ/‘Edﬂ

i

PYTHONDONTWRITEBYTECODE
pycache_ A= tjdHeE
)l AL ™ pyc vhd e} A4
249 2T Y Eo] A sho| A e AW AL YEER 75544 hom pycrt HE oA Ghith of B
£, v 2 B E xyz pyE YXE = HAY 2E foo.pyZt Y& W, (python foo.pyS A HHog
A 5fol) fool AATH, xy2 & YLE 7] W&ol xyzol sl .pycrt BEOIA AT, £o0.py & FEE
a7 9271 W2 £oool tha A c 3t o] b= A1 A 5 Ut

-PY
foool &t .pyc S TS5 B2Vt Yo -5, AXE FHA e ZE he .pyc IS WEHH -

F

r[o
)
oft
1A
<
v

py_compile®} compileall RES AHEE 4+ AUt
pPy_ complle EE2 Y RES F52E YT + A5tk & A B L g REA
compile () @& A L2 AR sh= APyt

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

)AL .pycE foo.py9 e Ao 9l pycache AR Tl E ol ST (EE AW A v
Fofile® o8 AR T 5 AGUTh.
compileall REZ AFESto] tjdlE o RE IS X
E A3ty A9AE go| A Fdo] 23F A E g9
SRS

g +% Jd5Yt compileall.py
Stol A mgmEol A o8 £BE &

python -m compileall

2.7.2 A LE o] FE o9 A5

REL A A E A W5 __name__S B ORH RE AN o] F2 FE S Uk @ol '_main_!
o, 2210l 2aYER AY TPtk YA T REL JTE HA AL RS RES WY F
Q15 o] 0} A4 B AE S AFHH, _nane__& 1 Fol v o LEE AW Th:

def main () :
print ('Running test...")

if  name_ = main '

main ()
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2.7.3 A& 93

”
In

S LES oA BE 4 AHUR

the BEo] ek PP EHAIAL L

foo.py:

from bar import bar_var
foo_var = 1

bar.py:

from foo import foo_var
bar_var = 2

A dEZEH 7 o g S a3 uE AdYth
* 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
* bar is compiled and starts executing
* bar imports foo (which is a no-op since there already is a module named foo)

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

nhA 5 @ 7L Ao ch sho] Mol obd £oo AHZ el E S AL HEA %I fo00] WY A&
g7k ol A3 wlof 917] w2 Qe

import fooE AR5t AY T T oA foo.foo_vard] AN AH T S ule 28 do] doj gyt
o] Aol sl 7hs sk (] 48h Ml 7HA] s 2 ®i o] A5 Th

Guido van Rossum-2 from <module> import .. .S ol A RSIR B, RE T
2 AP, B9 W9 TS WS 2 9 W B A Bk T
H 2EY BE Aol <module>.<name>C & X %]% o] u] gt}

Jim Roskind = ZF R EoA O} A2 GAE &+

s WEWZ] (A, g Hulo]x 2 2E %‘EE%‘ 48 Pﬂ“ Ei K]

e import <+

c B4 ZE(YZE A ellA 2713k A 239,
Van Rossum doesn’t like this approach much because the imports appear in a strange place, but it does work.
Matthias Urlichs = A =78 A7) X E7F Do 6tA] FeH =S AFAE AL AUtk

ol s 4 =2 FL viEtH ol A st

27. 2 & 41
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2.7.4 __import__(‘x.y.z’) = <module ‘x’> & 8133 t}; 28 oW A AL Y72

import1ibe| M| ¥4 import module ()& HAl AHE3HE 2 Mol sHIA 0

z = importlib.import_module('x.y.z"')
275 43X E A RES UYL A JEE S o, HF AFo] A H A g 9

B4R o} AAZY o] F &, oML BRES A YXZE T uivt ZE 3dS U 2137
ghom, 7t HEo| 2L /| BES JEE I B BER FAY T2 IR A, R RES o Wl 7R
BASI A T2 24 U WY RES A2 thA] o, ohea 2ol il e

import importlib

import modname

importlib.reload (modname)

ZaL: o] 7' 100% A 4] s Uth 53], tha 22 284S 2ok BRE2

from modname import some_objects

QEE A AAY o)A MACE A% AQFUTE LEo| Ze)x 47 2R W, A 222 405 A8
2 7)E 22 A2AAT AR A gHUTh o AL The T 22 AU FHO oo FTh:

>>> import importlib

>>> import cls

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

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

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

S AA o] “olelAE 7 E A st A B o] s AU Th:

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

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

3.1 sholX 2 o £4 2] TF3}el 27 & AR

Guido van Rossum-2 1 E3}0]] S22 7] & AF8-3F= A o] u ¢ Qolaln GulA ¢l gho)x =2 72 o] &4 o
27 7)ol feha B4 Th BREe) e Alzke] & BE Fof o 752 A WL Wt
AEE BE7 7 el FE B A9 AR S A7 A4 B 1 7o) 2971 92 4 95U w2

7k
Czrame by 2L Z= 27h8 v guth

if (x <=vy)
X++5
Yy——i
zZ++;

z7lo] Fol W st FU AW AW, Sol27] e W Abge] 184 gtk wA wEYTh 4F B C

222 x > yDWE y7b gasts o RE FEFAFUA 22 SolhE wt gl

NAE BE} G2 wEe], oM e 29 ATt FEol 4 AFUTE Col AL FBEE A 3 ol

A el A5 UTh 54 A AS A8 sle] TEE AT AL v JSAAY, HE AH AR 92 (B

Al of &) wl Tha B =71 AL YUk

Be 1Y AHALe AT BEE T AN Zo) AT o2 I3 Z2 o] 473 FojA 1
F% 39 7ol dHls o), L2 1AL 2357176 oA MUk o 4A OB L, Fat T Bl

srobok $huiTh (718, 20-30%). 2059 shol W& Co] 205 R T A4 o B A2 £9T 5 dFUrh

A NFE BT B 97 HE v ohg Utk - A9le] gl AT 52 HolHAE 73T

S S A e e S5 28] FUT)
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3.2 2HeHe 2he A4ko 2 o 49 AT ek ol Rl

33 BF 257 Aol 9 23A RAIFUA

AgAE 55 e 2L Aol 2ehA Utk

>> 1.2 - 1.0
0.19999999999999996

223 o] A Fhol M o] W1k A7 Th 184 35Ut o] AL Shol A} Aol Helo] glov, s
ZREo RE 251 222 Aelai T 84 o Belo) duTh

CPython®] float ¥ A& ¢35 C doubled }—&ﬂb]l’/} float AAY L 1A AL (dutx oz

53°|E) 9] o] HF Ao AAE AL gfo)He F %5\— A A4ks £33HE Ul C A4S AFS3HH, o] =

S 22449 GO F A TS F, F5 5 Aol B2 W, ol M2 CoHan R TTE
Be 97 2o Aol EAY FE

A BZ/NHOZEGAE T A B2 A oA R a2+ FAgetA £ 5 fsUTh A&

=9,

’>>> x = 1.2

o] 5o, xoll thsll A=A g2 1035 gL 1.200] o2k (5 F2) SARA o] A, B 2s] 2R = FsUth
AREA QA ) Al AA AgE = 2 o 25yt

’l.OOllOOl100l100l100l100l100l1001100110011001100110011 (binary)

o1 A€ BEEA = ket Bgvth

’1.1999999999999999555910790149937383830547332763671875 (decimal)

162+8] 9] 1074 A5 2 A2 3L Th

53W1EQ] WA AT Tho] A HF Ao 15-
sto] W ApF A o] fs a2 e S FRUAL

AN B AL

o

Aa

3.4 shol EAtdo] B1lQl o] fi LIl

% 7kx 33l Y

stute As AUt 220 2 YS Atk AL WnE 0 o & A% IS B+ ke Ae 9
s, 2E 21X 8 F A2 AAH L AAFHA dsUTh o] AL B} FEH B LEE 8= ol R F

sy

E e 3L st He BAYS SAUF V| RA" 02 R AT AU th oW Y
A0z WASA o, shol Aol At o} @ B E B “eight’ 2 THE 02 W73
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3.5 WAE Aol9} TZo)A ‘self’ & WA H oz AL o} 3l o] =
AP Y72

ool o] & Modula-301 A B o of 2] 744 o] 2 v¢ F-8 3k

A, 24 e U A=Y AdAE s o] ESFEES AFRSIAL thE 2ol § ¥ Y self.xt
self.meth() & ¢}od 2L Ao E 71 AdskA Rotriets dad X sy A= ARG T E A2
w8 & AFU CHoll A&, A1 g Addol Qe Ao 7R F sy (92 =AU 47
A4 vkar 7 & ) - sHA ek shej Mol A=, A1 W A o] gloj A, B3] st Sl F o &
Frofok Utk A7 C++89tJava I BN AT 2 o EGFE m_ HFolE 23t} webA
ol gt AL o] d o] Eol M o] -3 & F T

=4, 54 S 2ol MIAEE YAIH R F2eAY 2S5 T S8 o] 2854 dES
ol gdU . Cr+oll A, 3 Sl oA A2 Wl o] x Fe a0 M ES ARgsteld, 10 AAEAE AR

S| ok gttt} - gfo] Mo A= baseclass.methodname (self, <argument list>) 2l &S U5Y T}
)AL _init_ () WA, AAAow A Zel2 =7} 22 o) 59| Mol s a2 HMEE B
B AL A B A E Wl o)A F A WA EE SEF oF 3F= A Foll 53] 8T

npAlgr e g, IAE A W] B i AAE EH FAE 23U FolH o A Ha= (FYd)

S Bz A Zhol Y= = (2 H 2] 942) Wgrol 7] w2, Q1B = 2] g o Al

ggol Ao W7k ol A~d dgolehe A4S & ol YoloF ok, (A& =

Hoj A)) FEH oW 5T C o 3 sho] ol = A Qo] §lof A o] &

ZAog T FYE wQla ok st AL §79) s o] EA171 & ol 29 Y.

TR R, A" A g <, HIA = ol A A t315 A
3 7} <l

(

[ef

o
N
o
_‘!“
)

ghol 4 3.8 ¥, 7Hs AUt

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

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

=

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

3.7 sho] AL o) YK 7)%5 (ol & Sof listindex() ol &= W A= S 21852

T} 7)%5 (8 S len(list) ol &= $45 AH T2

Guido 7} ¥l 5%o]:

(a) 5 A4re] -7, A9 713 (prefix notation) ©] 9] (postfix) 37 H E th B & ef Ayt A4
(283 %9 (infix)!) A2F 8| A 2 AW A Fg 74A 3 =, 8 A7 Al of] sl A 2=
U A ZH o7 =3o] Hs R7|WHE Fobshe XY UTh x*ath) & T2 FAS xfa+x*b 2
THA] 2Hd8k7] 412 A3 9A 00 B71 & AHgoto] 22 Ade w3 wf o] o] 4 3HE vl s)
HAA L.

(b) len(x) 2t= ZEE S wf A& FA7Fe] dol& 878l dthe AS shuth o] 22 Ao A
T 7 E dEE Utk Ao A5ola, Ak 459 Aoy dUth W E, xlen() & 912
o, x7F AE T o] 2 F FA AU EE len() ©] v FAH20MA F&ets 459 AH Y ete
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olm] & lojof Futh viP g FH A ke Sl 2ol get() Olq-keys() WA = 7 9 AL,
o] o} Ao write) WM E7F QS W wjuj 2 A= TS HAA L

—https://mail.python.org/pipermail/python-3000/2006-November/004643.html

KLy
1o fjo

3.8 join() o] B AEU FE WA =5} ohel Eabed Bl A =9l o] fE ol
QU712

S , ool % 16‘:‘1:4
Ytk olH 3 A2 wA=e] thRE-E de] Bols o] HA

H’ H_join([vlv, '2'1 |4v, '8', '16'])

o] A& ol tisll 7 7HA] A4S v e = ukE o] AU th
A A 2 E LR ) WASE S S A0 A% o) S e 2ol dekg it
A AR e 18 A R elelde 1l 198 gl Boleh AR Lc A=k el

7
5 WA ol = Bt 2ol 433914%. “Ues AA27HHE BAE A2 AZeteta 33t 9
SUDP. £ZA5, GAL 38X kGt ofH o] F 2 split () & EAE HAEZE AFESI=d €A g
A A A S5yt 28 w t53 22 33 9
"1, 2, 4, 8, 16".split (", ")
TAE gE B A S A FEAHEE, 7 EF o Z, o g A5 2 FEE Y] AL S S e S
e gEdS gA & A7 Ed Y
join () & A WA= JUth AHE Al £EAL EALDof| Al EAE A B AE o] ol E 311l AT 24
Abolof ZRA & A YABIEE A A Wl EYUth o] A== AR A Aod = = A FHlaE
2353t Al AA o Ust 73S 2s BE AXS} 84 AFE S 4 55Ut vlo] E Q3 bytearray
AA A &l FAFS WA =7F A ok

3.9 o 9] dulif w72

ol 91 7} A 5] ¢F O W trylexcept BE v EEAAUTH AAE AAE e AL ugol Wol FUh
2.0 01 9] Tkl A W Aol A TH B§7E ALG 3k Ao] AvkA o gH Tk

try:
value = mydict [key]

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

G2 E Aol Al 4717k & A g S AR olvl 7k A ek 2FA e, The ) 2ol
g
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if key in mydict:
value = mydict [key]
else:
value = mydict[key] = getvalue (key)

o] £ AL, value dict.setdefault (key, getvalue (key)) & A& &

S
= T AR S
getvalue () o] & FFol F71H 7] uf 2ol T&3] AH e A-pol T A o s
Y3 H = L oL
3.10 s}o]xlof switch 1} case 0] gl= o]+ FHYU7
You can do this easily enough witha sequenceof if... elif... elif... else. For literal values, or constants
within a namespace, you can also use amatch ... case statement.
- W2 7he A TolA AEsoF sk A-Fol, case k= 2T Fgoll mig et MU E e T
AUt A& =
functions = {'a': function_1,
'b': function_2,

'c': self.method_1}

func = functions[value]
func ()

<9 4%, getattr ) W FFE ARt 54 olFS /M AIAE=E Ao H=

class MyVisitor:
def visit_a(self):

def dispatch(self, wvalue):

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

o

ol A9 visit_ <} %01 HAE o] Foll HFARE AHEStE Aol FEUh ol H T FFAE Yo, ghol
A 2yt

2+ A%, TAAN AN BE NS T 5 9

<
:;

3.11 0S® ~#|= T Ho| & Eab o4l B T2 e oA 2 =S o] e

1 2ys s, dEzE e 7 gtold 28 me o thaf Aol = shte] C 28 e FAIF U
E3h S A9 oo w3t selor 9 & 4 U kA, AA 2= FH o= Cofl gt
e AYe] B ch

=9 2: o el3], C AH S 93 EE &3 A AE QB Z B £ 27} Q)& Stackless Pythono] 951 th

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

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

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

Cython compiles a modified version of Python with optional annotations into C extensions. Nuitka is an up-and-coming
compiler of Python into C++ code, aiming to support the full Python language.

314 o4l e vl R )& oA el TR

shol 4l vl me] el o AR e T ol whek thEUTh Sho] WY BE FHA (Pyhon FE ALY S
Mg Bte] DA AT 5 gl AR E AL, E T2 W AUZS AT B2 2B FARL P 2T 5
Qe cae 2y BdE A E AAFE <8 72A I3
THAS FYeL, U SAE @, =AY WA A
Other implementations (such as Jython or PyPy), however, can rely on a different mechanism such as a full-blown garbage

collector. This difference can cause some subtle porting problems if your Python code depends on the behavior of the
reference counting implementation.

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

i
IN
(o

( _{N
fr
o
[o
fru
>
o2
¥
A
v
Q
Q
ol
i
rlo
N
R
N,

for file in very_long_list_of_ files:
f = open(file)

c = f.read (1)
AA 2, CPython®] 2% 7285} 5 2} A AL AL o), foll & Z2te) Az e ol HAg 2
Utk 220 A5 49 GCE A48, ol e 5+ Al tFeta ol M| A g e u £3 (281
23] 7)) F U ok

e

At with & A&l oF Ut}

£ shold eI A58 TS AT, BAHOE HAL
go v me) wel A9 BAGle) 5T

S

for file in very_long_list_of_files:
with open(file) as f:
c = f.read(l)
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3.15 CPythono] ] A& A9l 78] x| A A A S ALK Y= o] F=F

S A& C 52 7150 o) e ol 4ol Geruirh. (o], 21 Boehm GC ehol 2ol 2] faf 2
YgUh R e Gk SNE G (1T AL obgUrh o A8 T=7} 93, A2 T Y5 e, 93]
251 G shol dol o) A0 % A5 o R stelH A7) B 8 e

S

4% 79l GO 7ol Wo] T2 28 Z2a2o] U 2= o= 247 H Utk 593 sho] o] A= 2 malloc()
u i)

I} free() & GC 2hol B g o A A&l HA 2 Al = 43P A T, Ujrg] HE WSt 8 Z2 192
malloc() 7} free() ol Tt gt AF4l vhe] Al & A 5~ 5 th 282 Jto]A e AL AR &S 5 A5 Ut
& A, CPython2 malloc() 7} free() & v} 2 7] £ 3= BE A 523U

3.16 CPythono] 359 u] =& W R a]|7} A =] #] ¢k o] F+= F3ldy

77}2
shol® BE) A o] & FZol A F2W AA = o] M o] %—f—;% P4 BF AAEA £ GsUTh 8
27} glow AT S gtk C ehol Bl o3 P A Bolsd SH W Rew Qs
(o1& 50 Purify &} 22 =7+ olo thall 28 FUth. 28, SholHe 8 A HlRe] Aelo] 434 oln]
®E el A7)F vh3)ehe) 1 A= g ok
g s Al Al stol o] 54 FES AL T AA S atexit RES ARG 8] o B AAIE A=
FrE AU AI L

ST o

317 Wx o] R &3 el 2k ol Yol gt o] f= T
PrESREL, og WM MsaAE, QiAo aRHo s e Yoz AgP Utk REL 3T
A=Y CTRAS FAG T AR 55Ut 1§02 YAt odd 3¢ 2E B volge
e meduch o] & Bol, Ju AEE 2703709 A2 FAHE FE2 AWsA EAF UL
shlol, e A et oh2 dloje) mjdzt o MFth o] 58 RE 2 FL 2hA W by thE) Al Thoel
T AAE HArste Aol FUTh oS 0], 0s. listdir ('.") S AA A9 L2 UYel=
22D P ~ES BHFU o] 2o e B4t g o] hE 3 IF AL A E AukE o
E 2F7sHA syt
FETEHAULL S 4 T2 WEolA Y, o= 245 Af o vkE £ gl Utk 2laEE hi ol
A, AAEA P AES] 848 WFT 5 ST BRA 228 A J12 AST 5 Qo) A, P e
ohJet FEuk 7|2 A8 3 5 g

E (linked lists) 7} oF 2 Ut} +3&

CPython®] B]|~E &= AA| = Aol i gt} Lisp ~EFY Q] A4 g~
ZAE S uiEe] dol & HAE =

E‘ % .
o ThE Ao thet F2] A% A | AL LGB, o] W Ao heH
F2AN §A %

o},
AL B 2E A a[i])9 H o] Bl 2E=0) T} Al ae) G RHE Ao T BEYTh
A !

O

G2l F7he A A W, 2 WD 2717 24P Utk FBS WEH 02 FAAtE 45 B
A3 ok e A A FUTh WAL g oF T wl, 2 FZro] B of The B Wol & AA| =7]
z7 o] DA gk,

3.15. CPythono| o 152l 7hul x| 47 AAE AH8ehA g o] 1= FIU7A? 49
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3.19 CPythonojl Al €Al e] i o] g A T2

CPython®] YA el= 7] 24 7Fsdt sl Al Hlo] 22 7@ F Ut B-E2| 2} vl sf], th22] A2ellA
7F T

23| (AZF7HA 7hg £ d4ah) A5 o] FAAE I, FE o] T
9AYel=hash () W& ﬂ 3 SN TEE A ASe] D= )
WA ZEE 7|9 ZEZAAE A= Sof, “Pytho 72530294296 0. 2 | A] & 4=
9= vy a—}lz}t!} o2 2219 9l “python” < 1142331976 2 3 A %qv} I o2 S A iEt
hol AFD YR WA NS AT o AFHUTH BE A gho] ThE 718 A g eTha AHE o
gAUE 7718 A S dl 4 AlZke]l A’k YUt -Big-0 %71 22 O(1).

_dmw
s I
;O

A ZEE AFg 3] 718 RUTh 717 74 AR ol d,
A : =370 gAe A=

& 4 glgych 29 ok, SA Vel N 22
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ol
EE
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A
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l
e
A
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fru
rE
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>
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C
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A F= AR 7 o= OVW o 2 7HA di
-%i-hMmEﬂ*E HA Tk 2L GoE A Bl AES QA 2L 4 97 WE A5
gdsUth &
mydict = {[1, 2]: '"12'"}

print (mydict[[1, 2]11)

TR S AHEE [1, 219id7F A WA 29 AT thE 7] W) R o] KeyError o &) 7} 2 Ut}
, 9AMYE 7= is7}°MB}=:% AH&-stof vl of itk
. 7HE A B AEZF AR g 2 g 29 5 9,

)2 AT w RS BEUT,
23 2zo W 5 Q7] o Eol

£ 712 AW, A AN A 5 5 o gAY A
EH A SRR A A R A A
tid.keys () o BE @ GAele] A2 A8

(rt

N

[m

m{o m

o g e
> [
by I

o[>

c AU J1Z AREHH B AEES 97 AL o7 FAFUTH EAE IS AT 5 Y= AL H
&9 AAREe] obets AYUTh B|AEE 23ete FES 712 AT A5 U FAolE 7=
gAdeel 485t A7 =2 5+ Qe BE AAE §7] A& &2 ZA Y- 2812
OhAl, A7) 22 AAle F 228 4o 5 d5Y
83td o] ZAE 3 vste Eo] YA, APE Aot ASSFAHAAL: _eq ()& __hash_ ()

HAEE 25 717 22 AdAda Yio] 7 222 g3 = d5Uth 28 o2 g e (== g
S Al 71HP?- ol =38k =€ 3l A9 shAlgkol AAZF AT (Ee oe 7)ol e 5¢ 2A

% % 2 5] of g,

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

def _ _eq (self, other):

(TH& SOl ATl A1)
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(o] A sl o] A A M A%)

return self.the_list == other.the_list

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

A AFL2 Bl 2B AR | 27 s At 2R Ve o= bl BAedel 9
I Al L.

T3 AA 7 9 Ao O]“X] of &Aoo, FA ol == 02(Z ol.__eq_ (02) is True)old
hash (01l) == hash(02)(Zo0l.__hash_ () == 02.__hash__ ()) 9ok &Yt} o] 3t A A TS
5 oHA Kot 9 el 2 o2 Al 7R L2 7F L & Sy T

ListWrapper 2] 7%, 2l 31 A 7} 9 M 2l ofl Q)= wiubet 2 g & 2| ~E =25 Fste W W AT R
kool gttt 8 AR o] & EutEA & ﬁ}xl S ais 73‘441011 sl 238 A4S En) 7 o] A k2

2 o] Q)& s el A WPAIAL 2. AILWreh T Azt Al A 2.

3.21 list.sort() 7} A E & | A EE W35} A ¢= o] = FA Y Y72

£ Bk A2 el Tk B, List sort () &
7] 22Eg WasA gk ol 2
o AR AAEE GolaK FES

o}, T

AZEEURIAW 04 W soread ) B4E ABTYAL. o) FLATH ol A 4
AES WED, AL TS Bag T S Sol, 39T <A G Te] 72 o Eelo] £ s whg £
et 24y

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

3.22 s}o] Aol A QlElsl o] & WA S o] WA x| FatT ZA T2

C++9} Java &} 22 lojol A AlF 3k &
e AR Be Age A5 g
ol =go] At *§7‘§MD}.

Sl 268 24 w0l s G2 ABO)E AT £ Ale o
2} issubclass () & At 3lo] A2E ALY ZH27 5
collections.abcﬂEii Iterable, Container ¥ MutableMappingX

gy

Eoll thEk B 3 o] & A
Aol AE o]~ BAHE
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L
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o FZ A2 HAE T 5 JF5Yth doctestlunittest B E AAAHAE Z 8 A9 3 E A1
REYY REFEESSAYSE ZZAJ HAE AJEE 5T 5 JFUTH

AEjFo]x YME Zt= AR ol A HS HAE %g% sfojlpog B3 4R & 220
AEdtes o =0l 2 ¢ 5y ch é_lxﬂi A o]~ PA = 231%94 SR H4SH2ET 5 QU7
o Fof] o] A o] ¥ £& 5 AFUTE A& £, append () “ﬂ MNEe 4R YR G2rE Z A 84 & F7H8loF
gUt}; Qe H o] A~ WA= append () F8 o] AA = 0] =2 eneA —/F%E%P%Zl HAES & gIATH HAE
AR E A o] AL st A2 YT

HAE AQEE At A2 M 2ol JHY, A HAE S U5 I=EE AAT =I5t AA
o @ol A5 = 7] HAE 7]k 7} 3 (test-driven development) °ﬂ Ae, AA ZEE ZA48H7] Aol |A
HAE A EQ YRS A oF Fth E2 Fto|x2 o Zo] AAZNA AU HAE Ao|A~g A3
2 et gkE ¢ A= F gt

3.23 goto 7} 9= o= F AU Yr)?

1970”"41‘)1] At —rxﬂﬂgotOﬂ o|sff 3tal =4 817 o & A AR ATAE” ZER o]o] A 5= QTh=

< WHﬂ}IAqq— A& Aojo A=, B (Fo] Mol A if B,0or,and D if-else BH AL} 22 (while
JJ- for i, continue®tbreakE X  JAFUTH 7 A= & 8814 k5T

o £ & AFg8te] S T E ol = A 8hE “F 24 goto” E AT A5 YT W2 A2 o 9] 7} C, Fortran

9 7] g} A o] Q] “go” L} “goto” RO BE FE| A A A sHA o B o E & 4= i A A4F YT o &
%‘iﬂ:

class label (Exception): pass # declare a label

try:
if condition: raise label () # goto label
except label: # where to goto
pass
o) AL P o] Fxo Fho B Wmehe AL 31454 AT, o) ME TR YWH O R gotod] FEOR
2Z Ut obAA AL A L

3.24 ' A (rstrings) o] o] Sl A2 B 4 gl o FAYIA?
g AZsAs, 5 709 J SR 2 F sUh 2o ol e g €A = 2 W E ZAS
oA ol stol, B 92 AL S H )

g E2AE2 AA g SefA] olaA ol x HElE £ v ZE2AA (FE 4] Aol e dH S GA
s 5 i’)\E% @ﬁlﬂ‘;’i Utk o3t Z2AA = dASHA o= 3 F €A E B & AFsteg, &
AL 0|8 &5 FEvTh LU, o AN o) 270l m so] EAD WL E TAE AT 4
vtk of FAL -EA Dol o2 BA 0% A8 w & AFF T

AR F2YL WESDL 49, RE AR A2D 552 SANE 3§ RN L

f = open("/mydir/file.txt") # works fine!

DOS B ol thd A2 S BESHE B¢, dE 0, U= T stUE A=A
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dir = r"\this\is\my\dos\dir" "\\"
r"\this\is\my\dos\dir\ "[:-1]
"\\this\\is\\my\\dos\\dir\\"

dir

dir

|

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

golHol= BEF AYstr @2 o I=E TESHHEA 5 AW S R ‘with® Fo] Utk 47
Aofol the s} 2 T27} Utk
with obj:

a =1 # equivalent to obj.a = 1

total = total + 1 # obj.total = obj.total + 1

Aol A, ol H 3 27T BRE S H U Th

o] %
@A st Goto] 3 Crsh 28 BHE Aol 4 Y2 Ao, ofd Wil U953 9
WasA & 4 deUth ol 2o A4 ol e} 24U - An el T4 Aok AHol mE Hre
272 4T YHFYT
st W& 54 g ST Th A7 Ao o o Eel R EJL RS =) vl &% Ut W ol =g
REE Q% ol AR o] 2ASFATAAR 5 AT o2 215 e 7o RE ol o] =2l HES
F2TEFAA L5 YUtk A9 W, A WG EE W o] ¢ HE?
AE 59, b 22 ELAs AUl S BAA L
def foo(a):

with a:

print (x)

U5l e o “x” g W o £ HE 7} glojof grka b ok 1@ L, shol Mol SlEj el o7
)AL FeiF L Aol fEUTE /48, 077k Aol oA FU R % e A M5T} Yo, with 25
Wl A B U7 BAITEA S, shol o] B4 542 oAl A 8L A4 o ol YA B ch
2L, “with”&F fFAFSE 10] 7] 59 8 o] F(ZE BF T2 Y-S Sa ol g4A 24T 5
AU Th a3} Zo] S thAlel:
function (args) .mydict [index] [index].a = 21
function (args) .mydict[index] [index].b = 42
function (args) .mydict [index] [index].c = 63
o] FA 2t B4 Al 2
ref = function(args) .mydict[index] [index]
ref.a = 21
ref.b 42
ref.c = 63
o5 o Aol A A A7kl ARE o, F oA AL BAS FABsPRU I AY S5

3.25. 9 sto]Hell= o] EHE thYS AT “with” Eo] 5712 53
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3.26 Why don’t generators support the with statement?

For technical reasons, a generator used directly as a context manager would not work correctly. When, as is
most 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 Fol] S E0| & Q3} o]-F= F-sld 7?2
2L F2 FE4S 2007 93] R T TH(LEH ABC doje] A3t % Sl o2 vejs)RAlA
o .
if a ==
print (a)
9}
if a ==
print (a)
0] o] of RA Sfrh Bl 9] 41 A FEFAA L. o] FAQ Hlol A FE o] of B oAl & A 23 A
FESAA2; oo BE AHEE T
E e AL @ ol B0 FE R BAL Yt BA/E =9E0E AUt Sol2/ g Seok st
e Q7] 9, 2219 dAES o usd TR B4 A 222 22 5 IHUn

L, 2, 3,1
(’a|, ’bl Yc ,)
d = {
AT, [1’ 5 ,
"B": [6, 71, # last trailing comma is optional but good style
¥
ol & &3te ol R 7HA ol 77 =
B2E, F& B gayeo] thet elHE gho] o2 S0l 24 U= BF, o)A Sl duE FUME 287t
7 el R 4E F7het717hH g5 Uth 29 dHE UEA G S AR EE v s UTh
A5 4EE TS A9 of 22 ol @b BT S+ Ut o8 EH:

b
Il

of 2ol vl A 247k Ak AAY HolAuh AA L A /A 22w A& Th: “fee”, “fiefoo” U
“fum”, G4 HEE F715HE o 3t o] AL 9T 4 Y& vITh
9 QRS H8oE 22194 25 A4 B A9 & dudy
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cHAPTER 4

ghol B e 2l ¢} 24 FAQ

A gholue g A HPULE SAFHA L. (A== BF eholH 2o
g4 A gdth)

For third-party packages, search the Python Package Index or try Google or another web search engine. Searching for
“Python” plus a keyword or two for your topic of interest will usually find something helpful.

o
T
l_.
o
L b
N
i
R
oo

=N
—y
N
3
Q
—

h.py (socket.py, regex.py 5) &2 312 ot e Q54U 72

2EY 42 7Ye DL 5 QoW C O Fx 75 AodE o2 7R YR} 5Hez 2e
25 5 YUk of A9 42 70| AL C 22 D e 2 (o] 8 2 =] 48] nathnodule. o}
Ze gdd 4+ 5y
sol fol = (o1 %) Al 747 F 5ol gl Agvitt

1) stojxl o g 2 H BE (py);

2) CEAAH I FAHOoZ ZEHE BE (I, .pyd, .so, .5l 5);

3 e AR T e zelEs 928 v E; o 228 doau, 0ae YHFAAL

import sys
print (sys.builtin_module_names)
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41.3 FYzolA shol ) 22 PES Y sHA 2 WS o P A ok T2

sho] 4 QIE| 2| €} 2 =7} Qo] of gtk

o Eon

7FA 2 S of sttt AT YE 91U R A slsdok sty A HA 2L 417 23 1 5 o

WA= chmod +x scriptfileo]u} o}u}E chmod 755 scriptfileS A3sto] =305 U},
WAL o E A O 48 4 AGUD 4E IR PR 0T 2L EL

#!/usr/local/bin/python

Jpol 4 AB Z 2B 7} S Fo AAd A= o5& A&

2T HET} gol A JAH Z B 7} Qe X9 594
yrtt sho]d 8 =28 7} AHE- A} PATHS]

A4 gk

elelelo] siokx 4ok, Al

#!/usr/bin/env python

0|71 CGL 22 g o] 48317 v}4I A 2. CGL A G ES] pATE M5 55 24 dtoleh, AH 2 H
AA At AR WL AgaoF Tt

wu] 2, AF8-2}F 37 o] 715 XA /usr/bin/env ZZ I3 o] AT YT} = env ZE I3 o] o} glsF
th o] 2%, e T 2 8e AR 5 255U o (Alex Rezinsky ] 713 91 oh:

#! /bin/sh

exeé python $0 1+mse"

2 G ol Aol 2aHESY  doc #AES BAYToE AdUT 2 vES FHste] A4S
Ad 4 A&

’771{5(:77 = """, . .Whatever..."""

curses REL 7| &

o
=]
=
wn
o
w2
li
n:
b=
=
% o
-9
<
N3
ox
=

A5U7N?

Aoz H3tdH A& %A1 Modules A B t] 2 E] 2] o]

st 2= 92 o) — —d_._—c,’—%curses_._g‘_ fsuth)
=

2 A5 A Y, e 2 ope s YT 22 ncurses

O s
2} SYSV curses & W2 571 7152 A AU o] = &5 | BSD curses J’ AE —fv):"ﬂ A A 2} T2 2] 2=
ZokA uE, d A -,9,-x] HyHE=0Ss2 o= A= o

4.1.5 s}o]xle] C 2] onexit() & 553 2l o]

Fol %314 gk 2 25Uk

atexit BE-2CY onexit () & FAS 55 &4 A+ &yt

56
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416 A9 A2 7|7 AEeA i o4 R

7}

r]olr

FEAAS AT A7 AR A EFoR AdE = AdUh oA 2Eg Ut

Sl

’handler(signum, frame)

mebA 5 o) A M4 R A ols)of Fhui )

def handler (signum, frame):

421 s}o]A g o} AEZUEE o]w A | AEI 72

gtol Mo = T 71 HIAE =G A YT 7F Y5 UL doctest REL REY EAEF gt A E 21
APt T, 2GS SAEH AT A =g v aFch

unittest 2EL Javao}l Smalltalk H| ~AE T Q 9T oA 2d 8 9 o] WA HAE =#JdYa gy}
HAEE o A4 38 d, Jg 8o =22 a0 £ BE4 YAAS f\}ﬁ—oﬂom}blv} 2L A

2E /)5S B 22 MAER AESHFFUTH- TelT ol e ME 2SO w2 ddes
Eehe B B UTHAS W5 AR 27 A BA LU= o o)), e me e A g

WA s Aol o) 2517 ghofol FuTh ol G 51 HlaEs7] 7 4 of 1 7] Wl E A T,
meagel<del me me e e 2 7S

if name_ == "_ _main__ ":

main_logic ()

zzadel W BE st Yt A Y 29 5 A
ek 2o 0y A€ B9 B2 5 RO R T, o] B AATE HAE G528
Hgsfor gk Ao HAEE AFSE Hl2E 29 EL 74 REF} ABE £ A5k o AL B
4% SelA v, solWo] o3 1A FATY| W Fol EHES JHUh Y 7275 37
HAE 45 A4t 39S X8 9 S A A B & dsUch HIE A 23 43S 279
LA 4 A7 ZYUch
z2ae) W BEo] obd “A Y RE" | BEe) A HlAE 2D 5 Ut
if name_ == "_ main_ ":

self_test ()

23339 9) 3 AE o) 29 4T g
G5 el A E S GE ) AR 4 9%

g
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422 =~EZ o g AYAE oJBA w572

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

o] AF Ytk cursesE AHE3te] o] S FA = A2 LA W, curses

4.3 ¥ =
4.31 2H =g AMEsle] oA =2 T Y72
_thread 2 E9°] o}d threading EE& A} &3 A] L. threading EES _thread RE°] A& st=

A4z weu e u 9o #2452 75

4.3.2 7| A =7t ol AR AYHA ok A Z5unh: o 28792

w9l 22 =7k B A, BE AU =k FEUch Wl 2=k R we) dgs o], ~d=st 4 g
A Azl Yyt
e 54 e me g Bol BE AdEsh #RE BE F83] 0 FAS F4she 294

import threading, time

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

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

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

a0 Al (B
HUoH 1 o]
Yyt

T A2 AY g Al B2 A2 e FUhete Aduh:

SHFAA) 22 WE R AP A oL, T Aol st SApA o s APE =
A5 A Z

° e ge A
% Azel7}old 2=t B2 D w7hA) A AU =8 AlAEA 7] w2

O
95}
[>
ki)
i

def thread_task (name, n):
time.sleep (0.001) F <—— !
for i in range(n):
print (name, 1)

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

time.sleep(10)
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time.sleep () S T =L A
3} 7} #] ofo]t] o] &= queue B E
S, Wl 2e =k AP = £ Ee EES )

433 ofe) 2l a 2e= bl 2l S ol WA PRI

7 -2 WHH L concurrent . futures 2 &, £3] ThreadPoolExecutor S AE AL 5= A G U th
T gax] dugE5S AUsA Alojstedd, AH =8 & AT = dHF5 Uk queue BES AFES)
oY BES TUAL FE BEAIAL. Queve ZUAE AR BES 4451 Fo| FEE 7o
.put (obj) WA EL} o] & Q3= .get () HIAEE ZFULE SdaEs 4 Ade] A3 stk A
SR E P RN

sl o & 59 o2 2yt

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
d = 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)

Aak T e Eeo] AT

Running worker
Running worker
Running worker
Running worker

(TH& ST Aol A1)
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(o] A sl o] A A M A%)

Running worker
Main thread sleeping

Worker <Thread(worker 1, started 130283832797456)> running with argument 0
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

ZAAT G2 28 AYAE XA L. Quene FH 2t 750l TFT U oA E AT

Ao 4 Qe zele Z(GIL)o] 4§ o] & Mol o) A= g shold VMol A Aas =
Fuch dnAoz, sho]He wpolE D= WHolE Aol ATt AU E 2 ABS AFFUT sys.

setswitchinterval () S &3] Ao} A= A TAE AAT 4 QS Utk wpebx] ZulolE &

= = C
oJ£7 02, o] 212 H A upA 7] A A £ PVM ol £ 5= 2ol thatk A2 ol 37k Ba sk 2
Juiguch ZRHORE, o] AL AR Ao Hol> ] o HP (A, elaE, gAY e 59 37
ol i g 2 abo] A A 4 YL o ml gk,
o & Sol, ohg AL BE 44 AYuUh (L L1, L2 825, D, DI, D2t 949 e, x yE A4, i j
A+durh

L.append (x)
L1.extend (L2)
x = L[1]

x = L.pop ()
L1[1i:3] = L2
L.sort ()

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

2 AA L Fx Ao =2 1S 4 del__ () ¥IN=E 3
FUth ol 22 g el 2Bt Al ) 53] 235U
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435 A Az F2 AAL 2 GEU7R

A9 Qe el E] S(GIL) L $% sto] AT thE Z2AA Au 7)Ao skl A2 WX sk o 3
A AL U (A9) BE o] =7} GILL R gl Fokol e Aashel 1 o 4, o5 2 = sho] Wl mz
S3o] A4 2.4 shihe] CPU R AL&-37] w2 ] Uk,

gho]# 1.5 A| A o], Greg Stein< A A 2 GILS Al AStL ML s E o2 thal|st 2ZAQ W x| RS (“AF2e
299”9 X)) & 3 P 5 Y o} Adam Olsen2 | 2 19] python-safethread = 2 A E o] A -F-A}3H A S 38 3
SUtH 2935, FAE BRFGILAAE EAS=d 223 AU 5] oz 3 b4 2= A5l

F43] "ol A& th(H ol = 30% B =g Th.
s EL obguth olg A= Al

o)
T BA
oF gt} AN Z-& concurrent.futures ZE9
2 AET YT multiprocessing RE-2 %+

2,

C 332 A5 A5 A= Egol FUTh C gL Agste] A7ke] 2.8 delt 442 235,
42 0 2HEHCREA Yt FAHGILL AAFLOHE 2=k old YL 2L 5 YT T 5
pEY 2 BE2 ol o] A Firh

t} z1ib%t hashlib®} 22 Y B T = glo] H
R

GILS A4 Aol oh]el JIE me] B8 A8 5 o]ofof Stk Aloks] AUtk Teld Az e 87
AR E FHE + AFUTh BAIAE, o] AT Aol Aol EUTh BE AA T BA Ao} Al
A7) wEl, 9B ¥ Aol B AYUTh ol & Sol, 4L 359 FE £ADe] A Fyh
ool g A AL SIE z el B AEE o] 53 o Ttk thE AA Follt AR A B (free list) o] 95U T
o) A% B2 el AH)2 o] B3l of Fith. o] o= ALG Utk

el 3 AR Bl E 2 EA 7L 7] wEel, 58 A7 el & 4 A AE o AaHGUTh A
o clelRol 150 A A HENE AEzE Jro] AFHET VBT + dt ARTHIE S=
445 3 91 Aol EHUTh

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

os.remove (filename) 9]t} os.unlink (filename) 2 AL AR 2 ; AHAE 0s RES IFXRFAAA]
L. F L= TEHEYUH unlink () & @3] o] 5o e FHA A AR SE9 o] F YT
HaAlE & AASH Y, os.rmdir () & AFSIAAI L, HEH W os.mkdir () & AMEHA Al L. os.
makedirs (path) = &A3}A &4+ path? £ g dE e & W5 Yl os.removedirs (path) &= H]
oAdesh S YUAHYE AATUL AA e Eget 1 fE-& A3 W shutil.rmtree () &
BT A .

3} o] 2L v} # W os. rename (old_path, new_path) & AFE3A A L.

FLdE A=W, f = open(filename, "rb+")E ARE3lo] €3l f.truncate (offset) 2 AFE3HAI A
2 ; offsete] 7] 272 A A & (seek) A A YU T os.open() &2 G 3L 4% os. ftruncate (£d
offset)E YFYTH A7 A fd= 34 712 EF2 ) U

shutil 2E°|% copyfile (), copytree () R rmtree () & LI stdoA 2H5ote W2 72

5o} g

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

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

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

b5 gk
o8 Sof, The T 5ol A ¥ AT ok § 4 9] 5 79 2-n}o] & 49} shrhe] donlo]

ul
o
n
i
4o,
fy
A
u

import struct

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

)

A
> O
-

Hel

FAL Y] > & B Qb dl ol & A FUTH FAF ‘h’ = shbe] “&h-2 (short) 7 (2Hbe] E) E ¢,
B2 of| A 6}1/}9] “Zl (long) H 5" (4uto] E) & el U T

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

il

—_—

z)

ek,

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

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

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

N

4.45 % (RS232) . Eo] B A 25172

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

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

stol A 3td AA| & A2 C 3 7R 2a4E FAFAS AU
W& open () 8 Foll sol oM e = Ol 2 9 AA S F, £.close () & Fold 3 AAE
stol el FA oA F2 Ao BASHIL SHE C ot 7|eAE EEF it o] AL £7F /A 7k D of £

of 53 Ao A 250 2 Aol s = Tk

281} stdin, stdout & stderr2 3} o] A o] A &8 3} Z%‘l]ﬂ “Eﬂ C GA] o] 5o Al 543 AE & Fo3}7]
=YYt sys.stdout.close () & “6§ 3t Fhol A =F 3t AA| 7Sl Aew 7 Sl
C 3t 7[<2kE B4 5yt

o] Al 7kA] 5 ditel Wﬂ S C 31 7|eAE 2o ed, WA o] Zlo] AEE o] o] stal A2 2 A
E‘r‘bl—ﬂO]:fg}qu}(oiﬂ O w35t = & RE0] T A5 Uh. 28HW, 0s.close O &

g A A L

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

EE A 4401928 424 AT

)

Yk,

%l

+

rlr

45 Y EIF/QEY Z 2 T

451 sho] o o WWW 77} Q5712
gho] B e 2] @ 7 8~ v+ 4 9] internet 7} netdata F-S FR B A 2. To] Mol A 23 Zefo]dE = 9
A2" S F5ote ol =&l He B 280 stk

ARE 715 8F Z 3 A ¥ 32 8 2FL Paul Boddie 7} https:/ /wiki.python.org/moin/WebProgramming ol A - %] &£l
.

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.

2 CGI & A%< o197 FU ¥ 4 %171 (METHOD=POST)?

ltd

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

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

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

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

# connect and send the server a path
req = urllib.request.urlopen('http://www.some-server.out-there'
'/cgi-bin/some-cgi-script', data=gs)
with reqg:
msg, hdrs = req.read(), req.info ()
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dutr o7 HAE A FJH POST A4 A9, 2] EAF L urllib.parse.urlencode () & A& 3}9]
ol g3f oF ghof] F2l g Al L. ol & E9], name=CGuy Steele, Jr. & RHUlgH:

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

o ®7):
FH Y 3t of| = urllib-howto2 ZFE3HA] A Q.
453 HTML 442 $15) ol 252 A-§shol G2

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

BZ glol B8 BE smtplibE AMR A L.
2L 0] AFg3HE vl Zhek3 o 4] v Y kAl 7 U Tk o] Hh2 SMTP 2l A E A Yk
A 2 gyt

m Lk
ko
i
fof
[>

o

import sys, smtplib

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

line = sys.stdin.readline ()

if not line:

break

msg += line

# The actual mail send

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

SIdA AL oL sendmail & A2 T} sendmail = 2 718 9] 9,4 2= A 2"ot g EYth Wl 2= /usr/
lib/sendmail, &% /usr/sbin/sendmail. sendmail W7 <& H o] X7} =20] & AJ Ut MZ F =

£ e 24yt

import os

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

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

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

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

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

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

sts = p.close()

if sts != 0:

print ("Sendmail exit status", sts)
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455 2712 connect() Wl Al = ol A B2 7 7sle]w oA aljof Tz

select RE0] 279 157 VOE A= o £3) A-4H

=)
94 FE= 37 8, A u B2y R
3N 3| Ry
o

oy

TCP 9 4o &5 2 AARE = dF5Yth 17 thS socket.
connect () & T, SA| AZH AU (ZHHA 715 SUth oz HSE . errno0ﬂ Z 35t o
97} At} errno. EINPROGRESSE A A o] WY Fol Al obd &5 A =S YeEH YT OS
uhot o2 e WEESl A, of Bl o] AlAFl ol A o] REEE =4

Ut} errno ek vEEEU T E 8
errno.EISCONNZ ?i@ﬂ Ei%

S gleA FA% 4 g,

oZ:
i 2
A fr 20 T

30

o 9] & 3] 5l# ¥ socket. connect ex() UﬂAﬂE% A&
W, U3o] socket.connect_ex () & A &5
e g YT -E = o] &A S select sele t

U ot
2
it
e
£
ml& o
é
o
;

#3: asyncio REL ¥ BEAVEHI IEE A4t ol ST 5 9 W8 T

H]5 7] ghel B3 2 & A5 &tk Al4AFAF Twisted 2o

4.6 t|oejuHo] X~

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

.

DBV} GDBMES T 421 7|4l 3141 o] T QLB o] 2% % shol el £ of Y UITh AT A3 A
HAY dlolgH o] 2 F Al F k= sqlite3 REE AFUTH

o 72 AA QG o] B v o] 2 of] th gk 2] o] AlF-F Ytk AA| g W 8- DatabaseProgramming wiki page & 3

ZBHAA 2

46.2 so|Hol A J& AAG oA TAGU7R

pickle glolB &g REL o] 2L v duba ol vla) o g 5 A3}l (o {"61
A AZT = LAWY, shelve 2ol B & 2] RE-2 pickle} (g)dbm =

i“?:}ﬁ} = 95 A 4 (persistent) 7 38 & Rh5 U T

47 553} 527}

B
)

XE random& W A7 E FHEGYTE AR T

import random
random. random ()

AL (0.1 WIS FAY BF 457 £AE BT
o] Bl ThE B 54 4477 & vTh 1Y

7
* randrange (a, b)+<[a, b) Helel A4
a2

e uniform(a, b)+=la b) WS 5
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CHAPTER D

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

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

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

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

If you need to interface to some C or C++ library for which no Python extension currently exists, you can try wrapping
the library’s data types and functions with a tool such as SWIG. SIP, CXX Boost, or Weave are also alternatives for
wrapping C++ libraries.
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Coll Al Qele] shold EL o]RA AP 5 A&7

TP 3= HA A =5 4= PyRun_SimpleString () ©]H, o] BE _ main_ o] AEHAE A
2 &d wAE s *4'5]'3’— dFstd 02 H]'i‘?j'?ﬂ-ﬂ (SyntaxError& ¥33l=) o 71 FASHAE -1
g3tuch o] B2 Alo]E 931, PyRun_String () & ARSI Al 2; Python/pythonrun. col Y&
PyRun_SimpleString () Ai% %‘-}_6‘]—@ Al

5.5 CollA] go]e] slo]X] A& oA P78 = JF Y72

o A Y& PyRun_String () start 7] & Py_eval_input= AF&3lo] S &AL, &9
P

el
b1, H7hetan g wheke

.

5.6 shol# Aol ] CZHE oA &7}

ol AA S ¥ wet ot Z =
e AAD duse] FEL ABFYT. JAEE W5T F5E AA
PyList_GetItem().

nlru
AW
Y
o =

)
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e
<
._]
c
e}
hat
(D
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N
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Ir

3}351al PyTuple_GetItem()
&Yt} PyListSize () &

b

Hlo] E g ol A&, PyBytes_Size () = Z o] & HI&35} 11 PyBytes_AsStringAndSize () & 7L Z o] 9
gt ZAHE Zil*ﬁ‘/lr/} gtol vio] EQ AA = E(null) vl EE 2T 5 9lol A Cﬂ strlen() <
R E RS

Ao P& /‘}‘6}34 4, WA NULLo| o} %] 39138 t}S pyBytes_Check (), PyTuple_Check (),
PyList_Check () S& AI&3H4HA L

a9 FA A" lé 7} Algste ool AA o S T4F APIE QS th— x}/\ﬂ Fygo Include/
abstract.hd g OAA L. PySequence_Length (), PySequence GetlItem() SHZ2I5EZ &
7Y ghol M A A28} QI E S o] A~ & 4~ 9l & Wk ol 2} £ A} (PyNumber_ Index ) 5) E}PyMapplngAPI

o WP Qe e Be R e R ERe A QT

5.7 Py_BuildValue() Z AH§3to] 9] Zolo] 53¢ vt e 7ol
ol 7}2?
H

28 4 g Uth B4 PyTuple_Pack () AHESHAIA 2.

5.8 Coll 4] 27¢] WA =5 omA| 523z

PyObject_CallMethod() &&= AAY 49 HAEE &5t tl AHSEE = s Uth w7l W=
A, $ET WA= o], Py_Buildvalue () ol AHEH &= A3 22 20 £24 9 A gyt

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

WA =7} gl BE AA NN 25 G Th- golu AL A el BF 4% Fth We ghE Py DECREF ()
ol e} ol 7 g4tk

°
& S0, AAH10,02 2 34 AA 9] “seek” I =S T &

0

O

Jei | (32 A A 2 AE 72T 7P oh:
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res = PyObject_CallMethod(f, "seek", "(ii)", 10, 0);
if (res == NULL) {
an exception occurred

}
else {

Py_DECREF (res) ;
}
PyObject_CallObject ()£ FA AR EF et F2& G322, A} Qlo] +E T E3)8]d, format
0 R (E ADFIL, Y QAR F4E TENAY, ANE BER FHUL o o] ()

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

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

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

>>> import io, sys

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

>>> print ('foo')

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

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

hello world!

e A9 SRk ASA Y AA L LT 2EU T

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

>>> import sys

>>> sys.stdout = StdoutCatcher ()

>>> print ('foo')

>>> print ('hello world!")

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

hello world!

5.9. PyErr_Print() 2] %% (&=L stdout/stderr 2 QA == 2 E A)-S o=@ A F&5 U712 69




Python Frequently Asked Questions, < 4] 1] 4 3.10.13

5.10 Coll 4] sto]H o g A4 H Rgof o] YA JA|2gY7|?

z

Ytk

S
%9l

o

thE 3} 2ol BE AAo) thet 2AHE &

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

REZ ol X E 314 RO W (F, sys.moduleso] o}F glom), o] A2 EE
oo th<=3] sys.modules ["<modulename>"]19] ZES ¥t T) 0| A2 R ES
92 o Fo AL - FA 273} H EF S}l sys.moduleso] AFE TS ).

28 o4, g3t 2o] BES ol EPHE (S BEo] JolH RE o] 2)o] AN A% 5 ATk

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

Zgol = ol tidshr] Sl pyobject_setAttrString () & 2E3dhe A= A5 dUth

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

27 Al uket ol 8 /A A2 WA o] LTk o AL 4
A 0% N2 A 2. 5ol A FEbe) Al -
o =
=5

—wmEb C T2A (ZAH) @

E ) .
Crt gholHej el o] A%, O 25 AL o5t thoko] U5 U7HE FRFYA L,

5.12 Setup 319 & A1-&3lo] RES 37131 =1l make 7} A sfgc}; o)

A Rk
Setup2 7} 0.2 Zrtok shu], o] glow e =2 st At (o] 2AIE A Ase W AA L
A ~AYE Aol Aoy, o] e vF AasiM 28 k¥ A A A7 fle A Zsyth)

5.13 242 o9 Tlm AT 7?

$408 229 34 GDBE AT ), o] 22 W7k el VAL AT+ 9HUTh

.gdbinit LA (EE= 3} o=z

v
dlo
of
o
o
Bl
N
o
>
>
fo

br _PyImport_LoadDynamicModule

a9 thg, GDBE AW & -

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

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

23] 2A T ol &

-
Bl
Mo
=
N
lo
of
_
o
ofje

5.16 A 2= 2] &S g++ 7| S _ builtin_newy} __pure_virtual-& o] #)

e 5 AFUNR

g G REE FAOw Ledold Al0E B GAYHT g0 S 48l O Fa 7 Aol
Modules Makefile o] 4] LINKCCE # 7 314 A] 2), g++5 A--3}o] o] g-o soF gt (&
£9],g++ -shared -o mymodule.so mymodule.o).

ot
X
td
il
m[o
llJ

517 X WA=t C2 PR 1 9 AL stolMoz 7R (2
2~ 2
T x|

T =
— 1.
Sl AE5S S3l) AA FHAE e

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

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

5.14. 252 AxHol A Shol A RES AL ST AA W, A% shdo] ggvTh o 2FSUAR T


https://www.boost.org/libs/python/doc/index.html
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o) AEL P Aol oyt oful AL Bl T2 P& AR o] % Frhd o BE
Aol B AUt 184 ghow, F ol A Mol BLY 5 Y&t

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

’C:\>

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

’D:\YourName\Projects\Python>

e AR WA F 2ol 29 2 9] Ao oA dunh 4 old Fe A FATH, solH zr IS
AP En7td Adyh

stol W ~THEE o e Z e H gt thE Z2 I A 1P T F 97t Atk 2S¢ YdofoFFUth
OEZElE = ATYEE Q7 Hlo]|E TEg AulAs Y, vlo|E T2 Asle] =2 oS 253}
2809, IHZHE S5 ghelH-g Al et W ol DA Fulal o 3Hl 5 U 7R

WA, B8 o] “py’ehe Dol & A 7le Al ZstE AA & A4 s=A syt B Fe €
%lﬁfd,”éﬁép £ A5kl return 715 oF gt}

C:\Users\YourName> py

che 7} o] AT

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

—win32
Type "help", "copyright", "credits" or "license" for more information.

>>>
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JE S “Tj3y RETE AZRPEY I3 o
Fol A3 F2 7 Z = sUth o] AL sto| MY 7 A3 75 F sty d Y th *dEﬂL
/\No%]eag}oqﬂowh_:/_?ﬂﬂr% A AL

g
¥
)

>>> print ("Hello")

Hello

>>> "Hello" * 3

'HelloHelloHello'

e Abgel 28 BES AelstAAE me e ol Al e A 2 A8 th l5hg el A4S
Faoted, exit () FFE 22} AY 2 S YA ctrl 718 F22 A “Enter” 715 £ A=
Wy zE2zE® Sopztyrh

LSk Al ZF > ZE 9 » Python 3.x » Python(% % &) vl A 83 22 A& vl 53 rold ¢ glow, 1
B3} A Bl A s> EETEE B 4 YFUD o AL, exit () B4E BBHALCcirl oz B Y
o] AehR Utk A=A T “python” §H& AH 3= Fol 1, AB 2 HE SRS FL DUk
o] Al py B o] AAH Yo nE, FAIL GO sfo]d AAYEE = 5 l5Hth dpo]d AFHE] A
AR A AR E A Qe ok & Atk G419 ol W ATYE A hello.py BHe ol ELR B H 2
SE] AL Y, W ZgREs E OdEe)o] & dejglonE o2y 2ol U go] EAP U

C:\Users\YourName>

dehA oAl 2T HE F = Follpy & Y Hsto] pold 2 HES AT Al py ¥R = 23S AdUth:

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

6.2 stold 225 = A3 Y2 WS W o YA sof Frizl?

ol 4 5 Tho] A AR B2l AR ol o] py 3749} 5hel 79 Python File) & A1, A 2elE 0\
o]

Program Files\Python\python.exe "$1" $*)& A3 3= Openuﬂaﬂi’/] 3 3= ATy
A2 Y 2Em =l oopy S e SIYE AYSAG HET\) TEEUTE HPAY R oo’ &
Aol 239 =5 AW ool W PATHEXT 820 W40] py & 5719l oF T .

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

Q0 0 2 sl e w0l A B Wk A A2 A o, wju = vho] A Al A5 B A7) 2. Alzke]
ARtk W B A7 AT ol d @ AL shojalo] AT TAH A0 Holk TE AES AAH
o A 2 2557 whel 8% o 252y BEUTh

o 845 % AR holel s A4 nESolsl AR dgo 2 WAL A S SFU Lot
A S A A ) SO B AR R Y AAUTE 74 A e
NE oA EE 2ste Aoz delA A5 Mﬂﬂﬁﬂﬂﬁé@&ézzﬂﬂﬂ¥@%§ﬂﬂﬁ
AA 2 5 A TAH A A L. BE b A 2d 67 YL AARES TAHH 39, MeAfee

+ 55 2AE go gy
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See hol M ~AYER =9 AWY who] V2 & vEelw o)
to make executables.
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6.5 *.pyd 5}ol-& DLL3} 5 Q3h 712

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

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

foo.pydel th et AA F 2= A=A foo.dll S A3t U AFg3= A2 7)ofd PYTHONPATH%‘ S Fe
SHAAl L. S e TS *‘@4?‘5}71 A3l foo.pyd 7k Q1= B2 = AR 22 a2 dlIF H 23 Aol =dl
ol g9tk £&, import fooE 0}71 ﬂHWLf 0py017}JeJ Utk DLLO A ® 7] A= a2 T =] A
AHG 7he 3t S H 5o AojH Yk

oo.pyd gt ©] 52 DLLZ 7FA] a1

L"h

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

AE L ol A sho| W AE Z B S 2 et W oS o] Lok 5 Qx5 th:

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

T 7k Wy o g mlolHe) Had 4 g5yt 25 B P 3= pythonNN. 1ib o th3 3 3E 9
u|sta, BElY AT E= pythonNN.dll o B3k F 3 E 9wt (IHF F 1. pythonNN.1lib &=
pythonNN.d1l °f o F3h= 49 “import lib’dUth 2 AAS ) 715w Ao Fch

HEY H3 = 83 A4S IA des Yo ZE Qe LE‘rO‘ Zol HAT YT FAle 2
AE$ LoadLibraryEx () T EH& /\]——3'6]—04 pythonNN.d1ll S 2E3fof gyt 2 3= 9
GetProcAddress () FEHO|A 94L& ZAEE AFL 3] pythonNN.d1l (Iho] A 2] C APD) 9] o
Fe L HolHE /\F‘lﬁﬁ otk a2 = o]y st 2AEE o] M CAPIA FHS SE3= B
C ZEo)] FY3HA AT 5 JFUTh

2. If you use SWIG, it is easy to create a Python “extension module” that will make the app’s data and methods
available to Python. SWIG will handle just about all the grungy details for you. The result is C code that you link
into your .exe file (!) You do net have to create a DLL file, and this also simplifies linking.

3. SWIGE &% D%A °l ol We} o] 5ol EetAl= 2713 F(C ) E AT UL & S0, 2
9] o] & o] leodl A9, 2713} 4= 1n1tleo()§ Yt} SWIG AH S WS AFESHA initleoc() 2
Ptk o] 22 AH STt AR S R E AN 2 22 E 273
2GANA CIREE exe 3t L 5 e o= 7| T E TS5 2o RES Jo|pew
Yz Est= AR T W JdUTH (o] A o] A3 A k2 F A AHd Jyth

4. 2hs] e A, AL FA Y] 2 EE R vto|d AHzZ e HE 27]387] A9 vy ZE=E AHEE
T A5yt

> o rr

#include "python.h"

Py_Initialize(); // Initialize Python.

initmyAppc(); // Initialize (import) the helper class.
PyRun_SimpleString ("import myApp"); // Import the shadow class.

64. stoldl AT EA A 7 HEL P ROl 75
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5. o] 2] C APIO] = 5 744 B4 7 Qa=t], o] 2-& 41 0] PythonNN.dIl & THE = o] AF-8-5] &= 7 5hal
2] 91 MSVC ©]9]¢] 75k 2] € AHg-3hul W3] 5 U o,
Problem 1: The so-called “Very High Level” functions that take FILE * arguments will not work in a multi-

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

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

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

o}o}, Py_None-2 pythonNN.dIl W5 2] _Py_NoneStruct 2}
w22 U oA BekA Y, ol 2= e Be Pokdel
RIS

ot rlr

return Py_Buildvalue("");

Ax ol A2 AFA 1A £ ZAA W, SWIGS] stypenap B P& AH§ ko] A5 02 WA= 2ol
5 A E BEUTHA L &4 SWIG 2 H AU th.

6. A= G o)A shol A A 2TYE=E A el shold AEZH B A
o) hdueh Aot B2 A9l 4 AL dAe SgAd At 0ol B
22} 2)2 “native” QB 228 - S0l of G eh. o] B2 Ho] 4l Ay
GAle shol A o E 917] B 2718 A WS E AN AT ALY 5 9o
WAIE S E ke ol H A (3% BEol 41 F) v glom Fuoh

2 2 read() 2} write()

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

Ui
FAQ< ®& AH&3te As A4sHA ow, shold 28 WA (PEP 8 )= EA4He sho] =0 tha) 4

Mol 25 o] A2 ARE o) ] = 3} Emacs python-mode &] 7] gk Ut}
]

BE AYA A B} Ao o] A TS AL FL Aol obdUTh o] HolA MSVCE tha A gpo
29 0]~ E AFESH] GA FAE YT oS 52wl s H A Al L Tools » Options » Tabs, 18] 11 5+Y -3 -2
“’Default” 2 3} “Tab size” 2} “Indent size” = 4 2 A 7 3} 37, “Insert spaces” & 2] & H{Eo 7 A el g}

A
=2

u 545 E]gur AF o)A 01 aﬂ A3 Zo EA 7 A= F -, 3Fo]#M o] IndentationError

TabError S THAA A YtTh T3 tabnanny R ES Adste] v 2] R oA gdE e EEE 3Add

6.8 227 glo] 7] AEE shelsteiw oA 3l o iz

msvcrt 253 /\]-%‘Q'\J th ol A2 RE UE--54 A BEAYLE o] Z2 7| R E | EV EA =R E
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6.9 How do | solve the missing api-ms-win-crt-runtime-11-1-0.dll er-
ror?

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

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


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

7.2 What GUI toolkits exist for Python?

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

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

7.3 Tkinter 2 &

7.3.1 Tkinter £ Z 2 7138 o]JE A 7774 (freeze) g 7}?

[kl

EF AUt Tkinter -8 222 14T o, & 2219
P2

A
A3t =2 A8y o] opd T}
= Tela} Tk 2ho] B2 2| o} oA Al&star, 12
W4 Asto] 7127l AT

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/).

L A3 A 7+o]l TCL_LIBRARY

SAM o] A3t TixE W31, o] M o] Modules/tkappinit.c WH oA Tclsam_init () 5 FZ
1A &% 3}, libtclsam T} libtksam 3} 3 = 3 o} (Tix 2hol B &l 8| & £33k 4 9l5 U,
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732 I0E 7Ithe]& $¢ Tk o|MNEE At F & 5 YF U712

-
A= o9 o] thE SAFol A etd

, AESUY, 2 2=k d A E syt 28 Y0 ZES
OFZF A A 8l oF U T} Tk Xt2] XtAddInput () TEF 553 AL 21 =], 91 71E 2k A VO 7}
7be@d u Tk wl F 2o 35T W 45 55 5 =S Tyt kinter-file-handlers & 2 5H4] Al 2

7.3.3 Tkintero] 4] 7] ulel o] E25k] gtk o] §7F Fe1glu7}2
|

A E8v BV 43 715 25 bind () HIAER oWl Ed d olHlE A7 7 A A e
o AYgUt

7P A uil g o] AEe & Ao | HE X ALl ﬁHQWWM%%ﬂﬂWHkéﬁﬂé
AL HE AL 228 28w 7| HE TAAS D5 UTH(H o] B 1384 925Ut takefocus
S BAAL)
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8.1 slo]xlo] F3IYY71?

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

shol oz HAE 9L AT

* Many Unix-compatible operating systems, such as macOS and some Linux distributions, have Python installed by
default; it’s included in the base installation.
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8.3 shol Mg AR 4 YU

stojd o] oY A FeAol 28 AsUth

Fr7tdEAor Ao, of FAE oA A AAL & dFUth AEoAME, Aol
Z 2% FI7HA A ofo] Z& AHE Al L.

ANAF 3§ Z2 2o A shol S AP, AAT F= AT g &8 22 a0 B+ ZEsHA
A Futh sel g A A A Al AT S8 =222 A A Z2 TS ARGl oF P th

sto]xl o] G AA 2k A A= Ak, A Ask= A2 vpgHshA] ks Uth Al A S, shoj o g 2
REEF7tHe ARHA ko, 3% dF = 52T 5 AUtk BAE st oA A" g A A

T

Aok & 4 A5k
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>>> t)54 Aol 7|8 shold ZEZE. Az el A Yo WD 4 I L= clol A A5 2
IRcAR]EN

T Re B A 4 gyt
s Folzy] E ME B2 NS QT W, HS o) TE TRA (B, YDE, FBE) %] A=

2to3 FtolH 2x TEE THo| M 3x T EZ HEASH I AT =4, 22 E 7 B4 7 B4
EE JAA ZATE = = gFEY g S vyt
2t03 = ZF glol B goA] 1ib2to3 E A ZF YUt =g Ao 7 AT 4 = AT HE L= Tools/

scripts/2to3 & A& Ut} 2to3-reference S H A Q.

abstract base class (F74} H o] 2 el &) FA W o]~ F At hasattr () T2 UEHIYE0] 5446]-741/]—
B HA ZEE (& 0, A MM E) A, AEHA o] A E HY st HS AT T o =N o Elo]
< B3t ABC+= 7HE A B %\’ﬂ’\ E 5t SN2 ASHA O UAE isinstance ()
S} issubclass () o o8 A2 5 %—E’-Eﬁé%"‘b}l‘%, abc 25 AWAE HA L. o] xol= g
2 W ABC Eo] et &t th23 22 AE0] dFUth A5 F X (collections.abe BREAA),
At (numbers BEA]), 2EF (io EENA), YZE 312} 29 (importlib.abc RE | A]).
abc ZES AFESIA A4l THe] ABCE T 5 54T

annotation (o] = E|o]A) TFo el & SIE 2 ALHE WS, ZUY2JEYRE =& ¢ oiHs U
ke Zh A A E Fol &Yyt
A g2 o mH| o] -2 A Al Thof] AM AT = glA] gl 2 o

e A2+ g, Ze 2, 49 _ annotations. EF AEZH

See variable annotation, function annotation, PEP 484 and PEP 526, which describe this functionality. Also see
annotations-howto for best practices on working with annotations.

argument (¢12) 42 35T sl (E= D) 2 AYEE= L 5

5
e 719 = 2l Z]- (keyword argument): 5= i% u:H A1 217} QFof| B2 o]} (of %o], name=) = **
E Yol 2 9Mv = Zﬂ%ﬂ“ 12} o & S, o} 22 complex () &&°A 335 =
E——r 7] JE A2 Y T}
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complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o A X] Q1 A} (positional argument): 7] = 21 d AAE A A AAE2 ?_]Z]'% o gl e
A olEle 2 o goll * & Eo] A2+ dFUth & &, A 2L TS/ 3 %5 =
= 9% Axd o,

o109 111 BRI FAQ AE 245} 4 15] 2] 4 PEP 3625 WAL,

asynchronous context manager (]2 7] AEYAE #AE|A}) _ aenter_ () & ___aexit_ () WAEE A9
3o Z ¥ async with FojA] B ]% B4 A= AA. PEP 4922 = YH 55 14‘_/}-

asynchronous generator (8]5-7] A& o] &) ¥]5 7] Al o] Bl o]H e o] 8 & &85+ . async def
EAYHE=IFZH T HH Hol=t,async for FEVIAIRL T T A= dHY FES UEE=vield

EAAS TRRnE Aol U

B 057 AU ol 8 §45 Fhe) 71 A w, of | o) A= 1) 5 7] Al 2ol €] o] el 2ol E) 2 7}l %)
Utk )% b o )7 Wakeba) g Ao r, A o8 A BEghe T

B]% 7] AlF @ o)y &4+ await EAAT, asyne for 3} asyne with & 288 4 54}
asynchronous generator iterator (B]% 7] AU & o] €] o]e]&|o]€]) v]5 7] Ay o g 71 vt A A,

95 7] o] B2l o) E ul __anext__ () & 5E51E o9 EE A E EHFT, ] AL UL yield
Z@A 71A 057 A Fl ol E @] vl & AR g,

Zyielot YNAOE e TR, 1 AA ) (A9 WEEH 7] 59 uy-FES Es) 4
RN o

e E 719 o H]Eﬂ Ae ol e olE & o] E] 7} __anext__ () 7k B8 F& E 3] of 9l o H
Bz s e, gu 2o g Bk PEP 4929} PEP 5252 A 2.

asynchronous iterable (B]5 7] o]€]2] &) async for BoA AFEE = J= AA. _ aiter_ () HAEE
H|5 7] olHdl o8 & =& f oF Futh PEP 492 2 =95 Q5T

asynchronous iterator (W] 5 7] o]e]g|o]¥]) __aiter_ () & _ _anext_ () HIANEE F = AA.
__anext__ =09 olEHE AA S =& F o} i,h/]r/]— async for+ StopAsyncIteration o &7}
DA wf 74A] vl 5 7] olH @0l B2 __anext_ () WAEZ} E8FE o9olHES FUT} PEP

49282 =45 A5tk

attribute (] E 2] E) A value associated with an object which is usually referenced by name using dotted expressions.
For example, if an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression, and
would instead need to be retrieved with getattr ().

awaitable (o] Qlo]E]8) await T H Ao AFLE 5 = AA|. ZFE o]y __await_ () WA E=E 7}A
AA7FE 4 A5 YTh PEP 4925 H A 2.

BDFL #}H] 2% &A1 =) 2} (Benevolent Dictator For Life), = Guido van Rossum, 3}o] 21 2] A A},

binary file (o] 2] sFel) ol =5 2458 93 & 4 gl 519 A vhol el o] o2 who]]
2] BE ('rb', 'wb' E¥E 'rb+') & €9 3}4Y, sys.stdin.buffer, sys.stdout.buffer, io.
BytesIO_‘?}gZLp.GleFlleJ AAHAE

str AAE 912 4 ik o AAlol B A L € A= 5 E FR AL
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borrowed reference In Python’s C API, a borrowed reference is a reference to an object, where the code using the
object does not own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage
collection can remove the last strong reference to the object and so destroy it.

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

bytes-like object (B} o] E Q& A A)]) bufferobjects & X QU311 C-A1<5 HHE <9
3= memoryv1ew AAESL EEOL bytes bytearray, array.arr =L .
AR AHE-2 upo] m FRIEE SR ool A el A8 Sl 9 e
J}Olixiﬂ 2~ AL e AS ]ol_qr/]_

Zl
S0 9 ool 2] Sl 171 71 2 27 145 o1 €1 Aol 4% B <5l

 dd e

SRS
]

o|EQF AR et
A

33U 71 w3 AA < Oﬂi bytearray El—bytearray.J memoryv1ew
}OV\L]‘_/} O A2 vtolv g dlolH 7 B AA] (“917] A& vlo] EG R/ AA”) ol AFHE
278Ut olA A9 dlZ & bytes®bytes 7“21]-4 memoryview 7} 01’\\4\3}.
bytecode (H} o] E F &) .E]-OM*j A FEEdlolE FEZ AulYE =1, CPython Q1 E] L 2] o] A 1}0]

»y
sl A% R AGU T, ol & B EE pye shale] AA o), 26 HAE T A A9
5 web ) A BhE U o) (420l 4] Hhol £ S E R o A AT S HE 4 Aa U Th, of 57 Aol = 2t
uho] & 3= ofl t) S5l 7] A1 S AR el 74k 7] A ol A AR BT BT Hlo] = =L A T2
o)W 744k ) Aol A A58 Ao 2 A|thel A, shol M u)E 7hell b4 Ao A= ke Ao 224l of
.

ulo| = 3= WejolSe] B2 dis BE APA e LU

callable 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 implements the __call__ ()
method is also a callable.

callback (29)) Atz AL = vjef o o] = Aol APgd HH Fd =,

dass (ZU L) AHEA A AASS BV AL . SR A= BT U2 drdAE o=
Axbste MM E Bl S 2T
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A U0 olE] AE2EA 9E 4 O] DH2E WG9 F EEE FAA WF P2zl
HEE F438= A YUth contextvarsg FRIAA L

contiguous (%) W 3= A &S| C-A <5 (C-contiguous) ©) 71 U EE 2+ A £ (Fortran contiguous) 2 W) A< o]kl
A 100, 5o A0l s G o 9 WG G AT & A o] At
a1, 09 A Al &ahs 252k Q) ‘“’\-/] TAHE W B2 2o v x| =] of of F T}, thabd C-A < v Foll A,
52 FA SR GRES P VAo AU WS, AT e A

]

g,
l>

el A=, A A <

7k 74 whe] W ok

dtste P YUk A BFHLE 3
] o2 A A A AP ek, E=skaL, A
5 Uth PEP 4928 H A 2

4

5
rm
o
finj

coroutine (ZF8l) T FE2 A=
AR FEFUT. 258
async def £o02 73

_4
_1_4

Aol A A8
4 %Y o] A

o o
_&
m‘l‘ >
i L
flo rln

4>
El

coroutine function (Z £ €l %) F 28 A E ST 4. ZFEH T4 = async def FOo2 AoH ¢
91, await @ async forQtasync w1th 7] l_% F3E = QG5 Yt} o] AE-2 PEP 492 of 23]
=dF s UL

CPython I}o]# =2 787

Aol FH A L, python.orgol A] ¥ ZF Ut} o
IronPython 3} 22 t} & A& 3+

st 7} & ulf & “CPython” ©] A}-8-H U T}
FE= g, B5 Gwrapper w S AFSSH S HBto 7 A g
HuUth dZd o8 &3} o= classmethod () I staticmethod () YUYt}

F g4 AL gugos B5h
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def f (arqg):

f = staticmethod (f)

@staticmethod

def f (arg):

22 Mol Zeaol = A 5HA ¥ & 2k 2 Q)Y Th vl Z g o] Bl of] T §F T ARA| S -8 T B 9
o} Zefx go] o AHAES Bd Fuch

descriptor (232 HE]) WA= __get_ () o]t} _set_ () o]y} __delete_ () & A3 AA. S
s olEBREZIUATHE Y ul, 01 HgHEZIE=E f&?ﬂéx—.‘*‘“’ do ZMD}.H ,a.bs A
L, 2 A, A A ST AFS S o, 0] Sl gAY oA betal o] F 2o R AAE 5“*145} SHA Rk
b7t HaagE W, G taI HE “ﬂHCﬂEE%HE‘r El’\i%hﬂ% o] 8] = A2 ulo] Ao
st 22 o]3) 9 034011*1,?}—?, HAE, 229 E, FH2MAE, & A=, 79 ¢ F=x
Y By EE ORI Y/ W E ‘?:MD‘r-

Y23 HE 9 WA =59 o sk x}A| S U-82 descriptors L} T 23 FE] ARE-H S A o] L& Tth

dictionary (‘;‘A%L-]E]) 9ole 7|15 ol 3 A 7]= A vl QG (associative array). 7]+ _ _hash__ () ¢}
_eq () MANEE Z= BEE AA7HE 5 dsUth oA siAl g R5 Ut

dictionary comprehension (5 A U2] A= 2]l A) oHHE &= 84 AAVY AFEE Aty 23E &2
gaqy g E ‘31-?3-6}37} st cl'\:l results = {n: n ** 2 for n in range(lO b2 Fn oxx
20 A H 7] ng T35 D= AA UH/]D} comprehensions & 2 3} Al &

dictionaryview(“"i«%b]?/] dict.ke ct.values (), dict. 1tems( ) HAE7 S8 FE A4
EER e L %HD} 1;4% G vel BHEA BY 54 3 E AFshH, 94
U7k 74 d o], f7F o] W = ?JHD} g4 g %%ﬁ}ﬂéiiﬂ}yﬁ“ﬂ
list (dictview) & A ]—

docstring (SAE9) Fe)2s, o wEolA 3 0 B0 ehbe 249 dEd. 29 =7 299

W A S A o, 7 A o] el Fex, B4, BEY __doc_ o EHER 4HY
. DL A R AR A A0 e A ARAE A FHAT AT

L
_Vii
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1o o
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duck-typing (5] E}0]33) 2u}2 AE]H o] A5 7MH =X sl AA) F& A e 2y 26
A A, B3 HAE Y o EYREV TEH AV ALE UL (‘2 ama% Hol3 o x e Bu)
H, 222 28tk 3% Y Ao AT o]~ E Jifﬂoyﬁ LAY AT Ty A Ql X3S
sET o2 FAdS NATE 5 dFUTE 9 Eol 82 type ( ]Urlsnlstance () = AH&S AAE
= Ik (AT 9 Brolgo] A4 no] s Zef s 2 H%]'% T Aol F 8l oF Fch) diAlel,
hasattr () AAY EAFP Z2 23 W& Ut}

EAFP & & Ht}= &4 & F3}17] 7} 4 o} (Easier to ask for forgiveness than permission). ©] &3] & 4 9l 1}o]

—

W AP 2eYE, St 7IU o EYREY EAE 7H¥ s, 1 7o E8 W @ﬂﬂ FsUth o
23t e AEFY L W tryQlexcept B EAE EARJH UL o] Hla UL CS g T E
B2 Aojol A AFF A5 = LBYL 2~ EFd 3} o v Y o

expression (£84) oW groz 7814 5 gt PP A 27 e B A5, AL IHY, o,
OEElfE AN, A, BHED PL GE EAFEED 0L ol £ AAUTh T2 B
Aojgl Ao w, BE Qo] PAEEC] EAA AL ol dUrth wnileHNd, RAANOR AT 4

°l
Qe 74 5ol e ole w8 2ol ma 4ol oy o

extension module (37 2.8) C U} C++2 248 25 0], 5ho] A C APIE A--3] A 94 o]} AH87} 7
=9} 4% 2 g o

glE g e %%‘%‘Qb}u}. PEP 498 & X A

file object (3} A4 A) 3HE z-ofl sl 9L X FA APl(read () Ywrite () é‘% HAEE)E =8ie
A whE ol ol el shd A= AA Ha3 gl stdolu bE A FA U S ZA (5
Sol, 2 4=, d-vR w3, 27, stolxz, S5) ol T AN2E SAL 5 A5t 3d AA

L gdE A (ﬁle like objects)\} 2~E. ¥ (streams) ©| E}IE 23 4rth
AAzE Al F72 3 AAEol dFUTh E(raw) vhol 2] 3}, W 3 = (buffered) Hl-o] v 2] 3},
BAE 919, o %91 ohzul ojAtio BEIA FoH U 3d AAE HEE FEFd HHe
open () &+E 2+ AYYTh

file-like object (3} L7 AA) v} 214 o] v] =3 2

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

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

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

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

See also the locale encoding.

finder (¥}21t]) dXEF RES S 20 & Zog 1 A =3+ AA.
po]# 3.3, o] &2, F F 7 FAT 7t YFUTH sys.meta_path 2} A AE-sh= v B 4 & 9kl
2} sys.path_hooks ¥ SHA Ab&3F= 42 A EE] 92ly.
o A}A 3 Y22 PEP 302, PEP 420, PEP 451 o] U84t}

floor division (= U= Al) 7178 77k ﬁ#:’n YHEste 84 A, Ae U d3E // o dE
o, @84 11 // 49 #2227 AL A YA 2,758 EHE YUY (-11) // 47F-2.75
E Y3 3 -30] Ho WAOHOF?:ME} PEP 2382 H M 8.

function () 3=} 71] ol S s iy 245 gAY I o]y A 7t AEE 5 =,

}DH Yol ALSE 4= JF Yt v 7] A 2 v A = &} function A AT H A 2.
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function annotation (5= o] - €] o] A) &= v 7 ul3} 7ko] o] - H| o] A,

BA
S ojiHoldE ARk o R Y IIE & /\P%%qi}: S 0, o] T F Y int AAE o}
%%l Ao g 7|the 3L, FAlo int W& ghe = 222 7| g yth:

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

o= o] B o] A B2 function Fol| A A gt}

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

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

default:

>>> import __ future_

>>> _ future__.division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (7}8] %] w—ﬂ) O AREE A ok v R E g Ete AL gol W2 A 3¢ A AR
TS AAFNL ES F JE T IR FAVE 53 7 3y =
gc BES A A 1101"—?21 Yt

generator (AU | o] €]) A | o] E doH & S8FE g5 N Y Roled|, 48y #
N =vyield B84 %E'@' = £
sk H el b A 5 QlH U Th

B Aol e F48 7k 7| A e o | F o] A= Al el o]l o] 8] & 7 AUt o =3
R P B e e IS e =

—

&
=
E]

generator iterator (]2 o] ¥] o]Ej# o] ¥]) A< o] T2t == A A
Zhyielde A Ao 2 A& TPt T HA (G HeER 7] S uy-FE5& £ 3h)
AP A E 71Tk Add ol olH#olE 7L ANH ™, wd e g BAFUH (TSt A=

N Aae 4ok oju] g Y oh.
generator expression (4|20 ] A4 ol elel o] el & £ oSk HAA. F32 W59 WS E oIS for
A ek b e i Aol Fof B dut A4 Ag RAUTh AT AL SR TLE I B

gEse sy

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285
generic function (AW g 4) 22 A4S A2 o2 FEo sl 7+ oy -2 24 T 5 o

ofd 7@ o] AL§B A=
CEREC EEEE

generic type (A Y] 2 &) A rype that can be parameterized; typically a container class such as 1ist or dict. Used
for type hints and annotations.

as)x daejgel o9& 24 g vch
B3} functools.singledispatch () Bl Zd o]E| 2} PEP 443% H A Q.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A< Qe zeE 5 & HAS

global interpreter lock (A9 Qle] = a]e] &) 3l Hol| 2 2 dl}e] Ad 7l gto]H vlo]E F & & AP E =
5.74517] $131 CPython B Z 2] B2} A8 3 vl AU F. (dictsh 28 528 UFRES EPeE)
A3 mo] BAH 02 5 A Au 20 sl 2 5HE S BHE o A CPython 78 & Th3HA] BHE U ok,
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JElZ e AAE F 1+ A2 JEZ B & thE2d =887 gA B+ Al ths Z 2 A A 714
AAZE LA Be BRE 3 AT

However, some extension modules, either standard or third-party, are designed so as to release the GIL when doing
computationally intensive tasks such as compression or hashing. Also, the GIL is always released when doing 1/0.

ER o uAEA Ff telHE F2E) “2d S 2H-f 2 -2 (free-threaded)” B Z 2] H & 5317}
e FAY g A H oA ZPe, T GY 2R AA B9 A5 At A EH—“r‘QHD‘r
o] A% o2 FRIAL AL TAS DA DA B0l 54 HEo] o Solg Aoz o] AA L

4t
hash-based pye (9 1% pye) 534 2 A7) 9 3 2o ) 255 A ko] o A A8

3= "lol E T = 7 A] 5} Y. pyc-invalidation & 2 3}A] 2.

hashable (3| A] 7}'5) AA 7} 448 1 7“’] t‘ﬁi}x] k= Al gk= ZE3l (__hash__ () WINE7F E 83T,
o2 A etnlad 5 %x—‘l“ﬂ( ) WMIAEZFE a3, Al 7Hsetthal gyt 2 ohal bl
== WA 7hs st 7 ﬂ%«] S A %kg 7L°}°]E k.
A 7He A2 AAE 9 Y 7 AT B E AFEE £ QA sk, o] AFR R EC] WRF

o NS S HED U

& ol 2 W AAE2 Al beduth (Bl2EY 9 e 22) 7 dE o e
J3A gFUth (FE oY frozenset Z2) & AH oW &2 152 1 S A] 7} o w) w5 A
AEUT SR ) 2ol AATA AANEL ARACZ A A5 FULE (7] AL A
Stale) BF o2 rha v aE AL, A g2 id () 2 FE BEol Yt

IDLE An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter environ-
ment which ships with the standard distribution of Python.
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interpreter shutdown (°] Ei HE £8) EEHELHE
A3t=d, ZEo| o8 71A %ﬁ?ﬂ' YEF2EHJ TSR
roh 7 A] AV E A HEST
A ZA D = QS Ut 28 A7) 59 = o} 5} =59
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iterable (o]E]2| &) AHES S H Y 58S 4 A= AA. ol HHEY J 2= BE(List, str, tuple
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o HEL for FZ /\}*‘l% T A, A]%ﬁ% dR8E =t B2 X (zip (), map (), =) °l
AHEE 5 dFUth o HHE A7 WG T iter () o JIAE AEE W, 1 7“?4]-4 olH ol HE
EHFULh o] oHEolHE FEY AFES S+ H AXE T FEFULH oJHHES AFE T o,
REL iter () £ EEA, oI HACIH AAE 49 O DR & Gtk for B2 O AFL ol
2 HASIA AHs o B2 T, F2E T S olHH O HE FotE ol & Yl W€ wEyth
O]Eﬁﬂo]ﬂ,/\];ﬂi, Zﬂ v olE & l"?—/‘ﬂﬁ

iterator (o] E]g|o]E]) tlo]Ele ~2EH S 3= AA. oJHHoJEHQ __next_ () WHAEEWMEHOo=Z
S (Er U B4 next () 2 AT 22 db VEEL Tede EAF U, A o
Arel "lolE 7t ¢S ul = g Al StopIteration o= 0127‘\/]1‘/}. o] A A A, o5& olE AA=
AR, 0)ZL BE _ next_ () WAE $E2 Stoplteration 92 E thA] 4o 7] 7] vtk gyt
O]Eﬁeﬂo]'ﬂ" O]E%H]O]Ei 7 A X}‘_E EHFE_iter_ () FINEE 7HE A o] 875 7] w o, o]

H ol & olE 2] 8] 7| & &tal ThE o|H Y EES Wolsol& 79 3ol A A2 4 dFUth
T3 L= oy Mo ]Eﬁﬂo]/“ig A=dte Z=YYth (1ist 2-2) AdH o] AA = iter ()
T2 A ALY for $20] A& Wjuleh 4] o] el #] o] 5 BHEUIT). 0|2l A2 ol el o] el o]
Al et o sk, A o] B #l o] Aol AHEH o]u] £ X1 H o]H o El & %ﬁ-’ﬂ/ﬂ, Wl AE oY A3
HolA ¥syth
typeiter o] T} ZbA| g W) -§-©] Q5 th
CPython & A}A]: CPython does not consistently apply the requirement that an iterator define __iter__ ().
key function (7] $+5*) 7] k4 == Z 8] o] A (collation) <=+ A & (sorting) ©] L} ¥l A (ordering) o] AF-&= =
H= EHFEZHEYULE A& £, locale.strxfrm() S ZAY EZ WS HE2=FE 7 E
e A Y Th
alo] o] W EF7F g A o] o A A A A AL Fol= A& Alofstr] A8l 7] s ol Ay th
ol ZlEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby () ©] AFY T}

71 5 HEv e oy Pl dsUth ol & £, str.lower () HIAEE 71101’\ T& e
AES AT 7 T2 AL S AdsUth hF o=, 7] T4+ lambda FHA 02 UhE £ 5 &=
o], o]d AUt} lambda r: (r[0], r[2]). =3 operator REL A 7]9] 7] ¢ FAAE
A&t attrgetter (), itemgetter (), methodcaller (). 7] &4E 511 /\}3—6}—— = o
tf 8k o & Sorting HOW TO & H A &

keyword argument (7] 9] E 21z} 21x & B AM 2.
lambda (2eh) 522 0} go] THHAL Bpe) 5@ 02 T ol F Gt ALk V4. BT R4S W=
= FEH2 lambda [parameters]: expression YU Th

7] Aol B2} (Look before you leap). ©] TG AEFA L T Z oL} 23] 2 517 Ao WA HOZ ALA

B BAIC), o) AFel e FAk At S v, e o2 Bl Al S A0l AT
= #7004, LBYL A& 5795 7]” 7hel] A £ A2 BEA B A W0l ATk

o], = if key in mapping: return mappinglkey] & AA} Zo, 3R T 23] A,
9

=7} key® mappingo| A A 7A3Hd A 5 5T ol d o] 4 o]} EAFP A2 S
A}%@&i/ﬁ SRR [

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

On Windows, it is the ANSI code page (ex: cpl1252).
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 filenames.

list (2] AE) WA gfo] W A A, 1 o] 2o % 237, 4o that B A7F0(1) 0] 7] wf 2o, AZ g AE
(linked list) H t}= t} 2 A o] o] v A3} AU ok
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list comprehension (2] A E HAZ |3 X)) AP0 QA4S AR T JRE ety 1 A0S E]/\EEEE%

Z“ﬂ-ﬁﬁ]—‘ﬂ]—,ﬂ result = [ {.#O4X}' format(x) for x in range (256) if x % ==
= 0014 255 Ao]o] 3= REEC] 1675 (k) 5& ERehe TALE] AES BET) i

D6 A £ ST th A sange (15609 ST B E S A

loader (2¢]) 255 £ E58h= A4 load_module () ©]2he o] 59 WA EE FYsoF FUth 2B+
E glolg 7t =8 E UL AAISFWEE PEP302 &, Ao~ S8~ = lmportllb.abc.Loader
%E/‘ﬂ}l.

magic method (W] 2] Wl A &) S A= 2] u]g4] A <l v =3l 3

mapping (7] 38) 92l 9] 7] 23] & A YW3}1 Mapping ©| U MutableMapping FAtH o] a2 o A A H
HAEES FHS= A oY AA. JZ= dict, collections.defaultdict, collections.

— ==

OrderedDict, collections.Counter 5 € 4 Y5 th

meta path finder (W€} 2 3}21t]) sys.meta_path & A o] Z8F+= 31l WE F & 3RRlej+= 4=
Q=) 5holE] o gelslof 9171 ShA v che o,
HEl A2 37t L3St HAEE efA]E importlib.abc.MetaPathFinder & X §
.

metaclass (e} Z2) FeH2o s S %4 =2 o5, FHA gAY, oA FHAEY
E5S THEUTh HlE S A o] Al JIAE WotA ZH2AE TtEE A Y-S JUTh i RE A4
AP 2239 dojE52 7|2 TS AT F ULt stolAg SEEA B 22 Ao vE F
25 UE & dvhE AY9Uth REE AR A A= o]l =7 AE 28 AT 287 A o, w e}
S AYstal fotstiH S AFFUTh o ERE AA 29 27 (logging), 2~d = Hd A 9
F7h AA A 4, AFE TEH B2 o2 A A ST

metaclasses ol 4] T ZpA| & W8-S 2HS 5 F U T

method (WA =) S vl QtollA] Hojs] = 3. T Fej29 AAE A EFHE
A== A AR oA (HE self tu Bath 2 AdAEA AAE gtk 35 oF 249 43
£ BEA L.

method resolution order (WA & Z A £ A]) HAE A A= 235 S AHE A= o~ &
259 AU 23 E|aRE Fho]l A dE Z e o AMEH dae] &2 Al e W82 The Python
2.3 Method Resolution OrderZ ¥ ™ 3 Ut}

module (&) 3to|H T =] 2 A3 9| & F3ste A4 BRE2 499 sho|A A= & ol 5 3=
ZrEUTh B2 Ay ZAo ol slojHo g 2 =gy
W72 = HA L.

module spec (R & A29) R E L Z=35t=0 A = ¢
importlib.machinery.ModuleSpec & QA1AH A,

MRO WA= 2% =4 & HAS

mutable (Z7}H) 7FH A= ghol AT = JA T id () v A FAFULE 2 & HA Q.

named tuple (W] Y & HZ) “named tuple(M| Y= FZ)’olgl= fo]= FZoA AE31T o] & B2 o]E
EE AJgsld ol g & 9)\% Qa0 5
QEH/\oﬂ o= 7]LCAJ\ 4

time.localtime () & os.stat () 7} Wt3k
T} & o= sys.float_infoJYt}:

ok
L
ftlo
kel
%
o
=
£
v
=
o
o2t
o
=
o
[
ni
il
A
A
v
H

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

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

(F= ol ATl A%)

91


https://www.python.org/dev/peps/pep-0302
https://www.python.org/download/releases/2.3/mro/
https://www.python.org/download/releases/2.3/mro/

Python Frequently Asked Questions, < 4] 1] 4 3.10.13

(o] A sl o] A A M A%)

>>> isinstance(sys.float_info, tuple) # kind of tuple
True
AR Y= FEL LA @S DY T, cupleol A A5 o) F B2 WS Ao
A S HYR YJE FEES UE T AFULE oy o= AH A AU AED T4
collections.namedtuple () 2 WE = JH5UTH 219 7|HE AH AAFAY YZ UIE &
oAM= L2 5 e 27 FAHHAEE FUHe = EY Tt

namespace ()% B71) W47t AFE £ 2. o) & 0L HAVE 2 FAFULE AAol 3T 02 82
(AL ) ek ol e} Ao, A, ol 8 Brkol L LITh ol E BE o] FEL HAA
2542 A9 YLE A& 59, ¥ builtins.open ¥} os.open () & 1E9 o] F &7l o3
FHFUD £, 0|8 B0L oW RE| B8 THAREAE BRI BBl A AT 77
HEA 222 ZUYtTh o & £90], random.seed () Ex=itertools.islice() Bt 2 W 1 35
S0] 212} random 3 itertools B &o) ool 785 918 o] ¥ 2kl 4l itk

\

m

namespace package (©] &
277 A = 2ol

e U

BEE T HASL.

nested scope (3 E A3 %) S FoY N M4S F2ohe 5. ol 50, b2 T v FolM Fod
e Frol e virsS Az gyt HE 2z R o2 AR e T
W, e HA gkethe 2o Fosof FUth A MFE2 7P R A3z oA g FYTH
DA R, A ApES A o] 5 FZFolA 3L FUTE nonlocal 2 HPZ AF o 2= A
E=asi=g

new-style class (7 2ElY ZFelA) A5 B Fda AAo] AEHL e Sl A oA o
5. 2719 ol AN, 24 F28Y ZY AR __slots_, UA2AHH, ZetHE,
__getattribute_ (), S VA E, 2HE WA =9} 22 sto] Mo A F1L e 7] 558 AHE

5 Agdwuh

object (AA]) e} (EZFEUZH) & 2L T2 (MAE) o] Bojd BE o8 3 RE wAekd 27

29 HFAJA Mol S YU Th

package (3] 7] A]) A Python module which can contain submodules or recursively, subpackages. Technically, a package
is a Python module with a __path___ attribute.

A5 7172 S o) & B2 9717 £ HAIL.

parameter (W] 7)) SHF (EE= WA =) Fo oA S kS 4= 9l
3l ol & B2 dgE. A FH2 vzl EssE 5 Uth:
7

19]S Q4 2 A2E 4 9 A4S AZ Pk

rlr

Q1A (=

rlr

o 3% AXE) & A4

o

o
PR

-7 = (positional-or-keyword): ] =] 1A L}
| A o] 7|2 Fefo] v H Y] oA & £

def func (foo, bar=None) :

o 9 X]-A | (positional-only): | x| 2 3+ A&
24 Bl s B0l BAE E
posonlyl 3} posonly2:

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

» 719 =-A§ (keyword-only): 71 EE2 W Al 5 e AAE AZFULH 71 =-H-8 i A
= 9 9] 9] B WA 2 S0l A 22o] kel Zpa-9) A v M)+ ol E gl 4] Ao
T ds5Uth A& 501, tholl A kw_onlyl 2} kw_only2:
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def func(arg, *, kw_onlyl, kw_only2):

» 7H¥-91 %] (var-positional): (FFE AW 5ol A o] v] WolEe] A 94 A5l Ha) A5
% 9 AA A5 99 AALE AF AT oA vl A5 w94 o] ol * & Sl
ol 398 5 ABUTh A8 Sof theoll A args

def func(*args, **kwargs):

« AN E (var-keyword): (FE WA S ol o34 o] ] Wo}E ol 9= QXS B )
A % 9 A9l A AR AAEE AR ol 7 oA RE S o] ol - F
ol £oi 4 AP 5 g th A8 5o} 919 allol A kwargs.

S A RSS9 8 R ol A Aol AL B4 AXEL AT 4 YLtk

2
AA} Gl 7] 5, Q1 Ape} v 7| 4=9] Apolof] L} = FAQ A&, inspect .Parameter |2, function

path entry (32 A=) 22 73 sholt] 7 JEE G RESS 27 93] Farshs dEE A2 g St
.

= XN
AR dEZ A Eo] FH3}E= WA EEL importlib.abe.PathEntryFinder o Y4t}

path entry hook (2 QlE 2] &) sys.path_hook FAEQ J=ZEAH, EH A2 AdED A EE
=S ¢y Ydud J2 JdEF Iy E EHF YT

path based finder (2 7|9} 2}elt]) 7| & W e} A2 3ol E = s, AT E F=E oA EE
Ytk

path-like object (J 27 ZAA|) 3t Al2d FE2E Uetl+= A4l AE2F AAl= 42 UEH = str U
bytes A o] At} os.PathLike T2 EFS 7H3l= AAYYT os.Pathlike ZEZ2EF S XY
St AA| = os. fspath () TFE TEMA] str Ybytes 3tY A|l2®H A2 =E HeE 5 54T
th4l os. fsdecode () 2 os.fsencode () & Z+Zt str U bytes 2345 EAst=0 AR E &+ U5

Utk PEP 5192 =95 iU th

o

filo
e
oy

PEP 5ho] 4 7] 41 ] ok, PEPL= 5ol AR Elo] AR E A Z8A L sho] W B 1 T2 A& EE $70
e AZe 7152 Agshs 44 EAQUTH PEPE Aok 75 t @ 1128 71& A E 2 A
A28 oF ok,

KN

A 8ke shol Mol Soi 7t A 2

PEPE: 8 A28 75€ Alkaha BAlo] o AR UL 9 4
7 £ ARV Dol A el E 75 5ka o)

e FAE ST 98 712 W AYS YT PEP FA A}

portion (£ H) PEP 420 o] 4| A2 3t AA T, ol & 87 571 Aol o] upA 3k Shibe] Cielel 2o Eol gt
St S 0] 41 ip h ol AFH = A= 7bs g Th.

positional argument ($] 2] 212} Q1A & H A Q.

provisional API (Z+A API) T4 API= & glol B 2|9 I 7 53
o} AE s o] 20 F ME}7} o AE] A= kA v, A A o] 2kl EAH = § T Nl AtEe]
A7 B B o] §AH A g WA o] Aol 5= Ytk 1 W7
ol A= e AT — APLE ZF37] Aol 3 F ooty 2
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o] A= BT gtol B 7t ;M A Fo A RE AA Lol s A A g AT YRS
SEUT B A8 8-S PEP 411 B F U T

provisional package (Z+A 2 7] x]) &7 API & B A L.

Python 3000 (3}0] %1 3000) }o] % 3.x vl 2kle] HH (M 39 vj27}F ¥ w2 o] o]of7| | A]F o ghEo] 7]
o] olth) o] A “Py3k” B £ 27| & “4 D}-

Pythonic (s}o] A th) THE Qo] 5ol A AukA 9l A EL Al A 2
1A A5 AHEE S o Q5 ko] Mt ofolrlofu} 3E =

£ 2Rk o2, ol Aofel
, sho] Mol A A5 a

E o]
AT E for £ A3 ClEeli RE 8 he s gae Aaus ne @e delds o
5o FAEC] 9onE, vho Hol 058 ke AREL Al 24} A E & S Gtk

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

B 28 ol drke P e ol dath

for piece in food:
print (piece)

qualified name (J 1315 o] &) REQ A 2FZ oA REO AYH ZFH 2, T, A= ol2=«“F 2~
2 HolFE=Hog ZHY o] & PEP 3155 oA A HUTh A e 220 AL, AF3Hd
ol 5 7“11]«] o5 THUth:

>>> class C:
class D:
def meth (self):
pass

>>> C.__qualname_

lCl

>>> C.D._ _gualname_
'C.D'

>>> C.D.meth._ qualname_
'C.D.meth'

BES 7tE 7| =d AHRE o, A3 AF3E o) 2 (fully qualified name)S RE R 7 7| A 5L £ T
SN BER Ve Jo2 "'—ﬂ% O] YuFYth 9 E £9],email .mime. text:

>>> import email.mime.text
>>> email.mime.text. name
'email .mime.text'

reference count (R 314) A Ao o3t F=x29 7S, 7“?1].,] | ’“7]—0 o7 Wol X, v &g s} gy
Utk 22 3¢ 332 gtz oz go]ld F= o = QZ] = %}7\] , CPython :r“ﬂ«] A e APy

sys BE2 5 AAY Fx A +E 585+ getrefcount ( 7‘*431'1/] th.

regular package (47 97| A]) __init__ .py 3¥E& 2F3= U E“H g} g2 AT A A 7] A.
ol5 w7 A & HA L.

_slots__ Z YR AAQl, A AEHAAEYFEES HSHFHS g AL AAEA G E
A A @33’3‘1 HEeE Zaste 235 FUh A7) A7= A, o] Ha YL EulE A AE-8171 7
Z 712 L HolghA], vRE o vAs 28 28 T A] Bl £ AAEAT Q= EWEHI AL
S sl= Zlo] 5 UL

sequence (A|F2X) __getitem_ () 55 Uﬂ/ﬁ ZEFO AT AIdAE A2 Q4 ANAE X Y3},
Al 2] dolE EHF+E=_ len “ﬂ'ﬂ—‘:—% Aojsl= olHHE 22 WA A AAES YEE Y,
list, str, tuple, bytes 7} 01—1/]1’/} dict TE3F_ getitem_ () Z__len_ () & AA3A v
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230 B4 A 499 B A8 ALg 3] W2l AA2Tt ohet P oz HFHrhe o] 2o
sfok gk

collections.abc.Sequence A Wlo]| A ZF AL getitem () F__len_ ()2 do]A &
A ZH35E JEH o] ~E Ao 3= F‘ﬂ, count (), index (), _ _contains__ (), __reversed_ ()&
F7 Ut o) &34 AE o]~ E T3S F S register () EAMEHNA YAH L2 SET F UF

Y.

set comprehension (3 AZ2|dA) ol E &= 24 AAY IS A3ty 2345 G2 JggS vt
35l= 23 . results = {c for c in abracadabra if ¢ not in 'abc'}E=EA}F
gdol e {'r', 'd'}E AAT YT} comprehensions S FHZ 54 A &

single dispatch (J & t] &3l x]) Fd o] 5hue] A=Y Fofl 7|2 A= Al & ot g
.

slice (£ e}o] ) HE A 712 o] Q-8 ZP3H= AR Seholas AH 23 YE E719S A A B
T} variable_name[1:3: 5] 28, (] ol o Y] RS ZRoZ B3tk gEs (ME
2TYHE) B7|H S WHH O & slice Jm]é PAR-R BN

=
Ads, Sl 22, AT w) FAHCE T EHE HAE.

special method (54 WA &) u}o]# o] & of ojH
e ol #3 s5Yth 54w A =+ specialnames ©]]

old MAEE F e HERE A Z‘ﬁ}
AR BEolA uth
statement ((Z7) -2 A9 E (ZE9] “EF (block)”) & F43H FEAUTE 282 594 o] AU 79
T EAL= o MK R E 29 g Utk 718 if, while, for.
strong reference 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.

Hi

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the Py_DECREF ()
function must be called on the strong reference before exiting the scope of the strong reference, to avoid leaking
one reference.

See also borrowed reference.

text encoding () A~ E 91 7.9J) A string in Python is a sequence of Unicode code points (in range U+0000-
U+10FFFF). To store or transfer a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.

text ile (952 99 sex AA& 93 & 4 9k 79 A FF, AAE AL AA 2
SHAERE AL N A g AT AT 9AE 9 o2
FE'w') 2 99 99, sys.stdin, sys.stdout, i0.StringI0 & AA2HAE E F AH5 YT

dlel =R A4 & 93 2 4 9 5 Aol Hal A s vhol U 5 £ FEFAL
tiple-quoted string (43 6% 8 £A49) GETE () ALHEI () A A2 BARA EA9. 28 @
% e B4 BAD gt 7152 AFHAL @A, o8 7 ol fol A LRI} gl th
AN 14 e 40 S S PAR Sl R A5 B, B S
ANE o) Tol AW 4 YT, SAELL L uj] 53 22 Jgvrh
type () ol 279 P& 1 1 Ax Fol AUt AA

[ r
i)
Ehs
lut
fu
‘IO
B
[>
ok
4
30
)
L
t
=
3
D

o
1>
e
B
=2
=
(e}
ol
£
rtj
il r
B
rr
oflt
Lo
ot
Lo

e  class_ 01
type alias (& ol d2]o]x) o
o delojar P A

My
i‘l
—|—‘
rlr
fin)
Jo
ofo
i)
T
v
2
i
e
4=
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def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuple[int, int,

pass

int]]:

£ ohe s 2ol o 97 94 BE 5 A&k

Color = tuple[int, int, int]

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

pass

_,4
P
o
<
3
'_l
o]
Q
i)
1
e
=
=
[+ ]
=
it
2

type hint (& 3 E U n
o] A.
Y I EL A8 Aol n FholHof| A ZA A = FF T A A B =0 {830 IDE
o FERY I YAEL S FHUTH
A A5E AL, A W, s oJENHE D F49 J AEL typing
get_type_hints () %/\}%o}oq MM AT 4= 9T}
°] 71%5& A3t typingd PEP 4845 F2 342

universal newlines (—n—b]H']’“ 97) 2H 22 AES BEF 29 Eo2 A4S, HAE 2EH S 34
St T Y2 A& '\n', A== A "\r\n', Y T EA] _t]_—gﬂ N\rt. 27pA el
AHgol e A= bytes.splitlines () gk ofu] 2} PEP 278 9} PEP 3116 = WA &

variable annotation (‘15>

Mg EE e o= e e ol ol

\_.—,_ 4

wHlo] ) W4 EE Fes ol m el HEe o wmro] 4,
DR EDERE AL OISER

class C:
field: 'annotation'

=2 AgPUTH o Sol, o M4t int 22 M Aoz A4

oflt
(ol

W4 ol gl o] de Jukg o
Utk

count: int = 0

H o] o H| o] A B2 Al A annassign ol A A gt}
See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto
for best practices on working with annotations.

virtual environment (7} 4} 7)) :Jro] AN AL A 22 g 1o], e ]/\E" oA A= o} = Tlo] A
o% 22O E9 FF JFE FA ‘E%—O—“Vﬂ shol A iz 7| A EE AAFAY g ol =8k
7]"—6‘]’7—“ 5}L»§§E—1Z—13§ “ﬂ%/\ag
venvEE/‘ﬂB_.
virtual machine (7} 71 A)) Az EQojnto® HojH HFE. sto| Ao 74} 7| A= vlo|E I = HAutd H 7t
%ﬁﬂ%ﬂﬂiiE%@%@Hﬂ
Zen of Python (s}o] 41 A1) o Q Aelsh BHESY B2, Aol B o 5k AT o] £3 ol

AU o] 22 t3h8 ZEZEo|A “import this” £ dahE B Th.
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APPENDIX B

o] 417 A of] 3]

o] A" A= reStructuredText A0 A ThEo] X o2, gto]x APAE sl SHs] A 24 A8 7]
Sphinx & A& 5 YT}

A S o B AT BA I AEL Shol A A & DA 2 A A O = AAR AR = YU 7] o] 1
A0, 2o} Wl A3 4 8 reporting-bugs 3 0] X & AT SHAA 2. M2 AHABAE A} I
YeH

the Sl B g =y
* Fred L. Drake, Jr., 92 sto]H A A = 3o 2 o)A w2 Zrl=9] 27}
* the Docutils project for creating reStructuredText and the Docutils suite;

* Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

w
£
o
%
ruE:
_>a
o
ol
r
X
il

e Abgho] sholHl Ao, spol £ gholHejg] ¢ polH A A 7l F T 7)o xpe] FE A QA
B2 22 glo] A A u Z 3] Misc/ACKS & Z23AAA L.
stolo] o] B AYAE ZHA A AL sho| W AFYE Y d83 7o 4t — ZARE Y o
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apPENDIX C

>

oA A} 2ho] Al

|"..|.4

C.1 2ZEY o] Ia}

glo] {2 ABC2l= A ojo] T A A2 A v E 2= 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
ZFZ) 2] Guido van Rossumf] 2] 3] 1990 d o] Z4lof| ThE o] HE U T Jol o= o2 AFFE2] B2 33 o]
=95 94 B, Guido= shol 2] 72 A 22 ol 912 vk

1995, Guido+ Virginia 2] Reston Oﬂ ¢l += Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston vaus/ 22) o A1 sho] A 2 A% 3L, o] ol A o] ] M A2] 42 £ o] F A LT

20004 5 %_J, Guido 2} -‘3]-01 é‘ﬂ Al 7] 9HEl 2 BeOpen.com 2. 2 & 7 4] BeOpen PythonLabs 2 A A5 Ut &
2 3} 104, PythonLabs & -2 Digital Creations( 3 A} Zope Corporation; https://www.zope.org/ FZ) 2 %754t}
2001 4, Jlr W Az E %] 01 A 2 (PSF, https://www.python.org/psf/ ZFz) o] A g5 & th o] ©Al = gho] A
#A AA Qe 2rotEs 585 A H vl F e 24 Ytk Zope Corporation> PSFO] £ 3191 9 U T}

B E JolH vz T2 T /\/\‘Q 141:]- (F7N &2 Ao "8 A& https://opensource.org/E 2 84 /\]
). AP 02, TR (A8 AR L ohduiTh shol 7 W B2 GPLI} T3 UTh oele] Bt ohe
W EFe 2 ore Atk

EEIEC IR E§A [ GPLEEN

09.0~12 | n/a 1991-1995 | CWI yes

13~152 |12 1995-1999 | CNRI ves

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

212 2.1.1 2002 PSF yes

2.13 2.1.2 2002 PSF yes

2.2 o] 2.1.1 2001-& 2] | PSF yes
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Z3: GPLY 238dH =
2ol 4l = GPL} 2]
53 gho] fl = Tho] W}
ek,

2] 7} GPLE slo] W& Wl 23t
WS 3 anz EA du
PL 3ol &3 8 Th 2 2 ZE 0] & AFT

4>l
o2
i glo

Guido®] A = 5}o] o] Wj 2 E 7H5 57 THE B 95 AR AAE A A=Y T,

C2 sjol ol A A5} A T A18517] §1 o] & ok

glo] W A Z E Qo] 2} A A= PSF License Agreementol] Wk} gfo] Al A 7F Fo gy th
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.13

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

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

3.10.13 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 3.10.13 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 3.10.13 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 3.10.13 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
3.10.13.

4. PSF is making Python 3.10.13 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION.
<~>OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.10.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.13

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.13, OR ANY_
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material breach.
—of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.10.13, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

(TH& STl Aol A1)
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5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE

(TH& SOTATl A1)
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THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2. sholol AAA5AY AH 7] 1% 0§ oF 103
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.13 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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A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,

(TH& ST Aol A1)
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EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 27

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ""AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.34 F7] &=

http.cookies REX Tha3 -2 £ A& 283 th:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode %! UUdecode &5~

B ES O T 7 AE ERYTH

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

C3.7 XML 94 =2 X# $&

xmlrpc.client B2 53 22 7o A2 233Ut

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. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll REL T} 7} 28 29 S 2 8F T}

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF

(TH& ST Aol A1)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-S kqueue QB 3] o] 2] Tla] T}g7} 2 Fo) AL =TT

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

3}4 Python/pyhash.c o+ Dan Bernstein ®] SipHash24 &1 2] & 2] Marek Majkowski 2] & o] ¥ 3}%] o]
U T ol 7ol & e} 22 o] Ea5 o YU Tk

<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>

(TH& ST Aol A1)
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Original location:
https://github.com/majek/csiphash/

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

C.3.11 strtod 2} dtoa

The file Python/dtoa . c, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings,
is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/web/
20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains the fol-
lowing copyright and licensing notice:

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

*

* The author of this software is David M. Gay.
*

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* % o

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

* % o

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

*

*

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

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

(THS STl Aol A1)

110 Appendix C. < x}¢} glo] A A



https://web.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c
https://web.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c

Python Frequently Asked Questions, = x] 1] 4 3.10.13

(o] A sl o] A A M A%)

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. 1IN 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)
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 T S N S N S T IS S N S N R i R T S S N S N S N IS T S S N S S S T S S N SIS S S T N

Original SSLeay License

(TH& ST Aol A1)
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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
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.]
/
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C.3.13 expat

pyexpat &2 U 5 ——with-system-expat & FAFA &= 3, £ expat 22 AHES AR5} o]

dEgyn:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

_ctypes &2 U E ——ywith-system—1libffi & AR &= 31 34 libffi &

Weg

[>
>
L
o
>
ofo
o
£

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib

21ib B Al 2 E o A A H 2lib W o] L1 @ 25 o] A M=o A8F 5 §low, 3 glib 4 AR

Ag3te] WEH U T

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 &3 AHE5 = al A] H| o] £9] FH - cfuhash ZE2AE

]
N
L
[o
fru
)
A
k)

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS

(TH& ST Aol A1)
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FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

_decimal EE2 Y E=E ——-with-system-libmpdec & T4 3}X] &+ F, Z3HH libmpdec 22 AFE S

ALgste] e o

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. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N H|2E 2~ ¢|E

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:

* Redistributions of works must retain the original copyright notice,

(TH& ST Aol A1)
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this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project:

Programming the AdLib/Sound Blaster

FM Music Chips

Version 2.0 (24 Feb 1992)

Copyright (c) 1991, 1992 by Jeffrey S. Lee

jlee@smylex.uucp

Warranty and Copyright Policy

This document is provided on an "as-is" basis, and its author makes
no warranty or representation, express or implied, with respect to
its quality performance or fitness for a particular purpose. In no
event will the author of this document be liable for direct, indirect,
special, incidental, or consequential damages arising out of the use
or inability to use the information contained within. Use of this
document is at your own risk.

This file may be used and copied freely so long as the applicable
copyright notices are retained, and no modifications are made to the
text of the document. No money shall be charged for its distribution
beyond reasonable shipping, handling and duplication costs, nor shall
proprietary changes be made to this document so that it cannot be
distributed freely. This document may not be included in published
material or commercial packages without the written consent of its
author.
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