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>>> L = []

>>> dir (L)

['_add__"', '__class__', '_ _contains__', '__delattr__', '__delitem__"',

' dir__ ', '__doc__', '_eq ', '__format__', '_ge__"',

' __getattribute__', '__getitem__', '__ gt ', ' _hash__ ', '__diadd__"',

' dmul_ ', '__dinit_ ', '__iter_ ', '__le_ ', '_len_ ', ' it ',

' mul_ ', '_ne_ ', '_new__', '_ _reduce_ ', '_ reduce_ex__ ',

' _repr_ ', '__reversed__ ', '_rmul__', '__setattr__', '__setitem__',

' _sizeof ', '_str__', '__subclasshook__', 'append',6 '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'] (TFS sl ol A ol A%
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>>> 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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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-S PyQt %} Scintilla # AZHEEZ 7|0 g &= IDEY Y th
trepan3k is a gdb-like debugger.
Visual Studio Code is an IDE with debugging tools that integrates with version-control software.
22} 9 A S E3sH B A8 ol 4 IDEY} U th e 2 3heh o
* Wing IDE
* Komodo IDE
e PyCharm
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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.

S XH?V* o7 AASto] import & (F F4 BF)S 2 2F ol FRER o gt £ v EH
EMW EEZ AU ML EES H’ﬂ ) A ok gejpo g AYH REY Ho]E FEEC
FE (marshal 25 AHS3te] Z= Az 2 WEE d 27|37 2 uHtal 22 A AR =2
ANEEEWZA REUH T S8 7 FYS UEUTh 2d 3 AAE CIEE Hutdsta ol &
L 2] shol & QB Z 2] B 9f I8t 2T HELL £ A Aok AkA 23 vtol v E AT

The following packages can help with the creation of console and GUI executables:

+
O
Ir

¢ Nuitka (Cross-platform)

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

e py2app (macOS only)

* py2exe (Windows only)

214 stold Z2 WL A% 2Y EE ot A8 A WA} DGR
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nboundLocalError 7} WA 3} 0] §= Fo)QlU7}?

U
Adoll€ s2astd Z=o|A o 22 o d 7kl th &< 573 = W UnboundLocalError 7} 278 541 o 2

>>> x = 10

>>> def bar():
.. print (x)
>>> bar ()
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https://www.pylint.org/
https://github.com/PyCQA/pyflakes
http://mypy-lang.org/
https://pyre-check.org/
https://github.com/google/pytype
https://nuitka.net/
http://www.pyinstaller.org/
https://pyoxidizer.readthedocs.io/en/stable/
https://marcelotduarte.github.io/cx_Freeze/
https://github.com/ronaldoussoren/py2app
http://www.py2exe.org/
https://www.python.org/dev/peps/pep-0008
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>>> x = 10

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

UnboundLocalError 7} A8 8+ t}:

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

UnboundLocalError: local variable 'x' referenced before assignment

WMol g wl, 3 Mok 1 23 vhsh A (local) °] =
58 4] 7] Mg AU food) BHA B B xoll A ghe Tl ShEE, Aot et o
NG A7 A el prine (x) 7} 271348 A 9he Ao W

ok gy, T O,
o g fo M) rlr
X,

do
Lo

(global) © & A A3}o] 9| K AL W o] AMA TS5 951 Th:

>>> def foobar():
global x

>>> print (x)
11

nonlocal 7| =& AR5}

ol
i)
(i
[
Hy
[l
K-y
>,
)
S
o
ne
o
sk
4
X0,
fy
°
I

>>> def foo():

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

222 sho] o] A A3} A WMol Ui 2L FAYUR

shol Aol Al, 4 ol A F25] 78 She Mt BA A 02 A4 AU h W5r g4 B W ool A4
ghe ThIshe, WA 02 A0 AAE A 9 & A9 o B Lh

A goll s 22 o9 A5, 3] A7) R o3 7}

Ol L&A ke HAgo tsl A A NS xﬂ—-—fgrl/]r/} Hldof, 2 E A X0 globalol ST,
%4 global @ AEe7 HUth U B4 JEE B mES 74 & b
Aela|oF Gt o ERL $ 482 AWsH/] Ao global A9 84S FEL FuITk
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223 T}E gtoz FxolA FoE Prht o BF 22 A9E BEIUIR

e, s =01

r[m
E
kA
rlr
ne
rE
@
+
PN
=
]
o
1o
r
v
-]
N
oX,
o
>
>,
3

for + 25 AH§-3te] R 7HA ok

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

o] AL x**2 & AL 5709 Erirt 23 E g2 EE AU EE2HW, 447h0,1,4, 9 2 16
e A0 o 4 4 Qg uUth Teh, AAR AR BE 168 WAt AS & 4 dsth
>>> squares|[2] ()

16
>>> squares[4] ()

16

o]+ x7F @rholl A (local) ©] ofu] e} & F A5 zof o= o Q7] wji ol HA s, oty S & uf
AN~ FHUTh— Ao w7} ob g Ut 29 FofA], x9 F2 40| BE, BE T4 oA 4%*2, 5 16
= £ AP 5= Yk

MBI x2] g WA BTk Ao YA WA LA B2 o]

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

2
ol
2
=
18
X
1o
N
=2
Lo

riN
o
X

Frl
Jh
ok
i)
ko
N
30,
xf

o) 2 sl shel W, Frkol sl 2| ool Mool ghe A1
Yk

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

o] 7| A n=x= Fr}o] A F ol A A4 ne wE 1, _,_;:___/] A F A A A x & e S 2% Z s} A o)
2o A Ut o= nel ghol A MA driol A o, F HA A 1, Al Al A 2 5 =
TebA 2 Behe ol Al guHE 23E BBFULH

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

d AN & ol JEE FRSte FHAA B 52T 25 (FF configt} cfgehal
RUTHE = AU 88 22099 B E T 50l config $ 52 9% E 517 54H 5 U ok
R REo] A o] 202 A A5 A UTh 24 REY AxbAE 24 shtol7] wjRe], R E A

o that W7 AHge =E Rl wdP UL ol 8 5 o2} 25Utk

config.py

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

mod.py:

import config

config.x = 1

main.py:

K

o8,
-
>
(]
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import config
import mod
print (config.x)

Asid F+H= AT 71 =2d Yk

22 olwE, ZESA

ﬁd
oo
ok
rlr
pa)
bt
o,
Lk
i
v
X
r

225 TEA YLES LG “mH ALl FAUAA

JulA © B from modulename import *& AF23}A] UpAA L. 1A & H YZE FF= o o] =
F1ro] ol gAd sl A1 i, AE (linter) 7 B & H A] 932 o] 55 HAISH7] 7 LA o 2l FH Utk

g W oA BES AZESIHAIL. IFA 8t F =0 B3 thE RES WS L BE

2o) amae] Aol e AL I 4 YgvIh 2o st QEE
A FAsha AAE 5 9 A} &

= AR RES YEE S Ao
1. #F golBejg RE - &

2. A ALz} 2ol B ] 8] BE (I}o] M ¢ site-packages T] Bl E] 2] o] A X H ZE A) -]
ZODB, PIL.Image 5.

3. YRolA 7dE BE

T JZE A A FstuA 4=
McMillan2 t}-& 3} Zro] Wl & t):

sys, 0s, getopt, re

£ o] mx.DateTime,

it

<4t} Gordon

[
e
%
+
iv
iy
A
[>
fu
o
offt
%
S
ok
rlr
oM,
o
_}l_‘
30

28 B “import <module>” P4 0] JEES AL & JZEE= WEF YT F A

EEo] A WA 2E2 o]F (name) < E3© 8 31 3} (“from module import name”) ¢ X E 7}

49 5o dod AUt A AR REo] F A RES YXE 3= T2 A

AA B0l e ol £E ol d A8 4 g7 gz i)
o] 4%, F A BEo] sttt oAt AMSE T, AXEE TG TR G o] 5T 5 A5yt
AFEst 52T ), A WA RES 27157} AR YL, 7 OA RES QEES 2B R 4 duUn
Uy 2Fo| SUE SR YT ES REo) H 49| FE0IH T RoE o FaoF T Sk Yuin
0| A%, A WS BE BEE AEE oh 210 F5obA 9 2 dwith ol A%, 5% BAE
4 mEoA SHE BES JEE S Ao] £2 A8
THAZES AU EEY 27F A NS Eolel= TY EAE N Ast= vl 28T v, T H 9
YRSl 2o Ao AREE JRES /AL, of /e T A wel e BE e
D257 9 ] 53 HETUTE RE0 AT Frol AT AED ) ATEE B §7 1 42 4
AU 5 434 27| uj o EES A ZEst=d v &o] WolE = AL EES Ay A
SEa1E 218 A R R0l §9FHAA L, T o] AP 23] 1 AT, 2E o o] Anng
Hold Aol s, BEL otutk sys.modulese] Q& FUTh

- 9 o

226 23] 7bel 7] gko] BRI L o] §L FAYU A2
o) 8] W1 T8 AF 22T WSS AFUC o 42 AN L
def foo (mydict={}): # Danger: shared reference to one dict for all calls

compute something ...
mydict [key] = value
return mydict

o) B4 AL 525, nydicto] B FEo] TERHYTE T WAL, foo () 7} AV 7] A H e ),
mydict 7} o] n] BB Sof gl Al 2 Al 2} 7) o], mydict 7} 5 e} BB EEE ok
2% 95 550 ARG A ANES UE Ao gtk 194 HA 2%
32 3 W ws ol AU Th of oAl el EA v el 2ol dl T A 7 A
o) W7AE Axe Fx )
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Aolol we}, 54, £A49, B2 8l Noned} 2L B AA = WA dAGUTE BAUe, F2E Y
Zejn Qadiacg e b AAE NG Ehael £ AB U

o] /%502 s, b AAE /) Eghow A FA g Fo] £EUTh T4, None 1 HELo 2 M-S
S G4 Ul ol w7 9147} None 91 SHel @ ThE Al A E/H MU /R S0l E AZ BEA AL
o Sol, tha3} Zo] 24 nhA A

def foo (mydict={}):

AL o] FA ANA L

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

mydict = {} # create a new dict for local namespace
o) 5L £8F 4+ dHUTh A H Azt APk 4t A2 W, A AN 45 T
g«l w7 oF A3hS AHAISHAL, 22 ghol Bl 2 A H W A A e vkEstE AUtk ol Ae

A

o, 08 3} o] 7R 4 4T

|
“memoizing” ©] &}

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

# Calculate the value

result = ... expensive computation

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

AR A G E 2 & ATk A BAYI:

n
_9{4
rr
Y
192
rE
b
fr
>,
ofo
ok

227 F W50l A ThE W4z A Ao} 7|9 = il AMS S AL oD 8 of
U7
G4l AW G BB <9} xx A JALE AL Tl AAE SHFHAA L o A 93

1
AUE A2 G el AZFUT 1R T 9t x B AG S E B4 E TE T P T AAE
ALY 5 Y& uth

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

g(x, *args, **kwargs)

2.2.8 9o} wjAMSe] o] FE FAY7?

WS B4 A o] e o 202 S &, s §4E 5T W AAE G5
HE Utk PASE §47hBolEd 5 A A4 2 B U ol & Sol, e 2
Bk Fol g

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

il

foo, bar R kwargsi= func] AR Y Ut 22, funcE ST W, & E9:

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

42,314 ¥ somevar < QI YT
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229 PAEYE AT AAE X WHE ol FAYUA?

>>> x = []

Eo) AR S A EUTh
ERERRICPSSE G

i
oY
BN
_?L
fr £
>
(B <
A
<o
fl

rl:l
b
<
£
rlr 1>

=

| HAT = JduE Uyt
append () & &S &, 71 AA ] W&ol [19A [10] S22 AAFHJAFULE FHFIEF 5L
AAE Fxe7| wol, F ol T o= A AMLstH et =449 3F (101 o AM2FY o

>>> 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

ol A x 9 y7h i A Ak AL G5 AHUTh o] A5t Bl WRoliL, x = x + 12
TS o e FTHAAA A 58 HA S Ao] obduth A A AR (B 6) & TEol xol A7
Utk (&, x7k F2 3k AR iU Th. o] BjS) ol F A2 A4 (45 67} 5) 9k o] & FRFE T
Aol g ZHA U th(xe oAl 62 XA, y= oA 3] 55 F2F U,

AR A= EOJy append (10) #y.sort () AAE HBSHA W A 02 FAEE AL (A&
Sy =y + [10] ¥ sorted(y))2 A AR E ST QukA 0 2 sho] 4o A (2B &5 2ol
vy BE %Toﬂfﬂ) AAE HA o= A == Nones BEgHsto] 7 72 79 o] A4bo] &5 A
H=F FUth mebs A4 y.sort () B APkl yo] AEE AR €& 7 Atk A5, thal
None g PoA T2 1ol A A AV & o & 7h A= Fik.

I, 22 Aol w2 Yol whet ohE &S 2t kA A ST ds Uk SR U ARk
OB S0, t=t g AES tﬂﬁs}}]ﬂ]— FZoly A= HARA A5yt (a_list += [1, 2, 312
a list.extend([1, 2, )& 55382 a_listE WASHA| W some_tuple += (1, 2, 3)3}

some_int += 12 Aj 7“5(1]% Eﬂ-%q oh.
ge x93

« 7P AR (List, dict, set $)7h YO, AR 54 AALS AH§Ho] AN & WA Y AR S
ﬂZd“EC@ 7S A F e
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2210 =9 w77t Qe S8 A sk o9 A sl of U7t (el 2% &

Z)?
sho] ol A Ak B o2 ADES 7|5 A 2. T YL wA) Ao hat FEE BES| Wi, T
2715} 9152419 A7t o] & 7k o Lelof 27t Gla, B2l R BEE GEUL ole) pA Pow

>>> def funcl(a, b):
a = 'new-value' # a and b are local names
b=Db+ 1 # assigned to new objects
return a, b # return new values

>>> x, y = 'old-value', 99

>>> funcl(x, V)

("new-value', 100)

AL
2) 40 058 A1, o
5

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

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

4 WA= YA E AYstel:

>>> def func3(args):

args(['a'] = '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 Zdla da" R g FolAl:

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

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

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

>>> vars (args)

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

o] FA s wEol ok E FL2 o) fr= A9 fFUTh

16 Chapter 2. = Z72)
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2.2.11 s}o]X o 4] 122} g4~ (higher order function) & o|d A vt=1} Q?

F 7R A" o] 5 Uth: S HE
a*x+bE A= g £(x) &
AFZE AL A

EASIATAL ANE 482 UG A S0 2
£ linear(a,b) & 4 o)8telx Soba 7FgsHAAl L

def linear(a, b):

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

return result

= ZYE AAE AREA:

class linear:

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

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

FASET

taxes = linear (0.3, 2)

taxes (10e6) == 0.3 * 10e6 + 27} HEE 3= ZHE AAE ATy}

ZHE AA A2 A S melu IV oAt @ o] Utk 28y, FEE dd AL
S5 AHAYEE TRFE ST A5y

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

A o2 WA= AElE AEs T 5 AUk

class counter:

value = 0

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

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

def down (self):

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

o] 71X inc(),dec() W reset () 2 ZL A+ A4S F = d-AE F5FUrt

22, 3] oo 17
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2.2.12 o] Ao] A A& o] LA BAF 2

opy.copy () U copy.deepcopy () & A/ =3I Al 2. EE A A

it

ERS

T AsUth gAY elE copy () HIANETZF AFUTH

2214 F =X QA oG5 A% B 5 IFY7I?
AukA o7 WY, AR ol AA R o] 2ol g7 el 28 & dHUTh /EAO R, YL A
GIBE B AIGUh dersholass £ PR HWIAIAL o I R EAFUULE b2
FEE AL
>>> class A
pass
>>> B = A
>>> a = BY()
>>> b = a

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

283 Felat o5 AF Utk AAl o]zl o] F 71A] o] 5ol AAE 0] 93l o] 5 BE 53 =& 9
Hete BEol X AdAHAE o As] FP2 AY drdAg Bug Utk 2, F o] Eo] 2L ghol
AAE 7] wfi2of], A2E 2 o] FoladA bARA = T 5 iUt

dnbd o2 Uaf| F=7FEA Zhe] “o]FS Lofopr T A2 = HUTh o) =& 2 2 Y 4d A < (introspective)
22 WG A e gh ole dutF o7 FE WA WAl Egol B 5 k= Ayt

comp.lang.python ©|| A1, Fredrik Lu S IASYTH
of 2ol Ao A B gl o] 52 P& AT 2 W LGl (AA) AAl = A+
ANA A9 o] FS B 4 L, A A 2A = gksUt-webs 7o) o g A B
A dolfl= 7 AT P2 2R o] BF(ol5 31 oA ALY ar ko] (AA) AA 2=

Atk
. ole} o]0 FeiA YA AH o) o itk 22 @A HHehE B ekA nh Al 2l

18 Chapter 2.
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2215 4% dAz1e] 449 = ojB A ) Q?

dixE Fol oA A7 obd Ut o] AldS YAl L

>>> "g" in "b", ngn

(False, 'a')

AE £ AuA7Eoh ek BAA Aele] PRI W] 9 et 2ol 4T AH Y FoAA Uk

ohe3t 2ol 7R A gk

"a" in ("b", llan)

CHFR Y A=, += 5)E PR QUITh o] B2 AAIR AR ok 2k Bl Y £ B PR
Juct

2.2.16 C9] “2.” gl A xkx}e) 553 Al o] 57?2

o, AUt BHL e 2ayh

[on_true] if [expression] else [on_false]

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

ol £ o] stol 2.500 A 2705 7] Hofl, kA QA FEF £ =] RS ARgStE Aol s uTh:

[expression] and [on_true] or [on_false]

T, o B 7L LA Gk e} A BAL GE 1A 222 G F A
ek mebd, B4 ... if

D
'_l
[0)]
(0]
94
z
>
_,d
Ol'
rlr
P
o
o
fy
i
A

2217 sho] Mol A U538 & 5 TS AHY 5 YaU7R

of. dRkH 2 E lambda Woll lambda§ F 3 ste] 3 Lt} Ulf Bartelt 7} A5 8, tha Al 71A] A&
5 A

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 Fibonaccl 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+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(Iut+ty* (Io-TIu)/Sy), range (Sy
y))) (=2.1, 0.7, -1.2, 1.2, 30, 80, 24))

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

# 174 1%4 / / columns on screen

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

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

Hol A o] A& A= 8kA] A AlL, o] " o] E!

2218 $4:9] ml NS Bl A LA ()= F1L Ju 7R

o) AR B ol M 2 At 1 ol Y THARS L2 DG S AU Th 91X A AR S

SR A8 4 9l o] ol QL oAU ck 52 A A Wb ol e )
A P A A WL /1202 vhAM el BRIk 8 Fol, divmod () & A AE A5 E

WolEolt gk AWA L T 2EU

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

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

29 A T ARSI A2 G YL U webA], 792 AAE divmod ()
217k 2 g

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

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

2.3 xAet F2kd

2.3.1 16715918714 41 oA 1 72

82158 A shel W, 8215 @ 20 08 o), £FAY T EA 08 FAUTh o o], W 0B

A4 0045 5 0 & S Ao o SA AN

>>> a = 0010

>>> a

8

162155 Ut 16215 9ol 08 ol 3, &8} ) #2408 2ol 719 sl 1 167 S7he
FAG A EAZ AT 5 AFUTE o & S0, Fo] A B = FJEMW

>>> a = 0Oxab

>>> a

165

>>> b = 0XB2

>>> Db

178
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2.3.2 9)-22//10 o] -3 372

FEi 4 §7hi9Re REE FES SR AYUTh R oA AskL, e} 2L A= AT

=
7t esd AL
48t i
o] &
M

7Fe] Tk, 20041 2F ol =

o}
ol 02 A o, At
2 — -102 E7)€ ket

N rlﬂ
o,
o
=2

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 syntax error because the period is seen as a
decimal point:

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

A

SyntaxError: invalid decimal literal

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

>>> 1 ._ _class___
<class 'int'>
>>> (1).__class___

<class 'int'>

N
w
=S
Md
_>;
rulo

272 o] g A W2

A4 AF WF int () B AEAE A?ﬁﬁk*‘Alﬁ, & E°] int ('144') == 144. HANRAE,
EHE 45 Aog WAL o & S0 float ('144') == 144.0.

ZVN2HeR ol xAE AAFE AAF YT A int('0144") == 144& Tl

int ('0x144')EvValueErrorE& YA ZA YT} int (string, base) = F HA| H‘—;ﬂﬂ QxL=E Eﬂ;%

o] AF-&8F 214 (bas e) kol S od A, int ( '0x144', 16) == 324YYrTh base7]-0°E AR E, 5=

Zhe ghol W 9 5f & & AR§- o] oH”QHE‘r 2138 ‘00" &= 873—?2 UEH I, ‘0x’ & 1655 YERE Y o)

St 7 o] TZ} fﬂi A&k 2ol gt WA 5 eval () & AHESHA] IR Al Q. eval () &

P AU Th 7 95HA] gbe R AE o] e stold @A S AY

& T YA E A $=_ import_ ('os') .system("rm

S S EAE ol W BHA O R S A AFTL A, S Eofeval (109") & Tho]# o]
(‘0= A LT A XA A3 0’2 38 5HA] ¢k wf Foll & ol 2l 7F AT

2.3. &A1} 214 21
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NS S0 A 1445 BAY 144 2 MBS, WY A str ()2 AHEBAA 2. 16751} 8
A% BAS A, WA B4 hex () U oct () 5 SN 2. B2 Z o5 o] D2 5, fstrings 3}
formatstrings A A2 ZFZSAHA L, ol & 0] "{:04d}".format (144) & '0144'E A&t " (..

% :0
3f}".format (1.0/3.0)2'0.333'E A=3 )

2.36 AR oA EALL o]@A ST

2845 95Utk 2AGL Eol ] WEdUTh BREY 49, 2Yse s R L Eo R A 24
FAHF U T AR SN ST E Hlol 88 A 4 9= AA7F BRI, 0. 5tringTo

ARV array EES AR EAAL

>>> import io

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

>>> sio.seek (7)

5

>>> sio.write ("there!™)
6

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

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

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

>>> a[0] = 'y'
>>> print (a)
array('u', 'yello, world'")

>>> a.tounicode ()
'yello, world'

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

dispatch([get_input ()] () # Note trailing parens to call function

* W& o getattr () = ARS S A

fo

import foo
getattr (foo, 'bar') ()
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o] A vt o] & Bhol B E] Y of 2] el A AR E Ut

class Foo:
def do_foo(self):

def do_bar (self):

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

» & o] 52 3l A (resolve) 3F 2 ™ 1ocals () & AHE S Al L

def myFunc () :
print ("hello™)

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

2.3.8 FxtelA 3 & vlg& Al Ast= Perl ] chomp() ¢} 553 A o] Y5472

S-rstrip(\r\a™) & AEAUCHE £ Fulg A S o ¥ |
S AAE 5 Ysuh BAD 57k Bol W Fol olel ) Bol & % o] 4-S YehiE, BE W 29 &
24 AAG U

>>> lines = ("line 1 \r\n"
n\r\nn
. n\r\nu)
>>> lines.rstrip("\n\z")
'line 1 '
At oz st o 3t A HA2ES QS ufW R wfjfol], S.rstrip () & o] A2 ARESHY
A5,
—1 O

e g 249 49, b Ae U BE B4 AAY split ) WASE Agshel 22
int ( )& BT A5 2L S $A GO WH

A e Ssep” o) W5 A AT o B RS Fo] B o9 o) A1
A5-ol 8T
_‘H_

22 Ce sscanf () Kok 33t Zel o A gt

s
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2.3.10 ‘UnicodeDecodeError’ 1} ‘UnicodeEncodeError’ of| 2]= F91-& oJu] g 7)?

unicode-howto & Z=Z A A L.

N
=
oX,
o

N
B
=
[l

2aol vF =HUth S5 Fol#H o9 sfof F7i?
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242 W EADL W ool Roli 1 & A A WS FAYUR

strilbytes AAE BWO|BE, Be EADL @7 ool ol u 2} o]oj o] /|7 A AHE A3
w2 o] Wl E A g Tk QubA < wl, F A A7k g2 AA 22D Aojo] A Fol Wl FT.

p2d

)
B str AAE = A5 A8, B3
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chunks = []

for s in my_strings:
chunks.append(s)

result = ''.Jjoin(chunks)
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(Eg2dedoz §82 FEFE10.5tringloS AHL3lE= AYYch
—Z: %@’3}7] A, AFEE LT AR oJojZ o] 7] (+= A4k & AHE- 3o
t}:

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

g A4} tuple (seq) GO NAAAHAZE EEHYHE) EZ2THEZE R EEE /A F
22 A3t

d & &9, tuple([1, 2, 31)< (1, 2, 3)& A&E3} tuple('abec") = ('a', 'b', 'c¢c")E
AREFUTE QA FZ ol AFE S WS X] ¢k 72 AR E kSl e g, A A 7} o] n] F-& 9l X &4l E}A]
%S tuple () = TE3HE= Zlo] AE YL

d AR List (seq) & o AJFB2 U oHYES 22 ¢AZ T2 5o 9+ g 2EZ H3gHY
th & &9, list ((1, 2, 3))21[1, 2, 3] A=Ed A list('abc")=["a"', 'b', 'c'1E
AAEFUtTh QR B AE O], seq[ ] 8 Zo] AFREE WU T

252 &4 AL FAYUAR

st Al G aE St S22 ddAdg YUY 5o 02 3 1Al dd oy [ F iR Qg Ao
T old Aoz ALKHAYLE S5 AU A A 12 upxut el Ao]ql 2 FoA F WA A soel
ol Ao g ALHYrTh seq[-n] = seqllen(seq) —n] ¥ 2Tl 34 Al

&5 AGAE AS St v AT 4 dGUTh Al S ol s[:-112 v EAE A T EAHE
BE A, EALAA T3 & vlES Al A= o &3 Th

reversed () W T+E AR Al L

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

o] AL AR A A= FEFE WA A AA T, oJHH o] E & FH Y =49 A AHES YT

25.4 2| 2E0| A FEE oA AATU?

o] 29 e e o ] 74A Wl B E 7 ol Tho] M R el WS BRI L
https://code.activestate.com/recipes/52560/

YAE £AS AT AU, Bl2EE AHI UL B AE TN A0 A T8 F5-S AHA| )
AL

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

(Th& sl AT ol A%)
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(o1 sl o] A A A%)

del mylist[i]
else:
last = mylist[i]

~EY RE 247 AT 712 ASE 5 U0 (B, B 4] Zh5ol®) o) o] % o whg Utk

’mylist = list (set (mylist))

AL HAEE AT o HAso], TES Al AT ty, Bl AER HEH YT

255 2 AEA of2] FEL oA A AT

B A A v AAA R, AR 2AE e WA Ao Aoz ofHe o) s AE & /A 7}
SR th el th 5 A A oot A A Sl ool A6 e Setel 2 A E AR A
wE U Th The Al 74X W E U

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

gl2E Fxelaol obul 7bg whg i th

25.6 sho] Aol 4] oA Wi & W=} g2

["thj.S", 1, "j.S", "an", "array"]

BB AR A Wl Ot 9hs 2 Pascal) W @3S ST b 2 Aol g e sl el aEe
cheret g9 A £3E 5 drke AUk
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.

2] 2~ = (Lisp) 2EFY 9] 3= 2| A E (linked lists) & o8 H, =3 Al-&3}o] Z2 Al (cons cells) S U
22 92T}
2T A8

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

7k el A8 s, & Al g2EE AET & s UTh 017W g carol o= AL
lisp_list[0]©]3L cdroi 611@%}_ AL 1isp_list[1]Y¥YYrTh t&ﬁgir ol FAEE AR
st ARG SR e 7w, HF 28 }E‘rl—i“&‘“q% Tk o] ZA st A L.

25.7 t}x4 EE o' utES7)?
The 3 2ol A M E S s T B AU Th:
’>>> A = [[None] * 2] * 3

Q4 5k L ke A KU

>>> A

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

e} e o ek, o2 920l e o
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>>> A[0][0] = 5
>>> A
[[5, None], [5, None], [5, Nonel]
DOIF rE HAES BANE RALE BEA R AE ARl T AW 5 A -3
o o290 ge gasd W3 FEE THete d2EE BEUCE ool e M TS BE
ol LepLRE), 72) S5 of o 2 1%6}% 2L obguch,
AHR e Aok doje) PAES WA NE UGS AR BE H2ER 2 228 A9E AYUT
A = [None] * 3
for i in range(3):
A[i] = [None] * 2

W Po| 7221309 ThE P AEE EFE A=A YU A AnAAE HET S

A=t

w, h =2, 3
A = [[None] * w for i in range (h)]

i}

e L HolHd S ATt A= AT A5 Uth NumPyZF 7R & @214 syt

258 A 2] A2l HEES oj@ A A&7

laE Predde AHE Al L

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

2.5.9 542 25 sl=t), o a_tuple[i] += [‘item’]o] ol 2] S L o712
Z3o)g] AR} o9 Q4R ek A3 shol ol A Zhul 22} B A Ale) 2ol H o] ATl
2

2 A7t A AAE el s B fael 489 W Ao A5H A,
2t 1ist o +=2 o A2 AHg P

[e]
o
che o] A4 TTIm:

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

TypeError: 'tuple' object does not support item assignment

o 2] 9] o] f+= HEFUT: 10] a_tuple[0]°] 7} 7+ AA (1)l YA A, A3} AA| 2&
ol AL AT 22 529 24 00 Y stel & %%«14 7} 74e] 7= AL WA 5 Q7] wl ol
of & 7} A g o).

51 ofef ol A, o] Z3 th )R o] B LS thek ok g th
>>> result = a_tuple[0] + 1
>>> a_tuple[0] = result

Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

o guolme, Q4] T H2ol o 62 WA AU
3} o] AR

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

9t 27 EFGUT H 5ehe 22 87t AgA® Us kARt A

>>> a_tuple[0]

['foo', 'item']
eff o] & o] °‘°1L‘rL A deid, ol Ass dBo7F stk @ AA7F__iadd WA M ES
TS, +=F Yol A tﬂ1 o] Zo] &5 11 ¥k} gho] th Y& oll AHE = B P U Th (b) A E Q)

]
AL, _iadd_% ZAE 9] extendE T E3H B AEE QIS = A F5FYULh o] 87}
Z|AE A +=7} list.extend®] “E Y B H” okl Fol+= o] F- Ytk

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

[1]

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

alist7} 7be) 71 AR 7L A 92, MR AR o) et EAEF oA a_Listol hAH Yok B
__%]%.7%],]— o op Tlﬂ,a llSt7]’ O]%‘_oﬂ 7]_3]7]‘—7 0] d 7}'—]\3’,]_ é—% 7_7'424101 ﬂ]_]';"_?_]_E%O]71 W—‘??}‘%r/]’,
A e 2 o] A3 Dojhich

webA, 8o T2 oAl dojvte 42 tha3 5 h

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

TypeError: 'tuple' object does not support item assignment

__iadd__&= AFsta, mebA g aEE A Ut AR result 7ba_tuple[0] o] o] 1] 7}E] 7] &=
AR 22 AAE 77| bets, RE2 2B, X T \’41‘?3 A3 ANHE ‘:“"31\17’143}

2510 533k A9 -& 332 45Ut} slo] o] 4] Schwartzian ¥ 35 & 4 Q572
)

Perl A5 ] E] 9] Randal Schwartzo]] 2] 3l o] 7| HL g|2EQ ZF Q45 Z+ Q4S5 «“AHY ZPo) v H 3=
HEg oz AU sto] Mo A &, list.sort () HIAS 4 key AAHE A S Al 2

Isorted = LJ[:]
Isorted.sort (key=lambda s: int(s[10:15]))
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>>> 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 7A)

261 Zejrs FAYUA

Soat cass B AW oho] BE 54 A4 U 22 AAE AAEA AAE 0SS A3 1Y
EE AHEEH, HolHE 3 A H H o H(AEYRE)G ZE(MAS)E ZF WU Th
Sas Wola Feaetal &b St o] b E SHAE VINeE & 5 Utk 28 W wojA
S50 o B HES WA E FETUL o A4S Fo) AN RS BAHOE AT 5 9
S grch S H ol 02 /12 424 A E S AF o A vai Lbox 2o 29 chera 54 ALK
3] A8 ] 8] 8= MboxMailbox, MaildirMailbox, OutlookMailbox®} & B Z A7 IS 4+
St
26.2 A== FAYY7?
HAEE dWE S F x. name (arguments. . .) 2 T&3= o] AA| xo] AUt A== ZFPo
Aol ol A B2 B
class C:

def meth(self, arg):

return arg * 2 + self.attribute

2.6.3 self = F-sl27)?
self = @2 WA =9 3 WA A5 A5 Al A o] 5 dYth meth(self, a, b, c)E ZH A
S A7 54T Z A oH AAE A xof Y5l x.meth (a, b, )EEEHQOFZHE}, ol
WA E L meth(x, a, b, ©) A8 25 gtk A2k
A= Qo9 TENA self & PA A 02 AR of T o] G= RAAY R & FRFAA L.

2.6.4 QA 7} Fo| A FeAY T A B FH 2] JAAHXAIA] oA 213 7}

W& 34 isinstance(obj, cls) & AME3AHAIL. T S22 Al FEE AFso AA
7hoy Fdla F ok e A2"HAAAE AT = o (& 59 1smstance(obj,
(classl, class2, ...))), AA7}to]HY WHY 5 shidA &AT 5 UG (&
isinstance (obj, str)Y 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:

2.6. 74 29
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from collections.abc import Mapping

class P:
pass

class C(P):
pass

Mapping.register (P)

>>> ¢ = C()

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

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

>>> isinstance(c, Mapping) # virtual

True

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

_mro___

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

REE] 22 T2 AL} A FF 29 A isinstance () & A5 AFE- SR
Ze)2E 40 AR YTPY, O A A G AA AF LA AR 2 2

=

2ol £-9 BH4 A 2.

228 Bl 53 o) 2ol we

Oe A2 sAste i 54 542 Aestett 2aa0 =g A s Ayt % Sol,

TS S shE F47F Aok

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

o U oS ZE FH: 20X search () WIANEE HYstal &A1

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

class Document:
def search(self):

# code to search a document

obj.search()

30
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26.5 ]90] % FAYU7R

1) (elegation) & 717 A% 71 ()24l A ©o) &3 G Th AU T x AA 7} A5 WA= 5 3ffe)
522 W45 Arki A4 BAITh WAL WA= 2e 1AL AFHLOE BE NS
29 G WA S0l 9P A S 2 E BE S A5

sl 2z e 47 998 AL S A A E 5o e I e HAAY AR,
7125 R E oS EAR WS Fe 28 FHFUh

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)

o] 7] A Upperout S| A= write () HIAEE A ALY Sto] 5t self._outfile.write() HIAEES
TE3%7) Ao A EXEE EAE AU TH thE RE WA EL 35 self._outfile A A
AdEUTE A2 _getattr_ WA EE S SHFUTH A EZRE AA X Ao of] o & 2HA| &
ARE o] A ALE BRI L.

o Qukgol® S o] Ak g £ Ugol AN L. oJEPRES 23D Bl ohet 4
ojof & ufl, Fe e __setattr__ () FIAEE HY3lof &tH, o AF oA 7P = o] oF FTh

setattr__ ()9 7|2 FHL 33 th=F 55 F
class X
Aéé __setattr__ (self, name, value):
self. dict  [name] = value
REE9 __setattr_ () TS FFAAE o7 alself o] A JefE A F317] A5f self.

_dict__ & FAsHoF gt

2.6.6 T HES AA oot 5} el 2ol wlol A Zel 2o FoH A HASE of
A 52T

W super () &5 AFRIIAAA L

class Derived (Base) :
def meth (self):
super (Derived, self) .meth()

300/ WAL A%, F;4 FH2E AHE TY 5 AHFUTH class Derived(Base): ...9+ %
L ZYA Ao AL Base(FE= Based Hlo]A Z P2 = kb o] A H meth () WA EE Base.
meth (self, arguments...)Z T F AH5Yt} 7] A, Base.methE ﬁ@ﬂ A ¢3S H A E 0]

B2 self AAE AFs)oF Ut}
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3 c e E Aol i gk WA sk
Z (& 5ol 2] 7HAg ol wmeh A4 st =

class Base:

BaseAlias = Base

class Derived (BaseAlias) :

26.8 JA A dlolelg} B Fel A WA EE T2 H AL A sl oF F7|?
@meWﬂﬂmwmﬂﬁﬂ1aﬂﬂﬂwﬂc = sho]#ol A A Uth.

m

A H o5 A7, &<s] FUL AEZHEE At A L. A EGRE| A gZ tHdste ™, o <
oA S 01%% Uﬂ/\l Ao & AHgsl of gt
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 AA Y c.__class_ oA cE Eol7le= Hlola FEla AN AR ol AR Fexof o3 Aj A<
T 2] 9= 3} c.countE isinstance (¢, C) 7} A H3E BE co sl C.count = FZ 3t}
Fo:CY WA= Yol A, self.count = 428} 22 O Y2 self] AA YA gl “count” 2= Al
I FAH] gl JdadAag vyt ZH3lA Z A HolE o] 59 AAZEL T HAE Wi °”‘Z]
ZA gl o] i“ﬂie 2| A &f oF g th:

=, ojt

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

2]
p

def getcount () :
return C.count
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2.6.9 slo]HoA BYAHEE WA E)E AGA A AL =+ A5U7I?

o) G2 AAZ REWAZ HEEHA T IF2 dutg oz YA FH oA 7 WA g Th
Creol A= The 3} 2ol A4yt
class C {

C() { cout << "No arguments\n"; }

C(int i) { cout << "Argument is " << i << "\n"; }

}

shol Ao A= 7| 2 QS ALg ool BE A4S bR B YAAE A4S ok FUTh ol & S

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

else:
print ("Argument is", 1)
o] A &3] FE oA = LA R AA R = obF THgSUTH
4 do] AR B2 NET = gdth AE ol
def __init__(self, *args):

e gamel BEMAE Jo ol A% S

2.6.10 __spam & A}-£3}2 11 5}+=t]] _SomeClassName__spam o] tjj 3} of| 2] 7} Y
Futh

o]F A3 WZEo] Y= W o] 2L F A v F7H (private) HEE Ao &
A-&3t7] A8l “F 43 Y U th(mangled)”. _ spam 4] (o] F 7] A
IgrE Q‘ﬂéx}%_classname spaml Z HAE EHZ{]FJ~H] 7|4 cla sname—%_‘?_‘{— ARy LEo

AR FA Sl ol FHY Tk

0 (
n M2
j&
=
e
i
1o
o
o
me
o M

oA ¥187) % ¥ A5 STk 81 A8 A o] 3] _clasname_span o =21 .50 o) 4.0 %
AN 2 5 Qo) v EA e AA] _dict_ ol Vet Th BE shol M Z2 a0 v E7)
w4 ol 52 A3 A aA aEUTh

2 7}A] 73k o) 77k 5 Ut
del Zo] MEX] __del ()2 3£ I
0l E&sld _ del  ()o] T&HUth
AHEY A8 TR <H HIE 2T (A& S0 4 Ao R FxE Z

dtj 0oz EOVW %}QHD} VB JJrOM*i—
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S
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A FAZIE g2 Az T2 e nt

A1 A, _del_ Uﬂ/ﬂEt =43 %144 Ao = =d
=AY ¢ 1/}&71] AAY _del__() MINEZARE =
gC-Collect()%%‘f’l‘ﬁ}‘ﬂ TAE 7“1]%‘? AAI R, 7“Zﬂ7}-r74517<] o 2let
= A

A7 A= s uvitt &2 A9 YA A close () WA
0 HME% MBEAAE ZZFFe AEYHEE A AT = JFULE __de
A2 —__del ()2 close()EZEdoF '6}‘34 close ()& &2 A A
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oy
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<3 FZE 95t = O 2 WH L weakref RES AFESIE AJULH o] R EL FX 345 54
R AAE 7 Z F AEE FULh & 5], EY] AF 2= RE A Fxol tidl] I FxE
/\}&oﬂ oF gty (o] " A& 0] Egslrhd)).

npRgro 2, del () WA Zo|A o Q] 7 g s, 3 WA A 7} sys.stderr® Q14 H YTh

. CPython | A<= o] Z1 o] A 2] v =
A7E R o] 22 Ao EEH =

™
O
dlo
_G’:

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

A9 i THE B35 ARG S, id() £F A9 Fol HEIA T, BF AF AAP U 0
BAAL AN A5 0} D e, 1 AN S FE :

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

2.6.14 is A2AE AHET oo MEE] AAH: ARl AT 5 A&

is AAAHs AR ok MEIEE AAGUE FAta is bt id(a) == id(b) & F5FU
O}O] HEE] AA] M =88 AL AR 7 A AA T T Lot a is aE FA TrueE HIESITH
AU ofoldlElE) AAte ANl A0z 554 AAE gtk 554 Bl
H2A2EE B8 TruettFalse
Tejuh, A7) obol e e 7k B3 uf oboldlElE] AL 554 AAHE AT 5 Asuth Qo s,
ofo]HIE B 7} HAE = Al 74A] Ad3e] dsuth:

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

mlm

=Y

e o

ot

©

FL of

o

it}

i

Ky
qn
0>~
o
>
o
it
e
(o]
)
©
=,

2) Putting an object in a container that stores object references does not change object identity. After the list assign-
ment s [0] = x,itis guaranteed that s[0] is x.

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

2o ThE g el A ololHE e AAZL BAH A srov 554 HAEA AT P 53], 42
Eol R A bt int o) strit L AL E FAE o ofolAE ) AAHE AH§ A L ok FuiTh:

>>> a = 1000
>>> b = 500

>>> ¢ = b + 500
>>> a is c
False

34 Chapter 2. =2 7|7 FAQ




Python Frequently Asked Questions, = x] 1] 7 3.9.16

(o1 sl o] A A A%)

>>> a = 'Python'
>>> pb = 'Py'

>>> ¢ = b + 'thon'
>>> a is c

False

TFZRA =, 7 AEH o] o) A AA"E A E) FDekA] fsyth:

>>> a = []

>>> b = []

>>> a is b

False

EF eholnele) Is oA, obol e e AAE SutEA A S B bA DA A AL 2 5 Y]
t}:

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

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

_sentinel = object()

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

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

o] & 0], t}2L collections.abc.Sequence._ _contains__ ()9 Fd Y }:
def _ contains__ (self, value):
for v in self:
if v is value or v == value:

return True
return False

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

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

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

from datetime import date

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

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

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

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

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

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

The classes can be used like this:

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

>>> NamedInt ('ten')

10

>>> NamedInt (20)

20

>>> TitleStr('Blog: Why Python Rocks')
'blog-why-python-rocks'

BEOASAZE E ul (EE A AL E Fdo] s T LA Fdo] WA A S ul) AL
FEE 233 .pye FEL .py FLS 283= Y HAE 9 _ pycache_ A E g w59
AokgUth .pyc 3L .py LI} L2 o] 502 A|ZSlAL, .pycE B, JJr?Q_:%U £ 54 python
Hhol U] st ol 45H £ T T 848 2 ¥ S A5 Uh (A W82 PEP 31478 Fx 3}
HAL.)

.pyc g o] oA A & 5 Y& T 7HA o= o vdo] 2H gAY A A YYTH
%, __pycache_ AE YAHZE s & gtk S ULh o & £, S A AZ /g A v o
M-SR A st ol o] do] dojd = AF UL 7 W AHZ HAES D QS wf Yyt
PYTHONDONTWRITEBYTECODE 37 W7l A o] QA &2 3 RES JXE 3131 o] A o]
__pycache__ AB UHEHIE UET AddA RES I AE YA & ¢+ =55 A o7
TS0l e pyc Lo AL AHE YU T

HAAN 2THENA oM & AYdt= A2 YXER HF3A] o .pycZt THE A A ‘”"WD}
C’ﬂas‘ﬂ,ﬂrf EExyz.pys 9X2E = HAY EE foo.py7F & W, (python foo. py A v
Fog YE3lo]) foos AW, xyzE YEZE 317] w0l xyzoll thall .pyc7Ft A XA T foo. py
£ A2 E 32 7] W ol foodl thali A= .pyc 3t o] THE A A] gkFUT).

foool et .pyc LS Whs BR7F I 0W -5, A E HA od= B e .pyc LS s
—py_compiled} compileall E_‘: S AL 4 gJS T

py_compile BEEL QOO BES FF5oE AL ¢+ JdF Ut 3 71X B2 G BEAA

compile () &5 34 o2 AHESHE A

113
k9
o

>>> import py_compile
>>> py_compile.compile('foo.py")
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O]AL .pycE foo.py 22 Ao J+= __pycache_ A H e 7St (E= A8 3
WM cfile o] & AA T 2 95U Th.

_9,
A
1%
lul
L)
(¢
kd
rin
i)
e
o
R
of
[o
fru
o
X
A
ok
b
k
;O
o)

compileall 2 E& A5} %Yt} compileall.
e e ool SL00) S O 2151 A5 B LB okl A o e o 8

% 95Ut

python -m compileall .

BES A A" A WA name_ S HO2W BE A o228 RS £ gyt ghol
'_main__ 'o|W, Z2IW] ATHER AP FYUrth IWtHOoR BRES YXE A ARGt
B2 RES MY E AdHA )Y AA HAEE Al F 5, __name_ & QI3 Fof gho] I=E A3
e

def main () :

print ('Running test..."')

foo.py

from bar import bar_var
foo_var = 1

bar.py:

from foo import foo_var
bar_var = 2

2AE A= E 7} ohe @
* main©¢| fooE YXE F
 foool Tk ¥l A
e foo7} AL = 1 A3 E 7] Al ZF YT
e foo7}barg Y4 X E
- baref] T3k ¥ A o] TS0 Pt
. Hp7} ATHAE 7 AW 7] A ZE o
* bar7}Hfoo s HEE Frth (] 7] foost= BE ] 1] Al no-op YU th
¢ bar.foo_var = foo.foo_var

upx e A7} A3 P ok shol Wo] ob] £00% Q1B m P E B AL $EEHA Shokil f000] A AT
g el 7t o 18] wlof 917] W e,

import foo& AME3FAl A FE A foo. foo_vard AN23H T T ujs 22 do] otk

o] Al tsl 7hs 't (H 4 %h Al 74A] & A ol Sl Ut
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Guido van Rossum-2 from <module> import ... o} AFR3}X] B, BE =& 3+ o v %]
% AL DAULTE A M5k Tl W) 2715k 50U BU Aol ST oA e
AT E H BES BE Zo| <module>.<name>C & % ¥ S oujghct

Jim Roskind+ ZF EEAAM o <A Z GAE 3T 2 AGTY

s WEUWZ) (A, e Huo]x 228 JdZE T o7 le D)

e import <+

3 ECEAE T RECE RS
Van Rossum doesn’t like this approach much because the imports appear in a strange place, but it does work.
Matthias Urlichs = A SR E A7 AZE7 I Q3R] Y EE FEE AT A4S A}

ol s 4 S FL viEtH ol A st

2.7.4 __import__(‘x.y.z’) = <module ‘xX’> & 933U t}; zE oW A IG5 7)?

importlib?] 9] &4 import_module () & th4l AFR 3= XS LB FHHA L

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

g F=, oM BES AL JEE TR EE HAL A5 YTh 19X
Gom, 4 HEC L /|E HES JEE S WL REE LA 2 Yol B BES ol
T2 BASD o] T8 245 FUTh WAH RES 2AE oA oeld, ohe s 2ol A L

import importlib
import modname
importlib.reload (modname)

A3 o] 7]HL 100% FAFA ghuth 53, 0he T 2L £FL EHAE BES

from modname import some_objects

£E 9 AA Y oA WA R AL FP YL ek BE 2
RER JE 2o A Anb ATt A4 A gTh ol AL

>>> import importlib

>>> import cls

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

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

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

Sej 22 AH 9 “olol el E]” S SAsh3he EA 2] # o] YTk

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

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

o8,
-
>
(]
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A7 et JAFFAQ

Guido van Rossum-2 715 3}o]] S 2 7] & AFE 3= A o] m| ¢ o}t dukA 9l glo] A = 7 7 9
Aol 3 A 719 sttta s UTh g2 A2 A 7H0] & B8 F9 o] 7]5& AFEE

AN ZE 237} ¢L7) wj ol
oz CzzaWe g3 2

if (x <= vy)
X++5
y-—i
zZ++;

)

287 stha WA g UTh 49 Be C
A o e Sofch w7k 9%y,

QAGUG, CINE 3TEE WA
ol gAY, The 2B 98

Z7o] ol x++ T AYH A, & 2
ZEIRHEAE x > yd W= y7F Fadhe ol FE Tl
2]

A ZHE 2S5 7 7] w2, Sol M I A Y FE0
o 7HA W o] dF Utk 53 2L S AFEEe ZE
(EeFAAgdor) ) tha EATS =7 A2 %‘@P?JHD}.
B2 I A2 A ZY/E ZSE T AAINEe] S aj X gt o] 2 AS| =2 a3 o] A3 dojA
33 Fho] PuE o], 2 g 24377 o YA Ut o)A
grolof gt} (7}5, 20- 305) 2059 spolH2Co 208 R EX o W .
°l7ﬂ%*14/€%§ﬂ”° A7) W& w2 obd Uk - Ao Qe A u4Fo dolHIE 7)o g
Utt-Eo27] 7 B2 43 =20 HUt)

) _Bi
e |o
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3.2 7hgE 4Hg A4te @ o 48 AT Uk o FAYUR

33 BF 257 Aol 9 23A RAIFUA

AgAE 5% Tes 2 Aol sesl Buth:

>> 1.2 - 1.0
0.19999999999999996

)

223 0| A 3ol ¥
= J

EEESERER P

CPythonA float P& AFE 93] Cdoubled AU float AA 9 F2 1H LT (EHEF o
E 530 E)9 o] —‘?L% Ao AFE I Fpo| M By A5 Asks F8 k= ul C A4S AFS-31H,
o= ‘:]'}‘] ZZAA Y =] FE 2T ULH &, 5 AR Aol &3t 3l glo] -2 C2} Java s

g8 Be 9 FeA dolsAY FE Tt

AR ENPOZ AA £ 5 A WL AL oA R 25002 A%a/ RS S st ol g
=9,

’>>> x = 1.2

[*]

130, xoll T8l A A g 1025 g 1. 20 TSk (W5 $-2) AR o] A wk, AES) 2= sy
QurA Q7| Ao A AR A £ gL The T 24t

’l.OOllOOl100l100l100l100l100l1001100110011001100110011 (binary)

AL ABIAE G T 2 Th

’1.1999999999999999555910790149937383830547332763671875 (decimal)

S3H|E9] AuA Q) FUE & Tl BE 25 Aol

15—
AN G AL, stol A A A Y] BE 257 A L

o

16712]9) 1024 A= 2 AeFduc

CELPRK]

™

¥ 74 g4 o] Uk,
s A5 Ut 2AEe) BN Atk AL BE ) o E 9% THS BIT 4 Yok A2
ge)se, AR A 7 e 1A T W o
o1% % shhgu et

EohE AL sholie] £AD e £ATE YRR 0w B BTHE AU o F P %82 ThE
o2 WASA ROv], ol WAL o] W PH T EAL “eight" S OHE A0 WAA Reich
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5 vl A= g ol9} TEo)A ‘self & FAH o2 AHg s ok sh o] i
IS

o} o] t] o] = Modula-3oj| A]

45

A, 22 M A A=

self. meth() glow Fe A A E 7)Y 5A] B35y

—’F%l Utk CH+oll A=, A1 s Addel ¢

o 7H g ) - E}Z]“*ﬂrol“%ﬂ/ﬂ%, Al Aol

ofok FUTth YB C++8Java T FROA = AAHA JEFH
ks

A7 ge ol Aol AME AHS & FUTh

=4, 54 S0 HAEE HA R R FxGAY S T o EHTF

om Utk CH+ollAl, 3 S 2ol A Ao d o] Sefxo MAEES

AH&-3f oF gy o} — Tho] Al o /‘1 = baseclass.methodname (self, <argument

S5k A AL _inic_() vA=e], dedow 3 g2 A g o

H A =5 Zgste] AL o Al °1“ﬂ7ﬂ ] o] 2 :"’/H" Uﬂ/ﬂ £ T & oFote Aol 538 & Th
2

sAEe 2, ads wel 49 ol deld ) ¢
S 22olA ol i = (2 A “{M@
A R0 A8 B el e~ Bl
o] SHA) FEH ™ FHFULEC 53l ° ﬁﬁ%?%‘%}ﬂ‘&i}ﬂ%jﬂl%{ﬁﬂ ol Al
o]a]s}&;@ ogUlEWNS T dfof
S AF U A =, AxE
A @%ﬁ‘rﬂﬂ o2 ol 5ol thsh F
W, 2o Mok AT
okef of ek

Tyt
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3.6 THANA NI AT % gl ol FE FAYUAR

Jpol 385 H, 7Hs T i

vkt 7] 2] (walrus) AAEAF =5 A8k t Y @A 2 @40 e S I Uth:

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

AL S 4 B = PEP 5728 X34 A 2.

3.7 slo]A-L ¢ YK 7)%5 (2 S o] listindex() ol = W A =& 2}-&3}
I 7]%( l% £l len(list)) ol = +& AH& ] 77}?

Guido 7} &3l % o]

(a) Q3 A%re] A, A E 718 (prefix notation) ] F-9] (postfix) E 7R o] T A FPuich-
Q9] (112] 3 59 (i) QAL S A 2.8 AT 744 1 e, 57 BA) ohl
AT U A LA O R £ go] 5t B/1ME Fobshe XYL Hath) e T
x*a+x¥b 2 ThA] 2449 317] 41 A3 94 00 719 & AHgatel & Qe S u)o
o]/\lhﬂo u]_u_oﬂ E/”/\]_,_

(b) len(x) B TEE 92w Ax FaAzte] Aol 278 Yrhs AL gUTh ol AL A
ol % 1A & LStk A3k B40) 3, AR 459 Ao Tt W2, xlen)
2 92 o, x7} AR ol 28 FAR AL £F len) o = e 2ol 4] A5 A 3
Hlol e AL ol v] 1 glojof FUTE. WAE TASA et 2ol get) ol LF keysO)
WA= A, 5ol obd Aol wiite() WA =7 92 W) 2 AL ERE HAA L.

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

35. WA= gelo} TZolA ‘self' & WA H o2 ALg ok s ol EAAUR a1
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3.8 join() o] Bl 2B} B2 Bl =7} ol EAp WA =9l o] §i F
AAY7I?

o] ALg N Thah F 7hA) A% he s wEe] 95U

AR AL Y @AD A5 S MAEE S Aol AT B FRUP ks ol mebg
Yok olo] tiet e 18 & AW, BAE e P 24 23 g Lolehe AUk WAS7)
EAGe] AAH o] Bof 3§ ATHA, e Dol A AT+ GA HEL =2l F o7k g Th

% wa) olojx B The 3 ol ERRUTH ‘U AWMLY MW E B4 442 At Uela
AEUT. £uAE, FAL 184 5k o @ o] f % split ) & EAD AR A8 o
A Qoo g At A 2EUTh 12 W) the T 2L Bl

>
=)
[>
)
é
=2
=
r
44

Dy
tfo
=
[rtl
rr
il
i
rO
D)
1o

3.9 o 2] dulifwlE 72

o 91 7} A SR L0 W ryfexcept £2- vl $ LAY TE AAIZ o) 95 G AL WS ol Bo] FY
t}. 20 ol 9] Thol A W Ao A The BT E AT Z0] LukA o) QAL T

try:
value = mydict [key]

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

o)A
2ol =

gAvgel A9 A 717 JS Aoz RS w9 n 7k s Utk 282 o, o2
95Ut

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

o] £ AFol, value = dict.setdefault (key, getvalue (key)) S =
getvalue () T&°] BE Z 5ol 7= 7] u] Eof| S 53] A H o vk A& 5= A5y Th
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3.10 s}o]Hof switch 1} case £ o] I o= FA Y7

if... elif... elif... else A|A2E AE351H o] S GA 3 4 AdH5 YTt switch & EH
off t)dt & 7}2] A|oto] QYA uH MY HAEE 5882 9} ub of ) 3 o] 7} (o} 2) Q15U Tt A}A B
W&} @A) AEl= PEP 2755 Z2 34 Al L.

B LS BN ARGk S PP e T TEL B Y AR LE S

Asdnh A&

functions = {'a': function_1,
'b': function_2,
'c': self.method_1}

func = functions[value]
func ()

2 7)o o & v A

= 559 39, getater ) WA BFE A 30] 57 0| 2L 4 WA= E A o]
e

class MyVisitor:
def visit_a(self):

def dispatch(self, wvalue):

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

o] AA ] visit_&} Zro] HA

WA E o] Foll AFALE AR S Aol FHUTE o8 d HEATE glow,
g)\-o] /\]ﬂb‘l- %i‘—/\/\oﬂ 1 [e) =

7g_u<,>_, FAAT} AA L RE WA=

r{r In

3.11 05 A= 7@o] g Eahi t)Al A zejEol 4 AU =S ol &
Aol A8 2 G irle

B 1 BYIE, e m el el 2 sholwl 28 m@ ol tha) A o) Shike] C 28 m# 9 FAFUTh

E3h B2 A9 A9 w3t stojH o2 ZH g QS UTh b, A 28 = = Coll th g

2= Aol BaFTh

T 2 ThE], C 2B S SR 93] AAAE QE L) =27} 94 Stackless Pythono] QU T,
3L E O 7T 3 A (®)

3.12 Yl HP o] BFL THT 4 Ik o= FAYU?

stolpe] TE Ze Y9 Tt BPA ol FHEY BFES AT 5 g7 vl sholdl P} BA4 L

S 2T 5 gk T2, stol Mo, o] 22 A zke A7 obd U th 752 Foete e

Qolo] g} P4} 2el, shol W Tk 55 Helorlo YR Ae FLE AR Y BHD B

Ut

Pt olu] shol el AF AAolu], A ATz AN 5 Y5 UTh WekA Ao FJ B P4

A FTHE A # 2 o] WS 42 o] B M Be st rke AdUth- AR 1AL B

5 AR (P @A o] AE e 23 A 22 Fo| AA) Y £ A WD B TH

3.10. z}o]#l o switch 1} case Eo] ¢+ o]-F-= F8ldU7)? 43
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3.13 slo]H g 7|A Z5,C = tE Aoz Futd & 5 UAsU7i?

Cython& 549 W] sho] M e F4 0] 9= C 8702 795 o) Nuitkats 80 & 5ho] 2
Ao] A AL BHR SE o WS Crv TER ATSE 40 AF A YU Javaz AL T
VoCE 28 4 A5

3.14 slo| M w w2 F ojRA el IR

ol 4 v 2] B2l o) AR AL P o] whel ek ol el HE TR Pyrhone B2 AT
59l AAE ZASD, E e AU A te] FE 2 BS 295, AA 2

5 Pt TS 23 HAD ANE AP 28 44 L0 FS Fr M0 YFUL gc BELS
A S SR, T BAE A3, 2 A7) ) WaE 2 RE S AFIY T
eI e FHOIY Ithonol L PyPy) & AT 7 A 4719} 4 el oA =g
Aol o] =L % 7He W TR B Al o 5 49 W BE o4 FAE Ao

QR o] TR A, T TE (CPythonol A+ WAL ThE obnhs shel /] 641e) 242 do Utk

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

A A&, CPython 9] = 7H-& W3} 5t 2} A A& AHS-E ), foll tf g 7} 29
gHych 28U A58 A GCE A3, ook 3tY A=
(g g3 A)g

quol A AN AFete TS s, A H o7 3dS G AL with B ARgs] oF gy
D}, oh2 v 5 2] e 2 A e JJr?:ll o] ZF gt

for file in very_long_list_of_files:
with open(file) as f:
c = f.read(l)

3.15 CPythono] tf 54 el 7hul x| 57 AAE A&k g o] i

FAAdy7?
S AL CEE 5 b o 340 AU, (o, $ol Boshm OC ol w2l ee] g
QEUTh hEEY Au FPEE (15 ARE ohgUrh o AR e} IET} Y3, hAR TG 5HA w
A5 FYSA L U she] o] ol 0% AFFHES stelw 47k DL FUh)
AFH A GO ol o] the S8 m2ago] AE W= 2A7H BUch SYF stol Ao A& £

malloc() 3} frec() GC 2o 12 2] A A% 5} w402 A al = 42 v, 3ol g Aok 28
252 7912 malloc() 7 free() o) o 3 A1 6] oA & AT 5 glsrich, 1231 Sfol we) 218 AaA) 28
4 5 Yt @A, CPython-2 malloc() 7 free() & SHI2 A 7+ 3= & 27 53T

=

|
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3.16 CPythono| £ 8% u] 2 E W2 2|7} A & 2] g4+ o] = F4lY
Y 7)?

[«

[*]
=

stold ZEe] A9 o] F 53 S ojpol Fxd u 4 T MAHA = dFU
<2 FzrElow AT ¢ lgyh CEtolBeielo] ofs) @gd siA 7t 27e e 54 R =
Ayt (ol =0 Purify 9 22 == o] o thsll 28 th. “Lei}, sho] i 5 Al v e A E ol
Aol ZE &d AXE s s Al =g T

Bt F A A Tho] M o] EX 2GS AR FEE AAFEH atexit RES AHEEH 3D AHA| S A B
e AN

317 W59 EE7 g2k HlolH# o] i o] fi FAYUA?

P AES}L FE2, o WA vsAw, dRbA o R SR AR E Yo R ASH YUY FE2
sz g i=y CFAe A A4S JsUth 2R 08 R A= vde 3 e A
dlol8 9] 22 5t A S Eof, Ju Hx 23709 A2 #4E FEE A48 RAH
Yt

Rheo], |~ E = e dojof mj it o Byt o] 52 B 22 F5 JPX I S o A=
O o AAE Hfots A Fel AFUTh A& 0], 0s. listdir ('.") 2 A HHE 29 3
< HEhl= 244 2l2EE &g UL o] 2o AFsts T ddEH o o 9 AF N E
M= ARt o2 @ FahslA] ek h

FEL=HdUS &, A9 [FEol HsoAW, ol 845 A Fo = vl 5 gl Uth B AE= T
oM, AAEA BAES 84S MAT stk W 84 gAY E 72 AR 5 3lolA,
FaETFolet REw 7|2 AR S 5 dF U

3.18 CPythonol 4] 2] ~E &= o] g A 7R H 712

CPython.‘l] YArE= AAZ = 7HH do]l Wi g
Ao op2 A7t ek B2e] A% 3l ]
CEEETREEE N

AUt Lisp 2 EFY ] A2 2] A E (linked lists) 7} o} g Y o},
= AH&eta, o Bﬁéﬂlmliﬂ Belujge] dol & gaE

AL UAE A a(1]9] v G| PAES] A/} Qe se) g FRE A0 2 FHEU T
G2 o] 275 7] ?m  BE WG] 277 24P U L MR 02 2ot E A5 B
5171 913 <21 2l 3 A 2 i ch AL SeloF &, %} 2bol BE o] ohg B Mol A

ERES EEECEE

3.19 CPythonol 4] € AUzl o5 A TAH U2

CPython®] 52l 27 =
23 (N 7HA 7HE £ A J) é

b5 8 s Al Blol B2 FRF Utk B-= 2] o) vl e, oh -2 o) Aol A
o] G4 11, 7@ o] & 7Rk k.

S AFSSEe] gAY o AZE 7 7)o g s Al =& AlLbete] ZHE
A A 2o wel A oy th; ol & S0, “Python” - -539294296 . 2
T o2 2214 Q) “python”-& 1142331976 & ) A] 3 4~ 95Uttt 138 oh-&
v o] 9 X & ALbshe Wl AHEE Ut B E S Aol T 71 & A STt
A= o A4 AlZbe] Z-thE SS9 Ut -Big-O £7]H 22 O(1).

g1 8]+ hash () W3
Bich ) 2 1)
A B 5 e wh, B

}.
WA == %kol A 73E LH$

1 AR e, G} 71

3.16. CPythono] £52 u] B.E R 2|7} Al 2] gk o] §= Feigu7p? 45
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3.20 g4 e] 7]7} Bwlo]o]o} sh o] i Fol Q)72

>
£

EREEE

A Hlol & 2R A ol A A 4D A ghe AHS o] 718 R th 717k 7hE AR o,
ghol W3E 5 doA, A= W38+ dEUh a7 AR AR HE FAL T2 94
2 AHEE T IS G5 g e, AUl FEL 05T 5 Uk 13 g, 94
of 4 Ze A E FOP T 5 Al ghol The 7] mhie] 22 5 GFUT o)A b Ro A=
A Aol A AR AR Y gho] the sl whe] G4 2 5 gE
YAUHE P AER AUASE Y, WA B AES FER WHHAA L tuple (L) BHE PAELH
e gue M FES HEUT FES 20enR gAve 72 A58+ A5y,
A 5] A B ok S0l A 4] 9 B 7hA 3y
» FAAAID)E PAES HA FUTE 2L Gow A JAEE YA 22 5 g7 wzol
5547 BT o2 Eof

mydict = {[1, 2]: '"12"}
print (mydict[[1, 211])

A Eol AHEE (1, 2)9id7h R A 9 AT 2] Wl KeyError 9] 7 4%
ek %, 9418 At s} obu et =8 Abgste] vl s ok gk

CHAEE AR AST ) ARG BEUTH 4N AR B A=A A B B2E ZWY 5
9131, B AF SLE 7} R3F Tzl whad 5 917] w2 ol AE5hA) skt

¢ PAEE A2 HSHAW, AFANA FAHA FEF ANGUT 0| AL QAL W52 )
E2 24N T Z2 o] 2457 o) WIE BEUch =8 94V e BuAS
A=tk d.keys () 9 BE ke 99 A= A2 4 ek

c YA A2 AEEE B AES 7] AGOE BAFUG BAE 1 Ge AT 5 gt AL
249 Az we] o2k AUtk Y AES W FES % ST 5 B UTh oo E
Az GAv el QB AVlol ) ST ¢ s BE AAE 97 Ag o EAN ok FUTH-

LA O A7) e AAle B s dod s yTh
dast o] A 2 vk Eo AN __eq ()9 __hash__()
HAEE B 7R Fels A" YR =

S sl Al 7Rk F2) o A5she BE e Al siA
& ANAHEF S oF k.

30
N
=
B
o M

BT 5 Syt 29 oF gAY (EE
grol A7 g e (e vhE 72) o =

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

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

def _ hash__ (self):
1 = self.the_1list
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 A2 B 2B AR W 7L SjA] 7 T A Abe oH

il

29 7}

olr

Hoz Qs Bigto]

i=4

st AA7F Ao Ao A Glel, &4 ol == 02(F ol._eq_ (02) is True)©o|H
hash (01) == hash(02)(Z o0l.__hash__ () == 02._ _hash__ () dJoF &t} o]& 3 A3t A}
TGS FE5oHA] ot 9 et v S A] 7|HE 227 25 g o)
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ListWrapper] 3%, 251 2147 AU 2lo] 912 wWivbch 819 B 2] 2 o] 4 52442 s)3hei W M35 A
olob e 27 49 018 Su2A SR KT Aol Bl 33 Yok 27} sof 5l
oFe g o] AYL FWFA nH A 2. B hrra A 7S

3.21 list.sort() 7} A2 & 2|2 =& ¥l3}

T
b
o
R
52
rr
9
o

£ R olgUrR

%50l 2% AN, BA) AL P9 HAEES A AL U Th A, List.sort ()
%ﬂiE%14ﬂﬂﬂﬂﬁﬂﬂﬂ-ﬂ&e%%ﬂﬂﬂﬂ$ﬁlﬁéﬂﬂé £ whakalA gk,
o2 31w, A PE HALE o] DL IAAT AU A e WAL AN LW A5 2] AES Pol A
% 3o,

A B AEES MY, B4 W sorted () $4E S I L. o] It AFH o) ol A A
PAEES UED, AU hS BAFYTL o8 Sol, ALH £AZ GH U 7] & o] E e o] E shi
e ke 24U

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

3.22 s}o]Hof A Qe H o] A PAE oA x| A3} A ] 7}

Crt 2} Java 9} 22 SAojo] A A T3k BEo U@ B o) & WA BEY WA=} Fo] et 2
EEQle AWtk B Age A5 ehele] e oA BAE AL o Ao thFE 22 1AL

FESHE o E 8o Hoky A2

ol 26 FA4F Wlol2 FelAABOE A% 4 Ut abe REE FARUG. 18 08
isinstance () & issubclass () & /\]——9%5]-0:] AAE AL Z ?4]/\7]- £ ABCE F+3d3t=2% g
4 AF YT collections.abc R E2 Iterable, Container & Mutableh’lapplng.ﬁrZE

ABC J < Aot

shole] A%, 74 240l N AABHAE 782 Fa AEsols WA B o]WS AL 5

E%ﬂﬂ&%%ﬂiéé%é%ﬁﬂﬂéééﬂ%;ﬁ Aol 2E QT F o] 2 BA S} o Al o
A S QFUTL B Fdold RES ATHE 636}04 e A HAEE Al AFY
25 A8k E%Zﬁi}t QA E 5 o] 2 9] 7PE¥3P“AE§(stub)” o &dold<
H2E &4 syt doctestﬁ}unlttest HEE=AMNAHZCE 29 A3 E
T 22 AdsE TLAQ HAE AYES 22T L YS5UTH
QAE] | o] &~ ZER ol et A HAE 8L vfo|Hor BT R S8 221
MEse o g0l 4 gtk AR, Aellol s BAE 22 1o 54 442 HAc T 5
] 2ol ]740]1:120 T 3 %%01 append () MIAEE 45 W7 22E Zo 2} &
F7bsloF Futh; e F o () L) AAZ o] 2 ntzA 5357
AR B AE A9 E oA o —7;‘% gt
o, qAH2E ¢ JEF I=E HAAT 5 UFY
Z

o,
xfy
> <
o W =
~L i JX,‘E% 2
g
D
e 2
B
) i N fo

—_—

°

HAE AEE A5t = =£4
AR T o] AMREHE 7)< 1 (test-driven development) | A=, A A T =& 24317 A
”“1 HAE A9E 9 °‘—ra 2} th 8 o] H & oA o] AAZMNA AL HAE AojAs

A3 A A e 5 AES 3

L o

L
L;:

= M o

o
d
L -
o

mT fr
lf“ (o,
I rlo
o |
:(?L_A‘

3.21. listsort()7} 3 H 8 2| ~E & whghslA] 2 ol 4= FAYU7? a7
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3.23 goto7} gli= o] 4= F eIl

1970"‘]‘:}101] At s T A g goto7} ol&lj et A3} ol -2 Z]x{l"i—fsl- “ASIAE” ZEE o]o] A £
A= AS AGAdFUTE 5= Ao A=, B7](Fo ] Holl A 1f B, or,and Y if-else 8 4) 9}
—‘?‘—E(while.ﬂ]— for &, continue® breakE 2 4= QlFUTh 7} = 3 H 2 31K 54t}

A9 E AHg ool B4 B2 ol AFIHE F2A 007 E AT AGUT: B AYL 97
C, Fortran % 7B} 9] 2] “go” 1} “goto” 728 RE §el 4 82 AelohA o Beol= & 5 Slrkn
B2 ol SH:

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

except label: # where to goto

pass
)AL GAlo] Fxo FNOR FumIhe AL HE5A FAT, o AE 1AL YWAOL gowo]
o= ULk ol AN AHE A L.

3.24 g FA (r-strings) o] o S A T 4 Gl ol FE YY)

7}2
5 AsaAs, B4 710 o AN B S 95tk B9 Ao gk o AL B U E BAE
o2 o= shel, B ke £AAL FAI T
G EALE A o 2o o) AA O Al B sAAAEL Z2ANFE A Ao T AL
A7 BE 5 AEE AAH AR ol B TR AN E DANA B T o 2N 2 olB 2 1D
B2, G EALS 0% A 8A P Uth L7k, © SN o] 202 Fol EAL L E EAE
AT 5 Y5k of FHLrEAel £ BH o2 A8 o 2 AE )
ARG ARYL WAL A9, LE AL A2 522 SN 318 2ol felahaiA e
f = open("/mydir/file.txt™") # works fine!

DOS F ol th == Y E=sH

rlr

A9, o8 Bol, the 5 S AR L

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

©
N
o1
£
X
o
2
2
oy
2
(m

RE UYL 98 “with” o] G572

N XAYstr G o F=E T EoHHA BF AP A= ‘with’ 7o) lsUth 7
o}

shol Wl B2 2
Aojol = the 3} 2L T2 A5
with obj:
a =1 # equivalent to obj.a = 1

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

o]l Ao A&, o] 83 27t 2T s AUt
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©BAE sz, Dfo] W Cr+9) 22 THE Aol A4 WL ASHEE, o W7 Y= L YA
WEa & 5 A5UTh ol Aol B ol 2@ AT Aot el B4 Aot Aol BE WMo
AFZE LT QFYTh
ol e 52 & ATk 4G Aol ofF AEFEI B A 7P & 5 Qe
AEZRE A Foll AA o F7tA U A AT & A5 UL o2 Adf Dt ¢l 7| wroE = o] |
AEEREI F2H L FAA T4 Ywvich A AL, A Mg me w0l 22l HE?
A& £, b3 22 EdAd YIS HAAN L
def foo(a):

with a:

print (x)

PN

& of) “x” ghi o] o] =2 {E 7} glofof Srka Zp Ptk Teluh, she] Mol Qe melE)
A7 o2& FEFE Aol Gtk 7Y, Wk A ole o9 A vk Bk W Wl slew,
with 25 ol 4 AL F V7R BAThA 3, shel We] $4 4L oA 482 D4 6 o] A B ch

e, “with” 2F FAFEE do] 7159 2 o] H(ZE EF A2 S S8l shojol A GA 24T

T AsUth =3 2ol sh= Aol

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

VYA FYFN 2

o
ref = function(args) .mydict[index] [index]
ref.a = 21
ref.b = 42
ref.c = 63
ol AZA L2 stolxo A A3 A ztel| 2= =d], T HA HAL FAS S A Yo B2 A
£EE ol RALE A5

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] £ 0| I 93} o] = F-sld 7?2
Z2e 2w 74542 2ol7] Y8 B2 FUTHA R ABC doje] A3 % s UTh. o] 2 el i
AL
if a ==
print (a)
9}
if a ==
print (a)
A o] o B A k2t 1 ¢} 7] H A FHSFAAA L. o] FAQ HH oA Z& o] oy EA oA E Al &St
EAR FEHAUA ;o) BE ASHIYTH
T TE AL ol = FEC] FE AR ZAV A= AT E 2E T AUt E92 78 8o
Semle 4487 o), 2 HAES o JREA T EASE A 2ES 22 5 dF U
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(1, 2, 3,1
(Ya" YbV’ ICY,)
d = A
"A" [1, 5],
"B": [6, 7], # last trailing comma is optional but good style
}
o] & 3 g3k Hlol B 7HA o §7k &Y Th
g2k, FZEs gAY g B gtol o S0l 24 e B-7, cld Sl x5S F71d 287
Q7w Eol 848 2745717 Aauth B e 8 BEA 2n 22 AFLE 4= AFUTh
A5E YEE TR AU el o H B E S YTk o S
x = [
"fee"
"fie"
"fooll
"fum"
1
o FiEot v A 847k 9t AAY Rol Ak AA R e Al 1A 84 &Y TR “Fee”, “fiefoo” B
“fum”, 33 TS 245 oD AP NAL A 5 AL
FY PRSIz agYAA TE 4ol 8 994 £ 2 &y
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cHAPTER 4

ghol B e 2 9} 2 FAQ

st

e
o

Al
f={

A AL =) 7] 2] 9
“Python” ol &

Ak

)

4.1.2 math.py (socket.py, regex.py ) 2 322 ojt]o] JH5Y7}?

F5el

(o)) Al 717

L.
T

shol Ao

)

=
[

R & (dl, .pyd, .so, .sl

SFZ ZrHE=

sl
&

2) CE AYHILF

import sys

print (sys.builtin_module_names)

51
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https://www.google.com

Python Frequently Asked Questions, = x] 1] 7 3.9.16

41.3 GU2A Fho|H 22PES A7

o=
o

shel 2 WS o] A ok T2

£ RS SoF R Tth ATUE e mE A s alol S R WA 2L 412 A As7 1 F o]
Shol A QUE) 2B 327} 9ol ok g

A WA= chmod +x scriptfileo]y o}u}E chmod 755 scriptfileg A33slo] &3 U}
FAE o 1A BHe R 48 B 4 AaUt g DRSPS 8T 2 E2

#!/usr/local/bin/python

St QI Zel B 7t S Bo] AAH AR o] B2 ALE el hAe] 3 WA 2

~agEs} stold AT E I} A= A A} EPHOT HEE 512 W, en

1% ok sholal Q1El =2l 7h AHg A} patie] B e 2] Sk g,
Se AT

#!/usr/bin/env python

o] A= CGI 2AYE AL51A upd Al 2. CGI 2T HE S PATH W& 58 H 4ol ehA], AEZ g

Bl o] AA Ao A2 9Y & ARE-3l oF g Th

EEHHHE AH82F &7 o] 7}5 AFA] /usr/bin/env T2 131 o] AU TH E= env 2 1Y 0] o}o
FUTh o] A9, th2d 22 S A 5T 5 55U T (Alex Rezinsky 0] 7] Y U Th:

#! /bin/sh

nmww.n

exec python $0 1+mse"

2 AL ol Ao 2T HEL]  doc_ EAE S Aot AJUT T e F7Hst] 2AE
CEL Rt

liiducii = """, . .Whatever..."""

4.1.4 s}o)# -& curses/termcap = 7] x| 7} 95U 7?2

Y2 AP A ZF Tlo|H 22wz 7| EA o7 9T A= ¢FA g Modules A H t] 2l
51 2] of| curses %% Z3hUth (A= o ZFoAE= AR E = AFUT - =8 curses ZE2

Syt
curses BE2 7] curses 7] 5T oy 2 A UIA A A A, = H vpf 2 XA 7} 22 ncurses
9} SYSV curses.J oo =71 7] A 7‘1]9} S8 A o
2= S AR €A 72 B

,‘rﬂ off

415 s} 4ol C] onexit() 9} 553 Aol &R

atexit BE-L CY onexit () & FAS 5 & S+ A2t}
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4.6 A2 Ae)7)7} AEeA P o]k FAYUR

7}

r]olr

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

Sl

’handler(signum, frame)

wpebA = 7] 7] A= A A oF gt

def handler (signum, frame):

4.21 slojy 2230 X UEE oY Hl2EFY 71

gto] Mol = F 7HA] HAE 2@ YT 7F JFUTH doctest RES EEY S2EFH &= AAE
AL AREF, 28 Sasdol AT o4 243 W a gt
unittest REL Java®} Smalltalk B|AE =8| Q 9204 298 H o A HAE =g Jdga gyt
HAES H 44 Sew, e e 2o £ BEA ORAL Aol FUth 2L Ao
EE7sS U ZdavAsg Fedeol gyt -T2l ol w2 22 T8-S T w2 A A g5t
TEHE BV ASFUTG A G Ay AM27 A A2 chwt2 7] o Zof). =3 22 7502 2
Mg W 210l 9 £ 544 grofot itk ol A ShE Bl 2377k 4 o 7] wE A e,
Zrade g v me e e 2L =S
if name_ == "_ _main__ ":

main_logic ()
zza3e) w9 2E stde] ¥ AXW e 5 AU
Qe z2 3ol 0 y] e Yoo T Y RE 0 TN Y, o] $4L AABE Hl2E G52
Aok gtk S HAES AT HAE 2HEE 4 RER VD + AUtk o AL
B A gAY S A, shold o] olF 2HAF G AR o] BHES AUk R g H =29
A HAE T4E AAdste I9S A H SHL A A = 5 syt B2 E gA 2 43S
Z27)o i s Y7 wEd Yok
=239 WA BEo] ohd “A U BE | BE AH HAES 2R 5 AU
if name_ == "_ main_ ":

self_test ()
B34 9 3 Qe 5 o]

o
%
ol I-o‘r
2Jd
zQ oo
Ke)
rlr
[kl
Hu
u
i)
N
By
oy
i)
)
z
0
fu
-
e
i
N
%
ro,
nj
H,
)
>
i
>
ofo

pydoc BES sholdl 42 TES] HAE YA HIMLE TS 5 gl5th €551 25 204 API
AN E BEL oL cpydoc] UL Sphince SAEY 3¢ TFT 5 dgvink

4.2. AwrAQ e] 53
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423 T Wl shile] 7] Q1S W Y- B o1gl Y7l

Fua Hygols @ 7kA S A A o] 5 Uth cursesE AFE Y] o] FAL = AL s A AL
curses= Wl 7) o] AAFs] 2 R E U}

4.3 ¥ =
4.3.1 A~Y =5 AFS St oW A =2 Y P72
_thread 2E9] o}d threading EE& AF&3HAA] 2. threading R E2 _thread EEo] Al &3t

Az el el s Sl Bele 74318 75 Gtk

432 A 2AEA b FAE AP A g A ZEUTH: o) U792

Mol 2E s FRE A, BE AA S FHUD W9 2d S0 0T B AY5 o], Ad =}
442 2T Azke] g&UTh
e gL m2ay Bol BE AdEst #RE BE 383 0 FHS S5 AgUh

import threading, time

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

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

time.sleep(10) # < !

F o slUAR Aoz AdE s
Z g u71A] A 28 EE A Z5HA]

A% G5 A A R A2 FUe 25 AQUth

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

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

time.sleep(10)
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concurrent . futures 28, £3] ThreadPoolExecutor S S A= A Y
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a2 o

T G3e) B2 AR A Aol sl d, A w22 A S AU queve BES AH§ 3
Q252 ZYPFE F2 HEAA L. Quene FAHAE AR BEL FASL Fo FBL sk

put (obj) WA=} 0|8 MAFE get ) WA SE REUTh Feh2t 2 G4jo] Fos) & A

A9E =2 st o 9e e 52 el

a2 59 e 24U

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.currentThread(), end=' ")
print ('queue empty')
break
else:
print ('Worker', threading.currentThread(), end=' ")
print ('running with argument', arg)
time.sleep(0.5)

# Create queue
g = queue.Queue ()

# Start a pool of 5 workers
for i in range(5):

t = threading.Thread(target=worker, name='worker 2i' % (i+1))
t.start ()

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

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

AR Tt 2L Eol 4

o,

Furh

Running worker
Running worker
Running worker
Running worker
Running worker
Main thread sleeping

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

D[x] =y
D1.update (D2)
D.keys ()
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2] T2 0] o3 Aol S B A S A3 A5F APIE AT HU O

C o1& B oA A3l A Ego] HithC 92 ALEsol Al7ko] o) Al
A2 4 2A=71C 0] 9 FLGILE 345 1€ e =7 ol )
HUrCh z1ib® hashlib®} e YR T & glojH e ZEL ojn
27 s Aol op e} e Z 2B %ﬂ] F-o]ofof gtr}al A ¢t

~ o) 7 )

o] 12
%) ) w
&5 dsUth £33 5, = dojd ks del syt B AA Ao dA A

ok Jkﬁ,
20 rlo

~
BN
IL
A

4

=

MW
ohi B

N

56 Chapter 4. 2}o] B 22|} &3 FAQ



https://code.google.com/archive/p/python-safethread

Python Frequently Asked Questions, = x] 1] 7 3.9.16

BEHE 7HA I A7) w2l A8 G Fe] FAYGol B AYUrLh ol & %01 2o A 4o} g2 FALG o] Al
AUtk o]y s MAl= de e A2 o] 53 oF ol o2 A A ol & AHAl A 2= (free list) ©]
AFUTh o] AfF FE2 AE = ﬂﬂ”ﬂEﬂEﬂﬂﬁhh}ﬂﬂﬂﬁiﬂﬁﬁﬁ%

a3 AR A E 22 A7 Q7] w2, §8kst Al ZE ko] & £ QAR gAAaHE U
A AAF g2 o] 15 AA WG JHE A Z 2 E] Aefol] A= S WSS 5 9= AR

A
WE SRR A4 1 9L Fs Aol FHUh
A

DT Ao R, Qe A E FHEA e T AHZ e EE 2 Ahe, 4 dE = el H g HEY
o

<]

44 Q3 29

d

441 5192 o YA AAGUZR (29 2 THE 5 AEE)

os.remove (filename) ©]Y os.unlink (filename) & AF&3H4 A] Z
AN 2. F BeE EATUTH unlink () & Bl of 4o Ba §4 o

HHe g & AASHY, os.rmdir () & /\FQ“?'?V‘ /\]-‘?—; =¥ os.mkdir () = AHESHAH Al L. os.
makedirs (path) &= EA|5}A &= pathd 7 AEH B E Y5 U T os.removedirs (path) &= H]
Q=g S Y EH e E A AT AA A g Evlet 1 &5 AHAISHE ¥ shutil. rmtree ()
2B L.

o

g o] &2 vlH 8 ¥ os.rename (old_path, new_path)E AFE3HAIA] L.

9BdL A=W, f = open(filename, "rb+")E A}L St €I f.truncate (offset) 2 AR
B AL offsetd] 71272 AA & (seek) A A YUtk os.open() 22 ¥ 5D F £ os.
ftruncate (fd, offset) &% QJ\QL]D]- A7NA fd= 3L 71EAHEF2 A5 YT
shutil Eoﬂ_,_ copyfile (), copytree () ‘3—l rmtree () & :T’;?J;:}

ZAH O s Ut

442 540 oA BAU?

shutil EE & copyfile () 7} £3E o] IHF5 YT} MacOS 99| A 8] 22~ 3 F (resource fork) 2}
3} Q1Y (Finder)_ 4 ¥.E HAFS}HA] ‘E%*f:’z off FostAl L.

443 wholuie HlolEl B ¢t (E 21) WL FAYUA?

HR el ol Y4 QL 2 struct REE NETE A 1Y T T del
Aol B (15 52 & e BALLS A A st dl AAZ MBS 5 JE2 Pk 21w s
7hs @t
o g Eol, the TEE HLolA 9 AT)ek FA2] F o] 2-uko| & 9k Shtel dvbo) B A4 E %
Yrt:
import struct
with open(filename, "rb") as f:

s = f.read(8)

X, Yy, z = struct.unpack(">hhl", s)
2ol £AG) > 5 9 Aok ol el ZATU T B b Shike] gL hor) F 47 2utel £)E
92, T EALAA s} <2l (long) AS@HHOI E) & 25T,
O A A vl ol E (o & E°f int} float ] §F 2|2E) ] A9, array &= AT T& U
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Z3: vlol e HloE 2 o1 28l |, vlo] g mE® 328 Fofok g Th(o] 7| A, "rb" S open ()
o7 ASYTh. Al "en (7] B3 S A8, o] A B WE) i £.read () Ebytes A
oAl str 22 ueheh o,

4.4.4 os.popen() o2 THE slo] o A os.read() & AHEE 4 gl AAMH BTl
o J 72

os.read ()= <4d 3}dS e 22 H 42 3 7)1 AHE A o= AeE T Ut os.popen ()
< W7 open () f‘é}T o A HP%‘rd PPE‘—% Fo u4E 9 AAE Yt mEkA, os.popen ()
S 2 E X Ito| Z pof| A n vl EE Eﬂi‘iﬂ,p.read(n)%/\}%%HOF%LL]DP-

4.45 % (RS232) EEo] o] B A 2172

For Win32, OSX, Linux, BSD, Jython, IronPython:
https://pypi.org/project/pyserial/
Y29 49, Mitch Chapman 2] =24l AIA &S FZFHAIL

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

4.4.6 9J sys.stdout(stdin, stderr) & Polx &3] 2] &1 7)2

shold 519l 7] A4E C e 71 &R 4 E 24 AS YT

YW open() T+EF 511 sho] Ao BE =t FEE 3L AA Y F-, £.close( FJrOM‘i gd A E
gpol o] HHANA Z2 Aoz FAFAL }—‘:}C 3 7|&AE 2R E gyt Ol < £7} 7R A 7 2

o] £9] 3] Aol A AE© 2 Aol bsE Fch

2] stdin, stdout & stderr& 3ol W ol Al SHSHA A 2lE =, C FA| o] Sl A S+ FEj & ol st
7l YUt} sys.stdout.close () & A Y8t Jpojd =& er?—a‘ AA 7L &3 AoT F
AdE C 9 71eAE BA sy

o A 714] % Shitell thek 14 C 5 7] A8 Do B W, WA o] Ao] HR of e} Ro] 53 4L A
3ok FLITH (18 1, VO £ 432l + B4 BE0] £5T 5 YFUTh. 120Hd, 0s. close )
B S IHAIA 2

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

=

2

rlr

A0, 1

M)
it

27} 82 4 Y5t

45 Y EIF/AEY Z 2 Tv

4.5.1 slo]Holi= o WWW E 7} Q15U 7)?

ghol B 2f 2] & 9 | v 7 4 9 internet 7} netdata F < % SHA A L. Sho] ol = AW F3} 20| A E
SR AN2FLE FEFE U =0l HE B2 28l 5 UTh

AHg 7158k Z 8| 4 32 2 9FL2 Paul Boddie 7} https://wiki.python.org/moin/WebProgrammingof| A - A]
B2y o,

Cameron Laird+ http://phaseit.net/claird/comp.lang.python/web_pythono]| A s}o]# € 7] & of] &3t &
L3t H o)A &2 FA A FTh
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452 CGl Z A 22 oj@7 T4 9 4= 9417 (METHOD=POST)?

F2 POST & A%} 91 o] A2 A4 o3 A&Uth o] 49 47 24T 4 J=F st 7| & nE7}
7R

o. b3 urllib. request & AHg-3t= ZHetsh 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

with req:

msg,

hdrs req.read(), reqg.info()

urllib.request.urlopen ('http://www.some-server.out-there'
'/cgi-bin/some-cgi-script’',

data=qgs)

QuH oz SAE oY POST AAL9] A9, Ae) AL L
Slod Q1R of THof] FoFFA A L. o E E0], name=Guy Steele,

EHUYHA:

urllib.parse.urlencode () & Al&
Jr.

>>> import urllib.parse
>>> urllib.parse.urlencode ({'name’
'name=Guy+Steele%2C+Jr."'

'Guy Steele, Jr.'})

o ¥
29 3 o] = urllib-howto & # =

4.5.3 HTML A< 93] ojul =52 A1-&3) o} 3712

$HYa 23S 2L 5 AFUD

<

Web Programming wiki pageol| A =

4.5.4 stolX AaYENA HLS BUle|H B A 3fjof F7}?
£ZF golHele] BE sntplibE AL
o2& o & ARG Sk v S 314 W D 2 A 7 YUtk o] -2 SMTP 2lA W & A Yshe BE
FrEo|A AEFYTH
import sys, smtplib
fromaddr = input ("From: ")
toaddrs = input("To: ").split(',")
print ("Enter message, end with ~D:")
msg = T
while True:

line = sys.stdin.readline ()

if not line:

break

msg += line
# The actual mail send
server = smtplib.SMTP ('localhost')
server.sendmail (fromaddr, toaddrs, msqg)
server.quit ()
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FY2 AL o A2 sendmail & A FU T sendmail Z 2 1 9] 9] X = A"t gE YT W2+
/usr/lib/sendmail, |2+ /usr/sbin/sendmail. sendmail "] 7+ & #H o] X 7} =& 0] &

BE =L e 25U

import os

SENDMAIL = "/usr/sbin/sendmail" # sendmail location
p = os.popen (" -t —-i" % SENDMAIL, "w")
p.write("To: receiver@Rexample.com\n")
p.write("Subject: test\n")
p.write ("\n") # blank line separating headers from body
p.write ("Some text\n")
p.write("some more text\n")
sts = p.close()
if sts != 0:
print ("Sendmail exit status", sts)

455 2:71¢] connect() Wl A = ol 4] B27)< 75kl ® o] A sl ok g2

select BE°] 279 8|57 /OE A A3+ o £ AFREEH YT}

TCP A4 o] &5 7 O}Ei:‘SV]HOH 2AZH BEY RERE AZET 5 JFUTE 19 th socket.
connect () & FH W, SA| A2 AL (2HA 7HsA ol glsUTh o8] MEE errnodl 23t
9] 7} A Th errno . EINPROGRESS+ A o] X&) Zo] oA &EH A A ShE= e Y TH
Osujch oh2 Zhg Whehal A, of 22 8] Ala "o A] -9l o] vE of

o 9] & 1] 512 ¥ socket .connect_ex() HAEE /\]—%

HH, 1}=o] socket.connect_ex () & A &S 0o
P HEPAUT -E & o] 275 select select () 2 AE3lo] &

rrno ZE9H WSS T 93
errno.EISCONNS ol ZF
9l=z] BFolat 4= gl Th

4>E@

A2 SEE A4 ST+ At e

YE Bl
Utk A AR} Twisted 2ol B2 2= g AHRH = 7]

Zr3: asyncio BEE
£ 5 7] el n

ERDIRIES

o][‘ ﬂJQ
o |

oy =
nal
o e,

rlr

< H 27
e AF

4.6 djo|Ejw|o] A

4.6.1 shol Mol i olEjul o] 2 3 7] x| ol ThEF VeI si 0] 27} YLHU7?

o,
DBM3} GDBMZ 2 23 7| HE 3 Aol tf &t A H o] A% FF Ffo|Mof 235 o] JHFUth AF a3
719 A Y do]Hu| o] A E A|F 3= sqlite3 RERE 5 YTh

22 AAF bl ol H o] 20f th g 2] o] AlF-F Y th ZHA| & -8 DatabaseProgramming wiki page S
2 FAA L
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2 0178 vl P QA YA 02 H AL (A3 A Y, 24 £+ F

% = 1 - O
%ixl 2, shelve 2ho] H 2| 2] 252 pickle} (g)dbm 2 AH-§-3Fo] ¢ 2] &f s}ho]

22 A AZE 5 4
AAE Z33l= 42 (persistent) "] F S HEU T

471 shol Aol A 445 oA B FU7

®F EE randome G A7 E T FY L A2 sl o

import random
random. random ()

AL [0,1) A T £F 257

h=4
o] BEE TE BE 55 44717 9

th 7+
e randrange (a, b)+=[a,b) ¥ A4S At
* uniform(a, b)<<[a, b)WY FF 27y AE AHI Ut
* normalvariate (mean, sdev)¥E AT (FFAIH EXE =gt

AR 05E e AA2NA A A5 FU 7

* choice(S) & Fol Al A2 729 24 shhE A=k

+ shuffle (1) & e AEE Al A5UTh S P92 242 vE T
%%@ﬂ@ﬁﬂﬂ%#@%ﬂ%%Sﬂ%ﬂ% B2 5 8 4 9l Randon 2T A5 UL
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ags U 34, M 9] Y AR 2 FL ZaEE YA RES CE IS 4 95Ut} extending-

index woﬂ A o] QJLLTh
R ae) 2ol 17 ol A A A E o] A ohE AT

5.2 Ci+2 Ujuke] F42 5 5 AS U7

DU, Corol S C 58 /)58 AS T, ol ¢
{ }E iR 8kar sfold QIE = ﬂﬂﬂ eI
7HA A o) A A (static) C++ A A= 7 T2 4

25 E (include) 3t =9 ol extern "C"
extern "C"E XA L. APAE

The

53 C2 2& AL o]P &t vkl &7

Sashel s Aeiol whek, of 2 & Wl C 338 B of el 1A kel gtk

Cythond} & Pyrex:= k7 A9 Fho] M F 4] wolSo|n 3P C ZES A= Avtd g Y h
Cython =} Pyrex & AF2-5HW 1lo] 4 2] C APIS WS 7] ok E BRLS ZAE 4 9] T

ﬁﬂ#ﬂmﬂﬂﬂm%%?C%G+ﬂﬂﬁﬂﬂﬂmlaaﬂﬂ¢ﬂ§3?§ﬂwﬂaaqﬂq
B g3} 48 SWIGH 22 =32 #H 3T 5= 5y th SIP, CXX, Boost T Weave = C++ Fo] 2.2 2]
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63


http://cython.org
https://www.cosc.canterbury.ac.nz/greg.ewing/python/Pyrex/
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Coll 4 9ol ol shol Al 42 o HA AL 4 AHU7R

o] E &Y= A &= AT = PyRun_SimpleString (yolH,ol=2E_ main_ o] AHAE A
AyE &d FAE AAE At st 02 vb=sta (SyntaxErrorE E3ste) o9 7k g std
—1% E‘_]—Sﬂ—‘% 1/] D]— E‘] ‘{%’—‘% Zﬂ ﬂ—g— -]6‘]— , PyRun_String( —— /\]-‘3—6']-/\1 /\]_1_, Python/pythonrun.c
o] 9= PyRun_SimpleString () 2AE ZARIAAL

5.5 CollA] oo 9] sto] A4S oJEA F7HE 5 AFU7?

AE A Y& PyRun_String() S5 start 7] & Py_eval_input= AFE31o] TE3HAIL;
£ w483, B15 L ke R

5.6 shol® 27| o] 4] CZHL oY A 22 F72

l A 9] Yol et th5 Ut} /& ol ¥, PyTuple_Size ()&= Aol E W88t al PyTuple_GetItem()
AZE dd o FES ULt FAEE v 45 A A 5 Uth PyListSize () £}

PyLlst_GetItem ().

Hlo] E oAl &=, PyBytes_Size () &= Zo]E W3E3} 1l PyBytes_AsStringAndSize () & Ztd Z o]
of th gk A& Al g gyt sto] vpo]Ed A= d (null) v EE Z T = 9lofA Cﬂ strlen()
S 8T 5 Yl AN L

2AA 0 &< 74/\]"5]"74 4, H A NULL O] 0]—‘4 A 3913} t} pyBytes_Check (), PyTuple_Check (),
PyList_ Check () S AL

29 3 QY 5| o] A7} Al Sk 3hol W AR o] 3 1 APIE U5 Y k- AR 8 W82 Include/
abstract.hE 924 A L. PySequence_Length (),PySequence_GetItem() SH Z2IE2 &
T 7Y Tl Al A2 QIEH o] &~ & 5 Q1S Uk ofy] 2} A} (PyNumber_ Ind x () 5)<} PyMap-
ping APIS| W] F 3} 2o 2 e F 8 22 828 A AP ch

5.7 Py_BuildValue() & A8l Qo] Zole] RE& vletyhye B
A7}

28 4 g Uth B4 PyTuple_Pack () AHESHAIA 2.

5.8 Col 4] A o] WA =2 oA TS

PyObject_CallMethod() t}; LAY Ao HAEE TEFE= Y AL 4 g5y Ttk il A
= AA, Z=Z A=Y ol F, P BulldValue ol AME = = A 2 29 FA4d E le}g}@qq—
PyObject *

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

o

HAEZE de= BE AAANA eyt - Wdoly A&A A9 7 gyt vk 3}
Py_DECREF () & A -2 o 2] H oA 5uth

oA Z Eof, 22110,002 5L AA 2] “seek” MIANEE TE5EE (9L A AL 7“2t 7HE Y
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 ()£ T4 AR HE of
format & & “()”E AEslaL, shuho] AIAE TS T

5.9 PyErr_Print() ¢] &3 (== stdout/stderr 2 2135 =2 & 7)) & o
A A5 7R

ol ZEOA, write () HIAEE A D3t AAE FIHAHA L. o] AAE sys.stdoutH sys.
stderrel t J3H Al L. prmt errorE TS AU TF Ed o] WA YF o] AFHEF FAAL.
aud 28 oy B write () MM EZFHUE X2 T

olgdA st= M A WL i0.Stringlo EHAE A= AY YT

>>> import io, sys

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

>>> print ('foo')

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

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

hello world!

e AYe ST SR A AR L he 2E U

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

>>> import sys

>>> sys.stdout = StdoutCatcher ()

>>> print ('foo')

>>> print ('hello world!")

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

hello world!

5.10 CollA] slo]x o g ZAJE R E o] DA HAAF7I2

Che 2ol BE AR e £AHE AL 4 AHUTh

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

olF] AXE 3R ko™ (F, sys.modulesd] o}3F o Eﬂ) o) AL RES 2783,
M ©h<=3] sys.modules ["<modulename>"]2] L& |l . I}
2| kol ol st Al & — A 273} =5 SFAL sys ~mOdUleS°ﬂ AZE == gk

to] R59] o] ER|RE(S 280 B BE o]F) ol IA 2T 5 JFUth

ol [ 1
Y ot

.
e
vl
o
;Q 9
oo
i)
m\l

5.9. PyErr_Print() ¢] & (£ stdout/stderr 2 Q1 == & ) S o9A ZF5 U712 65
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’attr = PyObject_GetAttrString (module, "<attrname>");

Egol = ol tidshr] fel pyObject_setAttrString () & &8s A= A5 dUTh

rr

5.11 5}o] Aol 4] Ca+ Aol o] B A AE] o] 2 FLI71?

257 Aol whet ole] 74 42 WA o] dEUTE o] AYL SFOR 5
Qe Aoz RSN L. shol A ReRe Alwle] B9 CohCrt AL
48— mEkA C TRA () L FA O

2 gk

Cr+ eho B efele] B9, C5 25 AL oAU tloke] d5U7RE FRFHIN L.

Wsteld, g8
o

AN
]
= Mze shold WS A4k Aol

5.12 Setup 3} & A}-& 5t BE5 7=t make 7} A sl cy; o}

A<
JESYUR
Setup2 7oz Zrjok dtu], /3ol glod A Zz a7t Aigrct. (o] BAE s 23 A
Ais A A2aHE A o] LR3I, o] HIE YF A 211 =83 S s 7HA 7 gle A

5yt

513 2732 oA LW P

Ao 2EH 40| GDBE AHS S wl, o]l 2Ed wj7hx] 3o IS AT 5 s Uk

_gdbinit LA (E& BIA 0 2) 0h S F A L

br _PyImport_LoadDynamicModule

a9 S, GDBE A3 & uj

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

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

gdb) br myfunction.c:50

gdb) continue

514 252 A 2" A slo] X RES Auldsta AT, i 51 o]

dsdth A 2547

o) £ 1A vl L vl B2 Aok sk v BT ThFR 91U o] £E /usr/lib/
python2.x/config/ vl el 27} £ 3= o] 9% ehrvivh.
A= A9, DL AL 20 # B python-devel RPM-S 4 X 5441 A1 2.

o8] ¢te] A9, apt-get install python-devE A3 3A A Q.
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5.15 “2t % ¥ Qe 7 «B AT Y S WA THE 5 AL U
o}

Wl shold oo e ze e S o S
(12 Sof, i £ A4 WAL BT} 45 £ WL ES 24 @S W) AL zExE
EA AT, o] 435 o

o =
o & S0, IDLEZ o] A2 A& Fch

Co| A o] 2 A 31+ 7HE 412 WHH L PyRun_InteractiveLoop () & &3} (ol @ E 9] A7 =9
AN, TFol A QA Z BV S AP FEE 3= A YUl PyoS_ReadlineFunctionPointer ()
A ole e g Aol A BE el A £ R AT SE Y5tk A AEE Modules/
readline.c® Parser/myreadline.cE ZZ3IHAIL

5.16 A o] % 2] 94L& g++ 7|5 _ builtin_newy} _ pure_virtual & o] ®
A RS 5 AEUe
gH+ T Y RES FHCE ZESH Y, Fho| X2 THA 74-1Jr°“6h_ g++2 ALg351o] ThA] B 3511 (3o

Modules Makeﬁleoﬂ /H LINKCCE %34 /\]_‘P_) gt+5 AFRSHo] BB & R ES H IS oYt
(o] & E9¢],g++ -shared -o mymodule.so mymodule.o).

517 YR WAL C2 TAHL 7 5o AL sholH oz FHH (IS
Sol B4 Bol) A FAAE TE 5 AU

d5Urth int, list, dict 33 22 WH FHAE 4SS 5+ dsUTh

Boost 3}o] A 2} o] B ] 2] (BPL, http://www.boost.org/libs/python/doc/index.html) =
92 AT THS, BPLE MGl Cre 2 A4 H S Fel A8 45T 5 Az h,

5.15. “Z2H AU} B AT YA L oA THL 4 ASUIR 67
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CHAPTER O

A% $ 7ol 2 FAQ

6.1 A5 ol A shol 22 130S AYste oY slof Ful7k

o] %L Bag AR o] ohduith, ofu] A= BE Tl =2 1YL AYsHE Ao 4% FHriH o
BE o] Y AQUTh 284 ghow, E 8 Aol 928 5 &t

Unless you use some sort of integrated development environment, you will end up #yping 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:\> ‘

otuf F27tth2y, A Fo 2 AL JdS F stk 2HEE 33} 22 AS 94 B £ A5 Y
t}:

’D:\YourName\Projects\Python> ‘

AFE A% T H o) Bl 2 ko) Aol A2 AUk A oA FE Ak, soj T2
W AWe E0kE Ak

shol sl 2= R =t shol 4l Qe Zele) g b me o)A AT BR L ek AL ¢ dolok
Utk ABZEHE 2TYEES YL, vhe]E IER A5 AFT, ulo|E TES Agstel 2L
T 2T, AE) 2 e 2 B8 hol ML A elstel® o) YA £ulsl of st Az IR

B, B Yol o G HA7IE AT N2 A4 HEA SR B 3 42
god 48 py & B3 return 7| = oF gt

C:\Users\YourName> py

oh 3t 2ol AR

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.

>>>

Qe mel e Tj 8}y TR AAMEUCTE F, vho] A Bt AL B34 02 o] ]
AR L T o ool A3 B @ A% B s Uk A9 e g

fu

l
ol
NF
>
my
+
30,
fy
A
ul
o
S,
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7HA) 48 A sl sk 1 ARE HARIA 9

>>> print ("Hello")

Hello
>>> "Hello" * 3
'HelloHelloHello'

Be gl fsy RS HelSUAE 2290l Aew A2 A8 dsha shelu
ABE FRALAY, exit ) B4 S22 & AHAEA cerl )& £ 23 A “Enter” 7 &
el 99 ¥ =gz ER Solzhh,

HES, A 4> 2219 Python 3.1+ Python( % %) W A9} 22 A2 vy G5 Fop 4 glo,
2 AT A BN > ZprES B 5010 o) B8 exit ) BB BEAAL crr1 1 B 9
shel o] Abeb ek AE ol A T “python” B S AT FolL, AL L EE SEHY F2
g5

o[ Al py BYol AAH gom g, FAL FAlY sto] i AAYES F 5 AFUTh ol 2AY
Av Az AT 422 AGeE & AYUTh GAY shol 8l ATYE b hello.py P o] BOE
GAo) HaaE AADGL oY, BY ZEZEA F e Eee] & A onw e 2ol g0l

AP

lﬂ

C:\Users\YourName>

2e)A o)Al AZHE A Fol py & Aste] spold ATWEE AT el py FHL 2HY
AUk

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

6.2 sho]® 23U E a5} 2 WS el oW A 5ok g7

Ao A T shol A A X el A ol v] py 2449} 519 78 (Python File) & A 2 7, o1 E = ] ]
(D:\Program Files\Python\python.exe "%1" %*)& 43J5}= open W2 <Y = Alx
Ut oA We =2 eol A foopy 3 2 229 E AR5AS B o] TR HPA
Qo] “foo’ & 91 e 5hol 1% =2 4% 5] ® PATHEXT 23 ¥ 5:0] py 3 743l of v,

6.3 o wiw] 2 Fho] WL X 2l Bl Al7ko] 2.7 AR

Quba 0 2 shol AL AL SO A] o whz A A2 A B, w2 shol AE A A o] 4747 2
A7ke] AAThe W R0A7 &Y ole @ AL sholdo] FUAsA FAH AOE Hel: The
AL AN 2N F AF 47 W2 U o 252 THEU

o) BAL A AFE vhol g Gt xS0 A2 E AP0 WASE 29 5 AF U 9
dfol gz 24 £ Y ALHORNE 9 BE A2 RUHYHES A0S 7Y W F Aus
FRE AE S HI=E EYoht A0 FeiA Uk A2dolA wholg s GA AmE o]
T2 Folste] AAZ FASA FAH YA BARAN L. RE D A2T 47 42 AAFES
T8 A%, MeAfee = 53] 2418 Do v,

70 Chapter 6. 91=-¢ s}o]% FAQ




Python Frequently Asked Questions, = x] 1] 7 3.9.16

6.4 Sholdl 2T Y=ol A A Y S BEL PHS FAYU7R

See Fto| W AT ER =7 A3 vlo] 2= S o) E A & oF ] 7} for a list of tools that can be
used to make executables.

6.5 *.pyd 392 DLL3} 5 A Y712

o, .pyd 342 dll o] X 7h, & 7}A] o] A o] F YT eF FAlo] foo.pyd B ©] 59 DLLS 74
I ol PyInit foo () ?:‘—’F% U= A] 7R a1 QlojoF Y th. FAlL gho] A “import foo” & & 4
Ao, JJrOl -2 (foo.py, foo.pyc 31 oFL] 2} foo.pyd & AT Z o], o] & WA Z7]3}317] 950
PyInit_foo() TS AIET ZAYYth =4 DLL & &

o}y =ashd o gych

foo.pydoll th g A A2 & A=l A foo.dll& A3t o] A3t 2 £ 71 ob'd PYTHONPATH 91 &
frolstAle. ot 22 238 A7) 9 OH foo.pyd7} Y& B8+ JA W Z2 I WS dIF P23 T
Foll=dio] a3yt £8, import foo & 7] $13] A= foo.pyd 7} B & g th DLLO A P71 A&
A FEOA __declspec (dllexport) 2 AAFPUrth pydol| A F 7 A= AHS 715 S & £50
golgyrct.

Ir

6.6 A= SL8Z2 7

2
j‘:_l,
K3
(X
o
Fl
L
)
i)
rl
2
o
Y
:cl>{=
o
ﬂ'!"
o
v
N
~

AE S P4 shol A A= HE ZFSHel W b} 2ol LT 4 A5

1. .exe 3Ll A Fol Mg WEsHA < FH Utk A= oA Tfho]H-2 1 AH4l o] DLL]I &2 Y2
EE A g3t7] 98 Al = DLL o] o] of frth. (o] A o] &A1 8 A ¢k A A AR Ut thAl e,
pythonNN.d1l o] F=33hd FH Ul dulA 02 Cc:\Windows\System °f] A X F Ut} NN 1}

o]l W A o] 11, Python 3.32] 7% “33"3} 22 =AY YT

T A H o g stol e a3 5 s UTh 25 BY 3+ pythonMV. 1lib o et F2 &
./]U] 3la, HEFY Ha= pythonNN dil o 3t Yz E vt (&4 #3: pythonNN. 1lib
+ pythonNN.d11 o 3| &ot= 42 “1mportl1b”%]1/]u} 22 FYAE AN 1S FoFh
DELY Pt 92 §AL 20 DAL, BE AL Arkg Sl WAPUT Ao 3=
= 94 =% LoadLibraryEx () FEHE A5} pythonNN dll & 2rxdofdyrtt 1 3=
A= GetProcAddress () FEHONA 42 ZAEE A3} pythonNN.d11 (Fo]# el C API)
o AN~ R W HolE & AbEsl ok Futh WA E = o] st £RAE]E FHo] A CAPIA FH &
F2E RECRE FRAA ST 5 d5inh

2. SWIG— A A, o ol w A EE sho] Mo A AFE S 4= Q1A ThE = vlo] A«
S A3 Zlol 45 UTh SWIGE ﬂ%ﬁ ] RE A7 AIRAGES AT 2R a
A} E exe 3o A3 C Z=7} *3 JEUCtH DLL 5}¥ & %E F o7l glon, ks oo
P I3= E{E‘r*ﬂﬁ\%v}

3. SWIG= 28 59| o] 5ol e} o] 5 o] DepA]
BEY o5l leod F-%, 2713} T<E initleo()
= B TE o] AL AE Z o) ATF AFR A TR AR 2 el A 2 é% =713

l-m rr
Ef
<
)
g
é
Q
=
F
;“.:
[>
it
>
oo
ol S
E
=
%
E

29N C TEE exe ol FIF 4 gl o] F 2715 B8 TEFE o] RES ol
o2 QEESE A3 5D WG UTH (o] 2ol EA3E A e T WA A Y Th
4. 2bbs] el A, FAIL Al & REE shol i Bz BB E 27367 f6l ths =S AR
g+ A5y
#include "python.h"
Py_Initialize(); // Initialize Python.
initmyAppc(); // Initialize (import) the helper class.
PyRun_SimpleString ("import myApp"); // Import the shadow class.

64. vtoldl 2ol A e TS BEE W AR 71
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5. sho]e] C APIo = % 74A) 2417} 91w, o] 21 P40 PythonNN.dll & BHE= o) AHE5) & A3}

219l MSVC 1919|521 2] & A18 518l o sl A
A 1L FILE * A48 A3hs 49 “W]$ & £27¢] 34 2 A9 el o 727 FILE 79 o]
the] el BE AoA Y BN L 455 GEUTh 7H BENA B of o] S wj S e
Sze] B gy

2: Whghgre] void 9l C 4-9] 291 8 A4 wl SWIGE T} 7} 22 128 A4 o)

I

Sl
2
m

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

0]-0]- Py_None-2 pythonNN.dll LH—,—./] _Py_NoneStruct2}= B3k g o] ] -2 of tfj g+ &2
EaEEY YT ‘:]"‘] GopAtd, o] A== mﬂ%ﬂ'o]ﬁ AolA AE Ad Ut o3
S A

return Py_Buildvalue("");

AL ) AE FEA 7| A& XA, SWIGY Stypemap ¥ B3-S AHE-3Fo] A5 o2 HA 3= Zl 0]
7Me A= EHEYUTHA = &4 SWIG 2 H 2 U .

6. D= UFo|A Jfo] A A A7 HEE ALR-3lo] vpo|# AE Z | E FS {:_,jx]ﬁ]—-t« e . Ay
ol ob gyt A3 F2 o F A" IA= SHA L AGUth 23] 8, FAl (FE+= wxPythonWindow
Fe )2 “native” A E = ﬂﬁ A& e FUT o] FL StolH AH= E]E%vov]' ast7 45
Uth GAIL go]l Ao i/oE ¢17] W 27| E A Y= BE 7”11]E g HE AT 4 9 o v 2 read() 2
write() WA =& 283l jJrol"ﬁ AA (G REEAN AYF) o Fuyth

6.7 717k v shol#l 2o WS AH5HA] w2 Sel of A of
SPE
FAQ:= §& AH8-3t= 212 dAsHA ¢ 2“4 vho]d 2~ 8hd QFUIA (PEP 8 )& 24k vhold S = o o5
4] ATolas AR ;qn} o] I3t Emacs python-mode 2] 7] 2 Zk9j U t}.
A o] 28

2E WYl A W 2 & 831 & £ A7) otk of Hol 4 MSVCE th2 ] g
° Uq 29 o] A~E AFE S FA FAFH Y ) =8 whe} sl A4 A & Tools » Options » Tabs, ZL2] 11
g F¥d2 “”Default”i B} 31 “Tab size” 2} “Indent size” =42 A A3}, “Insert spaces” & BT L HES Z
A,

Tl £84 FTB-"]‘ AFo] AR Ql OH A Falof A 71 A Sk A4, 5ol M o] IndentationError Y
TabError & WA YY) T3S tabnanny EE2 A3 3lo] v x] RxoAq fdEE EgE &g
+E glyoh

[o

o
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222 AHg A 9lE] 7] o]~ FAQ

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 &8 Z2 738 o]JP A 14 (freeze) T 7}?

U= = YUk Tkinter 8 Z2 23S v o, $& =2
v g7 EostE g A3 =7 A7 o] opd )

A A AA L FE ZE2IAWE Tl Tk 2ol B a2 9} ?5‘71] AlFsta, 1
TCL_LIBRARY®} TK_LIBRARY 374 W48 AL281o] 7he] 7] = A9y th
ARNEH AYY & 22298 Qo8 d, o] BB E FASG=Td 2IHER 3
E3}3) of 3Hth o] 2 A D ét= 3 7HA] == Tix v Z 3 (http:/tix.sourceforge.net/) & LH 2 SAM(E
AP 2 5) Yt

SAM o] A3} 4 TixE A =311, o] 2] Modules/tkappinit.c WH oA Tclsam_init () 5&
A A tA T= k0L, libtclsam 74 libtksam 2} ) 3 o} (Tix 2ho] B2l 2= £33 4 glsUh.

Freeze+= S A3 S =z 1W S vt
232 o] A 3] Tel3 Tk 2]

AS< A Az

ofo
[l
il
W
)
=2
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732 V0E 7tiel STk o= & Aejat e S 3 4 &7

A= o] o e FAZAA Y, 2FFUTH 221 2= B 3 eA = syt 22U 1/0 ZE
£ R A8 oF FUth Tk Xt X ( 2, %%%1 J=dl, 3t 7] & 2ol A
1/0 7} b w] Tk Wl F2zoA &2 W A48 55T 5 JEF Pt tkinter-file-handlers &
21-26-]./\1 }\]

7.3.3 Tkintero] 4| 7] n}Ql g o] F2}5kA] 53U th: o] 7k F AU Y7I?

B2 AE3 7€ ¥ E bind() HAER o|HlES] A4

rﬂ

oMl E A 2] 7] 7} A 2] H A
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L
=
jEA)
={

Bl of] 3ol o] A A= o] A5 U7 FAQ

sfolp e =2 e Adojduch B2 o2 S8 2 W AL FH YL ol 2 mj7] 2=
g 71 =38k 9 tf 5o /ﬂ% SIRsS MEZEH“J Ao} & A5 A 9k, Google, NASA X Lucasfilm Ltd. 2} Z+-&
XA HAE AZES HE%

8.2 U AFE o slo]H o] Ax]H o] &

rlr
—d
e,
z
L
3

shol Aol Al2glol AXx o] AT AT A1e0] Yobd, TFA D 5 Ut B A A5 g ol
91Utk
+ oluhE AFES] TE S A ZE 2L W9 Ao] S 1A AN YL AU Th 3L
Tﬂ AFEE AP AAREA F23 o Gk,
- AFH BN ANA GG 22T ol MO T AP G Oom, oA BN E ZFT S A%
o GUL 25 10904 11 A o) the) g ] A 28 8
Sl eh

o« 4R A= AFHo = ol o] AXH o] Ql5Uth o] 22 2= A F |, $el& Folx o] T4
Hewlett- Packardi} Compaq®] ZAFE ol U] &2 A5t £ 93] HP/Compaq 2] & = g8

7 sl oz A4 92 AUTh

¢ 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 slo]Wg AR T 5 A&7

gho] MW o] o] TI A =20 &8 Y5t
FE7hEAo R AAYou, ofF RAE Lo7|A R AAL 5 AgTh Aol A, A o we)
=29 FAA A ohol =& AHETHIA S

AR §-§ 22 a0 A sl AL BA ek, A A
27 BT st 8 AR AAE A NG 5§ 3
shol wlo] £ 3 A 2 B A5 ATh, A A S
A9 NE ST AL A GO, 1 ARE FRE 4 3
Ad e A B Aok & 4 AU T

%%%:_T__Ej_aﬂo] o= ZE 3R]
Z 2 IS ARGl oF Pyt

Ut A A S, sholmow
Yo EAIE ddsidd oA
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ol
>>> 5}y Aol AR slold 28 xE. Az H A HFPor AAY 5 it T ool A A5 2

e e AEL A 4 A&
s B2/ 9 FE B2 IES 4YT W), AL oL TEA (LT, HBE, FLT) oo
=8 9T o, v eole 44 Fo| th3lF Aol /¥ vo| A mERE,

e Ellipsis W& A<,

2t03 Bl H 2x TEE Thol 4 3x TEE MBI A e EFAE], AT PR B TR LA
EelE SASA AA T 5 gl R W TS thE Y Th

2t03 = & golB g oA 1ib2to3 E AFHYTH =9
Tools/scripts/2to3 2 Al Z Utk 2to3-reference 2 H A 2.

abstract base class (—",‘—/Q'HIOI./;%EH’\) ZFA ol E A= hasattr () 2
Ak o) oA R (A Sol, W E A=) 32, Ael sl o] 8 Bl 3
9 Ebo]E S Heghth ABC“ 7 AMBE ZHAE EYsted, A E ﬂﬁ‘}x] ?%2‘5/\1
X isinstance () @ issubclass () o] 93] ZAE & Jd+= Fd2&
£ HAS. E}OM‘iOﬂt ‘3%’3 H]%PABC—O] mete = o 477’0 AE°] A
), &

o~
[o
fru
>
@
4
30
rlr
[>
1
hiad)
[
rr

C X
”?’ x}g Tz

m

SIANE Ko

Zr RE, Ed 2, @'5,\—9] _annotatlons_ E 0]
A= W4 o] nH| o] A, 34 o] ' H| o] A, PEP 484, PEP 5262 I 2314 2.

T 212} (keyword argument): S &2 W “tﬂ?ﬂ-ﬂ- °]’°ﬂ 22 (9 E %Oﬁ,name=) Tr=
rx Qo B 9 E R 7@“3 = A2k A& 59, 33 22 complex () E&oA 3 3
55 2F 7195 Adxd Ytk

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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] 91 A} (positional argument): 71 ¥ = A X7} ofd <1 A} Ql
LAY OEHHE Y Fof * E B AZT F AFUTh dE 5, bR 22 524 3
S E L E S

- 9]
U

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

Qb= G )9 o] F 28 A WSl P Utk o) theol AE5 % 7 A S0 Bha A= calls
g AL BHA0E, o BB AR AHEE 5 dFUTh T geol A< ol

EEEISE
Lo MY uj /w4 2T FAQ A& ol 218} v 7 wl4=2] x}o] 2} PEP 3625 KA 8.
asynchronous context manager (]2 7] YA E #Ae]x}) _ aenter_ () &__aexit_ () HAEEH

°]3to 2 W async with BoA] Kol g73& Aot AAl. PEP 4928 =45 5 YTt
asynchronous generator (¥]5%5-7] A& o)) 15 7| Al & o] g o]g g ol & E8F+= 3. async

def & A=+ ZFE g7 Hol=d], async for F27} /\}%f‘%—? A= dH FES T

Ervyield 894g x3slrhs Hol thFUTh

H% a5 7] AlvdolE & 7t 7] A uh oj W E o A= v5 7] AlvE ol E o]EE ol &

7 Yt o 28k o) 7t g &atA] ok 73‘—‘%%, AT L2 XA RETS AP

w7

Hl57] Al o8 &4+ await £H A I} asyne for w3 async with & 23T 5 5F

o,

asynchronous generator iterator (¥]£ 7] A& o] €] o]e]d o]¥]) v]5 7] Al o] g Sl wh== A A,
vl 7] olEfd o] E Qdl __anext__ () & E&3W oHolHE AAE =51, o] AL b=
yield £84 7H4) w157 A el ol e gl uir & A8 gh o,
Zyielar ANH o2 Aol D5, T HA (A W55 th7] £ uy-EEL ERoE)
Aoy e E 71 gy T 31%7] Adg ol e o]e ol E] 7} __anext_ () 7} E8FE E 39
olglolHEE AN H, Wt o7 Bt PEP 4922} PEP 525& E/\ﬂﬁ.

asynchronous iterable (B]£ 7] o]€]2] &) async for ZoA AF2E = U+ AA. __aiter_ () WA
E=ulE7] olHHolH & EHF ok Ut PEP 492 E =5 35Ut

asynchronous iterator (8] 5 7] oJe]#|o]E]) __aiter_ () & _ _anext_ () WA EE Fds= AA.
__anext_ E=ogolHE AAE S FHoF gt} async forE StopAsyncIteration o9
7} a2y & EﬂWPX] H]-5 7] ]Ei HolEH 9 __anext_ () WAEZLEHFE A oEHEES FYTH

PEP 4922 % 5 95U th

attribute (6] Eg]HE) AT I AL A L= o202 FxHEHE AX ) 283 3L AdE S0, AA o7}
ANEZHEaE 7AW, 0.ax ¥ Z2H U

awaitable (o]0 E18) await FHA | AT 4 Q& A, 276 o] _await__ () WAE=E A
AR 7L E 4 d5UTh PEP 4928 HA Q.

BDFL *}H] 2-¢ £ Al = 2 X} (Benevolent Dictator For Life), 2 Guido van Rossum, 3} o] %1 2] ZX] 2}

binary file (s}o] U] ] She) vlo| = 7 7452 9
U] EE ('rb', 'wb' T "rb+") 2 g8 T OE‘ Sys. stdln buffer SysS. stdout buffer,
io.BytesIO & gzip.GzipFile & JAAHAE & 4 Y5 Uth
H 121N

str AAE d1 & 5 A+ Y AA o of

bytes-like object (B} o] E Q& 7 A)]) bufferobjects & A Y5t C-A%5 M E AAFTE T 5
5% memoryview 7“ AAEL EE0|1 bytes bytearray, array.array AAE
“}O]E‘ﬁ T AA S vkel v HolHE = A8 7R Asksol A2
vhol g std 2 A ZJ, 2ASFHAE 2L Zi%o] AsYTh

o AtE2 vtelv g HolH 7L 7t A Y 87 st o]d Ao ABAE T35 “gal-
» 7| Hlo| EQ R AA" gt EAF YT 71 W9 AA|Y o &= bytearray 9 bytearray 9
memoryview 7} Q&5 Uth ThE QAFE L vloj g dlolEl 7} B AA (“ 7] AL Hlo|EE R
AR o AAYEE Q@ FYTH o]d AEY 2= bytes® bytes A A9 memoryview 7]-
e,

At Eie 59 = FEsA 8.

4>
30,
)y
A
T
27
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bytecode (H}o] E F. &) Tlo|H A4 F == ulolE FE 7 AT YE =], CPython ¢ E 3 2§ of| A] T}o] %
22 I YR FHFYUTH vl E =+ .pyc 3ol A Hof, B2 32 7 A AP o
o el 2] Al T Yt (A Ao A Blol E I ER O] A AT LS 9T 5 AFUTH. o] T A" &
ZHuto| E = of tf 38k 7| AIE A et 7 71 A oA A Etty B nh blo]E =+
A& T2 stol A 71 71 Al A 2 E A2 7SR =, sho] A i & Tholl b A o] A &= ghrh=
2ol 2] 3l oF Fh.
Hlo|E T & o] 5o BEEL2dis BE YA g Uth

callback (F1) QA2 A== vlef o] o] Aol A AYd A8 2d 3

dass (F2)2) 87 A AANEL VEY) A Y. Fela Hoe 0E s daBas o
Aabahe A= 4ol s

class variable (] A ¥HS) 29
Aot =A==

A~
T .
coercion (Z.o] ) 2 P9 F

o
[» M
L
L
v
o

N ALl 1 Feh s 5 F (5, Fehag A2TL A 7E ok 2 of

QALE bsl= d4tol dojute 5 S Fo AAHAEE Yo 2

SAA s st A ol & 59, int (3.15) £ AFE A 382 WAL ShA|wh 344.5
oAl A, Zt A A= T2 o] AL (3= int, T2 dfb= float), & T 3H7] Ao 22 P o2 W &3l of
Utk 28X oW TypeErrors o Urth Z oA glol&, T3 = JEAE 2018
W7l 2L go 7 Hggs|Fojor gyt o & 590, 2 F 3+4.5 3= tAl £loat (3)+4.5

complex number (¥-4:57) ]38 A A 2H 0] S, RE KAV Ap R s tor Y
AUtk SR = AFd S 3 1Y AFDE FH AN, TF5 A= 18, F8el A=
JZ2 Z2718U T FolHS T2 Z7HE 2= BAFE V| E ALY 4R 5 JuAE
EA9A E71F U Al E €0, 3+1j. math BEY BAa¢ WA o] 83, cmathE AFEFU T
EAFY 82 5 52 5584 VledUth 288ttt 7] K Sohd, A9 g4l E] FA
= FHYCH

context manager (Y AE #g]2}) _ enter_ () & _ _exit_ () WA EE AT o Z R with £
A Kol 83 L A o)sl= AA. PEP 34322 T 9= 95U Th

context variable (AE| A E W) AE 2B mg} g2 g 7M1 = e Hlp. o 4 AY 2y =7)
W] s o e 7 = e 2d -2 AFask v U 28U, AHMAE USE
Fal, shte] A Ag = o] AHYAET QIS & o AHAE HEo £ 85+ FAIA
H 5 7] el a3 oA W& F4 8= A YUt contextvarsE FRSHAA L.

contiguous (<) ¥ 3= A &3] C-A <S5 (C-contiguous)©) A} LE T A <5 (Fortran contiguous) 8 o <5 0]

=

gl AU G W= C-AS5olHA 2ER ALY Uth A wjdoA, FEESS
Aol AR, 0014 Al =Fel 2 8 A glelxe] ¢ A2 W 2ol v 3% o] of g o). Tl
C-AL v QoA vl 2 F4Y SAUE FEES T o vpA 2 Qe A7 7Hd k2] W th
SPA T, £ B9 Q14w Qo A, A WA e} 7 e Wk

coroutine (L F8) I FH-2 A B FE 9 o] Iutsld JFefJuth A BFEHL 3 A F oA st oh
AdA dEFct I 5
=2 async def o2

coroutine function (Z € 8t5) 726 AAE S F =4 IZFH T4 =
4 9131, await 9t async for®async with 7|9 = +
ol o] 3} = 919 9135 o

CPython 3}o]% =& 12w Ao 784 Ql & <, python.orgol| A v =5 Yt} o] F+& S Jython o]}
IronPython 7 -2 t-& A& 8o} “CPython” ©] AF-& Ut}

decorator (d|Z#o]¥]) t}-& T+E E Qurapper 2 S A L3 4w ow

) ¥} staticmethod () ¥YTh

Hmeole B e wa B Y BT 0 T #5 A e g gos S5

L)
i
e
o
I s
ko
N
X0,
filo
z 2

o~
ofo
A}
<
=
fin)
R
ec)
%)
nj
1o
ot
ol
2
rlr
Q
—r
QO
[0)]
[0)]
5
(0]
oy
(@]
Q.

def f (arqg):

f = staticmethod (f)

@staticmethod

(F= soTAT ol AS)
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=

(o1 sl o] A A A%)

def f (arg):
22 Mdo] FEladdE SR A T, @ 2FF 2 Q0 Ut dlZ g o] g o t & t] A S &2 T
Aol o Fefa g o AHAE B FYth

descriptor (] A3 HE]) WA E _ get_ () o]y __set_ () o]t} __delete_ () E B 3= AA.
ZH2AEYFENYA2THE L ul, JESFE 23| = 58 A2 #8S 4oyt B,

abE AA 2 A ARG AHEE o, a8 S el Yo A b 2tal o] F 29X AAE
syth '5]'7<]U}b7]"31’\3%ﬂ H, et a3 9H Uﬂ/ﬂtﬂ'ié Utk 23 E

°]°H'51' 2 J}o ]“401] q}dz—]; ojaf| o] A4y, &, HIAE, ZE I E, FH A HAE, 2B E

HA = -71\-«4 :"m Fx S EL 7Y 7IRE o1F ﬂ—‘:r'*?:]‘%r/}-

t23a g Aq=Eo W@'ﬂ*ﬂfﬂ"/ﬁ%% descriptors U} T] 22 3 E] AF-&-¥] o) A of] L& Tth

dictionary(“"/‘%‘—iﬁl) 49 71 & ol g A1 71+= A& o F (associative array). 7]+ __hash__ () <}

_eq__ ]A']C% ;%“SE% 7“%“7]—%#—2}\;14];} .Hoﬂ/\_]—é—H}\]a_J—l_l_?_HqE]_
dictionary comprehension (5} 4] 2] A= 2]31A) oE 80 gt 84 AAY AR E Aty 2=
Ge g e E ukslel= 7F2 3 ¥, results = {n: n ** 2 for n in range (10) }&

Frn *x 20 W] H 7] n-g X33= 9V EE A4 T Ytk comprehensions S F2 3 Al Q..

dictionaryview (G Ae] H) dict.keys(),dict.values(),dict.items () WA= E8FE= A
AEg DA Bel e BT ol A5e DA 5 S v A< B A F ke, 94
el 938 o, 57 ol WskE wdanhe BVt BN #E 2 d2E g
list (dictview) & AF23}H F Ut} dict- v1ews% HAS

docstring (% 2£3) Ze)2, T, A 2 WA R4 02 Yes 24 e e, A9 =7) 4
2 o= FAE AT dapd o] s Ao SR A, T4, BEY __doc_ oEFRER
AU JERAAAE £ol A8T 5 gon, AAe AUAE AR A T

duck-typing (5] €}o] ) 4}l AEH oA E 7HH A Fddted AAY F& BA G2 T8

28 A, T WA= 1/}01 HREVFISEHAUYASEUT LAY Holi 22X 3

AT, TAL 02tk 5A e P vhalo) AEis| el ~E GEgeen, L AAE SEE Y
Mol 398 S AT 2A AL ANT 5 AT B o] AL type () ot} isinstance (
S 87 BALE SITITh (975, Eo|Gol 24 o]~ Fo] A & 86 4 5800 55161}

Futh) tiAlell, hasattr () AARY EAFP 2232 %2 F Yt

EAFP &2 X = A4S 317) 7} ¢ t} (Easier to ask for forgiveness than permission). o] &3] & 4

gol 7Y 2L, SuE 7Y ol BB RES A E MRS, I 7ol SRl o9&
Yt} o] Zt}ﬂa‘]-_ﬂuﬂ]-e 2B E 2 W2 trytexcept w2 EAZ EA A AFYTE o] HAY
oF 22 thE B2 Aol A A /\]’*O“Q = LBYL 2~} 4 7} o v] g Y th

expression (X3 A)) o] zto g L34 5= =
o], A ERE WA, A4kl ﬂ/\%
e g ddgzdqor, BE Qo] ¢
CENEE T YU EF E UYL A

extension module (273 2 5) C U C++2 ZAH
e AT AT

f-string (-241d) '£' 1} 7' 2 ool 29l 2Xd elHAE S 23] f-2Apd el a R 2ed], 2y
22 g EHd o & 1%9;141:} PEP 498 & H M| Q.

[r
Sl

o i
r

fins
kA
M
ol
or

<l
N
~

oX

N X
> -0,
BN

M)
g

i
ruE

Hu

EH

o

o
EE

=

o

>,

,ﬂ

filo -

il

v

N

rir

E

‘

ko

B>

et 1

filo

o

o

fifo T

[ J

sy o
[}

°

k)

=
ol
>,
ro
pa)
rlo
(]
o ol
T
v
=
iy
'_l
'_l
D
gﬂi
=
r U
1>

te
1
S
o)
&

o

file object (3} A A)]) 3} 2ol th & 3Jr°1 A A API(read () Ywrite () Z2 HAEE)E =&Y
= AA. “P~°i 2 3ol e}, 9t AR = AA a3 A st oy thE AR AU S Al FA
(ofﬂ S°l, 2% 459, Q-vEE ¥, 2, o]z, FF) ol e A2 FAZ + A5t

g Ax L= st = ZE?‘(ﬂ (file-like objects)\} 2~E & (streams) ©| 2}t = & H U},
“Zﬂi“ ] F59 3t AA =0l AF YT Faw) vho] ] 2] 31, ¥ 3] & (buffered) vlo] v 2] 314,

g~ E gt o] 59 AHHA o]~ E 1o BEOA BFUTE Y AAE HE= FHAA IS
open () f&—?g—&% Adyrt.

=
file-like object (3} AA) =} 7 4] o] w23 L.
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finder (3}<1e]) JEED BES I3 20| B AE3E AR,

o
ol 33. o]T 2, T 2209 7ot/ 95Ut sys.meta_path & A AFL3I= wE A=
I}l 8 sys.path_hooks 3} | Ab3= 4 2 =] 2l E.

o ZpA 3 W-&-2 PEP 302, PEP 420, PEP 451 of] V& Ut}

floor division AS YA 73 e A= 14]316]-% £ 38+A 5—@;}, —,— UAl Az} // o)
oE 5o, &l 11 // 49 F227FH A, AL 2.758 EHFUTE (-11) // 4
7F-2.75 WH st -30] Hof %ﬂﬁﬂolﬁi}qﬁ}- PZSS% E*ﬂﬁ.

function (314) 2107 o] W 3t EHFE A2 BAE. QA 2 o4k A4 b ARE 5
o, Bl o) Aol AF2E 4 Uik vl /] W5 9k ] A = 2 function AT HA| 2

function annotation (g5 o] = H| o] A) &4 o 7 H 4L} vES) 2H9] o] g o] Al
P4 olwrolde QudoR ¥ s 2 489 o), o] 4 /19 int AXE
HIOPEO‘ o2 7|UEal, FAlo int 2 FE S

roh
>i2£'

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

‘0‘]-/\ o% J E—ﬂ o] /Kﬂ _E. % function & oﬂ /\-] A 61—14 r,].
o] 7s= AH e W o H o] 4 3} PEP 4845 F X 3HA 2.

__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] ] 7)) O A}&5 %] b= w22 E = A A} 3t A FAH 3%

Elaes Hne FZz
Iz 3RS AL BES S Y= <35 7}3111 FA71E F3 7 A = AE FAFU Y 7 A
Tﬂﬂ Egc BES AESIA AT = dH YT

generator (AU & o] €]) A o] % °JEf gl o]
2 UHEEvield 2EAS

u—

zsLAg 31 W of 3L 7

HE A ol §5F 7127 A e, ol
3 o) 7 B ekaia) e 7 3

T AR Y Hol=d, 499 gE
- Z 2 AR 3HA U next ()

e rU
+ w
30,
oy
A
v}

olf o]E# oY £ 7t Ytk o=

generator iterator (F) U] #] o] €] o]g]d|o]€]) A dolE] Tt e = A
Zyieldt AN H O B FVHL, T AA (19 WREH 7] 59 ty-FES ZF3He)
AR RS 71 guh Ade ol olHeE oIy ZF ANEE, Wid o2 B gyt (EE vt

M A2Heke g9k ol H o,
generator expression (AU o]E] THA)) o o E EHFE= BT, T 49
for AR A 7H5Sif o] Foll B+ vt 5 @A A7 HUnh 2FFxA 4

3 gL BSo Y th

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

generic function (A Y] g $+4) 2
o oj | FE o] AHGE A= Hadj X g ]_4—11 7:1;4%1/]1—/}
Atz 0] 853} functools.singledispatch () 2| 0B 2} PEP 4435 H A Q.

generic type (A 4] 2 &) A rype that can be parameterized; typically a container class suchas 1ist or dict. Used
for type hints and annotations.
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For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A olgzZele & & HAL

global interpreter lock (< QJE]Z2JE] §) 3t Hof & sfvfe] A8 =7 gpo] A vio|E I = & 493}
T2 1 3a17] 98 CPyhon ¥ Z 2 E 7} /‘F"Ld” HAYS. (dicte} 22 Z& FUFFES =
Tf‘d—) AA B o] EAF 02 FA AN 2o sl FAFES THE ] A CPyt @% =31
HEUh AEZEEH AAE F e AL AdHZYEE 528 =837 1;17%] T4, tE
Z2AA 71 A7 g HEAY B R ES S AT TH
Ak o H FF REE2, XNV AMAA BF, GFolu s 22 At J kAl A 43T
= GILS W8l = AAE A5 U E3LV/0E & o= 34 GIL-S vkt ot

[*]

(2 ] 911517 B E B A1) 28] ol A9 %2 (fee-threaded” E) 2 2] E| WS 07
she AL s e 4ol RPen, £8 Dl 2uad A9 A% A A 0e

Uth o] A% o4& FEIFE AL TS IR B3 U}COV% A Hgo) o a°i7‘74°i
ﬂﬁﬂ7“A44

hash-based pyc (3] X] 7] ¥} pye) § & *é% FH37] A S ax FLe HF A A zte] ofd A E
A&l vlo] E .= 7| A] 3} Y. pyc-invalidation & 32 3FA| 8.

hashable (3] A] 7}-5) A A7} & "E %kol ‘343}%] = A RS 23 (__hash__ () WA =7 283
th, ot AA 2} v E = JoW (_eq () WAHNEZFZL U, A 7Hsstoka Fych &

i ¥l u ] = S A 73 7“?4] =9 UH /\] 2 Zrofok .
A A5 AL AANE AU A g WHZ AT 5 A S, o] AR FRE)
YRA R S Ak A3 7] wE
R sl H0] 28 U8 AN EL o)A B T T (I AR S e 22) b A o] L
9 A syt (E = °]1Jrfrozenset 22 W AH O VES 259 845 A 7T wiwt
A T AR A Fehad data dAEE IRg22 0 ASTE. o)
AR E A etile) B D}ED}E v w5 31, S Al ZE- 1d () 2,
IDLE 3}o]® g ¢ 3t %@- 702k 3+7 (Integrated Development Environment).
ﬂﬂﬁ%ﬂi ol B 79 el Zel e B4
= 7%%%% AR B AA = =2, A44E
Uth A 3= A8t W A AAE wEE o] ]E
s&ﬁ@%@qwqggﬂvwwaAﬂ
%]

IME%ﬂﬂﬁﬂE%ﬂE%ﬂ

~

l

ot
< :|m
Buyid
g
)
X,
5
rlr
:Orl_i,
>
)
o
30
et
[e]
o,

import path (J Z E
AdE) 9 BE.

7] A 9] A HE 7] A8 __path_ o]EZREZRE %‘r\.——ﬁ:— A5yt

importing (Y2 ¥) 3t &

importer (Y3£E]) RES 7% 310 2 E 37| & dF= AA|; S Aol 5kl o] A

interactive (EHE’:]- ) Sfol M & 3 s A = EE 2 =, JH =g ZEZE
"10?3 ‘F?}i’,éﬁ*"ﬁ%éﬁ%%—f—%i} ZYdyrth O]X}%iol‘?}]
AL (3 %-4 F | 5ol A "‘_E—H;]' A= 7]'% 9%%‘4‘:]’) AR o}o]t] o]
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0,
rlr

b

iterable (¢]E]2]E) AW ES 3 Ao st E8 =
i o

tuple Z2) A A P E, dict 7‘8 29
NEE A= getitem () FIAEE HA

oJH#EL for Fmo| AHE ETM,MA%
o AHgE 5 AUtk olHHE AAN I B |
E2lF Yok o olejelolEl & 2kl A7

iter () & BEAL ol Elao]] 2
e B S B AN AE 02 Hri, P2
FUTh ol Helol 8, AR, AV o E £ BA L.
]

iterator (o]E]&|o]E]) tlo|E o] ~2E RS TS+ AA. oJHHo]H Y _next_ () HAEETEAS
ZIEIHE(EE ‘JVJ ;—rnext () ZAGsH) 2E- = FESS }Eﬂtﬂiiﬁ Yt} ©
o] A+9] o] B 7} 12 w] = thAl Stoplteration &S Yo AUth o] A A A, o & o]E A
A= 2%, 0l F ﬂ BEE_ next_ () A E && L& Stoplteration o2& thA] 27 7]{}
Ut ol H ffﬂ o]E]+= o] H &l o] B AA| A4l %ﬁﬁ"‘——t«_iter_() HAEE 71d Aol 2 75 7]
ufj Fof], ol B #l o] Bl = o] El 2] & 0] 7| & 3taL ThE o] H Y EE S Wols o= T2 Lol A A2
T AU 83 o9 = o ¥ vl oE Mi% AEs= ZEYYTE (List 2-2) AH oY
7“%4] Eiter () ¥4 2 AL ALY for Fxof| AFES ufjulct A o] # ol H & WEY T o d
Z1& o] & o] ] Oﬂ A =3 te 2 3hE, A o] el o] Aol AFgH o]u] 2ZE o] HolHE
=8 A, 9 AE o] YA HolA vhEYth

typeiter o] T ZpA] 5+ W& 0] 9l Th
key function (7] 3h4r) 7] 3 == Z ) o] A (collation) B4 A & (sorting) ©]) U ¥ & (ordering) o] AH-&-5)

A olE B JrERE (llSt str,
‘;]_g_’ ]_O] 7“]” lter 14—/\]'7']_)_\.
o m= o) o) A S ol °"‘145‘r

e o ‘E%S > (zip (), map (),
of A= % %ﬂ i, 2 AR 9 ]
'?3‘414 o & &

JJi%
» =
°ﬁl>

e
ko
ut
0[1

te

m[o -
E’ﬁr )
_n_. - 3]
[k =

X

i -

f

F$

mlm N
!
rir

= #= FEE %?3145}- & £0], locale.strxfrm() & A4 54 YA wa2s
34 713 HEE o AR g Ytk
ol e =77 2450 o FA A A AL FoleAE Aot A 7] & ot

E9Yrtt oA A5 E=min (), max (), sorted (), llst.sort (), heapqg.merge (), heapq.
nsmallest (), heapq.nlargest (), itertools.groupby () ©] Y5 Yt

71 g5 HEE e oy Wy 01 A5UTLE A& 591, str.lower () WA EE= Ao|A T 3=
HAEZ H‘G} 7] &2 AHSE S A5t A o=, 7] 4= lambda EHA 0 R T £ 5
Jedl, old AdUrt: lambda r: (r[0], r[2]). =3} operator &2 Al 7N 7] T
AAAAE AlFe YTt attrgetter (), itemgetter (), methodcaller (). 7] ¥4+E W&
Abg-31= W o o 3t o] 2 Sorting HOW TO & B A &

keyword argument (7] $J & Q1 &} ¢4 & HA Q.

lambda (Fth E&E o gto] el A= 3hte] 594 02 249 o] & gle ekl . At &

NE= EHO 1ambda [parameters]: expression YUYt}

LBYL & 7| Ao X 2} (Look before you leap). ©] T A2E}Y-& & 0|} 23| & 317] Aol WA H o7 ALA

A2 DA o 2R EAFP A2 H3 U 2, B i o) £ SAA 0 U
thF 28 = 27404, LBYL W2 “H 772« 7" 2ol A 275 UP—H] =R °]A1/]
t} o] & Eo], ZE if key in mapping: return mappinglkey] & AAF X, A 9k 23]
Ao, th2 28 =7} keyE mappingoll A Al AsHH A& 4 g5t O]E* o|4r& 5 ©| 1} EAFP
%

q29e AegozH 925 4 et
list (B]|2E) U shol# AJd A, T ool = B33, Yol that AN 271 01) ] 7] wjiof, 92
2] 2~ E (linked list) 2 T} th2 o o] wi & 3} AU o)
list comprehension (E]’\E AZAH) Ad2 45 AR EE dRE A 2 A E B 2ER
3= 704838 9. result = [‘{:#04x}'.format( ) for x in range(256) if x
S 2 — 0] £ 0014 255 Abolol 9t HEE ] 1675 (0x.) 2¢ete wAtd Y B AES
Tyt if 22 Aerg 4= syl A, range (256) EE a7t Ag Y

loader (2¢6]) EE& Z2E35= AA|. load_module () o|2h= o] &9 = é«] oyt 2=
HE 3}o] 111 7t =8 EF Ytk AA S YRS PEP 302 &, Ao 2~ = importlib.abc.
Loader & HA| Q.

magic method (W] &} W] X =) S v A= o] w]F A Al v 2ok 2

(6]
i ku

=2 ru{n

> yoflo

[>
uy |
&

I

-
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mapping (W] 3) <] 9] 7] Zﬂ £ A Y3t Mapping ©] 4 MutableMapping 74 Wl o] Fef &
o AFHA HA=ES 7+d3E= AdH oIy AA|. o2+ dict, collections.defaultdict,
collections.OrderedDict,collections.Counter% = 4 95yt

meta path finder (W€} 73 2 3}Q1t]) sys.meta_path & A o] ZejF+= ThQlE. HE A& 3T+
AR ED 3 H & AR o] 7= AT thE Y T
el A2 37t 8 et= WA EE A= importlib.abc.MetaPathFinder &
Huh

br
1)

metaclass (W€} S 2) Fehre] Sehon Fehs B L Sen o F, Fehx gAY, Wols FHAT

o) 228 WD o5 oot ol A A8 wolA BA2E BEL A AU by g

AA AP 221 Ao B L /| E 1AL AFFU ol AS SR BEL AL Ay

Weh o8 0 5 Yok AT P AR A AL o £771 18 42 gA W, Bt

A ), et S et S Sokat L A FUITh o=l HE A 29 27 (ogging),
$A5UT

/\Eﬂt: PR Ao Z7F A A 2R, AZE LT O thE 2o A}
metaclasses o A B Z}pA| 3 &S 3+ 9l

o

method (WA &) =~ ulr] kol A Aol 5)

IYAEE R AR 22} (BE self
~FZ EHAL

method resolution order (M| A& ZA £ 4]) WA E 24 <A =35
ZH2EY ALY 2.3 |2 RE sho] A A Z el H o AFSH darE]|E 9] M s 82 The
Python 2.3 Method Resolution OrderZ X ¥ F Ut}

module (2.5) 7ol TE0] 245 B9 8 Gt A4, BEL 9109 sold AAESL P o) 8
7+ 25U BEL 928 3] ofel steli oz 2=k

74 = BA L.

module spec (5 2¥) ZES 23+ A8+ JZE A ARES F2 Y+ ol ¥7H
importlib.machinery.ModuleSpec & QAAHA,

MRO HA= 23 =4 & BA L.

mutable (7}H) 71 A= o]l 9 = QAT id () = LAAF/A FAFEYL 2 = EAL
named tuple (V] 4 = FZ) “named tuple(H] J = FZ)’ 0|2 &0l F2A A& o] F B2 o]E
HEE ALY AddA T e 240 AN~ S 5 s BE Foju S 2o dEH YTt

Folup Fe 2ol B /15 E Je 5 gk

time.localtime () ¥ os.stat () 7} 9FEHst 3hg 285t o], of 3 Aol v = FE Y th
T T} E o= sys. float_infoYyrt:

>>> sys.float_info[1l] # indexed access
1024
>>> sys.float_info.max_exp # named field access
1024
>>> isinstance(sys.float_info, tuple) # kind of tuple
True
AR YIS FEL WY (1) o) YUk B, tupleo] 4 4533 o] & £ V=S oot
Aot Feh s A2 WY FES BE S YUtk o Feh At 48 A4 AL AEe B4
ollectlo ns.namedtuple () 2 B5 4 95Ut 3219 7|H2 I H A AL YA W d =
FoAL 2 4 Gt B A 2 HMAEE FASE Gk

nameSPaCE(°]% T ATt ARZEE FA olF 3L 9B E FAF YT AAlo FHE ol &
FEMHAE of|A) Buk oty Y, AY, W o] 5 FZke] dF UL ol F 32 o5 T =S
BAA REGS ALTULE A& 50, 5 builtlns-OpenJJros-Open() 2 159 ol
B0l 3] PRI Ee o] F FUL ol R0l B PHNEAE LY Bl
7HE3 3 A BeA o =2 FUTh o & £91, random seed () =& itertools.islice ()
gtal 2 1 50| 22t random 3 itertools EEol 2 5] ?@ﬂ Aol P F Y
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=
&0
=
o
172}
=
&
(e}
(¢~
(2
&0
()
<3
&

L 09
[¢~]
~
)
ol
i OF
r:‘-
&
\y
R}
N
to
N
>
|z
£
N
N

£9 AH oY 2 7] 5 5HE PEP 420 517 4.
1% B2 HAAL Bl A UM G FE AL, 53 _init__.py o] gomz it

214 2 gy

EE T HASL.

nested scope (£ 3 & ._._1:!_}—_'-.) SR H YA HFE Fxee 5. dE o, UE 5 U RN A
ol YL W BAol YL WSELS B2V 4+ AUt AT ~TmE JRgozE Fxn
s R, 92 54 etk A0 Rl Ao UL A MA e g el smmalA 8w
SO A R, A M5 A9 ol & Z701A 93 U th nonlocal & HFE 23 2o

2= AL U

new-style class (AN Fel2) A 2L RE Zehas AR o] ASH L g FAx WA oA o]
2. 2719 sholW WAGAE, 274 raEtd FAAT _slots_, TAAHH, 2eaE,
__getattribute_ (), 2l WAL, 288 WA=} 2L sto|H MET THES 755

2 A2 3 24 99 Th
object (AA) el (ELHEL h) B 23 54 (A E) o] A B BE vol8. E3 BE et

el o HF A wo]x :’ﬂé‘?:ME}-

package (7] 2]) A B BESO|U, AAZDOE B 7| ANEL T} F QeglolA s, 7|EHo 7,
7] A= _ path_ oJEFHEI} QL glo]H =

At 714 ek ol 5 w71 A & A L.
parameter (F 7] HS) Sk (= WA T) Ao oA Sh=7F b8 4 9}% SIZH(EE oW A AAE) &
A Q3= ol %% ﬂﬂﬂ oA SH/ A —r7]' A5y
o 9 X-71 ¥ = (positional-or-keyword): ¢ = 1A} 7]—?45 A %
Yt} o] A 9] 7]E Fe o] iUt oAl & £ th2ol A foo £} bar:

e
o
°
i

def func (foo, bar=None) :

o 91 X]-A & (positional-only): | X 2% A2 4 A& AAE AR FUH 94 A§ v
B% A9 WA NS BEe] ) £AE & :
ol A posonlyl =} posonly2:

ek

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

o 71N E-A 8§ (keyword-only): 71 EEZ T AFE 5 A= AAE AL FUT 7| =-H & o A
HrE T B Y Y wi7i g S ol A ol shute] 7hA-91 4] wiZf v+ & IO = Z 3l A
Ao 5 %175141_4— & 5o, o}l A kw_onlyl £} kw_only2:

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

» 7}9-91 ) (var-positional): (Fh& WA FE ol o5 4 o] n] wholEol 7 91X 1Al B3l
AZD 4 Je 97 AAFE] Aeje] AA~E AR FUTE ol A AR S vl w5 o] Bo
2 ool B4 AP = A& o2 o] thE ol A args:

’def func (*args, **kwargs):

* 7]"34 7]-045(1/ r-keyword): (CH2 w7 R =L of] 9] 3| A] o] u] @rol 5o A 7] = xS H4)
AE g M 719 E dAE= AR FUS ol w7 & w7l g o] Fol
| 214 AeE = AFUth AlE E01 A& sl A kwargs.

A A1 QAEE 98 B R oh ok A el A A5 A E AR S 90

A 'QLOPQ FE, Az}t w7 H =] zpolof] e = FAQ A -F, inspect.Parameter Ze] 2,
function @, PEP 362 HA L.

pathentry (A2 JdEg])) 4= 7|4 5}l 7} Az E
i}l .

m%

EEEL 27 A8 Fushe JEE A= Ao
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path entry finder (7 & Q2] 3}¢1t]) sys.path_hook
= Ikl Addl, oA

AZ AEE I Eo] L= HAEEL importlib.abe.PathEntryFinder o U3 th

path entry hook (2 Q1E2] %) sys.path_hook 220 gl Ze B, 54 A= =z oA =
FS RS QT Yrkd A= dlEe) sl 2 S8 F Uk

path based finder (3 2 7|4t 5}ele]) 7|12 e} 42 7ol H S % i), ¢
.

pathlike object (325 7AAl) 519 A28 A2 E Jeh s A4 A% AAE A=E Gehht str
U bytes AA| o] Al os.PathLike T2 EEZ S T s= AAYYrL} os.Pathlike ZE2EF
= A Qo= AA = os. fspath() FFTE SE3MA] str Ubytes FL A2 FAEE HSkE 5
A5 Utk Al os. fsdecode () 2 os. fsencode () & 22 str Y bytes 23S B A sH=1
AHEE A5 UTH PEPSI9E =45 lssUth

PEP s}o] 4 /|4 A|9L. PP 5ol 4 A 5L €0 4 18 A5 5ol 4l B w
of gt 28 7| 5= AWt AA 4 YdUth PEPE A <-4 7] 5ol gk 2H 2 3 71 AF
S AE AlFsl ok @1413}-

PM
o
R

E Q7oA BE

PEPL 72 A2 ¢ 752 At £A0] o e AR UE A2 538w 5o Wol] Soi 7t 47
AR N o e e A D R A
who) o) A4S B4 & Ao gt

PEP 1 Z=z 314 Q.
FZF ) 7] A o] o] ulA 8= skt fEE o] S0+

positional argument (-,4 =] ¢l x]-) o)A E HA L.

provisional API (7 API) 274 APl B2 glolBejg]e A 334 Koz HE AZ3] A9
duch e o2 2 uwm A FE A= AR, AR Aol gk HAIF = &, o] A0
o3ttt A4t d A S8 o] FAHA e WA dojd AUtk 2 AL £
2307 dojutr| = kS AYUTH— APIE 23517 Ao 2 sty 2R A Ao
LAE Aovk o 2 YUt
T API M AT, A S8 o] FAEA e MAL I o g o AFJYUL- BE
A FA Sl sl A Eﬁw%% A= S gods BEAE/AFE Y
o] Axl= B ol B 7t LM A T ARH A L Fo T A G BAT ¢ U= E
o=t} o 24| 3 &S PEP 411—1-'@3& Hyct

provisional package (24 2 7] 2]) &4 API & B A

O
Python 3000 (3}0]%1 3000) 3}o] % 3.x ] g}ole] ¥ (WA
So]7 o] Zo]t}) o] AL “Py3k” & Eo] 27| % Y
Pythonic (S}o] #Ht}-g) tThE AoJ S04 LutEd /I EE AFS3IA T EE FAF = 4], Fhoj# A
ool A 74 A} AFEE £ oY %*,%E 7}77}01 R

Aololt o]0l 555 TRl 5.0 0%, ol 0ol oJ4 314 e ALE Lt o] 5 A 2H 5

AHg371% gk

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

o 253, stol i Tt ML oY

for piece in food:
print (piece)

qualified name (37348 0| 8) B Eo) Ao 23z oA BE 4 H o
B Mol S B 65 m R o). PEP 3155 oI Ael LIk 249 B S el Ape,
B35 o] 22 AR o] 27 2EUTH
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>>> class C:
class D:
def meth (self):
pass

>>> C.__qualname_
ICU

2EZ 71E 71 = AHE , A3 B3 ol & (fully qualified name)> B F- 2 9 7] A 55
23 RER T Zdﬂi E8E o5& Y@ YL o & £9], email .mime. text:

>>> import email.mime.text
>>> email.mime.text. name
'email.mime.text'

reference count (22 314) AA o 3t FxY M. AAY FR AL71002 Hojxd, W2 7w
‘4%‘45} = §4—’F FAL dutd oz vlo|A FEof 2EFH A= A, CPython F+3 2] 3 4
/\?:114‘3}- sys BEZ AA e 2 JA4+E S8 F £ getrefcount () & F Tt

regular package (A 971 2]) __init_ .py I¥4& 233 gL} 22 A5 Z <l o 7] A.
olF T TIA = BAM L.

_slots__ 2 U HAAQ], AdAEHAEZHEES Y3 F7HS v A3 AAHA T A
e g AAToZAN R & st S35 FUTh Q7] A7) sHAgh o] Ha Y2 SHL2A
AT 72 e Boleha], v m elo] Bl et 28 mw 1ol A Be 4] ATt st
w49 Ak Aol FAUL

sequence (A1T2) _getiten () 54 WASE $5) A% A28 ASDME 24 AA2E A
3L, Al A2 ol 85 __len. () MIANEE Y3t olHHE. 22 UH ’\]”’4/\%%
Ugsl B, 1ist, str, tuple, bytes 7} 5 U TH dict =3 getitem () F_ _len_ ()

7}
= Z]Tlﬁ}xl A, 230 A tfAl 499 £ 715 AFE ] ufEoll Al AT ot v o2
RS Aol Fol ok T
collections.abc. Sequence FA ol ZYA2E _ getitem () I __len ()2
dolA EX TR A H o228 A S=d], count (), index (), __contains__()
—_reversed_ () %"%7]’%“4‘:]’ o] ggH A H o AE FHS T2 register () & AHE3
AHAdes 5584 AU

set comprehension (F 3 Az |3 A) olHEHE I+ L4 AAV LEE Aty 238 42 3

HlElst= 7HZ 3 WY, results = {c for c in 'abracadabra' if c not in 'abc'}
=B Fe {'r', 'd'}E AA YT comprehensions & 3 Z 3 Al L.

single dispatch (§-2 T) 231 X)) 78l 0] shbe] Qahe] ol 7|24 A3 & AV e B v 259
st 3 E).

slice (&2to]A) HF Ald2 o dRE 23et= AA|. £8to]las=AH "ﬂ%] E71H S AHSsA v
Ut} variable_name[1:3:5] A&, []1 ¢ollA o8] 719 A& 2202 23Utk 2%

MB2THE) /P2 Wi AHe= Sllce AAE AH&FU T

special method (55> WA =) F}hojRi o] o o] ® A4k, B4 22, AP T uf] HFA A0 72 555 = A
EodAEEF Y EER /\] 245l a1 Tl o] 22 2E1 95Ut E4 v A &&= specialnames
o BAE el A 0“145}

statement (Z7) =732 29 E (=9 “EF (block)”) & 745t F2dUth £ 294 o] AY
e A o o1 ] A 2 5] Sl 71 L E o o

text encoding (2] A E 2137 4) 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.
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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”.

textfile (YA 5] str AR E 930 & 3 5le 519 A7, 5, Gas A e dA e o= A3

HolHAERS °"/‘ﬂ/\'<5]'5—’ HAE QY & AF AePUch HAE 5199 o2 5 HAE RE
('rEE'w)E FY3tY, sys.stdin, sys.stdout, i0.StringIo & SAAAHAE & 4 5

et
URETER R

al
triple-quoted string (4= u}-2
o

W& E SHUE SE A E A= 7]%% l*ﬁ}zl = °}Zl , ol 2 7}Xl 0]701]/\1 7P |
SUth oAl oz H2) e A2uZ iy 2 EE FAE %}Oﬂ 2T T IEF 6‘}1, a4
PAE 24 FuE ofF ol AW 5 Qe S2EYS L u) 53 LR st

type () tol AA ] P& zl0] ojW FHO| AN AAE AAFUTH RE AR E Fo| YUt
A F2_ _class_ AEPRER INA2T F QAU type (ob)) B S F AF YT

type alias (3 ol de|o] ) S AHA tf Ysto] sl A= F9 59
ol deolat § I=E dedlshe ol 8 F U o2 5
def remove_gray_shades (

colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass

=0 2ol o 97 47 BE 5 stk

Color = tuple[int, int, int]

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

| typingd} PEP 484 & % 51A 8.
type hint (3 DE) W, Feh2 o2l HE 9 A4 A RS L uke ko) A ois e §L A o]
A

Bl 0] 4.
g A Es A AFgo| o] sho| ol A ZAH A £ 5Tk AT, A4 8§ B4 £ 7o §83)0)
IDES] 3= 94 2 A= L FHch

= =
get_type_hints () & AFE3t] AN AT 4 5T
o] 7%= AW typingd} PEP 4845 F2&HA S
universal newlines (-4 £ 97) t}23} ZE% AEL BT Z9o Zog oAt HAE /\E%‘ <
A= HE: F92 7H5“ A& LUES2 -74'34] "\r\n', d A vj7l E/\] o
H

F 714 Q1 Abg-oll #3l A = bytes. splitlines () Byt oma}PEP 278 9} PEP 3116 & ExﬂL
variable annotation (H3> o] H|o|A) Wy = SP A oEBHEQ of -H| o] A,
He s FdaoEgRE ol oldS 2ol th g2 A8 AMF YUt

class C:
field: 'annotation'

M4 ol Elo] e duA o  §=g ASPUTH o] o], ol M4k int § M A0
71t e

count: int = 0

W o] mE| o] 4 -2 A A annassign ol A A g T
o] 715& AWl 314 o] - H o] A, PEP 484 9 PEP 5262 22314 8.

M
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79} 3-8 2P0l 22 A2 A A & ThE Thol
W2 57 A 52 AR5 Q2 o]

virtual environment (7} 7)) u}o] 3 Ab
ML T2 IREY T FE FA FOoHA, sho| A
SHE AL s B, B dow Aeld Aa 87
venv & HA L.
virtual machine (714} 7] A]) 2 Z E9jojwto g Ao H AEE. glo|¥ o] 7MA 7| A= vlo|E T E A
H7t 283t vlolE I =8 APt
o} & o]&f atar AF-g-3t= dl == 0]

Zen of Python (3}o]%d Al) s}o]xd =}l Yejet ohEo] H=), A
AUtk o] B2 1313 ZEZ E A “import this” S YH3HH H Y
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APPENDIX B

o] A Aol &3}

o] A A<= reStructuredText 20| A ghE0(Z Ao 2, gtolH AYAE 3l 53] AZH A 2] 7]
2l Sphinx & AH& A5

AT A&} o] & £ 3 S A Q1 NS sho] & ApA) 2F uhk 7] E 2 AR5 AR =8 Ut 7] o5t

T AT, o] B o) o sk %E reporting-bugs 3] o] A = } Al 2. A2 AL F AR = AL

s gyt

= EsoA B2 ZAE =EHUTH
* Fred L. Drake, Jr., 92} 3}o]d A = o] 2zt 2t w2 Zrl =9 27}

« reStructuredText 2} Docutils 29 EE Y= = Docutils ZZ A E,

* Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.
= = =
B stolHl AwAe] ZAAE

Aol 71 P F Ut 71 Ak R A <
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appeENDIX C

oA A9} o] Al

CA 2zEgeld o4

g}o] -2 ABCgt:= Qo] o] T A A& 4] v 2HE 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
2+ %) 2] Guido van Rossum©l] 9] 3l 1990 o] Zuko]l W& o] F <5 Uth Tlo| Mo = thE2 AlgE9) W 23]
o] 2= A v, Guido= Tho] # o] 8 AR} o} 9) A»]D}

1995, Guido+= Virginia 2] Reston Oﬂ @)= Corporation for National Research Initiatives(CNRI, https://www.cnri.

reston.va.us/ Frx) ol A zho] x 24 74] a1, o] oA oy AL AZEAE SAYFYTH

200049 59, Guido&} 3}o] A & /\\3] 7H 2 2 BeOpen.com 2 2 -& 7 4] BeOpen PythonLabs ¥ & T4 35
Yt} e 3104, PythonLabs 2 Digital Creations( & A} Zope Corporation; https://www.zope.org/ FZ) &2
A5 YTE 2001 d, ko] A a3z E 9 o] A H(PSF, https://www.python.org/psf/ 3FZ) o] A HE A5t}

O] A= ol FH A AAEAE AFSES 5838 AP v 22 YTt Zope Corporation-&
PSF9] &9 3 dYdUth

RE golH wlZHAL FN AAFYUTH(E 22 A9 of ths] A= https://opensource.org/ S 234

o [¢) H

A9 GAH O R, BB (SHA R ARE obUeh vhol H Wl £ 8-S GPLI S8 ) obee] B
e M ERe 2 ke AUt

uf == A" x| 3l a4 GPL & 217

09.0~12 | n/a 1991-1995 | CWI yes

13~152 | 1.2 1995-1999 | CNRI yes

1.6 152 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 2.142.0.1 | 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-# A | PSF yes

Fa: GPLY} z&dtE A2 2| 7FGPLE o] d 2 v x3ohE S dnstA = syt EE
ghol A gholAla= GPLI 2] of 2o WA S 37/ 222 WA G A vdS w2 5 A
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gttt GPL €3 glo] Al 9lo] W3 GPL 3ol Y d T2 2z EF o] & 2¢s 4= oA & o2
A2 194 5t

Guido®] 2| £ 5}ol o] W EE 7H5 317 BE BL 9% AARAAF oA A= F T

C.2 shol el A 25kA v} 4H&3t7] 913 0|8 o

lo] A 4z E g o] @} A A= PSF License Agreement o W} gho] Al 7F R ol FH )

glo] W 3.8.6 7 F, AW A9 oA, 225 Y 7]} T == PSF License Agreement 2} Zero-Clause BSD license©l|
e} o] F gho] Al A 7F Hof gt

sto] Mol F3E R Az EY ool = thE gholAlart A8 Ut gholdlas S gho] Al 8 Fst
= IZES A dEFEYTh o] H 3t golAl A ERAT HE52 25 Az EQ oo tf g gho] Al Y
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.9.16

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

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

3.9.16 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 3.9.16 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 3.9.16 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 3.9.16 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
3.9.16.

4. PSF is making Python 3.9.16 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

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

USE OF PYTHON 3.9.16 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.16

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.16, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material.
—breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. _
—This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee, .
—O0r any

third party.

8. By copying, installing or otherwise using Python 3.9.16, 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.

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
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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
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. 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

(Th& sToAT ol A%
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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.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.9.16 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. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m—mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 27

socket BEL getaddrinfo () & getnameinfo () T4+ 5 AFR YTl o] 5-& WIDE Project, http:

[lwww.wide.ad.jp/, A A & EE A2 3tY =2 I 5] 5T

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ""AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 vlE7] &7 A

[>

asynchat3¥ asyncore R 52 th33 22 F9 AMS 233U

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

%
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C.34 F7| &=
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Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 A3 >3

trace BEL U2 2 39 AL EFLH

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 4 UUdecode 3+

wu BEL The 3 2 79 S EPTh

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C3.7 XML YA Z==2AA 5&

xmlrpe.client RES TheT 22 29 A3 e

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.

%
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C.3.8 test_epoll

test_epoll RES b3t 28 79| AL ZFFUh

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-2 kqueue Q1 E 3] o] 2ol thal The 3} 2 9] AgHS ERFU T

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

39 python/pyhash. ¢ ¢+ Dan Bernstein ®] SipHash24 €17 2] = 2] Marek Majkowski 2] =& o] 3Z 35| of
AsUT A7)l = thF 3 22 W&o 2FH o] s

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

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

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

C.3.11 strtod 2} dtoa

C double 7} 219 71o] H3S 93 C T4 dtoa &} strtod S A|-Z 5= <Y Python/dtoa.c = X
http://www.netlib.org/fp/ ol A A& 4= 9J+= David M. Gay 2] 7‘0 o] £ 9] 3} Y oj| A] A 95t} 2009
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/****************************************************************

*

* The author of this software is David M. Gay.

*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

*

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
*

WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/
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C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the
OpenSSL libraries, so we include a copy of the OpenSSL license here:

LICENSE ISSUES

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

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
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ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

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

L R

Original SSLeay License

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

This package is an SSL implementation written
by Eric Young (eayl@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
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* OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

* SUCH DAMAGE.

*

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

* [including the GNU Public Licence.]

*/

C.3.13 expat

pyexpat B2 WEE ——with-system-expat & F/38A] %+ 3t £ expat &2 AHE S ARG

shol =g ok

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 @FL WEE ——yith-system-1ibffi B FASA 9= 3t 3 libfi &2 AHES AFR

shof =g ok

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

(TF& sl A ol A%)
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NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

21ib L A2 H oA WA dib Ao YT eefs o] A o] A8 4 glow,
A2 Abg el e U th

ki
i
i
N
S
B>
[>

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 o &8 A= & Al Hl o] 22 & -& cfuhash Z2 A EE 7|Hko 2 St}

[kl

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

(Th& sl AT ol A%
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from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

de01mal % W & ——with-system-libmpdec & 74 3}A] ¢+ Sk, 234 libmpdec 42~ AFE

2 ALgstel MEPUTh

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| 2 E A9 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:
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* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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