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Aol e AesnE EA U AR ol M Sob s 2H T} 54 Ehol 3 (iyping)
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The Python interpreter and the extensive standard library are freely available in source or binary form for all major
platforms from the Python web site, https://www.python.org/, and may be freely distributed. The same site also
contains distributions of and pointers to many free third party Python modules, programs and tools, and additional
documentation.
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CHAPTER 1

Ar)
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of e ol AREE ol AHEBTHY, A7 A5 YT AL 4GS WANA Ptk o2 Sof, e
~E QS AA-S R AAY, A AL BB PO o B uE AL AR A2
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9=, ANEA 9 7T A4/ T A/E 2 EA 5D £3o] YT melthe A ARA FU ojnw
Dol e P B2 G HAE AN ES FYHTL HAE T Ao WS e A4S BASA
FUTh EE 8 o] § AHS S 22 AL AW, HAH AL o] AAE AA}D PR
47 %2 5 AUk

shol 4 & ik ol el 22 918 Aol AUtk

You could write a Unix shell script or Windows batch files for some of these tasks, but shell scripts are best at moving
around files and changing text data, not well-suited for GUI applications or games. You could write a C/C++/Java
program, but it can take a lot of development time to get even a first-draft program. Python is simpler to use, available
on Windows, macOS, and Unix operating systems, and will help you get the job done more quickly.
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CHAPTER 2

o[ M QIE{Z2[Bf ArESH |

2.1 QE{=Z2|E 4
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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.ll }
£ A0 A A9 G S e deme e} s e el dee 42§ A7 e
HHE A A5 ch 7l steld AR b A2 Bl Aol A A Lo sl (18

/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

AN AdE = FJEJ‘S FTEANZ T As5UTh
AdezeEE GNU Readline ghojB e 2] & APt AR & 8] 7oz 3ty |4, slaEe

23 = A =L A F3U ) olulx W HF o] A2 =4 ﬂd%}% Vg mE e X 2

ZE51A control-p £ A eke AU U W i 227k drpd B Aglo] 485 7 gy oh

A 7lol tha 27 F5 tf5hd o 15 9 slaee] A g HAlL. optd RS = LAY P 7}

ST g9 Aol AT A g AYUTh AR Zol A EAE X7 S5 WA o] A% AT

9t Aol AR
]

Qe T E ol AR Y2 AN Y FAFUTh ay X0 £F Yo A2 Ael2 Y= ¥, )3}
doz 9us gy AR, HANS ARz 2 3Ag ELUAe s A Ariz A
~a9ES 9 Ay h

A second way of starting the interpreter is python -c¢ command [arg] ..., whichexecutes the statement(s)
in command, analogous to the shell’ s —c option. Since Python statements often contain spaces or other characters
that are special to the shell, it is usually advised to quote command in its entirety.

'zl A, ghol A 3x B Z ) H & HF python o]ghe o] 59 A3 A2 AXH A ke, T A £ ol 2.x
A 343 FEHA A= F 517 A AU
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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

ool e ool A, AT YL EZE(> 9 ) 0] £4] R R TEPUT: dAE AH 5]
AL ZEZE UL w ZESE Ho] 0F BE AT Yol Futh 2EnER AFHA
e s dHZYH M Yt AEYUTh oA B2 ZEZE Qo ofFAE Gl E2 W &2
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 ol A A& S Al 7, 4, & A 43 £0] 2747 ool P Th FAL Fo] Aol A AT FE
93, o} = Fo] 4 & 5tk AT 22 2 H D Qo= Soj 2 4+ fevth 22
HE gt S5 A BAE FH o ofet A BAHY BYUTh FHL mE o) H
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."

3.1 IiO|ME A LT Z AFESHY|

[l
it

R 74A et sfold W ARl At AH e HE Afsta 7 2F2E >>>, £ 7HE Al L.
[e)

3.1.1 =X}
The interpreter acts as a simple calculator: you can type an expression at it and it will write the value. Expression

syntax is straightforward: the operators +, —, * and / can be used to perform arithmetic; parentheses ( () ) can be
used for grouping. For example:

>>> 2 + 2
4
>>> 50 - 5*6
20
>>> (50 — 5%*6) / 4
(g sl o] ) ol A%)
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(e]A sl o] A ol A A<
5.0
>>> 8 / 5 # division always returns a floating point number
1.6
A (& E012,4, 200 int FYYTh 2577 = AE (& 5015.0,1.6)& float FYYTh

°| X}G/\i F oA A @ 5ol Bel o] AA S AHE AU

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

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

5.666666666666667

>>>

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

5

>>> 17 % 3 # the $ operator returns the remainder of the division
2

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

17

stol Aol A AFAFL ANG W ++ ARAE AT T

>>> 5 ** 2 # 5 squared

25
>>> 2 ** 7 # 2 to the power of 7
128
Ao e dd@ e 2= AAEFUT ol 4% tha t3d 252E dofl ZAIH = 282
AUk
=] .
N
>>> width = 20
>>> height = 5 * 9
>>> width * height
900
J
A7k ol s o) QA 2 W (Fh2 A SHA] k= ) ARE-8He L Al =6k A2 o2& d eyt
N
>>> n # try to access an undefined variable
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
NameError: name 'n' is not defined
J
A5 BARoE AAFUTh AR B2 J9 S A4AE 2 AAE J5 9 A4S 52 W
Utk
>>> 4 * 3.75 - 1
14.0
tehd meol A, mhA uhol] A8 E@A L W o P U o] 2 shol HS B A=
AR ), Al olo] 771 7FE E A9 e vy o & S0l
>>> tax = 12.5 / 100
>>> price = 100.50
>>> price * tax
12.5625
>>> price + _
113.0625
>>> round(_, 2)
113.06
J
Prx b - B S Ae b EoBR, S36x2 £ - (34%2) R4S AN AAE -9k gUth 9 du e (-3)2 &

A8+ AT

10
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o Mt AGARAE U7 %
TG AohE 2L o5 A WAE AR BEL

A3E e Uth

int ¢} float o] B3, o] M -& Decimal ©] Y Fraction 59 th& J 9 £AEE A At sholx
2 Bag o Y3 ALE Bt n g, HEEE e A 5 g AEAE AU T (el & Sol
3+57).

3.1.2 Text

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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2214 glgg e

mmn 1
. ==

e o £ &dd 3k = 4 8 : .
S A AAsoE AL 2P U AT E 2ol \ £ o o] &

T

iy

WA 2% YU Th S o

print("""\
Usage: thingy [OPTIONS]
-h Display this usage message
-H hostname Hostname to connect to
nn ")
= °old 2345 S8t (A AA HAEA7E 2T H A b= Aol F55HA 2):
Usage: thingy [OPTIONS]

-h
—-H hostname

Display this usage message
Hostname to connect to

2ALL + AAR o]0} o]

AL, x ALEARR REEAID 4 Qg U th

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

>>> 3 * 'un' + 'ium'

'unununium'

TR ol e EAHE B HE (5, R E SN AE) 7 ASE A UEhE AR5 o 2 o o] 2o Ut
>>> 'Py' 'thon

'Python'’

o] 7% 2 BALE 2ATA Tl 58I &2 Ytk

>>> text =

>>> text

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

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

JAL oA

(EEEEC K

(%
4y
i
£

A4 ol = 337 kv ek

>>> prefix = 'Py'
'thon'
"<stdin>",
'"thon'

AAAAAN

>>> prefix
File
prefix

SyntaxError:
>>> ('un' * 3)
File "<stdin>",
("un' * 3)

'ium

# can't concatenate a variable and a string literal
line 1

invalid syntax

line 1

"ium'

AAAAA

SyntaxError:

invalid syntax

e

Hes7)8] S22 Wee 244 22

ool ol el wl + 2 ALg3fof Fuict

>>> prefix +
'Python'

"thon'

0ol B3 Th E£AE A%

'Python'
# character in position 0

# character in position 5

At 25748 $% g, BoIA e Atk

Chapter 3. ulo|#2| Zt
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>>> word[—1] # last character

'nl

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

>>> word[-6]

lPl

Qe g o B3 L etol 4 (slicing) = A AF U Th. A o] AE BAE Q] AHgH & vhE, Lot &
i A (substring) & 9= o] AHE-H U T}

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

le A

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

'tho'

Sefol s A WY@ RGeS 21 YY)
WA Qe azk Aok v 7 Bglo s Setel4 o

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

|Py'

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

'on'

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

'On'

N AR BAE B ZYT £, R WA BAE B4 ZFHA = Aol FA L. o
wEol s[:1] + sli:] & 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 Rol s Setol & At Lol 48 W RERA AP

>>> 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]

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

>>> cubes.append (216) # add the cube of 6
>>> cubes.append (7 ** 3) # and the cube of 7
>>> cubes

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

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

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

>>> id(rgb) == id(rgba) # they reference the same object
True

>>> rgba.append("Alph")

>>> rgb

[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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(e]A sl o] A ol A A<
[lal, lbl, lfl, lgl]
>>> # clear the list by replacing all the elements with an empty 1list
>>> letters[:] = []
>>> letters

[]

WA B4 len() £ P AEdE A4k

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

DAEE YT 4E IS (FE 2ES ZYSE 2 2ES BEUTH. o & S

[vav, 'b', lcv]
>>> x[0] [1]
b

32 T2 Z2o HAZ

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

>>> # Fibonaccl series:
# the sum of two elements defines the next
.. a, b=20, 1
>>> while a < 10:
print (a)
a, b =Db, atb
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256%*%256

>>> print ('The value of i is',
The value of 1 is 65536

>>> i

|

]

’

0,1,1,2,3,5,8,13,21,34,55,89,144,233,377,610,987,
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As well as the while statement just introduced, Python uses a few more that we will encounter in this chapter.

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

DAL AH Y elif 7 Q& %J-,else "W—’V—i‘ﬁ‘%‘:‘r- 719 E ‘elif’ & ‘elseif” o &Y
3oy, 7% 3t 201]57\7] =3 .46]-—5 o F&FUh if - elif - elif -« Al BAE T2 dojEolA

W AE = switch Ycase B2 ﬂ]/ﬂ‘?}q E}.

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

WIS 1 A5 ol 4T Lo ol ]

=

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

W& Aol range () 7t 8 E AAl = 2l2EQ AAH FASHA L AML 2]l 2E 7L obd Ut o] Bl gl o]
Edu Aot AdE FEES SAUNE 8T AA o)A AAR g|l2EE WS A YotA 3=
Aokgho

ol AR olel el olgkw REUTH FFo] 22T wj7hA L) FEEL AL 5 glE FAAE
71 et 2 TR EEY] BHACE AP S8l for o] 218 FREJ S BUFUTH °H
HES fote &Y o= sum() YUtk

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

6

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

44 2 I9| break 2} continue &, 12|11 else &

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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8 equals 2 * 4
9 equals 3 * 3

(o] sl o] A ol A AI)

=t A 8

=

Py A ¢ °}° o A,
Sk ZFA 6} yege

AlColA A FUT #

S

L

=

EortHH: else &

i
A AHEE o, else B if T H T try 9 else A3} n) 43 Wo)
7 229 elsed

o9 2257 2
R A BE

2 if o] ofe} for Fxof £t}

g5yt try £9
2 break 7} 23514 o4& wff AP H Uk
HA L.

o A] A% 3w S BHE ek

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

if num % ==
print ("Found an even number",
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

num)

ik
2
filo

>>> while True:
pass

# Busy-wait for keyboard interrupt

(Ctrl+C)

Hade) 2o~2 BE o) B8 ALY

1=
=

>>> class MyEmptyClass:
pass

pass7b 88 4 gl OE A4t A EE AYT W P 2 AR w9 A2 AL A,
oA e 2ol ¥ 2449 SEol A 424 5 A Fuith pass = 283 FABUTE

>>> def initlog(*args):
pass

# Remember to implement this!

22
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4.6 match Statements

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

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

def http_error (status):
match status:

case 400:

return "Bad request"
case 404:

return "Not found"
case 418:

return "I'm a teapot"
case _

return "Something's wrong with the internet"

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

24 Chapter 4. 7|E} ®l0{ 82 £3
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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
4.7. St MI517| 25
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Adrksttets, Ao MR Beias T AeEL T YolAl Z‘Xé‘ golddE = dsUth(d 9
W52 global 202 WA AL SYRE 49 M4E nonlocal O 2 WAFHA] 9k o] A,
Fr 522 AGHE AA ARSE RIAS) L 2 W SE5E T4 ﬂ%ﬂ A8 g o] B ol wHE o]
AUtk 2# A AAESL gho) o3 B % (call by value) 2 A2 Ut (342 T3 A9 ghol ofet A
BEAUD. B4/ e B2 52T 0, B AN AN AR 522, 1552 A2 A A
A8 ol Eo] TEol Yt

T Ao T ol 5S A A E Hol B T AA g AFFUTh AHZ e EHE F T ol 5o 7hel 7=
AA S AL Ao B2z ol AU Th T2 o] 2L 742 312 A E 7e] 2 4= 9lon SHrof N4 A5}
ol AHE o dsdth

>>> 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
Sl% Ut A4, recurn B0 9 B4 42 B2 54 h v S 0 ek grol 7] 51 2 o] ghe None
S\2}7 2R LIk (1 o1 2 UITh. None o] 28 % A7 kol 2hel, 1Bl =2l Bl & W F None 3 292
QAU B2 A9THe print ) 2 A 5 Y&tk

>>> fib (0)

>>> print (£ib (0))

None

AshsHe A, BB £d9 £A4E P AES BAFE 342 G4 A= dHgh
>>> 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]

AL w A, o] dl&= % 712 A oA 7e& R FUth
o return w2 T2 EH S 20 BASA e YTh £d 4] Q) ¢l return 2 None & =8
FUth g o2 dojA W JA Nones 8 F Y th

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

i

K

ARA=Z, BA ZFZol 28t &= (call by object reference) ©] B] £ 3@ Ad|, 7PA AA 7 ALHE, TE2A= 35S 7F
A7l W2 Uch (718 g AEd FES Z7HFTh.

)

oY —
ftlo
iz
y
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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]

48. St Mol HY| 27
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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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@ Ao 529 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

Ax7H ADE P2 A FHU T

5 A e 25Uk

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

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

o714 /9 + = AHAYUTE A8, o 71T AR} Faol DD & A of wHE vi7) el
FRE etk 92 48, 94719 2 A9 28 A9 vl 455 39 E (amed) v )
WsetnE g

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

ALl /%7 QOH, AAE AN AN SR Fpol AYE 5 AU Th

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

>
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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

ﬁ&

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

CART A E ARE £ etk

>>> 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'

Al A 4 kwd_only_argse T Ao oA 2 BAH 7]YE Qxut &

£L

|k

>>> 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 e e G4 AL oI Al A BE F RS BE ST

>>> 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)

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




Python Tutorial, Z2|A 3.11.11

(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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nAgo 2 44 P ALEE AL gt Qoo A4 oAz z% T A== AF s AdY
o] AAEL FEE FUUTH (FZH A A2 S HAR). 7Hd Zeo] d }?—}011, AU o 7 dnt
AAEe<] & 5 d5dh

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

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

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

>>> concat ("earth", "mars", "venus")

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

'earth.mars.venus'

4.8.5 QIX} 22 of mjz
Aol olul SaEU Fdol 9 th $8 AA AAEE 270 BB A A Fok 3
= A7 Ad&ol Mo Ut ol & 591, W range () 5 MRS start e} stop AAE 7| U o
DREC) W A oW, PJAEG FERZYH AAE A Q7] A - ANAE ASHN FHE
SE3td gHuyoh

>>> 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]

Zre vl o 7 AT **-AARE WA 7| YE RS AL 4 Q5T

>>> 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 SHC} EHAl

lambda 7191 £ 5 AHESIA A3 o) B Gk F4E BE 5 AGUTh o] B4 T AR T BUE
Ytk lambda a, b: atb. 34 A 7F glofof st FolW oftl} gt B AL E & Y& ok
EyAozt st B0 ARFUTh o v g0 s, AUl P4 Hole) Ae) By Byt
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%)
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(o] sl o] A ol A AI)

42

>>> f (1)

43

A9 o BE BAF/ A9 PG ERAE LTI £ HESEE AL PHE AR AL
Aok

>>> 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 =5 ol d EAL e &} 2 g ofl & E 7HA FeE 7 syt

R 2o g AN BAL g, 1A Lok o gtk BARES I3, AR o Folut P&
AA O oA erotol St ol AES e Mo 2 ABH A BEALIT (o] S0l B AU L

ABshe 5 Abehe o9 GuiTh. o] & e A A5l n nh E 2 Zibok gtk
EFUE o4 BRG] o2 Fo] AThH, T A EL HolgloA, Ao 2ok uiA AYL
Lelsfo PUTh Hm2t 52 S 1 o 4o FRo R, A 55 ok A8 5 AHsof

o A o2 & £AE AR oI A 12718 AATA @7 g, AINE Aol =L
Bashd Golsl & AAGUE AL thest g e B E Ag T 4@ 3E A o
B 15 S8 2ol A R o) 4 Ael el S A E et (hl L 2 B
A8 5 ], DA w BAYE ARk 1 Eo] o]0l A ol BA Y e de] A
uhdakA) 9] e AU Th) of Solzavlel 5 Bl £A G BE o AlZ LR AAGY
o @ Soj27] © o] LeRA & Wotol 1A ¢, b T B E QiR el gulol Al AH T g
F5AS W I (L5 8 29 0]2) Fol AR U

>>> 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

B4 ol il o] A & AL A A 9] 47 AR S F 5ol e 8] AE A< wehE ol g FR AT
(x]-xﬂgf_} yge PEP 3107 3} PEP 484 £ 2 M| 2).

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

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

51 2[AE O H7|

PaE AR P B A WAEES B 23 d5UTh o] Ao elAE AR BE WAE ST
list.append (x)
BrEl Zo FES HEYH allen(a) ] = [x] 4 FTYTH
list .extend (iterable)
g ree) 2o ojEelBe) HE FEL HEolA 7
.
list.insert (i, x)
Fo} A X o] G2 AQFUTE A WA b 4 & 247k 24 B Ad sy aeA
a.insert (0, x) = B2EQ 2o 49Yst1, a.insert (len(a), x) = a.append (x) £}
S5
list.remove (Xx)
ZAE A ghol x 2} 22 3
U,
list .pop([i])
Remove the item at the given position in the list, and return it. If no index is specified, a . pop () removes

and returns the last item in the list. It raises an IndexError if the list is empty or the index is outside the
list range.
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list.clear ()
glaEe] BE FES AAFULL del al:] S F5AUCH

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

Z2rE Y= FE T 3ol x e 22 A AR ALY 0 E A Zet= AP~ E SHF UL 17 &0
ey ValueError% d oAUt
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list.count (x)
daEdqxt 5 A58 BAFUT
list.sort (* key=None, reverse=False)

G AE0] FES ARl AU QS B Y ALEThoIA o] o] A48 5 gl eh
AWML sorted () & HAL).

list.reverse ()

YrES 945 AR A A A5 UTH
list.copy ()

PlaEe) ge A S EeFUchal:) S ES P

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’

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

olulE oje)Ho] Yol A S ETHE AL RE U0l EE Ada Ay w2 4 ks 29Ut o 8
S0, 445 EALH WY 5 9L None THE F7} W2 5 917) W20l (None, 'hello’, 10]
= REE A FaUh =8 42 E o4 B e Fol AUth A S, 3445 < 54735 Lnpe
a7} obg k.

5.1.1 Z|AEE AEBHIOZ Al25}7|

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

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

[3, 4, 5, 6, 7]

>>> stack.pop ()

>>> stack

(TH5 sl el Aol A<)

I1E doj S 71 AAE 8375 8=, d->insert ("a") —>remove ("b") —>sort () ; & ZE WA= A E
g,
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4, 5,
stack

6]
-pop ()
stack.pop ()

stack
4]

(o] sl o] A ol A AI)

a7t Sz AYWAE 248 JUH (“first-in,
AFUth BlaEL] Fof BlEol A, 2ol A=

“HUG (O E 8458 BF 3

FE 7Y, F 2o BE2o7IA AW 7 RF mEES dA " collections.deque & A

L3 L. A E E

>>> 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 Z|AE H=2|AM

AEAZARAL PAES BEL HAT NS ATTUL SR S5, 4 247t e AAAY
olElZl £ WS oW A4t AL3 AR P 2EE WEAY, oH 20 S WSS R4ER
TREAEAF2E TEE AYY
o8 Sol, AF52 B 2ES ¥ED Arka AR}, oA AUtk
>>> squares = []
>>> for x in range (10):

squares.append (x**2)

>>> squares
(o, 1, 4, 9, 16, 25, 36, 49, 64, 81]
o)L x B o] B2 WHE VEL (EE Yol 21 £27}FEH Fol = PolglA BETHE Aol £
AL, o RAGE §lo), AF5e] B AES o 402 AT 5 YUtk
[squares = list (map(lambda x: x**2, range(10)))
T olgA g = dsyth
[squares = [x**2 for x in range(10)]
ol Zle] ¥ ZtA st ¢} 7] 45T
PrE Fuedae AN IS Bt for A% YA Y A for hif S BAE HB
TR FAEUTE 2 A=A g 2EQ], for 9Fif B EH A A4 S FHA TS F T
A& 5ol ol P2E HuAH L2 F 2B 453 AR 24 &2 272 2gduth
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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]
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>>> 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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Os faE dzedde 3 de dA A0y

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

J

As we saw in the previous section, the inner list comprehension is evaluated in the context of the for that follows it,
so this example is equivalent to:

>>> transposed = []
>>> for 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]]

ol AL thA] T3} U Th:

>>> 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]]

AR AN, BT BEERT W BEES AT FUTh o Aol zip() BHAA AL
£ ¥ % YUtk

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

o] Eoll & o 2E Aol th g ApA 3 &
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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'}
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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!

When looping through dictionaries, the key and corresponding value can be retrieved at the same time using the
items () method.

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

gallahad the pure
robin the brave

AG2E £33 u, enumerate () &5

Jeh.

it

g5 917

0,

g,

5
o
i)
oo
o
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2y

[o
oft
>
e
12
fifo
>
30,
)y

>>> for i, v in enumerate(['tic', 'tac', 'toe']):
print (i, wv)

0 tic

1 tac

2 toe

Solu I o] AIAAE FAIN FBEH Y, zip () FFE JE S He e T AFUH

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

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

ABRE ARZ FPsted, U4 ALGFoz AldL

i
R
o
ok
v
o
2
s
0]
<
0]
=
)]
0]
[0
e
4>
i
o
Ty
e
=
ko

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

print (1)
9
7
5
3
1
AYE ¢HR AR~ A5 Y, sorted ) F4E AN 228 WA 21 AL A )
~EE NS S A5

N

>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for i in sorted (basket):

print (i)
apple
apple
banana
orange
orange
pear

AAZTUC Al Aol i3l set () I sorted () & A
253 Q
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>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for f in sorted(set (basket)):
print (f)
apple
banana
orange
pear

e ESUAHDE 52 LAUTH HAW, $F, A A JAEE BEE o]
ot
.

o Zehel i o

2]
U

D

[RUR
i) rlr

>>> 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 Fif Fol A ARGE = 20 v ot BE A4AE AHEE 5 syt

The comparison operators in and not 1in are membership tests that determine whether a value is in (or not in) a
container. The operators is and is not compare whether two objects are really the same object. All comparison
operators have the same priority, which is lower than that of all numerical operators.

M Qe 5 AeUh 2 Sola < b - cit,a kb Mok A, B4l b 7hc % 22A AA

ok

W3 e A4 and 2 or 8 ALESIA ATE 5 1, e ATE (£ 2 9o BE o) £

A8 mot 0.2 AR o Atk AL S ow AR e S AL E ARt o)A (ol

not o] 7} =& —,—/d—"f—ﬂ% Z+3, 0or 7} 73 IS5 UL 284 A and not B or CE (A and (not

B)) or COEEFULE oL wl A, Uskis 2 7L B Ao BT E AET 5 Ysuch

=] A2A}and & or = &9 D3] 2 (short-circuit) QAP UTEH JAFE S & L EH 07 Fho]
Tl A, A7 4 7@3?‘}“}?‘} 2 T3 = @ UTh 04]%% yASFC 7F FolalB 7} Aol W, A

and B and C £ B@A C 9 g P dUnh Eelgtol obd Qi o AeH o), BekH =

AAEALe] W ghe whA o 2 gho] T ATk
ulae] At ohe e BAAC ARE A5el YT 5 AFUTh 2 Sol,

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

>>> non_null = stringl or string2 or string3

>>> non_null

'Trondheim’

sho] 4ol A, C2he 2, a4 ol A2 o)L nirti 7 2] A4bah =8 ALgsho] A 0 2 S35 of
T C 22 oA E8] MF AL $ e BASE B uotEE gLtk - A8 E Ao -
A sl A%,
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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)

A2 T2 P AAEL <> 2 HAsts AL, T AAE0] AHSnu WASES 21 98 ot
settie A0 4o a 2. & Sol, N2 o2 24 45 159 54 grol gt mlwg Ut 1
A 02003 2, 55, 297 RFow, Aele] £A S AFahe oA, AE =P EE Typerrror &

9o 7},
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CHAPTER O

O
N

ol A& A A5t7] Asl, Fol M Ho) 55 ol Y 2T HE U IE =22 3 R A A
L A= PHSATTUS 28 LS BE oL RFUTE REERE AYEol thE EEo|Y
Mo BER J2E D 5 JdHUnt (9 BES H A9 FEIA AYE & 2P AR BEoA
A 23t WSS APAYUTH
EE2 ol B FAES H Ae FdJUTE 3L o] F2 BE o5 FHA .py E EY
Utk 25 YollA, B8 o] 52 A HE __name_ 2 & A|FHUTE o & £01, o2 o] Folste=
AR 7| & fibo.py 2he o] 59 otd& AA tE 2o v T3 22 W&o = gt
# 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

o)A shol A Qe =2 Elo] SoI 1A o] BES The T} 2

flo
ol
o
|o
U
jule
F
(m
s

Yok

[>>> import fibo

This does not add the names of the functions defined in fibo directly to the current namespace (see 3} % 2~ 51 5%
9} o] = &7} for more details); it only adds the module name fibo there. Using the module name you can access
the functions:
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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'
42 2p2 AL A A o]2 o7 Y 4 s

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

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

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

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

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

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

BEo] 495t RE 0T L YREFE WFE A&tk

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

AL WE () 2 AR ASS AT BE o] 22 JEE FUTE UL Sfo|d zrTgr e
o] 7158 AgaA e, AT E T FejA A P o] 252 AL w oA H o], o g Eo] o]n|
Holst AS e 7l A 2 5 917 e T

durm oz

EEoly 7 AoA * & dxES= AL =4S AFeA Tohe Aol oA L, TF
el 710l AohA] 2 TS WE7 W JUTh Atk Al

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

! In fact function definitions are also ‘statements’ that are ‘executed’ ; the execution of a module-level function definition adds the function
name to the module’ s global namespace.
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o

o] AL import fibo 7}ote A 2 WA SR RES YZE 3=, F 98 Ao @S 1T RES fib
ek O] FoE AT F AtE A

froma AA AT EARE A = AR 5 lFUth

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

e

I BEAY olFE, 4 EE2 AHZYH *ﬂ"ﬂu}‘”/}f‘f} ARk Az EHUTH A, o Z o
RES A, AdH= ﬂﬂ% THA] Al ZHAl A oF Ut — E+, T/Hﬂﬁo i/\]@?}t B Eo] gt
B o]g}H, importlib.reload() & AF&3IH 8. o & E9], import importlib; importlib.
reload(modulename).

3

6.1.1 DES AJEIER AlGH5]7|

o e o] T8 BES o G A5

[python fibo.py <arguments> }

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

NS AEEST U= EERH YT ATHEEE AT 5 AEF w5 5 a2 A vsheH,
o7 mgol “uol" stz AP Wt PP HA st FEH AR 7] P eI

$ python fibo.py 50

0112358 13 21 34

EgoldxEdu], T APHA d5Uth

>>> import fibo

>>>

o
A2AHEZ AYSFAHAE A EEA ‘Jism).

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

e 4 23 HEE 2= gHAHE (EE Fdo] AR A &S = dA g e).
« PYTHONPATH (] & E 8] o] 559 55, 4 W4 pPATH 9} T2 2 H).

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

More details are at sys-path-init.
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>>> 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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(o] A | o] A oA 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__',
' _debug__ ', '__doc_ ', '__import__ ', '__name__ ', '_ package__', 'abs',
'all', 'any', 'ascii', 'bin', 'bool', 'bytearray', 'bytes', 'callable',
'chr', 'classmethod', 'compile', 'complex', 'copyright', 'credits',
'delattr', 'dict', 'dir', 'divmod', 'enumerate', 'eval', 'exec',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']

6.4 1l7|X|

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

3} AHA (“I)7]1A”) & AAZE P g
Al o] 250 285l Aol glorng (HE A ZTEAYLH oS S0]: .wav, .aiff, .au),
ook ot 4] 7he] MES QE] A% solus REEL ZAAS WET FAT 27 A5 U
L=t i ol
s

g F ol A&tz ot g2 T/FY AAEE Jloeng (U4, o3 ¢
44, AT A 2HE L B3 BEY|9 L), o] ANELS 5T/ AT RESS ZUglo]l A
2 AdUth #7125 ol FA A 2 AU (A4 st AlaFd ez @ FFUh:
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 oA ol A)
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(o1 sl o] A ol A Al <5)
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

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

A7 A A A A7 A ZRE NS RES dZES S AsULL A E S

[import sound.effects.echo

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

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

A EES JEE L thE e o F5 Uk

[from sound.effects import echo

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

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

[from sound.effects.echo import echofilter

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

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

)

from package import itemE AR ], item2 7R J A E BE (E=AE A7 AN)L 5 A
B4, 22, We 5 mﬂﬂﬂHAQEPaﬂ%%‘4%i%%ﬂ%41wu.mmxtf 217 item
o] 3 7] A] o 7@-4301 A=A AASaL, 287 o REoletal 7t e REE A =3 YT 2
ZSThd, ImportError o9& Yot

o]of] ¥l5}to], import item.subitem.subsubitem 9} Z& EH S AR
FE2 W= A g 7] X o] of Tyt npA| g 52 B E ol uf 7] X 7
‘EH—» S, He 5ol 2 S syt

22

0 x]lz, AL A3 2+
J=o A gold
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6.4.1 TiZ|X|0l|A * [EE 57|

o]A| from sound.effects import * 2}l A oj@ ? sl
off A 9 7] X of] o] REEO] EJEA F2 U3, IAERFE JYXES .
Spo tl Azko] 9.8 A2 A H PES ARE o mrefoE AN R EL YA Ao JEE
Lol uhopit ki ABA iz Fd B/ LA 5 Aok
T LN A2 5712 AR 9 7] A o] AlS WA Ao &2 A Fdt= AYUth import ¥ T
22 HE7t stk 71 A9 __init__.py ZEZF__all_ ol o5 E5Z Al F Y, o] A
from package import * & Ydu] JEE Soby St B o] £E9] B2 0% Wobs vtk Al ]
A 7 AE SAT W o] BE5S H 4 FHE FA 8= A2 71 A AAY] A Ut 7] A A2
AN * E QT ESFE S} ek BAATH, o A&
€9, 3t¥9 sound/effects/__init_ .py € a3} 22 I=E 2T JdFYth

)
i)
N
~
o
o
2

I o
it

3

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

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

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

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

If __all__ is not defined, the statement from sound.effects import * does not import all submod-
ules from the package sound.effects into the current namespace; it only ensures that the package sound.
effects has been imported (possibly running any initialization code in __init__ .py) and then imports what-
ever names are defined in the package. This includes any names defined (and submodules explicitly loaded) by
__init__ .py. Italso includes any submodules of the package that were explicitly loaded by previous import
statements. Consider this code:

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

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

44} oM BEo] inport * & ST W 54 AL G o] BEW JAXE FES AA YT}

Sefebs, 22 d TEol AL o 48 £ 2 A2 o] AU o

from package import specific_submodule & AFE-3h=d &5 H AL Qo= 2E 7] o 31A 8!
A, A EZE S BEO| thE 7| A oA 22 o] EY A B RES AT A8 7 gle st d3E = 77

Wy,
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6.4.2 17 |X| LHE 79| &=

When packages are structured into subpackages (as with the sound package in the example), you can use absolute
imports to refer to submodules of siblings packages. For example, if the module sound.filters.vocoder
needs to use the echo module in the sound.effects package, it canuse from sound.effects import
echo.

You can also write relative imports, with the from module import name form of import statement. These
imports use leading dots to indicate the current and parent packages involved in the relative import. From the
surround module for example, you might use:

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

At AZEZF A ZEQ o] 2o 7|HFS Frh= Ao oA 2. o BEO o] 2 FA " main_ "
o] 7| wj Fof, slol W S 2 I W REZ ALRE B R EEL utu A A JEZEE AL of
syt

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

7|2 EFEF A EYHE FUE o AYFYTH __path_ . o)A 7|2 __init_ .py I}LS
A 3Y3}7] Ao, o] 5 o] Coi%%ﬂewfw ol%%zf:;%} g ArER 27|SH UL o] Mg A
g dFsUth 22A H 2 o] 7)Ao ZIH REF} A E I 7| A S A o JFE FA
%\JD}.

o] 7] 0] A5 BRSHA = FA T, 7| A A TAE = 25 A

%
m[o

434 ol A8 Py ek
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e £
22 ae) £28 FAE o e 1A Pl A%tk Aol A71e) AR Fej2 Pl HE A
FE QI UFol S A5 Do) 2 S AU o] FelAE B 7HA A4S ek

So far we’ ve encountered two ways of writing values: expression statements and the print () function. (A third
way is using the write () method of file objects; the standard output file can be referenced as sys . stdout. See

the Library Reference for more information on this.)
FF s Avo] AR TRE S A S AR 2 FAL H Wol Alofsok skt 297t % U th

o O
222 TUshe HlE o g 7HA ol &Lk

 EU EAD P E S AW, AN G R B S A8 S Yol £ EEF S Bo] Fx}
%%Mﬂd@mLﬂfﬂdwﬂﬂ{m}+44lhﬁ¢g%aa§a%%5@¢ﬂ%

>>> year = 2016

>>> event = 'Referendum'

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

v

d

. FAQE str.format ) WAL O B £4AS 7Tk s oAl @ 9 X2
(8 )2 o0 AL, AA G EHY A B2 AT S QAT ENT HRE AT of

.

>>> 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%'

i

. vpAvto, BAl e Setol 4l B o]0} o] 7] Al4he AFE o] AT 4k REWAE BEOoR
W, BE B4 Aol 222 2T 5 JSUh BAGGel L Foj1 @ UH 2 BA4L S A
ol 8 Ae s B A WA} A5 T
FAA Fe o] BRFA b B Tw Z e A5 QX WSS w2 A EA S Y, repr () Eistr()
F4E 8o BE e EALR WBT 5 A5
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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)

58 Chapter 7. Qi&u £=

[}



Python Tutorial, Z2|A 3.11.11

>>> print (£'My hovercraft is full of

My hovercraft is full of

'eels'.

{fanimals/r}.

")

(o] sl o] A ol A AI)

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:

'roaches'
13

>>> bugs
>>> count
>>> area

>>> print (f'Debugging {bugs=}

Debugging bugs='roaches

'living room'

{count =/

{area=}"

)

count=13 area='living room'

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

7.1.2 22X} format() HIME

str.format () WAES) 7] EA e AL o] & A rh:

>>> print ('We are the

who say
We are the knights who say "Ni!"

LI

pImY format ('knights',

'Ni'))

TZ5e It Y= wAE (EH FEgt RET) 2 str.format () HAERE A AAEE A
Utk $235 ¢4 A= str. format () FINEE ALH AA S AXE 770 AHEE &
1% Ut

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

spam and eggs

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

eggs and spam

str.format () WA E 7Y = AA7} AL HE, I FE2 AR o] 5 AR ARE = AF
U,

>>> print ('This {f is { jective}.'.format (

.. food="'spam', adjective='absolutely horrible'))

This spam is absolutely horrible.

AA A= AAE AFEA 2FT 5 Yt

>>> print ('The story of )}, 1}, and {other}.'.format ('Bill', 'Manfred',

ce other="'Georg'))

The story of Bill, Manfred, and Georg.

3 A b AR £ EAGo) 2, ERG WSS AN Aol o] Eo2 AFY 5 oy
F2 AYUth 293 9AU S W71 718 G ss HBE (10§ AHSEE B

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

>>> print ('Jack: ] ]:d}; Sjoerd: ) [Sjoerd] :d};

Ce . 'Dcab: {0[Dcab] :
Jack: 4098; Sjoerd: 4127; D

]

cab:

}' . format (table))

8637678

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

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

>>> print ('Jack: T d}; Sjoerd: sjoerd:d}; Dcab: Jcab:d} ' . format (**table))
Jack: 4098; Sjoerd: 4127; Dcab: 8637678

UL BEAG MFELS G YAV E BAFE WG B vars ) 9B AT 53 2w
0]./_\]/]1;]_

I =] .

74, A0 = ZoOHE 59
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As an example, the following lines produce a tidily aligned set of columns giving integers and their squares and cubes:

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

print (' ' . format (x, 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 81 729
10 100 1000
str.format () & AF&SF EAE 2 g o] &4 3t 7| & = formatstrings <
713 £ 2X1Y ZojE
A7) B AFFAAAES BE 2FOR ENYREYTh

HAS.

>>> 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 2XIH ZoiE!

%o AR} (B =239 "o = AT 4 95Ut 'string' ¢ valuesZ7FFo]A W, string
o =% ?l_/:‘?j_/:% 07} o] A2l values 842 AP Ut o] AA-S &3] EX4E X ZH(interpolation)
olgta FUth dE &

>>> 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 TUS 9T M|

fjo

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

[>>> f = open('workfile', 'w', encoding="utf-8") }
A WA AAbE Y o §E e BAIAUTE F A Ak shalo] A4 A S Ashe B )]
ZAES T E s BAAIYTE mode £ HAE 271wk ShE 1o, 2710 SHE wr (22 0§
oln] & o= JJr%_‘E&l yoh 7L, et = 39S BlEel 7] A8 duth 3ol 7155 = EE
dolEE A5 Zo ESUTh 'ri' £ 3UL 23 227] 98] GUTH mode AAE A A A,

Aeksie 1xv o] A58t

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

dos 2=, A2 Wol /)8 FAL FAE LA E Fu (F 20l 0 A2 i) £

=

97 \n 2 WASE At das us At RS R
MasE AU o) 5 HolEol ha 2o 7o) + AL Bk Aol A9 BA A,
=)
H

Jmcﬂ4m@%“4ﬂEMWHﬂw1HE“ﬂﬂ
AHEBLEE S A 8

gd AAE HE W with 7| EE AHESHE A2 £2

2R EZF SR o 3do] SntEA @tte AdYth with
E5S 2 A vus] X BV = ok

7 A e

>>> with open('workfile', encoding="utf-8") as f:
read_data = f.read()

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

with 7| =& AFRSLA] oW, f.close () & T8 9142 B2 ARG A ALE A2 SA] v

3l of gt

A3 with 7|9 EE AFE3lA U £.close () B8 SE3HA ¥l f.write () E S E3HH
AeAog ZEHEE f.write () 9 AAZF Y AT SAF] 7| EH A &S 5 UK

AR
=k

I AR 723 Fol=, with Eolt f.close () B 2E0he 4 27, 3t AA & AHgstele Al s

250z Aok

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

62 Chapter 7. I=0} &

i



Python Tutorial, Z2|A 3.11.11

g A9 XS v E, £.seek (offset, whence) § AT ULH A& 7| EH A offser &
S A AR UTh 71282 whence QA2 A S U ). whence gho] 00] @ wpel ] A& 58 243,
oW AR 5 A2 G, 2 A B A EROR AHSHUTE whence = AFD 5 91,
71 Eghe 00 2hA] 3H 9] 22 71 E A 0= A FY T

>>> 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!’

HAE S e (RE ERFAol b 7h9lo] D AS), 5k o) A ztel] AT A o) 93] W Ak & 2k 1 (o
9% seek (0, 2) & ALE olm4014310;%1—‘;:@736}%73%@%}),Eu} offser S £ . tell ()
o] EE QTR ITE 2 9] ThE offer LS B H A L ARE v

File objects have some additional methods, such as isatty () and truncate () which are less frequently used;
consult the Library Reference for a complete guide to file objects.

7.2.2 json 22 FXHQI HIO|E{ & X E5}7]

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

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

A3 ISON YA e dolEf B BE o) Brh 88 22 YFe] A5 ASFUTE e 222 vl

o —
oju] o] Zlof] O3B R, AFTAS st F2 Ao Fth
AR x 7 QS o, 3k 3 Eo] F= 7 T4 2 JSON #Aa1d 532 & 5 5y h

>>> import json

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

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

dump () 2= dumps () Y59 WHL AAE € 2E 9 2 AAHY T £ 72718 9 4
Eﬂ/\E—_‘ _4.01 o} ,o]r'ﬂ ]61-1': g}\%qq—;

[json.dump(x, f)

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

[x = Jjson.load(f)

7.2. TS 911 M7 63
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ZF31: JSON files must be encoded in UTF-8. Use encoding="utf-8" when opening JSON file as a text file
for both of reading and writing.

o) 2heke {5 o] Bl A= ok el & ThE 5 AT Qo] 2ejs AAHAE ISON o2
Qe sjel7] AalA S ool 317k BRI Json BES) A AAL o Wel ol e 4HL g1
%k,

t B

pickle-3&F 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
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o
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>>> 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 aHEH EXGL B YA oo o)A Yth o] AL BE YA o252 ALLE A Zo| X u

2 29 129 APE (ALl @ DA T BFL) F 19 ARE fg itk TE o o] B
9 A EAG U T () oF 7191 =74 obd U B,
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429 £5S UGS 29 Edol~E TFAL dUth AW, B ANA do] EAFFL
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>>> while True:
try:
x = int (input ("Please enter a number: "))
break
except ValueError:
print ("Oops! That was no valid number. Try again...")

try £ e 2ol BATULH
o WA, ry A (try 2 except /\}o],] B2AZE) o] AlsE U}
o )7 AR koW except A S AVH L try B AP L ZFFH

« If an exception occurs during execution of the t ry clause, the rest of the clause is skipped. Then, if its type
matches the exception named after the except keyword, the except clause is executed, and then execution
continues after the try/except block.

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

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

. except (RuntimeError, TypeError, NameError):
pass

A class in an except clause 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")

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

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

The except clause may specify a variable after the exception name. The variable is bound to the exception instance
which typically has an args attribute that stores the arguments. For convenience, builtin exception types define
__str__ () to print all the arguments without explicitly accessing .args.

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

print (type (inst)) # 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

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

BaseException is the common base class of all exceptions. One of its subclasses, Exception, is the base
class of all the non-fatal exceptions. Exceptions which are not subclasses of 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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(o1 sl o] A ol A Al <5)
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

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

for arg in sys.argv([l:]:

try:
f = open(arg, 'r')

except OSError:
print ('cannot open', arg)

else:
print (arg, 'has', len(f.readlines()), 'lines')
f.close()

J

else o Abgo] try Zoll Z=EE F7let= ARY £2H|, try - except ol Y3l HEH I =
=7k Qo)A e o 3 E S AT A H & A A PRI

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

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

>>> try:
this_fails()

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

Handling run-time error: division by zero

8.4 a2 &=237|7]

raise £ 2217t AR N9 BAFES FAL 5 A P AE Sol:

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

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

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

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

ghoF o] 9] 7} A Bl = A = ol 34 vk A 2] 5ha 417 = hrh, B b WEl o) raise £o] 198
ohAl Qo2 4 A Fy T
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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
AATG WG S & BAR). doe Be Aoz AR Exception 2HLE AT

g}

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

R o9l = RF A EY olFEH FASH, “Error” 2 2UhE o522 F gyt

Many standard modules define their own exceptions to report errors that may occur in functions they define.

try #& E O AEE 22 /M 5 gl BE A g A ookt S 54 e $4L H st
AR UL o & £
>>> try

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

Goodbye, world!

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

KeyboardInterrupt

finally Ze] 9o, try o] #5857 o] finally Fo] vpx 2t Ao g AWt} finally
AL try Fol 98 AASEAS BAY AFH ULk B A BT ) o BFS A E
gtk
e try A€ AR F 9 7F BT, except AolA o2& Aele 5 ATk o9l 7}
except HoA A ej= A Fod, flnally Aol AP E T o 2] 7} t}A] LA zﬁ-l/]r/}
o excepttelse @ A3 Zof o9 7} HABT 4 95U Th A, finally o] A3 % o 9 7}
ChA] g ey ot
o If the finally clause executes a break, continue or return statement, exceptions are not re-raised.
s+ try #°| break, continue B+ return #° E23%}H, finally B2 break, continue B+
return ¥ A3 A Ao Ay qr/}
e finally Zof return Fo] £ W, W3} 212 try 9 return o] & Zko] oty g},
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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}
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for line in open("myfile.txt"):
print (line, end="")

542 FAPUth 1 AANE A
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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

>>>

74 Chapter 8. 0f|2{2} dil2|




CHAPTER 9

e B
geatYolHY /5 WA B BHS AFTFUL A FALS BEL AL AN A P S @
oM, 1 39 A A2EA S WE 5 U FUTh 74 FeA A2EAE FUE FAR A9 2
AAA BRY o= HES A 5 AHUTh ek And At AH S 07 913 (Ze) 20 o3
Aog) WA= E b S gt
e meady Aol w T ), shol A Fehx MAUZE H 2] Az BYT G HA
e 2% FARU Cr 3 RES3 o A 25 = Fe s WAYSS EFFUTE shold Feat
AH AP 22 Y BE BE NSESATTUT 2A2 4E N AUZS O35 Wo| s Fe 22
oL, A4 Feh it o] s SR AL FAHLEY o HAEE AR T 5 gom, WSS e
o g2l Ho) s Fe A WA EE BEF 4 AUk AAES 219 FRe vlol S FA AE o]
74 % QU BER AR, FAAE stolde] B BAS 7 thryth A8 Ak
WS o)A 1, BEel A o= 6 £47 £ &t
Co+ 012, 15 Gl A 5L (5]8) Wol & 2o ) puslic (91 & o2l 11571 5 & Al 2)
313, R E W G5 L vimal YU th LE3AE, AA ] vlLEoA 1 ARl A& Bohe
2QEPL GHUTH WAS B5hE 1 AN S BAGE GAH A AR A2 Addshed, T 52
W BAH 0% A Tk ABEIAT, Boha A4 E AN ol A0] AT} ol B WAL A
g AFIULE Crr 1} 25213 9 2], AT = A8A7 57 A ol o) B2 422
S FUTh £, Crt AT, SUA 2ULS 2L LR P ANAEL (e Aah ARaT Y,
55) 2o Axdze sl A2 3oE 5 Y%,

(e 2ol Thsh HAA 02 WolE ol A & GojEo] gl FHolA, o F ABEI L Cor §oI 52
AT AAUTE Crv Bk AR A A S0l sl Ae] A% H /WA B2 BED3 §o) 8 AT
4= QA ol HAEe] U ¢le Ao oA Th)

9.1 O|E 1} ZHA|of &St stolC|

AR = 7HZ1W (lndwlduahty)— Zka1, oj 2 7] o] Fo] (o8] WY ATz A) -2 AR AZE 5
Ut ol A A o] S0 A& o D 2] o] A (aliasing) o] 2t LA YFUTh BE go] xS A2 &
o] ¥ iol 5*7%3}%]‘: %3, B 7| EYE (AL BAYE, F S UEE %"J% FABHA FA
O‘AHD} A o Ao &= B AaE, gAYy 1 5k T2 7 AR EE FRkete ol I =
9 ]°ﬂlﬁ01§ﬂragfﬁlﬁﬂi}. o]Z e HE z7 o FEo] = =
ZAEAH T2 Wl E Ut o E Eof, T o] ZAE v A3} wj £, 2
AA FUth 183 57 AAE Agd 7%‘?11% —’Fz*ﬁ} ,TEAE I MAS E?ﬂ AUt — o] A2
TAaZr| A AFRE = F 7HA A2 o2 A2 A 74142«1 48 & A AT

[r
|ufjin}
=2
RieA

2
tu Q.

75



Python Tutorial, & 2|A 3.11.11

U2 27187 Aol sol el ol i3l R 7HA) B Aol YTk U2 H s ol 8

02 PEW 2L Rel3, o Fol0] AojuptA A3 o] 5] 93] 2:m ) o] F T2l

R A A=A & BRI AFUTE Dol AW, of FAl) B A 4L RE 1T ol H 22
1

2 712 J o 2 A=A,

Q%%{fqe]HﬂﬂiﬂhﬂquqW%%QQ%%G%QH%] M2 735 o
AAT BE o2 Aoz dopad = gla (2 deduth, ez ubd &= JdFUth o &
%ﬂﬂﬂ%‘%ﬁ] S A (@bs () G 2L FFEF WA ol FES EFFYLH; ZEY A Y
EE; s BRoIAC A o BE. ofm o v]ol 4 A7 2] o] ) HE QT ol % T2 FA UL
o5 B7ol 3 otol & F 0T AL AT O ol F FUEY ol F ol o1 e BA} Arke
AdUrth o 0], F A AE T BRESL EF &F §lo] F maxinize E AT 5 d5Uth
T RE AEAEL TE o282 %o EolotRUTH

a2, A JJEHE g Dol 2 A Hojl 2& BE o] S AR FUTH— o & 5o], B4 z.real
A4, real £ 2] 2 o AEAHE QU ADaA DA, 250 Dk 0B E e A e
gHE FxJYrtk £ 4 modname. funcname 9 A], modname € & A X 11 funcname = 179
AEZREJUTLE o] Aol FASE REY AJERES} REA HH A o] 5 2ol AFA
Wl AU 2L ol & B0 BT

Attributes may be read-only or writable. In the latter case, assignment to attributes is possible. Module attributes are
writable: you can write modname .the_answer = 42. Writable attributes may also be deleted with the de 1
statement. For example, del modname.the_answer will remove the attribute the_answer from the object
named by modname.
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« the scopes of any enclosing functions, which are searched starting with the nearest enclosing scope, contain
non-local, but also non-global names

cvpA R e 2nEe WA R EY A oS5 EFT T

. U1 UFel A5 A g Re) Anm g o SES £HBT Gt o) 2 TV
If a name is declared global, then all references and assignments go directly to the next-to-last scope containing the
module’ s global names. To rebind variables found outside of the innermost scope, the nonlocal statement can be

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

'@ AT BE A _dice ek delouuag 9o A¢ ol ERNES 2ov, nES o F 3US
AT BT DA E EAF s STE  diet L S RE o A% A o B byl e, B A, o] 28
ABRE AL o8 B1 P8 FASHE 5 Aolw, ALF UM AL T A2 A G of of T
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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
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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

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

rr

9.3.1 SeiA Mol 2H

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

class ClassName:
<statement-1>

<statement-N>

T4 B (det BN, 22 Aol of W EWIH 717 ASNA = WA 4B of o Gtk (P4
o2 A S i B BV 5 YR 52 5 A%

ARH oz, Fehs e YR PAES BE F4 Aol AW, e FHEE SIS u w2 LR}
QU — ol o] FAZ Bob AUt Fehs e 5 Aot BE, WAE 55 7ok
Je e, SET Fejo A% BB2 LT — thAl, o AL H ol AP U T}

e gl AAT W, A o] & B7ro] HEAA T A 2nme AGHUTE— T4, BE A9
MEER) e o] Al o8 B E FUTh 53, %5 A= A B0l o] B2 ol %ol AR,

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

Wo] REoJETRHE Fxo| AHEEHE FE FHS AL Uh obj.name. &
2 o ETHE o] F2 ZejA AA| 7t o] wf Z 29 o] 5 F ke Ad BE o5 duth 1A,

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 ()

< 22 A " xS RS o] AAE A G ¥ x o Ao

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

self.data = []
When a class defines an __init__ () method, class instantiation automatically invokes __init__ () for the
newly created class instance. So in this example, a new, initialized instance can be obtained by:
[x = MyClass () }
Of course, the __init__ () method may have arguments for greater flexibility. In that case, arguments given to
the class instantiation operator are passedonto ___init__ (). For example,

>>> class Complex:

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

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

9.3.3 QIAEIA ZHF|
oA ALE2 AN TS T 5 PeTR AxHL AR} ol e 0 F B AL o= RE
F2YUT F 7HA) E579 SukE o ERHE o] 20| gLtk HlolH o Ee R ES vA =,
data attributes correspond to “instance variables” in Smalltalk, and to “data members” in C++. Data attributes need

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

x.counter = 1
while x.counter < 10:
Xx.counter = x.counter * 2

print (x.counter)
del x.counter

OE dad2 o ERHE Fx e MAE Ut dAEE
HA = E]'L fole 2 dad o d AL H A O}ﬁ‘/]q; E}E AA FEE HANES 7HE 5 9L
t}. ¢l & S}, 8] 2~ E 72} A= append, insert, remove, sort 53} Z-2 WA =52 Zh5 U T SHA 9o
=9] ol A, m/‘];‘*ﬁi Aot e T P E 2k ol & 2L AT AA| 9 v A =of vk AL

A< uch) R

ALE A AA ] SHFE v A E o] 52 28] Se ol D Jsuth Fo4, I AA A Fese BE
ETHEES 42aE danss WAEES AT Tel A $219) o Alol A, x. £ = LulE
M= FxQdu, MyClass. £ 7F o7l 2 duth st Rt x. i & 25 A 20, MyClass.i 7}
g7t oy 7l WYy th 28, . f £ MyClass. £ & 22 R o] opg Uttt — o] A2 &4 A 7}

ohueh WA = A4 Yuith.

9.3.4 OIME ZHA|

HE dAEs 445 AA 2 &gt
[X.f() }
In the MyClass example, this will return the string 'hello world'. However, it is not necessary to call a
method right away: x . £ is a method object, and can be stored away and called at a later time. For example:

xf = x.f
while True:
print (x£f())
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= 9493] A% hello world & Q1.

What exactly happens when a method is called? You may have noticed that x . £ () was called without an argument
above, even though the function definition for £ () specified an argument. What happened to the argument? Surely
Python raises an exception when a function that requires an argument is called without any — even if the argument
isn’ t actually used---

AR, dHEL S A8 = AdFUT A= 5832 281 AR 752 3 HA AA=E
AEgdo= A9yt & i()%?é%lﬁlMyCIass f(x) &%
Me] AAEL EFOZ HAEE TE3 = 212, A WAl AR} of| A =29 Q
e A B =0 7 A35tE F4E &S AG 55T Yh

In general, methods work as follows. When a non-data attribute of an instance is referenced, the instance’ s class is
searched. If the name denotes a valid class attribute that is a function object, references to both the instance object
and the function object are packed into a method object. When the method object is called with an argument list, a
new argument list is constructed from the instance object and the argument list, and the function object is called with
this new argument list.

E
é
me
2
ol
i
b

ol

At o WA, A HpE digdad HoHE A Aol Sea s T 22 BE
AAFRo| N FREHEANEFES HAEES A AU

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] 53} A A ol Tt gt M AN =Y Fxol, Bl2EY YA E| e 22 7hid A7 A S off 3 Hl o]
HE o4 28 E7E 2 b5 A0l A5UTh A8 Sol, T BE0|A ricks HAEE 2o WER
A5 2] eFofof =], b‘PUr«l | AETVFRE Dog AR AE F5 7] vy th
N
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']
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>>> class Warehouse:

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

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

>>> w2 = Warehouse ()

>>> w2.region = 'east'

>>> print (w2.purpose, w2.region)
storage east
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# Function defined outside the class
def fl(self, x, y):
return min(x, xty)

class C:
f = f1

def g(self):
return 'hello world'

h =g

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

HAEE self A HA = o ER|REE AHESiIA thE HMIAEE 22T + 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)

11‘,
T,
<
-+
il
i)
o
h=)
ro, B
N
N
N,
fu
2
18
> o
alf

WASE Qv 2 2T 5 AFUTh ASe] RS A ~axm
279 Bel 8 EHere REYUL. (At A5 49 AT AEE A e th) A=A 2
AOEIE A4S Y FE o 8 AS) B RobAwh Aol 20 g ARe) ALg ok ofd 1A A%
Ao BAL Ao saxd 4o geal M as 2Yduch aad ged B wEe

NEE EYSHE Feha AL o] Ao 2zl gols
S AN AL A A A A B A B0 o5 A AT

29 =

Ut} o] AL object._ _class__ 9

N

9.5 At&
B2, 443 AN FETHE o] 752 “FY 2 ke o 2L BV A 9L ATk 51
Zelz Aele] 2o o5 A A%k

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) : }

H} Al O

g 72 499 A9 ol Feas ge Yoo
wols Ze szt AP Ut o AL o= HE B2 E 2

23

o
ok
£ ot
>

82 Chapter 9. ZeliA




Python Tutorial, Z2|A 3.11.11
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class DerivedClassName (Basel, Base2, Base3):
<statement-1>

<statement-N>

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

A, Olﬁiﬂ}% Y HRgUoh MAE 2 <M= super(> zo gdYAd aE< A3t A
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class Mapping:
def _ init_ (self, iterable):
self.items_list = []
self.__update(iterable)

def update (self, iterable):
for item in iterable:
self.items_list.append(item)

__update = update # private copy of original update () method
class MappingSubclass (Mapping) :

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

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+

th A = 7] HH%%MD}-

AAE Atk Aol Fof st 2 o 3 Hl*ﬂﬁﬁlﬂu e
go omﬂ/\g}ﬂurqug¢ 9}@14 LolAL T W AL} e AR oA &2 U722 Tt
exec() Yeval () EAGH ZE= ST &3 ZH2Y S22 052 A SR A7A gt
Sl 51 S0 55 9] A8 global £l EAS § AT, Z347} B o] 2 A 1= 2 A 27
of. 22 Alofe] __dict_ & AF F2L o B oty getattr (),

A8k,

setattr(),delattr () o=

9.7 RHEAL|

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

from dataclasses import dataclass

@dataclass

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

'computer lab'

>>> john.salary

1000

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

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

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

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

for char in "123":
print (char)

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

ol @ AEhe o] SlA| A @RS, 2HA S, el FUTh o B H o B S ALg3HH sho] o] HAB}s R

%@%WD}. T F oA, for &2 AH ol AA o] thalf iter () T TSFJUTE ©] = HA=E
__next__ () & Y3t olE#H ol H ﬁiJE%E%ZLEﬂ, ol MiMEE AH | 8452 3| 5}

L2 °"/‘ﬂ’\61'1/]1’/} G2 847 e™, __next_ () & StopIteratlon A E oA for Fzo

FTERE LHUT next ) W FFE AEHA _next_ () HIAEE TET 5 AFUTE o] o= ]

BE AL ofEA %Zkﬂ%ﬂ HolFUrh

>>> 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

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

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

mmn

(TH5 sl el Aol A)
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(o] A | o] A oA A A %)
self.data = data
self.index = len (data)

def _ iter (self):
return self

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

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

w'o e 3 -

9.9 A||0|E]

FAY GAH AW G2

29 oo}, A @ ol g =
2w Q=) 7)o o).

Al ol B = olH el olH & wtE tdeta A = Aok dRbF <
YT AS Wttt yield 2 AR YT Al ol B ol next () 7} &
w i Sto A A AT UTH(EE dlolH gt old| £ o] npxte g
de A HE AT A2 g4 WE 7 e HoFyth

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

Anything that can be done with generators can also be done with class-based iterators as described in the previous
section. What makes generators so compact is that the __iter_ () and __next__ () methods are created
automatically.

E U 2R 5L A9 SR A9 At $F 00 4502 BBAGE AU oA
self.index Y self.data & Z2 AAEHA HSFE ]
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86 Chapter 9. ZeliA




Python Tutorial, Z2|A 3.11.11

g Ay oeld e 2lAE Azl vt A v 23S Al 25 E AME ok ER = ARESH
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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

of :

>>> 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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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']

ANAR FHEH ATAHEE ST HBA AAE Ao T 87t dFUTh o] AAEL sys EEY
argy O EZHE grER ZJZO}_%‘/]T/]’ o & Eo], §H 3P oA python demo.py one two three
E A 3 22 27t E8g Ut

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

argparse RE-Z WY £ AAE At o Aust v AUS S AFFUh oy 2T HE & st
olAte] st Wl Al A o 7 T A :

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 AR 3] HE] ZoA AP ufj, AT HE
*args.linesE 5%, args.filenamesE ['alpha.txt', 'beta.txt']Z AAZYr}

o

B E-L stdin, stdout, stderr &) E 2] F zt31 95Utk 7 ulR 2 AL stidour ©] U HE T )
B 5 e Aoy wA Z]%% % shed £ 27 s UTh

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

rlr
pa)

Uk,

~AYES FEFE T ARAAWPELS sys.exit () B2

>>> 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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A g 7 s vt Ao Ao, A A =S deE e 7 F v Aol F7 wE gy th

>>> 'tea for too'.replace('too', 'two')
'tea for two'

10.6 5t

|0k

math 2E2 5 254 Athe A% sk C gloj B2 2] gl v A LS AT

>>> import math

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

>>> math.log (1024, 2)

10.0

random 2 EE FA4 AHES T+ Y+ 5752 AFTFYUTH

>>> 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

ol

) AL

%
o

ﬁ’ %Z_}%}\—) —E'_}l\__’

tlo

statistics REE £ HolHY 7EAQ EAA EAS

(

>>> 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 REES Wol z+3 9l

10.7 QIE{ull QHM|A

AL A 253 A ZRESSES Ao B

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

smtplib YUYt}

>>> 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', 'Jjcaesar@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 HHE{2|7} =
41&%“ﬂﬂﬂﬂ£ﬂgﬂﬂ”@ﬂ
ol 7 2 YEbd YT A€ :
The xmlrpc.client and xmlrpc.server modules make implementing remote procedure calls into an
almost trivial task. Despite the modules’ names, no direct knowledge or handling of XML is needed
£ X 3ok AA A WAIAE e
smtplib £} poplib £}= 2], email
7L 5 kv

email 3 7] A= MIME 2 7] €} RFC 2822 7] v} B A X] & A
dﬂ%ﬂﬂﬂﬁﬁﬂ%W4”ﬂiﬂMﬂEEW¢%t
A7 RAE A P2 (AR L 2 B A 55D e ARG oY 22
E2e 7A] 8 SN £ 4AE AT A5tk
json 71 A& o) 83 & HlolE 28 YL hg5/1 92 FEE AAL AZ T cov
oz AL =Hdug IEF o7 3ld e

xml.etree.ElementTree, xml.dom ¥ xml.

ol R B3} 571 A5 FA Ao ol i $§ =2

o

o] o ]Eibﬂﬂ E]/\E} AZFHEAE| A YukA o
S A& el

9593 & 4 s AR, KL )
sax 7] 49 o8} A AF of. o3
T 7o) dlol ¥ mgko] A d<=d AU th
2ol 22 2)2] o) 2o, o) ¥ EE SQL T
g ABID,
e EE B

a3}

HA~HE d o] EjH] o] A

e =

e sglite3 2E2 SQLite tl| o] E] ¥l o] 2~
S DR P
= A|8}= gettext, locale, 183l codecs 7| A& £
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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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AV A Bel (R E AN AT B2 A4 2 D ELEAAR AL A )

m]m

{}Qﬁ{% EH‘FTE 5o — L= = gul = ]vJ-ﬂ A}é§ﬁq1_ %;g}oﬂq}:ﬂ
A FAsFE A7 JFUth EFsHAE, @A 2A5S 74 '}% Ao T 55 JTFASE
BEE F2E UEUTH weakref RELS FZRE UWEA G AAE FHT S e =T EATEUS

AL B2 3 2o 8 weskeel ol @01 4 AN} A5 0% A7) 0 weakret A2 AT F
Eel AR UL AAQl S ol EE ] vl go] ol =

>>> 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

array 25 array () AAE
A%t g AE 9 TEyh EP% lXﬂL JJrOW int 7“211«1 I 2| ~E 0] AT FET
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>>> from array import array

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

26932

>>> af[l:3]

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

collections BEL deque () 2AAE AFTUtc} o] AA = iﬂ_%q] A o w2 A 2 7y3ER] e =71
oA 23)& o mei s 2ot o AL o7D 2 Hol $4 =2 AL P o)
Aghgh ok

>>> 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 ATYYh

>>> 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')]

£ /NoR e TR B2 ATYUL A gol AL B A
o b A gae] MO AN AHA, AH B FRL AYHA

>>> from heapq import heapify, heappop, heappush

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

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

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

11.8 10% 25 A A=

decimal EEL2 103 2% A4A A8 Y 3tDecimal HolHHES A2ttt W& float o] =
A FEAR AT o, SR
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>>> from decimal import *

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

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

0.73

Decimal A Eol 02 FASY, T Y §AEAE 1 9S4 2 58 v Aele §AEAE
4505 FEFUTh Decimal & £ 0.2 3 8- AW o] A $F a5 o] 45 E A5 £
g5 g2 BT 5 dE BAE S

A BAL Decimal Fe)27} o)A BE a5 o] AFSHA ¢S BER ANTRFEH AANE ST
SDEL 8
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>>> Decimal ('1.00") % Decimal('.10")
Decimal ('0.00")

>>> 1.00 % 0.10

0.09999999999999995

>>> sum([Decimal ('0.1')]1*10) == Decimal('1.0")
True

>>> 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")
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M43 ALE UET FE o= U AFREE EE L venv B U T venv = HE o2 Bo] A ST 4
QA 24 A o] shol W& AA T Al ~Elo] of 2] W] sho] o] 9l ¢, python3 B Adhe
WAg Agste] 54 stold MiAES AT + JF U

M B4 HEHE, 9ot UHdEYE 245, venv RES AT YER APt v E e 4=
29 dxe Ak

[python -m venv tutorial-env }

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

M3 8739 QA HeE e 2% venv Utk o] o] 2L HAH L BE Ao A £AA U=
oz, taeel sl EATE 58 AT o5 AFHEAE YA itk TR AR E
(tooling) o] A\ A3+ .env 7 W4 49| Aol FES PAFUh
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w90 A o] A Ag Tk

[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 AT FEE ALE oF gt

7V 51'74 gA5etd, Ao ZEZEVHAFHA AR S VMBS BFT, S £3589
python & /\]6“3}‘11 EA WAL Flo] o] AYPFHEF Tt o & Eo:

$ source ~/envs/tutorial-env/bin/activate
(tutorial-env) $ python
Python 3.5.1 (default, May 6 2016, 10:59:36)

>>> import sys

>>> sys.path

['', '/usr/local/lib/python35.zip', ...,
'~/envs/tutorial-env/lib/python3.5/site-packages']
>>>

To deactivate a virtual environment, type:

[deactivate

into the terminal.

12.3 pip 2 I{7|X| 2|5} 7]

You can install, upgrade, and remove packages using a program called pip. By default pip will install packages
from the Python Package Index. You can browse the Python Package Index by going to it in your web browser.

13

pip has a number of subcommands: “install”,
complete documentation for pip.)

A7) A] o] 52 A5kl HA WAL A7 A E HAD 5 dsUth

uninstall”, “freeze”, etc. (Consult the installing-index guide for

(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

A7 A] o] F FHoll == A HA WZE 2o SA WAL A7 AELAT F5 JFUth

(tutorial-env) $ python -m pip install requests==2.6.0
Collecting requests==2.6.0

Using cached requests-2.6.0-py2.py3—-none—any.whl
Installing collected packages: requests
Successfully installed requests-2.6.0

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

J

python -m pip uninstall followed by one or more package names will remove the packages from the virtual
environment.

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

(tutorial-env) $ python -m pip show requests
Metadata-Version: 2.0

Name: requests

Version: 2.7.0

Summary: Python HTTP for Humans.

Home-page: http://python-requests.org
Author: Kenneth Reitz

Author-email: me@kennethreitz.com

License: Apache 2.0

Location: /Users/akuchling/envs/tutorial-env/lib/python3.4/site-packages
Requires:

python -m pip 1list will display all of the packages installed in the virtual environment:

(tutorial-env) $ python -m pip list
novas (3.1.1.3)

numpy (1.9.2)

pip (7.0.3)

requests (2.7.0)

setuptools (16.0)

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

(tutorial-env) $ python -m pip freeze > requirements.txt
(tutorial-env) $ cat requirements.txt

novas==3.1.1.3

numpy==1.9.2

requirements.txt = WA A oo A

G5jo] 88 mead A¥e AFE 5 AEU gL
install ~-r 2 EE Q3 7R E HAAT 4+

(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 reques (from —-r requirements.txt (line 3))
Installing collected packages: novas, numpy, requests

Running setup.py install for novas
Successfully installed novas-3.1.1.3 numpy-1.9.2 requests-2.7.0

pip has many more options. Consult the installing-index guide for complete documentation for pip. When you’
ve written a package and want to make it available on the Python Package Index, consult the Python packaging user
guide.
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O|AM & 5kX|?

o] AL M E QoI A oFuhE sho] Abgel Tat Balo] ol AYUT— A £AE A A5 919
sho] g A -§8te 1 Gl of gth o 92w ol t) 2 o} 7R

o] A5 A shol o] B4 AEY AR AUTH AEY hE BA & T2 24U Th

library-index:

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

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

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

U
o] Z}A of] o g

71 e} sfol A&

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

https://docs.python.org: Z}o] A o] A m A of] w2 A BA| AT
https://pypi.org: o] Aol X] = 7}A] (Cheese Shop) 2% &3 &' 1}o] %

1517174 Qe g 4
= AL A} A & Tlol W REY MoldUrh FEE w|E3t7] A ZsE T2 AEESo] e 2

= oflo] LEE SET 4 Yo,

https://code.activestate.com/recipes/langs/python/: s}o] 8 & ] 2 ( Python Cookbook) & B2 F =
A, H & EE Y #8823 HE B AUt 53] F5ERE 3355 Python Cookbook (O’
Reilly & Associates, ISBN 0-596-00797-3) o] 2}= | & 2] A of & k<5 1]t}

https://pyvideo.org collects links to Python-related videos from conferences and user-group meetings.

https://scipy.org: Scientific Python Z 2 A Eof| = w2 v g A4 2 222 93 R EEF A F <,
Felo WEh v Ady &, I 23, A B4 533 22 oy 7HA] 3 7] A o] 23 o] OV\‘JD}-

golH e AFE H FA R1Y FS o Iw _comp. lang.python o A Al 3FA Y python-
list@python.org o] WA H 2l2EZ Bl £ & Ut F2 IFH W IdH grEE= AloJEY oz A

! “Cheese Shop” & Monty Python®] A1 3| U th: LA o] A= 74A o]l Se7bA el Ze X =7k F9lo) 7, 2 gk w3ty

o}.
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CHate o3 HE 2 SIAE2| X8
9% 5ol 4l Q1E| = 2] E] WAL Korn 41 B GNU Bash Aol 9l 7157 S Ak3kA @41 ¢ & B4 o 3]
o]

2Ee A& X]%%MD}. ol thFet ~ et 2] HA-E A Y 3t= GNU Readline E}O]EE}ﬂ% A58}
° glgloll= AA A A 7F A3z, o] 7] ol A ¥R SkA = sy T

L
E

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

14.2 Chsts QlE{ = 2|E] CHot

o] /)52 oA WA SIE e Eoll w3} ¢ AU TE Tejnh, @ 74A) 39 Agol ot
Mtk Clol A SoIA A48 Folas ATHE $2 UG GRS Hhge] ol ns] £l
2234 G YHU. AR MAUZL Az H 4B Ho B ST 5 AFUTh A &
25, GEE 5L A4 (EE AW IFE YT 48T AUh

3 9 AT ST AME h3hY AE) 2] [Python Slel, ) 4, AA T4 L 07 F 25 B
5e 25 QEUTh £, AN AL ol 2o A e S8 2R 43T 5 AFU T
W53 The AH A8 thal g $7-2 bpython AU T
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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, REY AW 255 ARSA o4 252 BHD
YA 44 15 258 A7 A2 7 Aol A4 v oA
ek

o] FAl= Xi g 1001]/‘1 @ﬁHL 2] olslst7] 5 B 13E AAsFA T o g2 AR

o

Utk AxfRog Aduidow

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 |

W AHEARE ol EAIE = A wf Eoll 2AHE S A 8EAl EE}HE} Fpol 2 71 A ol A7E o)A 2
o] AR A gholl st AR 24k %ﬂ%%‘%‘&" Ut EH 7174101]/\1, gkef mhol o] 0.1 2 A7

>>> 0.1
0.1000000000000000055511151231257827021181583404541015625
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o] A T FE Aol f8sttta 7ot ARt W A o|B g, to] NS Rk HH g thAl E A
3to] 2+ thE ek A vy th

>> 1 / 10

0.1

QA)E vt A 1109 AHY B, A AFE gL MY A B8 A5 B ol 25 9L
719814 2.

T EAE F M A oI A E FHIFE A8 o E A
A7 95 Y oh d & E o, 0.1 3 0.10000000000000001 @ 0.
1000000000000000055511151231257827021181583404541015625 = 2 =
3602879701896397 / 2 ** 55 & ZAF FUth o] AR FSo] BT 72 ZAZLS T2 F] 7
w2l eval (repr(x)) == x BHE IHZ FAHA 15 3h}HE BAIS = A5 Th

Aoz, Tolf EZES YA repr () F5E HE AT A4
2 A g Th sho] M 3,158, o] A] Thol A (R E A ATl A) o] 71 g
<8 0.1 2 EAIFU T

flo o
pads
m{o

o] Zlo] o] HF A7 A Yo FESA L Fol i v IE obH, oo T JleWIE
oh k. SEslol] 5 £ e g AL BE dojolq L2 S AL S AFUTHAR
Aol 7| BAoE B2 BE 28 BEo A X8 EAFA 4S5 AA W),

FoREane A7E dodu, BAY FYS Aol AT o) f5 A4S AT 5 A
c}:

>>> 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"

oA o], AT YJu|o A, I L MEE Ao TLFUTH A F2 D] AR 7 Az A &
g eke gl ot

shte] 2 ThE e U= T AsUTh A& 591,012 B3] 1/100] ok B2 =, 0.19 A W E et
A A A A83] 030] ohd Ut

>> 1 + .1 4+ .1 == .3

False

T3 0.1 1/102] A3t gM] o 779 A 4 913, 0.3 3/102) A &S el o 717k nev=,
round () ¥4 = U]E] WS ehe 22 SRl § A dsyth

>>> round (.1, 1) + round(.1, 1) + round(.1, 1) == round(.3, 1)

False

5742 9 23 A HA ol B ARA BE S+ 9A T round ) B4 E AHE 1] £85H] £49
3 e A AE A2 MR 5 A Fuith

>>> 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.

2ol 7b7te] &1 TR o], “4l 2 H2 Yl Uk obF, #E 2T AL E AUAA AT 22= s Y
tH }o] 4 float ‘?i*&«] g 5 a5d stEd oA 4 ﬁ% ZL0) AL, th - 7] Aol A= A At 2##53

re
-
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£ 12 dA e FEYUTE o] A2 72 FYel A B2 2 ol d Yt AL A 4k o]
obyw BE float A4kol| A2 WH2F ol 27 HA S + vk "2 A oF i th

B g A7t A A w T4 8] 5 AeF e S At d RS, O H 5 AE Ve
Bl e 2 Wb A BASHE ZHets A2HE EA 2 AYUth BE str() Heg® SEIM, H
M A 3FA A o] 3F2] ¥ formatstrings o A str.format () Uﬂ ANeo Tu AAAE HA Q.

A AR A ATHAS 7\]’34]-4 B IAA S ZEIN D uZY S8 TR I AT A
g T3 E = decimal RES AFRS HA Q.

Aest bz E ohE FEl= FEl s E 7INe R Ae 3 7S fractions EEol &5 Adg Ut
(kA 1133 22 A= B s LJ'E]"’“ T AsUh.

If you are a heavy user of floating-point operations you should take a look at the NumPy package and many other
packages for mathematical and statistical operations supplied by the SciPy project. See <https://scipy.org>.

Sl oleiol fons) AT T ARL Bk HE S8 JLE NUT e £FEE AT
Uth float.as_integer_ratio() WA =& floatd] 32 42 dTYch

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

Hl&-& A3 ghol 7] Wi 2o, A 2 &4 glo] A vrEE U AL & JlFYth

>>> x == 3537115888337719 / 1125899906842624
True
float.hex () WA E=floatE 1635 (B o] 160]th 2 & st=], AFE o A¢d 43 ghe FUth

>>> x.hex ()
'0x1.921£f9f01b866ep+1"

o] 4&3 1634 A2 float gh& B BsHA AT st ol AL 5 FUTh

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

Fdlo] BT, shol o) ThE W o AA 2 A A A o4

A/ Aot T Adof (APt C99 Z2-2) &}t o] Bl & w 8ot o] F-& U th
T oE 583 EFE=math. fsum() T YUt Ol g i AL
Al ghol T A HA “gloj ® AZ}E”% = .
FAE A oFoba] A A Ao Apol & ® %—’F AsUTh

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

False

>>> math.fsum([0.1] * 10) == 1.0
True

o] Ao A= “0.1” A A& Z}A| 3] A koL, o] e sk Ak of] thek &5t R4S o o] A o=
WS AU o)X B5 A5 T3 ]Eﬁdﬂiﬂ&lo] ATHL 7HF Y ok
& 2 F (Representation error) = QX (AAZ =, g 7EE) AR 447 oA ‘?E 242 AEgsA &9

]E]—O:]E] Aol ol FF

0] shol A(E £ B, C, Crr, A}, £ =
EAA = FH ol FAUTh

Why is that? 1/10 is not exactly representable as a binary fraction. Since at least 2000, almost all machines use IEEE
754 binary floating-point arithmetic, and almost all platforms map Python floats to IEEE 754 binary64 “double

2280t de v,
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precision” values. IEEE 754 binary64 values contain 53 bits of precision, so on input the computer strives to convert
0.1 to the closest fraction it can of the form J/2**N where J is an integer containing exactly 53 bits. Rewriting

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

=2
[J ~= 2**N / 10 }

ZOA 23, J 7F B8] 53U E (>= 2%*52 o] ARk < 2**53 YUth A& 13, N o 2 A g2 56
dYrck:

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

True

5,562 J7F B33 S3REVHHES HEE NS LT AAdUT T Vs A F M T2 AL
HEEE HdUTh

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

U A7k 109 ARt a8g, 44 ke 2ARe 28 A Aol Auth

>>> g+l J

7205759403792794

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

[7205759403792794 /2 == 56 }

BAo BEE B2 rd 0o 2o gy

[3602879701896397 J 2 **% 55 }
292 7] W2, o] A& AAZ 1/10 Hr} Rk Ak Aol Fol A 2; DS TR, o] 1/10 1}

0 AR AT 201} ol A RolE Ao 1102 £ G

So the computer never “sees” 1/10: what it sees is the exact fraction given above, the best IEEE 754 double approx-
imation it can get:

>>> 0.1 * 2 ** 55
3602879701896397.0

5ol 1044558 F5HW, 55719) 40 A8 2 4 &

>>> 3602879701896397 * 10 ** 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625

o] = AFE o A AH A &3k =217 A Z 4= 0.1000000000000000055511151231257827021181583404541015625
9} 222 o m gtk AA AN e EASHE T4l B ol (o] A 1A vhold £3H: ATHE 17
Aol §E5AR S AT

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

'0.10000000000000001"

fractions 9 decimal RE-L o] A4S A W5k

>>> from decimal import Decimal
>>> from fractions import Fraction

>>> Fraction.from_float (0.1)

(TH5 sl el Aol A)

M
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Fraction(3602879701896397, 36028797018963968)

>>> (0.1) .as_integer_ratio ()
(3602879701896397, 36028797018963968)

>>> Decimal.from_float (0.1)
Decimal ('0.1000000000000000055511151231257827021181583404541015625")

>>> format (Decimal.from_float (0.1), '.17")
'0.10000000000000001"

(o] sl o] A ol A AI)

o
Hl
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16.1 CHEl 2=

16.1.1 oll2] &2

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

VNEETEHX ZEIZEN AEHHE FA (IHFH S 2 Control-C E= Delete) & Y Y3 dHS
HAastan 7R ZF2ER Foptlth! B AqEE TG IHPEES 5 try ol o3l
] 8]9 4 9= KeyboardInterrupt o 7} WA g o}

[#l/usr/bin/env python3.5 }

(B = 2] 6} 7} A8 2] paTH of YTk 7}
BEZ FULh 41 L MEA A AL T R Aolok Gtk AR E
~EAY £ FE (\n)E B, AES FFE( \r\n )& FY
EE SR, B4 b R4S RS o A E U

2T YEL chnod B & ALG3kel A8 5T BE, Ex A, & Fol v & 9avrh

)
ok
=
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[$ chmod +x myscript.py

)

3 QaUth stold Ax 22aWe py AL
python.exe 9 A5 0% <14 15 2dsd ~agdez Augn. s
pyw S E AEUTH o] A9, QubA o e 24 3L BAHA 2y

! GNU Readline 3 7] 2] o] = 24| 7} o] 212 w3 & 4= Q&1 o
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T2 A9 .profile 7|53 FAFE Y h

o) UL A5y AMA A Q3| v, ol o] 2R =GN A BAE AL WL, /dev/tey 7 B
YA A A2 AP NAAE s2sth o+ 9] G5Uth 3y ¥eo] ddds = 22 o5
T A BR, o] stdoA HstAY X2 ES = AA = hed Al Mol A F3stA] 2
S|Fo% g 4 Sl o BHAolA sys.psl Woys.ps2 TETEE WAT 4 Uik
A da g A 27 AIF LS dogd, A9 AlF s A if os.path.isfile('.
pythonrc.py') : exec (open('.pythonrc.py') .read()) & T2 FEEALGHA =218
T AFUT 2T HEANA A Z 31L& A3 E AT HE A PA|H o2 3] oF g th

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 &

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

>>> import site
>>> site.getusersitepackages ()
'/home/user/.local/lib/python3.5/site-packages'

olAl Z tJHAE gl o]l usercustomize.py Bt 0|59 IS UHET Y= AES LS+ IS5 YT
AE QEEE M BATHE s RU0 2 A9 G B, o] A S wE sho 1 Aol FFE FIT}

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

>>>

2to3

2o s
c E027 9 IE B TES QYT W, AL o) R L TEA (BT, BT, FBI) 9ol
EEERE s 214 F9 T34y Ae] 8 vol W ZEZE.

shol W 2.x TEE Sho] M 3x TER WAFE T AESE E7 AT, 248 TE BAFL 78
24 228 AN AAE 4 P TR R ME RS TE U

abstract base class (=4} W] o] A S| A)

SN qﬂi%hasattr() 2otz gladsSo] 2Hs AL R ZEH (9=
5 o

& WA E) A, A o] 28 FY st HH S ATToEN § Efo] 3 & HAFt). ABC‘_7}
AAB ZYPA2E =dst=d, ZHE ASSHA] o WA X isinstance () 2 issubclass ()

oﬂ o 7AA" 4 9= :avefgqq, abc BE AHAE HA Q. o= we Yy ABC
So) wate ‘*1:-1] o}e 7} 7‘% AE°] AF5YUY: A8 X (collections.abc BEA]), A}
(numbers EEAA]), 2EH (1o BENA]), YZE 3258 EY (importlib.abc EEA]).
abc B E-& A3 A X]—{\_] ,_«] ABCE s &% 54Ut

annotation (o] €] o] ’4)

dgo met 9 JE 2 ARRHE WS, FUL O ERRE e e s U Rk gt A dE

-

Aol 9o ofierlo] e A A7kl AN AT 4 AT A W, Féhs £4 9D P ofx
HolAL 27 &, 32, 42 __annotations__ EF o]EZ|RHE AF ZLQ 14 t}.

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

argument (212}

F4E TEY U T4 (EE AL 2 A E G T ER A7 A5 Th
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7) Ql ]—(keyword argument): T Z wf] A H2}7} kol 2
*x F Qo] £l _,/qLﬂF,IEZJDLQ AzL A& S0, ot Z
5 EF 719 E dAY Ytk

1o

= 1A} (¢ & €9, name=) £+

I & complex () A 3¢

dlo

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

o 1] AR} (positional argument) ] A= AA7F obd AL
e AU olH 2 E o gofl x & Zo] AT 5 Uth o
N E R TN

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

W B oI5 22 A9 ol UG o) A A8 T AT choh ol
2 HAL. BHAOR, ofd RAA 0| A AR AHEE 5 g Uth FHA grol A W
Saa90,

ol w7l FEHFAQ A& A v M 4=2] Afo] 2 PEP 3625 H A2

asynchronous context manager (B] % 7] A€ A& &2z}
An object which controls the environment seen in an async with statement by defining __aenter_ ()

and ___aexit__ () methods. Introduced by PEP 492.

asynchronous generator (H]% 7] A1 ?«ﬂ °] E)
H]5 7] Al gl o ¥l ol &l ol E & T & async def 2 AoH = I FH A H Hol
<4, async for Fx7} /\P%ﬂ 4 °‘% AP FEL HEEyield BHA L £F3THE H o
eyt

HE WS A E $4F A, o Buo & w57 Aol E olE e o E &
A2 AUt o =5k ol n)7} WekelA e Ak, AT ol B M BEFE QAT

v 57 AlvE oy g4 await EH A asyne for 3} asyne with & 28 4 5
Uk,

asynchronous generator iterator (W] 7] A1 ] o] €] o] €] #]| o] ¥])
H5 7] AV g ey g7l e+ AA.

u—7

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

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

asynchronous iterable (8] % 7] o]g] 2] &)
An object, that can be used in an async for statement. Must return an asynchronous iterator from its
__aiter__ () method. Introduced by PEP 492.

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

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

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

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

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

str AAE g3 & 5 U= 3L Ao A= HAE 5t =

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

wy

Z3hA 8.

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

bytes-like object (B} o] E Q& A A))
bufferbjects & 2517, C-51 % 5151 9|2 % 5 151t o1 ) B8 nenoryview A7
EE0°]a bytes, bytearray, array.array AAEL T3 T vlo| EL R A A E-L vlo)
o] 2= Zﬂ

o o] 8 & bt oy /bA AskEo] AHSE & d5UTh 4F, vhel v el st = A%,
o A% 2o A5 ey

tlo % rlo

ojd ArE-2 vlelv g tlolE 7t b A d Fovt suUth oA Ao AuME 5 9
» 7] dlolEGH A7 gt AT YTH 71 ¥y AA Y o 2= bytearrayﬂ]—bytearrayJ
memoryview 7} 55U Th T2 A4ALE2 vtojy g HlolH 7 B AA (“917] A& vl EEF
AA) N A= F a7 F U ol A5 JE+= bytes$ bytes AR Y 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
.

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

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

A function, and by extension a method, is a callable. An instance of a class that implementsthe __call__ ()
method is also a callable.

callback (&)
Az AL £ vlee) ol AHel A 4D Az FH 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
A=

b o
o ¢
5

AW

o

Aol 85 B9 (1) AFD)E B AAW, FF AL 2, FHAAL 3= EAFY T}
shol e FAbe] WL Ak BarE 7R AAGUTh S 4RE § Hu A Bel A E7) T
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context manager ( Z—l_E_‘lé.E. &2l A
An object which controls the environment seen in a with statement by defining _ enter_ () and
__exit_ () methods. See PEP 343.

context variable (A ] A E ¥ )

Aol whe e 92 A 4 GlE WA, o 2 1% A = Mgl s e 1he A4 4
e 2 =-22 A4 vk 28, AH2E J4E 53, sty A8 A= oy
AYAES S 4 9o ADLE Uae] 2 Brt SA4 HE/] HAT A WAE 2 AL
AUl contextvarsE FRIAA L.

contiguous (J <%
HE = J83] C-dA% (C contiguous) o] A} EE & A< (Fortran contiguous) @ W) A< o]g}al o] A F
Uth @Ak 3= C-A5oldlA ZEZ ASYUTH dAA oA, FEE2 A= APk,
0ol A Al &8s 2 Ak ‘“/\—4 ’\/‘1‘413 ”ﬂ—uﬂ of| vl X] =] of of Tt Ttk C-A < nl 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

2o o) Seol s EASAT, @ AF AUk Hlmd olgol] Bt o AAI FES T4
FEDES P BIOIEE PR RIS

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

Yoz g e =S o 3 AL 3 Y82 descriptors U Tl A~ H B AR H QU A of] U3 U Tt

dictionary (9 41 2])
An associative array, where arbitrary keys are mapped to values. The keys can be any object with
__hash__ () and __eq__ () methods. Called a hash in Perl.
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dictionary comprehension (5 A1 2] A Z 2|3l A)
ol E I 84 AAY LFE Aot 234E @2 - E W3
results = {n: n ** 2 for n in range (10)}2 Fn *
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)
2o Qe o] 28 AR EA Beehd AAe) §e WA gz ey A6 )
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 W2 Aol M A5 A= = LBYL 2~ 8p 3t o vl g Y o

expression (%3 2])

>*
N
=2
=2
ol
(it
N
=}
fifo
Hl
%
ok
rr
JE EE

o 9 [ ;_Yl
2 1Y, )
i ot rjo ok

P
i
Tﬂ
=2
>
=2

i o>
flo ZX X9
A

lu
v

ofdl groz 7ol 4 gl BHA 27 hE R BASW, BV L I H Y, o5, o= RE
A2, AR, FHET 2L R EHFE A 245 Hol 28 AYUTh T2 B dlojg)
HxHoz BE o] PYES] EUA AL obduUth wnile A, RAN O R ASE S gt
4 5ol A% A4 o] obgd Uk

CUC++= A" T EY|, 5lo] W] C APIE AFL3 A A A o] L} AFE A} T =9} AT 283 o).
f-string (f-F2}4)

U R B Y B BAE BlHE S E9] “f-EAE o2t RESH, W EAE 2lHE

o] Zd =9t} PEP 498 & H A Q.

file object (3} 2 A))
An object exposing a file-oriented API (with methods such as read () or write ()) to an underlying re-
source. Depending on the way it was created, a file object can mediate access to a real on-disk file or to
another type of storage or communication device (for example standard input/output, in-memory buffers,
sockets, pipes, etc.). File objects are also called file-like objects or streams.

AR 2= A 772 51 AR E o] A5yt Eaw) vhol v 2] 514, ¥ 3 = (buffered) Wo] v 2] 714,
gk 519, o] 59 dEFo] At io REOIA AP UL 3 AR E et EAd P
open () ¥FE 2= AYUrh

file-like object (3} Y7 2 A))
EEE PP

filesystem encoding and error handler

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

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.
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The sys.getfilesystemencoding () and sys.getfilesystemencodeerrors () functions
can be used to get the filesystem encoding and error handler.

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

See also the locale encoding.

finder (3}¢1t])
ATEID REL YT 2] 2 Fod A3k 4.

sho]lAW 3.3. o] 32, F T/ AT 7 AF U sys.meta_path & A7 AF St vl EF 4 =
719l 9} sys.path_hooks I A Ab&8t+= 4 = A E 2 vfl.
o] A}A| 8 U &2 PEP 302, PEP 420, PEP 451 o] U-&U T},
floor division (3 4= UA)
74 7hE AR W ehe 3 Al Ag Al dabake // o e
49 Zre 27} F AN A YA 2. 758 S E U (-11) // 4 7}-
Holl Fof s of gruith. PEP 2385 H A 2.

function (g+4)

N il
R
2
=3
FBL
,:
=
~
S~

SEANA o e EEFE Y 8=, gAY I oY A7 AL 4 =, ¥y 9
Adol] ALRF 5 g5 UTh v 7] ¥ 5 9F v Al = 9} function A AT H A L
function annotation (T4~ o] - E o] H)
3 7he] ol H o] A
)

34 ol 4
A

P4 ol B o] He Ao
Lol Ao 7T 1L, FA

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

B4 o - H| o] A B2 function E oA AW 3]

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

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

default:
>>> import _ future
>>> _ future_ .division

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

garbage collection (7}8] X] 4~ #)
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)
Zﬂ Lﬂ &l o] E% 5‘;}/\ 7]_ ol = 7 iﬂ
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Zyield AN A2 A2E U, T HA2| (o WEEF 7] S -2 EE £Y
A% S 1Tk A delE ol el ol g 7L A W, W 2o B9 Fu(EZ v}
M= Al ZEske 349k ol g U oh.

generator expression (FQ] v#ole 3 4)

olHH OHE EHF+= RHA. FZ AT HAE BY s for A B 7hs st if o] o
P AW R AW HYUTE A8 FAAL B8 FFE QD FEL BE UG
>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

generic function (A W] g §4)
22 e Az vge dedd e FE oy de 44
E]/\JHX] Gl os) 24Uk

A2t~ o] FEF} functools.singledispatch () U & 0] E] S} PEP 4435 H A 8.

b

5. 5E W o H THo] AR L

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

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.

GIL
Ao B zeH & & HAL

global interpreter lock (H & ¢Qle] = 2 E &)

3 ol 27 shupe] a7k shol A ho) = 3= & AYSHES M) 98] CPyihon Qe 2
B} ARSI WA U F. (dict 2 2 SRR YFAEE Eekoli) A7 Bllo] SAHOR B A
o 4] 2:0] thal oA SE S 95 0] A CPython 78 sl WU o). Bz ele] WAl e

_4

AL HZEHE tEad =335t gA HEE= oA
Be RS 54,
However, some extension modules, either standard or third-party, are designed so as to release the GIL when

doing computationally intensive tasks such as compression or hashing. Also, the GIL is always released when
doing I/O.

A, o 4&*1]/\1 VA7 A Zee HeE Ao

& ° nAsHA F 4 tl o] & F1w) “2d =9 AH 22 (free-threaded)” QVE| Z 2] B & RF= 1L
X}ﬁ} AL =g JF Aol A X, Tt Y ZEAA F-2] A5 A3H7E Al 8] wiE )
Utk o] A5 ol & FHeE A2 7+dES EA 536t 1‘4%01/‘% %21 Hl%olﬁ%ﬂ%ﬁﬂi

oA AR YTk

hash-based pyc (3l] ] 7] 4} pyc)
FEAS IE7] Y8l sl A 51d 9

. pyc-invalidation2 =314 L.

hashable (3] A] 7}%)
An object is hashable if it has a hash value which never changes during its lifetime (itneedsa __hash__ ()
method), and can be compared to other objects (it needs an __eqg___ () method). Hashable objects which
compare equal must have the same hash value.

Al 7L AAE gAY AU A W E AL 5 QA s, ol AR FREC]

WRA o 2 s A gk AHEEHY] W2 Yy ok

Ol kol ] 29 U AAEL SN T G Tk (R AE Y SA W 2 7 Ao s

287 ek Th (F& o) frozenset 2-2) 2W AB o] 5L 259 R 4 50] 34 s

HA] 7HsFUh AFEAF Y e ?li‘?jé AANSL 7|RA oz A 7453 ch (2]
IDLE

An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter envi-
ronment which ships with the standard distribution of Python.

e
of
it

% A7kl ol $ A1 AHE BH ol = T A A

immutable (£4)
DAY S e AR, B AN 54, B, FES 2R o d ANSL WAY 5 ¢
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Solok gtk WA ¢k s Al ghol glof of st 3ol Al

AR 7N IIH 7Y EE I RES 3] Ao A FAas (B 42 dED
E ot= F¢h ol FaEY 552 HF sys.path ;.?_Ea Syt b‘]-X] u} A B o7
7179 _path__ o|EBlRERRE & 5% dch

importing (¢ 2 ¥))

#RE sl TEVF I BEY st TE M AEE 5 YEE s 2
importer (Y Z€])
BEES 37|% 5t 2 E 87| % St AA; S Aol 9l H o] 2 =] A .

interactive (t]3}3)
stol e th3td QB Zel e g 20 gliv], ABZE TELEA N A RAA L L S
93, =7 AHY A¥E 2 5 9k EYUth Azt glo] BX python S AW FA L (A FH )
Fol A AR A% 452 5 ARUTh. A okoltlol & AAAL R E A7) A & B
R = w9 7 sk urH AUt (hel = 2)

interpreted (QJE] Z 2] E] &)
apol = T = Ftdele] 24 uf

2

o 7 o] B38| A 71 A T, shol W2 A5k o) 7k o]
2 AElZ el ol T o) AL HAHoR 4 RAE WA ik, 283U 4 AW
+RE A5

[e] = =

T Atke= “?QHD} Jz2ao] & A3 A 7= 3HA wh A ez E Ao
dojRo} g2 /U 71 25 Uth tighy

interpreter shutdown (Q1E] = 2JE] £78)
FTEEE 8 S S u, Jfol A

AHZPE £2Y FH JAL AYFHE  main REOIUAIHENAFL ZUYE= AUt

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.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (),
--+). When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator
for the object. This iterator is good for one pass over the set of values. When using iterables, it is usually not
necessary tocall iter () ordeal with iterator objects yourself. The for statement does that automatically for
you, creating a temporary unnamed variable to hold the iterator for the duration of the loop. See also iterator,
sequence, and generator.

iterator (©] €] &) o] ¥])

An object representing a stream of data. Repeated calls to the iterator’ s __next__ () method (or passing
it to the built-in function next () ) return successive items in the stream. When no more data are available
a StopIteration exception is raised instead. At this point, the iterator object is exhausted and any fur-
ther calls to its __next__ () method just raise StopIteration again. Iterators are required to have an
__iter__ () method that returns the iterator object itself so every iterator is also iterable and may be used
in most places where other iterables are accepted. One notable exception is code which attempts multiple it-
eration passes. A container object (such as a 1ist) produces a fresh new iterator each time you pass it to the
iter () function or use itin a for loop. Attempting this with an iterator will just return the same exhausted
iterator object used in the previous iteration pass, making it appear like an empty container.

typeiter o] T ZpA g Wj-§-©] Q15T

CPython 5=3& %} A]l: CPython does not consistently apply the requirement that an iterator define
__iter__ ().
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key function (7] g4)
7] &4 &+ Zd ] A (collation) T+ A E (sortmg) o]} vl & (ordering) ol AH&-=] = F
ZHEYUTLE o & £9, locale.strxfrm() 2 ZAL EA YA 2= AHE 7
AHSE YT

ol MY W =7t QAT 0] o @A A AoJA AL Fol=A & Alolstr] f& 7] & ot
EYJUth o]d A& +=min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ©] U5 Yth

[o
FE it
r[r N

& rr

2

g

There are several ways to create a key function. For example. the st r. lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a 1ambda expression such as
lambda r: (r[0], r[2]). Also, operator.attrgetter (), operator.itemgetter (),
and operator.methodcaller () are three key function constructors. See the Sorting HOW TO for
examples of how to create and use key functions.

keyword argument (7] 9] & 21 x})
12 & HA L.

lambda (&t}

5239 0 ghol AAL e HA4 0% FHH o F Gt AL B4 BT PLE WEL
EHL lambda [parameters]: expression Yt}

LBYL
= 7] F ol B2} (Look before you leap). ©] 1 AEY L TZ 0]} 23| & 317] Aof] HA| Ao = AFA
ZAES AU o] 2842 EAFP AW v = 1, B2 if 7 EAE SZA A H Yt
thF 28 = S o A, LBYL W -2 “H 7|7 &} “H 7]” 71 76‘7%‘ e J%ﬂ] Aol d5ul
t}. o] & 59|, ZE if key in mapping: return mappinglkey] & AA} X, 3} A 9k 23]
Ao, o2 28 =7} keyE mapping | A A/ ASHH Ao 5 5y oh O]ﬁ o]+ 5 ©] 1} EAFP
AW A TeEN ldE 5 s Ut

list (2]~ E)
A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked list
since access to elements is O(1).

list comprehension (2] 2 E #A Z 2] 3l A)
AALS) RAE AR EL ARE AST 1 NS AR BT RS
["{:#04x}'.format (x) for x in range (256) if x % 2 == 0] &
L ATl 1615 (Ox) B LY £ADS A 2ES BT if 4
Y23t H, range (256) o] Y= EE 847 A YT
loader (2 1¥)
EES Z2E3E AA. load_module () o]8E ]%—9/] HA =
At 7k EelF Ut A S W82 PEP 302 &, 57 o]~ 2
£ HA Q.

2
Nm
UlH
S
-
o
=
30

2 Aolsfor gtk 2H L BE 3}
ol

importlib.abc.Loader

locale encoding
On Unix, it is the encoding of the LC_CTYPE locale. It can be set with Locale.setlocale (locale.
LC_CTYPE, new_1locale).

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 (W} 2] v A =)
S5 u A= o WA Al W5 e T

mapping (7} 3)
A container object that supports arbitrary key lookups and implements the methods specified
in the collections.abc.Mapping or collections.abc.MutableMapping abstract base
classes. Examplesinclude dict, collections.defaultdict,collections.OrderedDict and
collections.Counter.
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meta path finder (W€} 3 2 z}2lt])
sys.meta_path o Ao B FL shel). e} A= el e 22 ez sl o Bes ol
9171 % B A e b,
el A2 37t F86t= HAEE A= importlib.abc.MetaPathFinder & HH
U,

metaclass (W€} 28] 2)

¢

Felol Sofs 2o Aol e Beh o, B AU, W0l s Belas S8 B
e EALE of A A ok Bafos UJE‘; A e AU TR AR Ay xz e
Y AOEL L PAL AT UL, Aol SFeA BEL AL ALY e el a8 0hE 5
Stk AUtk )5 ALg Aol Al o] £771 45 Be AT, Best A d, Weh 2ol ae
sk S oph ;HHS%HPEMD} S =2 HE AN 29| % 7 (logeing), 2 e = A 7,
AH AR FH, JFE TAT B THE A

= I
metaclasses | A o 7(]—}\1] LS IS 4 Qe

method (W] 4] &)
= Eal ‘ﬂ"‘/] tol| Al Hojx = T T Feja9 <
A HA QA (B self gl BHTH & A9
BEAL

method resolution order (W] A& A A 4 A])
]

HAE 2 A= 235 S AHE A= Hlola ZHAEY AYUTE 23 e AR
stol A AE Z | Ef o] AHgH &g Fo A 82 The Python 2.3 Method Resolution OrderZ
B gy

module (2E)
stol FEo 2A 3 A9 E st AAl. BEL 499 sto| AAES & ol w4
ZrSUth BEL dxy AAajof o3 el oz 2 =HuUt)

712 = BA L.

module spec (25 A ¥))
RESEEScUH AR H - dZERAZESS HIL U
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] Y& £Z)

[«

| & &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
e s E 9e 4 AsuTh

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

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be created
from a regular class definition that inherits from tuple and that defines named fields. Such a class can be
written by hand, or it can be created by inheriting t yping.NamedTuple, or with the factory function
collections.namedtuple (). The latter techniques also add some extra methods that may not be
found in hand-written or built-in named tuples.
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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 =

(s}
B ohlel A9, A, U4 ol & B7o] YT ol F BUL ol E FEL YANA LEAS
APt o & Eo], S builtins.open Fos. open() 2 259 o] &t o3 +EE Y
0. E, ol & FAL OH B EO| Y8 FAFEA SRR BEOIA AE AT F4 Hp ol
TS .92 £0], random.seed () =X itertools.islice () &t 2 ¥ 1 4S9

Z+7 random 3} itertools BEEC) & +&H 5ol WYYk

namespace package (0] & 7+ 2} 7] A])
2 A B 7 A S A ol 2 7] 5 8= PEP 420 1 7] #]. o] 2 F 73 7| X = B8 A 9l A 7}

e TE L, 53 __init .py dde] glemg Aot 97| 4] 2= thEyth
25 T HASL.
nested scope (£ H A7 =)
SR Yo A AFE FXote 5Y. o & 50, o2 &5 W Rl A Fod T4+ vtz o
AEWMFES AT £ IS SHD 2Tz 7 BFogs 320 53 2 gL H4
‘Es“: th= Aol FYsioF FUTh A G H4EL2 7P W R 23 2o A g FUTh vprpA 2
AGALEL A o8 %—ﬁow 93 %Yt} nonlocal & 2 AR Lo 28 AS B SFh T,
new-style class (F+ A€l S A

Old name for the flavor of classes now used for all class objects. In earlier Python versions, only
new-style classes could use Python’ s newer, versatile features like __slots__, descriptors, properties,
__getattribute__ (), class methods, and static methods.

object (7 A])
JH (lESREY ) EZF
o FExA HolA ZFgAadY
package (3} 7] 2])
A Python module which can contain submodules or recursively, subpackages. Technically, a package is a
Python module witha __path___ attribute.

A 712 & ol B T IIA = HASL.
parameter (1] 7] 1<)

sl (Ex= T A E) Ho oA S e

£ A, ohi £5 ARG 9

2 (MAE) o] Fold RE HlolH. B3 EE A S

al
S1=8

c}:

o A X-71Y E (positional-or-keywor: d) AAANA G 7| E A 2 ALEE & Y= AAEARZT
Ytk o] Ze] 712 FEj o v Juth ol & Sl th2ol A foo & bar:

[def func (foo, bar=None): ... }

o A1 X-A 8 (positional-only): A A 2T AFE 5 Y& AAE AL FUTE A2 A& iR+
4 el WS B2l / BAE £ 1 Hol 3T 5 dUh o8 ol g

]/K‘] posonlyl T} posonly2:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... }

o 71 =-H & (keyword-only): 7| EZ T A FH 5 Y+ AAE AZFU 719 =-2 & v 7H
MAE 4 A0 v AW S 220l A ol Shike] -1 X AWML+ S TTh 2 Z A
Aol o sUth o & S0, thxoll Al kw_onlyl &} kw_only2:

[def func(arg, *, kw_onlyl, kw_only2): ... }

o 7VA-9 A (var-positional): (T}2 w7 A4S0 &3 A] o] u] whol5o] 7 9] 2] AR T 3l)
A2 = Jde=AA AAEY Y AD2E AAZFYUL o wj b= v ) 5= o] 5ol
* 5 ol 2944 Y E 5 AFUh A& = thollA args:

[def func (*args, **kwargs): ... }
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o 7}H-7191 = (var-keyword): (Th2 W 7 =S of] &3 A] o] u] Rrof5 o] X 7] A A= H3H)
A=E 4 2}‘: dojo A4 71N E AAES AAFTULE o] mj M= w7 Mg o] Eo
x5 Qrof] oA HolE = FUtTh dlE Eof 919 ool A kwargs.

WS A A 98 7 B ol g A Aol AU 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 79I 7 IXE F REES 7] A8 Fashs d2E A2 A st Fa.

path entry finder (F 2 JNE
sys.path_hooks 9] 91% ZHE (S, A2 dED F) ol e aely ], FoX H 2 =g

=
[e]
2 RES A PUS TT AF

path entry hook (F & A Ez] &)
A callable on the sys.path_hooks list which returns a path entry finder if it knows how to find modules
on a specific path entry.

path based finder (7 2 7]4} 3} 2l )
712 vel A= A HE F o], Y2 E A Z A BE

path-like object (7 F 21 A))
st A2 A2 5 Ueidl= AA. A2F AAl= 25 YERY = str U bytes AA o] AY
os.PathLike Z2EZ2 FT3dsE AA YY) os.PathlLike T2 EFZ S A Yot= AA =
os.fspath () 55 TS str Vbytes 3td A2 2= W 4+ Jd5Uth i os
fsdecode () & os.fsencode () & Z+Zt str W bytes A4S HAS=d AFRE 4 A5 Yt
PEP 5192 =5 <5 th

PEP

tjo
L)

FU e

5ol 4 741 A k. PEP= 5] 8 AR Elo] AHE A 387U vho] W = I mm Al i B
o BheH A2 7152 BEshe AA B4 YUTh PEPE A9HE 715 thak HA R /)% A o

27 AFsH ok T

PEPE 2 N2 75 & A<t A 11'41}71%14151 A=HE =3t sto] Mo S A A
A& TR TE7] A 712 W AYS I Utk PEP I3 2= AR YE Wl A o] & 53+
it o AS A8 & A Qo] Qls YTt

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 B 29 A T34
W37} o s A = ¢EA| w7 A o] 2t
) 5 8 Ao] F A5 A S8 o] 2ol
%%gaﬁwq APIE x3Hst7] Aol &
AUk,

}1] O_u

A7 API| A2 A2, 747 B840 §A5 A g WA e Ao Su7 o o ALY RE
489 2ASC] sl A EAYL fASE AP ROt RE AL AR

3
3
o] Aat= ZF ol B "4317}9—%
syt ‘31}/‘1]3}”19“0 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

131


https://peps.python.org/pep-3155/

Python Tutorial, & 2|A 3.11.11

__len__ (), butisconsidered a mapping rather than a sequence because the lookups use arbitrary immutable
keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes be-
yond just _ _getitem__ () and __len__ (), adding count (), index (), _ _contains__ (), and
__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence Operations.

set comprehension (3¢ 7 = 2] 3l A)
OlHHE A= 82 AAYU LR E A3t 2345 G2 A2 vEs= 7HE 8. results
= {c for c in abracadabra if ¢ not in 'abc'}vw EXEY e (', 'd'}E
A A g o} comprehensions & ZHZ 3 A] L.

single dispatch (A2 t] A3 x])
TFEo] st Ak Fofl 7| 2 A 2 = Al = o taa) X9 3t FE.
slice (&&}o|X2)
HEAAs o dR-E =g ste 7 iﬂ stholaes AE 23
variable_name([1:3:5] A9, [] oA o8] 7MY A& &
A38E)E7/HL YRFom sllce AAE AHE T
Sl

Lo

2 AHgHA BEUTH
gt 2E (M

E 274
2R E

=
special method (4 WA &)

Sholo] ol ol @412, 54 22, AAT W SAHLT FHHE WA, oA HAEE T
Al WEE Ao BLhs o8-S 23 U S5+ v A S specialnames o £4] 2 501 4

Asyth

statement (&%)
T 29E (ZE9 “EF(block)”) & FASE FEYUG 42 134 o] AY 79 =S
/\}36}~ oAe] 7HA] F2E T4 sttt 7H if, while, for.

static type checker
An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also
type hints and the t yping module.

strong reference
In Python’ s C API, a strong reference is a reference to an object which is owned by the code holding the
reference. The strong reference is taken by calling Py_ INCREF () when the reference is created and released
with Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the
Py_DECREF () function must be called on the strong reference before exiting the scope of the strong refer-
ence, to avoid leaking one reference.

See also borrowed reference.

text encoding (B] X E 217 4))
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer
a string, it needs to be serialized as a sequence of bytes.

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 (g A~ E 1}9))

stz AAE G5 & & SlE 7Y 4. 35, daE A e AARE W= AR ol AT
A 25T H 4 o5 & AFE etk BAE 5o o 2E HAE BE (1pr EE )
2 99 9}y, sys.stdin, sys.stdout, 10.StringI0 9 A2HAE & 4 5T}

dlolE AR 2] & 97 & 5 9k 5 AR o) h AL vholie] ol = FEIA L,

triple-quoted string (X% w}-& % ¥ £2}4)

WS () o ALWEE () A NE EARA BAL. T 0 SR Se el B A gl
7158 A3 AL LA T, ] 1A ol ol A LB} gith ol A oL F A ghe g
EUSHSEE £AD o] £V 4 YES AL, A FAE 24 GuE e 2o A 4
gt E2EDE L0 53 L2 A
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type ()
Tho] W AR e & T2 0] ofH FF{Y AAJAAE AAFUTH BE WA= F o] dAFUTh AA <
P& _class_ OEIHUFEER IA2T F AU type (ob]) 2 & F AFUT

type alias (g o] g2 o] )
P2 AEA g ote] TEol A= F Y T of.

goldeolat § =8 weslote ol 48FUrh 8 54

=

-
def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass

Eos 2ol o g7 44 we & dsdth

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

o] 7158 A3t typing T PEP 4845 2314 &

type hint (g 31 E )
Hae, U2 AEYRE U S mi/ldH g U dkE ghe] Z1diE & 88 X A 8= o] nH o] Al

Type hints are optional and are not enforced by Python but they are useful to static type checkers. They can
also aid IDEs with code completion and refactoring.

A g Zﬂﬁlﬁh_, A W, 22 JEIRE
get_type_hints () € AH&st] 2T 5 FUTh

o] 7l5& A3 typlng-»]- PEP 484E Iz 314 2.

3l E = typing.

NS
ok
oflt

=

universal newlines (U A £ 9 7))

0o3 78 A BE 2o Boz oAel, BAE AEYE SAE HE: §UA AW F
ZF & "\n', A== Fd '\r\n', AHY WA EA] FH '\r'. F7HEQ ARG A A=
bytes.splitlines () vt olUz} PEP 278 &} PEP 3116 & X A 8.
variable annotation (¥4 o] - €] 0] A)
WA L 2o ol e Hee] of wro] 4
He e FdaodEREY ool dE Gl thY-S A8 AFGY Yt
class C:
field: 'annotation'
Hy ol Hold2 dRtd o7 g SIER AR HUTh & 5o, ol S int S M Ao =
71t g Utk
[count: int = 0 }

M o] o H o] A F 2 A A annassign ol A 44 % g o)
See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto
for best practices on working with annotations.

virtual environment (7} 7))
glo] W AL &AL} S & =7 o], e }\]/\8101]/\-1 APE =t glo)H &8 =7 g E T 7
V= FA L “‘/‘i glo] % HH+ JH71Z1 == AAAY 1ol =s
S EEEEREEREE R

venv & HA| Q.

virtual machine (7}4} 7] A))
Az E oo 2 HoJH AFE. oMY FHAF 7 A= HlolE I = ALt E Y= ol E

T APt
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Zen of Python (Z}o] 4 Al)
Shol ® Tl AFel Relsh ASHE] B2 E], ¢1o] S ols|3ha ALg B vl 5ol Huith o] B2
ety ZExEo| A “import this” & YA B Yuth
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O] dHAOf 25}0q

o] A A= reStructuredText 2220 A BFE] R Aoz glo] A A YA E 93] 53] AlgH A 8] 7]

9l Sphinx & AH&-3< o

AT A &} o] & 3 A A TS Bhol A A ef v A 2 A o 7 AFd gAML = P Th 7] o &
T AT, ZFo] Wb ol th 3k A B = reporting-bugs 3] 0] ] = @'I’_ﬁl—é} A2, ME-E AL B AR = A v
s gyt

e BEolA B FAE =gyt
o Fred L. Drake, Jr., 92} s}old A = 5o 2zt 2t W2 Z'l =9 27}
« the Docutils project for creating reStructuredText and the Docutils suite;

 Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

Aol 71 P F Ut 71 Ak R A <
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appeENDIX G

oI b2} 20| Ml A

C.1 AZEQ0{Q A}

glo] W& ABCEl= 91 o] o] T A 2} 2 4] v g 2= ¢] Stichting Mathematisch Centrum (CWI, https:/www.cwi.nl/
ZF2) 9] Guido van Rossum ©f] 2]} 1990 d o] Z1ko]] RtE o] HAG Ut slol o= gE A& B2 33
o] 235 914 %, Guido= 7ol 9] 78 A A2 vho} 551,

19954, Guido+= Virginia 2] Reston ]| 31+ Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ Frz) o A sho] W ZQ& AL L, o] oA oA WAL AZE O] E EAYUSFUTH
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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

2.12 2.1.1 2002 PSF yes

2.13 212 2002 PSF yes

2.2 o] 2.1.1 2001-& 2] PSF yes

Fi: GPLY} s 8dAtE A2 78 7FGPLE stold g v xdkE A& st e S5y EE
gtol A gholAla= GPLH 2] ol 2o WS 37/ 222 WA u A vAdS w2 5 A
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.11

1. This LICENSE AGREEMENT is between the Python Software Foundation.
—~ ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.11.11 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 3.11.11 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 3.11.11 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 3.11.11 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
3.11.11.

4. PSF is making Python 3.11.11 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY._
—OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY.
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.11.11 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

138 Appendix C. A2} 2l0|MIA



Python Tutorial, Z2|A 3.11.11

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.11

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.11, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material.
—breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. _
—This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee, .
—O0r any

third party.

8. By copying, installing or otherwise using Python 3.11.11, 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

(= sl ol Aol A1)
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agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
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

(TH5 sl el Aol A)
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Virginia shall govern this License Agreement only as to issues arising under or

with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement

does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.11 DOCU-
MENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 43

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

asynchat ¥ asyncore &2 b33 2 Y AHgHE 233t

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
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Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

o 2e 39 ARE THFYT

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.

144 Appendix C. Ale} 2l0[MIA



Python Tutorial,

2g|A 3.11.11

C.3.6 UUencode 2! UUdecode &t
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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

C.3.7 XML ¥4 ZZ2A|X &

xmlrpc.client RE2 03 22 £ AgE 235t

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
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<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
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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

_ctypes BF L W TE ——ywith-system-1ibffi & FA A &= 3 T4 libfli 22 AR S AR

Stof W =gk

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 93] AF&= = d A H o] 2] 73 L cfuhash Z2 A EE 7|Wto g g

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

_decimal B E2 W& ——with-system-libmpdec & A3 3}A] &= 3l 2 3HE libmpdec A2~ AR

& A-gstel MEg Uk

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.
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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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