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The Python interpreter and the extensive standard library are freely available in source or binary form for all major
platforms from the Python web site, https://www.python.org/, and may be freely distributed. The same site also
contains distributions of and pointers to many free third party Python modules, programs and tools, and additional
documentation.
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You could write a Unix shell script or Windows batch files for some of these tasks, but shell scripts are best at moving
around files and changing text data, not well-suited for GUI applications or games. You could write a C/C++/Java
program, but it can take a lot of development time to get even a first-draft program. Python is simpler to use, available
on Windows, macOS, and Unix operating systems, and will help you get the job done more quickly.
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The Python interpreter is usually installed as /usr/local/bin/python3.10 on those machines where it is
available; putting /usr/local/bin in your Unix shell’ s search path makes it possible to start it by typing the
command:

python3.10
£ A0 A A9 G S e deme e} s e el dee 42§ A7 e
HHE A A5 ch 7l steld AR b A2 Bl Aol A A Lo sl (18

/usr/local/python & @& AFEEH &= X YY})

On Windows machines where you have installed Python from the Microsoft Store, the python3. 10 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.

71 E I E I E o A] EOF(end of-file) =AF(-F Y 2o A= Control-D, YESo| A= Control-2)E Y H
St ]E1 ZE 7 E55, T3 AH 200 FUth o W o] B8R =tk quit () HHES

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

23 = A =L A F3U ) olulx W HF o] A2 =4 EJ-L]*?S}% Vg mE e X 2

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

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

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

9t Aol AR
]

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

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

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

argv
2381
% v
argv[0]
t}. -c
A 2] 5t

&L—

N
_A
()

CHstA

OOII
o
In

O
o

Wlm%oﬁ[m

Ut oF,
L o,
o

g

AE7 5 BE 2 gt BT o) REAE 7|8 2Es
sk, HE Al 1S - o At Z1Z gt >>); 3 EE 244
Q%EPKJEJEﬂqﬁghﬂ,y&ﬁo;wquﬂmqqtu
EZ Q57 Aol wA e 4D FAS 2P §9 WA A

L:o
52 [K
fd {m

e
3:m
:oé

N 2 2,

~—

oo

r to o >
2 10, 1lo 4o
(% oF, flo
2o oy B
[kl Fo fo
il o

Ei I
o [k N
mlm

owrr
R

v r

$ python3.10

Python 3.10 (default, June 4 2019, 09:25:04)

[GCC 4.8.2] on linux

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

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

>>> the_world_ is_ flat = True
>>> if the_world_is_flat:
print ("Be careful not to fall off!")

Be careful not to fall off!

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

22 QlE{Z2|E{e} &4

221 AA FE QAL

NRmAoz lo]W AL FAEL UTF-80 2 A7 8 Aoz HFH UL o] TP oAs g
Aojof| A ALH = BXES Bd A4, Az}, 24 Sol A 8 AHLE 5 9lgUth (BHA T BE
gho]lH e gl @2 ASCII 219k A2t 2 ALE31T i, W8 FEof|As o] FeE uat Ao
Z3Uth) o] A58 BT Sulg %57 A= R 771 5H o] UTF-8Y S 91 A5 of 3} 11, ¢
sldol| Z3E BE ZAE XD 5 9 FEL AL o g

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

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

encoding = 3ol A o] A Y3t= T (codecs) F 3FLFo] oF Fr T
of| & E0], Windows-1252 JIF 2 AHG S F A AstH ™, 22 T & 3149 A E-2 o] A Hojof Py

t}:

# —*— coding: cpl252 —*-

2 729 A7) o9l 22 BEA §UA A (hebang)” £ = A A L QUTh o] B9,
FYAAL T iA 2ol So ). o & Sol:

“

rO, 33

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

2.2, QE{=2|EQ} 2t
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CHAPTER 3
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Agal7] 919 Zo] 1L, sholdo) sl A8t gk v, o8 U W AetelE | Ut

# 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."

ey
N
N
B
)
e
i)
<l
)
%
g
ol
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FLE, >>>, & 7|tEA 8.

3.1.1 =&}
AHZ B L R AN STk BEAS dHe ¢S AU BEA BRe 0
ge}. +, -, %, / QAASL R} T2 AolS (18 Sol, saZol O AR AT Th 23 ()
£ Red A8 T o2 Sol

isN

>>> 50 - 5*6
20
>>> (50 - 5*6) / 4

(Th5 sTeTATol AI%)
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(o] A sl o] A ol A AH)

5.0
>>> 8 / 5 # division always returns a floating point number
1.6

A (1S 5012,4,200% int FYUth £2577H = AE (& £015.0,1.6)2 float AU
o] Zk5 A F oA A FEoll Bl B AA8] A= A B AUt

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

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

5.666666666666667

>>>

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

5

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

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

17

stolRol| A= AFA TS ALT o ** AXAE AR T TH:

>>> 5 ** 2 # 5 squared

25

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

Mol G2 YT W SEEE ASTUL ©] 35 L U Y 2ERE Ao BAHE EHL

R o

>>> width = 20

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

W57k ol o A 2 Wl (kS Y5 ke wl) AHg s RS AL e E Dotk

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

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

A48 BARo R AAFUTh AR T2 B9 JANAE 2 AAE A5 NAARE A2 0
Ty

>> 4 * 3,75 - 1

14.0

5t e B A, vhAete] AR AL Mg o tdBUTh o] AL Tl WS SHAg A=
Sol:

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

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

|d

2,-3*xx2 £ - (3**2) 2 Al A= -9 7t Utk 95 A A oW (-3)**2 &

>*

>*

N
-

' B} S Ae9 7 Eo
PRR:

10 Chapter 3. mO|M 2| ZI2ESH A0
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ol s AHARA = g7 7he 3 A AgE oo Ut ga AH tdeHA AL — woF
IPA b 22 o] 59 A UL E AR TEE 2 W 5
23E Fsdth

int &} float o B3l], o] W2 Decimal oYU Fraction 59 t}E o £AEE XA th Ffol#A
ZELF YT AR 1413}6]'5—7 A=, defE 77l 5 U I JuARE AR YT (S
3455).

3.1.2 EXIH

SAshE B, Sho] A L BALE
GEREEC...MZEHE S 9
AEF 5 dEUh

>>> 'spam eggs' # single quotes

'spam eggs'

>>> '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."

'"Yes," they said.’

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

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

B
il
lo
12
|y
N

2 12 o 25 o] %
2198 SEUe 240
22012 5 7}
171418 5

N5 ez o)A, Y EALL LR Felde] 91, 54 7
G010k 1% 8440 A5 ol mal e (W B 7S] 55 7 oA A, 5
HEUEAEAVAD SUSAE LYA ol SIS N 3u 7 2 219 A
AR print () §4E GEEE A9, oA 0] BH 54 2

RN

2
et
v
iy
:oll_g‘
_>_
r(
- rlr

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

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

>>> print ('""Isn\'t," they said.')

"Isn't," they said.

>>> s = 'First line.\nSecond line.' # \n means newline
>>> s # without print(), \n is included in the output
'First line.\nSecond line.'

>>> print(s) # with print(), \n produces a new line
First line.

Second line.

\Holl et Bt 5 BAR AFHA B3 AA Aok, R 2 E ol £ & BolA & EAYD (aw
string) & W & % UTh

>>> 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.

BAD eH B e 2 F4E £ A5 U &/ PE L 4F 4 EE ASSHE AUtk

SR L 2 07 BAE A5 o2 BAR0) R AT E 2ol \ B 26 |8
2ohe Qo B3k BEl, \n 3} 2L 55 BAEL LWL E( .. )G BHLRE(. . el A 22 Yvivt g F Be
A8 o1 B E BolA + B AN BE DA L (FAL AT A Ak eI, 1 8 4 B
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print ("""\

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

n"u)

€ old 25 83U (A A NFEA7E T A b= Aol F55HA 2):

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

2ADE + AR o]0 Bo] T, * AAE WEAD 5 g Th

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

%7l o 44e] £444 )

a
a
B
a
o
£

Z A AS) 7 AEA v A o= o]0 2o Yt

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

o] %2 A BAGL 2N A T ) 593 LR dHUch

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

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

o AL A F e gE vt H8E F ALy @Al | FEHA FsuTh

>>> 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'

AAAAN

SyntaxError: invalid syntax

MEE7E) 2 05o £ HEH P olololel W + & ALgshoF gtk

>>> prefix + 'thon'

'Python'

BAGe Qda (N8 A3YE) 5 AUtk R A B a2 00 e H U BAE AR
e ge guuth Bedl dolhid B4y

>>> word = 'Python'

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

IPI

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

lnl

Qi 25718 $5 e, BoIA e Atk

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

lnl

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

>>> word[-6]

IPI

e el Bafl & eold (slicing) = A Uth 8 o] 8 FAE Qe AHEH = W, 2ol &
FE F A (substring) & A+ ol AFEE YT}

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

le'

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

'tho'

Sepo) 2 gt

2 ) 2 Y eshe 718 gk0 o] A48 1,
W) Qe 27} g

2 AR ol
£ Aol 7} AT

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

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

lon'

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

A& x0] BAEe A 2= wbd, £ 8 9% 9 ExE A 23H A k= Ao oA 2. o]
mEof s[:1] + s[i:] = T s 9 2oFAY}

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

'Python'

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

'Python'

Gehel 27k SR P S B @ A pEe AULA EAE Aol A4 E A Arkn 42
s AQUTE A WA 2419 A% AAF QUL nle) EAER TAH EAGe] 02 T AAE

A2 o HUoh, | Fol:

B T
[Pl vyl t | h| ol n|
e
0 1 2 3 4 5 6

A AR AP A 2046 o A E K3, F AR P2 3ok 29 AYA2E5S HolFUh i
ANAjHAY Setolaei gt E HE 293 AA Atole EA=E +A8E YT

o obd e ~Be] B9, F e mE g ol rkE Sehol 2] ol olul s 2he) AUk,
NS S0l word(1:3] & Zo]=2YYtTh

Y2 ghg A A Agse AL e dyh

>>> word[42] # the word only has 6 characters

Traceback (most recent call last):

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

AT WIS ol Sefol & A At Setol 4wl B EHA A H Tk

>>> word[4:42]
lon'

(Th5 slTeTATol AI%)

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

>>> word[42:]

T

lo

°]

i st

2t

d O — = olgta gt A 2L dE Az e f Ao o st
ol =

4[‘_3;_,

rH. [

WA 4 9l
Jo Ut

R

i ¢

=

>>> 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

te B o] Bashw, Alw vhsojof gtk

rlu

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

>>> word[:2] + 'py'
'"Pypy’

W g len() 2 AR 2ol S5 Uth

>>> s = 'supercalifragilisticexpialidocious'

>>> len(s)

34

o B7):

textseq T AL A DA o dFo|aL, A|FLTF A DS FF Aabsol A9FE U
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>>> squares = [1, 4, 9, 16, 25]
>>> squares
1, 4, 9, 16, 25]
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>>> squares[0] # indexing returns the item

1

>>> squares[—1]

25

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

&
o
_?l‘,
rlr
=
Ach
I>
m]m
iy
jhﬂ
L
o
£

"
g
_L
\1

,ﬂ
r o
|y
3
N




Python Tutorial, £A| B{H 3.10.16

>>> squares|[:]
[1, 4, 9, 16, 25]

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

=9 A4 g, gaEs 7h Utk S WSS WA ¢ dsTh
>>> 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]

append () VA= (method) (5ol B A =0l s & 21418 Lol AQUTH & AHg8he el a9 2o
A e 278 4 AU

>>> 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]

Eetol ol Y A% b U, 2280 408 UAR S In, E FEE AL F2A A5

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

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

>>> # replace some values

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

>>> letters

[ta', 'b', 'c', 'n', 'E', 'f', 'g'l

>>> # now remove them

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

>>> letters

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

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

>>> letters

L]

W e len() S H2EdE AgFUrh

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

HAEE AT ST QHUTh (2 PAES EHSE e 2ES BEUTH. o8 Soi:

>>> a = ['a', 'b', 'c']
>>>n = [1, 2, 3]

>>> x = [a, n]

>>> x

[f'a', 'b', 'c¢'l, (1, 2, 3]]
>>> x[0]

['a’ 'b! 'c']

>>> x[0][1]

lbl

3.1. LO|MS A4 ALY 15
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>>> # Fibonacci series:
# the sum of two elements defines the next
.. a, b=20,1
>>> while a < 10:
print (a)
a, b =Db, atb
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>>> i = 256*256
>>> print ('The value of i is', 1)
The value of i1 is 65536

A end £ 28 2ol T = ABLAE AARAL

s e =AEE €

A sk

>>> a, b =20, 1

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

0,1,1,2,3,5,8,13,21,34,55,89,144,233,377,610,987,
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cHAPTER 4
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Wa 2/ while 2 2ok, g2 ThE dojSoA <2 dnk4
=

olulE A4 2 @A BA FL i B AU o B 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

‘Siﬂ‘%‘ﬂﬁ MY elif B7F s 5 AL, else F = /“E“z*‘ﬁ‘/]“/}- 71 E ‘elif’ & ‘elseif’ o] ¢
EAdd], A= C°4’>‘7la 3ok o) f8FUTh 4 - elif - elif = AULE ThE Aol EIA
AT = switch W case &2 tJAl 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.
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4.2 for &

°|

A
Al

2 KL

WA for £ C U FAZol A AR E A} ok hEUth (A2 A ) G4 57 4e A
S %3 ol el o] A Sk AL}, (CAE) AL A} ol Bl o] A BhA 9t 54 2 AL Ao B 4 YE= b=
sholme] for & Qele] AU~ (FAEY EAD) S FEEL T AD2e] S0l dE A=
olElell o] A BT o & S o] (o] ohu2h:

o

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

AAML ool s B9 2L AAML £ AR TE: SuteA FAFES BE/ FFUY
A, HE M) BAROR RxE EAL A 2AAS BES Ro] B kgt
# Create a sample collection
users = {'Hans': 'active', 'Eléonore': 'inactive', 'omo': 'active'}
# Strategy: Iterate over a copy
for user, status in users.copy () .items{():
if status == 'inactive'
del users[user]
# Strategy: Create a new collection
active_users = {}
for user, status in users.items{() :
if status == 'active'
active_users[user] = status

4.3 range () &t

52459 AAAR o HEo 2R Dot gow, WA %4 range () 7F Bl P Th £ wEUTh

>>> for i in range(5):

print (i)
6..
1
2
3
4
B3 oA = "°,=i°ﬂ Z3E 2] gkFUth range (10) 2 10709 3k BF=&Hl, 20] 1090 Al A2~
FEES oL S0 E AUAEAL U7 OHE S A2 A AR ALY, G EARE (B2
stk iR ol 1 AT sep)” o2 EEUTH AR TH A s ek

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

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

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

18 Chapter 4. 7|E} ®l0{ 82 £3
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Al 2] AE 257 olH g o] E s, T2 A & range () & len() & 2FE 5 3

)y

Yok

>>> a = ['Mary', 'had', 'a', 'little', 'lamb']
>>> for i1 in range(len(a)):
print (i, alil])

Mary
had

a
little
lamb

Sw N e O

AT 28 wf) 22, enumerate () §FE 2+ ol AYPFYUY, FZ HIY & A L.

WS g A sk o 4E Lo Yok

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

B A7l range () 7} 8 E AAl= B 2EQ A H F2SA v AML g A E 7} obd Ut o] B | o]
Ed o] 4ot AAL FEES SAUE Sl AA o)A WL AA R 2| AEE USR] gobA 3
A oFgch

/% AR E o]Ele) 2 o2k HFUTh FFe] 24D W7k o] FHES AL 4 Uk ToANE
e Fooh FEEEY B0 AU St for Fo] 1d T2 EYL HAFUT ol
9 8e Aok B4 o & sun () Ptk

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

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

44 29| break 2} continue &, 12|10 else &

break ¥, CA®, 7} 7H7kol A &A= for WYwhile T2 25 E mpA U7HA whg U th

else AL 7H8 4 sUth £271 ol H &9 &7 0} (for] A9) 0] AR o] HA
49) 22w AP Uth AW FZbpreak 202 FRF wj AP A A5

€ F2E 50 vl A AA

G
W oo M

B2
4 2 [k

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

[}

if n % x ==

print (n, 'equals', x, '*', n//x)
break
else:
# loop fell through without finding a factor
print(n, 'is a prime number')

is a prime number
is a prime number
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 2¥2 TEQUTh AN S SolThLY: else AL if Bol o]} for o] ST

44. RI9| break 2} continue &, 12|11 else & 19
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232937 AHLE U, else L if EHTIE= try £9 else A3 vt Wol g5 yth: try w9
lse A2 7k s A] b= wf) AW, F 2 else BSbreak7t TASHA S ol PPt
ry &3} o 9 of] A3t X}/‘ﬂd ‘41“1 = o] At & E/‘ﬂJL
=D

Al Coll DS U, F29] th ol B gl o] Aol A AL E S whsyth

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

if num % == 0:
print ("Found an even number", num)
continue

print ("Found an odd number", num)

Found an even number 2
Found an odd number 3
Found an even number 4
Found an odd number 5
Found an even number 6
Found an odd number 7
Found an even number 8
Found an odd number 9
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>>> while True:
pass # Busy-wait for keyboard interrupt (Ctrl+C)

oo 2U2E BE W T ALHUh

>>> class MyEmptyClass:
pass

pass7F AHSE = e T E Ao A ZEE A9 Wl dev 24 vl 9] A2 & A= A,
ofgj&ol o FA A FFAA B4 5 A FUth pass = 283 FAEUH

>>> 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:

(Th5 slTeTATol AI%)
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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, y):
print (f"X={x}, Y={y}")
case _
raise ValueError ("Not a point")

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

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

class Point:
X: int
y: int

def where_is (point):
match point:

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

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

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

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

case _
print ("Not a point")

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

Point (1, wvar)
Point (1, y=var)

(Th5 sTeTATol A1)

4.6. match Statements 21




Python Tutorial, £A| H{™ 3.10.16

(o] A sl o] A ol A AH)

Point (x=1, y=var)
Point (y=var, x=1)

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

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

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, yl1), Point (0, y2)]:
print (f"Two on the Y axis at {yl}, {y2}!")
case _
print ("Something else")

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

match point:

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

Several other key features of this statement:

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

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

Mapping patterns:  {"bandwidth": b, "latency": 1} captures the "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(x1l, yl1), Point (x2, y2) as p2):

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

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

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

from enum import Enum
class Color (Enum) :

RED = 'red'
GREEN = 'green'
BLUE = 'blue'

(Th= ST Aol A1)
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color = Color (input ("Enter your choice of 'red', 'blue' or 'green': "))

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

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

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

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

71 E def+ T AYE AIZFULE T o] 53 25 2 A P A v/ HeE9 55 o] FubEUTh
o] vy & YA ke T 50l the SollA AlZHE AL, EEA] S0 22 7] H ofoF FHU T}

Sttt A WA EF2 AgF oz Fa1d gl Eo] 2 ¢ JdFUth o] #AME gHE L g &
wE o] A BAYE, & FAEH (docstring) QU TH (FAEH o Ul s ApA| 3F Y| 82 = 7wl g o] A A} o
UgUth) S2EFHS AFSSA 22kl ely A4 E YA E As A AW ARl Hslgd o g
FEEGHT FUEE = 575 AFUThH AH 2o Aot T S2EHS HFE3= 22
T2 59U, 1YY HEE S0l Aol E5UY

Shpo] AL o Ao MEES Y3 A AE HolES WUtk & o FAFCE, T4 9
REHAFT UYES S A HAE HolE9 ?ﬂx‘ﬂ‘/lr/}, o] Mg A= WA Ao 48 gHolEe
E o, A9 4B HOEE & 5, upxgto g Yi o] 559 HolEE APt :LEIW FzE =
At st ets, A9 A4S S8R S HeE2 T UM A4 geoldidE = st (dd
WS global #2 2 HASAY S8 Me 49 M E nonlocal 27 HAISHA] b= ©]/d).
T 2E2 AEH = AA ARSS (QAE) L 259 W &5 & A9 A9 48 Holedl whs o
Atk Z2eiA ARAEL gholl & & SZ (call by value) 2 A H UTH (Fh-2 34 A A9 ko] ok et A A
ZzAUh. g2 g2 3280, T AN AAZRCZ 32T, T TES A A

A2 Elo)go] ThEo] T,

] SRS o] & o] b2 71
ARE A5 He) B2 QATUT T o] 2L 20 04 AR E 21D % G0l Gl oA A3
S AEE S E 5Tk

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

VA=, AR Fzoll % T & (call by object reference) ©] B & XA A, 7bA AA 7 ALH W, $EAE 5 &2 e
HAE 8T Y7 WEIUT O BlaEd F5S 271 Y.
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>>> £(100)
0112358 13 21 34 55 89

T A8 g AHESTHY, £ib 7 (18 E¥F7) 97 wgo) R471 ohet Ze A en 44 4

2}%1/]?/]- AH, return 0] Sl 45 S =S5 U, B S RS 3o 71 & sHA Rk o] %}1’— None
olgtal “’é‘%‘jr(‘ﬂﬂola‘ﬁ‘%i}) None ¢] €8 & § 43t grolgtd, A Z 2 El= K E None 28-S
QAT F B2 AR print () & A8 5 A5k

>>> fib (0)

>>> print (fib(0))

None

A AL I HUH 29 £AE D AES SHRE Y4B AP 2w GRY

>>> 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 =Db, atb
return result

>>> £100 = £ib2 (100) # call it
>>> £100 # write the result
(¢, 12, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

o=wl A, o] dl= F 7HA A} st 7)s& HolFth

o return w2 T ZEH S 2y BA3A EYTE 2d 4 92} gl return 2 None S &8

FUth g 2oz "ojxH 9 A None S EEF UL

« ¥% result.append(a) & F2E AA result ] WANES TSIUTh WA =S AA 0 %

=’ Folal obj. methodname 23 o] 2 2o A1, obj = oW AA oL (FHA o] I
Yth, methodname = A2 ol s FeJH WM =9 o] FAUTE thE F2 v WA
§2 Ao Rrth A2 the YEo| MAEE RS glo] 22 o) 58 M 4 Gtk (Zel s
ARG A o Bl A4 o] F M EE Ao ste Aol Zheduth S8 HAR) o 1 ve
X E append () £ B AE 7—‘1%]2011 gole o Ut 848 BB o Hedyrh ©
ool Al = result result + [a] & F553AT H 2& 79,?}1/]1‘/]-
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def ask_ok (prompt, retries=4, reminder='Please try again!'):
while True:
ok = input (prompt)
if ok in ('y', '
return True
if ok in ('n', '
return False

ye', 'yves'):

no', 'nop', 'nope'):

(Th5 sTeTATol A1)
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retries = retries - 1
if retries < O:

raise ValueError ('invalid user response')
print (reminder)

« 2 H I3 QAT AL ask_ok (T I THD YT

o AHF AR SFUE AN ask_ok (' FAME FH TR, 2)

¢ B BEJARRE AFH A ask_ok (' =g FeIME FHHTR, 2, A, 4 ofHg R
oogerMR L)

ol A& in 7| EE 27 s th AlAA7F ol ghe 7= 4] obd A€ AR Y o

712 H2 T B A A BAH A J' 2Tz M Fe H U A

def f(arg=i):
print (arg)
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def f (a, L=None):
if L is None:
L =11
L.append(a)
return L
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7|/ E X}

342 kwarg=value 349 79 = 914} & A8HA 528 4 dgUth ol Sol, hE A

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, "!")

shute] I AR (voltage) & Al 7He] A el A Q1A} (state, action, type) E WolE YUt o] 4=
T 22 Fobr Aoz 229  dsuth

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

FAW TheH 2L TEEL BT 2up2A vtk

parrot ()

parrot (voltage=5.0, 'dead')
parrot (110, voltage=220)
parrot (actor="John Cleese')

required argument missing

non-keyword argument after a keyword argument
duplicate value for the same argument

unknown keyword argument

H HH W K

g TEolA, 719 E QA= A A2 F o vhelof itk WEE BE 7191 & Axb= T 7t doks
ol= A2 5 st} Brofof 5} (01]% =0°l,actore parrot &9 iﬂ}a A7} kY, 1 A=
832 gFUTh o] A= 5 AAEE 2dH YUY (& €9, parrot (voltage=1000) & &
HEE U T}, o] d AR E F 7f o] 4 4 A= S Qs UTh o 7], o] Al ok ulj#oll At ol 7} s Th

>>> 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 49| BEA| 2} G4 T AR5 EASHE, B4 hA AR S0 g 3HA) S BE A9
2 9 94192 (typesmapping & A £) & WU Th o] 4L *name (Thg A4 4

r
é
>

o i,

) di[ﬂ

IS FATAULA 2T - el JA AL K3 A AR AAEE T T
(*name - **name ol Welof gtt) o & £0], o] F4E Ao 5hd:
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])

g Aoz 528 4 AHUTh

cheeseshop ("Limburger", "It's very runny, sir.",
"It's really very, VERY runny, sir.",
shopkeeper="Michael Palin",
client="John Cleese",
sketch="Cheese Shop Sketch")
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a3 gAs] o] FA A ek

—-— Do you have any Limburger ?

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

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

client : John Cleese

sketch : Cheese Shop Sketch

45 & 79 = QB ¢4 P4 BEE ALE

R
>
o
1o
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I
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ko

483 E2 Oj7H HL

71EA 0=, Ak A BAH I A SR ol A Groll A2F 4+ AFUTh HEAT 5L A3,
AL o] 17, AU /NS EE A Es AL LA S BT T G5 AR R H S,

Ax7H A Pe A

5 Aot the T gy th

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

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

4714 /9 * AEAYULE ALH, o] 7] FE AT} Bl AL £ Ao G2 v} W4
FFE etk 91X A8, 917195 B AAE A5, A9E wl Bt B FE (named) oA
WaetaE gt

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

3 Aelol /g 7k Lo, A4S AN AR Fool AT 5 AU

Qx| TS DH7H w4

29 AAeA A EE, 54 ) M5E 92 ALo2 BAT S AL 92 A-golw, v W4

o Mt Fas, YSE o) Wee ADY 4 >

FQUTE /=94 AL ) BEE Yo w3

4 Aojol /7 o, 9 A AL A AsE T
)

/e i e E A7 EY 719 E HEd S sy th

7|19 E HE AR}

WA A 719 E AAE Agsfof 42 B =S, 7] 8 719 = A8 o= A st |, 3 A4
71N E AE w7 A vz Aol A F50 & oA L.

>
10
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g4 oll Al

/& A o 2 & Vg ol v A T Ao E LA 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)

A A e J o] standard_arge 7MY A5 FA LR, TF g H o) oA A e FA ghon AA}
=AU Y ER A9E ¢+ dHUh

>>> standard_arg(2)
2

>>> standard_arg(arg=2)
2

S WA §4: pos_only_argt %4 4ol /7h Jomz 914 vl Ws v A HES A

ol
i}
<
v

>>> pos_only_arg (1)
1

>>> pos_only_arg(arg=1)
Traceback (most recent call last):

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

Al A g4 kwd_only_args §4 Aol A 2 HAIE 719 AAw 383 o)

o

>>> 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

PR RS 22 g Ao Al A 2E HFH S EF AR Y

>>> 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)
12 3

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

(Th5 sTeTATol AI%)
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(o] A sl o] A ol A AH)

File "<stdin>", line 1, in <module>
TypeError: combined_example () got some positional-only arguments passed as keyword.
—arguments: 'pos_only'

nhA 20 2, 9% 917 name ¥ name & 7] 2 A4 *+kuds Abol ol FHAI 2 9l FE o] 9 o ¥4 Hol B
T AAA L
def foo(name, **kwds):
return 'name' in kwds
'name' 7| E= 4 A WA w7 A5l ZFFERE TrueE WSS ¢+ = TE2 EVFsRUTH
& EH
>>> foo(l, **{'name': 2})
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: foo() got multiple values for argument 'name'
>>>

JHY /(A AL AADE AHE3HE, name S Y A AALE, FA Y 'name' & 7| E AR 7|2 AR T
Foomz 7P%?JM o}

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

return 'name' in kwds
>>> foo(l, **{'name': 2})
True

2,910 4§ A W 0| FL *rkudsolH REF glo] AT 5 AFUTh

I
o>

ARG Al 7E e A ef ol A of il w7l WS ARS 2 A A d Y ok

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

A o2 A:
« W) o} o] 55 AR A AR T = QL S B %ﬂ 8-S AHE s Al 2. w7 WS o] F o]
AA 2 m) 7} gl HH ol 529 ) AAke] w4 A Sk 1 B, i A9 A vl Asl

Qlojo) 79 =8 WolEolm 4L uf §-83uTh

 oIgel Am A sl B Ao

A== AR Aol o) &

* APLS] A7, &5 v/l =9} o] Fo] 42 wj v Z 2k API ¥ 7 o] A sh= AL WA sk H A
A8e /\}%KHJML

4.8.4 o|o| oIxt ==

AR, /1§ AL 4§47 Qe 4 A4 52 4 RS A Ay oh
o AAEL FEZ RAUT (72 A7 & HAR). 7Pd Aol A2 kol gAY ol el e Lt
A5l 2 5 YUk

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.
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>>> 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 CIXt 55 A mfF

QRS o] o m] B AE L} F o) gAY, LeH X AELS 875 5 T2 913 A 97 okt
= A% Bl 3ol Moy Ut o & £, W& range () ?:L—’F% 5 9 start 2} stop AAHE 71T U th
DA U A oW, PAER RERTE AAE A WA A3 - ANAE AN B8
T Eotd Huyoh

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

[3, 4, 5]

>>> args = [3, 6]

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

[3, 4, 5]

2 WA g e » - AMAE HA ZIHE AAE AT 5+ A5y th

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

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

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

4.8.6 ZCl E& A

lambda 71925 A8 A 21 o & Qi F4E B 4+ deUnh o B4 F AR F2 4%
th: lambda a, b: a+b. 34 277} glofof shi ol W ot} 9t} §47) A8 & AT,
PAos: st R4 AP Ju 40w, AuA G5 Fo o Aol #§ A BYueh,
F99 @5 4947, 2o Aas SN 2150 e W5 SS B2E 5 A5

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

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

42

>>> f (1)

43

BRI
o

A4 ST EOE FEE 4L B42 I 4D

919 o = B4 Bel 57 S w)
A4k

>>> 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')]
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4.8.7 =RHEHO|MH EXIE

SHEEE SE BEESERREEE S L R s E e iay

A5 Gy AN BH LS G, A5 Lo oF GUTh TS A3, AA ] o Fol1} I ¥
NA Sz Ao gotol S, ol AEL T2 WU T AT B E AT (o] B0l B2 UL
A9t SAbehE ol uth. of Z& thEAbE Al Asha b B2 E ok gk

=FuE o) 4 £ Aol el Fol rhy, ¥ WA EL vojglol A, A4 AR Lok A AES
Belolob Puich AR s SRS S olgel FROE AAS S 7o $48 5L AP}
shol 4l A ole] & £ XD el B QoA Sol 278 AASA 7] Wl AFANE Ao =75
Bastel Selas1§ A GUT, oA thest de el & AT £ 3 ol o 3
WA ol SR e Fol WAl SR ol $A4YS Bolxg) £EE APU. (PAL A FE
HBT UL QWA AT N ATE WA Bof ol el EAY ALY A8
wedshA] 9] 2L ) o] SoI 4715 S5 B 0] EAQY] BE 29 A BEA AT
5.8 et B 2ol e AL Tolo} 314 vk, Lhehythel = gpyEe] gulo] Al Atk g9 o)
= o 7 AHE Ve,

R E S ICE TIPS EPSES
=

srEge) o7} A5

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

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

pass

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

No, really, it doesn't do anything.

4.8.8 24 O{-E|O|M

S o] e H o] d & AR A o T Tt AREStE P Sl tie s A Al v B o] B FE Utk
(ZHAI 3 W8-S PEP 3107 7} PEP 484 2 H A R).

o i H o] 2 9] _annotations__ oEFHE YAV E AZE T 4] T2 HEo| = of
i G A A sy A LEo]ld-Z w7 o] & Holl 0% ZEoE FYH =,
He T o H oA FZ ZL“?&’%‘O]HE} [Sh=2 Lf&%}oi Hold2 gHE > 1 HE
et A0 JolFru, i AMS B2} der Fo ES hehfE 22 Abolo] FAUTH Oh
Aol A B4 o1}, A8 A 17}, ¥HE gro] ol e )£ Utk
>>> 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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4.9 27ta: G AELY
oA o2 He sol o] o A, B BAe 22452 A4S T P Th 19 A8l vl B A
AZEGUEE S dlol A2 ThE AdE 449 (- 6 g, £99) & A5t ofd
AS e ASRTHE 97 Ut ThE A Sl o B IS 7] 4A BEE AL FFEL
A7ol1, 25 1Y 28AS £t AL 134 e H 2 28 U
shol A& 913, R R m2 AL} Wpshe 2EY b = PEP 8o] Lh&UTh o AL W 9]
A3 o] B 1Y 2 AL FeFuth BE st ARt QAT o] EAE Folok FUTh
odelie sl 14 Fe HRES FeRsUTh
o B 27)0] 4-25 0| 28 A FT, WS AHEFHA ThA L
U CIES BPS o £ P 9 2 S (97 A5 Ueh

o T, FEH

« s, FA2 AR R HoNs

L EsEYE SRR

. QAT 2U BU O] 25028 YT, BE W2 ABAE Aol 2T YA TR a -
£f(1, 2) + g(3, 4).

o« ZHAY TS0 YBA Y=o EL BolNQ; D= Z A A UpperCamelCase, 358}
WA =9 AL lowercase_with_underscoresYUth A HA HAE QX)) o]E 0 2= 3At
self & ARSI & (Z 28} v A =of th ek A g W82 Sel ~oke] 3 vhd S BHAR).

« YR ZTEE FAHA BAANA A I ArhE 5EF AATF S A A vhA L. o] E
ZAS-oll % gho] o] 7], UTF-8, == ©< ASCIIZ A}, o] A Yt

s WFAZMA R, T2 Ao S AHE St AbE o] ZES AU FAT ok s At v ek, A At
ol ASCII ©] 9] 8] EA}-5 AH§-81A] uhAl 2.
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51 2[AE O H7|

PrE AR Yo B AN WASES U 23 J5UTh o A 50| PAE AR BE WAE Stk

list.append (x)

Y2rEQ] Zo| FESZ HFYTH allen(a):] = [x] g EFsFUTh

list.extend (iterable)
ZArEQ Lo olEH 8 RE FES B A3t allen(a):] = iterable 5%
.

list.insert (i, x)
A FRE AU A0 A G & 847200 D AA AU e
a.insert (0, x) &= B2EQ A2 4+93t1, a.insert (len(a), x) = a.append(x) <}

Eaci i

list.remove (Xx)

P aEoA ghol x o 2 A NA B2 ARG 18 G2 o] §om Valuebrror & 207
ek,

list.pop ( [l]
Sl2Eo|A 20120 S0l Sl B AASL, 1 FHE FeIF T AULE AHA %o
W, a.pop () < BH2EY upA gt FES AAStL HFUTH (A= AZUAANA i E %Ei’&
ﬂ]%i% i 77 A A QS e U T L 9 X ol 2 EE o gl oF Stk o] byt
o] E71%-& spol W eol eje) ) m dao A A5 S h)

list.clear()
G rEQ) RE GBS AR FU del al:] S ESTUTH

list.index x[ start[,e d]])
Pl Ase) Sl B8 5 ol ro) e w49 0¥ E A4 SHE A9 AE BT 1R G5
oW valueError 5 4o 7Yt}

AE A Q) AR} start 2 end = Eehol & I YAY |4 H 1, AL B AE0)
ARt vl AFE U EeFE AEAE sar 1247} ok gk A4 AR
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list.count (x)
ZYAEA x 7t SZAE = A4 E EHES YT

list.sort (*, key=None, reverse=False)
P2E S FEEL A AL NN LTI (AAES FE ALE ol Ao 0] A48 5 Y.
AWML sorted () & HAL).

)
P 2E] 845 AR A TR

list.copy ()

PrEd e RS FUF UL al:) SESTU

gl AE WA E g RS ARS8l ol

>>> 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 a position 4

6

>>> fruilts.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.

ofhz ol Ho] Fol WL & rhe AL BE HoHE AL A Nl nd £ ke AU o2
Fol, A58 $A 7} WL 5 93 None & TF ¥ L2 5 97] 0 £oll [None, 'hello, 10]
= gus A Utk w9 4 H o4 BAL e Fol Y5UTh oS So], 3445 < 5473 LupE
w7} ohg U ek,

5.1.1 E|[AEE AEIOZ AIE5}7|

PAETNESL YAES A0 R G
+ 82 YY) (“last-in, first-

o, vhA el e g 47) AL oz AR
out Eay=t
Zoj ol A ke A E HA e o5 o] pop () = AH&

5t7] G A vh=
7). 28] Hj 7)o &S Yo append () € AHESHAI L.
st =3

ML dE 5o

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

[3, 4, 5, 6, 7]

>>> stack.pop ()

>>> stack
[3, 4, 5, 6]

(TS soTAT ol A1)

1 qL Aol Eo| A 7 AA S E8]F 7|5 dt=tl], d->insert ("a") ->remove ("b") ->sort () ; 2 L WA= A S
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(o] A sl o] A ol A AH)

>>> stack.pop ()

>>> stack.pop ()

>>> stack
[3, 4]

51.2 2| AEE RAE Al

0l

5t71

ASEE F2 Lo AE SR NGO 9L L2 AR AYAE L2 YU (fintin
first-our”); SHA B, 2 2 E = o] B2 o = B& H ol 4] Fth el aee] Bol Biol AL, BolA At
AL WA T Bl A= o vl Sl r el A AL S U (e Sa e T T @ 2
o5 A1 A o} 37] W)

FE Fd A, & Eo ‘]-o/] SEo| 7|4 AW 7t EF w25 E A A9 collections.deque & A}
LotAl L. o E =01

>>> 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'])

2E Az gdAlde e = 3 = AlsdUch £ &5, 74 847 AAA Y
ojele el WM Eo] oW AN A g AT BAEE WEAL, oW 2L WEFE 4R
FRE B ANAAE BEE YU
A E 5o, AFTY g 2EE e Atk 7P ek}, ol " A Yy th
>>> squares = []
>>> for x in range (10):

squares.append (x**2)
>>> squares

(o, 1, 4, 9, 16, 25, 36, 49, 64, 81]

o AL x Bhe o] Bo) M4 E WET (L Yol 2 T) £27F 2 5H T = dollA BETE Aol fe)
SHAl 8. o] | RAE R glo], AlFTo BlAEE o]d Ao g AL o syt

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

squares = [x**2 for x in range (10)]
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>>> [(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), (3, 4)]

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

FIE 27 A for &if F EAFERO e sAIL

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

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

File "<stdin>", line 1

[x, x**2 for x in range (6)]

SyntaxError: did you forget parentheses around the comprehension target?
>>> # flatten a list using a listcomp with two 'for'
>>> vec = [[1,2,31, [4,5,61, [7,8,9]]
>>> [num for elem in vec for num in elem]
(1, 2, 3, 4, 5, 6, 7, 8, 9]
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>>> from math import pi
>>> [str(round(pi, i)) for i in range(l, 6)]
['3.1', '3.14', '3.142', '3.1416', '3.14159']
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>>> [[row[i] for row in matrix] for i in range(4)]
rry, s, 91, 2, e, 101, (3, 7, 111, [4, 8, 12]]

BAAA Holxol, THE F|2E AL AmE for o FHAA gho] el Ytk A o
d+t t=3ssdUth

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

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

ol AL ThAl T3} 25U 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
1, s, 91, 2, o6, 101, [3, 7, 111, T[4,

[ee]

;1271

AN, B e SERHT WG FHES ATk FUL o] Aol zip() FH7HA AT

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

o] ol o= o xH el th gk AAI R &2 A} 55 <l 37 & HAL.

52 del &
ZAEA ghtAlef G AFSHIA F5S AA S Wl dHUTh del =9 YTE o] AL 7S
=8 SFEpop () WAES YT del £ g AE A Eglo] 28 AASIA Y A A | AEE v+

B 5 DSUTH A W AR S g hol Ao oA A A UTh. AL Lol

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

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

(Th5 sTeTATol A1)
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(o] A sl o] A ol A AH)

[1, 66.25, 1234.5]
>>> del al:]
>>> a

[]

del & ¥ AA & AAl st ol = A2 o s U th

>>> del a

Fashe A2 e Quth(Ho) = ke ghol A= s 7] A74A). Fol A del o The

PrEs EAde] AT Sebol 4 A4 L We WS FRIS HAFUTE o] AEL AAL
A5 B F 7HA) YU (ypesseq B BA 2). ko] & A3 Qlofol 7] wiol, hE AW AR
Fol #7418 £= YUk thE B2 A2 45 Fo| dFUh R AUt

REL YRR TRHL oY O TP UL o] & Soi:

>>> t

(12345, 54321, 'hello!")

>>> # Tuples may be nested:
.u=+%tt, (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:

.ov o= ([1, 2, 31, [3, 2, 11)
>>> v
(ry, 2, 31, [3, 2, 11)
ool Hxol, 28F e FEL I I SeAYUTE 28 SHE FEol SutEA s A g Utk
%% 25/ B2/ AT (B0l o 2 RAA Y IR ), S8 TE A = glol YT
S AgUth 52 AE G20 st AL A FAT, dAE 2 A AN E TFHE
FEEWESE Jwh
FZol Hl2EAH Bt st gty o] AL ThE AFoA th& BEH o2 AL gt F&E2 =4
W, HE o)A 2459 AA2E TFFIT. R45E A 97 (o] A4 Fof vheTh o]} Qe
(EE Hgs 52 9 APEEIRERS) 02 A2 PUTh eJAEE /Jul o], 225 L BE
52 Aol i g aeo] B o] edlo] 4oz AAs gy
S8 EAE U AAY UG FES 2= FEE UHEE AYUTH o] ASE 837 A8 £
F7H491 o9] ARE 2 &Yk W FES W 85 Ao Sl AUk e FBos T4H
RES ol 482 oA HEUTH(E SIS BEE SeA B S Aot 5 Sh
2k SA R BHA QUL o] 2 Sol:
>>> empty = ()
>>> singleton = 'hello', # <-— note trailing comma

>>> len (empty)

>>> len(singleton)

(Th5 sTeTATol A1)
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(o] A sl o] A ol A AH)

1
>>> singleton
('"hello',)

Bt = 12345, 54321, 'hello!'=E5Z 917 9 oYtk 3F12345,54321, 'hello! ' &= 3
FZ2Z 97 gy ¥y A 35 syt

>>> x, y, z = t

o] 2, s AASAE, AF2 A 7 ozt £l LEFR o]H A FAT o HUth AlAA
AL S5 Fuo] AW Yt QAT L S M5S0 & AL 27U UE YL
A RE AT A A A A} 2F LBl el Aol o5 L

5.4 XI5}

- | — =

ol e AY S AR FE ZFFUL AL F2H L 247 gl 24 gl 294G A8
A9l §w = WAl FAbe 32 AEe) AAGUT WF AAE A BT, W A A
e 5349l AHEE A Q3T

A dedes T2 o Uset () FFE AT F AU T AN AT S el set () &
AFgaloF FUTE {} 7 o Utk $AE 1 gAY el B et g A Mo A tE UL

o) 7] zrerat Allo] YU Th

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

>>> print (basket) # show that duplicates have been removed
{'orange', 'banana', 'pear', 'apple'}

>>> 'orange' in basket # fast membership testing

True

>>> 'crabgrass' in basket

False

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

>>> a = set ('abracadabra')

>>> b = set('alacazam')

>>> a # unique letters in a

{Va', Vr', ’bV, ICV, ld’}

>>> a - b # letters in a but not in b
_{'r', Vd', lb'}

>>> a | b # letters in a or b or both
{la" lcl’ lrl’ ldl, lb‘, lml, IZl, lll}

>>> a & b # letters in both a and b
{Va', VC'}

>>> a "~ b # letters in a or b but not both
_{'r', ld', lb', lml, IZl, lll}

gaE Ame)dd 3RS, A8 Aze s A998 Utk

>>> a = {x for x in 'abracadabra' if x not in 'abc'}
>>> a
{lr" ldl}
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ahol o WA E shute] £R Q= AR 2 9M e YUt (typesmapping & E A 2). MY El=
%%q%ﬁﬂ%ﬂﬁ“ﬂlWEQmmmmmmmmwdeﬁﬂ@mmMMMmmrﬂﬁﬂi%

= Aldagt e, g els 7] 2 JdddE =, B EHE S AHE S
= 9tk B9 AEL F4 oD S AGun. TR0 R4, £, FEET TP,
ol A Aol AR A Adl € LAY, 712 88 5 G
T

24 QA ME T
YAV (3 GAU kol A) 7 7h E R A Tk Ak 2 A2 7 e RO A
Aol AAYUT S8 4L W G E BEUTH (). 383 o] 4EZ Pel8 A g A5 B
se o, gavee] 27 7 g HES AFFUh o Aol GAU et 2 & B0l 7= gt
gAY Y F ARE S 719 B AR Foj2 A2 g FEHE AU del 2 A g A4S
AR AT Fs A o] u] ALgeta gt A% Aok, 172 A oA g Atk 24
a7 o 7= @ FE e AL it

gAgeel list (d) & A3 Qﬁdﬂﬂﬁ&gﬂi‘%E%ﬂﬂﬂéiéﬁd€ﬁmiiﬁz
Ut (REe 9t rq] 4l sorted(d) & A3 U Th. 3t 7171
in 7|91 =5 ARG SHAl 2.

o 7ol e & ALg st =amke o 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
>>> 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 () BAAE 7-AEY ANA2Z e 44 91 S 24T

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

ol tafl, yM e A=A A2 4o 71 g R AER R gAY E HEEd AHEE 5 F
Yk

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

717F e 2AE L W), W 2 7] H = AR AFEE A B2 A8 7 s Utk

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

gryzlz 232w, items () WA EE AMG8HE 719} A 7)ol tf-5- 8k fhe Al &

lfe

% % yth

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

gallahad the pure
robin the brave

ANA~E FH T uf, enumerate () TFE AHE3HHE 9 4] Ad 22} o 531

Jeh.

rlr
)
o
oft
>
2
ne
fifo
N
fy

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

0 tic

1 tac
2 toe
Solu I oY A FAE Bl 35 E, zip () ¥R JEHSY AES W F AT
>>> questions = ['name', 'quest', 'favorite color']
>>> answers = ['lancelot', 'the holy grail', 'blue']
>>> for g, a in zip(questions, answers):
print ('What is your ? It is .'.format (g, a))

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

AIB2E ARZ Y3, HA Ao 2 A A2 E X A3 thEo) reversed () &4E SE3HA 2.

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

print (i)
9
7
5
3
1
AYE A2 NBAE Y5, sorted () FHE AN 228 WAHA FuE AL A
~EEWE S U
>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for 1 in sorted (basket):
print (i)
apple
apple
banana
orange
orange
pear
Al o] el set () = AHESHE S5 248 Al AZUTH A2 1’41‘511 set () ¥ sorted() & &7
NBo e AL A 18 8 BAE AU A% TN 8 THAUT,
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>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for f in sorted(set (basket)):
print (f)
apple
banana
orange
pear

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

o Zehel i o

2]
U

D

[RUR
i) rlr

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

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

57 2 ¢ B

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

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

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

ok

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

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

not o] 74 =& 2SR E 2, or 7} 7 XS UTE 28 A A and not B or C= (A and (not

B)) or C9 EEFUCH oIl AT, ASHe 22S LA A BB B 5 AsUn

=2 A4t and & or = &9 -3 2 (short-circui) AP U Th QAAFE 2 AF A L BH O = ZFo]
Tl A, A7 4 7@3?‘}“}?‘} 2 T3 = @ UTh "4]% E°,a%c 7t FolalB 7t AR, A

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

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

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

>>> non_null = stringl or string2 or string3

>>> non_null

'Trondheim’

sho] 4ol A, C2he 2, a4 ol A2 o)L nirti 7 2] A4bah =8 ALgsho] A 0 2 S35 of
Sk C 2z aol A £9] BFAE LR EASS SR gtk - 8 A8 BAAo] - &
A sl A%,
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5.8 A[EALR} CIE =S H| 15|

ARz ANEE BE e A2 Yol ThE AN ED v D £ QS UTh vEE A0 A4S S
Utk 94 3 F §EL wwshA e o) Zle] Wwel AxE AARh 2OH, 0 F =L Wi
S, o)A Ao ol n B AAAT £ @ 7hA AL Tk wof W ZH £ ¥ 38 AA 7 2L B
AR, AR W w A AR E 02 FYGUTh T AL BE FBo] Prhi v wH W, AFAES
e Ao AFPUh FAALIHE St Hel B2 B A2, Fe AL 2 2AU
A9 A4 AL A EAEY €42 Zohed FURE 15 2AE £A2 A FUTh 22
B AAAE o] Hlw el B of = ol Fr LT

u— =

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

[1, 2, 31 < [1, 2, 4]

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

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

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

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

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

AZ g2 g AAES < v
s gE s Aol f-2 kA4 8.
2HA 0200 2, 55 1

9l o 7k,
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CHAPTER O

O
N

ol Z12 A d3at7] fal, ol M Bo = gl @ AFTHE Y A Z 2B th3}y R oA A
L A= PHSATTUS 28 LS BE oL RFUTE REERE AYEol thE EEo|Y
HRARER JZE E S AFUT (MA BE2 JH T5oA A& 2T HE Y A4 REA
A s M4 A A A TH
EE2 ol B FAES H Ae FdJUTE 3L o] F2 BE o5 FHA .py E EY
Utk 25 YollA, B8 o] 52 A HE __name_ 2 & A|FHUTE o & £01, o2 o] Folste=
AR 7| & fibo.py 2he o] 59 otd& AA tE 2o v T3 22 W&o = gt
# Fibonacci numbers module
def fib(n): # write Fibonacci series up to n
a, b=20,1
while a < n:
print (a, end=' ")
a, b =Db, atb
print ()
def fib2(n): # return Fibonacci series up to n
result []

a, b=20, 1

while a < n:
result.append(a)
a, b =Db, atb

return result

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

flo
ol
o
|o
fru
jale
F
(m
s

Yok

>>> import fibo

This does not add the names of the functions defined in fibo directly to the current namespace (see 3} % 2~ 51 5%
9} o] = &7} for more details); it only adds the module name fibo there. Using the module name you can access
the functions:
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>>> fibo.fib (1000)

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

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

>>> fibo. name

'fibo'
42 2p2 AL A A o]2 o7 Y 4 s

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

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

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

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

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

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

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

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

NALWE () 2 AT ASL AAG LE |52 YEZE FUTh thRE sol A z2adnS e
o] /%52 AHg A S, AH R oA A e o] EEY FEL EAA Hof, o o] o]y
Bo% A5L A 2 4+ 9 MEdUTh

QA oz

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

EEo)E g2 as 7t A, as 2y ol 52 YXESEE A A4}

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

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

o] A2 import fibo 7}8l= AF 22 WA OE BEZ YZE o=, F Yt Ao F2 1T EES fib

i o2 o= AT 4 9t}

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

ZFa: T84 of=, 4 RELS AHZH AAnt & Hn JxEFH U A, o2&
BES FAY, dH = FJH%"/} Al AJZA Ao Ut — =, 3P 02 AP 3t= EEo] 3t
Holgld, importlib.reload () & AR SHAI 8. o & 9], import importlib; importlib.

reload (modulename).

o e ¥o] st Wl BES o] P A5t

python fibo.py <arguments>

BEJAEI=E, 240 IZET i AE AP Y AW __name. 2" main_ " Z AAH

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

$ python fibo.py 50
0112 35813 21 34

BEol dxEE W, I=

rlr
>
o
A,
X,
§2
of>
<
O

>>>

T ol tigh A et A IE S o] 28 AT A HIAE A2 AFHUL (RES

6.1.2 D E HAZM AR

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

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

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

Fu: 42 9ag AR A N2HolA, 4 2aYES 2y s 42 9ag
MEG Fol AP e B, 48 a2 2P UdEelt BE 24 J2o] 2994 4%
Yk
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2718} S, ho] W 22 IWL sys.path & £AL 5 AFUTh A3YEE TS T AH = A4
Aze] Agol, £ choltele] A2 ol FAUth ol AS 2L 015U A chol Hele] o] el o]
o A%o] o =8 Ao] ohLzhe

9t A A 2T YES EF o vldE 2|9 fo) RERThe FYuth
el Ut o AT JuE HE LES S HAR

6.1.3 “ZHulUE" oto|M A

RE 29Smar se 1, do] WS pycache mﬂaaloﬂ 7t 250 A9 d WS module.
2 ok

version.pyc Bt °| 52 E N FYTh version = AL H L] FA S AT ULH LREH o
2 gtol e WA HEE 3L o= ﬂcmmmﬂ¢33ﬂHwMWWJﬁﬂ%%ﬂﬁ%
__pycache_ /spam.cpython-33. pyci?ﬂ’“ Huth o] Y2 A2 ohE vlo] A vz el W A9

3z

yth
ﬂ%MH¢§EQﬁz@¢ﬂE%@qw

o

51
fu rlo rg
pefe o
rlu

A1 thA] A5 s of SR A A g o,
2% =94 07 g £, 2L etoH el

i O,

U s A VS
flo
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oldk
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>
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=) Y A71& Eol8d FholH W&ol -0 1 -00 2 X & AHE-T 2/]\&14‘3]'- -0 29
assert -E——% A A, —00 A9 X = assert E3__doc_ BEAL S BT A
Soll Y E&5H7] wjFoll, FAE ot Y=A] ob= A7/ o] i/ﬂ .
E2opt-El1E 23, BE O A5t v HH_:_°1]/\1 A3l a7t AE

[N ¥

o~
Lot
rit

Aol A ¢St t} .pyc SAoA g uf == ao] of e APE A= FFUTH .pyc
oA o “"La‘r?ﬂ AL 2TEE LT WL,

-5 =
e 5 compileall 2 U AEHE I J=RELE

o o] Ao E B AA T AR, 2AE SAEE 2T = PEP 3147 o] U3 Ut

e

il m9*<

1o
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rd
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ofy
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shol e £% BESS eholnele)Zh @ Lt e £ o] gholneel el H UL (o] F2 i
“eholmeje) s @) ol 4 AL o REES el zeieo] BH YT o] 2152 2ol
W40l R8O oh ) AR TAHE WE A4S B e AA 2 AT, REOI A AL 53
2o 2 AA AR 2450 R ANAE AT ARV 18 REEY AT A7 § AU
AUEAE AL AT, AE ol winreg 2EL AL A 2GANL AT, SUT 2 F
S 222 02 B2} A% Uth sys. RE SOl A Az el eel WAP UL WS sys.psl &
sys.ps2 £ /| BB HE 2ERER AEHE BAES A FUch

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

>>> sys.ps2
Al Al

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

C>
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WS4 sys.path = ¢l E] S =9 g2E4
PYTHONPATH ©f| A —A ol 7] & ﬁiﬂr PYTHONPATH 7} AR R = A2 YA 7|27k
Utk B2 2 2E A4S AH83A £ 4T 5 sk

o) L
[0 £
l-«Nl rﬂ

it )

k.% r&

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

et
et
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hin)

2Eo] Aoste ol5ES e AU 2AE S AEE Bl E

=
¥
ol
N
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rlo
K

>>> import fibo, sys

>>> dir (fibo)

['__name__ ', 'fib', 'fib2']
>>> dir (sys)

['"__Dbreakpointhook__ ', '_ _displayhook__"', '__doc__', '__excepthook_ ',
'__interactivehook__', '__loader__ ', '__name__ ', '__ _package__', '_ _spec__',
' stderr_ ', '__stdin__ ', '_ _stdout__', '_ unraisablehook_ ',
'_clear_type_cache', '_current_frames', '_debugmallocstats', '_framework',
' _getframe', '_git', '_home', '_xoptions', 'abiflags', 'addaudithook',

'api_version', 'argv', 'audit', 'base_exec_prefix', 'base_prefix'
'breakpointhook', 'builtin_module_names', 'byteorder', 'call_tracing',
'callstats', 'copyright', 'displayvhook', 'dont_write_bytecode', 'exc_info',
'excepthook', 'exec_prefix', 'executable', 'exit', 'flags', 'float_info',
'float_repr_style', 'get_asyncgen_hooks', 'get_coroutine_origin_tracking_depth',
'getallocatedblocks', 'getdefaultencoding', 'getdlopenflags',
'getfilesystemencodeerrors', 'getfilesystemencoding', 'getprofile',
'getrecursionlimit', 'getrefcount', 'getsizeof', 'getswitchinterval',
'gettrace', 'hash_info', 'hexversion', 'implementation', 'int_info',

'intern', 'is_finalizing', 'last_traceback', 'last_type', 'last_value',
'maxsize', 'maxunicode', 'meta_path', 'modules', 'path', 'path_hooks',
'path_importer_cache', 'platform', 'prefix', 'psl', 'ps2', 'pycache_prefix',
'set_asyncgen_hooks', 'set_coroutine_origin_tracking_depth', 'setdlopenflags',
'setprofile', 'setrecursionlimit', 'setswitchinterval', 'settrace', 'stderr',
'stdin', 'stdout', 'thread_ info', 'unraisablehook', 'version', 'version_info'

'warnoptions']

A7} glow, dir () & AAl BB o] BEL AT Tk

>>> a = [1, 2, 3, 4, 5]
>>> import fibo
>>> fib = fibo.fib

>>> dir ()
["_builtins__"', '__name__', 'a', 'fib', 'fibo', 'sys']
2E Y Aol FsioF Ut W, BE, &5, 55

B o5 UgTrh=
2~

dir () 8 % ?&#9} H
o] 9

>>> 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',

(T sl o Aol Al<)
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'ImportWarning', 'IndentationError', 'IndexError', 'InterruptedError',
'IsADirectoryError', 'KeyError', 'KeyboardInterrupt', 'LookupError',
'MemoryError', 'NameError', 'None', 'NotADirectoryError', 'NotImplemented',
'NotImplementedError', 'OSError', 'OverflowError',
'PendingDeprecationWarning', 'PermissionError', 'ProcessLookupError',
'ReferenceError', 'ResourceWarning', 'RuntimeError', 'RuntimeWarning',
'StopIteration', 'SyntaxError', 'SyntaxWarning', 'SystemError',
'SystemExit', 'TabError', 'TimeoutError', 'True', 'TypeError',
'UnboundLocalError', 'UnicodeDecodeError', 'UnicodeEncodeError',
'UnicodeError', 'UnicodeTranslateError', 'UnicodeWarning', 'UserWarning',
'ValueError', 'Warning', 'ZeroDivisionError', '_', '__build_class__',

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

6.4 1{7|X|

W7 A= “Hor FRY BE o5 & HA ol BE ol F FE 7235 W AU &
S0, ZE o5 A.BEATE ol5 I A deB e JFS AR R

GolthE BEY ARl AR A BT olFE5= AA T 28 QA M AR AR, o8
T2 H 259 o] 552 NumPy U Pillow 3} 22 th5 28 7| A 59 AAEo| A2 BE olEE<=
A4 2 QA BRI
SF AT B SFulolH Y YTA Ao E AR RES BYM (“17]17”) & BAFHD AAThL F
Atk o2 S72 5 9Hd F 4ol gleng (HE Atz F2PUth Al S0l .wav, .aiff, .au),
Chre ok FA 7he] WFS A3 AL Sojt REES 2N BHED 44T B2 YU Th
Tk S dolHo A&t A} ot B /Y ANEE Jou® (A, o3 ¥, o]detelA 7F
A8, AFH 2H L B BE7)9 L), o] ANEL $HT) AP RESS FUglo]l S
2 AdUch A7 A E o FA FAN £+ AUtk (ASH st A er 2dHFYTh:
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

(Th5 sTeTATol A1)
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vocoder.py
karaoke.py

A7 A S J2EZ of, s}o] W2 sys.path ol Q= HAHHES AASHA 714 A H Qe £

The __init__ .py files are required to make Python treat directories containing the file as packages. This prevents
directories with a common name, such as st ring, from unintentionally hiding valid modules that occur later on
the module search path. In the simplest case, __init__ .py can just be an empty file, but it can also execute
initialization code for the package or setthe __all__ variable, described later.

A7 A AR HZIAZRH NE BES YZET S JFUT, A€ Sof:

’import sound.effects.echo

o] A& A B BE sound.effects.echo & 23Ut} AA o]S 02 FxE o]ok ]

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

AB BES JEESE The gL o @&y h

’from sound.effects import echo

) AE AE BE echo & ZE3L, 714 AT glol AH§T 5 A Futh TA oA Hoz
A8 5 A&k

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

= ohE e U5 B4 U5 4 dEEFE AYYh

’from sound.effects.echo import echofilter

ETHA], o] A2 A B BE echo § EEBA T &4 echofilter () 8 A AT 5 JA WU th

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

from package import item S AFR S ol item2 3| 7] X Q] A H B E (= A H 1 7] Z])%l ST 97

S, 2, M 5 7R BYgH O olEEY T E sl 9 3} ﬂu— import &= WA item
o) 71 Ao Ael5| o) LA AAE, T8A oW wEolehu AT R E AL 2A
L3, ImportError 9 & oYt}

o]of] ¥k5}o], import item.subitem.subsubitem & Z-& BHS A2 uf], upx| 2 AL A3 2zt
FEZ WEA F 7] Ao oF Fu ) upA 2 FEL "E U 3 7] A 7L 2 4 YA R, o FHAA FoH
\’4]_, g iT SolE e syt

6.4.1 D7 |X|0AM * LEE 5}7|

o]A| from sound.effects import * B}l AW oj@BA 7R o]AAA o7 = g A= Al
NA 7| Aol oA BEEO] EOIUeA 2 thE, IAE EFE AZE IV E LT A AUt o
Sttt Aol 28 2T AMNERES YXE Fo| gt oJH HE EES YA F o2 JxET F
o ifopnt &t AHA G R4 A Eﬂrﬂ DA 4 AFY
fras el 232 s 71 A A A7 3 7] A1 9] ARlZ WA A S 2 A|lFsteE AYUth import & Thy
2 A7t stk 71X 9] __init__.py ZEZF__all_ ol o5 552 Al F S, o] A
from package import * & ¥hdu] JZE dfjofrtst= EE o] 559 HE o & oYt Al ¥
A9 A7 A E EA T o o] FES A AHE FA = 22 37 A ZVH X“°‘?Mv‘r 5| 7] A A 247t
3 7] A A * & dEESH= § =7 9Tkl ﬂr%@ﬂrfﬁ Q3R] 72 T 45 YgsUTh oS

ol A=
Eo], 94 sound/effects/__init__.py = h&} 2L F=E 283 5 G th

23 4 U5

6.4. m{7|X| 51
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all = ["echo", "surround", "reverse"]

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

3] 7] A] sound.effects 9
9 7] A] sound.effects 7}

_all_ ol AYHA ¢owW,EA from sound.effects import *
RE AN RESS AA o5 TAO2 YTE 54 FEUTH oI AL @

_|>i rlo

YEXEHES WS (init__.py ol Sl 27| ZEE] 32 F A5 U, L 371 A7 F ¢
StE olgEe YEE FUth °] o5 E2 _init_ _.py 7t AL SE BE ol F (LI PA AR
FETHAMNEBEE)S TFFULH o] o] 550l AP import £o & WA H o g 2= 7] X9
MEREES A ZAF YT o] =S A3 AT

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

i)

o] oo A, echo £} surround ZE°] dA| o] F ¥t 2 Y2 E = =0, from. . . import F°] A3
] sound.effects 3| 7] A o]l B o= 7] wf & ( __ ol AYE v mprt YT}

AAF ol REO] import * EAIS S u] EA JHE 2 o] EE5EW JAXE FI=E HAAFHUTH
Seets, z2 g A qt"ﬂHL A3 €A %}3 /\]'Eﬂi A AR Yt
from package import specific_submodule 2 AM&3t=d Z5H 2
A, AEESE BEo] T 7| A oA 22 o] 59 A E RES AMHEE E

WUk

6.4.2 1I{7|X| LHE 79| &=

WA 7F B 7| AR T2 off (Al A U2 sound 7| A A H), o] % 7| A9 ME BES
71 7l=d A dE2EE /\}%‘ g 4 1%1,]1’4- o & Eo], 2% sound.filters.vocoder ©] sound.
effects 3 7] X]«] echo 2 E°] FR3}Y, from sound.effects import echo & A2T 4 A5

U,

ﬂ%@ﬂﬂiﬁﬁﬂﬂ%ﬂﬂﬂﬂﬁﬂ%ﬂég%
27 A8 5 eyt

off

surround & A], ©

_r.,f_E

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

AT JEE AL AR RE ) o] 2o 7] Erhs Ao] R HA L. WA RES) o] EL FY_main "
o7 m Bl o 3-8 L2 1A Wl RER AEE BA) RESS WA Ar) YEEES A3 of

.

6.4.3 048] C|2lE{2|o| Y= THI| K|

717 & S8 o= BE 1S 0 AAFUh_path . o AL H7AY _init _.py UL
astr] ol o o] £l YL ALl oI EE THE S Az 2o of W 22
T 5 AUtk 28 A T 0|52 A EFY BEFR AL AAAE FAtE O] FFL FA
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Io
1
B
1A
i

3t

a9 YL BARE o 4A o] AU Th Aol A710) A BEI 2 o8 E AT
93, 5ol AHg3H7] A3 3ol & S5 gtk of Fol At B 4 b5 AL =g

AF7HA Bl e 25 F 7HA e s Utk 384 4 Fprint () AU (4 1A
P e 5t AR write () MAEE ASIE AYUTh EF 2 L sys.stdout Z FE S
Az ULt o] Ao st ApA S A H = gho]Beje] HHHAE BHA L)
22 Oed] 2o 2R TRE B A48t A8 T EY FAS o Bol Alojs ok st A9 dHUnt
29¢ 2RstE dle o 7HA Ple) ds U
o T AL 2HES AR ANF AR FL EE AT AL T AN fEEF & 29 4

2 A FBA AL, o] ZAFE bl A, { B} A ALl B e 2lHE ghe 328 5 e

shol ¥l EH AL 44T 5 stk

>>> year = 2016

>>> event = 'Referendum'

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

'Results of the 2016 Referendum'

« BA9Y str.format ) WAEE B B £AUL 2T FUTh W5/ oA 2 AAE EAH)
A (D)8 ol A4S ASHAL, AN G Zo) Y DAY HE AZT S QAW TAY FR = A B of

o,

>>> yes_votes = 42 _572_654

>>> no_votes = 43 132 495

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

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

« I o 2, $A4G Seo 4 B ojoj o] /] A4LS ALE S AT S Yt RE WA BEo
W, BE AL AE A2 ST 5 AU BALFoNE Fol 1 A UM 2 BALS AP
o f8 8 Aare SRt B A WA= &Y

FAHQ E 0] DR A F A TN QS A A NS WA FASH W, repr () EEstr()

53
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str() @e o= Ax Aol 7)o Aeds FHE o i HFA Holds Uk wHo
repr () & OJFJEE]EMl oaf o1 g e FHE UHSA HAJS U (e 284 28 5 U=
£40] floH syntaxirror & Yo7 £ = FAHUT). Aol 2957 98 SRF EAo| g
AA S 47, str () € repr () F 22} HFUTE B2 3, A=l B 2ES gl 22
F2E ST FrS L) 2 IS FUTh 58, TS F /A BEL vk
2 7k o & STt
>>> 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 BEOE £A o) §& AW = The L AT Templace 2227} A%

ek Sol 28 ol ST E A o] A S AT oA & o st o0
Aol 42 @ AZ I

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

RO A4 AR Y BEY Ha B Fo) FUth 92 F 2T AL

>>> 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
SAAE A EUS ) Aol e ABY S AUk la'tascii0E, s Estr (0,
'!r trepr()%@.%@qq-

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

(Th5 sTeTATol A1)
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>>> 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 specifi-
cations, see the reference guide for the formatspec.

7.1.2 22X} format() HIAME

str.format () HIA =S 7|2 A AL 2 o] A dYth:

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

TEL I Ao e EAE (FWN ZBEHL FEW 2 str.format () A EE A2d AAESE A
Ut 5235 A A= str. format () HIANER HAGH 7“11]‘:«] AAE 7t 7l = A E
gtk

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

spam and eggs

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

eggs and spam

str.format () MAE0] 719 = ARA ALH T, T RHEL AR o] B ARANA AAT 5 A%

et

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

A AN AAE AR EA 27T 5 A UTh

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

3 A ke A £ BAGo] S wl, ERY WSELS A X Aol o] Fo= AP 5 drhd
2 AdUTh 2e] g e E 973 71§ A &ske EE (] EARS S Huth
>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: ; Sjoerd: i
'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.

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

o]HL%

PYe BE A ASES B 9AYY
PEASIEN

EHFE WR T vars ) A A W 53] €27t

ulit

71, AN £ ZofE 55
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As an example, the following lines produce a tidily aligned set of columns giving integers and their squares and cubes:

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

print (' ' format (x, xX*x, X*X*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 () & AFR3 Fx1d & 2] &4 3l 7] 2 & formatstrings 2 H A L.

713 45 2x}9 ZOiE

A7) e AEA AL EE $502 RSk

>>> for x in range (1, 11):
print (repr (x) .rjust (2), repr(x*x).rjust(3), end=" ")
# Note use of 'end' on previous line
print (repr (x*x*x) .rjust (4))

11 1

2 4 8

39 27

4 16 64

5 25 125

6 36 216

7 49 343

8 64 512

9 81 729

10 100 1000
(print () & S& HA o2 Q3] ZF 7y Alo]of] A5 o] 37t F 715 9l S ofl 79 Al 8. A A AS
Apolof] A o] A5 713 t))
TAE AANY str.rjust () HAEE dZFo A o] AE YA FAN ZO02 FAEE S E RS
FYUth vl WA= str.1just () & str.center () & YFULh o] HINEE2 oJH A& &3}
2 FHUTH HA A EAEE sEF UL 48 X9 Y F 49, 22X ¢y, A glo] 1 &Y
FUTE ol Adeo] A S YR 5P AT, B ghol dis] AR e S A 2 v dEohE Wyt
Az g7 & g3ud, 4 Seholx Ak 7@?“%Sﬂqxlmw(M[m]ﬂ%J
g2 =S JFUTth str.z£fill (). ZAFBAE Y A& 0 AFULh Seag}ulolia R ®
ol gt}
>>> '"12'".z£fi11(5)

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

-003.14"
>>> '3.14159265359" .z£i11 (5)

'3.14159265359"
56 Chapter 7. /=40} &=
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714 oMo 22X ZoOHE!

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

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

o] A 8 Y82 old-string-formatting 4] A of] 13 1] T}

7.2 niUS 210 M|

fjo

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

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

A A QA 91 o) 22
2ASE G2 e B
ojn] &5t JJr‘?z_‘E*—.L JEUth 7HE L, rar = 9l s 7
HolBHe A5 o g 2ol 25Utk 'r+' £ FdS Ja 27 Al GUTh mode A= A
sk oo AR

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

HAE B Coﬂ/ﬂ, aa o] 7|8 Sae ZYPE JE2AA E EE (FY20)A \n, Y=L \r\n) &
‘?:‘rzl \n 2 A s= AYUch e HE =5
HEsk= A YUth Ol o ol o] Ef ol thgk Foff F o A
JPEG °1L‘rEXE a3} 22 vtely g vl ol H & A Al H
A BHE E F o 5hA 2

Y AAE E v with 7| PY= 2 AL 3= 212 22
~9EZ 229 u 59 o _Q_a].eﬂ] F3th= A YUt} with
HE29 »: Ao v A 27 = )

— T A

e 229Ut F WA Q= 5t o] AL A
2D AUtk mode = 3L Q7| uk & H rpr, AT

ml&
%
2\ ]
o r2
il
D4 of
T, rlo ]:
5
it
o L
>
e
pac) 5
ulﬂ
39
r PN
_IZi
‘0,
N
o\
k
Fu

7 A e

/\]——%—6‘]’% Zi o %%@- try—finally

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

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

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

3l of gt

A3 with 7| EE AMS3 AU £.close () & Z&3HA il f.write () & S E31W
ARz FEHEYE f.write () Y AR YT $AS 7| 2HA &S 5 A%

AR
=k

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

250z Aok

57
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>>> f.close()
>>> f.read()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: I/0 operation on closed file.

7.2.1 T ZF|S| BHALS

o] 49 LA S 5L £ ek 5 A 7 o] v wHE o] Ak 74 G o,

Qo) U g & Aol £ read(size) § S, WY HOHE 91 £AY (2E wE

ol ) o] b ko] £ (who] 2] R o] A) = E 25U T sice = A B A %A A% T size 7} A2

ST S 5] B S 2N 5 1B C1eks A6l 17k oA e ] e

Seiol g9 A dyc I8 o ) s £A(2E 220NN U sz o] = (o] 1 2
o) E AR S FUTh Qo) 2o £2HW, £.read() £ WAL () S BeF U

Im

He o

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

[}

f.readline () 3 YoAA & =& 5 th 7H3 —t%x}(\n) EEAG Zo| REH A, 5t do] fHE
A2 FUA] ok wjol| vk 5} Y o] npx|uk Zof A gk A ek Ut o] F A vk ghS RS EA] ¢hA v U Th
f.readline () 7} Rl 2L & Eei5W, 5do] 2o L Ao A vhL ¥l &2 '\n', & 3t AP &
Ak e BAGE EAF Y TH

>>> f.readline ()

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

'Second line of the file\n'

>>> f.readline ()
T

HAo| ] 5L dodE, FY AA ol £RE 5 Uk o] AL WEe EEHo| 1, e
de =g oo Utk

IR

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

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

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

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

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

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

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

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

18

Ael7)E A% BT, vl e mEo) 39 5ol A gyee
o B9+ BEPH AU
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g A2 A E vl E, £.seek (offset, whence) & AT ULL fX &= 7&
g A AR U 7| 2 AL whence QA2 A BT T whence 3ro] 0o 9] xS+ =
1ol &R 5} A& A3, 2 & 949 2L 7EH 22 ASTUTE whence = A=FE 5 33,
71 B 00)2A T do A S S 7EHoR /\}%@‘4 t}.

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

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

16

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

>>> f.read(1l)

b'5!

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

>>> f.read (1)

b'd!’

2 &) 2= AL (o]

HAE st A= (B AL b 7L glo] €9 Z15), 3h4 ] Al &l At A Ql 91 ] WA w
2) & e AL UTh, uE offser T2 £.tell ()
O =

ﬂhseek(o, A A oo To g 92 W As=
o] & HA0E AT 2 5t T2 offser FE2 B HAA kS 2
7Y A= isatty () Uhtruncate () 22 Z 7HA WA EE B 23 e, € AF AHEH U 9 Y
A o o g 2hA g Qhll= 2ho] B2l ] Eﬂﬂﬁié FxeA L

7.22 json 22 FXHQI HIO|HE MZESIY

EAGE st 9474 93 L+ YL Uth £AE ghe] £IE ok ), read () WAL EA
dure EelF 7] MEAUTh o] £ADL int ) AL FFE A oby v, 1123 ZL FADL
Wi %o} 1232 BAE U FHE A2 gAY 22 6 B A vl HE s @,
Ao RS AL Zo] Az F U

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.

7;(:}.1—_’.: JSON Al 2 fojg] w32 Y ) 2R =2 1WE o] AF AUt B2 =2 18 v 7}
olm] o] Zlof A&z, AFTAL Y3t T2 AE

o |
i
o

AA x 7 QS uf, 7FHE F 2o IE 2 1A ISON BA41d B3-S & 2 92k

>>> import json

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

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

dump () 2= dumps () @54 HE2 AAE 9~ E 319 2 A3yt 2eiA £ 72715 918 €
HBAE ,4.01 ol o] FA & 4 A5t

’json.dump(x, f)

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

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

o) 2heke {5 o] Bl A= ok el & ThE 5 AT Qo] 2ejs AAHAE ISON o2
A 2}3)7) sl A4 ke £327hE BRI Th son RES AT AAL o Wol B 4P L B
Tk

t B

pickle-3&F E &

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

O

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

8.1 2 of2]

9 ol ¥, 3H el delA dUnh obukE of el io] stol Mg M3 gl F ekl 13
A% g 50 239 Atk

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

A

SyntaxError: invalid syntax

A= AV E = E2 A o Fa S0 A oAl 7 A E 78 o] A E 7He 7= B2 saw
£ EAFYL iy &= ﬂ“*—" o] 2= EZ 0] %?J?JWQ‘(EE% Hox a3NA ZAA = A5 Th:
o] oo A, ol 8] &= & print () oA ZAEH Q=] j_oPoﬂ 2 (1:r) ol mhA Qs WEe U 5
ol 5 & HIE 7L Q4= o] A, ‘?JEﬂO] AT YERZHE S $S 4 Q52 )

8.2 0|2

Aol £@A o] Ao Suk=ch BALE, AW Y oo g Do 5 ASUch 4
BAR ol S L o9l a0 22 Qe shold 22290l ol 4%
| b o) 2 WA g U ok ShA v v e el @) 2 7o) X e) 5 SkobA, ol Aol A]
o] o & A 2| & BHE U th:

3
o
=
<
>

>>> 10 * (1/0)

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

ZeroDivisionError: division by zero

>>> 4 + spam*3

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

(Th5 sTeTATol A1)
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NameError: name 'spam' is not defined
>>> '2'" + 2
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: can only concatenate str (not "int") to str

of g MIAI X o] wpA et 2 ojE Yol ol t=A] ¢HFUTE &= o8 F2& YEhtal, 3o HAA]
AgrZ oy FH Ur}: o] oo A2 F& ZeroDivisionError NameError, TypeError YUt} o] &
O 72 AH FAES AT WG o9 o] FYUTh o] AX BE Wﬂ "ﬂﬂ 9 73‘—?-': Uo“% Zho] A g,

ARG A ] o9 o] Ae= (HEl g e dol® Bt F 3-8 B+ stk £F 49 o] 52
W 48U T (o] <F 79 =71 obd U e,
9 U A B2 9] 9] FI Al 719 & A BAE ATt
ol2] WA A 9 SRE-E ~El Ego]2e) FEl 2 o9 7k Lot A A 2] £ %mww uH oz
£ 25 ULt 29 Eeo] 28 THAY A5 U AW, BE AN o] A 5L
FAISHA] eyt
bltin-exceptions = W& o2l &3 1 59 2| & vt stal syt
8.3 dl|2| AM2|5I7]
Ausl o) & A2 sk 2R a8 Bes Aol Ty 0 g B, 2118 457k 1= 07}
Al A& P°ﬂ7ﬂ YHe AT A AV 22 TS AHHE s+ Ae d%%“%ﬁ‘rwontrol—c u
7 9o & A A7} A Dats AL AL A); AFEA 7 THE 9B 8 E= KeyboardInterrupt 99 &
Ao 7] Feh = Lhepio] o 3hA 8
>>> while True:
try:
x = int (input ("Please enter a number: "))
break
except ValueError:
print ("Oops! That was no valid number. Try again...")

try ¥ tha Zo] FA o
o WA, ry A (try & except Alo]o] EA-E) o] A3 Urth.
o Q)7L TSR] O, except B & AU L try B AP FEHYTH

« 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.

o

« 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 a message as
shown above.

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

except (RuntimeError, TypeError, NameError):
pass

A class in an except clause is compatible with an exception if it is the same class or a base class thereof (but not
the other way around — an except clause listing a derived class is not compatible with a base class). For example, the
following code will print B, C, D in that order:
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class B (Exception):
pass

class C(B):
pass

class D(C):
pass

for cls in [B, C, D]:

try:

raise cls ()
except D:

print ("D")
except C:

print ("C")
except B:

print ("B")

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

All exceptions inherit from BaseException, and so it can be used to serve as a wildcard. Use this with extreme
caution, since it is easy to mask a real programming error in this way! It can also be used to print an error message
and then re-raise the exception (allowing a caller to handle the exception as well):

import sys

try:
f = open('myfile.txt")
s = f.readline ()
i = int(s.strip())
except OSError as err:
print ("OS error: ".format (err))
except ValueError:
print ("Could not convert data to an integer.")
except BaseException as err:
print (f"Unexpected {err=}, type (err) ")
raise

Alternatively the last except clause may omit the exception name(s), however the exception value must then be
retrieved from sys.exc_info () [1].

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

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

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

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

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

else A9 Ab&o] try Aol ZEE F73H+= 2 W Z% o], try - except ¥ &3 REH 1 Y+
S Q07N e oI5 E 78] 17 B e AL BAS| W EL T

o971 A w), AT e /b S ), o999 ek 2eiA Yrvich e} EA Y2
o 9] Foll & Juth

The except clause may specify a variable after the exception name. The variable is bound to an exception instance
with the arguments stored in instance.args. For convenience, the exception instance defines __str__ () so

8.3. o2l XMz2l5t7| 63




Python Tutorial, £A| H{™ 3.10.16

the arguments can be printed directly without having to reference .args. One may also instantiate an exception
first before raising it and add any attributes to it as desired.

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

print (type (inst)) # the exception instance
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

y €ggs

oA L] 7} AAE 7EAI ™, A 25 A] ok ol 9] mA| x| 2] mpA e} FE (A A ) ol AfE YT

Exception handlers don’ t just handle exceptions if they occur immediately in the #ry clause, but also if they occur
inside functions that are called (even indirectly) in the #ry clause. For example:

>>> def this fails():
x = 1/0

>>> try:
this_fails()

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

Handling run—-time error: division by zero

8.4 02| d=27|7|

raise ¥ 1M7L AW ol HHAHES AL - A Gt ol Sol:

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

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

raise o] A F3t= o A=

Fd A= AL A9 E R A YTh o9 Aa" o] ALY o9 S
(Exception § AGdhe FeL) ojofok FUth o9 oyt ADH, FAHLR AR glo] 4
AAE BENAM J2EAE e YT

raise ValueError # shorthand for 'raise ValueError()'

ghekof o] 7} b B = A= Lotof shA ek A 2l stal A A= odthd, B et e 9] raise #o]l L A9 E
thAl o 5 A gtk

>>> try:
raise NameError ('HiThere')
except NameError:
print ('An exception flew by!')
raise

An exception flew by!

(Th5 sTeTATol A1)
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Traceback (most recent call last):
File "<stdin>", line 2, in <module>
NameError: HiThere

8.5 0|2 A

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

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

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

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

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

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

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

oA & E HEAT uf FE&T  YFUTE o E EH:
>>> 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

(TH= ST Ao A1)
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Traceback (most recent call last):
File "<stdin>", line 4, in <module>
RuntimeError

Ay W AYZol ol & ApA S W) §-2, bltin-exceptions & FH R3] Al L.

8.6 AIZXI M2 o<

B 222 A1) A 9o o]l 55 &4

E_O
o0 — =
25 HAR). doe B Az 4 A

A el 9] e 2
A8 82
Y.

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 = BE 9 S9 o553 FASHI, “Error” 2 2uhE o522 F g Yt

W2 EEEESE IS0 AYste TSl AT+ de I AR &8 o dyth 29
2o B3 o A F AW = Ze s Zo A ohE U th

s T AFUT (Il S 2o
Ex © 2 Exception EHAE A5

try B&E e A9 A L 1A 5 Qiu] BE 43 AYs ojoku e A4 B4L A s o
AgF YT o2 Sol
>>> try

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

Goodbye, world!
Traceback (most recent call last):

File "<stdin>", line 2, in <module>
KeyboardInterrupt
finally deo] glod, try 2ol &85 7] Aol finally o] mpA| e} 2rjo g APFPYth finally

A2 try Tol A9 AAHEAS BAYC] AFH T T2 AT ) o BRE A
45 ek

« try B2 A= St o9 7 B, except HoA o2l AT AsUTh A7t
except oA A2 F A FOH, finally o] AP H £ o9 7} thA] T g%‘%‘:}-
o exceptltelse d A Fof o7} TP = JFYtTh ThA], finally Zo] APH T o 2] 7

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

s try #°] break, continue ¥+ return #°] E&3}9, finally B2 break, continue £+
return & A3 A A oj AP FH 141:}

o finally ol return o] T H, W3 F-2 try B9 return £ 0] F+& ko] oty g,
finally @9 return 9] &+ ko] F Yt}

oE Ed:

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

(ThS sl eTATol A1)
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finally:
return False

>>> bool_return ()
False

o B 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™M)

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'

Rl ulg} 2ol finally A& RE A9o] AFFULE F EAAS YA B4 Typerrror &
except Aol o5 X 2|¥ x| 1L finally Ao] AHH Fol thA] Lol uth.

o]
AA A 58 22, finally A2 o5 2U2 AL wl, 432 A obd x| o} FA QLo
3 A Rbg ke H 8 U T (Rl v ER A A 22 5.

8.8 Ol2| ¥eol= el S&HE

oW AAEL AN Y e 92 v AYshe BE A 54 AP T ARNE A8
4o A et BAYZYTE AL AT T 52 Selol] 45l m B kg ol & BAlS

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

o Eo] BANL of HEo| AL B HE ST 5 Qe % FH 4L A A
AQUth 7 2T E A& BA 75 A oA v £
with B2 33 22 AR Eo] A k=] 514 e

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

ol 4T Fol, L Aot vl BAZ A2k, 5 £+ F4 DY CE w3 o), w e
49 5142 FAEL AT ARNEL 250 AYA ol A o] A AP ch

88. 02| MolE SIMal S&

mun
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« the scopes of any enclosing functions, which are searched starting with the nearest enclosing scope, contain
non-local, but also non-global names

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

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

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

'@ AT BE A _dict ek delouUag 9o A ol ERNES 2ov, nES o F 3L
TR AT GHV L ST U ol F _ dict PHE o) AW AY o] &L okt FHEA, ol S

™
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ABIE AL oI5 7 7o 2AHE S 6L A1 AT LAAG BE ASE Y A B ook e
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3to] o] 2 F 7S vl X gy ot

27zt E Hog AAHTGE AL AEE AL 23Utk REO A AYH 49 A ~F
Z=, oo A o]H o d o)A g B3 I F5Ut SEFH A FAQe], 2 2EY olF w0d U
i of], o] 58 AAZ FAsE A2 AYPA 7 Tz PP Yt — A vk Ao A= Aud
Aol F2 ol o] AAHL T W}t oA, T o5 AA 2 &3}A] Wolof FuytH (AHA,
A AFEL2 oju] FH oz AAHHYL)

vtol o] 58S 542 - global©|ttnonlocal wo] gl wl - o] 5ol i J3td 4 7 U f 25
Z 2 e A9 Uth g2 ol B & BALekA] kUt - o] 58 & A Ao A2 EdUth AA =
PR dUh: £ del x+© A J 2F L7 F 2R3 o) w0l A x o AZS A ATUTE AR, A
OS2 aMdle B A AP AFZE AT YT 53], import B3 & A= BEOIY T
oS A ~2Fz AZAFTY T}

global BEL EA AL/ AG 2750 Yo 2320 QA A olof TS 718 2 uf A2 5 5 th
nonlocal #+2 54 A7 EE M= 2T =0 9lom 23X AAZAHofor && 78 Ut

def scope_test():
def do_local():
spam = "local spam"

def do_nonlocal():
nonlocal spam
spam = "nonlocal spam"

def do_global():
global spam

spam = "global spam"
spam = "test spam"
do_local()
print ("After local assignment:", spam)
do_nonlocal ()
print ("After nonlocal assignment:", spam)
do_global ()
print ("After global assignment:", spam)

scope_test ()
print ("In global scope:", spam)

oA ZEo] 2L o9 B

After local assignment: test spam

After nonlocal assignment: nonlocal spam
After global assignment: nonlocal spam
In global scope: global spam
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9.3 At A Qb

rr

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

9.3.1 A H9

MO
i

S Ao 7 e FEl s ol A AzlsUth

class ClassName:
<statement-1>

<statement-N>
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whe, £ Pejo) QA 22 sk — ohAl, o AL HelA AgEyn
Fe)2 Aol AT f, A o] & Fho] oA T AY 2Tz 2 AGHUT— A, BE A
AP SE2 YL o] A o] F FHe & It 53], & B = A 59 o] 58 o3l A2t
ZHA FY7H (S T AAF ez 2, Fea AA VLol d Ut o] A2 V[ EH g FHA
Ao w o wEolXl o] F T WEEES AR A dUTh th3 Ao A Sl AA o o 3l
o wf A FUch defe AG 23 =27 (FH s Bl o717 A A FESHE A) thA] AFSE 1,
Fela A Fea B slHol A Fol A Fel 2 o] F (oA ClassName) &2 o 719 AP Uth
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My = 2l
Sy m oy W

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

def f(self):
return 'hello world'

MyClass.i @ MyClass.f = HE A EZHE =z, 27
AEIRE= UYL = 3l 53 M -
GA e o E e HE T, 24
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def _ init_ (self):
self.data = []

When a class defines an __init__ () method, class instantiation automatically invokes __init__ () for the
newly created class instance. So in this example, a new, initialized instance can be obtained by:

X MyClass ()
8, _init__ () AIAEEH & FA8= A AdAES 7 dsUTh 2 F9, Fd s A2
sV AiAtE TOW AAEL __init_ () 2 AGH YL & 59,

>>> class Complex:

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

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

9.3.3 QIAEA ZHA|

oA B AAZ OIS T LR AnAA AR A olaf Bt 04 BhA A4k oEelRE
FEYUTh F 7HA SR ke
2

e e HE o 2ol Atk HlolH ol =R EL} HA =,
Hole e e e £

= 2EEFY “AAE” A HE” of, C++ 9 “dlojE] Hw” o 35 EMD}. o] o] §
oEHEL AAE B2 dxUth A W4AH, He Y2 o Bloj itk ol S Sol, x 7} 9ol A
BHEo] W MyClass o] AARAW, 2 22 = 242 EF o)A glo] ghl6 & ﬂfH?..ME}:
x.counter = 1
while x.counter < 10:
x.counter = x.counter * 2

print (x.counter)
del x.counter

OEJA2AEAERE F2E=WAE JUth HAEE AA o “&3t=" T %‘/er (zho] xlof A,
HA = E]'L foje FH2 A2 AR H A GFUTH OE AA FEE WAEE 7HE = A5
t}. o & o], 8]~ E A A= append, insert, remove, sort 531} 22 wl A = 5L ZF5 U] ‘6]-?<] o} ok o = 9]

vy 3 —

9ol A, WA A E AR A S B, WAL ki Bol g Fel2 A e A A oA ol o AEE
Adyrt)

QB AR ) SuE WA E o] 82 1A Zeh 2ol 2

A HEEL 3L A2 Y HASEL B9 3
M= 29, MyClass. £ 7} &0 7 W2 Uth A x.i & 18X %}Stﬂ»MYclaSS-l 7}
F4 7k ob 7 WESIU T Leluh x. £ & MyClass. £ 9 22 Aol obvith— o] A2 &4 A7
ohleh wl A= A7 uih.

H st A4, g AA QA Felae] BE
ot el A 9o 9 A AGIA, x. £ & SHE

9.3.4 HIAME 244

HE dAEs 445 AA 2 &gt

’X.f()

MyClass 9ol A, o] & FAE 'hello world' %%Fﬂ
REUTH x. £ = WA= AA 1, A4 Toll &
xf = x.f

while True:
print (xf())

ru{w
4>
X0,
of> gy
o
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2
i
e -
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£ 993 A% hello world & A4t

HAE7t oEd o A8s] ofd do] dojd71? £() o T A7 JAAE AR AZAE EF5H1L,
AAA x.£() & A gle] TEH 2AS otlle AJUTh A= o2 A B 2712 FA 5] shoj 2
ARE BRE It FHE AR Qo] BT ol F Lotk ARpF A e A A )
M=
AAZ, A2 F= A4S+ AsUth vy =g SEATL A2dx AR 742 A dA Atz
Aados AUk f2 doA, £& x.£() & F 88| MyClass. £ (x) 2 FTFYLH AL, n
A9 AAEY BEOR HASE BETE AL, 2 A A Bl B =] AxEL AR E 4 A
RE A7 BEo 2 getE B4 sEE A% 55U,

o4 WA=l 9 FAGEA olal 5 ST, FUL A A0 o A8 S E ahe
S 51€ Ay Hold ol SelEs)obd dats ol=El e ashd 1Al Felast 2
o) et ol B0l @4 AnQ) SulE 2ohs o] e HET, St A2 B2 wAE g5 A4 E
e 7le ZRAHES) F4 AA o A FolA mA= 7“%1]% syt o)A o] wAE AA Y Th

MAE AR} QA BEOE 3EH W, ALEA ARG QA B2 o2 R A A B THW F,
T AAE ) A AR EFRo R TEFTH
9.3.5 ZE AL} QIAEA Hin
?J_HW o8 WA, daEHAa MpEadad HoHE AT Ao FH A les I FH2 BE

JrE 2o M FGH & = REGMMEE AT AU
class Dog:

kind = 'canine' # class variable shared by all instances
def _ init_ (self, name):
self.name = name # instance variable unique to each instance
>>> d = Dog('Fido")
>>> e = Dog('Buddy")
>>> d.kind # shared by all dogs

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

o] 27} A Ao il ghubt] o A = YFol, P GAU e 2L spd AR ol T w5 do]
He ol Zx X3 23S & 7540l dsUTh ol& S0, o 2= W rricks | 2~E = FE s USSR
A5 A gkotok shetl, Shbe] Bl 2 E 7L B E Dog Al E 2Bl B4 7] w2 QT
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")

(Th5 sTeTATol A1)
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(o] A sl o] A ol A AH)

>>> d.tricks # unexpectedly shared by all dogs
['roll over', 'play dead']

4, Zes0) £uHE AAE dATs WeE Ags ok g 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")

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

>>> d.tricks
['roll over']
>>> e.tricks
['"play dead']

9.4 7|El FAIEE
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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

HlolE o] =2 HES WA S Bukoheh AR ANAA AGA (“Seo] A=) o] A FxT =
St g U AR W NS

vtk el E A, : g,
shol Ao A1 &= vl o8 £4& ZAE B0l YerUtt — BT Heol 9 £y (Huo), C2 241
stol#l 78 AR shd 2 A PAIE AR %715 ARl 3 A 2E Aol T 5 AU Th o A
C2 A48 sho 4 2ol A A8 4 A5 Th)

Seto]dEL Yol H o2 RES 2AAYA A oF G — St AEL Yo o= RES
A=A HASE oo §A5 = BuA 52 PAAE 5 davch SeoldEL o] 8 FEL 35t
A AEES §EHS £FHA FTE TE AN HolH oSl RES A2HX AR G SE
ol R AL — ohA] B, B 7L ol 2AANE 9T 5 YA Gk

WA kol A Hlol e o EPHEE (Ex LHE MASE)S F2}E Y BAL YHUTE AL o Ao
AAZ NS 5L B A A HYSUh MAEE Fol2 uf A Wee} Axda

%%, WA =2) 3w ARk self eha B Th ol 2 el A Bk o] § self & shol el A
=98 o uE 24 vk SHAT, o] FH2 nhEA %S ] of e =

ol 5ol ¢ 7lo] B, 2e)2 HeleA 21w oA 7o) JEolE s FA4H Aty
< 9lgol 5ol 3 2.
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Ses o EHEN BE G5t 1 FhaY AAHAES AV WSS B Futh T4 Ho) 7
ZAs B dam Ao w SN IR USU B ANE FA2A A WER YA A
A b5 ek ol &

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

class C:
f = f1

def g(self):
return 'hello world'

h =g

°|A £, 9, h & BF I AAE 7te)7]= FHLC O A ERE EFcC
DAL HMEYUY —h = F33] g 55 FU o] A& 22339 SA57A £
F7)9k shoh Hofl 2o ahA L.

MAEE self AR W AE O ELHEE AGIANN 2 MASE 5EF 5 AGUTh

class Bag:
def _ init_ (self):
self.data = []

def add(self, x):
self.data.append(x)

def addtwice (self, x):

self.add (x)

self.add (x)
MASE QU FLEF AR R A o) B 2T 5 JHUh HASe] AP A ~mme
a7 Jo B TP REYULH (Beat AT A A7z AEE A aUth) HA A A
HCIEE BT FE IRE A by A, A 2mng JIAA eI AW b B

9z th: 8714 % 7(40_1 Fzof| AojH 49 WAT WMul ofi] g, 13| AZEH 29 REL
WA AEE 5 YTk AU EE WE, WASE TPk Sol2 AL o Ao 2nao] AelH
& ANGA AN A4 ] ZRAE FRAD AshE B AN FL 01§ 2 2A P ATk

24
7 gre AR, 2enE 2oa (3 olehnE BAth B 24Urth 0| AL object.__class__ o
A5 o) %

9.5 A
BE AL AN FETHE o] /15 “Fe A ek o] 3 AW A7 92 AU th 5
Sl ool we o 9 ARL U

class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

o] & BaseClassName < 34 F#l2 H o & 233l 2Tz H2F o ﬁlﬂokfﬂf‘%‘?} Ho| A Fef A
o] 29 zt]of Tt} d oo RAAE F TP ULE o & Eof, vlo]A FHY AT THE BRE FH o] &
o &3k
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class DerivedClassName (modname.BaseClassName) :

g 2ol golo] AYL wol s 27
wlo] 2 Zeh sk /gt ol AL of
S 2ol 4 0 A ko v ulo] 2 Ze)
S} Qirhd o] AL AT Ao 45

Al Fej2o] Ad2E A TBEV] N EWT AL ¢gl5 YT DerivedClassName () & 2 22 A 2
SEAE UL AR FxE a3 2ol 2 Utk S8k 2L o ERRETV AAE =,
22 87 W o] 2 Feh 0] A4S Bk 2l gk ol Aol B AR E FohE WA= Bxt SukET
Y S ol SR MAEES AT 5 AU AN =7 ZE A9 e HAES
T 53 A 22 A2 gleng Wola Yo FoA B WMAEE TE5te Holx F
2o A== AP E g S22 HAEE TEA FUTh (C+ Z2 I E At xdo R
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5 2o o] A A A A ST, 2 ol £9] Mol Z a2 v N E S wes] ZobH ) ek A

= ]
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Sgoha A2 4 auth WolA Zala0l AEE 47 EE oL 2erat B o
BaseClassName.methodname (self, arguments) & H
AT 227} A5tk ()28 Wol2 Zel27h 19 22zol A Ba
Sl vk 5 2ol %] 514 £.)
Shol Wl Ak A AR 5 Qe T A9l U e Aok
e AAEA9 S AASIE W isinstance () & AR U} isinstance (obj, int) += obj.
" class 7bint Atbint o4 SHIE 22 F 0 True 7 Ut
o FY 2~ ALES AASIE W issubclass () & AFR U T} issubclass (bool, int) = True
old],bool ©] int & A H F#| 207l | EJ YT} AW issubclass (float, int) =False
A, float & int & A B FefA7} oby 7] wiE Y th
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Fol i 2 thF g5 FEl= A dd Utk ofF jef wo]ls A e S o= ol APk
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class DerivedClassName (Basel, Base2, Base3):
<statement-1>

<statement-N>
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9.6 H|ZJH Hp

AA WA A T AA 2T 5 Qs “H]F7H” A2 H4= o] # o ZZH?SW ok uth shARE O
.ﬁqquqtﬂHMEﬁol<%%QMAQQ-WZ§MﬂdL0] 2 (o & 9], _spam) API9]
FA AR L RE o2 HFH ook FUTH (LA T, WA, Hlol el Al F F10] 7 2ol 7
dAlela F R O‘O] @75‘5] = WAL E FHFE ook P

Zojn 2] W Ee) SuLE A7} YomE (5 AN Zeladl A Ao)H oSBT FES 75
Zh, °l& F4 71 (name mangling) 2}l & 2]= Wl A Y Fol thgk A A A Qo] A5UTE __spam FEf 9
FHA2FNY 2= ANFet, H O o 7H.4 D22 29yt ZE A¥8AE= _classname_ _spam &
ﬂAEﬁoiﬂﬂﬂ—ﬂCMﬁmme AR FP 2 o) E ﬂﬂ“ﬂ;tgggﬂﬂﬂﬁﬁqqﬂ]
A1 Zehes Aol SABE o)A, A A B A% T AA 2 2F U

olF A= A R HNE TS WelskA f A E S Ao HMAES AT IS

A7
St TS FUth o & 5ol

x“‘l

1

class Mapping:
def _ init_ (self, iterable):
self.items_list = []
self.__update(iterable)

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

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

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

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

+= _Mapping__ update & MappingSubclass Z @A oA]= _MappingSubclass_ update & Z+z+

th A = 7] HH%%MD}-

AA S Ath= Aol Fo5A 25 o] A3 H1+7HE%JHL A
‘é°°“*ﬂ/‘?f}7%‘)r*ﬂ§}¢%l€‘4 Col AL UM AL 22 SET AFFNA &R YV 2A YT

/\
o
exec() Heval () 2 AEH F=+ &0+ Fe29 Sd2 o< A SR 74 dethe
19 2 S8 o) A8 lobal 5] 8319} § AT, 837} A Shol = kel R 12 AT 0
of. 22 Alofe] __dict_ & AF F2L o B oty getattr (),

A8k,

setattr(),delattr () o=

9.7 RHEAL|

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

from dataclasses import dataclass

@dataclass

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

'computer lab'

>>> john.salary

1000

SR FAAJN UOHE S 7t gtol = 27+, 3 2o HIY WAEE FH W= 2
H2E Al A 5 FUTh oS S0, 9td AAZ R H o8& W ot= &7 S o, thAl
A W H oA tlolHE ¢l WA E read () ?readline () & AlFdh= SULE FA T T AAE
AL 4 Asyth

AAHAHANE AT ) EFYHEE 25 UThm. __self  =wWA S m() 3 23 A8 A A
°|i,m.__ _func__ & WA= 4Gt 5 AAJ U

9.8 O|E{&|0|E]

A 3% olUhE of e R i Auol AN EL for FOE HT 4 YT wAAL AUk

for element in [1, 2, 31:
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 2t AN~ YEtar, 7HE s, HE Ut o Ed o] H & ARS8 Tho] A o] X A 33}
FEF UL Ful FlA, for £ AE o] AA o sl iter() & Yt =
_next__ () € AZYslE= olHd ol AAE %E:]T‘Ctﬂ, ol == AH oYY 84S S
R A AUt Y2 @ 47 Qo next_ () = Stoplterationd9E A
TEE ¢HUTh next () W& FTEAEHA _next__ () IAEESET 5 JFUTH ©
BEZE0] oJEA %3}'5‘]'*‘5;‘] EO:] 4tk

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

<str_iterator object at 0x10c90e650>

>>> next (it)

lal

>>> next (it)

"

>>> next (it)

ICI

>>> next (it)

Traceback (most recent call last):

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

next (it)

Stoplteration

ol olE T2 EF Ho| JE=wAUSS AHEE, e S0 olg ol 52 g
F7Fd ¢ dH5Yth __next_ () WIAEE ZHRA AAE BEHFE __iter () WAEE H Tk
Fe27F__next_ () & @ﬂfﬂ‘ﬁ, iter_ () = self EE8HE 5 AFULH

of

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

mmn

(Th5 sTeTATol A1)

9.8. O|E{H|0|E] 79




Python Tutorial, £A| H{™ 3.10.16

(o] A sl o] A ol A AH)

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)

n oo 3 -

9.9 A[L1=|0|E

A olE £ olHd o] H & e 73
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def reverse (data):
for index in range(len(data)-1, -1, -1):
yield datalindex]

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

Q O H th o

AU oHE & 4 = BE A2 g ZoA A g xol Zed 2 7wt olHE o HER & 4 5
Aol 8 7F Zhdst o] = __iter_ () & _next_ () MM EZF AZE ©tEo A 7| & Ad Y

E e 28 )5S A9 MEER 4% At 5F 0ol A0 BuEtE AY
self.index Y sel Q E AR SE H 2 ]H]j*ﬂﬂfﬁg 27193

SHA| ¥ U o

A% WAS AT =239 AR Aol Hal, AV ol Bl 7k £ 2% W A% 0 % StopIteration &
Jdogurch 2, o] 15 50] AW 42 AT A0 o HelolHE w57 4 BEYh

T
*
o,

H»ﬂo
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g AV olHE BlAaE HxAdFR vt A T 23S Al 25 S AHgstE XS MR
AR FeA ZHE 5 AFU o] EFA S M= St Al ol Bl & A AHE 5=
F2e A8 AAFAS U AldalolE A A2 S A ol Fo Wty B ASARE g5
Fojz|al, |23t Bl AE HE ARG R E E 2E F o] glEUTh

o :

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

285

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

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

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

260

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

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

>>> data = 'golf'
>>> list(data[i] for i in range(len(data)-1, -1, -1))
['f', Vl', IO', lgl]
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cHaPTER 10

HE Et0|EE|E| ES2{E7]

10.1 2 AN|A| QlE{H|0|A

os E2 T AAL T g7 A% 4 7HA s ATy th

>>> import os

>>> os.getcwd () # Return the current working directory
'C:\\Python310"'

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

from os import * THAlO] import os AEFY S AR oF sttt 2 oF os.open() ©] WF

open () & 7helt A AT 5 dwl, T B4t ok th2d S AT
os 2L 2 RETH AYT W, W dir ) Fhelp() T4t e E902 LRI AHUTh

>>> import os

>>> dir (os)

<returns a list of all module functions>

>>> help (os)

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

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

>>> import shutil

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

'archive.db'

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

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

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

ANAR FHEH ATAHEE ST HBA AAE Ao T 87t dFUTh o] AAEL sys EEY
argy Q) EZHE g A2EE AFH Ut} E0], &P A] python demo.py one two three

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

argparse BEL 33 & A4S Aeldt B Awd AUZ S AFTUG e 23EE
o1e] B W A E A 0 2 FA :

import argparse

parser = argparse.ArgumentParser (

prog="top',

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

args = parser.parse_args ()
print (args)

python top.py --lines=5 alpha.txt beta.txt S AR 3] HE] ZoA AP ufj, AT HE
*args.linesE 5%, args.filenamesE ['alpha.txt', 'beta.txt']Z AAZYr}

o

L stdin, stdout, stderr 9] E. 2] F Zk31 9)
L
L

5 Yk 714 npA) 8t AL sidowr o] )] = ¥ 9
A A T e i

7F A% ek

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

rlr
pa)

~AYES FEFE T ARAAWPELS sys.exit () B2

Uk,

>>> import re

>>> re.findall (r'\bf[a-z]*', 'which foot or hand fell fastest')
["foot', 'fell', 'fastest']

>>> re.sub(r' (\b[a-z]+) \1', r'\1', 'cat in the the hat')

'cat in the hat'
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ol AL =S doE e 7 F uw Aol G471 wE gyt

>>> '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 25 FA AEHS T+ & =7 AFdTh

>>> 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

tlo

ol

statistics RE-S FX HolEY 7| 2AA FAH EZE T, S5, B4 55) Al oh

(

>>> import statistics

>>> data = [2.75, 1.75, 1.25, 0.25, 0.5, 1.25, 3.5]
>>> statistics.mean (data)

1.6071428571428572

>>> statistics.median (data)

1.25

>>> statistics.variance (data)

1.3720238095238095

SciPy xz 2 2 E <https://scipy.org> = th2 ¢ 2] AAE R E5E5S Hol 2t1 9l

of>
<
kv

10.7 QIE{4ll HM|A

AEUE IMA3L AHUY 22 EFEE A g dte B2 BEo] Ut 7 kst F 7= URL
o] A Ho]E] & 2loj2=urllib.request & W LS FEUH+= smtplib YUY h:

>>> 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', 'Jjcaesarlexample.org',

(THE sl el Aol A%)

10.6. £t 85



https://scipy.org

Python Tutorial, £A| H{™ 3.10.16

(o] A sl o] A ol A AH)

"""To: jcaesar@example.org
From: soothsayer@example.org

Beware the Ides of March.

m n)

>>> server.quit ()

(5 WA of| = localhost o] A ] L A 7} A3 =] 11 Q) of of dhr= A of] F2] 3514 2..)

10.8 <A} AlZt

datetime RE2 G} A 7HE 283t S 2E5S Al&dt= I
A—E}HDP Ixtel A 7E Ak o] A Y= A vk 2] 2 H 2 28 Ty 23S Y3 a&Fo 7 Wy
Z3l= ol A JdF5UtE RES ALY E 185E= AAEE ALt

>>> # dates are easily constructed and formatted
>>> from datetime import date

>>> now = date.today ()

>>> now

datetime.date (2003, 12, 2)

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

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

>>> # dates support calendar arithmetic
>>> pbirthday = date (1964, 7, 31)

>>> age = now - birthday

>>> age.days

14368

10.9 H|O|E| &=

dutAl dolE RA Y & FAES U H 2L EEEC A ALF YT z1ib, gzip, bz2, 1zma,
zipfile,tarfile

>>> import zlib

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

41

>>> t = zlib.compress(s)

>>> len(t)

37

>>> zlib.decompress (t)

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

226805979
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10.10 M5 5

Q8 shold AFEAEL 2L EAo) T8 THE A2 NS AT A A A5 S shepstt de B T
UL ol AL ol A ARFO| ZA B Tt 2 72 AU

& Sof, AL LT AEH N A T4

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

>>> from timeit import Timer

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

0.54962537085770791

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

2FAe] 2o Eglol & AU &N AL AV A Bpol AR HAES AL 208

M 2 A2 Foll A5 AP st APt

doctest EE2 EES ORI ZZ2 O EAEY S UZH HAESS FAAEIE =18 AT

Uth HAE B E7|= 13 522 1 20 A EA2EZH o7 BEAGA] BBV E = 4FC0 R
ALl A oA 8 B Az oA LHAE AL, doctest 25 0] LB AN A 2=}

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

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

mrn

return sum(values) / len(values)

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

unittest 2E-E doctest REWF 42 A2 b AT HE T ZAA H2E AP S B 9d =

el g 5 gl A Atk

import unittest

class TestStatisticalFunctions (unittest.TestCase) :

def test_average(self):

self.assertEqual (average ([20, 30, 70]1), 40.0)
self.assertEqual (round (average([1, 5, 71), 1), 4.3)
with self.assertRaises (ZeroDivisionError) :

average ([])

with self.assertRaises (TypeError) :
average (20, 30, 70)

unittest.main () # Calling from the command line invokes all tests

10.10. 85 &3 87




off
o

7]

r

e

Python Tutorial, £A| H{™ 3.10.16

ElL|ct
S RS S HEEE

[e]
< 7t3 Q)

StE
S

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

email 3 7] A= MIME 2 7] €} RFC 2822 7] v} B A X] & A
ﬂﬂﬂﬂﬂﬂﬁﬁﬂ%W4”ﬂiﬂMﬂEEW¢%t
A7 RAE A P2 (AR L 2 B A 55D e ARG oY 22
E2e 7A] 8 SN £ 4AE AT A5tk
json 71 A& o) 83 & HlolE 28 YL hg5/1 92 FEE AAL AZ T cov
o2 AYH L YER THE g P02 AL

xml.etree.ElementTree, xml.dom ¥ xml.

ol R B3} 571 A5 FA Ao ol i $§ =2

o

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

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

a3}

HA~HE d o] EjH] o] A

e =

e sglite3 2E2 SQLite tl| o] E] ¥l o] 2~
S DR P
= A|8}= gettext, locale, 183l codecs 7| A& £
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cHAPTER 11

HE 2t0|Ee{E| 827 — 287

ol F WA EHEV= AT = Y27 A AYehe 1w RES TR AF U o2 RE
s

2
< 22 2TYHENAE AL AHRHA FFYTh

111 S8 ZolE

reprlib BEX AU ZA SHE AEH oY FE g ol & H8] ALEupo]2H repr () 9
WAE AT o

>>> import reprlib
>>> reprlib.repr (set ('supercalifragilisticexpialidocious'))
ll{lal’ 'C', ldl, 'e', lfl, lgl, ..-}_ll

pprint EEL AEHZFE 7} IS 4 d=ao
BRoA Aol 4 AA ) A7 B R}
t}h:

3 = W ARG AE A RO ARE A4 T AL B
%9 "
HolE 725 ®r} WaksiA veyy

9 <o 2 m e 7L WE S o]0 278k

‘2

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

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

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

Ao

@2 ol 3 v o 5 =W ok

textwrap REL2 HAE 9

>>> import textwrap

>>> doc = """The wrap() method is just like fill() except that it returns
a list of strings instead of one big string with newlines to separate
the wrapped lines."""

>>> print (textwrap.fill (doc, width=40))
The wrap() method is just like fill()

(TH= ST ATl A1)
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except that it returns a list of strings
instead of one big string with newlines
to separate the wrapped lines.

locale R EL &34 EA dlol g ZH 2] ] o] gfnl o] 20 AN 23t} locale 2] format $F4=2] grouping
AEZREL 157 7R 7|32 A Tufg et A F A A S AlFduth

>>> 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 (" ", X, grouping=True)

'1,234,567"

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

'$1,234,567.80"

st EH S 20 dF Yt kA AR A= =

Eulo] =& 4= 9lE Ut

FA2 s b Fas o)A AHAL (G Ak} WE) E TSI A HA R} o] FE A EULE $23E
At A BEAAME EYAE Tl gle]l ARAFFMEE S & 4 JFUTH $$ & 2 B o]~
Aolz & s & w5t

>>> 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.'

supstitute ) MAEE AALAAA GAUAY ANE AA2 A5 A F2 0 KeyBreor &
Qoych WL W A6 $& =aA] A AEAS ABH HoEH} BAAT 5 3o
sate_substitute () WAZA B 2483 5 YUtk HolE7k Fek 8 A9 Aol EAAE WAA

s ok

>>> 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 X B e 2 AL o] FEAE AT 5 YFUth A& S0 /\}21 L] E‘r"Z% = ﬁ ‘J g
ol & uH7] e P EE Al G, ol nA A AL MET EES
A SRS A EE 4 s yth

>>> import time, os.path

>>> photofiles = ['img_1074.7jpg', 'img_ 1076.jpg', 'img_1077.jpg']
>>> class BatchRename (Template) :
delimiter = '%'
>>> fmt = input ('Enter rename style (2d-date %n-segnum —-format) : ")
Enter rename style (%d-date %n-seqnum $f-format): Ashley_%n%f

(Th5 sTeTATol A1)
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>>> t = BatchRename (fmt)

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

>>> for i, filename in enumerate (photofiles):
base, ext = os.path.splitext (filename)
newname = t.substitute (d=date, n=i, f=ext)
print (' ——> '.format (filename, newname))

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

ZY ETOE FE2UF Y FAY AFE AN =27
6‘]'E1XML_1]-O] %H]—E‘“/\E E-—L‘/\‘]B‘(HTML(;JE_E/\‘]OH EH?J_‘?—"_/:

11.3 H}O|L42| C|0|E{| &|ZE HiXx| &=

struct EEL 71 Zo] vlo| g glZE FA o2 ZYF}7] Y3Fpack () Funpack () THE A=
STh 08 Al zipFile RES AL SR 97 ZIP 50l HH AHE 2R WL Holg o,
S 5w g v = 212} 2ol £} 4o 20] BE gl 2AHE LRI T nen 1 EE 2] 0] ¥ A
GE Arielol= £AE 9L ehy Tk

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 ("<IITHH', datal[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

114 C}= AHE

292 A7 F455 A g AP S BEstE Ve gtk Eﬂ = OE Zgo] Wtz oA
A 3= = 5ok F‘-’-Z} ?Jaﬂ% B §8 22 99 S-S et dl /\} g dsUnh AHHE AR
AHlEgE A e A HEE V/0E A3t A-dyh

o2 I = 272 go] A% A3 E 59 14 F threading BEo] IagteT oA ZY S
ol@ A 38 4= 9= HojFUh

import threading, zipfile

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

(Th5 sTeTATol A1)
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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.')

er% 2HE S8 Z2IRY M E ZAF S HolE EE T E A9S %%‘75}% 2 =5 2 A5
AJUth o] = #l3l threading &2 5, o|HlE, 24 W4 D A upz ol S v 23 gL 79 5713 7|1 &

245 AFdych

ole| 8 =P FUSAT, LT A LFE A AR ol FAL AT 5 dEVITh WA,
e 2R g AT H = A PAL Aol F BE N AE T A o] 15471 THE queue
BE2 Aol 81 A so The 2ol 23S ATHE AQUTh 2UE DA D 2P AT
Queue A2 ALESHE S8 =2 WL AASA A, A7) 43, A o] EHU T

115 224

L.

logging REL &A% 75+
Y o|it} sys.stderr 2 B A UTh:

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')

Y e e Ak 8 Uk

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

7]%*423 AE 9 oW A HA A &= A A 2 EFAHE ZUWF YL o2 &9 gAdl+&
7“} H g, vlole 23, 27 == HTTP AW E 53 vA1 A gh9d o] 2 Utk A2 ZE &= WA A

<=9 °ﬂ we} o2 g2 g9 A el e 4 914Ut DEBUG, INFO, WARNING, ERROR , ZL2] 1 CRITICAL.
E%l A ~EL stolHo A A A AY, 8§ T2 2WS HATIA G AHEAF ALY 2742 96
AR ERAE = e A 74 JJr°‘ NH 2= &
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AV A Bel (R E AN AT B2 A4 2 D ELEAAR AL A )

{}Qﬁ{% EH‘FTE 5o — L= = gul = ]vJ-ﬂ A}é%5q1_ %;g}oﬂq}:ﬂ
A FAsFE A7 JFUth EFsHAE, @A 2A5S 74 '}% Ao T 55 JTFASE
BEE F2E UEUTH weakref RELS FZRE UWEA G AAE FHT S e =T EATEUS

AL B2 3 2o 8 weskeel ol @01 4 AN} A5 0% A7) 0 weakret A2 AT F
E2 AP h A8 Q) g-gol i HEL ol W go] o) =

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

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

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

d['primary'] # entry was automatically removed

File "C:/python310/1lib/weakref.py", line 46, in _ getitem_
o = self.datalkey] ()
KeyError: 'primary'

11.7 2[AE &Y =3

array 25 array () AAE
A%t g AE 9 TEyh EP% lXﬂL JJrOW int 7“211«1 I g ~E 0 Fe AT FET
A& Sk Al el 28ke] EO] BT gl o)X A (P ZE "H" E AFH A d S HolsYth
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>>> from array import array

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

26932

>>> all:3]

array ('H', [10, 7001)

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

>>> from collections import deque

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

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

11.6.
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unsearched = deque ([starting_node])
def breadth_first_search (unsearched) :
node = unsearched.popleft ()
for m in gen_moves (node) :
if is_goal (m):
return m
unsearched. append (m)

HoHd el aE 78 Sol = ol el AUE Y AES 24HE P4E0] It bisect RED L
£ =72 ATYYh

>>> import bisect

>>> scores = [(100, 'perl'), (200, 'tcl'), (400, 'lua'), (500, 'python')]
>>> bisect.insort (scores, (300, 'ruby'))

>>> scores

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

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

>>> from heapq import heapify, heappop, heappush

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

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

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

11.8 10% 25 A A=

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

°
=] =
« AT 10704 2ol 2} FH & LB EE,
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N
rlo
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b Xélij:l};—'_ Z‘“O—L
WA EE A 27 S 5 wed Ao,
CREAEA EE

o) Eof, 0AE A3 270 3l 5% A G AN, 47 $F A5 L o7 $F A5 P e
437k ek th 4318 71 ke =R W s Aol k= ¢ o

>>> from decimal import *

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

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

0.73

Decimal A Eol 02 FASY, T Y §AEAE 1 9S4 2 58 v Aele §AEAE
A% 0% %2 YU th Decimal & £ 0.2 8 £33 A AL o] A $5 A5 ol A4 T AF5 29
g5 g2 BT 5 dE BAE S

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

>>> 1.00 % 0.10

0.09999999999999995

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

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

False

decimal EE2 I8 g9 AUERE 2&S AT Uh

>>> getcontext () .prec = 36
>>> Decimal (1) / Decimal (7)
Decimal ('0.142857142857142857142857142857142857")
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7t etd 2 o7 x|

gto] W S8 ZRIWL FTF R ol Hel g9 AR ZE AFH A o= W7 A RES AT U &
Z2 P 54 MR golrye7t 22T 5 e, §8& 22 EF Mt H W] 2
L3AL, glol By gl QE | o]0 A WA ANt S8 22 WS AT 5 Q7] wE gy h
S, 3t stol Al A7t RE S8 ZR2 WY Q7 AFGS FFAI7E= Ao B8 & dHFUTh
SE ZE2IOP AN S5 RES WA 1.00] BRFAT & 2213 Bl ¥ 200 2T A, &F
Abeo] &8k, WA 1.0 =202 A 259

I
%
oo
ofo
[kl
fu
[
i)
rlo
>
o
2 mgl_g
+
zo,
=,
it
<
_Q‘ [

M43 ALE UET FE o= U AFREE EE L venv B U T venv = HE o2 Bo] A ST 4
2 2 A ¥ e Fhol A g A FUTE AlxElo of 2] W o] Fro] o] gl H$, python3 B Adhe
WAL Adetel 54 shold mAL AEe 5 gt

M #AE e, dsts YUY H e E 245, venv RES 2P ER A=t HHEH A=
2 WuY AAE Ak

python -m venv tutorial-env

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

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

8RS wEY e, Hg 8

L o] o =
A& 2

i

rid
o
gt

&9}

et

% gl yth
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A= 90 4] ol A Atk

’tutorialfenv\Scripts\activate.bat

Unix F+= MacOSol| A o] A A g3t}

’source tutorial-env/bin/activate

(o] 23 Y ELDbash AL A3l ZAHH AL E cshEE fish A2 AL5= A L=, Al activate.
csh @} activate.fish 23 HEE A& oF gt}

7V gl’ﬁ A3}, Ao ZEDETF AT AL S M S B, A S A5
python & AB5A 574 WA shol o] AR £ 2 ek o 5

$ 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/1lib/python3.5/site-packages"']
>>>

12.3 pip £ {7 |X| &t2|5}7]

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

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

71 7] o] F& A st A WAL sh7|AE HAE 5 dsuth

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

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

Running setup.py install for novas
Successfully installed novas—-3.1.1.3

H 7)1 A] o] F Foll == A HA WZE 2o SA WAL H7AELAT +& YFUth

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

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

ol He A A8, pip = 2T WA o] ojn] A FH o] Y55 &L, oFF AL 8HA YU
gE A HEE ]ﬂ A 2 WAL @AY pip install --upgrade & AP slo] I 7| A= 4
WHHew gadel=gd 4+ Jsuch

(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
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pip uninstall t}go] sh} o] 4ke) 7] 4] o] Eo] 2 ™ 714k oA #7127} Al A ).
pip show 74 57|20l that FRE BAFU T

(tutorial-env) $ 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:

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

numpy (1.9.2)

pip (7.0.3)

requests (2.7.0)
setuptools (16.0)

pip freeze £ AAH M7 A\ W L3 ZEL WEA T, pip install o] 7|Tishe B4 ALY

of. dubAQl F H 2 o] H52 requirements. txt ¥do] Y= AYYth:

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

requirements.txt = WA Alojo] ABlH o] 3 & 22a R T AlFE ¢ A5 AHEAE
install -r 2 R E aqﬂﬂwﬂﬂ A AAE 5 dsYTh

(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

o+t B2 340 dFYTh pip of o gk &7 3 FA]+= installing-index X 3 S

= ZraskA 8. s 7] A
E R4S uf o] A 7] 2] Mo A AFLE 4 91 A 3} ¥, distributing-index A S Z31

SHA 8.
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cHAPTER 13

O|AM & 5kX|?

o) A5 M E 9

o] g A 8521
o] ZpH A= Thol o] BA AES] &
o library-index:
EE gpolHe g 9,

o] A ‘33/\1 = F/]-/\Ha-H o]: UH/]D]—

g S ¢aL, HITPS
Z g2 W8 ZAE T, o o] 1%
H@od

SEEELEP D

= =
2EE

« installing-index = t}& u}o] A A2}

o reference-index: I}o] W o] F 1 3} o] u] o
A FWAM A & T

71 e} sfol A&

o4 obukE sl 1 AL§of Tt
Qesfof Fuick. o w9el

o] ol e AUt — AR BAE o 2517 9
ol Tl 2 Zho} A7

dEAUTH Al ES the EAE v 25 yth

W B Eo e ST (1] 2 dusl A wh oW A 8B AFIhE
E% shol W W E ol & 27} L=} ol Z¢H o] AT f
S8 BAE AAe T, b4 E BET, 999 §42 7451, CCl
FE51L, 718 Be AL Sas mEol AUt ol nee
A &4 dayrh

AR 27 RES AR s i e AT

e A EE . 7)ol REkag A B, Qo] AR ol o &

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

https://docs.python.org: 0] % 2]

§) = AHE A} A5 3ol
=S o] /o] LES 55

=

_gulo

= T

AA, H 2 &

https://pypi.org: o] Z o]l X]= 7} A] (Cheese Shop) 2= &

A Aol w2 A AT 4 % T
8! ol A 97 A) AE A e 4
W Eg AAdPUth Z=E wjx317] A &sHE thE At sl 3
=% 4 it
https://code.activestate.com/recipes/langs/ python/ s}o] 4 @ 2] A (Python Cookbook) & B2 F &
|3 A3 HE B2 YUYt} E3] FE VS F 3 E 2 Python Cookbook (O

Reilly & Associates, ISBN 0-596-00797-3) o] 2= Al EA Aof BTt

LR EEERRE
Solm #el A% W EA B

list@python.org o] WY H B|2EZ H Y 4

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

https://scipy.org: Scientific Python Z 2 A E of| = w2 A & A4 H 228 3t REE A3 o<,
2~ =]
_é_tﬂ » 14—'T' _"':‘L—

B BA S5 7S o 7}%] Jﬂ7]x] o] 2g= o] glFYth

2~ 1% comp.lang.python ° A Al S} A Y python-
ALULh FA 283 WAy g AEE AolEg oz o

o
7gT)

! “Cheese Shop”
=3

£ Monty Python2] 27| 2] 9 Ut}

M A
7o) A= o] SR, B A =7} Foleld, A9 ok g
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250l 9enz shiel ANE WAAE AEL2 e IF o2 AL T HF 5 A ANE
o STE U B, ARol HHHL, AR L /5L AN, A2 LES TG, 92
2|2 E A4+ https://mail.python.org/pipermail/ | 9 PISSABE=Y

AN Aol A5 et AEE FAQEILE Srh 552 3ldof Yk FAQE WA o2 e}
e e ARl B3 B AlF s, o) u] ol o] RAlo] thE oA e du AL+ AU
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cHAPTER 14

o
ol
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I
Ikl
I

o
ol
>
H
il
ﬂ
o

il

A sho] A Qe Z ] M2 Korn 4 H GNU Bash A of] 9l 7|53 FAH] @A) 918 & AF ¥ 3
2E 2 2SS AAPUL o] E‘r"kd/\E}"‘J RS A Q8= GNU Readline ﬂolﬁﬂﬂ% A}-g-5}o]
FAH U o] gholB e goll& AHA| A7} AL, of 7] ol A R SR = FE U T

Aol g o] 5o &2 AHZYH A F A A5 or %}*@}HOW Tab 7|7} &8 7152 =&Y
oh ghol W W E o, @A A A R AR Ve EE olFe AH U string.a B2 How
TEEH 2d49 47, TS AT '.'77}%1 *h= %L?S}DP% A3 AA 2 ERRER &S AlH
dUrth __getattr_ () MIMEE 7 AAZL @40 AR W & 22 a0 R I=S AP
22 9) o o) ok st} 7|2 AAHL AFg A e E glof .python_history 2le 2 3| AEHE
AUt o= t3tg JHZ 2 AldolA slaEeE oA AFEE 5 s T

o 7% £ ol A WA Qe el Eo] wlas) QA AU Th ek B AHA 8% Alakel el 1%
ok oo Ak Eel A A A% Eol27] 7 AFATIA £2 AAUTh A S Theo] Sela] 2ol
2297 Q0 YHUD. A8 MAUZL Aeme b 42 Ho| B AT 5 A5 UTh WA &
35, 488 52 A (EE AW U= 38T AYU )

3 9 A5 S AMED hehY Qe Z el el [Python S1el, 9 4, AA B4 L 07§25 B
5 e AFL AT £ A ALH vl 24 BE §8 Z2 Yol WFE F AFT
W29 5 ThE AH A8 thal g $72 bpython AU T
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cHAPTER 15

B A s 2X4E 2 o

RE a5 SAH AFE FHEA A W (base) ©] 2 (0] Q) A5 2 F@F U o] B Fof, &5

’O 001
=32H02+0/4+1/8 7FAULE o] F A= 22 e A M, L3 Aol B A WA 7 2ol 102
= ol 2gt= AYYrth

1A
_1ru
_0|L
Ir
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4z
ofr
B
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N
Sl
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>4
fu
N
X
=2
2
o
o) i)

’O 333

55, obRe B2 AUSE Aol E Ask AR 130 B 5+ YA, B © 130 7 SAA
]

e ga 0w, ol el e A5 £AE AFHE, AAF01L oA 252 JHHA £AY 5
glgiTh o Aol A, /102 783 v = 25qut

0.0001100110011001100110011001100110011001100110011...

ol
ol
R
fm

r

T HEE, 23S A FUth L5 UEE 71 A YA, floate o] A B2 ZAE =
EZRE AIZSHE 53U EE ZAE AFSSA, 29 AFAlF T8 2 EE AU 1/10
o] 2 B4=3602879701896397 / 2 ** 55 Qld], AA Zk1/1033 ALY ZA gk A s A=

o}

52 10 & o
> 0N
1 ox F
do
R

°
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{

B A8 A gro] EAIE & B4 wiEol 2AE A48 I Th ol Ae A A 6] AE o) 2t
2kl AR 4120 groll ek 41 2 gk A4S WU T TR E 7)Ao A, whek she]de] 0.1 % A 4
o] Takzkel AR 414 ke Z 9 Bha e o] EAI8oF P o)

s

>>> 0.1
0.1000000000000000055511151231257827021181583404541015625

1AL B8 Agkel §83Thn AAThe ATt e SAel B, St e We YA e HlAl £
aol 242 BERaA BEUD

>> 1 / 10

0.1

A4 E AT S 17109 AAY B, A A8 g M ke B A5 ol A5 IS
ZEEZES

THEAE AF ANE Z2A oI 25 E FfHAGFE A48 o & A
A4 7 92y rh o & Lo, 0.1 ¥ 0.10000000000000001 % 0.
1000000000000000055511151231257827021181583404541015625 = LSRR
3602879701896397 / 2 ** 55 . A E YT o] AX el BF L e 5
ool eval (repr(x)) == x ™S INE FAHA 215 '<5Pb‘r‘:" EAE 5 UTh

AAA oz, stolH ZEZEQL YA repr () T4E 58 217719 24191 0.10000000000000001

& AEgth ohol M 315, o] A Sho] A (Y RE A AFH) o] 1 HES AL

3] 0.1 RFEAIFY L
=N

2
)
]
>
X0,
|o
=

o] Zlo] o] W HF 24 o A Yo FESA L 5Jr°l“44 W= ofym, o g 7o F=of JE=WIs
obULh FEslole] BE 45 AeL A NG BE dojo] A 2o 2R AL B 5 JsUch(AY
Aoj N BALR 5L BE 8 REo|A Aol 8 EASA e JATH
=9 BEaee A9E dody, 4G 2L A8 s AR 20 FE 242 LT 5 AFY
t}:
>>> format (math.pi, '.12g'") # give 12 significant digits
'3.14159265359"
>>> format (math.pi, '.2f") # give 2 digits after the point
'3.14"
>>> repr (math.pi)
'3.141592653589793"
o, A% Sulo A, FFU= ME= Aol F2FUTh: o2 I<d] IR 71 A 24 &

O S d= 7 A5yt A& £01,0.1-& A 3] 1/100] op B2, 0.1 A 74 E 33
O .

NEEE
>> 1 + .1 + .1 == .3
False
3, 0.1:2 1/109) B3 ol o 7171911 £ 92,035 3/109) B2k ol o AR 5 gonz,
round () & & 1] g HJ Hote 22 =50 FHA gsUth
>>> round (.1, 1) + round(.1, 1) + round(.1l, 1) == round(.3, 1)
False

FAE A =3 A& gholl o 7HAA e e AR round () @ AFE REE O -85Ho] 74
T E= R AAE M2 a5 A F Tk

ol

>>> round(.1 + .1 + .1, 10) == round (.3, 10)
True

106 Chapter 15. 28 A3 Lh=: EME &

re
-




Python Tutorial, £A| B{H 3.10.16

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 The Perils of Floating Point for a more complete account of other
common surprises.

2ol /i7tol 28 oksol "8 G G ol 15 28 ALE AUAA AAT A2 O
2 d

CH o] # float A AL9] O 2] 5 2o BH= 9 o] o K] AH B 7 o] 11, T 7] A ol A AL
2912 9 e FRAAUL. AL L Aol ] D28 2 014 YT el A AR A

P

obym B £ float Aol 22 WHS | ol 7 S %li}% A WA oF FU T

el shy F-e 7t 2R3 A g £ A8 5 A, A S AR S H R RS, ] 5 2AE 7 dEke
AR S U A ZASHE 7k 235 RA 2 AJdUh HE str() e g ® FEEH, ¢
M 2 3} A Al o] 5l WA formatstrings 9| A str.format () HAE=Q] Wl A AAE HA L.

A AR o] RS AR ALY A, A S 220 L 1Y S8 =23 A3 AR
A8 THIE decimal BRES AFL I HA L.

e s E o JHl= FE s E VWMo E AeS T8 fractions REO o Al dg Uttt

(WA 135 22 A A 8e7) e 4 o),

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>.

Sol 42 of 2] o] float®] A AT & AAZ Lofo} i EF JSE ANT 4 Y ETEE AR
Ut} float.as_integer_ratio() WA EEfloatd S E42 T3S}

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

Hl&-& A3 ghol 7] 2ol A 2 £A glo] A vrEE U AR & JFYth

>>> x == 3537115888337719 / 1125899906842624
True
float.hex () WA E=floatE 1634 (B o] 160]th 2 & st=], AFE o AgH 4 &3 ghe FUth

>>> x.hex ()
'0x1.921£9£f01b866ep+1"

o] F&3t 164 £H 2 float Fhs F A A 743 dl AHEE 4= HFYTh
>>> x == float.fromhex ('0x1.921f9f01b866ep+1")
True

T oE F83 EFE=math. fsum() FF YUt o] & 3} ) el
T ol A A ol 8 RAE S 2 AT, A5 BAN ATE S A7
TR 2] gFoba] AAN A A Eof xpo] & W 5 F Yt

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

False

>>> math.fsum([0.1] * 10) == 1.0
True
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151 B8 2@F

o M Ao A= 0.1 o) A S A1 5| AW 51, o] & g Ael ofl That A 2k 4
e HolFUTh oA B35 454 T e /1% A4 ol gleka /g

B8 23 (Representation error) = AF (AAZE, R ) A X 42471 o] A (L 2) a2 AESA 23
2 9gE=E AR S YyeERE U o] A o] oA (2= FH, C, C++, AHHE T ET Y Vel o 7] A of)o] £F
o o] 7|t A A A& BASHA] &= T4 o] F Yt

o) 2E 712 1/10 o]XJ A2 A 2T 5 gyt 25 (2000 119) AL BE 7] A= IEEE-
754 5 A4 2beS AR, Ao BE S EL 1}o] 4 floatE IEEE-754 “ull 4 W =7 of] wj) 3 g T
754 AU E = 53H]E«] AE =7 235 o] 9loj A, ¢

2 A AFEE 012 J25N Gl o] 18 178
E

B42 Wae e AT o} 714 J & A g TP 42 Ytk

Jk‘l
o
W
R

’1 /10 ~= J / (2%*N)
=

=

’J ~= 2**N / 10

B OA 230, J7F AES 53 H|E (>= 2**52 o] AWk < 2**53 JUrth IS 13}
Sy o

EE
=
Lo
i)
2~
2
rlo
[}
(@)}

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

rlo

2,562 /7t AR BUEAHES BN FA FAUT T 5B % F AT FS A
WS Rk

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

U7k 109) ARt a8 g, 43 ke 2% 28 dA 2ol Ayt

>>> g+l
7205759403792794

webA 754 AL E 2 1710 o 74 A7ke 2age theT 2otk

’7205759403792794 / 2 ** 56

BAe} ERE ER U w ohe ) o] SR F Tk

’3602879701896397 / 2 ** 55

2d& 7 w2l o] AL AA R 1710 B} ot Ak Aol o shAl 8 W& Jrkd, Fol 1/10 By
2t Zol & A %ME}. Tt o Afol= F&eA 1/10Y & 5y

whebA] AFEE AR V10S “EA” XUt B 5 Je A2 HolA Fold A& 24, L+ Ue
F A2 754 vl é“a‘ 25t d Uk

>>> 0.1 * 2 ** 55
3602879701896397.0

B ool 1044558 F5PE, 55709) AR 541 2 4 9l

fy

Yt

>>> 3602879701896397 * 10 ** 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625
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ol= AFE o AZHE A &3t =27} 44 R4+ 0.1000000000000000055511151231257827021181583404541015625
o 252 ool gtk A7 A e A 4, WL Aol (el A Wl Thol W P AAE 17
Al FRESAZ WS Tk

>>> format (0.1, '.17f")
'0.10000000000000001"

fractions 2} decimal RE2 o] A4S H7 w5y}

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

>>> Fraction.from_ float (0.1)
Fraction (3602879701896397, 36028797018963968)

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

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

>>> format (Decimal.from_float (0.1), '.17")
'0.10000000000000001"
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cHAPTER 16

i
J

16.1 CHEl 2=

16.1.1 oll2] &2

o2 7k Ay shE ez e el o2 HA X9k A8 Ed o]
:EzegEo}ﬂqr/} dJdz2HE JHo)
EFYTE (try wollA except Aol &3} *

CEEET PIE

g A% % 0] bl £5 AE] =

2= & o2& o] FHA ol 2] 7} obdth) A7 oflEl =
2222940 00] obd 33 A48l FRE FUTUT o AL YR $AAG el PFo2 AT
AFo AL Uttt REANY HAA = ZE ole] 2EH 7| SH YT AgE 3P %

<o 129 ),

NEEEHZ ZETEN AEHE A} (YHHE S 2 Control-C TEE Delete)E Y3 48

Haspn /)R ZEEE 2 BolhUth Waolst AT B AH =S AHY try Fol

] 8]9 4 9= KeyboardInterrupt o 7} WA g o}

L
i

>

2
.-
)
=1
£
ﬂ

0.u.4
o
o
oX 4
e 1f
1%
rlo
Bl o
N r

O
Sl o

#!/usr/bin/env python3.5

(B 2] B 7} AL path o YTha AT o) & 23 HEe] A2 HEo] Y 3] A3 75
o A o] A WA o] FY2

BEES U 41 & WEA D9 S F Exjelop FUTh A8 E
~EAY £ FE (\n)E B, AES FFE( \r\n )& FY
EE S, B b & 2AS RS AgE U

~AYEL chnod 3 Y& A8 3o A /b5 @ BE, mE AW, Fol g 5 gtk

$ chmod +x myscript.py

AL 2PN 49 745 BE et Ado] ggUth stold A4 Z2I9e py 39S
python.exesh 4502 ddstel sold Hdg o5 Fusd 2agEe AT, FP
pyw A 5% U o] 4%, QAo vehbe £ 32 454 g5UTh

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

o] 5t e thELY A A AT 3B, sl Mo] LAY FHL 9L WLk, /dev/tey 7 H
WAA 2229 A9 (N8 AR D SR ol A S5 Th UEE Welo] AWE s 2L o2
Fel A ARH B, o] 3o B AL AEE S ANEL thahy Aol A 735 ke
JE0E AHET 5 vtk o] BhUol A sys.pst W sys.ps2 ZEZES WA FE YUk

A7 DA ol 27 A HLe doedw, Aol A% ol A if os.path.isfilel(’.

pythonrc.py') : exec (open('.pythonrc.py') .read()) & T2 FEEALGHA =218
T AFUT 2T HEANA A Z 31L& A3 E AT HE A PA|H o2 3] oF g th

import os
filename = os.environ.get ('PYTHONSTARTUP'")
if filename and os.path.isfile(filename) :
with open(filename) as fobj:
startup_file = fobj.read()
exec (startup_file)

16.1.4 HAE{OIO|N|O|M 2 &

gto] M2 A2 o] =28 4 Qe F 7R FE A5 FUt): sitecustomize 2} usercustomize. ¢
WA 253t B H, WA of 2] 7 9] AR A} site-packages T] & E] 2] 2] 9] x| & Zrolok T} nfol M-S
AAea g e g o

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

olAl 2 Bl & B g ol usercustomize.py gk °] 59 LS WL A= AES ¥ T US
s JEEE W BABSE -s FALE A ASHA G T o] L2 RE ol APl IFE F

&El?;
sitecustomize & Z-2 WA 072 Zg oA vk A¥bA 0 2 A o site-packages U 2 E 2] of] ¥ &7}
7} W5 11, usercustomize Ao AZEHUTH AP Y &2 site ZES YA E HA L.
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APPENDIX A

0[0
<
bl

0271 ZE BF ZEE YT, HS o] FE FEA(ZE, HEE, 22 ol
FEE AHT o, bz olE A 5] thely Ao 7] & vfo] M ZEZE.

2to3 F}o|M 2x TEZ Flo] A 3. 2
EE JANA ZATE = = dFEY S vyt
2to3 & £ gtol By oA 1ib2to3 B AlFPULH SHEHZ AYT £ = 2THEE
Tools/scripts/2to3 & A& F Ut} 2to3-reference & X A K.

abstract base class (=4 #lo] X ZE|A) S Wo|x At hasattr () T2 TEHIAYEo £}
AU v BEA ZXH (& 50, A wAE) B9, A o]~ E Ho ot W2 AT T2EHN
g Elol g & B4t ABCE 7 A E 228 E3ted, 282 & AS3HA oA
% isinstance () 2 issubclass () o &3] ZAE 5 Y= FHA2EY YT abe ZE A YA
£ HAS. stoldle= B2 WHABC E¢] wete=d tha3 22 250 dFUth A5 2
(collections.abc EEA]), A (humbers BEEA]), 2EE (1o EEA]), YT E 3}l 2}
2 (importlib.abc REA]). abc EES AFL3] A AHAIUFY] ABCE WS 45 95Ut

annotation (o] ’=¥|o] ) &0l wef &) SIE 2 ARGH = W, S JERE B g v
U kg 2k A 49 gol E gyt
A1 A9 o] mH o] A2 A S A Zhol] AMATE S QAR A HE, Fefas S E

b =
HolAL2 27 &, 32, 42 __annotations__ S o]ER|HE AZF Utk

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

argument (Q12}) -2 T2 0 g (B MM E) 2 ABH = & F 79 dA7 d5Uth

« 7199= AR} (keyword argument): S5+ T5 wff A AF7} SFoll 22 AR} (] & 01, name=) =
xx Zokol 29 92 ALE & A & o, thg % 22 complex ()
5% BT 719 AR Y Ytk

=

o

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

113


https://www.python.org/dev/peps/pep-0484
https://www.python.org/dev/peps/pep-0526

Python Tutorial, £A| H{™ 3.10.16

o A A AR} (positional argument): 7| ¥ E A A7} o} d QAL
U A ol B2 & 9 el * & 2o AT 5 sy Th
5= 2F A ARG YT

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

Ak ol el AR5 = 1 F Sl el A< calls

AA b= T vir] 9] o] 5 B2 Ao Hol of
3 Pl

g wA2. BYHOE, ol A0 AR ALE 5 A5Uth o1 grol Ao WMol
==
Loj A9 v 7 ¥l 2T FAQ A2 QA A9} v 7] W4 2] x}bo] 2} PEP 3625 H A S

asynchronous context manager (V] = 7] ZE A€ #A2]2}) _ aenter_ () &_ aexit_ () HAEEH

)
O ZH async with oA Kol 35 Ao st AA|. PEP 4922 = 9= 5T
asynchronous generator (¥]5-7] AU #o|¥]) v|-5 7] Al o] E o] ol & EHF+

def 2 B+ A 7Y T HoleH, async for F27F AT 5 &= 49 == 7

Etyield 84S 233tth= Ao YT

HE ulE7] Avdele &4 771 A% oW WA= vlE 7] AlYdolE olE e olE &

ZH AU th o 2ot ou| 7t BEehA] ¢S A, G GAENA RETS YT

v 5 7] Al dlolE &4+= await EAA async for 3} asyne with ¥ 238 4+ I5

[Sh=

asynchronous generator iterator (H]% 7] AU & o] €] o]e]do]€]) H]E 7] Al d o] g &7} dte

B 7] ol El e ol Al _anext_ () & 5&3H olslolEE AR E SHFT, o] AL L
yield R4 712 0] 57] Al el ol 8 &9 ujr] & As g,

Ztyielde SAIH L2 H2l& Fdstal, 2 A2 A HasH 7] S uy-w5
AP A S 7193 h vlE 7] AlF ol olBldle]E 7} __anext () 7t EHF
olglolHERE AN H, Wt o7 Bt} PEP 4922} PEP 5255 H A 2.

asynchronous iterable (8] 5 7] o8] 2] &) async for EoA A2 4 = AA. _ aiter_ () A
=57 olHd ol & 8o Utk PEP 492 2 = Y= 5T

asynchronous iterator (8] 5-7] o]E]#|o|E]) _ aiter_ () & _ anext_ () WA EE T3 3t= AA.
__anext__ = o olHE AAE E8FoF Tt} async forE StopAsyncIteration o9
7F AT w742 v E 7] o]H# o] E]8] __anext_ () HINEV EHFE A olHES FUTH
PEP 4922 =5 5 th

attribute (6] E 2] E) A value associated with an object which is usually referenced by name using dotted ex-
pressions. For example, if an object o has an attribute a it would be referenced as o.a.

o M

rlr o

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

awaitable (o] 9] o|E]1 &) await @A AFR S 5 Y= AR ZFE o]y __await () HIAEE 7H
AA7FE 4 Q<5 U T PEP 4925 H A 2.

BDFL A}8] 22 £ 41 = 2] A} (Benevolent Dictator For Life), < Guido van Rossum, 3} o] % 2] ZA] =},

binary file (9}o] 2] B}el) Hlo] E G F A A S-S 91 & 4 9l 5kl A4, upo 1] e o 2 upo]
HE E= ("rb', 'wb' X 'rb+') 2 €8 3}Y, sys.stdin.buffer, sys.stdout .buffer,
io.BytesIO @ gzip.GzipFile & QAA2EHAE & 4 5 Yh
str AAE 912 4 Qt Y AR hAA L 2= 51 = BaA L.

borrowed reference In Python’ s C API, a borrowed reference is a reference to an object, where the code using the

object does not own the reference. It becomes a dangling pointer if the object is destroyed. For example, a
garbage collection can remove the last strong reference to the object and so destroy it.
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Calling Py_ INCREF () on the borrowed reference is recommended to convert it to a strong reference in-
place, except when the object cannot be destroyed before the last usage of the borrowed reference. The
Py_NewRef () function can be used to create a new strong reference.

bytes-like object (B} o] E 5 A A)]) bufferobjects S A P31 C-A< HHE 2T E & 4 dHYtTh
2] F% memoryview AAEL EE0]1 bytes, bytearray, array.array AAEL
th vlol EL { A 52 vtol v ] Hl o] H & thF & of 2] 7HA] A4kl AHEE 5
Wl st e A7, £ S B8 A% 2o Aol A&
A AAEL ko2l HolEt AW AL LR} Auieh o] d Aol ARAL EF 591
27l vpol EAF{ AR et A FYTE 7HA W H A Y o £+ bytearray $Fbytearray 9
nemoryview 7} 5 th OFE AAEL wpolviel Hlo|El 7 £ A7 (“9)7] A& hoE AT
AA) Nl AFHA =S 7T ol A5 o Z+ bytes$ bytes AR Y memoryview 7h
AESIES

bytecode (H}o]|E T &) vlo|W 22 FT=1Hlo|E F =7 75} YE =1, CPython ¢l E] & 2] E] o] A] 5}o] A
ZRIH YR 2HJUTE Hlo|E I =+ .pyc 3t A FHof, 2L LS F AR AW of
o EepA] A TR U TH (A 2o vl E I ER O AH LS FT 5 AFUTH. o] “F3F Aol =
Z-utol E I T o th gk 71 AE Aot M 717 ol A Ay E ki B th blolE I ==
A &2 ohE Ttol A ZHE 71 Al el A A A2 7t ek A =, ho] A w2 Thol| QFA A o] A = otk
Zlol & 35) oF .

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

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

callable (argumentl, argument2, ...)

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

callback (Z1) AAZ HALH = v oj= Al G A AP A B FH =,
dass (FH2) AEAL A2 AAse 7] AR FH. 2R A= HE 2
2 dAztete viAE FosS 2t YTh

220f| A 2

=
class variable (Z2] A~ W) =)

|4 Aol 1 ZEs 2 (5, FH 2 Aad 2o A7) ok e} o

A A= WS

coercion (Z o] 4) 22 o] F AAE st Aato] dojub= S S Fo A2rHAEHEFPO R
SAH g Meets A o€ S0, int (3.15) £ AFE A 302 WS shA|uh 344.5
oA, Z A= thE @ o] AL (b int, THE S float), &< T 3H7] Mol 22 3 o= W Es| of
Futh 28 A koW TypeErrorg 4o Uth oA glol+, T8H = JEXAE 220
M7E 2 P o At Fol ok FuTh o & o, 11 3+4.5 3= Al float (3) +4.5

complex number (544) 53 A4 AlAF ] A, BRE A7 A4 R sjafo or Y
AUt R E Ao &5 DA (1 AFDE F AU, TF TN 18, FTolA =
T2 B71F Utk stol M T BIVHE 28 BAFE 7[R AP A FEE § FuAE
BoA 27)1FUTH A& 9], 3+15. math BES] BA4 MHo] Q3 H, cmath g AHS Y Th
EA25 &R H F 2254 7 dUnh 2ot w71 A XS, A FA s FA
e EFUTH

context manager (AEAE #2|A) __enter_ () & __exit_ () MINEE YT 22 M with &
A Hole 374 L Alojet= A PEP 34320 2 T 95 95 Yth

context variable (AR A E W) A¥AEd w2 S 713 4= = W, o= Z4 Ay 2~ =7}
Ao tisf o2 7S M = e 2 E-2E AFad v Uch 2y, AYAE BSE
T, st A Ao oY AYAETL QS Folow AYAE Ao £ 5 FAA

= AJUTh contextvarsE FRIAHA L.

I

H|Z 7] gl A M2 248

contiguous (<) ¥y = &3] C
gt o AAYL G v HE C-ALoHA 2ES A5 YUt A w Dol A, 3
A ZO A3k, 001 A Al &els LEAFE AP 29 A TR W B 2o v X5 of of 3hu o} thA}d
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C-QA% W ol A, T m 2] F 40 AR FEES HES u) kAo el a7 g e Wk o
A, EE S A% Dol A, 3 A Qe 2t by e A g

22l ¢ gutstdE el dyth A2 FHL 3 A" A I Ysta o=
AZo A g2yt IFEL I g2 A ZoA AYstar, &3k, ANE 5 A5y o] A

S8 async def 202 33T 4 95Ut PEP 4928 H AL
coroutine function (T F¢ ¢+4) T8 AA & ST 5. TFH g4+ async def 722 F 9
H 4 93, await 2 async forQtasync with 7|9 =S £33 4 &5 U th o] AE L PEP

s w} g0} “CPython” o] AL£-3 U] o
decorator (| Z#|o]¥]) T} & F+E = g, 25 @urapper S AMSSH g HE o R
ALFAYth v ZH o) £3F o= classmethod () I staticmethod () YT}

s ol e B BA A B Y YU TS F T4 A E v oz TSPk

def f (arqg):

staticmethod (f)

£

@staticmethod
def f (arg):

descriptor (] HE]) WA= __get_ () oJy}_set_ () o]y __delete_ () & H3I+= A
ZH 2 oEREMHaagdHd ul, o EYRE 23| &= S A2 FES dofyn B,
abE JAY, 2AU, AA e AR, 0] Sl YA b AL o] 5 B9 AAE
Utk AN b7 gaagEHE, sigels tdaa gy WAE 7 sE29 Utk A3 gHE
ol&f| 5= AL stol Mol tf &+ AL o]af| o] A, T, HIAE, Z2HE, FH A wAE, 28 E
YA, ¢35 Fea ZR 52 B 7|59 72E o7 Y7 Wl E I YTk

t2aHe o =S of 3t 24| 3F W &2 descriptors U T] 2 3 E] AF&H oFU A o] Y31 T}

dictionary (54 2]) 429 71E gholl tdl-3A1 7]+ A& vl & (associative array). 7]+= __hash__ () <}
_eq () MINEEZERE QA E 5 AdFUh BolA siA g RE YT

dictionary comprehension (5] A U2] A =23l A) ol Eof = 24 AAY X E Aty 23S
g U el & vddslE 7FA38 W, results = {n: n ** 2 for n in range(10)}<
fhn xx 20 Migd 7] ng 23t 9 U2 E 44 FU T comprehensions & FZ25HAAl 2.

dictionary view (5 A 2] H) dict.keys(),dict.values(),dict.items () WA E7}I E8F+= 2
AES Y9AYe Fetr RE5Uth o] 252 gAY 50 gt 54 A {F& AlFst=dl, 9A
Qelsh WA 0, 37 o WahE M arke EUD. AU HE B A2t e
list (dictview) & AF&3H H Ul dict-views S H A 2.

docstring (5 AE5) 22, 54, BEolA 3 94 EAA 02 Y 24 E D, A9 =7} A4
2 o= FAIE AR Aot ol o 1A FH o] R ZE s, T, BES __doc_ JEIRHEER
AR A= AMAL Fo) 8T 5 Aon g, AA] AWAE AT FUAL FL I

duck-typing (Y] €}0]g) ZulE AHH o)A E MR =R Adetc AAY B BA e 22T
28 Al s HAE U o EYREVF SESH AU AR EUTH(“LE A H Kol Qe A Y
AAYTH, 242 22th”) 545 iAol AHF o] AE FRFo RN, Z HAAH T =+ THY

9A 2SS T o 2N FALS MAE 5 A5 UTh 9 EFo] B2 type () ©] Ut isinstance ()
A )

pul

i
d

>,

]

ek

l
Z_'

2 33 AAE S FUTh (AR, © Bhol B o] T4 w0~ o)~ 2 B 5 o] fol 3ok
FUth) thALOl, hasattr () AA EAFP 22 12 9S ST

EAFP 35]2tR t}= 845 12317 7} | o} (Easier to ask for forgiveness than permission). ©] £3] 2 4~ &
shol M 3% AEF 2, SWHE A} ol B2 RES] E2AE /A5, 1 /4ol Bl o9l e
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Utk o] 2T w2 A AL W try 9 except £ EA R EAA AT o B2
o} 28 T} We o] ol A AZ AL H = LAYL 2B} o E Ut}

19
rlo

expression (£ 4])) oW gto 2 Faid 4 Qe AL 27 th2 U2 WA, 2342 2lHE,
o], o EBRE WA A, A4t F4EF L S EEF = HE 8455 Fob 28 AUt
o] 7AESol 24U A2 obd Ut while A H, T4

e W2 dojstixAor BE
o7 AR

PN

extension module (8% 2 &
FE AT 2

f-string (f-F2}g) '£' L} 'F' S o] 2 ExY
Exd g E o a3t PEP 498 2 H A Q.

file object (3121 AA) 5 Ao thal 544 A A API(read () Uurite () 22 WASE)E =ejy
A, wE ol Wl e o AL A o 40 o]} U AF B A T 2
(12 Sof, % 423, A-W 22 W, £4, sl =, 55) o he AH 2 S FAL 5 dF Uk

Y AR = 5L F AA (file-like objects) L 22E F (streams) ©]| 2t = & T}

AAZE A F72l 9t 7“?4] =9l O‘AHD} ur(raW) HPOl U2 JPO‘ ‘ﬂ«ﬂ (buffered) HPO] U ﬂ o,

file-like object (3} 7 AA) 1L AA| o] w3 L

filesystem encoding and error handler Encoding and error handler used by Python to decode bytes from the op-
erating 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 () func-
tion: see filesystem_encodingand filesystem_ errors members of PyConfig.

See also the locale encoding.
finder (3}QIt]) JxEL RES AT 2H & AL A =8k A A

oy
vlo] M 3.3. o]& 7, F 259 o7} &5 YT sys.meta_path & A AFR = W EF A =2
Q1 2} sys.path_hooks 3 @A AHEst= 4 =2 A E 2] 5kl H.

U

o} A}A| 8 U2 PEP 302, PEP 420, PEP 451 o] -8t}

>1>4'

ﬂoordivision B IR 7 77k A2 WEshe 848 A, A5 uxsA daxts /7 o
& o], 24 11 // 49 227t HA L A AL 2.758 S8k (-11) // 4
7t-2.758 g & -30] Dol 2l 3)oF Ttk PEP 238€ ®A 2.

function (3<) TE XA oJH S B F+= 48 EFE. QLAY 2 o)A QA 7t AEE £ A&
g, vlr] o] Aggo] AbgE 4= 5tk vl 7 s @ v A = 2} function A A= H A Q.

function annotation (gt o] - H| o] A) Sk wf 7) H ) Wk 7he] of e o] Al

g ool dvtA oz 3 S E 2 AMSFEYTh: o & 50, o] T4+ F /Y int ARAE
o5 Aoz 7us 1, SAo] int B HE E Aoz 7oE T

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

S o mH| o] A 22 function ol A A ™ T

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
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__ 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)

garbagecollectlon (7}B]x] 27)) o AL 2] i v 2EE uhdsls Ax) slol WL Hz 3 2
B2 S PANILBE S 9 £8 A $21718 53 7HIA 718 SR I A
Tﬂ7]LgcJ_§§ A3 A A o] 8 2= 95Ut}

generator (AU @ o)E]) AU dolE o]E g o & B s gt dulahax]8 Hol=g), dd9 s
& UEL yield A4S TPATE Fol BhEUTh o] FEL for- FLZ A A} next ()
ez & Wol s 7Y 5 A5yt

o @ F o A= A d ol ¥ o EE o & b A th o=

HE AU o E 58 el A
ah ol vl 7} B e A) ke 7

generator iterator (A ] @) o] €] o]e]go]¥]) A| ¥ o] &7} Hle
Ztyielde SAIA R A2lE T35kl T X9 (A9 ¥
A A3 AR E 71Ut Aval ol g ol g o] ¥ 7} A7 |,
A= A Zhe gH4oh o) E U Th.
generator expression (A& o]e] T8 2]) o]l do
for AT} A 15Tk o] Hlol B AN EAA AP HYUTE AR DA

A3 BES PEo Utk

E
i
il
v
N
rlr
Bl
r U
1>
S
[kl
rE
>
1o
rlo 4
o

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (AU 84) 72 A2 M2 T2 S0 s LA o] S 1A T8 55
A]

o) o} R0l AEE A o2
A=t~ x] 8o 23 functools.singledispatch () Bl Zd o] E| 2} PEP 443% E A 8.

generic type (AU] 2 &) A rype 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 A9 ez eH 5 & HA Q.

global interpreter lock (< QElZ ] &) 3 Ao @ A 3}1}o] A8 7} 5o ] Hlo|E 7 & & A3}
55 BAsE7] 98 CPython 1 H Z 2 7} ’\}35}“ HAUE. (dict} 2 F3FWRIES =
31'5} ) AA Bdo] BA A O & FA| AM| 2o tfsf b "5]'5—3 TS 0] A CPyt ?‘?ﬂ% sl
Ut JIEZEH AAE A2 AL Az HE s g =567 44 BEE U4, o

=2 AN AAZ AT B4 B S8 A Th

However, some extension modules, either standard or third-party, are designed so as to release the GIL when
doing computationally intensive tasks such as compression or hashing. Also, the GIL is always released when

doing I/0O.

(A o oA 3}7—]] FE HolEE ZaLy) “AH = A2 2 (free- threaded)” SlHzZZHE BET
b3t H A = %"é:o'—’guo]xl Zed, T FY Z2AA B s A7 A dE Y
Ut o] A5 ol FEot= A2 782 22 E3H B 01/‘1 TI‘Z] H|&o] § Eo]Z 2o =

SEEERENLY
hash-based pyc (34 714 py) 549 B3] 919 ST &2 5hAe) HF 57 Azke] obd A E

A1&-51= vlo]lE T & 7fA] 9} Y. pyc-invalidation S ZZHA] Q.
hashable (3] 2] 7}'5) AA|7F A 2 gro] WekA] @b+ dAIgh= 23 (__hash__ () WIAN=7F 28

el e A T S 0w [ eq O WA B G, A oS e
2o v wE s Al 7bs 8 AR S oAl @S Zolok gtk

118 Appendix A. 0{%!


https://www.python.org/dev/peps/pep-0443
https://www.python.org/dev/peps/pep-0483
https://www.python.org/dev/peps/pep-0484
https://www.python.org/dev/peps/pep-0585

Python Tutorial, £A| B{H 3.10.16

AN s e ARE GAVY A AT BHE AT 5 QA s, o] AR TEE
WA o2 A e AHS 7] wE e,

}\ =
o =¥ W AA =2 s A 7P“3‘HD}: (FE2EdgMU e 22) 7hE AH olv &

o -3 ofo]

g A %%145},( ]Urfrozenset Z2) = LH]OlLi%%:L o] R &50] Al 7}—5‘HHU&
Al Zhe U AFERF F ] FEjad] lad s 7“%1] ]{L*_,_g A sk (717)
22l & xﬂs’J Slus) 2% ohaoty B aE A, A g i Y=o HE wS o} At

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

immutable (B¥) 18 H g2 2= A EWH AA e 2L 2AYE, FES UL o)d AA &2
WA= 2 g Uch A g,kO z{x’rs}aqtﬂ AH AAE s o Ttk WakA] g A Lol lofok
St ol 23 TS Futh ol S0l M2 7.

import path (Y2 & A2) 2= 7|¥l ol 7 AZE T RES 27 Y8 A= A4E (E= 4=
dE) ) ERE QIE L Fok o] FA5 EEL BHE gys.path ZHE Ut} AT A H

7] e] A FR »JPVH _path_ﬂEﬂ%EE—‘?H %% guth
importing (Y £ 8)
importer (Y £E]) 5= %%715 33 2T % e AA; BA U
interactive (t]3}3) Tlo) XL 33 A =8 E 21 9=, ez g ZE2EZEA EF 3
e UYL 24 49D 9G4 A KU A G0 O pytnon g 499
A8 (AFES FolrolA] A8 A% A5 5 dLEn. Al okelelo) g A A
A7 A S vt & v ZFH A AUt (he
interpreted (Q1E]Z2]E]E) vlolE T = Ay}
2 75+ <doj7} ohuje} A Ll E)

/\/\ _4.010 z];g NUW‘%
Z2lE doj& HE A9Y AdojHh &
=

‘11; rO
i
gL |l~|

mterpretershutdown(O]Ei 2E] £8) FE3EE 23S 3o, Jo|H AHZHE SEH A 7]
AYsted, RV oY 712 S8R FREHF T EEIGEH APGES HAFSE v
”5}‘4"4‘ Esh 7H A A7) & oy H ST YT AFSAF F 9] 3k 2R weakref 29 of] 9=
FEEY AYES A A = AFUTE T8 A7) X AAH = I g ES e 5
A+=dl, 134\01 &3t A sl v 7153 A & = 7l WE YUt (£ o= 2ol B g

o

iterable (o]E]2]8) WSS st o st E281E 5 Y& AA. oJHHEY 2= B E (list, str,
tuple Z-2) Al A2 F 5, dict 22 E2E ¥ A A2 F 5, 3t AA &, _iter. () YA A
Mg FAsH= _getitem () WIAEE WA B BE FH2Y 7“11]:_"] O‘AHD‘r
oJHHEL for FZ | AHEE »lf’—, ANE2E B8R = TE B2 X (zip (), map(), )
off AbEE & A5 UTh olE 28 AA 7L WG T iter () o AAE AW, T AA 9 o]
gdeolHE = FUTh ]Eifﬂolﬂ" FEY ATS T AA= T FEFULE olHEES
AL E o, HE2 iter () E ZE8H A, olH e olE AAE A thE 22+ flsUth for &
ojAdEE AYES EH"‘_;HH Ao 2 fFEd, F2E v FAolHE o JHE FolE ol e
HEE vy th o B g o] B, Al 2, Al el o] 8 = HA L.

iterator (©] €] & o] €]) tﬂ ol 2EZFL B33= AA. o)JEHH 0]E Q] next () HAEEuIEAHO
5 5 (U B next () % AL 2= Q0] = YREL A e E e o
o] 9] o] 517} = &= Al stopIteration o9& doUth o] A QA o]El & o] E] A
e ARE A, 0]—?—9] EE_ next_ () HAESEL Stoplteration 92 E ThA] 427 7]@
Fuch o8 d olE = olH# ol H AA A= EHF=__iter () FINEE 7HE Zio] 2757

2ol ol B gl ol H = o] H 2] £ 0] 7| = s}a thE o H B ES S Wotksol& 22 XA AHg-2
T AFUTh S23 o9+ o2 M 1E1ffﬂ°l’r‘l% AEsts Z=EQUTE (List 22) AEH oY
7“141L iter () & Ao for Fxof| AT wjuttk A o] H o] B & WYt old
22 olH e ol H ol thal A 3 st 3 3H, A o H gl o] A ol A= o] &7 o]E o] E S
A, W AEl ol [ HolA b5 145}

typeiter ol T 1413 -8 o] %51k,
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CPython =& A} A]l: CPython does not consistently apply the requirement that an iterator define
__iter_ ().

key functlon (7] &4) 7] Sk == Z 3 o] A (collation) == A & (sorting) ©] L} ¥l & (ordering) o] AF-&-5

d

T =
e s Y E QU & S0, locale.strxfrm() 2 2AY 54 P4 H=E
xé‘%i 718 ©te+ o A Ut
o]y B =77 2485 0] ofBA £ A AL Fol=AE Alofstr] fdl 7] FE ot
EYYrth old AL +=min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ¢ AFYc}
71 &4 e e oy o] dFUTh ol E £0, str.lower () WA EE Alo)A & gl
AES A7 TR ARE F AUt tdA e, 7] e lambda @QQE s TR
9, ol @ AU th lambda ri (r10], r(2]). E, operator E%E’. Al He] 7] e
AAAE AlF Utk attrgetter (), itemgetter (), methodcaller (). 7] 45 HET

A& 8= W ol T 3 o] 2 Sorting HOW TO & H A &
keyword argument (7] 9] & 212} <A} & H A Q.
lambda (e} 5 2% ] gto] TH A= Shbel o4 ew TAH o) F gl Azl T4 B} F
N EHL lambda [parameters]: expression QY Th
LBYL 5 7] A X 2} (Look before you leap). ©] T AE}Y 2 T 0|} 23] & 317 Ao A Ao 2 ALA
AEL AT of AT EAFP A2 oHIR 3, B2 £ B o £AZ S A 0] H T,
222 S]], LBYL S <1 7] oh <5 /)" holl 24 228 BEA 2 50| Ay
E90],FE if key in mapping: return mappinglkey] = FAA} 3o, 5}A 7 23]
=

2 =7 key mappingI A A ASHR A5 5 51T o & o] 4 0] v} EAFP
A2He s Eo RN 28 4 g,

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).

frt

On Windows, it is the ANSI code page (ex: cp1252).
locale.getpreferredencoding (False) can be used to get the locale encoding.

Python uses the filesystem encoding and error handler to convert between Unicode filenames and bytes file-
names.

list (2] 25) g st AT T o] Fol = B3, Aol Bl A 27 0() o) 7] w2 ol, A
2] 2 E (linked list) ¥ th= 1‘/}%— ool o] vl & 7} & A} T}

Ul
g
iy

llstcomprehensmn (BFl2e H=zgAA) AJE2 A5 AR EE=JdRE A3ty I AFHE g|2ER
S8 FE= A% 9. result = ['{:#04x}'.format (x) for x in range(256) if x
% 2 == 0] £ 004 255 Afojo] Y AL 1675 (0x) S EFsHE BALY PrES
B 18 B ATEP YGUR, AR, range (230 R 2E SAAI U

loader (26]) REL 2T 3= A4, load_module () o|8t= o] 29 HiA =
BHEF 7l Eﬂ 7t =85 Yth AAS W2 PFP 302 &, A Wo] 2~ %EH
Loader & HA| Q.

magic method (v] %) B A=) =4 6] A= o] u] g4 A Q)

mapping (M]F) doJe] 7] 23] & X Y3} Mapping ©] Y MutableMapping A Hl o]~ Z 2
of AAH HAEEE F3HSE= AdH ol AA. o2& dict, collections.defaultdict,

collections.OrderedDict, collections.Counter & 5 4 95U th

meta path finder (W€} Z 2 5}2It]) sys.meta_path & Aol B85+ vy, HE A2 Fey&=
A2 =g 91t o Bes o] 917 E oA W
HEl A2 skt 7F A= A =S el A= importlib.abc.MetaPathFinder & 2 W
Fyo.

o} sl o gt m

importlib.abc.

rulm
o,
rir L

(o]
R
N
(o

¢

metaclass (W E} Fa|2) Fd2o Fd2. FHa A= P2 o5, 2 gAY, Holx Ed2E
9 EES Byt Yﬂ]E]raaV\“ o] Al QAIA}LE WolA] ZYP2E T+ AAES FAUth g RE9
WA AT 223 A2 7|2 TS AT FJolH & EFA o= AL ALY
HEe ZH2E s & duE AYUth 2R AR A A= o]l 77 A3 e gATH 287t
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A, WE 2P Aas 2EsT Sold S He ABh ojERHE AN 29 27 (ogging),
rE= A4 27, AR A FA, AZE TET B TR Ae] A HS T
metaclasses | A T ZFA| 3 Y &2 22 4~ 94y T)

method (W A=) Z |2 vl Qo A AL &4 7 ZeA9 8L oJEFHEZA TEH W,
I HAEE A AR A (EE self 2l E-TH 2 JA2dA AAE s UTh I & 5 1A

AFZ EHASL.

method resolution order (WA & Z2A &#4]) HAE 2F A= 23] 5l= T 5 2
FHAEY AP YT 23 AR E Thol Al QA E Z gl E o AFgH dare]F9 A S W82 The
Python 2.3 Method Resolution OrderS H.H gt}

module (25) o] TEo] 243} 9] & Pat A, BEL
S0 At B ) ots] ol ol .0 2o ok

W74 = BHAL

MRO "4 = 24 A & BHA Q.
mutable (7}H) 7} A A= Zho]

A QA Tid () & SASA FAZULE E¥ = BAS.
named tuple (Lﬂ q= Ei) “named tuple(] 4 = 72)” o] 2h= B0l = FEoIAM AE31aL o] 5 22 o E
&2 At BE PJoju Fezel AEg Ut

time.localtime () & os.stat () 7} HFE3E 2kS £ 851, o 8] YA o] Y d = E= Ut}
I & o= sys.float_info YUYtk

>>> gys.float_info[1l] # indexed access
1024
>>> sys.float_info.max_exp # named field access
1024
>>> isinstance(sys.float_info, tuple) # kind of tuple
True
AR UIE FE2WZF Y o) JUth B, tupledl A &35t o5 B2 BEE Aot
Ak Fol s Ao T AT FES BE 5 U 0]H6&iﬂﬂi—t~ EUANS T i
collections.namedtuple () 2 Y& 4 JH5 YT £219 7|HL A H ZASFAY YA Y=
FEoAE 2e e 27 F7H A EE F71eh7| = dyth

namespace (¢]5 57H WL/t AREH = Z4 ol T2 YAV E FEFYUTH AAo FHH ol &
FZF (A= oA ERE ot et A Y, A, Wi o] 5 FXFe] dFUTE ol F 2 o5 TES
WA BEAS ALPZUTh o & E9], &5 builtins.open & os. open ) 2 OE59 ol&

i
i
N

—_

T}
S 7bol S| A e B o) S o] BEo] Gt A A S B Bl A
7N R HeAdo =22 EUYth oS 50o], random. seed () B= ltertools islice
gtal 2 1 3heE o] ZhZf random 3 itertools EE ol 2 3 ?L"?iﬂ Aol ks H Yt

namespace package (¢] 5 33t 37| x]) @& A B 37| X 59| AH o] =¥t 7]-53t= PEP 420 3| 7] 4],
ol FX HAAE EAA ‘ﬂlﬂ = 75 AL, 53] __init  .py Lo gleng H4f
3 7] 4] &= ey T
EE T HAS.

nested scope( e 22 S0 AN WS Fr o el ol

—

7}—% 'i’f,FH?J HZ] W%\:}% P EECEL
FUth w7 R, A U452 A o] F F2FlA g HUTh nonlocal & HpE A3 20

e A2 BT,

new-style class (7 28t Fef) A FL & S AA o) AHSH I Sle Seha A oA o]
F. 2719 stold wAdeAE, 24 w2Ed YA __slots_, U2IHEH, 2 H,
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getattribute O, ZR2HAE, 28 E YA 22 Fo| A B2 I 75
2 AT 5 AAS YT
object (AA]) AE} (EFEU ) S 23 52 (MAE) o] Aofd BE oy, B3 ZE FoEd

Sl o HF A A Wl o]~ %EHQ%MDP.

package (3] 7] x]) A Python module which can contain submodules or recursively, subpackages. Technically, a
package is a Python module with a __path___ attribute.

At {71 A g o] F FXH I A = HA L.
parameter (W] 7 ) S (B WA E) Ho oA T47 ]“?:%—/F %1% AA (EE o A AAE) &
A Q8= O]%%%‘?lﬂ‘:/] oA F 79 w7 A
o« 9x-7]1Y = ( ositional—or—keyword) A AR Y719
yth o] Zlo] 712 Fefo mi7id ?J‘/]D},Oﬂ%

def func(foo, bar=None):

o A X-AE (positional-only): Y X 2 Al FE = Y+ QX W
B Aol WA A Gl / EAE B e o 5o A9 8 4 G s ch o8 Fo
ol| A posonlyl 3} posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword) :

P /A=A beomorkon: =R Y ATY A€ g AP A=A A
o s 49 o] oS 3 3 2ol B 1e] -0 3 ol AR+ 8 el T A
A G % Y5UITh A Fo], T30l A kw_onlyl S} hw_ony2:

def func(arg, *, kw_onlyl, kw_only2):

o 7}R-91 2] (var-positional): (T2 v 7H HFoll ) 3| A] o] m] RholZof 31 9 %] QA AF=l T 3h)
A 7 d=AA AAEY Y Ad2E AR FULE ol & 7= w7 S5 o] Fol
* 5 ol B4 BYE 5 AsUth oA & 5o th2ollA args:

def func(*args, **kwargs):

o 7HA-7I 9 = (var-keyword): (V+2 Vi 7H‘E‘i$‘é°ﬂ o8l Al o] u] wrol5o X 719 = QA A=< H3l)

A8 5 9 9o A% 719 E ARE S ARG oA w5 E vl a0 o
x 2 ool oA F2 8 5 A5 UTh oI E o 912 o)A kwargs.

AW A IAHES 919 7 B oh ek de Aol AL B A4S S AR
ek,
ol =} 30]@ &, ozt v M 9] X}ojof L} 2= FAQ A E, inspect.Parameter S|,
function Z, PEP 362% H A 2.
path entry (A2 Qlee)) 2= /W 59t 7} QEE F REEL 27 98 Anek dE = A A

EREETN

pathentryﬁnder(ﬂi SRS E]J}JE‘]) sys.path_hooks 9 9= Z#E
= IlE ], FJRA A2 ED 2 BRES F S €2 5T

AR JEZ I} Eo] FHEE= A EEL importlib.abe.PathEntryFinder o] U3 4Yth

path entry hook (2 JlE8] &) sys.path_hook AE Y= ZHEU, EA A2 dED A =
ES =S Y A2 dER Iy E EE€E YT

path based finder (7 2 7%} 3}Q1e]) 7] & et A 2 9lQlt & F s, 2 E A= oA
FUth

path-like object (3 27 AA)) 3td A28 22 YehdE A A2F AAE 422 el & str
U bytes A o] A os.PathLike Z2EFS F A= AA YUTh os.PathLike ZEZEF
= A ¥dhe A= os. fspath () &S TE30A str L bytes 3t A8 AR = Wdg ¢
MQWE]' 4l os. fsdecode () £t os.fsencode () &+ ZtZ str U bytes A3E B 5=t
AeE 2 9o PEP519§C%}H HFyTh

4>
30
oy

g
i
o
i
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PEP 5}o] 4 741 7] gk, PEP = 5ol 7§ Elo] AR Al 2517} sho)m
o thet =& 752 B s 47 BAQI Utk PEPE A HE 7150l that 1A 7] Ab
2AE Alssl oF it
PEPE= 38 N 2L 7|52 A2l
ARE EAR TE7) %?} 71w A
W) o A8 EASHE Aglo] g
PEP 1 Z %314 8.

portion (1) PEP 420 o ] 9] & 24 &, o] & 22} 571 7] o] o] upA] 5hi= shLke] o] el el 2ol Sof gl
SFAE2) A Gip Lol AT £ A b,

positional argument (9] 2] 21z} <12 & BHA L

provisional API (%t API) &3 API+= & glolB 82| A T84 B F

]_ Y

_?L'

A Al g AFYE 9

s sho] 4lef Eol 7t 417
STk PEP 4 A 7

o
Ul el A gel & 255

FUEh QEjso)2o] 2 s} ol 95 4 @A, A
22503 A2 3 TB40] §A51 4 B AR .

6% ol A 8 AT APLE E o7 o] 5 ool
WA 3ol Joj i A e

4% API| A2 A=, 1A BB o] §AH A b WAL “HF £ 0% o AQYTh- BE
“%%%ﬂaﬂmﬂﬁﬂiﬂ“%%ﬂ}%ﬂ%%%zﬁ%i%ﬂi7iﬁﬁﬂw
]_ =]

o] AL BE vl nefel 7t 0 A B AR D
Sty O A B S PEP 4118 s e}

provisional package (Z 3| 7] X)) 7 API S B A L.
W o

it

v

ot

Python 3000 (0] 3000) 5fo] 21 3.x ¥ 3 2}12) g (7 3] W) 7} W m]ef e} o] oF7| @ Al o v
Eo]7 o] o]t}) o] AL “Py3k” & &0 27| % Frh

Pythonic (sto] the) ThE ol Sol A YA A MY S A4a)A =S FAskE )4, 5ol 4l ol
ofoll A 7b A5 A8 L o] UEL 7h7to] w2 ofolt]of i} TE 27} o & Sof, 5ol 4o
A AFE 2= o AL for S AL A 0B BB RE 247 25 AU 2 g
Aojol olel $iol FAEol RO B R, ol 5o e AdEL thale] 2772 EE

ARESH7| = Sy o

for i in range(len(food)):
print (food[i])

o 253 spol ok Y2 ol F sy th

for piece in food:
print (piece)

qualified name (3 F3}H o] &) 2 4 A AFmoA] RE AoH A, 34, mlA T o2
AT S HAFE How PR o F, PEP 3155 A A i) 249 Beol 22 A5
o, 759 o 22 AR o] 23} Z2 Uk

>>> class C:
class D:
def meth (self):
pass

>>> C.__qualname
] C |l

>>> C.D._ gualname_

>>> C.D.meth. qualname

EES 7ME7)1=d A2 ul], @A 3] AF3E o] & (fully qualified name) & 2= H 2 9] 7| A E&
I REZ 7= Fog BEld o] L on3 Y] o8 590, email.mime. text:
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>>> import email.mime.text
>>> email .mime.text. name

'email .mime.text'

reference count (= 314) AA o o3t F=xo] M. AA 2 F= 3571002 Wojxd, W27} uk
‘49143} ¥z 3+ FH42 gy o N FZEo = EH A= AR CPﬂhon T3 A
"%MD}. sys BEE 5% AA 9 Fx A+ E E8F & getrefcount () & F P th
regular package (A3F 7] A]) __init_ .py 3tYS E3stE= g 2o 22 AEF <l 9 7] A
olF FXHIIA = HAL
_slots S R AdAdd], AxH 2 oJERESS AT T2
Ul E AAToZN e & d7ete AdE FUth 7] A
AL-8-5} 1 7t & 7R HolghA, WE e o s S8 22 Il A B 9 2 é‘%iéﬂ Ae
H3t A= At 2ol FH YL

sequence (A @A) _ getitem () EF HAEE B8 A4 AddAE AL L3 wE
S, N A28 Aoj& EAFE _len () 5

.III'H_\_,_L,

r°"

( =1 =

Uy, 1ist, str, tuple bytes 7} H5UTH dict =3 getitem_  (
S A YR T, 23] A5 oA Qele] 2 715 Ae7] o Eol AAL olrizh B A
FE vk A0 Z8l 8l of ik
collections.abc.Sequence FA #lo]x E#d2E _ getitem () I __len () =
oA R ZHSE QA EFHo~E AHYF=0, count (), index (), _ contains__ (),
__reversed_ () & F7F4UTh o] F3H AHH o]2E FAT S register () & AHE-3H
A WA Z 52T 4 Y5

set comprehension (J & A= |3 H) o]EHEo] Y= 4 AA Y QRE Xty 23S G2 JFge

wslst= 7+ 43 9. results = {c for c in abracadabra if ¢ not in 'abc'}
EEAREY AF (', 'd'rE AT comprehensions & TR Al L

single dispatch (4 2 EléJHil) T3 o] shte Q1Ae] Fof| 7|2 A AAE = Al E T t s 2] 9
St e

slice (&elo]2) HE Al A~ o AR E 233t AA. Setolat AH AT HE F7|HS AMSSiA
= .variable_name[1:3:5] X o} TAEZFEOZE BE3? . HES
SUth variabl [1:3:5) A%, [] QoA e o) 248 TEo 2 Lelgr). B Bs
(ME A~23gE)Z7|H2 YR Aoz sllce AR E A& Tt

special method (54 A &) s}lo]# o] of o H AR, QA -2, 213 uj '—'1‘/\]7‘4 O 7 TEFHE=HA
Z.old HAEEF /o WEZ A FSA By o] &2 21 5 Yt &4 W A == specialnames
of A E e A JdFUTH

statement (F73) 32 29 E (ZE9 “EF (block)”) & FA43= FEdUTh 82 294 o) AY

71N EE Agste A8 7HA 2= o stttk 7HE if, while, for.

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

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

See also borrowed reference.

text encoding () A E 2137 YJ) 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 (S 2 5}9) str A E 97 & 5 & 919 A4, 5%, AE 5L A4 2 vho]E A
ol HAEY AH AT FAE Q15 & A% AU HAE e dzE HAE BE
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('r'EE'w) 2 Ed 9y, sys.stdin, sys.stdout, 1i0.5tringI0 8 AAEHAE EF Y5

gt

Hlol EA R A & 92 & 4 A& 5 AAo A vlelvE] 9 Y ® FrEAL
triple-quoted string (33 w}& 3 € £A4E) WL () ALWEEL () A A2 Fel el B g
& St S A AL fle 715 & Al st AR, o 7HA] ol el A £ R} 9
LUtk o] 2aAlo]z 2] ke Fow LR 2L EE FAY o] TFF 4 IR 2 B, A
BAHE 27 guk ol £ 28 £ 9led, S2EYS & 53] & JsUtt
type (F) stold A1) P& 220 ol T/ AAAAE 2AFUH ZE A& Fo] dFUth
AR P class_ OEYHER ANATF 9l Uth

type alias (3 ol 2]o]2) &L A8 Aol B Yshe] WEolx 5
Y o Qelol 2t 3 AEE deslsts o R8T 8 S

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

pass

£ ohe s 2ol o 971 47 WE 5 sk

Color = tuple[int, int, int]

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

o] 7|54 A 3l= typing T PEP 4842 2 31A4 8.

type hint (g I E) W<, S A EFHE 9 o w7 v ket ghe) 71dj s = F& A8k o=
gl o] A.

A A5 E AYgsta, 49 dg, FHd2 JERE 2 59 §F IIE = typing
get_type_hints () & ARS-3to] QA2 5 dF YT
o] 7%= AWl typingd} PEP 4845 F2 1A 8.

universal newlines (S-UWH A & 9d7) vt 2L A Z9o] Zo g QAFE HAE iE%g

-r

J_’:_
Aot Bl = 2 7R A A \n, e '\r\n', A UH?JE/\] e
Z7HA Q1 Abg-of] B4 = bytes.splitlines () ¥gF o2} PEP 278 &} PEP 3116 = E/\ﬂ&

variable annotation ((H > o] - H|o]H) H4 E= ZA oJECHES] of - H o] A

Me e Fe 2 o EPRES ol uoldS Bl Y A ATk

“

class C:
field: 'annotation'

W ojiH o] d2 ARt o § I EZ AREEUTH o & S0, ol T E int S 7HE ZAew

EEBEE

count: int = 0

W o] =gl o] A S Al A annassign o] A A W gy 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}4} 8 7)) 3lo] W Al_ 212} 28 w2 o], e A A 01] A A8 E = T E 1}o)
&g 22 T& o S A oA, stold v x 7| A2 AR AU J 28 o]
Eﬁ}t & 7Fs5HA st éa—ﬂ'x—iﬁi Aeld A9 &7,

venv & HA Q.
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virtual machine (7}4} 7]74)) 2 Z Egojwto g Aol H
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Zen of Python (3} o] Al) u}o] 4 t]x
HUth o] 552 U318 =&

ARE. s W] 744 714 ol T E A

2101 2 o]5 531 AL§ B ] =g o]

Jol Yajs) AetS o B2 oy,
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APPENDIX B

O] dHAOf 25}0q

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

9l Sphinx & AH&-3< o

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

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

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

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

oI b2} 20| Ml A

C.1 AZEQ0{Q A}

glo] W& ABCEl= 91 o] o] T A 2} 2 4] v g 2= ¢] Stichting Mathematisch Centrum (CWI, https:/www.cwi.nl/
ZFZ) 2] Guido van Rossum o]l 2] 3l 1990 dt)] Zdlof] tE o A G T Sho| Ao+ T2 A HE w2 53
o] Z3t= 1A 9k, Guido+= Tho] K o] =8 A A= o} Ql5th

19954, Guido+= Virginia 2] Reston ]| 31+ Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ Frz) o A sho] W ZQ& AL L, o] oA oA WAL AZE O] E EAYUSFUTH
20003 59, Guido2} s}o] A 34l 7] El -2 BeOpen.com & 2 % 7] 4] BeOpen PythonLabs B & FA A5
Yt} 22 3 104, PythonLabs B -2 Digital Creations( & A} Zope Corporation; https://www.zope.org/ FZ) 2
A5 YTH 2001 3, 5ho] A A = E 9 o] A &H(PSF, https://www.python.org/psf/ #F2) o] A Y= A5t}
o] &A= stol M HA A A AiAS Aot s 5835 AYHE v F 8 24 YUt Zope Corporation-&

PSFo] 391 3919 Th,

RE glo] W vl ZH-E F 22F YUt (F7] 22 A 2o tha A= https://opensource.org/S 2314
AlR). dArd o B, f BHE (AT AR = obd Yt spo]# w222 GPLY 3 Uth; ofef o] &+
o}k Ml =S 2243 AY Yt

Bl=oF | oM e 2 | 5 AR} GPL 387

09.0~1.2 | n/a 1991-1995 | CWI yes

13~152 |12 1995-1999 | CNRI yes

1.6 1.5.2 2000 CNRI no

2.0 1.6 2000 BeOpen.com | no

1.6.1 1.6 2001 CNRI no

2.1 2.0+1.6.1 2001 PSF no

2.0.1 2.0+1.6.1 2001 PSF yes

2.1.1 2.142.0.1 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-& #] | PSF yes

Fi: GPLY s8dAvE A2 78 7FGPLE stold g v zdkE s st & S5y EE
gpol gholAla= GPLH 2] of 2o WS 37/ 422 WA G A vdS iz 5 A
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glo] W A= E g o] 2} AW A= PSF License Agreement©l] Whe} glo] Al 7} o Ut}

gho] A 3.8.6 5 E], DA oA, 2] ¥ 7)€} 3 == PSF License Agreement 2} Zero-Clause BSD license©))
ke o] F gho] AT Hoj gy

vhol Ao F3E IR AZE ool & thE gholAlAart AgH Ut gholAdlas sl ghol Al 3l 33)
=3 A Ydgyrch o]y st ol Adlae] ESASH 552 23 E Az e ofof sk glo] Al g
S5 TR L.

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.16

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

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

3.10.16 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 3.10.16 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 3.10.16 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 3.10.16 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
3.10.16.

4. PSF is making Python 3.10.16 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.10.16 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.16

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.16, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.10.16, 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.

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

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

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

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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

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

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

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

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

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

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of

(ThS slTeTATol A1)
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Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

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

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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

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

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.16 DOCU-
MENTATION

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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_random B &2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html of] A
Welh 3o 7Rt I =8 233Utk b2 dd T2 A4S Iz 70 Atk

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

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

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

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

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

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

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

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

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

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

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

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " 'AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 H|S7| &3 MH|A

asynchat ¥ asyncore &2 b33 2 Y AHgHE 233t

Copyright 1996 by Sam Rushing
All Rights Reserved

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

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

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

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

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

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

o 2e 39 ARE THFYT

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 2! UUdecode &t
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Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML ¥4 ZZ2A|X &

xmlrpe.client REE The T 22 29 A3 gk

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.
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C.3.8 test_epoll

test_epoll REL 0he 3 28 79| 4GS ZFFUTh

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE S kqueue QB3] o] 20 Al the o) 2& 9 A EFFY o

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

AU o 7)ol th= 22 W&ol 2= o dFyth

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

The file Python/dtoa. ¢, which supplies C functions dtoa and strtod for conversion of C doubles to and from
strings, is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/
web/20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains
the following copyright and licensing notice:

/*****************************************‘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.

* % ok X

*

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/
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C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the
OpenSSL libraries, so we include a copy of the OpenSSL license here:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-corelopenssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL 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. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT "“AS IS'' AND ANY
EXPRESSED 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 OpenSSL PROJECT OR
ITS 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)

FE R ST T S N S R TR S N S S S S S S N S S e T S S S S N SRS N S T S T S

(TS SoTAT o A1)
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ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eayl@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L I S T

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eay@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

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 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. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " '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

ERE T R A B N S N S N S S SN S N S N SN T IS S S S N S S S i T T N S R S N S

(Th5 sTeTATol A1)
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* OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

* SUCH DAMAGE.

*

* The licence and distribution terms for any publically available version or
* derivative of this code cannot be changed. i.e. this code cannot simply be
* copied and put under another distribution licence

* [including the GNU Public Licence.]

*/

C.3.13 expat

pyexpat &2 WEE ——with-system-expat & /82| %= st E3HH expat &2 AHES ARG

sho] =g ek

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 NONINEFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

_ctypes &F2 W& ——with-system-1ibffi & 74 3}X] ¢k o, 284 libfli &2 AR S ALS

shof M=k

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

(ThS sleTATol A1)
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NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

21ib 232 A2 "o A RAE zdib W o] 1R o5 o) W] A8E 5 Qow, EIE zlib 42
g A-gShol e U th

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 & A}25 = 3 A] H o] 29 3L cfuhash T2 A EE 7|Hlo 72 Sh T}

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

(Th5 slTeTATol A1)
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from this software without specific prior written permission.

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

C.3.17 libmpdec

_decimal RE2 Y =& ——with-system-libmpdec & 74 3}A] &= S, Z 35 libmpdec 42~ AR
2 Aol W=tk

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 C14NEHIAE ARIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/cl14n-20/) was retrieved from the
W3C website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

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

(ThS sleTATol A1)
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* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

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

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/
sox/12.17.7/sox-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect
and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043
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Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.

WA 2ol 0 AL AT ARE o AL9) 2ho] 4l o A Al F T

147



Python Tutorial, £A| H{™ 3.10.16

148 Appendix D. X{ZH#



1=
e

Non-alphabetical

..., 113
# (hash)
comment, 9
* (asterisk)
in function calls, 29

* Kk

in function calls, 30

2to3,113
: (colon)
function annotations, 31
->
function annotations, 31
>>> 113
_all 51
_ future_ , 117
_ _slots_ ,124
ik
file, 57
method, 73
for, 18

A

abstract base class (A4 "ol E# ),
113

annotation (o] = H|o]A), 113

annotations

function, 31

argument (Q132}), 113

asynchronous context manager (W% 7] A
gAE FAg 2P, 114

asynchronous generator (H] % 7] Ay g o]
B), 114

asynchronous generator iterator (H]%7]
A ol g o] H &l o] H), 114

asynchronous iterable (W] % 7] ©] g E),
114

asynchronous iterator (H]% 7] o] d| o] H),
114

attribute (JJEZHE), 114

awaitable (o]l o€ E), 114

B

BDFL, 114
binary file (8}o]y g 9}4), 114
borrowed reference, 114
builtins

2 5,49
bytecode (H}o]E T X&), 115
bytes—like object (H}o|EEH

C

callable, 115
callback (%), 115
C-contiguous, 115
class (E# ), 115
class variable (32 ¥HS), 115
coding
style, 32
coercion (Zo]A), 115
complex number (B4, 115
context manager (AEYAE |2}, 115
context variable (AHAE W4, 115
contiguous (<), 115
coroutine (ZFH), 116
coroutine function (ZFH &), 116
CPython, 116

D

decorator (dlZd °]H), 116

descriptor (2= HE), 116

dictionary (944 &), 116

dictionary comprehension (84418 A=Zg
dA), 116

dictionary view (9448 H), 116

docstring (A~ EH), 116

docstrings, 23, 31

documentation strings, 23,31

duck-typing (2 €}o] ), 116

E

EAFP, 116
expression (X @4, 117
extension module (% 2 E&), 117

A A, 115

149



Python Tutorial, £A| H{™ 3.10.16

F
f-string (FEA}4Q), 117
file

A, 57
file object (¥<¥ AA), 117
file-like object (FLHF A, 117
filesystem encoding and error

handler, 117

finder (82 H), 117
floor division (A4 U4, 117
for

2,18
Fortran contiguous, |15
function

annotations, 31
function (), 117
function annotation (&4

G

garbage collection (7FH]A] $~4), 118

generator, 118

generator (AU & o), 118

generator expression, 18

generator expression (AU d o] 3¢ 4]),
118

generator
118

generic function (Av]¥ g<4), 118

generic type (AU g 3), 118

GIL, 118

global interpreter lock (A% QE=Z
=), 118

= oA, 117

iterator (Aly @l o] g o] Eld] o] ),

215

Fl

hash-based pyc (] A] 713k pyc), 118
hashable (] A] 7}%), 118
help

S g, 83

IDLE, 119

immutable (£4), 119

import path (YEE F =), 119
importer (Y 32¥), 119
importing (Y *H), 119
interactive (Fh3-3), 119
interpreted (1 Z g El &), 119
interpreter shutdown (QAE =
iterable (°]H & &), 119
iterator (o]E] ¥ o] ¥]), 119

2 £8),119

J

json
5,59

K

key function (7] &), 120
keyword argument (7] = Q1#}), 120

L

lambda (th), 120

LBYL, 120

list (B]2E), 120

list comprehension (B|2E AXZ | 3A), 120
loader (R T), 120

locale encoding, 120

M
magic

method, 120
magic method (W] 3 HWlAE), 120
mangling

name, 78
mapping (W43), 120
meta path finder (WE} A ZE 1}QlH), 120
metaclass (W EF Z ), 120
method

magic, 120

special, 124

A, 73
method (WA E), 121
method resolution order (HAZE

121

module

searchpath, 47
module (2 &), 121
module spec (BR& 2d)), 121
MRO, 121
mutable (7}FH), 121

N

name

mangling, 78
named tuple (U Y= F=
namespace (0|5 &7, 121
namespace package (°]& &7t 9]7] A]), 121
nested scope (¥4 /\:’4) 121
new-style class (F+2EY F82), 121

O

object (AA, 122
open
SN w A, 57

A7 <A,

, 121

P

package (3] 7] X]), 122
parameter (7] 7] ¥
PATH, 47,111
path

module search, 47
path based finder (A= 7|9t 521 t]), 122
path entry (F=E AE=), 122
path entry finder (FE AEZ I 4H), 122
path entry hook (A= dEZ £),122
path-like object (AZF AA), 122
PEP, 123

, 122

150



Python Tutorial, £A| B{H 3.10.16

portion (EA), 123

positional argument (¥ ] <12}, 123
provisional API (ZA API), 123
provisional package (FA 3]7] X)), 123
Python 3000 (o4 3000), 123
Pythonic (3}o]# T}2), 123

PYTHONPATH, 47, 49

PYTHONSTARTUP, 112

Q

qualified name (Z&84 o] F), 123

R

reference count (ZFX 3 ), 124
regular package (A3 31 7] A]), 124
REFC

1
builtins, 49
json, 59
sys, 48

Y

Trepd Fe Y
PEP 1,123
PEP 8,32
PEP 238,117
PEP 278,125
PEP 302,117,120
PEP 343,115
PEP 362,114,122
PEP 411,123
PEP 420,117,121, 123

RFC 2822, 88 PEP 443,118
PEP 451,117
S PEP 483,118
search PEP 484,31,113,117,118,125
path, module, 47 PEP 492,114, 116
sequence (A|A ), 124 PEP 498,117
set comprehension (F3 #H =g dlA), 124 PEP 519,122
single dispatch (A& Yy2ux]), 124 PEP 525,114
slice (&8to|), 124 PEP 526,113,125
special PEP 585,118
method, 124 PEP 636,23
special method (E4 WA E), 124 PEP 3107,31
statement (£7%), 124 PEP 3116, 125
strings, documentation,?23, 31 PEP 3147,438
strong reference, 124 PEP 3155,123
style T3 9%
coding, 32 PATH, 47,111
sys PYTHONPATH, 47, 49
25 48 PYTHONSTARTUP, 112
T Z

text encoding (HlAE Q13 H), 124
text file (HIAE u}4), 124

Zen of Python (Io]# A), 126

triple-quoted string (A% W% 9 E#

), 125
type (3), 125
type alias (8 o ¥g o), 125
type hint (8 3 E), 125

U

universal newlines (UYWA= d7), 125

Vv

variable annotation (|3 ok g o]A), 125

virtual environment (7} &74), 125
virtual machine (7} 71 A), 126

X

Y g
help, 83
open, 57

151



	입맛 돋우기
	파이썬 인터프리터 사용하기
	인터프리터 실행하기
	인터프리터와 환경

	파이썬의 간략한 소개
	파이썬을 계산기로 사용하기
	프로그래밍으로의 첫걸음

	기타 제어 흐름 도구
	if 문
	for 문
	range() 함수
	루프의 break 와 continue 문, 그리고 else 절
	pass 문
	match Statements
	함수 정의하기
	함수 정의 더 보기
	막간극: 코딩 스타일

	자료 구조
	리스트 더 보기
	del 문
	튜플과 시퀀스
	집합
	딕셔너리
	루프 테크닉
	조건 더 보기
	시퀀스와 다른 형들을 비교하기

	모듈
	모듈 더 보기
	표준 모듈들
	dir() 함수
	패키지

	입력과 출력
	장식적인 출력 포매팅
	파일을 읽고 쓰기

	에러와 예외
	문법 에러
	예외
	예외 처리하기
	예외 일으키기
	예외 연쇄
	사용자 정의 예외
	뒷정리 동작 정의하기
	미리 정의된 뒷정리 동작들

	클래스
	이름과 객체에 관한 한마디
	파이썬 스코프와 이름 공간
	클래스와의 첫 만남
	기타 주의사항들
	상속
	비공개 변수
	잡동사니
	이터레이터
	제너레이터
	제너레이터 표현식

	표준 라이브러리 둘러보기
	운영 체제 인터페이스
	파일 와일드카드
	명령행 인자
	에러 출력 리디렉션과 프로그램 종료
	문자열 패턴 매칭
	수학
	인터넷 액세스
	날짜와 시간
	데이터 압축
	성능 측정
	품질 관리
	배터리가 포함됩니다

	표준 라이브러리 둘러보기 — 2부
	출력 포매팅
	템플릿
	바이너리 데이터 레코드 배치 작업
	다중 스레딩
	로깅
	약한 참조
	리스트 작업 도구
	10진 부동 소수점 산술

	가상 환경 및 패키지
	소개
	가상 환경 만들기
	pip로 패키지 관리하기

	이제 뭘 하지?
	대화형 입력 편집 및 히스토리 치환
	탭 완성 및 히스토리 편집
	대화형 인터프리터 대안

	부동 소수점 산술: 문제점 및 한계
	표현 오류

	부록
	대화형 모드

	용어집
	이 설명서에 관하여
	파이썬 설명서의 공헌자들

	역사와 라이센스
	소프트웨어의 역사
	파이썬에 액세스하거나 사용하기 위한 이용 약관
	포함된 소프트웨어에 대한 라이센스 및 승인

	저작권
	색인

