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CHAPTER 1
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of e ol AREE ol AHEBTHY, A7 A5 YT AL 4GS WANA Ptk o2 Sof, e
~E QS AA-S R AAY, A AL BB PO o B uE AL AR A2
4 glruith o)A@ A1 ke A ARk wlo] el o] 21} GUI 38 Z 213, w2 AL WET
42 A4
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FUTh EE 8 o] § AHS S 22 AL AW, HAH AL o] AAE AA}D PR
47 %2 5 AUk

shol 4 & ik ol el 22 918 Aol AUtk

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

o[ M QIE{Z2[Bf ArESH |
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/usr/local/bin & g
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$ python3.9

Python 3.9 (default, June 4 2019, 09:25:04)

[GCC 4.8.2] on linux

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

oJojALEL oY 22 PAHE TEES 4AT W AL FUTh 2 EAW, o A9 if Fol A5 F
Yok
>>> the_world_is_flat = True

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

Be careful not to fall off!

2ty Reof tiel o < Ao, fEE 2e & BA S,

2.2 QE|=Z2|E2} 2tF

221 A2A FE QAL

7NEH oz, slo]H £A HIYEL UTF802 I F Aoz HFPUth o AaoAE g E
Aojoll d AHEH = TAES 24D A, AEAL 4 SolA A A 5 gyt (AT BF
ghol Hel e 22 ASCIl & Ahet A Ak= AFE-31al gl M8 FEofX = o] & mas 29|
FHUh) o] ¥AEE BF SHE FA18] S8l M 147171 9Fd o] UTF-8 45 14 3] oF 5}, o]
ghdo] 23 BE ZAE ALT F JE S ES Mok it

diads 712 oo Aoz AAdsted, o] A Zo 54 Jeje =4 F5 FobeoF gyt
Y2 g s Utk

# —*- coding: encoding —*-

6 Chapter 2. 10| QlE{Z2|E{ AIE35I7|
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encoding -2 S}Fo] M o] A1 Y3t T (codecs) T dFiho] of Fth
o & £, Windows-1252 Q173 & AFS3I =5 A AsteH, A2 I 599 R} & o] g7 HojoF Ty
c}:

# —*— coding: cpl252 —*-

A5 329 A o9t hn BETF 2 A (hebang)” E 2 A &S 39GUTh o] 9o,
ol

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

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

nro| M of ZHefeh AN

geol g el A, 487 2He ZERE(s 9 )0 E4) AR PEAYT: dAS A7)
AR ZERE S u] nEnE Ho| 0L BE ASS A of Py ez ER A DA
G S Az EdeE ASAUTh ool RE ZEZE o)o] o R AE Y 2L W ES
Qs of Brhe E o] Fol AL ole) B2 FAE WS Tl UYLk

o] A A ok Be ot (UEY EREA JYHE ASEAE) 24 2P A5
shol Aol A 342 1A E 2, 4, 2 A A5 20 A olo FUTh R4 L 29 A Lol q AT S5
9L, FH o} ZE Fof e & g5t A w24 2 E Y Sl 5012 5 gtk 2R
JH P o] S HA FAE FAo] ohyeh A FAY BT FA L nse ofu g H ot
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
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off
ok
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N,
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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

B4 (O12 501 2,4,200% int AU £537F = AS (618 501 5.0,1.6) 2 £loat FALTh
o] Zk5 A F oA A FEoll Bl B AA 8] AHE AFJUh

WA (/) & 3 floatE S8 F U A il &2 (a4 F Qo) A 235 o8 // ddAE
g AU e AE do s & A8 5 Utk

>>> 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

oq
[kl
o
[t
[
2
=2
E
>,
i
rlr
e
14
rlo

W5 g YT e S5 ASFUTh o 3% ok B3y
R o

>>> width = 20

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

Wk oS ol 91X 9 ) (S hASHA e W) AHg Sl 3 sk RS o g Do yk

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

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

BAHos AAFUTh AZ e 99 3 AAAE 2 AAAE 5 3 A4

i
>
-
fru
24
r 0

_/'\_
5

o

oo 1>,

>> 4 * 3,75 - 1
14.0

5t e B A, vhAete] AR AL Mg o tdBUTh o] AL Tl WS SHAg A=
A E ), AL ool 74717k % B 41942 o u U o & ol

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

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

Hop S A7t 2 0B R, -3+x2 = - (3%+2) RelA= ol A& -9 7bgUTh 98 4 4 o™ (-3)**2 F

>*

>*

N
-

1
RS

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

S WA 2, Shol B BAGE U 4 et of e /A W o2 EAF UL FLuSE( ...
JEREE(...ME S5 dEu BT 2L A9E U 92EE o2l Fue \ &
A8 5 ek

>>> '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.'

Hohe AE T Elol M, 58 4D SRR FelA 91T, 55 EAES o LY AR o] 27 0]
%qumi@ﬁaﬂquuvwam%ﬁqZaﬂwmi*OGLE%AQ%%%ﬁuqﬁmwwl
a%miﬁ%iﬂdzam =E Ao 7}

EPA FoW 2GS EIAHSH 1, 199 F9
AR print () #5E GLEE Aal, o270l JE 54 £

RN

2
et
v
iy
:oll_g‘
_>_
r(
- rlr

M

>>> '""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

BAY 2E P e ole] 2 BT + AF Uk & /b PEe 4F g EE ASSHE ATk
IR0 297 B Ak B0 R BAG 2FH UL ST & ol \ & £of o] B
WAE FE AETh T o
T2 AdERE 2, \nF 2L EF BAES AW FH( ... )Y EUER(". .. "A 22 |7} 21%145}. = 7+
TR Aol F2mFE oA " S ojaA)FE 2TV QUL (FHA T\ £ o]2F o] /\17401”{}\45}),1 EAA-EgE
AU,

3.1. HO|ME A ATIZ2 AFESH| 11
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print ("""\

Usage: thingy [OPTIONS]
-h
—-H hostname

Display this usage message
Hostname to connect to

€ old 2d34E =93k (R AA A

FEA7E A A gk Aol FESHA 2):

Usage: thingy [OPTIONS]
-h Display this usage message
-H hostname Hostname to connect to
BAG S + AAAR o] o] ol 1, + AMAE WHEA D 5 YUt

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

followed by 'ium

r

T AL A HE (5 HEE SuNd A

5) 7} d&a) A YEE 215 0 2 o]o] Zol AUt}

>>> 'Py' 'thon'

'Python'’

o] 7152 N EAL e /A & off B3] &8 s Ut
>>> text = ('Put several strings within parentheses '

>>> text

'to have them joined together.')

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

AL 27 =

{EELEELC TR

=R

= v

hm

B4 ol & s akA) orvich

>>> prefix = 'Py'
>>> prefix 'thon'
File "<stdin>", line 1

prefix 'thon'
SyntaxError: invalid syntax
>>> ('un' * 3) 'ium'
File "<stdin>", line 1
('un' * 3) 'ium'

A

SyntaxError: invalid syntax

# can't concatenate a variable and a string literal

Hes7E] S22 e #AE FHE

2.2 o]of o]l wl + 2 ALg3 of Fuitt

>>> prefix + 'thon'
'Python'

g A (HH AAYPE) B
=9 gL stk Besl Zolst

=A%,
19 EA4

A AR A7 AE 200 P U BAE A
QJuick

=84
Ul

>>> word = 'Python'

# character in position 0

# character in position 5

2o A5 E AU th

12
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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

string-methods Z A} €2 7] 24 Q WS} AAS 95t o 714 =52 Ao

f-strings W3E 234 & 2= 24 <E g5

formatstrings str.format () & & BxFE =YW= Yo vt AR

old-string-formatting ©]3to| A AL S ¢ ALbAL Kol ARGShE ol A WA o] 2o #al F o A

ABHA A¥ e T LU

3.1.3 Z|AE

K

o lo ,
. Hum
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Tho] 4 £ T} 752 Holo) 2 Fiel 83 el 1) A9 E (compound) 412
°l 3 2 (P25
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dﬁjmmb
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>>> squares = [1, 4, 9, 16, 25]
>>> squares
1, 4, 9, 16, 25]

BAL (29T, O BE WG AU
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rlr

Ee AdEgsta
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eol

+
30,
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>>> squares[0] # indexing returns the item

1

>>> squares[—1]

25

>>> squares[—3:] # slicing returns a new list
[9, 16, 25]
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>>> 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
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32 ZE UL ES HESF

28,2928 H3tE AuTe o
S| HUA o] RS AN

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

Qo Ul w NP O

o o B 744 Mz 7% sk Y& th
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tl, thd o] o] = shutets o] F o] A 7] Aol £ A A o] BF AL Ut
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o J AUk of clol 4 A-g g
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WAk

ol 1} & (space) = A ol oF Tt AAlA

>>> 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,

16
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https://en.wikipedia.org/wiki/Fibonacci_number

cHAPTER 4

7IEF Mol 25 =+

w1
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= &7/ while & &0l %, gto] W2 thE Adoj oA & dnk=
=

o= 7Hg F G 2F B2 if £ Ad U ol E Sl

>>> 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

%iyquroqaq He) elif 7} Y
£, B e Bol2 /g 59
W AE = switch Y case B2 thAl

93, else = /,‘j%‘%‘ﬂ\/h‘/]—. 719 E ‘elif’ = ‘elseif’ & =9
o &Y Th if - elif - elif - AlALE THE Ao E oA
ok

>

r> rlr
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o

AR ol o 16191 AA CHE) ALBA A o101 A 5 A 245 5
A, 3he] A9l for B2 99 AW (FAEL EAD)Y FRES T AD2

olElell o] A BT o & S o] (o] ohu2h:

l?dm

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

24 g o HeoE S B 2L AAAS £AFE DL Sl FHAEE BEY] YEUG
B4l RE ALY AR R £ uE BEAY A AAHS BEE Ao] B 2k}

# 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

55 AQAR A ET B2 AOW, 1 G4 range () 7t B FUTh £9S BFEU

>>> for i in range(5):

print (i)
1
2
3
4
B2 HEof A Fhol 2L A FF YT range (10) 210719 gte Tre=d], 2] 100 Al d 29
FEES e 7= &H }E Qe ASAUTE W7 e AR AR, e SR (2524
ZFedUth w2 o] AL ARl (step)” oL FFUTh A shE A= The Y th

>>> 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]

AA22] A 2ER o el o = 12 ¥, e W range () $len() & AR 5 Aok

18 Chapter 4. 7|E} ®l0{ 82 £3
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>>> a = ['Mary', 'had', 'a', 'little', 'lamb']
>>> for i1 in range(len(a)):
print (i, afli])
0 Mary
1 had
2 a

3 little
4 lamb

SA R 28 o] th 22, enumerate () 55 2+ Aol A PUth Fz H I & A L.

Heol2 gk ol 3} o] Ast Qo] Yol dyrt):

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

%2 Aol range () 7t 28 & AAl = B 2EQ AAF F& A AHA g]2E 7} obd Yt o] B | o]
Egu] 4= AE2 FEES SAUHE S8 4A W“P AAE GAEE WEA gobr] T3S
gorgh et

o] A& olE|e] & oletm R F Ut BFol 0D w7hA AU YHES A 5 de RAUAIE
st Gt PR EES AR AFFUTH St for Bol 2 FREYL BYHUTh ofE]
F8E Ashe B4 o sun () vtk

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

6

Later we will see more functions that return iterables and take iterables as arguments. In chapter 2} 5 <=, we will
discuss in more detail about 1ist ().

=N

4 EI9| break 2} continue £, 12|10 else A

break &2, CX -‘:g, 7V 7 7bol A E 3 A= for Y while 2 2 BE w4 U 7HA 25 Y ok

FZ ELelse B2 7HE = AFUTh F27 oJE 2 £ a3t} (for ] A-9) 7o) A o] H A
(whileo A2) X% ﬂ o] AP Uk AW FZ 7t break RO E 283 HH% A=A sy
ALERERZIETF OH k2ol Al el A g T}

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

if n % x == 0:
print (n, 'equals', x, '*', n//x)
break
else:
# loop fell through without finding a factor
print(n, 'is a prime number')

is a prime number
is a prime number
equals 2 * 2
is a prime number
equals 2 * 3
is a prime number
equals 2 * 4
equals 3 * 3

O 00 J o U i W N -

(o] AL 2vuE Z=Y YT AA8] EttEH: else A2 if 7 9] o}y for FZ o £33t}
3}

FZo A A2 ufl, else B2 if FRUE try 9 else A3} w28 Hol WUt try 29
else A2 o) 7} M SHA) S w) AAE 1, L322 e1se L break b WA 32w AT o

44. RI9| break 2} continue &, 12|11 else & 19
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try 3 Aol BT AA T 82 ol e] A st & AL
continue &2, HA| CollA WHF UL T2 T3 o] B | o] d ol A A &8t = 5 vy th:

>>> for num in range (2, 10):
if num $ 2 ==

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

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

Hadte) 242 BE o £5) A9 T

>>> class MyEmptyClass:
pass

pass7F AHEE 5 9l

= =2 AP evk 2AF vhrle] el AeE A,
of e io] B 24 5 EEAE:

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

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

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

20 Chapter 4. 7|E} M0 S8 =3
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>>> fib

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

>>> £(100)

0112 358 13 21 34 55 89

2 dolse /\}*‘léﬂﬁ}f&, £ib 7b S o 57 7] ol 7t ofet 22 A A2k YA 5
QLU Th A4, return £ o] Gl T S % U Th HlE mieh gho 7] a1 2| . o] LS None
o) 2k E U} (9 o] 2L Th. None o 2§ éﬁP%kO]ﬂ‘rEﬂ, AHZ e H = B None 28

=
AAFUTh F 2D AP0 print () T AHEF 5 ALtk

>>> fib (0)

>>> print (£ib(0))

None

A4h st AL S U] £ 99 £AE HAES SRR E ¥4E A5 A% e Th
>>> def fib2(n): # return Fibonacci series up to n

mmn

"""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

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

A x g, o] o= 2 72 A FfolH 75 HAF U
e return w2 YTEREH S 23 B 5 UTh £ 4] AR} ¢l return 2 None& =9

FUth g 2oz "Wojxd QA None S EBFUTH

e E&F result.append(a) € AE AA| result«] HA= %— &Yt HAEE A &

?f}t’ o] Al obj -methodname 2}l o] 5 A=, objE oW AR o] (FRFA 0] H

VAR =, A Fzol 93 3% (call by object reference) ©] T £-& A, 71 AA 7} A=W, &A= 9T EA7} e
WAL E Q7 dEdUt 01 BlaEe] &858 271 h.
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A5 U TH, methodname &= A 9] Fol Y3l o) =9 o] FYUTH thE F2 2 HA =
S RYdFUTT AZ G2 FIEY A= BST glo] 22 ol 7HE & dsUTh (2 E
AFESAl Al ALY B HAEE F et Ao ZhsFUth Sl AE BAR) o ‘)ri%
WA E append () & HF2E 7“7<ﬂa°ﬂ AogE o] JFUTh 84 gAEY Fof HEY Yt o
oo A] &= result = result + 1 5SRO 283 Y Yth

4.7 St Mo ¢ H Y|

A A X2 N AAER G4 Foste AL 7tk Al FA o] Jled, 298

AEUTH

/% B2 Sl DAL Ay 2 ol AL IR AE AR AT Yol e o e
Asel AAER 52 5 Ik F4E BEUT 2 Sol:

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

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

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

e 22 B Q3 QAA AL A ask_ok (' F 2 T FEAM)

o AR A AR} IIIE Al A ask_ok (' Tr2le FEIME F &R, 2)

s B BREAAEAFTHA: ask_ok ("FHA g FAME FE TR, 2, 'R, M orHIRE
ot :rur)\ﬂg_")

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

FLT TG LG 0.1 A gho] FAHAUTE o] AL 7| Bghol e A= SV R
e 20 Jabag) e i AR Y w Aol BEUTh o8 Sol, Ohe At AGHE TE=
A2HE AASS FAFYT

(Th5 sTeTATol AI%)

22 Chapter 4. 7|E} M0 S8 =3
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(o] A sl o] A ol A AH)

(1]
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1, 2, 3]

A5 E2 ol 712 3ol TR A A7 ddnt
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def f (a, L=None):
if L is None:
L =11
L.append(a)
return L

4.7.2 F|E CIX}

b=

S kwarg=value 849 719 A4 B AHSHA £2F 5 AF U A8 Fof, TS Tt

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, "!")

shite] 4 AR (voltage) 2 Al 7He] A B A Q1A} (state, action, type) & Wot=dUth o] T4+
e 22 F ooz zed %%HD}.

parrot (1000) # 1 positional argument
parrot (voltage=1000) # 1 keyword argument
parrot (voltage=1000000, action='VOOOOOM") # 2 keyword arguments
parrot (action='VOOOOOM', wvoltage=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

A The T 2 TEEL BT euleA) gayth

parrot () # required argument missing

parrot (voltage=5.0, 'dead") # non—-keyword argument after a keyword argument
parrot (110, voltage=220) #

parrot (actor="'John Cleese') #

duplicate value for the same argument
unknown keyword argument

G BEOA, 71UE AL 9 A% F ol Lhehok FUTh AYH BE A YE AR FH7bworE
o) €15 % SH}s} Lopol 58] (A& Fol, actor & parrot B8] SHHE A} o Th, 3 EAE
28517 FEUTh ol AEE B4 AAEE ZRHUTH(EI S Sol, parrot (voltage=1000) =

B S A A Al B8 e DA O o o A w5 ST o 2k

>>> 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 g4} 2] wpA et A v A TF Aok, A wi AR S0l thS oA e RE VIHE AAE
= @& 9A 12 (typesmapping & H A L) & ”"“‘41‘4 o] Z1-& *name (Th A B Ao A Artyth

4.7. St Mol HY| 23
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B YA AR e, FA A
(*name 2 **name ¢+of] Yetof tt) o & o] ¥

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])

OIHA]OEEEET ]’]q

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

a2 gAs] ol FA Atk

—-— 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

A5 = AN AT 4 5 5EE AL

R
>
o
1o
o
o
bz
o
il
=2
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I
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=
ko

4.7.3 S 074 HE

NEAOR, QAL P HAAA A AER shol A 4o LD £ ALY Th 5T 52 99
LA G2l AA, AN} AN TE G =R AL EAE BRET G Ve HR AR
A7} AgrE WS Al setd E4 Ut

B4 Ao The ) 2EUTh
def f(posl, pos2, /, pos_or_kwd, *, kwdl, kwd2):

\ \ |

| Positional or keyword

\ - Keyword only

—— Positional only
oA7IA /ot x= A A YU AFRSHY, o] 71T AAZE ol A E = Ao whE w7 W2
FHE UEdUth 91 A8, AX-A9E R AYS A8, 719 B A5 9 FE (named) 7
Wt s o
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2| %|-7| 9| E (Positional-or-Keyword) 21X}

W5 Aol /97 o, AAE AAY AAER Foo] 4B S dFUTh

x| ME OH7H Ha

=4 Z}/\ﬂ?f}ﬁl AoEd, S ) s A d_er ZAD A5 U A2 d&olH, v M
«l A7, ZIHEE i) S A2 syt AA AE W) b/ (3
FAdUS /= AX AL W) HeE U A W) ies2 R Y 4o Feste d AHEE Yo
Yol /7 e, 914 E%UWH e syt

/TS A WS A A 92 A9 E AE D S dEUTh

W ASE A YE AR AL oF e HEHES, W) ¥4 E s A g0z BASE W, 3 WA
1 8 oA o e gl 81455 -2 S A 5
at4 ol

/8t * ot ol Fo & 7] &0l v oAl g A E LAl

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

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

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

VvV
AV
vV -

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

A AA 4 A 9] standard_argts 7HE A5 FA 0 R, S & 2o ofFH Al shE FA ko Azt
%E§H5ﬂ14fﬂ'ﬁfiﬁi7QE§§§:?'O]/‘LJE+

>>> standard_arg(2)
2

>>> standard_arg(arg=2)
2

= A B4 pos_only_argt T4 Aol /7F AL B 94 ) A5 AL AR T

>>> 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 F4 kwd_only_argst B4 Bolol A « 2 EAIE 719 olabw 8l &gt

>
10
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>>> kwd_only_arg(3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: kwd_only_arg() takes 0 positional arguments but 1 was given

>>> kwd_only_arg(arg=3)
3

wpA uhe e B4 Ao oA Al HA EE FH S BE ASFUTh

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

°|

et

upz ko g2 91 %] A A} name 3} nameg 7| 2 7FA] &= **kwds Abol ol FA A ¢ FE o] U T+ AY

A AL

rr
]

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

‘name' Z19 =5 G4 R AA A H5o] AL E True S WHY £ de TS BT
o & EH:
>>> foo(l, **{'name': 21})
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: foo() got multiple values for argument 'name'
>>>

I¥Y /(A A AE A2 E AFESHH, name & Y 2] AXLE, T A0 'name' & 7Y E QAL 7|2 AMSE
FRem® e th

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

return 'name' in kwds
>>> foo (1, **{'name': 2})
True

%, 917 A8 vl W4o) 0| 8L *rkwds ol 4 B glo] AT 4 A5yTh
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I
>

AFg A 7F 84 Aol o A oW w7 M AL 8] A A S T

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

AR ozA:
o O A 0] S AHS AT AT 5 GEF W 9K 4GS A I L v} WS o] Fo]
AA Bt e W, Bt 2 W) Aol A4S ZASE L B, mr AR 91X w7 W e)

A2le) 719 =8 WobEolw 42 ul &3

ESERRDEL S B
AL & 2AAke] 9] 3ol o] £514 23}

o API9] 9, &% 7] Mo o] 5ol 4d wf W32 APL ¥ 7 o] A Sk= A2 WA sk E A A
8= /\}%BVJ Al L.

4.7.4 Yo|o| oIx} =2

A ge 2, 74 @ ALHE AL 57 4o NS AR 55E 5 JEE AQsE AQUTh
o] AAEL FZ2 BYUth (R AAA S BAL). 7H8 o] Ada Foll, gAY ol /o] Lt
AAFE o] & 4 gyt

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

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

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

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

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

'earth.mars.venus'

QAAFEo] ofu] B 2 EL REo] YA Hel B A AAEL LT e T £E2 930 A 57 o3t
£ 735wk ol Mol Pt o8 Sol, 1 range () B4 B2 starr$}siop 91445 7t Fich
DRSO uHE A FOW, PAEN RERTE AAE A A A - ANAE ASHN B4 E
sEtd gyt

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

[3, 4, 5]

>>> args = [3, 6]

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

[3, 4, 5]

2 Ae s gAY E ++-AMRE A A 7] E RIS A 5 syt

>>> 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, "!")

(TH= Aol Aol A1)

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

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

—— This parrot wouldn't VOOM 1if you put four million volts through it. E's bleedin
—' demised !

4.7.6 C} THAl

lonbda 71955 AHEHIA A0 I8 G BEE VE £ AFU o) Boe AR B2 FAE
Ut lanbda a, b a+b. B4 247} gloloF o= 2ol ot} 2o} Rt A48 & g,
EYAozs st nAdes AR SuAs s, DAl g5 4ol9 Be] £Y Y Bk
39 85 4949, g0 e e AE ARz JE a5 B2 T 4 Atk

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

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

42

>>> f (1)

43

Bl

99 ol BT BAF/) A FTHEAANLS ASPUTE EE SEE FL BT AR AL

Ay

>>> 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')]

4.7.7 =RHEO|M 22X

o 7o) A WE o] 4 BAD g3} Zol o] B3 @ 74X Bel 7 ALk
3@%% A7) 54 g, 2AsA 2o ok e AATE ASh, Aa19) ol ol A
AR 0= AgaA ghoror st ol S-S e WU 02 ARE A EALT (o8] B AL
s vl i A e A

EFuE o) 4 £ o] el Fol rhH, F WA EL wolglol A, AR Lok i AEe
Relsfob it Amzt 5L bt 7 o ge] RHo R, AA Y BE 7ok, A 5 AP ok
gk

shol 4l A ole] & £AD BB Qo Sol 2278 A ASA b7 Wl ol AFAE Ao =5
destel Soj27) 2 AAGUT o AL che3t 22 Hel 8 A8 FUTh ALY RE Aol o A
WA Hol 94 ke Fo] AA ERUEH oA EADe Selad] 252 AU (PP A 2L
8T & Gled, QuAow SAWE AL HE o Bl i Foi2l B el el A
uhdS1A) b7] W Ui Th) of Sol27|oh 55 A FHo] EARY BE 2] Az KL A A AT Y
th. @ S 0j227] § % 0] UERJA £ 2olo} 51 v, U Ehdel B E e E e ulo] A A Ut gl
F5AL § 2 (25 8709 230]2) Fof AAF Y

o7 ole] & H2EYe o7k YUtk

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

No, really, it doesn't do anything.

mmn

pass

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

Do nothing, but document it.

No, really, it doesn't do anything.

4.7.8 &% 0{H|O0|M
E

4 ol Bl o] A & AR} o] B4 g ol o3 S e A wEhH o E BRIy}
(A 8 82

- L

EP 3107 3} PEP 484 & R A 2).

< &9 __annotations_ OJEFRE gAY AFHI g5 thE F
A 9% o)F H xR A o,

2 04 B ilES o erlo] 4L ul
e 72w ojEolde g FE xFA o AU vt
%3

kSk 3k o] gy Y > 9}
EE EAANOR A o, A AS B2 det ¥ B UEE ZE Abe]o] $9U T}
of ol A 4= AL, A A Q1AL ¥hE gho] o] mEH| o] E H U T}
>>> 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'

.

4.8 27ta: Q) AELY
oA o2 He shol o] o A, B BAe 22452 A4S T P Th 19 Aurdo] vs) B A%
AZEIU T G ol N2 T2 ~8dE 449 (Ex 5 g, 299) & d5Uth ofd
ASete ASETd 47 45Utk e sl o ie IES 97 AA BEE AL L FL
AZteli, 25 1Y ~BYL Bt AL 154 s v 2 28 2T
shol g 9, -2 m2AEs} mpshi 26 sho] 2 PEP 8o] Utk ol AL W 917
Y3 ol Berer TY AH AL ARtk BE Tl A AiRE QA7 o EAE ook Tt
A5 el A Fe B RES S 2ARSUTh

o 5] 2270 4230 28 AT, WL ALEIA vhA £

4N 2] 2k e Bolzy) (H B F3 =2 FSPUrh 9 2 Selzd] (971 45 Uh

2 9o, glol Aol A Yuth

—

w2 3o oy ZE LSS UEs & 5 A Fu o

g(3, 4).

o« ZHAY TS0 YBA Y=o EL BolN ;D= Z A A UpperCamelCase, 358}
WA =9 AL lowercase_with_underscores QUth A HHA A= Q%12 o]E 0 2= Ak
self & ARESHA & (F 28} v A =of th sk A g W82 Sef~ofe] 3 vhd S BHAR).

4.8. 9i7t=: S AEIY 29
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shefal g 588 AF 9GS AFR SR mhAl 2. |
q

A
« A 2, THE Aol 8 ALg S Abge] TEE QAL KA el b5 A u Tl ekE, A
Al
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o] o= o2 2] olm] w2 AES2 & Y AA 8] At R 7HA Az As

o
pan)
M
A
i
v

51 2[AE O H7|

PAE AR P WA MASEL ¥ 23 Yunh o AF0] Pl AE AR BE WA S 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)

glaE oA ghol x oF 22 A A FES AU I F5Eo] gled valueErrors 423
Ut

list.pop ( [l]
Bl a4 ROl AR Sl e AASHT, 1 FEE FAFYTh UL AR go
9, a.pop () & F2EQ wiA g 55 AA st EHF U (A= AIZUAANAM I & %EM}
SRS S PSP T PR b‘rE‘r‘ﬂHD} 1%%101] WSS dHsloF Srh= X o] obd YT

YrEY BE FES AAFYTE del al:] & 55HYTh
list.index x[ start[,e d]])

P AE0] Sl 95 ol sl 2 e 5w A8 05 E A 3ok e
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
k.

]
i
v
iy
i
=
[
.
T
o,

h=:]
=

<

i

Bl
>,
AN (L
fo [»
fu o

l>
ok
B
o
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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’

olulx o g &L insert, remove, sort 2 Uﬂ/ﬂ s Sl =857 o=
A2 Gl AL AYUTF- 7| Eone & EAFT 5D ol AL shol Mol Al £E /H A5 P2 o

2EH = AA YUt

ofutx o Eo] Gl E = D}E A2 REHOHE AL AU RITE ¢+ luhE AUtk o9&
50, AT E BTALEHA LT = ¢l3 None & t}2 FI3 v 2 g 4= Q1 7] wl &l [None, 'hello', 10]
= AEHA gFUh “5}7@43 g4 #AZ e Fol JAFUh & 59],3+45 < 5477 202

ul w7} b U o,

5.1.1 Z|AEE AEBHIOZ Al25}7|

P iE =G
£ 2294t} (st

? 7] 417 e, v ve] ¥ 227} 2 go% A A
n, firs .
Sa1oA e A A A e g

1o 58 Yo append () & AF&3HA 2. ~EH 9
o] pop () éi\}%a}/\ﬂg_ =2 So:

o
g
[>
)
o
Jl“‘
:V‘,:,—r'
NI

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

[3, 4, 5, 6, 7]

>>> stack.pop ()

>>> stack

(ThS ST Aol A1)

2 Ao 5o = 7 AA & E8F 7] = 3l=tl, d->insert ("a") —>remove ("b") ->sort () ; & T2 WA= AN E
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(o] A sl o] A ol A AH)

[3, 4, 5, 6]
>>> stack.pop ()

>>> stack.pop ()

>>> stack
[3, 4]

5.1.2 Z|AEE R E AI25}7|

2EE FEALSE AL 7, Aoz 42 247 Ao ® AYA s 24 YU (“first-in,
first-out”); 3HA| 2, | A E = o] 2] gkFUTh 2lAE Q] Fof Qo] A, FollA AlE
2L w2 A e B A B w2jof BlZ o] Ay H 2 T AZ=HUR (OE 2455 BF T
o] Al Ao 8t7] W& A Th.

FE TS E, FEAY BZel 7 AW EF w2 =5 AAE collections.deque £ A
gotAl L. dE =

>>> 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'])

SEFzedde P AES BEL 1AW PR AFYUT £ =S, 4 247 ThE AAaY
OJE I H MW Sl o AL A A UAEES WHEAL, oW AL BEHE RATE
FAE ABAALE BEE A
o Sol, AF4el JAES WED ATt ARIA, o Ay th

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

>>> squares
[0, 1, 4, 9, 16, 25, 36, 49, 64, 81]

o

o
n)
ri
i

3 9171 AUk

UM BRI T HE G2t for AT @AV o1 AL for Fif AES PAE BB
Uth 7 A3 A el AE ), for 915 B RolA A S oA BEC AU
o] JAE AmeARAL T HAEY 845 AR 24 9 2718 AP

T D)
o |

i 4 I
@, ox ot

2 foh
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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, 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, in <module>

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

SyntaxError: invalid syntax
>>> # flatten a list using a listcomp with two 'for'
>>> vec = [[1,2,3], [4,5,61, [7,8,9]1]
>>> [num for elem in vec for num in elem]
(1, 2, 3, 4, 5, 6, 7, 8, 9]

EESR: AL R

Bl

GEEE Lk

ﬂ?‘l

E_
T =

o
e
%
ok
=4
30
fy
<
o

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

>
o
il
el
1o
1o
el
rel

>,
o
filo

BB Jo] &4 g, thE PAE Az AT s Py
2322 golhadl YA P iER PUD x4 BPY o2 BATh

(5, 6, 7, 81,

O g aE Azedde @ de dA ARy

>>> [[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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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,

56. £ H3Y 39
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>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for f in sorted(set (basket)):
print (f)
apple
banana
orange
pear

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

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

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

57 2 ¢ B

while I if B AFLEE X A= v T8l ofY

H] 3L ‘_4‘}4 in JJrnot in & gho] AlA 2o QlEA

1}3 E‘jr ey 145}.

W AT 5 AUt A8 Sola < b == o, a7bn BTk A3, FAG b 7he 9 A AA)

ok

Hl 2+ =8 A2 and & or & ARSSIA A 4 Q31 vl e A= (=

*—‘.%) not 2& BAE 5 FYth © < bl

not o] 7H¢ E& %ﬁ%" =% . t B

B)) or C&FSFULL A=Y, g3t 2¢S FH317] Y3 2EE AET

=] AAR}Fand & or =
TR L, A7 G H R

and B and C = 34

A4EAFE] WESE gh2 wpA|gto 2 %}O] e | OJZ}?JHE}-

W] A3} ohE el AN AHE A5l AT 5 AU I F S,

iui
1
rlo
o
r>~
Ay
4
i rlr
P

a zfy

fr £
XL b
o

fo
a8 —ru o>

o,
R
W
N
S N B
rﬂmﬁ _nw
Lofu -
LR
KU & O

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

>>> non_null = stringl or string2 or string3

>>> non_null

'Trondheim’

ol deln, Cope gel 284 A AYE el G -8 A ael Bz S
FUh Czrado| A E8] nfFEA s HEo FASL 3 F TR gk -- 2 AT EHAo] - 2

Qeishe A5,
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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,

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

O
N

o] A& ANF] 98, ol AL B 5L o] Y AAPEL Az H o T34y BEo) A A}
84 Qe ATk 18 3QL BE oleku L UTh BERRE 39 5o thE mEe|y}
Mol REE QEE T 4+ YHUTH () BEL H A9 SR AR = 2TYEY A BE A
oA 25hE M4 e] A eh

5L shold 399l FHEL FI At HAYUTh U o] B2 BE o] Fol A .py & £
Utk 25 ol A, RES] o] 2 A% M5 name_ 02 AFHLUTH o & Sol, of e o] Folah
#4712 fibo.py 2He ol B9 1A AR e o] RS b H 2L WEow AT

# Fibonacci numbers module

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

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

ojA] stold Aol Eo7kA o] RES thad 22 WY oR Y2 E Fyth

>>> import fibo

ol A Tl £ibo ofl Fo A A5 ol F ol AA AL H B A o=
ol & fibo RF o2 YUt o] ZE o|F= AHEelA s AHA2T 5+ A5t
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fibo.fib

=
=

=

Q2 3}

58 A7 AL

name

fei g
A=

0112 358 13 21 34 55 89 144 233 377 610 987

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

Python Tutorial,

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

'fibo'

>>> fib

>>> fib (500)

6.1 25 O H7|

ofo mjy o}
4R
)
o Br '
° & W
T W*QT
T g <
R gy
B g5
" %o 6
o
Eﬁ_ oy EZ_H
A

o

N

HolEE AdZESIE= import B2 HEo] 95
A s Uth (A A o] el A, £ibo 7}

odname . itemname.

impor

=

-

2

L
Rol ot ok A=
<ozt

fib2

51
Yk,

o]

2

7)ol
=]

0112 358 13 21 34 55 89 144 233 377
0112 358 13 21 34 55 89 144 233 377

>>> from fibo import fib,

>>> fib (500)
>>> from fibo import *

>>> fib (500)
dmidoz w
&3l

o]
By

SEL Sl

of %)

ol
™
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I

—

0
ojy
njn

o
=]

2=

Chapter 6.

0112358 13 21 34 55 89 144 233 377

>>> import fibo as fib

>>> fib.fib (500)
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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
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A1 thA] A5 s of SR A A g o,
2% =94 07 g £, 2L etoH el
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U s A VS
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o
oMK
o M
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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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ofy
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o
N
e
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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
)
hin)

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

=
¥
ol
N
o
I
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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(o] A sl o] A ol A AH)

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

vocoder.py
karaoke.py

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

stold o] LA 25 o 7] A 2 H 5 otA w5 7] 5150 A] lnlt_-py sdo] 223Ut} o] F A std
i —E ol 52 HH BT} A EskA oA 2' A B2 FHoll SAsh= —‘LH}% 25

oE
E°l‘

0] & ok 7P 7hekel Ae init .py%:’—%‘ﬂ-ﬁ]‘?—l%—?%] , 712 €]
TE A3 ﬂﬂ%ﬂﬂﬁ“ﬂ}% an HeE AR S dSUTh

A7 A AHG A A7 A2 HE NS RES d2ET s A& S0l

’import sound.effects.echo

o] A& A B BE sound.effects.echo & 2EZUTh AA o] 507 FZHoof gt}

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

NH BES JEESE ohe WS o de ok

’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)

EohE e U5 e WaE 48 JEESE AUtk

’from sound.effects.echo import echofilter

AL, o] A& Al H BF echo & ZESHAIRE & echofilter () & AH ARGE o QA W5 th

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

from package import itemE AR U], item2 7| X B EE (E=AE 7| )L = I
B4, 2, WS 5 514 B9 DR ol EEY FE 80 19 58 smport 2 WA ilem
o] Jﬂﬂx]"ﬂ 7§-4ﬂ°1 A=A AASAL, 282 o REolgtal 7t e REEE A EF YT 2
L3, ImportError 9 & oYt}

olofl ¥l5}to], import item.subitem.subsubitem 9} Z& EH S AR uf,
GEL2Ht= A] o) 7] 2] of of ot} upA| v 52 BE oL 9 7| X7 E 4= A, ?—1’94 %o]'%"ﬂ/ﬂ @94%
e, T, My 5ol 2 = gl yth

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

o]A| from sound.effects import * Bt AW oJ@BA 7R oA o 7= oJUAE gd A|~H
oA 7] A of| o] REESO] SAJEA F2 U, IAE EFE AZE VS AT AU o] FA
StedlEAte] 23 2B I AN B EES dZE T metojH A B EES PA|H o2 AXET F 9t
G ojrfokul &= AokA] b= B4 EJJJ]’ Fy @ A5yt

T L3 232 5 7] A A =F7F ) 7] A 9 *”‘?_a YA A& AFet= AYUT import & T34
Ze #HH 7 d5 Uk 7)1 A9) _ init yIZEZF__all_ olgke= o] 58 H5E AlFH, o)A

FolEse] B2 o e wolsq U A] W
A7) A AR A9 Q. 574 A2}

A2IA Br)w T sl g

from package import * = vhduj o 0145 & oFut 3=
A9 57142 EA T ) o] 222 H A Felz At
A7 AN A * & JEESE 27} ek BRI, o] A
E0], 3 sound/effects/__init__ .py + -3 &2

6.4. m{7|X| 49
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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

2O 285 2dskE o] 7EA o] U th Abgre] €710 A FEl 2 HolHE A
E QAL ysoll AHgst7] A8l ot dell & £ YUtk ol Aol e R 7 7hs e =Fd T

AF7HA 2l ghe 2v F 7 S wgsUth 2884 £ Fprint () FeAdUch (A HA
e 5t AR Y write ) MANEE AHE I AQUTH £ 29 9UL sys.stdout & F2T 4
AUt o] Aof Uidk ApA gt JH = glol B e HHAAE BAL.)

%% ded) v 0] 22 FRE g A st AT &Y P42 o ol Aol ok st 47 st
292 EWsE dlE ol 74 B ol sk

o U FAL PEHES ARSI A A UG R EE S S RS G f EEF & B EA
2 AFSAAI QL. o] FAHE SHoll A, { B} FAF ALolel, Wi = g HE 3E 2T 5 e
shol 9l £@4¢ AT At
>>> year = 2016
>>> event = 'Referendum'
>>> f'Results of the {year event }'

'Results of the 2016 Referendum'

o ALY str. format () FINEE H B2 AU 27Uk "7 A 2 A5 B8]
A3 { D} E o AB) AL B, AA G Zui Y T LS AT 5 AT EHE A HE A Z 5 of
k.
>>> 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%'

o Ao 7, FAY Sefol A W o]o] o] 7] A4bE AHE St AT S e REMAE UESRE
W, BE AL A E AAE SHT S A5 BALYolE FolW I Uiz AL A ee
U #88 ANe 2Ase R kA WA=} glsY

FAH A 20] BR3HA) 4 v T YL A3 QR WS whEA S Y, repr () Et str ()

51
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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)

52 Chapter 7. Qi&u £=
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(o] A sl o] A ol A AH)

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

o] &gk

kel

B ARFol of 3 & 3] ' 2= formatspec o] THSF H 3 H A 2| I A & FRATA L.

7.1.2 22X} format() HIME

str.format () HJAZ2] 7] E A ol A}&H L o] & AT}

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

525t I % e wAE (W F=gy BEL) 2 str.format () WA EZ ALH AAEZE A
FH Ut 235 o] A= str.format () HAEZ AGH 7“?4]‘:4 AAE 7He) 7] = AHSE
AFUTH

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

str.format () WA 7= QA7 AFEEH, 2 FES AR o] & AHEHA AT 5 5

Yo}

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

AAG 7IAE QAL AFEA 27/ 5 dsUth

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

T A e A ) T BArdo) S u), ERY WS EL A X tAlel o] g0z AFT 5 AokH
2 ATk e GA Ve 97T ) A ashed B2 E ()0 AEE By

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

>>> print ('Jack: ; Sjoerd: ;!

e 'Dcab: '.format (table))
Jack: 4098; Sjoerd: 4127; Dcab: 8637678

s 702 S wble A E AR AL E 2L FRE o

il
o

F QU

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

oM BE XA MAES B YA E BYRE g B vars () 9 W AL T 58] 2w}
%ok

g Eol, ths 2 AT L AT H AAF S Algste i stA ddd 4 AT A4 h
>>> for x in range (1, 11):

print (' '.format (x, x*x, X*X*x))
1 1 1
4 8
3 9 27

(Th5 slTeTATol AI%)

71, AN £ ZofE 53
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(o] A sl o] A ol A AH)

4 16 64
5 25 125
6 36 216
7 49 343
8 64 512
9 81 729
10 100 1000

f
Y
e
Fl
=2
of,
1o
e
Y
r
X
Fo

str.format () & A}23 & = formatstrings & H A 8.

713 £5 22X ZojEl

7] 2L AFFS AAFT BEE TF5oz TS U
>>> 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))

R 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 () & & A 02 Q3| 2 2 Aol o] A5 o)A 7 F7HE S ofl Fol shAl & A A=
Apolof] s o] A& F7HEU )
EAE AA Y str.rjust () FIAEE GZof] Adfo]AE YA FojR Zo7 EAIL = E U
Yt} 83 WA = str.1just () & str.center () & Y5 YTt} o] Uﬂ/ﬂE—E:% ol A% &85}
2 FHUTH HA AN AL S sHFUHE 48 # ﬂ%ﬂﬂ 29, 22X ka1, WA glo] 2F =9
FUth ol Zle] A E dF o= S QA BF gholl sl A g e shA @ o= wE Ut
(BZE Ay 7| & g, 34 Eefola A4bs 718 4= JF Ut x. 1just (n) [:n] A H)
e vMIAER IFUTh str.2fi11 (). A EAEL] 4% 02 AUtk S vpo|via R e

ol sl gk

>>> '"12'.zfill (5)

'00012"

>>> '-3.14"'.z£i11(7)
-003.14"

>>> '3.14159265359"'.z£111(5)
'3.14159265359"

54 Chapter 7. &
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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
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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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gHd AR YAE v, f.seek (offset, whence) & AR U th Y A= 7]
oS A AlAFE YUt 71 E 32 whence QA2 A B U T} whence o] 00 3L 9] AL

aé@al
1019 @A 9 XS AHE L, 2 & o] BE 7 EHOR AL T whence = D 5 9,
7| B3 00]2A Bt HS S 7€ F o E ARG E Y TH

>>> 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!’

gk Shel A (RE A0l b7} glo] G2 A5), 42 9) Azl Ath A 1 9] %] W7
& seek (0, 2) EAMEAA oYY EOoE X E —
o] Bl % G 0Tk 1 HHe] ThE offer g A0 H A 9L 2
59 AR isatty () truncate () 2L AN HAEE § 23 9w, @ A5 ASE U 9
AR e BT A ol el dHAAE FRAAL

2 &) 2= AL (o]

u
ASDUTh, 28LE offser 2 f.tell ()
o =

7.2.2 json O ZXHQI O|0|E{& M ES|7|
3j| oF 3l+=d)|, read () WA =7} &2}

=
=
dgsjore s, 1123 2L EALL
2o o Bate vlolHE Agshel T g,

AEA7L R A 0w B vl o8 8§ S 5hY ol A Fahe
ol A

EE A4t YA EF sh= thAl, 3+

2 JSON (JavaScript Object Notation) ©] B}h g 2ol oy 3 A2 AFRTH 4 9l A )

json O]t EF EE-2 Fol&l Hl o] H 7:“ wholx F2HE H o2 vl F U o] EAE A s}

(serializing) 2}3l FE5UTH ZAE 232 E1 d ol B & A7+ sk A2 o 2 3} (deserializing) B+
FEUTh ;glaﬂ@rﬂ‘ o 21 &3} Afo] o A, 7“74] £ x¥3= EAEL Fdolt ﬂ olE o] =AY U E

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

AR x 7 QS o, ZtA3H 3 Zo) I =g 1A JSON Ex14d %3

m{o
s

Ytk

b
30
z

>>> import json

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

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

dump () 2HE dumps () %40] WE-L AAE BAE 519 2 AL 1A £ 71 2718 A 22
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)

7.2, UtUS {1 M7 57
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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
H
i
o
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CHAPTER 8

o242t off 2|

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

8.1 2 of2]

9 ol ¥, 3H el delA dUnh obukE of el io] stol Mg M3 gl F ekl 13
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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(o] A sl o] A ol A AH)

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 o e ﬂ*& Zho] A g,
AP Ao dle] AeE (AT FEYAE 27 F 18 8+ %ifi‘%‘ﬂr T o9 o5&
W A AR U T (6] F 7191 2 7} op Ll o,

Z o] rA) REL o9)o) F3} o] 7

nge axs g
el WA A ] S 2 e o 5] el o517} Aol A5 EAE el e, A o
429 5L UGS 29 Ed0] 28 TFL AFUTh HAW, BE AN do] A 5L
EA3HA BT

bltin-exceptions = U8 o9 53 1 59] o] v & st 95U,

8.3 d|2| x{2|5}7|

AU A E AL e £2 G W= Aol ATk Eg A% MEL BUHE 457 0 o)

A AgA A A2 e L AR, A 22 TS AHHE S A2 H§FUT (Control-C b
2 9o 29 AR A AehE AL & LB A A8 U e R KeyboardInterrupt 9|9
Yo7l Fe 2 ehiol ol oAl

>>> while True:

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

o« WA, try A (try 9 except Alo]o] EAE) o] AyPFH Ut}

o 2] 7} FAYEEA] Qk O excepr A & AVH L try o A TSP UTH

o try A& AYP3= T AL RAYSE, Ao G2 B EESS AvHE YUY 18 3 ¥ 9] except
7IHNE Feoll &= ]ﬂ o] & -"]'UHZ]E] W, Texcept o] AT, 1 b5 AP try & FAE

olo] Tk,

o except Aof = Q] o] FEF WX FH A] e L] 7Y, ol Fof Qe try w o2 AP Y]
28 717 HAF A o, A2 FH A 2 dle] o] fo A Bl A 2L HARE 3
A8 o] W&tk

27) The ol ol of ek A ) 718 AR 3k7] 98, cry F-L ik o] 49 except 42 /b 4 AUtk H)
shitel #2717 AW A2l 71 Sl gehe try Dol A LA T oo w A2l e B 2L try B T2
AR Ao ASIE ABIAL G oot T& FEH e FER A A A9 AR
LS

. except (RuntimeError, TypeError, NameError):
pass

except ol Y& FdH2E ]ﬂ&}7%§aﬁi o] A 1t M 1£%E]H d o WA H Yo (sHA T o2
A 2

WA o 2 = ] X = A] kU T — 244 | A5 D Shexcept 22w o] Fe A9} v X = A k5 U Th.
& Eo], Tt 2 FEEB,C,DE I AR AT Th
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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")

except o] F174 3 W (except B 7 Aol LE2), B, B, BE A5 Pol 2L — ALow
w5 Aol ATk,

uhA] o except 22 oS o §& AT 5 v, FATAE GFS Gtk o] AL AT = FE
Fog Aes g od Aow Al ze oW ol g shel 7] 47 WEA T olg WAA T
AN Fo) o) 2 & ThA] FoA LU A E FE AFUTH(EEAE NI E AT 5 A=)

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:
print ("Unexpected error:", sys.exc_info () [0])
raise

try -+ except =2 Al

Ael Al else 2 & 20, JATtH &2
Q074 92w AT ofobul B o fEAUT & Bol:
for arg in sys.argv([l:]:
try:
f = open(arg, 'r')

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

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

else Ao Ago] try Aol I=E F713te ART £2U], try - except £l Y& EEH I I+
FETFLOTA G2 oS FA3] A He A BAs WA UTh

)27 AT T, AR e /A 5 e, 199 AR uE FeA dEch Aae] A §L
EREEEEDIRES

emmﬂoﬂﬂﬂeﬂﬂmﬁg
AAE 20 ﬁ@%‘/]‘:} AYE A8, oA
RINE JAAES AH AN T

O~
1w
= O~ A~
ESEZ 27}2}-’—5 A5 Yt

instance.args o AZH o g
tr_ () & BYsA, args £ Fx35A
| A2EAE WA TS 23 o EF
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>>> 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 ="', vy)

<class 'Exception'>

("spam', 'eggs')
('spam', 'eggs')
X = spam
Yy = €eggs

oA L] 7} AAFE 7EAIE, A 2] 5] A] ok ol 9] mIA| x| o] mpA] e} FE (A A ) ol AshE YT

ol 2] A7) @A uy Boll F7 53= o9 R “P OMF/‘r ry oA (Ao 2tE) 325 = WF
drEolA TSt R ﬂﬁlﬂ\%‘?‘r &

>>> def this_fails():

x = 1/0
>>> try:
this_fails ()
except ZeroDivisionError as err:
print ('Handling run-time error:', err)

Handling run-time error: division by zero

8.4 0|2 e27|7]

raise 2 T2 M7 A AR ol 2] 7} BASES AL 5 A FU Tk & S01:

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

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

raise o AFHE T QAL WA D A APk o9 Axdro] A o9 Fejx
(Exception & A% Zel2) ololok AUtk o9 Fel2st AW, EAHOE 914 glo] 4
HAE B2 ALH2E BHEY T

raise ValueError # shorthand for 'raise ValueError()'

wHoF ol 2] 7h A B A ook 314 ¥ M 2] 5h3 44 ok, o 2eket BEh o) raise ®ol 1o 92
thAl 4o 5 QA itk

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

An exception flew by!

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

NameError: HiThere
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8.5 of|2| 244

The raise statement allows an optional £from which enables chaining exceptions. For example:

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

AL N9 E MBT W FEF 5 AFUT S

il

o

>>> def func():

raise IOError
>>> try:

func ()

except IOError 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
OSError

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

except U finally A A otof| Al o] 2] 7} A &1 of| 2] A7 A5 o 2 dojdth from None #§
22 ALg o] o 9] A W B & 4 A5 th

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

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

A4 o A Y Z ol o g A3 82, bltin-exceptions & FR3FA4 Al 2.

8.6 AIESXI F2 o<l

A e FEAE TtRoEN 22 WL 249 g Lo o] F& B Y 5 AFUTH (o)A Fj o) tisl
A Y82 ZE 2 E HAR). Aol HE AFH o2y HH A 02 Exception FHAE ASE
[RR=

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

2o Aol = £ A S o5 FASHI, “Error” 2 2uE o522 Ao gt

BeREREEE IF Ao BEEAA WA 5 e 2 358 A2 T ol
2ol kB AR AR E o) 2 gol A ThE Tk
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o~
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ftlo
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N
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rr
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il
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ox
oldk
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2,
o,
i
°

]
)
=
ko)
rr
pall
o,

gl 22 Ao ste

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

Goodbye, world!

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

KeyboardInterrupt

finally do] oW, try Fo] &85 7] Aof finally o] upR & Aoz APH YT} finally
0 cry Fol A9 & A=A BAR AARTh 22 A9t wAT 0 o B 292
Aok

«try B AYFE F9 )97 BAYRY, except B A9 E AT & AFUTh A7
except Aol A AR A o, £inally Aol AWH F o] 27} ohA] AF o,

o exceptltelse A A Fof o7t BB T  dFUTh TA], finally Zo] APH & o 27t
ThA] A g o

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

e try 0] break, continue =+ return 2ol E&3}4H, finally L& break, continue B+
return & A3 2 A oj A3y}

e finally Zof| return Fo] £ W, W3} 212 try 9 return o] & Zko] oty g}
finally @9 return o] &&= ko] Yt}

oE &d:

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

>>> bool_return ()
False

o B ol

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

>>> divide (2, 1)

result is 2.0

executing finally clause
>>> divide (2, 0)
division by zero!
executing finally clause
>>> divide("2", "1™M)

(Th sl Aol A1)
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(o] A sl o] A ol A AH)

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'
HQluke} o], finally 42 BE A7l AFFUth F TALS AA LA S TypeError

ych +
except Aol €13 A 2¥ A Q31 Finally x4o]g-gg Zof thA] Lo gyt

A A %ﬂ*bl Sg mggAoA, finally 2L 9B 2L A28, A7 9l %] obd x| 9} BA Qo]
1 AH %”dLﬂ% QHWQWﬂ4ﬂElﬂzéﬁ%ﬁ%L

8.8 Oj2| ¥eol= el SXE

B ANEL AA H B 92w AdHE BE A T4 FAPUTh T ANE AL
Q4] 42 ool BAIG YT HAL A1 1§42 sheo] dsatelw sk o2 of & wA .

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

o] =S TAHL o] Rio] AL Tyl FolE ST 4 g /7 5 HAL AP A7 Frie
AUtk e ~AYEG AL EAZH A A, 2 38 2 ado s B D 5 dF Tk

=
with &2 343 22 AR Eo] SA vt A8 H =5 HAdstes < Ale gy

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

ol AdE Fol, 25 A st Hl A2 E L, 9 f £ 4 Ed U 9D o], v g
dold e sHES AlTste AAE2 252 AU AdA o] M ARt
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geatYolHY /5 WA B BHS AFTFUL A FALS BEL AL AN A P S @
oM, 1 39 A A2EA S WE 5 U FUTh 74 FeA A2EAE FUE FAR A9 2
AAA BRY o= HES A 5 AHUTh ek And At AH S 07 913 (Ze) 20 o3
Aog) WA= E b S gt
e meady Aol w T ), shol A Fehx MAUZE H 2] Az BYT G HA
e 2% FARU Cr 3 RES3 o A 25 = Fe s WAYSS EFFUTE shold Feat
AH AP 22 Y BE BE NSESATTUT 2A2 4E N AUZS O35 Wo| s Fe 22
oL, A4 Feh it o] s SR AL FAHLEY o HAEE AR T 5 gom, WSS e
o g2l Ho) s Fe A WA EE BEF 4 AUk AAES 219 FRe vlol S FA AE o]
74 % QU BER AR, FAAE stolde] B BAS 7 thryth A8 Ak
WS o)A 1, BEel A o= 6 £47 £ &t
Co+ 012, 15 Gl A 5L (5]8) Wol & 2o ) puslic (91 & o2l 11571 5 & Al 2)
313, R E W G5 L vimal YU th LE3AE, AA ] vlLEoA 1 ARl A& Bohe
2QEPL GHUTH WAS B5hE 1 AN S BAGE GAH A AR A2 Addshed, T 52
W BAH 0% A Tk ABEIAT, Boha A4 E AN ol A0] AT} ol B WAL A
g AFIULE Crr 1} 25213 9 2], AT = A8A7 57 A ol o) B2 422
S FUTh £, Crt AT, SUA 2ULS 2L LR P ANAEL (e Aah ARaT Y,
55) 2o Axdze sl A2 3oE 5 Y%,

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

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

AR = 7HZ1W (lndwlduahty)— Zka1, oj 2 7] o] Fo] (o8] WY ATz A) -2 AR AZE 5
Ut ol A A o] S0 A& o D 2] o] A (aliasing) o] 2t LA YFUTh BE go] xS A2 &
o] ¥ iol 5*7%3}%]‘: %3, B 7| EYE (AL BAYE, F S UEE %"J% FABHA FA
O‘AHD} A o Ao &= B AaE, gAYy 1 5k T2 7 AR EE FRkete ol I =
9 ]°ﬂlﬁ01§ﬂragfﬁlﬁﬂi}. o]Z e HE z7 o FEo] = =
ZAEAH T2 Wl E Ut o E Eof, T o] ZAE v A3} wj £, 2
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HE A A2Fx2= A 4 A o] EE52 (HAE o) Z2FUtt ¢ upgoA, 119 ~F
S AY AFE TL olF FNHE FZXUL: REY o] 37 FH 2 HOEL A AFmof -
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
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class ClassName:
<statement-1>

<statement-N>
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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
9.3.2 SaiA A
2 AR T EF) AN APFUh o ELHE F2ot dAEA vHET]
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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 = []
ZHA7F__init_ () MIAEE R T O, FH A JAAEATUET|EAE T %ﬂﬁ%?ﬂé AA~E 20
sl AHg e g init_ () E ZEFUTh A o] oA, A 27|3E JAAEAE o]FHA AE 5
ek

x = MyClass ()

EE,_init O WASEH 5 FA4S AN ARES M S dsUth 149, FU2 dnEs
WE7] AR Fo| R AAELS __init_ () 2 AZHYLL A& 9,
>>> class Complex:
def _ _init__ (self, realpart, imagpart):
self.r = realpart
self.i = imagpart

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

9.3.3 QUAHA

J§
ET

oA AaBs AT TS T 5 QLR Q2R AA T} ols e 0 WA AL ojEeHE

ZZYUTE T 1A FFHY U2 o EHE o] o] dEUth HlolH o=l HEY WA,
Data attributes correspond to “instance variables” in Smalltalk, and to “data members” in C++. Data attributes need

not be declared; like local variables, they spring into existence when they are first assigned to. For example, if x is
the instance of MyClass created above, the following piece of code will print the value 1 6, without leaving a trace:

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

print (x.counter)
del x.counter

o 2l ’\E"\ EZRE FxE wAE dUth HAEE AR o “&eh=” T’Q—T—‘ﬂqﬁ} (T}o] 2 ol A,
HAE gt o= A Aad 2o vk AR5 2] 55U th o A4 Y= WA EE 7HE 5 54
= q]%% ,ﬂiE 7% A = append, insert, remove, sort 51} 22 Wc%% Zr2=t}. 3R] 9k ko 7 o
=AM, YA H o2 AF3A] ke 3 HAE gt §o] & Sl Adada AA Y WA= T AFR
Adyth)

A2EA A 2 WM E o] 52 179 Felad DUtk HA, T4 AA A Fejao BE
AEHRESS A5 ﬂéﬁ_é/] HAEES Fo g 1311/\1 29 ﬂ]xilﬂ]*i,x.f%%ﬂ}%
WA= 2l MyClass. £ 7F &0l 7l tf& Ut A x. 1 & 28X ¢k, MyClass.i 7}
47t oby 7] W2 Ytk 28}, x. £ = MyClass. £ 9F 22 A o] 0}‘/‘141'/}— o] A T AA| 7}
obu et mA = A JuTh
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9.3.4 HME ZHA|

HE dAEs dd5Ava 2 &gtk

’x.f()

MyClass ool A, o] A& FA}Y 'hello world' & EHHF
| A= A A X0

= U
, A8 E ol 22 5 A5yt 04]%%

A&tk x. f = YA= Ax
xf = x.f
while True:

print (xf())
£ 993 A% nello world & A FYrt
HAE7L5EE of FE3] o o] o712 £() o 5 Y7} AAE AR AFAE B3,
oA x.£() = 0} Qo] T=FH AL atolML A UTh A= oj@A B AR A3 uho] WL
AAE FRE ot &8 YA Yol Tt o9& oyt - AATF AAZ = AHEH A et
;=
AAR, e B T AT = dFUth A= S Axes AX 7 49 A WA AR
Z e%ﬂ-% Zii}bll‘% ‘?‘ﬂ 04]‘:’1]/\1, TEx.f)= @Q—*&] MyClass. f (x) 3}%%@'\41‘4—. oa]‘ﬂ'ﬁ,ii,n
Mol AAEL BEEo 2 YAHNEES TESE AL, A AA AR ol M=) A2EA AAE YA
UE AR EFor ASote T E L% AR TEI U
ob ] W] A £7} o A A=A o)a) 3hA ZHTHA, FEL AT R A o) ofnkE BAIE YA s
T 0= AdUHh Holg ol EFEVFobd AA"F X AERREE F2eHY, 249 Sei27 A4
‘41’% U]—Ok:l_ ol 5] g AA A EnpE aiﬂ/\o} ZFHEY AdAHA AT HAR T AA =

=7 o

re71= =< E%a

2y Eg AR WA RO A A
ﬂHEﬂﬂﬂL =

Tk
o7 T&HY, JAAHA AR} o 2R
208 323k
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class Dog:

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

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

>>> d.kind # shared by all dogs
'canine'’
>>> e.kind # shared by all dogs
'canine'
>>> d.name # unique to d
'Fido'
>>> e.name # unique to e
'Buddy"’
o] £ 7} 217 o] 5k 2ie] of M =2 W o], B AE U B )9} e sl AA} ol R ) T ol
He o 42 X3 23S & 7FsAd ol AsUTh dlE 50, U5 =AM ricks |l 2EE S22 W E
= Dog 2|

ARG-E] A eFotof sh=t, 6}1%-4 Bl AEVLE 25 s 7 HEA U
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class Dog:
tricks = [] # mistaken use of a class variable

def _ init_ (self, name):
self.name = name

def add_trick(self, trick):
self.tricks.append(trick)

>>> d = Dog('Fido")

>>> e = Dog('Buddy")

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

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

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

O, 2ol 0] SulE AAE AAEA WSS AFES oF T T

class Dog:

def _ init__ (self, name):
self.name = name
self.tricks = [] # creates a new empty list for each dog

def add_trick(self, trick):
self.tricks.append(trick)

>>> d = Dog('Fido")

>>> e = Dog('Buddy')

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

['roll over']

>>> e.tricks

['play dead']

9.4 J|E} FLAISHE

ArE Ao} Feh s BN 2L o ERHE o] Fo] ST, o EPHE 23 & A2HAS ST
t}:
>>> class Warehouse:
purpose = 'storage'
region = 'west'
>>> wl = Warehouse ()

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

>>> w2 = Warehouse ()

>>> w2.region = 'east'

>>> print (w2.purpose, w2.region)
storage east

FOlE] =Bt oA B oh el Ado) A Sl A8 (Fehol Rl o] ol A P
grUth 2ol BARE, At £ F4H 0 vlo 5P S TSt A8D 5 YUk A
JJr WOﬂ/ﬂ“ Eﬂ o &
ng_zlA%E],%O]Q_g}x

Ut — 25 Ao &3 (o, CE 24
=713 AA ol he AA 2 E AT+ A

fy
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&
o
>'ji [
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Zeto]AdE= tolE o EREE A2 ARG o FUtt — Sete|JdEE 0B o] EYREE
A=A AES g8 FAH = EWAL 52 7R d £ dFUth FEo|dEL ol FES It
SN EESY] FEAS EAAEA G s I8 A HojE o ERREE JIAEA Ao 271 5
Aol FoJ A8 — thA] 3k, %ﬂ% o] ZAAZE 3T+ A Fok

HAE Sk A HlolH o ERHES(EE TEHMAEE)S F2Fe 29 22 JsUTh A& o2 9]
AA R A=Y 7tE4E U0 A ¢ ﬂl HAFUTh HAEE FolE3 u] AG fFefAads
W 258 27 glsyth

%, MAEY A AA AR self gt B UL l&*% Hd D EYUTH o] & self = Fho] ol A
ol 5 o E 7‘%1 gyt AR o] A w}ixl U AYEY F=7}thE shol
zrIHgmEo] g7l £dst, Fejx HepeA 22 I old FH o ESEF A Ak
BT 5 5ol Fe A 8.

2 EFREJ RE 5 T ZFH2Yg A2d2ES AT WMAEE AT T4 7}
S gooldxrE Jog SeAd B8+ fsUth &5 AAE FH2 A H-Z Y= A
A 7ML o B Sof:

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

class C:
f = f1

def g(self):
return 'hello world'

h =g

Al £, 9,0 & BF P45 AMNE Ftel7l FHxc o =R c
A2 AE WA EAUTH—h & A2 g S ES T o2 AL m2 TR FAE A EBL
2715 ghehe Aol 295 8.

PN EE self GRS MIAE o EFFES AHESiA e WAES T8+ d5UTh

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)

Hza 4 gaUth WA 2ds A A7

19 A3 2 2 ARR 5 A] ghF U th) WA =0l A
o 2722 FYIA A3 ofE) 714 3

sz @AQ ?}#9} | = Rk OME}, O AZEH LG REE
B WA= S ERehe 22 AL o] Ao ARz Aol 2
o 2 ig%i?ﬂ%?%ﬁ}ﬂx°ﬂ°33ﬂ9ﬂﬂﬂq
EH b

=
2 (Y ozt Edth & 25Utk o] A2 object.__class__ °

q

-10 2 [k

N

&tk B L, A 23
W AEI A S 5 ATk
Tk Ao A] A = 7} A4
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AN
9.5 A=
EE 4ES AYsHA gettd dof 7e2 “SHl A g ol 5 BEY v 7HX 7 glE A YUt 34
A2 FYgY EH2 oA B AFUTH

class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

©]& BaseClassName = 348 S~ 4ﬂ E 23t aFzo) HoF o] glojor U th Wola FE A
ol 59 Al thE g oo RIAAE FFH YL o & Eof, Hlo]~ FH AT THE BE Ao FH A&
5Tk

class DerivedClassName (modname.BaseClassName) :

5 gel 4ele) e el
W0l 2 Zel 27k 7ol Utk o]
%ﬂéﬂﬁ%ﬁﬂﬂ%ﬁﬂﬂ1

7z O

A ZE A AAEA BET o EME AL ¢4 YT DerivedClassName () = 1 229 A
2EAE UL M E FxE vkt 2ol 2R FUth tSote S o EYRETZ AAH =1,
dostd Hlola S 20 A E B e gt o] Zlo] g AA & Frhd A= Fx = 2HkE Ut
A FHRaedols FH2 HAEES AP T + AssUTh HIA =T} 7% HA S thE WA=
TEd o SET AT 22 A2 eng vols Feio] FYH thE mAESE TES=Hola 2
EES R AR ed g Sef2o] MM =S TE5H Uk (C++ JEJEHU%A‘EL xEdo=
y}o] A ARAOZ virtual YYT})

METH 22 o] F Y Hlo| A FH A HAEE T3] LO}i]Tﬂl‘i‘:‘r A4
et AS g dFUTh wola FHAY HAMEE AH TE3h= S ol syt o
BaseClassName.methodname (self, arguments) & &<35HH HUTh O]Zigﬂlﬂiia} 19 E
AT L2827 dFUth (o] AL Hlolx Ze a7 A AF Lo A BaseClassName O & P2 H
§1% vt 5 45l %] 5 2.)

shol Aol 443} B71 AL T 5 9k T A W B4k AUtk

o« OJAEIAO & AALSH W isinstance () %/\}%@' t}: isinstance (obj, int) = obj.
__class_ 7}int Avrint oA JABH FH) 22 A True 7 E Yt

o ZY 2 ALEL AASE M issubclass () & AFR Ut} issubclass (bool, int) = True
old],bool o] int & A B Fe| o) 7| Wl EJ Yt} 5FA 9 issubclass (float, int) =False

oly], float = int o] X Ze A7} ofy 7] W £}

gol M2 thE 45 FHE AT Uh o ALY wlolx FURAE ZH= FUla Ao old AYgth
class DerivedClassName (Basel, Base2, Base3):

<statement-1>

<statement-N>
WRRe] BA4, b ke ol RE FUYASZRE J4H JEHESS) FAS Yo $HO
2, 9FNN LEZOE, AS FRAAN HA= 22 ZH2E F A AR A= o2 AHRT
54Ut 28 A, 9 EB]HE 7} DerivedClassName oA 2HAE %] ¢ 0 Basel oA 21, 202
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(AAHLSZ)Basel o Ho]lA ZHAES AATYLE AV|ANAE FAF X ¢Fo ™, Base2 of| A 2t
o™ Ao g AL )

AR ol AR Tk oFh B B TH WA S 2% €A super () 29§49 522 AU5H7] 919
ZRog WAF YL} ]zg:ugo 29 o2 ohE AL ol & ]/\1 call-next-method 23 €& A ),
T S AojEoll A LA H = super TEH T T T

A £/ BB o $E, BE OF 459 A9 shh) 1 o) akel thol o BE B (Ao 2
2= F sttt 7}”‘3}3‘5‘%’\‘:5?—‘54 o8 =& 58l AA= QL ) E s WEd Yot
oAE 0], Bt ot object E AT WZol, BE thF dE 2 object | o]2E= o BEE
ABFUG Mol Feh2Eo] ofel W A2 57 9 a7, B4 LuelEol A £AE A
Ashated], 2t 2 20A AAH AR LEBOE b wAE REHT, 4 REE 0 F d W
S35k, B2 A (59 SAeso] AL A oA AN FeAE BE F Yok o v o)

o2 utS Ut RE A AL E uf], o) 4RSS tE AL o2 AFEA Q3 A Jd= FPAS

EEL_

o
AAG ¢+ J=E w5 Utk ¢ A 8 14]% , https://www.python.org/download/releases/2.3/mro/ &

9.6 H|Z7H H4

A ol A ik H A e < “HIF A" A ‘_—'F—t T}o] A of] XXH"G]'X] FFyrch AT th
29 gol Feo A M2 = gkl dsUth BE R A FSE o] 52 (& S°l, _spam) API9]
FNH oA ¢ FROR HFH oot (2 Z0] T, WA E, tlol B W F 7o) o). +3
A0l 3 B0 fo] MAS £ o0 2 A5 ol of It

SR 2-vFN A EY SHE A7 Yl e B R (S5 AE FHaoA Fod olFE5HY FES It
2P, o5 4 7] (name mangling) 2kal &)= vl AU F ol th e Al gHd AP o] YFYth __spam FE| 2
FHA2F MY B=E=Z A Zst, o gt e 2E2 Egyth BEE A¥HA}E  classname_ spam &
HAE 07 X2H =1, classname @XH EEH/\ o] FolA dell 2= EEE AAT AY YT ©]
A7 2o Aolo] SARE o) 4, ALl BHA AN R HsA 2R

ol & -‘ﬂ”ﬂ“ 2 7o Uﬂ’ﬂ‘: TES WA A B FH s HMAEE A
stedl =2 FUth &

g
xo 30

ol

ek

=S

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] o= MappingSubclass”Zt__update A EAE & Y3tH gt s A5 U T Mapping S 2ol A
= Mapping__update® MappingSubclass Z#] 2~ oA+= _MappingSubclass_ update® Z+7}

A = 7] w2 J o

47 7 HAE ATE 35 AAH ke o] o3
£ AN LAY 2AE 5 AFUTh ol 2L Tu A B e

exec() Yeval () 2 ALH IE= TE5= 229 29 2R 7)A eve
2 o T,] A & o] AL global £ B8} S|, 7} &7 vlo|E-ARYH I & ASHE Y
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o} & A oko] _ dict_ E AH AT uf¥ul oty getattr (), setattr (), delattr () 9%
3l
z3)

2 ol &EEE A FolFE 279 “record” U C9] “struct” &} ALk o] o] H
2 9&Uth vl Zea Ao ) EFE T4 e dYynh

class Employee:
pass

john = Employee () # Create an empty employee record

# Fill the fields of the record
john.name = '"John Doe'
john.dept = 'computer lab'
john.salary = 1000

SR FAAA HolHy S et gtolW = 2742, FF Lo HP WAE=EE FH U= 2
Has A AEES F dsUth A€ S0, 9 AAZFH Eﬂ ol & st Tt S o, thal
EAE HFH oA Hl ol Bl & el= WA= read () ®readline () & AlFste 2R E AT F AR
AL+ A5k

AdrdavmME AAE o] ERHES ZEFUThn.__self  =WAEm() #2383 d2dx A4
°|al,m.__func__ & WA= A& T AA FUTh

9.8 O|E{2|0|E

A3 oluhE of e e o] A oY AMELS for FOR £HT 4 YL L AU AYUT

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

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

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

for char in "123":
print (char)

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

ol#] ~etY o] AN A= W RS, 2HA e, AP YT o|HH o|HE A S Tho] o] B A3}t
FEFE UL Fof HollA, for £ AE ol Aol 3l iter() & i%;ﬁ%ﬂr- o] T WA=
_next__ () EAYste olEHolH AAE EHF =0, o] FIA =+ HH WY 8452 & Hofl 5t

R AUt Y& 247 o, next_ () tStopIteratlo no Q& O AA for T30
FTEE dHUTE next () W& FFE AFEHA _next__ () WIAEE 5T 5 AFUTh o ol& 9]

BE AFo] of A FATHEA Kol

>>> s = 'abc'
>>> it = iter(s)
>>> it

<str_iterator object at 0x10c90e650>
>>> next (it)

lal

>>> next (it)

"t

>>> next (it)

(TH= SoTAT o A1)
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(o] A sl o] A ol A AH)

lcl
>>> next (it)
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
next (it)
StopIlteration
olH e olH 2 EZ9 Fo A= MAUSS dHEH, YR FH 20 olH oY T4 A
27485 95U _next__() MAEE M AAE BAFE_iter () WAE=E APk
ZPPA7t_ next_ () EARAYFME, _ iter () =1 selfEEHE 5 YS5YTH

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

def = iter_ (self):
return self

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

>>> rev = Reverse('spam')
>>> iter (rev)
<__main__ .Reverse object at O0x00A1DB50>
>>> for char in rev:
print (char)

w o e 3 -

9.9 A||O0|E]

A o] €

sexy 4

o rr
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)_l.
(0]
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ofo
Q‘l
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S E oS e Aue 2E e = U A @42 E A= AW e
B A @ o Bl o]l next () 7} 322 wupc}, A1 &l o ] =

B 353 of | o] wpxvho 2 AdE e 7).

o

de AU HE AT A2 gA BE F deS BoFyth

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

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

Q O K rhoe

Addolgz & ¢ e ZE A2 & dollA Aol 2 7Nt olHeE ol HERE & 4 5]
A ole 7k hddt o] fr= __iter () &__next_ () MIANEZFAEE g A7) df & J Y
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E U 8 72 AG HEEL AN FE7 5 F o Ao E HAHATE= AYUth o] A2
self.index Yself.data & ZLAAEHA ML E AL A2 v ud FFE 27 g HE

SHA| ¥ U o

A5 WA= AT 22 33 e o] A g, Ay o7t 58 u] A5 2 F Stoplteration &
dogUrch 2F3sH, o] 7e 5] €t TE At A o " olHE 7] A wEUTh

e AU dol B YAt Fued Ay nEaAw, 2 dA BEE A U S
BN O R 1A 29T 5+ YU o EANEL TR F5 AU EE SN Ag s
28-S s AAEAF YT Aoy 2342 A Aol oK} A A T §EAL
ol A4, v B AE HugdldE o w R E d 2= Ao dsUTh

o

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

285

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

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

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

260

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

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

>>> data = 'golf'

>>> list (data[i] for i in range(len(data)-1, -1, -1))

[lf" lll’ 'O" lq']

9.10. F|LA(OIE] E 34 29
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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:\\Python39'

>>> 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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10.2 i iel=3ie

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

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

ANAR FHEH ATAHEE ST HBA AAE Ao T 87t dFUTh o] AAEL sys EEY
argy 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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V)
>
)
o))
%
~N
ofr
rl:l
kL,
ko
ot
o

ol AL =S doE e 7 F uw Aol G471 wE gyt

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

10.6 5t

|0k

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

>>> import math

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

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

o

random B EE FAH AHS T+ =57 =

Asg

>>> 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 Z 2 A E <https://scipy.org> = T2 ¢ 3] A4S REES Wol z+3 9l

of>
<
kv

10.7 QIE{4ll HM|A

NS AN 23T AE Y ZREFES A3t B

< Z2F°] syt 7 R F 7= URL
oA HelHE ¢lolE urllib. request ¥ d& Huj&=

smtplib YUYt}

>>> from urllib.request import urlopen

>>> with urlopen('http://worldtimeapi.org/api/timezone/etc/UTC.txt"') as response:
for line in response:
line = line.decode () # Convert bytes to a str
if line.startswith('datetime'):
print (line.rstrip()) # Remove trailing newline

datetime: 2022-01-01T01:36:47.689215+00:00

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

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

email 3 7] A= MIME 2 7] €} RFC 2822 7] v} B A X] & A
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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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.Jpg', 'img_1076.jpg', 'img_1077.jpg']
>>> class BatchRename (Template) :
delimiter = '%'
>>> fmt = input ('Enter rename style (2%d-date %n-segnum —-format) : ")
Enter rename style (%d-date %n-seqgnum %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.Jpg
img_1076.jpg ——> Ashley_1.7pg
img_1077.jpg ——-> Ashley_2.7pg

2o e 242 T 29 A9 AR Agel A =23 2] Leshe AdUth o3
1L XML 5190, 20 o8 5 HTML 4 k1o T A A 2 8% o i)

11.3 H}O|H2| C|0|E| 8|2 E Hi x| A

struct BE-2 7hd Ao] vio] Ve @3S §4 02 %18h7) 9% pack () Funpack ) BFE AF
FUC oS oAE zipfile BES AHSSHA %1 ZIP 9] 3o JHE TR b WS HolF LTk
o 3C g I = 2tz oubol ESH4ntel E0) R E Qe 54HE e U < £ BF 3710 BA
2% i ubo| = A& 4 S e ok

import struct

with open('myfile.zip', 'rb') as f:
data = f.read()

start = 0

for i in range(3): # show the first 3 file headers
start += 14
fields = struct.unpack ('<IIIHH', 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|= AdE

s e AR 457 gt AL Felshe Jledunh 2d s s e A9j0) Waghe Sl
P R I A I gy A DA b g
Abel = The 2 =] A2k

import threading, zipfile

class AsyncZip (threading.Thread) :

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

self.outfile = outfile

(Th5 sTeTATol A1)
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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.')

ZoEE S8 22 VM Z FAFS HolH e E AU S FHIE U EE 2=
A “JD} ol & -A 3f| threading 2 E-2 5, oMl E, 27 W4 9 Mufxzo] & v X3 @2 59 573} 7]

¢4£:E xﬂq_61L4t+

a8 4 A3t7] ole] ¢ EAIZH ALY 5 ALk metaA,
2 AL Ao T BE A2 B Ad =] AFA 7 THS quene
o e 2e= Fohe AYUTE 2= B D 2L 98
w2 aRe A 43, 97 43, AF o) F5

115 224

logging RE2 &A% 7S
ot} sys.stderr 2 B A Yt}

import logging

logging.debug ('Debugging information')

logging.info ('Informational message')

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

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

a8 53 2 A7ty Ytk

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

7]%@°E AR D O A A= BAIE A G 2892 25 ddE2 R Utk b &8 g4+
Az A EﬂOlEi—'Lu,ﬁ?i E+=HTTP A& %a}uﬂ/\]x] theEo] TP Uth MEL ZH = WA A
—"r*d’“HOH uz} o2 29y S AHE 4= 9l5 Ut} DEBUG, INFO, WARNING, ERROR, 12| 1 CRITICAL.
2 AN2EHL Fol oA A FAHFAY, 8 Z 21U AA A L AR A Fo] 2L 930

AR BAE S U A4 Aol A 22 T 4 AU
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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:/python39/1lib/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
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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
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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] =
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>>> from decimal import *

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

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

0.73

Decimal A Eol 02 FASY, T Y §AEAE 1 9S4 2 58 v Aele §AEAE
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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python3 -m venv tutorial-env
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’tutorial—env\Scripts\activate.bat

Unix = MacOS 9| A] o] & A A8 3]t}

source tutorial-env/bin/activate

(o] 23 HEE=bash AL 93] A H A S 2, csh = fish AS AE-3)
csh @lactivate.fish 2T HEE A3 ]c@-b]l:})

AL &, 4l activate.

rlr

MBS BB e, Ao m2m el WAE o] AME F9 A BAS HolZa, B4S £ A5
python & At 574 WA sto] o] AP == gyt o & S01:

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

>>> import sys

>>> sys.path

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

12.3 pip2 7| x| Hal5}7]

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

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

712 ol 52 A st A WAL 7 AE AT 5 5T

(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 FAoll == A WA WS E 2o SA WAL H7|AELAT +& JFUth

(tutorial-env) $ python -m pip install reg
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

w o] ojn] A H o] QlFS &L, oFF AR oA k5 U th

9 39 9N 4B pip & 237
A 27 pip install --upgrade & A#s ] A7 A5 A4

B = AAHA 2 WA
Mo ool e gl

%
KX
=

(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: 7 7| 2o] 3t FRE BAF o

(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 & AXH 7| A v HFE WA pip install o] 7]t 3t
t} gutA 9l F 2L o] BEE S requirements.txt o] d= AJYth:

rlr
ofh
>,
o
>
>,
ofo
o
v

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

fo

ofy °
L fu

requirements.txt & ¥ Ao} o A o] & W LR AFY S AUk A
A 2~
= T

install - r 2 & ,?_41_75]'-4171113 il

o=
o}

(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] A4 E 2o] A oluh shol M ALgo] Tak B4l o] Folal e AUt — AA £AE S A3 95
sho] e A §51e) 3 Agafof Fuirh o Wi el v ojt) 2 shof SR

o] A A shol Mol BA M ES] ARAUTh AES thE BAE the3} 2tk
o library-index:

B golBEye ¥, g A 2E U AT (H] S @A HH AL AEE A F S
o] AW A& T3 O]: UH/]D]' EZ go| M ujEFo| = 27 FET) Ho] £3H o] S5 UTh
Y AZS 93, HTTPE B3 ©A41§ A, G448 BEl, ¥8 3% 348 34 3sta, CGl
EE——’-E@ S A5, dlolHE 4538, 7 e B2 AP S 5= REO| 5y gelE g
AHAAE ZoBH oH Zo] YA & A5 YT

o installing-index += T2 3po] % ALR A7 24 S 7 RES A A8t HH S 49Ty

« reference-index: 3}o] A o] FH T} o] ujof] tf g1 ApA| e A H. €)7o BFAH X wt, A o] z}A|of o &t

AAT FHA ZA & T
7| 8F 3hol A A&
o https://www.python.org: & I}o] R )] Alo]E. o 7] °ﬂ—t~ 3=, FA 2 gol &= o) &
4

) o 4 Soll Bk EAE 750 itk o] W At =t 77, AR D 329} o] A
ol vl 7k s of AUtk A 2] A 9] A of] whef v 7} 7] Afe] ER TS & sy th

o https://docs.python.org: 5}o] o] A v A of wh= Al AN A8 4= 5T}

o https://pypi.org: o] A o]l ] = 7} 4| (Cheese Shop) 2% 2 W' fo] A 3| 7] 2] Qld A= kS 4
A= AR A F shol A BES AMAYduUth ZEE wjxd7] A|ZEIE o2 Al Eo] 2HS #

G2 070 =S 55 4 Yk
« https://code.activestate.com/recipes/langs/ python/ g}o] 4 g 2] A (Python Cookbook) & &2 F &=
A7, o 2 R ¥ 78S 23 HE ES YU 53] FHT RS ¥ 352 Python Cookbook (O

Reilly & Associates, ISBN 0-596-00797-3) 01 F/}—t« Al Eﬂ Aol B gFUth

o http://www.pyvideo.org = Z3H A2 I AFR X} 25 3] o] o| A Tlo] A HH vt o U HIES
A%,

« https://scipy.org: Scientific Python Z2 A Eof = w2 o) g AL L 224 G ZE=4 AP =,
FElo e Y £, O F2, A 4 53 22 o 7}%] 4H7] AEol o A5 Y

! “Cheese Shop” & Monty Python&] A~ A X YUt 1A o] X = 7}A o] 0] 7}A] vk, 2= X =7 Foj o)A, YL gickn 23y
o}
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stolx #AH AE ¢ A B9 FS, w2 IF comp.lang.python o A Al stA Y python-
list@python.org & WY ZAERE Hd £ J5UTLh F2 215G Wdy g AEE AolEY o2 o
250l 9omz shujol AN WAL AFeR e 150 AP 5150
o) ¢ehgyth AR FL, Qo] FHist, 2L 75 AFS, e RES D
2| 2~ E A F 4= https://mail.python.org/pipermail/ ol 9154t

AN B Aol A et ALE FAQRIILE SEh 552 93] of It FAQE ¥ Ao ve

T =2 v

U B2 Aol i &= A3k, ojn of 22 FAlof thak sl 2

10

L
o
i)
k1
39
tjo
+
X0
zf>
<
o
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cHAPTER 14

o
ol
02
1o
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
T
=,
4z
ofr
B
5
)
P
x
N
Sl
10
>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
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Binary floating-point arithmetic holds many surprises like this. The problem with “0.1” is explained in precise detail
below, in the “Representation Error” section. See 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
Jhu

16.1 CHEl 2=

16.1.1 oll2] &2

ANel 7k BASHE ARz e o WA 28 = o
IEIEEE@ﬂQ@j@E»H%ﬁ] < o) & 0o] o}d =8 Are 2
SEFYTE (try EollA except Aol &3 A 2l= & &= o] EHAA g7t obdyth) g7 e+

2222940 00] obd 33 A48l FRE FUTUT o AL YR $AAG el PFo2 AT

7310—01] AE&gUth ZE A WA A= BE oY 2EH 7| S5 Ut AdE Y5

=2l 71 5H vt

VNNEEEHR ZEZEN AHYPE T2 (YRFH S E Control-C & Delete) & YH3HH &

Hrohi R mEzE SopgtUch! Helol} AT FU AHSE U5 try £l

2" 4 9= KeyboardInterrupt o 7} A g}

519 mEo) A 78

L
i
>
2
.-
)
=1
£
ﬂ

0.u.4
o
o
0¥ 4
e 1B
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

£FYEL chmod W€ Ag 3ol 49 A58 BE, B D8, & Fol B 5 AU

$ 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

>>> 5}y Aol AR slold 28 xE. Az H A HFPor AAY 5 it T ool A A5 2

e e AEL A 4 A&
s B2/ HE B89 IES 4YT W), AL oL TEA (BF, BT, FLT) oo
=S 9T o, v elole 44 Fo| th3lP Aol ¥ so] A mERE,

e Ellipsis W& Ab<.

2to3 dto|W2xIEE 3Jr°]é‘i3.xi£§‘?ii_'}ﬂii AEsts =7, 228 77 B4 78 24
EfE FANA AT = e 2] vz e tE Ut

2t03 + 5 grolB g oA lib2t03§7‘ﬂ*%‘/]r/},%%’%ii AT F JdE=E 2THEE
Tools/scripts/2to3 & A|-&H YT} 2to3-reference= H A L.

abstract base class (—’F-’;}Hﬂol./;%iﬂ)\) ZA ol A Zel At hasattr () 2L g2 HIaYSo) 2HAs}
Ok m RS G (S Eof, 04 A ) 35 e ol 8 S B AT O A
S thol % & HF T ABCE Y AN ZeAE £SH, FUAE A5 SO uA
% isinstance () £ issubclass () o Y3l ZAE 5 = FHE2EYUTH abe BE A A
E HAL. 9} Woﬂ“ B2 H]’E}ABC Eo] m}a}g%tﬂ e 3 2o ASo) syt Aw T2
(collections.abc BEA), A} (numbers REANA), AEHY (io BEIA), YZE 3} 59}
Z 0 (importlib.abc BEA]). abc EES A3 A AFAlEEe] ABCE 95 % J5UTh

annotation (o] - E|o]A) F5o| et d JE 7 AHEH = WS, Fe A oJEFRHE B 5 L
LRk 3 A A9 ol B Yt

o|de A A zhe] AN~ S AT, Ao} A, FeA S Bl Bpof o

e A7t g, Ed 2, 49 _ annotations_ Eg oJEZHE A FH YT

o] 715& A et W o] . H o] A, 3 o] = H| o] A, PEP 484, PEP 526 & = 5HA| &
A2 T4 T2 W P (EEvAE) B ALEE L FEFY dA7 AFUh

Y= 2z}t (k yword argument): T4 T Z i Altﬂx]-ﬂ— oto]| & ]x]-(oﬂ 2 S0, name=) £

5 ol 2 gAYl e dEE = AAb olE S0l v 22 complex () &E0A 3 3%

5= 2% 79T Axguch

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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o YA QA} (positional argument): 7| Y= QAAF7} ol d Q1 A},
U A ol B2 & 9 el * & 2o AT 5 sy Th
R EEE T

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

QA g4 vhe) o] o] & 2 QUL o] thd ol 485 & 79 Sl tha) A= calls

e BAS. BUACE, of RA 07 AR AEE 5 A5 Uth Pl gol Ao W]
RINIEERS S
B9 w7 F53FAQ A2 AxFe} vl 7 w4 2] Xpo] 9} PEP 3625 WA 8
asynchronous context manager (¥]5-7] A€~ E & E]X]-) __aenter_ () 9}__aexit_ () WIANEEH
o2 M async with EolA] Hol: 34 S Aloste AA. PEP 4928 =5 A5yt
asynchronous generator (8] 5 7] Al #d o)) v]57] Al dolE olE#HolE & E8F+= &4, async

def & Bo= = ZFH A Hol=d, async for FEZ7HAHS t:;l-_/,: 9= 9l g o] =S Ul
Elxvyield 84S 283rtE= Ao] thEUth

BE W57 AV ol #4277 A5, o | Euo] i w5 A HolE ole e ol e &
AU o 2ot o u 7 BekahA) e A9k, $AT ol B MA BEIS YAUTh

)5 7] Ay dolE St4E await A A asyne for 3} asyne with B2 2888 5 9%

ek,

asynchronous generator iterator (8]% 7] Ay & o] €] o]e]#d|o]€]) v|E 7] Al d o] E &7 Hte= A .
v 7] o] H el o] B QY _anext_ () & TESH oJ9lo|HE AAE E2F1, o] A2 v
yield &4 742 ul% 7] Al o] B F4e) uir] 2 A8 gy,
Zyield AN Ao Ael B T, 1 9Ae (N ALET 7] 59 1y-£ 52 EFIE)
A FEHE 719 FUh vl 7) Al dold o] #olH 7} __anext_ () 7FEEF = & 5Hte
olglolHEE AMFH, Wt o7 Bt PEP 4929} PEP 5255 E/ﬂlﬁ.

asynchronous iterable (8] 5 7] o8] 2] &) async for EoA A2 4 = AA. _ aiter_ () A
S vls7] olH e olE & E8F oF FUth PEP 492 2 =1F 5 U th

asynchronous iterator (¥] £ 7] o]g]#|o]€]) _ aiter_ () & __anext_ () HIAE=E 3= AA.
__anext__ = o olHE AAE E8FoF Tt} async forE StopAsyncIteration o9
7 A wj7kA vE 7] ol H el olBl o] __anext () MINEZLEEFE oldlolHES FUTH
PEP 4922 T = gl )

attribute (o] EZ)|HE) RIS A L= ol5o 2 IxHE= AAQ} 23t gk o & o, 214 o7}
AEZHE aE 7AW, 00X Y FZH YTh

awaitable (o] g]0] 6]l E) await EA A AFR S ¢+ Q= AA. T FE o]y __await_ () HIAE
A7 2 4 JFUTH PEP 4928 H A 8.

BDFL #}v] 2-& £ 41 &2 A} (Benevolent Dictator For Life), < Guido van Rossum, 3}o] %1 2] ZFA] =},

binary file (w}o] U1 2] 5}e]) o] = & 5 47158 91 £ 4 9l 312 470, wpol v el shele] o 2 & whol
Ug B ("rb', 'wb' = 'rb+') 2 99 9}Y, sys.stdin.buffer, sys.stdout .buffer,
io.BytesIO & gzip.GzipFile & QIAHA 4 g5 yrh

=
=
str AAE P& 5 9t 5 AA o HAA L G A5 51 ® FRFAL

bytes-like object (B} o] E 5 W A)]) bufferobjects S A P31 C-A& HHE AT E T 4 dH5 YT
2] ¥% memoryview 4 ﬂ]%\% EE20]3 bytes, bytearray, array.array AA &L £33
0. Mol E AR AAEL vho] 2] HlolElE BEL o2 /1A AaEo] AEE 4
wolUiel e A4, £ AS 8 A5 0L A0l YU

o8 AE S vhol 2 HlolEl 7} /e A D Bah ST ol Aol 2 AL 5 e
7] vlo]EE R AX gt AT UTH 7 B AA 9 o z2= bytearray 9} bytearray 9
memoryview 7P 1A‘451r O AAE2 vtoly g diolE 7 B AA| (“917] A8 Hio]EG R
AA) ol AZEHEE 2 FFUTE ol AEY A E+ bytes bytes AA 2 memoryview 7¢
.

e

7H

m[m 1o ﬂll

r[r

E
3t
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bytecode (H}o] £ Z.=) o] 4l 422 TE L upo] £ IE % 75} A5 5, CPython 91| 2] €] ol 4 5ol
=299 YE EAY YT 1o ZEE pye o] AN Hol, 2L AL = 0 AW

o WA Al BRI T (20 A Blo]E B 2o AARAS AT 5 deTh. of “F 7 o]
7 vho] £ T E o] T $5he 7| A S Aqste /14 7] A o4 ABATET Bk vho]E mES
A% OFE Thol 4l 7 /1Al A 58 AL AT ShAIE, o] A ] E Zhol €4 Aol A Pk

2ol s of F o

Hlo| = 3= Welo} S o] B2 dis RE Aol gt

= LA Al e TR

class variable (22 &~ -’F ZH 2NN B FHAE FF (F, FWH2Y A" 20 A 7L of ) o
AR A=l

coercion (F.o]A) 22 Fo] F AALE FuelE= Asbo] dojup= 5oL st P A ABEAETHE FJo 72
SAA s AEetEs A oS 501, int (3.15) £ AFE A 302 WS YT shA|uh 344.5
ol Al, ZF 1A= Tt F o] AL (Sfih+= int, ThE SFb float), &5 T 87] Aol 22 P& ¥ ghaf of
f,ﬂ'l/]l:]— I8 ¢FOo W TypeError& 4o Yth FojH gloj&, 33 = dE2AE =204
Wt ZEPor @%ﬂﬂ?‘ﬂ‘# gduch & 50, 2F 3+4.5 3t Al float (3) +4.5.

complex number (5 25) 953t A5 A/AH Y A, BE AV AT R R o g 9
AUtk sl iE Aol s A -1 AF2)E F A, TF FTHAA = 18, FEoA =
JE Z71FUh golHE 22 UM S 2 BEATE 72 ALY Lh daF = HYALE

context manager (Z‘j ) A~ enter_ () & exit_ () HAEES HToZH with Fo
A Bole 33 S Alofsl= AA. PEP 34322 T Y= 95y "4’-
W P

7_'
context variable (AE]| A E W) A AEo wrel of 2 212 7HE 4 = W, o]
Aol disl o e 7M. F e =22 AFL T
E35, 5t A Agco o] AHAET QS S gow A
Hl5 7] Bj a0 A i S st A YU th contextvars &

|
contiguous (%) W= A &3] C-<A <5 (C-contiguous) ©] At 2 E & A< (Fortran contiguous) 4 | A< o]
2 o A QT GAN ML C Aol A FEA AL YUTh QAU WA, FEEL
Aol Q11,001 A Al ZH5He @8 e Ae)20] A o) 2 v 2 2] o] 9] 7 5] o] of gl ot kel
C-A% LA, AT T4 AT FREE WED W A A2 e R
S, EY A% Qo AL, 3 M A 1 e M o,

coroutine (Z28) TFE Anrelo) o Aukshd Fejduch AELEE o 2 QA A8 hE
AQOIA B8 e TERL ofe] o ARoIA AL, BRI, AT 5 A1 T 012
=2 async def o2

I
(i
=

;Li

FI

£

=
coroutine function (Z 58l &) FFE AAE SHFE= T4 TFH 4= async def O E A9
g 4 ,}51 await &} async for& async with 7|9 =5 238 5 51Ut} o] 2452 PEP

CPython 3ol =2 I dojo] FRA < 73 o_rﬂ, python.orgell A] B = Ut} o] 282 Jython o] L}
IronPython 7} 22 Th& ; £ 0] “CPython” ©] AF-&F Ut}

As
decorator (d]Z#|o]E]) Tt & TF+E & Qwrapper =¥<= 7\]'*0‘? Y HEoR
AL = Ut o 28 o€ ) ¥ staticmethod () YU

Hmedole Be v A9 2 Y BAUT B T F5 3= AU go s S5HUh

Amé

1o

def f (arqg):

f = staticmethod (f)

@staticmethod

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

def f (arg):

e Aol Fe 2ol w EASAY, & A4F 2y Bz olelo] e o AT &L B
4ol )2 Ho) o APAE HE H o

descriptor (JAZYE]) WA= _ get_ () o]y __set_ () o]y __delete_ () & A st= AA.
B olE o e AR g, o= s Ta 50T 98 AFL Ao L,
ab® AAL, 2AG, AAFEE AL T 1), a2] o2 DA A b e o) F Rol AAE
5y Th ?'5};‘]“&177}‘3]&3%‘51‘?1,511%}:‘5}% daagy MAE7t 25Utk HAaadEE
o3l shi= 212 stol ol T3t 72 ofal & G4 |, T, A E, ZEHE, S VA E, 2 E

HAE, 75 FEA FR 59 B2 7|59 7|2E o] F 2 A7 WiEJUTh

23 HE o W A=E o of 3 AHA| 3F W &2 descriptors U T] 2~ 3 E] AF-&H oFU A o] Y31 T}
dictionary (D‘/K%L-]B]) 9]0 o] 7] & Zholl LA 7]= AF vl & (associative array). 7]= _ hash__ () <}

_eq_ () HIMNEE ZE BRE AA7TE 5 d5uth oA A g 5T

dictionary comprehension (<} 4] 2] .—EF/]E“_ ) olE g8 & 84 HAAY R E Aty 2
e g E HEst= 7FE 3 . results = {n: n ** 2 for n in range (10)}<
Zkn ** 20 A 7] ng £33= d A 2] E A A Yt comprehensions S 2FZ 3] Al L.

dictionary view (94 1]2] H) dict.keys (),dict.values(),dict.items () HIAE} E&FE= A
AsS 94vE -ITF/]'—T’-—‘T'—‘S“JE} o) AELS YAV E FEE Eﬁs}%—'?l HE Algste=d, —Mq
a7t A4 E o, 7} o] M3lE dtg sttt ‘I‘Q‘%D} D‘/\iﬂﬂ HE A grEZ v
list (dictview) & AF23HH = Ul dict-views S H A S

docstring (52EF) S, g5, ZEA 3 HA 23202 e = fZW ZEE. A9 ET A
2= FAEA G Aopd ol o AR EHRZAN, 5, BES __doc_ OJEFHREER
AdFUTE JEZAALS T AT S Jon=, AXY dHAE AT FHEAA FAY YT

duck-typing (9 €}o]g) v}l AEHH o|AE 7HH =4 dddt=d AAY & BA =281

2 Y; AL, Bes] S AJESREZSSH AU A UTH (“LE|A Y Holal L | XH
E“E“EHE}‘H,:’-Z\*%J—FQD}”) E3% g tjAlo AEH o]~ %LJZ—@OEW,Q’@ﬂ]% ==y

Aol x3e FHATdo R GFANL AT 4 01"1/]\3]- 9 E}lo]HL type ( Oll}isinstance ()
S 87 BAE S HUTH (AT O ol Gol 54 ol 4 2ol A & 8 HE 4 3800 551510}
sttt thAlof], hasattr () 74/\]—L}EAFP Zzzaewe 2t}

EAFP 5]2tH t}= 845 2317 7} | o} (Easier to ask for forgiveness than permission). ©] £3] 2 4 &=
sholml Y AL, 2HE A OB RES] £A1S A5, 1 A0 B2 9l 8
Yt} o] ZEeha mE AT B try 9 except 29 £AZ SAA A o HAYLC

9} 22t B2 Adojo A 2} AR E = LBYL 2L 3 o vl g Y th
expression (23 2)) oj®H gtoe g T A 4 = ZH A
o5, JJEFRE °“/‘ﬂ/\ A 2k} ‘ﬂ’\%-ﬂ' e
e g2 dodzdgo=r, s Qdo]
o2 AEE e T E dFUTE Y =3 3]
extension module (% 25) C U} C++2 ZAH |
T} A4S 283t
f-string (f-F A1) '£' U 'F' & gof] < Exd
5219 g5 o] Z9lukeUT) PEP 498 S H A L.

[rt
i)
o,
i)
il
filo
(o
ol
-

o
B
o
i)
=2
4
[t
rir
0,
kel
>,CI

file object (3} AA]) S —‘T‘— 2+ ol o s jJr‘?=l 2 7% API(read () Ywrite () T2 WA EZE)E =W
= A4 TEo R o e}, 3 A= AR vz *bl 4 0145}3 A F A B A A
(Oﬂa o, ®2F ?J%‘?i,ﬂﬂﬂ 2 W, 271, gol=, 55l td ANAE FAT S JHFUT

S AA = 5D F A (file-like objects) L} 2~E (streams) olgln® &Yt}

AR Z = A L7 3Jr ] A2 & o] YF Uk E(raw) vho| v 2] 31, ¥ 3 = (buffered) H}-©] Li 1 v}
A Ho]aEio BEAA FFE UL 31d AA & s FHAAd e
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off

finder (F}Qe]) Y2xEL ZES s AA.

ol 33. o] %2, F FF{F HAE 7 A5 U sys.meta_path & T AFESH= HEF A 2
v}ol ] 9} sys.path_hooks I} &7 AF&38l= A =2 ol E g 3ol

o] 2pA] 8 U 8-2 PEP 302, PEP 420, PEP 451 of V&1 t}.

floor division A5 YA M 7k A2 WEEsE 38 Al Ae Al dA ke /7 T
& o], 24 11 // 49 @227t HA L AF AL 2.758 E8F YTk (-11) // 4
7F-2.758 WHE st -30] Ho vA"Holﬁf“JD} PEP 2382 H A 8.

function () TEAtA] oJE & ST €AY EZE. gAY T o3y AA 7HAGE &= Q=
o], Blr] o] Addo] AFLE <= gS ) v WS 9F A = 9} function A AT H A L

function annotation (3= o] =g o] A) <= M 4=} 9k ghe] o =g o] A,

S olH o2 gt o g § SE 2 ASH YT A& E9, o] 5+ F /hY int AAE

ol d Aoz 7|Y= 1, FA o] int W3 S & F oz /hgych

P

i
b

o

W

3 A

o T
b
rlr
N

¢/

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

Sk o] g o] A -2 function Eof| A A gt}
o] 71%5& AW at= W4 o] o o] A 3} PEP 4842 =z 31A 2

_ future__ A future statement, from __future__ import <feature>, directs the compiler to compile
the current module using syntax or semantics that will become standard in a future release of Python. The

__ future__ module documents the possible values of feature. By importing this module and evaluating its
variables, you can see when a new feature was first added to the language and when it will (or did) become the

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

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

w
N
o
N
o
<
©
=
io)
o2
©
<
o
n
o9
JuS
O
N

garbage collection (7] 2] $:7) ) A3 4| ¢h W B2 S vhget AAh S| WL FE A5 FA7
Fx2 2B AARL BE ¢ Yt 23 7P 274718 B3 A £AE S G Au|
AN go BES A A AT 5 Y&t
generator (A o]l) A1 2] o]e] o] Ele] o] e] & Eeji B, A WA Wol], AR 5
2 WEL yield R4S ZFArH: Fol hEUTE o] GHES for-FZE AH§ 37 next ()
(e}

B4z o ol s 7 5 gk
BE AYd ey &4 7e 7] A vk ]|
3 )7} e ke 7

generator iterator (A& o]€] o]g]#|o|¥]) | o|E T4 ==
Zryield® YA A Z A& TT5tL, XY (A HF-ER 7] S uy-B 5= 3
AP A E 71dFUh Aldd el g ol oy ZF ANEH Y, Bt X o2 B (ZE vt
A= A =EhE et tiu)E U Th.

generator expression (AU @l o]e] ZHA) o Hdlo|6E Selrt RAA. £ Wpel 49
For A3t AT A5 et i Fo| Hol B A FAA A HAUTE ATV EAALS E

93 g2 Bl

olFf o]E# oy £ 7t Ytk o=

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285
generic function (MY 8 g4) 7 S T E

2o Qure Az e 35 tel 1A% e e 7AY
o of | TR o] AL B A = ]2 A FaelEel] o s AFH ok

A=t adfx] 8o 2 functools.singledispatch () Bl Z @ o] E| 2} PEP 443% E A 8.

generic type (A U] 2 &) A rype that can be parameterized; typically a container class such as 1ist or dict.
Used for type hints and annotations.
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For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A9 olgzeEH = & HA L.

global interpreter lock (A9 ¢le]=2]e] &) 3 Hof 2 2 stye] g =7} sfo] i violE T = &
=& B A5 Y3 CPython Q18] Z 2] E] 7} A]-Bh‘a]-ﬂ HAYUZ. (dictd 22 223 YFIES
ﬂ?ﬂ'—) A Rdo] A A 02 F A AA| 2of ) kA '5]'—‘1:—% 7= o] 4] CPython :rL@
Ut Iz H AAE e A2 JAHZgHE thEsad =356 7] g A e+ W4l o
ZREAA ZNAZL At e B2 EE22 34T

m[o
V)
>
ol
off X Her o

SHAIRE o 4 BES2, EFIUAMA T, g5olusid 22 A A A A s
& GILS Whdst=5 A 5 Uth 23, /0E & v+ 34 GILS Wbt

(22 9 A st %—% tlol8 & F1E) “Ad =0l A 22 (free-threaded)” U H 22| B & ML
b sk AAL =¥ AT A A R, 3 FD Z2AA A9 A5 A A B WE Y
Ut o] 45 o7& FHshe AL Fde 2 556 e OV% vﬂ Hlﬁol o EolZd Zler

o} A A2 01_14;}

hasivbased pye (81 718 py) 548 0571 915 43 o ShAS) 25 54 212 ORI
AFE3F= vlo]E F = J)A] 9}, pyc-invalidation S Z23HA| &

hashable (3] 2] 7}5) A2 7F 44 2 gro] WaHA] oF= sfAIghe 282 (_hash__ () WA =7 289
el he A mE 2 90w [ eq O WA DG, A e e

et v A e AN EST AAGE Bolof itk
AN A AAE GAT Y A A W2 AT 5 9 st o] AR FEE
YRA o2 S Ak A3 w R
30105 U M3 AN EE A PSS ch (12 =0 AR e de ol E e
2] R Th (52 o] U frozenset 2-2) B 1] o] H%% a5 2450 A Thsd wi et
A T A8 gel 2ol Ant AAEL ARACE o) AST (V]
A& Al gl skales) B 2 rhal v AL, s g2 i EE o vhEol Yyt
IDLE 3}o]#-& 93t 5% 7|3 &7 (Integrated Development Environment). IDLE2 3}-o] %1 9] 3£ £ ul 32 7
of mehe 7220l W79t el el B ok
B ke 2E A, B9 AN E 27, 2AY, 52 Loel A7) 5
. A g A e el Al A % iz ook Tk ekl e Al kel Slolol
T

;ﬁ%%ﬁﬁﬂﬂl Eol, 94vele) 7).

mR

YxEZ
d=sod =g g2 Pﬂwhﬂﬂ s 2%

)]
e
V)
2
j=p
b o
4z

— T
o
LO
&
e
)

Ag
A;
o
z*:
ﬁ
_,\L
31
pu
L
}‘._l,
o
=

Aol
= =, <l
P AR5 B %E}%%?QHD} 14%10] D‘rxl pyth ong 4
A8 (AFE S Folirol 4 AEshe A s @ 5 QEuh. Al ool g AAsA Y &
7)1 A& Sl vt = v-%
interpreted (QJE] = 2]l H}O]Ei
°ﬂ4mmaﬂoua
A2 AL AR APE
zel ool BE A Aojrrt g

interpreter shutdown (QE]= 28] £8) £53let= R HS W2 uff, 5lo]| A ¢ =
24 O}LFﬂ, EE ]Ur 04?4 7R F8 s yE

ol
e
B

d
[~
%
)
x

)
o
[o
fru
U |‘U>_"
s o
i)
RuR AN
=
s
N XN
52
ro [
fr

=
T

o

I rlo
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=
Lo
ol
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iterable (o]E]8] &) WH =L ﬁ& Hol St 28 E 5 = A4 ol B dzernE (list, str,
tuple Z2) AlE2 I & dlct o dd u Al FA FE, 3 AAE,  iter () Y AHAA

M= F8sh= getltem ]HE%M}H@Q}?} RE Zgrg 714;4]1:0] ol/\qr)r

ol B2 for F2I }‘]"Q'%T %J— Al diéj‘é 23t o E%S X (zip (), map (),

o *}&%-?21%‘43}- oJHHE AA I WG T4 iter () o AAE ALGHWE, 1 A ©
%fﬁu‘%‘?} o] ]Ei?—ﬂolEiL HE HEge e 7%?%%?}v§§‘43} ol ¥ &

iter () & ZESHA, ol # ol E] AAE 2 ‘

Oﬂﬂi—ﬁr% o Al H/H Aoz Fed, F2E T ¢ oHE o HE JOP% o] &

FuUth olgd ol g, AJ A, AlF#olE & B A L.

iterator (o]E{#| o] ¥]) OB 2EH S W= AA. o[ O|H 9] __next__ () HIHES HHEHO
ZEEAE (e LHXL SFrnext () 2 AGtH) 2EH Y= FEES AU E S F U ¢
o]/¢e] tl o8l 7} 31-& W= thAl StopIteration d&& oYt o] A H A, o] & o] & A
A= 2257, 0] g BE  npnext_ () WIAE &L Stoplteration &S thA] g0 7 7]?}
Utk olEHdl ol B = olE#E olH AA A4l S EEF=__iter_ () WINEE 7HE Aol 875 7]
ufj Fof], ol B #l o] Bl = o] El 2] B 0] 7| & 3al THE o] H Y EE S WolE o= T2 Lol A A2
T dFYTh %4‘3—5} ool = ofe] He o]H o] AE AEsts ZEYYTh (1ist 2-2) ZH oY
7“Zﬂ Titer() 5 E AGAY for Fxo AE T wjulch A o] H# o]EE WU Th o™
A< O]Eiﬁﬂ"hﬂ‘)ﬂ i Al 3 ete] a2 shd, A o] Bl o] M of] ARE-H o]u] A Z1H o]EEolHE
=eFHA, H A oA H EO] Al vHE Yt
typeiter °f] & ZpA] &k W&-©] Q55U T

key function (7] 34 7] S EE% Z 9] o] A (collation) &+ A & (sorting) ©] Y ¥ & (ordering) o] A}-2-=

= #= T 2HEJYUTE oAlE £09], locale.strxfrm() & A4 54 YA w=2s
Z“'jﬂe UP‘:LEﬂ /\}&%‘/]EP

gtol Mo W =77t @450 DA A AR Fol=AE Alofstr] 913l 7] TF4E o}
EYJUth o]d AE9+=min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapg.nlargest (), itertools.groupby () ©] Y5Ych

7] & wE s e o E 3 O] AT o § S0, str.lower () HIMES 74101’\
AP .,4:5} 7l 42 AFLE 4 S5 U Ao 2 7] 4= lambda &
A=, old AYUrth lambda r: (r[0], r[2]). E3h operator_,_g‘_/ﬂ] 7H9/]7
A AE A F YT attrgetter (), itemgetter (), methodcaller (). 7] 45
}\]——9- = Woll 3l of|  Sorting HOW TO & H A &

keyword argument (7] & ¢12p) <A} & HA Q.
lambda (Fth) 22 of gto] A= et 94 o7 FA4H o] F gle et

W= B2 lambda [parameters]: expression YUt}

N,
o
v}
i
e
o, ko do
rlr
§2
oy
_\:
K
H
O
[}
Qmmﬁ
mmmm¢

it

il a% < €2
Ro > bt el

EL
Z
lo
Pﬂi
_,4

rO
o

rl

LBYL % 7] Z ol X 2} (Look before you leap). ©] 7 2AEFY 2 S Z oL} 23] & 317] Aol YA A o= A
2AEL AAE YT o] 282 EAFP @ELHSJ%W]H]Q I, g2 if Y EAE SZAAFH YT
T3 28 = 2o A, LBYL H2WH-2 “B 7|78 “H 7" 2ol A 27AE “&574] Aol I
t} o] & Eo], ZE if key in mapping: return mappinglkey] & AAF X, A 9k 23]
Ao, th2 28 =7} keyE mappingo| Al Al AstE A& o+ s th O]E* o]+ 5 ©] 1 EAFP
ATHS AT oEzN sl 2dE o+ s

o
list (B]|2E) W gtol Al T o]Folx B350, daol thst A A70() o] 7] wiZof, A2
2] ~E (linked list) B Th= of 2 A o] 9] v &3} AU T}
list comprehension (x"/]/\E A=ZA) ANFD2Y LA AR EE YR E sty 1 AFHE g rER
3= 7083 . result = ['{:404x}"' .format( ) for x in range(256) if x
$2==10]% ooﬂ/ﬂ 255 Afol e O‘% A9 1675 (0x.) E= 3
t{}E\/]DP- if B2 A 5+ 5yt =S, range (256) o] )
loader (2¢]) 252 ZE3H= A A load_module () °]2t= o] 59 WA EE J-J’Hokﬂ‘%‘:‘r 2+
BRE gog 7} B8 Ytk AA 3 YL PEP 302 E, Ao~ Z 8~ = importlib.abe.
Loader & HA| Q.

magic method (W] 3] Wl A &) 55 v A = o] v]F 44l B8k T,
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mapping (M) doJ o] 7] 23] & A Y3} Mapping ©] Y MutableMapping FA Hloj 2~ S~
off AAAH HAHEELS FASt= AH oY AA. o2& dict, collections.defaultdict,
collections.OrderedDict, collections.Counter & & 4 95Ut

meta path finder (W€} 2 5}916]) sys.meta_path & o] EJF & volr. HE J= vhelr+=
Az dEg 3y 2 #&AE O Q7]+ AT Ut
v el A2 37t 8 el= WA E S A= importlib.abc.MetaPathFinder &
Hyrth

b
(£

metaclass (WE} Z22) oo Sejs, Fehs ROt 2e 2 o5, Feha GA U, Mol s S AE

o) 222 thgurh B 2o Ak o] Al ARE wob FeAE BEL AL Tt

AH AGY T2aRY Ao 5L /8 7HLS AZ T Shol AL SEIA BEL AL Axd

e 228 S S ks AAUTh R Ag A AL o] S A e AW, Bast

A, W ek 2ot ST Sobe ShE e AF P Th ol = el HE AA| 29 27 (ogging),
TR gL e Ao A et

2= ke 2o AA B 4, =
metaclasses o A © A3 &S 2 9l

o

method (W] A=) Z#2 nir] <ol A A o] =]
T HEE A HA AR} (HF self
A5ZEHAS.

method resolution order (WA & Z2A £ 4]) HAE 24 A= 23
ZH B0 =AYULE 23 el K E gho] A dE Z e H
Python 2.3 Method Resolution Order& ¥ 3 F Ut}

module (2 5) 5ho 8 7=9] 243 19 & ek A, REL 919 oM AN S L B o) B
F0g A5tk RES 9t Ao o6 spol W e 2R
H712 = BA L.

module spec (RF 23)) ¥ 35S 2ESEH A48T JEE B8 AHES BT Jt o & B2
importlib.machinery.ModuleSpec & QA1AHA,

MRO HA= 27 =4 & BA Q.

mutable (7}¥) 7} AA = ghol I = JATid() & A FATYULE 28l = BAS
named tuple (V| Y= F&) “named tuple(V| J = F2)” o] gt §o]& FZoAA AEH3L o] F B2 I E
B HEES ARl AddlA g 4 e 240 A2 T 5 Je BE Fo|ug S AP Ut

Folu} Ze 2ol e 715 E JL 5 YU

time.localtime () ¥ os.stat () 7} ¥ e TF3te], o2 R ol = FE Y
T 02 o= sys. float_info Yy

o

>>> sys.float_info[1l] # indexed access
1024
>>> sys.float_info.max_exp # named field access
1024
>>> isinstance(sys.float_info, tuple) # kind of tuple
True
AR Y= FE2 P S D YUk E, tupled] A 445m o) 2 RS BES o se
A o2 o2 M YE FES UE S dSUth e @ 2o 48 YFAL A E P4
collections.namedtuple () 2 WS ¢ AH5 UL 29 7[HL A H AAASFAYG WF UYL=
REAAE 2L 5 Qe B 27 MAES ke E g

namespace (] 5 %) W47t AGH & A, o8 B0 IV TR AAol TP o) 2
S EIAE oA Erk ot Ao, A, WA o] § F7ke] sy o5 32 o5 TES
BAA RERE ALFUTE & 50], 5 builtins.open Zos.open() = 159 o5
7ol s TP UL £, o & 2L oW REo| A48 TAFEAE BRI wEoIA
M= A T A HeAdo 2= UL o & 59, random. seed () = itertools.islice ()
gtal 2 1 o] 242 random 3 itertools EE O o8 7+ S o] WU
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namespace package (0] 27+ 7] 2) 22 A H #7759 AH o] 27 7] %5 el PEP 420 7] 7] 4.
o2 B AN B A AMT QAL 2% AT, 59 _init__.py Hdo] glemw A
7] 7 oh THE U

EE T HASL.

nested scope (538 2515%) £2120 42| W5 g 2o 5, of
o Bt w Bl Y WSS
e, Tl A T
2T v AR 7, el M5 Ao o] B B7hel A 93 £UTh nonloca

2= AL U

new-style class (F 2Bl Zal2) AF2 2E Zd 2 AAod ASFHT A= ZF2 HAL oA 9
5. 2719 gtolH HAAE, 24 FaEYd FYAaT __slots_, YA2IHE, =gk H,
__getattribute_ (), 2l WAL, 288 HAE} 2L sto|H MET LS 755

o A g8 2 919 & )

object (AR ¥ (AEAHEL ) & 2T 54 (IAE) o] P LE HoH. EG BE 28t
Zo) s o] F A9 Mol 2 A,

package (37] 7)) A2 RESO|LL AAA0E AR A ASL ERE 4 e vl w5, EH0w,
714 patn_ oEelREZ} g shol A RE Uk,
A N7 A 9} o & B2 AAA E HA L

parameter (A) G (LU B0l G5 DL & e A (m o0 A4S AAD) B
AR ol F B AL EL Tl E7 HARS A5

o -7 9 = (positional-or-keyword): ] %] <1 A} 1 7] 9] = <1~
ytt o] Zlo] 712 Fej i s YUt ol & 5] the

A2 AGE e AAE ART
o A foo &} bar:

def func (foo, bar=None) :

o A X-AE (positional-only): YA 2 AFE 5 Q= AAE AATUTH P2 AL 4=
S Aolo] Wiy BRof / BAE 23e 1 T F o AT dH5 U oS Eo] g
ol| A posonlyl 3} posonly2:
def func(posonlyl, posonly2, /, positional_ or_keyword) :

s 71 =-H-§ (keyword-only): 71% EUAEE 5 e dAE ARZ T 71H=-A8 v A
e EER L 5]10]444ﬂ@HﬂWﬂLT4*ElmEE@ﬂH
Aogd 4+ AdFULh A E 2o A kw_onlyl &} kw_only2:

def func(arg, *, kw_onlyl, kw_only2):

o 7FH-9] X (var-positional): (Th2 Wi 7f =50l &3 A o] n] @totEo 7 9 %] Ax}FEoll &)
AETd 4 Jd=AA AAES Y AD2E AAZFULE ol & w7 H4E= w7 4= o] F-ol
* 5 9kl qu/ﬂ AYE 5 AsUth A& S0l thaol A args:

’def func (*args, **kwargs):

« 7H-71H = (var-keyword): (ch2 i A ‘?‘J—’F%"ﬂ o3| A ofu] ol5 o X 7] = A A= Tfsl)
Asd 5 3l 499 e 71 E dAs S ARZFYT o) v v o] 5o
g ol 244 Ao E 5 A Uth ol E S0 919 Aol A kwargs.

WA e A QA S f 7|2 gEw ofy et dE Ao Ay A A== AR =+ A5
Yt

At *‘101@ T, Ak} i/ ao] Afolol 2= FAQ EE, inspect.Parameter F &,
function Z, PEP 362% H A Q..

path entry (A2 A=) 4= /|0 5Hole] 7 JEE G RESS 27 A9 Fuse JEE A2 4

shitel .
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path entry finder (7 2 NE ] 312 t]) sys.path_hooks o] Y= ZHE (&, ZZ dEF =) o] | F
L gloly Ay, FolA A2 dER B2 RES = w2 o7 9%

AZ JEZ Ay Eo] FHE=HAEEL importlib.abe.PathEntryFinder o] U3 4Yth

path entry hook (A 2 JIE 2] &) sys.path_hook FAEJ J=ZHEQUY, EAH AR AdEZ oA R
ESFcHES LI IUH AR AEY IHAY & =HF 1413]—

path based finder (3 2 7]t 5}Q1]) 7] &2 v e} 4 = 3}l o & & s, ¢
S,

pathike object (425 A 519 A28 =S Uehis A, A2F AAE J2E G str
Y bytes AA| o] Al os.PathLike T2 EEZ S T s= AAYYrL} os.Pathlike ZE2EF
S A Y3 AA £ os. fspath() 55 TZ3 A str thbytes I A28 A2 2 Wghgd
5 Utk Al os. fsdecode () & os. fsencode () = 22t str U bytes 23S B A 5H=1
42 4 95T, PEP 5192 315 9z o

PEP 5ol %1 |4 4] ¢k, PEPE 5ol A A5 U Elo] 4 H & A58 shol 4l E i =
off 3t M2 715S AYsle AA EAYUTH PEPE A HE 7] 5ol thet H 23 7| A E
ZAE AlFH oF @WD}.
PEP= 98 NMEL 7| E5L A|¢tst
2RSS EAE TET -145} 7] v A
Hit] o] A8 EA5 S Aol JFY
PEP 1 # %314 8.

portion (Z4) PEP 420 9| A A2t 2 A9, o] &
=9 A @ip oLl AR = Aw )

positional argument ($] 3] Q1xP) <12 & HA L

PM

E 4= A

td
il
o
L0

gpol ol S ozt A

Aol Tl gk AR E 1 )
{1t PEP = Ve Wl A el g &3k

U+ 4 U th PEP 2/ 2= 7]
ol

F71 7] A of) o] uhA| 3 Shike] T el ol Soj gl

provisional API (Z}3 API) Z4 APIE= E& glo| B 2]o I A 3384 B o 2 HE AlE3] A9
Ytk SHHolxe] 2 tﬂﬁl—ﬂ 011’*5]}1" XA gk, FAg Aol ghal FAE = g I o] | EAE o]
o sittar A 7Sttt 344 S8 o] FAE A e HA o] dojE = syt 1 HAF2 E32
geta o g oA = & APyt — API% 2337 Aol B2 FUist ZE % Aol
WAE Aol v dojd Ad Yt
T APIAAMZAE, A S8 o] FAHA e A2 “HITg s’ o2 gAY YL - BE
A¥E BAS 01113110]]-14-741%3%% EAZ7FARE YT

[«

o
=

¢
I

A BE ghol Bl g7 LA AL T A RE
Ytk o 24 g 82 PEP41 = 23 gyrch

provisional package (Z3 3|71 x]) A API & EA)

Python 3000 (o] 8 3000) s+o] A 3.x WE 2holo] B (A 3] WES W v ehe] o]kl | A Ho] B
E0]A o]Eolt}h) o] AL “Py3k” & o] 27| % Tk

Pythonic (s}o] #The) THE 1o} o] 4] QubA 9l AP EL AESIA = E FABE H4A, sho]
of ol A 74 AFF A5 & ol 452 7Pbo] et ofoltofu} IE 27 o] &
A AF 25 o U UL for B& SN olE B e BE 822 25 AU T
Qofol = o] F FF 9| PYBO] YOBE, Shol Hol %5 e AFEL Ao 54} -2
g7 ek

I

iy

=

1)

o
52 e 2
i o 2 12,

)

for i in range(len(food)):
print (food[i])

o 253, shol Arhe WYL oYt

for piece in food:
print (piece)

qualified name (3735 o]2) 5 AY A2FZ oA BRE AYH Fe 2, T, HAE o2
“AR E HAFE=FoZ EH o|&. PEP 3155 Oﬂ/ﬂ AUt H A4S ot e a 48
o, At3}4 o] 52 AA 9 ol THYh
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>>> class C:

class D:

def meth (self):
pass

>>> C.__ _qualname_
IC’
>>> C.D. ualnarm
'Cc.D'
>>> C.D.meth ualname
'C.D.meth'
2EZ 7MY 7] =l AHe-2 o, &3] FtstE o) 5 (fully qualified name) > B F B2 | 7| A E&
Z3EA RER 7= %‘j_o_i—{ H o] &S Yt} o & E9],email .mime.text:

>>> import email.mime.text
>>> email.mime.text. name
'email.mime.text'

=

reference count (2R 314) 7

d

Aol @ 29 A5, AR B2 A5AF02% Wol AT, v 22l 7
MEUD A2 05 242 ANA0 s soll RS L EH A A, Crylon 3921 944
L49Yth sys BEEL EA AA 9 AR 34 E E8]F = getrefcount () < AY gt}

regular package (J4F A7) A]) __init__ .py FL¢E& £33E= g g et 22 A5 F <l 9 7] A].

olF T AH7NA = HAL.

==

51

_slots_ e 9] Ao, A2E s 2L RESS % 302 ve] AL A2H A A
g AAG oA W= g g A3 U A7) A7t HA W, o] BT L ent=
AE3717E S 7R E Aol Bl N 58 22 aWol A B 5o AndAT Y

=98 49 B Aol FHTh

[>

sequence (A]@2) _ getitem () S WA EE B3 A AP 2E AL FWE 24 AN2E A
5, A58 AolE EAFE len O WASE ASIShE o) el 2 WP AAnE
UgsEd, 1ist, str, tuple, bytes 7} . di Sk getitem_ () I} __len_ ()
= Z]Tlﬁ}x] A, 23] o] A oAl ol o] £ 715 ARS-St ] 2ol Al F A7t ot mj g o2 F
RS Aol Fol ok T

0
e
l-n

collections.abc. Sequence = AF W o] & %EHQ% __getitem_ () & __len_ () &
dojx xR F5S AEso]laE A3k, count(), index (), __contains__ (),
—_reversed_ () % ZHd ot o] g < E O]C% A3t P& register () & AE3)

Y
A HAAFCZ FET 4 JF YT

set comprehension (F g A=z g3 A) olg Lo Y= 24 AAY LR E Aestn 245 42 IS
H3st= HA S ¥, results = {c for c¢ in 'abracadabra' if ¢ not in 'abc'}
=29 A {'r', 'd'}E BT rh comprehensions2 FFEBHA Al L

single dispatch (4 & 1:4,/;;]]7‘(]) Fd o] 3t AR Fof| 7|2 A AR = Al E T YA XY
st 3 H.

slice (E&lo]2) HE A[AA Y dRE 3ot AAl. Setolae AE ATHE £7)H
FUth variable_name[1:3:5] A4, [] ¢t o 7| AE ZECE £
MBE23YgE) Z7|HS R Hcw Sllce AAE AHE ey Th

special method (54> WA =) Flo] o] gof o] FALS, Tl 2L A 53 i _-'T/\] 207 3ETE A
E. oA YA EE F Y BEE A S Evb= 0] =2 72t dF5 Ut E4° v A == specialnames

of 242 wEolA Yyt

statement () T&2 29 E (=9 “EF(block)”) & 7S+ FEAUTE 32 534 o] AY
71 EE AFR = Y 7HA] R E 9 st gd Yttt 748 if, while, for.

text encoding () A E 2137 9) A string in Python is a sequence of Unicode code points (in range U+0000-
U+10FFFF). To store or transfer a string, it needs to be serialized as a sequence of bytes.

2 A8 B

U g2 s

%
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Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding” .

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.
tex fle (452 h4)) sto ANE A2 & 4 Qe A7), £3, = AAL AR L Mol T
ol HAE Y M AT FAE Q15T & A% AT HAE e d2E HAE BE
('r'Ex'w) 249 31Y, sys. Stdll’l, sys.stdout,i0.StringI0 9 AAEHAE E 5 JAH

gt

o stUE 5

S ol 27 o) 5 A e Hem g
1 9=

BAE 2A 2k el 2o A4 4 At SAYE £l 53 £B QG
type () shol 4 Azl F& 1300] oW B5e] AR AAE AR FULh BE AAE Fo| YUt}
AA S P __class_ OEFYRER IA2T 5 YA type (ob]) B B2 F AU
type alias (3 o] o]2) FL APEAo] ) A 5ho] WSl A= P2 T o,
Yol deloj s P IES dedsts 8P o & S0
def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass
£ ohg 2ol o 97 44 e 5 Atk
Color = tuple[int, int, int]
def remove_gray_shades(colors: list[Color]) -> list[Color]:
pass
o] 715 AW typing T PEP 4848 F235HA 2.
type hint (3 3 E) ¥4, F2 A ELHE 2 4 w7 o vk 3o 71HiE = 32 AR Sk ol =
| o] A.

Alq e E Agsta, A W, 22 JEARE 3 g5 @ JEE typing
get_type_hints () & AH§5to] QA AT 5 Qs
o] 7152 A H3lE typing T} PEP 4845 X SHA 2.

universal newlines (UM A & 37) th=3 22 4 RDEF 29 Zog QA3 HAE /\E%‘ =

= O =

== T
Aot Bl = e 7H6§ A& "\n', A== A "\r\n', 9 UH?JEA] e
Z7+A Q1 AFg-of] B A = bytes.splitlines () gk ol 2} PEP 278 &} PEP 3116 = Exﬂg.

variable annotation (4> o] = EH|o] ) HE == ZP 2 oJETHEQ] of - H o] Al
He e FdaoEgREY ol oldS 2ol thy2 A8 Ayt

class C:

field: 'annotation'

WS ofmHo] e Ao § =R ASPUTh o o, o] WSt int P AL AR
719 Uk

count: int = 0

W o] i H o] £ ¥ -2 A A annassign ol Al A g o
o] 715 A9Y3tE= T4 o] =H o] A, PEP 484 ¥ PEP 5262 X314 8.

M
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virtual environment (7} %}
HNSgZzZaRE

E8E A8 VoA
venv E HA 8.
o= AFE. sto] A9 7MY 71 A& viol E

virtual machine (7} 7]4)) 2 Z E gjojulo
Y7t 283t vhol E I =8 APy

Zen of Python (3}o]% Al) zho] ]2l Heje} HatE9 55, A& o35l AHE-3= t =& ©]
HUth o]l 552 U3 Y =& oAl “import this” & JHstH H Yt

TE
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APPENDIX B

O] dHAOf 25}0q

o] A ™ A= reStructuredText Ao Al RES 01X A0 2, sho]H AYAE Sl 53] A2 A A 87
9l Sphinx & A& 5 Yt}
AT A et o] & AT EA A N2 Shol ApA| of mpHA = A o 7 AFA-gALARe] =3 Y T 7] o] 8}
Athd, Zro] R ol th 3k A B = reporting-bugs | ©] A1 & il 75‘]’ AA 2. 22 AL S AP A Al
It
= EsoA B2 A =-YTth
o Fred L. Drake, Jr., 9 &f s}old AvgA =7 R go] 2 apo| 2t w2 2dl =9 27

&

ﬂl

l—J

« reStructuredText 2} Docutils 22¢] EE HFE = Docutils Z2 A E,

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

B2 Abgho] shol A Qlof, sholx ®F gholu e 2] Bl shold A Ao 715Ut 7oAt FE A
B 22 glo]H A v EH2] Misc/ACKS & ZZ AL
stolxlo] o] & WX WA E ZA | AL mtolg AFUE S 4 7)o qfE Yy th- A o
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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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Ut} GPL 8 gho] Al A= 5lo] W} GPL Sfoll &t H T2 A nEYo] S 23a 4 g A It o
A5 197 FUTh

Guido®) A £ 5}oll o] W EE 715317 BE BL 9% 4ARAAS A =P,

C.2 TIO|40l HMASHHLE AFRSH7| $I5H 0| ofzt

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 3.9.23

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

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

3.9.23 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 3.9.23 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 3.9.23 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 3.9.23 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
3.9.23.

4. PSF is making Python 3.9.23 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 3.9.23 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 3.9.23

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.23, 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 3.9.23, 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
agency, partnership, or joint venture between BeOpen and Licensee. This License

(Th5 slTeTATol AI%)
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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
Virginia shall govern this License Agreement only as to issues arising under or

(ThS slTeTATol A1)
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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 3.9.23 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
ek 3eo 7Rt F=ES 243Utk b2 dd T2 A4S Iz 70 AYdth

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

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

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

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

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

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

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

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

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

socket R EL getaddrinfo () & getnameinfo () &4E ARt} o] &-& WIDE Project, http:

[lwww.wide.ad.jp/, A A & EE A2 3tY =2 I 5] 5T

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

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

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

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " 'AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 H|S7| &3 MH|A

asynchat ¥ asyncore &2 b33 2 Y AHgHE 233t

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

C.3. Z3E 2ZE|0{oll it 2foldla K 52l
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Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

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

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

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

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

o 2e 39 ARE THFYT

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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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

34 Python/pyhash. ¢ o+ Dan Bernstein®] SipHash24 €17 2] = 2] Marek Majkowski 2] & o] 3 35| of
U Th o 7ol & e 22 -go] £ o] Uz vk

<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

C double %} A4 712] HES 938 C &4 dtoa &} strtod S A F o= 3L Python/dtoa c = 3
http://www.netlib.org/fp/ o] A A& 4= 9= David M. Gay 2] Z+-2 o] &2] 5} d oj| A s} = 25 Y T} 2009
d3g 160l B2 Y& spdof = th3 22 A2 ¥ 2ol *ﬂc FA7F 2FE ] JdF YT

/****************************************************************

*

* The author of this software is David M. Gay.

*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

*

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
*

WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/
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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)
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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
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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.
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sho] 3} o] WA E:
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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