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The Python interpreter and the extensive standard library are freely available in source or binary form for all major
platforms from the Python web site, https://www.python.org/, and may be freely distributed. The same site also
contains distributions of and pointers to many free third party Python modules, programs and tools, and additional
documentation.
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You could write a Unix shell script or Windows batch files for some of these tasks, but shell scripts are best at moving
around files and changing text data, not well-suited for GUI applications or games. You could write a C/C++/Java
program, but it can take a lot of development time to get even a first-draft program. Python is simpler to use, available
on Windows, macOS, and Unix operating systems, and will help you get the job done more quickly.
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CHAPTER 2
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2.1 QE{=2|E| AlSl5}7|

The Python interpreter is usually installed as /usr/local/bin/python3.12 on those machines where it is avail-
able; putting /usr/local/bin in your Unix shell’ s search path makes it possible to start it by typing the command:

[python} 12

£ 49 YA DAL S LUk ARz AR el elsl dde 13 o))
ChE B4 % 7R Th R0 shol A A E LAl 28 el Aol Al BHel @ B 8 7 Y o (o]
/usr/local/python & &8 AFEE &= Y A JUrt})

On Windows machines where you have installed Python from the Microsoft Store, the python3.12 command will
be available. If you have the py.exe launcher installed, you can use the py command. See setting-envvars for other
ways to launch Python.

7]% 2 & 3 E of| A] EOF(end-of-file) & A}(-F+4Y 20| A= control-D, Y=o A= control-z2) S
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A second way of starting the interpreter is python -c command [arg] ..., which executes the statement(s) in
command, analogous to the shell’ s —c option. Since Python statements often contain spaces or other characters that
are special to the shell, it is usually advised to quote command in its entirety.

P2 o]l RESS ATHERLE £X27F 5 UTH python -m module [arg] ... ZEAYPT 5 9
dl, "X module B8 A2~ 3199 AR Y-S WA dH A4 A Ay A Pt

rr
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$ python3.12

Python 3.12 (default, April 4 2022, 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.
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[# —*— coding: encoding —*-— J
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#!/usr/bin/env python3
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CHAPTER 3
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# this is the first comment
spam = 1 # and this is the second comment

# ... and now a third!
text = "# This is not a comment because it's inside quotes."
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3.1.1 <&}

The interpreter acts as a simple calculator: you can type an expression at it and it will write the value. Expression
syntax is straightforward: the operators +, —, * and / can be used to perform arithmetic; parentheses ( ()) can be
used for grouping. For example:

>>> 2 + 2

4

>>> 50 - 5*6

20

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

(TH5 sl el Aol Al%)
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(o1 sl o] A ol A Al <5)
>>> 8 / 5 # division always returns a floating-point number
1.6

A (& 501 2,4,20)€ int FYUTh 2557 A= A5 (5 £015.0,1.6)2 float YU ©]
A5 A F oA A FEoll Bl B A4AI 8] *Uﬂi 4 AUt

Division (/) always returns a float. To do floor division and get an integer result you can use the // operator; to
calculate the remainder you can use %

>>> 17 / 3 # classic division returns a float

5.666666666666667

>>>

>>> 17 // 3 # floor division discards the fractional part

5

>>> 17 & 3 # the ¢ operator returns the remainder of the division
2

>>> 5 * 3 + 2 # floored quotient * divisor + remainder

17

st Aol A ARA TS ALL w -+ AAE AL FUTH:

>>> 5 ** 2 # 5 squared

25

>>> 2 ** 7 # 2 to the power of 7
128

Mol g2 HYB U SEEE ASTUG o A B2 Y 2E=
Reuinh

Im
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=
>
i
rr
Y
iy
rlo

>>> width = 20

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

Srheg ol s o 94 b wh (ghe Y FHA FE ) AHE S L A3 AL o2& Aoyt

>>> n # try to access an undefined variable
Traceback (most recent call last):

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

A5 E B4R AAFUTH N2 THE F9 JANAE e A 35 AN AL 0
ok

>>> 4 * 3,75 - 1

14.0

3y EEo A, wpA o] il A AL W o hYH
AR ), Ak olo] 7H71 7 E 8 A9 A S A uduth ol E
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28
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rlo
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>>> tax = 12.5 / 100
>>> price = 100.50
>>> price * tax
12.5625

>>> price +

(Th= ol Aol A1)

*x 7P ED}%* CAZLECRR, 3xr2 £ - (302) RAAHA AFE= 97Utk 9 E AT A 0W (-3)x2 EAMET
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(e]A sl o] A ol A A<
113.0625
>>> round(_, 2)
113.06

o] Mt AN L 9718 b5
57 Bk 2L ol e Ao M4 Aw BE

232 Hu

int 9} float o] B4l o] WL pecimal o] U Fraction 59 T} 8o £AEE A AFr) sho] WS
HEag o s AdE WAstn Jedl, SFFE 7t 7l 5 v JUARE AU T (1 E £
3+59).

3.1.2 Text

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. “Yay! :)”. 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"

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' # use \' to escape the single gquote...
"doesn't"

>>> "doesn't" # ...or use double quotes instead
"doesn't"

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

'"Yes," they said.'

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

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

>>> s = 'First line.\nSecond line.' # \n means newline

>>> s # without print (), special characters are included in the string

'First line.\nSecond line.'

>>> print (s) # with print (), special characters are interpreted, so \n produces.
—new line

First line.

Second line.

VAol e BAL B4 BAR AFEA B3 A4 Sohd, A 0 E ol r & BolA F FAY (aw
string) & WE & % th

SOEFE(C .. )G ETRZEC. AN 22 Tt s Uth & Y
L7 QA (AT = o]aA o] F Al Ak FUTH, T A= YTk
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>>> print ('C:\some\name') # here \n means newline!
C:\some

ame

>>> print (r'C:\some\name"') # note the r before the quote
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.

String literals can span multiple lines. One way is using triple-quotes: """ ..."""or '''...'''. End of lines
are automatically included in the string, but it’ s possible to prevent this by adding a \ at the end of the line. In the
following example, the initial newline is not included:

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

mn ll)

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

BAGL + AR oo o), + AN WAL 5 AU Th

>>> # 3 times 'un', followed by 'ium'
>>> 3 * 'un' + 'ium'

'unununium’
J

TR o1 e B2 B HE (5, R E SN AE) 7 AEsi A e AR5 o g o] o] 2o FH Ut

N

>>> 'Py' 'thon'
'Python'

o] 7152 W EAL e /A & off 53] £R st

>>> text = ('Put several strings within parentheses '
'to have them joined together.')
>>> text

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

oA 9 T Ao e del v A4 B W} AN = S FEA th

>>> prefix = 'Py'
>>> prefix 'thon' # can't concatenate a variable and a string literal
File "<stdin>", line 1
prefix 'thon'
ANAAAN
SyntaxError: invalid syntax
>>> ('un' * 3) 'ium'
File "<stdin>", line 1
("un' * 3) 'ium'
ANAAA

SyntaxError: invalid syntax

M4 5712 S 5o 22D BE DL ool Eolel W + B ALgd oF Tt}
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>>> prefix + 'thon'
'Python'

£ A2 (B 23HE) E ¢ vk A AR Z27E dE 2 00 tisg Ut 248 A%
Mo g2 gsuth 9 dol7h 1l EAE it

>>> word = 'Python'

>>> word[0] # character in position 0
IPI

>>> word[5] # character in position 5
lnl

Qe At 2478 45 g, Tl A RE AV Th

>>> word[-1] # last character

lnl

>>> word[-2] # second-last character
IOI

>>> word[-6]
lPl

0207 Zom R, 39 Auit1o)A A gerhs Ho] 5 L.

In addition to indexing, slicing is also supported. While indexing is used to obtain individual characters, slicing allows
you to obtain a substring:

>>> word[0:2] # characters from position 0 (included) to 2 (excluded)

'Py'

>>> word[2:5] # characters from position 2 (included) to 5 (excluded)

'tho'

sofola ulas HeEd 712 gS 2r Qs Utk A A A9 25 AekstE 71280 o] AREE AL, 7
WA Qe 27k Y 7| Rgto B Setol 4 Bt Barde] 2o) 7k AR L,

>>> word[:2] # character from the beginning to position 2 (excluded)

'Py'

>>> word[4:] # characters from position 4 (included) to the end

'on'

>>> word[-2:] # characters from the second-last (included) to the end

lon'

A A A B4 YT R, B8 A BAE I 2R A G A TR, ol

it y O
2ol si:i] + s[i:] = FA s 9 2oyt

>>> word[:2] + word[2:]

'Python'

>>> word[:4] + word[4:]

'Python'

Sobol 27} BABHE L 7|8k B b L A2t BAE Aol 9X8 Ahel ety Azt
e A ﬁﬂﬂ‘;@W%ﬂﬂ%%%ﬂﬂﬂﬂﬂﬂn7°%ﬂ%i¥ﬂﬂfﬂ§4£%égﬁﬂ%

ml/\no] HUth o & Eo1:

e =
| Pl vyl t | h| ol n|
tm—— bbb ———f———+
0 1 2 3 4 5 6
-6 -5 -4 -3 -2 -1

3.1. mO|ME HLI|=Z ALES1T] 13
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>>> word[42] # the word only has 6 characters
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
IndexError: string index out of range

AT, WA E Rl 2ol A Ad Ak Lol 4B wl REA A BT

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

o — = olgtal Pyt ZefA 2L Az F2d Aol th A8t

>>> 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

rju

the #A4go] Bashd, A= wEo]of gtk

>>> 'J'" + word[1l:]
'Jython'’

>>> word[:2] + 'py'
'"Pypy’

W g len() 2 FAFES ZolE =8 FUth

>>> s = 'supercalifragilisticexpialidocious'
>>> len(s)
34

e ] B

textseq

Wad 284S 2e £AE BHE

formatstrings
str.format () 22 FAE S W= o tist A .
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old-string-formatting
SEE R
7 &yt

e
m{o

s AR Aol ALg-she A A A o] Zufgof Bl & 5 A stA v st

ol A o FES Fol g2 Feu ARSE £ o8 7HA "3 E (compound) AHs F-& 43 JF YT
Mg gEA0) e AL F2E Y, ZE Alolof JEE ZFEH F(FE)E EEor RHE 5
AFULH FAEEXNZ OE PO FEES 23S 5 YA, FESo] BF 28 ol 497 ws5yrh

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

s}

EAQ(1I, e RE WG ADS FEIAY 22t ddgsa Setol 4T 5 A5

>>> squares[0] # Indexing returns the item

1

>>> squares|[—1]

25

>>> squares[—-3:] # slicing returns a new 1list
[9, 16, 25]

G AEL ojojBo]7] e 4w A ATk

>>> squares + [36, 49, 64, 81, 100]
(1, 4, 9, 16, 25, 36, 49, 64, 81, 100]

29 BAGE 2o, el AEE b Uk Z 082 M3 T 5 etk

>>> cubes = [1, 8, 27, 65, 125] # something's wrong here
>>> 4 ** 3  # the cube of 4 is 64, not 65!

64

>>> cubes[3] = 64 # replace the wrong value

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

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) # add the cube of 6
>>> cubes.append (7 ** 3) # and the cube of 7
>>> 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) # they reference the same object
True

>>> rgba.append ("Alph")

>>> rgb

["Red", "Green", "Blue", "Alph"]

BE o] AN 2 A FBES T A AES EF UL o)t g 2L Sejol 2}
PaE A2 e BARES Bk 2T

3.1. mO|ME HLI|=Z ALES1T] 15
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>>> correct_rgba = rgbal:]

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

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

["Red", "Green", "Blue", "Alph"]

Sebo 2ol Qe AE A5, D 2E Qol8 AT AT, LE FEE AT £2A A5

o}

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

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

>>> # replace some values

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

>>> letters

['a%, Yigv, V€Y, "D, "@mv, VEY, Ugl]

>>> # now remove them

>>> letters[2:5] = []

>>> letters

['a', 'b', '£', 'g']

>>> # clear the list by replacing all the elements with an empty 1list
>>> letters([:] = []

>>> letters

[]

W g len() < B AEdE FEFHYUTh

>>> letters = ['a', 'b', '
>>> len(letters)

Q
Q.

AEE YT 4E AFUTH (FE 2ES Yt 2ES BEUTH. o & B

>>>n = [1, 2, 3]

>>> x = [a, n]

>>> x

(t'a', 'b', 'c'l, [1, 2, 3]]
>>> x[0]

['a', Vb', VCV]
>>> x[0][1]
'bl

3.2 TEOSHRISES HEZ

Of course, we can use Python for more complicated tasks than adding two and two together. For instance, we can
write an initial sub-sequence of the Fibonacci series as follows:

>>> # Fibonaccl series:
>>> # the sum of two elements defines the next
>>> a, b =20, 1
>>> while a < 10:
print (a)
a, b = b, atb

(TH& sl el Aol Al)
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(o] sl o] A ol A AI)

0
1
1
2
3
5
8
ol e B /M 2L 715 25T gt

cAEZeTEYY S ZANL QST WS a ool B 0T o] HABYTh vlA T} =
o A] ThA] AL& 5 ), T Qo] o] Shtek o R0 A 7] Ao SHlel A4 Fo] m A gk
Sl BUAL AZRE 0 EE O JHHA LAY AE UL

e while 22 XA (A7|AE1a < 10)0] 9 S AFF Ut CS upd A 2 gho]# e A 0 o]
ohd BE A% ol 1,02 ARNYULL 20 BAGIL} el 2E (A RE F7 AW
78 i sl 1oi7bo of obd A2 2 ol W AA2E ANVt o] ool A A
A R v gL e 3 vl b Co) 2o o BAR YT < (), > (2T,

= (2, <= (FAY 2, >= (F AU 2T, 1= (HHET).

o FZ O HtY (body) & £ 27 U 927 & ol oA 24 Fojg & FE R dyth
ey ZEZEA 47t 5o 2 EolA H (tab) o] U &9 (space) =  H3l of U th AAH

SCEEHAE Jﬂlﬂ S AFSEA F o BRIl I =S FEx|eHA gt ARtst A E
HA 7 ‘é 2 A 527 7e& Xﬂ*?‘bli} eSS U or a9 u= 2 &7 A&
Ll zé dBafoF Tk G 7 7F AA vpA g & JHF ] A& 5+ g7l 2 g uynh) 22
BEZo 2= EE E2 L2 FUE S92 7] HojoF 3o FY A 8.

e The print () function writes the value of the argument(s) it is given. It differs from just writing the expression
you want to write (as we did earlier in the calculator examples) in the way it handles multiple arguments,
floating-point quantities, and strings. Strings are printed without quotes, and a space is inserted between items,
so you can format things nicely, like this:
>>> i = 256*256
>>> print ('The value of i is', i)

The value of i is 65536

71N E QAAtend = 28 2ol TFH = MBI EZAE AAFAY 28S & ALEE 2UHA 3t
A< A Ut
>> 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,
32 ZRIsjUczo HAUS 17
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7IEF Mol 25 =+

As well as the while statement just introduced, Python uses a few more that we will encounter in this chapter.

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 A2 MY elif E7F A2 = U, else = HMHAAJUYLE Z|HE ‘elif’ & ‘elseif’ o ¢
Ea‘i?ltﬂ; :’—4'5_.?_]_' %o#&_)\.7]% 9 3l= o %%@—qq if s elif =+ elif =+ A|PAETE ﬂ‘ﬁ‘%oﬂ/\‘]
WA= switch Y case 2 thAI g T}

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 Statements.

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

filo %,
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>>> # Measure some strings:
>>> words = ['cat', 'window', 'defenestrate']
>>> for w in words:
print (w, len (w))
cat 3
window 6
defenestrate 12

YA olEZ o] E Bhe Bok 2L BHML £ Aot Sl SIS BEY) FEUD
oA, BE AN BAROR 228 BEAU A 2HAS BEE Ao B R T

# Create a sample collection

users = {'Hans': 'active', 'Eléonore': 'inactive' 'ooo': 'active'}

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

# Strategy: Create a new collection
active_users = {}
for user, status in users.items () :
if status == 'active'
active_users[user] = status

4.3 range() &t

5450 AALE o e o] EY Ba st 908, 3 B4 range 0 7h B FUTE 9 BEUTh

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

0

1

2

3

4

B2 el A Fhol A A FF U range (10) 2 10712 g2 =], 2] 10 AJ A9
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]

Ald2e] AR oJF e o] E st W, tha A | range () 2 len() = AFE = J5Uth

>>> 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

ShA R, 218 o th 22, enumerate () S 2E o] HdUH, T H A £ HAL.
ol

W9 T A shu 2 o] Qo]

=

>>> range (10)

range (0, 10)

l

W& BFoll range () 7t EHE AA| = P 2EQ
Ed ] 9ot= Al A FEES SAUE 5

AN 52 A W, A4 B 2B 7] obg Ut o] Bl # o]
= A o] Ak, AA 2 B 2EE WHEA GolA F7HS

— =
Aofgch

o)A ARE ol e 2 oL LFUTE FFo 24D WA A FHES AL 5 Uk FAANE
s got FEESS) BloR ATtk Lt for Bo] 18 T2 EAL B} ofE]
HES Fshe 59 e sum() YUTH

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

6

Later we will see more functions that return iterables and take iterables as arguments. In chapter A} 5 =%, we will
discuss in more detail about 1ist ().

4.4 break and continue Statements

The break statement breaks out of the innermost enclosing for or while loop:

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

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

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

The continue statement continues with the next iteration of the loop:

>>> 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<)
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Found an
Found an
Found an

odd number 7
even number 8
odd number 9

(o] sl o] A ol A AI)

4.5 else Clauses on Loops

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

equals

equals

equals

OW 0 J o U > W N -

equals

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

[}

if n § x ==
print (n, 'equals', x, '*', n//x)
break
else:
# loop fell through without finding a factor

print(n, 'is a prime number')

is a prime number
is a prime number

2 % 2

is a prime number

2 % 3

is a prime number

2 * 4
3 ® 3

(Yes, this is the correct code. Look closely: the e1se clause belongs to the for loop, not the i f statement.)

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.

When used with a loop, the e1se clause has more in common with the else clause of a t ry statement than it does
with that of i £ statements: a t ry statement’ s el se clause runs when no exception occurs, and a loop’ s else clause
runs when no break occurs. For more on the t ry statement and exceptions, see | 2] #| 2] 3} 7].

=
4.6 pass &
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>>> while True:

pass # Busy-wait for keyboard interrupt (Ctrl+C)
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>>> class MyEmptyClass:
pass

pass7F AHEE F e O Fac A ZEE AT o v 2R vid o] A2 E Al A A,
ol 2ol § F4A A FEANA AL 5 JA FUth pass € 283 FAIHUh
>>> def initlog(*args):

pass # Remember to implement this!

4.7 match Statements

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.

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. If no case matches, none of
the branches is executed.

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 is an (x, y) tuple
match point:
case (0, 0):
print ("Origin")
case (0, y):
print (£"Y={y}")
case (x, 0):
print (£"X={x}")
case (x, Vy):
print (f"X={x}, Y={y}")
case _

raise ValueError ("Not a point")

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.

4.7. match Statements 23
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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, vy):
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)

1
Point (1, y=var)
X

Point (x=1, y=var)

Point (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)1]:
print ("The origin")
case [Point(x, y)]:
print (f"Single point {x}, {y/}")
case [Point (0, yl), Point (0, y2)]:
print (f"Two on the Y axis at {yl}, {y2}")
case _

print ("Something else")

We can add an i f 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:

24 Chapter 4. 7|E} ®l0{ 82 £3
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match point:
case Point(x, y) if x == y:
print (£"Y=X at {x}")
case Point(x, vy):
print (£"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, yl1), 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) :

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

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

J

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

format.

4.8 gt F2lstY|

HA) 2D 499 e E 5

rr
uis)

158 WE 5 YUt

>>> def fib(n): # write Fibonacci series less than n
"""Print a Fibonacci series less than n.'"""
a, b =20, 1
while a < n:
print (a, end=' ")

(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
a, b = b, atb
print ()

>>> # Now call the function we just defined:
>>> £ib (2000)
0112 358 13 21 34 55 89 144 233 377 610 987 1597

AAE dert 4 AU E AT G5 1 EH BEE A F4 ) AMF 5 Z2 o] FupF Uk
o] v 2 GBI BBl b Bl A 4E 3, EA

= £l
Fe gegoz 249 el D 5 A&k of
A

g ubt o) A AR g2 A TAE HE S T =
‘ﬂEﬂ ol d A, & 52 EH (docstring) YU Th (F2EF O T & 2pA| 8 Y 8-2 =7 HlH o] A F 2L of
UEUth) S2ER S ARG A ekl 14 ’“‘ﬂfﬂe A A AW, A AFS ol HEtE o'
FEE T 7 UAEE st =750 Ut ofelie] AAste Z=o S2EYS HFee 22
FSHASFYUY, 2HY W ZRES Eole Aol FFUTh

T AP T4 A UPEE St A A E HolES BEUth & 5 TAACE, oA Y
REAT UGS @S A A ol B Atk whde] W FxE WA A9 A8 HolES
2o, AG AE HolES B 5, Ao g YW o] 559 HolES AH T :’-EHH ZLZQ T
Atk steets, A A Eedte T deE2 & HollA AH gl idE %’“14‘"/}(7‘40—1
W4 E global # 2 8 YA AU SR &5 W4 E nonlocal 22 PAISHA ¢+ o] 4).

FSER % %}HL*‘Xﬂ AR E (AAS) S 22 &2
Atk Z2eA AAELS Zholl & §F TZ (call by value) = A2 Y
FzrAdYoh. I 7}D}E FrE ST, T A4S S
A "ol Eo] kol g Uth

T Ao = g ol 52 M AR H ol B T A} AAF UL A Z el H = F o] 5ol 7hel 7=
AAE AHEAL O TR JAA UL thE o] 52 22 &5 AAE 7Hel 2 5 o Tl AM 25
= A2 o E d5Uth

>>> fib

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

>>> f£(100)

0112 358 13 21 34 55 89

¢ A7 o] gol ofie} Az

£ U5 A 43 ol thof WE ol
I
‘;_HH JEEE 'l%‘ﬂ'*ﬂ ;q‘—l

Ao AT, fib 7F FE EHFA &7

g“é

ol §47 oot 22 Aok 448 5

&
A HEP /\} ], return ¥ °] v F5% = S Y v 2§ ghol 7= A wk o] %k%N one
ozt EHUTH (W o] 5 dUTh. None ©] 8T {F L3 ghol 2, °1E1 g B+ EE None g 82
AAFUTE #F B4 sttt print ) £ A 5 5 U Th
>>> fib (0)
>>> print (£ib (0))
None

Ash ot AL, S £ 99 A4S B AES BHFE §4E A4 A% U h
>>> def fib2(n): # return Fibonacci series up to n

"""Return a list containing the Fibonacci series up to n."""

result = []

a, b =20, 1

while a < n:
result.append (a) # see below
a, b = b, atb

return result

(TH5 sl el Aol A<)

VAR =, A Fzol 93 % (call by object reference) ©] T £-& EA A, 71 AA 7} A=W, &A= 9T EA7} HE
HAS E A7 dEdUT (71 gaE0 58 278U .
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(o] sl o] A ol A AI)

>>> £100 = £ib2(100) # call it
>>> £100 # write the result
(o, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

A=A d, o] dl= R 7HA A 3ol 752 HolF U

|
e return v FFEZHEH S 20 B A ThE YT 234 A2 Q= return 2 None & S8 F
Urth g2 o2 HojXH QA NoneS EHFUTH

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 ob 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 st Fol o 27

A A 2 N AAER T4 Ao ste AL 7@tk Al 7HA Aol dledl, 29
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491 7|2 QIX}
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71 &R Qe FA2 sy I o] AAE Y 1B F S AskE AUk Aod AR o A2
Mo dAsR 22d 5 A Fs aUth o= Sl

o §

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)

to

2
g g N

z CHT TIND @A
A AR S-S AlFal| A ask_ok (1T e AT FE ST, 2)
B

T AAE AFHA ask ok (" =S AN F& TR, 2, 7, AP COFHIR RS

o &
Er SRR
o] o= in 71%EE 278k Y D‘r AlA 27 o]l g 7H = A obd Al & A AR Y T

def f(arg=i):
print (arg)

FA X

S
©
ok
&
o
10

| o 27| 27
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£ 58 AU

RV FAAG: 71 B 0.2 3 ek gro] THALTE o] A2 AR gre] P AEU YAV iR
e a0 dAHAY 2 Al AR o Aol B BEUT o E S, g FhE ASHE T2
AgE AR FAFUT

def f(a, L=[]):
L.append (a)
return L

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

(1]

(1, 2]

(1, 2, 3]

A48 5% b 1 8zko] TR A 9718 AT, U4 B4E oA Aoz & 4 JduU

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

4.9.2 7| E CIX}

= kwarg=value FA1 9] 7|9 = <A} S AMRA T2 AU A& 50, ths T

def parrot (voltage, state='a stiff', action='voom',6 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, "!")

bS] 4 QA (voltage) 9 Al 7R A B A A} (state, action, type) & HoFEYPUYTH ©] 5+
D}oi}ﬂ" U ol ALRY 5EE 4 AFUTh

parrot (1000) # 1 positional argument
parrot (voltage=1000) # 1 keyword argument
parrot (voltage=1000000, action='VOOOOOM") # 2 keyword arguments
parrot (action='VOOOOOM', voltage=1000000) # 2 keyword arguments
parrot('a million', 'bereft of life', 'jump') # 3 positional arguments
parrot ('a thousand', state='pushing up the daisies') # 1 positional, 1 keyword
FA ST 2 TEELS BT SutEA) U Th

parrot () # required argument missing

parrot (voltage=5.0, 'dead') # non-keyword argument after a keyword argument
parrot (110, voltage=220) # duplicate value for the same argument

parrot (actor="'John Cleese') # unknown keyword argument

4 B 2OIA, 7191 = QA1 913 917 5ol UeboF FTh AR BE A9 Ak g7} wolE
ol& A&} F st} skotof 5t (aﬂ% £9], actor= parrot $49] itﬂ- O1Z}7} o} U Th), 11 A=
2284 SHUTh o ASol L B4 AREE EFHUTH O] & S0l, parrot (voltage=1000) = &1}
FUh. oJ® AAE F 7 o] e e e F /5 UTh o 7], of Al Fuf el Asfst= o7t A5 Utk
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>>> def function(a):
pass

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

**name A1 9] upx)uk & A u A HS7F 2 A5, G4 i HSES o L ER] G T E 79
< &2 944 g (typesmapping & EAM ) & E‘:‘QWD} O] A *name (Th A B4
P40 P4 w50 2 9HE 5 Qe P4 NS 55 vke) 94 ARSS @
(*name- **name 2ol UhoboF FUITE) o8 o, o] & T8 H ol su:

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])

i Aer 559 4 Juh

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

ae)a FAs ol gA A Fuich

—-— 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 A4 T T2 A" A9 X ol HAF ol 5354 2.

4.9.3 S2 07} HL

AEACR, AR FA Y BA A AR ol Yol A2 4 9)
LA G2o) 97, AAY A= B A= ADH A S DD
AA7F AEE S Aldehd E5y o,

T4 Aol then ek

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

| Positional or keyword
\ - Keyword only
—— Positional only

!

>
10

.I

ok
1
0
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4714 /9 += A YUTE S, o] 7T AXT} Fo] AT & A o] wE v el
FRE VeI 9% A8, 9279 L /9= A A9 A A5 B3 (amed) 77
Mot gt

2| x|-7| 9| E (Positional-or-Keyword) 21X}
T Aooll /o + 7t Lo W, JAAFE AU 7| ER ol A 4 sy T

SIx| M ThAH B4
B U AASA AR W, 54 A A5 9
o £A7F E 50, AR ) MSE AR -
S YU /A A o) A E ol ¥

S Aol /7r e, AA Ag i) HeE /sy

/Eree Wl WA 9 9EY A 9E A8 ¢ dEUT

& 913 Agolw, v w4
Ag T AR/ (A ol
2ok o A Uk,

7|9E ME 2x}

W) g 7| E AdAE ﬂ”oﬁokﬂ" VB =2 mj/) S 79 Agoz TAsEE, 3 A
A9 AG vl WS vh Aol Al B2l 5 YO AAS

g4 Oll x|

o

18k x vpA | F= & 7] & olE v oA F I E LA A

>>> 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)

28R B A seandardaro & b A5 H YA 02, B2 F Ao bR A ATL FA grov] A
AN AYER A2E 5 AHUTh

>>> standard_arg(2)
2

>>> standard_arg(arg=2)
2

T WA 34 pos_only_arge T A /7 o B Z 1A w7 WS ALS S EE A

o
biai)
v
v

>>> 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'

The third function kwd_only_arg only allows keyword arguments as indicated by a * in the function definition:

30 Chapter 4. 7|E} M0 S8 =3
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>>> 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)
3

wpA v e B4 Ao oA Al HA £% A S BE LGPk

>>> 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'
npA 20 2, 94 917 name 3} nane & 71 2 ZHAE *ruds Abelol FA A S o) 9 o B 2

NELRIEE

def foo(name, **kwds):

return 'name' in kwds

name 7192 A R AR W Aol AYHEE True T VBT 4 AL TEL BT S

=4

>>> foo(l, **{'name': 21})
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: foo() got multiple values for argument 'name'
>>>

JHY /(A AE A2 E AFE S, name & Y X AAE, FA O 'name' = 7| HE AR 7|2 AR T
FJornzg 7y ch

>>> def foo(name, /, **kwds):
return 'name' in kwds

Y.

%, 913 A8 oA WA o B rrkuds ol A REF ghol AEE S 9

o

ARG AR ZF S B o] ol A o wi ) R E AR 2 A A F Y o

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

49. Bt Mol H7Y| 31
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Ao ZA:
o W7) M52 o] B2 AR A AR S = JEE S E YA AR AFRIAAA L. w7 M4 o] S o]
AA u 7t Qe wl, 73 EE u ARk A S FASE L S, B R 9 X w7 W9t

=
=)
[e]
=
oo} 7|9 =8 wolSo| 1 48 o $-&F LT
2l =

ERELE
"’,

Ade = Q)

]
« APIS] B9, FF w7 Wao] o] Fo]l =4 uf v
ALS ALFAA L.

nAuto 2, 71 g g E s S B4 Aol A4 AXr 52E 4 YES (A s AT
o AREL B2 BYUL (F2 A A~ & HAR). 7pd Bol A% ol AL A2 el Lut
A5 ol & 4 LU

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

Normally, these variadic arguments will be last in the list of formal parameters, because they scoop up all remaining
input arguments that are passed to the function. Any formal parameters which occur after the *args parameter are
‘keyword-only’ arguments, meaning that they can only be used as keywords rather than positional arguments.

>>> def concat (*args, sep="/")
return sep.join (args)

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

'earth.mars.venus'

495 Qlx} 22 of 1jZ

AAE o] ofu] P AEY FZo] YA, LH AX AAELS 275 T4 552 A5 A 947 3o}
ah 75wk A go] Wol AUtk ol & Fol, 3 range () T4 W= startSstop 42 71T
DASC| G2 9 Fow, JAEG FEZEE AAE A A A3 -ARRE ASHNA T2
sEstd gurh

>>> list (range (3, 6)) # normal call with separate arguments

[3, 4, 5]

>>> args = [3, 6]

>>> list (range (*args)) # call with arguments unpacked from a list

[3, 4, 5]

T2 AR gL - AMAE A A ZIHE AAS A8 d A5 U Th

>>> 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 !
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4.9.6 C} E3Al

lambda 71 EE AHE A AT 01 P YHE DE S AL o FHE F A9 WS EATIY
Lanbaa a, b: atb. B4 2717k 10T oF S Fol @ o Tl 1} 4 97 A8 4 AT $u e
2t s}e B0 ASH UL U Eo 2L, o s

=
F5 A A Y, ATt Pt BAAE AT m e MSE

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

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

42

>>> f (1)

43

m

A4 A FUTH E THE §EE FS F4F AR ALt

m[o

ﬁ% d< & EdF7 A et 2

AUtk

>>> 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')]

M
GRESTEREERTERESELEDELE R R Easles
= o

A2 g AN BAS Fa, 1ANA Lok FUTh HBEL AN, AAY o Fol 1} e o
AASE AR ehoto shu, o AE L THE B o A3 /) WE AU (o] Bol B4 FYL
Ao bR A9 Th, of 22 thEAR A 25t vb % 2 2 yof Fuick

= o) d E A ofel o) Ard = 0 S vlolsiol, NAH 0 Aokt A dug
Eelsfok GUth Hut2t 5L S 1 o] 4o RO, AN 5 ok, HAg 5 4B of
Fuch

shol 2l ShA = o8] & £AD 2B Dol A S/ S AANA 87 o], AP E H S EFEL
2230 S0 278 AAYYT oA the T} 2L el E ASFUTE EALY A= Fo] o A
WAl Wo] 97 eke Fol AAl ERHE o d EAAY Solng] 22 AAFUT (Pl A 22
AEF 5 G, duA 0 2 BALL A FTE g E Bolglol A Boj2t AL H P 2L
Hhed31A) gk7] W2 QU Th) of Solv)eh 558 Fulo] EA e E £0) A% REeA AAHY
o). @ So]27] © Zo| (hehibA] & olof 34w, LrehdthE R Qr ] Z o] Al A Uth
554 W I (25 8749 25 0]2) Fol AAE YT

7] 18 & 5229 o7 &t

>>> def my_ function():
"""Do nothing, but document 1it.

No, really, it doesn't do anything.
mrrmn

pass

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

No, really, it doesn't do anything.

>
10
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4.9.8 gt O]-El|0|M

S o] o H o] A 2 AFR AL A o] ST AFR S ol St A s A WEY ol FR YYTh
(xwlbj RIS IR PEP 3107 Z PEP 484 & B M| 2).

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 9t71=2: A AEY
oA o HEL glo|He ¢ 2, o] B 2ZA4ES AAFH T gyt W 2t o o) v F dst
AIZFGYch tRE doj= A2 g2 2ed 2 FA4E (= ¢ HeEeHA, =29E) & A5yt of#H
ASe e ASHU T 47 A5 UTh e A Eo oo I o7 I nEE AL FH FL
A7tol1, EFH 2 2L EYFE AL AFA e 2 2 FUT
sfol Mg 18, RE T2 AE S} 155 2 7fo] =& PEP 89] UgtHUTh o] AL WS ¢]7]
43 ol A FY 2L S e FUTh LE sho| A AR AR o] BAE ¢lojoF FUTH;
e E g S8 Mg F e HESS FeRFUT

« £ 27| 425 0| 25 AR E A, HE AL SR v 2

4719 Asolae A Sojxd] (B Be $4 £8 s2¥Uh 9 2 27 (7] 45 Uth

Apole] £ AF AUk B EAS o)1, glofE Aol AA Y

« T9AE WA GEE 5 I AL

o] AL AL g 7 A AE Fu 2 ol E o] = I EL e 2 5 QA Fu

« SAERS ARSI

o AARE =Wt ZulH o An|o]AE YT, FE IR OFZo|= AH o] AE DA upH| R4 = £(1,
2) + g(3, 4).

o ZU G TLE AN Y= o|EE BoNL; A= FW 29 F UpperCamelCase, T2} H)
M E9] % § lowercase_with underscores‘ﬁqr/} A A YA 0zl o] B0 F = A} self
EALFA L (F2 w A= O3 AT &L S22t A v S HA L),

P olRl e TEE FA A P A Ao 1 drhd SEe ARg e AR EA vhil L. ol
Aol = sho]# o] 7], UTF-8, =+ <= ASCIIZ 2}, o] 34 duth

- TPRAA R, O A0l E RS Aol =S A AU A A okhe) Fs A dE Bk, A A}
o] ASCII o] 2] o] A& AMR5HA] u]_/(ﬂ‘u_.
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CHAPTER B

o] FollAl= ol de] oln] w2 AES F 1 AAS] AWstal, B 7HA AR AsS HEd Utk

51 2[AE O H7|

PAE AR P B A MASES B 23 YUtk o A0l B AE AR BE WAS SYYch
list.append (x)
Add an item to the end of the list. Similarto a[len(a):] = [x].

list .extend (iterable)

Extend the list by appending all the items from the iterable. Similar to a[len(a) :] = iterable.

list.insert (i, x)
Fol 7 9 X B AQTUTE R AA A AU £ 247 2A D A9k LA
a.insert (0, x) = g 2E9] ?ﬂ%oﬂ AFQl3}, a.insert (len(a), x) = a.append (x) ==t
Y,

list.remove (X)
g AEOA ol x & 22 A A FEZ AAF YT 28 F5o] gloH valueErrorE €2
U,

list.pop ( [l] )
Remove the item at the given position in the list, and return it. If no index is specified, a . pop () removes and

returns the last item in the list. It raises an IndexError if the list is empty or the index is outside the list
range.

list.clear ()

Remove all items from the list. Similar to del a[:].
list.index (x [ start[ end]]
B AE] Sk 5 5 ghol xoF 22 A WAl A9 05 E Al Fehe AUAE EHFITh 18 FHol
.O_‘?j ValueError & 942 d \41:]-

B A Q) AR start 9 end = S0l 2 EAYAY A 2, AL B rEe] SRR AR N AL
Al o AL H U SeRe AU sar AX7) ol e}l WA ALY A4S A FEow

k.
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list.count (x)
B rEoMx 7t s g =HE YT
list.sort (*, key=None, reverse=False)

g AEQ FESS AR A AEIFUT (AAE2 A E AL upo]A o] dof| A2 4= 5T
AL sorted() & EAML).

list.reverse ()
B AEL] 84523 AR A AU
list.copy ()

Return a shallow copy of the list. Similarto a[: 7.

BlaE v A E g RS AR S o

>>> fruits = ['orange', 'apple', 'pear', 'banana', 'kiwi', 'apple', 'banana']
>>> fruits.count ('apple')
2

>>> fruits.count ('tangerine')

>>> fruits.index ('banana')

>>> fruits.index ('banana', 4) # Find next banana starting at position 4
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’

You might have noticed that methods like insert, remove or sort that only modify the list have no return value
printed — they return the default None.! This is a design principle for all mutable data structures in Python.

Another thing you might notice is that not all data can be sorted or compared. For instance, [None, 'hello', 10]
doesn’ t sort because integers can’ t be compared to strings and None can’ t be compared to other types. Also, there
are some types that don’ t have a defined ordering relation. For example, 3+45 < 5+73 isn’ t a valid comparison.

5.1.1 E|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 ()

>>> stack

(Th= sl o] A ol A%)

g2 dojEolM e 7k AAE B8 F 7% &0, d->insert ("a") —>remove ("b") ->sort () ; & ZL WA= A E F
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[3, 4, 5, 6]
>>> stack.pop ()
6

>>> stack.pop ()
5
>>>
[3,

stack
4]

(o] sl o] A ol A AI)

512 Z|AEE AR A}%3}7|

PAEE FEASIE AR s
frscout'); ST, o)~ 2. o] & Ao
AL w2 A B, 2 2= o) o 2 of 5l
o5 A1 7 oF 57 mh £ AU Th).

& TS, F A HE
A L. o & &

Lzéﬁﬂﬂ

%sqq:aczﬂ of
SEEEEE REAY e kN

o] 712t AW 7] 7} B w2 =

AY X] QA dY Tk (“first-in,

o] A, Zol A A=

2ATELRT & 7Y

uwww

E A A E collections.deque & AFE

>>> from collections import deque

>>> queue = deque (["Eric", "John", "Michael"])

>>> queue.append ("Terry") # Terry arrives

>>> queue.append ("Graham") # Graham arrives

>>> queue.popleft () # The first to arrive now leaves

'Eric'

>>> queue.popleft () # The second to arrive now leaves

'John'

>>> queue # Remaining queue in order of arrival
deque ([ 'Michael', 'Terry', 'Graham'])

513 Z[AE H=Z2|3M

PiE LML PAES e FAT PYS AFFIUL B 5L, F 24Tt e AAaY
ojele el WM B oW AN A g AT BAEE WEAL, oW 2L WEIE 4R
THENBANDAE BEE A

A& 5ol Almgse

U
3 7HR AL, ol @ AU e:

>>> 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] Bo) M E WET (B Yo 2 1) £ 27 FRE Fol = ol wETH: Ziol fe
L. ol E RAGE glo], AlFFe P2EES oW Ao AN 5 YUt

[squares = list (map(lambda x: x**2, range (10)))

Ex, o 9A B 45 eyt

[squares = [x**2 for x in range(10)]

oAl § 2+A8 247 45 UTh

gAE Hudde AL I FAEMEE for AR PAY A 7R for Yif AES AN U E
T2 FAPTh 1 A% A e, rox 9 ir Ao] F oA ERA9) ke o)A wHEeI VT
A g 5o, 0] AE HuAML F HAEY 453 AR ZTA &2 A7 8] AT

2|AE O H7|
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>>> [(x, y) for x in [1,2,3] for y in [3,1,4] if x != y]
[R5 SHE (15, A, S (28 B8 (28, ) (28, S ) B (SN S (31 AN |

a2, ol A2 e s g th

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

>>> combs
[, 3, 1, 4), (2, 3), 2, 1), (2, 4), (3, 1), (3, 4)]

T 3T 27 oA for 9Fif B A7 229 FY A 2.

Z@A o] FEolH (5 & ool (x, v)), TEA] BT & 2K oF gt

>>> vec = [-4, -2, 0, 2, 4]
>>> # create a new list with the values doubled
>>> [x*2 for x in vec]
[-8, -4, 0, 4, 8]
>>> # filter the list to exclude negative numbers
>>> [x for x in vec if x >= 0]
[0, 2, 4]
>>> # apply a function to all the elements
>>> [abs (x) for x in vec]
[4, 2, 0, 2, 4]
>>> # call a method on each element
>>> freshfruit = [' Dbanana', ' loganberry ', 'passion fruit "]
>>> [weapon.strip() for weapon in freshfruit]
['"banana', 'loganberry', 'passion fruit']
>>> # create a list of 2-tuples like (number, square)
>>> [(x, x**2) for x in range (6)]
(o, 0y, 1, 1y, (2, 4), (3, 9), (4, 16), (5, 25)]
>>> # the tuple must be parenthesized, otherwise an error is raised
>>> [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?
>>> # flatten a list using a listcomp with two 'for'
>>> vec = [[1,2,3], [4,5,6]1, [7,8,9]]
>>> [num for elem in vec for num in elem]
(1, 2, 3, 4, 5, 6, 7, 8, 9]

PrE FuAde B4 £ 2 Y @4E

o
kel
b
ok
>
30,
xfy
iw
i)

>>> from math import pi
>>> [str(round(pi, 1)) for i in range(l, 6)]
['3.1', '3.14', '3.142', '3.1416', '3.14159']

S 9, BhE Bl iE Az A E ST

3x4 B 2] o] & HA T

ﬂﬂ mp
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>>> matrix = [
(1, 2, 3, 41,

f—

OF faE Axgdde @4 de dA A Yk

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

As we saw in the previous section, the inner list comprehension is evaluated in the context of the for that follows it,

so this example is equivalent to:

>>> transposed = []
>>> for i1 in range(4):

transposed.append([row[i] for row in matrix])

>>> transposed
trs, s, 91, (2, e, 101, (3, 7, 11], [4, 8, 12]]

o] AL thAl The 3} 2Tk

>>> transposed = []
>>> for i in range (4):
# the following 3 lines implement the nested listcomp
transposed_row = []
for row in matrix:
transposed_row.append (row[i])
transposed.append (transposed_row)

>>> transposed
tee, s, 91, (2, e, 10], (3, 7, 111, [4, 8, 12]]

J

m)-

1A A Aol A, B
g5 95Uk

fok

SRR FreS AL kUt o] Aol zip0) F57HA

o Ere
= =2

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

o] ol Yo f 2 aTo] theh AAM T &2 A 55 < 94 & EAlL.

52 de1 &

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 af[2:4]

>>> a

[1, 66.25, 1234.5]

>>> del af:]

>>> a

52. del1 &
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del £ W AA B A S =H ol E 82 5 AT

[>>> del a }
o]Fo o] F a & Fxdh= AL oYUt (H o= the ol M2 thAH 7] A7EA]). H oAl del & T2
455 2A gyt

5.3 5&1} A=A

gl 2aEQL BAtd o] Ad 3 Safol A A4 22 B2 A FRHETS BAF U o] AE2 AEx
27 B o 7 7HA o dUth (typesseq & H A R). SFo] W &}sk= Qoo 7] wf£of], th& Al A 2k R
Fol F7HE = YFUTh T RE A2 AR Fo] sUth & guth

FE2HRE FEHE 8 o2 FH4F U o & St

>>> t = 12345, 54321, 'hello!'
>>> t[0]

12345

>>> t

(12345, 54321, 'hello!'")

>>> # Tuples may be nested:
>>u =t, (1, 2, 3, 4, 5)

>>> U
((12345, 54321, 'hello!'), (1, 2, 3, 4, 5))
>>> # Tuples are Iimmutable:
>>> t[0] = 88888
Traceback (most recent call last):

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

TypeError: 'tuple' object does not support item assignment
>>> # but they can contain mutable objects:

>>> v = ([1, 2, 3], [3, 2, 1])

>>> v

(ry, 2, 31, I3, 2, 1])

ool HXol, 295+ FE2TH LI AU 2834 SHE % o] ZutEA s A g Utk
3% 5 BRI AR (FE 6 2 RAN IR AW, TR BEY WA EE flo] 4D
Z95un, 2o A Bad A A8 AR YA, AAE T A AANE EPe
RELVE ST AF U

FZol 2EAH At st gty o] AL ThE AFA thE BEH o2 A8 g Ut FE2 24
3, BF o) AAN S AFY AFAAE 2}YTE 8452 A A (o] AME Fof| vp2th) o A A
(e s 52 AP oERERE) 02 AN 2T g2EE VM o], 8452 HF
A Aol g2 thit ol old e g A2 HY

=99 BAL M AAG S FES 2E FEL B AQUT: o] A$E £897) Ao B
271490 69 RS 21 ALUTh N RS 0 25 Aow Bsojdyr oo FEoR 24
REL ol 4E2 B4 BEUTD RS IE 25 SeA 9 s Aot 25 4vth
FRich AW B3 AU o) & Bol:

>>> empty = ()

>>> singleton = 'hello', # <—-— note trailing comma

>>> len (empty)

0
>>> len (singleton)
1
>>> singleton
('"hello',)
J
=%t = 12345, 54321, ‘'hello!' & 72 A 9 ol duth: 3k 12345,54321, 'hello!' & A F=

t
= 97 gy v A4k ES 7 ok
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IS

o) R e, F 83 AAIAAE, AA2 A 57 o] ehm B2 2 EEo| of B ADLT G PuTh AR
A7 e S5 Fuo] Aol 9 LAET 2L |5 W5Eo] & AS LT UL hF g
A RE AT A AL A 9 e 2 Rolehe Aol fAAR
54 XISk

- (==
shol e (T S A AR A TAFULL AR FEH £ 247 oA gle 2949Ynh /)=
Aol gt w4 A2 Az AAQU A AN E SN, aA A9 A AT
Ze oA A4S A APk

AFES N e TZI U ser ) FTEAEET F AU T W JS EHHset ) &
ARgS oF U th () ZFobd Ut Ak Rl 9 Bl & Rte ), oS Al d oA v Ut

o 7] Zrekgt A A o] JFYTh
>>> basket = {'apple', 'orange', 'apple', 'pear', 'orange', 'banana'}
>>> print (basket) # show that duplicates have been removed
{'orange', 'banana', 'pear',K 'apple'}
>>> 'orange' in basket # fast membership testing
True

>>> 'crabgrass' in basket
False

>>> # Demonstrate set operations on unique letters from two words

>>>
>>> a = set ('abracadabra')

>>> b = set('alacazam')

>>> a # unique letters in a

{'a', 'r', 'b', 'c', 'd'}

>>> a - b # letters in a but not in b
{'r', 'd', 'b'}

>> a | b letters in a or b or both

#
{vav, 'C', vrv, vdv, vbv, lmv, 'Z', 'l'}
#

>>> a & b letters in both a and b

{lal, lc'}
>>> a ~ Db # letters in a or b but not both
{lrl, le, lbl, lmV, 'Z', lll}

faE Azeldd 3 fAE, A% Az AAE A g Ych

>>> a = {x for x in 'abracadabra' if x not in 'abc'}
>>> a
{Vr', Vd'}

5.5 ElMLZ|

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 ().

gAY E (FHAMY 2 FellA) 717 SEH A dethe AlF2Ae 7H 7] ] AFo s ek
Aol AMYUTH 25 AL W DTS RS ULk (). F2F ol JER RelH AL AEY 22
o gy 27 7 AES AFFULH ol Aol gAY &85 = B4 o7 = FTh
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gAu e = * A2 g 7] 9k @7 Agstal Fol 3 7= & FE5E A AU del 2 7115 =
AAsE A= b dUTh ofu] ARSSkaL 1= 712 Ashd, 1712 A oA g2 P Uk EA4)
SHA] 71E P& FESHE A2 I

HAB el List (d) & 73 ‘}Dd gAu oA AREE I ' BE 79 B AEE A fAMEEE%Z
Uth(H 22 98td thAl sorted(d) S AHE3HE FUTh. e 717 9 g ol Q2] AALstE A

in 7191 =5 AHESHAl 2.

of 7)ol E A 2l % A8 B

220 o7k o

>>> 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
J
dict 0 AAE AR S NDLE e A7 9 E AT
>>> dict ([ ('sape', 4139), ('guido', 4127), ('jack', 4098)1) )
{'sape': 4139, 'guido': 4127, 'jack': 4098}
J
olo s, Y2l Hueldde 499 7| g HAEE B A E vt A2 7 S
Ytk
>>> {x: x**2 for x in (2, 4, 6)}
{2: 4, 4: 16, 6: 36}

A e EAL L W, 2 A Y AAES

Al A e AR 7 A5

>>> dict (sape=4139,
4139,

guido=4127,

{'sape' 'guido': 4127,

jack=4098)
'jJack':

4098}

5.6 £ |3k

When looping through dictionaries, the key and corresponding value can be retrieved at the same time using the

items () method.

>>> knights
>>> for k,

{'gallahad':
v in knights.items () :
print (k, wv)
gallahad the pure
robin the brave

'the pure’,

'robin' 'the brave'}

}‘] '?ﬂ—/l% —‘T_“Tg %a]'aﬁ, enumerate ()

B3 A A 2ok o gL B 2 5 sk
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>>> for i, v in enumerate(['tic', 'tac', 'toe']):
print (i, wv)

0 tic

1 tac

2 toe

Foluh T o4 AALE BAG] 2B, zip0) FRE NS B2 BE  AF U

>>> questions = ['name', 'quest', 'favorite color']
>>> answers = ['lancelot', 'the holy grail', 'blue']
>>> for g, a in zip(questions, answers):
print ('What is your )}? 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.

ANAEE AR T35, HA AUFo 2 NALS AT tholl reversed () FE TE5H4 2.

>>> for i in reversed(range(l, 10, 2)):

print (i)
9
7
5
3
1

J

AY8E SN2 NDAE THFE W, sorted) S AN 228 WH3A FTE JDE A 2l
EE 8L 2 ol o}
—= =2 T A8 .
>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for i in sorted(basket):

print (1)
apple
apple
banana
orange
orange
pear
A2l Tl ser () & AHGIR 55 848 AAFUTE AD2o) B3 ser () 3 sorted ) & B
ABoE A e ATAS 1F G BAE AT £ FASE BEA B
>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for f in sorted(set (basket)):

print (f)
apple
banana
orange
pear
W £LE BT YL P AES WAFLE RES LPUTh AT 5, A A P AES BEE Zo|
o ket of b g

56. FZ HIY 43
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>>> 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]

57 2 ¢ B

while ¥} if FoA AFRE & 2 A=Yt oly g} B E AXMAE AT 5 JdFUh

The comparison operators in and not in are membership tests that determine whether a value is in (or not in) a
container. The operators is and is not compare whether two objects are really the same object. All comparison
operators have the same priority, which is lower than that of all numerical operators.

W S 5 ATk A F S0l 4 < b - o2 Zhb BEF AT, SA b 7be o 227 AN
e,

W 2] QAR and or B AFEHA AT 5 T, T8 AT (L e BE g HA4
2)not 22 BAFF £ JFUTh o] AE2 vl AAALE T E2 L AEHE 3%?‘4‘3} °]ﬂ7}oﬂtnot
o] 7 =8 LM E 2T, or 7} 7P IS U T 28lA A and not B or CE (A and (not B)) or
CHEFFUL ol AT, A 2 7S RAA AN B5E ST 5 Az Utk

=2 A4A}and & or = &9 @3] & (short-circuir) AAFAFG U TH AR A Z o) A

FAAL, A77L AR AR g 7871 FRE U ol 5 o], a 2 7} @olaL 1, and
B and ¢t EW4 c o gg FokA) gk Eeigkel obd Ankgho 2 AHgE u), B8l = AdatAte)
uhgh ghe vhx e & gho] Ta R Ak ok

o 27 o =g 384 2RE o d S 5 AsUTh A E =

>>> stringl, string2, string3 = '', 'Trondheim', 'Hammer Dance'

>>> non_null = stringl or string2 or string3

>>> non_null

'Trondheim'

sho] o) A, CoHe o), @4 hol Hle) B} nhcka7) e A4bAl =5 AFgBko] HAI A 0 & Sas o
FUh C 22 aol 4 £3] BEA & $R BASES H0HES FuUrh - S AT EHA - 2
SRR

5.8 A[EALRCIE ¥=S H|W5HY|

Al A 7“7‘<1]%% HE 22 A2 3o t& AASH A E 5 A5 Uth vlas AR A SAE AR
Yok WA A F FEe vl h2d o] Zlo] vjne] d3E AU 2o, v F S v
star, o] ¥ QEE ojL S A AATE £ FE w7 A] AL} ok HWLH%? FE AA 7L 2E B
A, AP A a7t A A o' P UTE F AL EL ?%‘%01 2o v ae |, Al A AaES
22 A2 FAFgEUth A D27 E e w2 B2 B A FAY, 2 Al EA7EAS AU T
ALY AP A v D ANE FAEY A5 Aotedl FUIE FE XAE RAE AU 22
P AIALE ] vl E 7HA] o = o] HF YT

(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)

(TH5 sl el Aol A<)
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(1, 2, 3) == (1.0, 2.0, 3.0)
(1, 2, ('aa', 'ab')) < (1, 2, ('abc', 'a'), 4)

(o] sl o] A ol A AI)

NE e 9o AAMSS <> 2 0ass AL, I AR S0 AdR v iA=Se 2

FetA s Ao FosA L. o2 Eol, AR T2 A1 §
02003 23, 5%5. 28X ghow, 499 ¢4 5 A5

L]D}_ SIS

—

9L
Py =
=9 2 3ol whep vl gyt 1
Al, Q1] Z 2] E] &= TypeError & ¢

[o & &
oy > 2

5.8. A|EA2ICIE Y¥ES LS|
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A3, ol M A EL Yol Yu AP ABzH Y th3lF B4 A
e AFRYTh 29 9 9L BE ojekn R UTh BER R E 49 5o thE BEe|y}
E2 JEE Y 5 AFUTH( BES HAY S Rolq A = 2T Y= ALY RECA
= 249U Th
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of &2t .py E = JYTH
Ho]| Zolst=dA 7=
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HH 12 2o O
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ok

A=} 2~
T
fibo.py 21 019 AL AR A E o] BET LT 2L R Ae

=
=2
x
K

|
1o
o
l(f
flo
™
18
22

# Fibonacci numbers module

def fib(n): # write Fibonaccli series up to n
a, b=20, 1
while a < n:
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 = b, atb
return result

&

o[A] stold JIF B o So7kA o] RES 53 22 HHoR JX2E

L

Ytk

[>>> import fibo J

This does not add the names of the functions defined in fibo directly to the current namespace (see 3}0] % 2~ 51 5%
2} o] & &7} for more details); it only adds the module name fibo there. Using the module name you can access
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the functions:

>>> fibo.fib (1000)

0112358 13 21 34 55 89 144 233 377 610 987
>>> fibo.fib2 (100)

(o, 12, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

>>> fibo. name
'fibo'
F5E AT AT AtE A o202 UYT S+ AUtk

>>> fib = fibo.fib
>>> fib (500)
0112358 13 21 34 55 89 144 233 377

Each module has its own private namespace, which is used as the global namespace by all functions defined in the
module. Thus, the author of a module can use global variables in the module without worrying about accidental
clashes with a user’ s global variables. On the other hand, if you know what you are doing you can touch a module’
s global variables with the same notation used to refer to its functions, modname . i temname.

Modules can import other modules. It is customary but not required to place all import statements at the beginning
of a module (or script, for that matter). The imported module names, if placed at the top level of a module (outside
any functions or classes), are added to the module’ s global namespace.

There is a variant of the import statement that imports names from a module directly into the importing module’ s
namespace. For example:

>>> from fibo import fib, fib2
>>> fib (500)
01 12 358 13 21 34 55 89 144 233 377

This does not introduce the module name from which the imports are taken in the local namespace (so in the example,
fibo is not defined).

BEo] Hoste BRE o= Y2 Es= MFE Jd5Uth

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

AL EE Q) Z AN ASS AYR BE |52 JEE FUTh tRE o] mragnS2
° 71%5& AR8-81A] ke, AdE = ﬂﬂi“ﬁﬂﬂ%%ﬂ%%ﬂ@@%Eﬂ?ﬂﬂ%da%ﬂﬂm
Ao ASE A 2 = 7l e T

AR o REolu H7|A A « & JEESE AL waE A e Ao FolsA 8, TF
Q7)o AshA] gF2 TES w7l mEduth SR uh B33 Aldol A d2e FoluAt AR s A2
CRiaS=nelss

BEolF Heclas 72 A as g ol52 d2EF BE A4 A2 I

! In fact function definitions are also ‘statements’ that are ‘executed’ ; the execution of a module-level function definition adds the function
name to the module’ s global namespace.
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>>> import fibo as fib
>>> fib.fib(500)
0112358 13 21 34 55 89 144 233 377

O] AL import fibo 7}8t= AP g2 vjAlow nES AT E o=d, $L3 2o FL 1 RES fib
Ze ol 5 o2 AT £ T A
=

from= M A B3 E9HE d uj

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

0 IFx

BEANY R E, 4 EES JHZE At 3 Mt dZEG U T, o] B
52 £330, AHZAHE A AR Ak FUTh — Ex, BB oR AFsle BE| 3
L}%%O]E+?L importlib.reload() %% A}%}B}AHJL. @]El E‘ﬂ, import importlib; importlib.
reload (modulename).

BEgol e Z=s, 2S dXET HAH AFF YUtk AW _name & "_main_ " B AAFHY
th o] A, o] ZEE ZEQ 2ol 294:

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

SIS JEET 5 Yt RERY P2 AAYERE AFY 5 YES UE 5 AL o v,
oA mEo| W Uz AW Ww YYPL st Dest AR /) R

$ python fibo.py 50
0112 358 13 21 34

>>>

1a
i
o

NAL FF RE G AT A AEH ] 2B AFTHAL HAE BH O AFHUTH(

6.1.2 OX ZHAH 7ﬂ§g

—= T o

When a module named spam is imported, the interpreter first searches for a built-in module with that name. These
module names are listed in sys .builtin_module_names. If not found, it then searches for a file named spam.py
in a list of directories given by the variable sys.path. sys.path is initialized from these locations:

« 4P 2THES A= HEHE (EE 3pd ol AARHA kS W= FA P H 2.
o PYTHONPATH (H H B 2] o] 552 55, A W< paTs o 22 &1).

« The installation-dependent default (by convention including a site-packages directory, handled by the site
module).

6.1. 2E  H7| 49
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More details are at sys-path-init.

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
2718 Zof, gpo]l W 22 IW L sys.path S FHT F AFULL 23 HEE 283+ HHEH = 34
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

2E 2dE& a7 s, sto] M-S _ pycache_ U HEH O Z+ RES Aot
version.pyc Bhe o] &0 2 FJ A U T} version & AL H 5L o] A2 J
He WA S S 23U th o & Eof, CPython ¥l 3 3.3 o] A] spam.py &] 3}
spam.cpython-33.pyc & 7} FUth o] Y2 A& ot sto|x s
2z23% 2 9w = 3

[e) = T
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

Yy
Fdo A o A& AL REH = SEEUH
« 2E compileall 2 A & BE EEY pyc FLES UHE F AHUT
j

|=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
iy 0

>>> 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
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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__',

' _debug_ ', '__doc__ ', '__import__', '__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|

Packages are a way of structuring Python’ s module namespace by using “dotted module names”. For example,
the module name A. B designates a submodule named B in a package named a. Just like the use of modules saves
the authors of different modules from having to worry about each other’ s global variable names, the use of dotted
module names saves the authors of multi-module packages like NumPy or Pillow from having to worry about each
other’ s module names.

S oA 7 SF olE ] ARD AL E A REE YA (“717) S AAFA AdTh G
Atk ole] $7e] S oY Yo Qo (B FPAR FRAUC, A 50): vav, .aiff, .au),
heret 5 84 7o) MBS o) AL Soje RESe) 2UHL BET A 27} A5 U
&, 2% ool Bl 4851 e B R ANEE JoBE (34, 5 Y], ol Betol A )%
48, AT A 2Hde B SS9 2L), o] ANEL $HAY] AT REELS FUl A5
2 AUtk A7 AL ol 9A T4 2 5 dxUct (154 3 Axdoz EdPsUTh:
sound/ Top-level package )

__init__ .py Initialize the sound package

formats/ Subpackage for file format conversions

__init__ .py

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

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

auwrite.py

effects/ Subpackage for sound effects
__init__ .py
echo.py
surround.py
reverse.py

filters/ Subpackage for filters
__init__ .py
equalizer.py
vocoder.py
karaoke.py

NANAE QEER ©, Sho] ML sys.pach o Y DA S AN 974 AE T 25

The __init__ .py files are required to make Python treat directories containing the file as packages (unless us-
ing a namespace package, a relatively advanced feature). This prevents directories with a common name, such as
string, from unintentionally hiding valid modules that occur later on the module search path. In the simplest case,
__init__ .py can just be an empty file, but it can also execute initialization code for the package or setthe a1l
variable, described later.

H 7 A A A A7 AERH N RES dEET F I5UTH A E

[import sound.effects.echo }

This loads the submodule sound.effects.echo. It must be referenced with its full name.

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

A RES JEESE O PEL o Pk

[from sound.effects import echo J

This also loads the submodule echo, and makes it available without its package prefix, so it can be used as follows:

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

[from sound.effects.echo import echofilter }

Again, this loads the submodule echo, but this makes its function echofilter () directly available:

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

from package J_mport item S AR o, item< I 7| X AH BE (E=AE 7 A)L &5 91
o, 2, WS 5 JH7]Z]°ﬂ AgH 2 o 5E5Y 75 Aol FYstA 2. import -2 WA item

o] -’H9]7\]°ﬂ o= ol A=A AArsta, 28 A ofo REgoletal 7St R EE A Ed YT A
Z3d, tmportError o] & o YTk

o]ofl ¥k&}o], import item.subitem.subsubitem 9} 22 EH S A2 uf, vpA] 2 AL A3t 2+ g
52 W= 51712091 oF FLITh VA W G58 mEelL} o717 R 5 AR, 98] $ReIA) 48
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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
7] Ao o H RESC] ElUA FE oy, IAE EFE YEZE SV 9T AUt oA o=
Ul Aol 2o Ael T AN BES AT ol el oM A 2ES YAHeR JTET Aen
Aol upofit i AalA ks Fd B BT 5 e

FQ8A AL A7 AR A7 A AL GAA L2 AFHE AU inport BL 4T}
2 A7 stk 71 A9 _init__.py ZEZF__all olghE o] FY BEEZ AFEY, o] A=
ccon package inpore + § THT W X E SIOKT SHE 5 ol 59 G502 ok LTk 4 4

A AANAE AN D o] 552 AN JEH= FASE AL U
H 7| Aol A * & 2 EdIE §=7F vt BT, o] A2 A WA R712 D = J5UTh £
£, 34 sound/effects/__init__.py & 023 22 =& 233 = YT

d

[ all = ["echo", "surround", "reverse"]

This would mean that from sound.effects import * would import the three named submodules of the
sound.effects package.

Be aware that submodules might become shadowed by locally defined names. For example, if you added a reverse
function to the sound/effects/__init__ .py file, the from sound.effects import * would only import
the two submodules echo and surround, but not the reverse submodule, because it is shadowed by the locally
defined reverse function:

_all = [
"echo", # refers to the 'echo.py' file
"surround", # refers to the 'surround.py' file
"reverse", # !!! refers to the 'reverse' function now !!!
]
def reverse(msg: str): # <—— this name shadows the 'reverse.py' submodule
return msg[::-1] # in the case of a 'from sound.effects import *'

If __all  isnotdefined, the statement from sound.effects import * does notimport all submodules from
the package sound.effects into the current namespace; it only ensures that the package sound.effects has
been imported (possibly running any initialization code in __init__ .py) and then imports whatever names are
defined in the package. This includes any names defined (and submodules explicitly loaded) by __init__ .py. It
also includes any submodules of the package that were explicitly loaded by previous import statements. Consider
this code:

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

In this example, the echo and surround modules are imported in the current namespace because they are defined in
the sound.effects package when the from. . . import statement is executed. (This also works when __a11_
is defined.)

9pofs Bgo) import + § ALY S AL ML ) BE
, 22 EA T AL o W3] FA S AR of AU

from package import specific_submodule ALgel=d 2 un ©
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6.4.2 17| X| LHE Zto| =X

When packages are structured into subpackages (as with the sound package in the example), you can use absolute
imports to refer to submodules of siblings packages. For example, if the module sound. filters.vocoder needs
to use the echo module in the sound.effects package, it can use from sound.effects import echo.
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You can also write relative imports, with the from module import name form of import statement. These im-
ports use leading dots to indicate the current and parent packages involved in the relative import. From the surround
module for example, you might use:

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

Ao QEES B 2E o] Fol Uk
o7 W, hol A $-§ =219 vl
ok

6.4.3 042 C|&E2|0l /= THF|X|

Packages support one more special attribute, __. This is initialized to be a sequence of strings containing the
name of the directory holding the package’ s __init__.py before the code in that file is executed. This variable
can be modified; doing so affects future searches for modules and subpackages contained in the package.

o )50l A5 BLHA L GAT, A AN BAS £ RE) AL TS APk
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So far we’ ve encountered two ways of writing values: expression statements and the print () function. (A third
way is using the write () method of file objects; the standard output file can be referenced as sys.stdout. See
the Library Reference for more information on this.)

3% Bed avlo| Az PRE G2 AN S ANTH 2 F42 o Bol Alojsiok sHs F97} &t

G

222 Euole blx oE 7HA ol AT

- EU B B EE S AR, N QG BT EE AF U8 HE o EEr S Bl B4
< /\P%L%Ha‘/\lfi o] FAE <l A, { H y A Abololl, Wi = gHE g2 2T S e
st i BAAL AT 5 s h
>>> year = 2016
>>> event = 'Referendum'

v

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

o The str.format () method of strings requires more manual effort. You’ 1l still use { and } to mark where a
variable will be substituted and can provide detailed formatting directives, but you’ 1l also need to provide the
information to be formatted. In the following code block there are two examples of how to format variables:

>>> 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
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FAA S¥o] BRFA 3 WA W ZS A5 AR WSS WA EAG Y, repr ) Et ser ()
F4E AE3te] RE g BAAR WHT 5 5T

str() P4 olu AE Aol 97)e] Aga Y2 ghel EAL B2 %A 5 o] gLtk whRe repr )
e dezeEel 93] 98 5 At JEE VEA ol dFUth(EE I19A EAF 5 glE Bl 9l
© ¥ syntaxirror & YOI RS FAFUTH. Ago] 2057 93 SE o] Ut AR Fe
str() £ repr() T G EAFULE WL T 2AE0I Y P 2ES Ao} L 72, S F
T2 L 2L BAL U 59U, EALL T AP 2AS B

2 7HA] o & FUH

>>> 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...

>>> # The repr() of a string adds string quotes and backslashes:

>>> hello = 'hello, world\n'

>>> hellos = repr (hello)

>>> print (hellos)

'hello, world\n'

>>> # The argument to repr () may be any Python object:

>>> repr((x, y, ('spam', 'eggs')))

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

string REO = EAQof| g X 88tE= = 2 H S A58l Template |27 385 o] Y5
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>>> import math
>>> print (f'The value of pi is approximately {math.pi:.3f}.")
The value of pi is approximately 3.142.

R A58 AR Y BES) Ha 4 Fol Yuith @2 F REY u Ao

>>> 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
J
O T AAE A SHH TUE 7] Aol = ST = A5k rlatsascii (O E, is'Estr () S,
HrvE repr )& A-23HTh:
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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'

See self-documenting expressions for more information on the = specifier. For a reference on these format specifi-
cations, see the reference guide for the formatspec.

7.1.2 22X} format() HIAME

str.format () WA EQ 7| E A AR HLE o]H At}

>>> 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 &
Uik
>>> 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', adjectlve*'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.

Ve AR b AW Z9 BRG] 2w, 2R WSS S A Ao o] FOE AT 5 drtd
2 YU 493 GAUEE 97130 A8 ALt B BE ()0 B ASHE FUT

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: ck]:d}; Sjoerd: {0[Sjoerd]:d}; '

Ce . 'Dcab: ¢ ] '.format (table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

This could also be done by passing the table dictionary as keyword arguments with the ** notation.

>>> 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
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This is particularly useful in combination with the built-in function vars (), which returns a dictionary containing
all local variables:

>>> 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_ _

As an example, the following lines produce a tidily aligned set of columns giving integers and their squares and cubes:

>>> for x in range (1, 11):

print (' ' format (x, x*x, x*xX*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 81 729
10 100 1000

str.format () & AF2 3 BX14E g &

)

3} 7l 8 += formatstrings & H A 2.
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>>> for x in range (1, 11):
print (repr (x) .rjust (2), repr(x*x).rjust(3), end=' ")
# Note use of 'end' on previous line
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 81 729
10 100 1000

(print () 9 54 94 0.2 Q13 7 23 Aolof sl o = Shbsh F7bs ol GO S L B ARE
Aol ~slol A8 711 ch)
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>>> '12'.z£fill (5)

'00012"

>>> '-3.14"'.z£il11(7)
-003.14"

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

71.4 oMo E2XAIE ZoOiE

The % operator (modulo) can also be used for string formatting. Given format % values (where format is a
string), $ conversion specifications in format are replaced with zero or more elements of values. This operation is
commonly known as string interpolation. For example:

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

o] Z}A] 8 Y-8 2 old-string-formatting 4] A of] 1}-3- Ut}

7.2 TIUS 9111 M7

open () returns a file object, and is most commonly used with two positional arguments and one keyword argument:
open (filename, mode, encoding=None)

[>>> f = open('workfile', 'w', encoding="utf-8") }
A A AR 5 o5 g BALIUTh F WA dAbE o] A8E AL Ay B A
EASS G2 E St 2A4G A UTh mode £ LS YT S 1, 27 S 1w (2L 0] 2
oju] EAstE FY-S AHAFHUTH 7HE A, rar = LS S22 8 Quth st 7 EHE Be
ol e A5 02 ol BTk oo & AL 93 227] 915] AL T mode A AR A e A <l A2k

3hH e o] g U

Normally, files are opened in fext mode, that means, you read and write strings from and to the file, which are encoded
in a specific encoding. If encoding is not specified, the default is platform dependent (see open () ). Because UTF-
8 is the modern de-facto standard, encoding="utf-8" is recommended unless you know that you need to use a
different encoding. Appendinga 'b"' to the mode opens the file in binary mode. Binary mode data is read and written
as bytes objects. You can not specify encoding when opening file in binary mode.
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>>> with open('workfile', encoding="utf-8") as f:
read_data = f.read()

>>> # We can check that the file has been automatically closed.
>>> f.closed

True

with 7|9 =5 AHE81A] @ oW, f.close () & &3 A
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A P>

w1th FIAEE A3 AU £.close () E EE3A] A f.write () EEZSIH ZE2 0| JFH L
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>>> 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
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>>> 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) # convert the tuple to string
>>> f.write(s)

18

f.rell() = 39 A A& 7He) 7= A& S, vtol Ve B2 F9 3199 A HEHY
Hlo|E 2 R HH U H2E RE] Aos EFYI AY YT

2 AA S H A& BHEE W, £.seek (offset, whence) & ARG TH 91X 7] of] offser = Tl 3l Al
A rEYUTEH 71532 whence °1X]—E HE”?J'I/]D} whence %}'O] 0¥ 3}4 Y A5 7Y 545k, 1o]¥
A 9 YR E AFLET, 2 = T U B V| E2H o2 AL T whence = D 4 9, 7| S

ISR )

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

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

16

>>> f.seek (D) # Go to the 6th byte in the file
5

>>> f.read(1l)

b'5!

>>> f.seek (-3, 2) # Go to the 3rd byte before the end
13

>>> f.read (1)

b'd!'

J

E*‘AEJJr‘”C’M”( = E2Agel b7k glel dd AE), T} A Ze]l AT A A 1% W A ek 5 2 11 (o
9] seek (0, 2) EALREA Tt o2 YAE =
0]%&%&@0%?}\4@.1‘#943} offset 72 A 2= A

and

File objects have some additional methods, such as isatty () a
consult the Library Reference for a complete guide to file objects.

7.2.2 json O 2 FXHMQI H|0|E{E X &57|

Strings can easily be written to and read from a file. Numbers take a bit more effort, since the read () method only
returns strings, which will have to be passed to a function like int (), which takes a string like ' 123" and returns its
numeric value 123. When you want to save more complex data types like nested lists and dictionaries, parsing and
serializing by hand becomes complicated.

Rather than having users constantly writing and debugging code to save complicated data types to files, Python allows
you to use the popular data interchange format called JSON (JavaScript Object Notation). The standard module called
json can take Python data hierarchies, and convert them to string representations; this process is called serializing.
Reconstructing the data from the string representation is called deserializing. Between serializing and deserializing,
the string representing the object may have been stored in a file or data, or sent over a network connection to some
distant machine.

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

SECEEEEEREV ECLE X N
A x 7F QS w, 2hat g 9] F=2 279 JSON 2449 RS 2 5 gk

>>> import json

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

'[1, "simple", "list"]'
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dump () 2= dumps () T -"4?&%%4‘%}% A~ uhd 2 AEsighoh 284 £ 7 2715 95l
EﬂéEﬁJr‘?leHﬂ;,Olﬁ‘l F o sy

ad

[json.dump (x, f)

To decode the object again, if £ is a binary file or text file object which has been opened for reading:

[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] 75k 43} HA o] Bl AE9} BV E ThE 5 QAT Qejo] Fe 2 A aE 2T ISON
G387 ASIAE 9 27 e BRI Sson RES] AR AT o P B AHL
slgrch

&t 1]

pickle - 9EE2E
SON o 2, piole & 9919) %D kol AAEE AUshY
235 3 02 Qlojz 44T 8 e 1 AET AL A
A 71 FUTE W 5 e AnolA 2 EEEE
=25 giehel 199 mE A A9 4 gath

=2 E2YUh sho] Ao
2+ gsuth /1 Rg oz s
2513 o), %A F Al o3l ol ol Bl 7
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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

93 ge Bkl 71

o

,ﬁjr*clﬂlﬁi EE%‘EV“]% Uth ofubs of 2 o] vl

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

AAAAA

SyntaxError: invalid syntax

The parser repeats the offending line and displays little arrows pointing at the token in the line where the error was
detected. The error may be caused by the absence of a token before the indicated token. In the example, the error is
detected at the function print (), since a colon (' : ') is missing before it. File name and line number are printed
so you know where to look in case the input came from a script.

8.2 0|2

Aol Bd A0 BYAOR entErt @A, 4B R o olHE 4o 5 A5yt 49
Fo| ZAHE AR o9 2w F = F2 YA A G shol M mx ado) A o] AES
oA T A 2 ujA Ptk ShAw o] o9t xz T o] Ae) 5 ghobAl, o oA & &
915o] o2 # A A & BE LT

>>> 10 * (1/0)

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

ZeroDivisionError: division by zero

>>> 4 + spam*3

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

NameError: name 'spam' is not defined

(TH5 sl el Aol A<)
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(o1 sl o] A ol A Al <5)
>>> '2' + 2
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: can only concatenate str (not "int") to str

ol 2] WA A 9] mpA| 2t 2 oW o] dojyh=A] dF UL ol &= of 2] P vpehtar, & o] Al A
dB=Z oI L t}: o] oo A9 &L zZeroDivisionError, NameError, TypeError QU TH & o=z
A FADL AR WG A2 o EAUTE. ol AL BE W o2 ES) AE FA ROl AT, A}
S A oY Fee (AT A Aol = EFe) F 218 B2+ gFUth ZF o8 o2 W
A A ek (el o 719 7} ob L e

9 ym A FE2 Qo] g3 Al 719H-E & M HAE AT
o] wWlAA 2] FREL AEl Erfo] 2~ P2 o9 7 ol A e) EulL HAF uqzn
o fex] 3Z o

2) =5
L2 ZE ot s Uth AT £F A HolA ¢ol =

TAISHA G o,
bltin-exceptions + W3 ol 532 7 £9] 9 u|E YLt 5y oh

8.3 0|2 X{2|5}17]

AEe o9 8 Ae)she 2 1P VEE Ao] AUt The B B, 2ulE 447 489
A ALEANA AL 2 AAA T LA 220 E AL HE S A& S BT (controlc
1 2 9fol £ AA 7L A YIS 2 & AHg A A); A1 AT BHE AE Y EE Keypoaratnterrupt 9121 &
Qo7 Jeh hekdel f2) 5 £.

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

ery B2 The 3} 2o AT
o WA, ry B (try & except AF0]S] EFE) o] AFF Ytk
o oSS O, except A & AUHT ery £ AFS FEPUTH
« If an exception occurs during execution of the try clause, the rest of the clause is skipped. Then, if its type

matches the exception named after the except keyword, the except clause is executed, and then execution
continues after the try/except block.

« If an exception occurs which does not match the exception named in the except clause, it is passed on to outer
try statements; if no handler is found, it is an unhandled exception and execution stops with an error message.

A try statement may have more than one except clause, to specify handlers for different exceptions. At most one
handler will be executed. Handlers only handle exceptions that occur in the corresponding try clause, not in other
handlers of the same try statement. An except clause may name multiple exceptions as a parenthesized tuple, for
example:

except (RuntimeError, TypeError, NameError) :
pass

A class in an except clause matches exceptions which are instances of the class itself or one of its derived classes
(but not the other way around — an except clause listing a derived class does not match instances of its base classes).
For example, the following code will print B, C, D in that order:
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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")

J

Note that if the except clauses were reversed (with except B first), it would have printed B, B, B — the first matching
except clause is triggered.

When an exception occurs, it may have associated values, also known as the exception’ s arguments. The presence
and types of the arguments depend on the exception type.

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))
print (inst.args)
print (inst)

# the exception type
# arguments stored in

.args

# __str___ allows args to be printed directly,

# but may be overridden in exception subclasses

X, Yy inst.args # unpack args

print('x =', x)
print('y =", y)
<class 'Exception'>
leggsl)
leggsl)

("spam',
spam',

spam
eggs

( v
X
Yy

The exception’ s __str__ () output is printed as the last part ( ‘detail’ ) of the message for unhandled exceptions.

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.

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):
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import sys

try:
f = open('myfile.txt")
f.readline ()

s
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

J

The try - except statement has an optional else clause, which, when present, must follow all except clauses. It is
useful for code that must be executed if the #ry clause does not raise an exception. For example:

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()

else Ao AFR 0| try Ao

FEE F7b8hE ART L), try - except Fol 3 HEH T Qi mE
7} Ao ke ool 2ds 1A =

< A2 WA gt
Exception handlers do not handle only exceptions that occur immediately in the #ry clause, but also those that occur
inside functions that are called (even indirectly) in the #ry clause. For example:

>>> 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 0|2 e237|7]

raise & ZE I W 7 A Q7L oA &) 7 DA SFEZ FAD = QA Ut A& Sol:

>>> raise NameError ('HiThere')
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
NameError: HiThere

The sole argument to raise indicates the exception to be raised. This must be either an exception instance or an
exception class (a class that derives from BaseException, such as Exception or one of its subclasses). If an
exception class is passed, it will be implicitly instantiated by calling its constructor with no arguments:

[raise ValueError # shorthand for 'raise ValueError()' J
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gk ol 9] 7} A A = otok A A 2l 3k A4 & b, o 2ehek Wehe] raise Fol 1 o9l S

thAl o = A Fyth

>>> 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>

NameError: HiThere

8.5 of|2l 244

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>
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>
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

o)7L o2 g WAt u] §4T 5 dHUh & S
N
>>> def func():
raise ConnectionError
>>> try:
func ()
except ConnectionError as exc:
raise RuntimeError ('Failed to open database') from exc

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

ConnectionError

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

Traceback (most recent call last):

(TH5 sl el Aol A)
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(o1 sl o] A ol A Al <5)
File "<stdin>", line 4, in <module>
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>
RuntimeError

Ay vl AYZoll o S AA g W -§-2, bltin-exceptions & FR 4 Al 2.

8.6 AIEXI F2 o<l
Aols] Soag BEoRA meage 4ol o9 o5 g 2 Yith Gl d Bzl
ARG R Zel 2§ HAR). o2t BE PH ORI 0 2 Bxceprion 2HLE AL T

Exception classes can be defined which do anything any other class can do, but are usually kept simple, often only
offering a number of attributes that allow information about the error to be extracted by handlers for the exception.

2o des BE A9 E9 olFEF FASH, “Error” 2 2uE olF 22 FoH Ut

Many standard modules define their own exceptions to report errors that may occur in functions they define.
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>>> try:
raise KeyboardInterrupt
finally:
print ('Goodbye, world!")

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

KeyboardInterrupt

(¢]

finally o] Qo™ try o] ¥8F 7] Aoj finally Ao| upR| 2 2 o 2 APH YT} finally B2
try Bol ol & AR sH=A 9 BARlel AAF U LS 9 BT Wl B B 4SS AU
Uk
o try L A3 5o o9 7 B A S, except oA o2& A& 4 JHUTH ol 2] 7Fexcept
oA A=A O™, finally & 0] *a‘f%‘-ﬂ = o 9] 7} thA] A R T
+ exceptUelse A A3 Fof 71T 5 l5UTH THA], finally Ho] A H £ o &) 7} ThA]
S,
« If the finally clause executes a break, continue or return statement, exceptions are not re-raised.

e try —r-O] break, continue & += return —E‘Oﬂ E%é‘]- ,finally 7<q—break continue =+ return

w aad add .

e finally Aol return £o] £ W, I3t 21 try B9 return 9] & ko] ofy e}, finally
A9 return o] F+ gol FYth
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H:

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

>>> bool_return ()

False

o 343 ol

>>> 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>
File "<stdin>", line 3, in divide
TypeError: unsupported operand type(s) for /: 'str' and 'str'

Bl v} 7o, finally 22 2 E Ao A3
Aol o5l A e]=A] %Al finally o] AdH &
AR ALY 28 =2 TW A, finally 8L 9

A2 Wb she o §-8 3ok (h ol v =9

L FEAE S WA DA TypeError £ except

, B A A oA gk AL, 1

8.8 Ol2| Mol SIMa| S&E

ol AANEL AAN T B G W A9

EE 54 542 4Gtk 1 AN A4S s
Qake] 4 o o BAGHUTH 39S A3 1§ Bl ¢ 5

o5 o & HA 8.

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

o] mE o] FAPL o] Eo] AP BU AR NET 5 Y MV FAAAL A AR Frhe
AU e AT A& BAV A FA W, 2 S8 m2ado s 247 S 5 dF Uk
with B 393} 2 AA G0l ZA Lrt2A] AP HES WFsHs PH S AZFUTh

with open("myfile.txt") as f:
for line in f:
print (line, end="")
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o] A Fol, £ M3k o £A7L BT e, 9 £+ P Y
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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 ionGroup 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)

>>> £()
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 1, in <module>
| File "<stdin>", line 3, in £
| ExceptionGroup: there were problems
o 1 ———————

| OSError: error 1
fpm———————————==== 2 ====——==========
| SystemError: error 2
e
>>> try
£0

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")

(TH5 sl el Aol A)
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(e]A sl o] A ol A A<
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 f
| ExceptionGroup: groupl
+—t——— 1 ——————
| ExceptionGroup: group?2
4+t 1 ————————

| RecursionError: 4

>>>

J

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:

>>> 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>

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

>>> excs = []
>>> for i in range(3):
try:
£0)
except Exception as e:
e.add_note (f'Happened in Iteration
excs.append (e)

>>> raise ExceptionGroup ('We have some problems',
+ Exception Group Traceback
| File "<stdin>",
| ExceptionGroup: We have some problems
e —————————— 1 -

line 1, in <module>

{i+1}")

excs)

(most recent call last):

(3 sub-exceptions)

| Traceback (most recent call last):
| File "<stdin>", line 3, in <module>
| File "<stdin>", line 2, in £
| OSError: operation failed
| Happened in Iteration 1
e 2 —mmmmmmemmmme=m—===
| Traceback (most recent call last):
| File "<stdin>", line 3, in <module>
| File "<stdin>", line 2, in f
| OSError: operation failed
| Happened in Iteration 2
- 3 -
| Traceback (most recent call last):
| File "<stdin>", line 3, in <module>
| File "<stdin>", line 2, in £
| OSError: operation failed
| Happened in Iteration 3
o
>>>
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Attributes may be read-only or writable. In the latter case, assignment to attributes is possible. Module attributes are
writable: you can write modname.the_answer = 42. Writable attributes may also be deleted with the de1 state-
ment. For example, del modname.the_answer will remove the attribute the_answer from the object named
by modname.
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« the scopes of any enclosing functions, which are searched starting with the nearest enclosing scope, contain
non-local, but also non-global names
e MPAY JH AT 2 FA REY HY olFE5S I
o P Sl AAEE) 7P R 2FZ = YR o5 5 XTI e o5 TP YTh
If a name is declared global, then all references and assignments go directly to the next-to-last scope containing the
module’ s global names. To rebind variables found outside of the innermost scope, the nonlocal statement can be

used; if not declared nonlocal, those variables are read-only (an attempt to write to such a variable will simply create
a new local variable in the innermost scope, leaving the identically named outer variable unchanged).

! Except for one thing. Module objects have a secret read-only attribute called __dict__ which returns the dictionary used to implement
the module’ s namespace; the name __dict__is an attribute but not a global name. Obviously, using this violates the abstraction of namespace
implementation, and should be restricted to things like post-mortem debuggers.

76 Chapter 9. ZeliA



Python Tutorial, 2 2|A 3.12.8

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
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class ClassName:
<statement-1>

<statement-N>
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When a class definition is left normally (via the end), a class object is created. This is basically a wrapper around the
contents of the namespace created by the class definition; we’ 1l learn more about class objects in the next section.
The original local scope (the one in effect just before the class definition was entered) is reinstated, and the class
object is bound here to the class name given in the class definition header (C1assName in the example).

9.3.2 ZalA ZHF|

FY2 AR L F 57 AN ADFUh o ERHE F2o} QLA WEY)

MNEFHE IZ = Jo|H BREAJAEFRE HZRJ ALHE ZF T HS AT YTH obj.name. &
HEE2 ol ER|HE o| 52 ZE2 AA 7 TS A ] 9] o]& F7te| W BRE o] &Yt} 28] A,
e Ho 7t o] 2 A 2 uj

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

def f (self):
return 'hello world'

then MyClass.1i and MyClass. f are valid attribute references, returning an integer and a function object, respec-
tively. Class attributes can also be assigned to, so you can change the value of MyClass. i by assignment. __doc
is also a valid attribute, returning the docstring belonging to the class: "A simple example class".

o2 QaEA BEY & B BAYL ASTUL U2 AR FU 20 A A20AE BT

A gl ded AdUh AE S0 (A9 Sd2E 7P sH):

rr

[x = MyClass ()

EEH2 A A2"b L £ B3 0] AAE A A x o gtk

The instantiation operation (“calling” a class object) creates an empty object. Many classes like to create objects with
instances customized to a specific initial state. Therefore a class may define a special method named __init__ (),
like this:

def _ init_ (self):
self.data = []
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When a class defines an __init__ () method, class instantiation automatically invokes __init__ () for the newly
created class instance. So in this example, a new, initialized instance can be obtained by:

[x = MyClass () ]
Of course, the __init__ () method may have arguments for greater flexibility. In that case, arguments given to the
class instantiation operator are passed onto __init__ (). For example,

>>> 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 QIAEA ZHR|
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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

The other kind of instance attribute reference is a method. A method is a function that “belongs to” an object.

Aadx AA Y] ZukE WAL o] F2 229 Fexo S dFUth o4, g AA ZeHH29
REoER RESS 435 At WASES Aok 1A Sele] oAl A, . £ =
gulE A= szo]cﬂ MyClass. f7]-31’\°] 71 EdUch AR x. i & 2F A 952, MyClass. i
ZF 7ot 7l Wl B Yt 28y, x.f = MyClass. £ & 22 A o] oYt — o] AL g AR 7}
ofy 2t WA = A A %MD}.

9.3.4 TIAME 4|
5, WAEE A s vk £ EH Uk

& J

In the MyC1ass example, 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())

=g Y3 AL hello world = A4t}

What exactly happens when a method is called? You may have noticed that x . £ () was called without an argument
above, even though the function definition for £ () specified an argument. What happened to the argument? Surely
Python raises an exception when a function that requires an argument is called without any — even if the argument
isn’ t actually used---
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In general, methods work as follows. When a non-data attribute of an instance is referenced, the instance’ s class is
searched. If the name denotes a valid class attribute that is a function object, references to both the instance object
and the function object are packed into a method object. When the method object is called with an argument list, a
new argument list is constructed from the instance object and the argument list, and the function object is called with
this new argument list.

[>
r
[>
rE
-
rlr
ro
[>
rT
[>
g
nj
e
A
rt
do
e
A,
o
Rl
fy
)
[>
2
-
rlr
[
iy
o)
[>
1o
[l
rln

class Dog:

kind = 'canine' # class variable shared by all instances
def _ init_ (self, name):
self.name = name # instance variable unique to each instance

>>> d = Dog('Fido"')
>>> e = Dog('Buddy"')

>>> d.kind # shared by all dogs
'canine'
>>> e.kind # shared by all dogs
'canine'’
>>> d.name # unique to d
'Fido'
>>> e.name # unique to e
'Buddy’
)
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class Dog:

tricks = [] # mistaken use of a class variable

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 # unexpectedly shared by all dogs

d
>>> e
>>> d
>>> e

['roll over', 'play dead']

AL, S 2 Suke AAE d2da HaE ARRS of hyth

class Dog:

(TH5 sl el Aol A)
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def _ init_ (self, name):
self.name = name
self.tricks = [] # creates a new empty list for each dog

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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# Function defined outside the class
def fl(self, x, y):
return min(x, xt+y)

class C:
f = f1

def g(self):
return 'hello world'

h =g

Now £, g and h are all attributes of class C that refer to function objects, and consequently they are all methods of
instances of C — h being exactly equivalent to g. Note that this practice usually only serves to confuse the reader of
a program.

M EE self AR HAE O ESRES AFSIA EHAEE 22T 5 5 YTth

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)
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class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

The name BaseClassName must be defined in a namespace accessible from the scope containing the derived class
definition. In place of a base class name, other arbitrary expressions are also allowed. This can be useful, for example,
when the base class is defined in another module:

[class DerivedClassName (modname.BaseClassName) :

g el oo AL wols Fehas 2 P02 AP S AA S BED o
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class DerivedClassName (Basel, Base2, Base3):
<statement-1>

<statement-N>

For most purposes, in the simplest cases, you can think of the search for attributes inherited from a parent class as
depth-first, left-to-right, not searching twice in the same class where there is an overlap in the hierarchy. Thus, if an
attribute is not found in DerivedClassName, it is searched for in Base1, then (recursively) in the base classes of
Basel, and if it was not found there, it was searched for in Base2, and so on.

A AR The R ST U AE 2 E A% cuper 0 2ol HAA S5 A Aok A
FH02 WP o] §2HE B UE 05 A4 A0l Eel A callnext-method 213 214 91,

4 A5 0103 ol A ‘%ﬁﬂ = super EEEE}I}] 7“?36“/]"/}

Dynamic ordering is necessary because all cases of multiple inheritance exhibit one or more diamond relationships
(where at least one of the parent classes can be accessed through multiple paths from the bottommost class). For
example, all classes inherit from object, so any case of multiple inheritance provides more than one path to reach
object. To keep the base classes from being accessed more than once, the dynamic algorithm linearizes the search
order in a way that preserves the left-to-right ordering specified in each class, that calls each parent only once, and that
is monotonic (meaning that a class can be subclassed without affecting the precedence order of its parents). Taken
together, these properties make it possible to design reliable and extensible classes with multiple inheritance. For
more detail, see python_2.3_mro.
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The private name mangling specifications for details and special cases.
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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 # private copy of original update () method

class MappingSubclass (Mapping) :

def update(self, keys, values):
# provides new signature for update ()
# but does not break __init__ ()
for item in zip (keys, values):
self.items_list.append(item)

A9 o= MappingSubclass 7} _ update AH S = Y5H B E Z5 3T} Mapping S 20 A =
_Mapping__update & MappingSubclass Z#] 20| A& MappingSubclass__ update & ZHZF thA| & 7]
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exec() Yeval() 2 APH IE+ S &3k Zeh29 Fel2 o] 55 AA SULE 474 edevhe
Zlo v/]@ﬁﬂL 0174 2 global 9| B} FASHH], 37} & vlo| E-A Y H Z =2 Al gk YT
28 A oko] _ dict_ B AH A2 ¥ o B}, getattr(), setattr (), delattr () o= A LH

geh.

9.7 &S AL

Sometimes it is useful to have a data type similar to the Pascal “record” or C “struct”, bundling together a few named
data items. The idiomatic approach is to use dataclasses for this purpose:

from dataclasses import dataclass

@dataclass
class Employee:
name: str

(TH5 sl el Aol A)
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(o1 sl o] A ol A Al <5)
dept: str
salary: int

>>> john = Employee('john', 'computer lab', 1000)
>>> john.dept

'computer lab'

>>> john.salary

1000

J

A piece of Python code that expects a particular abstract data type can often be passed a class that emulates the
methods of that data type instead. For instance, if you have a function that formats some data from a file object, you
can define a class with methods read () and readline () that get the data from a string buffer instead, and pass it
as an argument.

Instance method objects have attributes, too: m.___self__ is the instance object with the method m (), and m.
__func___is the function object corresponding to the method.
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for element in [1, 2, 3]:
print (element)

for element in (1, 2, 3):
print (element)

for key in {'one':1, 'two':2}:
print (key)

for char in "123":
print (char)

for line in open("myfile.txt"):
print (line, end='")
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_next__ () & Aosl= olHE ol H AAE %Ei—rttﬂ, o] | 1‘: = ﬂﬂlo]ﬂf] LiS = ¢ Wl 3
B QH/\ﬂ_é?j'b]l’)r e QAT QYOH,  next_ () & StopIteratlon o 9] £ HAA for Tz
SRS O W &dFE ALHAM _next__ () AIMNESE TS Ut o] el °]
RE A0 o9 FABEA HolF T

ru?‘: o
30, 1o,
ofy Io

=
2~
s

>>> s = 'abc'
>>> 1t = iter (s)
>>> it

<str_iterator object at 0x10c90e650>

>>> next (it)

0 g0

>>> next (it)

b

>>> next (it)

i@l

>>> next (it)

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

next (it)
StopIlteration

J

Having seen the mechanics behind the iterator protocol, it is easy to add iterator behavior to your classes. Define an
__iter__ () method which returns an object with a __next__ () method. If the class defines __next__ (), then
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__iter_ () can justreturn self:

class Reverse:
"""Tterator for looping over a sequence backwards."""
def _ init_ (self, data):
self.data = data
self.index = len (data)

def @ iter_ (self):
return self

def _ next_ (self):
if self.index ==
raise StopIlteration
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 o B

9.9 A[4=|0|&

Aol e £ olH el olHE wteE ebstal A = Atk ARk A Y A E AW g
Y AS vttt yield 25 AHEFU TR Ay el ol B ol next () 7P T2 divich Al ol H =
i Stoll A Al S AT U TH(EE HolE o2 AYPFJE=A 719

1 g3t o | #go] mpA
A=AV HE AT FEE AA BE F IS HolFUk

d

def reverse (data):
for index in range(len(data)-1, -1, -1):
yield data[index]

>>> for char in reverse('golf'):
print (char)

Q O H th

Anything that can be done with generators can also be done with class-based iterators as described in the previ-
ous section. What makes generators so compact is that the __iter () and _ next__ () methods are created
automatically.

ESe) 8 758 A A5-E A A 5E
self.index U self.data Q T AAEHA HFLE AR

A sy

A WA YT 2T A CAIdE o8 7 25 ] A5 0 2 Stoplteration &
S5 YT, 21, ol 715 Eo] At HAE FA5 0 Ana AN E B2 AA BB

r[r

7ol A5 ow RPHTE AUt o
e ECE R EE ST L

S
Srfo
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9.10 M|L{2|0|E] ESAl

G Aol H = Bl AE A
_/l\__

Zhet z A v oA v 2T tA BE 5 AHE St EH S ARE S
FdA R EeA ZFT 5 AFUTE o] BHAES %r’ﬂ’%}“ 7 A ol H & S Al AR S
A4S 8l AAEAFYSh AVl oy 234 A A olE R} A AN FEALS
go] A1, w23t EV‘E %Eﬁlﬁﬂﬁiﬂ‘rﬂ-‘iﬂl%%&% &) dsUth
o
N
>>> sum(i*i for i in range (10)) # sum of squares
285
>>> xvec = [10, 20, 30]
>>> yvec = [7, 5, 3]
>>> sum(x*y for x,y in zip (xvec, yvec)) # dot product
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))
[lfl, lll, lol, lgl]
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os RE S £ A} AT 4837 A3 24 /A F5ES AFHU

>>> import os

>>> os.getcwd () # Return the current working directory
'C:\\Python312"'

>>> 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']

10.3 HIFA 2Ux}

Common utility scripts often need to process command line arguments. These arguments are stored in the sys

module’ s argv attribute as a list. For instance, let’ s take the following demo . py file:

# File demo.py
import sys
print (sys.argv)

Here is the output from running python demo.py one two three at the command line:

J

[[’demo.py', 'one', 'two', 'three']
argparse RE2 H & AAE A gt o Aud HAYS S ATFULh th2 2T HE L s} o]
o ARzt A H o R RARE 55 FS Tk
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.txt S Al-&3lo] W& oA AP uf], 2T HEE=
args.linesS 5%, args.filenames= ['alpha.txt', 'beta.txt']ZE AAsH T}
> =T 7=
10.4 oz &£ 2|C|AMI 2] =R
sys BE-L stdin, stdout, stderr ) EB]HE X 27 Q5 Uth 713 ulA W AL stdour o] T HE T YL
e B 5 Qe e oy MANSES st 227 95 Uth
>>> sys.stderr.write('Warning, log file not found starting a new one\n')
Warning, log file not found starting a new one
2IHES TR 7P AHAA UL sys.exit () T2 AQYTh
= _ —
10.5 2A+E i ofd
re BE2 13 TAE AYE AT AT EFES AFFYUTE B3 i A 22 &, AL
st HAstE £ ATdUTh
>>> 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'
G2 e 7 s B8 s A follw, AE M ESol A e 7 g v Aol 7] W= g uth:
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>>> 'tea for too'.replace('too', 'two')
'tea for two'

10.6 5t

The math module gives access to the underlying C library functions for floating-point math:

>>> import math

>>> math.cos (math.pi / 4)
0.70710678118654757

>>> math.log (1024, 2)
10.0

T 0 u o o I} A~ =
random R EE FA AHES T U= 575

o

Ag gk

>>> import random

>>> random.choice (['apple', 'pear', 'banana'l])

'apple'

>>> random.sample (range (100), 10) # sampling without replacement
[30, 83, 16, 4, 8, 81, 41, 50, 18, 33]

>>> random.random () # random float

0.17970987693706186

>>> random.randrange (6) # random integer chosen from range (6)

4

statistics RE2 X glo]E 9] 7| E A 57

2
At
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ol
ol
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2
o
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v

>>> 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 Z 2 A E <https://scipy.org> = T2 3] A4t ZEES Wol 21 5T

10.7 QIE{Ll GHAM|A

@2 2Eo] dFUth 7 s F 7= URL
oA HolEE ¢lo] 2= urllib.request & HYES B U= 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 () # Convert bytes to a str
if line.startswith('datetime') :
print (line.rstrip()) # Remove trailing newline

datetime: 2022-01-01T01:36:47.689215+00:00
>>> import smtplib

>>> server = smtplib.SMTP ('localhost')
>>> server.sendmail ('soothsayer@example.org', 'jcaesar@example.org',

(Th5 sl el A ol A<

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

datetime BE-X G} A 7HE 246 Sl AES Al ot 2ae A B4 ] BE AlE
U Th Rl A2k Aol AAF A, TR 2 AL 2 o =4S 98] REHoR WS
FEote dlol A As5Uth RE2 AINHE sk AAEE AL dyth

>>> # dates are easily constructed and formatted

>>> from datetime import date

>>> now = date.today ()

>>> now

datetime.date (2003, 12, 2)

>>> now.strftime ("Sm-2d-%y. $b %Y is a %A on the day of %B.")

'12-02-03. 02 Dec 2003 is a Tuesday on the 02 day of December.'

>>> # dates support calendar arithmetic
>>> 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'
>>> z1lib.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«] AUAERE=tRXA O Z profile Fpstats EEL Z EEF9 FE oA A7 YA A AdH

37 8 =7 ES AT

1%%194 AT EOE sl 8t 7hA] H 2L AubE = 7} SHof et Bl AES e, 1ASS
A Z2 A2 Foll A5 Ashe APt

doctest EEL RES Zojip g gl =AEZEY YA HAEES AASIE T 22 A2
Uth HAE UE7|= e 358 7 2799 8 SAEZ o R EXASIA B 7| E = 4F08
LR A A A0S B AT dAE AL, doctet 250l AAAA )

def average (values) :

"""Computes the arithmetic mean of a list of numbers.

>>> print (average ([20, 30, 70]))
40.0

mn

return sum(values) / len(values)

import doctest
doctest.testmod () # automatically validate the embedded tests

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 () # Calling from the command line invokes all tests

10.12 HiE{2|7} =etEILICH

shold & e 27k £ ek Aot
53] 7% & vebshch o 5
e The xmlrpc.client and xmlrpc.server modules make implementing remote procedure calls into an
almost trivial task. Despite the modules’ names, no direct knowledge or handling of XML is needed.
s email 3} 7] A= MIME 9 7] €} RFC 2822 7| RF ¥ A| 2] F A1 & E§Hol= A AL W] D WA A & He] 517
A3t ol By dUth AAZ AR E EU T 9= smtplib €} poplib 2+ E 8], email 3 7] %]

flo

27 Utk o9 2 A7x 9 Awetn 29

rok

7]
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o

10.11. S& 22| 93



https://datatracker.ietf.org/doc/html/rfc2822.html

Python Tutorial, 2 2|A 3.12.8

¢+ json W 7| A= B AHGH = lolE w P A4S A7 A3 AL S AFFUTE 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
57129 o5} A DGk ol & BE 7| AE U7l AHE S sl Al 8 m= T3 oI
=7 7be] vlol8) mro] 2 A Hheal A U o,

* 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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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 () # get a mapping of conventions

>>> 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): # show the first 3 file headers
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 # skip to the next header

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 () # Wait for the background task to finish
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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- a8

shol e AH mwe] gl (hEE ARl 3 = A5 54 L TS AAR AR A £ A) &
SAgyh v mel s vhA v G274 A D 2 ol A8 Uk

o] AW PR S§ 2PN & B AT, )2 b2 AT ) AHEE & o7 4
AE F A oF R AR} YTk RAFAE, B IAEL 245 AeRE 158 AT H0E
WEL $22 WHEUT veakref BES $2E BEA 9u AN FA4T 5 9t =22 AT
AA7H B B8 57 00 W weakeel B o] ol 4 A 7} 2 0 2 A 15 31 weakref A4 of et 21
Eel AR UL AuAQl § ot BEs o ] go] Bo] B iRl A4 o] £ Tk

>>> 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:/python312/1lib/weakref.py", line 46, in _ getitem_
o = self.datalkey] ()
KeyError: 'primary'

oz g ol P2 278 FFAL 4 Atk TR BE 4% 43 B
St Tield Tdo] WY S Y5

The array module provides an array object that is like a list that stores only homogeneous data and stores it more
compactly. The following example shows an array of numbers stored as two byte unsigned binary numbers (typecode
"H") rather than the usual 16 bytes per entry for regular lists of Python int objects:

>>> from array import array

>>> a = array('H', [4000, 10, 700, 22222])
>>> sum(a)

26932

>>> af[l:3]

array ('H', [10, 700])

The collections module provides a deque object that is like a list with faster appends and pops from the left
side but slower lookups in the middle. These objects are well suited for implementing queues and breadth first tree
searches:

>>> from collections import deque
>>> d = deque (["taskl", "task2", "task3"])
>>> d.append ("task4")
(Th= sl o] A ol Al%)
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>>> print ("Handling", d.popleft())
Handling taskl

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)

Botd YA 78 g% olueels YH JAEES 24T o] Yt bisect BEH LS

e =7 AT

>>> 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')]

heapg REL Uil e|AEE /MO 2 P2 TARE B8 AFFUL /P ghol AL FBL P
AX 0l FAFH UL o] A2 7HE 22 g 40 WHEH o7 AAAGA T, A 55 LS AP A
Fode &l &t

>>> from heapq import heapify, heappop, heappush

>>> data = [1, 3, 5, 7, 9, 2, 4, 6, 8, 0]

>>> heapify(data) # rearrange the list into heap order
>>> heappush (data, -5) # add a new entry

>>> [heappop (data) for i in range(3)] # fetch the three smallest entries
[-5, 0, 1]

11.8 Decimal Floating-Point Arithmetic

The decimal module offers a Decimal datatype for decimal floating-point arithmetic. Compared to the built-in
float implementation of binary floating point, the class is especially helpful for

. AR 1004 B BLF 2§ 55 L /E S,

T Ao,

A o, 108 A3} 8zl el 3% AEE AL
237 JERU T 278 718 ke A E R whedeiE Aol 7 =8t

>>> from decimal import *

>>> round (Decimal ('0.70"'") * Decimal('1.05"), 2)
Decimal ('0.74")

>>> round (.70 * 1.05, 2)

0.73
pecimal AT Eof £+ 0& FANM, F A §AEAE AR 542 HH | Ale] FEEAE A
502 # 2Ptk Decimal & £ 0.2 & 342 A AL o] A HF A5 Hol JA4E A BAY

Soem 24T 5 It BAE ¥ gy

100 Chapter 11. = 2l0|EH2{2| E8{E7| — 28



Python Tutorial, 2 2|A 3.12.8

G P L ecinal Feh27} oA HF a5ol YA G2 RER ANR TS ANE £
& =2 Pk

>>> 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 + 0.1 + 0.2 + 0.1 + 0.2 + 0.2 + 0.2 + 0.1 + 0.1 ==1.0

False

decimal EES Z Q3 TtE 9 AUEZ e AvTUch

>>> getcontext () .prec = 36

>>> Decimal (1) / Decimal (7)

Decimal ('0.142857142857142857142857142857142857")

11.8. Decimal Floating-Point Arithmetic 101
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The module used to create and manage virtual environments is called venv. venv will install the Python version
from which the command was run (as reported by the ——version option). For instance, executing the command
with python3. 12 will install version 3.12.

M EAS wEEE, gl g He & AR, venv B E
Hgd Az AGdgyh

o

sagEz Agser U g

[python -m venv tutorial-env }

This will create the tutorial-env directory if it doesn’ t exist, and also create directories inside it containing a
copy of the Python interpreter and various supporting files.

7bg @79 dubA gEH e A= venvdUth o] o]F2 YA} HE AoA AA Y=
ste=, tEE 27t EASE olf € AW ste ol 52 AlgstaA T Bell A FFuth B AR &
(tooling) ©] A/ A3}+= .env &3 M o] 9] FE YA T
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[tutorialfenv\Scripts\activate ]

Unix 4= MacOS ol A] o] g A] A 3 gt}

[source tutorial-env/bin/activate }

(O] /—\-5—:’-%]5-“5 bash @%%Eﬂ 311"\3% ﬂ_o.i, csh 5‘:—“: flSh}é_]‘—-_ }‘]’% ]"15 73‘"?‘01]-‘5, ﬂ]ﬂ activate.csh
9} activate.fish 2T P EE AFR3) of gt}

A BA L BAsheE, Ao ExEs WA 0] AR 5 AN BAL BoFT, B L 245
python & AW 3HH 54 WA sholdo] AYH 2 Pt o] & So:

$ 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']
>>>

To deactivate a virtual environment, type:

[deactivate ]

into the terminal.

12.3 pip2 7| x| B2|5}7]
You can install, upgrade, and remove packages using a program called pip. By default pip will install packages from
the Python Package Index. You can browse the Python Package Index by going to it in your web browser.

pip has a number of subcommands: “install”’, “uninstall”’, “freeze”, etc. (Consult the installing-index guide for
complete documentation for pip.)

712 ol 52 A st H A WAL df71AE AT 5 sy

(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

fy

H 7)1 A] o] F Foll == A WA WS E 2o SA WAL H7|AE AAT +5 Y5 Uth

(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

If you re-run this command, pip will notice that the requested version is already installed and do nothing. You can
supply a different version number to get that version, or you can run python -m pip install --upgrade to
upgrade the package to the latest version:

(tutorial-env) $ python -m pip install --upgrade requests
Collecting requests
(TH5 sl el Aol A)
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(o1 sl o] A ol A Al <5)
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 followed by one or more package names will remove the packages from the virtual
environment.

python -m pip show will display information about a particular package:

(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 will display all of the packages installed in the virtual environment:

(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)

python —-m pip freeze will produce a similar list of the installed packages, but the output uses the format that
python -m pip install expects. A common convention is to put this list in a requirements.txt file:

(tutorial-env python —-m pip freeze > requirements.txt

) S
) S

(tutorial-env

cat requirements.txt

numpy==1.9.2
requests==2.7.0

requirements.txt £ WA Ao ATIE o S =2 T3 B2 A F2 5 JHF5 YT AMEAE install
S EREARLDAANAL AN TS A5

(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 has many more options. Consult the installing-index guide for complete documentation for pip. When you’
ve written a package and want to make it available on the Python Package Index, consult the Python packaging user

12.3. pip= m7|x| Z2|5t7| 105
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library-index:

You should browse through this manual, which gives complete (though terse) reference material about types,
functions, and the modules in the standard library. The standard Python distribution includes a lof of additional
code. There are modules to read Unix mailboxes, retrieve documents via HTTP, generate random numbers,
parse command-line options, compress data, and many other tasks. Skimming through the Library Reference
will give you an idea of what’ s available.

installing-index = Th& 3po| W AFS A7 24 S 71 RES A Aot s A8

H
reference-index: Sho] 21 9] £ 7} o w]of) T3k AA| & A, 970 HRARA W, <
SAs A2 A FEU T
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o] Z}A of] o g

71 e} sfol A&

https://www.python.org: The major Python web site. It contains code, documentation, and pointers to
Python-related pages around the web.

https://docs.python.org: Z}o] A o] A m A of] w2 A BA| AT
https://pypi.org: o] Aol X] = 7}A] (Cheese Shop) 2% &3 &' 1}o] %
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https://code.activestate.com/recipes/langs/python/: s}o] 8 & ] 2 ( Python Cookbook) & B2 F =
A, H & EE Y #8823 HE B AUt 53] F5ERE 3355 Python Cookbook (O’
Reilly & Associates, ISBN 0-596-00797-3) o] 2}= | & 2] A of & k<5 1]t}

https://pyvideo.org collects links to Python-related videos from conferences and user-group meetings.
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Completion of variable and module names is automatically enabled at interpreter startup so that the Tab key invokes
the completion function; it looks at Python statement names, the current local variables, and the available module
names. For dotted expressions such as st ring. a, it will evaluate the expression up to the final ' . ' and then suggest
completions from the attributes of the resulting object. Note that this may execute application-defined code if an
object witha __getattr__ () method is part of the expression. The default configuration also saves your history
into a file named .python_history in your user directory. The history will be available again during the next
interactive interpreter session.
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cHAPTER 15

Floating-Point Arithmetic: Issues and Limitations

Floating-point numbers are represented in computer hardware as base 2 (binary) fractions. For example, the decimal
fraction 0. 625 has value 6/10 + 2/100 + 5/1000, and in the same way the binary fraction 0.101 has value 1/2 +
0/4 + 1/8. These two fractions have identical values, the only real difference being that the first is written in base 10
fractional notation, and the second in base 2.

29, iR 43 a5E AR o)W 252 BEY £ goUn. AnAow, dndoz
2 B

73
AGst= AR HE 2573 KATHAA R 7| A AE w= o] H5 25 o2 2AHE By Yth
o] A= WA W 1004 WA EH = Aol o] etr] 5ttt B4 133 4T AT o 2 AX
A2 ZAME S JF Utk

[0.333

55 obfel B ARG E Ao E B9} FHAA 1301 B = AAW, A B 1300 A7 ZAA
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[0.00011001100l100l100l100l1001100110011001100110011...

e U E oA HEE, 24tgs A FUth 252 i FR 71 A o A, float= o] B4R ZAE =
o, F 49 R ERRE A Fete S3HES ?:XPE ARg-3taL, 24 AFAE T EE2Z AHF YT 1/10
o] A%, o] A B41=3602879701896397 / 2 ** 55 Hl], AA gk 1/103} ﬂ,] 22k A 3] A=
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Many users are not aware of the approximation because of the way values are displayed. Python only prints a decimal
approximation to the true decimal value of the binary approximation stored by the machine. On most machines, if
Python were to print the true decimal value of the binary approximation stored for 0.1, it would have to display:
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>>> 0.1
0.1000000000000000055511151231257827021181583404541015625

That is more digits than most people find useful, so Python keeps the number of digits manageable by displaying a
rounded value instead:

>>> 1 / 10
0.1

A A7t A EHe] 171091 AR o=, AA A44 g2 7 77k &34 7
718k A 8.

S FAE, 7 7S 2AE ol A A E FRSE o g2 ARSI AdF UL A& -l TJr
0.10000000000000001 & 0.1000OOOOOOOOOOO0055511151231257827021181583404541015625
=3602879701896397 / 2 ** 552 ZAFHUT} o] AR %kCO] RE e ZAZNS F 73 'Iﬂ—r°ﬂ
eval (repr(x)) == x =¥ IHE FAHA 1= s} ]61-/\ 9]t}

AN Ao 7 sho| M ;%gg WA repr () 4= & 217709 2291 0.10000000000000001 &
AU sho] M 317, o)Al shol W (HFZ Al AH o A) o] 71 g2 As - T 5 9l on, &9
0.1 % FAFY T

Note that this is in the very nature of binary floating point: this is not a bug in Python, and it is not a bug in your code

either. You’ 1l see the same kind of thing in all languages that support your hardware’ s floating-point arithmetic
(although some languages may not display the difference by default, or in all output modes).

ofr
filo

3 o] 259

For more pleasant output, you may wish to use string formatting to produce a limited number of significant digits:

>>> format (math.pi, '.12g') # give 12 significant digits
'3.14159265359"'

>>> format (math.pi, '.2f'") # give 2 digits after the point
'3.14"

>>> repr (math.pi)
'3.141592653589793"

o]
5

pul

Aol, AR o)A, BIYL ARE Ro] FLFUTH: o H R Bedl A% 7 Age] BA B
st Yy

One illusion may beget another. For example, since 0.1 is not exactly 1/10, summing three values of 0.1 may not
yield exactly 0.3, either:

>> 0.1 + 0.1 + 0.1 == 0.3
False

Also, since the 0.1 cannot get any closer to the exact value of 1/10 and 0.3 cannot get any closer to the exact value
of 3/10, then pre-rounding with round () function cannot help:

>>> round (0.1, 1) + round(0.1, 1) + round(0.1, 1) == round(0.3, 1)
False

Though the numbers cannot be made closer to their intended exact values, the math.isclose () function can be
useful for comparing inexact values:

>>> math.isclose(0.1 + 0.1 + 0.1, 0.3)
True

Alternatively, the round () function can be used to compare rough approximations:

>>> round (math.pi, ndigits=2) == round (22 / 7, ndigits=2) }
True
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Binary floating-point arithmetic holds many surprises like this. The problem with “0.1” is explained in precise detail
below, in the “Representation Error” section. See Examples of Floating Point Problems for a pleasant summary of
how binary floating point works and the kinds of problems commonly encountered in practice. Also see The Perils
of Floating Point for a more complete account of other common surprises.

As that says near the end, “there are no easy answers.” Still, don’ t be unduly wary of floating point! The errors in
Python float operations are inherited from the floating-point hardware, and on most machines are on the order of no
more than 1 part in 2**53 per operation. That’ s more than adequate for most tasks, but you do need to keep in mind
that it’ s not decimal arithmetic and that every float operation can suffer a new rounding error.

e shd A7 EAA T TS By A5 4SS AMR St R RS, O] AL AAE Tt
x]-a 2 Rk A 2 7)ok erg 1-1;_71]9 74‘?4‘41:]' HE str() O EE F73H, T
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If you are a heavy user of floating-point operations you should take a look at the NumPy package and many other
packages for mathematical and statistical operations supplied by the SciPy project. See <https://scipy.org>.

Python provides tools that may help on those rare occasions when you really do want to know the exact value of a
float. The float.as_integer_ratio () method expresses the value of a float as a fraction:

>>> x = 3.14159
>>> x.as_integer_ratio()
(3537115888337719, 1125899906842624)

Since the ratio is exact, it can be used to losslessly recreate the original value:

>>> x == 3537115888337719 / 1125899906842624
True

The float.hex () method expresses a float in hexadecimal (base 16), again giving the exact value stored by your
computer:

>>> x.hex ()
'0x1.921£f9f01b866ep+1"'

This precise hexadecimal representation can be used to reconstruct the float value exactly:

>>> x == float.fromhex('0x1.921f9f01b866ep+1")
True

i)

Fdo] Aoetuz, slo| o) thE WA o 24 g2 AR A oAkl (EREFHA), &2
A Qste thE Ao (Rt €99 2-2) ¢t vl ol Bl & w&sh+ tl f8 it
Another helpful tool is the sum () function which helps mitigate loss-of-precision during summation. It uses extended

precision for intermediate rounding steps as values are added onto a running total. That can make a difference in
overall accuracy so that the errors do not accumulate to the point where they affect the final total:

= [e]
FAS

rlo

>> 0.1+ 0.2 + 0.2 +0.17 + 0.2 +0.2+ 0.2+ 0.2+ 0.1+ 0.1 ==1.0
False

>>> sum([0.1] * 10) == 1.0

True

The math. fsum () goes further and tracks all of the “lost digits™ as values are added onto a running total so that the
result has only a single rounding. This is slower than sum () but will be more accurate in uncommon cases where
large magnitude inputs mostly cancel each other out leaving a final sum near zero:
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>>> arr = [-0.10430216751806065, -266310978.67179024, 143401161448607.16,

ce -143401161400469.7, 266262841.31058735, -0.003244936839808227]

>>> float (sum(map (Fraction, arr))) # Exact summation with single rounding
8.042173697819788e-13

>>> math.fsum(arr) # Single rounding

8.042173697819788e-13

>>> sum(arr) # Multiple roundings in extended precision

8.042178034628478e-13
>>> total = 0.0
>>> for x in arr:

total += x # Multiple roundings in standard precision

>>> total # Straight addition has no correct digits!
-0.0051575902860057365

—h

51 8 27
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Why is that? 1/10 is not exactly representable as a binary fraction. Since at least 2000, almost all machines use IEEE
754 binary floating-point arithmetic, and almost all platforms map Python floats to IEEE 754 binary64 “double
precision” values. IEEE 754 binary64 values contain 53 bits of precision, so on input the computer strives to convert
0.1 to the closest fraction it can of the form J/2**N where J is an integer containing exactly 53 bits. Rewriting

[1 / 10 ~= J / (2**N) }
=
=
[J ~= 2**N / 10 }

and recalling that J has exactly 53 bits (is >= 2**52 but < 2**53), the best value for N is 56:

True

>>> 2**52 <= 2**56 // 10 < 2**53 }

That is, 56 is the only value for N that leaves J with exactly 53 bits. The best possible value for J is then that quotient
rounded:

>>> g, r = divmod(2**56, 10)
>>> r
6

Since the remainder is more than half of 10, the best approximation is obtained by rounding up:

>>> g+l
7205759403792794

Therefore the best possible approximation to 1/10 in IEEE 754 double precision is:

[7205759403792794 /2 #% 56 ]

AL} EEE &2 U ok 2ol R Th
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[3602879701896397 /2 w5 55 ]
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So the computer never “sees” 1/10: what it sees is the exact fraction given above, the best IEEE 754 double approx-
imation it can get:

3602879701896397.0

>>> 0.1 * 2 ** 55 J

If we multiply that fraction by 10**55, we can see the value out to 55 decimal digits:

1000000000000000055511151231257827021181583404541015625

>>> 3602879701896397 * 10 ** 55 // 2 ** 55 J

meaning that the exact number stored in the computer is equal to the decimal value
0.1000000000000000055511151231257827021181583404541015625.  Instead of displaying the full deci-
mal value, many languages (including older versions of Python), round the result to 17 significant digits:

'0.10000000000000001"

>>> format (0.1, '.17f") J

The fractions and decimal modules make these calculations easy:

>>> 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"

o
Hl
rot
o
Ju
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i
J

16.1 CHSIS 2 E
16.1.1 of|2{ X2

When an error occurs, the interpreter prints an error message and a stack trace. In interactive mode, it then returns
to the primary prompt; when input came from a file, it exits with a nonzero exit status after printing the stack
trace. (Exceptions handled by an except clause in a t ry statement are not errors in this context.) Some errors are
unconditionally fatal and cause an exit with a nonzero exit status; this applies to internal inconsistencies and some
cases of running out of memory. All error messages are written to the standard error stream; normal output from
executed commands is written to standard output.

NETEE=HZ ZEZENAEHPE EX} (YYFE S Z control-C £ Delete) & YHIFE JdFS HA
S 1B mgme e EolUrh Belolst A%t ¢ AUPES A5 try 2ol o|5) Mol
4= Q)= KeyboardInterrupt 9] 7} 2A Y o}

[#.//usr/bin/env python3 }

ofr

e 3 2 6] 7} AF8- 219 path o Tk AR S W) & 2AHE A A REo] Y3 spde] A 7}
ZUrth #! = Ul ] 51Y 9 A2 F Exfoor gyt gH g‘v;\q%oﬂ/q%o] P Eﬂz{H Zo] -.‘-’.—‘J‘i
O FFE (\n)E BUoF S, QLS F FE(\rn') L 3125 A STk skl Aol A 3 A,

S, BAL b £ RAE A Re e o A4 U,

E £ chmod {2 AHE 8] A3 7hs 3 B, B AR & ot A5yt

DA
y[gut |r1
m2 rulm

)

>
(0
o

[$ chmod +x myscript.py

py 3} & python.

V=AM = “AdY 7he & . g 2.
18 o5 EY3H 23 gdEZ APtk A= pyw & T

exe Az o7 oﬂé-g}oﬂ s}o Vf_:]f_
Ut o A, AukA o2 e

I GNU Readline 3} 7] R of] Y= ZA| 7} o] AL w3 & 4= 95Ut
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16.1.3 CHEIE A%t mpe
shol A e HhEY oz ST W, 5

Ut} PYTHONSTARTUP 27 W4~
A9 .profile 7153 {3

o] ot -2 th3}E Al del At 98] H, Tho] 2 o] /\ﬂ%E"ﬂ/ﬂ wHZ
BAIA 229 B (Y AAAE S2Sth o= JA Ut i3
FH A ABE B R, o] 3o A FY ALY °‘—LE°P“ AA == "41
o] F o2 AMEE 4 AF U o] -L‘ré"ﬂ/ﬂ sys.psl Y sys.ps2 T &

A v oA 27 A Z LS godd, A A Z g A] if os.path. 1sflle('.pythonrc.
py'): exec (open('.pythonrc.py') .read()) ﬂ—é’—g—fﬂ = /\]-—Q-SH/\‘] —’-EZE}] —T—?}\%HE} =
HEANA A2 3t d S AFg sl 2T Y EO A BA AR ?’ﬂOH of gt

%2 E] 7} Al 2t wfjm
dol €012 %JJre olgoz dAs Y

).o
JN r_

_\1mlmo

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|N|O|M B E

Python provides two hooks to let you customize it: sitecustomize and usercustomize. To see how it works, you need
first to find the location of your user site-packages directory. Start Python and run this code:

>>> import site
>>> site.getusersitepackages ()
'/home/user/.local/lib/python3.x/site-packages'

r[r

o] Al L ty A E 2] o]l usercustomize.py Bt 0] 59 BI S WE Y= AE
QEEE M BATAE -5 §U O ATHA G B, o AL B E shol 4 Ao FFE FUTH

o
oL
tjo
of 1
30
o[>
O
N,
offt

sitecustomize works in the same way, but is typically created by an administrator of the computer in the global site-
packages directory, and is imported before usercustomize. See the documentation of the site module for more
details.
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0[0
<
bl

>>>

2to3

FolM 2x AEE oM 3x AT WEAE e W AEdE =7, AAE TR BMGy 72
A BT E BN AA T £ e R 2o vzad s ds

R =
2to3 = EF ol B oA lib2to3 2 Al FHUTH SH A2 APT 4= = 2T HE = Tools/
scripts/2to3 & Al H Yt} 2to3-reference= &

abstract base class (34 w| o] A S| A)

FA ol FE A& hasattr () Z2 O E HAY S EHGFA Y nBEA ZXH (& £,
2w A 2) FF, JAEIFH o)A B3t WS AlFTF RN 4 Ero] 3 & B3 th ABCE
M AE ZH2E 2 dot=t, 2HAE ASSA O HAE isinstance () 2 issubclass ()
of o3l A E = FHEEYYUTh abc BE AHAE EA Q. ol Aol = B2 W ABC 9]
Wl = vt 22 A E0] QG5 UTh A8 & (collections.abec EEA]), A (numbers
B EA), 2EEF (ic REA]), YT E FAHY 2 (importlib.abc REA]). abc EES

annotation (o] - €] o] A)

A& 3l A AHAI RS ABCE WHE S5 955U Th
2]

A5o et ¥ JE 2 AREHE WS, Z

golE Ut
Ao o] o B o] 42 A Aol AA e ¢ gAI R A W, Fefa HA 9 e o]
HolAe 2zt 5, e, &4 annotations_ SF JEZHE AZFH Yt

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

argument (212}

dr (e rAE) 2 AgE e L F SR AR S Ytk
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s 71 E AR (keyword argument): T4 3% wj] A2} oofl B2 Q) (o] & £0], name=) £
g oo 2l YAV 2 AYH L AR
5= 2% 79 = QA ok

complex (real=3, imag=5)

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

=
o
gi
=
(]
o,
T
o,
N

o X 2R} (positional argument): ]-‘;’4 2 A A} il A =
U AL olH e 2 o gl x & 2] AL 5 AFUH ol So], x4 22 =004 3
B EFHA O]x]-?jqq-

complex (3, 5)

complex (* (3, 5))

ol thdg Ut ol el 485 = +2= l o 3 A = calls

A vl o) § g A9
28402 QAR 4D 4 dFUTh TaA grol Ao Mol

A HAS. EYACcr, od
o g Utk
L o] Q9 v 7] ¥4 =27 FAQ A2 219} ufj 7| W= 2] x}o] 2} PEP 3625 KA &

asynchronous context manager (8] 57| A8 AE #g]A})
An object which controls the environment seen in an async with statement by defining __aenter__ () and
__aexit__ () methods. Introduced by PEP 492.

asynchronous generator (8] 7] A Eﬂ o] E-])
Hl5 7] Al elolg olH oy £ &
S, ssyne for $27} BT 4 Ui LAY FES

=R

BE 657 AUl E %42 el A AT, ol @ Euo] A= w57 AV ol H o olE &
A2 AU o Eohe o n) 7} WEkeA) e A9, AT S E AN BEFS QT

B % 7] AlFd olE] e await EA AT} asyne for £} async with 2 8 4 5t}

o

ZF+= 8. async def B FYFHE=EF
I E A

T
T X yield 84

=

I~

asynchronous generator iterator (8]% 7] A2 o] €] o] €] & o] €])
H5 7] Al oly &7t ste s AA.

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

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

asynchronous iterable (8] = 7] o] €] #] &)
An object, that can be used in an async for statement. Must return an asynchronous iterator from its
__aiter_ () method. Introduced by PEP 492.

asynchronous iterator (8]% 7] o] €] & o] E])
An object that implements the __aiter () and _ _anext__ () methods. _ anext__ () must return an
awaitable object. async for resolves the awaitables returned by an asynchronous iterator’ s __anext__ ()
method until it raises a StopAsyncIteration exception. Introduced by PEP 492.

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

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

awaitable (o] g o] €] &)
An object that can be used in an await expression. Can be a coroutine or an object with an __await__ ()
method. See also PEP 492.
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BDFL
A8 28 £ 41 = 2] A} (Benevolent Dictator For Life), < Guido van Rossum, 3} 0] % 2] Z-A] 2},

binary file (B} o] 2] 3} Y)
A file object able to read and write bytes-like objects. Examples of binary files are files opened in binary mode
("rb', '"wb' or 'rb+'), sys.stdin.buffer, sys.stdout .buffer, and instances of io.BytesIO and
gzip.GzipFile.

str AR A1 2 4 Qt Y ARl hAA L G 2= 512 © B2 L.

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

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

bytes-like object (B} o] E Q& A A))

bufferobjects & A Q3L C-A5 HEHE JAXE & 5 QF5 YT o8 & %memoryvmw AAEL
E£0|1 bytes, bytearray, array.array AA 5 3T} H}O]EQ AA =2 vlol v g
dolE & thF& o8 71A A4tEdd AHSE 5 Ut &5, vhol v e 39 = A A, 5‘—7“% s

A 2e Agel dHUTh

=

ol A4S L upol Ui HloE 7k hM AL B sk AHUTh o] d ASo] AWML BF <ol 1
2] Mol E QR AA hy EAFUCE W B3] A o 2 bytearray S bytearray
memoryviey 7t SIGU T THE AE e whol P HolE B A (197 A8 welEAR
A7)l AHES 2 7T ol @ A9 ol 24 byces 9 bytes AR 9] memoryview 7} A%
k.

bytecode (H}o]E F &)
ol A~ FEFHo|E FER e =, CPython AE z g oA Tho] A =2 13 Y §
HAYYTH il E I E = pyc Il A Hof, T2 5L S F HA AT off o W} A v
Utk (oA H]'O]E F=EZ AHTLS -’46]’/\ AFYTLH. o] “FZFAo” = ZHlo] E T =9
-3t 71 AE A= 71 7 A A Aot 23Ut vlolE I == A E ThE Tfol s
7Hd 1A A e ALz 7R &, «4’0155 v 32 Zhel] Qb A o] A = gkt Aol Fo 3 o
.

Hlo|E 2= Welolse] 25 dis LE APA G YU

callable
A callable is an object that can be called, possibly with a set of arguments (see argument), with the following
syntax:
[callable (argumentl, argument2, argumentN) }

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

callback (&)
AAt2 A== v o= A Fo A AP HH T8 T,
class (Z|»)
AEA Ao AAE
EHAEAYES
class variable (Z 2] A~ ¥

”ﬂ""ﬂ/ﬂxtlﬂ s FE (52U A2 20X 7} ok b oAt A EH = M.

complex number (&4 4)
5ot A Al Fd],

—’Foﬂ d? DAL Al E FT AU, FF FFAME 1=, FANE I E B7F U
o] M2 F242) VM2 2 B E 7B AJFUE slei 5 JRARE 2094 27184
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+13. math 259 B4 WA o] D23, cmath & A UL oo 282 1
5174 75 gth Bas 2EES
context manager (8] A E 2]z}
An object which controls the environment seen in a with statement by defining _ enter_ () and
__exit__ () methods. See PEP 343.

'

context variable (A ] A E ¥ )

Ao et the ghe 7H 5 J= Wi ol A A erb Aol tie of 2 3 7

Jde g =-2A AF49ns e 28, AU AE W2 235, shue] A8 A =of of g

;qEﬂ/\Ey} A F o AdAE M5 F 5= FAA A5 7] HlaTofA HEE S48
2AdYd contextvars% FZ A L.

contiguous (J <%
H ¥ = A C-d< (C contlguous) o] A} EE & A< (Fortran contiguous) @ W) A< o]g}al o] A F
Utk 939 m e C-AkoluA EET A% AT AR W Dol A, BEEL A o] AR,
0o A Al &3l 52k ‘*‘/\-4 AR W E g of v X =] of of gtk thxb C-<A <5 vl G ol A,
u-]] g F429 AR FEESL WES o upx| e Addl A7} 71 wkg] Wk o) AW, = E S
Sl o] A, R A Q) 7 e A sk o,

coroutine (I €l)
IEH2 BT EH o] dutstE Pl Utk ABFEL S A A A Yt o2 A Fofl A
E‘*“HD} FFE2 Y g2 AHAA AYstar, EEstar, ANE 5 dF Ut o] AES async
def 208 138 4 95U Th PEP 4928 H A Q.

coroutine function (Z €l 3t4)
FFZEH AANE EHF= 5. ZFH T4 = async def T2 F FoH 4= T, await &} async
forE]— async with 7|9 E& T 5 JFUth oA %% PEP 492 o] o]} =45 A5 th

CPython

ol z2 g Aol A A A, python.orgol| A ¥l 2 YTt o] &2 Jython o]}
IronPython 7 & th& 2153+ 738 B2 7k 912 w) §o] “CPython” o] A 1 th.

decorator (tl] 2.7 o] €])
g2 d4E 283 g5, 5 eurapper BH S AR S W3 o g A EH ULt g2
olE]9] &3l o= classmethod () I} staticmethod () YY
dagole FH-2 944 A 2HYE B UL v F 35 BY = 9] FEYUT

g
def f (arg):
f = staticmethod (f)

@staticmethod
def f (arg):

L

22 7hgol Eel o A AR, & A5 2quUnt. v Z ol Hofl th e 5 AA T 82 T
gof ok 2el s Ao o dHAME EE gtk

descriptor (t] A= 2 E])
Any object which defines the methods __get_ (), __set_ (),or __delete_ (). When a class attribute
is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to get,
set or delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor,
the respective descriptor method gets called. Understanding descriptors is a key to a deep understanding of
Python because they are the basis for many features including functions, methods, properties, class methods,
static methods, and reference to super classes.

YT HE ] WA =Sl thak AA R W82 descriptors Lt 2T H B AR P A of] UF Y T

dictionary (9 41 g])
An associative array, where arbitrary keys are mapped to values. The keys can be any object with __hash__ ()
and __eq () methods. Called a hash in Perl.
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dictionary comprehension (5 A1 2] A Z 2|3l A)
ol HE A+ 84 AAY a—‘T'—a Agstal A3E G2 9 E vhEets A W
results = {n: n ** 2 for n in range (10) }—8—%}:11 *x 2°ﬂ UH-’J%7
£ A3 gt} comprehensions 2 #2334 Al L

dictionary view (5 A4 2] )
dict.keys (), dict.values (), dict.items () HAEF S8 3L AANES I g B &
Uth o] AE2 9A g FEE tis 542 -F'—%Zﬂ:o'—%}%tﬂ gaAqve7t e AdE of, F 7)o
= kg thE AUtk 9 E §E A3 Bl AEE v W 1ist (dictview) & AHE S}
H Yt} dict-views S H A S

docstring (5 AE )
A string literal which appears as the first expression in a class, function or module. While ignored when the
suite is executed, it is recognized by the compiler and put into the __doc___ attribute of the enclosing class,
function or module. Since it is available via introspection, it is the canonical place for documentation of the
object.

duck-typing (Y] €}o]3)
U2 Qe 0] 2% A DU AN L WA G Z2TAY 264,
HAEY AJERET S5 AL A 1414(“03]}1"“1‘?_0]"’ Oﬂﬂ ﬂ@,\;ﬂ_r)r?j
£.25) 54T 9 o Aol A8 so) g gxgozA, & A48 nEE B4 AE
FomH FARL AND S AL UL & oI DE type ) oLt isinetance ) S AHES
SEITh (B AT, € ehol Bol g w0l S 2 b ek % 5180l 51510k gl ch A,
hasattr () AWV EAFP Z 2 38 %-& £ th

EAFP
3 &R b= 84 E 1317] 7} | ©} (Easier to ask for forgiveness than permission). ¢] &3] & 4= ¢}
ol A AEY-L, ZHulE U o ERES EAE 7ML, 1 7o) YW A9 E s
o] Z-HE I W AE Y-S B tryflexcept T EAME SAAAH YL o] HHAY 2 CL 22

£ B2 olojof A] A5 AHE | & LBYL ek ol Uk

expression (%3 2])

-|—4 ~

Y m]o Mo
> QoY )
i 1 rlo Ok

¢

ojE Fto 7 A = FHAEAN 27 g2 U 135, 242 ZHE, o], o EEHE
A 2, ALER}, T4 %ﬁ 22 e 8T ERH 84S Fot 8 AYdUth o2 B2 A9}
fRAOZ BRE Ao FAEEC] A AL ofdUth whileXH, EHA 02 AT 4 gl
T sl dsuUth oY =3 o)A, ¢ 4 o] of gt

extension module (£-# 2 &)

CuCr2 A4 E BE AT, sho] 20| C APIE ALE31 A 14 o] v} AL 4 =9} 4% 28 3 ok

f-string (f-F2}Q)
o e 9ol 9 B Al U £ LRAL O F2d, £ BRI E
) ZOWL%IIJE]— PEP 498 & H A 8.

file object (3} 2 A))
An object exposing a file-oriented API (with methods such as read () or write ()) to an underlying resource.
Depending on the way it was created, a file object can mediate access to a real on-disk file or to another type of
storage or communication device (for example standard input/output, in-memory buffers, sockets, pipes, etc.).
File objects are also called file-like objects or streams.

AAZ = A E79Y 3t AA =] °"‘HD} 2 (raw) vlo| v 2] 3} <, W 3] = (buffered) vlo] 1] 2] 3}
HAE 91, °lc94 °1EHl°l/\L io BEA FoF ULk 1Y AAE vt 7E A By
open()ﬁ‘#é 2E AYUh

file-like object (3} 7 24 Al)
ot AA 9] vk

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

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

See also the locale encoding.

finder (}21t)
Ared BEL A o & 2oy n Awss 4.

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

See finders-and-loaders and import1ib for much more detail.

floor division (5= U= A1)
/)59 gre 27 e ,g¢ura—;,jl%2 AR HDP 1)/ a7k2
Fol f-o] 3 oF it} PEP 2388 B A 2.

function (g+4)

SEANA o e EEFE Y 8=, gAY I oY A7 AL 4 =, ¥y 9
Ao AHgE 5 QU th v 7] 5 &) w4 = &} function A& A Q.
function annotation (T4~ o] - E o] H)
Fh= o 7 = 93 ghe] of | o] A
AL onrA

4 o) o] A =
Lol Aoz 7 1L, FA

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

6‘1—/\ o} A E]] o] A “-:v'—‘ﬂ O function & Oﬂ /ﬂ S| Dﬂ‘c‘h/] r;].

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

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

>>> import _ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (7}8] X] 4~ #)

9 A8 H A e vme) B dhdais A4 oML Bz A4 24T Fx £ FAGL B
5 9 w8 A £ A B b A £ AR 2RI AUA 2 A7) ge RES AHEHA

Alolg 4 95Uk,

generator (4|12 o] 1)
Ayelol e ol Elelo] e & EeFE g4, AN FEAY Hol kv, A FEL BE
842 AT Fol thFUTh o] G5 for-FZE AL AU next () T2 T Mol LA

generator iterator (xﬂ L‘] #lo] E1 o]E|# o] E‘])
A el 8 g7t te= A A
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Zyielat GAHOE B UL, T A (A9 ASET 7] 9 y-F 5L 3
A% S A Th A d el E ol e el ol e 7} A W, W 2oz B3 F(EZ v}
M= Al ZEske 349k ol g o).

generator expression (Jﬂ] v #lole] 3 A)

oJE o EE EHFE A4, Fx A5 0N A S ror A AL AF5 e ir Dol Hof
2t %_‘E‘}Efﬁ@‘ AE Bk 2 #3842 ST E A HES oWt
>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

generic function (A 4] g} g4
ZHe AAre A7 D}e b‘ﬂ—g—oﬂ o5l 283k o] Y
tasx) e Zel o3 AR H T
A 23 %] £0]F =3} functools.singledispatch () B Z & o] E] 2} PEP 443% H A 2.,

generic type (412 %)
A type that can be parameterized; typically a container class such as 1ist or dict. Used for type hints and
annotations.

n

42 7Y B2 ol 7| ASBAE

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

GIL
A AEzeH £ 2 HAL

global interpreter lock (<9 Qe =g §)
2 ol 03 o) Ak sl o= 9= £ AYSEE BYSA Qo) CPhon B2
AR A US, (1ot o) 2 588 ATEE T Ho) A7 2 o) BAASE 5 A
AM 2 of hsl A S = 5 W5 o] A] CPython 8= L—’Eﬁ}ﬂl Ut JAEZEH AAE T 2=
A2 JAHz B & thsad =slstr] A e A, ths Z2 A A 71 A 7L AlF et W E 49

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

doing I/0.
(A 9 vAsHA Ff ol HE F15) “Ad =] A2 (free-threaded)” JIH Z 2] B & w531
2L ete HAY 282 AF A oA B, TR T 22 AN B e At A7 e

Utk o] 45 o] #8 FHE AL TAS DA BASH B0l A 44 1 gol B SojZ Aoz
o AR 3 ATk

hash-based pyc (3] X] 7] 3} pyc)
FRAE B 13 S 22 52l

L)

% 57 A1zbo] obd Al & ALGBh Hhol = TE A A

A, pyc-invalidationS ZFZ A &

hashable (3] A] 7}%)
An object is hashable if it has a hash value which never changes during its lifetime (it needs a __hash__ ()
method), and can be compared to other objects (it needs an __eq__ () method). Hashable objects which
compare equal must have the same hash value.

HA 7Hs AL AAE AV EY 71V AT I E AT 4 A Fhed), o] AR FRE ]
YA o2 A ghs AHE-317] fﬂ}%%ME‘r-

72 gholH ] B g AA -2 A 7?—%“41‘/} (BF2EY A
a9 A5yl (FZ ol U frozenset Z-2) £ AH O YES 159 84
A s Ut AFEA A FAY daEA AR EL V| RA 0w
A& A Q) Btale) BF thEthal v a s A, siAI 32 id () 2 FE s H Y Th

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

immortal
Immortal objects are a CPython implementation detail introduced in PEP 683.
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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.

immutable (£4)
TAE RE 2 AA. B AN E A, £AY, FES 2RI oD AN SL ARD 5 ¢
SUth A g2 Asted /‘H AAE TE o] oF Tt WM 3FA] ok 3l Al ghol o] oF df= Lol A
F2% B2 FuTh A8 Sol, 94U 7).
[e]

importing (¢ 2 ¥))
B EC) sol BEA rhe B shol Lol A A 4+ LS e AR

interactive (BH i]—fﬂ)

shol & T3y Bz HE 2 i, Bzl ZExed N £ A4S 998 5
93, 57 ARE A%E 2 4 ek FAUTh A glo] BA pythone AWFAL (AFE
Folrel A Ad st A% A58 5 A5 UH. Al ot ol AL REH A2 Eol
Che = e A W QU (help (x) & 719 3HA 2).

interpreted (Q1E] = 2] €| &)

Hpo| £ S = Asteleje] £ mjRo] 1 Fe] S A 7] AT, shol 4 F3t Qloj 7k ohy]
gHAdEz ey dolduth o] A2 BA A AP old S WEA s, 420 d S AH AP
S glehe EQth 1z 2 aslo) £ 6 AAE AWE /) ST, dE e dojt HE Az

AojEoh g AU A F71E Zs Ut t5hd & HA L.
interpreter shutdown (21 €] Z2]g] £ 37)
FTESHE 23S W u, FolH ¥z B & ST A7 X Q)= RE ol o2 7HA]

Tagur ?—i%wf de mE YR AU e BAA0R AR Rl TA /8

ﬂﬂ%aﬂwiﬁﬂﬂ

w= T

Az B 289 FH DAL AYHE  main REJUAITHENAFLS ZYE= AYUth
iterable (o] E]2] &)

An object capable of returning its members one at a time. Examples of iterables include all sequence types

(such as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any

classes you define withan __iter_ () method or witha __getitem__ () method that implements sequence
semantics.

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

iterator (©] €] &) o] ¥])

An object representing a stream of data. Repeated calls to the iterator’ s _ next__ () method (or passing
it to the built-in function next () ) return successive items in the stream. When no more data are available a
StopIteration exception israised instead. At this point, the iterator object is exhausted and any further calls
toits _ next__ () method just raise StopIteration again. Iterators are required to havean __iter_ ()
method that returns the iterator object itself so every iterator is also iterable and may be used in most places
where other iterables are accepted. One notable exception is code which attempts multiple iteration passes. A
container object (such as a 1ist) produces a fresh new iterator each time you pass it to the iter () function
or use itin a for loop. Attempting this with an iterator will just return the same exhausted iterator object used
in the previous iteration pass, making it appear like an empty container.

126 Appendix A. 0{%!



Python Tutorial, 2 2|A 3.12.8

typeiter ol T 2} 3 W& 0] 9l Th

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

key function (7] g4)
7] 3= == 28 o] A (collation) 4=+ A & (sorting) ©] L} ¥ & (ordering) o] AR5 = 3HE& EH ST+
FHEJUE & S0, locale.strxfrm() < ZAY S HAS W2 FE 71 e

AUt

TolMe WL T I QA0 o]BA A KojA I Fol=AE AojEr Y 7] 4=
%0}%%}14@. O] Eﬂ Zﬂ%oﬂ-‘r} min (), max (), sorted(), list.sort (), heapg.merge (), heapqg.
nsmallest (), heapg.nlargest (), itertools.groupby () 0] 9,)\%1413]-

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

keyword argument (7] 9] & 21 2})
o1z & BHA L.

lambda (¥t}

529 0l gro] FAlAE shte BE4 o2 TAR o gt Ak B Do) B4E s
—E—‘ﬂ% lambda [parameters]: expression ?:]141‘/]—

LBYL
= 7] Z ol B2} (Look before you leap). ©] & ALY L 0|1} 23] 2 17] Aol HA|H o g2 AFA
2AEL AR o 2B EAFP g7 WIS 1, B 15 wo] EA1Z 54 A o)
05 28 = Ao A, LBYL H 22 “H7]7 e “H 7]” 2kl A 20 W54 2 f1d ol A5
t}. o & £90],FE if key in mapping: return mappinglkey] += AA} Zof, 5}X 2k %3] Ao,
th& 28| =7} key & mapping A A Al ASHA AT = Q5 U T o] 9 o]+ F o] WEAFP 2+
Ao g ddE 5 st

list (B] 2 E)

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

list comprehension (2] A E 7 = 2] 3l A)
ANd2Y 245 AR e 4R E A 12 AR5 B2ERE S5+ 2T . result
['{:4#04x}'.format (x) for x in range(256) if x % 2 == 0] = 00| A] 255 A}o]o] Q= =+
9] 1675 (0x.) 5 ZPsHE EALY P 2ES U ir 22 A2 5 o At
H, range (256) o d=12E 47 AHFH U Th

loader (2 6)
An object that loads a module. It must define a method named 1oad_module (). A loader is typically returned
by a finder. See also:

o finders-and-loaders
e importlib.abc.Loader
« PEP 302

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

On Windows, it is the ANSI code page (ex: "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.
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magic method (9} 2] W] A4 &)
S A= 9 vFA A v e T

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

meta path finder (W€} 7 2 #}2lt])
sys.meta_path & AM o] Z2]F & T, wlE A& Ilo& 4= dEg Ihlr] & A7 E
517] 37w kv
HEl A2 37 £d3tE= A =S U A= importlib.abc.MetaPathFinder 5 R d §
e}

metaclass (W€} 22| 2)

Sejo) el 2o ROt T2 o) F, Feh 2 YAV e, Mo 2 S A5 B5S wEUT
WEF Feh st o Al QXS Wobd FehaE TE Aol e AUk tRR e AR A9y wz e
W doj 5o A4 T AL AFGUTE s A& SWH EL AL ALY v SHAE BE S
ST AGU . TR A8 Aol o] £ 15 We gATh B2 4D, e Feae
e sha Sobat M2 AFFULh o EelRE AN 29 27 (ogging), 2 = HAA ] F7}
A WA 54, A2 E FAT B e Aol A RS

metaclasses | A] O A8 Ul 22 28 4= 95U )

method (WA &)
e uby ol A Y = T I A AxEAY oERF
A AR A} (HE se1f 2 ETH E A28 AR E D5 UL S F 53
AL

method resolution order (W] A = Z2 A 4 A))
Method Resolution Order is the order in which base classes are searched for a member during lookup. See
python_2.3_mro for details of the algorithm used by the Python interpreter since the 2.3 release.

module (X&)
27

l(i
o

W91 Fets AA. BEL 999 sho]d ARNETL Fi o
9 2%

of sl sfolp oz ZEH YT

module spec (2§ A )
EES ZEFEYASHEYXTE 3 JRES T+ o5 F7F importlib.machinery.
ModuleSpec &] A A2EH A,

See also module-specs.

MRO
A= 274 ¢4 & ZAL.

mutable (7}H)
7HH AAE Fhel HE F AT id) + €A AU EW T HA L.

named tuple (V] Y& £Z)
“named tuple(V] & FF)” o] 2h= & ol FZolA 45K o
N

e G 5 9 4ol A

BE 715 92 ¢ s
time.localtime () & os.stat () 7} WFESE 2k 23 35to], 8 AP ol v d = FZ2Y YUtk &=
E}‘E— 04]—‘5 sys.floatfinfo%}b]r/]-:

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

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

(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
>>> isinstance(sys.float_info, tuple) # kind of tuple
True

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

namespace (¢] S 27

‘__,_7};<1ﬂ5]‘— ol 3 YAV E 2EF YT AA ol FHE o5 T (FIAE oA
2ok oplzk Ao, A9, U4 ol & B1o] Yt ol B0L ol F FES UANH LEAS
APt} o9& 5], &< builtins.open Fos.open() = 159 o5& F 7t o & +EE YT}
T ol I oW EEO ¥4 E 54'5}1_ A5 FHoH s A 7EAT FA B4
=28 &Yt} o & E0], random.seed () == 1tertools islice() Bt AW 1 4SS0 Zhzt
random-\/}ltertoo 1ls %oﬂ -’]OH ?fﬂﬂ 93\ = O] uﬂﬂd];g]/]q

Zt 7))

namespace package (0] 5 ¥
=9 AHl o] Y& ¥ 7|55k PEP 420 3| 7] #]. o] & FXF s 7] Al = &2 A Q1 A A7t

2 %) 8 577

=
- = © A
g #= A3, 53] _init_py 5ol flon s A5t 574 S thE U ok
EE T HAS
nested scope (34 ¥ A3 =)
S Aolol ) MpE B2 5 5. o & Sof, hE F5 RoIA HI A T4t vk G0l
UL USES 2L ST FUY AT EdoR: 32U 1Y B g e 5
SEThE Zo) FAS ok T A WEEL APE R 2T el A 9 Fuink vpA R
A HFES A o] F F3FollAl ¢l FUTh nonlocal & HHZ iizﬂ] »e AL et
new-style class (7+ 28} S| ~)
Old name for the flavor of classes now used for all class objects. In earlier Python versions, only
new-style classes could use Python’ s newer, versatile features like _ slots_ , descriptors, properties,
__getattribute__ (), class methods, and static methods.

object (7 A])
FH (IEREY ) € 22 57 (MAE) o] Fold RE HlolB. £ EE FAEd 2
o] HFA A ol x FhA Py

package (3} 7] 2])
A Python module which can contain submodules or recursively, subpackages. Technically, a package is a
Python module witha __path__ attribute.
At N7 A & ol 5 S 7 A = HAL.

parameter (7} 7] ¥H >
B4 (EE FIAIE) o)A G}

S 2 0]

= T M

=< dEE. A F7e] b7 sy th
el

Il

g~

. —ﬂi]-ﬂ-?’lli(positionalor—keywod) o1z A Y 7Y = oA 7 AYE 4 Q= oA E A AT
Ytk o] Zle] 712 FE ) vz AU, ol & o B0l A foo £} bar:
[def func (foo, bar=None): ... }

o A X|-H & (positional-only): A A 2 A|FH 5 Y= AAE AR FUTE A A§ vi7iA
$4 o] A B ) AR E R 1 5ol BT 5 ALt AR Eol T}l
A posonlyl I} posonly2:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... }

o 719 E-A§ (keyword-only): 7|1 EZT A|FE 5 = AAE AR FUTE 71 H=-A8 v A
W B4 Aol e) v A5 B2 A ol StLk] -9 2] A RS - 1o 2 T oA
B 4 AF UL oAl & 0, thZol Al kw_onlyl £} kw_only2:
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[def func(arg, *, kw_onlyl, kw_only2): ... }

« 7HH-91 2] (var-positional): (CHE AW SE ol 2|31 4] o] u] ol E ol A 912 AXHE o Hs)
AZD 5 AE AA QRS Aojo] AAAE ARG T o A v 4 w5 o) Bo
2 ool 2o]A] B8 4 5L Th oI 2 Eof the ol A args:

[def func (*args, **kwargs): ... J

+ 7H8-7191 = (var-keyword): (12 Ul 55 0l 2131 4 o] 6] WobE 62 71912 A5l H3l)
AZE 5 Ut 9 A% AN E ARES ARG G ol A v asE A o] o
w3 ool 2ol A A E 4 it olE Fol 912 ool A kwargs.

WA A AAES A% 1R gRT o A Fe| AL B AREL AT 5 A%

g},

Z]——Q-Oix a2 ol x}o} w7 FH 4= 9] 2}o]of] Y2 =FAQ A&, inspect .Parameter =2 2, function
d, PEP 3625 EA &

path entry (3 2 I E2])
AR 71N 3FRIH 7} 3

path entry finder (7 2 1 E 2] 5}21H)
sys.path_hooks Oﬂ 3}1*‘5% =
EERESZ=UES ¢ dSTH
Az e solrSo

path entry hook (7 2 ?ﬂEE] 3)
A callable on the sys.path_hooks list which returns a path entry finder if it knows how to find modules on
a specific path entry.

path based finder (7 & 7]4} 5}¢l )
712 v et A& 9l e = F o], 2 E A2 oA RES FEFUTH

path-like object (7 &5 721 A])
g Al2" A2E et AA. A2F A= FE2E Y+ str Y bytes 7—‘1‘i1]°]74
U} os.Pathlike ZEEEZ S —TLUﬂ 3t AR YYUTE os.pPathLike ZTE2EZ S X Y3+ AA =
os.fspath() &FE TEMA str U bytes FY A28 F22 HEE 5 dFUth thAl os.
fsdecode () & os.fsencode () = Z+Zt str YU bytes 23S B A3=d A2 4 Id5 Ut} PEP

S19= =]1= 3l Ut
PEP

m
msi'
ko
il
il
o
i)
N,
do
__(l)L_l‘
oY
k
_?L
rlr
%
b
[m
oM,
il
o
1o,
_?L
i
1o
o
b

s}ol A 7§ /d A< PEP<= sto] W AfUEl o]l AHE A Fot A sho] W e T 2R AL E 2
o gk Az 2 755 AWstes AA A YU PEPE Al bd 7)ol thg 223 7€ AHF 3

< AE AF3loF &y D}.

PEPE 38 A2 75 Aata BAlo] et A R Qe 538h0) ol de] Soj 7t 47
ARE EAE DE) 5098 AT S, PP A A8 A TS S5
N EEEEVESE DERI-Sc

PEP 1 ZZ3HA 2.
portion (Z4)
PEP 420 o 4] 9] & 2 A 3, ©] 87 471 Aol o] upA sh Shpe] Tl el efof] Sof gl A S
A zip 3t Lol AFH = A= 7 dU .
positional argument (9] 2] <1 2})
A2 E HA L.

provisional API (ZF%) API)
%‘Xé API+= 2 F glol B g9 A 58/ BFoaRE 453 AlLH AUt AE s o]29
[e]

57} ol 4% A 94 W, P Aol KA & o, To} LA T o) AaSirhn A2 eicia
S 58 0] § A A 8 o] Lol 4 Al 18l S EALH A OE Lol
£ AT APIE T oA Aol 4 STy B A datel BAT B olw Aol
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AR AP A 2 A%, 47 384 0] $AH ) e WAL “HFe) 070w AN - BE
QR BASe o3l 34 £B9S RAGHE SES RO REARAAGHI T

o) Axpe BE ol nelelz} e A A7 B EH A7 Foll BE e A W BAR 5 T
U o XA 3 8-S PEP 4112 B H Ut

provisional package (<73 ] 7] #])
A APIE HA Q.

Python 3000 (3} o] % 3000)
shol % 3.x w2 2}l g (W 39 wjz71 W mlef e o]okr|d A]H o tkEo] 3] o] Folt}.) o] A
< “Py3k” = Zo 27| shlth

Pythonic (3}01 Ath-e)

Q0| S0 A QAR AYEL G A TES
$5= ol 45 7H7to] e ofol o] L} 7= 27} o
for T= AFEA oHHESY BE 8 4% F35=
FAZ O Yorz, sho M) o) 45}x) oS

g%‘ﬂ -401%401]/\1 A= 2= o]qﬁg
AUt TE BE dolok o9 570
ok o x1ZE L Ao A 7F2 B E AR 57| = ey th:

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

o 28, Fol Ak e o g5k

for piece in food:

print (piece)

qualiﬁed name (3135 o] &

5] ) om o5 B S B, G, oAl o2 L “RRTE WejRE dew

3 o) 2. PEP 3155 o A 49 F T 249 Bol 2ol 2ol 490, A5E o] 2L A4
ol ZEUTh
(>>> class C:

class D:
def meth (self):
pass

>>> C.__qualname
o
>>> C.D. ualnam
'C.D'
>>> C.D.meth qualname
'C.D.meth'’
BEE 7te7l=d AFEE ul], &A% AFSE o (fully qualified name) & = 22 I 7| A &&
ZEA RERE VM= Ao g BEH o] 58 9u|dth o & 59, email .mime. text:

>>> import email.mime.text
>>> email.mime.text. name
'email .mime.text'

reference count (23 314)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Some objects are “immortal” and have reference counts that are never modified, and therefore the objects are
never deallocated. Reference counting is generally not visible to Python code, but it is a key element of the
CPython implementation. Programmers can call the sys.getrefcount () function to return the reference
count for a particular object.

regular package (73 =] 7] #])
_init__.py LS 2FetE HHAE Y 22 A5A A )AL

ol T INA = HA L.
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slots__
Felz ol A, AnE s EAREEE AP FAE TP st b g
AAGozHN W RE & d3sh= B3 FUT 7] A7 AR, o] Hla -2 SuE A ALg-s)
ﬂﬂémwileaﬂw 2ol F7He 3-8 ZR Aol A BE 49 A28 A Yt SE
2 f5sE Ao E5 UL
sequence (X] @ 2)

An iterable which supports efficient element access using integer indices via the _ getitem__ () special
method and defines a __len__ () method that returns the length of the sequence. Some built-in sequence

types are 1ist, str, tuple, and bytes. Note that dict also supports __getitem__ () and _ len_ (),
but is considered a mapping rather than a sequence because the lookups use arbitrary hashable keys rather
than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes beyond just
__getitem_ ()and__len_ (),addingcount (), index (),

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] g A = 2] 3l A)
olE & Y= a‘li AAG dREE Aot 235 G2 A TS vkl 1H2 8 . results
= {c for c in 'abracadabra' if ¢ not in 'abc'}+ *-‘7(]—24 ;Q@’{'r', 'd'}
Yt} comprehensions% FZIAA L

single dispatch (4 2 t] A& x])
T3 o] shte] Az Foll 7| Z A AAEE Al 2 T taF) X 3 FH.
slice (&2}o]2)
HE A|Q A~ 9 %jl,:l% =3 }t AA. Eepolaes ANE AIHE B7|HES AHEEIA]
variable_name[1:3: 5(4 ?l’oﬂ/q 04?4 7H9/] %x}g ZELE ‘E“ﬂ ;ah/] E]- Eﬁ%_]‘i (/“]
IYE) TR yYr 75,2 slice AAE AHEF T
soft deprecated

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.

contains__ (),and___reversed_ ().

Soft deprecation, unlike normal deprecation, does not plan on removing the API and will not emit warnings.

See PEP 387: Soft Deprecation.

special method (&4~ A &)
T}o] o] 6301] o] 0140, SlAl e Ao EAFOR TEHEWAE. oJd HiAEE F
Mo W& 7 A2 BEUE o] 22 21 Q5 Uth E4 1A &= specialnames ©f] A 2 W50 A
Lt
statement (=7
AL AGE (ZEQ “BE(block)) B FAIE BRI £ w94 oA =8
AR A8 7R R E =9 st Yt 718 if, while, for.

static type checker
An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also
type hints and the typing module.

strong reference
In Python’ s C API, a strong reference is a reference to an object which is owned by the code holding the
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.

See also borrowed reference.

text encoding (] A E 217 9])
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer
a string, it needs to be serialized as a sequence of bytes.
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Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding” .

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.

text file (8] 2 E 5}¢))

sx AAE A2 & 4 Y 512 7). 35, 922 9L AR ol = AT el ool
AL G2E Q2 & A AU 2E 545 o2
2 99 9+Y, sys.stdin, sys.stdout, io.StringIo & AAEHAE

o

AEZILS
— =
HAE BT (rpr =1y

~—

nfol = A5 AA 8

[}
=1
triple-quoted string (X% u}-& % H £x}14)
SEE ()Y HEWEE ()AL SR AL 2 DI ST F el AL
7]%:—% Zillﬁ}zl =

=
e
O]’_—E‘“’ "1‘——an

type ()

The type of a Python object determines what kind of object it is; every object has a type. An object’ s type is
accessible as its ___class___ attribute or can be retrieved with t ype (ob7).

type alias (3 ol d2]oj2)

@2 ApExte] thdshel BEo A el Fol.
P ol Qeolat o AES deslste o 48 FUTh o2 S

def remove_gray_shades (

colors: list[tuple[int, int, int]]) —-> list[tuple[int, int, int]]:
pass

tohe ol B 97 970 BE 5 A&k

-

Color = tuple[int, int, int]

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

o] 71%5& AWt typingd} PEP 4845 2314 2.

type hint(' JlE)

W, 22 o ERE Y o vl g ke o] VviE = Fe A sk o = H o] AL

Type hints are optional and are not enforced by Python but they are useful to static type checkers. They can
also aid IDEs with code completion and refactoring.

=
~
anis}

A9 Wse Ay, A9 Ws, Fehx JERRE 3 §59 § EE typing.
get_type_nints () & ALEER] AN 2T 5 Sk

o] 7155 A Y= typing I PEP 4845 X314 8.

universal newlines (-1 A & J 7))

& J4_71—0 AES U‘: Z_,] zZo g 9 /\1—6].: E-]]/\E /\Ea_gﬁ/\%—(ﬂ._gﬂ_,_ og'é 7]]6(1)] F2}
2 '\n, iﬁ | "\r\n', o9 UH?JEM e \rr. F7HE A AFR-ol] B3 A= bytes.
splitlines ( %J PHE}PEP278ﬂPEP3116E_E/\ﬂ§L

variable annotation (X1 <> o] - €] °] "1 A1)
N E

2 L
HerEes 2

g2 o] 4.
W4 EE 2ol o mel s oo 4 Sl iYL AE ATt

class C:

field: 'annotation'
M olmgolde dutdos 3 dER G ol & Sol, o] Mt int g2 AL Ao
71 g Ut
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[count: int = 0

A ol ;o Ho]d T2 A annassign ol A 2 8 f Tk

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

virtual environment (7}4} $17)

Sol A8 A5} 8 L2 IWo], 2 N AN Ay & che sfolu £ g
T2 FA FoWA, FtolH wjx A7 XS A FAU YA o =s

Setn A
venv & HA 2.

virtual machine (7}t 71 A])
LxESORre 2 B AR, solne AP A AL vlol £ = Arle) st 2 e vl =
FEE A3}

Zen of Python (2}o] 4 Al)

Shol 4l T A<l 12l oh AeEe] B2 lH, Aol ol 3t ALgAE ol £ o] BT o] HE2
318 ZE T E A “import this” & YW EJurch
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O] dHAOf 25}0q

o] A A= reStructuredText 2220 A BFE] R Aoz glo] A A YA E 93] 53] AlgH A 8] 7]

9l Sphinx & AH&-3< o

A Aol E AT EA Y N2 sfo] W ALA o mh A = A 0 2 A B AR =8 Ayt 7] o 8
T AT, #e] v o o 8t %E = reporting-bugs | ©] 2| = @'I’_ﬁl—é} A2, ME-E AL B AR = A v
I LI TH
the BEoA e AAE =hych

o Fred L. Drake, Jr., Q2 3}o]® AWA =3 A3t ZAx}o| A} @& ZElx9] &7}

« the Docutils project for creating reStructuredText and the Docutils suite;

 Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

B.1 mo|W dFAMS SIS

B2 Aol shol
i

A Aol 71 Bs Utk 714 Ake) B2 )
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appeENDIX G

AR} 2fo Ml A

C.1 AZEQ0{Q A}

}o] -2 ABCEF= o] o] T A A& Al U] E 2k 2] Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/
=) 2] Guido van Rossum ol 2] 3} 1990 dt] Z vkl Wkl H5Uth shoj ol the A2 &2 e w3
o) .85 917 ¥, Guido = 30] H9] 7.2 A A= ol %],

1995, Guido+ Virginia 2] Reston o] ]+ Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ ) o A sho] M 2 S AL a1, o] Lol A oA HAY AZEYAE SAUFYTH

20003 59, Guido %} sho] A a4 7] 9El 2 BeOpen.com 2 2 % A A] BeOpen PythonLabs © & 74 3155
Ut Z+2 3 104, PythonLabs Bl -2 Digital Creations(3 ] Zope Corporation; https://www.zope.org/ 2Z) 2
L A5 Yth 2001 d, 5ho] & 4 = E 9 o] A H(PSF, https:/www.python.org/psf/ %) o] A g% g4 th
o] @All= stol M A A A QA afote s 5835 AYHE v F 8 24 YUt Zope Corporation-&
PSFo| 391 3| Yyt

2 A oo thal Al = htips://opensource.org/S FZ 34
Ut shel A W E e GPLT e LItk ohele] &

H
A
.

o
— o©°
A1), AAH O, YR
chea M E R 2 ke AU
HHZE  DHME R 2R GPL S &7
09.0~12 n/a 1991-1995 CWI yes
1.3~152 1.2 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.1+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 o] A 2.1.1 2001-3 A} PSF yes
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GPL3} EHATH: 2L 927} GPLE sho] A2 W EITH: A2 v shA & Utk RE shol A
Tol i GPL} 22l o2l 3e) WAL /] 222 BEA n 4% WAL MED + A T
Shol 3} GPL Sfoll M H T}2 2x E9 ol 2 A3He 4 A Ttk o2

t}. GPL 5.3} g}o] Al
A

| A~ X=
L —
A2 I13A Fsyth

Guido®] A = 5to] o] Wi x5 7}5oHA vk B2 9 7 AL RS ol Al ZA=H Ut

C.2 TO|Mol| HMIASIHLE AFREL7| QI 0|2 b

glo] W A I E Qo] 9} A A= PSF License Agreement©l] e} gho] Al A 71 Fof g U,

ulo] W 3.8.65E, A A9 oA, Z2]¥ ¥ 7] €} Z =+ PSF License Agreement 2} Zero-Clause BSD license©]|
wret o] gho] A 7h Foj gt

shol ol E3HE Q¥ Az e ojo] = ThE ehol A7k A g P Ut ehol Al S ehol Al 2ol s
£ =9 8 GAB U ol e ol dl20) BAR B2 wahE £m =)o o] o3l 2ol 4l u

Sog AL

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.12.8

This LICENSE AGREEMENT is between the Python Software Foundation ("PSF"), and
the Individual or Organization ("Licensee") accessing and otherwise using Python

=

3.12.8 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.12.8 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All Rights
Reserved" are retained in Python 3.12.8 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.12.8 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee hereby
agrees to include in any such work a brief summary of the changes made to Python
3.12.8.

4. PSF 1is making Python 3.12.8 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON 3.12.8 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.8
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.8, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any relationship
of agency, partnership, or joint venture between PSF and Licensee. This License
Agreement does not grant permission to use PSF trademarks or trade name in a
trademark sense to endorse or promote products or services of Licensee, or any
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8.

third party.

By copying, installing or otherwise using Python 3.12.8, 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

i.

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").

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.

BeOpen is making the Software available to Licensee on an "AS IS" basis.

BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOEF.

This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

This License Agreement shall be governed by and interpreted in all respects

by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

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

This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

Subject to the terms and conditions of this License Agreement, CNRI hereby
(TH5 sl el Aol A)
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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 3.12.8 DOCU-
MENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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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

wu BEL the g 2o 29 A 23S o)

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 BREL T3 22 Y A 2383 th

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)

146 Appendix C. A2} 2fo|MIA




Python Tutorial, 2 2|A 3.12.8

(o1 sl o] A ol A Al <5)
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, ss1, crypt use the OpenSSL library for added performance if made available by the
operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived
from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"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 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/
sox/12.17.7/sox-12.17.7 tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect
and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

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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