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CHAPTER 2

o[ M QIE{Z2[Bf ArESH |

2.1 QE{=Z2|E 4

02
ol

k71

The Python interpreter is usually installed as /usr/local/bin/python3.11 on those machines where it is
available; putting /usr/local/bin in your Unix shell’ s search path makes it possible to start it by typing the
command:

[python3 11

£ A0 G A9 S e deme e A G e ele] dae 42 §

P A2 B ek Tl shol AR kA 28 Bel Aol g B et sl & (12
/usr/local/python & @& AFEEH &= X YY})

On Windows machines where you have installed Python from the Microsoft Store, the python3. 11 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| E 22 3 E o A EOF(end of-file) EAFH(FH 2o A= control-D, YE QoA = Ccontrol-2)E U4
il ]H YE7L $530, F8 JH Z=E0 0] FUth o] Wil 1A =t quit () BHE
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LY o] M RESS A2THEREE £127F Y5 UTH python —m module [arg] ... 2 AFT 5

QA= vFA] module BE A 9149 H2HE HE Yo JHS AXH A=A FUch

2THE S A2 v, |2 AT HES AP S 3}y B2 Soj7le= Aol FE T uf 7} s

Uth 23 HE gof -i 2 Adstd Py

B E %9 542 using-on-general o 4] 2& 4 QU Th

2.1.1 OIx} M

ATYE o] B 2719 xSl Sz H 2 Y u], BExEe BEE o7 MBE S sys BEQ argy

Hao A FEH YT import sys S AFR3A] o] BE o 7@1%@’ AU 559 do]l= H 435I

oja, AAHELE F7HY AAE Qe FFE, sys.argv[0] 2 W FALIUT 2THE o] 55 -

(ZEE ‘?Q"%%%i ) 2 #W sys.argv[0] & '-' 7}9‘43} —c command 7} AH&% ¥ sys.argv[0]

T '-c' 2 AAF Yt -mmodule ©) }-EHH sys.argv[0] & EEY AU AE2Fol HUTE -

commandUr mmoa’ule—ﬂoﬂ e FHELE Jol AHZEH 7 £R3A 93 HE ol BEo] A3}
E sys.argv & A Yth

212 CH3lY B2 =

B Sty oA gl o, Az eE 7t 33y RE & AT DU o] REA = 7| R ZEZE

S FAMA O HEE 8=, B5 A AY B At s dUth o>>); S EE EUA g1

oA £ YE L AT W B ZEZEVARE U], 72H o2 A Y YUtk (...).

JHZE = A WA Z2FZEE A7 Aol HAd HE e AZA FAE 2Fe= &G vAAE

=g

$ python3.11
Python 3.11 (default, April 4 2021, 09:25:04)
[GCC 10.2.0] on linux

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

olojA = &2 2 TAHE T2 ES YT ul 2o FUrh A& EAY, o] A9 if Fo] 7k
Ytk

>>> the_world_ is_ flat = True

>>> if the_world_is_flat:
print ("Be careful not to fall off!")

Be careful not to fall off!

3l Reof thel o & Aok, sl R & HAL.

22 QlE{Z2|E{e} &4

221 AA FE QAL

NRmAoz lo]W AL FAEL UTF-80 2 A7 8 Aoz HFH UL o] TP oAs g
Aol A AL H = BAESS 231G A4, Az}, 24 So| A 34 AFEE 4 Q5 Ut (AT 25
gho]lH e gl @2 ASCII 219k A2t 2 ALE31T i, W8 FEof|As o] FeE uat Ao
Z3Uth) o] A58 BT Sulg %57 A= R 771 5H o] UTF-8Y S 91 A5 of 3} 11, ¢
sldol| Z3E BE ZAE XD 5 9 FEL AL o g

AT YL 71z 2o Aoz Masteid, 5L A Zo S FE o =4 BS )5 of Tk
L odsyr)

QLA — B ©° B\
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[# —*— coding: encoding —*-—

encoding 2 3to] % o] 2| P 3F= Y (codecs) F dFLho] ofF T T

o &
o}:

= Sol, Windows-1252 Q1 2 A1 3152 A a2 W, 42 TE 5729 3 22 o] 27 = o] of

[# —*— coding: cpl252 —*-—
A= AAY F7HA AL = a2 FETF 2 MY (shebang)” = 2 A Zete Z-+-AUTh o] B,
AFG AAL F A ol EFULh o & 59

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

2.2. OlE|Z2|E{Q} &HA
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CHAPTER 3

nro| M of ZHefeh AN
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T Az} EYeE ASYUTh ol HE 2 EZE o }FAE e 2L W EL
Qesfof et Fdo] Tl ol 2 TAH 9IS B PEdTh

o] A Aol bt B o (5Y ZEZEA A JYHE ASRAE) FAL 2P YH T
shol el A A2 A E 2 4, 2 A FF T 29 B oo FUTh FAL 29 ALAH ART TE
93, FHel L} T o U S5 gth s 2249 2 Hd ol o2 5 favth 244
PE E ool SATHE 34 AR F o] oh et SA] B4 B YTk 24 =] o n] & 2]
A7) 918 2ol 3L, shol Mo ol 4 3hA) o i, o8 ¢ wle A= Byt

# 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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FLE, >>>, & 7|tEA 8.

3.1.1 =X}

VL E = e A AUk BEAL A5 222U BH4 2y
T 4, -, %, / QAR Ahol SR S EYTh BE () £ R ol A 5

>>> 2 + 2

4

>>> 50 - 5*6

20

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

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

int AU 2577 e AS (€ £015.0,1.6)2 float U

F (A& E912,4,200&
3 S0l B3l o A4AF] A E oA Y]

2
A el S
WAl (/) & B4 foat SR EUTh 45 hedl 02 35 A%

J
Utk o2 doeiu s & A8 4 s th

)
i

dodd // ANAE S5

>>> 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

shol Ao A= AEA B AN ) < AAAFE ARG T TH:

>>> 5 ** 2 # 5 squared

25

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

AU o] A9 The thE Y ZEEE Ao BAHE 2HL

it

Ao S e 526
sk

>>> width = 20

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

it
e
|o
Y
i
=

F7beg o A e o (ke H AT ke W) ALg B L A E B AL ol

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

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

e
PN
rlr
re
r>~
X
rlr
o,
P
K
re
>
B
frt
>
¥
fu
2
r i

AL E EAACE ALFUTH AR thE 9 3 d4at
Fych:

>>> 4 * 3,75 - 1
14.0

t3te oA, nhA ol sl 2@ A2 W o thdFH Ut o] A2 ol g BAE AT =
AR ), Ak oo] 7H71 7 8 A9 S A ud Ut ol & Sol:

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

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

Lo 7h- BT S A E 0B R, 3052 £ - (3002) Z AT oA Ao -9 A FUTh 98 YT HOW (-3) 2 &
g8 5 A%

10 Chapter 3. mO|M 2| ZI2ESH A0
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o Mt AGARAE U7 %
TG AohE 2L o5 A WAE AR BEL

A3E e Uth

int &} float o §3f], sfo] A
S84 o 3 AR Yt gl 9
3+57).

3.1.2 HIAE

Python can manipulate text (represented by type st r, 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.'
'""Isn\'t," they said.'

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.

AR FAFEA s A A v, A whs ol r & 2994 2 AL (raw

>>> 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.

202 ol g, \n g 22 55 BAE
Frae Apole 2w oA " E o]2A o] F

At

ASWEE( ... NG BHLE(. ..M 2L w7t dHUh B 2
D27k QI (BT & o] 2A 0B A Aok FuTh, T A= 4GB

rlr o,

m@ﬂo

3.1. HO|ME A ATIZ2 AFESH| 11
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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. The
following example:

pEadmiE (T

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

H"")

produces the following output (note that the initial newline is not included):

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

EADS + AR oloj ol 1, * AR WA D 4 AU Th

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

J

TR ol Y] B4 B HE (5, R E SN AE) 7 AEsi A UErE AR5 o g o] o] 2o F Ut

>>> 'Py' 'thon'
'Python'’

ol 7lee A EAde 2N S o S| £2 JFUth

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

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

AL A % 7he] HE Aol vt A 4D B A} BAA o= AGEA b5 Th

>>> prefix = 'Py'
>>> prefix 'thon' # can't concatenate a variable and a string literal
File "<stdin>", line 1

prefix 'thon'

AAAAAN

SyntaxError: invalid syntax

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

AAAAA

SyntaxError: invalid syntax

M4 5712 S 5o 2D BE DL ool olel + B A8 ok g T

>>> prefix + 'thon'

'Python'

FAGL el s (HH 239 E) D 5 dgdch 3 AA Bar) ez oo] gsH Uk 242 A%
MEo Yo etk Bedl 2ol BAd Ao

>>> word = 'Python'

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

lPl

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

'nl

At 25748 $% g, BoIA e Atk

12 Chapter 3. mO|M 2| ZI2ESH A0
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>>> word[—1] # last character

'nl

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

>>> word[-6]

lPl

0207} Zon®, &9 Auit_lo4 =TTk Aol FE5A L.

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

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

le'

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

'tho'

sefola ddlAaE A3 7 B3k 23 sy th A HA Ad A kst 7]2 g0 o] ARgE a1,
WA Qe 2k R 7| Bghow Setol 4 5t #A4G 9] dol s AS YT

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

le'

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

'on'

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

'On'

A2 A F2be B 2FH = WY, T8 XY Al 34 2ZH A o Aol FYsHA L.
wZoll s(:1] + sl[i:] & @/ s 2ot

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

'Python'

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

'Python'

Sebol 27k B AL P S 7Bk & AP P AU LA RAE Aelel AAE AE vk 42
S AU R AA EAe) 9% AA0UTE n7le) EAER FAE BAL 028 B A

A2 n o] YUtk o8 Soi:

s
| Pl vyl t | h| ol n|
e e
0 1 2 3 4 5 6

A AP AA20-46 ] AAE K3, F A P& thSohe 9 dd25S HoFUrhi
ANAjEAY eetolasigj 2 ME 294X BA Aol EAHEE FAH U

o ofd AU AT B9, F el BT 09 Yoj JriE Sebol 2] ol 8 7k Aot
NS S0l word[1:3] & Zo]=2YHTh

Y2 ghg A A Agse AL e dyh

>>> 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 Seol A AH Ak Seol 4B wl RERA A BT

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

(TH5 sl el Aol Al<)

3.1. HO|ME A ATIZ2 AFESH| 13
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(o] sl o] A ol A AI)

>>> word[42:]

lo

o]
i st

2 o — 29 ogtn guth 2a 4 BAde duar F2E Aol Bds

d
ol

lr}"_,

rH M

St
=
g

R

mg FE,
IO O_}L

:"\_
4

S5\
t}:

i 7

>>> 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

hE A Eo]l LW, A2 vEefof Pk

rlu

>>> 'J' + word[1l:]
'Jython'

>>> word[:2] + 'py'
'"Pypy’

W g len() 2 AR ZolE S FUh

>>> s = 'supercalifragilisticexpialidocious'
>>> len (s)
34
o] ®B7]:
textseq
FALL NB2 P o) 5o, NB27F A Yok 3F A4S0 ALAF Y

FAGL B A WEH AN A% oY 7HA WA ESS A AP
f-strings
WY BR84S 2 BAD BHY
formatstrings
str.format () &2 FAFE S ZW3t= ol ok FJH.
old-string-formatting
o] oA ZAE & & AAAF AEof| AbEst= ol A WA o | o] sl & T A SHA AR sk

A=

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

EAG(12)%, e RE W ADL FE)AY dAEE A9 s Setol 4T+ AUk
>>> squares[0] # indexing returns the item
1

(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
>>> squares[—1]
25
>>> squares[-3:] # slicing returns a new list
[9, 16, 25]

G aE L ool o] 2L 4w A AT

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

2 A EALHE 2, BlaEe P Ut S S WA g A5tk

>>> 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]

list.append () WA E (method) (V}5ofl A=l tfs] o A3 Lol AJUrth & AMS-3HE gl
o) Zol A 5E 3718+ gtk

>>> 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

[llRedll’ "Green", "Blue", "Alph"]

Ge 2 AT FEES TYHE A AAEES BAF U o)k The T 22 Sebol 27t
PrEe e ¢L BARS BeETH: FYUT

>>> correct_rgba = rgbal:]

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

["RedH, llGreen", "BlueH, "Alpha"J
>>> rgba

[llRedll, llGreenlI, llBluell, llAlphll]

Egfolno i Ygdt= AL 7hsstd], ElAES Zo|E AT 4 QA BRE 5 AATE =24 I F5Y
c}:

.
>>> letters = [va|, 'b', 'C', ldl, lev, lfl, lgl]

>>> letters

["a', 'b', 'c', 'd', 'e', 'f', 'g'l]
>>> # replace some values

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

['a', 'b', 'Cc', 'D', 'E', 'f', 'g'l]
>>> # now remove them

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

>>> letters

(TH5 sl el Aol A)
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[lav

(o] sl o] A ol A AI)

, lbv, lfl, lgl]

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

[]

w7

S len() L P2EoE ALY rh

>>> letters = ['a', 'b', 'c', 'd']
>>> len(letters)

P AEE THE R YFUTh (e H2ES £F8t= g 2EE WFYDY. A& Eol:

>>> a = ['a' 'b', 'c'l

>> n = [1, 2, 3]

>>> x = [a, n]

>>> x

[['a', 'b', 'c']l, [1, 2, 31]
>>> x[0]

['a', 'b', 'c']

>>> x[0][1]

b

3.2

=8 20 2& Hte AR

Z2asYcRo| NES

= X
. h
S e FREE ANG S gtk

>>>

# Fibonaccli series:
# the sum of two elements defines the next

.. a, b=20,1
>>> while a < 10:

print (a)
a, b =Db, atb

0% oY & 2dst dsuUth: Mg a okb ol A9 ghoxk1o] i Ag Ytk vk &
o], th 9 o] o] = shitetie o] Fo] A 7] Aol e A A S o] ZF ALbE Uth

e

Sia < 10)0] F¢ F e ARH U CohuiEA R sho] @A 0 o]
S AR 22L& BADY B AE (A BE FF AT
P e B gelw, Wl AAsE ARG of oA A48
Nl A4bARE O} e B2 ® B U < (), > (2,
(=A% 2, 1= (P oh

oAgx7l Ut 27| & ol HoA B34S Jojg 2 FE I Ych
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AR5 A% Solr] 7152 ATIU BEEL PO HT W= 22 Felv] 93
N 22 gsiol guith (14717 A B S 2 9 EA AAT 5 g7 WEGUTH) 2L
B2 EYH L BE FE 2L FUF SoizT] Hofof o 2o sl L

The print () function writes the value of the argument(s) itis 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:

>>> 1 = 256*256
>>> print ('The value of i is', i)
The value of i is 65536

71N E AAbend = 28 ol 2FHE NBZAE AAGAUY 82 hE BALE 2 st
A2 o AT
>>> a, b =0, 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 mzjzjuo=zo HHS 17
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Wa 27l while & 9ol %, 3ho] A2 o] FollA wupAl E R 7HA| F7F

o
o
Mo
i)
il
o
>
ofo
%
A
v

41 if &

ohvhE 13 F G A £ YL e ¥ D AGYTh 8 Sol:

>>> 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

AUt A elif #7F Ae 5 L, else F= A A YU 7IHE ‘elif’ £ ‘elseif” o ¢

Z3oly, =3t SEq2 72 55 o] SL&IUTE if o+ elif - elif « A|DALE T2 A o] S 0| A]
W AE = switch Y case & tjAIgY o)

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 <.
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4.2 for &

|

A
Al

o) A for #& C v} sagel q AHSohe 23} k2 BRI (hA A ) T 5 A9
55 ol ¥l ol 4 3 A}, (CH %) A& A7} ol el el o] 4 whA 9} 52 27 Ae]

glo] W] for B2 Ao A2 (FAEL Ex1YE)e] F§EES 7 AP

olEl@ o] 4 gk o E Sol (B ko] ol 2h:

2 E
o

2 o]
o =
=

o

>>> # Measure some strings:
['cat',
>>> for w in words:

print (w, len(w))

words = 'window', 'defenestrate']

cat 3
window 6
defenestrate 12

# Create a sample collection

users = {'Hans': 'active', 'Eléonore'

# Strategy:

for user,

Iterate over a copy
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

SIA
St

4.3 range ()

FAEY A D2ZE olHEolETd Favlglow, Y

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

s w N e O

¥HEo] A & ol £ A g4I Tk range (10)
el AE SuHE QY AS YT W97} e

N ook i
I ez

210719

U Th o) 2 o] AL 28 (step)” o] 23 REUTH 2| 4 o

o pu.

SR 2 A2 A,

Eﬂ, Z=_‘°] 1021 A]

A% s

2

o
Sz

>
A}

>>> list (range (5, 10))

[57 6/ 7/ 8! 9]

>>> list (range (0, 10, 3))

o, 3, 6, 9]

>>> list (range (=10, -100, -30))

[-10, —-40, -70]
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ANB29 AddAER olE e olE 38 W, th-S 2 & range () & len () & A3 4 95tk
>>> a = ['Mary', 'had', 'a', 'little', 'lamb']
>>> for i1 in range(len(a)):
print (i, alil)
0 Mary
1 had
2 a
3 little
4 lamb
AR 28 w] th i, enumerate () 55 2+ Ao AFPUrh F H I EHAL

M E 1 A5 o] g Dol Aojg]

=

>>> range (10)
range (0, 10)

B A7l range () 7} 8 E AAl= B 2EQ A H F2SA v AML g A E 7} obd Ut o] B | o]
Edu Aot AdE FEES SAUNE 8T AA o)A AAR g|l2EE WS A YotA 3=
A oFgh ok

ol® AR E o el & olgk: RE Uk FFol £ f7hx] AW FHEL AL 5 Qe FAASNE
st deg F2EES Bloz APk Lt for ol 18 FREYL BIHUL oE]
8¢ Aske F42 ol sum () YTk

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

6

5o olH B3 WEteli olHES AR W FrE Y B AYUTh A 72 A List ()
1

o cha o AHAF) =2l 2 Ak

4.4 break and continue Statements, and else Clauses on Loops

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

A for or while loop can include an e1lse clause.

Ina for loop, the else clause is executed after the loop reaches its final iteration.
Inawhile loop, it’ s executed after the loop’ s condition becomes false.

In either kind of loop, the e 1se clause is not executed if the loop was terminated by a break.

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

>>> for n in range (2, 10):
for x in range (2, n):
if n $ x == 0:
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
equals 2 * 2
is a prime number
equals 2 * 3
is a prime number

~ o U W N

(TH5 sl oA ol A%)
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(o1 sl o] A ol A Al <5)
8 equals 2 * 4
9 equals 3 * 3

(Yes, this is the correct code. Look closely: the e 1se clause belongs to the for loop, not the i £ statement.)

When used with a loop, the e1se clause has more in common with the e1se clause of a t ry statement than it does
with that of if statements: a try statement’ s else 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 ¢J| 2] #] 2] 3}7].

The cont inue statement, also borrowed from C, continues with the next iteration of the loop:

>>> for num in range (2, 10):

o

if num % 2 ==

print ("Found an even number", num)
continue
print ("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
Found an odd number 7
Found an even number 8
Found an odd number 9
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>>> while True:
pass # Busy-wait for keyboard interrupt (Ctrl+C)

Hawe) Feag s v £3) A8tk

>>> class MyEmptyClass:
pass

J

= 498w Fou =AY vlr)e) 42 S ASE A,
5 =
H

Ytk

pass7h AL 4 Gt
of e io] B 24 5

>>> def initlog(*args):
pass # Remember to implement this!
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4.6 match &

A match statement takes an expression and compares its value to successive patterns given as one or more case
blocks. This is superficially similar to a switch statement in C, Java or JavaScript (and many other languages), but it’
s more similar to pattern matching in languages like Rust or Haskell. Only the first pattern that matches gets executed
and it can also extract components (sequence elements or object attributes) from the value into variables.

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"

J

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, y):
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.

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}")

(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
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. data-
classes). 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
Point
Point
Point

1, wvar)

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

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

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

class Point:

__match_args__ = ('x'", 'y'")
def _ init__ (self, x, vy):
self.x = x
self.y =y

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

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

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

Several other key features of this statement:

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

« Sequence patterns support extended unpacking: [x, y, *rest] and (x, y, *rest) work similar to
unpacking 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} captures the "bandwidth" and
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"latency" values from a dictionary. Unlike sequence patterns, extra keys are ignored. An unpacking like
**rest is also supported. (But **_ would be redundant, so it is not allowed.)

« Subpatterns may be captured using the as keyword:

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

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

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

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

from enum import Enum
class Color (Enum) :

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

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

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

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

YE dett B4 A B AZFUTH B4 oS} BEE A YA i ARSSe] BS o] Hupgych
ol v YT BFECl 0 Bl A A FH 3, M= A Sof2ay] Sofof Gtk

P vhle] A A L Ag Ao 4D P Pol B 5+ AFUTH ol BAD AHPL gool =
W o] 4 £A1, Z 52 (docsiring) ST (52 ol D 8 <A G o) §-2 = ul | o] 4 £ A4 of
UeUTh) SAEDS ALgalA Lehelol) A48 AYAE A5 ALSAL, AEAE] HBYeR
SEE IRV 5 YRS S T T0) AUtk ol o] AHTE REo SAEYS FRAE A
Fo BHIUT 18U WEE Solt ol FHUnh

Fo) AWL 5ol Ao} MESL A A AR Hol B RFUTL o FARLE, F50]49
BE WS IS L e A AR Hol B AFFUTH wHe] W F2E WA A 48 HolB2
Brhe, A% AR HO B B F AR O R 3 o] 55 Hlol B AU 1A, F2E St
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)
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>>> fib

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

>>> £(100)

0112 358 13 21 34 55 89

2 doi5 g LS ATy, £ib 7} g BT 97 g B47 ohe Ze AT 449 4
S5 T AbY, return £ fh B4 @S EAF It 015 0HEa gtol 7] SR T o] 32 None
ek £t} (3 o5 LIt vone of 292 597 oI, el 2ol B 2 F vone & 295
QAU B2 A9THe print ) 2 A 5 Y&tk

>>> fib (0)
>>> print (£ib (0))
None

J
A A, FBUA A £AE D AEE BAFE B4 A4S A% DHF Uk

N
>>> def fib2 (n): # return Fibonaccli series up to n

mn

"""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 = Db, atb
return result

>>> £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= F 7HA A stel A 75 S HolF Ut
o return ¥ FTERE 2 20 EASA vhEUTh 2384 QA ¢l return & None & &8
SUth 849 202 Dol AW 94 None & Sl F Utk

e EZF result.append(a) € AE AA| result«] HAEE &3 Th HAEE AA o &
bj=

= B0 1 ob. methodname gt o] & BoA &=, 0 A Aol (RF Ao & &
%%qq),methodname = AR Pl g5 FoA WA= oYU HHE F2 T Uﬂ/ﬁ‘:
S8 AP A2 e JE WA R8T Qo 2L OB E D & s (2A4T
A& A of 22 Z}"]fl P A EE Y st 2ol 7hsdUnh S 2E HAR) oo b+
WA E append () + B2 E 7“7<ﬂa°ﬂ EE Ry OV\‘/]U]'; S4E P2EY o BEYYth 9]
ool /] = result = result + ] 2t =SSR Y o &84 gyt
AR =, AA FZol 28t &= (call by object reference) ©] B] £ xdAd|, 7PA AA 7 ALEHE, TEA= 35S/ =

1
WAL B QA dEdUnOh B 2Ee] §2E g .
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4.8 gt dolH 27|

Aol A A F2 Mol dAER FFE Aste A= Zbe Utk Al 7HA A o] e, 23T +

g1tk

% B2 Sl B iy 2ol A4S RS AR AY T Yl A o e
Ao ARER £2D 4 I F42 BEUT o & Sol:

def ask_ok (prompt, retries=4, reminder='Please try again!'):
while True:
ok = input (prompt)
if ok in ('y', 'ye', 'yes'):
return True

if ok in ('n', 'no', 'nop', 'nope'):
return False
retries = retries - 1

if retries < O:
raise ValueError ('invalid user response')
print (reminder)

e 27 AR AR AL A ask_ok ("FH I THY VML)
o AHAJAA S Al Sl A ask_ok (" Fele FAME FH TR, 2)
« e BE AAE AT ask_ok (' T e FANE FHHITRY, 2, ', A vl s
A=A A
ol o= in 7| B &7HskaL Qs Utk Al A A7 o d g 7= A obd A S AA Y oL
71838 F Ao Al el B H AL Qe ATzl A el Py, SLE A

i=25

def f (arg=1i):
print (arg)

[
(o)

23 F oAb 7| 23k 2.1 @k gro] P o] AL J B o] el aEv AV Y R
S A2 Ae} T2 7 AA L of 2po] & TR YT A& 59, U T ASHEIZEE
ALH ARES FA U
def f(a, L=[1])
L.append(a)
return L
print (£(1))
print (£(2))
print (£(3))

[11]
[1, 2]
(1, 2, 3]
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AE5E S& 2ol 712 gho]l FE A 2715 3, Al g4 o)d A o' & 5 5 UTh
def f(a, L=None):
if L is None:
L =11
L.append (a)
return L
[«
4.8.2 7| E 2IX}
g kwarg=value P49 7|9 = QA & AHBA 252 o AsUTh o & 5o, thE 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, "I!")

Ql

[

shite] B4

AF(voltage) 2} Al 7] MEhA ¢} (state, action, type) = TolE YUt} o] 4=

SRR T E S ETTEE E SRR
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

SHAT I 22 2EES

2% gulas) gk

parrot ()
parrot (voltage=5.0, 'd
parrot (110, voltage=22

parrot (actor='John Cle

# required argument missing
ead') # non-keyword argument after a keyword argument
0) # duplicate value for the same argument

#

ese') unknown keyword argument

T T2oA, 719 E

=251 25U

ol AE

v U th. o E AR F A

A7z 912 QA F ol vpobof T, A
o) 917} 5 Bi}sh shopol 3] (01]% S0}, actor parrot #4:9] &

=
ArE

7 YE At Fh et

HEE Q127 ohTh), 1 AT

o= AL =S ULH (S Eo],parrot (voltage=1000) & &
104 =2 flssyth o 7], o] Al ek a2 ol Aslst= 17};}"14E}

>>> 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'

J
s*name @ A19] v}x) g} @ Al w57} 2R S, WA A A SO TS EA e BE A9 E AXE
& 22 YA ) (ypesmapping & A R) B Wtk ol 21 *name (0-& A A Mo A AW g o)
F Ao oA vl Aok 28 5 g, 34 N RS e 90 QAT G REE Ban,
(*name- **name %ol elof gHuth) o & £0], o] F4E Ao 5hd:

N
def cheeseshop(kind, *arguments, **keywords):

print ("-- Do you have any", kind, "?")
print ("-- I'm sorry, we're all out of", kind)

for arg in argumen
print (arg)
print ("-" * 40)

ts:

for kw in keywords:

print (kw, ":"

’

keywords [kw])

28
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g Aoz 528 4 A5k

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

a2a s o) FA gy o

—-— 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

ANF = 7| E AA=Y A4 T T2 A e/ A Fo] g ol F538H4 2.

483 2 Of7f wL

Ax7F AgD e Agsd F5Uh
4 Ao ohe Tt ggUh

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

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

4714 /9 * & AEAGUTE AL, o] 71T e AN} Teol A £ Ao G2 vl 7] W
FH2 UeiUTh A% A8, 447192 2 A1 9E A8, 719 w7} ¥ 3 FH (named) 7
W5 etaE gk

2| X|-7| 2| E (Positional-or-Keyword) 21x}

5 Aol /97t YoW, AAE AU AYER Fool A2T 5 AU

HE ofoH

40
Pl

&9 A A, 54 o) W5 s
o A7t F 230, AR W) WSS
FAUTE /& 90K A8 v 4SS 2
e EE PR RN E R R Ry Eav oy

Lo02 FAE S5 JdsUth 9 X Ao, v W4
) A A=/ (£ Lo
H =g doz B u A E YTh

>
10
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W7 WSS )9 E AR R ADHoF B UEES, ul7) W4E A9 A8 o7 £AS W, A WA
AN AL oA A uhE Aol 97 B 2ol +2 LOAIN L
at4 ol |

/ 8k * bl o & 7] &0l v oA g A E AL

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

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

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

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

J

A WA T4 9] standard_arge 7HF 53 FA 02, 55 2o ofFH AFHS FA ko <zt

CART A E ARE £ etk

o?L'

>>> standard_arg(2)
2

>>> standard_arg (arg=2)
2

ok

ok

5 WA §4 pos_only_arg #4 Aelel /7} oz 91X vi7) W4 e AL ES A

>>> 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_args only allows keyword arguments as indicated by a * in the function definition:

>>> 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

A g e G4 A o)A Al 4 £ FHL BE A HUh

>>> 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

(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
>>> combined_example (1, standard=2, kwd_only=3)
12 3

>>> 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'
J
upzl gt o 2 91 %] A} name ¥} name 7| 2 7FA] &= **kwds Aol ol A A QA FE o] = ol F A E

L RPLE

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

‘name’ 719 S G4 3 HA) v W5l AYAEE True VB 5 Yt TS BASTUY
oAE E=d
>>> foo(l, **{'name': 2})
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: foo() got multiple values for argument 'name'
>>>

IHY /(A A AE A2 E AL, name & A %] ARE, T A9 'name' & 7Y = QALe] 7|2 AMET
FJong 7Hsdych

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

>>> foo(l, **{'name': 2})

True
%, 92 A 7] W) o] B8 <rkwdsol A BB F glo] A8 5 A5tk

A AV 7L R el ol A ol @ vl W4E AHe A AR ok

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

Ao ZA:
o Ul RS0 o) S AEAF AT 5 UE S S A X AE-S AETAA 2. v WS o) ol
AA 9w 7E 3“41 A7t o AR SAE AASH L T o, = AR 4] v A}

Qejo) 719 =

A5 0 6] 910 9 £ar] o 2
- API9) B9, FF o)) W52) ol ol £ E wh vl S H API WG o] AL AL YA 94
AL SN L
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mpA o 2, 7 A EE §4e 5Tt 909 A AAE z% T+ =5 A5 AU
O JAAEL FEE FAUTG (FEH A1E 2 & EASL). 7Hd Zo Ql }?—}Oﬂ, R[AL o2 7H e dut
AR5l & 5 AU
def write _multiple_items (file, separator, *args):
file.write (separator.join(args))
%, o] 7h o] AREL YA RS B5e) v o] fuch Y42 AdE gL I AxE
2 2eee o) e UL rargs 04 ol 545E B4 M ANFES BE A9 =0 g
EEE RN P R VA M
>>> def concat (*args, sep="/")
return sep.join (args)
>>> concat ("earth", "mars", "venus")
'earth/mars/venus'
>>> concat ("earth", "mars", "venus", sep=".")
'earth.mars.venus'
485 QX 25 o o
QAAFE o) ofu] B 2=} Fgol AT, HelH A AAEE 273 T B2S 93 o 97 sfor 3t
£ 39 Wk 4ol Mol R th o2 Sol, W4 range () @4 B9 starrS)siop I A-E 7 T F L
DA W A FoW, JAEN RERTE AAE A WA 8 -ANAE AEHA BT
SE3td gHuyoh
N
>>> 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]
22 Ao g gAY <+ AAAE HA 719 E AAFE A 5 sy 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 !

4.8.6 BT E3A

lambda 7] 9 S5 S A A3 o) F Gt 42 BHE S AFUT o) §2E F A% G2 BAE

Uth lambda a, b: atb. $4 AA 7} Qlojok e ol W ot} Fok Bk A48 E 5 ATk

EYA0zE stel nAAeE ARH T v A0 2, dudel g5 209l Ao Bu Y B,
39 84 4949, g0 FE oA ARz JE W45 B2 T 4 Atk

>>> def make_incrementor (n) :

return lambda x: x + n
>>> f = make_incrementor (42)
>>> £(0)
(th sle] Aol Al%)
32 Chapter 4. J|El H|0] SE =3



Python Tutorial, 2 2|A 3.11.14

(e]A sl o] A ol A A<
42
>>> f£(1)
43

99 A B8 FAF A9 0 2VAL AR UL E O Sre A2 YE Ade AL

AT}

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

>>> pairs

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

4.8.7 =RHEHO[MH EXISE

of 7)ol £ WE o] 4 BAAGE] g3} Zrj o] B F A Bel 7 AU Tk
a%%% AA ) B 5, FAFA Lok FUTh HBEL AN, AMY o Fol1} L
A4 w A oA shofof St ol AL thE MW LR AT/ U EAVI T (0] B0l Be] 4L
Ak Akt ol uTh. o] 2 & thEAtE A Asta nh E2 Evkok gk
=FuE o) 4 £ o] el Fol rhy, F WA EL wojglol A, A4 AR Lok A AEe
Eelsok GUth Amt2t 5L St 1 o4 RO, AN 55 ok HAE 5 A of
Fuok

o1l s ol el & #AD Rl A ol 2718 A G 9] W], A8 AP s m R s
£ A A3 g3 4 Al & ATk BAdel A% Aol o
S o1 A 8 20 A S ol 4 e e o] A s AR e (5o B
AT S G, ANA 0T FADS A FoE e E Fojgo] A Selr) 7t A E ) A
S o] AR BE o] A% 22N A A
o, eI ThE mE g R el gulo] Al A G T B

g et

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

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.

4.8.8 8t O{-HI[O|M

Sk o] o] A & AFR A} A 2] 4Tt ALR-SEE Sl e §AE] AEl A ol el ol 8 F R J YTt
(RFA 3 U122 PEP 3107 3} PEP 484 & B A 2).

o _annotations__ o= RE] G R A% 1 40| TE REE of
W27 @G e w g o H o) 4 2wl ]S o] & Hof ot FE o2 Foju v,
Aol g Rt B8 Ao AU F ug golro e A ool 1 HE

2 Qo5 e, o)A s B2} der £ B& el 22 Aolo] FU Tk ThS
, A8 917}, 9k gro] of k| o] = g U Th:

2

tr
e kel ok o0l >
> e g o
(o > o flo
> IO et

4>

)

FA X

S
[+
ok
&
0

10
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>>> 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'

ﬁ L]
4.9 U7HI: AT AEIY
ojA A2 FtolH e v 4a, o B 24ES At L FUTh Y 2Ll thE) 2E A H s
AZEI YT R doje A2 e 2892 AE (& o HEstA, 29E) 5 A5 ofd
A2 4S50 g g7 gsUth bt E g0 A EY ZEE Q7 FA de= A2 F4 £
AAZtolal, EFstIY AEY S =Yt A2 21Z8A st=d E == FYth
o]l W& 3, R 2 Z2AET A58t 28 Y o] =& PEP 8] Ugks Ut o] 22 uf$ ¢ 7]
Ha o] AN I Y 284S FHFYUTh BE Fo] A WA= A= o] A E glofoF Ttk
A= A8l M s8R EES FHYSYh

o =8 227]0) 4-A 5| o] AF AME-SFAL, B2 AFS-SEHA] HEAl &

4708 AFolaes 2 Eq27] (H B2 TH =& 8P Uth & 2 59271 (87 €54 h
Arole] £ EF YUY 2 ETdZ dor|a, Qo= Aol APt

e T9AE WA A== E U A8
o] AL AL U 7 AR ALE FI 2 3o A= oy ZE ot ES e B 5 A Ut

o T, FEn, T WY 225 EE Aol Hl £S5 4o EEEAL

« ZbesitE, FA2 HE ER Y oA

o« SAEFI AMSSIA S

o AMAE S Fup Fo] Ado]AE €al, 3 HiE AdFo= A o]AE YA upA 8 a =
£(1, 2) + g(3, 4).

o F2o TS B e ol 2oM8; A= F N2 AP UpperCamelCase, 342}
WA =2 A¢ lowercase_with_underscores Ut A WA H A= 2AR}2] o] 50 2= Ak
self & AFSA 8 (FA 2} v A Zof o gk ApA 8 82 Zel ~cke] 3l vhd & HAR).

o« JHEL] I=E FAFQA FAHANA AL E L St 5 A TGS AFSEA] v, ofH
Aol & stol® o] 7] &, UTF-8, =+ T ASCIIZ 2}, o] 24 Yuth

N
N,
H”
iu}
rlu

AoJE AHgshE Abd o] ZEE AU FAD e 7he vt JlHeks, A48t
o] ASCII o] 2] o] EA}LE A}-23}2] upA| 8.

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

51 2[AE O H7|

PrE AR FL R ANMAEES H 21 ST o] A5 ZlaE A
list.append (x)
Add an item to the end of the list. Equivalentto a[len(a) :] = [x].

]-lj

M= EYYh

list .extend (iterable)

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

list.insert (i, x)
F0)4 97 0] 2L UG R 0A A A AE = 247 27 D AgAQUTh 2AA
a.insert (0, x) = B2EQ X2 49Y3st1, a.insert (len(a), x) = a.append (x) £}
FEgUTH

list.remove (x)
DBl A kol xS 2 A WA B AAFUD 18 §Bo] YOH ValucrrorE A0 3
Ueh,

list.pop([i]
G2 B0l A Fol 0 A Mol A BHE AN, T FEL EejF T AU LT AARA o,
=pop () £ eI oA 58 A ok Eel ek 25 vlol sl Q) el
HE H o] IndexErrorS WA A AU th

list.clear ()

it

Remove all items from the list. Equivalent to del a[:].

list.index (x[, start[ end] ]

D) AE0) 9 B2 5 kol x 9k

22 3 AR 20 0 A et A A EHF
$lo™ valueError & €23y

firlo
°
ny
.
it
o
o

AR A start % end £ Eeol 2 EAPEAY AN L, FAL P rEe] SWH N AALE
Aot o SR U BT AUas ar AR} oh 2t A A DA AHg N EoR

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

9 5 S AR A AAUUTHAGEL B A2 uho) o] Aol A58 4 AT
AWML sorted () & HAL).

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

Return a shallow copy of the list. Equivalentto a[:].

BlaE v A E g RS AR S o

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

2

>>> fruits.count ('tangerine')

0

>>> fruits.index('banana')

3

>>> 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’

olulE of 22 insert, remove, sort X WA EE0] PAEE AT 03 glo] 2HH A k&=
AL LolAL AdUth- 7| 2 None & E853 Y5 UTE! o] AL gl Ho A B E =3
AgE= A4 g8 Yyt

Another thing you might notice is that not all data can be sorted or compared. For instance, [None, 'hello',
1017 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+47 < 5+77 isn’ t a valid com-
parison.

5.1.1 Z|AEE AEBHOZ Al25}7|

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

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

[3, 4, 5, 6, 7]

>>> stack.pop ()

(TH5 sl el Aol Al<)

2 do]EoA L 71 AAE 8327 % o=, d->insert ("a") —>remove ("b") —>sort () ; & T2 WA= A E

sergu.
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>>>
[3,
>>>

stack

4, 5, 6]
stack.pop ()
>>> stack.pop ()

>>>
[3,

stack
4]

(o] sl o] A ol A AI)

AEE

5.1.2 2| =
Y AEE FE AES
first-out”); S}A] 9,
AL w2 e,

ol & A Aok 5H7] wf & Y U Hh.
& TS, FEAY Bl

LML AEE

of o) G| ALE, ZoA AL
LU (e 245L BE @ 0

— L= = T

14 AWZ1 7 EF w2 S =2 AA 9 collections.deque & Ab

>>> 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'])
5.1.3 E|AE HZ2|3M

2E Az AL g 2EE Ve A S Al @t 3t 855, 2 84Tt E A I Y
ojele el WM Eo] oW AN A g AT BAEE WHEAL, oW 20S VEFE 24ER
TFAAABAAAE BEE 29 Y
oAg Eol, AF5el 2= S vED Arku 448} ol A AUtk
>>> squares = []
>>> for x in range (10):

squares.append (x**2)

>>> squares
[o, 1, 4, 9, 16, 25, 36, 49, 64, 81]
o) AL x B o] B9 WSS PET (EE Woj2T) $27} F R Fol £ ol BETH: Zeol #2
ShAl 8. ol RAEE Qlo], AlFTo 2AEES ojd Ao AN & JsUTh
[squares = list (map(lambda x: x**2, range(10)))
&, o8 ¥ 4= dUth
[squares = [x**2 for x in range (10)]
ol Zle] ¥ Z+A st ¢ 7] 45 Hth
foEdzedde BR8N 158 gt for A7 AL e A9 for thif AES PR T
T2 FAEUL 2 4= A B2 EQY], for o if Ao FHo|A A g Tl A Tl F YTk
NE 0], o) P2rE FAzAdH 2 F Y 2EY Q4SS AR 2R &2 A7 2FFUth

51. E|[AE O E7|
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>>> [(x, y) for x in [1,2,3] for y in [3,1,4] if x != y]
[FEL SR G N, S (28 B8, (28, ) (28, )5 B (ST, S (3T, AN ]

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

t, 3, (1, 4, 2, 3), (2, 1), (2, 4), (3, 1), (3, 4)]

~

T 3E 276 A for 9 if £ £47} 2e] K FHAL

A4 0] Bl W (3 9] ool A (x, ), WEA BEE Sl Aok T

>>> 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) ]
(¢, 0y, (1, 1), (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], [7,8,9]]
>>> [num for elem in vec for num in elem]
(1, 2, 3, 4, 5, 6, 7, 8, 9]

EESR: AL R

Bl

GEEE Lk

ﬂ?‘J

E_
T =

o
el
d
ok
4>
30,
ofy
i
v

>>> from math import pi
>>> [str(round(pi, i)) for i in range(l, 6)]
['3.1', '3.14', '3.142', '3.1416', '3.14159']
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r 4

>
o
il
el
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el
rel
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o
filo

BB Jo] &% g, thE P aE Az A= s P
2322 golhadl YA P iER PUD x4 BPY o2 BATh

o5 g2E Az 33 4 AX Ayt

>>> [[row[i] for row in matrix] for i in range (4)]
rry, s, 91, 2, e, 101, (3, 7, 11], [4, 8, 12]]

o

J

)

Ae A2 E for o Buo) A gho] PR UTh TeA o

rlo

A Hokxo], WH BAE FAxE3
oA+ thsd s Fuch
>>> transposed = []

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

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

o] A2 thAl The 3} U Tk

>>> 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
rrs, s, 91, [z, 6, 101, (3, 7, 111, [4, 8, 12]]

AA 1‘011/‘1% SR EEREG W dese Az ordunh ol Aol zip () E7bAl AT

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

o] Eoll & o 2E Aol th g ApA 3 &

rlo

(o]
2
B[
J
Q,
:‘ﬂ‘/
oY

[o
[
>
ko

52 del &

There is a way to remove an item from a list given its index instead of its value: the del statement. This differs from
the pop () method which returns a value. The de1 statement can also be used to remove slices from a list or clear
the entire list (which we did earlier by assignment of an empty list to the slice). For example:

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

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

(TH5 sl el Aol A)
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(o] sl o] A ol A AI)
[1, 66.25, 1234.5]

>>> del al:]
>>> a

[]

del £ W AAE AASFEH AL 5D 5 UG

)

c}:

[>>> del a }
o150 o] % a & FEFH: AL o Utk (H o) ThE ghol A2 th Y] 7] A7HA). FoA del 9] hE
gEE 27 Py

5.3 EE1} ARA

PaEg EAG0) AU Sete] Y A4 L B AL FRIL HYLUTE AT L AL
A5 9} 714 o JUITH (ypesseq & HAL). Sl A ASSHE ojol ) mgel, e AAs Aw
gol 2718 £= AFULE ThE B AL AR Fo] dFUh FE AUtk

REL YER 7EYL ole goz AP e

>>> 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 immutable:

. £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 = (i, 2, 31, [3;, 2, 1L1)
>>> v
(r1, 2, 31, [3, 2, 11)
ofglifo] Hxo], 2HE = FESL I 2L SuAYUL, 2 SHE FEol =vlEA | AFH Ut
T ZSM B8 A T (FE U 2 5 dE L), SR FS o A =+ lo] 99 E
T AFUTh T2 M FF st A2 7HE }X] SA T B AE T2 7 AAE 2
RELSUE ST AUk
FEo] el2EAY HAthstH et o] 5L thE oA b FH o2 A FH U T2 &1 0
A, 15 o] AAA 8 AF A AAE TFFYTH 8452 A A7 (o] A9 FHell vh2Th o} A A
(EEHYs S22 FFEAEYRERE) 02 AU BAE+ VM 0|3, 8452 HF
57 A o] A g o eelo] 4o A A H
=99 2AE WA Y B22 2E FES REL AUk o] 498 £897] A8 2L
Z71AQ o9 AR 2 etk Wl REL 9l B35 Ao Bso Ay sl dEos paH
FEL gFANAEE SoA U (B StuE 2EE SRR sk A o2 S s uth
FEUh AT 2R A d Yk o & S
>>> empty = ()
>>> singleton = 'hello', # <-— note trailing comma

>>> len (empty)

>>> len(singleton)

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

|

1

>>> singleton

('"hello',)

T4t = 12345, 54321, 'hello!'=RFZ A o A4yt gr12345,54321, 'hello! ' = @7
FEZ A guth e A4 =3 Vs gtk

>>> x, y, z = t }
oA, TE8 A-SAE, AL A HA et B2l L EXKo| o]l A AATE E Huoh Al A
A5 7L 539 Fuo] A2 e 24EF B A5 W50 & AL 27U OF YL
A RE AT AAS A A ZFARolehe Aol FelatAlR

55‘4 XIS}k
- HH
SholMe 3 S e AR BE TAFUHL AR FBH = 247 Qe w4 gl AdAdYch /)2
Aol $EE W4 AAeSE A AAdUS g AAE T, LP A9 0B AR g
e oA duEE AT
A dEde TEIUset () FFEART F AFUT FAAG: A ATS HEH D set () =
A OF FU T () 7FobdUth Faks ¥ 94128 BE B, ok A Ao A thE U
o)7] ZreFat Aol Y5y Th

N
>>> 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

{lal lrl lbl lcl ldl}

>>> a — b # letters in a but not in b
{Vrl’ Vd" VbV}

>>> a | b # letters in a or b or both
{lal, VC', Vr', ldV, le, lml, 'Z', lll}

>>> a & b # letters in both a and b
{la' 'C'}

>>> g ~ b # letters in a or b but not both
{Vrl’ Vd" 'bv, lml, 'Z‘, lll}

gaE Az B fASA, AT Az AAE A AF Tk

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

>>> a

{lrl, Vd'}

41
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5.5 ElML]Z|

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

92 S (3 G4 Y el A) 7171 585 A Ferhe A% 2 A 7P 7 g Qo R AA%E
Aol A Ytk 325 42 W G BEUTE (. 325 o) %2 B8 A g BEY B

P

L
SLJ

2o you, Byed 27 7: % A5 AR T o Aol AU A ZaH £ W Alo) 7= &
YAy ele] = A4 ke 719 B ARE R Fol 7 % ¢S FEFE AYUT del E A AL
SAGE A% AT o v] A& A A2 AFHE, 172 AR 4 ke dFveh 24

[l

A e 7= g FE8he A2 olEd YTk

gA el list (d 4 st ﬁﬁtﬂ"ﬂ*i AHEE I e RE 7Y HaE
Ut (dE< ¥t ﬁH sorted (d) 2 AH&3d Hyth. 8t =)

in 7|9 =& AHE 34 8.

o 7)ol G AU 28 A B Zamek o 7k vtk

nﬂx

rulm

>>> 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)

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

>>> sorted(tel)

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

>>> 'guido' in tel

True

>>> 'jack' not in tel

False

dict () A= 7I-# e AlR2E 78 A4 gyl AT

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

ol Haf, 9] Az e Ao 719 RN EE FH G E B AMEE 5 F
Ytk

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

717h 2 A d o), Wl 2 71 = AR S AHS el A e A1 S 7 st

>>> dict (sape=4139, guido=4127, jack=4098)
{'sape': 4139, 'guido': 4127, 'jack': 4098}
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5.6 21 E|aL!

gdyEz =380, items () HAE

< AHgskd 719k A 7ol vl

B ke B 22 # JgUh

lfe

>>> knights = {'gallahad': 'the pure' 'robin' 'the brave'}
>>> for k, v in knights.items () :
print (k, v)
gallahad the pure
robin the brave
ND2E FHG ), enunerate () FHE AGSHA AX Ad 20} thSohe e FA 2L 5 A%
>>> for i, v in enumerate(['tic' 'tac' "toe'])
print (i, wv)
0 tic
1 tac
2 toe
Folu} 1 o] 49 ARL~E FA | £RF W, zip () P2 AP EL L WE 5 AU
>>> questions = ['name', 'quest', 'favorite color']
>>> answers = ['lancelot', 'the holy grail', 'blue']
>>> for g, a in zip(questions, answers):
print ('What is your {0}? It is '.format (g, a))

It is lancelot.
It is the holy grail.
What is your favorite color? It is blue.

What is your name?
What is your quest?

NA2E ARE 2Rt E, WA AYFOE NV2E AT bS] reversed () B8 TEIAL
>>> for i in reversed(range(l, 10, 2)):
print (i)
9
7
5
3
1
AYE €NZ NALE £33, sorted () F5E AN 228 WHA dur ZLH A o
~E2 WL S AU
>>> basket = ['apple', 'orange', 'apple' 'pear'’ 'orange'’ 'banana’']
>>> for 1 in sorted (basket):
print (i)
apple
apple
banana
orange
orange
pear
A2 Yl set ) & AHBHE B8 LLE AATUD. AL Ao set () Fsortea() & B
AESHE AL ABAS DF O8NS U8 EA% T 584 PR,
56. FZ HI3Y 43
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>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for f in sorted(set (basket)):
print (f)
apple
banana
orange
pear

ESWASLE #5S =AU AL FF, A Al Bl2EE vrEE Ao

>>> 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 I if Bo|A AFREH = 2 Ao = v ®ul ol g R E AARES 288 2= 9t

Hl 2 AAAF in I not in 2 Zro] A ol o] YA (Y=X]) Foldt= dMwa AAA Uk A Az}

is & is not & F AR 7 ARZE 2L AR AA] v XU T RE B RS L A9 =

ZHed, BRE A daA s R T Ug Y

N AN 5 Utk o2 Sol,a < b == c&,a7tb Rt} &3, BA b 7} c 9 2Lx] AA

g

Mt e 94 and Sor § AEHA 23R 5 913, W we) AT (EL 1Y RE £ 29

Al2) no Z HAE 292Ut} o] ASL ny AARHT} Yo 2292 72}, o] A 7ho|=

not °] 7P & ¢ AT E 23, or 7 M W5 Ut 284 A and not B or C+ (A and (not

B)) or C&E5FULh =AY, A5te 2L 2] Y& 2 E AT 5 AUk

=2 dAA} and & or & &% @3] E (short-circuit) QARG UTH JAE L YZEoA LE2ZE 0 7 Zlo]
FAL, A3t A Ak 7371 SR U o & Sol,ashc 7 Folas 7k AL, A

and B and C& B4 C o g2 7oA @5t welgol obd Yuk gow A48 o, wek-sz

[o

QA4bz}e] wheh ghe upA vho 2 o] el AR T
ulie) A e e BAA) 29E Asd AT 5 AU h O Sol,

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

>>> non_null = stringl or string2 or string3

>>> non_null

'Trondheim’

sho] W A, Cohe e, EAA ool A2 Q) wpeka sl 2] A2} =8 ALg kol A 2 0 S ok
G C Z2 2o A E3] EA L B7) BASE HASGEE Gtk —- B AL T BA o] - &
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5.8 A[EALR} CIE =S H| 15|

NALAANEL BB e AAL Yo) The AANET 0D 5+ AFUTh vlas A4 £4E 8%
gk WA 3 T 322 was)A th2d o Aol vwe) A8 AAFYh 2o, e F 3= ua
3, ole Ao o B AAAT 23D BAR AL G ok v H £ T 38 A 7L 2L W
AR, AR W w A AR E 02 FYGUTh T AL BE FBo] Prhi v wH W, AFAES
e oz AGHULh S ARSI THE shupe] el B2 A8 ADAW, G A2 42 AU
2o AN WAL AE EAEY] $HE Ao FURE 5 EIE 2342 AP 2L
B N D2E k9] W] @ 7HA o & ol A5 ok

u— =

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

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

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

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

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

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

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

N2 e o] ARNES <> 2 ulashs 2L, 1 ANEe] AA ww HAEES 23 9L
setatie Ao folaAe. % 5o, A% B2 52 85 2159 %4 gol o Mgy 1
B 0L 007 23, 55. 18A o, Aol £AE AFFE A, AHZHET 5

9o 7},

5.8. A|FAL}CIE HELS H|T5Y| 45
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CHAPTER O

O
N

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

BES shold 409 FAELS GA It HAYUh H29 oL BE o Fol F7 .py T ¥
Utk BE Wl A, BEY o] A WS name_ o= AFFUCE ol 2 Sof, o o] Folshi
AA 712 fibo.py ehe o159 AL A Tl e elo] HEW B2 22 o2 A g

# Fibonacci numbers module

def fib(n): # write Fibonacci series up to n
a, b=20, 1
while a < n:
print (a, end=' ")
a, b =Db, atb
print ()

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

ojA] stold AE ol Eo]7kA o] RES thad 22 WY oR Y2 E Fyth

[>>> import fibo

o] 27 ATHAL £ibo o BB F4E o5 WA o) F7rel A FAHEHA L LU THHAT )
2 2); 2% 2F ol § fibo W 774 YU o] BF o 5L
AgA FHES A4

= =)
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>>> fibo.fib (1000)

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

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

>>> fibo._  name
'fibo'
P4 A7 ALY Ak A olg o YT 5 Yrit)

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

BES P4 AR ol Y 53 BAEE 29T 5 At ol BFELS REL 2/ 3she
U AP UL o ASS JEE BN BE ol80] A2 53T wjw AP U (] A5 5ol

4 RE S AT o5 FUS 2T YET), 2 RENA A E YoEe] A o] F B0 AT
ot 2 A, REY AR = AR A et A8 SES A ARA L A ST EASTE
S1gLIth Hrol, o] g o] ol ShA] QhrhE, mEel g Axotir] A8 E A RS B MO
BEO A H4EES AT 4 g5 Yt modname. itemname.

RE2UEEEES YXET F UFUTE EE import 58 BEY Aol & Aol AT
M= A] Lol of B AL obyl Ut (L Aol B & A2 EE BRI, dEEHE R E o] 8L
29 B9 (@0 Feh 20 ool WA W, JEESE wE A9 o) F 320 £4R T
RE] Solgt o EES A AR ESHE REY ol & BRO2 YEESE inport £ WF0| U

>>> from fibo import fib, fib2
>>> fib (500)
0112 358 13 21 34 55 89 144 233 377

ol ol YEEFHE REY o2 WEA FFUH (T A o] dlelAE, fibo 7} 2]

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

AL WE () E AAAE AT AIT RE | SS YLE FTh R SolH T2 0L
o 158 AHg A G, AHZ L E R FeA A g o BE AFS =5 H o], ol o] o]
Ao g A5 el @ 5 97 ey,

Aoz BEY AN AN « & YRESHE AL AL AFA Arhe Aol KA L, 55
7)o Bt 4 D=8 WS/ W dUh AT e AN A& Bol A AGIHE RS

Feggu,

BE o2 theolas 7h & A%, as T2 o B2 YEEV RE 47 AFFUH

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

o

o] A2 import fibo 7}3}— AR 22 YA or BEg JEE e, FET AHL I RE
o]l2 02 AT S th= AR

from MA M58 E7HE A= A4S S YEych

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

2: 5840 o %%, 4 REE dHzAE Adrte @ e dEeg Ut 1A, ol el ol
T2 TA%Y, dHZYEE O] Al ZA Ak FUTE — E 4=, T/Hﬂﬁo 2 A g3 BEO| 3
o] 2}, importlib.reload() & AR 3A L. o E £, import importlib; importlib.
reload (modulename) .

SER )

if name == "_main_
import sys
fib (int (sys.argv[1]))

$ python fibo.py 50
0112 358 13 21 34

EgoldxEdu], T APHA d5Uth

>>> import fibo
>>>
oA FF EE T AT AR A A I ) AE AT AU HAE HHo8 AP UT (RES

spam |2} o] 9 BEo] dEXEFD uf, JAHZ B WA L o] W EES F5UTh o] BF
O] EE L2 sys.builtin_module namesoﬂ Uags E W, HE sys.pathi-%oi;‘]%

T A€ g S0 A spam.py BH= 0] 29 YL 2
« PYTHONPATH (ﬂﬂﬂE{a} o]%%o %%,AE] =]

o A2 EAQ 7] E gk (ol et site-packages A HEE ZFFUTH site BEO] A3
Y.

Z}A| 8 U] &2 sys-path-inito]] A] &1 & 4= 5 th

¥ m~L

6.1. 2E  H7| 49
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278} 5o, kol @ 22

A2o] A&, % ol = Uk, a2 o o]
A A 2T Y =S EF e tdEelg flo] RERTHE EYUth of A gko] I
AUt o AT JuE HE ZES S HAR

6.1.3 “HulU=l” o[ oY

' EYSmEA 53, 34’01"{‘1% __pycache_ IL]E“EJE]OH 2t REo AT
version.pyc Bt+= ol & 13U o). version < A= ,L}O]_,] 3 Al :
2 stole Wd HEE 2dFULh A E qcmmmw¢33ﬂﬁmeYQﬁﬂg%m
__pycache__/spam.cpython-33. pyciﬂ’“ HUth o] ¥ A Z the gho] 4 w3 o} H]
ﬁﬂ%ﬂE%%ﬂliﬁ¢%E%ZHW

e

IOAP
_4 m_{
oX, it
=
R
o
3
(@)
Q.
c
e
D

i
fru
or
rlu
(]
)
N
o,
Ry
i
A
rlr
>
I
0,
il p
K-
>
ok
Jo
ok

m

2 T

7HA] A MAIE AASHA U th AR, 9 YNA A REH = REELS
7 I ATE A AEA A BEO glod A E HASHA] gkt
%“HAﬂﬂavﬁﬂiéﬂ%aﬁ%L@ﬂ%%E%M A Y E g ol glofof st

L

32 7HA |

dH 2E 278 Eol8d o] P& o —0 1} -00 2 X E AT = dHUTh

—% A A sk, OO/\—.%X]‘:assert—-—_Jr doc_ BALL BE AATYL ojd =
=l g &t wiEell, FoE sk YA ok B o] w42 AHEShoF
T2 opt-H1E % J—’—,EEQZ}A‘/}T/P v e o] Wiz ol M= & A3l 2ot

g
(¢}
=
Hm

y ol A 92 T pyc Yol A] 9g w) 2ol B we] 4y A& gtk pye
ol N B wekA e AL 2EHE & .

2
e X5 compileall 2 T E o Y=

o
N
Hl
M
Fd
n
muin

X
flo

EEEEEY golBy 7 A LU, HE9 74 sl golBHE e HH P (o] &
27y ol Ayt oW REEL gz Ho Uy AH UL o] AEL2 _OH
A0 1A Y= YWAAE AE gt AN AE A w5k, S&ol U Al~d 5 &5
G AA R AE Wﬂf&@“ﬂéa AFs7l AUt 28 255 JFg 2A AU
g&zAJdUth o & E9], winreg REL2 A= ¢ A]AE“Oi]HUHiPQ\%D}. EH3 R E
& 7}2“:.141‘/} sys. EC jJrOV‘d A = ﬂEMMV‘%ME‘r HE sys.psl 9

x5 2
[
i)
)
£
i)

>>> import sys
>>> sys.psl
'>>> !
>>> sys.ps2
|l Al
>>> sys.psl = 'C> '
(T sl ol Aol A1)
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(o] A | o] A oA A A %)
C> print ('Yuck!")
Yuck!
Cc>

ol F7he] Mia4EE JHZ 27 3y REd uwrlk A9
W sys.path = AEZ2HY 25 AN F25 273 =9 =
PYTHONPATH 9| A st 7|2 Z 21}, PYTHONPATH 7} A AEH A &+ A U 7]
Uth 25 2l2E A4S ARSsiA 4T 5 dssyTh

>>> import sys

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

6.3 dir () &=

WZ g dir() 2 EE Yt ol FE U ASF UL EAEEY AL P2EE E8F
Yk
N
>>> 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', 'getswitchinterval',
'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']
J
AA 7 Lo, dir () £ AA 42 o] E5S YA )
>>> a = [1, 2, 3, 4, 5]
>>> import fibo
>>> fib = fibo.fib
>>> dir ()
['"__Dbuiltins__ ', '__name__', 'a', 'fib', 'fibo', 'sys']
RE go] o] 22 gtk Aol folsfok Ttk W, 2E, ¥, 55
dir() & W F5st M55 o8 YA dsuth 1A 52S AW, £F BF
bulltlns of Foj= o] Fh

>>> import builtins
>>> dir (builtins)

(TH5 sl el Aol A)
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(e]A sl o] A ol A A<
["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 '
A}

14
__debug__ ', '__doc__ ', '__dimport__', '__name__', '_ package__', 'abs'
'all', 'any', 'ascii', 'bin', 'bool', 'bytearray', 'bytes', 'callable'
'chr', 'classmethod', 'compile', 'complex', 'copyright', 'credits',
'delattr', 'dict', 'dir', 'divmod', 'enumerate', 'eval', 'exec',6K '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']

(o))

=
=

=
l
A

W7 A= “FoR FEH BE ol5” E AA ol BE olF Fs FRIst= UL dE
£, EE |5 A.BEATEFTY H7A =B et o5 AE EES 7 AYLh BREY AL
g0l R B Ax B0l Az Aol Mg o BEL A4V e QA HEE AR AN, BoT
TEH 2E9 o] 552 NumPy U Pillow 3} 22 th5 BE 7| A EY AAE AR RE J5ES
A4¢ a2 g HEUT

S oldn I S v olE e AR A2l S AT BESE) BAM (“SFA7) & AANL ADTT B
Ath o8] 2759 £33t Aol gong (HE A2 LTEAUTLH 9 & E9: .wav, .aiff, .au),
chobel shel W4 7he] MRS Sl A% Hol Ut BEES AANE BEL §A2 B2} dsut
T3 S dlolE o A8 o= La}i TRY AAEE JorE (U4, dF g7, oldetelA 7]F
Ag, gl Ao 53 BE| % L), o] AUES £HF] A REES Bl LA
g AdUth 71 AE o] 2A A E 5 AsU (ASE L Al cd oz @5 h:

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
auwrite.py
effects/ Subpackage for sound effects

__init__ .py

(Th= sl ol A ol A1)
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(o] sl o] A ol A AI)

echo.py
surround.py
reverse.py

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

H7NAE JZEZ uff, FFo] W2 sys.path ol = HHAHE2 AHsHEA 72 ME HHAE S

spol41o] H el e o714 2 AFoHA BE/ ANA__inic .pystdel B2 (M F u5
7559 o] 5 571 317 A8 AH§ 5 SFeThA). o 87 318 string Ag £3] 2% ol &2 g7,
A= e e BE 44 A2 Hol ST LHE REEE AL A8 WAYY L Y A
A%, init _.pyt 1@ 0 AL 5 AW, 7149 2718 A= ABSA G FNA Aok

_all WSE AAS 4 Q5T

7| A A A A 2R EH I RES dEZED F AU A& Sol:

[import sound.effects.echo

o] 1S A B B E sound.effects.echo & ZEF T} A o] B0 2 Fxy olok 3T},

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

A EES JEE L thE e o F5 Uk

[from sound.effects import echo

J

O]ZA%X A H BE echo & BE3F}1, 971 2] HFo] 9lo] AF

}}Jltﬂ‘A O])‘L]E+

o
o
b
127

= QA Ul 2 A o]H Alo g

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

= b2 e U5 5 M5 A 9EEdE AYUth

[from sound.effects.echo import echofilter

EHA], O] AL A H BE echo B RESA T, 4 echofilter () 8 A8 AR 4 A W5k

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

from package import itemE AR o, item2 3} 7] X 9] A B E’_‘: = /\‘] H 3] 7] 7(] d4E Jr
g, FEHls, W 5 7)Ao AoE e O]%—%%‘ TE 3

o] 3fj 7] A] o] 7&-4ﬂ°1 RAEA AApetar, 1874 ¢gko
L3, ImportError 98 & o1yt

olofl ¥I5}o], import item.subitem.subsubitem &} ZH2 EH S AR uf, vpx| 2 A2 A 2] 3l Z+
FE2 HEEA] 3 7] 2] of of %“45} A g G52 BEo|U A 7| A 7L 2 & QAR oo oA o H
aﬂ—! t‘ﬂ-.{,\_, 1_.—/;:50] = TL. Ww):l]/]q'

fu(y

6.4. m{7|X| 53
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6.4.1 TiZ|X|0l|A * [EE 57|

o]A| from sound.effects import * 2}l AW oj@ A H7p? o] A}

Aol oM B ES o] SolYeA A g, IAS RS JEE
-(‘5]-_‘51;-]]_‘5/\]21-0]_,_;1]]7—111] }\11:1 U‘:.Qoliesl-oﬂu‘].a].o]‘j B
"7 ghi Rad Bah A 5 Qe
st s 232 ol 7] 2] A 27} s 7] 2] 9] Al
Ze A stk s7) A init

o 4
2ol

Vpobu ahis

oy ZE7}F__all_

YA A 0w AT

AYdYt} import ¥
mZ o

o2k o] £

- =

o e
A28, o] 2

o
=
from package import * £ vt )] 9 2 E 3§ ofut = ;% ol 559 BEFo g BolsdYth Al H

A9 7 A E AT ) ]%%% -4’5_]"*EHE'|T A e A2 3714 ﬂz}J "“°‘°1‘4‘3} 3} 7] A A 27}
A A * & YEESHE $E 7} ATk BRATH, ol 4% A e 9712 ¥ S T o8
Eo], Y sound/effects/__init__.py =2} 2L 32 233 5 Jd5Uth

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

o] AL from sound effects import * 7}sound.effects 37| A9 o]EL A A M AH EE
e Qe BL olugth

AE BEgo] Aoz HoH o5 ) 715 4= A Fo3M L. & 9], reverse g

£ sound/effects/___
surround—,— MNEREWHAZET B reverse AH BEL AZTESHR GS5U T g9 d oz HoFH

reverse @4 o8] 7he % 7] w2 ] ok

init_ .py 9o F7pshw

, from sound.effects import *+ echo%}

_all. = |
"echo", #
"surround", #
"reverse", #

1

def reverse (msg: s
return msg[::-

refers to the 'echo.py' file
refers to the 'surround.py' file

!I'l'l refers to the 'reverse' function now

11

!

tr): # <—— this name shadows the 'reverse.py'

1] #

submodule

in the case of a 'from sound.effects import *

[

J

all_ o] ZYHA ¢od, & from sound.effects import * 2
B BEEE A ol E $002 YEE A Gt oA 2
EFEFETEL(_init .pyol e X7} IES 3=
olEES YXE Yt o] o]FE2 __init_ .py 7} Y 6]—-5 2
AAEEES)S TFFUTH o o5&

REE A 2RI, ol REE AZARAG

=
=

%

9| 7] 2] sound.effects 9

7] A sound.effects 7}

T AFUh, 2 37 A 7L 7 9

ol (LB YA H R
A /\}14 Oﬂ import RO 2 HA|A o7 2 H 3 7] A9

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

o] ool A, echo &} surround EEo] @A) o] =
effects 7)Ao Aolw 7] ] &A YUt (__all__ o]

AALojH 2 Eo] import *

] sound.

288w EX Y

o
2
— [ o
K
o
kel
[ m
jﬂ

e

soets, 2294 FE oA = o715 24 ke /\Hﬂ:’n o A4 k.

205549

=

¢
J

o)

[>

.import Fo] A=
18 e o o
EE HES 449 o)

from package import specific_submodule & AF&3l=d ZEH AL Jths A4S 7| A5hA !
A, QEEFE BEO BE A7 Ao A 2 olFe AL BES AR Bl gE o AdEE £
Hduch
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6.4.2 17 |X| LHE 79| &=

7| A 7 B H 7| A 52 F23HE o (o ol A 1/}1 sound 3| 7] A A &), o] % 7| A& A B BRES
Zhe) 7l =d Ao dE2EE /\}%—@' lﬁblﬂ- & , 25 sound.filters.vocoder ©] sound.
effects 7] A 9] echo BE°] Y834, from sound.effects import echo & A& 4 JYH
Uk,

B AEEEE TR 9}%1'4] from module 1mport name EJEH-/] AT E S ALYt} o] 9=
S A Qo A2 ALE T ol 2 o,

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

U AZEZLAA BE o] 5ol 719 Erhe Aol FaA L. WA 5 o] 52 F4"__main_ "
o7l wj2el, sto] W & Z2 W W RER AHEE A REES 2 WEA Ao X EE AHSF) oF

.

6.4.3 02| C|&E{ 2|0 U= 1iF| K]

Packages support one more special attribute, __. This is initialized to be a list 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] 7150l A5 BRSA = FA T, 7| A A BAE = 5] JFS st vl AHEE YT

6.4. m{7|X| 55
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Io
1
B
1A
i

2399 9L BAE o8 74X o] A5 UTh Aol Ao AT
= 93, 5ol A8 As 9ol 2 £ guith of gl At B 74A

JE|Z ol B E A

s Ae =gy

AZF7HA $-2lE e 2k T A P S Wk ych 284 £ Fprine 0 FHEAUTh (84
WL ot A write () WAEES AEFE AQUTh BE 53 919L sys.stdout & B2 T 5
AU o] Aol th ek AkA g A H o ehol Bl g s d a8 AR
%% ted] 2so] 22 TR LS Afshe ARt EY FAL o gol Alofslok sk A7t AU
292 2USHE it ol /b4 ol st
e U EA P RS A HY W, AR NG RE T AF G RS o f EEF S o] B4
Ao AIASAAI L. o] FAFE ol A, { By A Abolol, R 2= 2lHE g2 A28+ e
shol 9l £@4¢ AT At
>>> year = 2016
>>> event = 'Referendum'
>>> f'Results of the {year event }'

'Results of the 2016 Referendum'

e 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.

>>> yes_votes = 42_572_654

>>> no_votes = 43_132_ 495

>>> percentage = yes_votes / (yes_votes + no_votes)

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

c M st R, B4 Setol 4 Bl olol o] ] A4 AHS ] AT £ e BEMAE BEOE
W EEEAY AR AAR SRR S A5 BALBNE 01D D HHIZ EALE A9 E
o f8 8 A4S £ YT R A WA =79

AAAQ o] L3R Qi B Tl 7
F42 AT BE G EALE W8T 5 AT

57



Python Tutorial, &2|A 3.11.14

str() e o BE Abgo] ¢7lo A FHE Y @S HFA HAJds Uk REdo|
repr () < OJHEEIEM o g 4 e FEHE WA HAJS Ut (B 238A AT 5 U=
£40] floH syntaxirror & Yo7 £ = FAHUT). Aol 2957 98 SRF EAo| g
AR el BF, str() Erepr() F 2L S SHFUT B2 3 A=Y 2B Y g e 22
FRE, S F IS L 22 FAS TUTh S8, FAAL F /) £AL Tk
2 74 o & ST
>>> 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 Wil ¥ AU 48 A UGS LS PYE AFHE Tenplace Teh27FERA Aw
ok 5x9} 22 2he) EAAE AHEBT o AEL GA ol A 2 o= A BsHA w, Zoj ol &

Aol 2R | AlF o

{
AEA el 2y A FA BEA ol & 4 AT o =
S AHUTH T ol s A5 8e 254 ol 3 Al Ael 2 B g o

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

RO A4S AR Y BEY Ha B Fo) FUh 92 F 2T AT

>>> 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

2= 7] Aol e WA AFYTE la'tascii 0 &, s Estr() S,

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

(TH5 sl el Aol A)
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(e]A sl o] A ol A A<
>>> print (£'My hovercraft is full of {animals/r}."')
My hovercraft is full of 'eels'.

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

>>> bugs = 'roaches'

>>> count = 13

>>> area = 'living room'

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

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

A Zpol| th gk AP S &2 A2 Aot RH A Z FRSHA Q. o)y st 2wl AbFol thE 5™
2 formatspec o] TSt HH A A H A E %

7.1.2 22X} format() HIME

str.format () WAES] 7] EA ALYL o] & Ak

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

FEZT At J=EAE (ZW ZEgty R EH & str.format () HAEE JAGH AAEE A
dHYTh 2% 48 A e str. format () A EE AEd AA S AXE 77 AHEE
Ut

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

spam and eggs

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

eggs and spam

str.format () WX 719 E QA7 AFEHH, 2 FES AR o] F& AHEHA AR+ A5

e},

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

AN ANE AAE A FA 23T 5 A%k

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

VR 4K ohe AR 7 29 B ) 92w, U V452 9K HAle] ol 20w AR 4 rhd
%2 AUtk s GAUE S 373 A A ashed BBE ()0 2 A s BU

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}

>>> print ('Jack: ] J]:d}; Sjoerd: {0[Sjoerd]:d}; '

. 'Dcab: {0[Dcab]:d}'".format (table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

o E710L A8 table GRS AU S A2 AL E 2L ARE AL 5 AFUTh

>>> 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

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

71, AN £ ZofE 59
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oA S0, e 2L A4 T AFTHAANFL AT Ao 4L d Age A4k

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

print (' ' . format (x, xX*x, X*X*Xx))
1 1 1
2 4 8
3 9 27
4 16 64
5 25 125
6 36 216
7 49 343
8 64 512
9 81 1729
10 100 1000

str.format () & A3 EA1E 2o o] 2+A 3 7] 2 = formatstrings 2 R A 2.

713 £5 2XYE ZoiE

A7) e AEA AL EE $502 RSk

>>> 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))

11 1

2 4 8

39 27

4 16 64

5 25 125

6 36 216

7 49 343

8 64 512

9 81 729

10 100 1000

(print () & S& HA o2 Q3] ZF 7y Alo]of] A5 o] 37t F 715 9l S ofl 79 Al 8. A A AS
Apolof] A o] A5 713 t))
TAE AANY str.rjust () HAEE dZFo A o] AE YA FAN ZO02 FAEE S E RS
FYUth vl WA= str.1just () & str.center () & YFULh o] HINEE2 oJH A& &3}
2 HEUt 1“%%@%%%ﬁ%ﬂﬂnﬂﬁ%ﬂ%ﬂﬁ?&ﬂiﬂiﬂﬁ'H&ﬁ%ﬂl%%ﬁ
FUTE ol Adeo] A S YR 5P AT, B ghol dis] AR e S A 2 v dEohE Wyt
(ﬂmiﬂﬂWﬂELJWH%”Aﬂﬂ*@4 ﬂ@”%ﬁﬂqleSUﬂhmﬂ%J
g2 =S JFUTth str.z£fill (). ZAFBAE Y A& 0 AFULh Seag}ulolia R ®
ol gt}
>>> '12'.z£fill(5)

100012
>>> '-3.14'.zfill (7)

-003.14"
>>> '3.14159265359"'.zfi11 (5)

'3.14159265359"
60 Chapter 7. /=40} &=
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71.4 oMo E2AIE ZoOiE

The % operator (modulo) can also be used for string formatting. Given 'string' % values, instances of %
in string 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] A 8 Y82 old-string-formatting 4] A of] 13 1] T}

7.2

fjo

9lm M|

open() £ 7 A7 B BARL, T AL AR A% st AAE AA4E FE FA0] A Bol
AFE-E Yt} open (filename, mode, encoding=None)

[>>> f = open('workfile', 'w', encoding="utf-8")

AR AAE 3 o] 5S F2 AL A UTE F AR AA= 5hd o] AHSE A
TASES B2 E e AL AU mode = 314 S 719 SHA ', 227
olm EA e e AAPUH 7+, et £ H3AS 7
HolHE A5 02 Zo BE5UTh 'r+' = 9L A7 27 93 Utk mode QA= A
kst o o] ZEE g Yth

HE, 9 HAE BE (fext mode) 2 @ £H], ©] 558, 3tdo] A2 S g 23, 3=
Sk encoding 0. 2 A3 JHAth= AYUTE encoding©] A=A Fod 7|22 EAF &
(open () = EA|8). UTF-8 o] AbA L] H 4l F0BE, ThE1IAY S *P%T%H O]E% =
encoding="utf-8"E AT} mode o 'b'E GlEo|H L vl = (binary mode) 2 |4
T/}- o] A Hl o] H = ulo] EE A A 9 ﬁﬂi A 2k AEE :ﬁﬂﬁ}ﬂ = BE g o

REE "}“‘l;ﬂokﬂqq Hholy ] = vl o] B & bytes AAZ ¢ HUTh Hiol g E’—EE dS g
FEH = encodmgE A Qe 4 g5y

EEN Ezoﬂ/ﬂ, e o] 72 F& ZHE J=F <
GA\n 2 AR st AUt g2E RER &£, 7|2
HES= ZAGUth o] 3 dlolEof st Fof 9 %
JPEG O]L]-EXE g3 22 vtol v g "ol EH & WX A H
AR S Fo 5 8.

Hd A E = W with 7| HYEE A= AL 22 FFYUL dge =5 o9 7 B H e =
29 E7LEEE 0 9} o iﬂ}aﬂl 23ltt= AJUth with & AR 3= A& 558 try-finally
E2g 2= Zﬂ°ﬂ Hws] 2 g7 = gy

l‘-lﬂ flo

=

Z8 (FY29A \n, d=FANA \r\n) &
EA ZAEZ EHA & FEE

>>> 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 719 EE A3 GO, £.close () & EEHN AL B AGE ALY AL ZA] vk

3 oF it

A with 7| EE AL A Y f.close () E TEIA XA f.write () ESTESHH T2 1)
AFAor ZEHEZE f.write () 9 QAA7} Tl AT %xja] A R N L
b AA 7L &3l Fofl =, withwolU f.close () € TE3E A% BF, Y AA & AHE3E = A=
A2 At
7.2, g ol M7 61
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>>> f.close()
>>> f.read()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: I/0 operation on closed file.

7.21 ul ZHRe| DHAE

o] Ae] oA o 52 £ ehi 5k AA 7} ol m] g ol Tk 744 e,
sele] 8L od, £.read (size) & BE T, QALY HolHE 91 2L (HAE BE
o A) o]t uke] 24 (aho] v e RE o M) 2 E el F U th size & A8 A S A% U T size 7} A

I

BA 548 129 8 AANE Aol 4 Eel gl ok el A7 A e 5 o e
SEEol GRE EAYUT. 1870 G0 B o) e FACI2E 2ol ) s Hhol 2 o]
=oA)2 g1 BEF U Qo) Bl S, £.read () £ W EAD (1) S BHF UL

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

>>> f.read()
T

f.readline () 3 YoAA & =& 5 th 7H3 —“%X}(\n) EEAG Zo| REH A, 5t do] fHE
L2 ZUA] ek w ol vk 3FAd o] mpA ef Fol Ak A ek Utk o] HA e gk R ekA] ¢4 e Ut
f.readline () 7} Wl AL S ST H, 3L 2o =23 Aol AR Rl &2 '\n', & 512 NP E
S 2ot EAEE 2dFUTH

>>> f.readline ()

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

'Second line of the file\n'

>>> f.readline ()
T

ol S5 doen, 5 Aol tis) £ 5 ASUTh o] AL vlEe] EE AT, W2y
ket IE g ofof Ut

IR

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

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

VA REZZ FHAERE Qo] Eo]dWH 1ist (f) Y f.readlines() &4 9

4
1=}
f.write (string) 2sring 2] W& S gL 23, 289 B Me-E =8 5UTH

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

e Y ANEL 27 Aol WHY B2 AHUTH - AL (FAE BECA) o]t} uhol = A
(ko] 2] B el A) = -

>>> value = ('the answer', 42)

>>> s = str(value) # convert the tuple to string
>>> f.write (s)

18

7 R R SRR ERE
A S
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g AA e YXE v W, f.seek (offset, whence) & AT UL Y X+= 7]
oS A AlAFE YUt 71 E 32 whence QA2 A B U T} whence o] 00 3L 9] AL

1% A7) 5t XS AHE BT, 2 & 5 Ae] B 71 EH O A TUTH whence & 4D 5 911,
7| B 00]2kA DY A S S Ve R A}%ww

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

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

16

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

5

>>> f.read(1l)

b'S5!

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

>>> f.read (1)

b'd!’

2 &) 2= AL (o]

2 E S o] A (RS EAG b7k o] 7 25), 59 Al el ATl 91X WA
2) = AS-AUth, 22 offser g2 £.tell ()
o

ﬂhseek(o AHEEA B Y o g A AE =
ol = F A 0 JYth I 5He] ThE offser gk Ao H A 2 2
3 AA = isatty () Utruncate () 22 9 71X YA EE ¢ 2t g0, @ A3 A2 Yt} 5+
AR ol tf gt AA T SHl &= ol B g dHAAE FxoHA 8

TAE L el A 93 & 5 AF UL A= S a1 E S oF st read () WA E=7FEAF
b = F7 2 YUt o] AL S int () T2 T2 ALsforvt at=d], 1123 2 FAE S
W 22 g 1238 Sels Ut SHE g2EY 9 E 22 ¢ Bt tlolEHE A st &,
FAH o & gpdsta A E3tst Ao iR E 5 syt

AFEAZE RHE A 0 2 B A4S ol o] B S 3t ol 7“1 Fote =5 Aot YW A 3tEF sh= thAl, I+

o] #-& JSON (JavaScript Object Notation) O]B} 2ol dlolE w3 3 ALS ALT 4 A S ch
json o= HE REL Jto|A HolH A Lo} A BEAY 23 o2 uH=Uch o] Ax= Ad3)
(serializing) 2}l 5 UTH ZAE o2 H E1 d ol B & A7+ sk A2 o 2 3} (deserializing) B+
FEUTh Z_]IE:]Q—“O"]‘ o AH3) Atolo A, AAE 3= TALE LS oLt 1]"]301] AFHAG U E

=
Az A2 58 24 71A =z A2 + A5tk

ZaL: JSON %*—.% tole w&s A Ao & 22a8So] A AHEd T W2 22wt
oju] o] Zeofl o3t R, AFTAS AT F2 A= HUTh

A x 7k e W, ke 3 29 HEE T79 ISON B4 B8 ¥ 5 A5k

>>> import json

>>> x = [1, 'simple', 'list']

>>> json.dumps (x)

'[1, "simple", "list"]'

dump () 2= dumps () 59 WF S ANE Bk 919 2 JAGUh TR £ 727 E A5 DA
HBAE 4.01 ol o] FA & 4 A5t
[json.dump(x, f) ]

AAE A D RESE, £ 7} 2718 98] Q2 vho] v e] sHlolu} Bl aE 5hel A A u):

[x = Jjson.load(f) ]
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ZF31: JSON files must be encoded in UTF-8. Use encoding="ut f-8" when opening JSON file as a text file
for both of reading and writing.

o) Zhehet 4 W3k B A o] Y AES YA E ThE 4 YA, Yoo FeA AAHALISON 0
Qeasel 7] AL oFbel S22k BRI Json BES A AAE of Wl g AW E T
AsyTh

t B

pickle-3¥Z 2 E

JSON ol %Y, pickle & 9] ©) B415 sho] 8 AN ALY 4 i ZRE YT Tholdo] 78
Hi e dolz 448 58 22 I1A5H B ASE 5 95Utk 71EA 0 ddsA g
FUth B 5 gt anolA 2 HolHE o AR5 ), 5 A8 FA ) o3 ¥l o] 67 225 gl rhul
Qele] mest Aad 4 A&k

O

I
o
H
i
o
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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

8.1 2 of2]

9 ol ¥, 3H el delA dUnh obukE of el io] stol Mg M3 gl F ekl 13
Az whbe 5ol 299 A9tk

>>> 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 ‘arrow’ s 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.

ol B84 0] BYAOR Sttt @A, AR ohE o6 Qo 5 5 yth 49
Fo FAH = o5 9 2w R E Fa AW H o)At diUth vl d L2 I A o) AES
oA TR 2 uj¢A F Uk SA R v 9l Zz 1ol A5 ehobAl, o oA B %
910l o 2] B A1 4] & gL e

>>> 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>

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

of g WA A Y upA gt 22 o™ o] ol p=A dHFUTH ool = o8] & Ve, 3 o] WA
B Z ol FH Utr}: o] oo A2 F& ZeroDivisionError NameError, TypeError YUt} o] &
o2 AdfE AL H“g"ﬂ W o9 o] F YUt o] 22 EE W Al 59 A+ 3 Fol A,
AFEA Ao o] A= (AT Hedel e EFeta) & 18 8+ gl Ut 5 o9 o5
W A e (o] o 791 = 7} ok L o),

S Uw A B2 99 Fa} Al 7S F A BAE Al T

o e) WA Ao GREE 2e Edol 2] FEIw o9 Aol A A FUL HFUTh AnHos
429 BES HISHE 28 B0 28 TR YUk AAW, TF AGoIA o] FA FEL

A A b5,
bitin-exceptions = ] 4 o] 9] S7} 1 S 9} o} u] 2 a7 g5tk

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

AE )9 & A S 2 TBL BEE Ao] A FUTh O o) S BH, 2wE J47h 4D w7t
A ALg A A AEE RASA T AEAT} 219G ALIYE G4 4L 8 ST (Control—C 1}
7 9]0 29 AA 7L A D5 A2 A A); AL A7 BHE AH A E £ KeyboardInterrupt o] 9§
Yo7 Fe|2 ool 55145

>>> while True:

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

try B2 the 3} o] &3tk
« WA,y & (tr 2Fexcept /‘PO]E] 25 o] APt}
A

) 7]— ‘37—/\§ BFA] FOo W, excepr A & AVH L try w9 AP F5FE Yt

o try B2 AP 8= Fe oY *c‘iff}@, o G2 RIS AU YTh 28 v, F ol except
A 1o G o1l ol 5ok o 251 B, et 0] Ao, 18 £1 L yencept 5
A= ololquh

o except Aol =9 o] S F v X F] X] ¢k o] 7 A A, 2] Fo
A7) 7 DA A ko, A 2= A ¢k &) o] ol Y WA A& %—"}@/‘1 Aol FEYth
B

27 the ool & A e 15 A7) A3, cry B Bk o) 4] exeepr B2 7ML 5= AU A
Supel Q71 AR T Aol Rae my AN TAL A9 W AT B 2L oy ol FE
A7) e ol & AR < e e B2 B2} Al S EEEEEERES:
SR

. except (RuntimeError, TypeError, NameError):
pass

A class in an except clause is compatible with an exception if it is the same class or a base class thereof (but not
the other way around — an except clause listing a derived class is not compatible with a base class). 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")

fu

except 2 0] F 3| WA (except B 7} Aol LE=F), B, B, BE A eHA Holl FYFA L& — A2
] 2] =] = except A ] AP Yt

o9 7 A ), AV e /b S e, o999 ek 2eiA ik Azpe) EA P2
ol ¢ Foll o] =A It

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)) # the exception type
print (inst.args) # arguments stored in .args
print (inst) # __str__ allows args to be printed directly,
# but may be overridden in exception subclasses
X, y = inst.args # unpack args
print ('x =', Xx)

print ('y ="', y)

<class 'Exception'>
('spam', 'eggs')
("spam', 'eggs')

X = spam

y = €ggs

oele] __str_ () EHol A H A F2 o2 vl Ao upA et (A BAH) ol AshE YT

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 Except ion are not typically handled,
because they are used to indicate that the program should terminate. They include Sy stemEx1t which is raised by
sys.exit () and KeyboardInterrupt which is raised when a user wishes to interrupt the program.

Exception canbe used as a wildcard that catches (almost) everything. However, it is good practice to be as specific
as possible with the types of exceptions that we intend to handle, and to allow any unexpected exceptions to propagate
on.

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

import sys

try:
(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
f = open('myfile.txt"')
s = f.readline ()
i int (s.strip())
except OSError as err:
print ("OS error:", err)

except ValueError:

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

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

raise

2 o)
-
o

¢ D
[

Q

i)
filo
A
rlr
£

try - except T2 A H
o 7R e w Ao

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 @ Abgo] try "ol ZIEE F718t= A F2t, try - except ol Yol KT H I Y=
HE N GO A0 B peis A L AZ A B
ol &l 2] 7=y Aol AK 5= oL ERt ot oy oA PP ALREE) TEH = WR T

So A MASE o9 S AT L) of 2 Sol:

>>> 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 a2 &=237|7]

raise & ZE2 I W 7} A G 3 o 9 7 BAYSE T ZFA L 5 QA FTh o & Sl

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

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

raise o AFHE Y QAL WA D A E APk oY Axdzo] A o9 Fehx
(BaseException & A% He S92, 713 Exceptionolt} 1 A1 Fe)22) o] of o Gl k. o8] Zef
A7} D, BAACE AR g0l AAAE B2 AABAE BETE:

[raise ValueError # shorthand for 'raise ValueError()' J

gheF o 9] 7} AV 4] = Solok k) vk A el kil A4 9krh, T 2ka FES] raise Fol 1 o)9)
thAl Do 5 gl Futh:
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>>> 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|2| 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 from
clause:

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

o)7L o9& METu} §4T] 5 KT & S
>>> 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):

File "<stdin>", line 4, in <module>
RuntimeError: Failed to open database

It also allows disabling automatic exception chaining using the from None idiom:
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>>> try:
open ('database.sglite')
. except OSError:
raise RuntimeError from None

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
RuntimeError

A v A U Zol of 3k A}A| 3 -8, bltin-exceptions & FZ3H4] Al L.

8.6 ALEX} Ho o<l

A odle] 22 moed 222 A1 Ao o5& 24 F A5 (el Sefjiof
AT &L 2 & HALR). A Ee AHH oz Y DA 8 Exception 2ULEASH

g},

e Sdae e FALE T F e oW Ax 7Heste = FoE 5 YA HEF2 A
FAZUTE SF o9 Ael7]7bolefo] A JHE FE2L 7 AEF 517 AT R 7HA o ERREESS
A E3H7 8 3 o,
2] o= BE 959 olFEF FASHI, “Error” 2 2uE ol 522 F g Yt
Be EE REES 250 P95 F4EA WA S gt T AN 952 H Tt
= =

8.7 Ade| S FelstY|
try BSEOE A9 AL /b 4 gl w BE Adte] AE o out e R FALS A Fe dl
AUt o & o
>>> try

raise KeyboardInterrupt

finally:

print ('Goodbye, world!")

Goodbye, world!

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

KeyboardInterrupt

flnally do] JJOoH, try o] &5 H 7] Ao finally Zo] npX| et 2oz AAHF Yt} finally
= try ¥l 0115’4 E A3t AS Al AgUch 2 7S o) o E4s A
Mwﬂww.

«try 2 AYTE F A9 7H BT, except DA N E Hel B 5 ATk A7
except Aol A A 1% A oW, £inally Ao] AW F o 27} ohAl LA g,
+ exceptelse @ A% Fo o] 97 4T 4 YLtk thA, finally Aol AYE F 97

ThAl SHA U T,
o If the finally clause executes a break, continue or return statement, exceptions are not re-raised.

e try ¥9] break, continue =¥ return £ E&3}H, finally 2L break, continue T+
return & A3 Ao AP 14 o},

e finally Aol return o] =3
finally @9 return £0°] F+ 39|

s Ed:

=

ek 2 try 29 return ¥°] £+ gol ofygl,
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>>> def bool_ return():
try:
return True
finally:
return False

>>> bool_return ()
False

EEETEE

>>> 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'

Kl wuke} Zol, finally 82 & A-fol AdgUth. 7 2A4LEE WA 28 S TypeError &
except ol 93 A 2= A ¢kl finally Fo] AYH Fof thA] Dot}

2 o]
AA A S8 222N, finally A2 &7 AHd S AHE D wl, 34 A A obd A2 BA Lo,
I A S WSt H 8 dU T (FLo U HEN S A4 22 AS).

8.8 O|a| Mo

il
An
02
n
Ofn

]
un

om AMEL AR Y B Y u) A BE
dste] A o pel BAYS YT LS I 1

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

542 FAPUth 1 AANE A
S kS ol BA L.

o Eo] BAWL of HEo| AL BUANE ST 4 Qe AN EFHAL dA A= Erhe
AUtk R AaYEN AL EAHA AT, 2 54 e adel4E EAE 5 AT
H

with & 343 22 AA 5] A Sxt=2A 14 =

with open("myfile.txt") as f:
for line in f:
print (line, end="")
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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 ExceptionGroup wraps a list of exception instances so that they can be raised together. It is an
exception itself, so it can be caught like any other exception.

>>> def f():
excs = [OSError('error 1'), SystemError('error 2')]
raise ExceptionGroup ('there were problems', excs)
>>> f()
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 1, in <module>
| File "<stdin>", line 3, in £
| ExceptionGroup: there were problems
o 1 ———————
| OSError: error 1

| SystemError: error 2
£()
except Exception as e:

print (f'caught {type(e) }: e')

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

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

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

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

There were OSErrors
There were SystemErrors

(TH5 sl el Aol Al<)
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(o1 sl o] A ol A Al <5)
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 2, in <module>
| File "<stdin>", line 2, in f
| ExceptionGroup: groupl
o 1 ———————

| ExceptionGroup: group?2
e e 1 -
| RecursionError: 4
+ ____________________________________
>>>

Note that the exceptions nested in an exception group must be instances, not types. This is because in practice the
exceptions would typically be ones that have already been raised and caught by the program, along the following
pattern:

>>> 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

>>>

J

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

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

>>> excs = []

>>> for i in range(3):
try:

£0

except Exception as e:

(TH5 sl el Aol A)
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(o] A sl o] Aol A Al
e.add_note (f'Happened in Iteration {i+1}")
excs.append (e)

>>> raise ExceptionGroup ('We have some problems', excs)
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 1, in <module>
| ExceptionGroup: We have some problems (3 sub-exceptions)
o ] ———
| Traceback (most recent call last):
| File "<stdin>", line 3, in <module>
| File "<stdin>", line 2, in f
| OSError: operation failed
| Happened in Iteration 1

| Traceback (most recent call last):

| File "<stdin>", line 3, in <module>
| File "<stdin>", line 2, in f

| OSError: operation failed

| Happened in Iteration 2

| Traceback (most recent call last):

| File "<stdin>", line 3, in <module>
| File "<stdin>", line 2, in f

| OSError: operation failed

| Happened in Iteration 3

>>>
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9.2 mo|M ATZO} 0|8 Bt

SWEE 2T8H7] Ao, shej o] 2F = o sl 2 7hA] B A o] dFunh FHa A= ol F

o R Z2E 89S FEaL, oEE2 Foo] dojuh=A &3 olsl| a7 flel 2z} o] F F 7o

ojg 7 Fast=A & 27 AFUTh Hlgo] EotAd, of Ao the A A& BE Ay sfold 2w

el A £ 7} 9% o

2 7R Ao &2 Al F A

o8 B L ol BAA AA T 4 BT R o] & B BA oA YAz FA o

AT, HE T Aozt GolAY 4 i (A5L oAU, Lozt ukd & stk o

S e W ol55] A (abs () 22 FFEX WF Y olFES 22T, 28 A

Ol FE; ¥ TEolA Y A o] FE. oW oA A2 A EFRE JFE o] F T2 F4 T

ol F F7toll thall dotof & FR3 A2 AR ThE o] F TS ol F elle oA BA 7} vk

AUtk ol 50, F A AE HE RESS EF &5 9l°] o maximize £ YT+ A5

— BEE ABAEE BE o5 doll ook dunt

SR, AL ISP HE S GOl A Fol 8 BE o] Fo) AR F LT — oI F Fol, BHA 2. real

AN A, real £ AA 2 9 Sl ELRHEIUTE AWHA TAA, B Yt ol Bl ha BRL o=
HE FAzYYr}: 284 modname . funcname 9 A, modname & & A A1 funcname £+ 17319

EZHEYULE o] AFol= A3 RE JEZREL EEA HJH AH o] & Zholl T H A 2
Wgo] AUUTH 22 o8 S FR AU

AEZYFRELE 87 A& oAU 27] 7+ 5 dFUTE T2 AF, AEFE thgt o Y o] 715
Stk 2 E o]E8HEE 27] 753t modname . the_answer = 42 811 & 4 & Utth 2 7]
7153 JEZFHEEdel o2 AT &5 S5 UTEH o & £9, del modname.the_answer «
modname 2h= o] 29 AR N A SJEZHE the answer = A AUt

Ol wUEX AZ OE ¢ HEAA L AZ G2 FHE ZSFULL U ogE5S = ol 5 512
shol A Qe Z 2B 7} A & uff stE o] A 2 A3 APFAA GsUth B DG o5 32 EE A
o2 9t EU uEol QU HE, ¥ E o B 0L AN Z AL 2L th7hA Uk AE e e
HAA EE2 o A=, 2THE oy P oz ¢35l =, =2 _main__ ol B+
RE YRR AAAAN I 5 AAY o5 3 Z5Uth (W ol 55 £33 BEol Fot=tl; o A2
builtins Bt HESYt}h)

Po] A o8 BUL B4k 52D 0 EOIAL, Fo7h HARAY T4 ol A A2l A 2
& oz uf AHAlF Utk (A, Ao Eths Zlo] AAZE doju= gl thsh o 2 A9 dyrth)
EE,AAE &2 47 A7) A4 R 2] o] & F7HE A5yt

A2FZ =0 EFNSAFY AMATG S Jegtold 2 0o HAE Aol JAYUt) of 7)o A “3AH
AN 2 7HE s o] &t o] Foll sk A4 3tE] A b2 27 o] F FXHl A o5& FHoH L A =T

o vl el
sEm Ao AAPNE BohA, BH 02 AP U 4% F ol AN, o) F F1E
A4 a2 b s Al A le] 58 2Tt gtk

« PE WA AR L, g R 2nmE A9 o

s AL e B EY 23 2E, 7HE V7ol SE A 222 RE FA o] Al Yt ¥
2] & (non-local) ©] ] g+ ¥] A < (non-global) ] 252 =33t
e AT AL AFzE AN ZEY AY o] EES T YT}
o P UZol AAEE) /MR Ry 2a3ZE YR o5 ES 2T Qe olg YUt
ol 52 global £ HASIH, BE F2G YL REY A oS5 2= AT R A 2527
HEE Utk 78 W5 Y] AT upgo A B = eSS A9 28 W, nonlocal 7| EE AT
4= dF U th nonlocal 2 A A A ¢kow, T MFEL2 ¢ 7] A& JUth(Zd Wgof 2811 31 w3

PR 2Fzo| A A WS EA FHol, 22 o] 5o T5 HHEA] oL E A Y ED.

! 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.

_,d
N
222

N
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HE AY 232 @A §59 A o552 (H2E o) FxdUch T vl A, A1 £~ 3
ZEAA 2T ZL o5 IS 2P UTh B89 ol I FHE BYS2 A 27z &
shite] o] & ¥ v A F i th

2F27LEAE Hog ARFHATGE AS NE+ A2 T8FUTh R8I BYd 5 Ag 3
Z, oltollA ofd o dejolaE Fo I Tt SEH Ao BAJe], I BEY o] FUYPUT
Hhdol, o] 52 AAE AN eE A2 AP FHeE FHF YT — AT, do] o= Ao
A A o5 AR S Foll 13petar Qo A, T o5 AR ol o &8HA] Hofof Ut (AH,
A9 les2 ol Ao 24HUnh)

sho] o] 83 542 - global o|Unonlocal #o] Y2 uf - o] 2ol thdshd A 7P Yo 23
Z2 ke AUtk A2 vl o8& BASHA] g5 Ut - o] 55 ©A Ao 428 B Jyrh Al =
7R GU T B del x & A 2727 FESE o5 FolA x & AZ2S Al AU T AR, A
o5& &%te BE dAE A 23 25 ARG YT 59, import T3 & o= BREo|U T
o]F= A aFzo] ATk

global ¥ ER MF7F A 25zl glom a3t A AdE olok g2 7He] 2 uf AHE-2 4 Sl uTh
nonlocal & 54 M7 St 23 20 glom a3xo AddFolof 5 7He| Yt

9.21 A3 ZR} 0|8 27t

O|AL WA ME ThE AF =S} o] 2 Z7HS I 2R3}, global I nonlocal ©] W A Zof ojwd
AFE FeAE HAFTE A YUt

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 ZEo] 2L o9 B

After local assignment: test spam

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

A A A tf o] (o] Z o] 71 & P U TH scope_test 2] spam QB2 BHEA] 9F=A1 0l 72l HAI 8. nonlocal
o 2 scope_test 2] spam AZ-& Wl global Y2 BE FF2 A4S vk th

global Y Aol spam o A o] frke A€ 2 4 5,
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9.3 At A Qb

rr

SAhas o A EHIAA N AAFA R A A NEES =AU

9.3.1 A H9

MO
i

Sl Ao 7 0 FEl = o)A AZF U h

class ClassName:
<statement-1>

<statement-N>

g FY (def B)AH, A2 HgE oH a7 A 77 el WA A= ojof Futh (3Ad
SN2 AHYELif B B2 TF YR & 5 d5Uth

AR R, FeA A YR FAEL HE T A SoAW U2 EAET s I wE £527}
A5UY — UFof o] FAZ Sol2 AJUrch Fd2 YRe 3 HoJE= BHE vAE 5F 29
AFgFS e, ¥ FH 9 AR FEES ZFUTh — A, o] A2 F oA Ay E YT

S Ao AdT ulf, A o] F FHo] BEARA L AP A2F =7 AFLH YT — TA, BE A Y
HEEZ Y g2 o] Af o] & w7t 2 FYth 53], &5 A+ A T o] 52 oo A4 h
ZY2 AN (S E) AR 2, Zd 2 AA 7 AEoJFA YLk o] AL B A o7 FEa
Aol g Fof] HER o] 5 T YL EES A= ARG U o A Ao A Ze 2 AR o o5
o a-A FUch fale] A G A2FZT (FEla Ao Eoj7h7] A Ao FaEstd A) oA AFEE 1,
Al x AA = FH2 ALY dlgo| A FoA R Z; A o] F (oA ClassName) & Z of 7)o A A FH Ut}

9.3.2 A M

FAAAAE FERY QWL AAFUTh A= HE F29} A2E2 BET]

JEYHE B2 & ool HY BE o= HE Fxo] AL BE 2UE AHSHUTH obj.name. &
HLE ol E¢ B E o] 8 Felx A7 vEeld w Feh o) o] & F2el LW BE ol BTk 1A,
S Aoz} ol 8A 2

class MyClass:
""nA simple example class"""
i = 12345

def f(self):
return 'hello world'

thenMyClass.1iandMyClass. 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".

Zes iRl BEY) 85 BN ST S22 AR S A A2HAE B
WA ES gt B0 AU ol Sof (A9 Feh 22 g stR):

rr

[x = MyClass ()

EEZUHad A AdaE A E ST o] AAE A A x of thd T
AA~E A TBET] AA(Zg 2 AA “EE3F7]7) 2 W A E syt B2 FHa=EHsd 27 A=z
AxEulo]zd AdAH AT AR E vle= oyt 28 Felasold Aoz init_ ()
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def _ init_ (self):

self.data = []
ZHA7F__init_ () MIAEE R T O, FH A JAAEATUET|EAE T %OVJ%FJM AXE 20
sl AHg e g init_ () E ZEFUTh A o] oA, A 27|3E JAAEAE o]FHA AE 5
Asyth
[x = MyClass () ]
22, init () WASEE 2L A4S AN AAES A £ ST 1AL, Fe2 dads
WE7] A4AE S04 AXEL _init_ () 2 AP o] S,
>>> 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 QUAEA ZHA|

oAl A2Es AN T FAL TS5 A27H LWL AA 7L olsl B 24 WA ARS o=@ HE
= = .

B2 5 714 £570] SULE o E 2| HE o] B0l YUt tlolE o] E2 HEek vl A

tolg JlEZHE £ 2EEIY “U2dx ALY of, Ci+ o] “tlolE {H” of syt HlelH
oJEREEHAE A8 ;% 2, A8 g o o]t of x 71 910114
o] A z c}:

= £=
o] MyClass 9] 9 R eI 242 EY 1é°*°1%}16%°d41§14

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. (In
Python, the term method is not unique to class instances: other object types can have methods as well. For example,
list objects have methods called append, insert, remove, sort, and so on. However, in the following discussion, we’ 11
use the term method exclusively to mean methods of class instance objects, unless explicitly stated otherwise.)

AxEA AR o) SukE vAE o] 52 28] Felxod @ d5uth B4, 5 AA A = ZE
OEZRESLE ASote dada HAEES Hﬂﬂv} Leh Al 72l ﬂlxﬂoﬂfﬂ x.f & gnlE
A= Fz 9, MyClass. £ 7} &0 7] &Y Yt ‘c‘f]—X]UT-x ie3%x %}Stﬂ,MyClass.l 7}
St oty 7l Wi E Y Ytk 28, x. £ = MyClass. £ 9 22 Z o] O}UHD}—O]%I%Q—’,: A A 7¢
oty WA= AA Yt

9.3.4 HIAME 244

HE dAEs 445 AA 2 &gt

(x-£0 J

MyClass dof| A, o] Z1& FAF4E 'hello world' & EHFULE A HIAEE SA| TS o =
AEUTh x££ WAE AR, A Fo 32 5 Yk ol & Sol:
xf = x.f
while True:
print (x£f())
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= r/]— = 5.
Addohe= 29Utk 8] oollA], & x. £ () & &38| MyClass. f (x) FF5HFUTH AR »
Aol QRS HEEO0R WANES T2 22, A WA AR ol WA= Adxda AA S A YA
NEQA BEO T = < A s

AA 9} G AR NI F2 A A E AANZ ZFY U WAE AR AR B2 5EH W,
A2BA ARG A B2 o2 RY A A% B2o] THE F, I AN E o A AR BEoZ 55

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'

o] &3} Ao Tt guie] o A = Wol, e A= STl B A1 AH 7L T W FH Hlo]
B ol 4x] 28 298 E H5A 0] dButh ol 2 o, b SEA A nicks P 2EE S WEE
AH&-H A oFotof sh=tl, stite] Bl AE 7L B E Dog 12" Ao F-7H 7] W& YUt

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)

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

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

>>> d.add_trick ('roll over'")

>>> e.add_trick('play dead')

>>> d.tricks # unexpectedly shared by all dogs
['roll over', 'play dead']
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AL, SR 2 Sute AAE dads S ARR S of i th

class Dog:

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']

9.4 J|E} FoAISE

x

2o o EYHE o] Fo] 545, o= HE 23

rr
ro
[>
i)
[>
]
o
>
i)
v

ArE2ef Fefs BFof
t}:

>>> 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

tlolg ol EHEE vAE £ukofuet A o] AREA A ARG AL (“FEto]AE") o oA Fxd o5

guth ool BASY, oAt £5o 24A A tlo B e FAET ASE S+ g5 UTh A4,
sho] Aol A= o] 6 £ ZAE Po] it — BT delo] JE gy (o], C2 441
stoldl 28 Bastrhd 2A FAE B4 %7130 ARl 3 AA 2 E Aol T 5 AU Th o RS
C2 2438 shol i 3ol A A48 5 A5urh)

ZetolAEL volE o EelRES 2 AHA AEH ok FUT — SeolAEL HlojE JEHES
AEe] A B =S oo fAHE 204 S BIEY 5 YaUth et AEL o] 8 FEL 3sE
B AEES] §EHS £AHA FIE 15 AN HolH o B EE AR AR 2R SE
)&l §o5hA 2 — thA] B, B &

o
o
2
)
ik
Pl
Ay
Ach
i
£
ek
X0,
ol -
<
k)

HAE St A HlolH o EHES(EE HE A EE)S F23E 2Y BAL YaUth At o Ao
AAZ WAEY ASHS Atk A2 S A%tk MASE Fol2 u) Ao Weg drds
M4E 5T St s

%%, WA S 3 WA A sels b BYUTh o) 4L $e Y BYUTh o] F self & 3ol ol A
b7 S U1 S A FHUTh HAT o] FHS wEA UGS u) o] AT} e sho] A
22 e n 5ol 7)ol BRI, Fes HebeA 22 AR o FH o) | EHES 44 gk
AR S gl fol ShAl 8.

ZesolERBEY RE B4k 1 220 AAEASS B MASE B FUTh T4 497
SejnAelo] gaE Ao Se A B2t YBUth B4 ANE 220 A9 W5 Y5 2
A P ol Sof:
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# Function defined outside the class
def fl(self, x, y):
return min(x, xty)

class C:
f = f1

def g(self):
return 'hello world'

h =g

olAl £,9,h & BF T AAE 7te)7]E S c 9 o EF
Ar'as HAE Ut —h &+ F &3
ZF 718k Stk Aol F9 A 2.

HAEE self A HA = o ER|REE AHESiA thE HMIAEE 22T 5 YFUth

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)

HAEE dn

EE AW FLET AR A oS B2 S AF UL WA ARR A sux
P EECE! 4

= % = 5
o BRI UL (FAot 23 49 2322 4854 e WA= A 2
= ~3mE BT A BIE o2 1A B
At oA, 19 o mime] oI sk A S B ouiel, 1 2o 9 EEE Hael £
A EZE A & ks AQUth B, A ES 23eh= S A4l o] A AT o] FofH
b A AN WA EA A 2] Ze 28 Ao Aok B A FL o 52 1A D Ao
vl y

7 e AN, AP uE Fa (Y olGnE B

A7 o g1k,

12 e

t}. ©]Z L2 object._ _class__ 9

,AS S A GEkA] et do] 72 “FU A SE olEe 4 7HA 7/l AdY o 3+

=
s ol wye ol A RSk

class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

The name BaseClassName must be defined in a 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) : }
S Ze2 A A vol FAa 2o Fow ARD Y. FAx AA 0 wEel A o),
Hola A7 71 AdE UL o] AL oEYRE 2 E 2T v AHLFH Ut 23 H oJEYHET}
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Fe oA DA A FoH Ho| A FH AR AAE AU TH Ho] A~ FH A S THE S AR R
A AT o] A2 AAF R AgH Utk

A F 20 A2EA ghE7]o EEe AL ¢l5 Ut DerivedClassName () + 2 229 A 9
2"\l 2E BEYTH AIAE 2 033 2ol ZFF YUtk Sk Fe2 A EYFEZ AAE =,
DR 5 ol 2 Ze) 0] AT B el GiTh ol o] B4 AN E FrHA WA= B2 s SuEUT
S S HolA FH Y HANEES ARG T 5 s A= 22 AAe thE HAEE
TET o S8 AT T2 A2 glong Wola Feae FogH thE MM EE T &= WA F
o A== AHYE g SR HAEE TES5HA FUTh (C+ Z2IHHE AT RIS 2
ol Mo RE MM EE AZAA SR virtual YYth)

Al ZFE oA A H wlA =T 22 o] 59 Hl o)A FE A WA EE Bed] ZobA]| 97| Kok AR
S5 A%+ 5Uh Hlols 220 WAZE A8 EEGE 00 Pio ALtk B
BaseClassName.methodname (self, arguments) & $&35dA JUth o]AL FCHE% o] A E
AT 227 d5Uth (o] AL wWolx ZP 27 A ~AF 2o A BaseClassName &2 PA| 2 F

912 w5 23k 5] kA £.)
shol ol 443} B2 AT 5 9t T A W B4k Atk

o A~EA9 S AASIE W isinstance () & AFR 3T} isinstance (obj, int) = obj.
__class___ ]— nt A int oA I H Ze A9 A0 True 7F U T

o ZY X ALEL AASE M issubclass () & AFR YT} issubclass (bool, int) = True
?_]Eﬂ,bool 0] int J AB ZFxo) 7| Wl EY Yt A9 issubclass (float, int) =False
4], float & int & A B Fe| 27} ofy 7] tfE YTt

[‘E—r’

9.5.1 C}|= Al

i

Tpol W& v F52] el = A AFUTh o2 f e wlolx S~

class DerivedClassName (Basel, Base2, Base3):
<statement-1>

zt

rlr
Ll
&
[>
o,
o
rlr
o
e
1>
A
<
v

<statement-N>

Yol BAY, Y U J9ol, BE a2 RE 45T JEIRESY AAL Aol $HO
2, %ol N S EEoR, AF PR AAT 2e FUAE F U AAeA gt Aoz 4248 4
g5t 28 A, o] EB]HE 7} DerivedClassName o A] W AE X ¢F 0 W Basel of|A] 211, IThe
AAALR)Basel o] Wol& ZHAES AAFUTH A7GAE HAH A Fow, Base2 oA 2L,

HUHE ofzhH BT WA E AR A4S super () 29 AEAA 552 AA87] 915
FXo2 WA o A2YL RY UL g 4% AolE 1A el oo £t 5611 91,
e A4 Qo1 Soll A LA = super £ 2 M T o 2 g

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 https://www.python.org/download/releases/2.3/mro/.

©
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9.6 H|ZJH Hp

AA WA A T AA 2T 5 Qs “H]F7H” A2 H4= o] # o ZZH?SW ok uth shARE O
.ﬁqqu?CﬂHMEﬁol<%%QMAQQ-WZ§MﬂdL0] 2 (o & 9], _spam) API9]
FA AR L RE o2 HFH ook FUTH (LA T, WA, Hlol el Al F F10] 7 2ol 7
g el EEO‘O]HWJ‘E] /o2 FFEolof Fth

Zej2u 3] W o) SubE A7} 9o m e (2 48 FelsolA A o BE R FES 781
2, ol & 4 71 (name mangling) 2}l & 2]= Wl A Y Fol thgk A A A Qo] A5UTE __spam FEf 9
FHA2FNY 2= ANFet, H O o 7H.4 D22 29yt ZE A¥8AE= _classname_ _spam &
HAE Ho 7 285 =1, classname 2 x| Feh 2 o] & ﬂﬂ“ﬂ*igggﬂﬂﬂﬁﬁqqﬂ]
A4 2o Aol ol SABE o), e BHA AASH B ANA 2B

o1 ML U R MAE 5L P A G N H S LG NS A G5 YL

et oS FULh o9& S0

x“‘l

1

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)

9] 9] of| = MappingSubclassZt__update A A& £ 3tH 2t 5 25 U Th Mapping S 2ol Al

+= _Mapping__ update & MappingSubclass Z @A oA]= _MappingSubclass_ update & Z+z+
A = 7] “H—E-?J‘Jr)r-

AAE AT Aol FY A L2; o8] H]—‘—7HEH:LQ‘_ H
S8 ANATAG AT £ Gt AR A 0O SR A £ 2712 LI
exec() Yeval() ZEAGH I=+= I &= Sy FHx o5 A SHEE A7)A Gethe
Ao SIS 81 0] S global £el EA5] § A, £ A Whol £ 851 Q8 72 A 7 |
o} 2o A oFo] _ dict_ E AH A2 uf vl olyg}, getattr (), setattr (), delattr () o=

A-g8urch
9.7 ZHEAIL|

W2 B o] 2 2L olH FEEL M FolFe shaZo] “record” L} CE “struct” 9 A3 ] o] €]
P& 2= Aol EE UF U o] % dataclassesE AHE S Zo] LA g Ayt

from dataclasses import dataclass

@dataclass

class Employee:
name: str
dept: str
salary: int
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>>> john = Employee('john', 'computer lab', 1000)
>>> john.dept

'computer lab'

>>> john.salary

1000

SR FAAJQ U HP S 7t stold = 27h2, 5F 2 U o]HIPY wA=EE FUH &= 2
e Al A & QFUTH A& £, 9td AANZ R E tlolE & 23t T7F A o, o4l
TAE W H A HolH & g & WA E read () & readline () & AF3He FHAE Ao 5 A=
Az 4 syt

A2EA HAE AR L ]EFRHEE Zr5UThm.__self  =wXEm() I 23 A2EA AH
°|i,m.__ _func__ & WA= 4Gt 5 AAJ U

9.8 O|E{&|O|E]

A olvhE lE B e v AElo]Y ANEL for £ 232 AUtk

E
]
b
9,
o
o
M
i

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='")

o] 8 ~Ete] A AE FR AT, AT, Bl Th ol el d o] B & AH8ak shol M o] R 3hel T
FEE YUY Fd FAA, for &2 AH oY AA o & iter() E TESFUTh o] FFE= HAE
__next_ () & @ﬂﬁ}b olEjd o] & AAE EHF Lﬂl, ol M=+ AH o9 i%% sk W o 3}
A A AUt G Q479 O, next () = StopIteratlon ] E O AA| for T
FTEE ¢HYUTh next () W FFE AFSHA _next_ () MIAEE T2 5 J5UTE o] o= o]
= Ao ol ¥ A BAEA Mol o

>>> s = 'abc'

>>> it = iter(s)

>>> it

<str_iterator object at 0x10c90e650>

>>> next (it)

lal

>>> next (it)

'bl

>>> next (it)

ICI

>>> next (it)

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

next (it)
StopIteration

Al

olElglolE w2l Hol gt WAUSL Ao uw, ojel el Fejaol o e olE 2
=E 713 AA 8 5

]
F7ME 5 U5 ‘4“/} next —r%_iter_()uﬂ/ﬂE%

3L 4
0 A2 Aoy
Z#27F __next_ 3,  iter () EddselfEEHEF AFYLH

o3

ol

L |

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

mmn

(TH5 sl el Aol A)
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self.data = data
self.index = len (data)

def _ iter (self):
return self

def _ next_ (self):
if self.index ==
raise Stoplteration
self.index = self.index - 1
return self.data[self.index]

(o] sl o] A ol A AI)

>>> rev = Reverse('spam')
>>> iter (rev)
<__main__ .Reverse object at 0x00A1DB50>
>>> for char in rev:
print (char)

w'o e 3 -

9.9 A||0|E]

Addele £ olE ol e g BEL sty 2
sHFLAS rrﬂuw}yleldté A&y o Al
] o 32 of| A *‘6“ = ANFUTH(RE dlolH g

o = Al Eﬂ“’]‘ﬂ% MNadAER gA U= 5 de=

Tk gt

-

[o

2435 A v k2

ﬁf]ﬁﬂﬂﬂh

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 Hh o

e 2 A5 e Ao MeE 4% e
1f.

self.index Y sel
BHA Ty th

g H M E A3 2= T3 e o] A el g, Al U el o] B 7t

o] Ze) 2 A o HeA o HZE T 5 9]
WA= A DR WS o) 2|7) ul
bl 450 2 HBHThE
R

U

o

o

5he

ATk

£ 27

—

[*]
—

o},
A
v

kt rlo

Eﬂz

O F StopIteration<

oAU £ A o] A5 S0 U HE AL AT e oIS D5 DA o
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g Ay oeld e 2lAE Azl vt A v 23S Al 25 E AME ok ER = ARESH
B@4 02 ARA YT 5+ AFUTE o] RAYEL FeaE B4t AU EHE ZA AGIE
AEE s AAFASFUSE Aoy 842 s Al ol B Ht A5 A v §EAS
oA, v A E HueAdEth e E d 2+ B3] dFUTh

o

>>> 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))

['f', ll', 'O', lgl]
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10.1 2 AN|A| QlE{H|0|A

os BEL 2 AAL}ZT Fget7] A o4 7HA S ATtk

>>> import os

>>> os.getcwd () # Return the current working directory
'C:\\Python311"'

>>> os.chdir ('/server/accesslogs') # Change current working directory
>>> os.system('mkdir today') # Run the command mkdir in the system shell
0

from os import * thAlY] import os 2EFLY S A& oF &Yttt T oF os.open() °] W&

open () & 7helt A AT 5 dwl, T B4t ok th2d S AT
os 94 e 2 RER AT, WP dir() Fnelp() Bt Y £902 28 Y5y

>>> import os

>>> dir (os)

<returns a list of all module functions>

>>> help (os)

<returns an extensive manual page created from the module's docstrings>

QAR A A g B FYL A9, shutil BEL AE37) 419 6 2529 AE o] A2
Al-s ok

>>> import shutil

>>> shutil.copyfile('data.db', 'archive.db')

'archive.db'

>>> shutil.move ('/build/executables', 'installdir')

'installdir'
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10.2 i iel=3ie

glob REL THE e FAEAE A0 2 5o B2 v §48 A2 ek

>>> import glob
>>> glob.glob('*.py'")
['"primes.py', 'random.py', 'quote.py']

10.3 HH

0t

2Ix}

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 the following output results from running python demo.py one
two three at the command line:

>>> import sys
>>> print (sys.argv)
['demo.py', 'one', 'two', 'three']

=

argparse BES Wel & QA2 Aot ¥ A WAUEL AFFUL e 2aFEL st
ool st HH A Ao g FAY E 2 Sk

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 AFE3lo] W] S AP ulj, AT HE
*args.linesE 5%, args.filenamesE ['alpha.txt', 'beta.txt']Z AdATYr}.

104 Oz &€ 2|C|EMI T2 S &

o

2 tdin, stdout, stderr ) EB| HREX 2t71 95
T E S Audy WARES £ &

flo
joe]

ek 7bg ohA s AL sidour o) 2 Tj el E 2 9

>>> sys.stderr.write('Warning, log file not found starting a new one\n')
Warning, log file not found starting a new one

~aYES FESE AP ARAA PR sys.exit ) T2 AYUTh

>>> 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'
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o),

A e 7 s vt Ao Ao, AE A =S dEE e 7 da Y Aol 47 w2 itk

>>> '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

random R 5 79 ABES & 5 Y= =75 ATFUh

>>> 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

ol

tlo

statistics BE2 A ol 7| EHQA TAAF EAES (Fd, T £ 55) AArg YT

>>> 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

fy
A
u

SciPy Z 2 A E <https://scipy.org> = T2 ¢ 3] A4S R EES Wol k3 gl

10.7 QIE{ull QHM|A

QUL AN 23t Y 22 EFES AEste B

< Z2F°] stk 7 2R F 7= URL
ANA HolEE 2loj 2= urllib.request & H IS H+=

smtplib YUt}

>>> 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 Aol A<)

Oh
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(o1 sl o] A ol A Al <5)
""'"To: jcaesar@example.org
From: soothsayer@example.org

Beware the Ides of March.
mn ”)

>>> server.quit ()

(7 WA o= localhost ol A #| & A ¥ 7} A 3= 31 9l of of Fhrh= Aol 2] 5HA| 2.)

10.8 <A} AlZt

datetime R &2 ER]—_‘?Jr A 7S 223
STUT: WS N0 Aol A UE gk 20 29 2 29 242 A A e om WY
U C

<5t dloll 25 A A5

>>> # dates are easily constructed and formatted
>>> from datetime import date
>>> now = date.today ()

>>> now
datetime.date (2003, 12, 2)
>>> now.strftime ("%m-5d-%y. %d %b %Y is a %A on the 2%d 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 H|O|E &F

kAol Hole H# Y 45 YAES he w22 RESo) H4 A9tk 21ib, gzip, bz2, Lzma,
zipfile, tarfile

>>> import zlib
>>> s = b'witch which has which witches wrist watch'
>>> len(s)

41

>>> t = zlib.compress(s)
>>> len (t)

37

>>> zlib.decompress (t)

b'witch which has which witches wrist watch'
>>> zlib.crc32(s)

226805979
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10.10 M5 5

A 5ol W AL AE S 2 EAo e ThE P2 Eo) A4 A% S vheshet 4o BAL T 1
ek stol e ol el ART O] FA FE T 54 £ T8 AFFU

& Sof, AL LT AEH N A T4

S 4 gt tineit REL AGE A% o] F L A% B

>>> from timeit import Timer

>>> Timer ('t=a; a=b; b=t', 'a=1; b=2"') .timeit ()
0.57535828626024577
>>> Timer('a,b = b,a', 'a=1l; b=2").timeit ()

0.54962537085770791

timeit o UYL= R H O R, profile Y pstats BES T EF9 FT oA A 4A A
28 317) 98 = 1 ES AlF U

nEAL xedol & ARG 81 G2ne e e geol L H2EE A, 2AEE
Ak z2 A Foll A5 st ATk
doctest EES EES ROEIL Z2IHY SAEY S| WHH HAEESS At S E AT
Utk Bl AE S/l WA 35S 71 A0 WA SAEY O BASA RelY S e sE0R
s Ut AFg Aol Al A A& A Al A A EAE A8, doctest EE o] A A oA ZET}
A3 A A BAFEE
def average (values) :

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

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

40.0

return sum(values) / len(values)
import doctest
doctest.testmod () # automatically validate the embedded tests
unittest REL doctest REWZ & AL ol A vk B2 T2 HAE AL Hzo aldz

el g 5 gl A Atk

import unittest
class TestStatisticalFunctions (unittest.TestCase) :

def test_average (self):
self.assertEqual (average ([20, 30, 70]), 40.0)
self.assertEqual (round (average([1, 5, 7]1), 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
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10.12 HiE{2|7} ZStEIL|C}

gpold 2 “aH g7t ¥ P YUY doh& 2 Ut ol o 2 71X st FHI Vs

B3 b3 @ e ol 8 5

o

e xmlrpc.client & xmlrpc.server EE2 924 T ZANA TS FASE 92 A A4 T

Q= v Uth BE9 ol Sol® 75, XMLe| thak 43 49l A Aol A2l 7t BRI}A
vk,

email 917) 4+ MIME 5 7] 6 RFC 2822 70 v 4] 2] #42 E35He A4 2 w214 & 2]
317 913 kol B e e Atk WA 2 WA A U3 W= smtplib S poplib SHe @, email
717 R A 25 G o) 29 & A A5 ded A e 2w
27U AT AU =7 ARE A2 dwdch

json B 7] A= E e }33“ o o] —’51'55@%3}“5}7]%3}7 23 A Y92 ATt csv
EE2 1EM]°1£$} ZHEANENA dutH oz N YH = ELE;Lﬁ%gAGMOEJ}O“’
A-d A1 £ 4 AEE AL XML A g+ xml .etree.ElementTree, xml.dom ¥ xml.
o A Sk A0 Ut ol 15 B A A E oA A £ e B B
o2 =7 7k dl o] mwo] I A T Yy

sqlite3 28> SQLite t o] EH o] & 2ol B 2 2] o] 2} o ¢ld|, 23} ¥l & SQL =22 AH& 5}
el EFH I A2 E 5 Qe AN LHE H ol o] A8 AT Tt

—

o A E= gettext, locale, 18 Al codecs H 7| X & 28 W2 RE g3 Al dF Ytk
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HE 2t0|Ee{E| 827 — 287

o] %
o =}
— T

111 S8 ZolE

reprlib RES A/ 2 S48 Ae U] 5 W t]2E e 0] 8 93] A2 Ewko] 28 repr () 9

k!

= Asgdyth

>>>
>>>

ll{lal’

import reprlib
reprlib.repr (set ('supercalifragilisticexpialidocious'))
lcl, ldl, IeI, Ifl, IgI’ '.-}ll

pprint BE-2 Az E 7} &
AL sHA Ao

=9
olE 722 B HEeiA Yehdu T

S 94
Znth 2

g °
A gy A9t @ 2 H o

=W AN A A AR E A AS Hok
ERS LTI

Z7}to]

>>>
>>>

import pprint
t = [[[['black', 'cyan'], 'white', ['green', 'red']], [['magenta',
'vellow'], 'blue'lll

>>> pprint.pprint (t, width=30)

eeee!

[

e

black', 'cyan'],
'white',
'green', 'red']],
magenta', 'yellow'],
blue']]]

v

textwrap REL2 HAE 9

Ao

@2 ol 3 v o 5 =W ok

>>>
>>>

>>>
The

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))
wrap () method is just like £fill ()

(Th= sl o] A ol A1)
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(o1 sl o] A ol A Al <5)
except that it returns a list of strings
instead of one big string with newlines
to separate the wrapped lines.

locale R 52 B34 54 vlolg 29| ¢ o] g u]| o] 2~ 0f A M 2~g T} locale 2] format =2 grouping
AEREL 1% TF /152 248 2uiYet 104 B AU

>>> 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 ("2%d", x, grouping=True)

'1,234,567"

>>> locale.format_string("%s%.*f", (conv|['currency_symbol'],
conv|'frac digits'], x), grouping=True)

'$1,234,567.80"'

string REE It & Template 2948 TF3T A, A5 A5/ AR A7 0] 429
e 2UE 20 Y5 4o A AE 38 2L WASA JIE $E ERIAL AL
Hubol =& 4 Sl Lk,
Y459 fRA Tl AWA (A5 A9 WE) T B0 A AL EA A o] B2 S YU FREE
Agotol AR EAAE S AE Bl 5N ARZES T 4 AU 532 28 Fhpe] o]
Aoz s & BT

>>> 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 () FINEE A EAIZAZF A YU 79 E QAR A|FH A ¢S W] KeyError &
doUch WL B 28 Y S8 220 FR AR ATL AFS U olEH 7 EXAT 4 9o
safe_substitute () WINE7 6 HAE = JdFUth tlolg 7+t & 39 A2 BAIAE WA 3R

i

>>> 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 X B e 2= AFEA o] FEAE AT = YFUTE A& S0l AR B AE S d&
o5 vt 7] F e E = A @A, oA Al A~ S E= 3]
ARG SR S A EE o Qs Tth

ol

>>> import time, os.path

>>> photofiles = ['img 1074.jpg', 'img 1076.Jjpg', 'img_1077.jpg']
>>> class BatchRename (Template) :
delimiter = 'S%'
>>> fmt = input ('Enter rename style (%d-date %n-segnum %f-format) : ")
Enter rename style (%d-date %n-segqnum $f-format): Ashley_3%n%f

(TH5 sl el Aol A)
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>>> t = BatchRename (fmt)

>>> date = time.strftime (' by ")

>>> 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

HEee] £ e 38 TE 29 G409 AR AR 2239 =28 Belshs A9Uth o2
3@ XML 519, 99 822 B A 9 HTML 9] R o] thah A~ g 43202 188 5 d5un

11.3 H}O|L42| C|O|E{ | E HiX| &

struct ZE-2 7HH 4 o] ujo] Liﬂl Eﬂ = Aoz &Ast7] 98 pack () Funpack () TF+E AT
St o2 oAl = zipfile RES AFRSHA] 1 ZIP 51¥ 9] FlH %EE T3 o= WS R FUTh
o FE g op It & ZH4 280l Egb4nto| EL B glE £AE UYERYUTH "< £ BFE 7|0l WA
g & At vl E A4 E 7H S e Y th

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:startt+extra_size]

print (filename, hex(crc32), comp_size, uncomp_size)

start += extra_size + comp_size # skip to the next header

11.4 C}I= Ay

e AR F5HA G AL Lelohe Ae AUtk AdsE T2 4o WL Sl A
QAR FdAEA UYL Ve $8 2299 £ Tashe ol 4EU S AT 2 g
g ndEe AT 3E=

= = &
OE Zeemd 223 AL AYPE e F AT E threading EC] HIAFLEA 2
A

o

import threading, zipfile

class AsyncZip (threading.Thread) :

def _ init_ (self, infile, outfile):
threading.Thread.__init__ (self)
self.infile = infile

(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
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}% 2~ E 8 220 7 2 FAFLS HolH e E AU S TR U EE 2=
AdUrh ol & -A’ﬂ threading 252 =, o|HlE, 24 A4 W Mulx o] & ¥ F£3 WL 9] 57|35 7| &

a8 AT

09 SR e A C B WD A AR E A e el A T et
| sd|Ee) 23 g AFHE AU 2HE D BN Y 2R S AT
: A% 0] Fg o

115 224

logging REL 4Ad 7|5S
ot} sys.stderr 2 B A 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')

JeE Bes e A9t B9y

WARNING:root:Warning:config file server.conf not found
ERROR:root :Error occurred
CRITICAL:root:Critical error —- shutting down

71207 AR U oW WA A& EAIFHA G282 2F IHE BUPUch o2 &9 44+
AA W G, dlol 8] 131, &7 == HTTP A& &3 WA A eh¢-g o] 2P UTh M E-2 dE = WA A
Aol whet o2 2982 A8 4= Q155U th DEBUG, INFO, WARNING ERROR, 712 I CRITICAL.

27 AR st Aol 47 TARAY, S84 22 IR AAFHA F1 ASA Y 242 A
AAL ARG 5 U 27 AN ZE T 5 dFUTh
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11.6 oSt &=X

stol e A5 W 2] Fe (28 AR NG Fx A5 2 L B AANA A% A 5 A)E
FAFUT v R ) vk E F2 A AT A Fo HAH Y

o] AT L LS 3§ 22 IANN T AFAA W, MRt b AF) 5 AHgF & Sl A
AE FAsb T ALt AFUTh BHFAE, 94 IAES FHHE AVORE 15 YFACR
B8 UG veakief TEE F2E WS G AE FAT S e e AT
A 7 U B2 5 %0 W weakref ]| o] A A7} A5 0 2 A A5 31 weakref 2] o] o & 2 o]

Ef AR Y A S8ole HEE T g o] Wl Ex 7Hiﬂ g el E?}Q‘Jﬂr

>>> 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:/python311/lib/weakref.py", line 46, in _ getitem_
o = self.datalkey] ()
KeyError: 'primary'

11.7 2[AE &Y =3

g eiE gor g volE P2 L 7E FEND 5 dFUh TGRS 0B 45 45 A7
e therd 7do 2 ¥ = 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")

>>> print ("Handling", d.popleft ())
Handling taskl

11.6.
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unsearched = deque ([starting_node])
def breadth_first_search (unsearched) :
node = unsearched.popleft ()
for m in gen_moves (node) :
if is_goal (m) :
return m
unsearched. append (m)

HoHd el aE 78 Sol = ol el AUE Y AES 24HE P4E0] It bisect RED L
£ =72 ATYUY

>>> 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')]

heapq R EE AW HAES IILE YT FANE B4 ATTIG. /1 go) A2 FRL Y
AR 00l FAFHULEH o] AL M Z& Q40 HEH O R AMASA T HAA E5 JES AW 5HA
dovlE 8ol 83t

>>> 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

[751 OI 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

c ARV 1075 BB DLV FF S8 U /B,
. AU Ao,

CBA EL A 87 AGS FHEE B2 Ao,
CRESA R, EE

- A tehe 8
A& 50], 10HE A3} 2 Foll thafl 5% MF= Al4std, A3 RE5 253 9 o] f5 A5 the
A9} e Ut A0S 4R ke AE R We Y s Aol 7} < ettt
>>> from decimal import *
>>> round(Decimal ('0.70"'") * Decimal('1.05"), 2)
Decimal ('0.74")
>>> round (.70 * 1.05, 2)
0.73
Decinal AFH: B £E 0 #A3H, F NS §FEXAE /M 5521 o Aol fESAE
Ag0 2 22T Decimal & 0.2 & $81g AW o)A RF a0l NS E Ao 2
T3 Qe o AT 5 e BAS AT
dEet #AL2 Decimal S 27 ol Fg 2ol AjtelA| ¢4 RER AL S AANE SIS
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>>> Decimal ('1.00") % Decimal('.10")
Decimal ('0.00")

>>> 1.00 % 0.10

0.09999999999999995

>>> sum([Decimal ('0.1')]*10) == Decimal('1.0")
True

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

False

decimal EE2 I8 g9 AUERE 2&S AT Uh

>>> 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 usually install the most
recent version of Python that you have available. If you have multiple versions of Python on your system, you can
select a specific Python version by running python3 or whichever version you want.

7V e v Y, 9ot U E 246, veny R ES 2T HER A= tHE ] 4=
= 9y Axg Ak

[python -m venv tutorial-env

EA oA Y=tk tutorial-env Y H & 51, 1 ¢kl ho] A Qe = 2] B o] AR} th st 2| 9
:‘0]

o)l e el gl 5 & v LT

Aol 5
M3 87 QA eee A1E venv Utk o o] S U HE Aol A %A YE2
oz, Ude et £A5H: o FE ARehE o 2 AFHENE Y LA Utk EF AR 5
(tooling) o] 4| FH= env 873 W4 3 A1 FES AT
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A= 90 4] ol A Atk

[tutorialfenv\Scripts\activate.bat

Unix F+= MacOSol| A o] A A g3t}

[source tutorial-env/bin/activate

(o] 23 Y ELDbash AL Al ZAH A2 E cshEE fish A2 A LF= AL o=, Al activate
cshE]-actlvate.flsh 2T HEE AL oF gt}

TAAF §]-21 gAdsletd, Ao 2E2ET7 AAE O AME T M BAHS RS, B S A 38k
python & A3 £ M€ sholHo] AA= =2 Tk of & Sol

$ 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']

>>>

M S S v ggsteted, th2 2ol Blndol ¥ ch
[deactivate

12.3 pip2 m7|x| 22|57

pip Zh= = = AHgste 7125 A, dadol= R AAT ¢ JFUTE 72 H SR pip
a}o] JH7 011/‘1JH7WE’§7‘<1§HD}-?JEE}T%°H Al 5ol T 3

pip = “install”, “uninstall”, “freeze” 5 WS H< WS 2H7 5 Ut (pip o o st
installing-index x| = X ™ Ht})

712 ol 52 A ste] A WAL 7 AE AT 5 Y5 UTh

(tutorial-env) $ python -m pip install novas
Collecting novas

Downloading novas-3.1.1.3.tar.gz (136kB)
Installing collected packages: novas

Running setup.py install for novas
Successfully installed novas-3.1.1.3

H 717 o] F FAoll == A A NS5 2] S WA A7 AE LA = 5 Yth

(tutorial-env) $ python -m pip install requests==2.6.0
Collecting requests==2.6.0

Using cached requests-2.6.0-py2.py3—-none—any.whl
Installing collected packages: requests
Successfully installed requests-2.6.0

ol E S oA AP, pip £ LT WA o] oju] A F o] IS &Y, o}F A= A FUTh
g2 A HSE AAYHA T HHAE A Y python —m pip install --upgrade & A 33t 1
ZIAE HA MHAoz Jag o= 4 JdFyth
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(tutorial-env) $ python -m pip install --upgrade requests
Collecting requests
Installing collected packages: requests
Found existing installation: requests 2.6.0
Uninstalling requests-2.6.0:
Successfully uninstalled requests-2.6.0
Successfully installed requests-2.7.0

python —m pip uninstall th&o] shi} o 4ke] 7] 4] o] o] 9@ 7H4F B oA 5717 74 A A
et

python -m pip show < 54 37| Ao & A HE FAFUTh

(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 & 73340 AXH BE 97| A& ZA EYh

(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 = AXH 97]A 9] v|28t BE28 WEX 9 python —-m pip install 9]
718t B A= A E Yo EHAQl F 32 o] BEE requirements.txt Itge] Y= AP Uth

python -m pip freeze > requirements.txt

(tutorial-env) $
) $ cat requirements.txt

(tutorial-env
novas==3.1.1.3
numpy==1.9.2
requests==2.7.0

requirements.txt & WA Aojo AUl o] 38
install -r 2 B Q3 7| AE AT+ dFUTh

(tutorial-env) $ python -m pip install -r requirements.txt
Collecting novas==3.1.1.3 (from -r requirements.txt (line 1))

Collecting numpy==1.9.2 (from -r requirements.txt (line 2))
Collecting requests==2.7.0 (from -r requirements.txt (line 3))
Installing collected packages: novas, numpy, requests

Running setup.py install for novas
Successfully installed novas—-3.1.1.3 numpy-1.9.2 requests-2.7.0

pip o= B W2 Aol Qlguth pip of o 2 3 3 ¥ A= installing-index 2] J-& F313k4 8. 3] 7] Xl
E A4S ] gtol A of 7] A M A A ARE-T 4= QA 8] W, Python packaging user guide & 331314 8
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5] 0] A S )2k Z Vel 7} S o] gl LT

https://docs.python.org: o] 2 o] A Aol w2 A AM AT 4 5
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AAl, HEEE Y FE8F2IAHE g ‘?JHE} 53] 58 1E ¥ 352 Python Cookbook (O
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https://scipy.org: Scientific Python ZZ A E o= w2 o & A4t L 22-S 93 ZEES

Felo] ek v d Y &, I B2, A 4 TF 22 A8 7HA 71 A S0l 2T U5

! “Cheese Shop” < Monty Python¢] A A X JUth: A o] X = 7}A o] 0] 7}A| uh, = X =7 F o)A, AYL gioky 3y

o},

107


https://www.python.org
https://docs.python.org
https://pypi.org
https://code.activestate.com/recipes/langs/python/
https://pyvideo.org
https://scipy.org

Python Tutorial, &2|A 3.11.14

stolx #AH AE ¢ A B9 FS, w2 IF comp.lang.python o A Al stA Y python-
list@python.org & WY ZAERE Hd £ J5UTLh F2 215G Wdy g AEE AolEY o2 o
250l 9omz shujol AN WAL AFeR e 150 AP 5150
o) ¢ehgyth AR FL, Qo] FHist, 2L 75 AFS, e RES D
2| 2~ E A F 4= https://mail.python.org/pipermail/ ol 9154t

AN B Aol A et ALE FAQRIILE SEh 552 93] of It FAQE ¥ Ao ve

T =2 v

U B2 Aol i &= A3k, ojn of 22 FAlof thak sl 2

10

L
o
i)
k1
39
tjo
+
X0
zf>
<
o

108 Chapter 13. O|A| & SIX|?


mailto:python-list@python.org
mailto:python-list@python.org
https://mail.python.org/pipermail/

cHAPTER 14

i
o
09!
e
J
It
1l

1a)
ol
|>
Hm
L]
Rl
rlor

bl

5 ghol Qe 2| ¢ W2 Korn A B GNU Bash A of| 8l= 7]53} A @41 919 = |4 9

2 o
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14.2 Cists QlE{ = 2|Ef CHot

This facility is an enormous step forward compared to earlier versions of the interpreter; however, some wishes are
left: It would be nice if the proper indentation were suggested on continuation lines (the parser knows if an indent
token is required next). The completion mechanism might use the interpreter’ s symbol table. A command to check
(or even suggest) matching parentheses, quotes, etc., would also be useful.

H AF A AAE th3E A B Z 8= [Python Q1Hl], § &4, AA &4 H 117 3|~ E 2] He
75€ ZE JF Utk £ AFA AaEHupo| 2 2 & 22 a3 YAAE 5 JdHuyTh
v & o2 A1 E o) 38 B2 bpython YU T}

My o
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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. 125 has value 1/10 + 2/100 + 5/1000, and in the same way the binary fraction 0. 001 has value 0/2 +
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.

B, REe] 44 a5E A% oA 442 BEY £ Q5Uth 2R4oR, Andow
ARS 257 52 242 B

73
dE= AR s 2548 A7 AA 2 7)Ao A4 w= o] R
[BR=3

o] FAl= Xi g 1001]/‘1 @ﬁHL 2] olslst7] 5 B 13E AAsFA T o g2 AR

S5 oFFE B2 AR E Aol 237t A &S 1/30] 2 5 AL A A O 17390 ZphE AR 7}
HU

22w or, obfe] W2 Aslgo RAE ARSEE, AR 012 o a4 oA 2dE

P Uth o] APl A, /102 F3+3) MHEH = 4 ‘HD}
[0.0001100110011001100110011001100110011001100110011... J
A HE FoA HEE, 2SS A F Utk 52 2 71 A0l A, floatE o] A B4R ZAHE
o, 23+ HlEi%Eﬁ A ZHEHe 53U ES B2 ALR-8 L, 24 ASAF TEEER }%wu} 1/10
9] A9, o] R B41=3602879701896397 / 2 ** 55 d], AA| g 1/107} ALl 2R wk A &3] ZA] =
F5drh

o |

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

>>> 0.1
0.1000000000000000055511151231257827021181583404541015625
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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

Q4D AT AT 1109 AA Y Hol %, A AFD gL /P A B8 A5 ol 45 9L
7121514 2.

THEAE N MR A oA AFE FHIFE A8 o E A
A7 95 Y oh d & £ o, 0.1 3 0.10000000000000001 E 0.
1000000000000000055511151231257827021181583404541015625 = 2 =
3602879701896397 / 2 ** 55 E ZAF A Y o] AA S X e I AZS I L8357
ol eval (repr(x)) == x BHE IHZ FAHA 13 3hHE BAIE = A5 Th

xR o7 glolW ZEZE] Y H repr () = FEa X}177H4 =Z}91 0.10000000000000001
= Ag ot stol A 317 H, oA zho] A (hFE AlaH oA o] 7HF 72 AS AdT 5+ glon,
$35] 0.1 ¥ FAI G

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).

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"

2ol T8 o222 &d] AR 71 ARe] B4 S

rlr

Zo), AR T 2| wol A, BIYL AT
<2

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:

>> 1 + .1 + .1 == .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 (.1, 1) + round(.1, 1) + round(.1, 1) == round(.3, 1)
False

Though the numbers cannot be made closer to their intended exact values, the round () function can be useful for
post-rounding so that results with inexact values become comparable to one another:

>>> round(.1 + .1 + .1, 10) == round(.3, 10)
True

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.
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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

J

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('0x1.921£f9f01b866ep+1")
True
F@ol Agstn g, sho| o thE WA o AA 32 AF 3 AA olAst (FHE FHA), B2 FA=

Aok thE Ao (RHHFC99 Z2-2) of | o] Bl & w#Hote o] -8 duth

Another helpful tool is the math. fsum () function which helps mitigate loss-of-precision during summation. It
tracks “lost digits” 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:

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

False

>>> math.fsum([0.1] * 10) == 1.0
True
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[1 / 10 ~= J / (2**N) J
=

=
[J ~= 2**N / 10 J

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

>>> 2**52 <= 2%*5¢6 // 10 < 2**53
True

That is, 56 is the only value for NV 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

wehA IEEE 754 Wi M = & 1/10 o] 7H 747k 24432 v 25U th

[7205759403792794 / 2 ** 56 }
BAe} ERE E2 Ve w ohe ) o] SR F Tk
[3602879701896397 J 2 **% 5% }

S22 37w Eol, o) 2 WAL 110 Bk o2k Arhe A 21304 85 v W& AEHE, el 1710 2
ok7l ZHolA-S AUtk 18} o] AL AE3HA 1102 = Qa1 tH

ChebA AREE AT /102 “HAY EFUTH B 4 G5 AL AlA FolW AHE Ba, A2 5 Y
2 A 9] IEEE 754 v A = ZAbzHe] Ut

>>> 0.1 * 2 ** 55
3602879701896397.0

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

>>> 3602879701896397 * 10 ** 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625

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:

>>> format (0.1, '.17f")
'0.10000000000000001"

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()

(TH5 sl el Aol A)
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(3602879701896397, 36028797018963968)

>>> Decimal.from_float (0.1)
Decimal ('0.1000000000000000055511151231257827021181583404541015625")

>>> format (Decimal.from_float (0.1), '.17")
'0.10000000000000001"

(o] sl o] A ol A AI)

o
Hl
rot
o
Ju

115




Python Tutorial, &2|A 3.11.14

116 Chapter 15. Floating Point Arithmetic: Issues and Limitations



cHAPTER 16

i
J

16.1 CHEl 2=
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o2 7k Ay shE ez e el o2 HA X9k A8 Ed o]
:EzegEo}ﬂqr/} dJdz2HE JHo)
EFYTE (try wollA except Aol &3} *

CEEET PIE

B QA3 7 00] obd E= AH =

2= & o2& o] FHA ol 2] 7} obdth) A7 oflEl =
2222940 00] obd 33 A48l FRE FUTUT o AL YR $AAG el PFo2 AT
AFo AL Uttt REANY HAA = ZE ole] 2EH 7| SH YT AgE 3P %

<o 129 ),

NEEEHZ ZETEN AEHE A} (YHHE S 2 Control-C TEE Delete)E Y3 48

Haspn /)R ZEEE 2 BolhUth Waolst AT B AH =S AHY try Fol
] 8]9 4 9= KeyboardInterrupt o 7} WA g o}

i 1y
(rt
ro,
2
I
S T

24
u)
a0

0.u.4
o
o
0¥ 4
e 1B
1%
rlo
Bl o
N r

O
Sl o

[#l/usr/bin/env python3.5 }

(A Z B 7} AFS A1 PATH o] QT 7HA @ ul) & AT HEY AR R 7
R 2 ZUch #! =0 U9 28 F Exjojof )t A Z = A
2EYY E TR ("\n")E BYoFEH, AES S FTE("\r\n")E= 5=
e o, B2 4 = IS A RS o AFEE YT

£FYEL chmod WL AHg 3ol 43 58 BE, B U, & ol B 4 gLtk

[$ chmod +x myscript.py }

A= A 2do A= “A 8
python. exe9]- Azoz o
1 74

pyw & FE JFYTHh ©

! GNU Readline 3 7] 2] o] = 24| 7} o] 212 w3 & 4= Q&1 o
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16.1.3 CHSIA Al opY

St g BB o= 8T 1, £3 ole)
ST} PYTHONSTARTUP 37 W4 E A
T2 A9 (profile 753 AU

o] 3}Y-2 th3}y Mo ATt g3l H, Ftol Mol AT HEA HE

PAA 22 A (A3 AAd- R F&stthel= oA gsuth o] A= 22 olF
T A AgE B, o] 5} A 7@4 °P71‘/1r YExEsI= AA ol A g +t3}shA] o2
SR BT 2 G0 o) HAA oy .ot D byve.pes B ELEE BAH ST GO
A oA E oA F7F A F LS dodd, A9 AR oA if os.path.isfile ("
pythonrc.py'): exec (open('.pythonrc.py') .read()) TEALIA =2 2T
%+ 93UTh 2ZHEAA A% AL B AAE 2R BN BAA LT 5ok T ch

2E)7} A 2wt A5 = £ PP E0] 9oH
YeJol Sojglt 1 o] Fo 4AFY Ltk o

DY (kI

w, /dev/tty 7 H#H 2
=
| 4

m
“ o

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 2 &

to] M AxEupol 28 = Q)= F 7HA] & AT ¥t sitecustomize £} usercustomize. o @ A A5
she=A oW, WA of 2 2] AR AL site-packages T B E] 2] 9] 9] 2] & Ztofof it sfo] WS Al st
q"% »J:’—E“;; /fz »o 6\3—]’] T/}:

>>> import site
>>> site.getusersitepackages ()
' /home/user/.local/lib/python3.5/site-packages'

o]A 1 t]& ¥ 2ol usercustomize.py Bt 0|29 AL BHET Y= AEL US4 IS5 Th
s QEES HBEISE s 5 AR A FSHA] ob= 3 o] 92 RE o] d Ao ¥ F

=
sitecustomize = Z-> WA 08 A5 3R vk, URkA o &7 7 o site-packages T 2 E €]
9= 17, usercustomize A Oﬂ oz EF U X]-/\ﬂ LS site BEY HAYAE
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APPENDIX A

0[0
<
bl

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

e 2e A5 M2 4 dedh
o The default Python prompt of the interactive shell when entering the code for an indented code block,

when within a pair of matching left and right delimiters (parentheses, square brackets, curly braces or
triple quotes), or after specifying a decorator.

e Ellipsis WZ A4,
2to3

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

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

abstract base class (34} Wo]| A~ S| A)

FAWlol& e A& hasattr () 22 OHE H]EE'% ol EHGAY v HHA Z5H (&

UHX‘ HAE) A, A H o]~ Ao ot S ATT RN Y Efo]d & BagTh ABC‘— 7}
AXE ZYAE =Yde, FHAE ASHX H A% isinstance () 2 issubclass ()
°ﬂ os) AAE - e ZN2EY YT abe B 5 ABYAE BHA 8. EJrOM‘iOﬂ‘: @2 U ABC
ol Mt 3 22 250 dFUTh: A8 7 X (collections.abc EEAA), A}
(numbers R E0l|A]), —/QE%] (io ZEEA, 92 E Joe} 2 (importlib.abc RElA]).
abc BE& AFSa A A4l RS ABCE THE =5 s Ut

annotation (¢] %= €] o] A)
HFol w3 JE B AR EHE A, SR EYRE E= A wi/ibs Ut gy A2 H

CSEDIEIE
B0 e A A 2hol AT 5 G, A W, Te 54
E

&3
[o
_EL

219 fg o S|
HolHde 4 2E, Zd2, &49 _ annotations_ EF oJEZE

2)
o] 715L AWt W4 o] .H o] A, 34 o] .- E] o] 41, PEP 484, PEP 5262 32314 2. o] H] o]
A Zr ol o 3k =¥ Abg = annotations-howto S 22 34| &

°

YrE YW 95 (LA D) 2 A g T R AT AF Uk
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719 = Q1) (keyword argument): T = uf] 2127} ko]l -2 Q1 A} (A & £9], name=) =+
*x F ko 2 g R AeEE = Ak ol S0, b Z2 complex () TEAA 334
5% BT 719 E AdYh:

U]o

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

o Y X] AR} (positional argument): 71 = A A}F7} ofd Q1 x} &
U AL ol B 2] E o goll * & B AT 5 st 9o
35 e wT R AR,

‘complex(3, 5) J

complex (* (3, 5))

AAbE H}DH l% A A tigdg Ut o] thFoll A8 & FF S0l thsfi A=
2E HA L. o7, od @0l AAE AEE = YFUTh PR Fhol A Mol
RIeE=Re

ol w7l FEHFAQ A& A v M 4=2] Afo] 2 PEP 3625 H A2

asynchronous context manager (B] % 7] A€ A& &2z}

__aenter__ () &} __aexit_ () MIAE=EE AT O ZH async with BoA Hol= &2 A
o] sl= AA|. PEP 4922 =5 g5 Uch

asynchronous generator (B8] 7] A& o] E])
H5 7] Al e el olgdl oy & FE T async def & Bo5 = ZFH T, F Ho
<tl, async for F27} /\P%E‘ S Je L FES VEEyield BFA L £2FITHE Ho)
tE YT

BE w57 AU delE §52 A AW, ol @ o] 4 w7 AV ol E o EdolE &
AR o E e ol ul 7l WasA) 9 A9, HAT GOl B AN BERE YA o

v 57 AlvEolg g4 await EH A asyne for 3} asyne with & 288 4 5

U,

asynchronous generator iterator (8]% 7] A& o] €] o]€] & o] €])
u] 5 7] Al e ol B 47k BE e AL

—

HlE 7] ol E ol E vl __anext_ () & T=35HW 0191 oJHE AAE EH T, o A2 U=
yield &2 742 v 7] AV dl ol ¥ g9 vit] & A gt
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]g] 2] &)
async for ZolA AR 5 = AA. _aiter () WINEE HlE7] olH e olH & E8F oF

gtk PEP 492 2 % 95 95Ut}

asynchronous iterator (8]% 7] o] €] & o] €])

__aiter_ () & _anext_ () I EE FH3= AA. __anext_ () = oS HE AAE
EFHoF Ut} async for+ StopAsyncIteration 927} @A E w71 v]5 7] o] & g 9]
B9 __anext_ () WAEZIE8FE oslolHES FUTh PEP 4922 == A5 Ut

attribute (o] E 2| H E)
T3] RIS A= ol 5o = FxT
€ 7HA W, 0.aA 8 FRF YT

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] $Jjo|E] &)
await @A ARGT 5 = AA|. ZFH oy __await_ () WIAEE ZH AAI7LHE 5 Qs
Ut} PEP 4925 H A 8.

AA ok A3t gk & S01, AA o7} o) ER|HEa

rlr
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binary file (v} o] 2] =}

)
WOl =R AA S 93 & 4 A 9 A4, vholviel 3hlel of 2 vpol il BE (rby,
"wb' ¥ 'rb+') 2 € ¥ 9Y, sys.stdin.buffer, sys.stdout .buffer, io.BytesIO &
gzip.GzipFile o] A2EHAE & F JFYtTh
str ARE QT2 5 G 3 AR DAL 64 5 ® BEs 8.

3
borrowed reference (" & % 3%)
In Python’ s C API, a borrowed reference is a reference to an object, where the code using the object does not
own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage collection
can remove the last strong reference to the object and so destroy it.

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

bytes-like object (W}o] & Q& 7))

bufferobjects & X Q3L C-A< HHE X E & ¢ 9l5 T o —'Ememoryxuew AA =
E 20|31l bytes, bytearray, array.array A5 43U} vHlo]|EEF AR &L v}o)
g tolH & tF £ oy 71K Ad4tsdd AMEE £ JdFUth 45, vielv g Y2 A, A7
AL E2 74:0] AT

o A4t viojuvi g dlolE 7 7h A A Z 87 5 Uth o] Ao ABA= FF “¢lal-
27 vfol EG 7 A" gt A F YT 7 W A9 d 2= bytearray i}bytearray 9
memoryview 7} 55U Th T2 A4ALE2 vtojy g HlolH 7 B AA (“917] A& vl EEF
WA ol AFEE=F 7Ytk old ZE9] 92+ bytes® bytes A 2] memoryview 7}

91Ut

bytecode (H}o]E F &)
ol A~ FEFHlo|E FER e =, CPython AE z g oA Tho] A =2 13 Y §
HHAYYTH vlo|E I E+= Lpyc 3ol A Hof, 22 314 S F AR AP T uf o] WA A v
Utk (oA H]'O] ‘:EJ AAsL S -’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
.

ufo| & 3= w ol

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

tlo % rlo

i

ol B2 dis BE 4ol gt

[callable(argumentl, argument?2, argumentN) ]

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

callback (&)
Ax12 AL & v)ee] o= Aol A AW A= 2E P4

class (Z|»)
S EELE
EHANAEAYES
class variable (Z | A~ HS)
2o A FoH I ZFHA FF (F, FH2Y Axdb a0 7)oy} o ATt A = W
complex number (&4 4)
A5 A5 NS BRAG, BE FAT A A
Ao 3¢ (-1 AFD)E F AU, FF5 A= |
Shol e FAle] F7ME 2L BARE AR A AT Th 552

b o
o ¢
5

AW

o
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o),3+13. math BE B4 Mol LM, cmach® ALSFUTH Bado #gL
© 5918 715 Utk Basteha w714 £RThH, A #A8 EAHE FEU T

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

contiguous (J <%
HE = J83] C-dA% (C contiguous) o] A} EE & A< (Fortran contiguous) @ W) A< o]g}al o] A F
YT} A9 85 C- A% ol M A ZE Y A% Ut A v Lol A, FEELS A 2ol AL,
0ol A Al &8s 2 Ak ‘“/\-4 AR v =2 g ol ulj x| =] of oF Futh. thabd C-A % v ol A,
20 el GGl YEEE DD vl AU e W W, E
S oA, A A S8 2} 7k e W g .

coroutine (ZFHE)
2 quzee) o duse Fe Uk Ar2ae A PN A ekw o
%EMD}. FAFEL2 o thE A Aol A J Y8t % &L, AN 5 s YT ol A=
def Bo 2 T 4 95U th PEP 4925 H A 8.

coroutine function (Z &€l g42)
17 AAE FFE A5 29U Pt asyne def FO2 HOD 913, await Sasync
for&async with Z|9JEE 23 5 Qls5UTH o] 2152 PEP 492 o] &3] =45 54 th

CPython
gtolW =& 1) ololo FHA 13 ?jtﬂ python.org®| Al Wi g Yt} o]
IronPython 7} 2+-& th& 2157 7 F 2 7} 915 uf 8-0f “CPython” ©] A}
decorator (t] 2.2 o] €])
g2 s EgFE g4, BE urapper B HS AFR S S AZto g Aot g2
o] EH EG& o= classmethod () ¥ staticmethod () YUt
diZeoly 232 &4 do] 2 d #IUth o F 5 A= onder 55 Uth

s N

def f (arg):

782 Jython ©] L}
U,

f = staticmethod (f)

@staticmethod
def f (arqg):

L

22 hdol Eel ol EA AR, & A5 2quUnt. v Z ol B ofl th e 5 AA T 82 T
ol e Ses Ho o AYAE B Fyth

descriptor (] A~ 3¢ Ei)

MAS gt () ol _set _0 oM _delete () & ASlste Al )2 clmelie )
qrognud, o se e cac =9 g 4EE do Utk 0, abS QA 2AL,
At AR 0 A Ao b ehr B Bl A AAE Bl A b

Haade, ARt 0Aage WAt E 2P U 02T dHE o] sHe AL sho] Ao
g 2.8 olale) A4, 4, WA E, 22, Zela WA s, A0 HAS, 59 2o B2
So Be 759 7|28 o= 1 97 eI UL

Yoz P A =Eo o 3 AL 3 Y -§-2 descriptors U Tl 2T HE AR H QU A of] U3 U th
dictionary (9 41 2])

9o o] 7|8 Zhol] S A 7] A v & (associative array) 7]+ _hash__ () & _eq__ () WA=
T A BEAATE £ syt el st 25Ut
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dictionary comprehension (€ 4] 2] # = 2] 3l A)
ol HE &= 84 AAU R E Agsty 235 T2 gAY E WEstE HEA S W
results = {n: n ** 2 for n in range(10)}2Fn *
A 8l & A A Yt} comprehensions 2 ZFZ S Al L.

dictionary view (9 A4 2] )
dict.keys(),dict.values(),dict.items () WA EZ} B8 FE= AAES I8 &l
2Ech o] AEL gAY FEEN g3t TH ) BE AFshe, gAY WA of, 2o}
o] M3lE Nk gtk YUttt 9 Y Y RE 4T |2 ER v list (dictview) &
AHg-3HE U T dict-views S B A L.

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)
Sl Qe o) 28 A Feete] A7 B HA g 22 aa Y 2Ek; Y
HAEY AEYREGISH A ARSI UTH (“Le|A Y Holal 2 2|x 3 #AdrH,
egth”) 54353 iAo Qe o] A~E AT 2N, A AAH == TP H QA A=
oZN FAALE NMAE 4 AdS5YTE & Elo]F L type () ©]Y isinstance () 3
S (SR o ERol ol 24t o] 2o~ B 1 4 9 g o8 of
hasattr () AANVEAFP =2 18192 £t}

EAFP
&R }= §4E F317] 71 ¢ v} (Easier to ask for forgiveness than permission). ©] £3] &
vtolx I AEE L, SHFE 7|V o] EGRES EAE 7ML, 2 7HF o] EW o9
Utk o] ZFstumtE A8 Y2 B2 tryftexcept Y EAE SAA A H Ut o] H|
oF 22 o2 B2 Aol M A5 A= = LBYL 2~ 8p A3 v v g Y o

expression (%3 2])

>*
N
=
=2
)
(i,
N
=}
o
]
o
ok
rr
JE EE

o 9 [ ;_Yl
> Ry
it 1 rlo ok

ET‘
i
Tﬂ
=2
>
=2

i o>
flo ZX X9
Al

lu
v

o oz Pald 4 Y BYAA 27 e Br BESE, BAAL IH Y, o] F, o2 HE
AN 2, AMA, FHET L R EHFE BD 2458 B0l £2 AT 2 RS ojg}
HzH o, BE Qo] PHET ] RAA I AL obdLth wnile Y, RAHOZ G T 5 Gt
4 5ol A% @] ob ek,

CUCo+2 A48 REQT), Thol 18] CAPLE AHE8I A 841 o] L} g4} L9} 415 28 3 o,

f-string (f-F2}4)
bR S el £ BAY HHEEL B8 LRAG  olgty Ry, 2y B4Y Y
o] Z ¢ Uth PEP 498 2 H A Q.

file object (3} 2] A))
SHE 2ol oSl 3} A &2 APl(read () Ywrite () T2 HAEE)E
ol weh, st A= AA ta2 g s oy thE A AR Y S A
Y=g, d-v=e ¥H, 47, stolz, FF) ol th3t M2 E FAZ + s Ut Y AA = 3t
5 AA (file-like objects) & 2~E & (streams) ]2t = & YT}
AA 2= A F7Y otd AR E o] A5 UTE Eraw) BFo] 2] 3k, W 3] = (buffered) HFo] A 2] 3} <,
HaE o1, o] 59 AEH o)At io BEAA BPUth o AAE L A A YL
open () &FE 2+ AYYrth

file-like object (3} 5 2 A])
b AA o vl

filesystem encoding and error handler (5} 2] A ¥ ¢l 7 93} ol 2] 2] 2]7])

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

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

Eiﬂlolo E]J_liﬁﬂ

finder (¥}¢11)
QEEd BES A w0] & Fodu AEtE AA.
Since Python 3.3, there are two types of finder: meta path finders for use with sys.meta_path, and path
entry finders for use with sys.path_hooks.
See PEP 302, PEP 420 and PEP 451 for much more detail.

floor division (3 4> U=A)
R A% WY ohe o e, A% G A/ o of

49 gL 27k FAT, A A2 2. 758 EHF YTk (-11) // 47k~
ol § ]3] oF g ). PEP 2388 B4 2.

function (g+4)

N il
R
2
=3
FBL
,:
-
~
S~

FEA A oW he BT Ao BAS. QAU T o4 94 7t dYE 4 e, uiy gl
Ao A" 4 YL Th w75 9} v 4 = 9} function A A E KA 2

function annotation (T4~ o] - E o] H)
S WAk whEE ghe) of e o) 4
5 o Eo] M dMHOT § 9= 2 AFPUTh o & o], o] 5 F A9 int AAE
wlols e Ao 7|0 1, B0 int M %S E AR AthE Tk
def sum_two_numbers(a: int, b: int) -> int:

return a + b

34 o] - B o] A ¥ 2 function A o] A A g 3T}
o] 715LS At W o] mH o] 4 I} PEP 4848 A2 3HA 8. T3t o] =g o] M o] T 3t = Ale =
annotations-howto = Z+Z 3}A] 8.

__future__
A future statement, from __ future__ import <feature>, directs the compiler to compile the

current module using syntax or semantics that will become standard in a future release of Python. The
___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~ #)
O S A 9 vl 228w ek Ak shol M Fx B4 2 AN Fx TS PAFLFS 5
A= =& 7A FAZE T 7H A S AE SR FUTE 7HEIA A= ge RES AHEEA]

Aol 4 g uch

generator (| & o] €])
AuvEele ole e oel & geiFs ok A A Mol ], AR 5L HEs yield
B34S 23rt= Ao 1‘/}—1,]1’/} o) ZFEL for-FZ 2 AFE 3} A Y next () 42 3 W 3}

8 AY 5 YU

HE A Ya ol g &2 7] 7] A, oj Wl Ewlo] A= A a0l € o] Bl &l ol £ 7}e Pt} o=
St o m 7k B EehA| of2 7

gm““”mmwﬁﬂﬂﬂﬂaqawﬂa)
Zﬂtﬂﬂ]o]g}§}1\7}u}t w ﬂ{ﬂ
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Each yield temporarily suspends processing, remembering the location execution state (including local vari-
ables and pending try-statements). When the generator iterator resumes, it picks up where it left off (in contrast
to functions which start fresh on every invocation).

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

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

generic function (A1 g 34)
2o AXNE AZ T2 FEo tisl] 7+ E o g
E]érﬂ]i] dare| el of sl 28 E ek

= 29 %] 80]F 23} functools.singledispatch () Bl Zd o] E]} PEP 443% HA| Q.

rel

<

FEFAD I T2 ojE FH A EAE

generic type (] ¥ &)
] ML 4 Qe YU 0 & 1ist Ydict 2 22 AEH oY FEi2. 3 SIES} o | o]
ol AHgE Uk
For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

GIL
Ao ez = 2 HAS

global interpreter lock (A& QlE] = €| &)

3 ol 932 3lte] Ag ) gho] M HlolE I T B AT E B A7 98 CPyhon QA E Z g
A A WA B (aet o 2 588 AR E S Ee0I) A 2ol FA4SE A
o1l tho) 21515 % RHE014 Chyhon 8 & DS UL A zeld A2 2k

a9

1E1 FJEi 5 E‘r%/\ﬁﬂ 8517 A7 BE oA, o Z2A A AT A B BE A
U}

14 22 AN QFA YL £

o{r

ShA| e, 01 kil %‘f%‘ E’_%%% EEO U A A 2, o5 o]
= GIL2 RSt 5 AAE d5 Ut =3, V0E & W& F4 GIL= vy

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

hash-based pyc (3] A] 7] 9} pyc)
‘rrE/H < 837 8 G e 5p P
. pyc-invalidation& Z+Z 3}A| 2.

% A7kl ol $ A1 AHE BH ol = T A A

e
of
it

hashable (8]] A 7Fs)
AR 7t A2 22 ghol WokA] b= s AIgk= Z¥2L (__hash__ () WIAN=7FE 33U eh, o "Xﬂi’v‘r
HuE ¢ e® (eq () HIAEZFE LAY, siA 7Fs stk ok 2ol
73t A7 58] A A k& 2okok Tk
WA A AAE GAG At A W= AT 5 A Fd), o] A FEEo)
WRHO T HAEE AHE S BB
o 72 gheo]x o) £ W AR =-2 Al }‘—%H,]D}; F2EU YAy g Z22) 7HA dHl oy &2
2R FsUth (7 ]1%frozenset Zo) Bl Aol EL 159 9450 3A 7]—‘—61—u:]]1:r]-
A A5 A8 3] A9 Yo tin AATE 0 0m o] et o A
A& AL etale) B 2 ral Hla s, s Al gk id () B B v ol T

IDLE

o]l H-E H3t F5 /N A s<5 37 (Integrated Development and Learning Environment). idle & 3} ©|

% gho] wjek 2 7] 2491 A7) 2 el el e B4,

l:l
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Solok gtk WA ¢k s Al ghol glof of st 3ol Al

import path (¢ 3

BEZINEIRIY 7 A2 E @ BEg 27 A8 AAse Fas (Ee 4= dEF - ¥

E s 5eh ol B9 55E B sys.path ZRE JUT, SHA|RE A H 9} 7] 2] 9] - 7
E

A=
To 2=
A7 A9 _patn_ oERERZLEH & % IS
importing (¢ 2 ¥))
I wES| shold TEsrhe RES stold EolA AH8E £ YRS ot 2
importer (2 E.—L_EJ)
-—L—'E' E ZL 7 ] ]'1 =
interactive (t} 3}3))
Python has an interactive interpreter which means you can enter statements and expressions at the interpreter
prompt, immediately execute them and see their results. Just launch python with no arguments (possibly

by selecting it from your computer’ s main menu). It is a very powerful way to test out new ideas or inspect
modules and packages (remember help (x)).

interpreted (€] Z2]E] =)

-

sh= AR ; S Al 3HOI T o] 2} =T A A YT

In
)
N
i
of

SOl S AU S| 24wl L] SR S sfolae Ao 2ol ) of

Qe e Aol o] AL B Aoz A% IS VEA %, 42 FAe AH AN

STk =T 1z adel B0 AN AW /s A, e Zele dojt BE A5t
o

Aojrrh Fe AW 2718 25Utk ojshe £ R AL,

interpreter shutdown (ClE|Z2]E] £8)
golehe 2 S He o, stol dHzZ Y

L E
v T
dgE AdsS 9A

X
[k

Saaun ¢ PRED LL RE & dAA e B0, 8 S
o2 W B2tk A8 A 49 3 Ak weakref 2Wo] 9 TEEY ARE A D - A%
Utk 55 A7) 59 495 nmt oo o958 v 5 glet, 220l oz ahe AUE
7554 e 4 7 W2 UTH(ES o olHele] BEolu A1 A S Th

A zey £59) 29 AN AYH L main BEAIYEALPS BUE AU

iterable (¢]E]3] &)
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 se-

quence semantics.

o|H &2 for Fxof A§ 349}1, AFAE BQE St ThE ‘E%S X (zip (), map (), )
of AH&2 = AU olEHHE AAZF W T iter () o AR AL, 21 A2 o] F

dolHE EHF U ° ]EiﬂlOlEiL FEo Ade T AAE TS FEFUL olHHES

AE S, HE2iter () £ 2E3HA W, olHEolH AAE AH HE 22 (FUh for &2
oZlES S EHQ%HH Ao d|Fed, F2E 5= TS olHA oJHE Fots ol & fie
A& W yth ol Bl ol B, Al 2, Al | o] B = HA L.

iterator (©] €] &) o] ¥])

tolg o ~2EHS x83tE AA. olHElE e _next () MIMES WRACoE SE5d

(e WH F next () 2 ALstd) 2E-] ) e 5= Addlz 45Utk d o449

tl o] & 7} §l& wi+= th4l StopIteration o2& o Uth o] Ao A, o]H & o] & A=
A dR= °]—1—-4 BEE_next_ () WAH=ETEL StOpIteratlon o 2] & E‘r/\] do 77|k
Utk OlEiffﬂ ol &= o] o] E] A A S EHFE __iter_ () WHMEES 7}A 2o 875 7]

- Zoll, olEEl o]l & ol B £°]7| = Al thE olHEHEE= E‘:‘O}’: ol thF&2] ol A AHg

T AFUT T2 9= o W ojH o] S A Este =YY (List 2-2) ?iEHOM
7”7<ﬂ T iter() ¥ = ALSAY for Fxo AZZ wjuirt A} oJEHo]HE Wyt o] ¥
2 olg @ ol B ol tisi A 3 ste 1 s}, A o] Bl | o] ofl ARgE ol W] 271 o]E# o] &
S FAAM, W AE YA Kol A eyt

typeiter of B 414 )80 YLk

CPython -3 A} A]l: CPython does not consistently apply the requirement that an iterator define
__iter_ ().
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key function (7] g4)

7] e B iﬁﬂ °] 4 (collation) &<+ 4 & (sortmg) o]} vl & (ordering) ol AH&H = = EHF=
%H%‘Q‘/]D}. & 50°], locale.strxfrm() S 2AL SH YA HEE JE 7| & D= Ul
AR&H Ut

gtol Mo W2 =77t @450 oBA A AR Fol=AE Alofstr] 38l 7] F4E o}
EYJUth o]d A& +=min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ©] U5 Yth

7] g5 s dEs oy W o O]A‘/]E‘r o5 £0], str.lower () WA EE Aojx L&
AL A9E A7 I4E AEE 4 AT ADAOE, 7] To L Lanbda £UA 02 U5
% =4, oJd AYdYrct: lambda r: (r[0], r[2]). ESH operator.attrgetter (),

operator.itemgetter (), operator.methodcaller () 7} Al 7§18 7] < A AR Y YTt 7]
T E S AR S ol thE o 2 Sorting HOW TO & B A 2.

keyword argument (7] 9] & 21 x})
AL E HA L

lambda (&t}

5239 0 ghol AAL e HA4 0% FHH o F Gt AL B4 BT PLE WEL
EHL lambda [parameters]: expression Y4t}

LBYL
5 7] Aol 2 2} (Look before you leap). ©] T AEFYL T Zo|L} 23] & 317] Aol YA|H o7 ALA
2RSS AAULE o 2EhAL FAFP AT U 1, B it Bol EA 2 S A0l QU
U 2= S ol A, LBYL W2 “H 77 2 “H 7]” 2ol B 24 WA 2 A U5
th o9& 59, Z= if key in mapping: return mappinglkey] + 3 }5‘01] B A vk 23]
Aol ot e =7} key S mappingql/ﬂ AAsHE dsj @ = JFUth o4 olf= F ol EAFP
A2 e A8 To A AT + ek

list (B]~E)

W gtol W Al A, T o) FdE B, Yad thdt QA 7o) ) 7] Wl 3 ZE BlaE
(linked list) ¥ Th+= oh2 A o] o] vl @ F AU o

list comprehension (2] A E #H =z 2]3A
Az 45 AR T %—‘T‘—% Aeletal 1 AHE P2ER YT E T . result =
['{:#04x}'.format (x) for x in range(256) if x % 2 == 0] =00°]A] 255 A}o]<] g}
=AY 1675 (0x.) 2 2T TAEY g 2EE W Yth if B2 AT 5 5T
7Yk, range (256) o] Y= B 847 A Yt

loader (2 ¢])

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

[-ﬂ

(@)
rlr )

locale encoding (27| 217.9)
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.setlocale (locale.
LC_CTYPE, new_locale).

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

On Android and VxWorks, Python uses "ut £—-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.

See also the filesystem encoding and error handler.

magic method (A " A E)
Sl A o] VB A W e

mapping (7} 3)
oloj o 7] %3 E A Y3 collections.abc.Mapping ©] Y collections.abc.
MutableMapping 4 Wlo]2x Sl o] AAFH HAEES 7+ ZAH oy A4A. dz&
dict, collectlons.defaultdlct,collectlons.OrderedDict,collections.Counter

= dsdth
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meta path finder (W€} 3 2 z}2lt])
sys.meta_path o] A o] & selr. We B2 3t 4= A= 3helv] of AAH o
9171 817 % g o,

H el A2 5t 7F A= A =S e A= importlib.abc.MetaPathFinder & X W
Hyth

metaclass (W€} 28] 2)

¢

Felol Sofs 2o Aol e Beh o, B AU, W0l s Belas S8 B
et Se it o] A 2 }Emwﬂiﬂagﬂztﬁ%;@qWW$%ﬂﬁﬂﬂ%ﬁzzzﬂ
Y AOEL L PAL AT UL, Aol SFeA BEL AL ALY e el a8 0hE 5
Stk AU B E g A A o] =771 A3 B2 GA T, Basl A2, el 2o At
%ﬁ?i%%%ﬂ%%ﬁh@ﬂﬂ—ﬂéﬂ% A 229] 27 (logging), 2~ ¥ = 2HA 4 o] 27,
AH AR FH, JFE TAT B THE A

= I
metaclasses | A o 7(]—}\1] LS IS 4 Qe

method (W] A &)
e nby boll A ol
A WA A2} (BF self
HAR

method resolution order (W] A= 2 & $4])
Method Resolution Order is the order in which base classes are searched for a member during lookup. See

The Python 2.3 Method Resolution Order for details of the algorithm used by the Python interpreter since the
2.3 release.

a2 2 AE

module (2E)

shold IES] 223} B9 S GYIE AR, BES 499 oA ANES Gt 0§ UL
AeUrh RES 9 EE Axbo] oo Fol Moz 2=,

712 = BA L.

module spec (2§ A 3))
RESEEScU AR H - dZEHA ZESS T
ModuleSpec o] AIAE A,
MRO
A= 274 A4 & HA L.
mutable (7}H)
7hH AR = ghol M8 4= AT id () & A FAFULE E¥ E HASL.

named tuple (V] J & )

rlr
(]

]Ei;ﬂ
=

&7t importlib.machinery.

“named tuple(] Q1 = F )" o] b §ol = FZol A A% 51 o] F £L o ELHES &5}
A2 G 4 9l fdo] M AT 4 Qi BE Poluh 2o o] A8F Tk Foluh Feh ol

OE7sE de T dsyth

time.localtime () I os.stat () 7} BF&3}E 2H £ 3H5o], of 8] YA S o] Y d = EZJ Ut}
T o2 9= sys. floatfinfoﬂqr/]—.

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

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

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

P9 o) YUtk Eis, tupled A A&dta ol 5 B2 =8 Ao 5he
T AF Ytk oy st :ﬂ]’\‘_ 23 2 A typing.
lections.namedtuple () & ¥H& F JAHFULE &
FEoAE 2 fle B 7 FUH A EE 715

®
Q
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namespace (¢]= 27
HE7E ARE = FA. o5 32 gAY 2 TG YTh AAlof S HE o] 5 &7 (A= ol A)
K4 =

o
ek ohy 2} A9, A, U7 o & B7bo] Uit o8 BLE o] B YA A 2B S
ALYt} & 9], T builtins.open Fos. open () 2259 ol &3t 93l +EEY
O E 3, ol B AL oW R Eo| Y4B FAEAE B A BE ol A HE AT} 7 WAl
£ 0], random.seed () =& itertools.islice () 8t 2 1 35S o

=52 FUTh g
Zy 7y random ¥} itertools &l o3 S o] s H T

namespace package (0] & 7+ 2} 7] A])
A PEP 420 package which serves only as a container for subpackages. Namespace packages may have no
physical representation, and specifically are not like a regular package because they haveno ___init__ .py
file.

BEZ HAS.

nested scope( HPA A233)

SR AY A BT E FRE= 8. & 59, o2 T WRA BYH T+ upd ol
AEWMFESL ART L IFUTY FHA 27z 7Bz = A2 7T 3 gL 54
ethe 2ol FYsioF FUth A Y M52 7P R AT oA i FUTH npRA =
A ALEL AY o] & F7oA a7 Ut nonlocal 2 HPZ AT Z o 2= Z& & ZF3 )

new-style class (- A€l S A)
A2 Be s AR AHEH I Qe ZU 2 M A oA o] 5. 2719 stolH WA A=, 24
LAEY ZE AT slots Q/\E/_%E%, Z g9 E], __getattribute_ (), Ed2 HAZE,
AEf 8 WA Eof 22 Fho] 3 €] /‘Hij gt 7l s AT g ST

object (7 A])

A (BB HEY ) E 2T 52 (AE) o] B8 REHJE. T BE FAEYd Zo)a
BEESDE PR PRsl-y

package (2} 7] #])
ANBRESOIWL AARCLE AR 7RSS T 5 Ae FolAH 5. 7|[sH o2, 7| A&
__path_ oJEZHET} = Jo|d ZE YT
A5 AN A 9 ol 7 HAA = BAL.
parameter (uf] 7} ¥ 4~
ﬂf(whwﬂc)ﬂquUMvw@%¢
= dgE. A /7Y WiZIR 7 As5 Y
o Y X-71 Y = (positional-or-keyword): <] %] 12} L} 7] ¢ AR AYE 5 e AAE ARY
A, o2

=9l
S ER PRI FERE PR o) ekl A o 5

[def func (foo, bar=None): ... }

o Y X-A] (positional-only): S} X 22+ A2 5 Q)
U]-/\ Z—]_/]_/] UH7H "\Eioﬂ /_‘_X]_ t};
Oﬂ /\1 posonlyl T} posonly2:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

E-A§ (keyword-only): 71N EZ2 N AlFE = A= AAE AFFULE 71 H=-A8 wi7A
Hy= T F oo w7 H g BF ol A Sholl 3hute] Z7HA- X w7l v+ & I = 23| A
g4 F UL oAl E £, thxoll Al kw_onlyl &} kw_only2:

[def func (arg, *, kw_onlyl, kw_only2): ... }

« 7HA-91 4 (var-positional): (CHE T} AW E o] |31 4] o] u] ok Eol 91X AXHE ol Bsh)
ABE % e A AR Yoo AAAE AF L o nh S v o)
£ 9ol EolA A 5 dHUth o8 Sof thElA args:

[def func (*args, **kwargs): ... }
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o 7191 (var-keyword): (FE VI 7| M55 o] ) A o] u] wkol5 o] 1 7)) = x-Sl )
AT 4 e 999 A5 AN Q4SS AAFU T ol v vl o] Bef
% ol Bol A BolE 5 AFUTh o 2 S0l 919 ool A kwargs.

RS A AAES 98 | EERY ol A Aol AL B4 ANES AT 5 A%
ek

ol z} —9—017,3 = oz} w4 o] XFolof 2= FAQ A&, inspect .Parameter E#| &,
function Z, PEP 362% H A Q..

path entry (3 2 dE2])
AR 7INEIIY 7t A2 E F RESe 2] fl6 Fushe 2 E AR 4 shte] 4.

path entry hook (2 JEZ] &
sys.path_hooks B|2E) Q& ZHEQU, 5 42 dEZ A EES = HS &1 Atkd
AR AED IAY & EHFYH

path based finder (7 2 7]4} 3} 2l )
718 v el A= I HE F s, Y2 E A= oA REZ FFUTH

path-like object (7 F 21 A))
3 A2l A2 E UEE A3, A2 AAE F2E YEhE str G bytes A70] AL}
os.PathLike ZE2EZS T A%+ AA YUt os.PathLike ZE2EZ S A Yo+ ﬁiﬂ%
os.fspath() ¥ E TEZA] str Ybytes L A28 Az 2 ASEH 4 J5Ut) Al
fsdecode () & os.fsencode () & Z+Zt str U bytes A4S BAS=H A2 5 9,)\/\‘4‘-7]'
PEP 5192 =5 <5 th

PEP

sho] 2 714 Aok, PEP shol 2 AR E]o] 458 AF5HA L sho] L 1 mm A $H
of et =2 /)58 4she A BAITh PEPE A8 750 et 228 /)% AFY o

27 A58l oF gtk

PEPE 52 Al2¢ 7152 Albel 1 EAlo] 0 gt ARUE 98-S s ol do] Soj7t AA
AR S EAR BE7] 93 712 fAUZ A Th PEP A4 A= ARUE Yol A Tol & T2t 1
N EEEEVEE SRR

PEP 1 3% 3HA 8.

portion (3Z4)
PEP 420 o A Ao 5t ZAA 4, o] 5 &%+ 7| 7] A o] o] upA] 8= shute] tl el g 2o S0 3l g 59
A7 Gip Lol AFEH = A= 7Fs g oh.

positional argument ($] ] <12}
o)A E HA L.

provisional API (23 API)
%‘@ API= % ghol B2l 29 I A T84
W37} o A= A= A v FH A A ol gt
) 5 8 Ao] F A5 A S8 o] 2ol
% %S AYUtt — APIS £3317] Ao &3
Ak

A API A Z S, 3 A T34

AR 2A S sl 374 T A

o] A= ®FE golB "4317} = A

syt ‘:ﬂx}/‘ﬂﬂLﬁgo P 4
provisional package (274 3] 7] #])

T APIE R A Q.
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Python 3000 (2} ] % 3000)
ho] R 3.x v 2hQle] M (WA 39 sj=7 ¥ njef ] o]of7|d Al Hof| gt % o] Fo|t}) o] A
2 “py3k” B Zo] 27T T T

Pythonic (3} o] t}-$)
£ o) Bol A QukA AYES AgaH 2=
| EoUAES 7Mtol 2=
for & AHE3I A ol HHE9

=
E%ﬁiEE%ﬂ%AOQQmW§%3@qqtqﬁ124
TAEo lormg, stol W 943

FeHE A S = Pt

O
ke
D)
52
rlo
>,
1
il
rlo
=
>
=2
My
B
N

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

o 2B, shol Atk W ol th

for piece in food:
print (piece)

qualified name (g 73} o] &)
Y A 23zoA Ego] Bod Zdx, T, A= ol2E “HARPE HoFE FoR
T8 o] 5. PEP 3155 o| A Aol F Utk 49 Fet Faf o] B, A43hd ol 52 AA 9
olFH ZFUh

>>> class C:
class D:
def meth (self):
pass
>>> C.__qualname

>>> C.D._ _qualname_

>>> C.D.meth._ qualname_

BEE /tEl7l=d AMEE ul, &A 3] AFSH ol (fully qualified name) & = 22 I 7| A&
ZPNA BEZ b o2 R o] 22 9 u]gUTh o 8 Sol, email.mime. toxt:

>>> import email.mime.text
>>> email .mime.text. name
'email .mime.text'

reference count (2 X 314°)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Reference counting is generally not visible to Python code, but it is a key element of the CPyrhon imple-
mentation. Programmers can call the sys.getrefcount () function to return the reference count for a
particular object.

regular package (737 =] 7] #])
Cinit .py 9L 2@sE Ode e 2o AE A 574,

ol T I A = EA 8.

slots___
SR YR HAd, JA2H 2 oERESS AT TS vlg] Adst d2d2 g e &
AATo Rz M2 Ao EHE FUTh A7) A71E AT, o BlZg e Lu= Aga)
17 Z 71tt2-2 Ao, v eo] Mze S8 T2 I A B 50 AAHAT Y= S
T2 A sk Aol FF U
sequence (X] @2)
An iterable which supports efficient element access using integer indices via the _ _getitem__ () spe-
cial method and defines a __len__ () method that returns the length of the sequence. Some built-in se-
quence types are 1ist, str, tuple, and bytes. Note that dict also supports __getitem__ () and
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__len__ (), butisconsidered a mapping rather than a sequence because the lookups use arbitrary immutable
keys rather than integers.

collections.abc.Sequence FA4 HlolA FdlAE _ getitem () I __len_ () =
QoA AN FHS O HolA~E HY3E=d, count (), index (), _ contains__ (),
__reversed__ () & F7FE Ut} o] F3H AHFH o)A E FAT F S register () T AHE3H
A AIH R SET S YFUTE AF2 FIAE kel T3t XHﬂﬂ 5/‘1 =, 3 Alds ddE
F2oA L

i

set comprehension (g 7 = 2] 3 A)
ol g &l A& 84 AAV dFE At A28 F2 J S vhhshs 7HE 8 . results
= {c for c in 'abracadabra' if c not in 'abc'}+ F (' , 'd'} &
23 A3 t}. comprehensions2 #2314 Al £

single dispatch (32 t] A3 x])
T&o] e QAR Fof| 7| 2 A A= = Al 2 o Yasf X9 3 FH.

slice (&2}o]~)
E%Mﬂcﬂ%$%£@?Lﬂﬂ SeholAE HH AFHE 77
variable_name[1:3:5] A&, [] ¢tol|l A of &) 7 AE EECR
pal

2IHE) BVIHS U R LR sllce AAE AHE YT
L=

—

special method (54~ W] A]
sholmo] Goj ol | <l4he, G4l 2L, AWT w FAAOR TEHE WA=, oA MAEE T
Aol dE 2 AJFeaL 2uyE ol 5S 2L 5 Ut 55 vl A =+ specialnames o] A 2 W5 o] A
PN

statement (&%}
2R AYE (ZES “BE (block)”) B FATE REAUTL 2R w4 oAU NAES
AHEBHE o8] 7HA] 2R E S sty gy th 7HE if, while, for.

static type checker (3 2 & 7 x}7])

An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also
type hints and the t yping module.

strong reference (73t 2 X)
In Python’ s C API, a strong reference is a reference to an object which is owned by the code holding the
reference. The strong reference is taken by calling Py_ INCREF () when the reference is created and released
with Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the
Py_DECREF () function must be called on the strong reference before exiting the scope of the strong refer-
ence, to avoid leaking one reference.

W9 2z E HA L.

text encoding (2 A E 217 ¢))
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer
a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.
text file (2] A E 5} 4)
str AAE d1 & 49 .‘5 j]_Cﬂ AA. Z2F, dAE 9d-2 AA 2= v}o)
Oﬂ}\ﬂ/\*g}j_Eﬂ/\EO ]_E;QQTQ-QD} Eﬂ/\E JJFOLJ Oﬂﬂi“ _‘i\_
2 dd 99, sys. stdln, sys.stdout,io.StringI0 & A2EHAE & F AHF YT
juy

4 9l 5HQ AR ol sl A ol e 5l
triple-quoted string (2% u}2 % ¥ —“?_—x}oaﬂ)

HJrii )W F2wEE C) A AR S FAE. 2F whEE stuE S A 222 )
7152 AFstA = A, o2 7HA] o] froll A £ E7F s U olAA ol H A ¢he 2w

ol EAR AH & 91 &

rr
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EU} 202 EE FAY ol TPV S AES 37, 42 BAE 2A FUE olg Fol A 5
e, SAEYL Ll 53] 1 A5

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 asits __class___ attribute or can be retrieved with t ype (ob7j).

type alias (& o] dg]o]x)
P AL Y ote] w0l A= F Y Foof.

Foldefojat § G =S dedahe ol § 8T o2 B
def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplelint, int, int]]:
pass
= ohe 2ol B 97 97 B & 9tk
Color = tuple[int, int, int]
def remove_gray_shades (colors: list[Color]) —-> list[Color]:
pass

o] 7%-& AW e typing 7} PEP 4845 R 5141 L.

type hint (g 31 &)
W, FelaojEHE 9 S v/ s U uks g ZIdiE & 32 A A s o wEH o] 4L
Y I EL A8 Aol i o] Ao A FAE A= AT, A 3 AA] o 83t ESHIDES]
F= A L HHER S FHFUTH
A9 A4E Ay, A9 W, Fea oJEHE 9 &9 3 I EL& typing
get_type_hints () & AHESF] AN 2T 5 JFUTH

o] 71%5< A W3} typing ¥} PEP 4845 F2 1A

universal newlines (-4 £ 397)
qn4ﬂ3ﬂgga?gAﬂszﬂﬁﬂadazczﬁgo@
2 & "\n', 9ES2 FE '\r\n', A N EA] FEH \r'. F7FE QA Aol A
bytes.splitlines () ¥qlolUe} PEP 278 &} PEP 3116 = H A 8.

Ko}
o
rlr
fuj
f
Jo
1©
[>
=
o2t
rir Ao

variable annotation (¥4~ o] - €| o] 4)
W 2o o 2 2 eS| of e o] 4
M EE e o EY e o H o 42 9w B9 e Au AR
class C:
field: 'annotation'

Mg olwEo| e AuA o § dER ASPUTH o8 Eol, ol Mt int 2 AL AR

AdEdc:

[count: int = 0 }

LE o] B2 A4 annassign o A] A g o)

A E= k4 o] - E) Mi, PEP 484 2 PEP 5268 Az 3A 8. 3 o] =g o] A Z+¢] o
A £ Iz

-
jn
rlr
o
=]
=]
o)
[l
oo
=
)
=]
[72]
%’
=
—
o

3
o
B
ol

virtual environment (
ol A9} &8 =
]: O = X]
Sahos an

venv & HA| L.
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virtual machine (7}4} 7] A))

azEg ooz AoH AFE. sol o] M 74 £ whol =
=g AR,

Zen of Python (}o] 4 Al)
shold T A<l Yele} ASHES] B2 e, 20) S o]a] 8t AFgahe o] E8o] FuTh o] HEL

3} ZFZEOM “import this” & #Hshd HYurt.

=3

s}

Q7

o3}

i
rle
)
o

m
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About these documents

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

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

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

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

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

B.1 Contributors to the Python Documentation

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

ME 27 B AL Fhold AR UE ] AT} 7)of W E T - A T
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C.1 AZEQ0{Q A}

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

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

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

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

HH = =} o=l 32 Y AL =N GPL compatible?
09.0~12 n/a 1991-1995 CWI yes
13~152 12 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI 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
213 2.1.2 2002 PSF yes
2.2 o] A+ 2.1.1 2001-dA] PSF yes

ZF11: GPL-compatible doesn’ t mean that we” re distributing Python under the GPL. All Python licenses, unlike the
GPL, let you distribute a modified version without making your changes open source. The GPL-compatible licenses
make it possible to combine Python with other software that is released under the GPL; the others don’ t.
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Python software and documentation are licensed under the PSF' License Agreement.

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

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

-
SRR EXEREY

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.14

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

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

3.11.14 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 3.11.14 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 3.11.14 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 3.11.14 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
3.11.14.

4. PSF is making Python 3.11.14 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.11.14 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.14
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FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A.
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.14, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material.
—breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—~relationship

of agency, partnership, or joint venture between PSF and Licensee. .
—This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee,.
—O0or any

third party.

8. By copying, installing or otherwise using Python 3.11.14, Licensee.

—agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOEF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a

(TH5 sl el Aol Al<)
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trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in

(TH5 sl el Aol A)
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this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and

conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.14 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 HE2M EQ[AH

The _random module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/~m-mat/
MT/MT2002/emt19937ar.html. The following are the verbatim comments from the original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate

source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ' "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

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

The asynchat and asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3. Z3E 2ZE|0{oll it 2foldla K 52l

143



https://www.wide.ad.jp/

Python Tutorial, &2|A 3.11.14

C.34 37| |

http.cookies RE2 U5 22 7o AMe 24U th

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

o7 e 29 ARke TRFUTH

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode & UUdecode g4

The uu module contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

— Arguments more compliant with Python standard

C3.7 XML ¥ T2 A &2

xmlrpe.client REL 04T 22 79 43S ¥R

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

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
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

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

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

AU o 7)ol th= 22 W&ol 2= o dFyth

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

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

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

C.3.11 strtod 2} dtoa

The file Python/dtoa. ¢, which supplies C functions dtoa and strtod for conversion of C doubles to and from
strings, is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/
web/20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains
the following copyright and licensing notice:

/****************************************************************
*
* The author of this software is David M. Gay.
*
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

E

E O

*
* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

*

**************************************************************/
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C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the
OpenSSL libraries, so we include a copy of the OpenSSL license here. 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
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

(TH5 sl el Aol A<)
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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.

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.

Grant of Patent 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
(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
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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.

5. Submission of Contributions. Unless You explicitly state otherwise,
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
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C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND 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 extension is built using an included copy of the libfli 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.
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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.

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] 9J3l AFR 5 = 3] A] H o] E9] F+8 & cfuhash ZZAEE 7|ulo 7 ght}:

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
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SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

The _decimal module is built using an included copy of the libmpdec library unless the build is configured
——with-system—-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14NHIAE AQIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/cl14n-20/) was retrieved from the
W3C website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
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.

(TH5 sl el Aol A<)
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THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/
sox/12.17.7/s0x-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
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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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Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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