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

sho] 4 Q1E) = 2] B AL-§-317]

2.1 Qle| = 2] E] A 33}

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

[python} 12

2 Ao 4FHN YT 5 A5k Az AR S DAE o Ade 23§07 B,
OE A4% b FhUTh F 9] shol i AR Ap A28 Bel Aol A ST Bt Ysich (15 Fol,

/usr/local/python & G& A4 &5 =YX dYh)

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

7]E = E 3= E 9| A EOF(end-of-file) = AFH (-9 20 A= Control-D, Y=o A= Control-2) & ¢ E3ld
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A second way of starting the interpreter is python -c command [arg] ..., which executes the statement(s) in
command, analogous to the shell’s —c option. Since Python statements often contain spaces or other characters that are
special to the shell, it is usually advised to quote command in its entirety.

2 oW BREEL A2TYEZE L2V JHFYTh python -m module [arg] ...E AP 9]
o], U} 2] module 25 22~ 5149 A2 WS HH3Po JH AXH A3l A Huyh

~3YE o) A4Y ), w2 ~AYES 8 S Fol )3y RER Soj7hs o] AelB w7} 4Tk
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$ python3.12

Python 3.12 (default, April 4 2022, 09:25:04)

[GCC 10.2.0] on linux

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

oAt Ee ole 22 THE TEEL YT wl BLFUTh o) B E4, oA 9] i Fo] AP

>>> 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 tiel B & Aok, Tty R = & HAL.
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[# —*— coding: encoding —*-

encoding -2 3}o] M o] A Y= T 9| (codecs) T 3FLFo] oF T
o & S0, Windows-1252 A1 T Y& AFRSIEE MAdste|d, A A T & 39

(

R Z L o9 = ofof Y}

[# —*— coding: cpl252 —*-

HNE FH 0] A7HA o 9= £ FETF {2 MY (shebang)” = 2 N & ehe YUt o] Bl 927
AL F A Sl Sl A& S01:

#!/usr/bin/env python3
# —*— coding: cpl252 —*-—
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CHAPTER 3
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# this is the first comment
spam = 1 # and this is the second comment
# ... and now a third!
text = "# This is not a comment because it's inside quotes."
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3.1 glo] & A7 2 483517

W 7h2) 2heka ol el A8l BAITh AHZEHE AW R ZERE, >>>, & 7Tkl A L.
(2u} Ae)A] gkofof Tt
3.1.1 57

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

>>> 2 + 2

4

>>> 50 - 5*6

20

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

5.0

>>> 8 / 5 # division always returns a floating point number

1.6

A (G5 £012,4,200€ int FPUTh 2577 A= AS (1€ 51 5.0,1.6)2 float YU ]

AFA Fol A A Pl s 8 AA8] g A Tk

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

gtolRol| A= AFA TS ALT o ** AXAE AHS T TH:

>>> 5 ** 2 # 5 squared

25

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

Heo S YT u= T2 (=) EAFTEULE o] A9 U3 U3y =25 2E Ao A= S8 ¢glsul
t}:

>>> width = 20

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

H7h A= o) A k= Wl (Fh= 4 3HA] ebgk=wl) Ag-ahef L Al =8k 212 oll#E 42y
b BB RAEA EORR, 32 £ - (3002) 2 HAS oI A3ke o 7bEY T 0 § AN O™ (-3) 2
4 A5
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>>> n # try to access an undefined variable
Traceback (most recent call last):

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

A2 RAR R AATUT A2 O 89 HAARE 2= A0AE B4 H A4S A5 2 AasH
t}:

>>> 4 * 3,75 - 1

14.0

B3 oA, vk Hol 4]
ﬁ]

=l AF U o] A2 Fol i S G448 A7 2 AL
g uf, Axke o] 7H717E H A9 AS g dUth A& =

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

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

o] M= AHSAZAE 7]
JohE 2o o g AN Mg AR e

Fauh

int &} float o B3, Tto] M -& Decimal ©]} Fraction 59 e F o A E At o] A
o g AdE WAsta e, s5RE 771 5 U g JrARE AR U TH(AE 9] 3+59).

re
N
S
off
r
pas
N

% 2155 o of Fuith. g2 27 Y 5HA vhAl L — wreF 13
= g W5 v 22 FAL AW 20E

3.1.2 Text

Python can manipulate text (represented by type st r, so-called “strings”) as well as numbers. This includes characters
“1”, 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 quote...
"doesn't"

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

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

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

(TH& sl o] A ol A1)

2 ETEAES AL R(C .. )G THIE(C. ..M 2L g u Tt AFUTE B 2] §
Lo A v & o] 270 T Bk G (SRA T\ 1 = o] 27 0] Al Aok T Th, 1 % AR eThe AU

229
o
=
o r[r
i
x

3

i)
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(o] A H o] A | A AL
'"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.

\ ol ‘/}3% A S5 AR AFHA AL A A ook, A mEE ol £ & 294 2 EAE (raw

Ea
string) & TS = YH U

>>> 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.

A9 PP old 22 339 5 AFUth B4 PR BF USRS ASHE AT
\

T EL 0 27 BAb A4S 02 BAG] 2R UL AR E 2o
S5 Utk ok o
print (n " n\
Usage: thingy [OPTIONS]
=ln Display this usage message
—-H hostname Hostname to connect to

nn ll)

tol® AE FUFUT G A AR RAZ EFH A e Aol FEA L)

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

EADE + AR o]0 o] T, * AAAE WEA D 5 & Th

r

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

TN ol FAE BlE R (5, 2R E SN AS) 7 AdSA YEtgE A5 S 2 o]of oYt

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

ol 7ls& WAL= 2N LA

ek

o

A
i1
o
3
td
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>>> text = ('Put several strings within parentheses '
c 'to have them joined together.')

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

o] 21 4 F o] g devt 82 ¥ A BH A= Gt FEyTh

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

prefix 'thon'

AAAAAN

SyntaxError: invalid syntax

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

AAAAA

SyntaxError: invalid syntax

M4 5712 S 5o 22D BlE DL ool olel + B A8l ok T

>>> prefix + 'thon'

'Python'

FAge dda (M ~aYE) D 5 gtk 3 WA 2A47 A2 00] S HUth BAE 98 U RS
3L glauh Bes] Zel7h 1A AU
>>> word = 'Python'

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

lPl

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

'nl

Aert 2471 E £ 5 g, ZAARE AUt
>>> word[-1] # last character

lnl

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

'ol

>>> word[-6]

'Pl

0203 2ong, 2o dle At |04 ATt Ao FEaHA K.

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

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

le'

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

'tho'

Sepol s dlEl At W B ARG 23 YEUTH R WA A2 ALESY 7] 87H0 o A T, T AR
Qe 27} ek w s B ghow Sebol 4 Bt EAAY Pol 7t AL H Uk,

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

'Py'
(Thx sl o] Aol Al

3.1, sho]g A X7 2 AH&-3}7) 13
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(o] A sl o] Ao A A<)

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

lonl

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

(

Azt 2] BAE B 2 YE 0, ER A A9 BARE B EVEA e A FTAL. o] w2l

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

'Python'

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

'Python'

Sohol 27k BB YU S 71 08hE @ A4 WS A2 BAS Aold 9AE el vk A7
AQUTE R A L2 9= AA0AUTh n A EASE TAY EALY QX AAL A an
ol FUt} o1& Sol:

fo—— b —t—————————+
Pl yl t |l h|]oln|
e e At S
0 1 2 3 4 5 6

>>> 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

A, W Aol ke Lol s AP Ak Setol 4T W FEA AP

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

>>> word[42:]
T

shol Wl FAH & WA 4 Qlok— 29 olekw ik T A BApde) A AR B2 9 Aol Y she w
el el g Jo ok
>>> 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

che EApdo] e sk, A2 WEolof gt

14 Chapter 3. z}o] % o] 7hekst 27
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>>> 'J' + word[1l:]
'Jython'’

>>> word[:2] + 'py'
'Pypy’

g & len() & 24 dolE =2 F U

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

o B

textseq

AL A AL Y o dF o, A AL A DS 35 dAibEo] AYFE YT
string-methods

TAEL 71 2A A ST HAS 93 oY 7HA] Ml EES A AT

f-strings

formatstrings
str.format () 28 FAE-S 2 W3t Wol o sk FH.
old-string-formatting
o] oA EAE S & AAAL A F o] ARG SH= o A A o] | of Fef & o] Al SHAl A sk Al

g},

313 grE

o2 e gEs Bolg &2 Fetl AHEE = o8 7HA] H 3 E (compound) A5 B & 4L Y5 TH 7}
FEedo) de AL H2ERY, I Atolo 28 FRA N (FHEY FFo2 28E 5 s UTh
GAEE AR OE 9] FEES TRE 4 YA, FEEC| BE 28 A2l 497 BT

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

>>> squares

(1, 4, 9, 16, 25]

PAL (18, 02 REWFADL FB)AY Paet dddsn Setol 4T 5

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

1

>>> squares[—1]

25

>>> squares|[—3:] # slicing returns a new list

[9, 16, 25]

HaEE ojojo]7] 2L AAE AT

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

2 9 BT

i
iV

2, elass b Ut & W8S WAT S Axth

3.1. so| S AT = AH83}7) 15
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>>> cubes = [1, 8, 27, 65, 125] # something's wrong here
>>> 4 ** 3  # the cube of 4 is 64, not 65!

64

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

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

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

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

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

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

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

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

>>> rgba.append("Alph")

>>> rgb

["Red", "Greel’l", "Blue", "Alph"]

>>> correct_rgba = rgbal:]

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

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

["RedH’ llGreen", "BlueH, "Alph"]

Sepolzo st A% 7], BlaES do]E fAgT AL 2

i
ot
A
tlo
it
X,
st
>
BN
>
X0,
o[>
<
Iy

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

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

>>> # replace some values

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

>>> letters

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

>>> # now remove them

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

>>> letters

[*a', 'b', '£', 'g']

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

>>> Jletters

16 Chapter 3. z}o] % o] 7hekst 27
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>>> letters = ['a', 'b', 'c', 'd']
>>> len(letters)

4

JAEE FHTSE JGUTH (G2 I AES EFHE P22 BEU. 2 Sof:
>> a = ['a', 'b', 'c']

>> n = [1, 2, 3]

>>> x = [a, n]

>>> x

[['a', 'b', 'c']l, [1, 2, 3]]

>>> x[0]

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

>>> x[0][1]

b

32 gy oge AL

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
é..
1
1
2
3
5
8
o] & @ A 2L )5S £MFT AHUTH

s AE2 T Y & 2F6tL 5T W a 2o ol FAlol g0 o] thYFH Ut npA = ol A
TA] AFEE =], Y o] o= sputets o] F o)X 7] Ao Rl @A Eo] BF ALg Ut £
EHAL AZRE LBEF O 7HHA SAHE ALbE YT

- while Fxt 27 (714 E: a < 10)0] F F AW UTh C wpRAAE o] Ao A 0 o]
obd RE A5E Fol:,02 ARYYTh 2L EADo| g AE (AU RE FRe) AA2) 7LD
4= gl Bol7h0 o] obd AL BF Folx, Wl At ARYUTh of ool A g3 A
Zrekel mw T 2 03 AAAE Co e 0 ERAF UL <(Fth), > (ATh, — (B,
<= (FAY Zh, >= (A AL 2rh), 1= (D=,

o 29 vt (body) + 427 HUth 927+ FolHoA s o2 Fe P dUh
3y =52 EoA Ztzt o] 2 S04 | (tab) o] v} 3 (space) = Y H 3l oF FUth AAH o=+
dAE A7 E ARSI A F o B stold I =EE Ev)sHA FUth Avkgt gAE AR 7|52 A
T EA27 7l ATE UL EFES U F o R ¥ ul= S FE7] A W &S gl ok
Uk GIA 717 QA mA 2 25 4938 A4S ¢ 7 EdUnh) 22 E5 28 = BE
E2 2 FUF o927 Holof Foll FY kA 8.

32, Yoz ALS 17
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e print () @ FAA JAAEY S dAF U thF AxL A+ g FALE S T Aol A
(AAE7] A A A A 7 A3} o)) 283t A} o AL 1F JE3tE AT Ut 2L
W8 E glo] 28 I, ARE grolt Wzkol FABUTH TeA oA Aoz B FA EHLT 5
gk
>>> i = 256*256
>>> print ('The value of i is', i)

The value of i is 65536

ZINE AAtend = 29 ol LFH = MNP FAE AAFAUZEH S HE TALEE VA st 42
o AHE-H U T

>>> a, b =0, 1

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

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

18
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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 14 F G A £ YL if B Y AGYT o8 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

AAL AH M elif F7F Y& 4 A, else = AHF YU 7|19 = A E
Addl, = EA2TE 9= ol FEFUTE if - elif -+ elif -« Al AL TE doj S04 ¢S
switch Y case &2 thAI g o}

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

19
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42 for ¥+

shol ol Al for £ C U FaZo A A58 AT 3 R (SraA D) T4 2 Ao AEA A
A2 =3 o g a0 A 5L}, (CAR) ARAT} ol Ejell o] d WAt 54 2 AL Ao 4 YES 5= T4,
sho 9] for £& 9] NP2 (2B £A4) ) FEEL T A A2 S0l w2 o] gl o] 4

FUTh o2 o (Tl ohueh:

>>> # Measure some strings:
. words = ['cat', 'window', 'defenestrate']
>>> for w in words:
print (w, len(w))

AAAL ol E o) E S 5 2L AAML £ A TEL v FAFES BE7) FEUT U4,
HE A BAROR 228 BEAL A 4L BEE o] o degh

# Create a sample collection
users = {'Hans': 'active', 'Eléonore': 'inactive', '®AK[]': 'active'}

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

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

4.3 range () &5

SAEY NALE ol Bl =T B2/ 9o, WF B4 range () 7 Bl Fuith 9L BEUh

>>> for i in range(5):

print (i)
é..
1
2
3
4
22 HEoAE sl 2FH A 5 YT range (10) 2 10719 g& W=, 2] 1090 Al A9
FEES sbel 7l gt Qg AS YTk WA} O AR ALSAL, O RS (852 Ths
Fuoh 2 0] 1L 28 (step)’ o] 2k RFUTH A= A= A5 T Th

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

>>> list (range (0, 10, 3))
(th sl o] A o] A<)
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(o] A sl o] Ao A A<)

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

ANB29 AEAEz olE e olE 38 W, th-S 2 & range () @ len () € A3 4= Y5tk

>>> a = ['Mary', 'had', 'a', 'little', 'lamb']
>>> for i in range(len(a)):
print (i, afli])
0 Mary
1 had
2 a

3 little
4 lamb

A 28 u] i 22, enumerate () F5E 2= Ao HYFdYth Tz HIY & BAL.

WS 1 A 5HE o] 4R Lol Yol itk

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

B 9ol range () 7t EEE AA & Bl 2B AN Y AT W, A 27} obd Utk ol H A o] EF
W A5 AL FBES AR BAFE AA AW, AAE B AES WHEA SFobd] T2 Ao

Ut

o] & A& o] e] £ olekn HgUTH FFol 21D WrtA A FREL AL 5 Yt FAUIE V)
Wt ot T2ESY Bl AFgAYth St for Bol 19 TEERS BAFUT olH Y B L
H ot T o= sum () YU TH:

>>> 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} & <=, we will
discuss in more detail about 1ist ().

44 53 0] break ¢} continue &, 18] else A

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

A for or while loop can include an else clause.

In a for loop, the else clause is executed after the loop reaches its final iteration.

Ina while loop, it’s executed after the loop’s condition becomes false.

In either kind of loop, the e1se clause is not executed if the loop was terminated by a break.

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

>>> for n in range (2, 10):
for x in range (2, n):
if n $ x ==
print (n, 'equals', x, '*', n//x)

(Th= S o] Aol Al

4.4. Fx 9 break 9} continue &, 718]7 else A 21
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(o] A sl o] Ao A A<)

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
equals 2 * 4
equals 3 * 3

O 00 J o U WIN .

(AL utE ZEYUTh A8 S0t Wi else AL if Eo] olg} for T2 o] £3Yth)

T2} BA AHEE wl, else AL if T HTE try E—J else A} v|=st Ho]l WU try B9 else
HL o7 §‘6}Z] S u) Al 1, T2 else B2 break’F EASHA S w) AAH YTt try 3
of| &] of &3k 2pA| 3 ‘4130 o £] A 2lst7] & HA L.

continue £&, 9] ColA WREUT Fx2o] b ol el o Mol A A%HES BrEth

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

[}

if num % ==

print ("Found an even number", num)
continue
print ("Found an odd number", num)

Found an even number 2
Found an odd number 3
Found an even number 4
Found an odd number 5
Found an even number 6
Found an odd number 7
Found an even number 8
Found an odd number 9

>>> while True:
pass # Busy-wait for keyboard interrupt (Ctrl+C)

2439 248 BE W 3] AgH U

>>> class MyEmptyClass:

pass
pass7} AH8E 4 9l e Aot Al ZEE Qe o] g4 245 virle] A2 8 A e A, o
ﬂﬁ%%ﬁﬂ#%ﬂﬁ%ﬁ%#%ﬂ@ﬂﬂpws%é%ﬂ%ﬂ%qq
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>>> def initlog(*args):
pass # Remember to implement this!

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"

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, vy):
print (£"Y={y}")
case (x, 0):
print (£"X={x}")
case (x, Vy):
print (f"X={x}, Y={y}")
case _
raise ValueError ("Not a point")

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

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:

4.6. match Statements 23




Python Tutorial, ¥2] £ 3.12.2

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

def where_is (point) :
match point:

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

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

case Point (x=x, y=0):
print (£f"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. dataclasses).
You can also define a specific position for attributes in patterns by setting the __match_args___ special attribute in
your classes. If it’s set to (“x”, “y”), the following patterns are all equivalent (and all bind the y attribute to the var
variable):

Point

(1, wvar)
Point (

(

(

1

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

Point
Point

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}, {y/}")
case [Point (0, yl), Point (0, y2)]:
print (f"Two on the Y axis at {yl}, {y2}")
case _
print ("Something else")

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

24 Chapter 4. 7|E} Alo] 35 =F




Python Tutorial, 2] A 3.12.2

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

== vy:
vl)

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, vy,
packing assignments. The name after * may also be _, so
without binding the remaining items.

e Mapping patterns: { "bandwidth": b,

*rest] and (x,

(%, ¥y

y, *rest) work similar to un-
*__) matches a sequence of at least two items

"latency": 1} capturesthe "bandwidth" and "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:

p
from enum import Enum

class Color (Enum) :

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

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

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

L

'red',

'blue' or 'green':

ll))

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

4.6. match Statements
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47 ¥4 A8}

R 9L 99 FEAA 2YSHE B4 BE S YUt

>>> def fib(n): # write Fibonacci series up to n
"""Print a Fibonacci series up to n."""
a, b =0, 1
while a < n:
print (a, end="' ")
a, b = Db, atb
print ()

>>> # Now call the function we just defined:
£ib (2000)
0112358 13 21 34 55 89 144 233 377 610 987 1597

AYE deft G5 4B ALGUTH B4 o] BF BHE A YA ARSEY B5o] HupF U
g9l vhel 2 94 ofo

=
st= 235 0] tha S0l A& L, REEA] S0 227] 5

P4 b A WA e He Ao s B A go] B 4 du Utk o £A4Y AHEe g5 =
W old EAE, & FAET (doostring) AU (FEEH Ol th g A - W82 =5 ul e o] d A< o
BUTh) SRS ALgHA Lebololut A4 E A BAE A% AAHAL, ASAE] BGoR 1
EE YT 5 YEE St w7 Bl st olelo] AL Ao SAEDG FRAE AL FL
AU 2o WRe Solt Aol T UL
Posl AR Fo) A W4ES AT A QB Hoj R BEUL £ TAHLR, Fol Y BE
He e #e A9 A2 HolEo Ay whdel i FxE WA AQ A2 HolEs & v,
A AR H oL B F, AT g ol 52 B0 B2 ARV TehA, B2 5= ek Hr ey,
Aol BrET Bel AT Bool WeEL o UolA A gtol BhUE - fwu o (8% M5 global
2o 2 YASHAY A= k2] H4E nonlocal £ o2 HA|SHA] k= o4

TEZAEHE AA MR FE (IS =2 0 He a9 A9 A8 HolEo el A

3=
= 3t B Z (call by value) 2 A2 H Utk (= T4
Frte drE o, 2 AN AAALE 2T 0, 23S AT A AT HE

w0 T no
o
s
)
>
o,
>
e

i
o

B o] Eo] g o] Ut}
B4 AL P4 0B AR AL BB F4 A AAFY T AEz el = oG ol Fo] A7
AAE 8RR Bz QAFUTE THE o B 2L B4 AME 1D 5 o] Pl M A5k
A8 2= 95Uk

>>> fib

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

>>> £(100)

0112 358 13 21 34 55 89

£ Q152 A AT, £ib 7} ghS BT A 9] W) F47t obleh R A AT 24T 5 A
th. A4, return 2o] G F4E F SUF UL 1S 028 ghol /)= ARk o] k2 Noneo| gl
]

HUthH (W o] 54U th. None o] 283 A3 groletd, A Z 8|8+ B 5 None g 28-S A
B4 43 print () EAREE 5 A5 UTH

>>> fib (0)

>>> print (£ib(0))

None

'V AA 2, AA Fzol 93 3% (call by object reference) ©] T £ ERA |, 7k AA 7} AL=H, &A= T 227 HE A A S
5% S ME AU (715 ol <ol §5% F g Th.
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Aaels 4, HH LR 29 £AE BAEE SHFE BT Ao AR HuET
>>> def fib2(n): # return Fibonacci series up to n
"""Return a list containing the Fibonacci series up to n."""
result = []
a, b=20, 1
while a < n:
result.append(a) # see below

a, b = b, atb
return result

>>> f100 = £ib2(100) # call it
>>> £100 # write the result
o, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

o=wl A, o] dl= R 7HA A st 7] s & HolFth:

* return 22 FFERE g2 23 EA A v th 84 A4 §l= return 2 Noneg EHF
Utk &2 202 Hojx ¥ I A Noned Ee|FUTH

» 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 obJj .methodname, where ob7j 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], but more efficient.

4.8 T4 Aot w7
A e A0l AAER F4E B AT A Th Al A4 FAlo] e, 2% 5 YU

4.8.1 7|8 <z} 7

LR E WAL S o ARES A Eghe AAsE AYUth AE AnchE 4L A5
AAER2 529 4 & F4E WU 8 So:

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

if reply in {'n', 'no', 'nop', 'nope'}:
return False
retries = retries - 1

if retries < O0:
raise ValueError ('invalid user response')
print (reminder)

=
c oA BT AN ADAA: ask_ok (' AL T A 2?)
- A A} SHE AT A ask_ok (' HL S DR E FHUAN, 2)

48. g4 Aol ¢ B 27
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P EERE AAE AFHA: ask ok ('HAS DoINE FHUA, 2, 12 vk o] R B F A

ol A& in 7| EE 27 s Uth AlAA7F oW Zhe 7= 4] obd A€ AAM Y o
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def f(arg=i):
print (arg)
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def f (a, L=None):
if L is None:
L =TI
L.append(a)
return L

4.8.2 7)1 & 2=}

T kwarg=value P49 7|9 = QA & AHBA 25 5 AsUTh A& 5o, ths T

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

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

3hite} 2

T AR (voltage) ok Al 7He A=A QA% (state, action, type) & Wols YUtk o] &+
S F ARG IEE 5 AsUTh

=
S
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parrot (1000)

parrot (voltage=1000)

parrot (voltage=1000000, action='VOOOOOM'")

parrot (action="'VOOOOOM', voltage=1000000)

parrot ('a million', 'bereft of life', 'jump')

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

positional argument
keyword argument
keyword arguments
keyword arguments
positional arguments

FH FH R R H K
R W NN R R

positional, 1 keyword

A e 2 TEEL BT eules) g4tk

parrot () # required argument missing

parrot (voltage=5.0, 'dead'") # non-keyword argument after a keyword argument
#
#

parrot (110, voltage=220) duplicate value for the same argument
parrot (actor="'John Cleese') unknown keyword argument

84 BEA, 7912 A 912 A4 Aol Yolol Bt AR R E AAE WAL G RokElE
17} 5 ShISY Solof sl (1§ §0], actort parror §4-51 $HIE AT ohIED, T EHE F 28
AEUL ol AEE AL AAEE TIH YT (9 & E9], parrot (voltage=1000) & 85 Y.
o1 A T A ol ] G2 BE 4 LTk o171, o] A uh Bol A ol 7 eIk

>>> def function(a):
pass

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

“*name ZA19] vk GA ARSI EAFE, B HAASE S 3A P BE A AHES
£ £ 41 ] (iypesmapping & B4 £) & Wy Utk ol 2L name (S A E A4 0] 4 AR gITh 249
BAARAES 08 5 Ao T AL B A A AASE FE FES LU (name

=

=

-
_]
=

**name ghol vbghot FLiTh) o g Bo, o F Y42 HI3HH:
def cheeseshop (kind, *arguments, **keywords):

print ("-- Do you have any", kind, "?")

print ("-- I'm sorry, we're all out of", kind)

for arg in arguments:
print (arg)
print ("-" * 40)
for kw in keywords:
print (kw, ":", keywords[kw])

old Ao g 3&5F 4 5T

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

223 FAs) o] FA A g

—-— 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
(Chg sl o) A o] A<)
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(o1 s o] A ol A A <)
client : John Cleese
sketch : Cheese Shop Sketch
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NEAOR, AL AX G FAH A GE sho] A Fro] ALY £ AFUTh 5T A5 A,
ALA ) 5ol 92, ARG AAE B AN ER ADH LS BUT W) P AU Bu =S,

ARt Add e AR E5Uh
4 Aol et 2E U

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

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

G714 /9 w2 ABA YT AL, o] 7B E AR To] AE & Ao WE v Wee) F7E
e UTh 93 A8, A-71 95 8 A9E 28 A9 vl 95E B9 (named) i) A5 e
Fuch

2]x]-7]¢) = (Positional-or-Keyword) 21z}
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917 A% WA WS

oh. 913 Agold, v Wae)
A gkl % g o

o AASA AR E, 55wl H5E 9% A
= o)
Hoz Beste o AP UL B4 39 /7

A7 S8, 7|9 ER wi) AE NS
/€ AA AL N s U A A e s
flod, 92 A8 A Hees sy th

/ e mi s A7 EY 79 E A

oo
14
+
30
oy
L
£

719= A& dA

WA WSS Y QAR Aol FE HHNER, ) WSS AYE AEOE BAtE Y, A WA

30 Chapter 4. 7|E} Ao} 35 &



Python Tutorial, 2] A 3.12.2
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/ &} * A o & Vg ol v A F Ao E LY YA L

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

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

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

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

2 A7 4 A9 standard_argt 7PE 448 YAOR, 5F F Ao R A AR T4 ghon A
AN AYER 428 5 dHTh

>>> standard_arg(2)
2

>>> standard_arg (arg=2)
2

ol
it
<
v

F WA §4 pos_only_argt @4 Aol /7 OB 94X vl W5 ALSFHES 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'

A AR ¢ kwd_only_argse @5 Ao olA +2 BAE 7|9 = AAE & &t

)

>>> 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

nhA e e B4 Aol A Al HA) BE A S BE AL T

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

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

>>> combined_example (1, standard=2, kwd_only=3)
(ThS sl o] A o] A%)
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>>> combined_example (pos_only=1, standard=2, kwd_only=3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

—arguments: 'pos_only'

QEEBEER

TypeError: combined_example () got some positional-only arguments passed as keyword.

A%)

2 ero 2 9 x| A} name I} nameS 7| B 7FA = **kwds Ao o] A Aol E o] Qi o] T4 Ao E
T IAAA L
def foo (name, **kwds):
return 'name' in kwds
‘name' 71 =& 4 3 AA o) Aol ARFEE True S WBHT 5 gt TEL BASHUL S
% .
>>> foo(l, **{'name': 2})
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: foo() got multiple values for argument 'name'
>>>
e /(X A§ QA E A, name e 92 A4, S0l 'nane' & 7Y E AR A2 AGT 5

Ao BE 7t

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

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

=, A2 AE i A o] 52 **kwdsoll A R Qlo] AR 4 s U Th

g AL 5 oA o ul ) S S BA 2Tk

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

AHOEA:
s U WS o] B2 AHAT AT S YES W AN AL A AL, 1)
AR o7t gl w, B4t T2 W Axe] ¢S ZASE D S, E AR 9w
Qele] | Y=g ol ol a4 w F8 gtk
» ool gnl7t 9 B A7t ol ES WAHOE AF PO EA T
A & Qlahe] 92090 o €5 KA F Hold 91 482 S

o33k 7] 419 A AL}, AL A}
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484 Qelo) A} 2=

o £ AL BF7 A NG A2 T2 4SS AR A o
AREL FER BYUDHF S} A A2 & BAR). /1A Zo] A 2ol (LA of 2] 9] Ank A-E o]

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 oz} 22 o] 9|7

AAE o] ofn] Bl AEL} FEo] YA E BB X A4S S LTFHE B4 522 A3 A 97 ok sk
A5 Aol oYt o & Eo, W& range () 5= XY start} stop AAHE 71EH Fuch 24
ol mz A oW, Bl AEG FERRE AAE A AP 3] A3 - ANKE AN G5 E EE
gtk

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

[3, 4, 5]

>>> args = [3, 6]

>>> list (range (*args)) # call with arguments unpacked from a 1ist

[3, 4, 5]

T o g - AdaE HA 719 ARE AR S e th

>>> def parrot (voltage, state='a stiff', action='voom') :
print ("-- This parrot wouldn't", action, end=' ")
print ("if you put", voltage, "volts through it.", end=' ')
print ("E's", state, "!")

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

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

48. 3= Aol o 17| 33
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>>> def make_incrementor (n) :
return lambda x: x + n

>>> f = make_incrementor (42)

>>> £ (0)

42

>>> f (1)

43

e ol B8 BAF/ A AT EANLS AFFUT E U2 SEE AL F4E AR ALHE

APt

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

>>> pairs

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

RS B AN BAS 3, 1A Lo GUTE 1BFL A3, AR o Fol} FL WA HO
2 797 ol sht], ol A5 ThE Yo w ATH ) WE AT (o] o] Fael A4S AWale
Sated o 9 JUTh. o] 2L hEAR A &5T AR il gk,

e ol BRG] e Zo] AT, T Al 2 uloloiA, AZAA e 2ok YA AW B
slok FUTh Am2s 258 s} 1 o4 2o w, Ao 5 ok £48 52 AWs) ok gt
shold A ol el & ¥R Dol SA27) 2 AASA @7l Wrol, AFHE At 2TEL
astd Soj27 8 AARUT o AL e 2L Bel S AL FUTH £ALe] AZ F o) L& 3 WA
Hjo] 9] ok Zol AR ERWEH o] EADY Sojnr] 2ES ARFYL (AL A 2L AET S
gt ANA 0T B AP A HohE ol ol 9ol T2/ EAD B AL I 5HA 7]
WU Th) o A7 FEH B o] FAAY BE 9 AL FEAA AATYCE @ Fojz)
g Zo] UehhA) & Wobof 317 g, Uhehdthel mE ohuo] gujo] Al AP U Fuo 554 9 87

(B35 879 27 o)) ol AAHH

A7) o & F2EF 73

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

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

pass

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

No, really, it doesn't do anything.
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4.8.8 T o] =Hlo]A
B4 ol o 4 & AL B of F47} Aok WSl T g e e A EA <l v ehe o B] B R U (A
5t |22 PEP 3107 3} PEP 484 & H A 2).

Annotations are storedinthe __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:

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

5.1 g]|2~E t©| B7]

UoE AR e RN HASEL ¥ 20 A% ol A Eel Bl AE AR RE WAE SYh

fu.

list.append (x)
2Bl o FES Ol allen(a):] = [x] & F55IYTh
list.extend (iterable)
PrEe] Tol ol Be) RE F2
Y,
list.insert (i,

X)
FolA A FES ALTUG A AR A= A= 847 2A 2 Jdaguy i A
0 =Y 2rEQ AL A4Ydt, a.insert (len(a), x) =a.append(x) =5

:] = iterable & =53

o
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>,
for
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%
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v
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3

a.insert ( X)

U,
list.remove (Xx)
gl aEol A ghol x 9 2 3 WAl FBL AAFUTE 12 F2o] 90¥ valueErrors do

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.

list.clear ()
YAEY BEFES AU del al:] &5sdYTh
list.index ( [start[, end]])
P2Eo Qe B8 F ol x g 22 A AA 219 05 F A Zske Jd A8 EHFUTH 278 50
gl valueError & 4o 7Yrth
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A ol ol #} startE]-en =<

Agtet= d AHEE U 83
list.count (x)

PaEe A x 7t 54 A48 BelF U
list.sort (*, key=None, reverse=False)

S TREE AR FLTUT QAT B AL AL 82 5 A5

A& sorted() 2 HAL).

97 sholes E/WAY A4 7, AL Pase) SEF AR AL
3 £y

A 2= start A7} O}HE‘MJXH Al /\]3}3_ 71Eoz gyt

b

list.reverse ()

BlaEL 2 ag S AR A AR ST
list.copy ()

BB 2 AES EHFUM al:] T YT

lAE WA= 7 EE ARS8k 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', '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.

obitE o #Fo] dolAS & U}E AL EE HOHE A AU N £ gloke A9 U A&
s, A+E EALEH v %i—r—None—r)re P vud 5 7l W 2ol [None, 'hello', 101+
dEHA s =T @ﬂ% 4 A7 = Fol AFUth oS £01,3+45 < 5+73& SHHE BT}
Sy

g2 do] S 7hA AA S 58137 % st=d], d->insert ("a") ->remove ("b") ->sort () ; & 22 WA= A S 3t

gyt
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511 gPAEE 2802 A}83}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 ()

5

>>> stack

[3, 4, 5, 6]

>>> stack.pop ()

6

>>> stack.pop ()

>>> stack
[3, 4]

DAES FEASHE AR A, AR 4 847 A0 E AUA L 24 YT (firstin, first-
U S, P o] B RS 8 4 oA ShLIch, ol o] el D2 011k EolA A S AL
2w, 2| 222 vl Lol Ak v el A Al s AL mRUTH (e K45 RE & 14 o) FA A
37] w2 g eh,

FE TS, FEAAL QEON G AW 7 EF MEEE A H collections.deque £ A3}
Ag. A& E9:

rlr

>>> 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'])

AEQZHAAL PAES BEE AT PHS ATHUL. TF SEL, 4 247 e DAY
o o] W ol o A4HS A g3 Aol PAES WEAL, oWl AL WHFE 825 R PAHE
NE AAAE BEE AYY

>>> squares = []
>>> for x in range (10):
squares.append (x**2)

(Th= sl ol Aol Al%)
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(o] A sl o] Ao A A<)

>>> squares
[o, 1, 4, 9, 16, 25, 36, 49, 64, 81]

)7 x The 0] 29 WA E WEIL (B Yoj 1) F2t FRH T ol A HETHE Ao] §913
AL oE RS E glol, AFrd A2 oA Aow ANT S YUt

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

[squares = [x**2 for x in range(10)] J
o] Aol ¥ Zrdstal ¢j7] 45Utk

grE Pz BAAD 1 HE was for 33 AL oY A for hif BEL AR U BEE
TR U 2 A= A B 2ERIY], for & if E ‘““—‘,‘oiw ﬁwu #He A UL A&
Eol, ol gPrE AL F B 2EY Q4AES AME A 32 A7 8 2P h
>>> [(x, y) for x in [1,2,3] for y in [3,1,4] if x != y]

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

a2, o] AL v T 5

>>> combs = []

>>> for x in [1,2,3]:

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

>>> combs

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

% 3 27 M for it o] £A7F 2ol RelFA 2.

FAA o] FFoIH (5 &9 ool A « ), BEEA] 25 2 ERoF gt

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

>>> # create a new list with the values doubled

>>> [x*2 for x in vec]

[_81 _41 OI 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) ]

[, 0), (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

(H& sl o] Al ol Al )
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(o1 s o] A ol A A <)
[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, 1)) for i in range(l, 6)]
['3.1', '3.14', '3.142', '3.1416', '3.14159']

OF g2E Fugdde 3 de A2 Ay

>>> [[row[i] for row in matrix] for i in range (4)]
(r1, 5, 91, 2, 6, 101, [3, 7, 111, [4, 8, 12]]

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

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

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

ol AL thAl T} 24y 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
tr1, s, 91, (2, o6, 101, [3, 7, 111, [4, 8, 12]]
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>>> list (zip (*matrix))

[(1, 5 9, (2, 6 10), (3, 7, 11), (4, 8, 12)]
o] 2o he = o 2aH el ol th g AAI T -2 1A} 55 <1 3 7] S HAL.
5.2 del +

There is a way to remove an item from a list given its index instead of its value: the de 1 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:

1

>>> a = [-1, 1, 66.25, 333, 333, 1234.5]

>>> del a[0]

>>> 3

[1, 66.25, 333, 333, 1234.5]

>>> del af[2:4]

>>> 3

[1, 66.25, 1234.5]

>>> del al:]

>>> 3

[]

del & W AAE AA Sl = A8 5 AUt
[>>> del a

o] o] o] F a & FXs= A2 B PUth(H o= b2 Fhol A2 HYH 7] A7HA). Hol A del o th
|EE HA Y

53 FEHAEx

rES EAGo] A} Lol A4k 2L WS AL FRHIL HAGU o AEL AAL AR
B 717 o Lok (typesseq & HA|£). 3ol A2 A F 3 Qlofo] 7] who], hE Al A2 A5 o] F7hE
2= Qxch 0 BE A D2 AR Fol vtk 5 Auth
FES dRE FEH = o8 gez FAFE YU A& S

>>> 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:

(TH& sl o] Aol A1)
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13} 22

0,
H

s o] Aol A

guTh 7|5
A3

=]

S 2 W set ()
(th

1O o
=

H

Rl 3
'banana'}

'orange',

7 o o duth: g 12345, 54321, 'hello!' =
'pear’',

# show that duplicates have been removed

# fast membership testing

'apple',

# <-— note trailing comma
'apple'}

'hello!'
i
'orange',

'pear’',

'hello',
54321,
=,
SER
{'apple',
basket
in basket

Eal

in

O

>>> singleton
>>> len (empty)

0

'banana’',

8 445

o) ol A7

[¢

= 12345,
'orange'
'crabgrass'

g

>>> len (singleton)

1
>>> print (basket)

{'orange',

>>> singleton
>>>

>>> empty
('hello',)
>>> basket

True
>>>
5.4.

[>>> X, ¥y, z = t
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(o] A sl o] Ao A A<)

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

>>> a = set ('abracadabra')

>>> b = set('alacazam')

>>> a # unique letters in a

{'a’ el Vo', "g", Vell}p

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

>>> a letters in a or b or both

letters in both a and b

{'a’ c'}
>>> a ~ b # letters in a or b but not both
{lrl le, lbl, lml, 'Z', lll}

glaE el B gAY, A Azl A= Adg Yt

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

5.5 €A

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

gAY E (39U Qe A) 717 S A btk A% 20 AR A g Y AFos A4she
Aol AAYUTE 25 4L W 9AUI S HEUTH (). FRE oo FER B 7 g AT 522
gom, gavelel 27 71: 3k AS S ABTUTH o Aol A7 Z e & B4 o = gt
gAY F AL G A9 WA AFFT Fol7 A% G FEE AUTE del & g AL
SABE AR FF5 U olv] BB AL A2 A G, 272 ALE A %S AR U 245
Ae e gk

Saste GVl N A8H T g BE 79 PAEE 49 A E S EY

(982 A3HE thAl sorted(d) T AEFHE BUTH. st 77 G o] deA AASEE, in
(BEERTTYES

o 7o G4V e & ALgStE 2amke ol 7} 95U o

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

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

4098
>>> del tel['sape']
>>> tel['irv'] = 4127

(k= sl o] Aol Al%)
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>>> 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 () AAAE A g AE) AA2E RE 44 94U E TR

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

olof T, YM el A=A AL oo 7| g RFAEE FEH gHUE & desd AHE s yH

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

717h 2 A A o), Wl 2 71 = A AHS A S A S 7 d syt

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

56 FZ a3y

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

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

gallahad the pure
robin the brave

AR2E TR W, enumerate () F5E AHEFHE A2 A0 23 S FAN 2L 5 AUk

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

0 tic

1 tac
2 toe
Folu} 1 o) 4o AR~E FA ) £, zip () FH2 A= B L WE F AU
>>> questions = ['name', 'quest', 'favorite color']
>>> answers = ['lancelot', 'the holy grail', 'blue']
>>> for g, a in zip(questions, answers):
print ('What is your {0}? It is {1}.'.format(qg, a))

(H& sl o] Al ol Al )
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What is your name? It is lancelot.
What is your quest? It is the holy grail.
What is your favorite color? It is blue.

AFE2E ARRE F35teH, UA AWFo g Al F2E AR thg ol reversed() FTE TZ3H4 2.

>>> for i in reversed(range(l, 10, 2)):
print (1)

P w o J w0 -

BEH CAZ A ALE T35, sorted () FFTEAMGMA 225 WA F1E FHA N 2 2ES
WL S U Th
>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for i in sorted (basket):
print (1)
apple
apple
banana
orange
orange
pear

Al 2o i3l set () = AMSBHH T8 QA A AT U A2 th3) set () I sorted () & A AHE
St A2 A2 1/ T 45 FAEH A2 5= F&4 g U

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

WEELEEV L LES WARVE R5E AU AT, 35, JAM J2ES BEL Aol o
et o A g

>>> 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]
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5.7 XA t] 17|

while 7} if BoA AFRE = 270 = Hl Bt ol g} R E AALE AR 8 4 gl U Th

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

M AN TS LU B Sol,a < b == ci,a7bb BT} AT, BA 6] b 7he 9 2R AAY T

HlaE =2 942k and $tor S ARG AR 5 9L, Mo A= (e T W BE =] 23842)

not £2 34 Iy eh ol 5L . AT R AL E AL ol 2 ol ot © 44
=0 QXL E 2, or 7F 7 Y5 Ytk 284 A and not B or CE= (A and (not B)) or C%
FEFUT e 4, A5k 29 BRI 9 TEE ST S Ik

=8 942 and ¢} or & &9 @3] & (short-circuit) ?ﬂ&x}‘ﬂ‘/lﬂr AAE2 AZFNA L EZ O F Flo]
T3 A AL, é#ﬂé@ﬂﬂﬂ}x}ﬁﬂiﬁ}ﬂ SEHUTh & S, A% cCc Tt 7“"]7 B7FAZlol®, A and
B and Ct E@4 C o g P32 @ik =2l ghe) obd Auk gho 2 AH8F ), wheh-3] 2 oAt
wh e mpA o 2 gho] 3Rl 1Akl ok

Al Azt ohe e BdAe) 23E Mol YT S dsUTh oS 5

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

>>> non_null = stringl or string2 or string3

>>> non_null
'Trondheim'

sho] Mol A, Cobe e, A4 skl o] T Q)L mitkm el A4kA =2
Fuch C Z2adolA 23 BEAE FR BASS 34T Pt
Qe A4,

NA2 AN S HE T P2 Fo e AAEF 12 £ AFUTh vl aE 484 €S AT
HA A F FES a2 o] Aol v 235 ZAFUTH 2o, vy F 52 vlw sk, o)
Ao ol AAAT 2D uj7hA] AL vk vl a s = F 38 2 7L 2L geo] Al AA, A4
Nat AR e £APYTE FAD2Y RE G0 Prpu naHH, AAASL 2 Ao2 AFHY
o & A Farh e s me] RE AR A AaY, Fe Adart A AUt Exde) A vde
N BEAEY S Aot FUIE ZE ZUE S ALY 28 Fo AFAE 7+ vl 9
2 7HA] o= o] EH YTt

(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)

Az e 3 AAEE <> 2ulase AL, T ANEC AT R =SS 20 2w A
HAtes Ao FostH L. o & Eof, AR o= x}fﬂ‘:—%l-‘éfﬂ XA} gholl mhek vl g Yok 22 A 0-2 0.0
I 2,55 28R ko, Ao FAE AFstE tAl, JE ZEE = TypeError & €23 Ut
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G Fdzrado] o) & BAeA ik ARR St AS 5 s E}

ol A= AUt A6, sl AFolES sdol L 2aHEUJIHZH O 3y = ‘:01]/‘1 A
T A= P AFEUY 29 LS BE ol P}%\JD}-; RERRE AYEc e EECU I R
EEYXEH AU A ZRES IS TR AYTH = 2aHEY AL B Eoﬂ*‘] N A 28k
Haeso Zddnh

EEe dtold oo EF e HL A FEAUH 9td 9 o] 52 EF o] 5ol & .py E =T
25 UoA, BEY o5& AY ®5 _name_ S E AFHUTLH o & 59, A Eo] Eotete= AR 7=
fibo.py 2= o159 94 S A B o Rt o34 22 W8 o2 Az yth

# 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

flo
ol
o
|o
U
jule
F
(m
s
<
v

o)A shol A Qe =2 Elo] SoI 1A o] BES The T} 2
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[>>> import fibo ]

This does not add the names of the functions defined in fibo directly to the current namespace (see 3} % 2~ 51 32 9}

o] & &7} for more details); it only adds the module name fibo there. Using the module name you can access the

functions:

>>> fibo.fib (1000)

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

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

>>> fibo._ name_
'fibo'
BT AT ASY AStE A ooz AT 5 Yt

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

BEL 34 ARyl ohyek A 1A BAEE £3Y 5 ASUTh ol BAES RES 27851 1)
AEE U o AES YEE Rl A BE o[ Fol AL SHT AR ARFUCE (I AES o] 2AYE
ERLEE LIS

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)
0112358 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] s BE 052 9

2

e

rlr

WEE Yyt

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

AL WE () 2 AT AES AV RE o TL JEE FUTh thPE st 2 IYWEL o
528 g, AEZelE e GeiAA e o] BEY FFL =5
2 7beA B 5 7l MRk

! 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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ko

QEESE AL w42 AF YA Brre Aol AL, FF U7
A e, h 31 Aol Qe Boluat AL FHE RS

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

o] A€ import fibo 7St A AL PAOT HES JEE S, FUB AL T BES £ib e
g% AT 5 drke AUt

from& WA HRE ERE o= AL S = Y5 U

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

3 BEAY O FE, 4 REL AdHz g At st vt Az EF Ut 2 A, AR RES TF
3t A E Z BB & A Al ZIA Aok Ut — =, 313 0 2 AP 3t EE o] sl ol g, importlib.
reload () & AR 3IA L. o| & 59, import importlib; importlib.reload (modulename).

[python fibo.py <arguments> ]

dzed oy AYPPUrh AW __name_ 2" main_ " 2 AAFFYrh

if name_ == "_ _main_ ":
import sys
fib(int (sys.argv([1l])

-

g JEET 5 Qe BERD oot 2AYERE AJY + YRS UE S 922 s, 27
BEo| QU2 YD ww P YL Yt D= A A 2Tk

$ python fibo.py 50
0112 358 13 21 34

>>>
o] & 5% EE vt A AL AL AEH o] A5 AFIFAVEHAE EH O ALHUH(RES A~
EZ AP HAE 2 ES HA3P3}7))
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6.1.2 X5 AN A=

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:

c JY 23 HEE 2T U E P (Ev stdo] AR A ks wl& A v H ).
« PYTHONPATH (Y& E] 2] o] 5] 55, 4 W PATH 9} Z-2 7H).

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

More details are at sys-path-init.

F3m: ARY JAE ANFE Y A2o|A], 9 2TYES EF e vl deels 4B IS AT
o] AP hE B, A2 Ja8 2P Ut 2E 44 J2o) 2¥H A AU
%718} Fo), ho] M =2 YL sys.path B £ AT 5 AHUh 2TYEE EFeE e 44
A2 Agol, B2 erolneie J29 o] £ AUTh o] AL 2L oY 4% el n e e
= At A3YES £3heke D Hele Ao] EdThe $AUTh o] A$ko] 9 =H Alo] ohleu
oAUt o AN AR BE PEE S HAR

6.1.3 “HstdA” vfo

5
°
12,

2 29 mEA sk, sto] W2 __pycache_ T HE ] Zt RE AudHE HA .
version.pyc 2= o522 AT YT version = AL H Lo FAS A AU dutd oz s}
Hol WA S E =) & £, CPython vl 3 3.3 o] A] spam.py ©] A 3} 2 _ pyc _

c® 2 M=z g2 gl izt WA AsdE REE]

spam.cpython-33.py ANA Huyt} o] W
FEE S IAESE T
ol M-S Ao £ A S ALY E WA v A Al 27 A} thA] A upd ) oF k=2 FAME Y T
o] L &A% AF3E FAYYLE =3 AL EH BRE2S SRE SHZ o7 w72, T2 geolBHYE
ANE TE oZ|HAE ZE= A2"HEANA /78 5 A5y
spol W2 F 7HA] FF A INAIE AASEA] 5 UTh ARE, E P A 2EHE REES T
AMALst 2 AIHE AGA FsUth EAZE, A2 BEo] glow /A E AASHA] g5 ULtk &ax
S HIdE R o) iz E A, AadE BEo] A g E o lojokdtal, A BE0]
lofoF Tt
AE7HE st 717 |
AuYE g9 37|& ol gto]H o -0 U -00 29 A& AL £ F YT -0 2 A=
assert =& A AdtA, -00 A9 X =assert =3 _doc. EAEE BE A ATUL oWl 2 1P EL
o] AL o Eat7] Wl Eoll, FAE 3t A=A of= AT o] FAE AR oF FuTh “H A 35tE”
BEEZopt- H12E 23, B3 o 5 Uth v o vz M= H A3t a7t HAE 5 dsUTh
o .py F¥olA Q& Wit} .pyc T A Q& ul) T2 Yol ] k] AP A= FFUY; .pyc
LA o w2 = e 2EHE SERY YT
« 25 compileall 2 &g o] & BE ZEQ pyc L ES WHE 5 J5UTh
o o] Ao 3 o AAMTH AR, AAHEY AT E 2T YT, & PEP 3147 o] U5t}
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o4
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oM xF REEY golBe g7 A L, HE £A4 Fho| A golHE g HFH AL (o] FE2E “B
olrg g g B Ea”) oA AHgch o]l REEL A= Ho| WAHE UL o] A5 L 2ojo] A A<l
FEZ oAt 2AUE W AiEo s ANAE AFeted, €U AE &7} 22 9
AA 712 a5 st ANAE A7 AgdUch 28 ZEEY JT2 A4 F4AAd 7 23 F
g&=AJUrth o & 5], winreg EEL A= A 2EH A AZH YL 583 2E e 5S¢
87 AdFUTH sys. BE ol Az g ol WAFEYTH M4 sys.psl @ sys.ps2 & 7|2 BX
ZESEZ ANLHE EAES Fonh:

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

>>> sys.ps2

] ]

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

Cc>

ol F /e Mes2 JAB 2Bt o3y e ugk o
h

)
=)

W4 sys.path & EHZEHY B A4 42 & 2dA 3

PYTHONPATH | A 3t 7| & 7 2 1}, PYTHONPATH J

EF PHAE A4S ARRSIA SAHE F 5 YT

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

6.3 dir () g

WEdrdir() 2 2E)Aste clgES A v AHEUY AL AL B2 EHFYh

>>> import fibo, sys
>>> dir (fibo)

['__name_ ', 'fib', 'fib2']

>>> dir (sys)

['__breakpointhook__', '__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',

(H& sl o] Al ol Al )
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(o] A s o] A el A Al)

'set_asyncgen_hooks', 'set_coroutine_origin_tracking_depth', 'setdlopenflags'
'setprofile', 'setrecursionlimit', 'setswitchinterval', 'settrace', 'stderr'
'stdin', 'stdout', 'thread_info', 'unraisablehook', 'version', 'version_info',
'warnoptions']

o

AR 7 o™, dir () & A

o

ek

DEREE

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

>>> import fibo

>>> fib = fibo.fib

>>> dir ()

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

ol

=
O -

BE @ olF= vtk Aol wolsioF itk W, B, I
=z =29
o a2

dir () &% % s gtk 1459 252 9
o o= o] Y% rh:

r$£
i)
EEL
==
N

>>> import builtins

>>> dir (builtins)

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

'ValueError', 'Warning', 'ZeroDivisionError', '_', '__build_class__"',

' _debug__', '__doc__', '__import__', '__name__', '__ _package__', 'abs',
'all', 'any', 'ascii', 'bin', 'bool', 'bytearray', 'bytes', 'callable',
'chr', 'classmethod', 'compile', 'complex', 'copyright', 'credits',

'delattr', 'dict', 'dir', 'divmod', 'enumerate', 'eval', 'exec',6 'exit',
'filter', 'float', 'format', 'frozenset', 'getattr', 'globals', 'hasattr',
'hash', 'help', 'hex', 'id', 'input', 'int', 'isinstance', 'issubclass',
'iter', 'len', 'license', 'list', 'locals', 'map', 'max', 'memoryview',
'min', 'next', 'object', 'oct', 'open', 'ord', 'pow', 'print', 'property'
'quit', 'range', 'repr', 'reversed', 'round', 'set', 'setattr', 'slice',
'sorted', 'staticmethod', 'str', 'sum', 'super', 'tuple', 'type', 'vars',
'zip']

25 builtins
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6.4 37| A]

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.

=F oL I SF ol dad AR E AT e 2HA (A = AASHE Aok FATh

A 79 ¥ 9 Y4o] Yome (RF AT FEIU, oS Bol: wav, .aiff, .au), I
S 94 0 WAL Aol AL wolhe REES A94E WEL FAL AL NS £, 53

O
H
94,015 97, ol deteld s Ag, A3 Al

f

lﬁqﬂﬂﬂﬂgﬂﬂquwvg

dlolEjo] A8} S e $7e] ANEE gom (

s e £ RS9 22 o] AAES
o BA FAH B 5 Qe (AZA 5

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
echo.py
surround.py
reverse.py

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

N7 A5 QEED o, 5ol W2 sys.path ol le HHAH &S AA AN 7|2 A2 e H2E 25

The __init__ .py files are required to make Python treat directories containing the file as packages (unless using 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 ARG A WA ZRH NE RES JZET F Jd5UTh A€ =of:

[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) ]

NHEES JEEFE T2 P ojRs Ut
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[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)

wohE g e Aokt B UsE AY dEESE Atk

[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 1mport item & AR E 0, itemS I 7| X A H BE (E= A H 7] Z])%‘ R
S, S, W 5 H 71 Ao Y H oE ol & T | SHA 8. import -2 WA item©
JH7] 7‘] °ﬂ AeojE o g % Al AAbstaL, 18 A ?%2“& REolgtal 7HE st EEE A=Yt 22 X3ithdy,
ImportError o2& do 7}

—

o]oj] Wk&led, import item.subitem.subsubitem &} Z-& FHE AR, n}x| 2t A& A 2] 3 7z} F=
= REEA] 3 7] A of of T} whA et FE-2 g ol 3} 7| A 7L 2 o QAR o] oA B oA S,

@4, A5 50 B 2 gtk

6.4.1 97| Ao A * QYL E 3}

3 o g7

7] Aol o} Wl LEE 0] S0l A L Splﬁ%E%%QEEﬂﬂeﬂﬂﬂﬂqﬂ—ﬂaﬂﬁth
Azke] 2o AYn AE BES YEE o thefold NH BES YA AOT JEET F 9 AojLhopul
e AshA B RoA FHH VAT YL Th

Fradg s AL 7R A7} s 71 A &) A QS YA H o2 Algete AYUTh import £ et 22
de 7k lFynh: A7 A __init pyiEﬂ_ 11__olgke o] 59 55L& AlFstd, o] A& from
package import * & VWhd o] QX E sfofgt ot BE o559 HFFo R wols Utk A w9
IAE AT o] 52 HA *‘EHE FASHE 22 37 A AL A AUt 3] 7] A] A 27} 3] 7] A o

A*E QEESE B5] Gky BUALHE, o) AL AQEA $712 2% Ut ofF Bol, 5
sound/effects/_ _init_ .py = E]'cx 7} Z:_—]-\% I E x5 dFyth

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

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

Be aware that submodules might become shadowed by locally defined names. For example, if you added a reverse
function to the sound/effects/__init__ .py file, the from sound.effects import * would only im-
port 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 !!!
]
def reverse(msg: str): # <-— this name shadows the 'reverse.py' submodule
return msg[::-1] # in the case of a 'from sound.effects import *'
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If __all__ isnotdefined, the statement from sound.effects import * doesnotimport all submodules from
the package sound. e f fect s into the current namespace; it only ensures that the package sound.effects has been
imported (possibly running any initialization code in __init__ .py) and then imports whatever names are defined in
the package. This includes any names defined (and submodules explicitly loaded) by __init__ .py. It also includes
any submodules of the package that were explicitly loaded by previous import statements. Consider this code:

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

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

M} ol® BE o] inport * S AL ] EX W=
T, 2284 FE o= Oixdd FA RS /\Hﬂi o]

=
A
from package import specific_submodule & AFE3l=d Z5E AL s A4S 71A93HAI L) AL
A, X ESI = BEO & 7] A oA B2 )5 ANB EESAET IS = x271H4

Y.

2 tlo

6.4.2 947)7) ¥ zbe] F=

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

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

6.4.3 o2 tHE 2o 9= A7) A

AN A SH ol = HE $hE B AARYUTH_path_. o] AL WA _init__.py 32 4
A3} 2o, ol 5} o] Sol Sl T eATI<l o] o 85 T Ao At 25T o BeL £AT 4
AzUTh 1297 se 1 o] 2 7| Aol 23E RED AR A AE AAsle o A FA Huloh

o] 75 ol A BRA = FA T, H 7| A oA BAH = ZEY FoES &8k vl A E Y h
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22399 £35S FASHE o ¢ 1A B0l YLtk Aol A710) AR A FEIR U] EE AT
913, 5ol AHg5H7] A3 Lol & S5 ek of FolAE B 4 b5 AL =Fun

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.)

5% Bed) 25022 TEE g AN ARt &Y B4 o wol Alojsiof s A9t A5 Uh
222 Tt ol 7 ol Utk

T B P E S AR, A U8 S S Ag RS o) rEEF S B EAAL
AZAN 2. o EAL FolA, (0 | B AL Afolol, B EE o E D @ B2 4 Qe ol
2R42 AT+ A5 UTh

>>> year = 2016

>>> event = 'Referendum'

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

d

o ExYo str.format () HAE =T w}%z;x_}og%g ) W2vt
{2 & A8 AHEstaL, A S 2ol ® Y E B E A T8 5 YA R E

EEEEEREHEE
0% A 33 of gk,

>>> 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%'

» mpA Bt 2, £A4G Sehol 4 W ool ol 7] A4S ALgBhel AT 4 Yt BE AT HHOEA,
BE A AE AAE 2AT 5 AFUTh BALPE R0l @ U2 2ALL AL
FEF AN FAFE R A WASS YU
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FA A 2ol o3hA 9k A YW AE Al dFE HEE wEA FASE W, repr () EE str()

P4 MBSO B E e FALR 9BT 4 g5t

str() TFe o A AFgo] ¢17)o A3 PHE G S =8 FA HA A5t A repr ()

2z g3 98 £ = FHE HEA FHAJASUR (Ev 212A ZIT 5 Y= 2Rl gled

SyntaxError & 4o 7|2 & ZAFHYTH. AlFo] 2u]3l7] Y3 EHS T3 o] Qe AA S HAS, str()
CBe gk 2 A O HAES SR 2L TEE, S F UE £

>>> 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 2EolE€ £AL0l & A ¥t = e W2 Al FShe Template 27 ETE o 5T
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>>> import math
>>> print (f'The value of pi is approximately {math.pi:.3f}.")
The value of pi is approximately 3.142.

ool 5B AU Y BE0) Ha B4 Fol YUtk 92 5 BET W 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
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BE £ A4S A T Aol Fe MBS AFUh la b ascii(F, s Estr 0,
"'r'Erepr ()2 ALY Th:
>>> animals = 'eels'

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

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

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

of the evaluated expression:

>>> bugs = 'roaches'

>>> count = 13

>>> area = 'living room'

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

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

See self-documenting expressions for more information on the = specifier. For a reference on these format specifications,

see the reference guide for the formatspec.

7.1.2 214 format() WA=

str.format () HAELQ 7| EA AL o] Al r}:

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

252 2 Y= EAE (R gy B EY) S str.format () HIAEZ AEH
qu} 233 oLu S22 str. format () MASE ADH AR =< ﬂME Vel 7| =) AL

ﬁiﬂ%i kis

>>> print (' and '.format ('spam', 'eggs'))
spam and eggs
>>> print (' and '.format ('spam', 'eggs'))
eggs and spam

str.format () WA Ee] 7191 = AR AR H W, 1 5L AAe] o] 5L AN AL 5 AT

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

AA}7IAE AAE AFFA =TS 5 A5

>>> print ('The story of , , and .'.format ('Bill', 'Manfred',
Ce other="'Georg'))
The story of Bill, Manfred, and Georg.

Ve A e A 1 E9 24D 9w, ZAT AFES 92 thAlo) o] o= A4
F2 AUtk 398 9 E B2 3 718 AAAsen B 2E (10 B A8 S FUn

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: ; Sjoerd: ;!

Ce . 'Dcab: '.format (table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

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

74. 344 &9
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>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: ; Sjoerd: ; Dcab: '.format (**table))
Jack: 4098; Sjoerd: 4127; Dcab: 8637678

oIS REAG AT ES H2 MU E EHF e W T vars () A AL D W 58] 27

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

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

print (' ' format (x, x*x, X*X*x))
1 1 1
2 4 8
3 9 27
4 16 64
5 25 125
6 36 216
7 49 343
8 64 512
9 81 729
10 100 1000

str.format () & AF& S BEXE 2 g o] &3t 7l & = formatstrings & A Q.

A7) Z2 AFTFA AAFT BE S5 2 2o H YT

>>> 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

3 9 27

4 16 64

5 25 125

6 36 216

7 49 343

8 64 512

9 81 729
10 100 1000
(print () o] T2 WA= Q) ZF 2 Ato]of] A5 o)A b7t F7HE Sl ol Fo Al & A AR E
Arolol A3 o] A~ F F 71 )
TAFE AA Y str.rjust () MM EE AH| 20| RS AN FoAX FOR FAAS 25 = HETY
th ¥ XS A E str.ljust () @ str.center () & JAFULH o] HINES2 oW A% SH31A] g5y
th, @A A AL S S8 FUTH 948 A el YR 49, A2 2 a1, ¥ glo] 2 Es8F Ut o] A o
%Wﬂ%%%ﬁiﬂéﬂﬂﬂﬂioﬁﬂﬂﬂﬂ&%g”ﬁwgﬂﬂiﬂL wdsUth (322 ZguyrE
Ao, 4 egtola A4kE 718 4 s U th x. 1just (n) A9.)
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>>> '12'.z£fill (5)

'00012"

>>> '-3.14".z£i11(7)
-003.14"

>>> '3.14159265359'.z£f1i11 (5)
'3.14159265359"

714 oA Ao FAE =™

P AN EER)E TAE Zoidol = } &4 AdsYth 'string' % valuesZ7}FOJ AW, stringe]
Ae s ﬂiﬂi% 07 o]49] values 84 F thxz ]5] Yt o] d4kg £3] FAFE X 7 (interpolation) o] 2} 11

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

o] A g Yj-§-2 old-string-formatting 4] A of] U431t}

7.2 3}Y-E ol 3 AU

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

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

A A A ol ol §2 B2 BAAAV L F uA A shlo] Agd UL Agshe Ao £
AEE R S BAAGY T mode £ HAE A71U SR 11, 2710 S e (2 0] 5 ol
23 5 ﬂwﬂwq7u%an%ﬂ 2o]7] 93] Auich; shedo] 7] S5 = B E o ojgl=
ﬂ%ﬁigﬂ FUth '+ = 9AS Y ﬂﬂﬂ%qﬂww&ﬂﬂ—dQQQWQ%ﬂﬂﬂwﬂ
AR BT

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="ut £-8" is recommended unless you know that you need to use a different
encoding. Appendinga 'b"' to the mode opens the file in binary mode. Binary mode data is read and written as bytes
objects. You can not specify encoding when opening file in binary mode.

gaE meod, 92 /)R T ERE =44
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EZE5E o gdo] SutEA @¥vh= Ad Utk with & AHE S A2 %% ¢ try-finally 852

= Aol vl s WA A E T

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

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

(TH& s o] A ol A1)
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>>> f.closed

(1A 5

ol A ol A Al%)

True
with 7| =8 A3 FO ™, f.close () & T &7
.

AY: with 7| YEE AL AY f.close() &
AFAor ZEHEEE f.write () 9 AA7} tA T ol AA 3

TESA U fiwrite () E S EH T2 10

A28 A ek 4 it

2 AR 7L 3] FollE, with FolU f.close () & £E38H= 4%

s o2 Ay

B, 5 AA S A5

HeEANEE

>>> f.close()

>>> f.read()

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

ValueError: I/0 operation on closed file.

7.21 4ol AA o 2=
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>>> f.read()
'This is the entire file.\n'
>>> f.read()

[}

f.readline ()

Z2uA e 01] o} 5}9 o] x| uk Z o A uk A ek
readline () 7} Bl Ex1E8 & S5 9, 9] Zo x:r/m} 7 o] 2] uk
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18 e R a oA G B e,
o', st Y EATL

>>> f.readline ()

'This is the first line of the file.\n'

>>> f.readline ()
'Second line of the file\n'
>>> f.readline ()

[}

FdoA 55 dodH, 3L AA o el F3

FE = oo UT):

2w gk

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

This is the first line of the file.
Second line of the file
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>>> f.write('This is a test\n')

15

02 P AA 2 27 dol| Wi da7t d5Uth- 2L (B2 E B o A) o]t} upo] EF A A (v}o]

e REA) 2~

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

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

>>> f.write(s)

18

fotell() 99 dA A8 7he)7 & A58 BedFLo), vholve REg 39 5de) 4 SRE e
BAH T HAE RES Aot BER S RAUL

ikl
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gt A o] A5
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stde] Hgg 7]

B2 W, f.seek (offset, whence) & AFET UL} § X &= 7| & H 9 offset S T3] A
Q @‘E%WwM@ﬁﬂoﬂﬂJPLJﬂ%ﬁ“ﬂé@ﬁihﬁ$ﬁﬁﬂ
NEH 02 AT whence = B 5 931, 712 00] 24

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

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

16

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

>>> f.read (1)

b'5!

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

>>> f.read (1)

b'd!’

HAE o= (BRE AL b 7 flol €8 AE), 3L AlZref] A4 Q9 X ¥ 7 7k & 2h5] a1 (o] £
+ seek (0, 2) EAMESIA otde o2 AXE HASE YU, 0L offser I £.tell () ©]
=T G0 I Utk L 5He] ohE offser 32 B o= A 2 AHE FFUTH

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

7.2.2 json .7 X &2l Hlo|E| & A &3}

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.
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Fa: JSON §4& Hlol Z#e A5 At) 38 =219 Ee] A5 A4S Th B Zzaev 7} olw]

o] Aol o) %3 nE, ATAL A8 L Adol BY)

AR x 7k QL wl, DR B E] TET T ISON 242 BAL B 5 Az h

>>> import json

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

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

S ANE 9iE Y 2 4Gk T4 £ 7272 A5 4
Urt}:

[json.dump(x, f) J

dump () 2H= dumps () 49 HE
g E 5k o, o] HA T 4 Q

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

[x = json.load(f) ]

ZF37: JSON files must be encoded in UTF-8. Use encoding="ut f-8" when opening JSON file as a rext file for
both of reading and writing.

o ¥R A e B = o] P2 YA EE T 5 QAT Qo9 FeA A2UAE
7] A A& oRbe] 17k e BRI Th json ES Al A o ol e AES G Yy,

o B

pickle- 33 EE

> l>
(rt
7
o
Z,
|o
fru
N
i)
ot

Qele] B stol 4 ANES AP 4 It 2 ES YU vl Ao 3 1

JSON o] w3l pickle -2 y
E Aoz AA4E & AU 7B o2 bR (7= )

8 45 9%
o 428 d w), AR T4 o3 o e 7 22w glrhel el
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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.

ozl EHA R Sutan DA TE, APt 5t o2& 4o 5 stk A¥ Fol
AAH =S e 2ta Fai B2 g oA = FFuth: vl 22 I A o] A5S o g A
F=A Z A FUh SHA vt R E ] o 2= 2 a3 o] 2] FHA] ghobA], o] 7]l A B 5= QL% o] of| ]

WA A & B o)

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

(H& sl o] Al ol Al )
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(o1 s o] A ol A A <)

ZeroDivisionError: division by zero
>>> 4 + spam*3
Traceback (most recent call last):

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

ol WAl A vpA e 2 ofH o] ojyk=A] dHFUTE & Ay Fo 2 YEa, 3o HAA

dE =z AP r}: o] oA L zZerobivisionError, NameError, TypeError Yt} o9 &

OS2 A FAEE AT WA g o]gdUTh o] AL RE WR AYEY B T ZLO]Z]”}
2

rl

S
AR el 99 9t (AR B Yol BRI F 18 et geuth B2 o9 ol B Y
A8 AU T (e % 719 = 7k obg U o).
2o u A REL o9 9] §} Ao 7 E A BAE ATEIT
AR WA 79 ke 2d Eelo]2g) YH2 97 Aol FAS FUL BelFUh IO s
o) 252 dshe 29 Ed0] A8 2HL AU Th AW BF ol A o] EA EEL EAHA
U

bltin-exceptions = W& oS3} 7 £9] o u|E }Lgsta g5y

8.3 d| ¢ A g]s}7]

4ATAYE AT 2IUE BEL R0 APt T AE LY, S0 A7 AT w7
/\}&x}oﬂ A =L Jjbs}z] AR 22 W2 A HE Ft= AL -2t (Control-C U 1 2] 9
< A7}t Z]-d'a}L A }\}ﬁ-oﬁxﬂ) AFE A7) 9HE Q1B E = KeyboardInterrupt 9 & o7&

Feh 2 ekl £2] 5 2.

>>> while True:

try:
X = int (input ("Please enter a number: "))
break
except ValueError:
print ("Oops! That was no valid number. Try again...")
try B2 o 2o] SAF Lk

« WA,y A (try Fexcept Abo]e] £35) o] AP Ut
o A7 LAYEA] Lo, excepr B & AUF L try ¥ ¥ FEHUTH

* 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 try
statements; if no handler is found, it is an unhandled exception and execution stops with an error message.

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

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 =', x)

print('y ="', y)
<class 'Exception'>
("spam', 'eggs')
('spam', 'eggs')
X = spam
Yy €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 SystemExit which is raised by sys.exit ()
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and KeyboardInterrupt which is raised when a user wishes to interrupt the program.

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

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

import sys

try:
£
s

open ('myfile.txt"')
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 7y clause does not raise an exception. For example:

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

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

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

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

else o ALgol try Aol IEE Vst ARG F2H, try - except £ o8l HEH 1 9= I =7}
o717 L o9& A3 FA He Ae BAS] WA

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
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8.4 o 2] 4o 7]7]

raise €2 Z2 I M7} A H T A 2 7H RS FA G 5 A FUH & S0

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

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

The sole argument to ra i se 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()' ]

whek o 9] 7} A 9= A= Qotok kA vk A 2] 53 A A = ghrhel, T hAHe Y raise Fol 199 E
Al dod & A g

>>> 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 ol 2] <4

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

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

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
FileNotFoundError: [Errno 2] No such file or directory: 'database.sglite'

During handling of the above exception, another exception occurred:
Traceback (most recent call last):

File "<stdin>", line 4, in <module>
RuntimeError: unable to handle error

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

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

ojZ1L o] & WS o {8 3 o

z)

Urth ¢l &

[t
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>>> 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:

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

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

A4 vl AU Foll th gk AA| g W82, bltin-exceptions & T2 6F4 Al Q..

8.6 A&7l 42| o 2]

Moo SRAE FFoEN 22 TR A oo o]F& BD F AFUT (Fhold S E
AA T W G2 2 & HALR). dde BT AHH o2 Y A 02 Exception FWLE AT

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.

2] ool = BF o959 ol 53 FASHI, “Error” 2 2= o] 522 Ao g Ytk

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

raise KeyboardInterrupt
finally:
print ('Goodbye, world!")
(th= sl o] Aol Al%)
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(o] A sl o] Ao A A<)

Goodbye, world!

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

KeyboardInterrupt

finally Aol 9loW, try o] 45 7] Aol finally do] vpAe oz AFPFH YT} finally B2
try o] o9& A=A ok AARle] AFFH U tha2 Ao d w o 539 Fe-E AH g

s try B2 AstE T A 72, except BollA ol E X 2S5 AU A2 7Fexcept
oA A= A ko, finally o] A3 & o ] 7} ohA] LA o}

e exceptUelse A A3 ZFof o] 7} HAE 4= 5 UTE THA], finally Zo] A H & o 2] 7} ThA|
kA g o)

e If the finally clause executes a break, cont inue or return statement, exceptions are not re-raised.

* try ] break, continue & return ¥ E93%H, finally A& break, continue £
return & A3 A Ao A3 HEUch

finally Zol return £o] £ H, W13 7F2 try 9 return £0] £+ ko] oly@} finally

Ao return o] F+= Fol Utk
o & EH:

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

>>> bool_return ()
False

ol 53k o

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

>>> divide (2, 1)

result is 2.0

executing finally clause

>>> divide (2, 0)

division by zero!

executing finally clause

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

executing finally clause
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
File "<stdin>", line 3, in divide
TypeError: unsupported operand type(s) for /: 'str' and 'str'
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Hlnpel Zo], finally & BE Apol AdgUth F EAL S vdA 2 TypeError & except
Aol oJ3 A 2] A] 943l finally Zo] A d S0 th

AA AZe] S8 22N, finally A2 7 LS AHE S o, A AA] obd x| 2k &A gle], T
A S b ske ol 8 UT (e HES I A2 22 AS).

8.8 me] Hold R 525

ok 7 AA S A )

o ANSE A} el B8 gl A9 4e) 52 Y
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TRt ARSI LS TS

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

o =Y BAHL o] HEo] AP EWHE 5T 5 gl /|FFAHAL I Y= Foke AP
ot Aet AT HE AN = FAZFEH A AR £ 38 Z2IOHNA = FAZFE + AFUTE with 2
A 2L AAEol A SvtEA SA e H e F st S Al E U
with open("myfile.txt") as f:

for line in f:

print (line, end="")

#4498 Fol, &¢ ATk o $A7L HAATAE, 3 £ = T4 YT A Lol w2
AoH SR8 A= AFote AAEL 159 AHA A o] AHdS AP

8.9 Raising and Handling Multiple Unrelated Exceptions

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

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

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

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

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

| ExceptionGroup: there were problems
-t ] ——————————

£0
except Exception as e:
print (f'caught {type(e) }: e')

(TH& sl o] Al ol Al )
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(o1 s o] A ol A A <)
caught <class 'ExceptionGroup'>: e
>>>

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

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

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

There were OSErrors
There were SystemErrors
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 2, in <module>
| File "<stdin>", line 2, in £
| ExceptionGroup: groupl
e e ] ————

| ExceptionGroup: group?2
o 1] ———
| RecursionError: 4
+ 777777777777777777777777777777777777
>>>

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)
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8.10 Enriching Exceptions with Notes

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

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

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

TypeError: bad type

Add some information

Add some more information

>>>

For example, when collecting exceptions into an exception group, we may want to add context information for the indi-
vidual 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:
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)
PP 1] —————————
| Traceback (most recent call last):
| File "<stdin>", line 3, in <module>
| File "<stdin>", line 2, in £
| OSError: operation failed
| Happened in Iteration 1

| Traceback (most recent call last):

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

| OSError: operation failed

| Happened in Iteration 2

| Traceback (most recent call last):

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

| OSError: operation failed

| Happened in Iteration 3

(H& sl o] Al ol Al )
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>>>
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Attributes may be read-only or writable. In the latter case, assignment to attributes is possible. Module attributes are
writable: you can write modname . the_answer = 42. Writable attributes may also be deleted with the de1l state-
ment. For example, del modname.the_answer will remove the attribute the_answer from the object named
by modname.
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* the scopes of any enclosing functions, which are searched starting with the nearest enclosing scope, contain non-
local, but also non-global names

e AT HHY) AFxEFA REY DY o] FES TTIUY

- O3 UEel AN 5 P A Re) Anmt g o] S5 TFL U o F FUYULh
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).
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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"

(TH& sl o] Aol Al )
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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 By

After local assignment: test spam

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

oG A A tf ] o] (o] A o] 7] JUTh) scope_test & spam A A& vHEA] k=R o] 2] 8FA 8. nonlocal
) & scope_test & spam A AL VD global YL BE +F9 ¢ 7%% vl Y o}

global th¢] Aol spam o AZ o] gtk A% B 5 Jd5Yrh

SAae o A A A AL ARG A E A A S =dF U

Sl Aol 7P 0 FEj = ol FA AZFUH

class ClassName:
<statement-1>

<statement-N>

T4 B (et #) AT, Fehs Aot oW EF/L /7] A AL BA A= ofof Fuith (FAAY
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Szt — gl o A% Bobg AUTh el el B Aol HE, WAS 5F 700l 9T
e, 5ue Pele A% BFS 2Bk — thAl, ol 2 A4 AR E Uk,
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When a class definition is left normally (via the end), a class object is created. This is basically a wrapper around the
contents of the namespace created by the class definition; we’ll 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 (C1lassName in the example).
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class MyClass:
"""A 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, respectively.
Class attributes can also be assigned to, so you can change the value of MyClass. i by assignment. __doc___isalsoa
valid attribute, returning the docstring belonging to the class: "A simple example class".

Zole davs BE) & 35 BN ST Zu2 A7 Ze 2 A dadas SR
iAW S gl F A A G ol 8 Sol (A9 S48 AHg st
[x = MyClass () J

< 22 A " xS R o] AAE A G W x o Ao

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

‘def __init__ (self): ’

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

>>> class Complex:

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

>>> x = Complex (3.0, —-4.5)
>>> x.r, x.1i
(3.0, —-4.5)
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data attributes correspond to “instance variables” in Smalltalk, and to “data members” in C++. Data attributes need not be

declared; like local variables, they spring into existence when they are first assigned to. For example, if x is the instance
of MyClass created above, the following piece of code will print the value 1 6, without leaving a trace:

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

print (x.counter)
del x.counter
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[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 (xf())

+ 993 A% hello world € 43yt

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---

ARAZ, JHEL 38 A 2= U yAze] EHTL ol A8 A AR 7} sF2=0] 3 WA olxz A
“QDF dyh TFJ ﬂlﬂlﬁ FTEx.£() = AT MyClass.f(x) S FSSUh durtA oz 479
AAEY HEF LR MM EE &3 212, 3 HA] AR} o Uﬂfﬂ_«l ﬂé%é AAE AN A v A=

EBS 02 43t §48 BEHE A% 55Tk

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.
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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 57t 2 o] 22 Fvie] A e Hxol, P 2B YA 29k 22 shi A7} Pl 2 ) B v]o) e}
oq]/\}x] 23 EIE Z 7M5A0 95U & S0, UL FT oA tricks ] AEE Z A HE 2 AFLE A
oFojof a}=4], 6}\/}.,] B AE7FRE Dog AR A E 0 F-f5 7] v & g th

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']

YA, 2ela0) 2uhe A7 dAEA M E A el oF T T

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')
(thZ s e A ol Al%)
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>>> d.add_trick('roll over')
>>> e.add_trick('play dead')
>>> d.tricks
['roll over']
>>> e.tricks
['play dead']
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>>> class Warehouse:

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

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

>>> w2 = Warehouse ()

>>> w2.region = 'east'

>>> print (w2.purpose, w2.region)
storage east
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# Function defined outside the class

def fl(self, x, y):
return min(x, xt+y)

class C:
£f = f1

(tH& sl o] Al ol Al )
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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.

AN EE self QAR HAE o ESREE AFESA e HAESE 22T 5 J5Uth

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)
WA EE QU G AAAR A o] 2L F2 TS AUtk WA= AFA A 2Tz L T3
Belg LA RE AT (Fehat A3 A 2um2 4N A AT A=A Aol dojE S
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class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

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

[class DerivedClassName (modname.BaseClassName) : ]
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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 Base?2, and so on.
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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)

219 o] = MappingSubclass”Z}__update AWHAE =4 5H e ZE Ut Mapping S 2ol 4
_Mapping__update® MappingSubclass F#|2 0| A+=_MappingSubclass__update@ Z}ZF oA
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Aloko] _ dict__ & AY Az u ¥t olye}, getattr (), setattr (), delattr() o= HEH Ytk

9.7 & A

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:

(H& sl o] Al ol Al )
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name: str
dept: str
salary: int

>>> 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 ~Etd ] AN A= HPEI A, A, APt OlEifﬂlOlEiE AHE-3HE slol M o] B sl B3
Urth Fo F oA, for &2 AH oY AA o tfafl iter () EESFYLE o] = WA= __next_ ()
Aol o HE oY AAE S FEd, o] A=+ Eﬂ ool R AEL 3 WHof SR AN AT
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>>> s = 'abc'
>>> 1t = iter (s)
>>> it

<str_iterator object at 0x10c90e650>

>>> next (it)

ig 0

>>> next (it)

lbl

>>> next (it)

lcl

>>> next (it)

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

next (it)
StopIteration
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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):
self.data = data
self.index = len(data)

def _ iter_  (self):
return self

def _ next_ (self):
if self.index ==
raise StopIteration
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)
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9.9 A olg

Aveole £ ol HaolE g HEE eta 2E# B YUtk WA
273 4 ¢ Mottt yicld Bg AHSFUTE AU @ o) 8ol next

F N AYL AN E dlolE g g

Aol HE LT AER 47 BE + 9SS HelFUth

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

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

Q O H th 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 thatthe __iter_ () and __next__ () methods are created automatically.
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index U self.data &} Z-2 AAEA HEE AR 3E AW v 48 27 g1 Y534 o5

et
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A% WS BT =2 Je)e] Agel Hal, A e/t $EE W AF O StopIteration &
QoUth 2381, o] 7155 o0] Ut 45 AT AW ol Elo B E wE7] 47 HE U

9.10 Aglole £

st A olH« gl E FAz A v oA R Tl 25 thAl 235 AFE S B e ARS S 23 A
o2 e A TP R 5 AU of ERASL S AE Bt ATl o] E & SA] ARele ARE A
AAF S UTE A dolH FRAL 243 AU e o8 Ao Rk HAFA W, FEAHL Dol A 1, v £
daE pEAAd R Re S 2t 3] dgUh

o

>>> sum(i*i for i in range (10)) # sum of squares

285

>>> xvec = [10, 20, 30]

>>> yvec = [7, 5, 3]

>>> sum(x*y for x,y in zip(xvec, yvec)) # dot product

260

>>> unique_words = set (word for line in page for word in line.split())

>>> valedictorian = max((student.gpa, student.name) for student in graduates)

>>> data = 'golf'
>>> list(data[i] for i in range(len(data)-1, -1, -1))
[lf', ll', 'O', lgl]
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2

< gholH ] 28 H 7

10.1 2 A A ¢lE]H o] A

os BEL 2 AAS} T Fgt7] A o4 7HA S AT

>>> import os

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

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

from os import * thAl] import os 2EFL S AFRSfoF gttt I3 ok os.open () o] W3 open ()
2 bl AL 9B 5 AL, T Fot oFF A A,

0s 9 2E 2 BER AL W, W dir ) Frhelp() BHE thEY =902 2B Y& th

>>> import os

>>> dir (os)

<returns a list of all module functions>

>>> help (os)

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

QA 9l 3 oA e 2] B AL 99, shutil BEL A 412 H 242 AEA A% AT
Fuch:

>>> import shutil

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

>>> shutil.move ('/build/executables', 'installdir')
'installdir'
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10.2 3} ¢ld =51

glob BEL U He HYEAE AN 02 Y BEL BHEL LS AFFUG

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

10.3 FJ 3 A=A}

Common utility scripts often need to process command line arguments. These arguments are stored in the sy s module’
s argv attribute as a list. For instance, let’s take the following demo . py file:

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

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

[[’demo.py', 'one', 'two', 'three']

= =
argparse E=
EEEEREE

import argparse

parser = argparse.ArgumentParser (

prog="top",

description="'Show top lines from each file')
parser.add_argument ('filenames', nargs='+")
parser.add_argument ('-1', '--lines', type=int, default=10)

args = parser.parse_args()
print (args)

python top.py —-lines=5 alpha.txt beta.txtS AF&3lo] B SoA] AP o], AT HEE=
args.lines& 5%, args.filenamesE ['alpha.txt', 'beta.txt']ZE AAIYr}.

104 o2 29 A 22 IR T8

sys BB 2 stdin, stdout, stderr Y E B HE T Z2t11 QJH5UTh 7H np X2 AL stdout ©] Bl HAE H S =
B4 9s Anst ol WAASS EY et 257 9EUc

>>> sys.stderr.write('Warning, log file not found starting a new one\n')
Warning, log file not found starting a new one
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re B2 13 A4

A2 AR A =S AUtk ERR AR 242 A6, A2 22

>>> 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'

92 g 7 s it Aot A fole, RAE MAESol AoE e 97 Ja g Aol 47 WAt

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

>>> import math

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

>>> math.log (1024, 2)

10.0

random 2 EE T4 AHES T F = 5752 AFFUTH

>>> import random

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

'apple'

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

>>> random.random () # random float

0.17970987693706186

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

4

statistics E&8-E T2 tlolB ] 7|24 TAA SA4E< (B, 0%, B4, 55) A4y

>>> 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

o

SciPy Z 2 A E <https://scipy.org> & ThHe 4] A4S BREES ol 21 s Uth

10.5. Ex}1 ol el v 95
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10.7 A& Yl gA 2

AEUS AN 2sta AU 22 EZES A3t B2 B0l AUtk 7H kst = 7= URL O A
tolEE gJo]=urllib.request &} WS HY= smtpllb SRR

>>> 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',
"""To: jcaesar@example.org
From: soothsayer(@example.org

Beware the Ides of March.
mn H)

>>> server.quit ()

(7 A ol = localhost ol A ¥ D A ¥ 7} A 3] 31 glof oF Shrh= Aol 9] 5HA 8.)

10.8 Ixie} x| 7H

datetime ZE2 YR} A ZHE 243 = S 2ES AlFsted, st Bl 2
Ut E#ke} A T Az o] Z]%ﬂx]‘ﬂ,:%?i?/] PP g A A e 4oz W E
=2 7 N
= 1= ‘_l

ol RHA Utk BES A AEE AAGUh

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

>>> now
datetime.date (2003, 12, 2)
>>> now.strftime ("%m-%d-%y. %d %b %Y is a %A on the 2d 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
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10.9 dlo]¥ =

kAl el ol E] BT D 4E YAE
zipfile, tarfile

U= 22 2o A4 Addyt: z1ib, gzip, bz2, 1zma,

o
flo
il

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

41

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

37

>>> zlib.decompress (t)

b'witch which has which witches wrist watch'
>>> z1lib.crc32(s)

226805979

A% sho] A AHEAE L 2L BAlo] e ThE A2 NEY AU A5 shopstt 4L Be T
AU Th 5o WL o] A S ZA)

Lo

2
yo, il
oy i
v
t
'_l
3
D
H
.
td
Y
rlo
_Qi
ot
g
0>~
olr
)
ek
fifo
>,
b
ok
Y
HT
£
o)
T
£re

>>> 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 £ Z*“‘EE}L Y ZA 2SR, profile I pstats BES Z EZ2 FEoA AIZHLA AALS A
37 Y = =S AT

4

10.11 =3 A<

TER9) £xEolE AL 3 A AP QLR 2 Paol P HlAEE AT, 1AES
Mg =2 A o] A= A k= A th

doctest REL EES FolHIY 22 T30 SAEH S WHH HIAESS AAete =75
HAEwSr|= BT T3S 1 23 A S2EF o g BAGIA 2019 7E

ok ARE-AFol Al A A S A AFHA ABAE 7H*d S, doctest X5 ©] 4 A

st F gt

def average (values) :
"""Computes the arithmetic mean of a list of numbers.

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

mn

return sum(values) / len(values)

(H& sl o] Al ol Al )
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(o] A H o] A | A AL
import doctest
doctest.testmod () # automatically validate the embedded tests

unittest EE2doctest REWF 9% A2 olYA¢h o] & 2 Z A QA HAE X

< 5 A Fu

import unittest

)
b
o
177
frt
Lo
%
e/
f
(i
Au

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

1012 wjele) 7} 23Ut

shol 42 “v e e] 7 £ g ek
74 2 b o § Sol:

e The xmlrpc.client and xmlrpc.server modules make implementing remote procedure calls into an al-
most trivial task. Despite the modules’ names, no direct knowledge or handling of XML is needed.

» email 91714 MIME % 7]} RFC 2822 7] % 9] A 4] 242 E£35He A2 w2 ] 1A & el 3]
9% 2ol B el el uick AR ¥ A A& W3 e sntplib % poplib S 2l email 3 7 4 £
RS A A PR (B DD £ B FAFAL ST A AT Y] ZREZL T A

3 g =7 4B 7 2 U ek

 Json A7 29l AR E HlolE) B8 AL A2 AALADL AT cov R EL

t o] E o] ]’\9} ZH AN Eo A iAo Y= HEE FEH G FAE DS AH ¢l
T I E AT Ytk XML A 28]+= xml.etree.ElementTree, xml.dom ¥ xml.sax JH7] 2] o]
oaf Al AP Uth. oY s REF 7| A E TA AHESHH ﬂo]ﬁ%%éil";ﬂﬁq‘_ T 7] Hl o]
Sho] Z A d<sl A Yt

e sqlite3 252 SQLite o o] E] ¥l o] A Fo] B & 22 e 3 91|, &7t B| B = SQL 122 A3l g
O|EH I AN~ H 5 Qle HAILHE Ho|H o]~ F AlF U th

* I A8} gettext, locale, 18] il codecs 7| A& 2T W2 BEo| 3] Aldg Yk

.
%
o
b
K
30,
ofy
°
31

ol o 2 7| A9 Busti FH 7]

ol
o

53l

2o
%mb
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cHAPTER 11

111 &3 Z|g

reprlib BE2 AV ZA S3E AHHY Fek A tagg ol 98] AxEHulo] =24 repr () 9

WAe Ale gy

i

>>> import reprlib
>>> reprlib.repr (set ('supercalifragilisticexpialidocious'))

ll{lal’ lCl, ldl, IeI, Ifl, lgl’ '.-}ll
pprint 22 AHLLAE/} 92 & g g o g AN AL o] AA G AN A2 W
74 L 3HA| xilﬂ?:_-#% A FUH. AR SR AW AR LA vhE A S22 S
dole 2 & Bt ¥eA et
>>> import pprint
>> t = [[[['black', 'cyan'], 'white', ['green', 'red']], [['magenta',

'vellow'], 'blue'lll

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

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

e Fol 7 34 o wAl EU g o

Ao

textwrap R EL2 HAE 9

>>> import textwrap
>>> doc = """The wrap () method is just like fill() except that it returns

(k= S o] Aol Al
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(o] A sl o] Ao A A<)
a list of strings instead of one big string with newlines to separate

nwn

the wrapped lines.

>>> print (textwrap.fill (doc, width=40))
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.

locale EE2 E3ld &4 vlolg ] d o] g H]| o] 20| WA 28T}, locale ®] format $F2] grouping
NEFRE: IF FE7IZE A& 2uldsle A F A < S Ale gyt

>>> import locale
>>> locale.setlocale(locale.LC_ALL, 'English_United States.1252")
'English_United States.1252'

>>> conv = locale.localeconv () # get a mapping of conventions
>>> x = 1234567.8

>>> locale.format_string("3%d", x, grouping=True)

'1,234,567"

>>> locale.format_string (" ", (conv|['currency_symbol'],

.. conv|['frac_digits'], x), grouping=True)
'$1,234,567.80"'

11.2 &3
string RE2 ohths 3 Tenplate 2ol 28 2383 e, A% 482 A/ 28 e
292 23 JEUth Bebd AR S8 Z2IAL WAHA FUE § 22 IAL ALEuto] 2
& glgdtt

»| .
DAL A RAT o8 AU (A LE) = WS DAL 01§ 2 AFT ) FEEE N
B3to] A2 EAAE B AR UGl SR AR @ 5 gl 65 28 Sty o) 2s o=
gs & wsyth
>>> from string import Template
>>> t = Template ('S folk send $$10 to Scause.')

>>> t.substitute(village='Nottingham', cause='the ditch fund')
'Nottinghamfolk send $10 to the ditch fund.'

substitute () WA =L ALHAAL GAY Y AAE QA2 AFAA 4L 6l KeyError &

A )}
ST ML WE AHY 5 mw I AP AEAS AT AolEst gade 2 gon
safe_substitute () WA EZ} B AE3 5 Ut tlolE 7t 7 | A A A AE H A A
syt
>>> 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$Sowner.

Template A B Z A= 122} B ZREAE AT 5 9
E=

2 o) & o] A Rk A E 9% o
1% HH/ S el AR SR, oW 4 A AL WE »

N
=R =
5 FATH 2 AYEA AN HEE 7T

(T
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>>> import time, os.path

>>> photofiles = ['img_1074.3jpg', 'img_1076.jpg', 'img_1077.jpg']
>>> class BatchRename (Template) :

delimiter = '%'
>>> fmt = input ('Enter rename style (2%d-date %$n-seqnum $f-format) : ")
Enter rename style (%d-date %n-segqnum $f-format): Ashley_%n%f
>>> t = BatchRename (fmt)
>>> date = time.strftime ('3d%b%y")
>>> for i, filename in enumerate (photofiles):

base, ext = os.path.splitext (filename)

newname = t.substitute(d=date, n=1i, f=ext)

print ('{0} ——> {1}'.format (filename, newname))

img_1074.jpg ——> Ashley_0.jpg
img_1076.jpg ——> Ashley_1.7Jpg
img_1077.jpg ——> Ashley_2.]jpg

20 0}E 982 ThE 28 A AN A4 m2 a3 ke Helss Ay o2 shu
XML 7, 2l B~ W14 2 HTML ] B 7 Ao 0jat A~ e B2 2 5het 2 9l o
11.3 n}lo]u] ] dlo)g T = v 2] 2Y
struct &L 7Py 2ol whol el 3= B4 5] ﬁfﬂpack() 3 unpack () B8 AT

oh ohe oA zipfile BES AH§ 5 b ZIP 49| Sl
n SE 7 272 ufo] ESp Ao 28] 85 G A8 e LT ner
upol & ¢4 8 7HE S by o
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i
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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:start+extra_size]

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

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

11.3. nlo]ui e "ol dl =T wlx] 2] 101
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28 gL AHE 2L A G QL By st=7ledUth Agl et E Qo] Wl 18 T oA Al E =
SOl ALE A} QH S W 28 m g o] SIS A U] AFR S 4 QU BEH AR Alg = ok
299 AT HE 2 /OE Adste 4yt

g2 I=Evd =z afo] A& AYE = 52U 14 F threading BREO] IO oA ZP S o2 A
TR A EAFUH

import threading, zipfile

class AsyncZip (threading.Thread):

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

self.outfile = outfile

def run(self):
f = zipfile.ZipFile(self.outfile, 'w', zipfile.ZIP_DEFLATED)
f.write(self.infile)

f.close()
print ('Finished background zip of:', self.infile)
background = AsyncZip ('mydata.txt', 'myarchive.zip')

background.start ()
print ('The main program continues to run in foreground.')

background. join () # Wait for the background task to finish
print ('Main program waited until background was done.')

g 2dE S8 229 b 2 AR YolE Bt OE A9 FRIE 2dEE 245 A9
Yok ol 2 919 threading 252 %, o=, 24 W45 W AVHECE MER BE 5o 5715} |2 842

Al T,

2R AR HNSTEE HI FAL Ao tfet BE AMAE G 2H =0 JF AT th queue BES
AHg3te] G AF = e AE T 23S AE A G 2 S 93 Queue

11.5 27

logging BEL 918 7152 2% 498 24 A2dS AT A% Bed 4%, 21 WAL
gdo] Y sys.stderr 2 U YT}

import logging

logging.debug ('Debugging information')

logging.info ('Informational message')

logging.warning ('Warning:config file not found', 'server.conf')
logging.error ('Error occurred')

logging.critical ('Critical error —- shutting down')

Jed gen e 29 299
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WARNING:root:Warning:config file server.conf not found
ERROR:root:Error occurred
CRITICAL:root:Critical error -- shutting down

AEAos Fu u Uu g WAAE EAHA R FHL BE o Huguth ThE 29 Faol
Ax W 4, Hlo 8 T, A7 £ HITP AW E 58 A4 eb9 o] ZFFUTH A2 Be L HA A
SAweel W the g e Aue 5 %

27 A 29e st ol A4 T4
AR S Qe A Dol 25T 5 A&

o]l 2k w2 el Fe] (R AR et Iz S 34 W =S A A7) A% 7ha A = A)E
T3 v R e upA g F2 7 A A" Ao siAg vt

ol HEH2UHREEY S8 =2 oA F ZAF A W 2 T A5 o5 AHEE & Bl A E
FAH T Dot AFUth BYAE, BA IAES FHFE AVCEE 15 T HOE Bt
F2E HEUTH weakref RES FZXE WEA R AAE FAT 5 v E7E AFFUTh AA 7} T
2 Q817 ¢k W weakref H] o] o] Al AR 7} A5 0 2 A A 5 31 weakref A Ao T 3 Zu o] =] AF T
kA Ql SE o= W= b v go] Wol =& AA Aol 2P U

A

>> import weakref, gc
>>> class A:
def _ init_ (self, wvalue):
self.value = value
def _ repr__ (self):
return str(self.value)

>>> g = A(10) # create a reference

>>> d = weakref.WeakValueDictionary ()
>>> d['primary'] = a # does not create a reference
>>> d['primary'] # fetch the object if it is still alive
10
>>> del a # remove the one reference
>>> gc.collect () # run garbage collection right away
0
>>> d['primary'] # entry was automatically removed
Traceback (most recent call last):

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

d['primary'] # entry was automatically removed

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

—
—h
o
4%
rk
B
N

103




Python Tutorial, ¥2] £ 3.12.2

Wag2E Jor W2 oy 72 278 FFAZ T stk 2Yudze e A5 45 aA7

At el BT+ 5 AFUch

MmyE%%umwoﬁﬂ%ﬂ%@ﬂﬂ:]ﬂﬂ“%é@ﬂmﬂaﬁ%ﬁﬁaﬂiqigamﬂ%a

= HRESL 2R ﬂ--gﬂﬂ% Zint A o] ARE | 2E ] A @Edmﬂ] £ Mgt
f

. = o] ul
r’H/\]Oﬂ 21:1]— 1 _,] —,—i g}.“_j_ o] ]_(33 FT "gM 2 % %‘5\:1}-\3

>>> from array import array

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

26932

>>> af[l:3]

array ('H', [10, 7001])

collections &2 deque () AAE AT FYtt. o] ﬂ.‘iﬂ = Y E oA B w2 A F7HF5HA v 5 ol A 9
23+ =X g2ES ZFUrth o] AA = 7€ H Hol A E S FE sk o AUt

>>> from collections import deque

>>> d = deque(["taskl", "task2", "task3"])
>>> d.append("task4")

>>> print ("Handling", d.popleft())
Handling taskl

unsearched = deque ([starting_node])
def breadth_first_search (unsearched) :
node = unsearched.popleft ()
for m in gen_moves (node) :
if is_goal (m) :
return m
unsearched. append (m)

HeHA 2| AE Fd ok gholBHejgle AEH 2| AEE 24 4 50] e bisect BEL T2 THE
EFE AU

>>> import bisect

>>> scores = [ (100, 'perl'), (200, 'tcl'), (400, 'lua'), (500, 'python')]

>>> bisect.insort (scores, (300, 'ruby'))

>>> scores

[(100, 'perl'), (200, 'tcl'), (300, 'ruby'), (400, 'lua'), (500, 'python')]

heapq BEL Ut PAEE /WO R P AN 42 AFFUTH 7P ghol L FBL T4 A
0ol FAH ek, 9125 A8 AE Dol M A6 A oA T, A A A S A G0 el

>>> from heapqg 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]
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24 AEE 9%t Decimal Eﬂ olH3IAL AlFaa Yt YH float o] B X
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e O 27HE AP 7be AE 2 e e ek Aol 7 = v ok

>>> from decimal import *

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

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

0.73

Decimal Ao ol B+ 08 FASHH, = MY FEAE 7}_1 T2 RE v A=Y FEAE A
0% ZE U Decimal & £O % % 5E1E AT ol FF 450 HASE ARAA BAF 5

%iEUﬂ e 4 Qe FAE @

R85 BPL Decinal FHAT oA RE 2 Hol A3oHA e RER AN S5 FAS ST S

A== Pk

>>> Decimal ('1.00") % Decimal('.10")

Decimal ('0.00")

>>> 1.00 % 0.10

0.09999999999999995

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

True

>> 0.1 + 0.1 + 0.2 +0.12 +0.1+0.2+40.17+0.12+0.12+0.1==1.0

False

decimal REL Fo 3 vao AUE e 452 AT

>>> getcontext () .prec = 36

>>> Decimal (1) / Decimal (7)
Decimal ('0.142857142857142857142857142857142857")
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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.

[python -m venv tutorial-env

12.2 7}
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[tutorialfenv\Scripts\activate

Unix B += MacOSol| 4] o] A A gt

[source tutorial-env/bin/activate

T

(o] 2T HEEbash A& 93] A3H A2 =, esh B+ fish A-Z AREsh= 4 -Foll&=, Al
9l activate.fish 23 HEE AFR& oF gHYth)
g B2 BANAY, A 2R ES A o] Mg FA A BHE Hol 5,

2 9qspn 5 Ao dhomo] AT E Gk o & Sol:

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

>>> import sys

>>> sys.path

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

To deactivate a virtual environment, type:

[deactivate

into the terminal.

12.3 pip 2 7] %] F&8)3}7)

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

pip has a number of subcommands: “
documentation for pip.)

A7) A] o] 52 A8t HA WA 7| A& AT

T AU

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

(tutorial-env) $ python -m pip install novas
Collecting novas

Downloading novas-3.1.1.3.tar.gz (136kB)
Installing collected packages: novas

Running setup.py install for novas

Successfully installed novas-3.1.1.3

H 717 o] F Foll == A WA M55 2] SAHA WA 7 AE AATE = d5Udt
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(tutorial-env) $ python -m pip install requests==2.6.0
Collecting requests==2.6.0

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

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

(tutorial-env) $ python -m pip install --upgrade requests
Collecting requests
Installing collected packages: requests
Found existing installation: requests 2.6.0
Uninstalling requests-2.6.0:
Successfully uninstalled requests-2.6.0
Successfully installed requests-2.7.0

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

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

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

Name: requests

Version: 2.7.0

Summary: Python HTTP for Humans.

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

Author-email: me@kennethreitz.com

License: Apache 2.0

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

python -m pip 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)
(tutorial-env)
novas==3.1.1.3
numpy==1.9.2

$ python -m pip freeze > requirements.txt
$ cat requirements.txt

requirements.txt = WA Aol AU L za 1 B2 AT 5 IStk Al A= install
TEREDLVNAAE ENT S ST
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(tutorial-env) $ python -m pip install -r requirements.txt

Collecting novas==3.1.1.3 (from -r requirements.txt (line 1))
Collecting numpy==1.9.2 (from -r requirements.txt (line 2))
Collecting requests==2.7.0 (from -r requirements.txt (line 3))

Installing collected packages: novas, numpy, requests
Running setup.py install for novas
Successfully installed novas-3.1.1.3 numpy-1.9.2 requests-2.7.0

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

You should browse through this manual, which gives complete (though terse) reference material about types,
functions, and the modules in the standard library. The standard Python distribution includes a lot 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.
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https://www.python.org: The major Python web site. It contains code, documentation, and pointers to Python-
related pages around the web.
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|
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https://code.activestate.com/recipes/langs/python/: s}o] A & 2] A (Python Cookbook) 2 -2 F = o
A, ERE Y FLIATHE 22Ut} E3 FEFUS F 3 S-S Python Cookbook (O’Reilly &
Associates, ISBN 0-596-00797-3) o] E‘rt A 2o Aol 2k

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

https://scipy.org: Scientific Python Z 2 2 E of| = w2 v & A4t 2 228 3 RESH A3 t<4, F2]9
ek uAY &, G 22, BA 24 53 22 oy 7HA] 7] A S0l 2 o] dF YT

I “Cheese Shop” -2 Monty Python o] 7 3] U th: 217 o] x| = 74A|ol S0} 74x uh, 3t X =7} 2910 4, 9L vk 2ok
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Completion of variable and module names is automatically enabled at interpreter startup so that the Tab key invokes
the completion function; it looks at Python statement names, the current local variables, and the available module names.
For dotted expressions such as st ring. a, it will evaluate the expression up to the final ' . ' and then suggest comple-
tions 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 o)313 ez eE o2
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Floating-point numbers are represented in computer hardware as base 2 (binary) fractions. For example, the decimal
fraction 0. 625 has value 6/10 + 2/100 + 5/1000, and in the same way the binary fraction 0. 101 has value 1/2 + 0/4 +
1/8. These two fractions have identical values, the only real difference being that the first is written in base 10 fractional
notation, and the second in base 2.
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Many users are not aware of the approximation because of the way values are displayed. Python only prints a decimal
approximation to the true decimal value of the binary approximation stored by the machine. On most machines, if Python
were to print the true decimal value of the binary approximation stored for 0.1, it would have to display:
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>>> 0.1
0.1000000000000000055511151231257827021181583404541015625

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

>> 1 / 10
0.1

A8 A7k AT 1109 AAY Holw, 44 A8 g 43 ke BA 7H5 3 o) 4259
a4 2.

SUFAE, 71 7h 24 o1 24 FH8E o8 o2 AT dF UL o & £9],0.1 3 0.
100000000000000013!O.100000OOOO000000055511151231257827021181583404541015625v—
E % 3602879701896397 / 2 ** 552 ZAFH UL} o] 4R e ]Dcﬂf_’_ IAZES Z8-517) w2l
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AapA o2 Tto|lH ZEZEQL WA repr () T4E FE AF17709) 2191 0.10000000000000001
ATt sho] A 315 E, oA sto] A (EZE A 2" oA o] 7Hd g2 2 AT 5 glon,
0.1 ¥k ZEAFTh

o] Zlo] o] HF e AP FHBA 2 sto] W] W IE oy, o2 =

b Uth. S=soje] B3 Ao BE ol ] 2o ERo AL B
Qo RAOE F& BE 29 B4 Aol & EAGH BE 5 AT,

7

tjo

ol ffo

1 W)
Yo (

i&é
ﬂ>;o

e |d
.t

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

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

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

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

ol A0l AAF 2wl A, A QL AMee Aol FFUTH: G RL Bd) AR 7 Age] BA & WL
a1 LUk

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

H

>> 0.1 + 0.1 + 0.1 == 0.3
False

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

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

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

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

Alternatively, the round () function can be used to compare rough approximations:
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>>> round (math.pi, ndigits=2) == round(22 / 7, ndigits=2)
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.

o] 7}7ko]l LW Ha% o], “H & %L REULE” obd, RE 250 FE AUAA A 28 !
gho] 4 float A4 o 2l= 5 & st=dofol A 45 Aolar, th i 7 Aol A= A4k 2##532 9] |
= JA e FEAULE o] A YR —E— %01]/‘1 28 5} T o] dYth shAI R, A X 4kl ob Y &
float A 4kol] A} =2 Wk 7 o 2 7} LAY Q—’F E‘r% 2
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28l 2 W2 oA ZAISHE 7ot 245 A 2 AdUTh K ) Bt
A Al o] 312 ¥ formatstrings o A str. format () WA =9 ZW X HAE HA Q.
A% 42 L) LB A A A9 HA 88 2
2 LB decimal RES AR HA L.
AEE o) E OE el Gel4E o A4S PASE fractions BE] o8] A 9H U@
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If you are a heavy user of floating-point operations you should take a look at the NumPy package and many other packages
for mathematical and statistical operations supplied by the SciPy project. See <https://scipy.org>.
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Python provides tools that may help on those rare occasions when you really do want to know the exact value of a float.
The float.as_integer_ratio () method expresses the value of a float as a fraction:

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

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

>>> x == 3537115888337719 / 1125899906842624
True

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

>>> x.hex ()
'0x1.921£f9£f01b866ep+1"

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

>>> x == float.fromhex('0x1.921f9f01b866ep+1")
True
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Another helpful tool is the sum () function which helps mitigate loss-of-precision during summation. It uses extended

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

>> 0.1 + 0.1 + 0.2 + 0.2 +0.2 +0.2+0.127+ 0.2+ 0.2+ 0.1 ==1.0
False

(Th= S ol Aol Al
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(o] A H o] A | A AL
>>> sum([0.1] * 10) == 1.0
True

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

>>> arr = [-0.10430216751806065, -266310978.67179024, 143401161448607.16,

. -143401161400469.7, 266262841.31058735, -0.003244936839808227]

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

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

8.042173697819788e-13

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

8.042178034628478e-13
>>> total = 0.0
>>> for x in arr:
total += x # Multiple roundings in standard precision

>>> total # Straight addition has no correct digits!
-0.0051575902860057365
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Why is that? 1/10 is not exactly representable as a binary fraction. Since at least 2000, almost all machines use IEEE 754
binary floating-point arithmetic, and almost all platforms map Python floats to IEEE 754 binary64 “double precision”
values. IEEE 754 binary64 values contain 53 bits of precision, so on input the computer strives to convert 0.1 to the
closest fraction it can of the form J/2**N where J is an integer containing exactly 53 bits. Rewriting

(

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

=
[J ~= 2%*N / 10

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

>>> 2*%*%¥5) <= 2%*56 // 10 < 2**53
True

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

>>> g, r = divmod(2**56, 10)
>>> r
6
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Since the remainder is more than half of 10, the best approximation is obtained by rounding up:

>>> g+l
7205759403792794

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

[7205759403792794 /2 %% 56

A EEE F2 E 23 2ol Sy

{3602879701896397 / 2 %% 55

22e Y7 WEo], o AL AAZ 110 Bk ofzk Atk Aol §o 5 AL AekY, Fol 110 B}
oF7k 2ol 22 AU Th Leju} 0@l Aol E ATaA 17102 S gl TH

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

>>> 0.1 * 2 ** 55
3602879701896397.0

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

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

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

>>> format (0.1, '.17f")
'0.10000000000000001"

The fractions and decimal modules make these calculations easy:

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

>>> Fraction.from_ float (0.1)
Fraction (3602879701896397, 36028797018963968)

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

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

>>> format (Decimal.from_float (0.1), '.17")
'0.10000000000000001"
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4

16.1 U5}y n=
16.1.1 o] X g

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

memory. All error messages are written to the standard error stream; normal output from executed commands is written
to standard output.
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[$ chmod +x myscript.py
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.profile 7|53} %/\} s o}

o Q& th3l P A Aol A v 95w, Shol W] AT YEo)A WS AWt /dev/tty 7 B BAA
429l A9 (3G AAAY FABThol = 49X 5T B3y Wo] AL 2L o B FrkolA

= o
AP B2, o] gt XM A AY X E = AAES 3ty A Ao A Z731aHA] b2 o] 5 o2 AR
T AFUT o] 9tdol A sys.psl B sys.ps2 ZEZESE UG T = 5T
A A g goA F7EAF oS gloH, A A Z 5t of|A if os.path.isfile('.pythonrc.
py'): exec(open('.pythonrc.py').read()) &4 L& IEANLIHA Z22HS 5 JdH5 YL &

SRECIA A B e A sl E 2w 2ol WA A 2 el of o

import os
filename = os.environ.get ('PYTHONSTARTUP')
if filename and os.path.isfile(filename) :
with open(filename) as fobj:
startup_file = fobj.read()
exec (startup_file)

16.1.4 HX2E|ufo]A|o]Hd L&

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'

o]A) 2 T E ] of usercustomize.py 2he o] B9 }UL WET ASE AL 22 4 AVTh A5
QEEES WBHHE s §AOE A ATA 9 o, o] HYL RE shol i Aol AL FUh

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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>>>

2to3

A2t

sho] 2 2x SLEE vpo] A 3x IERE WAF I A L3 B, 225 T LA T v A
EgE AN gA L 5 Qe tiF 2 vEsg s tE Yt

- =
2t03 + E T ol B oA lib2to3 E Al FHUTH S HHSZ AP T + Y+ 2T HE+= Tools/
scripts/2to3 & A& H Yt} 2to3-reference= R A Q.

abstract base class (=4} Hj o] A~ Z) ’\)

FA el Feat hasattr () 22 2 HAYE EAFAY v EEA ZRE (& 50, W3
HAE) A7, AEF o)~ F Zq-/]s]'h W AT o RN C Ero] & Heghyth ABCE 7H Al B
ZYHAE Y=, FHAE AL A Yo HAE isinstance () 2 issubclass () o o & 7+
A8+ de=Fdas C\’qu/}, abc & AWAE BA 8. sto] o= E’%’S W7 ABC 0] 2t =t
oS3 22 AlE0] dH Ut A8 F & (collections.abce E’.Eroﬂ/ﬂ) =AF (numbers R EolA]),
2EY (i0o BE ]Aﬂ), A>XE JAH2}t 2 (importlib.abc EEA). abc ZES AFE3I A 24

ol e o G £ ASEE B, DA Gl EHE £1 B4 RS 4 uE 43t @79

A WMo oo 4 A AT AT S QAT A W, Fehs 54 B B of o]
AL A7 2 g, Ed2, 42 _ _annotations_  EF oEE|HE AAAH UL}

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.
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argument (<1 2})
FrE o g (Ee s 2 ALY e
= 212} (keyword argument): T+ i%aﬁ A 2L7) gFof] &2 AR} (o:ﬂ% %01 name=) £+ **
ol 2 "HM el AgH = UA = () TZ2oA3Hs5 =
LT EBISE

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

o A X QN R} (positional argument): 7]
AdolH & o ol » & 20 A
w3 911 QARSI Tk

9_]2]—§)\]—-9-9 1—;,:141;}, T3 ghol 2] ol o 91 e,
o] 39 7 H 2T FAQ A& QA Ao} w7/l A 4=2] X}o] &} PEP 3625 H A &

asynchronous context manager ()% 7] A A E #a]z})

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] A 1] #] o] €])
H]-5 7] Xﬂbﬂﬁﬂ olf o|H# ol & EHFE= TF sync def 2 Fo5 &= IFH gAY Hole=,
async for SLILAIEE 4 e Uee] 5 S BEL yield EAAS THATIE do| ThEIh
HEvals7l Avd ey g5 7 71 A 9 oj ™ W o A= v 5 7] Al g ol g oE gl ol E & 723

Ut} o ahe o n)7} HateiA e AL, ST 8o B A B fAY T

HE5 7] AF e ol &4+ await EH AT, async for 3} async with B2 =38 4 G5 Urth

=
rd'

asynchronous generator iterator (¥]£ 7] A\ & o] €] o] €] o] )
& 7] Al o B 7 e A A,

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 variables
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 (¥] % 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 (B]-£ 7] o] €] & o] €])
An object that implements the __aiter__ () and __anext__ () methods. __anext__ () must return an

awaitable object. async for resolves the awaitables returned by an asynchronous iterator’s __anext__ ()
method until it raises a St opAsyncIteration exception. Introduced by PEP 492.

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

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression, and
would instead need to be retrieved with getattr ().
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awaitable (o] ¢ o] €] &)
An object that can be used in an await expression. Can be a coroutine or an object with an __await__ ()
method. See also PEP 492.

BDFL
A8 28 Z A1 = A A} (Benevolent Dictator For Life), < Guido van Rossum, 2}o] % 9] ZA] =}

binary file (W}o] 2] 2} )
A file object able to read and write bytes-like objects. Examples of binary files are files opened in binary mode
("rb', 'wb' or 'rb+"'), sys.stdin.buffer, sys.stdout .buffer, and instances of 10.BytesIO
and gzip.GzipFile.

str AAE 3 2 4 9 Y AR A £ HAE 5 E B2 AL,

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

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

bytes-like object (0} o] E & & 7 A))

bufferobjects & A D3t C-A< W HE 22 E g £ JdF5 Ut o8 &5 memoryv1ew AA &2
EE2o|1 bytes, bytearray, array.array AAES &Y}, H]—O] ELAF AA L2 vloly g
Fﬂ o|H & thF= o 8] 7HA] AAkEol AHEE = st &5, vkel v g «L‘rmi A, aAS TR AE

Ze A5l Y%tk

8 Q52 ko2 olE 7k R AY Ro A5Th ol o] ARA L FF g 3-27] vt

EdE AHragtr 233k 7hH WS AR Q 2= bytearray E}bytearray/] memoryview
7F A5 Uth o A2 vtolv g HiolE 7 B AR (‘A7) A& vl EG R/ AA) o AREHES
L33 YY; olA AE9 JZ = bytes bytes AA 2] memoryview 7} °1~1/]q

bytecode (B} o] E F &)

oIl £22 T2 vhol= L2 A3 o), Chython Q¥ 2AE| A shol 22 ge] Y 2
AU} wHo|E ZEE pye Fdo] A Hol, 22 HAS T AA) AT o] o WA A sy
Ao vlo]E ZEZ ANATL S I T 5UTh. o] “F2 Ao]” = ZHufo] E I Eof T 33

7] AE At 7 77 oA A E i D3t ch vlo] E == A& ThE ol R 7MY 7] A ol A

25T AR 7|t etA| &, sho] A v 3 kol JFF A o] A = gkt Aol =25l oF ] th

Hho E 5= 9ol 59 B8 dis RE AW Aol VT,

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

[callable(argumentl, argument?2, argumentN)

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

callback (Z4Y)
AA2 A== v o= A Ho A Ay HH FH T,
class (& 2)
M-SR o] A S-S
WA= o ES 2T
class variable (Z&] A~ H$)
2o A FoH
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complex number (£ 4 5)
0148} Al A| A E 9] B
o) 2=
Bk ‘J-&( 19 AlF2
T VIS 2 &

=]
A
ES
3+1j.math ZE° E44
L.

2 75 ddth 2astra =

context manager (A€ A~ E 32|z}
An object which controls the environment seen in a with statement by defining _ _enter__ () and
__exit__ () methods. See PEP 343.

context variable (A Hl A E W)
e £ of e} b g2 71 4 Sl W, o= 7 A 2227} wgol ofe) ok gk
2HE-24 A et ‘ﬂ]’\zﬂﬂ%“/} Jyu, AEAE HEE 53, 3t A8 2~
EA e S Qov ANAE Wae 2 e EAAL 57 AT A WEE 2
contextvarss ZFX A L.

il

FAZE A Re sl fter P UL sl e A
, TF TEAAE 1E J—U“’ﬂ/ﬂ JE Z71¥ Y ghol e
%5“44 SR J JAuARE 294 271U A& S0,
'Hﬂ,cmath— AHEEUTE Bago] 88 H o =L 579

W, 2] F43) RAHE £ ok

Xt
o,

\/J

> B i o
e
’

ﬂmﬁé

:L

Mo e

contiguous (J <)
H ¥ = A &3] C-A <S5 (C-contiguous) ©) AL} 3= E 2 A< (Fortran contiguous)d W] A<0)etal o A Yt}
A 15 L A ol A e A4Sl e}, 98 o AN, FEES A2 o] 9 o, 0l 4
*]@"5}%32?}’\ AdEl Aol AR v 2o v X =] o of Ttk thAY C-AS v ol A, v &2 2]
-4 TAHE FESS T o vpA g AG A7 7 k] AT shA vl L E S A% u G o
1 A WA el A7}t 743 ke WU o)

coroutine (i—?— gl)

Angdel  Quste Ju Ytk AR Fae & Aged AU e A dolA B

% of 2] k& AP lA Adstar, E=star, AN = A5 U o] AE2 async def
rog —";Lf‘ﬂ_?;} = 5 Ytk PEP 4925 H A 8.
coroutine function( 2 )
F2E AR E B8 FE= 4. TFEH 4= async def Fog AoHE 4~ 9111, await 2 async
forﬁ‘r async with 7|9|E& Z3& 4 Q5 th o] 2152 PEP 492 9 93] = Y= 54 th
CPython
stol A =2 Ao A Q1 3 Qld], python.orgol| A] HHJA%MUr o] F+& & Jython ©] L} Iron-
Python 7 28 o} 2 A S 73 F 2 7} 98 w] & “CPython” ©] AH&F Ut}

decorator (t] Z.#]| o] €])
OE F4E SR $ A, BE eurapper BH S A T4 ATz AggYch d2d el
E]2] &3} o= classmethod () & staticmethod () YUY

daelolel £He wA Be BUY Bk 0 F A5 At v goz S5k

def f (arqg):

f = staticmethod (f)

@staticmethod
def f (arqg):

z StAIRE @ Ak 2 ok dl e o] B ol th g o ApAI R W82 3 A 9

we gy,

descriptor (t] A= % 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
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they are the basis for many features including functions, methods, properties, class methods, static methods, and
reference to super classes.

g3 P9 WA =S o) 3k AHA| 3 &2 descriptors U T 2 2 B AR Y Shj Al o] U3 Th

dictionary (5 A4 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.

dictionary comprehension (5 4] 7 Z 2|3 A)
olHHE & 84 AAY LRE At AHE B2 9H Y E vkt 1HE S . results
= {n: n ** 2 for n in range(10)}<2 %t n ** 20| WA H 7| nS £ F3}l= I {2 E A
& t}. comprehensions-& #2340 Al L.

dictionary view (5 A2 H)
dict.keys(),dict.values(),dict.items () HAEIEHFE AANES DAY Rl BE
Utk o] AS2 9] &5 e 54 FE Agst=d, 9y 27 a4 2 o, {771 o] MsE
gttt SdUth 9 Ue R E S- B AER v list (dictview) 8 ARSSHE U T
dict-views S H A Q.

docstring (52 E )
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 (< €}¢]3)
SuE A A o)A E PR EA FAE=d AAe P HA Y= zray
HAZ Y AEYHEZIEEHAY AR EUT (‘LA g Bola 2848 =
th”) EA Y Ao o]~ FxFqoeN, F AAE TE= P HA TS S gFoaH
FARE NAE 4= dF5 Utk d Eo]H L2 type () ©]t isinstance () = AMSSH AAME 9 & T
(3FA) v o Elo]Ho] A o]~ Zefs B BeE 5 Lo fodfoF FUtt) thAlel, hasattr ()

EAFP
3 2R th= 84 & +£3517]7F 4 o} (Easier to ask for forgiveness than permission). ©

ot
ol
i
-
30
rlr
i)
©
X,

79 2etdE, SulE 7| U o EFRES EAE 7HA S, 1 710l W o9& FE UL o
ZESta mE AE Y-S W tryShexcept 9 EAHE EFA YT o] HIZ Y2 Ce E2 oHE

B2 ol o) o A] A} ALE| = LBV 2~ EFal 3} of vl o).

expression (£ 3 2))

o' grew A 4 ole BHAL 27t thE YR n¥eY, ¥4 L 2HY, o] F, JEYRE
WA 2, Aakz), FEEF L2 FE EHFEEA 24ES Fol 28 AY Utk o2 gL dojg
' H xdHer AT Qe

HEAoE, BE Sl THE
24 Eol vk U £

extension module (&% 2 &)
CUC+=2 ZAA4H ZEQU, 5to] 2 2] CAPIE ARSI A S o] U AFE AL T =9} AF S 283 o)

f-string (f-E=x}¥)
£ E el 29 2AE A HEES &8 Aol Faed, =W 24HE FEHE
Zd T Y PEP 498 & B A 8.

file object (3} 24 A)
An object exposing a file-oriented API (with methods such as read () or write () ) to an underlying resource.
Depending on the way it was created, a file object can mediate access to a real on-disk file or to another type of

storage or communication device (for example standard input/output, in-memory buffers, sockets, pipes, etc.). File
objects are also called file-like objects or streams.

AA2E A 2R S AASol dgUTh aw) Hhol U el 519, W3 = (buffered) #ho] v 2] 3+,
9E 519 059 AEolat io REANA B U Y AANE BEL FEAA PPL

o
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open() ¥+
file-like object (3} 5 24 A)))
hd A A o] vje g

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.

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 () function:
see filesystem_encodingand filesystem_errors members of PyConfig.

See also the locale encoding.
finder (3}21t))
QrED BEL I =0 & Rodu AEstE 4.

o] M 33. o] F &, F F 79 9AE 7t A5 UTH: sys.meta_path o T AHE-Sh= v EF A & D10l H
9} sys.path_hooks I /A AFR 3= A2 dET golH.
o A4 3 Ul-&-2 PEP 302, PEP 420, PEP 451 o] 121t}

floor division (A 4~ }=A)
R AAIhe ASE WA 2o Al A Ul daRks /o ol B
o 227t HA N AL Al 2.7
ol 3l oF Futh. PEP 2385 H A &

function (2+4)

VB 1L // 4
52 =Yk (-11) // 47}-2.755 U & & -30] Hoj

SEAA oE Fe EHFE dHY EFE. QAU T oY A 7 AEE 4 =, vy 9
Aol AHE 4 g5t vl )5 9 WA = 9} function A E HA S
function annotation (g~ o] - €| o] A)
F4L)

A B S0, o] 4= T Y int AAE vbo}

1 ok

Hu
>
N ofo
it}
o
Hu &

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

3t o] - H| o] A B2 function A of| Al A gt}

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)
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garbage collection (7}8] 2] 4~ A)

o AHEE A SFE RS Wb ek AR oML Rx A4 FAT B2 £HS FARL L 5
e =3 AHul A 27712 5 AuA 2 AE SF U 1A FATE go BES A Ao @

F g%tk

generator (] & o] €])
Aol gl olH & 8 T it A H Hol=d], 489 gE2 M=
Ale 23 TE Hol b U ©] e for-F 22 A SEA U next () &2 g Mol sty Ad
T AsYrTh
HE Avdele &5 7He] 7| A v of ™ Eal o A &= Alv gl o] E ol # ol & 7R Uth o =3k
oy u 7} §EetA] 92 A9, FAT G ENA EEFS iU TH

generator iterator (] ] o] ¥ o] €] & o] ¥])
Al el ol g7t = AA.

A 2ale g4 o vl U Th.

generator expression (AU @] o]&] & 2])
& A

olHHolHE ST 24 = s3tif do] Flo &+
At A AE HYUth 2 AL SR FHE AT FES HEoYYh

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

285

generic function (A ] 8 g4)
22 A AR g dsd el +ES A T2 749
Hashx] daejEel o8] 248 vt

Az 292 €o]F] &7 functools.singledispatch () Bl Z & 0| B2} PEP 443% H A 2.

n

4. 52 oW 7He] AHEEA L

generic type (4|11 &)
A type that can be parameterized; typically a container class such as 1ist or dict. Used for type hints and
annotations.

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

GIL
A A zefE % g HA L.

global interpreter lock (A& 2] = 2]E] &)
gt o) @& shite] Ad| =t gtolx vlo|E I & E AW F WG] 95l CPython 1H Z 2] H 7}k
AFE B AU S, (dict 22 8T HAF S 285He) AR Bdo] FAH O & FA] A 20
i3l HHSHEF w5 o] A] CPython 78 & EUth e ZEH AAE F1e AL UOH
ZZEE 3 ad=ssr] A v=t il ts Z2AA 7AZ Al HEAY g2 RS

545U,
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 1/O.

B Y u A 2§ HolHE Fal) “Aad Eof 2§22 (free-threaded)” QB Z 2 B & WS A}
3t HAY =82 AF o)A XA, T FY Z2AX F9 Fs At A7 Wi d Yt
o] A5 ol E FE = A TEE AN EISA HEAA FA v Lol B £ Ao E A AX L

hash-based pyc (3l A] 7] ¥} pyc)
FEAS HH7] A3 s ax 5td e HF 54 Alto] ofd A& ARS8 HEolE I E A
9}9. pyc-invalidation& 2% 344 2.
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hashable (3] X] 7}%)
An object is hashable if it has a hash value which never changes during its lifetime (it needs a __hash__ ()
method), and can be compared to other objects (itneedsan __eq___ () method). Hashable objects which compare
equal must have the same hash value.

A FF5AL ANE DAY 71U Agte] W& AJLE 4 QA Fl=t], o] AR L2 S o] YE A
o2 s A gte AHgsk 7] W2 Ay
o shol el Bul g AREL A bs e (F2E G4 Ve 28 bd AEel S
IR sUth (FE o] U frozenset Z-2) 9 Z1E| O]L‘]%% E9 9 2S0] FA 3wk A
]‘—‘61—\4‘:]' A2 Ao Zefao AABEA ARNEL 7| BAOE F A 5T (2] AAL A€
L) B chE ok v 2E W, AR 1d() 2 2 wEe guch
IDLE

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

immutable (£%)

importing (Y £ ¥)

B REo] dol RS OhE BEY sold DEAA ASE 5 LS sh AL
importer (2 Z€])

RES 2% 81 2E 3715 sk AR, B Held oz 26 AR Ao

interactive (t} 31 3))
stol e th3y ez el HE 21 g, ez el ZEZEoA 233 284S dYT 5 91,
Zz72+ A A2 E 4 Qo= =Yk AAF ¢lo] ©A] python A& &4A 2 A
ﬁ%“ﬁtziE b dsyth. *H ofolt] o] & HAISH AU RETH 3| 7| A & S thH = vl -7 4= gt

T AU Th(help (x) & 71234

interpreted (QJE] Z 2] €] &)

_4

Hpol E 1= Aupdelo] EA uf gl I FRo] SR 7] & A w, shol -2 FH ok Ao 7} ob] et
Az Ele dojduUth o] A2 YA H oz A 3d& UEA G, A 0dS AH AP &
A= YUttt 2 =2 330 £ ¢ A3 "a‘ﬂﬂﬂ% stA gh Az E|E doj= BEF At 2o
Bog g2 /iy w 7 718 25yt tshe = BA L.

interpreter shutdown (1] = 2]E] £8)

gdlgte 84S B, sto| A ZElH = SRS A 7)o AYst=d], ZEO|V 98 7R S 2%
WT‘TLZCJ%7 %E%%"LQ AHES dAZ 2 vhdgUth T8 7 A =AY E S E
Uk AFE A A 2] 3b AL} weakref FHlof] Qe TS0 AR S 7\]*"\]%‘ & dHsUth 58 A7
%?}”@Q = IZEEOFs S e = e, 2 A0] Y EstE AAYEol H 75 A e 5
A7l ZdU T (T o= golBy g RECIV AN FAEHUUTH
S Z e 289 FH YA AYH = npain  BEOINUATHENAHL ZYE= AUt

iterable (o] ]2 &)

An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes you
define withan __iter__ () method or witha __getitem__ () method that implements sequence semantics.

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

iterator (o] €] g 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 further calls
toits__next__ () method justraise StopIteration again. Iterators are required tohavean __iter_ ()

method that returns the iterator object itself so every iterator is also iterable and may be used in most places where
other iterables are accepted. One notable exception is code which attempts multiple iteration passes. A container
object (such as a 1ist) produces a fresh new iterator each time you pass it to the iter () function or use it in 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] B ZkA1 gk W&o g5yt
CPython =& %} A : CPython does not consistently apply the requirement that an iterator define __iter_ ().

key function (7] ¢)

7 g rEe 2’ Eﬂ ©] A (collation) &=+ F & (Sorting) o] L} vl & (ordering) ol AF§5 & g2 EEFEZ
HEYUTLE o & 59}, locale.strxfrm() < ZAY S PSS a2+ FE 7] & W=+ d AL
Ayt
1= .

ato] Mo W EF7F 2 4S50l o BA A A A AL Fol=AE Aol et7] Hof 7] TS Hol= AU th
o] ZlEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby () ©] AFY T}

There are several ways to create a key function. For example. the str.lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a 1ambda expression 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 z})
o1z & BHA L.

lambda(i’)ftl-)
2 u) gro] THAL Bpel A4 02 THH ol Yt A B PO VLB BEE ERLS

lambda [parameters]: expression YU Th

LBYL
H 7] Aol ®2} (Look before you leap). ©] T & AEFY-2 T E ol 23] & 317] Aol BAH OS2 ALA
2A5E AAUTE o] AL EAFP 2T o uE 1, B i RO 2AE AU
= ~d = 37 oA, LBYL 2L «H 779} «5 7]” 7bo] AR 2 AL BEA4 2 o] & h
o] & 50, FE if key in mapping: return mappinglkey] © AA} T, 31X T 23] A9,
e 2 E7} keyE mapping| A A ASHA AT+ Qs Ut o]d o7& Fo| W EAFP H WS
Ao g s 2E o syt

list (2] 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 7 Z 2|3 A)
ARse R4 AR EE ARE A28 1 ARE AER BeFe ¢AD P result -
['"{:#04x}'.format (x) for x in range(256) if x % 2 == 0] = 0°]A] 255 A}o]of =

131



Python Tutorial, ¥2] £ 3.12.2

)3

S

RS 16715 (Ox.) 52 EF3E 4G g2 BT if 2 AFT S 9
s}, range (256) ol & ZRE 247 A@gHUTh
loader (2¢])
RES 28t AA. load_module () ©o]2h= o] £9] WA =S Hols|of FUrh Zr&= BE 512l H
ZFEHEYth AN YR PEP 302 &, FA v o] 2 282~ = importlib.abc.Loader & B A 2.
locale encoding

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

On Windows, it is the ANSI code page (ex: "cpl252™").
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 (0] 2 H| 4] &)
S5 A S o WF A H 9l W] S8

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.
Examples include dict, collections.defaultdict, collections.OrderedDict and
collections.Counter.

meta path finder (W€} 7 & 1} 21 t)
sys.meta_path & ZAA o] FHF+= 3 H. WE A2 3} H= 42 =g 3QlH o #-E
171 AT kg e,
HE A2 37 L3 sE A =S A= importlib.abc.MetaPathFinder & B 3§
e},

metaclass (W] €} S 2)
Zxo) ZHa S o) Fea o] F, FA GAYE, Wolx FYAE BEES UE
= <

I9
=

vEf S et o) Al IALE Wol N SeaE BEL A9S AYTh Bl AA AW =2 1e v
Ao 5L 7| B T AL AZFULE oM Edals] BEL AL AL WE 2YAE WS 5 Jrie
AQUch HRE S AN AL o) 77 A3 B8 GAW B2/ AA W, W S A g
obe 32 Al B FUTE o =P HE A2 27 (logging). 28 = AL T, A A FA,
A

8
(¢}
S
o,
oo
A
2
2
>
n}
N
X,
=
%
=
ofo
o
HL
o
5
30

method (W] 4] &)
Z e 2 vy Qhofl A A o =
HA o2} (HE self gt

method resolution order (W] A& 2 A £4])
HAE A A= 233 SH U E
stol A QA Z | E ol AMSH & FY A
Hyrth

module (2&)

ol F &1

tjo

2y

o

j=3
=

rlr

o 243 B9 FYHHE AA. BELS 499 shold AAE
£

&Y
=2,
lo
ol
jf_l,
o
X
|o
f
f
[

i)
v
=

132 Appendix A. &3


https://peps.python.org/pep-0302/
https://www.python.org/download/releases/2.3/mro/

Python Tutorial, 2] A 3.12.2

module spec (2 & A 9))
BREE ZE3=U AMEEHE 92E
ModuleSpec o] QIAEH A

MRO
HA= dA cA

mutable (7}H)
7HA AR = gl B8 5 JAREid () & €A FATEYLE B = BA L.

named tuple (U] Y& £Z)

rJ
r
o
b
il
o
ol
Rl
30,
rlr

o]& ¥7t importlib.machinery.

s

HA L.

“named tuple(H] & £ FE) 0] 2= Gl FENA FE3L o] & £L o] =] RES Ao} A
5t Sho AL T S Yt BE Gl Seh2o] AP Uk Foluh Feh2olt THE 5=

RS T AFYTh
time.localtime () & os.stat () 7} ¥+3+3l 2+-S £330, ol 2] YA o] YA EZ ) =
T}2 o= sys.float_infod Ut}

>>> sys.float_info[1l] # Iindexed 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 t up1e and that defines named fields. Such a class can be written by
hand, or it can be created by inheriting t yping.NamedTuple, or with the factory function collections.
namedtuple (). The latter techniques also add some extra methods that may not be found in hand-written or
built-in named tuples.

namespace (0] S Z 71

HE7E AZE = A o5 w72 gV gz AUk AA 5 57t

wok ozl Ao, Aol 4 o & B2bel AUt o % BAL 0% FEES WANA REAE ANT
Ut} o & 50, & builtins.open Fos.open () 2 152 o] 5 F 7o 93] +HFH Yt} E3L
o1& e o HEo] PE TASAE BRI BEAN ARAN 7 Bl £2E B
t} o] & E0], random.seed () EE= itertools.islice () &t 2 1 &4Eo] 42t random &

itertools BE°| o3& L& 9] 3 o] g sl A Yt}
namespace package (©] = 3 7} 2| 7] #])

LA ANB 71 AF AH o] &R 7155t PEP 420 9 7] #]. o] F ¥+ 37| A= 8] A < A A 7}
RS TE AL, 58] _init__.py FLo] glermw 4 3 7] A = thEYTh
nET

el Aolol 4 M4 g B 5. o & Sof, 0hE B4 el AT G g Bl g
ASES F2 T 5 A5t P ATnE | RA0 R P2 AT R YL 5 A Tk
Aol el ok Futh A9 WS EL A3 Uy 2mmd s du EUch A, A MFEL
A ol FolA P HUTth nonlocal & HFE AT 2o 2= 21 gttt

new-style class (F+ 2 €} )
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 (2 A])
FH (IEFREY ) & 2L FF (WA E) o] Aod RE HolH. EFL BE wAEY s 9

S L BT BN
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package (2} 7] %))
A Python module which can contain submodules or recursively, subpackages. Technically, a package is a Python
module witha __path___ attribute.
At 371 A & ol 5 T3V A = HAL.

parameter (7} 7] ¥H )
T (2 WAE) ool 4 Bl BE 5 gk ) (B o A9 ARE) & AR o F Be

AEEl. kA F7 WA Yo

o 4 X]-719 & (positional-or-keyword): 91 %] 212} U 7] 9 = 012 2 AGE 4 J= AAE (AT Th
o] o] 7] Weje] uj AWM A Th ol & S0l Tl A foo & bar:

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

* A A-A& (positional-only): | A2 AlFd 5 & AAE AZFUSE AA A§ viAds=
B4 oo ARG BEo] / EAE £FHL 1 Aol AT 5 YHUTh o o} Tl A
posonlyl 3} posonly2:

{def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

o /1N E-AE (keyword-only): 71N EZ T Al5E 5= Y= AAE AU 7Y =-AL v
=3 Aol o] mif g B2 oA gof 3hube] ZPA-9 X wifE sy xS a2 2854 Feol g
T Yt A& 59, tholl A kw_onlyl £} kw_only2:

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

o 7}H-9 A (var-positional). (T}2 wj | A5
22 9l 9% QA=< Qojo] ABAS AT T o] 2l uj W w M o] 2o * = oo
£oI4 A9 E & A& ol Bof ke

[def func(*args, **kwargs): ... J

o 7}H-7) 9 E (var-keyword): (TF2 Wi | LS o 234 oju] WolE o] A 7)Y = AAE | &)
ATD 5 9 299 A5 A9 AAELS A AT ol ol Az w5 o] ol +r &
ol oA HolE = AdFUTh A& =0 9 ool A kwargs.

7l As = A A AAEE A3 7| 2Bt ofyet A F o) A B4 AAES AT 5 JdFUTh
o1z} g o7 &=, QxL9} v 7 H 4] A}olof L} 2= FAQ A&, inspect .Parameter Z] 2, function
A, PEP 3625 EA| L.

path entry (3 2 I E2])
AZ 7|9k 3kl 7h

n
kel
[t
ok
u
fn
il
o
0
N
Ho
:OIL_:
ptd
k]
-1}
rlr
a1
kel
[t
oY,
fru
ox
1o
ok
)
1o
o
B>

path entry finder (73 2 QlE 2] 5}2lt))
sys.path_hooks ol & ZHE(F, A2 dEL F) o] EHF+ 32y Ad], Fol A= dEE
ERES FE=THE € AU
AR AEF FAHE0] LHIE WAEEL importlib.abe.PathEntryFinder o Y& Uth

path entry hook (F & N E 2] %)
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] 49} 5} 2lt)

718 v el A= I T E Fotueld], Y EE A A BE
path-like object (% 25 A )

Hd A2" A2E e+ AA. AE2F AA= ZE2E JEW+ str Y bytes AA o] Ak

o
i

U,
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PEP

0s.PathlLike T2 EZS L3 A YY) os.PathlLike T2 EZ S F=
fspath() &4 E TZ 4 str Y bytes 3t Al2d A2 Ad" 5 ga5urth; oA os.
fsdecode () 2} os.fsencode () & 22 str U bytes 23S B A =0 A2 4 J5 U T PEP

SI9= E%‘E] AU

ghold 7§/d Al <. PEP<= sto]d AfFUE| ol AR E AlFst AL sfo] W EE T Z2A|A e &0
M2 75 AHste AA EA YU PEP= AlHE 7ol g 28 7 A H 2 AE

A F8hoF gk

k3 2ol ol ek A F U E 31
& FAR WE7] 95 712 v AU S A ek PEP RS AR

portion (Z )

PEP 420 |4 218 AAF, o] & 57 71 Aol o upA sk shike] g elo] Sol gt LS

2+ i
A3 @ip 3ol AFH = A% 7 oh.

positional argument (9] X] ¢12})

A& HA L.

provisional API (27 API)

A7 APLE £ vho|ueele] 3 B84 HPORRH A AD AYUh Aels|o] 2y 2
W37 o] 5 A = SbA v, Y A ol el EAE & B, To} A uAtE o] B stk 4 2eteha 347
o] R A b WAl Dolg 4 HUrth Jd WAL R AR dojuAt e
AU — APIE Z357] Aol $7 Frisha 2E A Aol WAH Aol u old AT
B API A 2 3=, A T84 o] §A5 A b WAL “HFY 2B 0% o ALY BE A9

EAE el AA THE FASFE AU E
ol Aat= E golB Yt LM AT T AR AA LFol EE FE A Fu AL UEF

gHE U o A 3 U8 PEP 411 B U/ ch,

o
|o
ol o
td
£l
>
fr
N
-
o
ot
L
kv

provisional package (ZH3 3] 7] A])

A APIE HA S

Python 3000 (3} o] % 3000)

ghol A 3.x v 24le] "B (WA 39 v 7F ¥ )] o]okr|H Al H e whE0]3] o] Folt}h) o] A
“Py3k” 2 Zo] 27| % FHrh

Pythonic (3}o] A th)

= QojSol A AW AYES AN DEE TASE T4, Tl A Aofoll A A4 AT AL
5% o) 6 952 7h7ko] it ool tlolu} T 27 o Bol, sl Ao A A4F i ol UYL for
2 Mg oo Be] BE 848 Y5 AUTE OHE B dojolt o1 F572] T4 B
glome, sholdol el%ahA] ghe RS S tAld] 274 712 E E AL§87 = ghth

p
for i in range(len(food)):
print (food[i])

H 253 sfo| Mt W 2 ol g5yt

for piece in food:

print (piece)
.

qualified name (3713} 5 ] &)

v Ao AmmolA BEA Ao H e, B4, WA o2 L AR E HolFe o TR
o] 2. PEP 3155 9| 4 e B uith A4S Bo 2ehad] A9l 7348 o] 2L AA o]
25 urh:
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-

>>> class C:
class D:
def meth (self):
pass
>>> C.__qualname_
IC’
>>> C.D.__gualname_
'C.D'
>>> C.D.meth.__ _qualname_
'C.D.meth'
5L sbe)7)en) AHE u), $A3] A7 o1 F (fully qualified name) & BE R A A EL EF

L)

A RER 7= Zqoi—rﬂ%"]i%?/]‘ﬂ Ut} o] & E0],email .mime.text:

>>> import email.mime.text
>>> email.mime.text. name_
'email .mime.text'

reference count (2} 314)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Some objects are “immortal” and have reference counts that are never modified, and therefore the objects are never
deallocated. Reference counting is generally not visible to Python code, but it is a key element of the CPython
implementation. Programmers can call the sys.getrefcount () function to return the reference count for a
particular object.

regular package (A1 2 7] A])
__init_ .py 3¥4E& x33t= A 22 AF5 A A 7] A.

olF T AHINA = HAL

slots
Se)a vne] A, daEs o EYHESS 93 B V2 AATL daEs gAY
AATeEN W R & Aete ERE FUTh 7] A7+ AT, o] HlZ2 92 Sut2 A A&7 7
Z7ltk2e HolehH, vl welof vizhel 38 Z2 1o A Bhe 4ol ArEAL JE BG4S R
S sk 2ol E5UTH
sequence (X] @A)
An iterable which supports efficient element access using integer indices viathe __getitem__ () special method
anddefinesa ___len__ () method that returns the length of the sequence. Some built-in sequence typesare 1ist,
str,tuple,and bytes. Note that dict also supports __getitem__ () and__len__ (), butis considered

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 (] ¢} A Z 2] 3 A)
olHHE v 84 AAY EFE AEsty 2345 F2 A= wEste 1HEsh
{c for c in 'abracadabra' if c not in 'abc'}+ EXd9 T
U t}. comprehensions & 32 3H0 Al L.

single dispatch (%) 2 t] A3 x])

T o] st Q1ALS] ol 7|2 A AAE = Alvl 2 & ) x| 9] & P E.
slice (&g}o]2)

HE A7~ 9 ARE EPSE AA. EeolAt AN AAYE BT

. results =
d' &Y

- %

|
i)
fifo
>
o
:.01_-",
>
2=}
v
k)
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variable_name[1:3:5] A&, [] StolA & 7o A& F2o =2 Byt 235 (B 23
HdE)Z7H2 R4 e= Sllce 7—‘1?4] S AU Th

special method (54 WA &)
stol o] Fof ofl AL, TAl 22, AT ] EAF R SEH = HAE. o]d =& F 7
LEEAFSL EUe )52 2L A F U 55 WA =< specialnames o] 4 2 W51 A 95 ;" FUth

statement (F3})

BGL AYE (REY B (block)”) & FATH RE AU B BA4 o AL A EE AT
O#Ei 7HA] F2E Y '6}1/}0]‘41’4— 7} 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 rype
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 refer-
ence. The strong reference is taken by calling Py_ INCREF () when the reference is created and released with
Py_DECREF () when the reference is deleted.

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

See also borrowed reference.

text encoding (] A E 217 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 (B A~ E 3} Y)

str AAE Y1 2 5 Yt Y AA. $F, GAE FAL AR wholE AF o HAEYS
AN 2B EAE 1T g AF HAFU GAE I JRE YAE RE (rr EE ) B

| =
dd 31Y, sys.stdin, sys.stdout, io. StrlngIO-/] OIAHAE & 4 95T
wol= 95 A7) SEEETE

sduz49
triple-quoted string (2% u}-& 3 H £x}¥9)
O

w}ii )AL E ) A N SR BEAE. 2GR YR SR EAld e
71%5& AR = LMUL, o] 7R o] ol A £E 7} JAFULE o] AFA o)L FH A oFL F2ugmLf
= %E% EAG obof] 23T = UEE S, AF EAE 2R T oY Fof] 2 = =),
EAEZS &0 53] 28 5 U

type ()
tol M AA e P2 17lo] o FHY AAJAE ZAZFULH ZE AA = Fo] dH5Uth AAY

(e}
6é%_class_ ﬂ_ﬂ%EE ‘i‘/‘ﬂ’\f“ T A AU type (obj) 2 @& 5 dFYTh

type alias (& o] d 2] o] )
P2 A Ao o) J3le] THE A= ] T 0.

P ol delolat ¥ A2 desshe o 8P U o8 S1:
def remove_gray_shades (
colors: list[tuple[int, int, int]]) —-> list[tuple[int, int, int]]:

pass

et 2ol ¥ 971 44 BE 5 gk
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Color = tuple[int, int, int]

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

o] 7] 5 AW 3St= typingd} PEP 4845 2 5HA 8.
type hint (ﬁs‘ 3lE)
Hp, ZHlA o EYRE 9 3 v/l RS o vk 310] 71t E = 32 A A8k o] ' H| o] AL

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

A9 W4E AAHT, AG AR, FAhs o=
get_type_hints ()& AHg3he] M2 4 Qlgruith

o] 7]%< 4 @3+ typing T} PEP 4845 3

BN
o
>
ko

universal newlines (-4 £ 9 7))
R _4_71.0 ;q;;th Z9o] Zog 9AF: HAE /\E]ﬂj
e "\n', A== A "\r\n"', A uf 715/\1 e \r'. F7HA QL ARGl #Si A= bytes.
splitllnes( ‘—:'Lr Tk ol 2} PEP 278 2} PEP 3116 = HAﬂL.

variable annotation (‘14> o] - E] o] 4)
el

mlo
QL
1%
o
rr
fuj
bt
Jo
1©
[>
=
o,
gl
)

W T FYa oERRES of H o4
M S Fels ol 2 HE of g0 A 2w e AE AU Th
class C:

field: 'annotation'

M olngo]de ditH e R 3 SlER ARG UTH & o, o] Mgt int & 7HE A2 g 7
HUoh:
H

[count: int = 0

Ha o] i H o] d T2 A annassign ol A] 2 8 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}t $17)
Shol tl ALE A9} 88 210l 22 A2 Wl WS £ THE Shold 85 22 AW F2of
FEFE FA oA, sto|AH W 7 A S AAFAY L o] Est= AL 7Hs oA s, FE
Ao AeH A9 7.
venv & HA| Q.

virtual machine (7} 4 7] A)
szEYojuto 2 HolH AXE. vpo]| M) /1A 7] A& nlo|E TE A}
=g AR,

Zen of Python (3}o] % Al)
shol 4 i b9l Ueish AT L] B2, Aol o] k1 A o] E8o] HUTh of BEL 13
ZEIZEOA “import this” & JHstd B Yt

e
v
N
i
|
oy
rr
=
o
[m
K
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APPENDIX B

o] 417 A of] 3]

o] A" A= reStructuredText A0 A ThEo] X o2, gto]x APAE sl SHs] A 24 A8 7]
Sphinx & A& 5 YT}

*.:i“é/ﬂﬁ} o] & % Eiﬂ W shol A ZpA| &F upA A 2 A A 02 2D -F ALY = T 7] o] star
AT, o ¥ of] ti 3 7 B += reporting-bugs 7| o] | & F LS A . A 22 AL E /\}X}t AR} g
Sh=

& BEolA B #AE =Y th
* Fred L. Drake, Jr., 92 sto]H A A = 3o 2 o)A w2 Zrl=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.

w
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o
%
ruE:
_>a
o
ol
r
X
il

e Abgho] sholHl Ao, spol £ gholHejg] ¢ polH A A 7l F T 7)o xpe] FE A QA
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1995, Guido+ Virginia 2] Reston Oﬂ ¢l += Corporation for National Research Initiatives(CNRI, https://www.cnri.
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2). QAR O =, B RE (A% AL o UTh Thol A vl 3 GPLI} 3 Utk obel 9] Ei= Tk}

Hjj 32 sgd 3 6 E s GPL & =7
09.0~12 n/a 1991-1995 CWI yes
1.3~152 1.2 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.1+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 o] Ak 2.1.1 2001-A ] PSF yes
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.12.2

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

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

3.12.2 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.12.2 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights
Reserved" are retained in Python 3.12.2 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.12.2 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made to.

—Python
3.12.2.

4. PSF is making Python 3.12.2 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
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.12.2 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.12.2

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.12.2, 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. Nothing in this License Agreement shall be deemed to create any.
—relationship

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.12.2, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

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

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

(tH& slo] Aol Al<)
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5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the 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

(Th= S o] Aol Al
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THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

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

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.
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.12.2 DOCUMEN-
TATION

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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The _random C extension underlying the random module includes code based on a download from http://www.math.
sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html. The following are the verbatim comments from the orig-
inal code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

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

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

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR

(H& sl o] Al ol Al )

146 Appendix C. < x}¢} glo] A A



http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html

Python Tutorial, 2] A 3.12.2

(o] A sl o] Ao A A<)
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

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

C.32 427

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. 1IN 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.
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The test.support.asynchat and test . support.asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

C.34 F7] &=

http.cookies &2 th53 22 Fo A2 234yt

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.
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portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode %! UUdecode &5~

B ES O T 7 AE ERYTH

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
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

C37 XML YA =g XA 5=

xmlrpe.client RES The 3 22 29 A3 ek

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. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF

(TH& sl o] A ol A1)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-S kqueue Q1 E| 3] o] 2o thal THe 3} 2 9] AgHe ERFU T

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

3} Python/pyhash.c ©|+& Dan Bernstein 2] SipHash24 &1 2] & 2] Marek Majkowski 2] =& o] Z 35| of
A5yt 7)ol 23 22 W&ol 3= o s th:

<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>
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Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod ¢} dtoa

The file Python/dtoa. c, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings,
is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/web/
20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains the fol-
lowing copyright and licensing notice:

/*********‘k***********‘k******************************************
*
* 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.

* % o

* % o

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

* % o

***************************************************************/

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.

(TH& sl o] Al ol Al )
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"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
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

(th= sl o] Aol Al%)
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copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
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.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions

for use, reproduction, or distribution of Your modifications, or
(th= =l o] A ol A<)
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for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

The _ctypes C extension underlying the ct ypes module is built using an included copy of the libffi sources unless
the build is configured ~——~with-system-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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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 °f &l A2 = 3|A] EHo]E9] 3L cfuhash Z2AEE 7|Hlo 2 SHt}:

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

C.3.17 libmpdec

The _decimal C extension underlying the decimal module is built using an included copy of the libmpdec library
unless the build is configured ——with-system—1libmpdec:

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 C14N H~E A~ 9 E

The C14N 2.0 test suite in the t est package (Lib/test/xmltestdata/c14n-20/) was retrieved from the W3C
website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

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

* Redistributions of works must retain the original copyright notice,
(th sl o] A o] A%
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this list of conditions and the following disclaimer.
* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

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

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 INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

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 INFRINGE-
MENT 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
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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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Copyright © 2000 BeOpen.com. All rights reserved.
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