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0

This tutorial is designed for programmers that are new to the Python language, not beginners who are new to
programming.

stol e wj$7] 49N A ey dojduch LA Ay PR} AA NGz
Aol et et B H 2P S AFFUh ol fobat 3t 54 o) (typing)
= A9t ABZ g H Ao 2 A, 72 FANEZT ThFe A4 FJolA 23 HE 247w 3-8
T2 7] o] A Ql A& ATtk

vlo| W olE Z 2| &} F 73 T F ghol B gl= A2ty g JEf 2 Tlo]H ) Abo] E, https: //www
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Alg st ool A B E, JEJE‘Ur =T FFEAEY xR Y HIE 2T

sfol ?JE%‘B}EMI CUCH (EECIAN T& M52 Ao 5) 2 28E A S A8 72 S
HAA F7HE 5 st Tl /\}32} RE3 7 7t S8 22 IS AT A A2 E AT

gt

This tutorial introduces the reader informally to the basic concepts and features of the Python language and system.
Be aware that it expects you to have a basic understanding of programming in general. It helps to have a Python
interpreter handy for hands-on experience, but all examples are self-contained, so the tutorial can be read off-line as
well.
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CHAPTER 2

o[ M QIE{Z2[Bf ArESH |

2.1 QlE{=Z 2|E| AlsH5}7|

shold SlE)Ze) e 1
e

B+= /usr/local/bln/python3 14 Oﬂ HX]%\JD]- dx @9/] 7‘5“31,] 7§E°ﬂ /usr/
local/bin S ¥od

oft, i

[pythonB .14

S Ao AFA AT = A5 UTh! AezZ e 7L X5 v E el A %’é:i x| 54l 0] 7]
ChE BAE gt F ] sho) 1l AEsh A28 Bl Aol A el ek B2t gl o (o]
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2IAHER F7H JAAE Gle AFE, sys.argv(0] S W BALIUTE 2T HE o] 55 ' (RT
Y S E3th 2 £ sys.argv([0] & - 7]—9141‘/]— -c command 7} A5 W sys.argv[0] & '-c'
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21.2 CHa}s o
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ool At B AL LAV UL HE 22 xE ASH U, B0 A A FYUTH(...).
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$ python3.14

Python 3.14 (default, April 4 2024, 09:25:04)

[GCC 10.2.0] on linux

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

ol AL EL oY B2 THE T2ES YT Wl BLFUTh 2 EAY, oA A9 £ o] A5
Yk
>>> the_world_is_flat = True

>>> if the world is_ flat:
print ("Be careful not to fall off!")

Be careful not to fall off!

ety Reof thel o g Aok, tfel Y R e S HA L.

2.2 QlE{=2|E{2} 8t4

221 AA FE QT

7EHoz, gol £ 9IS UTF82 2 )3 d Ao HFHYrh o dFFoA & 7
Qojoll A ALGH £ EAES FAD A, A8A, 74 SoA WA AT 5 dFUTh GHAR EE
2ol Hel et 22 ASCH EA e APEAE AL88a g, B8 TEolAE of BolE Bt 2o
F4UT) o EASL BE 20k BA57] 5145 #4717 54 o UTF-8 YL 9l 43 of 311, o]
st £3HE RE FAE ANE 5 e FBE AS o Fuh

AmY e A8 9o Aoz AASH, HA A Zol SH Fro) 24 £L Fbalof I T
29e o g

[# —*— coding: encoding —*-— J

encoding & 3to] % o] | P 3t= T Y (codecs) T 3hbe] oF g th

o 2 S 0], Windows-1252 Q1 TS AF L3I 2 Hodstew, A4 I 5129 3 22 o] DA & o]of
}:
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[# == cerlings Epil252 == ]

48 (shebang)” = 2 Al &3l A-+-YUth o] 4%,

#!/usr/bin/env python3
# —*— coding: cpl252 —*-—
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CHAPTER 3

nro| M of ZHefeh AN

theol G oo, 97 $H L ZETE(C> 9 )9 24 oI RE FEIUTh AE A5}
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AL, oY FE Fo] 2 +& Ut siA R £ gHE o= EolZ 5 syt 44
SEE ohe] 53 A BAE FA 0] ok SA BA Y Byt FAL 29 ou| g Aot
Ae}7] 93 Zo) 3, sho] Mol | A5k ek v, ol & Je e = Akl gt

£O0 Bel R UM R

spam = 1 # X=X ° [ £ UM FHAH
# ... T Ol A T
text = "# | =rFE AN AN =T O] F 4 gt

3.1 mlO| M= A LT 2 AFZS1Y|

B 7} 7heket shol A B3 e ALS S BAITE QB L HE AWFL /B ZERE, 5>, B /] Thel A L.

(2n} 2] A gkofof ghuirh)
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3.1.1 <&}

SlH Z e H = st AL 2 75y th &
Utk +, -, %, / QA= Al o] AR 5 UG

>>> 2 + 2

4

>>> 50 - 5*6

20

>>> (50 - 5*6) / 4
5.0

>> 8 / 5 # "I
1.6
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A (olE 50124 (& E°15.0,1.6)& float F YUt} ]

200 int FYUh 2577 A= A
b5 Al ol Al f?(} 3ol @l o ZHA ]*ELJ%% o gy th.
WAl () 2 B4 o BAFUL A% il 0% 44 A7E dogu // AaxE e
FUth o AE 20w s § A E 4 Ut
>>> 17 / 3 # LTFHA St Hle float®sE EHF -
5.666666666666667
>>>
>>> 17 // 3 # IdF “txHR 2558 YT
5
>>> 17 5 3 # & TIe “rxedld 7 *g eHF A
2
>>> 5 * 3 + 2 # 5 o+ i + -8
17

st Aol A ARA TS ALL wl - ARAE AU TH:

>>> 5 *xx 2 # 5 2 FMI

25
>>> 2 x* 7 #2292 7 HMI
128

Me] e YT e SEEE ASTUD o 39 0L g5
R o

[k
it
[k
[
2
=
kK
>
M
rr
e
vy
flo

>>> width = 20

>>> height = 5 * 9
>>> width * height
900

W47 g ol w0 A b wl (S THY A Skke w) AHg el I A E s AL o2& doGurk

>>>n ¢ P P A5 AN M= Y
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
NameError: name 'n' is not defined

240z AAGUTh A2 b Fo 9 A

i
P
rlr
re
r)
)
rr
o
-
K
re
2
)
i
>
-
fru
rE
r 0

_/I\__
5

Y m]ru

ool 1>,

>>> 4 * 3,75 - 1
14.0

318 RE A=, vpA o] Qlafd 2H A2 OHEH‘?J%HE} O A Fol S T8 AL E
AR ), AikE oo 7H71 7 E H A9 3= 9 13‘43} A& =

>>> tax = 12.5 / 100
>>> price = 100.50
>>> price * tax
12.5625

>>> price +
113.0625
>>> round(_, 2)
113.06

J

Lo b BT S A2/t E0BR, 3ot - (302) AN AT 9 h Uk 9B AL HOW (32 B AT
o O]ﬁbl];],
=] .
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o) W= ALEAZ AL 7% 45T AN Y AR ol of FrUth 2 A o)A vpal e — wot
%A BTPE 22 o) Be A MAT A2 B L Ho] H L, 3 Mo Bl 2 B A
A= F5Uth

int &} float o § OH 3} o] #12 pecimal O]‘/]-Fraction S t}E o £AEE A YT} go)jHE
B ol ek A e BRI, AR E el Ao 3 o AU AE AL T (8 5o
3+57).

3.1.2 HIAE

Python can manipulate text (represented by type str, so-called “strings”) as well as numbers. This includes char-

acters “!”, words “rabbit”, names “Paris”, sentences “Got your back.”,etc. “vYay! :)”. They can be
enclosed in single quotes (' . . . ') or double quotes (" . . .") with the same result’.

>>> 'spam eggs' # single quotes

'spam eggs'

>>> "Paris rabbit got your back :)! Yay!" # double quotes

'Paris rabbit got your back :)! Yay!'

>>> '1975' # digits and numerals enclosed in quotes are also strings

'1975"

J

To quote a quote, we need to “escape” it, by preceding it with \. Alternatively, we can use the other type of quotation
marks:

>>> 'doesn\'t' # FE SFEET C|A T \' & AT
"doesn't"
>>> "doesn't" # ...EE 2ELEE AMS Y-S

"doesn't"

>>> '"Yes," they said.'
'"Yes," they said.'

>>> "\"ves, \" they said."
'"Yes," they said.'

>>> '""Isn\'t," they said.'
'""Isn\'t," they said.'

J

In the Python shell, the string definition and output string can look different. The print () function produces a more
readable output, by omitting the enclosing quotes and by printing escaped and special characters:

10

x4 =
F ooE X d
S

oo T opgl v =t

>>> s = 'First line.\nSecond line.' # \n
>>> s # print() °f* WU, S5 7N &
'First line.\nSecond line.'

>>> print(s) # print() °F¥, &% 37t CH4=E°, \n ° M 2L S 4=
First line.

AC

=

Second line.

J

\ ol ves AT S 2AR HAFH A St AA vk, A W ol r & EoA EEAE (raw
string) & TS 4 AFUTH

>>> print ('C:\some\name') # SG7I°IN \n & EF S T T/
C:\some

ame

>>> print (r'C:\some\name') # =% 2 r ° FYfA

C:\some\name

There is one subtle aspect to raw strings: a raw string may not end in an odd number of \ characters; see the FAQ
entry for more information and workarounds.

Aol EHe Dol \n 3} 28 54 EASS ALWIE( ... )9} ZHIE(... o)A 2L o u 7 A5 UTH T 749
%%”‘a PO gt STl ] B ol A 8 Lok o (B v e o) A1 A Ak ST, 1o A T
AUk

3.1. mO|ME HLI|=Z ALES1T] "
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BAY EEL o2 2 338 5 A5tk @A PAL 4F RS RS A
LU ER L 2 B 4508 BA4Ge] 2E U 8x
A G S E QEUTh T oA, R AA & 97 BAE 2854 @5tk

>>> print ("""\
Usage: thingy [OPTIONS]
-h Display this usage message
—H hostname Hostname to connect to

. "Hll)

Usage: thingy [OPTIONS]
-h Display this usage message
—H hostname Hostname to connect to

'unununium’

TN o1 A Bl HE (5, mEEE S8 AS) 7 dSE A e AFs o= o] o 2o Ut

>>> 'Py' 'thon'

'Python’

J
o] 7152 W EAL e 2/ 1A & off B3] €8 s Uth

N
>>> text = ('Put several strings within parentheses '

'to have them joined together.')
>>> text

'Put several strings within parentheses to have them joined together.'

AL 2H F A el Pe vt A5 B WS}

tm

Aol o FaA ek

>>> prefix = 'Py'
>>> prefix 'thon' # W5 T =SS AN &+ JAF I
File "<stdin>", line 1

prefix 'thon'

AAAAAAN

SyntaxError: invalid syntax

>>> ('un' * 3) 'ium'
File "<stdin>", line 1
('un' * 3) 'ium'

AAAAAN

SyntaxError: invalid syntax

WEE7Y 2 N5s B A H AL ojolRolel W + 2 AHg3 of F )

>>> prefix + 'thon'
'Python'

WA A7 A2 0] B gF Uk EAE 9%

>>> word = 'Python'
>>> word[0] # H*| 0 5 *r
|P|

(TH5 sl o] Aol Al<)

12 Chapter 3. LI0|M2| ZI2kst A7)
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(o] A = o] A ol A Al )
>>> word[5] # H*| 59 5 *f

lnl

AP 2t 24718 S5 e, BolARE AlYth
>>> word[-1] # °F= g% &=

lnl

>>> word[-2] # T °M 5 29X ==

IOI

>>> word[0:2] # 9* o (2Y) <IN 2 (M) TS EFHE

'Py'
>>> word[2:5] # =X 2 (22 °IN 5 (MY) MY E M
'tho'

sefol s ddE it B E ARG 2 A%

) Y
WA ek A W A Bgto kel 5

>>> word[:2] # HMes s A* 2 (M”) TP 2R E
lel

>>> word[4:] # X 4 (22 <1 TTHFY EAE

'On'

>>> word[-2:] # TN 5F9® (22) 55 TTHFY e
lonl

Al

>>> word[:2] + word[2:]
'Python'
>>> word[:4] + word[4:]
'Python'

Sohol 27k F AL WL 7195 B /b P A2 RAE Aol 9 XS shel ATk 4
S AQUTh 3 0 £A9) 4% A 09Utk o] EAER TAH 2ALe] 025 A4
Q)2 n o] e, o Fol:

e 2\

Fo—— et ————————+
Pl yl t |l h|]oln|
fom b ———+
0 1 2 3 4 5 6

A WA A L QY2069 9IS HolFIL T WA B g £ AYAES BAFUTh
oA jEeIe) Sefolatighj = WE Bold A7 Atele] EAER FAF UL

2ol obdl A AT g, F AH A B W o] ATkA Eebol 29 Poli AlEl s Zhe] Ay,
o 31 9 gol 29Utk

3.1. HO|ME A ATIZ2 AFESH| 13
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6 <

(most recent call last):

>>> word[42] B 2 g S
Traceback
File "<stdin>",

IndexError:

# word &

line 1, in <module>

string index out of range

AT, W98 Wl ke &

=RA A=g Utk

>>> word[4:42]
lon'
>>> word[42:]

J

shold BAFES WAT 4 ek — 29l olgky Tk 24 B s 32 AN ol st
23 39 ol el g douch
>>> word[0] = 'J'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'str' object does not support item assignment
>>> word[2:] = 'py'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'str' object does not support item assignment
2 2ado] Do s, A2 wEofof gtk
>>> 'J' + word[1l:]
'Jython'’
>>> word[:2] + 'py'
'Pypy’
W g len() S EALY] Dol E EHFUh
>>> s = 'supercalifragilisticexpialidocious'
>>> len (s)
34
s -
textseq
PAG L AR Y ) AF o)1, AT A D3He FF A4S AP P UL}

string-methods

EAEL 712 A SR} AL 95 2] MR M EES ALF U
f-strings

WgE A4S 2E BAD IH Y
formatstrings

str.format () & & ‘E‘X]’Cé% :‘TL_[}H ']'*‘r:— Ho]"ﬁ oﬂ EH St Zé H.

old-string-formatting

l oA AL S 5 A Fol| AL SHE ol A A o] "ol Bl &

3 g%tk

o

gAI8HA A vd 3t

14
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3.1.3 Z|AE

sho] A2 ThE 52 Pol o2 vl A8 & o)) 71 A3 = (compound) A2 FL H31 T,
7 5B Y AL HAE A, BT Aol AEE FEE (IR S BEow ¥AY 4
U PJAEE N2 THE B FBES ZRT 5 YA v FBE0| BF 22 Pl A7 Bsuth

>>> squares = [1, 4, 9, 16, 25]
>>> squares
[1, 4, 9, 16, 25]

BAQ(1Y 3, 0 BE YR D2 FB)AY J2EL ddgetn st 48 5 AUk

>>> squares[0] # C1ElAle YL S = F S| S
1

>>> squares[—1]

25

>>> squares[—-3:] 4 AL 4 222 EFHFH S

[9, 16, 25]

B AEE ool 0]7] 22 dit=E Atk

>>> squares + [36, 49, 64, 81, 100]
[+, 4, 9, 16, 25, 36, 49, 64, 81, 100]

2 A EALHE 2, BlaEe P Ut S W8S MR g AUtk

>>> cubes = [1, 8, 27, 65, 1251 # °1 7 W7 ITrL =& -5t
>>> 4 ** 3 # 42 MFI S 657 °F-1=F 64 -] =f

64

>>> cubes[3] = 64 # T = e LIS

>>> cubes
(1, 8, 27, 64, 125]

J

You can also add new items at the end of the list, by using the 1ist .append () method (we will see more about
methods later):

>>> cubes.append(216) # 6<% M™F L F I
>>> cubes.append (7 ** 3) # LT EIX 79 AMFI =

>>> cubes
[1, 8, 27, 64, 125, 216, 343]

Simple assignment in Python never copies data. When you assign a list to a variable, the variable refers to the existing
list. Any changes you make to the list through one variable will be seen through all other variables that refer to it.:

>>> rgb = ["Red", "Green", "Blue"]

>>> rgba = rgb

>>> id(rgb) == id(rgba) # X2 JHNE T E F-=F
True

>>> rgba.append ("Alph")
>>> rgb
["RedH’ "Green", HBlue"’ "Alph"]

PE &glol A ALk

a =

eg se =y
PrEe] fRe FO ARG e Erhe EYYth

>>> correct_rgba = rgbal:]

>>> correct_rgba[-1] = "Alpha"
>>> correct_rgba

["Red", "Green", "Blue", "Alpha"]

(TH5 sl el Aol A<)

3.1. mO|ME HLI|=Z ALES1T] 15
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(o1 | o] A o M Al4)
>>> rgba
[llRedll, llGreen", "Blue", llAlph"]

Sefol 2ol BhABHE AE AT, P2ES] ol B WAL 4 U, BE GRS AT F2F D&Y

c}:

>>> letters = ['a', 'b', 'c', 'd', 'e', 'f', 'g'l
>>> letters

['a', 'b', 'c', 'd', 'e', 'f', 'g'l]

>>> # HF e gl

>>> letters[2:5] = ['C', 'D', '"E']

>>> letters

['a', 'b', 'C', 'D', 'E', 'f', 'g'l]

>>> # °|™ T g FFgUITr

>>> letters[2:5

>>> letters

['a', 'b', 'f', 'g']

>>> 4 BE SiAce W F[A=E Xoiwps E|A=E S|g oS
>>> letters|[:]

>>> letters

[]

W & len() S B AEClE AE8HYTh

>>> letters = ['a', 'b', 'c', 'd']
>>> len(letters)
4
J
PAEEFPTFE YEUh (2 JAES TP P22 HEUD. o) Sof
>> a = ['a', 'b' 'c']
>>>n = [1, 2, 3]
>>> x = [a, n]
>>> x
[i'a", "B, "e'l, i, 2, 3]l
>>> x[0]
['a', 'b', 'c']
>>> x[0][1]
"B

32 ZRJUC R HES
Ax )

AN
—
e A

o)

=820 2& ¢t =4
£ g4 dFyth

S HEA e

=

>>> # T X 4 G
>> ¢ 5 229 ¥e°| rge IAYI
>>> a, b =20, 1
>>> while a < 10:
print (a)
a, b =D>b, atb

N B P O .

(TH5 sl el Aol A)
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8

(o] sl o] A ol A AI)

=

° U 1) 2 EFS YgUth WS a 9o o) BAO gH03H o] B IF ek vpA v &
)t 910 o] SHekE o) .01 Aol £ HRA o m AL e

d

A AR g 3
Suo R4 9ZRE o8R0 shuA eAYE AdgUTh

while $2E Z2A(A71ME:a < 10)0] 29 5 AFFUTE Co} vl @74 2 Tl Aol A 0 o
S R A ol 08 AR £A EAGOIE ol (14 B £ AT
78 S 9 Aol k0 o) obd A2 2% Folu, M AdaE ALY, of A4 AL D
Wb AET RS 23 60 e Co g e 0w RAR U < (e, > (2,

(7‘1’/}) <= (ZAY Zh, >= (ZAY 2}, 1= (TF2}.
F229] 1ty (body) £ 01227 FUT So227]& oo 235 Folglz F= AUt

[¢)

ﬁ

0o}y ZFLECNX 77 5o 2e FolA Eu(tab) o]} & (space) = Y &3l oF Futh. AA A
ozt drE WS RN E U B o8 2mg 265 Uk g g
57152 A% Solzr] 152 ATIU BEEL POz AHT W= 22 dels] 93
W 22 da|oF itk (1877 Al A 28 QDA 2242 5 gl dEUTh) 2L
E50 £ L BE 2L 2L FuF Sofx7] 5 ojof ol o5 &

print () B Fol2 AAEY e ANFUTh tHE A, A5 @, BALDS THEE P A
(A7) °ﬂﬂ Aol A 2 2 Zo)) et} ot A2 1 Y H ot Ad=thaUth £2dE 2
w3 glol 85 a1, A Thell& Wikl AYgE Utk A o] Ao HY] A4 xujd T
T 91’5‘4‘:}

>>> i = 256*256

>>> print ('The value of i is', 1)

The value of i is 65536

Zend = 28 2ol TFFHE NPEAEAAGAU 28 S tHE ALE A st

7]
]

>> a, b =20, 1

>>> while a < 1000:
print (a, end=',")
a, b = Db, atb

0,1,1,2,3,5,8,13,21,34,55,89,144,233,377,610,987,

L

3.2.

nZOeirozol HE 17

oo
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cHAPTER 4

7IEF Mol 25 =+

g a7l while & o=, sto] M2 o] Foll A wubA 2 B 7HA FUHA A e A8 YT

obubE 4 A B FL s RY AQULE o) & o

>>> x = int (input ("Please enter an integer: "))
Please enter an integer: 42
>>> if x < 0:
x =0
print ('Negative changed to zero')
. elif x ==
print ('Zero'")
. elif x ==
print ('Single')
. else:
print ('More')

More

AAY A MY elif 7 AS = AT, else FEAHAAYULE 7]9E ‘elif’ & ‘elseif’ o &
FEAQH|, F e 278 93k H F8FYTh 1f - elif - elif - AA2E T2 Aol 5ol
WU AEE switch Y case #2 U4 h

If you’ re comparing the same value to several constants, or checking for specific types or attributes, you may also
find the mat ch statement useful. For more details see match <.

oA for £ C v} shaghol] 4 ALg3HE A3} B2k ThE U Th (hAA R) 34 $419 42 A Q)
23] ol eel o] A 3l AL}, (CH %) AL A7} o B el o] A BhAI9} 54 7€ Ao & 4 Y= 5
SR for £ GO AL (AAEY FAD) ] FEES T AL Bojglt MY

X, &,
o,
filo %,
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>>> ¢ @ M FAAS FI UL
>>> words = ['cat', 'window', 'defenestrate']
>>> for w in words:
print (w, len (w))
cat 3
window 6
defenestrate 12

AL o)E o] E B 5o 2 BAHE £AFE DEE et FARES 57 AFUT
B4, HE AEde) BB R 228 BEAY A 2942 BEE Ao] § 2y

# ME VML oHE 5t

o =2 b |
users = {'Hans': 'active', 'Eléonore': 'inactive', 'Z JE': 'active'}

for user, status in users.copy () .items{() :
if status == 'inactive':
del users[user]

£TY A TRY e

B S
active_users = {}
for user, status in users.items () :
if status == 'active':
active_users[user] = status

4.3 range() &t

ALY AD2Z o He =T DL Y0¥, W T4 range ) 7 B Fith £AS wE Utk

>>> for i in range(5):
print (i)

0

1

2

3

4

2 UEolAE s Lol ZIF A ¢F5UTE range (10) = 1070 gt W], 2] 109 A|F 2]
FEES 7t e 2hke d9asdyth HA7 e AR Al A AL, e SRS (A
FedUth sl 2 o] A= ‘258l (step)” ot FFUHH AR st A% 7Heduth:

>>> list (range (5, 10))
[5, 6, 7, 8, 9]

>>> list (range (0, 10, 3))
[0, 3, 6, 9]

>>> list (range (=10, -100, -30))
[-10, -40, -70]

Ytk

AlF 28] AR oY o] E e, x4 & range () 2 len() & 2F T+ 3

>

>>> a = ['Mary', 'had', 'a', 'little', 'lamb']
>>> for i in range(len(a)):

(TH5 sl oA ol A%)
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(o] A | o] A oA A A %)
print (i, afli])
0 Mary
1 had
2 a

3 little
4 lamb

st wk, 2 off 22, enumerate () T4 E 25 Aol AP F HaY & HAL.

M98 1 Q45 o] 47 Aol Yol gtk

>>> range (10)

range (0, 10)

W Aol range ) 7} 8 E AA = B 2EQ A H S2SHARE AMY 2] A E 7} ob gy Tk o] B | o]
Egd o 4ot AL FEES SAUHE 85 4 A °l AT AAZ B AEE WEA oA FHES
A oFgytt

o7 AAE o E ¢ L o)ekm BEUTH FFo 40D w77 YA FREL AL 5 AL TAANE
s 49 TEESY) BACE ARIYTE $9 % for Bol 18 TR EYL HEHTh ofF
9L Aok F42 ol sun() PUiTh

>>> sum(range (4)) # 0+ 1 + 2 + 3

6

usoll ol H & ot ol ES AR wE A E T B AU AkE 7= ol A 1ist O

s
sl o AFAE] =22 AU

m{o

4.4 break 2} continue &

break =2 7173 717tol A EB] A= for Wwhile 2 EE wiA U 7HA wb5 Ut}

>>> for n in range (2, 10):
for x in range (2, n):

if n % x == 0:

print (f"{n} equals {x} * {n//x}")

break
4 equals 2 * 2
6 equals 2 * 3
8 equals 2 * 4
9 equals 3 * 3

continue & FxZ 9] t}2 o]E P o] Ao A] AL EE vH5 U TH

>>> for num in range (2, 10):
if num % ==
print (f"Found an even number {num}")
continue

print (f"Found an odd number {num}")

Found an even number 2
Found an odd number 3
Found an even number 4
Found an odd number 5
Found an even number 6

(TH5 sl el Aol Al<)

4.4. break 2} continue & 21
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Found an odd number 7
Found an even number 8
Found an odd number 9

(o] sl o] A ol A AI)

45 EI9| else M

In a for or while loop the break statement may be paired with an else clause. If the loop finishes without

executing the break, the else clause executes.

In a for loop, the else clause is executed after the loop finishes its final iteration, that is, if no break occurred.

In awhile loop, it’ s executed after the loop’ s condition becomes false.

In either kind of loop, the e1se clause is not executed if the loop was terminated by a break. Of course, other ways
of ending the loop early, such as a return or a raised exception, will also skip execution of the else clause.

This is exemplified in the following for loop, which searches for prime numbers:

>>> for n in range (2, 10):
for x in range (2, n):
if n & x ==

print (n, 'equals', x, '*', n//x)

break
else:

#EZOM Jag WA U2 DA

print(n, 'is a prime number')

is a prime number
is a prime number
equals 2 * 2
is a prime number
equals 2 * 3
is a prime number
equals 2 * 4

OW 0 J o U > W N -

equals 3 * 3

(o] 212 SHtE ZEYJUTH AA 3] S ThE W else B2 if #0] oY} for FxZof &3t}

One way to think of the else clause is to imagine it paired with the if inside the loop. As the loop executes, it will
run a sequence like if/if/if/else. The if is inside the loop, encountered a number of times. If the condition is ever
true, a break will happen. If the condition is never true, the else clause outside the loop will execute.

Foo A AFEE ), else & if FHTE try 9 else A A3 Ho]l B5UTH try 9 else
AL oA Q7 s oS w) AW I, FZ else B break 7} HAYTHA S w] AP YT try

= ol ef ol &AM W &2 o 9] A 2lshr] & HAlL.

ko
o
B
[-'EI
[
fru
[
i)
o
A
e
ol
ek
1o
o
20,
o
2

2= QASTE (ctri+c)E TS NI EE

HAawe) 29A% s o £ A3H Yk
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>>> class MyEmptyClass:
pass

pass 7t A8 5 Qb ThE Fat A HES AT wf G4 2 A% v AL E ASE A A,
ol 2ol § F4A A FEANA AL 5 JA FUth pass € 283 FAIHUh
>>> def initlog(*args):

pass # TS AF ML
For this last case, many people use the ellipsis literal . . . instead of pass. This use has no special meaning to Python,
and is not part of the language definition (you could use any constant expression here), but . . . is used conventionally

as a placeholder body as well. See bltin-ellipsis-object.

4.7 match &

A match statement takes an expression and compares its value to successive patterns given as one or more case
blocks. This is superficially similar to a switch statement in C, Java or JavaScript (and many other languages), but it’
s more similar to pattern matching in languages like Rust or Haskell. Only the first pattern that matches gets executed
and it can also extract components (sequence elements or object attributes) from the value into variables. If no case
matches, none of the branches is executed.

The simplest form compares a subject value against one or more literals:

def http_error (status):
match status:

case 400:
return "Bad request"

case 404:
return "Not found"

case 418:
return "I'm a teapot"

case _
return "Something's wrong with the internet"

Note the last block: the “variable name” _ acts as a wildcard and never fails to match.

You can combine several literals in a single pattern using | (“or”):

case 401 | 403 | 404:
return "Not allowed"

Patterns can look like unpacking assignments, and can be used to bind variables:

# point & (x, y) TE "I
match point:
case (0, 0):
print ("Origin")
case (0, vy):
print (£"Y={y}")
case (x, 0):
print (£"X={x}")
case (x, y):
print (f"X={x}, Y={y}")
case _

raise ValueError ("Not a point")

4.7. match & 23
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Study that one carefully! The first pattern has two literals, and can be thought of as an extension of the literal pattern
shown above. But the next two patterns combine a literal and a variable, and the variable binds a value from the subject
(point). The fourth pattern captures two values, which makes it conceptually similar to the unpacking assignment
(x, y) = point.

If you are using classes to structure your data you can use the class name followed by an argument list resembling a
constructor, but with the ability to capture attributes into variables:

class Point:
def _ init_ (self, x, y):
self.x = x
self.y =y

def where_is (point) :
match point:

case Point (x=0, y=0):
print ("Origin")

case Point (x=0, y=y):
print (£"Y={y}")

case Point (x=x, y=0):
print (£"X={x}")

case Point () :
print ("Somewhere else")

case _
print ("Not a point")

You can use positional parameters with some builtin classes that provide an ordering for their attributes (e.g. dat-
aclasses). You can also define a specific position for attributes in patterns by setting the __match_args__ special
attribute in your classes. If it’ s set to (“x”, “y”), the following patterns are all equivalent (and all bind the y attribute
to the var variable):

Point (1, wvar)
Point (
Point (
Point (

1

1, y=var)
x=1, y=var)
y=var, x=1)

A recommended way to read patterns is to look at them as an extended form of what you would put on the left of
an assignment, to understand which variables would be set to what. Only the standalone names (like var above) are
assigned to by a match statement. Dotted names (like foo.bar), attribute names (the x= and y= above) or class
names (recognized by the “(--+)” next to them like Point above) are never assigned to.

Patterns can be arbitrarily nested. For example, if we have a short list of Points, with __match_args__ added, we
could match it like this:

class Point:
__match_args__ = ('x', 'y'")
def _ init_ (self, x, y):
self.x = x
self.y =y

match points:
case []:
print ("No points")
case [Point (0, 0)]:
print ("The origin")
case [Point(x, y)]:
print (f"Single point {x}, v
case [Point (0, yl), Point (0, y2)]:
print (f"Two on the Y axis at {yl}, {y2}")

(Th= sl o] A ol A%)
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(o1 sl o] A ol A Al <5)
case _

print ("Something else")

We can add an i £ clause to a pattern, known as a “guard”. If the guard is false, match goes on to try the next case
block. Note that value capture happens before the guard is evaluated:

match point:
case Point(x, y) if x == y:
print (f"Y=X at {x}")
case Point(x, vy):
print (f"Not on the diagonal")

Several other key features of this statement:

« Like unpacking assignments, tuple and list patterns have exactly the same meaning and actually match arbitrary
sequences. An important exception is that they don’ t match iterators or strings.

» Sequence patterns support extended unpacking: [x, y, *rest] and (x, y, *rest) work similar to un-
packing assignments. The name after * may also be _, so (x, y, *_) matches a sequence of at least two
items without binding the remaining items.

o Mapping patterns: {"bandwidth": b, "latency": 1} capturesthe "bandwidth"and "latency" val-
ues from a dictionary. Unlike sequence patterns, extra keys are ignored. An unpacking like **rest is also
supported. (But **_ would be redundant, so it is not allowed.)

« Subpatterns may be captured using the as keyword:

[case (Point (x1, yl), Point(x2, y2) as p2): ... }

will capture the second element of the input as p2 (as long as the input is a sequence of two points)

« Most literals are compared by equality, however the singletons True, False and None are compared by
identity.

« Patterns may use named constants. These must be dotted names to prevent them from being interpreted as
capture variable:

from enum import Enum
class Color (Enum) :

RED = 'red'
GREEN = 'green'
BLUE = 'blue'
color = Color (input ("Enter your choice of 'red', 'blue' or 'green': "))

match color:
case Color.RED:
print ("I see red!")
case Color.GREEN:
print ("Grass is green")
case Color.BLUE:

print ("I'm feeling the blues : (")

L J

For a more detailed explanation and additional examples, you can look into PEP 636 which is written in a tutorial
format.

4.7. match & 25
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>>> def fib(n): # n L5 TS F|LF 4TS &S5
UL T B s = B e B = = B i B AL
a, b=20, 1

while a < n:
print (a, end=' ")
a, b = Db, atb
print ()

>>> ¢ oM YT FAT FA4E TEYHT:

o
>>> fib (2000)
0112 358 13 21 34 55 89 144 233 377 610 987 1597
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>>> fib

<function fib at 10042ed0>
>>> f = fib

>>> £(100)

0112 358 13 21 34 55 89

e AolE S ST, fib 7 G2 BUFA 97 WE G50t ohe ZE AR 44T S
S3rIth. A, recurn £0] S B4E %2 EATUD, 1% 0HES gro] 71 4R o] 2 v
ol2hx E U Th (4 o] AUiTh. vone o] 28 % A2 grolehel, A T H & BB vone g 2F L
AAFU F 12 AGTH print ) B AT 5 AFU Tk

>>> fib (0)
>>> print (£ib(0))
None
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>>> def fib2(n): # n 25 I T2 X £ HFCI
n LS FE LA 4Qe FE UASE ESF S
result = []
a, b =20, 1
while a < n:
result .append (a) # °reEliis =AM

a, b = b, atb
return result

>>> f100 = f£ib2 (100)
>>> £100 3
(o, 12, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

A X7, o] o= & 7HA A Ffol A 752 HolFUTh
e return ‘E——Q— b_L—/l\——E_HEi ]_O 7]' —‘;]—?1'(-5‘]—7'” U]“E\/]q E@_Z‘—} (2_1}- %'}\TL_“ return < None;o:_- %a%
Utk 940] Zow Mol A8 9 4] none & 2l 51 o

o The statement result.append (a) calls a method of the list object result. A method is a function that
‘belongs’ to an object and is named ob 3 . met hodname, where obj is some object (this may be an expression),
and methodname is the name of a method that is defined by the object’ s type. Different types define different
methods. Methods of different types may have the same name without causing ambiguity. (It is possible to
define your own object types and methods, using classes, see = 2}l 2~) The method append () shown in the
example is defined for list objects; it adds a new element at the end of the list. In this example it is equivalent
to result = result + [a], but more efficient.

4.9 gt Fol o 27
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def ask_ok (prompt, retries=4, reminder='Please try again!'):
while True:
reply = input (prompt)

if reply in {'y', 'ye', 'yes'}:
return True

if reply in {'n', 'no', 'nop', 'nope'}:
return False

retries = retries - 1

if retries < 0:
raise ValueError ('invalid user response')

print (reminder)

ko
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to
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(yx-lnr -%l_“—q %]UrA-II_?L?l)
Al ask ok (' E FOAME FE TR, 2)

12 Al F A ask_ok (' =2 g FOAME F& 1T, 2, A, OIMF of-2 & o

w2

2
g g N
B o
ro,
N

e

=X

4748 QEUTh D27} ol @ e AR EA o dAE A ok
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def f (arg=i):
print (arg)

23 oAb 7| Bk 9.2 & Wk gro] FA YU o] 2L 7B go] AU AU R
FeH2Y A2 Ae} T2 7 AA L uf 2po] & YT A& 59, U T ASHE ISR
Agd AAEL FAFUT
def f(a, L=[]):

L.append(a)

return L

print (£(1))
print (£(2))
print (£(3))

[11]
(1, 2]
(1, 2, 31

A%H 5% 7ho] 71 8zko] TR A 2718 QATH, U4 F4E oA Aoz

ffy

30,
ofy
AW
i)

2
T

def f (a, L=None):
if L is None:
L =11
L.append (a)
return L

4.9.2 7|{E QIX}

B4 kuarg=value A9 7|9 A4 B AEHN £2D 5+ ABUTh o8 Bo, oh Bk

def parrot (voltage, state='a stiff', action='voom', type='Norwegian Blue'):

print ("-- This parrot wouldn't", action, end=' ')
print ("if you put", voltage, "volts through it.")
print ("-- Lovely plumage, the", type)

print ("-- It's", state, "!")

Btte] 4 QA (voltage) 2 Al 7He) B A QI A} (state, action, type) & WotEYUTH o] T4+
e As U

31
— 1 .
e e g FobP Ao 55 4 9%

parrot (1000)

parrot (voltage=1000)

parrot (voltage=1000000, action='VOOOOOM")
parrot (action="'VOOOOOM', voltage=1000000)
parrot ('a million', 'bereft of life', 'jump')

I R

I R

27Nel Aes 2

27iel A9 o

I R

INEIE LR SRR E

HH R R W W H

parrot ('a thousand', state='pushing up the daisies')

FAW T L TEEL BT 2= gHUth

28 Chapter 4. 7|E} M0 S8 =3




Python Tutorial, 2 2|A 3.14.0rc3

parrot () # Z& A 5=
parrot (voltage=5.0, 'dead') # 2= A Hl IHE TN oo AN &
parrot (110, voltage=220) # 2 AT F2H

# ™A FE NIKME A

parrot (actor='John Cleese')

B4 B3I, NE AAHE AR A7 5o ool FiTh ALE BE AU Ae 4o EoLE

o] = Q1 2} & 5L}t Yolof 3l (o] & £0], actor+= parrot 349 EHIE QA7) o}l UL}, I A=
Z Q3R S UL o] ASo= 4 AxEE TEFH YT (IS £9], parrot (voltage=1000) = 24}
FUDh. o8 QA% 7 7f o] 49 3k e 5 flsUth o 7], o] Al ek ufjZ el Aaf et o 7t A5 th

>>> def function(a):
pass

rO
HJIO rlI[rl

>>> function (0, a=0)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: function() got multiple values for argument 'a'

**name 21 2] upx| g} 2 w7 2R, A i HSEEo H$3A e BE 7Y
< &2 944 g (typesmapping & E M 2) & W5 YTh 0] 22 *name (Th A B A4 A
gao] A mjHeel 23 ¢ J=d, A A Es 55 o] X AAES HS FES
(*name-2 **name ol Uelof Fth) ol & £, o] &4+& H st

def cheeseshop(kind, *arguments, **keywords):
print ("-- Do you have any", kind, "?2")
print ("-- I'm sorry, we're all out of", kind)
for arg in arguments:
print (arg)
print ("-" * 40)
for kw in keywords:
print (kw, ":", keywords[kw])

o Aox 559 4 AsUh

cheeseshop ("Limburger", "It's very runny, sir."
"It's really very, VERY runny, sir."
shopkeeper="Michael Palin",
client="John Cleese",
sketch="Cheese Shop Sketch")

223 FAs) o P4 A4 T

—-— Do you have any Limburger ?

-— I'm sorry, we're all out of Limburger
It's very runny, sir.

It's really very, VERY runny, sir.
shopkeeper : Michael Palin

client : John Cleese

sketch : Cheese Shop Sketch

AN = 7IHE AAEY <A T T2 Add A9 X ol HAgg ol 5354 2.

4.9.3 E Of7H Hp

N EAO R, ARE A BA A A SR Shol A Gl AL 4 9]
AL B0l K, PAL 7 NE Ex A AL AL =4S HHS
AR Agd wE e Al ehE F4uUT
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o4 4ol the B 2k

def f(posl, pos2, /, pos_or_kwd, *, kwdl, kwd2):

\ AF-7AHAE |

\ - rHE WP

- 94 Tg
o714 /9 = AEAUT g3, o 71T A7} Aol AL £ PAlo] G2 vj7) W)
FRE GEIU: 92 A8, AAANE D AAE A AN /) 855 B S E (amed) v 7
WSetas gt

2| %|-7| % E (Positional-or-Keyword) 2!z}
Aojol /9h 7k GO, ARE A A 1Y ER el AT 5 A5Th

O.I_:

QIx| FS Oh7H B4

< © A A AR Y, 53 w7 HeE A AsUTh 92 A&l dH, M7 |
T Z

=
=

o £ 47 F 25, A ER w/) M52 AR 5 gtk 94 A W4/ (LA Sl
FPUTh /& A A8 oA MEE YA ul M5 SRR E me 4o 2eshe o A Yh
34 A olel /7 glow, 91 A8 A M E gsyTh

/e A e A7 EU IR E AR 5 Sy

7|9 &g elxt
W) WSS 7)) E e AR ok §S HEh) £, i) WS 79 Ao BAS Y, 2 0
1= 8 A e b Ao €14 ] B 2 EAA S

sk Of| A
18k x Ao F8 5 71 ol thy Al Al 5 o LB s Al L

>>> def standard_arg(arg):
print (arg)

>>> def pos_only_arg(arg, /):
print (arg)

>>> def kwd_only_arg(*, arg):
print (arg)

>>> def combined_example (pos_only, /, standard, *, kwd_only):

print (pos_only, standard, kwd_only)

rok

A WHA] &4 Ao standard_args 7 <5
ARGz AnE 5 YUk

Aoz, 5% Ao o}F e AL FA o] AR

>>> standard_arg(2)
2

>>> standard_arg (arg=2)

= R §4 pos_only_arg B4 Aelol /7t LB R 914 w7} AeT AL E S AFE
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>>> pos_only_arg (1)
1

>>> pos_only_arg(arg=1)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: pos_only_arg() got some positional-only arguments passed as keyword.
—arguments: 'arg'

Al AR 9 kwd_only_arge T B oA 2 A E 7] 9= AA Rt 5§tk

>>> kwd_only_arg(3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: kwd_only arg() takes 0 positional arguments but 1 was given

>>> kwd_only_arg(arg=3)

uhA ke e #4 Aolel A Al HA BE e BE A Th

>>> combined_example (1, 2, 3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: combined_example () takes 2 positional arguments but 3 were given

>>> combined_example (1, 2, kwd_only=3)
12 3

>>> combined_example (1, standard=2, kwd_only=3)
123

>>> combined_example (pos_only=1, standard=2, kwd_only=3)
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: combined_example () got some positional-only arguments passed as keyword.
—arguments: 'pos_only'
w220 2, 9] 2] 1A} name ¥ name & 7| & 7HA| = **kwds Abolol]l A A FEo] A& o] T A E

SR

def foo(name, **kwds):

return 'name' in kwds

name 719 EE A R AR W Aol AYHEE True T VBT 4+ AL TEL BT S

=9

>>> foo(l, **{'name': 21})

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

TypeError: foo() got multiple values for argument 'name'
>>>

Y /(A A A8 A E AHE T, name& A AAE, FAI| 'nane' & 7IHE A2 7|2 AR

s 9lomg sk

>>> def foo(name, /, **kwds):

return 'name' in kwds

(TH5 sl el Aol A)

!

>
10

.I

ok
1
0

4.9. | o 27|
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(o] sl o] A ol A AI)

A& AR 7} g4 A ool A o | WAl W4 s AR 2R T

[def f (posl, pos2, /, pos_or_kwd, *, kwdl, kwd2): }
ARz A:

o ) A o) S AHEAIL AT S GRS e W K 8-S AEIAA 2. o)) WS o] ol
AA YGu 7t g, 57t EEE o AR A E BAsHE L T o, B IR 94w 7] Wt
el 79 =& WotSol 1 AL w f-8FUTh

« o] Fo] vl 91 B A7k o) 71 AR A, AHg A7

]_
A & QlAke] 9170 o £3514) 5
« APIY] 9, 5 o)) Ao o] o] 48 ) v ST API WG] MASHE A S B S A
A g2 AN
4.9.4 219|9| QIx} =2

==
v R 2, 44 9 ALE S
o AREL FEZ FYY
Ax-Eol 2 5 YUk

SHe F4 A AS AR £EF 5 Y= AF e AU
s 2~

£ 2
< EA8). 7k do] Azt ell, @A o2 Ao ARt

def write _multiple_items (file, separator, *args):
file.write (separator.join(args))

£, 0] hd o) AAE L G4 ARG S50l v o] fiTh Ypw AL e 99 A4
7§ 10207 eyt raros hARS Ao S YBE Y4 SR
AAES A, 917 AR B4 7)) = AR 2T A-EE 5 Qlrhe =T

>>> def concat (*args, sep="/"):

return sep.join (args)

>>> concat ("earth", "mars", "venus")
'earth/mars/venus'
>>> concat ("earth", "mars", "venus", sep=".")

'earth.mars.venus'

495 QIxt 25 o HY

A5 o] olu] g AEL FEol YA T Held AKX AAES 2T FE F5 52 S A3 A 97 o
3 3 ke A go] Mol Ptk oS o), U range () S B =) sansiop A4S 7|l g ek,
JAEl MR QA o, gArELL FEZHE AAE A A7 Y3l »-A4ALE A A F+E
TZE3H Ut

>>> list (range (3, 6)) # 2= o SIFE S Apg Rpe SIRE I E

[3, 4, 5]

>>> args = [3, 6]

>>> list (range(*args)) # Bl A=AIE QAFE T E

[3, 4, 5]

Zeggos AL E AN HA Y E A ALY 5 Y& uIth
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>>> def parrot (voltage, state='a stiff', action='voom'):
print ("-— This parrot wouldn't", action, end=' ')
print ("if you put", voltage, "volts through it.", end=' ')
print ("E's", state, "!")

>>> d = {"voltage": "four million", "state": "bleedin' demised", "action": "VOOM"}
>>> parrot (**d)

—— This parrot wouldn't VOOM if you put four million volts through it. E's bleedin
— ' demised !

4.9.6 UC} Al

Lambda 1N EE AHSINA A3 0l E Qb F4E BE 5 QBT o 5L T A4 G2 BeAFUh
lambda 2, b: atb. B4 AA 7} glojof sz ol W o)t} dh F4At A8 4 dGUTh EH AL

Coe EAg 0w ARY UL v Aoz, duae g 4o o Bl ud BT, 48
o AAY, B B Bel AL Anmol dE WSES 32T 5 dsuth

>>> def make_incrementor (n) :
return lambda x: x + n

>>> f = make_incrementor (42)
>>> £ (0)

42

>>> f (1)

43

J

The above example uses a lambda expression to return a function. Another use is to pass a small function as an
argument. For instance, 1ist.sort () takes a sorting key function key which can be a lambda function:

>>> pairs = [(1, 'one'), (2, 'two'), (3, 'three'), (4, 'four')]
>>> pairs.sort (key=lambda pair: pair([1])
>>> pairs

[(4, 'four'), (1, 'one'), (3, 'three'), (2, 'two')]

4.9.7 =FHEHOIM EXIH
of 7ol =5 Wl o] A EAFE o) W-§- 3 2 | of] &3 R 7hA] &7 syt

A2 Gy AN BA L G, A5 Lo oF GUTh TS AN, AA ] o Fol1} F2 ¥
AA o= Q73R stofop s, o) A5 L T2 W oz A FH A 2T (o] Bo] B0 A
A3k 5 Abehe o9 QuiTh. o] & e A A5k nh E 2 ibok Fhch

SFUE o] 4 BRG] o Fo] Ark, T AA 2L vojglol A, AAHoE 2ok A A5L
Selalof gtk Amas 5L shht 2 o) 4e] Trow, AA Y 52 Fok, LA 5 AP o

.

shol 4l SHA = o8] & EAD 2B o)A SOl /18 AA}A 87 Wol, AP E A S =P EL
Bastel Solas1§ A TUT, oA thest 2e el & A8 LT £ 3 ol o 3
W) dol 7] g B0l AR ERUH 0|8 BALe] Bojny] 28 AP (Pl A 2L
AT 5 e, ANH 02 BALS A GHE BT Bolglol N it BAD AHEY S
¥hed 314 gh7] W2 QU Th) of Solz7)o} <558 Fulo] B Qe BE 20 Al RE oA Al AT Y
th. @ ol 7] @ o] LEFLEA & Wotof 5t v, Lhebdthe E R R o] o] A A Utk Bl
$EA4S @ g (T 8709 25 0] 2) Fol ZAbg Uk,

7] o8 & 2= o7k Ytk

>>> def my_function():

"""Do nothing, but document it.

(TH5 sl el Aol A)

!

>
10

.I

ok
1
0
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(o] sl o] A ol A AI)
No, really, it doesn't do anything.
mrrnn

pass

>>> print (my_function._ doc_ )
Do nothing, but document it.

No, really, it doesn't do anything.

4.9.8 &4 O cE|0|M

4 oeH o] A & A1g 2} o] F47h AL S Sl thak $xs] AlE A 9l vl ehul o] R gt
(ZFAM 3 Y82 PEP 3107 I} PEP 484 5 H A Q).

Annotations are stored in the __annotations__ attribute of the function as a dictionary and have no effect on any
other part of the function. Parameter annotations are defined by a colon after the parameter name, followed by an
expression evaluating to the value of the annotation. Return annotations are defined by a literal —>, followed by an
expression, between the parameter list and the colon denoting the end of the de £ statement. The following example
has a required argument, an optional argument, and the return value annotated:

>>> def f(ham: str, eggs: str = 'eggs') -> str:
print ("Annotations:", f.__annotations_ )
print ("Arguments:", ham, eggs)
return ham + ' and ' + eggs

>>> f('spam')

Annotations: {'ham': <class 'str'>, 'return': <class 'str'>, 'eggs': <class 'str'>}
Arguments: spam eggs

'spam and eggs'

410 2zt=2: AL AEI
o] Al o2 B ghojme] o A1, ¥ B9 22H5S A1 FUTh TH Aol tis) T A2
AZFYUTE HREE doj= A2 e ~8ds 449 (Es H e, 299) 5 d5Uth o |
AL e ASRT Y 97 5 Uth T2 AAREC] 2R =S Q7 A =L AL FHFL
AZrol 1, TFH IY 2L L =Y AL agA S 2 =2 FUh
sho] Mg S8, 2 =2 A E7} u5she 2D 7Fo] =R PEP 89] Ugk5 Ut o] 2L % ¢]7]
A3 o] W T ~EtY S Tk BE hol @ /At AR M= o] EAE 9o oF Tk
AR L e M FoT FEES FUSUTH
e 58 227]0] 4-25 o] A8 A8, W AHSEEA] UhA 2.
479 Asfo]at e Sojny] (B e 3 £2 dS3h 9 2 5o (97 454t
Atole] £ A& YUt He Eehg Qo)1 glof= Aol HA It
« 942 A RES E 7 A2
o] AL 22 B G 71 AL A Fal 2 oA E ole] ZE I ELS Y] 2 5 A T
o 52U, 4 U 2 FE BE Abojof ¥l 22 Yol RS
« ThssiuE, FAS EE] E2 oM
« S2EYS AZEHAL
o ANAE FHIF0H | AT o)A YT, FE ukE Fo|E Ao AS PA UpA|R:a = £(1,
2) + g(3, 4).
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Zejao TrEo] 4B A= olE= BolM L A= FH 2 o—rUpperCamelCase, st 9} |
= h

X2 AL lowercase_with_underscores YU TH A HA] w A E Qo] o]E 072 A selsf
E AL L (2R HAE ] B3t AN T Y-S S ~te] A w2 HAR),

elne TEE ZAA BANA AE5el L HrhE SWE QTGS A8 oA v L. oW
3%

Q&
o & s}o] W &) 7] &, UTF-8, T+ th<= ASCIIZ A}, o] A4 Yy rh
A

U}R71R] 2, T2 o] B AFE3l= Algho] FEE A AU 828 ok7ke] s A u g H el s, 218 R;
o] ASCII ©] &} o] E2}+S AL-g-31A] upA] K.
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o] FollAl= ol de] oln] w2 AES F 1 AAS] AWstal, B 7HA AR AsS HEd Utk

51 2[AE O H7|

PaE AR S R ASES o 23 95U o ASo] BlAE AR Y RE WAE SYYth

list.append (x)

g e 2o FES HF YT allen(a): %] &} H]=3U )
list .extend (iterable)
ZYAEQ o o]HHES BE FEI UZAXN FHFF YT allen(a):] = iterable M|

g}
list.insert (i, X)

010 AR B AU A A Ao 4R 847200 G A9 AT 24
a.insert (0, x) = B AEQ Lo 43}, a.insert (len(a), x) = a.append(x) =53
ek,

list.remove (x)
QoA ghol x 2 2 R A GBS AATUC 18 FEol 0 W valuerrror & 403
Jeh,

list.pop([i])
SEA FAD AN U AL NI 1 AXE FATULL AIE A o1 gow
cpop() 2 H2E2] TR PR AART EAFUL. 2B vo] YA Q27 g2
HoE H‘]O%\%Ui IndexError= WA Al Z U th

list.clear ()
ZrEQ BE FEZ AAFYTH del al:] g ulFYTh

list.index (x[, start[, end] ] )
Return zero-based index of the first occurrence of x in the list. Raises a valueError if there is no such item.
AW A A start S end = Zehol 2 EAYAY HAH L, GAL P22 SRR NBAALE
A stets o AFEFEUTH EHFE A AL s QA7 ot AA A ALY A FE 7 Zo=w

k.

37



Python Tutorial, 2 2|A 3.14.0rc3

list.count (Xx)
g rE A x 7t T8 4 E EE U
list.sort (* (Keyword-only parameters separator (PEP 3102)), key=None, reverse=False)

A5 YRS AN AAYUH G LAY AL A 1158 g
AL sorted() S HAL).

list.reverse ()

PlaEe 8452 ARt oA H Rt
list.copy ()

FAE ¢ ARG T =) ar:] 9 v L Th

P AE WA RS A3 o

>>> fruits = ['orange', 'apple', 'pear', 'banana', 'kiwi', 'apple', 'banana']
>>> fruits.count ('apple')

2

>>> fruits.count ('tangerine')

>>> fruits.index ('banana')

>>> fruits.index('banana', 4) # HA* 4°145% = =2 banana & %& “I=r

6

>>> fruits.reverse ()

>>> fruits

['"banana', 'apple', 'kiwi', 'banana', 'pear', 'apple', 'orange']

>>> fruits.append('grape')

>>> fruits

['"banana', 'apple', 'kiwi', 'banana', 'pear', 'apple', 'orange',6 'grape']
>>> fruits.sort ()

>>> fruits

["apple', 'apple', 'banana', 'banana', 'grape', 'kiwi', 'orange', 'pear']
>>> fruits.pop ()

'pear’

O]-U]-_-_ o] 2] L insert, remove, sort &2 U‘“ ANrEo] g
As g blig_ AdYUt- 71 E None & EHF 1 JHFULE!

A g5 47 Aol Aok

ofutE of ZiE o] Yol S E T2 A& EE HolEHE BEGA UYL E 7+ gloke AYUth ol &
S°, AL E FALEA NI 5 g3 NoneS TFE FF B E 4~ §17] Wil [None, 'hello', 10]
A A S5UTh £ A8 tha BAZ Gt Fol AU o2 Fol, 3143 < 5075 & SukE
vl 27} obd o,

l

51.1 Z|AEE AEBHOZ Al25}7|

The list methods make it very easy to use a list as a stack, where the last element added is the first element retrieved
(“last-in, first-out™). To add an item to the top of the stack, use append (). To retrieve an item from the top of the
stack, use pop () without an explicit index. For example:

>>> stack = [3, 4, 5]
>>> stack.append (6)
>>> stack.append (7)
>>> stack

[3, 4, 5, 6, 7]

>>> stack.pop ()

(Th= sl o] A ol A%)

g2 do]Eo A& 7bH AAE B2 F 75 3lEt, d->insert ("a") ->remove ("b") ->sort () ; % 2L HIAE AHE 3
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>>>
[3,
>>>

>>>
5

>>>
[3,

stack
4, 5,

stack.

stack.

stack
4]

6]
pop ()

pop ()

(o] sl o] A ol A AI)

first-out”); 314 2, 2 Ao 584 0|7

2L w2 A ek g A w2lof Bl o] A 2lof A
ol F Al A ok &t7] wl = AU Th.

FE Fas W, F BolA SRl AG AN REMEES A

SHAl L. o & S9:

). s

AE collections.deque = A&

>>> from collections import deque
>>> queue = deque (["Eric", "John", "Michael"])
>>> queue.append ("Terry") # Terry T %
>>> queue.append ("Graham") # Graham = %
>>> queue.popleft () # Mg =T Al ol =gl e
'Eric'
>>> queue.popleft () # S X = T ArEFe] o] X = b S
'John'
>>> queue # AT £ MEIE ForAse F
deque ([ 'Michael', 'Terry', 'Graham'])
5.1.3 2|AE H=Z2[3IM

2E Azl g 2EE HEE HES HHS ATIYULE S 85+, 4 a4 AdAaY
olHHESY FHEol ol AS AE3 AR HAEE UEAU, oJH 24 E UES= R4S E
A AR ANDLE BEL AYY)
AE 5, AFTY P2EE T Atk 7HE 84}, o] | A Yy th
>>> squares = []
>>> for x in range (10):

squares.append (x**2)

>>> squares
[o, 1, 4, 9, 16, 25, 36, 49, 64, 81]
o] AL x Bhe o] 22 WSS VED (ol 2 W) F27} B EH Fol £ dobglAl BETH: Zol #2
AL, o B RAEE glo], AFF PAES o7 Ho ANT F AU
[squares = list (map(lambda x: x**2, range(10)))
e ol3A T E JdsUTh

[squares = [x**2 for x in range (10)]
o] A o] ¥ 2+4dsta ¢ 7] g5 Uth

51. E|[AE O E7|
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g2E Augdde AN I FE MEE for AR PAY A 7N for Yif A5 AN E
52 AP 2 Avhe A B 2E ), for ghis B9 Bulo| A EaAAe) g T3 A vHEo) Pk,
oAE o], o] JEE AR AR L F B 2ES 452 AR 2R ¢ 278 2P

>>> [(x, y) for x in [1,2,3] for y in [3,1,4] if x != y]

[ S G AN S (28 B8 ), (28, ) (28, )5 B (ST, ), S (3T, AN ]

a8, ol AL e B5

>>> combs = []
>>> for x in [1,2,3]:
for y in [3,1,4]:
if x != y:
combs.append ( (x, Vv))

>>> combs
[, 3), (1

~
IS
~
N
~
w
~
N
~
[N
~
N
~
IS
~
w
~
[N
~
w
~
is

T 3 27 oA for &Fif B £ 7 gl fosHA L.

FHA ] FEolHE (5 &Y dolA (x, v)), FHEA T2 S AFFU T

>>> vec = [-4, -2, 0, 2, 4]

>>> # g I °T) 4| fla=g ftg e
>>> [x*2 for x in vec]

[_81 _41 0/ 4, 8]

>> # 4% MY°tEy =r=g YHYPH
>>> [x for x in vec if x >= 0]

[0, 2, 4]

>>> # L5 229 ¥4 FHS Y-

>>> [abs(x) for x in vec]

S
[4, 2, 0, 2, 4]
>>> ¢ F 22 MMEE TEYH
>>> freshfruit = [' Dbanana', ' loganberry ', 'passion fruit "]
>>> [weapon.strip() for weapon in freshfruit]

['banana', 'loganberry', 'passion fruit']

>> # (&, AF) A T 2-FFSH 2= UsHE
>>> [(x, x**2) for x in range (6) ]

[(o, 0), (1, 1), (2, 4), (3, 9, (4, 16), (5, 25)]

>>> # FES FLE FETYHT, TYN F2 I AN FNFH
>>> [x, x**2 for x in range (6) ]
File "<stdin>", line 1
[x, x**2 for x in range (6)]
SyntaxError: did you forget parentheses around the comprehension target?
>> # & W 'for' & FL =a= FreEUides sasgogyortl e
>>> vec = [[1,2,31, [4,5,61, [7,8,9]]
>>> [num for elem in vec for num in elem]
(1, 2, 3, 4, 5, 6, 7, 8, 9]

goE Azl B3 2R} FHY A4 EL TFT S v
>>> from math import pi

>>> [str(round(pi, 1)) for i in range(l, 6)]

['3.1', '3.14', '3.142', '3.1416', '3.14159']
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(5, 6, 7, 81,

bedas Az Ade 37 42 AA ARk

>>> [[row[i] for row in matrix] for i in range (4)]
rry, 5, 91, 12, 6, 101, (3, 7, 111, [4, 8, 12]]

2

S| A HExol, Wi 2l2E P2y
e o= ssduth

AL FAmEE for o FHA Fo] Fa A YT LA o]

>>> transposed = []
>>> for i in range(4):
transposed.append([row[i] for row in matrix])

>>> transposed
tee, s, 91, (2, e, 101, (3, 7, 111, [4, 8, 12]]

o] AL ThAl The 3} 24U Tk

>>> transposed = []

>>> for i in range(4):
# 5% 332 BYE Gas JTEANE ARG

[]

for row in matrix:

transposed_row

transposed_row.append (row[i])
transposed. append (transposed_row)

>>> transposed
res, 5, 91, [z, 6, 101, (3, 7, 111, [4, 8, 12]]

)

AA A G M s, BT sF2E T W s Al of gyt ol Aol zip ) TF7HA 92
3 2= 9]}

>>> list (zip(*matrix))
[, 5, 9, (2, 6, 10), (3, 7, 11), (4, 8, 12)]

o] ol 2 ol 2E 22 Ao th ok A4 3 U &S QA 55 <

£
oy
o
b
=
ko

5.2 del &

There is a way to remove an item from a list given its index instead of its value: the del statement. This differs from
the pop () method which returns a value. The del statement can also be used to remove slices from a list or clear
the entire list (which we did earlier by assignment of an empty list to the slice). For example:

>>> a = [-1, 1, 66.25, 333, 333, 1234.5]
>>> del al[0]
>>> a

[1, 66.25, 333, 333, 1234.5]
>>> del a[2:4]

(TH5 sl el Aol A)
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(e]A sl o] A ol A A<
>>> a
[1, 66.25, 1234.5]
>>> del al:]
>>> a

L]

del = W AAE AA st ol = AHEE 5 A5 Th

[>>> del a J
o]Zof o] Fa & IRt A2 odlel Ut (Hol = of & 3ho] M E Y= 7] A7EA). F oAl del & &
L& 24 gyt

ol A} Stold A 2L B2 LS TR EdFUTh ol A2 AdE
A o Tk (typesseq & B A £). sho] W2 Qg st ddojo] 7] fl&ol, h2 Al A~ A8
B0 £718 £ dEUTh O B2 AD2 AR Pol A&tk FE vtk

KeR 3T

AEz TEHE e oz TAPYT o & Sol:

>>> t = 12345, 54321, 'hello!'
>>> t[0]
12345
>>> t
(12345, 54321, 'hello!'")
= LB s AT

>>>u =t, (1, 2, 3, 4, 5)

>>> #

L

>>> u
((12345, 54321, 'hello!'"), (1, 2, 3, 4, 5))
>> 4 F2e gUYHT:
>>> t[0] = 88888
Traceback (most recent call last):

File "<stdin>", line 1, in <module>

TypeError: 'tuple' object does not support item assignment

>>> # SPA TY P YT 4 A

>>> v = ([11 2/ 3]! [31 21 171)

>>> v

(ry, 2, 31, (3, 2, 11)

Aol Hxo|, E8H = FE2 T EIE AU 284 SHE FEol Zvt2A s g Utk
FE 25 AL /L AR (F R0 O 2 AN AR o)), T8 B39 A EE glo] 4D
S AL U B2 Y FE e AL A BAW, AAE 22 AN AN E FeE
FEE UE S JwUD:

FZol g2EAY HRlthste gy, o] A5 thE A4 thE BH o2 AP Uth &2 24 9]
D, UE o)A 845 AUAE THYTE R LFE A 57 (o] 449 Fo) L] o] L} o194
(L 2= 5% 9 A9 oEARERT) 02 AMATULE H2EE H o3, RAES HE
A Aol g 2Eo thgt o] H o] Mo Z A HTh

S99 BAL MAAY U B 25 FES BEE AAUTE o] A9E £ A5 UL
FAQ oS AGE 2 GG U REL ¥ B8 4oz BEo AT, Shue] ROz P4
FE2#HFAAAREE 2N HF UG G UHE 2352 YA ot Ao 2 FEHA g5t
FUh, S Y £ o Eol:

>>> empty = ()

>>> singleton = 'hello', # <— X HEC FYEAMR

(Th= sl ol Al ol A1)
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(o1 sl o] A ol A Al <5)
>>> len (empty)
0
>>> len (singleton)
1
>>> singleton
('hello',)

T4t = 12345, 54321, ‘'hello!' & 73 7 o YUtk gh12345,54321, 'hello!' = A T

2 517 Bk 9 A4 =9 753 ok

[>>> X, Y, 2z = t

o)7L, 13 AYIAE, AR A 57 olety B 2 EZo] ojwl A A2t G Ptk AW
A3 5o Fuo] ADao] Yt LAEH 2L |5 WSl & e 2T BF UYL
A RE AT A DL A 9] 2 ARl 2k Zol ol 52
55‘4 XISt

- H e

Stol e A < AT AR = LFPUE JTLS TR L 2479t 24 g 2PAYYrh /)R
A g Wiy g S8 s AAAUS A AAE B, 2L, A9, D g
2o 5aAe AAEE AU

e VE e LT ser ) F5E ART 5 A5tk FANE W L BEHD st () S
A8 ok T () 7k obd ek T Ak W AU el g we B, ohe Aol A thE o

o] 7] Zrekst Aol AF Utk

N

>>> basket = {'apple', 'orange', 'apple', 'pear', 'orange', 'banana'}

>>> print (basket) # F%° HMAHAFS TAFI

{'orange', 'banana', 'pear',K 'apple'}

>>> 'orange' in basket # UrE SISy oA

True

>>> 'crabgrass' in basket

False

>> ¢ 5 T 25T FFHEE Y AT AT

>>>

>>> a = set ('abracadabra')

>>> b = set('alacazam')

>>> a #a2 2T 2FE

{lal, lrl, lbl, lcl, ldl}

>>> a - b #a °l A2t b 2l e 27E

{'r', le, lb'}

>>a | b #athb T2 FE TE° A 2TE

{Va" Vcl’ VrV, ’dV, le, lml, IZl, lll}

>>> a & b #a b L5 Jde 27

{lal, lcl}

>>> a " b #a b ol AN FE A YNe Fe I
%

{Vr" le, VbV, ’mV, YZV, ll’}

e Frelad B fAsH, A AreaaE AUE Uk

>>> g = {x for x in 'abracadabra' if x not in 'abc'}

>>> a

{lr" ldl}
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5.5 ElML]Z|

Another useful data type built into Python is the dictionary (see typesmapping). Dictionaries are sometimes found in
other languages as “associative memories” or “associative arrays” . Unlike sequences, which are indexed by a range
of numbers, dictionaries are indexed by keys, which can be any immutable type; strings and numbers can always be
keys. Tuples can be used as keys if they contain only strings, numbers, or tuples; if a tuple contains any mutable
object either directly or indirectly, it cannot be used as a key. You can’ t use lists as keys, since lists can be modified
in place using index assignments, slice assignments, or methods like append () and extend ().

gAYV E (G 9 ol M) 717 SHH A ket Al 218 74 7] gk A te g 4 7st
Aol A AL 225 42wl el BE Utk (). 22F o] 4E2 RelH 7: gk A5
%%EWQHdﬂﬂ§ﬂ7Hﬁ%%§ﬂﬁﬁqW]ﬁﬂQHﬁﬂﬂ%QH%%ﬂﬂﬂ+§H
gMuele] F AL 32 719 A AFetar ol A& S &S AJUTE del E 713
&ﬂﬂ%ﬁiﬂ%§W1Iﬂﬂ&ﬂiﬂLﬂEﬂ%ﬂulﬂiﬂﬁﬁﬂﬂﬂ”“@QW
A gk 712 e FEoe A2 dledyrh

gAg gl 1ist (d) &5 }%QHHﬂﬂH&ﬁﬂ
Ytk (FE2& 938d th4l sorted(d) }ﬁﬁmqu)
in 7| =5 AHESHA]

o 7ol GH Ve 8 Ag st = auket o 7t 95U o

of
rr

Lﬂ

NO*
::Nb

EENY TAUE =85

BE 79 g
e vielel A AAbstel,

1o} 7]

_?L‘ r[r

>>> tel = {'jack': 4098, 'sape': 4139}

>>> tel['guido'] = 4127

>>> tel

{'jack': 4098, 'sape': 4139, 'guido': 4127}
>>> tel['jack']

4098

>>> del tel['sape']
>>> tel['irv'] = 4127
>>> tel

{'jack': 4098, 'guido': 4127, 'irv': 4127}
>>> list (tel)

['"jJack', 'guido', 'irv']

>>> sorted(tel)

["guido', 'irv', 'jack']

>>> 'guido' in tel

True

>>> 'jack' not in tel

False

dict ) AR A BT AR RE A7 94T E FATY

>>> dict ([ ('sape', 4139), ('guido', 4127), ('jack', 4098)1])
{'sape': 4139, 'guido': 4127, 'jack': 4098}

ol Hafl, 9 e Az ML Ao 719 RN EE FH S E B AR 5 9
Ytk

>

>>> {x: x**2 for x in (2, 4, 6)}
{2: 4, 4: 16, 6: 36}

717F e AL d W), W 2 7] Q= AR AFE Sl A B2 A s 7 s Utk

>>> dict (sape=4139, guido=4127, jack=4098)
{'sape': 4139, 'guido': 4127, 'jack': 4098}

44 Chapter 5. Xl 1=



Python Tutorial,

28| A 3.14.0rc3

5.6 21 E|aL!

9P R 23S, itens ) WHEE S

st 712k A 7)ol 55k

s Al 2

tjo
b
30,
oy
A
v

>>> knights = 'robin'

>>> for k,

{'gallahad':
v in knights.items () :

'the pure'
print (k, wv)

gallahad the pure
robin the brave

'the brave'}

A ALE F3Z ), enumerate () 42 ARG S F 4] A 20 o) &5

rr
L
o
of
>
=2
2
fifo
N
30,
oy
v
O

>>> for i, v in enumerate(['tic'

print (i, wv)
0 tic

1 tac
2 toe

Solu} T o4 AALE 5

Aloll #3338t ™, zip() B4R AEZE

°
=]

o ful

m[n
i&
of>
i
Ix)

>>> questions = ['name', 'quest', 'favorite color']

>>> answers = ['lancelot', 'the holy grail', 'blue']
>>> for g, a in zip(questions, answers):
print ('What is your {0}? It is {1}.'.format (g, a))

What is your name? It is lancelot.

What is your quest? It is the holy grail.

What is your favorite color? It is blue.

NALE ARZ 245, WA B FFOR AALE NG &) reversed ) FHE TEHFHA L.
>>> for i in reversed(range(l, 10, 2)):
print (i)
9
7
5
3
1
AEH AR AFLE T3 Y, sorted () TFTE AHSNA 225 HASHA = AEH A 2l
EZ 41Ul 2 ol q_
—= =T »Ba .

>>> basket = ['apple',
>>> for i in sorted(basket):
print (1)

'orange' 'apple' 'pear’ 'orange'

apple
apple
banana
orange
orange
pear

'banana']

Al A 2ol g3l set ()

e g F8
g et 2 e

2 A2 1 7

3l set () I sorted() & T

s <l o,

56. £ H3Y
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>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for f in sorted(set (basket)):

print (f)
apple
banana
orange
pear
HE $EEED YL dAES WARTE §EL YU Th B A A B AEES BEE Aol
o 2datar o A g ok

>>> import math
>>> raw_data = [56.2, float('NaN'), 51.7, 55.3, 52.5, float('NaN'), 47.8]
>>> filtered_data = []
>>> for value in raw_data:
if not math.isnan(value) :
filtered_data.append(value)

>>> filtered_data
[56.2, 51.7, 55.3, 52.5, 47.8]

5.7 XA H7|

wnile it Fol A AHgE s 20 L B o)t BE ANAE AT 5 Y&1Th

M3 A4} in ot in & ghol el viol YA (R A) Blshe WAl AL A7 is 9

is not & F AAZF AAE 2L AANAA MW FUTE BE Hlw ARAEL 2 $AEHE 20,
QS BTk T

a1
i
o

e ﬂﬂ>

S A 5 QEUTH o E Sola < b —= o, ahn BT AW, FAG] b 7o 9 227 AA
t}.
2+ =g d4 2 and Sor & /\}}lf’ﬁ/ﬁ 43T 4 A, vue] A= (B 1Y RE =8 234
Jnot L2 HAZF F JFUth oA v d Px}i‘:‘r‘)’o FAEHE 25U o] A 7= not
=2 2,5 2T, or 77 2SS UL I8 A A and not B or C= (A and (not B)) or
o wj A g °4'6}* 23S Fds7] Yl ZZE AT 5 JdFUTH

e
g oft
5 ol
i)
£

2t and & or & &9 T3] Z (short-circuit) %*&X}?&‘%E‘r 1252 AZF oM LEH 2 E Fho]
a3 Pﬁﬁlﬂx}“}x}ﬂ?o}ﬂ FaE Ut d & &9, AE‘rC 7} ZolalB 7F ARl o], A and
= xd84 c9 g A FFuUth =8 gte] obd gl o g2 Ag-9 u, k-3 2 oAk

t}.
and
7

a fﬂ

LYk 0 orom T
N
N
Q. o

r‘g_-?‘:’
X

ghe vpAEhe 2 gro] 2313 ARk
nlwe] Az} ohe we) Bd4e) 23E Wl YT S Ak Uh o E o),
>>> stringl, string2, string3 = '', 'Trondheim', 'Hammer Dance'
>>> non_null = stringl or string2 or string3

>>> non_null

'Trondheim’
shol ol A, Cobs gal, R A Shol 2] th L vlTi 7] 2] AR} -8 AJ-5fo] WA H o7 Sas] o}
FUTh C 22l £3] BFEA & HR BASES H0HES Gtk - S AHGT BHA - 2

= 2~
P o= A
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5.8 A|EALS}CIE FES HlusH|

AR AT BE 2 A ol ThE AR SN B2 > Gtk a4 d 28 e
ok 9 3 5 358 sl A o2 ol 2] vne AnE AR h 2oH, 08 F 3R W
S, o8l Ao ol g A2t £ A a7hA) A% T Tel vl wE = F E A7 22 o
AR2W, AR A AR 02 YU F AR BE FRo] 2rta wwH ¥, APAEL
2 A0 AFHULH FAALI T2 St vie] B2 AH D2, FS AL 22 AAU
A A4 DL A EAEY 4T Zohed FURE D5 2AE A2 A FUTh 22

Fo} N A2E ko] W we] B 7R o o] D5 ok

(1, 2, 3) < (1, 2, 4)

[1, 2, 3] < [1, 2, 4]

'ABC' < 'C' < 'Pascal' < 'Python'

(1, 2, 3, 4) < (1, 2, 4)

(1 2) < (1, 2, -1)

(1, 2, 3) == (1.0, 2.0, 3.0)

(1, 2, ('aa', 'ab')) < (1, 2, ('abc', 'a'), 4)

Nz The 3o ANEE <> 2 wste e, 2 ANE A2 vl MAZEE 20 9 g
SR A0 G AL o) B Sof, N2 ThE 54 BE L 152 %4 ol whe 1w Uk Te) 4
02 0.05% 7‘1 5. 13X ‘3%2‘11 Qelel "/HE A5 st Al B Z 2] B = TypeError & 42.7]
Yt
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CHAPTER O

O
N

shol 4l JIE| 2B & R & Fof 1A 5 3
) 204, &7 Zeaae »ua) B S ARANE AL A 0 E Fol 1

EENEGT Ytk =2

=

ago] dojgol weh, 218 47 5l 2 of 9 % U ol ==Yl
A Bel e 48 74 221 S BARA AT ST AL S5 AHUT

1R 2 AUH7] A, ol A e H 5 H Qo 41 ~AYE} Az H 9 oy BEo|A A
$F 5 e PES AZIUTh 18 UL BE ojgu LU h RERRE Jo) So] thE BE o1}
Mo BER QEE D 5 dFUT (el REL A SEA AP & 2TYEY AR REGA
oA 25 M5B AAAYUTh

252 st 499 $AEL B Yt LAYV th A9 0§ BF o B F44 .oy B RYUTH
BE o)A, BEY o] 2 A% WA name 02 AFPULH o 2 Sol, o o] Folshr BA /2

‘Oq .

AN
P
Fibo.py B o] 29 UL WA A E 2ol e T 2L RO S

# Fibonacci numbers module

def fib(n):
"""Write Fibonacci series up to n.
a, b=20, 1
while a < n:

min

print (a, end=' ")
a, b b, atb
print ()

def fib2 (n):
"""Return Fibonacci series up to n."""
result = []
a, b=20, 1
while a < n:
result.append (a)
a, b =Db, atb
return result

oA sol A A me]Eo] SoI7HA o] BES e 2

rlo
ol
o
|o
fru
a1
ke
|m
s
<
v

[>>> import fibo
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A i £ivo o AW T 0|2 @A ol T2l A A 2AA L FHUT (P )
S 12514 2); 24 BE 0| F fibo B 27T BYYT. o] BE o] 5L

>>> fibo.fib (1000)

0112 358 13 21 34 55 89 144 233 377 610 987
>>> fibo.fib2 (100)

(o, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

>>> fibo. name
'fibo'
B4 8 AE AR A A o] Bo AT 5 sk

>>> fib = fibo.fib
>>> fib (500)
0112 358 13 21 34 55 89 144 233 377

RES B4 A RY o AY P BHES TRT 5 A5 ol FIEL RES 271550
W ASEUL o AEE AT E oA RE o B0l A& SAT ML ARFULL (I AFL 7ol
rages 498 0 A9H L)

B E e AN o FUE 2T Yt 2 REOIH A H F4ES) 4 o] F FUOE AR
th 2 A, 5 AR = AR A Ao A3 SET AS AR A L A ST EANST
AsUTH B, o2 Fo] FE o= tttd, R ES & ARt A E AL 22 BV R
BEEY A HSES A= 4 995Ut modname. itemname

EE2UEERESS YEXET F JFUTh BEE import w52 BEY A & 2o Fe AT
MPEA] ol of S AL oby U (1 Hol B3 8 A3 e B AU, 4T EH S RE oS,
g o) 49+ (R Zelae ool Ml AH E, T 2o el A ol ol 2hE Ut
RE] Solgt o BEL A YEEE R EY o|E BUOET YLEARE inport £ WF] U
Utk o8 Eof

>>> from fibo import fib, fib2
>>> fib (500)
0112358 13 21 34 55 89 144 233 377

O] AL A o] F Tl YXEFHE BE o5 UEA FFUTH(HA o ol A<=, fibo 7F A ¢

A FFUTh.

EEol AYste e olFS YEES = HETE s Uth

>>> from fibo import *
>>> fib (500)
0112 358 13 21 34 55 89 144 233 377

o)7L WE () 2 AATE AT AY S E o2& JEE P gy ol m2 oo uEL
e 2 G A A 9L o] 250 A e A5 H o], o g £o] o]
%gqq

o] 7ls& AHgshAl k=, A E
o Ase 7tEA 2 = 07 W

%_‘t&’ﬁ." OlUrJﬂf’leOﬂ/ﬂ
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>>> import fibo as fib
>>> fib.fib(500)
0112358 13 21 34 55 89 144 233 377

o] Z1-& import fibo 7}atE AP B WA R BRES JXE Fht], F LS Ao|H& L RES fib
e ol E o R AT 5 ATe

from= M A B3 E9HE d uj

>>> from fibo import fib as fibonacci
>>> fibonacci (500)
0112358 13 21 34 55 89 144 233 377

e
o
f

A

oL

o o] %, 2t EEL dEz el Aduict @ W dZEP Uk A, dH R B
A5, el 220 g oAl ARA Aok Bt — ik, R e Adehe 2ol 3
E]—Ui, importlib.reload() = /\]'-g-?ﬂ'/‘ﬂ_u_. 01] = ‘__,_o}, import importlib; importlib.
(modulename).

ot o
2 o of
+

=
0]
—
o]
@
Q —

o

EASlEmet A dRsR0AY AR AT o & "_nain_r 2 43

import sys
fib (int (sys.argv[1]))

$ python fibo.py 50
0112 358 13 21 34

>>>

T Bl g A= g AL A E S o] 28 A THAY HIAE FH O ASHUT (RES

Ol 552 sys.builtin_module names®] YEF YUt LA A ¢
e 2] S0l A spam.py BH= o] 59 LS 5 U sys.path &

« A 2T HEE 2T HHAE P (B st o] AR A ks vl A v H ).
 PYTHONPATH (T H Bl 2] o] 559 55, A W paTn & 22 1),

o A JE2AQ 7|2 Gk (e ol et site-packages HHAE B E 2 UTEH site ZE 0] A 83
h.

pan |2ht o 89l BE] YL =D ul, Az e WA 2 ol
o]
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ZLA) 8 U] 8-S sys-path-init o] A] 2918 4= 9l T}

0 #Fx

ANEEY JIE ALY =L AN2HoA, Y 23 HEE 2= HIAHIA = AEY I E HET
SO ANEULE g2 wg, 488 Y3 E st gHdHE = 2E AN F2 o 28 A g&5UT
2713} Zof, go| W T2 I AL sys.path ST AT F UAF5UTL 2FHEES 23He= g ad e g = FA
AR Agof, 8= ol g A2 ol FAUh o] A2 T2 o] 5 Y A% gelB g tHE g
A=A A 23 HEES 2gs= g9 o] 2Ed i =g Ut o] X &o] oJxH Zl o] ofzhd
A YU B AN ST AR T2 RES S HAS

25 29SmEA s, spo]He —pycache__ gE g 2t 59 A%
version.pyc Bh= o] 20 2 7] A th version & AU H 3} Yo FAES A
e M s g 243t o & 501, CPython ¥l 3 3.3 o]l A{ spam.py 2] # 514
spam.cpython-33.pyc 2 7|4 H YT} o] HHH2 A2 t}2 glo] A v =
Sl;lfﬂ‘*‘oltijé é}L%E}

[e) 2 T M
o] M- A A AIZHE ot ‘ﬂﬁﬂ"ﬂﬂﬁﬂ/ﬂ A&7} A v thA] A 3 sl oF sh=A] A AU T
o] AL HA3| AEstE AAHAYTh o A9 E RES SRE SHF o7 w o, 22 gelB g
EMNZ O FEHAE ZE A2"HEANA 5T 5 dFYTh
gto] W& F 7}A] Ao A WA E AASHA 5 U AR, oA A REH = REES T4
AL 1 AIE AFsHA ULt ERAE, A2 BEo| Lo Al E AASHA] 5 UTh A
e (HILHE LT ) Mz E APt |, AudE BEo]l 22 g o Qlojof gtal, A
BEo] glojoF g th
AE7ME A2 712 |
o A3dHE BEL 7€ £l FolH Yo -0 U -00 A AE AET = AFYLE 02
2] = assert =2 A AL, 00 AY X =assert T doc. BAE L BRE A AT YL oW =
P E2 o)AE g7 w2ol, FAS 3l YA of= FFT o] 4 A}%ﬁﬂ oF g th
“HASIE” ZE2 opt- 128 21, B 5 o] 5 Ut nj 9 ”HJ—"ﬂ/ﬂ FH Aol a9t HA=
F st
o .py YA & WET pyc LA S =2 T30 i W] AP A= FFUT Lpye
o

Y
g A o e AL ZEHE SERYYTH
o BE compileall = HHE ] e e BEY pye FLES WE F A5 ULh
=

|=R=N
o o) Ao ek B AA AR, AT £A

o
N
Hl
M
d
N
muin

stolf e i REES] gtol B e/t 3 e, ] A ol gtolHe g gl H fa (o] F
cetoluef el s ) A AR ol BES 2 A= elE e WP YT ol 2s 2 LOM
A A FE2 b ARt THU = WE ArtEo] i A2 E Alg st &l Al ~" 523
2L LG AA B 22Tl B AAAE ATHA AU 18 REES AL 474 SH A
71 A AU A8 S ,winregE%%%c A 2R At Al g Utk 588 2E sk
€ FEeds 287 S Yth sys. ZE ol Qe 2 E o] YAE Yt W sys.psl 9} sys.ps2
E7ed Ex 2g2ER AR 2AES BTy th

>>> import sys
>>> sys.psl
'>>> !

>>> sys.ps2

v v

(TH5 sl el Aol Al<)
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(o] sl o] A ol A AI)

>>> sys.psl = 'C> '
C> print ('Yuck!")
Yuck!

C>

ol F N WS AHzH U E R ek o Y]

o
o 2

M4 sys.path = AHZEHY B AN A2 E A3 2AEEY g2E4 UL &4 d¢
PYTHONPATH ©f] A] -.4 St 7| 2 A Z 1}, pYTHONPATH 7} A AE A 4= A2 YA 7|2 ez 27394

. BE UAE AU ASHA 23T 5 dF Uk

>>> import sys
>>> sys.path.append('/ufs/guido/lib/python')

-

6.3 dir() S

f

=

)

W e dir) S 2850l AYste o5 e U AU AEEY AEd 2laE

Yk

>>> import fibo, sys

>>> dir (fibo)

['__name__ ', 'fib', 'fib2']

>>> dir (sys)

['"__Dbreakpointhook__ ', '_ _displayhook__', '__doc__', '__excepthook_ ',
' __interactivehook__ ', '__loader__ ', '__name__ ', '_ _package__', '_ _spec_ ',
' stderr_ ', '__stdin_ ', '_ stdout_ ', '_ unraisablehook_ ',
' _clear_type_cache', '_current_frames', '_debugmallocstats', '_framework',
' _getframe', '_git', '_home', '_xoptions', 'abiflags', 'addaudithook',
'api_version', 'argv', 'audit', 'base_exec_prefix', 'base_prefix',
'breakpointhook', 'builtin_module_names', 'byteorder', 'call_ tracing'
'callstats', 'copyright', 'displayhook', 'dont_write_bytecode', 'exc_info',
'excepthook', 'exec_prefix', 'executable', 'exit', 'flags', 'float_info',
'float_repr_style', 'get_asyncgen_hooks', 'get_coroutine_origin_tracking_depth',
'getallocatedblocks', 'getdefaultencoding', 'getdlopenflags',
'getfilesystemencodeerrors', 'getfilesystemencoding', 'getprofile'
'getrecursionlimit', 'getrefcount', 'getsizeof', 'getswitchinterwval',
'gettrace', 'hash_info', 'hexversion', 'implementation', 'int_info',
'intern', 'is_finalizing', 'last_traceback', 'last_type', 'last_value',
'maxsize', 'maxunicode', 'meta_path', 'modules', 'path', 'path_hooks',
'path_importer_cache', 'platform', 'prefix', 'psl', 'ps2', 'pycache_prefix',
'set_asyncgen_hooks', 'set_coroutine_origin_tracking depth', 'setdlopenflags',
'setprofile', 'setrecursionlimit', 'setswitchinterval', 'settrace', 'stderr',
'stdin', 'stdout', 'thread_info', 'unraisablehook', 'version', 'version_info',

'warnoptions']

A7} Lo, air () & AA) BB o] BEL AT Tk

>>>a = [1, 2, 3, 4, 5]

>>> import fibo

>>> fib = fibo.fib

>>> dir ()

['__builtins__ ', '__name__', 'a', 'fib', 'fibo', 'sys']

BE @9 olFS U ke Aol Fof sl o Futh W, 2E, &, 55

03 G4 sh M 082 IS drUth 14T 252 AR, BF B E builtins
o
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>>> import builtins

>>> dir (builtins)

["ArithmeticError', 'AssertionError', 'AttributeError', 'BaseException',
'BlockingIOError', 'BrokenPipeError', 'BufferError', 'BytesWarning'
'ChildProcessError', 'ConnectionAbortedError', 'ConnectionError',
'ConnectionRefusedError', 'ConnectionResetError', 'DeprecationWarning'
'EOFError', 'Ellipsis', 'EnvironmentError', 'Exception', 'False',
'FileExistsError', 'FileNotFoundError', 'FloatingPointError',
'FutureWarning', 'GeneratorExit', 'IOError', 'ImportError'
'ImportWarning', 'IndentationError', 'IndexError', 'InterruptedError',
'IsADirectoryError', 'KeyError', 'KeyboardInterrupt', 'LookupError',
'MemoryError', 'NameError', 'None', 'NotADirectoryError', 'NotImplemented',
'NotImplementedError', 'OSError', 'OverflowError',
'PendingDeprecationWarning', 'PermissionError', 'ProcessLookupError',
'ReferenceError', 'ResourceWarning', 'RuntimeError', 'RuntimeWarning',
'StopIteration', 'SyntaxError', 'SyntaxWarning', 'SystemError',
'SystemExit', 'TabError', 'TimeoutError', 'True', 'TypeError'
'UnboundLocalError', 'UnicodeDecodeError', 'UnicodeEncodeError',
'UnicodeError', 'UnicodeTranslateError', 'UnicodeWarning', 'UserWarning',

'ValueError', 'Warning', 'ZeroDivisionError', '_', '_ build_class '
Al

’
__debug__ ', '__doc__ ', '__dimport__ ', '__name__ ', '_ package__', 'abs'
'all', 'any', 'ascii', 'bin', 'bool', 'bytearray', 'bytes', 'callable'
'chr', 'classmethod', 'compile', 'complex', 'copyright', 'credits',
'delattr', 'dict', 'dir', 'divmod', 'enumerate', 'eval', 'exec',6 'exit',
'filter', 'float', 'format', 'frozenset', 'getattr', 'globals', 'hasattr'
'hash', 'help', 'hex', 'id', 'input', 'int', 'isinstance', 'issubclass'
'iter', 'len', 'license', 'list', 'locals', 'map', 'max', 'memoryview'
'min', 'next', 'object', 'oct', 'open', 'ord', 'pow', 'print', 'property'
'quit', 'range', 'repr', 'reversed', 'round', 'set', 'setattr', 'slice',
'sorted', 'staticmethod', 'str', 'sum', 'super', 'tuple', 'type', 'vars',
'zip']

6.4 1{7|X|

A7 A e Ao FEE ZE o5 & HA
=9, EE ol a.evatte olF =
< ‘3‘391 ;ﬂx]-Eo] Mz A g ol 5ES 4

—w—g-/] £E52 NumPy 4} Pillow 3} Z2 t}&5 2§ = ) 5}
22 QA e,
29 tan o S dolE Y] AT A0S AR RESS) AN (WA S AARD ATk &
Ak o] 259 S 5 BAo] YOu e (B g PRIV, ol E Fol: vav, .aits, .av)
ChFal s B4 71 MBS A A% Hol bt REES AN BED §AY LA AL
T S dolHol| A8t ot B2 SFY AAEE JCBE (U, A g7, o]EetolA 75
A8, dpAel 2He £3 BES| 2L), ol ANEL £ A2 LEELS BAol 2A5H
3 AdUth A7) A E ol FA FAM B 5 AU (ASA s Ao g dPFUTH:
sound/ A =3 F|

__init_ .py sound =3 * % 7%

formats/ =Lo) B Al MBS QT AME= mja) x|

__init__ .py

wavread.py
wavwrite.py
aiffread.py
aiffwrite.py
auread.py

(TH5 sl el Aol A<)
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(e]A sl o] A ol A A<
auwrite.py

effects/ FTF EAE AT M= =
__init__ .py
echo.py
surround.py
reverse.py

filters/ IEE AT M= T
__init__ .py
equalizer.py
vocoder.py
karaoke.py

shol o] 22| H71A 2 AFe A BE7 aA _inic__.py o] Dot (A 17
759l o] & w71 57 A8 AR eEThE). o] 87 BPH string AW 3] 22 o] 28] T E 2],
e @l w9 Aol Sl ST BUE LEEL el A2 AARIY. 4 00D

A%, _init__.py & 2 R FLd F YA, A7) X9 27 IS %bﬂ'}ﬂlﬁr‘%éﬂ/ﬂ AR ae

_all_ ¥WFEART S YFUTH

7 A A A= A ZRE NE RES YEZET 5 s A& &0

[import sound.effects.echo }
O] AL M H & sound.effects.echo 5 ZEJYTH AA o] 522 FZ5 ook ghth
[sound.effects.echo.echofilter(input, output, delay=0.7, atten=4) J

[from sound.effects import echo J
o) AE M H BE ccho & RET, 3712 HFo ol AHEE S QA Ttk TefA o oz A1g
% gk

8
[echo.echofilter(input, output, delay=0.7, atten=4) J

= o}

gl

Py Aste B ASE A4 QEERE AUk

[from sound.effects.echo import echofilter J

ETIA], o] AL A H B F echo & ZE3FA U} &4t echofilter () = A A AL 4 9 A w5 Ut

[echofilter(input, output, delay=0.7, atten=4) ]

from package import item & AFE T uf,itemS Tf 7] X A B B E (&
R4, FAs, W5 5 A A0 A L o 25D 5 g0l 593
o] | 7] Aol o= o A=A FAFSHAL, 2H A oW REo

%":}ﬂ-tﬂ, ImportError C’ﬂﬂ% ?319_71} ‘41:]-

o]of] ¥k&}o], import item.subitem.subsubitem @} 22 EH S A2 uf, vpx] T AL A Q3 7 3
52 WA A7 A ofof ek kA T FEL v Eol} A7 A7 B 4 AA T, %] FEo|A 4
Ze2, @, i S0l D - gtk
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6.4.1 TiZ|X|0l|A * [EE 57|

o] A| from sound.effects import * 2}I 2AH ojBA 72 o] A}A 0 2= oA E 9} Al 2 H of| A
A7 A0 o) R EEo] SR R e, IAS LEE YEE 378 AT AL ol DA B
Ul Aol 2o Ael T AN BES AT ol el oM A 2ES YAHeR JTET Aen

QoLpopat s A i $44 B BAT 5 A5tk

FAG AN AAL )72 AR} )7 A ) A AS HAH 02 A FIE AYUL import B ThE3}
e Bk ARk A7 A _init_py BEFF a1l olghe ol 59 HSE ABY, o AL
from -04 El-%gi ‘?:LO]'E?:] "]q AH ‘:H;ﬂ

package import * & ¥hd ‘?J:-L_E S| ofnt 3= BE ol &
1A E SA T o o] BEEZ HA FHE FA 8= A ]

B 2 712 Axpe] AA T A7 A A=}
ﬂﬂﬂﬂﬁ*amneﬂh&Cﬂﬁﬂﬂ+¥?ﬁﬁ%ﬂﬂ%ﬂ%ﬂﬂ%ﬂiéﬁ? U 2
59, 3¥ sound/effects/__init__.py = OSH T2 Z= & £33 5 9FUth

[7alli = ["echo", "surround", "reverse"]

)

o] A& from sound.effects import * 7} sound.effects I 7]A| 2] o]EE XA AN AH ZREES

QEEe BL ol vl g,

HE 2o Aoz Aol T ol gol o5l 712 & Aol F AL, of & E0], reverse F4E

sound/effects/ initi 1Y% YL]-?—J_Oﬂ 27}5]-?3, from sound.effects import *+— echoﬂ— surround
FAHEREUNIYZTET B rcverse A/H EEL AFXESA GSUTh A PdA o Z HOH reverse

ool o) 71214 7] 129 o)

_all = [

"echo", # 'echo.py' TS =2 Sf

"surround", # 'surround.py' =22 7r= 3 -lEF

"reverse", # 111 °l ™ "reverse' YFE TNFE|IJ SIS 1
]
def reverse(msg: str): # <-— 'from sound.effects import *' < J S “l,

return msg[::-1] # °] °l& °| 'reverse.py' M= L2 T -IEr
_all o] AHA] ¢¥oH EF from sound.effects import * 2 3] 7] A] sound.effects & B E
NBEREES AR o] Z7o g2 AXE 314 A5 UTh o] AL 2 A 3 7) % sound.effects 7} YEZE
TS WET (init py o A 2715 RES0] 48D % YsrrTh, 1 A7 A7k BB o] 2
58 JTE UL o ] BES _init_py 7 A RE o5 (2eln BN HoR Rew AL
2EE)S EFTD. o] o] 5ol Aol inport £LE FAHCE 2= sl A9 AL BEE
oA ET U o 3= 8 A s B ATk

import sound.effects.echo
import sound.effects.surround
from sound.effects import *

o] o o]l A], echo &} surround 2 E©°] @A) o] & F7to E ol Lo, from. . .import 20| A3 = uj
sound.effects ¥ 7] X o] AL F 7] W] EY Y 9 2 o = A Yk

o
Aol L irpore - & 4BUW S AVL G L ol FEW o) e s AT
o, m2 ey e A A3 £4 e A

from package import specific_submodule & /\]— X <
YEES= 5] thE 7] A oA 22 ©] E«l MEEES AT E27t

gk,

6.4.2 T|7|x| LAS Zbe| AHx
AR 7L B AN A EZ F23HE 1) (ool A U2 sound I 7] A 2] 7)), o] & 7] X 2] ME 2ES 71E]

=] A dZEE AL 4 A5 UTH o9& S0o], 2E sound.filters.vocoder ©] sound.effects
3 7] 2] 9] echo _I_EO] 2 Q3}H, from sound.effects import echo = AR 4= Q<5 Th
/g-l;’ﬂ T EE Z T }_&Equ_ ] 1L E =

——= = T = E
& %‘iEOﬂ bl < AHEEu o 011%%01,

= ‘ﬂ, from module import name HJEHA O]:%_l—:-_
A B2 N AE el 77 A8 el B

FIF 30

h=1
LS
sl

=i
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surround BE A, o 27 A& 5 915 Th

from . import echo
from .. import formats
from ..filters import equalizer

Note that relative imports are based on the name of the current module’ s package. Since the main module does
not have a package, modules intended for use as the main module of a Python application must always use absolute
imports.

A7 A= 54 PHE 9 ALY _path . o] A2 7 A __init__.py FLdE
A7) dofl, o] 3ol Fold= HHE 29 o5& £ATE ALY A dAE 273 YU H. 9
A 8E T o] 52 Jﬂ7lxl°ﬂ Z3d e A H 7 AE A stE

FR3A = FA, H 7)Ao A BAH = BEY F oS &6k vl AHE Y th
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a &£
2299 9L BAE o8 74X o] AU Th Aol A710) A BEI2 vl 8 E AT
FE QI UFol S A5 Do) 2 S AU o] FelAE B 7HA A4S ek

AFAA SEE e 2L F AR PEL BREUTh B84 £ FHprine 0 B4 AU (] AR
BRL 5 AN wrien () AHEE AR AT EE 2 HDL aye.ardout = FEE 4
S5 U Tk o Aol th3t AT AR L ol Heje AHALE RAL)
5% 0es) Avo) sz TRE G A4Sk ARTHEY B2 o wol Alolsl ok sz 297 As U
292 TWss vl ol 7K i o A5t
c EY EAE HL S ARFY W, A AR R EL 4F AR BT Qo] rEEF B Bo] £7)
Q2 AAFAYA L. o] EAD ol A, ¢ B ) B} Apolell, WA i elE Y e B2 4 Yt
shold 284 A4 5 Azt

>>> year = 2016

>>> event = 'Referendum'

>>> f'Results of the {year event }'
'Results of the 2016 Referendum'

1S 8T M5o oA B A AE EAH)

o B str.format () HAEE H Zol e = =
YA BE AT 4 AA v 20T F B AF3of
w} .

[e]

CERESEEEL RS

HE
FUh the = BEe L 15T T3

>>> yes_votes = 42_572_654

>>> total_votes = 85_705_149

>>> percentage = yes_votes / total_votes

>>> ! YES votes '.format (yes_votes, percentage)
' 42572654 YES votes 49.67%'

Notice how the yes_votes are padded with spaces and a negative sign only for negative numbers. The
example also prints percentage multiplied by 100, with 2 decimal places and followed by a percent sign (see
formatspec for details).

« VP RO, BA A Setel 4 B o]oj o] 7] AA4ke AFE ] AT 4 dE REWMAE BEOR
A, LEBAD A E AAZ FAT S A5 BAAYolE FoI A U2 2ADL Ak
88 AE 2B @ A WA= dE
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FAH E0) BR3A ¢hx thA WAL A AR WS w2 A EASYE, repr ) EEstr()
A2 AHgoto] BE S BAGE MAT S duU)

str() o FAE Argo] gl 7]o] A FE = go] S 25 H ol dssuth ¥ repr ()
ZAHZ e 93] ¢ e FHE DA HAdFUTH(EE 2FA 2L 5 A= ol 9
o9 syntaxError & G725 FAHUTH. Abgto]l £u517] A& ST £d o] fle A9 47,
str() Erepr() 2 %S SHUF B2 @ sAEc U P aES YRS 2 25, 2 F
F4E L 2 AL Pk 58, EALL T /A BAL I

% 7HA) o U

>>> s = 'Hello, world.'

>>> str(s)

'Hello, world.'

>>> repr(s)

"'Hello, world.'"

>>> str(1/7)

'0.14285714285714285"

>>> x = 10 * 3.25

>>> y = 200 * 200

>>> s = 'The value of x is ' + repr(x) + ', and y is ' + repr(y) + '...'

>>> print (s)

The value of x is 32.5, and y is 40000...

>>> # A repr() T EAHA LR FEMNE F NI
>>> hello = 'hello, world\n'

>>> hellos = repr (hello)

>>> print (hellos)

'hello, world\n'

>>> # repr() 2 AFEE TE AW PHTT & & A I
>>> repr((x, y, ('spam', 'eggs')))

"(32.5, 40000, ('spam', 'eggs'))"

The st ring module contains support for a simple templating approach based upon regular expressions, via st ring.
Template. This offers yet another way to substitute values into strings, using placeholders like $x and replacing them
with values from a dictionary. This syntax is easy to use, although it offers much less control for formatting.

711 X0 EXHE 2|EHE

29 249 P YD LEADIPAE FUH L BAL £ B r R0l Bolu RAAL
LEL R 1A Fiek.

2
{expression} & ZrA3to] B2l G glo]H A9 2k A 4
2> 3z

AR £ A AR BB Aol & 5 dEUTh EYs e P2 o BRI Aol
S QEUTh T ol AF 8L &5 o] 3 Al A 2 W g oh

>>> import math
>>> print (f'The value of pi is approximately {math.pi:.3f}.")
The value of pi is approximately 3.142.

r’\
ALY
L
°
o

Fo] 35E AN Y BEY Aa A ol Utk 92 E RET )

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 7678}
>>> for name, phone in table.items() :

print (f' {name:10} ==> {phone:10d}")
Sjoerd ==> 4127
Jack ==> 4098
Dcab ==> 7678

THE 5SS ALE I
s

H ZUE 7] Ao g2 HE8d 5+ A5tk tatsascii O E, is'Estr () S,
"lr'Erepr () = HE3UThe
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>>> animals = 'eels'

>>> print (f'My hovercraft is full of {animals}.'")
My hovercraft is full of eels.

>>> print (£'My hovercraft is full of {animals/r}."')
My hovercraft is full of 'eels'

The = specifier can be used to expand an expression to the text of the expression, an equal sign, then the representation
of the evaluated expression:

>>> bugs = 'roaches'

>>> count 13

>>> area = 'living room'

>>> print (f'Debugging {bugs=} {count=} {area=}")

Debugging bugs='roaches' count=13 area='living room'

A 74 ALl o 3 ZRA| g U -& % 222 AsteE TS FRFA 8. o] Y 2l Aol o gt & 5 A
é% formatspecol] 3 dlH A~ A HAAE

7.1.2 22X} format() HIAME

str.format () HIAEQ] 7| E A2 AL EHL o]H Al tr}:

>>> print ('We are the {} who say "{}!"'.format ('knights', 'Ni'))
We are the knights who say "Ni!"

TE235ea d Y= FAE (=R 2= B E )%str format () WA ZEZ ALEH AANEZ A

S Uth 223 919 SRl str. format () MM EZ AZE A S Y& 7 7)=d AHLE &
2.
>>> print ('{0} and {1}'.format ('spam', 'eggs'))

spam and eggs
>>> print ('{1} and {0}'.format ('spam', 'eggs'))
eggs and spam

str.format () WA Ee] 7191E AR AL H W, 2 R 5L AR o] 5L AN A AT 4 5T

>>> print ('This {food} is {adjective}.'.format (
food="'spam', adjective='absolutely horrible'))
This spam is absolutely horrible.

AX AN = AAE AR EA 2FE 5 5k

>>> print ('The story of {0}, {1}, and {other}.'.format ('Bill', 'Manfred',
ce . other="'Georg'))
The story of Bill, Manfred, and Georg.

3 A ke A £ BAGo) 2w, ERY WSELS A X Aol o] Fo= AT 5 drhd
2 AUt 293 AU 9 13 A8 A S BBE (0 2 A Fu T
>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: {0[Jack]:d}; Sjoerd: Sjoerd] :d}; '
Ce . 'Dcab: [Dc ] '.format (table))
Jack: 4098; Sjoerd: 4127; Dcab: 8637678
J
*x 7] AHE Al A table YAV B E 7| ERIALR AGdl e 22 25 42 5 st
>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: {Jack:d}; Sjoerd: {Sjoerd:d}; Dcab: {Dcab:d}'.format (**table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

71, AN £ ZofE 61
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oYL EEAGHTES S AV E ST W T vars 0 A AL W 535 ER7F
As YT
>>> table = {k: str(v) for k, v in vars().items ()}
>>> message = " ".join([f'{k}: " + "{'" + k +'};"' for k in table.keys()])
>>> print (message.format (**table))
__name__: __main__; __doc__: None; _ package__: None; __ loader_ _
A g 5o, ths 2 AT L AFH AAFES Algste i atA A9 4 A= A8
>>> for x in range (1, 11):
print (' '.format (x, x*x, X*x*x))
1 1 1
2 4 8
3 9 27
4 16 64
5 25 125
6 36 216
7 49 343
8 64 512
9 81 1729
10 100 1000
str.format () & A& Ex19 Zu] & 2] &A%t 7)) @ = formatstrings & H A 2.
71.3 &= 2XIE ZoOHE!
7] 2L AFTAAAFTT 5 T52E v ASUTh
>>> for x in range (1, 11):
print (repr (x) .rjust (2), repr(x*x).rjust(3), end=' ")
# & 29 'end' ATl FF UMM
print (repr (x*x*x) .rjust (4))
1 1 1
2 4 8
3 9 27
4 16 64
5 25 125
6 36 216
7 49 343
8 64 512
9 81 1729
10 100 1000
(print 0 & $2 P4 02 QI3 2 2 Atolol 23] o) 2 St 2 s ol o A& P4 AAE
Atol o] iJﬂ o|AE F7HE )
BAG AR str.rjust ) HASE B 25 0] 28 AYA Fol Boz BAAS 2 5 25
Uk M58 M ser.1just () SFstr.center ) £ %Yk o MASEE o A F5A g
SUTh oA A EAD S SR FUTh 98 BAbdel v AW, AEA 941, 7 glol 13 Bl FUh

o] Aol A A S YL WEAA W, HF gholl sl ﬂx‘“‘g A 2 iR o WEUth (B2 E
TR /1S QAT G4 ool 2 QS FHE 5 AU T . 15ust () (0] 4 H)

e vMAER SGUTh str.z£111 0. KA 2ALY] AFK 02 A5 Uth Z2aemojUA B
olsl gt

O
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>>> '12'.z£fill (5)

'00012"

>>> '-3.14"'.z£il11(7)
-003.14"

>>> '3.14159265359"'.2£fill (5)
'3.14159265359"

7.1.4 O M| 22X} ZOHE!

% AN ZAHEER)E AL 2= AFEE 4= JF YT format $ values 7} T AW (format-2
AL AU, formaroll Y= s W A= 074 o] /32 values 247 thA|F U th o] Aibg &3] A2
X Zk(interpolation) ©] 2} 1 gt} o & EW:

>>> import math
>>> print ('The value of pi is approximately .'" % math.pi)
The value of pi is approximately 3.142.

] ZA| 8F W] &2 old-string-formatting A A of] 13-4t}

7.2 OS2 10 M7

open() & 319 2 & B F T, F AL AN Apsk Shike} Y= ARE FE A o] b wol AL§
%§L]E+.open(fllename, mode, encoding=None)
[>>> f = open('workfile', 'w', encoding="utf-8") }
A AA AR = 3 o] 52 H2 AU F ‘MH A2 = st o] ALgE WHAlS A ete 2 7Y
FAEL G e AL AU mode £ LS 719 W o, A7)0 S i (B2 0] 2]
ol n fXHo} LS AAFUT) 7HH AL, e = 3 d e HE0l7) ﬁ"ﬂ ‘EWD} o 755 = e
HolHE Aoz Zo 25Ut r+'%ﬁ‘r‘é§ Q3 22 7] 8] Ut mode A A= A= A ]|, A =
sl e ol P4 Lk
HE 3 HAE BE (fext mode) 2 g, o] 2, 3ol g S eal 201, spdofl= 53
3t encoding©. 2 AT QF A= AUt encoding®] AR A 9kow 7| BgS ZHE =AU}
(open () 2 HAIL). UTF-8 o A4S H A E2o| 22, T2 A0 & 183} S 397} o e
encoding="utf-8"= @It} mode o] 'b' S E‘l%ol e o w}o) L-]ﬂ = (binary mode) & G4t}
o)A HolEl e wo =g A2 Ye 2 glw Atk daE g THEA gt REFYNE o REF
ARGl oF Utk vlol i E] RE H o B &= bytes AA R ela FUh Hlojye RER A A o=

encodingS A A& 4= Y5 T

HArE RroA, oS ue] 7| E 528 ZPE J2H & F8 (YA \n, d=FoA \r\n) &
92 \n &2 A= 3\401‘4‘4. g T Lo, 7|2 5 A J=FA & F85E
H3sE= AUt o] otd diolEof 3 Fof HY +=F

JPEG ©] U EXE 3]—°‘JJr Ze vleluy g dlolEE A A H
AHEIEE Fo A &

< H2E 3949 F¢E A7 A H A,
o 2™ 9 dg ¢l & uf npojvE REE

od AAE ohE wl with 7| EE AHE ot 22 £ SHYULE JEH2 =5 &7t EdsHete
~9 et 259 u] 3Yo] Lul=A BIhE AU with & AFR 8= AL EE53 try-finally
EE5g 2 o vlas) E4 g7 = vtk
>>> with open('workfile', encoding="utf-8") as f:

read_data = f.read()

>>> # Tl S8 A FAL 4 Ayt
>>> f.closed
True

J

with 7|9 E5 AME8HA] k0¥, f.close () & S04 35 Bl ARSE Al | 2D & SA] Whsl of
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A P>

w1th FIAEE A3 AU £.close () E EE3A] A f.write () EEZSIH ZE2 0| JFH L
E ZEHHZE f.urite () Y AR YA T &3] 7155 A = = AFUTH

3 AA 7 238l Sol =, with 0] f.close () § T3 ¢ 27, 3t AAE AHEstel = A=+

502 A g ok

>>> f.close()
>>> f.read()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: I/O operation on closed file.

7.21 oY 22| BHAS

o] Ae] oA o S £ e 5k A 7} o] w] W ol Arkn A g o

o 8L QO £ read (size) T EEF T, AF HolHE AT FAYD (F2E B o 4)
oILF Vol £ (o] el 2= ofl ) 2 5 215 B sie 3 4842 52 211 E sice 7} ek )
25w U g AAE Yol A Bl FUTh Q9] 277 7)Ao R KTk 6} 2oy oje] &
UL A YU TE 18A 9wl F 0] size BAH(EAE W EOA) L size whol = (o] 2] Se o) E
93 Sl FUTh she] Zol EFHY, £.read() £ ¥ EAD () S EHF T

_4

>>> f.read()
'This is the entire file.\n'
>>> f.read()

[}

f.readline () < ¥ A g E& FUTHE A 4 (\n) & TAFE Y Bl &5, 5t o] /i &
22 ZYUA] b= wfofl g 3t o] uhx] et Fof A uk A 2R U T} O]E‘ﬂ] ‘?} e 25 EHA A BE Utk
f.readline () 7FHl FAE S 5, 3L o TS A oAt ¥l &2 '\n', 5 39 NP EA}
TS 233 A E 2 E Yh

>>> f.readline ()

'This is the first line of the file.\n'
>>> f.readline ()

'Second line of the file\n'

>>> f.readline ()

(]

stdol X & eloed, ot Ao tis) £33 5 AFUTh o] AL WEe E& o], war
A IEZ ool Yt

>>> for line in f:
print (line, end='")

This is the first line of the file.
Second line of the file

U] REZS ZAER Qo] Eo]E W 1ist (f) U f.readlines () & F dFYTH

f.write (string) < string & &S 310l 27, 2899 BEAE2 M4-E E5F5 UL

>>> f.write('This is a test\n')
15

e ge) AANEL 27 Aol WD Da7} AHUTH- EAL (HAE REA) o]} upo] =g A
(ko] 2] e ol A) = -
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>>> value = ('the answer', 42

)
>>> s = str(value) # SZ2 %%

no

pu
g
L
_n

>>> f.write(s)
18

f.tell () 2 3L A X & 71 7= A4S EeFE, vlolvg] REQ] F 5d o] 2S5 E
HIOE £ 2 RS HAE RE9 A= EFYS a9yt

st AR Q] YA E v W, £.seek (offset, whence) S AREFUTH A= 7]{:7301] offset & Tl 3l Al
AAE YU} 71E 32 whence Q1ALZE A B} J'\/]D} whence ZFo) 0ol W sl o] S HE =A%, 10|
A ot A A E AR, 2 = 5 S VS H R AT whence = A =FE 4 9, 7] 232

0olehA] 5Ho] AL /1% A0 ALg ek

>>> f = open('workfile', 'rb+')

>>> f . write(b'0123456789%abcdef")

16

>>> f.seek (5) # Trele 2™ S°r°|=Ex °|% ol
5

>>> f.read(1l)

b'5!

>>> f.seek (-3, 2) # T°IM 3™ =f°I=5 °|% Y=t
13

>>> f.read (1)

b'd!'

G2 E st s (R 242 b 7t o] Ed AE), 5hde] Al &
2l seek (0, 2) EAMEENA Y Eo 2 JAE HAE= T ), =B offset 2 £.tell ()
ol EHF WA 0 JUTE I 5] ThE offser tE-= I H A ¢k F5 U

2 AA = isatty () Y truncate () 22 B 7HA MM EE ¢ 23 ], @ AF AHSF YT 3
AR ol gt AT Shl = gholBE g HlH PSS FEeHA 2.

g A Q1 2] A A e S = A (o

7.2.2 json 22 FXZCQI O|0|E

=

=

TFAE L grdol gA &+ AFUth A=
Ak 5345_7] 2P Uch o] BALE int () 22

W 21235 SEEUTh 3 H2EY 94 Y

FTAY e A sta AE3leks Ao 7t EE 5 ASY
A A7 HEE A 0 2 Batgl v o Bl S st o] A dete =S et UH 7015?5% 3= ‘WJ’ i}
o] %12 JSON (JavaScript Object Notation) ©] FJ-L dg 2oty u
json o] EE BEL ol H Hlo|E AFE Wol EAY Eao
(serializing) &1 BEUTH Ex1g ggdozgr E{ ﬂ] olE & xﬁq./\é 5=
FEYrTh X—l%ﬂﬂ'ﬂ' o A3} 7\}01 oANA, AAE FATH= FAE L <
Az dZ24= 53 94 7IAR AS5E 5+ syt

£ sl oF et read () WA= EA}
Aesofnt sk, 1123 T2 FAES
2o o Bt dolHE AFsteia &

=

>ml

)

]I

JSON 34 & dlo]e] mshe 93} Av] 3-8 =2 IS o] A5 AP th BE mz 27 v)7} o)
SEEEELEEREFECLE XWIEPE LS

[kl

AA x 7k =, e gk &0 ZER T2 JSON £4E &3

filo

2~
24

oy

Ytk

g}]\

>>> import json

>>> x = [1, 'simple', 'list']
>>> json.dumps (x)

'[1, "simple", "list"]'
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dump () B dumps () T -‘ﬂ%%%wﬂ% e vl 2 Adsstch 2EA £ 7 27 E 9s 99
Eﬂééﬂ%mﬂ,olﬁ‘l F Sl

[json.dump (x, f)

AR E A tZES W, £ 7 9718 9o G vlo] v spdolu Bl aE 51 AA Y u):

[x = json.load(f)

0 ix
JSON files must be encoded in UTF-8. Use encoding="ut £-8" when opening JSON file as a fext file for both
of reading and writing

o] ke @3} Ha Yol e 29 HAUE TE & AA T, A9 Fehx ALHAEISON o
AP35 A& obe] 37 e BRI Th deon BE Al A AL of Pol B 9SG
Uk

o B
pickle - 9EE2E
JSON ol ¥, pickle & 1)) B 315 7o) 8 AN E L A L5 z2E2 YUt Fo]ao
2T OE Aoz 445 S8 T2 IAST EAen A8E £ fauth ARAo 2 A
] 3
2]

=

= =]
A S E TR VL 4 gl oA 2 2og ), % A8 FA 7 3 ool 7
223 gvhel 92)] T=7t AR 5 Y&
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CHAPTER 8

o242t off 2|

Ag7kA] o2 WA A 7F A5 = A= AR A Al ES A s E g otute 2R NS Hoke A
Uth (Fe]x) 7 7k 8 E = ol g5 o] dsuth v X ol & o9

8.1 =& ol

B4 oz, 54 ol eleh s el A A th obuh ofel3to] Bol B L W1 gl B ol 7
At e 7Y =389 Adyth

>>> while True print ('Hello world")
File "<stdin>", line 1
while True print ('Hello world')

AAAAA

SyntaxError: invalid syntax

A A7 £ ES A HolF 3l Fof| A 011317}7“1 AAE 7+ 7]
Bl 2]

o] $12 7} FAF £ 43 oF & A& obdoll 2l Al 2. o] el A, o]

o, vhE kel & (1) o] whA Q7] Wi P th

39 o5 (%8 A <stdinx) T & W7} A4 F o)A, Ao FY2RE L) e 5 A=
g

Aol x4 FPAOR Zutat TA s, APstA L 5HE o2& o £ st A
Fol ZARE NS oIS 7 L2 RE G Hol AL Ptk kol Lz 1ol A ol AL
YA LA £ ol FA BT AR )RR o8] m T elo] A2 8hA] koA, o} /1ol A & &
A% o] ol wIA A& WU T

>>> 10 * (1/0)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
10 * (1/0)

A

ZeroDivisionError: division by zero
>>> 4 + spam*3

(TH5 sl el Aol A)
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(e]A sl o] A ol A A<
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
4 + spam*3
NameError: name 'spam' is not defined
>>> '2' + 2

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
'2' + 2
TypeError: can only concatenate str (not "int") to str

oflg] WAl A & vpA 2t E-2 oW Go] dojyh=A delF UL o= ofe] F o= vehtar, § o] WA A
grZ o Ut} o] o] A9 L zerobivisionError, NameError, TypeError YUTH oo o g
Ad ZAE2 AT WA ol o] EdUTH o] AL BE WA o959 A+ F el Aw A
S8 oY A= (AT Hedoll= EFotL) H 18 B8+ glsyth £F o9 o522 UH
QA ek (of o 7191 = 7} o U e,

29 oA REL o9l 9] W} Ao 7 E A BAE AT
o A Ao PREL e Edo]xe] FE|E o] 97t Yok X Q] RHL HolF L) YpHoE
429 25 UDsHe 29 28028 TP AF U HA T, BE AFA Aol A 2ES

FAISHA gk o

bltin-exceptions = U8 o9 53} 1 59 o] v & st g5t

8.3 d|2| x{2|5}7|

Ade 92 Aelste 2P BEE Ao A PUh e oS B, 22 457 9D
w71 AN A 9L L BSA T SR L2 TG A HE S AL 38T (Controlc
U1 9ol 29 AA 7 A AL AL A A); AHE A} BRE B A EE KeyboardInterrupt 99
Qo7 FEj= Lhebol £9] 5hA £

>>> while True:
try:
X = int (input ("Please enter a number: "))
break
except ValueError:
print ("Oops! That was no valid number. Try again...")

try B The 3 2ol SAI T
o WA, ry A (try & except Al0]] EFE) o] A3
o o &7} YA oh o, except 2 & A
o try A& AYPsh= F A odle] 7F ey 5t =
719 E Foll 2 A9 o] F4 WA=, T except ol AF= L, 1
A2 oo A e
o except Aol Yl A2 ol FEH HAE A e oAl 7S, o ol e rry o2 AP YT
A2l 7)1 7 A s A ko, A e A 2 o 9] o] o 2] WA A E SHstHA Aol HEUTh
Zt7] o2 A ol thak A 2] 712 A 37 A8l ery w2 sk o] 2] excepr A2 7HA = A5 U A
stute] A2 717 A ¥ E Utk A2l 7= sl st oy oA AT et AT 2L ey 2 TE
A 717 4o A2 S A2l stAl = U excepr B2 227 = FEE ol Y AL S
4 syt o & Eol:
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except (RuntimeError, TypeError, NameError) :
pass

except Aol Qi B2t AP Fehs AL A Feh 2o AR 99 of X P U T (BHA @
e Aoz s A A iUt — A4 e AE FA T ercgr BL o) 2 Ze20) AabAg)
W5 2 I oh. o & Sol, e 28 REL B, C,DE LAt g ok

class B (Exception) :
pass

class C(B):
pass

class D(C) :
pass

for cls in [B, C, D]:
try:
raise cls()

except D:
print ("D")

except C:
print ("C")

except B:
print ("B")

except A o] ¥ 3] (except B 7} A2 L= 5),B,B,BE 2357 ol AN L — A2 Z 13
5 = except Ao AP Uth

oo 7h g o, A = 7 = e, cld o AR Fa s G A AUt AR AL F 2
ol 2] Foll &4 .

The except clause may specify a variable after the exception name. The variable is bound to the exception instance

which typically has an args attribute that stores the arguments. For convenience, builtin exception types define
__str__ () to print all the arguments without explicitly accessing .args.

>>> try:
raise Exception('spam', 'eggs')
except Exception as inst:

print (type (inst)) # <19 2

print (inst.args) # .args °l N ETE AFE

print (inst) # __str. = args F AF AA= & AT,
# =2 S M2 2 =i T <P e & A5 S

X, y = inst.args # args & AT =F

print ('x =', x)

print('y =", y)

<class 'Exception'>

("spam', 'eggs')
('spam', 'eggs')
X = spam
Yy = eggs

oele] _str__ () EYo] A2F A 42 Q] WA o] wpA e BZ (/A Aol A U

BaseException is the common base class of all exceptions. One of its subclasses, Exception, is the base class of
all the non-fatal exceptions. Exceptions which are not subclasses of Exception are not typically handled, because
they are used to indicate that the program should terminate. They include SystemExit which is raised by sys.
exit () and KeyboardInterrupt which is raised when a user wishes to interrupt the program.
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Exception can be used as a wildcard that catches (almost) everything. However, it is good practice to be as specific
as possible with the types of exceptions that we intend to handle, and to allow any unexpected exceptions to propagate
on.

The most common pattern for handling Exception is to print or log the exception and then re-raise it (allowing a
caller to handle the exception as well):

import sys

try:
f = open('myfile.txt")
s = f.readline()
i = int(s.strip())

except OSError as err:

print ("OS error:", err)
except ValueError:

print ("Could not convert data to an integer.")
except Exception as err:

print (f"Unexpected {err=}, {type(err) ")

raise

try =+ except = A A else d & zr=tl, AthH 2 E excepr @ F ol &ok FUth wry Dol oo &
U071 k2w AHE of ofk 3= L= HEHUTE o] & Sof:
for arg in sys.argv([l:]: )
try:
f = open(arg, 'r')
except OSError:
print ('cannot open', arg)
else:
print (arg, 'has', len(f.readlines()), 'lines')
f.close()
J
else o] Ab&o] try Aol ZEE F718tE ARG F 20|, try -+ except woll S| HEH L = I =

=
7FEo7) A kL A9 E %8 A He A WA WEduyth

ol &) Ae] 7] my Boll A3 5738k ol &k obet nry ZollA (MR AL z22tE) TE5H
SolA B stE A Ex A gt & S01:

SRR

rlr

>>> def this_fails():
x = 1/0

>>> try:
this_fails ()
except ZeroDivisionError as err:
print ('Handling run-time error:', err)

Handling run-time error: division by zero

8.4 o2 &27|7]

raise B& Z2IAHI AR H N M BAFES FAT 5 QA Fuich ol E Sol:

>>> raise NameError ('HiThere')
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
raise NameError ('HiThere')
NameError: HiThere
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raise o Al Fste= &Y A= HAAAIZ g E M UTE o dxdA
(BaseException = A& 3dt= Z# 2, 718 Exceptiono] U 1 A H Z ) ]01
27k AR, BAA LR A7 g0l AAAE T 2N ALHUAT BEUT

°|

A olg S
FUt el 2

[raise ValueError # 'raise ValueError()' & ¢ &3 }

ghoF o 9] 7} A Y= A= Qrofo} 5HA v A 2 Sk A= ke, ] B W el raise Fo] 1 o] 9)
ohA Qo2 5 A F Tk

>>> try:

raise NameError ('HiThere')
except NameError:

print ('An exception flew by!')

raise

An exception flew by!
Traceback (most recent call last):
File "<stdin>", line 2, in <module>
raise NameError ('HiThere')
NameError: HiThere

8.5 0| 2| ¢iaf

If an unhandled exception occurs inside an except section, it will have the exception being handled attached to it
and included in the error message:

>>> try:
open ("database.sglite")
except OSError:
raise RuntimeError ("unable to handle error")

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
open ("database.sglite")

AAAAAAAAAAAAAAAAAAA

FileNotFoundError: [Errno 2] No such file or directory: 'database.sglite'
During handling of the above exception, another exception occurred:

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
raise RuntimeError ("unable to handle error")
RuntimeError: unable to handle error

To indicate that an exception is a direct consequence of another, the raise statement allows an optional £rom clause:

# exc must be exception instance or None.
raise RuntimeError from exc

oA e s g F8L F JFUH ClE

>>> def func():

il

.

raise ConnectionError

>>> try:
func ()
except ConnectionError as exc:

(TH5 sl el Aol Al<)
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(o] sl o] A ol A AI)

raise RuntimeError ('Failed to open database') from exc

Traceback (most recent call last):

File "<stdin>", line 2, in <module>
func ()
~ o~~~ AN
File "<stdin>", line 2, in func
ConnectionError

The above exception was the direct cause of the following exception:

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
raise RuntimeError ('Failed to open database') from exc
RuntimeError: Failed to open database

It also allows disabling automatic exception chaining using the from None idiom:

>>> try:
open ('database.sglite')
except OSError:
raise RuntimeError from None

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
raise RuntimeError from None
RuntimeError

Ay v AYZoll th sk AA g W -§-2, bltin-exceptions & TR Al 2.

8.6 AIZX} A2 ofl2]

Aol SdAs BFoEN 22 T2 A o 2o o522 F s YT (Fheld Fe ol thE
AA T WE-L Zell s E HAL). Cﬂlﬂ EEZ"“’“OE‘/}ﬂ’S’ﬁEEExceptlona?ﬂé%ﬁl%@‘%

ew e AEA 42 71 5 e BE A%l Au ookt sl RA Y B2L oo o
AR YT o & Sol:

raise KeyboardInterrupt
finally:
print ('Goodbye, world!")

Goodbye, world!
Traceback (most recent call last):
File "<stdin>", line 2, in <module>

(T2 ol Al ol A1)
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raise KeyboardInterrupt

(o] sl o] A ol A AI)

KeyboardInterrupt
finally o] oW try Fo]| 455 7] Ao finally & 0] oA e 2k} o 7 AHE LTt finally 22
try 7o) o & AP st=A o Aol AFFH Utk th22 o7 AT off o] 5333 F-E AHE

Ytk
° try ZJ.__/ﬂb‘ﬂs]__“—:—_

St o
Aol A= A koW, finally o] AgPH &

. exceptL+else

AU

of| 9] 7} 2+ 51, except Ao A o2 &
F o197} oAl BT o

A3 Foll ol 7T 5 YT T, finally

A& 5T 2] 7t except

do] A3d F o9 7} Al

o If the finally clause executes a break, continue Or return statement, exceptions are not re-raised. This
can be confusing and is therefore discouraged. From version 3.14 the compiler emits a SyntaxWarning for

it (see PEP 765).

o try 9] break, continue 2= return £ E=&5lH, finally @2

2 A% 2ol Aagch

break, continue == return

e If a finally clause includes a return statement, the returned value will be the one from the finally
clause’ s return statement, not the value from the try clause’ s return statement. This can be confusing
and is therefore discouraged. From version 3.14 the compiler emits a SyntaxWarning for it (see PEP 765).

s Ed:

>>> def bool_return():
try:
return True
finally:
return False

>>> bool_return ()

False

o 533 o

>>> def divide(x, y):
try:
result = x / y
except ZeroDivisionError:
print ("division by zero!")
else:
print ("result is", result)
finally:
print ("executing finally clause")

>>> divide (2, 1)

result is 2.0

executing finally clause

>>> divide (2, 0)

division by zero!

executing finally clause

>>> divide("2", "1")

executing finally clause

Traceback (most recent call last):

File "<stdin>", line 1, in <module>

divide ("2", "1™")

(TH& sl el Aol Al)
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(o] A | o] A oA A A %)
File "<stdin>", line 3, in divide
result = x / y

~

TypeError: unsupported operand type(s) for /: 'str' and 'str'

Hlukel o], finally 82 BE Aol AdH Uth F A2 S WA Y8 3 TypeError & except
Aol o] A 2]= A 9431 finally o] AH o ot

AR ALY $§ ZEIDAN, finally AL A5 AAL AEE W, 4B AAA oF A} BA ], 1
AL st ol F 8T E el EN T 94 2L AD)

8.8 O|z| olE el s%H=

oW AMNEL A Y B Q2 v AYShe BE A 54 AIFUTh T ARNE A
Q4o A ol et BAYLYT. HL S A 3 82 shelo] A5 n B g ol & HAle

for line in open("myfile.txt"):
print (line, end="")

o] TEo] FAPL o LEo] HYL BU A= ST 5 gt /0 54 HAL AW A= Frhe
AQUrh 1ee 2AFE AL FA A GA, 2 58 m2adol AL RAE S dEU
with B 393} 2L ARGl ZA Lrt2A P HES HFss PH S AFFUTh

with open("myfile.txt") as f:
for line in f:
print (line, end="")

Aol AdE Foll, 2& A st ol FAV LA HEE, 9 f = 4 SR YT 3Fd It 2o, )
e s sAES ATste AAS2 2159 AU olA o] Al e AUt

8.9 Raising and Handling Multiple Unrelated Exceptions

There are situations where it is necessary to report several exceptions that have occurred. This is often the case in
concurrency frameworks, when several tasks may have failed in parallel, but there are also other use cases where it
is desirable to continue execution and collect multiple errors rather than raise the first exception.

The builtin Except i onGroup wraps a list of exception instances so that they can be raised together. It is an exception
itself, so it can be caught like any other exception.

>>> def f():
excs = [OSError('error 1'), SystemError('error 2')]
raise ExceptionGroup ('there were problems', excs)
>>> f()

+ Exception Group Traceback (most recent call last):
File "<stdin>", line 1, in <module>
£0

AN

File "<stdin>", line 3, in £

|
|
|
|
|
| ExceptionGroup: there were problems (2 sub-exceptions)
+

raise ExceptionGroup ('there were problems', excs)
—_t - - = l ________________
| OSError: error 1
dmmm———————————ee 2 ———————————————-

| SystemError: error 2

(TH5 sl el Aol Al<)
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(o1 sl o] A ol A Al <5)
>>> try:
£
except Exception as e:
print (f'caught {type(e) }: e')

caught <class 'ExceptionGroup'>: e
>>>

By using except * instead of except, we can selectively handle only the exceptions in the group that match a certain
type. In the following example, which shows a nested exception group, each except * clause extracts from the group
exceptions of a certain type while letting all other exceptions propagate to other clauses and eventually to be reraised.

~

>>> def f():
raise ExceptionGroup (
"groupl",
[
OSError (1),
SystemError (2),
ExceptionGroup (
"group2",
[
OSError (3),
RecursionError (4)

>>> try:
£()
except* OSError as e:
print ("There were OSErrors")
except* SystemError as e:

print ("There were SystemErrors")

There were OSErrors
There were SystemErrors
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 2, in <module>
£()
File "<stdin>", line 2, in £
raise ExceptionGroup (
...<12 lines>...
)

|

|

|

|

|

|

| ExceptionGroup: groupl (1 sub-exception)
+_

+
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|

=
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

| ExceptionGroup: group2 (1 sub-exception)
ot 1 ———

| RecursionError: 4

>>>

Note that the exceptions nested in an exception group must be instances, not types. This is because in practice the
exceptions would typically be ones that have already been raised and caught by the program, along the following
pattern:
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>>> excs = []
for test in tests:
try:
test.run ()
except Exception as e:
excs.append (e)

>>> if excs:
raise ExceptionGroup ("Test Failures", excs)

8.10 Enriching Exceptions with Notes

When an exception is created in order to be raised, it is usually initialized with information that describes the error
that has occurred. There are cases where it is useful to add information after the exception was caught. For this
purpose, exceptions have a method add_note (note) that accepts a string and adds it to the exception’ s notes list.
The standard traceback rendering includes all notes, in the order they were added, after the exception.

>>> try:
raise TypeError ('bad type')
except Exception as e:
e.add_note ('Add some information')
e.add_note ('Add some more information')
raise

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
raise TypeError ('bad type')
TypeError: bad type
Add some information
Add some more information
>>>

For example, when collecting exceptions into an exception group, we may want to add context information for the
individual errors. In the following each exception in the group has a note indicating when this error has occurred.

>>> def f():
raise OSError ('operation failed')

>>> excs = []
>>> for i in range(3):
try:
£()
except Exception as e:
e.add_note (f'Happened in Iteration {i+1}")
excs.append (e)

>>> raise ExceptionGroup ('We have some problems', excs)
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 1, in <module>
| raise ExceptionGroup ('We have some problems', excs)
| ExceptionGroup: We have some problems (3 sub-exceptions)
+—t—— 1 —————————————
| Traceback (most recent call last):
| File "<stdin>", line 3, in <module>
| £0)
(Th= sl o] A of] Al%)
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>>>

AN

File "<stdin>", line 2, in f
raise OSError ('operation failed')
OSError: operation failed
Happened in Iteration 1

Traceback (most recent call last):
File "<stdin>", line 3, in <module>
£0)
File "<stdin>", line 2, in £
raise OSError ('operation failed')
OSError: operation failed
Happened in Iteration 2

Traceback (most recent call last):
File "<stdin>", line 3, in <module>
£()
File "<stdin>", line 2, in f
raise OSError ('operation failed')
OSError: operation failed
Happened in Iteration 3

(o] sl o] A ol A AI)
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BE QR AANA 15 A4 o] B2 AHUTh (N ol BE B8 RE S5 o4
builtins 2} F54Yt})

T2 A ol 22 vt 2EE ol WS o)A, Tt B A Y A Wl A ARH A ok
el & 4o w A UL (A, Sloji Rtk Ao] AR dojub= Aol i3 o F2 A A th)
8 AAH TE2 474 A7) A A g o] F T3 25T

ATz o2 R AH AAAT S Qs shold xzae] Bae Aol Yt of 7oA “H
RA| 2 7Hs 3 o) & o] Foll t e A 3F5 ] oF 2 2 7F 1L o] F SRl A o] F& e A =dte

oJu gy o,

~3E A0 AP E BohR, BHOR AH UL 4% F ol AN, ol F F1E

A AM 2 7hs s A Al RS S8 2327 s Uttt
o 7P HA QA PFURY 2Tz A o] EES 28T YL
c AL e B EY a3 2E, 7P 770l SE A 222 R E FA o] AlFE Yt v
Z] 4 (non-local) ©] ] ¥ ] 4 & (non-global) o] 5= =33t
e WA AR AFnE=HA REL Y olFEe 2FFUH
« PFUZol AAEE) M R 23T YW ol ES 2T gl o5 YU
o] < global 2 A AsH, RE F2 G Y2 EEY A o] FES 2= AT vz A 2328
HEE ZHyth 7P W o] 23 2 upgo A B = iese HAZ S E, nonlocal 7| Y EE A S
4 Q5 Y th nonlocal & A A= 2] oW, T HFEL 917] MG YUTH( ™ wigof 2231 31 T3]
PR 2Fzo A A W4E TEA FHol, 2 o] 5o upg | v A L F AT U .
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HE A 232= 34 4o A o555 (H2E Ao ) Fx3ch T vpgoA, Ao 25
A 2T T2 olF IS FERFUTH 59 ol w0 FHL AYYES A &2FZo
shLe] o] 2 27wl A Ttk
2FZ7MEAE Ao ARFHATGE AS MEE A2 TaPUh A Aod 49 A9 25
Z, oA ofE o dfolag Fofl I vt ZEH A ARl T REY o] F F0AUH
o], ol 52 AAl R AASE A2 APA o] FHoE FHFFHUT — kAR Aol o= A9
A A ol AR5 Foll FsFsta oA, FH A o5 Aol & E5HA] Hofof Ut (AR
A9 MegL olv FHor AP Uh)
gtol o] S 542 - global ©|trnonlocal w0 §l& ol - o] 5ol Yot 4 7P Wi 252
2 ks Ad Utk 9L o8 S BASHA] kF Ut - o] 5= &4 Ao A2 I Th A=
TR QYT £ del x & A AF27FF28= o] F FONA x o dde AATUT AR, A
olFe &Mdte BE A2 AY 225 AHEF U 59, inport 3 A o= RECIU I
o] ES2 A 2F o AAT T}
global ¥& 54 W7 A 2z zel glom a3ze] A A AT o] ok 32 7he) 2 w) A8 5 AU Th
nonlocal & 54 W7 EYME 2T 2o 9lon I3t AAFE ook gL 7 At
9.21 AZZRl 0| SZH
oA EA ME TFE ~F 29} o] E F S FZ 3}, global Fnonlocal ©] W4 Ao o] H &S
FEAE Bz ddynh
def scope_test():
def do_local():
spam = "local spam"
def do_nonlocal():
nonlocal spam
spam = "nonlocal spam"
def do_global () :
global spam
spam = "global spam"
spam = "test spam"
do_local ()
print ("After local assignment:", spam)
do_nonlocal ()
print ("After nonlocal assignment:", spam)
do_global ()
print ("After global assignment:", spam)
scope_test ()
print ("In global scope:", spam)

oA e 2L o9 Py

After local assignment: test spam

After nonlocal assignment: nonlocal spam
After global assignment: nonlocal spam
In global scope: global spam

=R of 52 3AM L. nonlocal

al g U o,

S
S
3
2

rlo
fd
i

oA A tf o] (o] A o] 7] UTY) scope_test 9 s,
) 2 scope_test 2] spam A A2 B} global T Y

global Y Aol spam 2] A4 o] glvk= A= &+ Y5 U

o §&
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class ClassName:
<statement-1>

<statement-N>

5 A (et B) AT, Se2 ZE of @ AT A7 AL WA D of of Gl (AT
el A ie B R B4 el $2 5 AU Th

ARA R, Fehs A R EFEL HE 5 Ao Eol A, hE EAEE SeH n ez 207}
EUTE— 5ol o] FAZ Fob AYYTh Zehs o 345 4ot BE, WAL 5% 7 o]
Joe Be, SRB Y QA B5E 2EUTE — ThAl, o AL Fel 4 A F

FA2 59N 49U, A I8 FU TEAAT AL 2am2 4P 294, BE A
MAERY YL o] A ol B dUth 53], B Aol A @40 o B2 o] 2ol A A G T
Soe Ao (B2 B 440w B, 2 A0 g AT ol Ae Aeges G
Re) W] BEOIR ol & 20| NEEBES A AU th& Aol e A o
oA Ut Aol A 2t (S

2 oo Eo]717] AA FE23d ) thA] AHEEH I,
o] F (ol 4] className) & & of 7]o] 1A H YTt

E = AT = BE BHE AR ST} obj.name. 2
HIE o E I’JHEO] 2 Zex AR HEAAA ) a9 o] F Tl JE BE o] F Y Uth TEfA,
2ol 497} ol A 2

class MyClass:
""n"A simple example class"""
i = 12345

def f (self):
return 'hello world'

MyClass.i 9} MyClass.f & ZHIE |EYRE F=x 11, 7}H7] 78-/1\—94 5:}-/:\— A= %ﬁ%‘%‘?} o Ea
JEFHEE YT 55 o], thS Eaf MyClass.i & ZrS WA & sk = A
SHE JJEZHET, ZY 2o &= S2EFY S ZHEYTTH A snnple example class".

o

WEY £ 5 £
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AT S AR S 20 A AAUAE BT
Zel28 7Hgsha):

il
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i
32

def _ init_ (self): J
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Zela7t _init. O MAEERY T o, SR JA2HA ST AR SO S A" A
D AEOE  nie () & EREUCH 1e4 o ololA], A A5 L AHAE Sl 28 4
g% Utk

[x = MyClass () }
BE,_init_( WASEE 2 444 A ARES 1A ek 149, oo daEs
=7 OJQZ}E 201{1 JNAFE2 _init_ () ZEAGFULE A& 591,

>>> class Complex:
def _ init__ (self, realpart, imagpart):
self.r = realpart
self.i = imagpart

>>> x = Complex (3.0, —-4.5)
>>> x.r, x.1i
(3.0, —-4.5)

9.3.3 QUAEIA K|

oA AEA AT FRAL B4 LT AAEA A 7} o]s] S @7 A AL ojEFRE
ZZ UL £ A £79 LUl o 22 HE o] Bo] d5Uth: HlolH o=l HES} WA E,

Data attributes correspond to “instance variables” in Smalltalk, and to “data members” in C++. Data attributes need

not be declared; like local variables, they spring into existence when they are first assigned to. For example, if x is
the instance of MyClass created above, the following piece of code will print the value 16, without leaving a trace:

x.counter = 1

while x.counter < 10:
x.counter = x.counter * 2

print (x.counter)

del x.counter

ERE FxE A= dUH A EE AA o “Sate” T AU

dl o]
< 3R Fae 2 Y5UTh o, T AR A S 2
Ao HAESS gyt 2ehA 92 AN, x.£ =
£ 7F ol 7l W E Puth AR x. i &= 23 A k2], MyClass. i
}svﬂo}qy]cm-ﬂr?mu} I x. £ £ MyClass. £ & 22 Zo] opd Yyt — o] 21 g4 AA 7}
oty WA= AA Yt

9.3.4 DIME 247
5, MAEE A ds AukA £ 2P

(o J

If x = MyClass (), as above, this will return the string 'hello world'. However, it is not necessary to call a
method right away: x. £ is a method object, and can be stored away and called at a later time. For example:

xf = x.f
while True:
print (x£f())

WA 558 ) 48] ol 20| Aol 10 o B4 A1) AAE A ARLA T $ T, 9
Ax.£0 £ A3 go] EFE 2 FobA AUk AAbE oA B A7R FA3 sho] AL AR
o2 st P2 A4 glol T25Y 98 oAU th- AT AR E AHSH A et =
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class Dog:

kind = 'canine' # L2 QA2TU2 7T IS 2 =12 S5
def _ init__ (self, name):
self.name = name # F AT 1T AL2TE HH

>>> d = Dog('Fido"')
>>> e = Dog('Buddy"')
>>> d.kind # LE QAL2TL T IS S
'canine'
>>> e.kind # L= QAT T Ko SH
'canine'’
>>> d.name #d e B
'Fido'
>>> e.name # e e HH
'Buddy’
o] F 2} A A ol 3k shutr] o A =g K ol, BlA2EYV Y ejet 22 7 AR 7 Fo] E ol I ol o]
B dAdA X3 a3E £ 7Hsdol stk d & Ea

Eo], thg FEOA tricks B|AE = 2
2"

1 =
g5 4] eFotol St ite] Bl AE T} BE Dog Q2H 2B F65 7] wWE AUk

class Dog:

tricks = [] # 212 A% FFE = A

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

def add_trick(self, trick):
self.tricks.append(trick)
>>> = Dog ('Fido"')
Dog ('Buddy"')
.add_trick('roll over')
>>> .add_trick ('play dead'")
>>> d.tricks # AT FT e A2TET FF Y

['roll over', 'play dead']

>>>
>>>

®© QO O Q.
Il

4, Ses0) £uHE AAE dATs WgE Ags ok T

class Dog:

(TH5 sl el Aol A)
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(o] sl o] A ol A AI)

def _ init_ (self, name):
self.name = name
self.tricks = [] # F A=T27E A Y BE2EE WSS

def add_trick(self, trick):
self.tricks.append(trick)

>>> d = Dog('Fido")

>>> e = Dog('Buddy')

>>> d.add_trick('roll over')
>>> e.add_trick('play dead')

>>> d.tricks
['roll over']
>>> e.tricks
['play dead']
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>>> class Warehouse:

purpose = 'storage'
region = 'west'
>>> wl = Warehouse ()

>>> print (wl.purpose, wl.region)
storage west

>>> w2 = Warehouse ()

>>> w2.region = 'east'

>>> print (w2.purpose, w2.region)
storage east
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# eI A5l o
def fl(self, x, y):
return min(x, xt+y)

O A
r‘l’

class C:
f

f1

def g(self):
return 'hello world'

h =g
MAeors BT 34 AU HA7E Shac ol d=ARET AAA e AT 2T C
AAHAE HASAYTE—n & A83] g 9 FEFU o] FAL 22 I3 e] TS EBLS
71 Aehe o) 2ol A 2.
MAEL selr AR WA= o B HES ABHN HEANEE 52T 5 A5
class Bag:
def _ init_ (self):
self.data = []
def add(self, x):
self.data.append (x)
def addtwice(self, x):
self.add (x)
self.add (x)
MASE QU FLEF} AAAE A o] B 2T 5 JHULh vASe] AT A Amms
2R g ZFE REQUL (Bt A0 A9 AnmE A5 A FEUH) A=A A
HolH & AHE & £ o] F & AY WA XA A AF 25 H oA ARSote o 2] 7HA] A7t
Sk BAL el snao] 499 Do A B oheh 130 dred Bae mEs
HAE7E ARG S & Ytk AYUth B, A= %E@ﬂ%’ﬂAﬂNoqﬂquiﬂﬂqgl

Bhe A Ao A =S A o] S 4 E BEoHd Ak B A FL o158 WA F A
2y g2 AL, 2HBE FYA (Y olgtar Bt § 55Ut o] A2 object.__class_ o] A%
o] g uth
AN

9.5 Ab=
BE, A4S A98A FErh o] 715 “Zeavehe o] B 4R AR e AQh 3
ZH2 FYgY EH2 ol gA B ASUTH
class DerivedClassName (BaseClassName) :

<statement-1>

<statement-N>
0] 2 BaseClassName 2 3} S Ao E TFF= AFZ A AT 4 Y= o2 Z 7o HoFH o
slojofF gt vl ol Zef» ol o) Aejo] the delo) BAAE slehg Un). o 8 o), Wol» 2o
27bohe BEol HelE o) g f-&qch
[class DerivedClassName (modname .BaseClassName) }
sy Feja gole) Ay wols Feast g Yaog AYH k. Sl A7t vE oA v,
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wol s Zeh szt AUt o AL o EYHE B2 AFF W AP YTk L3 = HES}
oo A A A o wo) s Zejar AAS FAFU T W0 A e A R TIE Ze)Am Ry
S} = Tk o] F AL A7 Ao 447

A ZE Ao AdAEA UE T EWE AL ¢Syt DerivedClaSSName() -
Qs B yth HAE Fx gtk tssh= X o E

2o 5pe o) Zej 2o AN E e aqlﬁﬂﬂatqmmﬁggi

] =
Y S ol S MAESS AT A5 U AIAETEZ2 A9 o

s2du =ua A% 2L AL gone woa Zefao] Ao H ChE WA EE 525 Woj s 2
o)~ o] ] A998 51 220l A E 2 ek (Cor ZR2ANE AT RHoE
14 0 2 virtual YU th)

=2

>

[t

rlr
i i i,

m)i

4

[o

A=} 2 o] 8o ol Fe 2 A EE thed] ol X HTk AL
el A e 5 gk Wels AL MAEE A TEehe doe el stk X
BaseClassName .methodname (self, arguments) & iéﬁ}‘ﬁ % ‘/] 1jr ] 31% Sdl A=
Z£1271 &5 Yt (o] AL Ho| A F A7 HY AF Lo A] BaseClassName O & AA| A~ FH 4= Q& wf gt
B2 gol 7o A 8.)
oMol = AL A AT 5 A
e AA~EH A0 S AAEE M isinstance (
__class__ 7tint Attint oA 3 E FEA A BT True 7F H U TH
=

o ZHUFES AAEIE W issubclass () & AR E YT issubclass (bool, int) £ True U],
bool ©] int & A B Fxo]7] W F YUt} 3FA W issubclass (float, int) = False 4],

float & int o] A B S 27} ob 7] ol E Yt

b

€ F A W Fr dsdoh

) AF2 38U Tl isinstance (obj, int) + obj.

rg i n

9.5.1 EF% o5
Fho] W2 T F5 2 FElE AdF YT o2 e wo]x SHAE F

4

SR ES

o

9

rlr
o
e
1>
A
<
v

rlr

class DerivedClassName (Basel, Base2, Base3):
<statement-1>

<statement-N>

Y] Ba4, 2 4Re Ao, ¥ 2o szt 44E
Ao 4] © Az RN AL 2L FALE T W ey
t}. 2 A, o] EB]HE 7} DerivedClassName ol Al W AS R 9k O ¥ Basel of|A] 211, 2THS (A
2)Basel 9 Hlo]A FHAES AT A7|AME TAS A O, Base2 oA 311, 0

AR, o] AR T ¢ o BRI USH WA= A A= super () 22 FHAH A TES A Y37 H3H
FARoE AAH UL o] JEHS 22 thE o5 A4S A= 011*1 call-next-method 2} ¢e{ 4 117,
Y AF Ao] S| A AT = super &R T O ZE g oh
FAA A7 Q3% o] =, BE UT AE5Y A+ stuy 2 o]4e tholol 2= #A (Hojx =
xS UG aE SFHAEEREH oY A2E 8 AN HE= A9 € HEVWEY Yk
A& 5o, BE ZH 2t object & A3 W R, BEE UE A5 2 object 9 o|2= ol HEZE
AsggUch wojx Ze g o H AN =2 A 3, AU dagFo] AN TAE A
gslsl=d], 4 2P 2o AFEH dEoA LEZ0Z V1= A4S = l‘?—*ﬁ}ﬂ, ZrHRE oA st
TEo, G2 A (REEY AT dFE FA FodlA HE FHAE THE S o= o v gdyrh
O EE Tt YTH BEF T A2 ], o] AFES S AHoZ AP Jn FFAY = FHrES
AATE 5 JEF w5 Utk o A S 82, python_2.3_mroE H A8

©
o
0z
I
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9.6 H|ZJH Hp

23] Vo A g A AT 4 9l Bl AR W she] Mol £A15 S vITh SHA W, T
0] o)) Mol A T T Hobo] Db el WEE A AT S B (TG B o], opar) AL

FANA| A e BB oz HIE ool YT (T A0 T, HAE, to] g W= T ool A Zh)). 3
/J—Aﬂ ] EE%}\ ] =] OQLW*LQEHJQMO]:ULHE},

Folsn T W EY SuE At one (3 A8 Za2oA 4E ol EEHY $ES 75
T3), o) 8 ¥ 417] (name mangling) 2+ 7. Bl = WAUZ h& ABH AUo] A5 ULk _span FE|
o (A4 FNY e A ZsT, HY 3 7H.4 ez 23yt BE A¥HA = classname__spam 2
9E Ao A L], clasenane & WA Ze2 ol S0l A Lol o= WEL AAL AU o
4171 2el Aol ol SAa1E ol4h AAtel B A 51 A9k TR A +AH T

o 1

A R W83 S 7 Abel = WSl ol F A4 7] BAE FEHA L.

ol AN EHE R M E T2 WefotA] FAME SY2S WMAEE NG T+ U=
=

el =g Fu g

class Mapping:
def _ init_ (self, iterable):
self.items_list = []
self.__update(iterable)

def update(self, iterable):
for item in iterable:
self.items_list.append (item)

__update = update # T1& update() "IMESY =3I W A
class MappingSubclass (Mapping) :

def update(self, keys, values):
# update() °l 2§ M M3 °r= gt
# __init_ () & FNHEET Fe -l
for item in zip(keys, values):
self.items_list.append(item)

$19] ol &= MappingSubclass 7k __update A AE £ Y 5tH 2tE 25 U th Mapping S E| 20 A&
_Mapping__update® MappingSubclass =] 20| A= MappingSubclass_ update & ZHzZF th A & 7]

=tk

A7) AH LS A= Ak A AAE Aok Al ﬁ—;—-J ZT%] HlE 2 HFE e s

al
S YA AL =T Utk ol AL v AL} 2 21 9l 7] 22} st
exec() teval() 2 A& = 3E%= FHaY S O]%E AA FRAE 717 =T
Zlo) ] 3IA| 2 0] A2 global &9 B39} F-AFSHH|, 77 &7 vlol E-AudH F==Z A S YT

22 Aol _dict_ & AF F2T uf ¥ ofY 2} getattr (), setattr (), delattr () o= Z§H
Ytk

9.7 ErEAlL|

ol o o] ] %‘%%% A FolF e JJr" 7‘94 “record” LJrCBl “struct” £} ‘n‘/‘]‘?ﬂ’ o] &

88 Chapter 9. ZeliA




Python Tutorial, 2 2|A 3.14.0rc3

from dataclasses import dataclass

@dataclass

class Employee:
name: str
dept: str
salary: int

>>> john = Employee('john', 'computer lab', 1000)
>>> john.dept

'computer lab'

>>> john.salary

1000

SR FAAJA bHE S 7ot ol e 27, TF T HHIFY MAEE FH W= F
PAsE A At ¢ AdFUth o & E0f, 31d AAZ R E tlo]"HE 2 ote T47F IS o, 4l
AL W oA HolE & ¢l WA E read() & readline () & Al Fst= FHAE B T AA=E
AGd 5 JdFrh

JANAFAHAE AAE AEYREE ZEF5UThn._self  + WA En()  AFT A2 AR 0]
A,m._ func__ & WA E FSete T4 AA d T

9.8 O|E{&|0|E]

AF%E otvtE A E2 2o AH oY AAEE for B2 3T 5 A S wAMNE AYUTh

for element in [1, 2, 3]:
print (element)

for element in (1, 2, 3):
print (element)

for key in {'one':1l, 'two':2}:
print (key)

for char in "123":
print (char)

for line in open("myfile.txt"):
print (line, end='")

A3, Ael Gt o] e e o8 & AL SHH sholdo] 1w 8}
TERA L £l HoAH, ror E& AT ol AN A3 irer ) & BEU L. o) Fpr A=
] 13 & £ 5L, o] AAEL AR oS 8 AT E & el o

_4

. _|
1/]—5’*] 0“/\1]/\51'1/]1’4- Fe g 47FQloH,  next () = StopIteratlon o & E]_‘Zﬁ/\ﬂ for X o
Z2E YUY next ) WF FFE AFEFA _next__ () HIAEE T2 4 5 YT o] o= o]
2E Aol ol R A ERIEA HolF U

>>> s = 'abc'
>>> it = iter(s)
>>> it

<str_iterator object at 0x10c90e650>
>>> next (it)

lal

>>> next (it)

'bl

>>> next (it)

ICI

>>> next (it)

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
(Th= o] A ol A1)
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(o] sl o] A ol A AI)

next (it)
StopIteration
olEfef ol B =2z el Fof Sl vl A %2 4]
g5 ‘/]E]— _next_ () WA EE 7R AAE
_next_ () &A% H,  iter ()"El‘a}:se

B, o] 2o Feixo olH e ol T2 g A F7
EHFE_iter_ () IINEEZYTUL ST}

=
1fE 58S F AF5YLL

class Reverse:

men A A B A O o]l e 8j|o]E BFL O] | 84|9] = mrn
=2 F&£=25 °IS=°I=re 15 =1°19.

=2
def _ init_ (self, data):
self.data = data
self.index = len (data)

def = iter_ (self):
return self

def @ next_ (self):
if self.index ==
raise Stoplteration
self.index = self.index - 1
return self.data[self.index]

>>> rev = Reverse('spam')

>>> iter (rev)

<__main__ .Reverse object at 0x00A1DB50>
>>> for char in rev:

print (char)

w T e B .

9.9 A|L42|0|E

Aeole £ ol HaoE & REE uein A £V ANAA FEAY LA AW S
el 42 Wit yield B2 AR Th A o E o) next () 7F 28 wlujr), AV e o B =
TSt 4 A AN (L E HolE ¢S = 495 9eA 7)o oh.

@]Lxﬂﬂﬂﬂﬂﬁaf\}*ﬂ EEgATE T A

def reverse (data):
for index in range(len(data)-1, -1,
yield data[index]

>>> for char in reverse('golf'):
print (char)

Q O H rh o

AU eolHE & 5 = BE A2 4 oA A g xo] S 7Nt ojHE olH2zE & 5 54
_dter__ () & _next__ () WAETFAZZ WE X 7] tj EY YT

o W5ER AY Fe 5E 2l AFo BAEGE AU

A @ o Bl 7} heka o] &
E Sje) e 7)5e A

£

[*]

17

r]o

90
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22

self.index Y self.data & ZL AAHA HELE AL SE= oWl v 4SS 27 g1 HE85)

Al eyt

A5 WA= g3t 22l dee] Agel B, AU do)e 7t $ 28w A5 O scoplteration &
Qo AUrh 2, o 75 5ol Aok P8 FY S AWE o Eelo e BT 2 wE Tk

9.

—h

0 M0 ETHA]

el el e 2l 2

Zhtst A zA AT v oA R S Al 2S5 AHE o WS AR
FHAOE ASA ZFT 5 AFUTE o] RAAELS A 57 AU ol E & S A AHS ot
A 98 AAF AU Avdols 842 s AV olE] o Bt ZHESHA T, 85482
ol A1, w5 el 2E Az AR W2 S Y 25 AT A5y

o

>>> sum(i*i for i in range (10)) # FZY T

285

>>> xvec = [10, 20, 30]

>>> yvec = [7, 5, 3]

>>> sum(x*y for x,y in zip(xvec, yvec)) # 3

260

>>> unique_words = set (word for line in page for word in line.split())

>>> valedictorian = max((student.gpa, student.name) for student in graduates)

>>> data = 'golf'
>>> list (data[i] for i in range(len(data)-1, -1, -1))
['f', Vl', ’O', lgV]

9.10. F|LA(OIE] E 34 o1
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HE Et0|EE|E| ES2{E7]

10.1 2 AN|A| QlE{H|0|A

os RE S £ A} AT 4837 A3 24 /A F5ES AFHU

>>> import os

>>> os.getcwd () # Return the current working directory
'C:\\Python314"

>>> os.chdir ('/server/accesslogs') # Change current working directory
>>> os.system('mkdir today"') # Run the command mkdir in the system shell
0

from os import * TAlY)] import os ABFL S AR ok Ut e ok os.open() ©] WA open() =
7Hle 22 9T 5 e, F @€ obs 2 A 54U

0s 922 2 RERAYT W, W air() Fnelp() Tt P EPUE L8 YU

>>> import os

>>> dir (os)

<returns a list of all module functions>

>>> help (os)

<returns an extensive manual page created from the module's docstrings>

AAA <l Ay g e g B PS80, shutil BES ALY 92 o 25429 Ao AE
Xﬂ*&?&ﬁi‘r.

>>> import shutil

>>> shutil.copyfile('data.db', 'archive.db')
'archive.db'

>>> shutil.move ('/build/executables', 'installdir')
'installdir'

glob BEC T HE P GUEAE Aoz Y B2L BEL §4E AT T
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>>> import glob
>>> glob.glob('*.py'")
["primes.py', 'random.py', 'quote.py']

£33 999 A4S AN T AR YT o ARE

- =TT © < sys ZF9
argyv O EZ| R EC] AER AP Ut o & 59, tha 22 demo.py 4= HASUTH

# Tt 2l demo.py
import sys
print (sys.argv)

28 W3 3ol A python demo.py one two three S A3 EH Y}

J

[['demo.py', 'one', 'two', 'three']
argparse RES W9 E AAE Aste B Aud HAUSS AT the AT PEE S} o4
o AR deH o R AT E £E FETh
import argparse
parser = argparse.ArgumentParser (
prog='top',
description="'Show top lines from each file')
parser.add_argument ('filenames', nargs='+")
parser.add_argument ('-1', '—--lines', type=int, default=10)
args = parser.parse_args ()
print (args)
python top. py ——lines=5 alpha.txt beta.txtS A}-&3lo] HE oA Ay uf], 2T HE =
args.linesS 5%, args.filenames= ['alpha.txt', 'beta.txt']Z AATH T}
> - =
10.4 oll2{ &£ gCjAMI Z2 QW ESF
sys BE L stdin, stdout, stderr Q) EB] HE T 2t3 QG UTH 7FF ul A 2 AL stdout o] B UHE H Y-S
= o1=
t]

= & e dago MAaxES 9

227} 9%tk

>>> sys.stderr.write('Warning, log file not found starting a new one\n')
Warning, log file not found starting a new one

2IAHES TR 7P AHAA UL sys.exit () T2 AJYTh

re BES TF EAY A E AW AT EFES AZ TG BB Y 222 9
I EEEELE L RS

>>> import re

>>> re.findall (r'\bf[a-z]*', 'which foot or hand fell fastest')
["foot', 'fell', 'fastest']

>>> re.sub(r' (\b[a-z]+) \1', r'\1', 'cat in the the hat')

'cat in the hat'

A AR Vst e Arols, BAE HAESo ]l A e el A Aol 47 w2 d Ytk
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>>> 'tea for too'.replace('too', 'two')
'tea for two'

10.6 5t

math ZE2 5 &

S AALS AT B C ol HH P BBl e AA 2B AFFUTH

>>> import math

>>> math.cos (math.pi / 4)
0.70710678118654757

>>> math.log (1024, 2)
10.0

random 25 T2 AEHS T+ & =FsS AFdTh

>>> import random

>>> random.choice (['apple', 'pear', 'banana'l])

'apple'

>>> random.sample (range (100), 10) # SiH s EE FE

[30, 83, 16, 4, 8, 81, 41, 50, 18, 33]

>>> random.random () # 29 0.0, 1.0) MY ™YY float
0.17970987693706186

>>> random.randrange (6) # range (6) 1IN J=h=E A2 F &
4

statistics EE-S g4 Hlo]E 9] 7|24 A FAA

)
At
2
il
o

hy> =]
('gﬂ_, %Z_]_—%)\_; _\f}l\_y

ol

) AU

>>> import statistics

>>> data = [2.75, 1.75, 1.25, 0.25, 0.5, 1.25, 3.5]
>>> statistics.mean (data)

1.6071428571428572

>>> statistics.median (data)

1.25

>>> statistics.variance (data)

1.3720238095238095

SciPy = 2 A E <https://scipy.org> & the $X] AL 552 ol 21 d5 Ut

10.7 QIE{ull HM|A

@2 2Eo] dFUth 7HE s F 7= URL
oA HolHE ¢lo] 2= urllib.request & H LS B Y= smtplib YUY T}

>>> from urllib.request import urlopen
>>> with urlopen('http://worldtimeapi.org/api/timezone/etc/UTC.txt') as response:
for line in response:
line = line.decode () # bytes & str & Y& TS
if line.startswith('datetime') :
print (line.rstrip()) # FHE SIS MU

datetime: 2022-01-01T01:36:47.689215+00:00
>>> import smtplib

>>> server = smtplib.SMTP ('localhost')
>>> server.sendmail ('soothsayer@example.org', 'jcaesar@example.org',

(Th= Sl ol Aol A1)

Oh
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(o] sl o] A ol A AI)
""'"To: jcaesar(@example.org
From: soothsayer(fexample.org

Beware the Ides of March.

nn n)

>>> server.quit ()

(F WA o= localhost ol A ¥l L A v} 7} A 3= 31 gl of o Fhrh= Aol F&]5hA| 2.)

10.8 <A} AlZt

datetine REE SR A 2HE 225 FUAES AT, ekt g} 2w P BE AT
Utk SR A Aol AUF AT, TR XA L 2 YT 2 4L A B0 WHE
F23He Hol 2AA AFUTh BELS ANTE ne skt AN EE AA G

>>> # A e F7 FIEIT ESHE S
>>> from datetime import date
>>> now = date.today ()

>>> now
datetime.date (2003, 12, 2)
>>> now.strftime ("$m-%d-%y. %d %b %Y is a %A on the %d day of %B.")

'12-02-03. 02 Dec 2003 is a Tuesday on the 02 day of December.'

>>> # e DS Hee ALY
>>> birthday = date (1964, 7, 31)
>>> age = now - birthday

>>> age.days

14368

10.9 C|O|E{ &=

SREDE DEEE R

F458 the7 2e BES0 A7 A ATITh: 21ib, gzip, ba2, 1zna,

Hy

zipfile, tarfile.

>>> import zlib
>>> s = b'witch which has which witches wrist watch'
>>> len(s)

41

>>> t = zlib.compress(s)
>>> len(t)

37

>>> zlib.decompress (t)

b'witch which has which witches wrist watch'
>>> zlib.crc32(s)

226805979
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>>> from timeit import Timer

>>> Timer ('t=a; a=b; b=t', 'a=1; b=2"') .timeit ()
0.57535828626024577
>>> Timer('a,b = b,a', 'a=1; b=2").timeit ()

0.54962537085770791

timeit O] AL E =R H O F profile Fpstats B E-S Z EFY T T oA A2 AA AMS A
37 A =FEES Al FTh

Ir
10.11 Z 32! 2|
IFAe AAE Nl 3 71 W2 RS = 4 o S HAEE A, IAES
M T2 AN SO A A= A YUt
doctest ,1_'5_‘1_ EES ZEHT Z2 09 FA2EYS WAH HAESS A8 =7 E AT
Uth HA2E eV = S TS 1 299 8 S2EFH 0T BAS|IA B9V & 8l S22
7}‘4011@‘4‘?} A P of| Al AAE A Al-FHA DEAE 7] A3HaL, doctest ZE o] AP A oA =7}

Jﬂ,;k;

o] A3 Al 0l %] 3

def average (values) :

Trg Yt %9ty Wge NS,
>>> print (average ([20, 30, 70]))
40.0

mn

return sum(values) / len(values)

import doctest
doctest .testmod () # SigE S2=g2 Xz AE TS

unittest & doctest ZEWF & A2 oA B Z2AA HA2E TS Eee opd=

e A Fuoh

import unittest

class TestStatisticalFunctions (unittest.TestCase) :

def test_average (self):
self.assertEqual (average ([20, 30, 70]), 40.0)
self.assertEqual (round (average ([1, 5, 71), 1), 4.3)
with self.assertRaises (ZeroDivisionError) :
average ([])
with self.assertRaises (TypeError) :
average (20, 30, 70)

unittest.main() # YJ AN TE2°FH 2 & S2=g & WY

10.12 HiE{2|7} =etEILICH

ol 42 el el 7} LG YT BE
F9 /1% 2 hepd e o S0

e xmlrpc. cllent 9}xmlrpc server 252 ¢ I 2 A
Z

Az
S0k BBl ol ole 8ot XML 48 441 A2l 4401 A911 554 5o e

* email 37 ] MIME % 7]} RFC 2822 7] ¥} ] A 2] A1 & 3236l A AL v d WA A & #2517
HAgketolBe g dUth AAE A A S B3 W= smeplib $poplib 2h= & 2], email 3] 7] 4]

flo

241 & Ut ol o Z WA A Ausy AP 5L
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e json W7 A= G AHLEE dolE 23 FAS T4 7Y s s Y-S AT csv
REL oMo A% Sn = Ao A AN T AU L QAT P G AT BUS
AF AT L4 JxE YTtk XML # 8] &= xml.etree.ElementTree, xml.dom & xml.sax
7117]z1 o ¢ OH 4Gt ol H g R E5H} 7| A E A AHESHE Thold F & 22 I e
T ke Hlo] B w o] A Tl Yt

* sqlite3 E&- SQLite t| o] B v © ojrejz| o] g, k3 v EFE SQL &2 AHE8to
HdulolEX 1 AN EH 5 Qe T ]iEdE t o] el o] 2 & A5 g T
al

2] 2l codecs 7| A& 2 W2 T E o3 ALF Ut

[

o ZA|3}= gettext, locale,
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cHAPTER 11

HE 2t0|Ee{E| 827 — 287

o) T uA EH R AR 22 87 AFL AQehe IF BES HRL dgUh i B E
o ge rageel At A2 AEHA BT

repriib BES AAL 2 FHE Aol FFH U2 Ed oS 93] ALE o] 28 repr () 9
W48 A Z g Th

>>> import reprlib
>>> reprlib.repr (set ('supercalifragilisticexpialidocious'))
"{la’, ICY, 'dl, 'el, 'f', 'g" ‘.‘}"

prine 2R ANTANA YL S i FA L W AN 187 A0 AN e A
A Aol @ 4 QA FUTh AT} B ZH T AT o) ® mAE? 7 2 uHE} S0 2 7] 2 £ /h5to]
dlole] F2E Hr el A e o

>>> import pprint
>>> t = [[[['black', 'cyan'], 'white', ['green', 'red']], [['magenta',
'yvellow'], 'blue']l]]

>>> pprint.pprint (t, width=30)

[[[['"black', 'cyan'],
'white',
['green', 'red']l],
[['magenta', 'yellow'],
'blue']]]

textwrap ZES HAES ETHE Fo) 2 31 vul o B ERE )

>>> import textwrap

>>> doc = """The wrap () method is just like fill() except that it returns
a list of strings instead of one big string with newlines to separate
the wrapped lines."""

>>> print (textwrap.fill (doc, width=40))
(th sle] Aol Al<)
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(o1 sl o] A ol A Al <5)
The wrap () method is just like £il1l ()
except that it returns a list of strings
instead of one big string with newlines
to separate the wrapped lines.

locale EES —‘EQ—?} E A dlo]g EWO] t o] g uf o] 20 "ﬂi/\ﬂé J’ﬁl‘/} locale-/] format &4~2] grouping
A7 0]

>>> import locale
>>> locale.setlocale(locale.LC_ALL, 'English United States.1252")
'English United States.1252'

>>> conv = locale.localeconv () # = PP e FE I

>>> x = 1234567.8

>>> locale.format_string("5d", x, grouping=True)

'1,234,567"

>>> locale.format_string("%s%.*f", (conv['currency_symbol'],
conv|['frac_digits'], x), grouping=True)

'$1,234,567.80"'

XL
11.2 &1Z3l
string REL TPt Template 2828 EF310 v, A% AHEA7F A/ 488 B
BN 2T Y5UTh Gk ASAE 38 me UL WA duE 98 me1dg AxH)
o] =% % g% Ith
A5 o RRA o)A A A (5 A WE) Z BEOIA ALY EA A o 52 S U FBEE
Mg ool AR EAAE EAE FAge] G54 AMZES T 5 AFUTH 552 21 Fhe] o] x
Aoz f s & BE T

>>> from string import Template

>>> t = Template('S{village}folk send $$10 to Scause.')

>>> t.substitute(village='Nottingham', cause='the ditch fund')
'Nottinghamfolk send $10 to the ditch fund.'

substitute () WA =& A2 EAA7F M U El‘)r 7IHNE JAAZ AlFH A 3= vl ReyError £

Q]
=
SAUT MY G Ad S8 x2aY 3L AN} ATY U} ¥IAL £ Ao
safe substitute () BAE7F B A A 5 OMqE} Hlol e 7} 2 | AL 2 A RS W AR
sk
>>> t = Template ('Return the $item to Sowner.')
>>> d = dict (item="'unladen swallow')

>>> t.substitute (d)
Traceback (most recent call last):

KeyError: 'owner'
>>> t.safe_substitute (d)
'Return the unladen swallow to S$owner.'

Template A| 2 S| 2= AFEAL O] FEAE AR S 5 A5 U A€ sl /\W By X%% —4?} d&
ol & v 7] e e ElE A @A, o] u A A A2 M S E 9}
AR St S A - JlgUth

>>> import time, os.path
>>> photofiles = ['img_1074.7jpg', 'img_1076.7jpg', 'img_1077.3jpg']
>>> class BatchRename (Template) :

delimiter = '%'

(TH5 sl el Aol Al<)
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(o] sl o] A ol A AI)

>>> fmt = input ('Enter rename style (%d-date %n—-segnum —-format) : ")
Enter rename style (%d-date %n—-segnum $f-format): Ashley_3%n%f

>>> t = BatchRename (fmt)

>>> date = time.strftime (' Sbsy ")

>>> for i, filename in enumerate (photofiles):
base, ext = os.path.splitext (filename)
newname = t.substitute (d=date, n=i, f=ext)
print (' ——> ' . format (filename, newname))

img_1074.jpg ——> Ashley_0.jpg
img_1076.jpg ——> Ashley_1.7jpg
img_1077.jpg ——> Ashley_2.7Jpg

11.3 H}O|L42| C|O|E{| A|ZE HiX| &=

struct 2 E-2 7 Z o] ujo] Lﬂal HaE FA o7 28t7] 98t pack () Funpack () TFFE AT H
Utk o oAl zipfile RES AR SR G ZIP 3199 36 AHE F35= WS E@l S
= v 9 vr £ 217 2uho E g} antol 28 BT Gl A8 e T ror £ B E A7)0 WA 2l
Al vt E <A S 7HES e Y ok

import struct

with open('myfile.zip', 'rb') as f:
data = f.read()

start = 0

for i in range(3): # X2 37 =2 CISE 9F 5
start += 14
fields = struct.unpack ('<IIIHH', data[start:start+16])
crc32, comp_size, uncomp_size, filenamesize, extra_size = fields

start += 16

filename = data[start:start+filenamesize]

start += filenamesize

extra = data[start:starttextra_size]

print (filename, hex(crc32), comp_size, uncomp_size)

start += extra_size + comp_size # °fe =I5z A E ]S

s e AR F5HA B AL Lelohe A< AUk 2dsE 2 40 WL =olA
AR FAAEA DL W S8 T2 S P B AT 5 dEUTh BAE AL
Aele e sdee] A3 L2 I0E Agshe 499

e SES WY me A o) A% AW & 5 AFE threading REO] W1 Eol 4 4L o
A5 S QA HAFUTH

import threading, zipfile

(TH5 sl el Aol A)
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(e]A sl o] A ol A A<
class AsyncZip (threading.Thread):
def _ init_ (self, infile, outfile):
threading.Thread.__init__ (self)
self.infile = infile
self.outfile = outfile

def run(self):
f = zipfile.ZipFile(self.outfile, 'w', zipfile.ZIP_DEFLATED)
f.write(self.infile)
f.close ()
print ('Finished background zip of:', self.infile)

background = AsyncZip ('mydata.txt', 'myarchive.zip')
background.start ()

print ('The main program continues to run in foreground.')

background. join () # =ho=re = AOSjol - of =fmpx| 7| =] o) =f

print ('Main program waited until background was done.')

D}% 29 E 8 Z2IWY 7 E FAPLS HolH B tE AU S TR/ 29 EE 2=
AJYtt 9] ‘é %*ﬂ threading 252 &, oWl E, 274 A4 A Nufx o & v &3 B2 712

ag AT

olel g £t JYSA, AL T BA SR A ABF ol el BAH AT 5 YTk

e A glof] ek BE AA 28 T 2d S0 4FAI7 T queue

RS ARl A SA e ST 8% AT AULTE AAE FEAL 24 A
31, 917]

3L, A= A o] F4vTh

ko »
—‘]I

—

115 224

logging REL AT 752 & T 24 A" ASd U 7P S A9 22 vAA =

ot} sys.stderr 2 U YT

import logging

logging.debug ('Debugging information')

logging.info ('Informational message')

logging.warning ('Warning:config file not found', 'server.conf')
logging.error ('Error occurred')

logging.critical ('Critical error —-- shutting down')

S2e)H g3t e A3t 2Rk

WARNING:root:Warning:config file server.conf not found
ERROR:root:Error occurred
CRITICAL:root:Critical error -- shutting down

7| 2= OE AR g ‘qﬂiﬂ WA A= EAIE A G P 22 o HZ B P YL &2 &8 g4+
£ FdHAA Gl 28H UL M2 = HAA
'?—’d—’i—ﬁ °ﬂ u}e} D]-t E]-—;— g8 MElE 4 9)<4 Ut} DERUG, INFO, WARNING, ERROR , L 2] 2l CRITICAL.

S8 ZeaRe WG G AR 4] 27 9%
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ghol {2 25 W R e de (HEE AA o e Fx 5 24 9D =S A A A3 A = A)E
TS MR e = vpA g Fx 7 Al A" A5 siAlE Yt

o] WL 2] &8 Z2 a0 & ZFstA v 2= v A5l oo AHEH = F el A
Ag FAsM T F 7t dFUTh %3"3}74] A DRSS FAG = AR A58 JFH o=
TEE FERE WU wveakref B E2 J-u—e BEA G ANE FAT e ETE ATHY

AATE Bast o wekat Aol gol A A3} 8 02 A0 veiker 0] o2 £ o]

>>> import weakref, gc
>>> class A:
def _ init_ (self, wvalue):
self.value = value
def _ repr_ (self):
return str(self.value)

>>> a = A(10) # create a reference
>>> d = weakref.WeakValueDictionary ()

>>> d['primary'] = a # does not create a reference
>>> d['primary'] # fetch the object if it is still alive
10
>>> del a # remove the one reference
>>> gc.collect () # run garbage collection right away
0
>>> d['primary'] # entry was automatically removed
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
d['primary'] # entry was automatically removed

File "C:/python314/lib/weakref.py", line 46, in __ getitem_
o = self.datalkey] ()
KeyError: 'primary'

rray REE array ANE AFFU, o) A& SAAA v L Ao uT 2 YA A Fohe
FEESt BTk o oA ol i Adle] D 2l 229 AFAY G 1ovhol =% Ao
1o, 38T 28] 5 G o1 Srl (8 L iy 51 St 0 B oh 1

>>> from array import array

>>> a = array('H', [4000, 10, 700, 22222])
>>> sum(a)

26932

>>> af[l:3]

array ('H', [10, 700])

collections WE & deque AAE AFFUCE o] AA L AZONA B WA F7HF5HA g 571 4 9
23t o 2oz el AE9 25U o AAE 7D W Hol 94 E2 A4S TASE o AT Tk

>>> from collections import deque

>>> d = deque(["taskl", "task2", "task3"])
>>> d.append ("task4")

>>> print ("Handling", d.popleft())
Handling taskl

11.6.
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unsearched = deque ([starting_node])
def breadth_ first_search (unsearched) :
node = unsearched.popleft ()
for m in gen_moves (node) :
if is_goal (m):
return m

unsearched. append (m)

A P 2E 78 9% el nelet YA JAES 2AHE FHEol Y bisect BET ZE

o k4
te=rs Aegh

>>> import bisect

>>> scores = [ (100, 'perl'), (200, 'tcl'), (400, 'lua'), (500, 'python')]
>>> bisect.insort (scores, (300, 'ruby'))

>>> scores

[(100, 'perl'), (200, 'tcl'), (300, 'ruby'), (400, 'lua'), (500, 'python')]

o gul P AEE WO P& U F4E AFFUL A ol S RS By
FAFUG ol 2L 4 e Q0] HEA 0T QLA W, AR BF A2 AP

>>> from heapq import heapify, heappop, heappush

>>> data = [1, 3, 5, 7, 9, 2, 4, 6, 8, 0]

>>> heapify (data) # == P =S b el B
>>> heappush (data, -5) M2 %‘%’ E o e

>>> [heappop (data) for i in range(3)] # e I -G = e il B
[-5, 0, 1]

11.8 107 25 AH Al=

cimal Ho]|E @& AlFFUth WH float o] K&

dec1mal _1_%3 107 25 4244 A& Y3l pe
S ES R E
7

b Pgua]l:‘:— Zﬂo’],
C WA EE R 2T AR BEE B2 A,
. REEARE, EE

Q

>>> from decimal import *

>>> round(Decimal ('0.70"'") * Decimal('1.05"), 2)
Decimal ('0.74")

>>> round (.70 * 1.05, 2)

0.73
Decimal 73-14'“ oﬂ = ‘E -,-,—X] 3]"3:], - 7H9/] %Eé\:‘x}%‘ 7]‘{] -‘ﬂ‘%‘?‘i‘?‘ﬂ Lﬂ Z]—F’JP/] ‘%E%Z}% X]‘
502 FEPUTh Decimal & £ 0% 3 4312 ADFa o] 55 25 A0 YA+ E AHSA 2AY
e BT s e BAS AP
st 82 pecimal FE AT o] X BF &bl AelA G EREE ALY T AAE SIS
% 9== gk

= w
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>>> Decimal ('1.00") % Decimal('.10")
Decimal ('0.00")

>>> 1.00 % 0.10

0.09999999999999995

>>> sum([Decimal ('0.1"')]1*10) == Decimal('1.0")

True

>> 0.1 + 0.1 + 0.2 + 0.2 + 0.2 + 0.2 + 0.2 + 0.2 + 0.1 + 0.1 == 1.0
False

decimal B2 Z 83 hFo AUEE A&ES ATt

>>> getcontext () .prec = 36
>>> Decimal (1) / Decimal (7)
Decimal ('0.142857142857142857142857142857142857")

11.8. 102 28 AH L= 105
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7he 2 2 7K

gtol S 22 I FF R etol Bl R AFHA = WAL EES AHEFUTH 38§
2] £ WA gelBye7t 2T 4 v, §& 2RI EF Mt E W] 2
f3tA, ol ef] e H o] 28 FA WMAE ARt §8 ZRIAS AT & 7 W2 dYth
%, otte] stold A7t BRE S8 22 IWY 27 AE FFA 7= 2ol B E o= dsyTh
& Z2IW A 5 RES WA 1.00] BATH 3§ =2 I3 Boll WA 2.00] BT A9, 27
Ato] SESHL, WA 1.0 =202 AXstd ol 3 §@ 22 WS AP+ A Futh

ol Aol et s 22 7H 9 & wEE AJUth o] 7MY A2 54 WA sholxd A X9} of 2
F7t 71 A& 2t gujE vEdE e Eg gy th

ANETE SE Z2IOPSARE O /M A4S AT 5 AsUth 94 2 455 87 A
ANE sty A, S8 Z2 I Aol WA 1.00] AAH 24A| 7Hd FA o] 9L, 8 22T Boll=
WH 200 e o 7MY A 0] e AF Uk 58 ZE2 I B4 glolHe & A 300 %
Had ol = of ot 7, & ZE2 AW AY BF o JFS W AA FFUTh

12.2 7}t 812 GHE 7|

7P aE & wE 1 At ol AFSEH = BE-2 veny 2Hl Y TH venv & B W 0] AP H (—-version
FAo R AT & Sl ol H HAES AP UTh & £0], python3. 128 H P& APstdE WA
3.127F A A H Ytk

7V AR S vEe Y, 9ot HEAE g E 2R 8, veny BES AT HERZ APt tHEE AR E
g3y Axz Ayt

[python -m venv tutorial-env

ZA8}1A] =t} d tutorial-env U HAE 2] & w511, I QHof| sho] A Qg 2] E Q] AR I} T} F
o] o= v ES YTt

7t &) dutA el faEE e Y A= . =
o2, gHE g 7t A= ol & AW ote o5& Al FstAAME el gsuth =S YR E

L
)
i

Ve ade e, M S 24% e 5 s yth

A% 9o 4 o FA A FY

=
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[tutorialfenv\Scripts\activate ]

Unix 4= MacOS ol A] o] g A] A 3 gt}

[source tutorial-env/bin/activate }

(o] 23 HEE=Dbash AL sl ZrAH A2 2 csh == fish A2 AR5 Aol =, Al activate.csh
2} activate.fish 23 HJEE AL&3]oF Ftt)

7SS &4, A 2R ZEV AR AME A MBS HAAFa, S 4 5
oytnon & AReLE 57 W de] srolHo] AAH == FuiT), o Fol

$ source ~/envs/tutorial-env/bin/activate
(tutorial-env) $ python
Python 3.5.1 (default, May 6 2016, 10:59:36)

>>> import sys

>>> sys.path

['', '"/usr/local/lib/python35.zip', ...,
'~/envs/tutorial-env/lib/python3.5/site-packages']
>>>

g B4 n Bl R, 0t 2ol B del d g

[deactivate }

12.3 pip& 17| x| &2|5}7]

pip 2t Z 2 I WS ALRS1o] 9|71 A5 A X, dadol= D A AT = A5Uh 7| RA SR pip = v}
of# 7] 2] Al A # 7] A E A XU T F BepgA oA sho] A 3 7] X] Al A E 4 JdF Ut
pip &+ “install”, “uninstall”, “freeze” 5 B2 F& WHE Z2F3 JFUTE (pip o thek AT FA4=

installing-index 2] 3= HH Ft})
H 7)1 A] o] F& A ste] A WAL A7 AE HAT F dsUth

(tutorial-env) $ python -m pip install novas

Collecting novas
Downloading novas—-3.1.1.3.tar.gz (136kB)
Installing collected packages: novas
Running setup.py install for novas
Successfully installed novas-3.1.1.3

H 71 2] o] F Foll == A A MTE Fo] R WA 7 AE HAAL +=

oy

Ytk

(tutorial-env) $ python —-m pip install requests==2.6.0
Collecting requests==2.6.0

Using cached requests-2.6.0-py2.py3-none—-any.whl
Installing collected packages: requests
Successfully installed requests-2.6.0

ol §H = Al A, pip = 2T WA o] ol HA|H o] Ql5= L], ofF A% skA YUt
gEHA AT E AANA I HAS AAYpython —m pip install --upgrade 5 A3l 7] A&
A WA gaelol = 5 gtk
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(tutorial-env) $ python -m pip install --upgrade requests
Collecting requests
Installing collected packages: requests
Found existing installation: requests 2.6.0
Uninstalling requests-2.6.0:
Successfully uninstalled requests-2.6.0
Successfully installed requests—-2.7.0

python -m pip uninstall Th&oll 3tu} o] 4+e] i} 7] 2] o] 5o &1 M3 &7 ol A ) 7] 2] 7} Al A g Y v
python -m pip show = 54 7|4 tf3t FEE ZA Gt

(tutorial-env) $ python —-m pip show requests
Metadata-Version: 2.0

Name: requests

Version: 2.7.0

Summary: Python HTTP for Humans.

Home-page: http://python-requests.org
Author: Kenneth Reitz

Author-email: me@kennethreitz.com

License: Apache 2.0

Location: /Users/akuchling/envs/tutorial-env/lib/python3.4/site-packages
Requires:

python -m pip list & 7 A AXH BE 7| A& FAIF Y

(tutorial-env) $ python —-m pip list
novas (3.1.1.3)

numpy (1.9.2)

pip (7.0.3)

requests (2.7.0)

setuptools (16.0)

e
F

1528t EE& WS A9 python -m pip install ©] 7] )
=5

python -m pip freeze & & o5
An %requlrements.txt stdel ¥+= Atk

b 94 Ag P

e rﬂ
flo

r—r‘ ﬂl.u
N
NNy
o o

e

(tutorial-env) $ python -m pip freeze > requirements.txt
(tutorial-env) $ cat requirements.txt

novas==3.1.1.3

numpy==1.9.2

requests==2.7.0

[H

requirements.txt = B A A o]o] AHlE o] &
r2EREIQIIPAAE LA 5 Y5

2R dEg AZE 4 Jd5Uth AR A= install

(tutorial-env) $ python -m pip install -r requirements.txt
Collecting novas==3.1.1.3 (from -r requirements.txt (line 1))

Collecting numpy==1.9.2 (from -r requirements.txt (line 2))
Collecting requests==2.7.0 (from -r requirements.txt (line 3))
Installing collected packages: novas, numpy, requests

Running setup.py install for novas
Successfully installed novas—-3.1.1.3 numpy-1.9.2 requests-2.7.0

pip & o W2 FA 0] AdFYTh pip o tf 3t &7 3 7 A <= installing-index A & F3HAH 8. S 7| A &
2 S wf sho] A ) 7] ] A Qo A} AFLEF S 9l A BFe W, Python packaging user gu1de £ FastA 8.

12.3. pip2 mH3|x| Ba|5}7| 109
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O|AM & 5kX|?

o] A+F5 A E ¢loj A ofut Fho] M Abgof] #HE A o] FolH S AYUT — AA AL s Z 3] S
o]l ¥ S A &5t 1 sl oF Fth o w9 A o £ Z}of E7}?

o] A5 A shol o] B4 AEY AR AUTH AEY hE BA & T2 24U Th

library-index:

BE o Ry P 4, %4 @ BEo 8 A8 (4% DA v AR A A2 E AT o
A S A of P Th. B2 shol W M E o] & F7} LET} Bo] £3H o] dFUTE FH2
SATL AL, HITPE 5o BAS AA3a, 348 Bsw, 398 §42 FAsha, volg
2T, 7|8 B A9 S At BEO] 5T 2o He 2 Al HAAE FoHH ol Aol
A &5 AU

installing-index = T} 3fo] W ARG A7F A4 371 REe Aot Wi A9

reference-index: 3}o] 2] B H 3} o] m]of] thsk AFA|3F AW, 9] 7)o KAz ulk o
A PP A=A FRFU T

71 e} sfol A&

https://www.python.org: 8 3}o]# §] ALe]E. o] 7]ol= FE, A B 1o e stojd #d
5] 0] A S )2k Z Vel 7} S o] gl LT

https://docs.python.org: o] 2 o] A Aol w2 A AM AT 4 5

https://pypi.org: ] Z el X]= 7}A] (Cheese Shop) = &' Tho] & 5 7] A] JEl A= Yejubg
St A8A A% shold BES AAQuth DEE NES] Y OE AgSol B
AES o 70| =B 52 4 Yok
https://code.activestate.com/recipes/langs/python/: s}o] # 2 2] A (Python Cookbook) & B2 F =
AAl, HEEE Y FE8F2IAHE g ‘?JHE} 53] 58 1E ¥ 352 Python Cookbook (O
Reilly & Associates, ISBN 0-596-00797-3) 0] = AlE2] Hof] mokHyTh

https://pyvideo.org + 25 A2 9D ALE2 157 3] 9ol A] stolx AA vt o & FIAEE TF
gyt

https://scipy.org: Scientific Python ZZ A E o= w2 o & A4t L 22-S 93 ZEES

Felo] ek v d Y &, I B2, A 4 TF 22 A8 7HA 71 A S0l 2T U5

! “Cheese Shop” < Monty Python¢] A A X JUth: A o] X = 7}A o] 0] 7}A| uh, = X =7 F o)A, AYL gioky 3y

o},
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glolH T AR Y BEA| B9 AL, 52 15 comp. lang. python o AlA| 6]-741/]-python list@python.org
g Wy P2rERZ B £ dF Ytk & 253 Uﬂo]‘j/] AEE Ao E R dAEo Joeng
stLtoll AAIE WA A= AHs o2 T 3—'3‘23 AeEd Ut aFol =19 A AA & o] ia}g‘/]r/}

Ea T, AR UL, A2 /15 AAHL, A2 T ES RV WL 2 ARLE
https://mail.python.org/pipermail/ o ! 2% Ut

AN G Aol A7 e AEE FAQEFILE BT 552 Bls]of YT FAQE ¥HE A 0% e}
Ue B Aol e &2 AlF sk, ojn] of 222 EAlo] thet s 2 W& "L e 5 A5 Utk
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1a)
ol
|>
Hm
L]
Rl
rlor

bl

Q% sho] 4 <lE] = 2] ) 1L Ko 4 @ GNU Bash Aol 9= 7153 SA181A @4 19 2 A4 2 9
S o) A8 AN o & T 2 ehe] BH1 2 A 9o GNU Readline 2ho] 82 2] & A1-3-5o]
FAF T o] ehol Helelel & A AWM} a1, of 7]el A WA £ g o

HEol BE o] 5o $AL A Z | E A Z A A5 22 EA 3] H o)A Tab 7] 7 98 7] 5& T EFTUTH
slo] W WHE o] 5, A A HE- L ALE 75 B E o] 52 25Ut string.a 22 Foz T EH
HAAY AL, BFALS v 7ER] ZHE S o, A3 A o EHER S-S AU
_getattr__ () MINEE ZIA AA 7t 282 dRWH S E 22 T30 Ho|d F=E AP 4= S0
Fo s or gyt 712 g2 AR A E gl ol .python_history B YR S| AEEE A7}
o3 sy A Z e MAA S 2ERE TA AFE 4 5 Ut
14.2 ClE}H QIE{Z2|E{ CHOt
o] 752 o] WAL Qe = e Ef o ‘ﬂ ?&%rm A G TAJYUTH T2, 2 7HA] of] 2ol EHUTth
oo = Eol AT EA2T|7FAGETE £ AU (& 47+ D‘r%°ﬂ £ %22 7] (INDENT)
EZol FdA &5 AdFUth. A HAYUSLE Az EY AL HolES AT 4 dH YT
A 23, R 52 AAEE (e Adse) 98E 8 Zi%‘bl .
H LA I AT AAE 3t AE Z e = Python 1 dl], § &4, AA &4 2 17 3| A~E8] &
715S 23 54Utk £?‘5J, AA A A2Eulo)lzeA T2 & Z2 g AT 4 g5y rTh
v ek i T2 A E i 3HE 372 bpython U Th
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i
Ofn
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=4>
0
[
>
MO
>
i
no
o
N

e 203 A= AFHE sFEd ol A E(base) o] 291 (o] ) 42 HFUTH ol & S0, YR &
0.625+ FL6/10 +2/100 + 5/1000 & 7]-1]111, Zeuialog o] 24 0.101 = L 1/2+0/4 + 1/8 & 7HA
Utk o] F &agE 22 @ 7}Xlﬂ4m°r?=_‘ 2 Apo] 2 A HA 7F o] IOOL S R S e A
FAlE ol 28k AYynt

P55, thiEo] A 24 A o) 24z xdE ¢ 5t 2RHor, dutdow
dgste AR 5 257 KA AA R 71 A AFE w = oA F5 a5 2 ZAFE BdUTh

o] Al WA ¥ 1004 WAEE Aol oJsfst7] AUttt £ 135 A4 FAth o ge A
aTsE A S dsyth

(o )
e, 9 ggstA,

[0.33 }
=, 9 A,

[0.333 }
5% obrEl B2 AEeE Aol 2AV A S 1/30] E & A, AA © 130 77k 2ARA] 7}
Y

T2 Ao w, obf ] we Z} T ZAE AR E, AAF 012 o] a5z AgstA 2dE 5
%‘A%HDP o] A ol A, 1/10-2 F-313] J%F»l“ "’“%MDP
[o.ooo11oo11oo11oo11oo11oo11001100110011001100110011... ]
T HE FolA HEE, 240 A F Utk L5 i FE 71 A0, floatE o] A B4 E ZAEE
o, 23 v EZRE AlAeE S3HEE EARE AMSSHAL, 24 AGAF T2 E2E ALY 1/10
o] A%, o] B4 3602879701896397 / 2 *+ 55 1T, AA| gk /1037 A2 2R A&s] A=

B0 AFg A ghol EAIE S WA wEo] 2AFE Q1A 81A) £ Th Tkl ML A A o) A o] A 24t
ahel 2R 4170 groll Thak 417 2 gk A4S WU T thRE 7)Aol A, whek she]dle] 0.1 % A4
| E Aok gtk

9
N,
1
=
2y
1o
™
X
>
2
2y
o
i
i)
r
kY
1=
O
o
i)
L
(o]
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>>> 0.1
0.1000000000000000055511151231257827021181583404541015625 J

o] AL TR Abgro] §-8 3T A ARTHEE Aol n R, o] AL v H ke tiAl EA
sho] A8 thETaA BE Y o

>>> 1 / 10

0.1

A4 E A7k FEE 17109 AA Y BolE, AR AZE % A Ake B s oW 25U
712 8HA] 8.

ZUEAE, AR A 2o oA 25 FHFE o8 BhE A5 dsUTh o2 13
0.10000000000000001 ¥ 0. 1000OOOOOOOOOOO0055511151231257827021181583404541015625 k=£1

=3602879701896397 / 2 ** 552 ZAFHUT} o] AR %kCO] DE e ZAZES T3] Wl Eell
eval (repr(x)) == x EHE IHWE FAFHA 135 s 15"‘ A5t

AAA o7, stol W 2EZEL} U repr () 4= F8 A 17702] 522121 0.10000000000000001 <
Attt sho]# 3.1 58E, o] A sho] A (hFE A2l A) o] 7FE g2 A A8 4= gl on, i3
0.1 T FEA YT}

o]Zo] o] X HF A ALY BAdo| FHA K oM W& ofyH, oo F=of J=HIx
oLk =gole] RE a5 AEe AU RE dojo] ] 2L ERO AL B 5 g (AR
Qoj- NBAoR e WE £8 WA FolB EANA %S 94

20 B2 238 dodE, B4 T0DS Asoted ARE o) §5 £AE ALL 5 5]
c}:

>>> format (math.pi, '.12g') # 12%®] S 2 &% *F

'3.14159265359"

>>> format (math.pi, '.2f') # 257 HE 27F=

'3.14"

>>> repr (math.pi)
'3.141592653589793"

o, AAQT uloM, FFAES MEE 2ol T2FUT: A2 &s] AR 7 AR 2A &

2
D

o] B ThE BHL 3L 5 AFUTh B E0),0.12 T3] 1/100] ol B2, 0.19) A A E F
o3 0 .
o

A A A23] 0.30] obd Ut}

>> 0.1 + 0.1 + 0.1 == 0.3

False

T8k 0.1 1/109] F &3t gholl o 7H7H & 4= 913, 0.3 % 3/109] &3t ghell o] 717194 = e B =,
round () T2 0|2 YIS HE A2 =80 H A gsyth

>>> round (0.1, 1) + round(0.1, 1) + round(0.1, 1) == round(0.3, 1)

False

%Z}—% -045—1';@2]'1’ g}\-oﬂ Eﬂ 7}71]:]'71] s T T %:‘AZ] 11', math.isclose () ?:}—/I'\‘L\:‘ “Ti;gi—.]"‘?_ %}C‘% H]ﬂ%a]-
o ¢-8% 5 dxUh

>>> math.isclose (0.1 + 0.1 + 0.1, 0.3)

True

EE, round () FFE AR SE] A d 2AX & Hlad 5 JFUth
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>>> round (math.pi, ndigits=2) == round(22 / 7, ndigits=2)
True

RS 250 52 oY B S AT 0179 AL okl “HH 257 Aol A

A AR, 012 B a0 5 F43} AR o)A B3l BASHE EA §aol o e Avl gl

ke nE atl BAIG )% FROAL. BT e AN wehgol g o ST AL HE

REEEES STV

o) 7ko] L1 WehEol, “4E Fe flFUTL” oFF, HE 25 B4 AUAA AT BaE g

! 5}o] A float A4FS] of| 2= 5 A4H stuglofoll A A4&5H 2ol a, thiE 7] 74101]/\1“ A4k 2##53
12 9 e AR ol AL tlRE Aol Do o 7 ol At AT, 4 4ol
™ float &

Abo] A2 w2 o e 7} AR 4 ks A2 W AlsloF g,
=]

[e]
R, Ut 4% A9 s

ox, X Mok Ofr TLal P ko 2O
oY, r‘{rlﬂ_u

o
Uo7
2|54 A7t A A e 48] fg ae g e A
Q4w w2 YA HASE e AE B B AAVTh BE err() HORE FEHH, O
W3HA Aot formatstrmgs O Al str.format () FIA B T W A AAE HAM Q.
AR xHo 2 },\}g At B, B A S 22D 1P FE =2 I A3 A
=S 13 GE decimal R ES AL HA L.
B e E o FH e FeElaE 7V e R AbeS TS fractions EEO &) Aldg YT
(e 133} 22 £ B E5H ek 4 & Th.
BE 2548 A4S o] 8k A A NumPy 3 7] 2] 9} SciPy Z 2 A Eof| 4 A F3h= 53 2 B 7 A4
< 9% o2 g2 97| R & Ay Hhof gt} <https://scipy.org> & E A L.
shol & of el Hol flowd] A L AR Bolop Sl EF AL E AT S AL ETELATY
Ut} float.as_integer_ratio() WA EE floatd] S 4 Ei?ﬂt}th}~

>>> x = 3.14159
>>> x.as_integer_ratio()
(3537115888337719, 1125899906842624)

Hl&-& A3 ghol 7] 2ol A 2 &4 glo] A vrEE U AL 5 JFYth

>>> x == 3537115888337719 / 1125899906842624
True

float.hex () PIA E+=floatE 165 (E o] 160]th & @ st=t, AFxH ol AZH F&3t g 5t

>>> x.hex ()
'0x1.921£f9f01b866ep+1"'

o] et 16314 £H 2 float g2 B3 AFA st ol AHEE 5 A5 th

>>> x == float.fromhex ('0x1.921£f9f01b866ep+1")
True

5l0) Afkshn e, shol e the uld of A7 §hE 1819 9 ol
A Q5He THE Q1o (bt C99 2-2) 9} Bl o Bl & w#sHe o §-8 FriTh
E e § 88 P an ST 0] BE FAtE T
A A FLEY DA G FUEE AS AT A AAN ALE & A AR
2] 7 3 A A eroba] A A Ao Aol v 4 erIth:

X

>> 0.1 + 0.1 + 0.1 + 0.2 + 0.2 + 0.2 + 0.2 + 0.2 + 0.1 + 0.1 == 1.0
False

>>> sum([0.1] * 10) == 1.0

True
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math. fsum() < T Yol7h Aol kol gl d o] =&
NS HE S5 St ol sum() B =2 A0k 2 3] d g o] thi 2 AR A= o,
SAShA L S E 720 0 A o

28

>>> arr = [-0.10430216751806065, -266310978.67179024, 143401161448607.16,
C -143401161400469.7, 266262841.31058735, -0.003244936839808227]
>>> float (sum(map (Fraction, arr))) # =Tt e cral 2re =l
8.042173697819788e-13

>>> math.fsum(arr) # Trel T

8.042173697819788e-13

>>> sum(arr) # FT JYEx FF U

8.042178034628478e-13
>>> total = 0.0
>>> for x in arr:

total += x # B 72,1':']_'-13_ Er% ‘dr%al
72> total #Tre Yo e A 3N sl

-0.0051575902860057365

151 B8 25

o] Ao A& “0.1” A AE AA 8] A star, o] 2§k Abe| ] st Q8 BAS o HEol A sy st=
YHS HFUth o] B5 24 33 ok 7] & X2 o] itk 7Fg gy o}

B8 23 (Representation error) = A (AAZE, R E) A X 427t o] (W 2) a2 A ESHA Efﬂ
g gtk AR S YeRd Ut o] o] spo] M (2 EH, C, C++, AL, ZE T E 7]E} o 2] A of)o] F

o &) 7|t A A INFE ZAISHA &= T4 o] F Y4t

o ZE7R /102 o] A2 FE3] AT 4~ gyt Foj= 2000 o] %, AL BE 7] A= IEEE
754 o)A RF A4 A /‘1- 2 A5, A 2 E Z Y ZL vlo] A float S IEEE 754 binary64 “HH AT o
wjj 3 g o}, IEEE 754 bmary64 F253MEY AU T 23H o] lojA, J8 A HFE = 0.1 J2**N
P Y M 77k R Wt I =8 th A7) A J &= A EE] 53R EE 238 AT YU The

[l / 10 ~= J / (2**N) }
=1

[J ~= 2**N / 10 }
22 oA 231, J 7} A EE] 53 U E(>= 2##52 o] A Tk < 2++53 YUTH P& L3, N Y FH A g2 56
21 ok

>>> 2**52 <= 2%*5¢6 // 10 < 2**53

True

5,562 J7F &3] 53 EVHHES HEE=NY FES AYUT T s i S M 2 A2
HEET HAYUh

>>> g, r = divmod (2**56, 10)

Vb A7 109] Buba T 282, 43 A SAghe 29

o
X
ne
9,
i)
v
v

>>> g+1
7205759403792794

mebA] [BEE 754 M AW E 2 1/10 o] 717 71718 24k the 3} 25U o

re
-
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[7205759403792794 / 2 ** 56 ]

AR 2R S 22 U vt 2ol g th

[3602879701896397 /2 %% 5 }

2 AG F7 wFol, o] AL AA = 1/10 Br} o7k Atks Ao 2ol 3hA L U =S b, o] 1/10 Rk
b7k ZobA S A YU th T vt oW Aol = AEEHA 1/10Y S gl cH

et AFEHE 22 110 “EA” ZTEUTH 8 5 = A2 oA oA ZAFgs B4, S 5 U+
2 M) IEEE 754 vl A2 & ZAkzkl Yok

>>> 0.1 * 2 ** 55
3602879701896397.0

T 250 109558 F5H9, 55709 417 244 B 5 Y&tk

>>> 3602879701896397 * 10 ** 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625

ol= AFE o AAH A &3t 527} 4 R 4= 0.1000000000000000055511151231257827021181583404541015625
9 2SO W gth AA AR G FEAISHE A, B o] (o] WAl shol W £ & ATHE 17
Aol fEEAZ WY gk

>>> format (0.1, '.17f") }

'0.10000000000000001"

fractions £} decimal 2R EL o] AALE H A W5t

>>> from decimal import Decimal
>>> from fractions import Fraction

>>> Fraction.from_ float (0.1)
Fraction (3602879701896397, 36028797018963968)

>>> (0.1) .as_integer_ratio()
(3602879701896397, 36028797018963968)

>>> Decimal.from_float (0.1)
Decimal ('0.1000000000000000055511151231257827021181583404541015625")

>>> format (Decimal.from_float (0.1), '.17")
'0.10000000000000001"
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cHAPTER 16

i
J

16.1 CHiSl 2 E

There are two variants of the interactive REPL. The classic basic interpreter is supported on all platforms with
minimal line control capabilities.

On Windows, or Unix-like systems with curses support, a new interactive shell is used by default since Python
3.13. This one supports color, multiline editing, history browsing, and paste mode. To disable color, see using-
on-controlling-color for details. Function keys provide some additional functionality. F1 enters the interactive help
browser pydoc. F2 allows for browsing command-line history with neither output nor the »> and -+ prompts. F3
enters “paste mode”, which makes pasting larger blocks of code easier. Press F3 to return to the regular prompt.

When using the new interactive shell, exit the shell by typing exit or quit. Adding call parentheses after those
commands is not required.

If the new interactive shell is not desired, it can be disabled via the PYTHON_BASIC_REPL environment variable.

16.1.1 oll2{ %2

A7 BAFHE Azl e o & W AA 9} 28 Eo] 28 AT BHEP BEA AL A8
zgsER Bolffuth 2R Yol 9wk, 28 EaolAE A4 F00] ol FE A=
FEFUTE (exy 24 excepr 29 213} A2l5) £ olS) o] wHeA o 27} by ) 23 ole] =
Bz A Aelr 00] ohd FE FEe] FRE FAFPUTh o] AL Y BAN G e HEoz A%
o A& UL R E o2 WAAL HE e A= Do 2 Tk A

ne HE Hygo A =P 5F
=90 7159yt

VNEFEE=RZ 225 E0 o HE B2 (YUFA O F control-C FEEpelete) S Y FH B L H 4
i 718 zg=Er Sopgth! W07t AyE = Bt AHHES 4G ery Bof 3 X2
4~ 9= KeyboardInterrupt o] 7} 2A g o}

16.1.2 A% JhsH ojo|W A3 RE

BSD 2B e Fua A AH A slo] ATHEE A ATHENY AH AP 5 A BE 5 A%

[# !'/usr/bin/env python3

! GNU Readline 3} 7] 2] o] gl &A1 7} o] A& el & 5= Y5t
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(AEIZ B} 7} AFEAL] path of] Tt 7H A S ul) & 2T HEY A& o] Y1 3pdol 49 715
rEE ZWD} #' = REEA] 3199 A5 F EAA oyt A7 FHAFANA = o] A HA Fo]
2B EFE( \n )2 Yok, 95 E T5('\r\n") & =5 A g5 th sho] Ao A sl A],
EeT %E,—‘Er 2L ¢ = A4S A ASEE H AR U T

2T HE & chmod W& AHE3te] A8 74 BE, B A% & RoibE 5 5yt

[$ chmod +x myscript.py }
A= A|2Fo A& “Ad 7hs Re"eh= 7 d o] glsUth stol A A 22 382 .py 3}Y-S python.
exe @} Ao ® 04 75%}@], gtol A st S o] F FEsH 2T HEE AP A+ pyw & TE
AFUTH o] A9, AREA 0 2 U+ 4 32 ZAH A g5 UTh

16.1.3 CHSIS A|EF T}l

golHe 3P o2 AT o, TF Az H 7t Al ZE winfop A e = 2E PP s e At
U Th pYTHONSTARTUP #7 M5 Al g o] Sol3le vhd o] 522 AAsd Fyth o] 22 f 92
A9 .profile 7] oJer*}?..}HE‘r

FE

o] YL thEY Aol Art el H, shoj o] ATHENA YHE ¢
HAIA 29l A (3 A" FRErh ol oA F5uth "ﬂﬁ}é
Skl Al a%‘ﬂ‘ji o] st o 17646P741%°‘4E5}L AAES W3

Ol FLE AT 5 F YT o] oA sys.psl H sys.ps2 EEEE% %732}’“‘: O‘A‘J"/}

A g oA 27 AZ LS o dE, AY /\]7]'3]-0101]/\‘] if os.path.isfile('.pythonrc.
py'): exec (open('.pythonrc.py').read( )94 22 I E AN 22 a9 stk &3
HEOA A2 S AHE S H AT HE A HAI AL -’F—@OHOF‘Z}‘/]“/P-

import os
filename = os.environ.get ('PYTHONSTARTUP'")
if filename and os.path.isfile(filename) :
with open(filename) as fobj:
startup_file = fobj.read()

exec (startup_file)

16.1.4 HAE{OIO|M|O|M B E

slol| W& AxE o] 2e 4= = F 7HA| L Al F T T} sitecustomize 2} usercustomize. o] E A 25
Sh= A Eﬂi H, A o E%—Erﬂ AH&-7} site-packages U] & E] 2] 9] 9] x| & Ztofof . mho] A& Al &stal
T Z=E5 A3y

>>> import site
>>> site.getusersitepackages ()
' /home/user/.local/lib/python3.x/site-packages'

o)Al 2L T) & E 2] of] usercustonize.py 2 0] 2] HAL HET Ak ASS YL 4 YLUTE A5
JrEB WBABSE s FHOR XA Qi B, o] AL wE oM Ao] AFL &

15 A )
sitecustomize = Z+-& vlAl o 7 =512 gk, dulA o
9HS 31, usercustomize Aol YL E 4 =RB= X]—/xﬂ F &
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o
20{%
>>>
tfste Ao 7|8 slojd 2F = E. Az oA P oz A 5 9= ZE oA A
245 95y
e 2e ASE e 4 Ay
e S22V H IEEEY FI=E YHET W], BS o] FE FEA (ZE, HZE, FEZF) ¢
2eg ddea), BzeolE A4 2o o5y Ao /B o) 2EEE
o The three dots form of the Ellipsis object.
abstract base class (34} wj| o] 2~ 2] *)
ZA A o] &~ EEH/\“ hasattr () 22 02 Haydso] EHSAY n|HHA Z5EH (& =9,
o 2] w A =) 5, AE V‘g Aol sh= Zﬂ*ﬂoi’/ﬂ g Elo] % & 243tk ABCE

7 AR :'EH)\g =3t=d, M s 74]—‘0']'?(] Qr O M A& isinstance () 2} issubclass ()
o osf ZAE = A= FH2EDUTH abc BE YA E HA L. ho] o= B2 W ABC 9|
gt = g3 22 A5 d5Yth AE X (collections.abc R EOA), A} (numbers

BEIA), 2EH (ioc EEIANA]), IXE A £ (importlib.abc EEOA]). abc EES
B A A TS ABCE BHE S Slgh

annotate function
A function that can be called to retrieve the annotations of an object. This function is accessible as the
__annotate__ attribute of functions, classes, and modules. Annotate functions are a subset of evaluate
functions.

annotation (o] €] o] A)
5ol met 9 GE 2 AASHE U, 2 s ojE e E
ol EYd Yt
Annotations of local variables cannot be accessed at runtime, but annotations of global variables, class at-

tributes, and functions can be retrieved by calling annotationlib.get_annotations () on modules,
classes, and functions, respectively.

rlr
i

Sl U ke e A4 e

See variable annotation, function annotation, PEP 484, PEP 526, and PEP 649, which describe this func-
tionality. Also see annotations-howto for best practices on working with annotations.

argument (212}
FTEITST Y T (EE M) 2 AGH = 3 7T 7Y dA7 s th
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719 & A3t (keyword argument): I T2 wf APE A7} ol F2 QAA} (] E 01, name=) =
**%%01 2 gMqyel g Ags = oAz
5+ BEF 719 E A Y Th

complex (real=3, imag=5) }

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

o A LA (positional argument): 7|9 T QA A7} obd Q2L 9 X QAASL QA BE S
Ue A ofH e L 9 ol » £ 2 A2 5 5 Ut A€ 5o, e 22 T2 3
Fs = 25 A AR U

‘complex(B, 5) J

complex (* (3, 5))

ol i dg et of v Aol -85 = +F 2=l thafl A= calls

ArHc B ko) ol F e A9 of 2
1 A0 A2 S 5 AFUTh PR ghol A9 WA

45 HAlR. BEHAeF, O?
ol ?J% S22
{01 o) w7 S FE T} FAQ AR 12k} w 7| M 4 9] 2po] 9} PEP 3625 H A &

asynchronous context manager (H]Eﬂ A~ #&) 2}
_aenter_ () & __aexit_ () (I EE ALY TS ZH async with ZoA] Hol&= A& A o3}
= 214 PEP 4922 S )5 o%Aqur

asynchronous generator (B8] 7] Al o] E{)

A5 7] Al el ol e ol B # o E § el FE §4. async def  JEE TRE F4LAY Ro|
£, async for LE} ALY S L e hE s nee yield £8 4 Egarie Hol
chE YT

HE 5] AV olE B5F el 714w, off Bl 1E ] A dolg ole e ol e &
AR g 5o o} BHEA %L A9, FAT ol B MM REFS AAUTh

B 5 7] AV d o8 g4t await XA AT} asyne for 3 asyne with & ¥

asynchronous generator iterator (H]5-7] A& o] €] o] €] #| o] €])
An object created by an asynchronous generator function.

4% 7] o] B @l o] B QB _anext__() & BE W ol 0|12 AR E BRI, o] AL TH yield
FR4] 717 5 7] A el ol o) uiT) & AT

Zhyields GAIH O 2 A& e, (AQ HEEHt 7] T2l try-
719Ut vl 7] Al el ol g olE g o8 7} _anext__() 7} B F
AN A, g oz B3t} PEP 4929} PEP 5255 H A S

asynchronous iterable (V] % 7] o]€]2] &)
async for oA AMEE & = AA. _aiter () WINEE HE 7] o|HEH ol & =8 F oF
ST PEP 492 2 = Y& 5 4Yth

asynchronous iterator (H]£ 7] o] €] | o] €])
_aiter_ () & _anext_ () MINEE FH3= AA. _anext_ () £ olSoJHE AAE =
] F oF Ut} async for+ StopAsyncIteration o] 7} WA S w71 2] v]E 7] o] ¥ @ o] 9
__anext__ () HINE7} 58 F = oldlo]EE& FUTh PEP 4928 cgﬂgi Yt}

attached thread state
A thread state that is active for the current OS thread.

]
4
X0,
ofy
<
kv

When a thread state is attached, the OS thread has access to the full Python C API and can safely invoke the
bytecode interpreter.

Unless a function explicitly notes otherwise, attempting to call the C API without an attached thread state will
result in a fatal error or undefined behavior. A thread state can be attached and detached explicitly by the
user through the C API, or implicitly by the runtime, including during blocking C calls and by the bytecode
interpreter in between calls.

On most builds of Python, having an attached thread state implies that the caller holds the GIL for the current
interpreter, so only one OS thread can have an attached thread state at a given moment. In free-threaded builds
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of Python, threads can concurrently hold an attached thread state, allowing for true parallelism of the bytecode
interpreter.

attribute (o] E 2] H
o ALH AR AB e o0 BT AN AHD gk oA Bol, A3 07h o] EHE

£ 79, 0.a X ™ FxE U

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

awaitable (o] 9J] o] €] &)
await T Ao AT £ 9= Ax).
Tt} PEP 4925 R A &.

BDFL
28] 2 -8 Al = 2] A} (Benevolent Dictator For Life), = Guido van Rossum, 3} o] 2 2] ZFA] =},

binary file (¥} o] 1?‘4 ut¢d)
Vol EQR AAEE 9T & 5 At 9 AAL wpolve) 5de] Az ol BE (s,
"wb' EEE— 'rp+') 2 3 9+ Y, sys.stdin.buffer, sys.stdout .buffer, io.BytesIO £} gzip.
GzipFile 4 OIAEHAE

o

8 o)t} _avaic__ () MAEE A AN D 5 A5

Ry

str AA & il &

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

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

bytes-like object (W} o] & Q5 2 A))
bufferobjects & X Q32 C-A1< HIHE 22 E S JH5 UL o8 F % memoryv1ew A R
E 20|31l bytes, bytearray, array.array AA|ES T3t vlo]EEF AAEL v}
HolEE Bt of e 1A AaEel AHEE 4 TGH e A A
A% e AT deUth

ol Q45 -e vhol e HolEl 7k AR A Bk sk old Ago] AWML £5 <) T-
&ﬂﬂhm_%%zjwﬂﬁliﬁﬂwﬁ+7PﬂﬂﬂZMMﬂﬂELbWaumyﬂbWaumyJ
nemoryview 7 YU Th ThE Q4SS ulo el Hlolg 7} B A (<97 A& vol = AR
A7) ol ARHE=Z 2 FHUT ol & A5 o 2 bytes S bytes AA 2] memoryview 7 A%
Uk,

bytecode (H} o] E T &)
ol AA FEEulolE F=Z Auld= =d|, CPython Q1E] Z 2] E]of| A slo] W 2 73] Y
FHYUTh violE iEt .pyc IOl A Hof, T2 3 LS F AR Ay of of Wt A vE
Utk (&2 A HPOlE FER ANAIFL S AT 5 AFUh. Ol “FZHAol” = Zhuol E A E O
&3t 71 AE Aot 7 717 oA A Eta Dt h violE 3= /ﬂi T2 spo| A
7Hg 71 A A A5 AR 7|t A &, Ihol A v 3 ol HH H o] A = oFth= Aol 23l of
o

Hho] = 3= W e ol

callable (£2] &)
A callable is an object that can be called, possibly with a set of arguments (see argument), with the following
syntax:

o W rfo

=
=
L1
5

o BE 2 dis BE dAol Uyt

iy

[callable(arqumentl, argument2, argumentN)

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

A2 AT = mgfe] oy A|AoA AdE A B FE gk,
class (&)

A2} Ao AR EL 15

EUAE Y ES =TT
class variable (2] A H3)

Szl B SUL FF (S, W2 Aa"H 2o A7} of e o ARt A H = W=

closure variable (22 ¥4)
A free variable referenced from a nested scope that is defined in an outer scope rather than being resolved at
runtime from the globals or builtin namespaces. May be explicitly defined with the nonlocal keyword to
allow write access, or implicitly defined if the variable is only being read.

For example, in the inner function in the following code, both x and print are free variables, but only x is
a closure variable:

def outer():
x =0
def inner():
nonlocal x
x += 1
print (x)
return inner

Due to the codeobiject . co_freevars attribute (which, despite its name, only includes the names of closure
variables rather than listing all referenced free variables), the more general free variable term is sometimes used
even when the intended meaning is to refer specifically to closure variables.

complex number (&4 4)
ol A A|2" o 4], e At ]—/\E—/I: ot sl o o g P YL sleie
Ao 34 &9 (-1 7<ﬂ HEFTA FTE T iR, FTAME 3= B71FY
oW T2 7S 2 BAaT 114‘:]' EiR = d ]/\]'3304*1 ®719Y
of| & £0], 3+13. math _:_‘g‘-/] Eag St9, cmath & AHEFUTH B4 S8
= 223t

S 525 5k DR TD 74 £ATHY, 7o) BHel FAHE Stk

context (A AE)
This term has different meanings depending on where and how it is used. Some common meanings:

FN
2 i

» The temporary state or environment established by a context manager via a with statement.

o The collection of keyvalue bindings associated with a particular contextvars.Context object and
accessed via ContextVar objects. Also see context variable.

e A contextvars.Context object. Also see current context.

context management protocol (A8l A E ) T2 EF)

The __enter_ () and __exit__ () methods called by the with statement. See PEP 343.
context manager (¥~ E #2] 2D
AEHAE el 22 EFS FHSL with FolA] Hol= 34 S Al o] et AA. PEP 3435 Fx 38t
A]A]o
B a

context variable GAEl A E H4)
A variable whose value depends on which context is the current context. Values are accessed via
contextvars.ContextVar objects. Context variables are primarily used to isolate state between concur-
rent asynchronous tasks.

contiguous (J <%
H ¥ = A &3] C-A S5 (C-contiguous) ©) AV EE 2 A2 (Fortran contiguous) L W] A< o)kl o AF
ek AR Cadole £ER AT, ARAAN, FRELE 2ol AR5
00| A Al ZHal= 25 A< ¢ E“’\J A2 w| B ] o) v X] =] of of F Tt} TR C-A <5 v F ol A,
EE el SN2 FREE HETA VA AL e A S
SwolAE, 2 A A8 A7) A e g o,
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FFE2 AEFE] o dvistd FEiduch HEFE2 G A Yo A I YPshar thE A A ol A
2P T2 o7 & AR AYstka, %5}1, ANE 4 A5 U o] AEL2 asyne
def BOo 7 3T 4 55U PEP 4928 2 A Q.

A7 AAE EHFE T ZTFH T4+ async def w22 HYF £ 93, await async
for@async with 7| =5 23T 4 J5UTh o] AE2 PEP 492 o] oo =45 55Ut

CPython
spold =2 e Aoje] FHA A L&A, python.orgoll A ¥ = Yt} o] &S Jython ©] L}
IronPython ¥} Z+-& th& AES% #3271 9l& uf & “CPython” o] A& Ut}

current context (3 ] AE A E)
The context (contextvars.Context object) that is currently used by ContextVar objects to access (get
or set) the values of context variables. Each thread has its own current context. Frameworks for executing

asynchronous tasks (see asyncio) associate each task with a context which becomes the current context
whenever the task starts or resumes execution.

cyclic isolate
A subgroup of one or more objects that reference each other in a reference cycle, but are not referenced by
objects outside the group. The goal of the cyclic garbage collector is to identify these groups and break the
reference cycles so that the memory can be reclaimed.

decorator (¢ Z &) o] €])
245 EHFTE G5, X5 eurapper EHS A5 S HE o7 AL Ut dZ
olE] 2] &3l o= classmethod () ¥} staticmethod () ¥Y

s ol e B BA A BHY BYUTh TS F F5 A e v oz TSPk

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arqg):

2o Agel Fu 2ol w EARAT, @ A% AU tlmd ol elol Bl e o A U §S T
ol ok Zehs Ao o BYAE HE Uk

descriptor (t] 23 ¥ E-])
HAE _ get_ () o]y __set_ () o]} __delete_ ()
ﬂ*i%lﬂo‘ffﬂ 01 ZHE X3 &= 58T A2 AL dogyrh 2%, abE AW 2A,
AbA S AHE R o, oS FEl A A oA b 2t 1% Ax 7“Xﬂa Sk sHA R b7}
E]/\i%Ei yF et daa gy A= S Uth Ha 3%1’4‘2 o] 3l f= 21 3ol Kl o
st 42 o] OHJ a4, ¢, mAE, 22 HE, FHlA vAE, AHE HAE, 73 SEs Fx
T E2 7Y 7IRE olF L Y7 WEJUTH

H22 g E o] T =S o 8 APA & U182 descriptors U T2 T H B AFE ehl Aol g U Th

dictionary (9 241 2])
919] o] 7] = ghol| th-2 A 7] = A # u) & (associative array). 7]= __hash__ () &} __eq () FINEE
e BE QA7 E & AFUTh ol A sfAlzka FE YT
dictionary comprehension (5] A1) 2] 7 = 2] 3l A)
ol el Bol gt a4 AL} ARE Aelsty AFE TS G e
results = {n: n ** 2 for n in range(lO)}—% ]'n *x 201] UH-‘-{%%
= A A 3 o} comprehensions 2 ZZE 34 A] 2.
dictionary view (5 A4 2] )
dict.keys (), dict.values (), dict.items () WA 7t S8 F= A E =1
U o AEE A o] BB e A $E AR, &4t d B ol W

% 7@%6}& AA., S JEGHET}

o
10
a
v
AL
Ehs
ic
K
4z
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3= urd s ttq:]qdr Dquﬂa] BHE dAS g AERZ v} W 1ist (dictview) & AHE3IHA
=t} dict-viewsE H A &
docstring (52 E )

Ze, T, BEOA A A @808 Ve BAE B HE. 29 EZF A
A9k, Aspd ol g3 AAH | S F o] E
JNEZAAMS Tl AT+ Jdon2, AX Y AHAE ST FHAA F2 Y

duck-typing (2] €}o]3)
=HFE QEF o] A E VMR EA At AAY B BA e 22 W 289 A, O<b

AGAREEUTH (LBl A 3 ol A | #HAMThH, 12

lof B H o] AE A2FOEZN, & AAH ZEE TP A XS 5

doen FANS NI ds5UTh § BFo]l B2 type () O]t isinstance () & AR AAME

3k (SHAI %Y © BRo]sgo] =4k wo] A~ Zej~ 2 Bebd 4 ol s oF U th) thAled,

hasattr () AAFY EAFP Z 2 718

¢

dunder
An informal short-hand for “double underscore”, used when talking about a special method. For example,
__init__ is often pronounced “dunder init”.

EAFP
S &R b= 8 A& 1317 7F i ©} (Easier to ask for forgiveness than permission). ¢] &3] &
oM I AL, SHIE VUG o EBREY EAE 7HE e, 2 M o] ER W 9 E s
o] Zrstal w2 B2 HE tryStexcept 9 EAE S AP UL o] HIZH2 CeF S
WL%Sﬁﬂﬂﬁﬂ%&ﬁﬂLwnAqmqmmaqq

evaluate function

A function that can be called to evaluate a lazily evaluated attribute of an object, such as the value of type
aliases created with the t ype statement.

Ta:

expression (3 2])

ojE Fto 7 Fe A = FHAA 2 tpE U 33, A2 2 HE, o] §, o] EFHE
WA, A4 T3 22 S =T 29 84S Fol 28 AYYTh o8 B2 Ao}
HzHog REAdo FAHAES RFAA A2 obdUth while A, EHA S Z AMST = Q=
T 5ol AUtk Y =5 FFolar, x84 o] o gt

extension module (% 2 &)
CUC++E A4 H BE ], 3to] 2] CAPIE AHS s A Al o] Mg 2 =9 A4S 283t

f-string (f-& 2} ¥)

f-strings
String literals prefixed with £ or F are commonly called “f-strings” which is short for formatted string literals.
See also PEP 498.

file object (3} A A))
SH Zpofl sl 5t Y A1 FA API(read () Ytwrite () 22 HAES)E =W+ AA. w9
ol et 3t ARl e AAl Ha= ”-4 gdoluy th2 A A A FA (A 50, &
d=9, d-vE A H, 27, Ftol 2, FF) N W AN E FAZ 5+ s 3L AA+= 3¢
5 AA (file-like objects) & 2~E & (streams) ©] 21 = & YU}
AAZ= A R7Y 5td AAEo] AFUTE Eraw) Bho] v 2] 3+, W 3 = (buffered) HFo] ] 2] 5+,
HAE 3, o] 59 O]Eiﬁﬂ olAE io BEIAA AAFUTH Y AAE wE= FHA A 2
open() FTE 2+ AYYrh

file-like object (3} 5+ 2 A])
o A A 9 Hld g

filesystem encoding and error handler (3} 2] A~ ¥ Q17 9 3} ol &) 3] 8] 7))

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

9

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.
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The sys.getfilesystemencoding() and sys.getfilesystemencodeerrors () functions can be
used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read () func-
tion: see filesystem_encoding and filesystem_errors members of PyConfig

2AYAdIE = BAS.
finder (¥}¢11)

YZEH RES AT EH E

F SR FAdY7F A5 UTh sys.meta_path & T AbE St HEF A2 A ¢} sys.

path_hooks 3} &7 AFg8hE 72 =] ghelT.

o} kA 3 Y-8 finders-and-loaders 2} import1libS 23 Al L.

floor division (3 4> U=A)

713 Wk A E W Eets 23 Al A Al dAaAE // th olE B, 84 11
/) 48] g2 27 H A 4 #47‘:\3‘%2 758 EeFUTh (-11) // 47b-2.758 W ¥ g -39
Holl frolsfoF gt PEP 2388 HA L

free threading (Z}-§- 2 # Q)
A threading model where multiple threads can run Python bytecode simultaneously within the same interpreter.

This is in contrast to the global interpreter lock which allows only one thread to execute Python bytecode at a
time. See PEP 703.

free variable (A}-5- ¥H3$~)
Formally, as defined in the language execution model, a free variable is any variable used in a namespace
which is not a local variable in that namespace. See closure variable for an example. Pragmatically, due to the

name of the codeobject.co_freevars attribute, the term is also sometimes used as a synonym for closure
variable.

function (2+4)

SEAAA AHE FE EHFE A BEAE. gAY I 9 }9] o1zt 7 A&E 4= &=, By 9
Aol AHgE 5 A5 Utk v &) v A = 2} function A = H A Q.
function annotation (34> o] &) o] A1)
e o= o] A4

e oA L wh
A

B4 olwrolde YA P UE 2 AFHUh o F S0, o] BREF A ine AAE
Dol s Aoz 7oH 2, FA] | R

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

3t o] L H| o] A F 1S function Zof| A A4 gt}

o] 71%-& A BhE W4 o] w8 o] 4l T PEP 4848 2234 2. E 3 o] | o] Mol T3k = Abell =
annotations-howto & 2 314 &

__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] X] 4~ #)

9 A8 A g vl Eel S vdele A4 Folie Bx A4 24T 22 £V PR BL
5 9 <8 A £ AN B A £ AR 2B AUA £ A7) ge RES AHEHA

Aol J5Uth
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generator (AU ] o] €])
xﬂﬁffﬂ IE1 IEiEﬂ 15% S EHFE TS it gAY Hol=d, dAY ES W

generator iterator (] ]2 o] €] o] €] o] ¥])
A o) E &7 BtE= A

Zryieldt GAIACE A& T, (X HLSH 7] S uy-E5S 2T3) A FHE
7193yt Ay d ol g olH e ol 8 7F AR = W, Wd 3t o 2 B TH(EEutch A 2 A Zee
So} oul U o).

generator expression (A @] o] €] & 2])
olHH olHE EHFE x¥4. F= ‘E‘d?ﬁﬂr HAE Aot for A} A=k 7H5 ic Do FHo
ErouEds Ay Btk ART AL SR F4E A GHES BEo YT
>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (A 2 &)

e AMS AR THE G50 el 7R o B2 THE G5 T2 0 oW 7o) AHEBA L
uﬂmﬂwﬂa SEEE-EEEES

=Z Y23 A ng 8}E2 3} functools.singledispatch() Bl & o]E S} PEP 4435 H A Q.

generic type (A ] g

o 7 W E‘r ks ’\ 9= a; AUk 0 2 1ist U dict & 2L AE o] S, & =9} o] g o
el AR Y E}.
For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

GIL
A QE ey 5 S HAR

global interpreter lock (<4 Qe| =g &)
gt ef] @A Bhifo} A Eh ool o] E 1= 5 A¥YSE S B A7) 98] CPython 1E =2
H7F ARG stE MAUSE. (dict 2t 22 SRV WAFSS T6te) A o] FAH O R T A
94| 2] via] ok A5 % vhE o] A CPython + 8L T g Th Bl zelE] AAI T Bt
AL JHzZ e HE tsad=gel] 44 e A, s Z2 A4 71 A7 Al g sk HE g o
Be HEe 8 g,
SHAI Y ol | A RES2, EFEOIUY AR BT, 5ol s A R kA A
= GILS Rt 5 AAE Js Ut =3, V0E @ W= F4 GIL= Wby ot
As of Python 3.13, the GIL can be disabled using the -—disable—-gil build configuration. After building
Python with this option, code must be run with -x gil=0 or after setting the PYTHON_GIL=0 environment
variable. This feature enables improved performance for multi-threaded applications and makes it easier to
use multi-core CPUs efficiently. For more details, see PEP 703.

Ir

In prior versions of Python’ s C API, a function might declare that it requires the GIL to be held in order to
use it. This refers to having an attached thread state.

hash-based pyc (3] ] 7] 9} pyc)
FEAES FEFY 8l NG 2 5L FHF 5 A7) old A E AFE-3F= vl E ZE A

2. pyc-invalidation2 2% 3HA] 2.

hashable (3] A] 7}%)
A7 428 1 Fkol uﬂ%}x] e A FE= AL (_hash__ () WA E7F Z 23T, thE AA <}
HuE ¢ QoW (_eq () MINEZFZRFUT, Al 7otk @tk Zohal Bl s &= 3 Al
N AAE ] HA L 2oloF T

AN AL AANE YAV A% AT AWE AT 5 YA S, o] A8 T2 ol
W40 BAghe A7) W e,
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HREE stol A B W AAE2 ;A b FUth (Bl2EU gAY E 2-2) 7HE AH oY &
la‘zl rEUTH (FE° lUrfrozenset 22)EW A l oJUES 159 8 A4E°] A /M T wivt
A A gk Aea 4o Zel2el d28s AREL ARALw HA 45T (7]
A= A9l otal ) BT thEohal v E 3, S A g2 1d () B FE o FJ YT

IDLE
ol W& § st 55 ML d st 27 (Integrated Development and Learning Environment). idle-2 3}-9]
Mol FF vz do ke = 712 4‘?_]4478719} AElZ 2] g 24 YUt

immortal (£%F)
Immortal objects are a CPython implementation detail introduced in PEP 683.

If an object is immortal, its reference count is never modified, and therefore it is never deallocated while the
interpreter is running. For example, True and None are immortal in CPython.

Immortal objects can be identified via sys._is_immortal (), or via PyUnstable IsImmortal () in the
C APIL

immutable (£4)

o
St 7} AEE B RES 27 99 AMGHE FAS (L A dEe) 9 B2, Q%
&< ol 22 B% sys.path Z5E 2141;} AT A E 7)Ao AL ER
AAA pan SlEeBERRY & 45 davich
importing (¢ % ¥))

3 R EY vol A TEJLTHE REY Sol A TEAM AEE 5 UEE e AR
importer (Y ZE)

BES A% 31 2T B 3He A S Ao 3holH o)A = AU

interactive (t} 3}3))

stolale ofolg AExelE g %7 e, AEEeE g nEo A £4T RLAE QGBS
A, 54 AR AAE 2 5 T SE U 4 glo] A pychon & AL (A
Fol5ol 4 A S A 15 5 Sl Th. Al ofolto] & AASAY 28D 5174 & olt)
LY e B e ) B 21 oA . S ] A A B 9

BB EAMS.

interpreted (QJE] Z 2] €| &)
wpol E = A}elele] =) wlie] 1 3o] 52
E]—O]Ei ZE Aoyt o] AL HA Ao 7 A 5ldS )
T A= U 2 2230 F 1 A3 *pl%ﬂlﬂ 1%’3 A19h e Z 2 H Ao
Aojroh g /U 715 25yt tisld =

interpreter shutdown (21 €] = 2] €

o
o

=, 2 o|Lh o 2] 714
LS, A A7) §
g =SS AR L AAND 4

of

fl
ok
)

Ir

o

)
[oF-
5
m[o
o 5
ﬁ
o
ro
An)
LT
i)
An)

Fa
rln
e 1y

ot
Y
£
=
i
o ¢
ST
N
o~
u
)
ol
2 e
g

M e o
R o
[
rlr

o

0
<
kv

2ol
2%
2

iterable (o] €] &] %)

WHES 3 Wol Hby BeE 5 U AA. ol B |2 BE (st str, tuple 22)
AAZL GE, dict L BB Al AL FE, 5D A E, _iter () AL AGE FRSE
Cericen 0 MAEE A ASI R B E Fel A0 AA Tl AFVITh

E e 8L tor £mo A1-4E 5 93, AALE BEE S O BE 3 (2ip (), map (), ) o]
A8 4 5 UTh o HE 2 AA U F B icer () o AR % ags|d, 3 7] 1E%Eﬂ°lEiE
ez Ut o olHdolEE 5 WS B W AXE 5 R o H B A8 ),
HELS iter() B BEAL, oHelolH AAE 44 hE AL GHUT for £ o AES
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AHEL YASIA AAF o7 s, F2E £
9HE U T olEl g o] B, Al A, AU gl o] & BA L.

iterator (]| o] €])

tlolele] 2EY S sk AA. oJHHCIH S _next_ () MINESRIRAHOR T35 (Ex
W g nexe () 2 ALetd) 2EH Qe FEE2 AU Z EF U § o] 42 HlolH 7t
= = thAl stopIteration 2] & DoY) o] Ao A, ol B2l o] Y AA = 23 1, o] 5
O] BE __next_ () WINE &2 stoplteration & thA] do7]7|vk Ut} olH e ol B &
olgldlol A A& EElFE __iter () MIAES 7FA Zo] 275 7] wj&ol, ol Ed ol H =
olglE 8ol 7| & stal T olH B ES WotEole 2 3ol A AH8E &+ A5 Utk 528
e o2 W olg# ol d S AEdte ZEY YT (List 22) AH oY AA & iter ) T2
ALstAY for F20| AHSE wjuiet A o] B & o] B £ WE Ut o] 22 ol &l o] H o T3 A
Fyste]al shd, A o] Bl g o] Mol AHEE o] 1] £3E o]EEo]BE S A, ¥l AH YA
HolA w5 th

typeiter o] T Z}A|3F U] & 0] 95U th

CPython F-& A} A]: CPython does not consistently apply the requirement that an iterator define
__iter_ (). And also please note that the free-threading CPython does not guarantee the thread-safety
of iterator operations.

SAoJHEH O HE Folw olF Rl W E

key function (7] g)
7] &4 == Z ¥ o] A (collation) F<=+= A E (sorting) ©] 1} ¥l & (ordering) o] AFE-5 &= & =85
ZHEYYrLh o & 0], locale.strxfrm() L ZAYL EZA A E= AH 7§ =
A8
Spol e B w7k a4Fo] o LA €A Aol A FoleAE Aol Ash 7| BHE
Wwol=QlYrth old A&+ min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () 0] 2)\%14 D]—

7] s wEE vl oy W] A5yt A& S0, str.lower ) WA EE Alo]& & §
O

= rr

ke

[e3]
AYE N A F 2 AEE 5 AGUDE HAAOE, 7] BHE 1anpda FHA O UE 5
Q=] o]d AYUYT}: lambda r: (r[0], r[2]). BESH operator.attrgetter (), operator.
itemgetter (), operator.methodcaller () 7} Al 719 7] S A XA YL 7] &+& 0=
AH8-5F= ol t) 3k ol & Sorting HOW TO S X A 2.

Kl

keyword argument (7] 9] & 21 z})
A& HA S

lambda (&t}
529 ) ol FelAE kel BA4 02 FAH o & QE Ak ¥ B A4 E VEE
—Ev—‘ﬂ% lambda [parameters]: expression ?:]14\3]-

LBYL

= 7] Aol H 2} (Look before you leap). ©] TG AEFLL T o)L} 23] & 317] Aol YA|H o & ALHA
AL AAEYT o] 2B G2 EAFP F2H A UM H A, B2 i1 FY EAE SH A YT
05 29 = 2404, LBYL H2H-2 “B 7179 “H 7|7 2kl A 205 WA 2 Al s
o} o] & S0, FE if key in mapping: return mappinglkey] = AA} Z o, 3}X qF 23] Ao
o}
ht

o N
e
il

22 = 7} key 2 mapping) A A A1 SHE A5 3k 4 Q%L Th o] €l o]4ri= S o] LFEAFP AW &
o=n 28 4+ A5k
lexical analyzer (¢]3] 241 7))

Formal name for the tokenizer; see token.

list (B] 2~ E)
W sho] W Al I o] B0 BFE L, P4 thEk AM27F00) o) 7] W&o, A
(linked list) B Th= of2 dof9] v 3} F-AFE Y T}

list comprehension (2] A E 7 = 2] 3l A)
ARrY R4 AR EL
["{:#04x}'.format (x) for x
591 16215 (0x.) £& EFHE TP P 2ES e e A A2k 5 Q5o Aekel
W, range (256) 9] Y= 2=

=

ofo
ofr
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e
_)‘4_:
1,
o
Rl
u
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m
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N
rlr
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loader (2 ¢])
An object that loads a module. It must define the exec_module () and create_module () methods to
implement the Loader interface. A loader is typically returned by a finder. See also:

« finders-and-loaders

e importlib.abc.Loader

« PEP 302

locale encoding (27| 217.9)
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with 1locale.setlocale (locale.
LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "cp1252").
On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.
See also the filesystem encoding and error handler.
magic method (7] 2 W] A] =)
E A= 9 u]ZA A ol u)3)

mapping (7} 3)
0lo]9] 7] %3] & A Y3}l collections.abc.Mapping ©]Y} collections.abc.MutableMapping
FA o)A FEx o AAE HAMESES FdstE AH o)y AA. | 2+& dict, collections.
defaultdict, collections.OrderedDict, collections.Counter = —’F 2)\%1/] D]—

meta path finder (W€} 7 & 5}¢lt])
sys.meta path«l Aol B E vlolt. WE A& g uEs 4= e 919 H ¢ #eg o]
9171 347 5 thE I o,
He 2 37 L83 = wA =S A= importlib.abc.MetaPathFinder S HH 3F
e,

metaclass (H €} Z&]2)

Zejzo) Sehs Fels ot Feh s ol F, el s YA Ve, ol s S s 552 BT,
vE} 2 e A o] Al AAHE Wb FeAE B Aol e AT R E) AR Ay xz 19
Y doj 5o /)i T AL AFGUTE s AL BWH BEL AL AnY e FHAE BE S
9ohs AU Th BEE g Aol A o] 2771 A5 B AW, B w), wE S At
geea ford e ATUCh o= RE 20l 23 ogging, 2= Fe 42l 37}

=z
AA A A, ASE TR BL o2 FGol ALFH5 YT
metaclasses | A T Z]—Aﬂ?‘;_} yes 28 4 9zt

method (W] A &)

=

O:

S vt Qb A B E & . L FH R JAAHA o ERRERZAN TEHY, I HAEE
A WA A2 (RE self L BAUTH 2 Jd2®2A AR S DF UL P FHEH 272 R
AL
method resolution order (W A= A7 4= 4])

HAE 23 A= 23t S AHE At dlola S A9 SAYUTE 23 DA fH
sho]# Ay z e g o] Abgd dare]Eo] AT 82 python_2.3_mroE WA 2.

module (2 §)
spol Al 3122

ZASUY 28

72 = BA L.

A3 F3r
(e)

l i
o

9912 g AA. BEL 999 sho]d ANEL Fi o
E;

1 Aol 3 solWo2 2EH o

=

o

=

o rlo py

module spec (2 & A3
RES ZEIEU AIEE = YXE AH JHE
ModuleSpec & A2EH A,

3 9+ o] F ¥ 7t importlib.machinery.

o

o}
=

module-specs & H A 2.
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MRO
A= dd A S AL

mutable (7}'H)
7hA AA= grol M = AA T id() = LASA FAFEYLE 2 = A L.

named tuple (V| Y& FZ)
“mamed wple(] 9 F-2)" o] 2= Bol & FEl A 4437 o] B2 =
olEl A B4 Q= QAo AN A T2 Y nE o} Za2o ALF U ol 28

e /5E 98 5 dsuth

time.localtime () & os.stat () 7} ¥F3

T} 2 o= sys.float_info Y Yt}

rit

S 25, o AP HYE FEYUHE &

>>> 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

R UAE FE2 WZZEY DAYt T, tupled A &8t o] F 22 =S FYdte
i FR2 Az HJdE FES U T UAsUTh o2 :’ﬂ—t A3 2/t A Y, typing
NamedTuple & A S AY HE 2] 34 collections.namedtuple () 2 E’l’% 4 95Ut $219
e A4 AAFAL NG VIS FEANE 22 4 e 2 A4 FAMASE FA87=
ok,

namespace (¢]= 27

S
bl

d
@
_>L

l’l
3:

A, Ao, W ol 5 3ol A WE} OlEIL

= uiltins. open-»]—os.open() S

TS °]E 2 o] o] AFE FHF}=AE LY ¥ 7

E28 FUth 9 & £9], random.seed() =¥ itertools.islice() 2}
S

randomﬁr itertools ®&°| o3 &= 3l 3 o] W&l Huth

namespace package (0] S 7 3} 7] A])
LA A B 37| A EJ Aol E R 7] 5ot 3 7] A, ol§ T2 7| A= 2 H QA AA 7 e

/\1: o] 77

FE 903, 53] _init_ .py ¥l QleB g Yot 3 7] 4] o= tE Ut

Namespace packages allow several individually installable packages to have a common parent package. Oth-
erwise, it is recommended to use a regular package.

[m
k
i
i° '
1
R
g %
%%
o

For more information, see PEP 42() and reference-namespace-package.

2E X HAS.

nested scope (ZHH A7 =Z)
SR YoM AP E FRo= 5. & 50, o2 T W R A Fod T4+ vz o
AEVFES AT IS UL T HA 2Tz 7| B2 = A2 U7 8, Y2 57
‘i’a}—t‘;}% Aol FYsiof FUth A AF-E2 7PF W FHo ATz A 911 “147/} el Sl o
AL HFE2 A o5 F7A ¢la £ Y th nonlocal & H]”é”’\:’—“’ﬂ »e A= 0131’51‘4"/}
new-style class (7+ 26} S ~)
Age nE 2o AA G AT s 2o WAL A o] F. 2719 shold M AN AL,
LA Foed FH AT slots. , Y23 HE, L E, _ getattribute_ (), FH 2 WA E,
2 E WA EL} 22 Fto]l M MF A gt 7 ES AHEE S Ads Uy
object (7 A])
FH (EHREUF) & 20 528 (A E) o] FYH REHolH. &3 BE 72oed ZH~

o] 2% 49l W o] 2 S 2] Uk

optimized scope (] A3 H A7 =)
A scope where target local variable names are reliably known to the compiler when the code is compiled,
allowing optimization of read and write access to these names. The local namespaces for functions, generators,
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coroutines, comprehensions, and generator expressions are optimized in this fashion. Note: most interpreter
optimizations are applied to all scopes, only those relying on a known set of local and nonlocal variable names
are restricted to optimized scopes.

package (5}7] )
ABRESOI, AAA 02 NE 7SS

patn olEElRE} 9 shol A RESILTH
At 712 &} o] & w7 H 7] A = BA L.

parameter (U] 7l ¥ 4)

B4 (L WAE) Bl B471 92 5 Sl 1A (L oW 3§ ARE) & AR o B
B2 dAEE. oA EF AN ok

o I A-7199 = (positional-or-keyword): ¢ 2| 212 U 7] 9] = 212 2 AL 4= = AAE A AT
Ut ol Aol 713 BeNe] ul A MG ek, o ol Bl Al foo S} bar
[def func (foo, bar=None): ... }

>~l

o Y X-A | (positional-only): ¢ X] Z 3t A| 3}
S B Y Wi BEof / FAE £t T F o AT 5
/\1 posonlyl 3} posonly2:

Utk 912 A 7
Q5 Uth ol & Sol u}uoﬂ

[def func (posonlyl, posonly2, /, positional_or_keyword): ... }

« ARG keyword-only): 7| HEZF AFD 5 IE AE A FUTh A9 =-2AF v
Mt B4 el 9w A S B S A ol Bhuke] ZbA-91 1 vl ALt - ) 2 £
R & 5 Y5 Th o2 Sof, th ol A kw_onlyl <} kw_only2:

[def func(arg, *, kw_onlyl, kw_only2): ... }

o 7VH-$1 X (var-positional): (T}2 W] 7| H S0 o] A o] u] WrolEod A 9 %] A A=<l d3l)
AZE 9 0 ES) Yolel NS A, ol b o5 ol el
* 5 ol 294 Y2 5 dsUh oA E 0] thZoll A args:

[def func (*args, **kwargs): ... ]

« TPHASLE Garkeyword): (EFE WSSl €314 o] o] WobEo} 4 /1912 A5 ol ol o)
AFR 5 1 Fels) A% NS AT AT I8 HAREE A o] Fol
g ol 2o A HoyE = AdFUTH A& =0l A oAl A kwargs.

WAL HEE AEE AT 7R ER ok A8 ol A A AFES ART 9
Utk

Ol 2} 8o 7 &, QI x}o} vl 7 M 4=2] x}o]of] L} 2 =FAQ A&, inspect .Parameter &2, function
A, PEP 362% H A 8.

path entry (7% 2 I E 2])
AR 7R IIY 7 JAZE T RESS Z7] 98 Fsh= JxE A2 A st &

path entry finder (7 2 JE 2] z}2lt])

z

B

sys.path_hooks ol Q& B E (5, =2 dE2] F) o] EHFE el dd|, Fol 4= A EZ]
2 RES FEPEe 2 gk
AR ?]_]E‘ﬂ lE o] FHsH= Uﬂ/ﬂ Es2 importlib.abc.PathEntryFinder Oﬂ [RE=ARE=

path entry hook (3 & N E 7] &)
sys.path_hooks B]AE| Q= ZH B, 54 4= dED oA BES =P &0 dotd
drdED 3elH & EHFUTh

path based finder (7 2 7]4} 5} 2l )
712 e A& Sl H 5 F sl 2 E A E oA RES 5

path-like object (73 25 7 A|)
HFd A2" F2E el = A4 A2F AAs 425 YW= str U bytes A o] A

*
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W} os.Pathlike ZEEZ S a5t AAAYTE os.PathLike ZTEEZ S X Q3= Zﬂiﬂ
os.fspath() &5 5 TEMA] str U bytes It A" A2 2 HSE 5 JFUTH J
fsdecode () & os.fsencode () & Z+Zt str Y bytes A4S B A5=t] A2 = A5 THL P
5192 =J9 syt

PEP
sto] A 74 Al b PEPE= 3t AR UE | AR E A FstAY Fpo]H B T IR EE
of st M Z-E 7152 ABste A A YUt PEP= AlFH 7] 5ol thek 2+ 2 7= A+
ZAE AlFsl oF FuTh

Eay
"

2~

T

PEPE 8 A= & 715 Alokata EAlol Blat AR E d8e 44500 shol o] S0l 2 A7
24E B WEY] A% 78 W AYS AT PEP 24 AR E Wol A Fel & 7332
uith o) A £ & Aol Y& th

portion ()
PEP 420 oj| A A 2] 3} A %
A3 p s ol AFE & A= 7}
positional argument ($] 2] <1 x})
A7 E HA L.

provisional API (23 API)
A API= 5 gtol B ele A S84 B o2 HE A58 Al " AUt QEF o]~
2 UL AL L B, AN A B, o] S Dok FAvicrd
7] BB o] §A5 A e WA Yol d 4+ ATk, 18 WAL s
= &2 AYUtt— APIE 2&3517] Aol = J st 22 A Ao

A
z)—;@ API oﬂ /\1 = ;q._,_ _q.ﬂ

EEPER DAY

gﬂ_l
o
ul(if
0[F of
o
£
N
N,
=2
o,
jnd)
=
XN,
ﬁi
o,
v
1o
a
J%
vl
Ach
é

THAo] GAHA b WHL HFY 2O 0% o AQYTE- BE
95 BA B thal 37 AL FATE AUS Foelt LE AL ART UG
o] AL BE ol nel et 0l A B AL AA L Fol WE A BT LAY 5 =R

] =2
WUt O AHA S W82 PEP 4112 2 |

provisional package (Zr73 3 7] 2])
A APIE HA Q.

Python 3000 (z}°] % 3000)
vhold 3x w2 2hele] W (HA 39 w27} W vlef o} o]op7] | Al ofl b= 013l o] F ol th) o] A
< “Py3k” 2 0] 27| % Ut}

Pythonic (= 0] A t}-L)

Aol Eol A AuHA 0l A HES G A TEE TASHE A, shol Al ddojol A g A5 A}
$5 o]t FEL kol Be = oholEloj Ll I T 2ok o B S0, Shol HalA] A AL o] E] 12
for T2 AFEA olHHESY BE 247 £33 AdUth oE B2 dojdde old T/
TFAEe fleng, sojHo) o55hA] L AFRES Aol A 72 H E AFS S = Ut
for i in range(len(food)):

print (food[i])
B 2B, shol Atk YL o5tk
for piece in food:

print (piece)

qualified name (3 -3} ¥ o] &)

250 A AFzoA REgo] Jod S, I, A= o2 “BRPE HoAFE HoE
T2 °l5. PEP 3155 ol A gt 49 ok 229 Afoll, B3k ol 52 A4 A <

o2} 2Lk
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-

>>> class C:
class D:
def meth (self):
pass

>>> C._ _qualname_

lC’

>>> C.D.__gualname

'C.D"

>>> C.D.meth. qualname
'C.D.meth'

EEg 7k 7= AHSE o, &8 A58 ol & (fully qualified name) 2> 2= R 5 37| A &
ZIEA B Eﬂ%@giﬁﬂ%ﬂ%%ﬂ]ﬂw%ﬂ E09], email.mime.text:

>>> import email.mime.text
>>> email .mime.text. name
'email.mime.text'

reference count (=2 314)

A o th3t F2 A% AR B2 A5/H002 Boj AW, W e) 7 whgg U Th % AR
2o]n) 22 U572 AT A ol AL A AN AH A QrTh B2 A5 2AL dwAo
% 5ol D=l e F5 A AR, CPrhon 78] 4 @ oSV e mwae el 5 A1)

23 4TE EHFE sys.getrefcount () TFE ST 4 J5 Yt

In CPython, reference counts are not considered to be stable or well-defined values; the number of references
to an object, and how that number is affected by Python code, may be different between versions.

regular package (737 =] 7] #])
_init__.py 3¥S =Fste v H L 22 A5 A QA Al 7] A

olF T AHINA & HAL

REPL
An acronym for the “read-eval-print loop”, another name for the inferactive interpreter shell.

__slots__
S YR HAH], A2"H 2 olE ﬂvEt‘é—%%f‘f}% el ddsta A"l A g U el E
AATOZH w2 1’4 A7 BT FUCh 97 971E AW, o] Hlade Sul=A A3
A% At g Bolebd, vl welo] WA e S8 = 2dolA B 2o dAAA Pt SHT
EEE D iy

sequence (X] @ 2)

gptiten_o SEUASE B G- AALG HBAME 24 AN 7 UeAD N B

dolE EHFE _len () MAHEE AYst= olHE. RR R AN ALELS LP%‘_%HH ) list,
str, tuple, bytes 7} O1AWU]- dict T8 __getitem__ () & __len__ () = A A3}A 4, Zz_ﬂ o]

B4 o)Al Q2] 9] 6 4] 7hs 7B ALE37) B Al AT o ek v o 2 HFHE ke Ao 29
3l oF g},

The collections.abc.Sequence abstract base class defines a much richer interface that goes beyond just
__getitem_ () and__len_ (),addingcount (), index(),__contains__ (),and ___reversed_ ().
Types that implement this expanded interface can be registered explicitly using register (). For more
documentation on sequence methods generally, see Common Sequence Operations.

set comprehension (3¢ 7 = 2] 3l A)
ol & Y= 84 AAY RS At A3E G2 S st 1t
= {c for c in 'abracadabra' if c not in 'abc'}= BEX}ge %}Q‘{'
U t}. comprehensions& 3234 Al 2

single dispatch (42 t] A 3] x])
T o] shte Q1ALe Pof| 7|2 A AAE = Alvl E T A2 x| 9] & FE.
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slice (&&}o]A)
HE AAA Y ARE TS AR, Setol At AN ASPE TP AHEHA
variable_name[1:3:5] A&, [] ¢HollA] of 2] 7HS] eabE 280 E FE|FUTh tiZ 3 (A
SYE) F/PL YR AOZ s1ice ARE AT
soft deprecated (2F3}A| H 2] &)
A soft deprecated API should not be used in new code, but it is safe for already existing code to use it. The
API remains documented and tested, but will not be enhanced further.

Soft deprecation, unlike normal deprecation, does not plan on removing the API and will not emit warnings.
See PEP 387: Soft Deprecation.

special method (5> WA &)
ol o] ol o ALks, QA 22, AT Ao TEHEHAE. old HIMEE F
Mol BE= A ASLL e ol 52 2L 55U th 55 Pl A == specialnames of] &4 2 5 0] 4]

91t

standard library
The collection of packages, modules and extension modules distributed as a part of the official Python interpreter
package. The exact membership of the collection may vary based on platform, available system libraries, or
other criteria. Documentation can be found at library-index.

See also sys.stdlib_module_names for a list of all possible standard library module names.

statement (&%)
TGE 29 E (ZEY “EF(block)”) & FASHE FEYUTE 32 594 oAU 7|HEE
AbEShe o8] 74 2 E S5 stud Y th 719 if, while, for.

static type checker (3 & & 7 x}7))

An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also
type hints and the typing module.

stdlib
An abbreviation of standard library.

strong reference (73t 2 X)
In Python’ s C API, a strong reference is a reference to an object which is owned by the code holding the
reference. The strong reference is taken by calling Py_INCREF () when the reference is created and released
with Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the Py_DECREF ()
function must be called on the strong reference before exiting the scope of the strong reference, to avoid leaking
one reference.

W Hx = AL,
t-string
t-strings

String literals prefixed with t or T are commonly called “t-strings” which is short for template string literals.
text encoding (2 A E 217 ¢))

A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer

a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.
text file (2] A~ & 5} )

str AAE YT 2 5 9 Y AA. 55, AAE FAL AR RE W E AR Ho|HAEAL

A 2ok Ak Q15 & AT A Gt HAE o] 2t HiE B

2 99 399, sys.stdin, sys.stdout, io.StringIo & A2EHAE E 4+ ¢

Hel ELF AA £ Al € 5 A o AA ol tisi M= vl 2] 9td = FzshA 2.

it
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thread state
The information used by the CPython runtime to run in an OS thread. For example, this includes the current

exception, if any, and the state of the bytecode interpreter.

Each thread state is bound to a single OS thread, but threads may have many thread states available. At most,
one of them may be atfached at once.

An attached thread state is required to call most of Python’ s C API, unless a function explicitly documents
otherwise. The bytecode interpreter only runs under an attached thread state.

Each thread state belongs to a single interpreter, but each interpreter may have many thread states, including
multiple for the same OS thread. Thread states from multiple interpreters may be bound to the same thread,
but only one can be atfached in that thread at any given moment.

See Thread State and the Global Interpreter Lock for more information.

token (E33)
A small unit of source code, generated by the lexical analyzer (also called the fokenizer). Names, numbers,
strings, operators, newlines and similar are represented by tokens.

The tokenize module exposes Python’ s lexical analyzer. The token module contains information on the
various types of tokens.

triple-quoted string (X% u}-& % = £214)

2 () U Feugx ) A M B8N Y. 2w & U2 SR EAE e
71%5& Al A= AT, A 7HA] o] Foll A LR7F AF UL o) aA o]z H A b2 Fule
EUEZuESRE FAYE o 2 F UEE 5, AF BAE 22 FuT o Eol 2H £
Jed, E2EHS L0 53 &2 Jd5UTh

type (&)

shol AA| o] & 2Zl0] o T/ AAAAE =
P2 __class_ OJEZRER MA2F 5 QI AU type (ob)) B B2 T AF

type alias (g o] dg]o]x)
F= A A " Q) st Rt A= B9 59 0.

g ol Qeolat o AES deslshe ol -8FUTh o8 S

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

£ the 3t 2ol o 971 47 HE 4 stk

Color = tuple[int, int, int]

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

o] 7]%—% )étg }\_ typlng-q- PEP 4845 % 6]—%]]‘,‘3_‘

B, 2o ol me HE W g4 v S U gre] Ak g A RS o r o] 4L,
3§ A= AE Aol 1 shol Mol A ZAH A= AW, A4 7 A7)0 8T =8 IDES
TE 94 QARG L Favn

=

Ad W4E ALsy, 49 W, Fas o=

get_type_hints () § AR&-3to] AA AT 5 JF YT

o] 71%5< AW+ typing?} PEP 4845 x84 8.
universal newlines (&Y A £ Jd7)

o2 _,,],71—0 ASS E’_—‘,:— 2_4 ZoZ oAl HAE /\Eagaﬂﬁ—“s}_‘f\;ﬂ}_; _,9|_

e \n', A= FHE \r\n', oA H 9 “H?JEA] & e F7HA QL ARG-of] BB Al = bytes.

splitlines () ¥ut o} g} PEP 278 &} PEP 3116 = P_Aﬂﬁ.
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variable annotation (1> o] - E)] 0] )
WE T g oEYHEY of nH oA
- 2

M5 S Fels ol =g HE of g0 4 2w thY e AE AT
class C
field: 'annotation'

M ofHol e dubHos P IER AP UTH o B Sol, o MFE ine S AL AR

e o] .o H o] 4d £ -2 A4 annassign ol A] 2 8 ¥ Tk
o] 71%5<S A3l 3h4 o] -H o] A, PEP 484 @ PEP 5262 2 3HA 2. 3 o] .o H o] A 2+ o
o st &1 AL += annotations-howto & X 3HA| &

virtual environment (7}4} 7))
Fpo] W AHGAReL &-§ 2R O o], T A AH oA A E = g vho]H &8 22 I E 9 F 3o
FEFS A %}E‘ﬂ/ﬂ, fﬂro] A 3 S 7] A58 A AU G2 ol =8k 2E 7Hs A sk,
HPAo 7 Ags A3 4.

venv E HA| 8.
virtual machine (7} 7] A))

azEg oo 2 Ao A AFE. st A MY 7 AL vhol £ T E A5t
FEE A3}

walrus operator

A light-hearted way to refer to the assignment expression operator : = because it looks a bit like a walrus if you
turn your head.

Zen of Python (}o] 4 Al)

sholdl TlAel fele} WetEe] B lu, Ao) 8 oS3 Ag st ol =gl FUTh o] HB L
B3P ZEZ o)A “inpore this” & YA HAUTh
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APPENDIX B

O] dHAOf 25}0q

ylo]# A g A= reStructured Text 4> 22 o] A] U}—oi A Aoz Yo ol WL 9F AT QT o A= =
ZeAEe 44 BeHE A9A 44719 Sphink & A& B2 o

AT A 9} o] 8 913 FA 9 ke shol Wl ApA| 9} v} A 2 A A 0 7 A E AR = Tk 7)o 8
3 Ak, Zo] v of] o 3F A B = reporting-bugs # 0] A & F 1A A . A2 AFF B A A= A AV
s g oH

e BRSO Be 2AE =Ry

o Fred L. Drake, Jr., Y&} gfo] W AP A = 3] 2 x}o] A} W& ZEl % 9] #]x};
« reStructuredText 2} Docutils 2 Y EE vt=

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

= Docutils Z2 A E,

B.1 mo| MHA S| ZBXIE

Er A1gro] Thol il Qlo], hol #l B ehol Helel B sholul AW Ao 7o WU Th Fl el Ae] REAQ
B 22 glo]H A v EH2] Misc/ACKS & ZZ AL

sholalo] ol WA AWAE 2A B AL shold ARUE ATt 7ol W2 AU Th- AR
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appeENDIX G

oI b2} 20| Ml A

C.1 AZEQ0{Q A}

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

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

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

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

HY = =t o= 2 o IS YN GPL-compatible? (1)
09.0~12 n/a 1991-1995 CWI yes
13~152 12 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no

2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI yes (2)
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.1+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.13 2.1.2 2002 PSF yes
2.2 o)A 2.1.1 2001-& 2]  PSF yes

0 Fx

(1) GPL-compatible doesn’ t mean that we’ re distributing Python under the GPL. All Python licenses, unlike
the GPL, let you distribute a modified version without making your changes open source. The GPL-
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compatible licenses make it possible to combine Python with other software that is released under the
GPL; the others don’ t.

(2) According to Richard Stallman, 1.6.1 is not GPL-compatible, because its license has a choice of law clause.
According to CNRI, however, Stallman’ s lawyer has told CNRI’ s lawyer that 1.6.1 is “not incompatible”
with the GPL.

Guido ] A = 5}o] o] Wi & 7}5oHA vk w2 9 7 AL AR ol Al ZAAL=H Ut

C.2 mlo|Mol| HMIASIHLE AF23E17| I8t 0|2 24

Python software and documentation are licensed under the Python Software Foundation License Version 2.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under the PSF
License Version 2 and the Zero-Clause BSD license.
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C.2.1 PYTHON SOFTWARE FOUNDATION LICENSE VERSION 2

[N

This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using this
software ("Python") 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 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001 Python Software Foundation; All Rights
Reserved" are retained in Python 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 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.

4. PSF is making Python available to Licensee on an "AS IS" basis.
PSEF 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 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

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

(TH5 sl el Aol A)
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Agreement does not grant permission to use PSF trademarks or trade name in a

trademark sense to endorse or promote products or services of Licensee, or any

third party.

8. By copying, installing or otherwise using Python, 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"
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED.

basis.
BY WAY OF

EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

OR THAT THE

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,
ADVISED OF THE POSSIBILITY THEREOEF.

EVEN IF

5. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects

by the law of the State of California, excluding conflict of law provisions.

Nothing in this License Agreement shall be deemed to create any relationship of

agency, partnership, or joint venture between BeOpen and Licensee.

This License

Agreement does not grant permission to use BeOpen trademarks or trade names in a

trademark sense to endorse or promote products or services of Licensee, or any

third party. As an exception, the "BeOpen Python" logos available at

http://www.pythonlabs.com/logos.html may be used according to the
granted on that web page.

permissions

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

(T2 sl ol Aol A1)

C.2. mlo|¥ofl HMASIHLE AHZSE7| 218t 0|8 22

145




Python Tutorial, 2 2|A 3.14.0rc3

(o1 sl o] A ol A Al <5)
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013".

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
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.
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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 DOCUMENTA-
TION

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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C.3.1 HEM EQ[AH

The _random C extension underlying the random module includes code based on a download from http://www.math.
sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim comments from the
original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without

(TH5 sl el Aol A)
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modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written

permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 A3

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate source
files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS "AS IS" AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
(TF& sl o Ao A %)
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DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS
OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 H|S7| A2 MH|A

The test .support.asynchat and test.support .asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing

All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 F7| &g

http.cookies E Tha 22 2| AMg 23t

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

(Th= sl ol Aol A1)
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C35 A3 =X

trace RES T3} 2L 72 AFS TPk

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode X UUdecode g4

The uu codec contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

(TH5 sl el Aol A)
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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 T2 A &=

xmlrpc.client R E2 U 22 FY AHS 33 oh

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
(T2 sl o] Al ol A1)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-L kqueve QB 5 o] 2ol thal T3} 22 Fo) AL ERFTH

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

AFUTh of7]ell& tha 7 2 W&ol 23H o] d5uth

<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/

(TH5 sl el Aol A)
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Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

The file Pyt hon/dtoa. c, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings,
is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/web/
20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains the
following copyright and licensing notice:

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

* The author of this software is David M. Gay.
*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

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

*

**k*************************************************************/

C.3.12 OpenSSL

The modules hashlib, posix and ss1 use the OpenSSL library for added performance if made available by the
operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived
from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
(Th= sl o] A of] Al%)
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direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,

(TH5 sl el Aol A)
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worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

Submission of Contributions. Unless You explicitly state otherwise,

(TH5 sl el Aol A)
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any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-—-with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
(TH5 sl el Aol A)
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a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes C extension underlying the ct ypes module is built using an included copy of the libffi sources unless
the build is configured ——with-system-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib
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Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler
This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages

arising from the use of this software.
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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 AH&5 & s A] Blo] B9 732 cfuhash Z2AEE 7|uto 2 gy

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
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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C.3.17 libmpdec

The _decimal C extension underlying the decimal module is built using an included copy of the libmpdec library
unless the build is configured ——with-system-1ibmpdec:

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 C14NHIAE AQIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the W3C
website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
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,
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DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 mimalloc
MIT License:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

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.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.21 Global Unbounded Sequences (GUS)

The file Python/gsbr.c is adapted from FreeBSD’ s “Global Unbounded Sequences” safe memory reclamation
scheme in subr_smr.c. The file is distributed under the 2-Clause BSD License:

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

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 unmodified, 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 "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 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.3.22 Zstandard bindings

Zstandard bindings in Modules/_zstd and Lib/compression/zstd are based on code from the pyzstd library,
copyright Ma Lin and contributors. The pyzstd code is distributed under the 3-Clause BSD License:

Copyright (c) 2020-present, Ma Lin and contributors.
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 copyright holder nor the names of its
contributors may be used to endorse or promote products derived from
this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER 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,
(TF& sl o Ao A %)
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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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