Python Tutorial
ZA| {H 3.10.18

Guido van Rossum
and the Python development team

73& 08, 2025






Contents

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9

5 A8
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8

6 LF
6.1
6.2
6.3
6.4

71 BAAJISY EZWE Lo
72 LS QI AT] L
8 o2fe} o9

z2agygoze] A

Nt Alo] 55 £ 7

if

range () &
break and cont inue Statements, and e 1se Clauses on Loops
pass &
match Statements
4 39 7]
w4 el o 1)
NS Y AE

-
T

YAE §{ H7]

del &

EZTADD

ok

941 ¢




10

11

12

13

14

15

81 =
82 Al ...
83

84 9
8.5 9
8.6 A}
87 3
8.8 myg

=Tl =
9.1
9.2
9.3
9.4
9.5
9.6
9.7
9.8
9.9
9.10

2y
KT
Kl

g, 1o

> 1o

N

o

%
o
I

242 0 oy Nqly & O
S T of ofyf by T S O nj

REF ol E3 1Y

10.1 24 AA QAE o]~ L.
102 St d=gte L
103 g3 A ...

104 ofel 2% AT =2 S8

105 FAEAHE A oo
106 38 ..
107 QD AN oL
108 &I A .o
109 HloJEl 4= . ... ... ... ..
10,1085 =H ... ... ... ...
Hﬂl*ﬂ&ﬂ ..............

10.12 sig |7t =g ych. . ... ...

ZFgolrge] 28Hy] — 28
1.1 =3 £y
112 928 ...
11.3 wpejyg] diolg #lAx= x| 2]
114 =289 ... ...

115 227 .o
1.6 Fsba= ...

117 F2EZFEF ..o,

11.8 Decimal Floatmg Point Arithmetic . .

713 373 A sfj 71 A

121 270 ..
122 7WAEA 0= 0000 L.
123 pipE | 7|A 37 ... ...

ol A & 3} )2

U3ty g AR L sl agE X $
1M,g%@44¢§a%§ .....
142 tis}s ez ook ... ...

Floating Point Arithmetic: Issues and Limi
1510 B2 LF ... ... ...

tations

101

103
103
103

105




16

=]

)

ns
16.1 o3y
8ol

About these documents
B.1  Contributors to the Python Documentation

& Atg} 2ol &

Cl AIZE9]Q I}
C2  gholyol HA| 28 A L AHE-8}7]
C3 ZFH sz ES ol gt gho]dlx

A

Iy

A2

o

p 53

111
111

113

127
127

129
129
130
134

147

149







Python Tutorial, £A| B{H 3.10.18

Tz} AR AFz2a
3} 54 Efol 3 (typing)
IHE ZAGmE S8

o Hl
o |1
PR

g,

2o 1
o
[k

Y =

oy of ©

g2
2
sl

0% <

g

Mo o,

2%

0@, o 1o

4z
s

S

2 2 Thde] o)A <l &4

slol#l Q1 = 2] Ej 2} FH35t
python.org/, ol A £ & & Al &= 11, A
AFste ol g, 229N &

hol# QQE Z g H o+ C Y C++ (X
A F71e 5= dF Ut ol A2 A
[RR=

o] BH4 4= Fhol A ol o} Al 2| Y] 71 AT )5S
Az E7} god Egol HA T BE dA 7 5G4

X

of
[ ot
A

Fkl
MN o
'S

gl/}u} 192 Fej = slo] W §) Alo] E, https: //www
. ESE o] Ao Eo = Xﬂ”XP: o] &

gholu} 928 E o,

%
of
N2
i:l fr
% B>
>
gO

m oy o
H O o
g

;gr[r *1
—.&é e
>
Bl

>

e 1

1o

=

fUI
o WIO

= A 2F BE ol th$ A -2 library-index ol A <1 8FA] 8. reference-index = 1 ofof] th st & T & 414
?l 7§9/] EAFTYY C Y C++ 2 32 214 518 1 extending-index £} c-api-index & #Z3HA| 2. &5
oM ol JAUE HEE ‘33}%‘4‘3]'.
o] AH M ZZH YA AEFA FHUTh BE 75S FA L don, ol AF A H = 750l
RAA = vp7EA] U T thAl shol X o] 7Hd £ 5T whet 755 A7) ste] doj Bt Aud 2 2
=2 5 == skl o‘ﬁ‘/]")r- ol FFME Y2 Fole oA BER z2 WS A & 5 9o,
hbrary 1ndex Oﬂ 719 th gt ghol A ol Bejg] REo sl vl &7 E A YUt

2o]H E3H AHE 71% 7 94Ut

Contents 1


https://www.python.org/
https://www.python.org/

Python Tutorial, £A| H{™ 3.10.18

2 Contents



CHAPTER 1

of e ol AREE ol AHEBTHY, A7 A5 YT AL 4GS WANA Ptk o2 Sof, e
£E SHIES AA-S AT AAY AR S S B o o 52 upR A AR 31 AL
S ggUth oM@ ke AR Eo]Eulo] AL} GUI $§ =2 T, it e A 9L BET
Ae AQueh
BFOF o el % o] AE 4mEg] o] A EATH, o C/CH/Iava Bho] HH 2] S-S 23 Aokt T 4
g, AuA el = A/ T A/H 2B/ A AT o] U Leths A2 ARA YT oA
T et el S AR HAE AN ES YT B AE ST G4 BEs e A4S WA}
GUTh E& 39 Ao B AHS I Z2 AL AW, H05 AL Aol AAE AA}D FASD
A7 e % gt
whol & WL o] el £ 918 Aol YTk
A EL oW 4YEL Fu2 A 2TYEY A= WA FAL FAHA H AT 2= YLk 5
A A 23YEL A o PAF $7 AL HAE PoHE WAL Ut 2R AW, GUI S§
=2 Yol AU BEL Ul ARHA FFULE C/Cr/Tava 2218 S AT 2= U o, 3
29 22 79S BESuE U a A A zko] Sol gtk so] A& ALg 3t/ B ZekataL, Aw,
B 08, f9s LGAANA AT 4 or], o W 9L FRT 5 IS Gtk

© Apgo] 2R A R A E 2R =2y dojoldl, A ATPELH A AR B

<l
%)
L

A5 E wFoll Awk Y Perl R Th % o] W2 A & o
Zo]x o] 5 o] & ALRFF= AWkE sto| W A% 7 3
golH e R 22 IS A ZEZ U T UES o
AL S QS YT R 2 RESo| mele Lty o Ry =g 19
Z2 Y-S 7] oAz &8+ AF5Y B2

Y

sho] e Qe el e Aol Utk Aot B2 BA 7 Be YonE A A A
Az H & UGz AT 5 JolA, dojel 152 475
R 22 IS vEol b 59 HLES HAER] 4%

ek,

o
X,
ox,
ok
i oy
30
bt
u[il
i)
A
=
&
)
X
[k
fu
[
)
rlo
£
)
N
N,
)
Jo
fu




Python Tutorial, £A| H{™ 3.10.18

il
th: C2 2235 M dvd, dEZHo 2L d Sy Asd <
< t

A, A A4S A = S AS AL Hho] U2 FEh 2w AT £ ol e (13 AR A
ZeE 2992 ghojne 2ol Shold =2 I1RL AAT 5 5Tk AR ol Mol v =¥ vk,
2 9E g el shold AHzHE Adstel 15§ =2 ol B Aol LGS
+ gtk

sho] 4 o] eh= o] §-2 “Monty Python’ s Flying Cireus” 2= BBC 0] A w2 510] 31, 55 5 94 o} 72
#edo] gl th £ 14 Monty Python®] 592 9183 AL slete 49 Bk oh e}, 945 @
91Ut

oA o]} & shol o] B T FEN L F U 445 Sk A AT AYUTh Aol Wit A
FPRE AGIE Aol 7] W, o] HEAE HOWA A oW A ZAHE VAL AL DY
r}

& AN A, AB el B2 AS S P AP FUT o AL A AT FE QY BHA T, o] Fof
des dAse A A = dagid

A4 ) bl A sho] Al Alojs} Al 2 8le) ole] 75 ol Al E Bal AU T e £R A, £,
AR A AN B4 RES AN, AT R 9} AL B FALG T 17 ATES
gy




CHAPTER 2
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The Python interpreter is usually installed as /usr/local/bin/python3.10 on those machines where it is
available; putting /usr/local/bin in your Unix shell’ s search path makes it possible to start it by typing the
command:

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

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

On Windows machines where you have installed Python from the Microsoft Store, the python3. 10 command will
be available. If you have the py.exe launcher installed, you can use the py command. See setting-envvars for other
ways to launch Python.

7| E 22 3 E o A EOF(end of-file) EAFH(FH 2o A= control-D, YE QoA = Ccontrol-2)E U4
il ]H YE7L $530, F8 JH Z=E0 0] FUth o] Wil 1A =t quit () BHE
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$ python3.10

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

[GCC 4.8.2] on linux

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

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

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

Be careful not to fall off!

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

22 QlE{Z2|E{e} &4

221 AA FE QAL

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

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

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

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

t}:

# —*— coding: cpl252 —*-

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

“

rO, 33

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

2.2, QE{=2|EQ} 2t
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CHAPTER 3

ool e ool A, AT YL EZE(> 9 ) 0] £4] R R TEPUT: dAE AH 5]
AL zEzE} e u 2EE Ho| o0& RE ASL JAsok FUTh e AaA
deEELdezH et ASYUTh o RE ZEZE 9o R AT QSN EL
Qs of Brhe E o] Fol AL ole) B2 FAE WS Tl UYLk

o] A Aol bt B o (5Y ZEZEA A JYHE ASRAE) FAL 2P YH T
shol Aol A F4 -2 A A 4, 2 A S 29 A oo FUTh R4 29 Aol AT 5
931, T ol TS Hof b % dFUTh AW £AY HE Y ol Sold 4 gk 244
HE gt S5 A BAE FH o ofet A BAHY BYUTh FHL mE o) H
A7) 918 2ol 3L, shol Mo ol 4 3hA) o i, o8 ¢ wle A= Byt

# this is the first comment
spam = 1 # and this is the second comment
# ... and now a third!
text = "# This is not a comment because it's inside quotes."

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

3.1.1 =X}

The interpreter acts as a simple calculator: you can type an expression at it and it will write the value. Expression
syntax is straightforward: the operators +, —, * and / work just like in most other languages (for example, Pascal or
C); parentheses ( () ) can be used for grouping. For example:

>>> 2 + 2

4

>>> 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 (& 501 2,4,200 & int JYUth £25R7 & AE (& £915.0,1.6)2 float FYUTH
o] A4 A Wf F RS ol sl o 23] AL o] g gy ch
A () £ B loaE EAFUTL A% el 02 A5 A3 dodd /) d0AE Ao

>>> 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
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o] Mt ALGAR AL AV AR AX T AT ofof Itk g A7 B AsHA vpA 2 — ot
3G dobE 2L o5 A WFE AR BEL A 8 -

27g P5yrk

int & float EﬂOH -4- 128 Decimal U F raction SS9 = g9 £AEE A YY) to) A
2 Eag o gt AdE WAst gledl, d5RE 7M1= § U g e AFE AU T (€ =9

3+59).

3.1.2 Strings

Besides numbers, Python can also manipulate strings, which can be expressed in several ways. They can be enclosed

in single quotes (' . . . ') or double quotes (" . . . ") with the same result’. \ can be used to escape quotes:
>>> '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.'

In the interactive interpreter, the output string is enclosed in quotes and special characters are escaped with back-
slashes. While this might sometimes look different from the input (the enclosing quotes could change), the two strings
are equivalent. The string is enclosed in double quotes if the string contains a single quote and no double quotes,
otherwise it is enclosed in single quotes. The print () function produces a more readable output, by omitting the
enclosing quotes and by printing escaped and special characters:

>>> '""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.

\Hol et BA7 54 2% AGHA H3 44 2rhe, A e E Fol r & FolA I EAD (aw
string) & TS = Q&L h

>>> print ('C:\some\name') # here \n means newline!

C:\some

ame

>>> print (r'C:\some\name') # note the r before the quote

C:\some\name

There is one subtle aspect to raw strings: a raw string may not end in an odd number of \ characters; see the FAQ
entry for more information and workarounds.

String literals can span multiple lines. One way is using triple-quotes: """ ..."""or '''..."'"'"'. End of lines
are automatically included in the string, but it’ s possible to prevent this by adding a \ at the end of the line. The
following example:

PO QIOlE I el \n ) B2 S8 BAGE ALUFE( ... G BGRE(. NN T AE} g, E 2]
FUT Aol ALTLE ol A " B o2 H T DRI QA GHAT T & o] 2A 0B A A} FUTH, T A% 4 e

At

3.1. mO|ME HLI|=Z ALES1T] "
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print ("""\

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

nn ll)

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

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

EADE + AAR o]0 Bo] T, * AT WEAD 5 & Th

r

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

TN o 2AE Bl E (5, mEEE S8 AS) 7 dEE A e AR o= o] o 21 Yt

>>> 'Py' 'thon'

'Python'’
o 5L N BAAL 2ATA Gl e 28 5Tk
>>> text = ('Put several strings within parentheses '

. 'to have them joined together.')
>>> text

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

o7l 4 F o] g de vt H8d ¥ A @A = | FeHA FsyTh

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

AAAAAAN

SyntaxError: invalid syntax

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

AAAAA

SyntaxError: invalid syntax

HeE718] 2 M FAE B HE S oo 2013 + & ARl oF gt

>>> prefix + 'thon'
'Python'

g A2 (A2 229 8 5 AU A0 £ AL 00 g R ek BAE AT
HEo] ge gsuth 9esl Aol 19 FAL Ytk

=84
Ul

>>> word = 'Python'

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

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

Aot 25748 S5 e, BoIARE AU

12 Chapter 3. LI0|M2| ZI2kst A7)
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>>> word[-1] # last character

lnl

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

>>> word[-6]

IPI

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

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

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

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

setol & ElaE AR S 7| 23S ZE Qs th A HA QY AE Agekehd 7] 2300 o] AREH AL,
WA Qe ssh g W /| B gho s Sebol 4 H& 24D dol st g F U Th

>>> 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
lon'

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
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>>> squares = [1, 4, 9, 16, 25]
>>> squares
1, 4, 9, 16, 25]
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>>> squares[0] # indexing returns the item

1

>>> squares[—1]

25

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

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

"
g
_L
\1

,ﬂ
r o
|y
3
N




Python Tutorial, £A| B{H 3.10.18

>>> 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]

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

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

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

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

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

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

>>> # replace some values

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

>>> letters

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

>>> # now remove them

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

>>> letters

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

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

>>> letters

L]

W e len() S H2EdE AgFUrh

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

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

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

>>> x = [a, n]

>>> x

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

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

>>> x[0][1]

lbl

3.1. TOIME AALI|Z ALR5H| 15
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Of course, we can use Python for more complicated tasks than adding two and two together. For instance, we can
write an initial sub-sequence of the Fibonacci series as follows:

>>> # Fibonacci series:

# the sum of two elements defines the next

.. a, b=20, 1

>>> while a < 10:

Qo Ul w NP PO

print (a)
a, b = b, atb

s
jn
'_l
'_l
D
(00 =
[l
[
r N
s

'~
o

o ol

—

N
i)
5
fri e
X0,
rr
o r
=
B
o
L N jzl
- 9o
v
I
o
s
<

)
- X
fr

N

Lo

jus)
-
—~
S
S
oY

> oy &
[m [kl
|
N2
N

N

N

N

Y

-~
N £
[¥
N
it
i)
v
1l
2
[¥
N
rlr
i)
L
X
g
R
M
o
o
ol
2
Ach
fu
o
rr
ok
i)
Jins
v
v

(kI

X
N ot Lo
1T, [kl
;
i)
i 4
g
>
ofo
ofr
=
>
I
o
f
)
r
1=

i
rlo
)
i
I
2
[¥
N
N
l
o
N
k
o
<
o
Iz
_?l_j
fio Me
o

Kl
L‘ o jiA
i
rlr
b
rln
N
rlo
L
rlo
o2
1)
] 0

[l
%
N,
i
2
2o
o
N
{0
o
=,
ko

e ¢ s (o S
v
:o'l_"‘,

o O
9,
o
A
v
o
2o
N
N
re
2
o
R
X,
=
iy @

Jmﬂw
éémb

The print () function writes the value of the argument(s) it is given. It differs from just writing the expression
you want to write (as we did earlier in the calculator examples) in the way it handles multiple arguments, floating
point quantities, and strings. Strings are printed without quotes, and a space is inserted between items, so you
can format things nicely, like this:

>>> i = 256*256
>>> print ('The value of i is', 1)
The value of i1 is 65536

AAtend = =9 2ol 2dH = HAEAE AAIGAY =89S thE EALE YA st

>>> 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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cHAPTER 4

7IEF Mol 25 =+

Besides the while statement just introduced, Python uses the usual flow control statements known from other
languages, with some twists.

41 if =&

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

>>> x = int (input ("Please enter an integer: "))
Please enter an integer: 42
>>> if x < 0:

x = 0

print ('Negative changed to zero')
elif x ==

print ('Zero'")
elif x == 1:

print ('Single')
else:

print ('More')

More

‘Siﬂ‘%‘ﬂﬁ MY elif B7F s 5 AL, else F = /“E“z*‘ﬁ‘/]“/}- 7| E ‘elif’ & ‘elseif” o] £¢
FHA, A= 52T E Aﬁ}h o LT if - elif - elif - A|DAE T2 Aol So A
W AE = switch Y case & tjAIgY o}

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

17
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4.2 for &

°|
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2 KL

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

o

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

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

4.3 range () &t

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

>>> for i in range(5):

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

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

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

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

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

)y

Yok

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

little
lamb

Sw N e O

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

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

o)A AAE o] &2 o]k BEUTE RO 24D W7hA 4o FEEL AL 5 Ik FAANE
e Fooh FEEEY B0 AU St for Fo] 1d T2 EYL HAFUT ol
HES F ke &9 ol sun() Ytk

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

6

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

4.4 break and continue Statements, and else Clauses on Loops

The break statement, like in C, breaks out of the innermost enclosing for or while loop.

Loop statements may have an e 1 se clause; it is executed when the loop terminates through exhaustion of the iterable
(with for) or when the condition becomes false (with while), but not when the loop is terminated by a break
statement. This is exemplified by the following loop, which searches for prime numbers:

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

[}

if n % x ==

print (n, 'equals', x, '*', n//x)
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 W N .

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

4.4. break and continue Statements, and else Clauses on Loops 19
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When used with a loop, the e 1 se clause has more in common with the e 1 se clause of a t ry statement than it does
with that of if statements: a try statement’ s else clause runs when no exception occurs, and a loop’ s else
clause runs when no break occurs. For more on the t ry statement and exceptions, see ©I| 2] %] 2] 3} 7].

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

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

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

print ("Found an odd number", num)

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

Aot 2U2E Bs o £ AP

>>> class MyEmptyClass:
pass

pass 7} AHEE 5 9l

S S2 44T W rvk 2 AR vhele] Aelg AeE A,
of o] o 247 5 :

=N 2EEF }
2+ 5 QA FUth pass £ 283 FAHYh

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

4.6 match Statements

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

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

def http_error(status):
match status:
case 400:
return "Bad request"
case 404:

(Th5 slTeTATol AI%)
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return "Not found"
case 418:
return "I'm a teapot"
case _
return "Something's wrong with the internet”

Note the last block: the “variable name” _ acts as a wildcard and never fails to match. If no case matches, none of
the branches is executed.

You can combine several literals in a single pattern using | (“or”):

case 401 | 403 | 404:
return "Not allowed"

Patterns can look like unpacking assignments, and can be used to bind variables:

# point is an (x, y) tuple
match point:
case (0, 0):
print ("Origin")
case (0, vy):
print (£"Y={y}")
case (x, 0):
print (£"X={x}")
case (x, y):
print (f"X={x}, Y={y}")
case _
raise ValueError ("Not a point")

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

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

class Point:
X: int
y: int

def where_is (point):
match point:

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

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

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

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

case _
print ("Not a point")

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

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

(Th5 sTeTATol A1)

4.6. match Statements 21




Python Tutorial, £A| H{™ 3.10.18

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

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

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

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

match points:

case []:
print ("No points")
case [Point (0, 0)]:
print ("The origin")
case [Point(x, y)]:
print (f"Single point {x}, {y/}")
case [Point (0, yl1), Point (0, y2)]:
print (f"Two on the Y axis at {yl}, {y2}!")
case _
print ("Something else")

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

match point:

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

Several other key features of this statement:

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

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

Mapping patterns:  {"bandwidth": b, "latency": 1} captures the "bandwidth" and
"latency" values from a dictionary. Unlike sequence patterns, extra keys are ignored. An unpacking like
**rest is also supported. (But **_ would be redundant, so it is not allowed.)

Subpatterns may be captured using the as keyword:

case (Point(x1l, yl1), Point (x2, y2) as p2):

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

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

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

from enum import Enum
class Color (Enum) :

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

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

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

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

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

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

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

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

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

A2 Elo)go] ThEo] T,

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

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

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

4.7. g Mol5H7| 23
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>>> £(100)
0112358 13 21 34 55 89

S 10152 ASHEE, £ib 4 4% FATA 7 MEl 47 oz 22 kD 428 5
2}%1/]?/]- A, return £°] 9l 4 E g S F U ¥ S w2k gho] 7]+ shA gk o] 32 None
ojgkar %QW(LHZLO]E?JWDH None o] 8% 4% gholgtd, JAE Z 2B+ B 5 None ¢k 285
QAT % 52 ARTPE prine () AET 5 ATk

>>> fib (0)
>>> print (fib(0))
None

= A~
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44 3he A= Beg

rlr
r]r

>>> def fib2(n): # return Fibonacci series up to n
"""Return a list containing the Fibonacci series up to n."""
result = []
a, b =20, 1
while a < n:
result.append(a) # see below
a, b = b, atb
return result
>>> f100 = f£ib2(100) # call it
>>> £100 # write the result
(¢, 12, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

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

o return w2 YT EZRE S 21 BEASA Utk 4] AR} ¢l return 2 None& &9

FUSh @9 o2 oA Hd A A Nones EHF U

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

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

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

« 2 H I3 QAT AL ask_ok (T I THD YT

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

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

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

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

def f(arg=i):
print (arg)
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def f (a, L=None):
if L is None:
L =11
L.append(a)
return L
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def parrot (voltage, state='a stiff', action='voom', type='Norwegian Blue'):
print ("-- This parrot wouldn't", action, end=' ")
print ("if you put", voltage, "volts through it.")
print ("-- Lovely plumage, the", type)
print ("-- It's", state, "!")

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

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

FAW TheH 2L TEEL BT 2up2A vtk

parrot ()

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

required argument missing

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

unknown keyword argument

H HH W K

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

>>> def function(a):
pass

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

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

r
é
>

o i,

) di[ﬂ

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

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

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

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

g Aoz 528 4 AHUTh

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

—-— Do you have any Limburger ?

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

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

client : John Cleese

sketch : Cheese Shop Sketch

45 & 79 = QB ¢4 P4 BEE ALE
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483 E2 Oj7H HL

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

Ax7H A Pe A

5 Aot the T gy th

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

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

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

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

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

Qx| TS DH7H w4

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

o Mt Fas, YSE o) Wee ADY 4 >

FQUTE /=94 AL ) BEE Yo w3

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

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

7|19 E HE AR}

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

>
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g4 oll Al

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

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

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

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

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

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

>>> standard_arg(2)
2

>>> standard_arg(arg=2)
2

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

ol
AL}
<
v

>>> pos_only_arg (1)
1

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

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

The third function kwd_only_args only allows keyword arguments as indicated by a * in the function definition:

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

>>> kwd_only_arg(arg=3)
3

R et 2L g4 Rolol A Al X £F FHL BF AR Th

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

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

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

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

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

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

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

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

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

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

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

I
o>

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

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

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

Qlojo) 79 =8 WolEolm 4L uf §-83uTh

 oIgel Am A sl B Ao

A== AR Aol o) &

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

4.8.4 o|o| oIxt ==

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

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

Normally, these variadic arguments will be last in the list of formal parameters, because they scoop up all remaining
input arguments that are passed to the function. Any formal parameters which occur after the *args parameter are
‘keyword-only’ arguments, meaning that they can only be used as keywords rather than positional arguments.
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>>> def concat (*args, sep="/"):
return sep.join (args)

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

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

'earth.mars.venus'

4.8.5 CIXt 55 A mfF

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

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

[3, 4, 5]

>>> args = [3, 6]

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

[3, 4, 5]

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

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

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

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

4.8.6 ZCl E& A

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

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

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

42

>>> f (1)

43

BRI
o

A4 ST EOE FEE 4L B42 I 4D

919 o = B4 Bel 57 S w)
A4k

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

>>> pairs

[(4, 'four'), (1, 'one'), (3, 'three'), (2, 'two')]
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4.8.7 =RHEHO|MH EXIE

of 7] of] =5l o] A %Z}"éﬂ W&} 2ol #ek g 7HA] e 7F A5yt

A5 Gy AN BH LS G, A5 Lo oF GUTh TS A3, AA ] o Fol1} I ¥
N4 o2 ety ook Sk, o) A S T e M bR A A A S LIeh (1ol e A
A3k 5 Abehe o9 QuiTh. o] & e A A5t nhY E 2 Eibok g ok

EFUE o4 £ o2 Fo] ATk, T A FL HolgloH, AR o 2ok uA AYL
Selafob gtk Amas 5L shhih 2 ol ge] Trow, AR TE Fok LAE 5 AP ok

.

ol f FhA ol ] & £ BlE QoA So1 2272 A ASA b7 2ol YA E Ao ETELS
Bashd Folasl & AAGUD. AL thest g e BAE A8 249 3 A o
WA dol 5l A 9he Fol AAl ERAWElo|H FAA Folns) 22 ARTUD. ($2E A 28
AT 5 G, GUA 02 BADL A AT g Eo] RolglolA] Bol2/ 1 EAD PHEY 22
W EA] 9271 W E I Th) o] Sol27)9) “EE A" o] BAAY BE F9| AR REAA AATY
o). @ So]27] | Fo| UhehubA] & ol 34 g, LEhdohE = oriie] o] A A Utk 3
54 P S (E 88 23012 Fol AATUG

o7l o] & E2EF9 o7 5 Uth

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

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

pass

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

No, really, it doesn't do anything.

4.8.8 gt Of-El|0|M

o ol H o] S AFE AL H o STt ARS St el thE 48] AE A < wEte o B R AU Th
(Z}Aﬂ 3 -2 PEP 3107 3} PEP 484 2 2 4| 2).

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

>>> 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'

>
10
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4.9 27ta: G AELY
oA o2 He sol o] o A, B BAe 22452 A4S T P Th 19 A8l vl B A
AZEGUEE S dlol A2 ThE AdE 449 (- 6 g, £99) & A5t ofd
AS e ASRTHE 97 Ut ThE A Sl o B IS 7] 4A BEE AL FFEL
A7ol1, 25 1Y 28AS £t AL 134 e H 2 28 U
shol A& 913, R R m2 AL} Wpshe 2EY b = PEP 8o] Lh&UTh o AL W 9]
A3 o] B 1Y 2 AL FeFuth BE st ARt QAT o] EAE Folok FUTh
odelie sl 14 Fe HRES FeRsUTh
o B 27)0] 4-25 0| 28 A FT, WS AHEFHA ThA L
U CIES BPS o £ P 9 2 S (97 A5 Ueh

o T, FEH

« s, FA2 AR R HoNs

L EsEYE SRR

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

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

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

s WFAZMA R, T2 Ao S AHE St AbE o] ZES AU FAT ok s At v ek, A At
ol ASCII ©] 9] 8] EA}-5 AH§-81A] uhAl 2.
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o] FollAl= ol de] oln] w2 AES F 1 AAS] AWstal, B 7HA AR AsS HEd Utk

2[AE O H7|
Bl AE AR FL E A MAEES ¥ 2 s yth o] sl 2B AA Y EE MAE EXYTh
list.append (x)

Add an item to the end of the list. Equivalentto a[len(a) :] = [x].

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

list.insert (i, x)
FOI 170 GHE GG WA D G 8672712 A9 2. 2007
a.insert (0, x) = BA2EQ A2 49Y3st1, a.insert (len(a), x) = a.append(x) <}

== ch

list.remove (Xx)
g AEoA ghol x o 22 A WA g5 AA T YT 278 5] §loH valueErrorg 423

gt

list.pop ( [z] )
Remove the item at the given position in the list, and return it. If no index is specified, a.pop () removes
and returns the last item in the list. (The square brackets around the i in the method signature denote that
the parameter is optional, not that you should type square brackets at that position. You will see this notation
frequently in the Python Library Reference.)

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

list.index x[ start[ end]])
YAE Qe = %}\'0 x 2722 A AR A 0FE] A Fet= AUl AE E8E Utk 18 gE o
gle ™ valueError & €2 7t}

AW O A start S end = Z ol 2 EAAH AR L, AL P AEL ERA MDA AAE
Agtars dl A B UTh SelFe duAE san AR b2k AA AD2Y RS A EoR

gk
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list.count (x)
g AENX x 7t T = A

it

ez

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).

list.reverse

0
aEg a2EE AR A g

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

B AR WA B RES ST o

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

2

>>> fruits.count ('tangerine')

0

>>> fruits.index ('banana')

3

>>> fruits.index ('banana', 4) # Find next banana starting 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’

O}U}E o] #HE L insert, remove, sort &< ] A
A FohAE AYYT - 7|8 None & EEl 71 3

489 47 429

Another thing you might notice is that not all data can be sorted or compared. For instance, [None, 'hello',

0] doesn’ t sort because integers can’ t be compared to strings and None can’ t be compared to other types. Also,
there are some types that don’ t have a defined ordering relation. For example, 3+43 < 5+77 isn’ t a valid com-
parison.

o) AEE £ W Wk ko) FU A Pt
1A shol ol A B E /Y AR FRE

5.1.1 Z|AEE AEBHIOZ Al25}7|

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

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

[3, 4, 5, 6, 7]

>>> stack.pop ()

>>> stack

(ThS ST Aol A1)

Ao Eo A 7hA AAE EHF7|% 30, d->insert ("a") —>remove ("b") —>sort () ; 2} T2 WA= A E

EET
et
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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]
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o
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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
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>>> [(x, y) for x in [1,2,3] for y in [3,1,4] if x != y]
[, 3, (1, 4), (2, 3), (2, 1), (2, 4), (3, 1), (3, 4)]

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

FIE 27 A for &if F EAFERO e sAIL

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

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

File "<stdin>", line 1

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

SyntaxError: did you forget parentheses around the comprehension target?
>>> # flatten a list using a listcomp with two 'for'
>>> vec = [[1,2,31, [4,5,61, [7,8,9]]
>>> [num for elem in vec for num in elem]
(1, 2, 3, 4, 5, 6, 7, 8, 9]

EESR: AL R
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>>> from math import pi
>>> [str(round(pi, i)) for i in range(l, 6)]
['3.1', '3.14', '3.142', '3.1416', '3.14159']
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>>> [[row[i] for row in matrix] for i in range (4)]
ey, 5, 91, 12, 6, 101, I3, 7, 111, [4, 8, 12]]

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

>>> transposed = []
>>> for i1 in range(4):
transposed.append([row[i] for row in matrix])

>>> transposed
rr1, s, 91, 2, o6, 101, [3, 7, 111, [4, 8, 12]]

o] AL ThAl The 3} 24U Tk

>>> transposed = []
>>> for i in range(4):
# the following 3 lines implement the nested listcomp
transposed_row = []
for row in matrix:
transposed_row.append (row([i])
transposed.append (transposed_row)

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

o~

AA A Gl e, B s 2R W3 T2 Azslofduth o] Bl zip () F57HAl

=
O = A~ S .
<= &5 AdsYch

>>> list (zip(*matrix))
[(1, 5, 9, (2, 6, 10), (3, 7, 11), (4, 8, 12)]

ol 2o e B ela=ol thak AbA & 82 1A 55 <l sl A & Al L.

52 del &

There is a way to remove an item from a list given its index instead of its value: the de 1 statement. This differs from
the pop () method which returns a value. The del statement can also be used to remove slices from a list or clear
the entire list (which we did earlier by assignment of an empty list to the slice). For example:

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

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

(Th5 sTeTATol A1)
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[1, 66.25, 1234.5]
>>> del al:]
>>> a

[]

del & ¥ ZHA & AHAl St=tH ol = AHEE &+ sy Th

>>> del a

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

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

>>> t

(12345, 54321, 'hello!")

>>> # Tuples may be nested:
.u=+%tt, (1, 2, 3, 4, 5)

>>> U
((12345, 54321, 'hello!'"), (1, 2, 3, 4, 5))
>>> # Tuples are immutable:

. t[0] = 88888
Traceback (most recent call last):

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

TypeError: 'tuple' object does not support item assignment
>>> # but they can contain mutable objects:

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

>>> len (empty)

>>> len(singleton)

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

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

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

>>> x, y, z = t

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

5.4 XI5}

- | — =

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

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

o) 7] zrerat Allo] YU Th

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

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

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

True

>>> 'crabgrass' in basket

False

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

>>> a = set ('abracadabra')

>>> b = set('alacazam')

>>> a # unique letters in a

{Va', Vr', ’bV, ICV, ld’}

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

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

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

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

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

>>> a = {x for x in 'abracadabra' if x not in 'abc'}
>>> a
{lr" ldl}
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5.5 ElML]Z|

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

AU S (3 A kol A) 7171 S A sherhe Aok 248 713 7): gt e ke
Aol AA AU 225 AL 0 GA S BEUTE (). $2E o] 4 2R g 45 2
sedod, g 27 7 A5 AFTUTh o Aol S 2= = HA ol = Pk,
gAY ele] 5 A4S ghe 719 B A HT Tl A A% e FEHE AQUTh del = g AL
SAE A% AU olv] AFBET gt A2 AR, 1A= AFE A ke AP A

[l

SHA = 712 ghe S8k A2 olHd YTk

A e 1ot (@) & SR DA LIoIN 483D YE L E SIS o as
o498 H5H8 B4 orved (4) & A8 BUTh. 1Sl 7171

in 7|9 =& AHE 34 8.

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

nﬂx

mlm

>>> 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

>>> 'jJack' not in tel
False

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

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

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

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

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

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

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

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

gallahad the pure
robin the brave

AG2E £33 u, enumerate () &5

Jeh.

it

g5 917

-0,

g(__,‘

5
1o
)
oo
ﬂo{_n{
rr
2y

[o
ol
>
=2
ne
o
4
20,
xfy

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

0 tic

1 tac

2 toe

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

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

ABRE ARZ FPsted, U4 ALGFoz AldL

i
R
o,
ok
v
o
=2
=
0]
<
0]
[
)]
0]
[0
mt
4>
i
ol
e
o
=
ko

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

print (i)
9
7
5
3
1
E AE ADAE 25 Y, sorted () B4E AEHIA 228 WA T FLE A 2
AE%BM&AQQQQ
—= = 1T =]

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

A AU Al A2 3l set () I sorted () & A
2% g

56. X H 34 41
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>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for f in sorted(set (basket)):
print (f)
apple
banana
orange
pear

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

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

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

57 2 ¢ B

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

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

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

ZHed, BRE A daA s R T Ug Y

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

ot

M@t e Aiaband Sor B AN ATE S AW, W0 AR (EE T 9] RE rel ¥

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

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

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

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

and B and C¥ &84 ¢ 9 & FoHA d5UTh =gkl obd duk fto= A2 uf, dheh-3l g

[o

AR 9] WhE e wpR| vho 2 gro] 73] 2 AxFe UL,
e AT} ohe e BdAe ATE W5 AR 5 A5 o2 Sol,

>>> 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|AAQCIE HEL HD5IY| 43
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CHAPTER O

O
N

o1& AL ALY 30, ol W B S Fe] Y 2AYEL Az el o] oY BEol A A}
$8 5 Je PP ATYUTh 29 912 BE oen L Uh REZTH 49| thE BE oL}
Mol BER JEE B 5 QFUTH(FA BES A4 SEoA AR 2T Y=L ALY BEA
oA 25hE M4 e] A eh

BES shold 409 FAELS GA It HAYUh H29 oL BE o Fol F7 .py T ¥
Utk 25 ol A, 259 o] 2 A% M4 name 02 AFH U o & S, of o] Folshi
#4712 fibo.py ehe ol 59 AL WA T B elo] BEL h3 T 2 WO A g

# Fibonacci numbers module

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

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

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

>>> import fibo

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

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

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

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

>>> fibo._ name
'fibo'
GFE AF AT AgE A o] Fo gY  AFUTh

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

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

Zt BREL AT o] & 3HS 2 =, I R EA FolH s A o]l o E AEH Y
ok 28 A, B EY AR AFERS] A H4el 93] ST 2SS AR G A HFE AL 5
STk W), o el ol 2ol shA] QhrhE, RES] B4E Arohor] S A% gL BHoR
BEO A H4EES AT 4 g5 Yt modname. itemname.

RESUERESS YZET F IdF UL B E import TE& BEY AFoll £+ 2o #HAAT
HEEA] e of 3l A2 oyt (2 Fofl st 23 HET v/ YT, X EH = BF o] 52,
REO] A+ (@ 2o i)l A= W, A=k RES) A9 o] 8 22l 2AHH U
2Eo] Sojgt ol B85S 4 YEESE R o8 FRET YELEFE inport £ WE] Uk
Utk o g Eol:

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

O] AL 2 o] Z F 7o X EHE REQ 0|52 wEX FHUth (LA o] oA, fibo 7F A9
= A F Y.
BEol Y3t RE OJFS YXEFE=HITE IdF YU

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

NALWE () 2 AT ASL AAG LE |52 YEZE FUTh thRE sol A z2adnS e
o 7152 AHgSHA v, AH L HE FeIA A e o EF PR LA Hof, of o] o]y]
Bo% A5L A 2 4+ 9 MEdUTh

QAo BEUMAANA * & EESHE AL w42 A F A Brhe Aol f934 8, 55
9)7]o] BokA| e LEE TE/ WEGuUITh AW, HBY AN 9P Fol LA ALEIE AL
B,

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

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

" FS s AR FHE B QUTh 2E FEY T A S AW T4 o5& A ol F el FHET
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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).

o A2 EA QA 7] 2 g (ol et site-packages A HEE ZFFUTH site BEO] A3

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%
Yt}

61. RE | 7| 47
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2718} S, ho] W 22 IWL sys.path & £AL 5 AFUTh A3YEE TS T AH = A4
Aze] Agol, £ choltele] A2 ol FAUth ol AS 2L 015U A chol Hele] o] el o]
o A%o] o =8 Ao] ohLzhe

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

6.1.3 “ZHulUE" oto|M A

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

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

3z

yth
ﬂ%MH¢§EQﬁz@¢ﬂE%@qw

o

51
fu rlo rg
pefe o
rlu

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

i O,

U s A VS
flo
—r
N
N
N
o
oldk
2
>
N7
>,

It ge 2 &
O~ &z
zQ, ne
o
oMK
o M
gl (1)
oy
e
N

)
N
N
o
do
=
lﬂ p)
N
)
>
o

=) 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
2

i)
1o
il
o
rd
il
4
30
ofy
A
v

o
N
e
M
Fd
n
muin

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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(o1 A F o] A A 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 1l7|X|

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

module names saves the authors of multi-module packages like NumPy or Pillow from having to worry about each
other’ s module names.

2 7Q7 2ol AN AE AT RESY AAM (WAA7) & AAHA Qerhn G
ole 3R St PAo] gouw (BF FYAR 7

Atk % HAYt o9& £9: .wav, .aiff, .au),
ChoFet 99 @A) e MBS 913 A% Solubt BEES AAMS BEX 44T B85} g5
T3 SFuolHol HEstaAt ot B /Y AR Jdeng (U4, olF 7], olFetel A 75
Hg, AT A 2Hde TR SS9 L), o] ANEL $HA] AT REELS FUgol 45
2 AdUth #7125 ol FA FAN 2 ¢ AdsUT (A4 st AlaB ez @5 Uh:
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 AI%)
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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 £

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

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

’ import sound.effects.echo

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

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

AB BES JEESE The gL o @&y h

’from sound.effects import echo

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

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

= b g e Ashe FRUESE 44 QEESE AUtk

’from sound.effects.echo import echofilter

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

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

from package 1mport itemE AT U, item2 H 7| A AH EE (EEAE Y7 AL T 9T
g, FEls, W T A B H g olEEY & A2l 79 5} ﬂL import #-2 WA item
o] 71 Ao A5 o] QA AAew, 1RA o u mE ol b A 2= A% Gk 24
L3, ImportError 99 & oYt}

o]of ulslo], import item.subitem.subsubitem & Z2 EHS AL uf, upx 2t 2 A2 sk Z+
S whe ] 7174 o oF F Itk wHA o §22 gLk 57 A7k E 4 A B, ko] BB A Aol
gaﬂj\»?}_/l:) 1__/;_% ]9 T\_ H}\\ﬂqq—

6.4.1 Tl7| X|0|AM| * 2 EZE G}7]

o]A| from sound.effects import * Bt AW oJ@A 7R ojAAA o7 = oJEBAE gd A|A~H
o s 7] X]of| o BREEC] EAUEA F2 TS, IAE EFE JZEFVE LT AL U o] 24
Sttt Azt R A2 A E EES IEE ?:Loﬂ el o]l A B BES YA [ OZ JAZET ¢

=

Qoo k= ASHA] ht $4A ErH AT 5 Ay
EE

T oHﬁZ“QJHﬂXl A Zp7} s 7] A o] A Qlg A A Algste Ad Y import 2 o5
22 HE 7 A5k 71 AS] __init py_w_‘:7]— al ola}ho]éqﬁ S A ZEE, o) AL

from package import * & whdw QEE djofut s & % O FEY EFCE ‘ﬂo}c JuU Tt A W
A W7 AE AT o] HE5S FH 4 %‘Eﬂiv?‘]ﬂ‘“ 2 371 A ZV‘FJ 7‘“0101‘4"/} Jﬂﬂ ]ZV‘V}
A AN A * & AT EFE L7 ¢ty sy, o] A .

Eo], 9Y sound/effects/__init_ .py =ttt} &
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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.

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

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

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

AAbolW BEO] import * EAE T W] SAH HE S ME£ o|FEU YAXE GFEE HA A
st 2t =, ii"’—ﬂﬁ FE A= AT 4] G- A E A A YT
from package import specific_submodule & A}&3}=0] 25
A, AEZES= BEo| T2 7| A oA 22 o] 5 A B RES /\}%

¥y,

e rﬂ
flEL

6.4.2 17| X| LHE Zto| &=

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

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

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

AT JEES AR RE] o] Bol 7]9he ETHE Ao oA 2. W RES] 0] BL A" _main_"
o) 7| w2l oA -4 m2 I A WOl RER AHEE B BEE S WMEA Ar) YEES AHE3 o

.

6.4.3 042 C|EE{2|0l| /= THF|X]

Packages support one more special attribute, ___. This is initialized to be a list containing the name of
the directory holding the package’s __init__ .py before the code in that file is executed. This variable can be
modified; doing so affects future searches for modules and subpackages contained in the package.

o] 7150l A5 BRSA = FA T, 7| A A TAE = g JFS st vl AHEE Y
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= A3, U5l AFEsH7] 98l 9ol € & A5 U o] ZolA = 2 7HA

JE|Z ol B E A
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So far we’ ve encountered two ways of writing values: expression statements and the print () function. (A third
way is using the write () method of file objects; the standard output file can be referenced as sys . stdout. See
the Library Reference for more information on this.)

5% Ues) Avo| Az TRE he A4S ARTEY WAL o wol Alojslof sk A7} dF U,
282 TR dlE o g ZHA Be] dF Uk

P EAEADEGE eI N A R

rIr
L
ol
ro
ofo
4z
fol
HS
2,
H
rlr

>>> year = 2016

>>> event = 'Referendum'

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

v

e The str.format () method of strings requires more manual effort. You’ 1l still use { and } to mark where
a variable will be substituted and can provide detailed formatting directives, but you’ 1l also need to provide
the information to be formatted.

>>> yes_votes = 42_572_654

>>> no_votes = 43 132 495

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

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

. vpAvto, BAl e Setol 4l B o]0} o] 7] Al4he AFE o] AT 4k REWAE BEOoR
W, BE B4 Aol 222 2T 5 JSUh BAGGel L Foj1 @ UH 2 BA4L S A
ol 8 Ae s B A WA} A5 T
FAA Fe o] BRFA b B Tw Z e A5 QX WSS w2 A EA S Y, repr () Eistr()
F4E 8o BE e EALR WBT 5 A5
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str() @e o= Ax Aol 7)o Aeds FHE o i HFA Holds Uk wHo
repr () & OJFJEE]EMl oaf o1 g e FHE UHSA HAJS U (e 284 28 5 U=
£40] floH syntaxirror & Yo7 £ = FAHUT). Aol 2957 98 SRF EAo| g
AA S 47, str () € repr () F 22} HFUTE B2 3, A=l B 2ES gl 22
F2E ST FrS L) 2 IS FUTh 58, TS F /A BEL vk
2 7k o & STt
>>> s = 'Hello, world.'
>>> str(s)
'Hello, world.'
>>> repr(s)
"'Hello, world.'"
>>> str(1/7)
'0.14285714285714285"
>>> x = 10 * 3.25
>>> y = 200 * 200
>>> s = 'The value of x is ' + repr(x) + ', and y is ' + repr(y) + '...'
>>> print (s)
The value of x is 32.5, and y is 40000...
>>> # The repr() of a string adds string quotes and backslashes:
... hello = 'hello, world\n'
>>> hellos = repr (hello)
>>> print (hellos)
'hello, world\n'
>>> # The argument to repr () may be any Python object:
repr ((x, y, ('spam', 'eggs')))
"(32.5, 40000, ('spam', 'eggs'))"
string BEOE £A o) §& AW = The L AT Templace 2227} A%

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

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

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

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 7678}
>>> for name, phone in table.items():

print (£f'{name:10} ==> {phone:10d/}")
Sjoerd ==> 4127
Jack ==> 4098
Dcab ==> 7678
SAAE A EUS ) Aol e ABY S AUk la'tascii0E, s Estr (0,
'!r trepr()%@.%@qq-

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

(Th5 sTeTATol A1)
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>>> print (f'My hovercraft is full of {animals ")
My hovercraft is full of 'eels'.

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

>>> bugs = 'roaches'

>>> count = 13

>>> area = 'living room'

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

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

= A A Zpo] )3k A B Lo AAT

2 S Fz oA 8. o e 3 Z oAbl T 3 & o ™
2~3= formatspecof] o 3k & H T2 A A A& ?Q;_/E SN

7.1.2 22X} format() HIAME

str.format () HAEY 7| BA AFLHLE o)A A}

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

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

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

spam and eggs

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

eggs and spam

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

et

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

A AN AAE AR EA 27T 5 A UTh

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

4K R A T BApdo] YL w, LRY WHEL A PAle] ol B0z AFT 5 ek
2 AdUTh 2e] g e E 973 71§ A &ske EE (] EARS S Huth

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

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

L 'Dcab: '.format (table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

o 7S A A table GHV S 79T ARz AgslE 22 23S A2 5 dFUn

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

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

71, AN £ ZofE 55
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A& o), the 2L A5 T ART AATE AT Wus) 448 A AT ok

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

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

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

713 45 2x}9 ZOiE

A7) e AEA AL EE $502 RSk

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

11 1

2 4 8

39 27

4 16 64

5 25 125

6 36 216

7 49 343

8 64 512

9 81 729

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

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

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

'3.14159265359"
56 Chapter 7. /=40} &=




Python Tutorial, £A| B{H 3.10.18

71.4 oMo EXIE ZoOiE

The % operator (modulo) can also be used for string formatting. Given 'string' % values, instances of %
in string are replaced with zero or more elements of values. This operation is commonly known as string
interpolation. For example:

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

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

7.2

fjo

9lm M|

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

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

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

HE, 9 HAE BE (fext mode) 2 @ £H], ©] 558, 3tdo] A2 S g 23, 3=
Sk encoding 0. 2 A3 JHAth= AYUTE encoding©] A=A Fod 7|22 EAF &
(open () & EA8). UTE-8 o] AbAZe] H A 5ol B=, T2 A 7\]’%'3]1 01:6 =
encoding="utf-8"E AT} mode o 'b'E GlEo|H L vl = (binary mode) Z
T/}- o] A Hlo] Bl = nio] EE A A< Eﬂﬂi Sl 2dUrth HAEE iﬂﬁ}z] = BE g o

R E /‘]'“(l;ﬂoltﬂqq vlol gl & dlo|E &= bytes AAE ¢l Ut} vlo] g —‘?—EE ded
FEH = encodmgE A Qe 4 g5y

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

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

l‘-lﬂ flo

=

ml

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

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

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

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

3 oF it

A with 7| EE AL A Y f.close () E TEIA XA f.write () ESTESHH T2 1)
AFAor ZEHEZE f.write () 9 QAA7} Tl AT %xjs] A R N L
b AA 7L &3 Fofl =, withwolU f.close () € TE3E A% BF, Y AA &AM = A=
A2 At
7.2, g ol M7 57




Python Tutorial, £A| H{™ 3.10.18

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

7.2.1 T ZF|S| BHALS

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

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

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

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

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

Im

He o

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

[}

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

>>> f.readline ()

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

'Second line of the file\n'

>>> f.readline ()
T

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

IR

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

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

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

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

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

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

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

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

18

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

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

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

16

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

>>> f.read(1l)

b'5!

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

>>> f.read (1)

b'd!’

HAE B A (B2 EADe b 7 glol A2 AS), 59 Al 2ol AT A 2l 91 WA e 52k 1 (o
9 seek (0, 2) B AHEIA A Zoz NS AHSHE LY UTh, LUE offser S £.tell ()
o] EHF %0 AUCTE 1 W) T offer G S A S BFE P Th

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

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

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

}\]._9..;].7]. u].E_ 7<4 o7 Ezla]- tﬂ] o] E] 3o '4,01 oﬂ X{ 5}% I

o] & JSON (JavaSLrlpt Object Notation) 0] = P ol=dlo
json o2t EF BE-2 Fo|4l tlolH AS QOPH 2t
(serializing) 2} H-E Ut} E214 ﬁ?ﬂ_&i—‘%ﬂ Eﬂ o E]E A Ela=
SR A ale) o o 25t ALelslA, AAE LA BAGE 51
A3 dE2E TN EE 7IAZ A5E 5 IdsUTh

N

AL PEEE

PSR

ZUth; o] AxE A3}

) A E 3} (deserializing) 21l
o] L} ﬂO]EiOﬂ AZ=HAG U E

3 SONGHO dolf ne Hol 4 $8 22198 A% 4B T we 225}

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

’json.dump(x, f)

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

’x = Json.load(f)

7.2. TS 911 M7 59
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ZF31: JSON files must be encoded in UTF-8. Use encoding="ut f-8" when opening JSON file as a text file
for both of reading and writing.

o) 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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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]

24 o2, 314 e GeA dgich obihe of e o] shol g W e B A
A He SR 239 AU

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

A

SyntaxError: invalid syntax

The parser repeats the offending line and displays a little ‘arrow’ pointing at the earliest point in the line where the
error was detected. The error is caused by (or at least detected at) the token preceding the arrow: in the example, the
error is detected at the function print (), since a colon (' : ') is missing before it. File name and line number are
printed so you know where to look in case the input came from a script.

8.2 0|2

gAonEgel gYA 0w guan @A, dgsAa G AHE dod & Yok 49
Fo FAH = o5 9 2w R E Fa AW H o)At diUth vl d L2 I A o) AES
SR LA A B0k S AT o] 19 b = 1ol 1215 oA, o 7114 4
910l o 2] B A1 4] & gL e

>>> 10 * (1/0)

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

ZeroDivisionError: division by zero

>>> 4 + spam*3

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

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

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

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

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

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

o

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

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

except (RuntimeError, TypeError, NameError):
pass

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

class C(B):
pass

class D(C):
pass

for cls in [B, C, D]:

try:

raise cls ()
except D:

print ("D")
except C:

print ("C")
except B:

print ("B")

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

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

import sys

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

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

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

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

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

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

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

else 29 Aol try Aol EE F7181 AMT} £, try - except Fol 23] REH T
FETFLOTNA 2 o9 € FA3] A He AL BAs WE AU
When an exception occurs, it may have an associated value, also known as the exception’ s argument. The presence

and type of the argument depend on the exception type.

The except clause may specify a variable after the exception name. The variable is bound to an exception instance
with the arguments stored in instance.args. For convenience, the exception instance defines __str__ () so
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the arguments can be printed directly without having to reference .args. One may also instantiate an exception
first before raising it and add any attributes to it as desired.

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

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

print ('y ="', y)

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

X = spam

y = eggs

If an exception has arguments, they are printed as the last part ( ‘detail’ ) of the message for unhandled exceptions.

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

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

>>> try:
this_fails()

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

Handling run—-time error: division by zero

8.4 02| d=27|7|

raise ¥ Z2IYM 7 ARG o &7 B = FAD 5 A Gk ol E Sol:

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

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

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

raise ValueError # shorthand for 'raise ValueError()'

ghoF o 9] 7} AN 8= 4] = olok 3k vk A 2l 3haL A4 9hrh, T 2eka FEe] raise Eol 1 o] 9
ohAl Qo2 4 A Fy T

>>> try:
raise NameError ('HiThere')

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

An exception flew by!

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

8.5 0|2 A

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

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

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

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

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

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

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

oA & E HEAT uf FE&T  YFUTE o E EH:
>>> def func():
raise ConnectionError
>>> try:
func ()
except ConnectionError as exc:
raise RuntimeError ('Failed to open database') from exc

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

ConnectionError

The above exception was the direct cause of the following exception:
Traceback (most recent call last):

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

It also allows disabling automatic exception chaining using the from None idiom:

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

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

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

8.6 AIZXI M2 o<

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

A o9 S o7 )
£ S HAR) de=RE IHH oz Y 7HH A

A3
gk,

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

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

Many standard modules define their own exceptions to report errors that may occur in functions they define. More
information on classes is presented in chapter = 2] .

e T AT (Il Fef 2o il
~ © F Exception Fd & AsE

=1
1—:'_\__
e B 2

try B ETE AA 2L A 4 Qv BE 4% Aus o oftt s R4 54 Aol she o
AEF T o 2 5ol
>>> try

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

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

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

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

« try B2 A= St o9 7 B, except HoA o2l AT AsUTh A7t
except FolA A2|F A ¢} oW, finally Zo] AP H 5 o &7} thA] §§§|
Ao

e except Y else & A3 =0 o] 7} FAS 4~ 5Tt thA], finally @
chAl A S o

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

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

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

oE Ed:

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

(ThS sl eTATol A1)
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finally:
return False

>>> bool_return ()
False

o B o))

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

>>> divide (2, 1)

result is 2.0

executing finally clause

>>> divide (2, 0)

division by zero!

executing finally clause

>>> divide("2", "1™M)

executing finally clause

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "<stdin>", line 3, in divide

TypeError: unsupported operand type(s) for /: 'str' and 'str'

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

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

8.8 Ol2| ¥eol= el S&HE

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

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

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

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

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

88. 02| MolE SIMal S&

mun
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a9, A=
oA, real & ﬁiﬂ

gHE Fxduch

Hol L= R E o] & ]/\]'—QLELWE]' o & Eo], A z.real
Juch A HEA, E’—%"ﬂ EogEd Uit FxREoE
ame . funcname 9| A], modname & 2 & 7“??1]1 funcname = 1A 9]
AEZREYYT} © A= REY AEYRES BREAAN ZYH A o] 5 7hell 7 A<
WEo g 28 15 B F R

Attributes may be read-only or writable. In the latter case, assignment to attributes is possible. Module attributes are
writable: you can write modname .the_answer = 42. Writable attributes may also be deleted with the del
statement. For example, del modname.the_answer will remove the attribute the_answer from the object
named by modname.

o o ot fo

l=H

e

> oW

S wen
o}

|0~

o ol

ulrﬁo |
=25 mrr

°E r[rg |

ol TUNEZ AR & 7 BEo A 1L /‘13 02 sHs Z5Uth W olg5S B olF T2
o] JAE|Z B 7} A & ol vhEo] A 1 D8] AYPAA GFUth 5 AY o5 3 EE A
S e s UEAAHAYULL EE EE 1E T RAE zEH 72 wj7hA] dE Ut Qe Z 2 H Y
HA sE w2l A Eﬂ% A2AYE Fdolyp g e r %45‘]%,%%*%%_maln_° gt 8=
RE YRR AAAAN I 5 AAY o5 3 Z5Uth (W ol 55 £33 BEol Fot=tl; o A2
builtins Bt HESYt}h)

T4 A o5 FHE FF7tEEE o HE AL, T BAS AV g Yol A A eE A gk
oAle]E doZ uf AHAIH Uth (A4, oW @t Aol AAE dojubs doll tish o £2 A dUth)
=&, A8 &2 747 27| AL Rk A1 o] & F7HS 5yt

ATT )8 FRE AH AAAT S e ol T2 o] FAE A Feuch 7164 <4 4
AN 2 7hs sk ol o] Foll et FF3E A 92 FxR7L L o] F FHA o] 5= Ho YA A RSt
o u g,

Tt A2 AAHAE EF5HL, FAHACE AMEE UL A¥ F o= AJFAA A, o] F T2
A7 AA 2 TR e, Al R A FHE 2027t A% U
- 74 EA AARE, P YR 2 A o B
« the scopes of any enclosing functions, which are searched starting with the nearest enclosing scope, contain
non-local, but also non-global names

e TR A AL AFnE A REY AN o] 2ES w3}

o U sl AAEE) M AR 2FZ = W o]l 5 ES 2T & o5 F 0 YTh
If a name is declared global, then all references and assignments go directly to the next-to-last scope containing the
module’ s global names. To rebind variables found outside of the innermost scope, the nonlocal statement can be

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

! Except for one thing. Module objects have a secret read-only attribute called __dict__ which returns the dictionary used to implement
the module’ s namespace; the name ___dict__ is an attribute but not a global name. Obviously, using this violates the abstraction of namespace
implementation, and should be restricted to things like post-mortem debuggers.
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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

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

rr

9.3.1 SeiA Mol 2H

Sl Ao 7 e el ol A Azls U

class ClassName:
<statement-1>

<statement-N>

T4 A9 (def B) AT, Fehs Ao ol ZH7}4717] AN A= A A ook Pt (4 AT
e o2 if B RIS U] & 5 A5 UTH

ARAew, Fehs Ao R EFEL HE 5 Ao Eol A, hE EAEE SeH ez 207}
AHUTH— el of FAZ Tobe AdUth ZeA R 34 Folt BE, AE 55 FoF)
Jare we, SHe Yo QX B2 BHUTh — thAl, o] AL Fol A AWH T

o)z Aol AYT ), A o] & Frko] AT A 2xmw AEHUT— T4, BE A
MAEERS S of A ol FHOE G 53], @5 AL A T o] F2 oo AFFUT

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

9.3.2 A A

Ses AN E T FRY QNS AAG U o2l HE F29 Q22 BET)
JEHE FE £ oA BE o= HE Fxol AEEE EE FH L ASFUTh obi.name. &
HLE ol B2l HE o] 28 Zelx A 7} vhEol A w 2ol 20 ol F 7kl 99 BE ol S Th LA,

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

def f(self):
return 'hello world'

thenMyClass.1iandMyClass. f are valid attribute references, returning an integer and a function object, respec-
tively. Class attributes can also be assigned to, so you can change the value of MyClass. i by assignment. __doc___
is also a valid attribute, returning the docstring belonging to the class: "A simple example class".

el iRl BEY) £ 35 ENS ST FA2 AR S A0 A A2EAS BT
WA ES gt B0 AU ol Sof (A9 Feh 22 g stR):

rr

x = MyClass ()

< 22 A " xS RS o] AAE A G Mg x o Ao

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

like this:

72 Chapter 9. ZeliA




Python Tutorial, £A| B{H 3.10.18

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

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

x = MyClass ()

Of course, the __init__ () method may have arguments for greater flexibility. In that case, arguments given to
the class instantiation operator are passedonto ___init__ (). For example,

>>> class Complex:

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

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

9.3.3 QIAEA ZHX|

A AAHA AAE TS T 5 US7R AnB2 AR} 0|55 0.7 F7hA AL o=l HE

BZIUTL % 714 $79 LU1E o E 2l HE ol Fo] Ytk tlol o Ze FEsk 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:

m}o

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

print (x.counter)
del x.counter

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

QAT A LukE A E ol 8L T8 el 20] D AGTh Aol B AN Fo) a0 mE
IEFHEEL 4o Aadng WASES AT 24 29l AAAA, x. £ & SUE
WA= Fzoly), MyClass. £ 7} &<20] 7] u] &t} 6]—1]U1—x iEagx ¢y, MyClass.i 7}
g7t oly 7l Wl EY Yt 238y, x.f = MyClass.f & 22 Z 9] O}UHD}— o] AL &4 AR 7}
obu g sl A= A YUtk

9.3.4 HAS Z4|
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’x.f()

In the MyClass example, this will return the string 'hello world'. However, it is not necessary to call a
method right away: x . f is a method object, and can be stored away and called at a later time. For example:

xf = x.f
while True:
print (xf())

9.3. FciALte| A ot 73



Python Tutorial, £A| H{™ 3.10.18

= 9493] A% hello world & Q1.

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

AR, dHEL S A8 = AdFUT A= 5832 281 AR 752 3 HA AA=E
A= A4y @ﬂoﬂﬁ,i%x.f()%@z‘rﬁlMyCIass f(x) &%
ﬂﬂNNEA%éﬁiﬂﬁ S 23 22, A WA AA} o WA =] Ql

e EE0 7 AS3tE S E &5 A 55U

If you still don’ t understand how methods work, a look at the implementation can perhaps clarify matters. When
a non-data attribute of an instance is referenced, the instance’ s class is searched. If the name denotes a valid class
attribute that is a function object, a method object is created by packing (pointers to) the instance object and the
function object just found together in an abstract object: this is the method object. When the method object is called
with an argument list, a new argument list is constructed from the instance object and the argument list, and the
function object is called with this new argument list.

9.3.5 AR} QUAEA HA

Ao g WA, A" A Hps dagdad HolHE A3 Aola Fea e T 2 BE
Ax"2ro N FrE e o ERRELG AAEE AT AJUT
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] F 7 A o] #3Lghubr] o] M =oK% ol, BlaE Y "M el e 22 7 AA 7 Fol e wf Ff T o]
HE oA X3 a5 & 7Fs Aol Ut %@@%q%iEliwmﬂAEt§ﬂ£L$i
A5 7] kotol shed), Shte] B| A E 7L R E Dog A AE B 7] iRk
class Dog:

tricks = [] # mistaken use of a class variable

def _ init_ (self, name):

self.name = name

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

>>> d = Dog('Fido")

>>> e = Dog('Buddy")

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

(Th5 sTeTATol A1)
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>>> d.tricks # unexpectedly shared by all dogs
['roll over', 'play dead']

4, Zes0) £uHE AAE dATs WeE Ags ok g T

class Dog:

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

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

>>> d = Dog('Fido")

>>> e = Dog('Buddy")

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

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

9.4 7|El FAIEE

ul
£
l(i
o
ol
o
o
)
2
|m
i)
Ehs
ul
BN
tor
rlr
ro,
[>
rm,
[>
e
Ho
Y
o
T

ArE2ef Fefs B
t}:

2

e omg i

>>> class Warehouse:

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

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

>>> w2 = Warehouse ()

>>> w2.region = 'east'

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

class C:
f = f1

def g(self):
return 'hello world'

h =g

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

HAEE self A HA = o ER|REE AMESIA thE HIAEE 22T + Y5 Uth

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)
WAEE AN FLEF AN R A o5 F2T S ATk A=) AR A Ammt
a7ie) 4o g TP REYULL (2t A7 A 2Tz 2 A8 A gtk A=A A
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class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

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

76 Chapter 9. ZeliA




Python Tutorial, £A| B{H 3.10.18

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

<statement-N>

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

A4, o) AR THE oR H AT WA A% €45 super () 29 A AL 5EL AL 919
sAoz WAFUT of A2We 22 T2 05 A% Qo] 5ol A call-next-method 2431 kel A 913
Thel 44 Slol ol A WA = super T2 M A T

Dynamic ordering is necessary because all cases of multiple inheritance exhibit one or more diamond relationships
(where at least one of the parent classes can be accessed through multiple paths from the bottommost class). For
example, all classes inherit from object, so any case of multiple inheritance provides more than one path to reach
object. To keep the base classes from being accessed more than once, the dynamic algorithm linearizes the search
order in a way that preserves the left-to-right ordering specified in each class, that calls each parent only once, and that
is monotonic (meaning that a class can be subclassed without affecting the precedence order of its parents). Taken
together, these properties make it possible to design reliable and extensible classes with multiple inheritance. For
more detail, see https://www.python.org/download/releases/2.3/mro/.
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class Mapping:
def _ init_ (self, iterable):
self.items_list = []
self.__update(iterable)

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

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

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

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

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

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

from dataclasses import dataclass

@dataclass

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

'computer lab'

>>> john.salary

1000

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

Instance method objects have attributes, too: m.___self__ is the instance object with the method m (), and m.
___func___is the function object corresponding to the method.

9.8 O|E{&|0|E]

AFE obvtE o2 22 AH oY AAES for 222 FH T+ awe =AM AU

for element in [1, 2, 31:
print (element)

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

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

for char in "123":
print (char)

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

o] AEFY Y AMAE YEH, 2HE S, AT o] H ¥ o] E AHS-sHE Fho|xl o] B St
FEE UL £ FAollA, for £ AH Y 7“?1]011 i3l iter () % TEFULh o g HAE
__next__ () & AY3t= ol o AAE Fed, o) A EE AH oYY 8 4A5S S &
U B UL G2 947 gle Eﬂ,_next_() tStopIteratlo ndelE dOAA for FZ
TEE ¢HUTh next () W FTE AFSHA _next__ () HIAEE ZET 5 AFUTE o] o= 9]
BE AEo] oA &R HFth
>>> s = 'abc'
>>> it = iter(s)
>>> 1t

<str_iterator object at 0x10c90e650>

>>> next (it)

lal

>>> next (it)

"

>>> next (it)

ICI

>>> next (it)

Traceback (most recent call last):

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

next (it)

Stoplteration

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

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

mmn

(Th5 sTeTATol A1)
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self.data = data
self.index = len (data)

def @ iter (self):
return self

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

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

n oo 3 -
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def reverse (data):
for index in range(len(data)-1, -1, -1):
yield datalindex]

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

Q O H th o

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

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

285

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

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

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

260

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

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

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

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

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

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

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

>>> import os

>>> dir (os)

<returns a list of all module functions>

>>> help (os)

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

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

>>> import shutil

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

'archive.db'

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

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

10.3 HH

0t

2Ix}

Common utility scripts often need to process command line arguments. These arguments are stored in the sys
module’ s argv attribute as a list. For instance the following output results from running python demo.py one
two three at the command line:

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

=

argparse RES ¥ & A%E AL s U ARG AAUES AFFU the 23FEE )
ool st HH A Ao g FAY E 2 Sk

import argparse

parser = argparse.ArgumentParser (

prog="top',

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

args = parser.parse_args ()
print (args)

python top.py —--lines=5 alpha.txt beta.txt S AFE3lo] W] S AP ulj, AT HE
*args.linesE 5%, args.filenamesE ['alpha.txt', 'beta.txt']Z AdATYr}.

104 Oz &€ 2|C|EMI T2 S &
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>>> sys.stderr.write('Warning, log file not found starting a new one\n')
Warning, log file not found starting a new one

A 275 ATYUTH 2R NP 242 98, B4

>>> 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'

84 Chapter 10. = 2}0|E2{2| E2{H 7|




Python Tutorial, £A| B{H 3.10.18

o,

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

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

10.6 5t

The math module gives access to the underlying C library functions for floating point math:

>>> import math

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

>>> math.log (1024, 2)

10.0

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

>>> import random

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

'apple'

>>> random.sample (range (100), 10) # sampling without replacement
[3o0, 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
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>>> import statistics

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

1.6071428571428572

>>> statistics.median (data)

1.25

>>> statistics.variance (data)

1.3720238095238095

fy
A
u

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

10.7 QIE{ull QHM|A

E YIS A2 QY 22 EZELS A=W

2 25l dsynh 7H¢ 7rdsk F 7= URL
o Ho|HE 9o = urllib.request & WYL H&=

smtplib YUt}

>>> from urllib.request import urlopen

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

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

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

(ThE sTeTATol A1)
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"""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
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>>> from timeit import Timer

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

0.54962537085770791

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

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

M 2 A2 Foll A5 AP st APt

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

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

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

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

mrn

return sum(values) / len(values)

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

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

el g 5 gl A Atk

import unittest

class TestStatisticalFunctions (unittest.TestCase) :

def test_average(self):

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

average ([])

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

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

10.10. 85 &3 87
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10.12 HiE{2|7} ZStEIL|C}

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

B3 b3 @ e ol 8 5

e xmlrpc.client & xmlrpc.server RE2 924 T ZAA TS FHSE IS A AMAT

(

A2 BEUTH RE o Eol® B7ak1, XML o g 214 <l 2| Aol Lk 2l 7 BREA %
Y

l

MIME % 7] B} RFC 2822 7|%F WA 2] A& X35k A2 v d vl A A& &E

571 919 ol BEl el ek A WA % 23 9 smcpLin o) popib S R, enai
EAR AL 22 (IR ) W) B AFAR NS QY AnY A e =2
2L AN AT AR =T AAE AT ATk

json 7| A= Ee] AHEF = vl o] WS sé/—%% st sk A e s A2 AlF Pt csv

5] ]O]ig}’\—ﬁfﬂ‘:/\]‘fc’ﬂ/ﬂ 1A 0 2 2| Y= & HJLE-'?_—E_% FFAoR IS
AR AT & 4+ IEE AFIFYth XML A B]E= xml.etree.ElementTree, xml.dom Z xml.
sax A7 Aol S5 ANF U ol @ wE A7 AE B AHESE ol 4 8 =z 193}
o2 =7 7k dl o] mwo] I A T Yy

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

o ZA|S}E= gettext, locale, 183l codecs I 7| A& £33 B2 T Eof o3 XA Ytk
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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
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2
< 22 2TYHENAE AL AHRHA FFYTh

111 S8 ZolE

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

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

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

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

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

‘2

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

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

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

Ao

@2 ol 3 v o 5 =W ok

textwrap REL2 HAE 9

>>> import textwrap

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

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

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

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

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

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

>>> x = 1234567.8

>>> locale.format (" ", X, grouping=True)

'1,234,567"

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

'$1,234,567.80"

st EH S 20 dF Yt kA AR A= =

Eulo] =& 4= 9lE Ut

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

>>> from string import Template

>>> t = Template ('S folk send $$10 to Scause.')

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

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

s ok

>>> t = Template ('Return the $item to Sowner.')
>>> d = dict(item='unladen swallow')

>>> t.substitute (d)

Traceback (most recent call last):

KeyError: 'owner'
>>> t.safe_substitute (d)
'Return the unladen swallow to S$Sowner.'

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

>>> import time, os.path

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

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

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

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

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

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

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

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

import struct

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

start = 0

for i in range(3): # show the first 3 file headers
start += 14
fields struct.unpack ("<IITHH', datal[start:start+16])
crc32, comp_size, uncomp_size, filenamesize, extra_size = fields

start += 16

filename = data[start:start+filenamesize]

start += filenamesize

extra = data[start:start+extra_size]

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

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

114 C}= AHE

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

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

import threading, zipfile

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

(Th5 sTeTATol A1)
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self.outfile = outfile

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

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

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

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

er% 2HE S8 Z2IRY M E ZAF S HolE EE T E A9S %%‘75}% 2 =5 2 A5
AJUth o] = #l3l threading &2 5, o|HlE, 24 W4 D A upz ol S v 23 gL 79 5713 7|1 &

245 AFdych

ole| 8 =P FUSAT, LT A LFE A AR ol FAL AT 5 dEVITh WA,
e 2R g AT H = A PAL Aol F BE N AE T A o] 15471 THE queue
BE2 Aol 81 A so The 2ol 23S ATHE AQUTh 2UE DA D 2P AT
Queue A2 ALESHE S8 =2 WL AASA A, A7) 43, A o] EHU T

115 224

L.

logging REL &A% 75+
Y o|it} sys.stderr 2 B A UTh:

import logging
logging.debug ('Debugging information')
logging.info('Informational message')

logging.warning ('Warning:config file not found', 'server.conf')
logging.error ('Error occurred')
logging.critical ('Critical error —- shutting down')

Y e e Ak 8 Uk

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

7]%*423 AE 9 oW A HA A &= A A 2 EFAHE ZUWF YL o2 &9 gAdl+&
7“} H g, vlole 23, 27 == HTTP AW E 53 vA1 A gh9d o] 2 Utk A2 ZE &= WA A

<=9 °ﬂ we} o2 g2 g9 A el e 4 914Ut DEBUG, INFO, WARNING, ERROR , ZL2] 1 CRITICAL.
E%l A ~EL stolHo A A A AY, 8§ T2 2WS HATIA G AHEAF ALY 2742 96
AR ERAE = e A 74 JJr°‘ NH 2= &
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>>> import weakref, gc
>>> class A:
def _ init_ (self, value):
self.value = value
def _ repr_ (self):
return str (self.value)

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

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

d['primary'] # entry was automatically removed

File "C:/python310/1lib/weakref.py", line 46, in _ getitem_
o = self.datalkey] ()
KeyError: 'primary'

11.7 2[AE &Y =3

g eiE gor g volE P2 L 7E FEND 5 dFUh TGRS 0B 45 45 A7
e therd 7do 2 ¥ = Y5

The array module provides an array () object that is like a list that stores only homogeneous data and stores
it more compactly. The following example shows an array of numbers stored as two byte unsigned binary numbers
(typecode "H") rather than the usual 16 bytes per entry for regular lists of Python int objects:

>>> from array import array

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

26932

>>> all:3]

array ('H', [10, 7001)

The collections module provides a deque () object that is like a list with faster appends and pops from the
left side but slower lookups in the middle. These objects are well suited for implementing queues and breadth first
tree searches:

>>> from collections import deque

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

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

11.6.
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unsearched = deque ([starting_node])
def breadth_first_search (unsearched) :
node = unsearched.popleft ()
for m in gen_moves (node) :
if is_goal (m):
return m
unsearched. append (m)

HoHd el aE 78 Sol = ol el AUE Y AES 24HE P4E0] It bisect RED L
£ =72 ATYUY

>>> import bisect

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

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

>>> scores

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

heapq R EE AW HAES IILE YT FANE B4 ATTIG. /1 go) A2 FRL Y
AR 00l FAFHULEH o] AL M Z& Q40 HEH O R AMASA T HAA E5 JES AW 5HA
o+ 38l &t

>>> from heapq import heapify, heappop, heappush

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

>>> heapify (data) # rearrange the list into heap order

>>> heappush (data, -5) # add a new entry

>>> [heappop (data) for i in range(3)] # fetch the three smallest entries

[751 OI 1]

11.8 Decimal Floating Point Arithmetic

The decimal module offers a Decimal datatype for decimal floating point arithmetic. Compared to the built-in
float implementation of binary ﬂoating point, the class is especially helpful for

C AR 1005 20 2T FE 35 R e BE,
- AU A,

A EE A 2T AL S weY Ao,
C RERA R, EE

. A}

>>> from decimal import *

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

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

0.73
Decimal A3 Bol £ 02§50, T A9 §AEAE 712 9542 5E o Aelo) §E5AS
A5 07 22T Decimal & 02 3 £32 AAo}1 o] A REF £570] 445 A5el7] £
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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")

11.8. Decimal Floating Point Arithmetic 95
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The module used to create and manage virtual environments is called venv. venv will usually install the most
recent version of Python that you have available. If you have multiple versions of Python on your system, you can
select a specific Python version by running python3 or whichever version you want.

7V e v Y, 9ot U E 246, veny R ES 2T HER A= tHE ] 4=
= 9y Axg Ak

python -m venv tutorial-env
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’tutorialfenv\Scripts\activate.bat

Unix F+= MacOSol| A o] A A g3t}

’source tutorial-env/bin/activate

(o] 23 Y ELDbash AL A3l ZAHH AL E cshEE fish A2 AL5= A L=, Al activate.
csh @} activate.fish 23 HEE A& oF gt}

7V gl’ﬁ A3}, Ao ZEDETF AT AL S M S B, A S A5
python & AB5A 574 WA shol o] AR £ 2 ek o 5

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

>>> import sys

>>> sys.path

['', '/usr/local/lib/python35.zip', ...,
'~/envs/tutorial-env/1lib/python3.5/site-packages"']
>>>

12.3 pip £ {7 |X| &t2|5}7]

pip 2t Z2 W& AFE5te] 97| A & A, dad o= D A AT 5 dFyrLh 7 EFH SR pip =
vlol# uff 7] 2] A ol of| A 3| 7] A & A X U Tt ) Bl A o A ghol A 3| 7] 2] M-S AHE 4 JdF YT
pip + “install”, “uninstall”, “freeze” 5 W2 F& HWH S 23 JHFUTh (pip o s A FA=

installing-index ] 3& ¥ g Ut})
3 7] 2] o] F= A st HA WAL HFAE AAE 5+ AUt

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

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

Running setup.py install for novas
Successfully installed novas—-3.1.1.3

H 7)1 A] o] F Foll == A HA WZE 2o SA WAL H7AELAT +& JFUth

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

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

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

(tutorial-env) $ python -m pip install —--upgrade requests
Collecting requests
Installing collected packages: requests
Found existing installation: requests 2.6.0
Uninstalling requests-2.6.0:
Successfully uninstalled requests-2.6.0
Successfully installed requests-2.7.0
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pip uninstall followed by one or more package names will remove the packages from the virtual environment.

pip show will display information about a particular package:

(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:

pip list will display all of the packages installed in the virtual environment:

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

(tutorial-env) $ pip freeze > requirements.txt
(tutorial-env) $ cat requirements.txt
1ovas==3.1.1.3

requirements.txt = M A Alojo] ABFHo] & 22T R 2 A FE 5 AFUH AREAE
A 2~
= T

install —-r 2 EE Q3 7R E

(tutorial-env) $ python -m pip install -r requirements.txt
Collecting novas==3.1.1.3 (from -r requirements.txt (line 1))

Collecting numpy==1.9.2 (from -r requirements.txt (line 2))
Collecting requests==2.7.0 (from -r requirements.txt (line 3))
Installing collected packages: novas, numpy, requests

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

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

12.3. pip2 mH3|x| Ba|5}7| 99
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O|AM & 5kX|?

o] A5 4 E 9ol ok shol W ALgol e T o] FolA S AYUTH— AA FAE H A3 9190
shol & 2 §-5hel 1 Qe of Pt B w)el W of o] = sho} W

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

library-index:

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

installing-index = th& dho| W ARGA7F 28 7 RES AAste WS AW S

H
reference-index: Sho] 21 9] £ 7} o w]of) T3k AA| & A, 970 HRARA W, <
R L LR s S pe

71 e} sfol A&

https://www.python.org: 8 s}o] % ] Alo]E. of7]ol= F=, BA E Hof = sho]H &
# o] A ol thgt EAE 7} 50 AF T

https://docs.python.org: o] 2 o] A Aol w2 A AM AT 4 5

https://pypi.org: o] o]l X] 2 7} 4| (Cheese Shop) 2% B W' zfo] A 3| 7] 2] QA= kS
Ue AREAF A 2L Bhol M 5 ARlYUth ZEF wjxstr] Al &St o AR Eo] #e
°“:i o7l IEE TFE 5 95175‘4‘3}

https://code.activestate.com/recipes/langs/ python/ s}o] 4 @ 2] A (Python Cookbook) & B2 F &
AA, 6 2 RE Y FLIATHE S YUt E3] FE I F3E2 Python Cookbook (O
Reilly & Associates, ISBN 0-596-00797-3) O] 2= 1115-4 Ao & 9}%14 T/}.

https://pyvideo.org & 23 2 B ARG 2L 5 3] & oAl Stold A vt o i Fa5S +F
gyt

https://scipy.org: Scientific Python Z 2 A E of] = w2 i & A4 D 222 93 R EE

Fejo Mk Ay &, I X, $A 24 54 22 Ay A 71 A S0 2FE O s

I “Cheese Shop” & Monty Python®] ~7] x| U]t} 312 0] %] = 77 o) S0} 74| v, Fris A =7} #olo] A, 2 9-e flrha By

o},
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cHAPTER 14

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

éiﬂﬂ_%ﬂﬁﬂqqﬁW‘qﬁﬂAQNJﬁ@éﬂﬂﬂ~GMHMﬂmﬂﬂﬁﬂa§&%}
° glgloll= AA A A 7F A3z, o] 7] ol A ¥R SkA = sy T

L
E

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

14.2 CH3}H QE{Z=2|E] CHEL

This facility is an enormous step forward compared to earlier versions of the interpreter; however, some wishes are
left: It would be nice if the proper indentation were suggested on continuation lines (the parser knows if an indent
token is required next). The completion mechanism might use the interpreter’ s symbol table. A command to check
(or even suggest) matching parentheses, quotes, etc., would also be useful.

£ o) gglaom} A AN E i 3HE Qe 2] = [Python e, ¥ &4, A4 &4 @ 13 3|~ E 2] g

71e S R 01;1,]1;} sk, A A AH2E vho] 2| A D}%%Lo S Z2 a9 WZE 5 JdFYTh
H] o2 A E Usky 3742 bpython YT}

>|> OI
o o rul
H >1
”
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cHAPTER 15

Floating Point Arithmetic: Issues and Limitations

Floating-point numbers are represented in computer hardware as base 2 (binary) fractions. For example, the decimal
fraction

’0.125

has value 1/10 + 2/100 + 5/1000, and in the same way the binary fraction

’0.00I

has value 0/2 + 0/4 + 1/8. These two fractions have identical values, the only real difference being that the first is
written in base 10 fractional notation, and the second in base 2.

B, R AR 25E AHAA o)A £5F BHY 5+ fFUTh ARHOE, AnHos
Yot AR RE 257 AL AAZ A A) AFD w0l A BF 45 £ 2R BT
o] 2Al= WA ¥ 10M WA EE Zo] osfsl7] 4FUth 5 13 A8l aAo o] g2 A
arw 2AE S A&k

’O 333 ‘
55 obFel B ARG E Ao E I} FHAA 1301 B = AAW, A B 130 A7k 2AA
A4

e A OoR, o} R WL A5 £AE AGHE, HAF 012 oA A5 FREA TAD 5
fevith ol el A, 17102 T s Wb s = 459 o)

0.0001100110011001100110011001100110011001100110011...

SEEHIE fojl A WEE, A4S A FUth L5d HREE 7)Aol A, float= ©] F &4
% EZRE A Z3E 53R EE AR AFS3LY, 29 AGAlE 8 EE2 AU 1/10
AL o] A B4=3602879701896397 / 2 ** 55l AR ZF /107 AL ZA WA
A<
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Many users are not aware of the approximation because of the way values are displayed. Python only prints a decimal
approximation to the true decimal value of the binary approximation stored by the machine. On most machines, if
Python were to print the true decimal value of the binary approximation stored for 0.1, it would have to display

>>> 0.1
0.1000000000000000055511151231257827021181583404541015625

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

>> 1 / 10
0.1

Q)Y ArrE AL 1109 AH Y Bl %, A AFE gL MY A B A5 oA 25 9L
71934 2.

T EAE HF M7t A oA A2FE FHIEE 98 ©E A
A4 7 95y d & Eo, 0.1 I 0.10000000000000001 L 0.
1000000000000000055511151231257827021181583404541015625 = 2 =
3602879701896397 / 2 ** 55 2 ZAF HUth o] AXZ gl BF L IS T35
2ol eval (repr(x)) == x BHS IR FASHA 15 3tUE ZAT 5= AF5YTh

AapA oz Fo|H ZEZE Y repr () T+ FE AH17709] 2121 0.10000000000000001
< Ag3Uh gho] 315 E, oA o] # (HFEE A" ) o] 7 g2 AS AT £ 9lom,

3] 0.1 vFEA G TR

Note that this is in the very nature of binary floating-point: this is not a bug in Python, and it is not a bug in your code
either. You’ 1l see the same kind of thing in all languages that support your hardware’ s floating-point arithmetic
(although some languages may not display the difference by default, or in all output modes).

For more pleasant output, you may wish to use string formatting to produce a limited number of significant digits:

>>> format (math.pi, '.12g'") # give 12 significant digits
'3.14159265359"

>>> format (math.pi, '.2f") # give 2 digits after the point
'3.14"

>>> repr (math.pi)
'3.141592653589793"

ol Zo], AT o ulo A, AFd= S

2 Aol FagUth JHEE Hed AR N Awe] BA £
WS s g

rlr

One illusion may beget another. For example, since 0.1 is not exactly 1/10, summing three values of 0.1 may not
yield exactly 0.3, either:

>> 1 + .1 + .1 == .3
False

Also, since the 0.1 cannot get any closer to the exact value of 1/10 and 0.3 cannot get any closer to the exact value
of 3/10, then pre-rounding with round () function cannot help:

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

Though the numbers cannot be made closer to their intended exact values, the round () function can be useful for
post-rounding so that results with inexact values become comparable to one another:

>>> round(.1 + .1 + .1, 10) == round(.3, 10)
True
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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.

As that says near the end, “there are no easy answers.” Still, don’ t be unduly wary of floating-point! The errors in
Python float operations are inherited from the floating-point hardware, and on most machines are on the order of no
more than 1 part in 2**53 per operation. That’ s more than adequate for most tasks, but you do need to keep in mind
that it’ s not decimal arithmetic and that every float operation can suffer a new rounding error.

el sty A7t A5 A o FA 8] He Ah A Al S AFE st RS, ©ed] H S AAE Vs
X}ﬂ"i v 2 3f A EMSP”& 71EH6}L EJJrE Eﬂl 2 AYdth BF str() nogw 2R3, o
M 2 3} A Al o] 5l WA formatstrings 9| A str.format () WA Z=2] Wl A AAE HA L.

A AR xHl 2 5}/\]'*0“7\}?—4]-4 A3 A xRl W uAY g mg o Ags 4R
&g T3 E = decimal RES AFR EA S
AEe b= & e PHl= fETE 7o R Abe S TS fractions EEO o8 Al Ag Ytk

(WA 1337 22 S23b= A4 VERE 4 9 th.

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>.

Python provides tools that may help on those rare occasions when you really do want to know the exact value of a
float. The float.as_integer_ratio () method expresses the value of a float as a fraction:

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

Since the ratio is exact, it can be used to losslessly recreate the original value:

>>> x == 3537115888337719 / 1125899906842624
True

The float .hex () method expresses a float in hexadecimal (base 16), again giving the exact value stored by your
computer:

>>> x.hex ()
'0x1.921f9f01b866ep+1"’

This precise hexadecimal representation can be used to reconstruct the float value exactly:

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

FHol Fgstu g, stoj ol thE WA o] 24 2 A= 4 A 741 ojAleti (Z;F 5HA), &
A A3he T2 Qo] (RpukLt €99 2-2) ¢} Bl o B & B3 B 55Uk
Another helpful tool is the math. fsum () function which helps mitigate loss-of-precision during summation. It

tracks “lost digits” as values are added onto a running total. That can make a difference in overall accuracy so that
the errors do not accumulate to the point where they affect the final total:

Al S
=

rlo
O.u.;

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

False

>>> math.fsum([0.1] * 10) == 1.0
True
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Why is that? 1/10 is not exactly representable as a binary fraction. Almost all machines today (November 2000)
use IEEE-754 floating point arithmetic, and almost all platforms map Python floats to IEEE-754 “double precision”.
754 doubles contain 53 bits of precision, so on input the computer strives to convert 0.1 to the closest fraction it can
of the form J/2**N where J is an integer containing exactly 53 bits. Rewriting

’1 /10 ~= J / (2%*N) ‘
=
=
’J ~= 2**N / 10 ‘

and recalling that J has exactly 53 bits (is >= 2**52 but < 2**53), the best value for N is 56:

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

That is, 56 is the only value for N that leaves J with exactly 53 bits. The best possible value for J is then that quotient
rounded:

>>> g, r = divmod(2**56, 10)
>>> r
6

Since the remainder is more than half of 10, the best approximation is obtained by rounding up:

>>> g+l
7205759403792794

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

’7205759403792794 / 2 ** 56 ‘

EAS HRE S Jrd the3) o] okRE Ut

’3602879701896397 / 2 ** 55 ‘

Y-S Y7 wf ol o] A2 AA R 1/10 B ok Itk Aol foatAl 2 HE S Jchd, Fol 1/10 B}
O Ao AR AT, T o1 A5 oS B A 1109 - ]

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

>>> 0.1 * 2 ** 55
3602879701896397.0

If we multiply that fraction by 10**55, we can see the value out to 55 decimal digits:

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

meaning that the exact number stored in the computer is equal to the decimal value
0.1000000000000000055511151231257827021181583404541015625.  Instead of displaying the full deci-
mal value, many languages (including older versions of Python), round the result to 17 significant digits:
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>>> format (0.1, '.17f")
'0.10000000000000001"

The fractions and decimal modules make these calculations easy:

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

>>> Fraction.from float (0.1)
Fraction (3602879701896397, 36028797018963968)

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

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

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

16.1 CHSIS 2 E

16.1.1 oll2] &2

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

VNNEEEHX ZETE A HE FX}F (WAL E Control-C == Delete)E YHsH 48
Hasa AR 2gnER SolgUrh Belol} AR s FU AN AEE YA cry Eol o

] 8]9 4 9= KeyboardInterrupt o 7} WA g o}

#!/usr/bin/env python3.5

(B = B 7} AL§ A9 PaTH o ki A S W) 2P A 2§
EEE U 1 S NS Ao AR Al T I £
sEde £ R (\n') % Brob 3, AR o2

“5‘..1_\_
EEIRE, FA = A4S Al A S d AR U T

£TYEL chmod 332 AHE3kel A b5 @ BE, EE AW, & FoBe £ 5ok

$ chmod +x myscript.py

A9 A2dANE “8Y 45 BEVSE Ade] 95 UTh shold 44 Z2IYe py AL
python.exe 9} A5 02 A Ao, ol AL olF YW ~APER APFTh FEAE
oyw A £ E AFUTH o A%, DA E et £ 3L 454 FTh

! GNU Readline 3 7] 2] o] = 24| 7} o] 212 w3 & 4= Q&1 o

l
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W, /dev/tty 7} M o]
s 3}y Yol AdE = 22 ol5
T A BR, o] stdoA HstAY X2 ES = AA = hed Al Mol A F3stA] 2

O] F o E AT = AFUTh o] FYolA sys.psl Esys.ps2 ZEZEZ HAT X Jd5YTh

A oA E oA F7F A F LS dodd, A9 AR oA if os.path.isfile ("
pythonrc.py') : exec (open('.pythonrc.py') .read()) & T2 FEEALGHA =218
% Qe ~agEd A A%l e A s Aageol A YA A0 2 sl of it

import os
filename = os.environ.get ('PYTHONSTARTUP'")
if filename and os.path.isfile(filename) :
with open(filename) as fobj:
startup_file = fobj.read()
exec (startup_file)

16.1.4 HAE{OIO|N|O|M 2 &

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

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

olAl Z tJHAE gl o]l usercustomize.py Bt 0|59 IS UHET Y= AES LS+ IS5 YT
s YEES U BYSSHE -s w A2 Z A ZSHA] e 3 o] 32 BE afo|d Ao g FUTh

sitecustomize works in the same way, but is typically created by an administrator of the computer in the global
site-packages directory, and is imported before usercustomize. See the documentation of the s ite module for
more details.
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>>> The default Python prompt of the interactive shell. Often seen for code examples which can be executed
interactively in the interpreter.

e 2L AL e 4 ALYk

o The default Python prompt of the interactive shell when entering the code for an indented code block,
when within a pair of matching left and right delimiters (parentheses, square brackets, curly braces or
triple quotes), or after specifying a decorator.

e Ellipsis W& A,

2to3 A tool that tries to convert Python 2.x code to Python 3.x code by handling most of the incompatibilities which
can be detected by parsing the source and traversing the parse tree.

2to3 is available in the standard library as 1ib2to3; a standalone entry point is provided as Tools/
scripts/2to3. See 2to3-reference.

abstract base class (34 Wo|A Ze|A) FA oA~ &
A nBaHA ZREE (& o, A WAE) 4
g o] & Rtk ABCE 7H A B S8
X isinstance () £ issubclass () o 93] X
S HASQ. FolHe= B2 W ABC £9] w}a}_?_% Al I“/‘r%-‘Jr 22 AE O] AsUth 25 7+2
(collections.abc BEEIAA), A} (numbers EEA), 2EH (io REAA]), YT E Folt] 9}
29 (importlib.abc 2E|A]). abc ZES A& A XAl W] AB CE = "“: &)

annotation (o3 H|o]H) Trell we} 3 9= 2 A= WS, Fes o B HE £ B4 RS
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-1 0 X =u
Hold& 22t BE, Fdl2, 49 __annotations__ E]-‘F',—E o A=Yt}
o] 7]15< AWsl= ¥4 o] g o] A, 84 o] - H| o] A1, PEP 484, PEP 5268 &2 314 2. o] =g o]
Az o of) 3F =¥ Alg] = annotations-howto & I X 314 &

argument (Q12h) F-E 22T o o (B vAE) 2 ABH = & F 72 AL

. 719 = SR} keyword argument): 4 & ] 4] tﬂx}ﬂ ool -2 QAAH (el & 0], name=) ==
** 5 Qo] B9l g E 2 AEH = AR A& 23} 22 complex ()

55 BT ]-rlE ARG Y ok

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})
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& 2] Q1 2} (positional argument): 7] = Q1 217} o} d 21 A},
e Avt ]E%ﬂ‘j o o * & o] AT 5+ JdF YT
35 e RE 94 ARk

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

A= T vi 9] o] 5 22 A Wl hd gyt of o ol A-8-5 = 7 2 5ol Hisi M= calls
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asynchronous context manager (¥]% 7] AEl A€ #2]2}) An object which controls the environment seen in an
async with statement by defining __aenter_ () and __aexit__ () methods. Introduced by PEP
492.

asynchronous generator (8] 5 7] AU #@ o]€]) v] 5 7] Al & o] g o]E dlolE & E8]F+= 4. async
def 2 Aol A2 FAH Mot asyne for F2ALE 5 Q= A gEe W
Elyield 384L 233 tt= Ao trEUTh
B 057 AU ol El G el /1AW, o EH ol At w57 Avielolel ol e ol e &
e AU o m et o u 7 BEkehA) oo Ao, AT Bol2 MA BEIS G
v 7] Avd ol &4+ await £84F, async for w3 async with £ 28 4+ U5

e,

asynchronous generator iterator (8] 7] Ay & o] €] o]eg]#o]E]) B|E 7] Al d o] &7 Hte= 2.

9
=

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

Each yield temporarily suspends processing, remembering the location execution state (including local vari-
ables and pending try-statements). When the asynchronous generator iterator effectively resumes with another

awaitable returned by ___anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

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

asynchronous iterator (8] % 7] o]€]#|©o]€]) An object that implements the _ aiter_ () and
__anext__ () methods. _ _anext__ must return an awaitable object. async for resolves
the awaitables returned by an asynchronous iterator’s ___anext__ () method until it raises a
StopAsyncIteration exception. Introduced by PEP 492.

attribute (S]E2]HE) &3] AR HA S AHE ot ol 502 FxH & AA 9 d3st g dE Sof, 4Al

07t AEZ|RHE aE 7AW, 0a X ™ F=H U

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

awaitable (o] €] ©]E]E) An object that can be used in an await expression. Can be a coroutine or an object with
an__await__ () method. See also PEP 492.

BDFL A#}d] 22 £ 41 =2 A} (Benevolent Dictator For Life), = Guido van Rossum, 3} 0] % 2] ZA] =},

binary file (W} o] 28] 2} ) A file object able to read and write bytes-like objects. Examples of binary files are files
opened in binary mode ('rb', 'wb' or 'rb+'), sys.stdin.buffer, sys.stdout.buffer, and
instances of io.BytesIOand gzip.GzipFile.

str AAE 932 5 Qi 9 Aol AL B aE Y ® FEFHAL

borrowed reference (" & ZF=x) In Python’ s C API, a borrowed reference is a reference to an object, where the
code using the object does not own the reference. It becomes a dangling pointer if the object is destroyed. For
example, a garbage collection can remove the last strong reference to the object and so destroy it.
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Calling Py_ INCREF () on the borrowed reference is recommended to convert it to a strong reference in-
place, except when the object cannot be destroyed before the last usage of the borrowed reference. The
Py_NewRef () function can be used to create a new strong reference.

bytes-like object (B} o] E €7 ZJA)]) bufferobjects & A| P32 C-91<5 HH S A2 E T 4= 9HF T
2] % memoryview 4 Zﬂ££ =&09]il bytes, bytearray, array.array AAEL
oh Wl =R AAEL wol ] Hlol e S TRt olg] 7hA] A4S AHEE 4
Mol shel 2 A, ~AL B3 A4 e AS o] YL

o A4t violul g dlolE 7 7t A d Q7 i Uth o]d Ao AgAe FF «eal-
2 7] vl EGF AR et 2@ T YT 7HH W3 Ao A2 bytearrayﬂ—bytearray./]
memoryview 7} O]Aqr/]' o2 A4tEL mlojy g ol 7 & AR (“8)7] A& nlo|ELEHF
AA) A AFH=E Q72U o] AEQ] dZ = bytes? bytes AR 2 memoryview 7}
AESIES

bytecode (H}o]E T &) Fo|H AA FEE=dlol|E FEE 731U 5 =4, CPython QB Z 2] E 9| A }o] A
Z2 IR YR FIYYh H}O]E FEE .pyc Lo A Hof, T2 HdS F AR AP uj
o] el x] A ThE U T (&2 o) A BEo] E Ci«] AAIGLE 3T JdFUTh. o] “F A" =
Zr ulol E I = o th 33t 7| AE A3 ”3} W 71 A A AdE g B YT vl E I ==
A2 T2 Fhol A 713 7] Aol A & ZLE F 2102 7| slA| T, Fo] A vl 3 Thel| A o A & gt
Zlof =28l oF g th.

HlolE = Yol el 552 dis BE AW A e] g Uh

callable (Z2]¥) A callable is an object that can be called, possibly with a set of arguments (see argument), with
the following syntax:

callable (argumentl, argument2, ...)

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

callback (%)) Azt ALds = n)ale o] Al Ao A A3
i ef

AT AL Ao B e E Bt

y =]

At s = e

coercion The implicit conversion of an instance of one type to another during an operation which involves two
arguments of the same type. For example, int (3.15) converts the floating point number to the integer 3,
but in 3+4 .5, each argument is of a different type (one int, one float), and both must be converted to the
same type before they can be added or it will raise a TypeError. Without coercion, all arguments of even
compatible types would have to be normalized to the same value by the programmer, e.g., float (3)+4.5
rather than just 3+4.5.

complex number (52452) 953 A4 A 2~d o] S0, E’_% AL AR} s oz xd
FYth R AFd e A (-1 AFDHE F3H A, FF o= li F o A=
2 AL ol 2 T4 LU 2E FESE S AT A5EE 5 AR
2o 71Ut} o & S0],3+17. math REY BA4 o] 83 W, cmaths AFR 3T
B B8 U £2 L #3H Uth LRI 274 BRGH, A2 A5 FA
A= 25Ut

context manager (8]~ E 2] %}) An object which controls the environment seen in a with statement by
defining __enter_ () and __exit__ () methods. See PEP 343.

context variable (1E] A E W 4*) A variable which can have different values depending on its context. This is
similar to Thread-Local Storage in which each execution thread may have a different value for a variable.
However, with context variables, there may be several contexts in one execution thread and the main usage for
context variables is to keep track of variables in concurrent asynchronous tasks. See contextvars.

contiguous (J<%) ¥ ¥ = A3EH3| C- Oﬂﬁ\—(C-contiguous) o] A} = E & A< (Fortran contiguous) 4 W] <5 0]
g AAZ YT A HFH = C-A%5oldA TEZR ASYUh A wjdolA, FEELS
A% ol A5, 0004 A 2ok @ 2 Aha o6 0] Aol = v 2.2 o 5 5 o] of ] o Tkl
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C-A%5 Mg, R 4 TAHUZ FESES YT o npA] 2 AE A7} 7p2d whe] gyt
stA| gk 2 EZ AL v oA =, A AR AP A7 74 wike] ¥ g o

coroutine (ZF¥l) T FE 2 HBHEFE 1 dutstd FeJuth A BEFEL 3 A Fo| A A Y3 T2
AGo| A EEF Ut TFEHL o Z A FZANA DAY, &5k, NS 5= dF Ytk o] A
S8 async def 202 33T 4 95Ut PEP 4928 H AL

coroutine function (T F¢ ¢+4) T8 AA & ST 5. TFH g4+ async def 722 F 9
H 4 93, await 2 async forQtasync with 7|9 =S £33 4 &5 U th o] AE L PEP

492 of) o} =15 YL
9l

CPython }o]% 272w dojo] 37 2 ol & Qld], python.orgol| A ¥l £ Yt} o] 73S Jython o]}
IronPython ¥} 22 t} & 7 qd g7 1% cq1 £ o] “CPython” 0] AFEE Y D]-.

decorator (| Z#|o]¥]) T} & F+E = &4, BF @urapper = AMSSH S WSt o ®
ALFA Utk dZg °)E e &3 9= classmethod () -»]-statlcmethod ol t}.
H

sl ol 8 B B Mo P LYY e F G5 A n g S5k

def f (arqg):

f = staticmethod (f)

@staticmethod
def f (arg):
22 Mol Fezol e EASA T, @ A 2 Gt vl Z g o Blof th & 5 AAIF &2 o
EEEE I FEPEREL EERE

descriptor (tJ A~ =3 3]E]) Any object which defines the methods _ get_ (), __set_ (), or
__delete__ (). When a class attribute is a descriptor, its special binding behavior is triggered

upon attribute lookup. Normally, using a.b to get, set or delete an attribute looks up the object named b in
the class dictionary for a, but if b is a descriptor, the respective descriptor method gets called. Understanding
descriptors is a key to a deep understanding of Python because they are the basis for many features including
functions, methods, properties, class methods, static methods, and reference to super classes.

t2aHe o =S of 3t 24| 3F W &2 descriptors U T] 2 3 E] AF&H oFU A o] Y31 T}

dictionary (5 414 2]) An associative array, where arbitrary keys are mapped to values. The keys can be any object
with__hash__ () and__eq_ () methods. Called a hash in Perl.

dictionary comprehension (541 2] A=z A) olH 8 gl& 24 JAY RE At 235
go g g E usel= 438 . results = {n: n ** 2 for n in range(10)}<
fhn xx 20 Migd 7] ng 23t 9 U2 E 44 FU T comprehensions & FZ25HAAl 2.

dictionary view (5 A 2] H) dict.keys (), dict. values (), dict.items () WIAE7I S8 3+ 2
Zﬂae —l}‘:]LﬂE] ‘I'I"‘j/]'J—-"l"qu o]/\ax_. —1}‘:]]’_1 %‘éoﬂ EHB_]'%—I?J.‘]IE‘FE Zﬂ—'—o}ftﬂ» —1}‘:]
ek 948 o, 3ok ol MstE Mg At EYULh SAd Y HE 2D JAEE iR
list (dictview) & AF23HH = Ul dict-viewsS H A S

docstring (52 E ) A string literal which appears as the first expression in a class, function or module. While
ignored when the suite is executed, it is recognized by the compiler and put into the __doc___ attribute of
the enclosing class, function or module. Since it is available via introspection, it is the canonical place for
documentation of the object.

duck-typing (Y E}0]33) Zu}& AEHH A E 7HH =4 Aot AAY S KA = =z2 089
2EHY; Al TS mA =Y ﬂEﬂ%Eﬂi%ﬂ AU ARG EHUTH (“LB A" Hola 2 2 A7
A, DAL 0 Th) S A R oAlo] AefH o) AE RPN, T AAY nEE O
Aol XL FSTorM FTAANLS s MAE 4 Gt g EFo]FL type ( 0]\/]—151nstance (0
S 087 GAE MU (AT H ol B0l 24 ol 4 2ol & 5 4 3800 59150}
ghUtt) thAloll, hasattr () AARYEAFP =2 18 W S &4 th

EAFP 35]2tR )= S 45 12317 7} 4 o} (Easier to ask for forgiveness than permission). ©] 3] 2 4 Q&=
Thol W 7Y /\E}%_wg SHIE 7Y o]ERRES 2AE /MAE T, 1 710l S o9 E Fs
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Ut o] Z st mhE A8 A2 B2 try S except w9 EAE SAA YU o] HAYLEC
S} 2 ohe B2 AdojollA AF AHS-H = LBYL 2~ 83} tjul g Ut
expression (£ 4]) ofd o= 73id = 9=
o5&, | EFHE qA|x, LJZ}, FrEY
OE WS Aotz o, BE o] 7
OE/‘]"Q‘—GL‘T € vd =0l 9}%‘4 CHY R R
bl ]

f-string (f--E-Z]'?—;-"_) "YU R B Qo] 29 —.—X]-Oﬂ HEES T3] “f-2xg ot Had, 29
£2% 2E Y o 29T PEP 498 & HAI 2.

file object (3} 2} A]) An object exposing a file-oriented API (with methods such as read () orwrite ()) toan
underlying resource. Depending on the way it was created, a file object can mediate access to a real on-disk file

or to another type of storage or communication device (for example standard input/output, in-memory buffers,
sockets, pipes, etc.). File objects are also called file-like objects or streams.

AA R = A B/ 5t AR Eo] 5yt E(raw) vho] ] 2] 312, ¥ 3] = (buffered) vl-o| v 2] 3},
HAE 3. o] 59 AEFH o)A io EEAA BYFUth 3L AAE = FHAI Y
open() ¥FE 2= AYYrh

file-like object (S} 7 AA) 3L 24| o v e
filesystem encoding and error handler (3} ] A~ ¥ 917 )3} of|2] 2]2]~7]) Encoding and error handler used

by Python to decode bytes from the operating system and encode Unicode to the operating system.

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.

The sys.getfilesystemencoding () and sys.getfilesystemencodeerrors () functions
can be used to get the filesystem encoding and error handler.

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

ZALFIY T HAS
finder (3}¢Qlt]) AT EE RES Y3 2 & o A =3= AA.

Since Python 3.3, there are two types of finder: meta path finders for use with sys.meta_path, and path
entry finders for use with sys.path_hooks.
See PEP 302, PEP 420 and PEP 451 for much more detail.

floor division (84 i 4l) 714 17k A4 2 RSk 304 Al A4 Al 4k // o

o E Eo], BAA 11 // 49 FL 27t EH A A4 u} Aﬂo 2.752 E8EF Yt} (-11) // 4
7F-2.75€ W ¥ st -30] Fol Fo3oF gt} PEP 2383 KA 8.

function (3) S Z =}l 7 01 A @32 25 999 . fiAG T o) AY A AEE 5 e
g, vir] o] Addo A2 4= Q& Uth v 7] 4 9 v Al = 9} function A AT H A L.

function annotation (42 o] ;=B 0] 4) §H4 vl 7wl 41} whsk ghe] of 1o o] 41

FoojrHolde ditdor § dE 2 ARFULE o8 Sof, o] §4E T 9 int ARE
o5 Aoz 7UH 1, SA6] int B GL E Aoz APtk

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

B4 o i H| o] A B2 function oA AW}

o] 71%5-& AW BHE W4 o] Lot o] 4 7 PEP 4845 2 31H 2. E ek o] el o] o] o gk 2 Abef
annotations-howto = ZFZ 34| 8.

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

default:
>>> import __ future_
>>> _ future_ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbagecollectlon (7}13]7(] 270) O ALE A o v 2e] S uigal A sho] WS Bz 54 =AY
Az 23S AT B 4 Q= 53 A A A 72 B35 A £ AS Uk 7 A
FA71E gc 4_%; A& A Ao e 4 g5yt

generator (A2 o El) 411 & o] E ol &0 E & EeFE g Ak ALY Bold, dA) RE
2 WELyield B84 ¢ 2oAThE Aol BHEUTH o] FEL for-F 22 A-§3HA 1 next ()
B 3 wol s Al 5 Qo

B o e A g ol g o H e ol & 7tel P Uth o &

BE AV o H F5E 71 A A w, ol | B
a%ﬂmﬂﬁéaﬂﬁﬁa%aLﬁ;%ﬂ§MHE§@%aﬂqw
_‘:7
— = 1

Each yield temporarily suspends processing, remembering the location execution state (including local vari-
ables and pending try-statements). When the generator iterator resumes, it picks up where it left off (in contrast
to functions which start fresh on every invocation).

generator expression (A& o] €] 33 2]) An expression that returns an iterator. It looks like a normal expres-
sion followed by a for clause defining a loop variable, range, and an optional if clause. The combined
expression generates values for an enclosing function:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (AU 2] &4) 2L A4S A E 2 FESo tisf] L3 o] 42 TAHAY T 55
A] A

o o FH o] AHE B A= H 2T
At 2]z €018 %3} functools.singledispatch () Bl 23| 0B} PEP 4435 H A Q.

generic type (A1 &) W70 W3 & 5 9t @ AWAOE List hdict 9 2L AE oY Zeh 2,
g 2=9} o wglo] Ao AHgFUTh

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A< 9lEZ2]E = & BRAQ

slobal interpreter lock (1%} QIE|Ze1E] ) & W] &3] shipe) A} sholdl o] =
£ 1457 98] CPyhon AE 22 7 AHS 5 B AU S, (dict 9} 2L 58
qole) A7 2o] %A 402 5 A A 2] ] 9SS vHE o] A CPython 73
BEU ez E A4S FIE AL dHZHE nEad Sae] G4 HEE o, o
m2 AN A AZSE B B B R AP

AT, ol W g BEE L, XU AN BT, FEol A e AL AFA
w GILE ¥ e % AAH 94U th E8, VOS 3wl 34 GILL v g o

Past efforts to create a “free-threaded” interpreter (one which locks shared data at a much finer granularity)
have not been successful because performance suffered in the common single-processor case. It is believed
that overcoming this performance issue would make the implementation much more complicated and therefore
costlier to maintain.

hash-based pyc (3] 4] 7%t pyc) #5442 3L7] flall s 25 9pd o) HF 574 AlRbe] obd S|AIE
AHg3l= vlo| E I = ) A] 3FY. pyc-invalidation& 2 3FA 2.
hashable (3] A] 7}°5) An object is hashable if it has a hash value which never changes during its lifetime (it needs

a__hash__ () method), and can be compared to other objects (it needs an __eq___ () method). Hashable
objects which compare equal must have the same hash value.
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interactive (0 2}3)) Python has an interactive interpreter which means you can enter statements and expressions at
the interpreter prompt, immediately execute them and see their results. Just launch python with no arguments
(possibly by selecting it from your computer’ s main menu). It is a very powerful way to test out new ideas or
inspect modules and packages (remember help (x)).

interpreted (QE]ZE|E]=) violE I & HAspd o] &4 wfjFofl 2 F-F 0] S8l A] 7] = SFA| v, 3ho] A
2 A3 A7t 0}‘4‘3}013 2B dojduUrth o] A2 BAHoE Ay 5 LS VEA I,

srstde A4 ARY 2 Aok FAUTh 1z a0 £ 1 A4 AW 7]§a}x]u¢, S
P doj=HE 7\3)}:‘_ @ﬂiﬂréﬁ}ﬁ R 1vA= Rz AR 7]‘3 Zt& Ut EHﬁ]r T HAS.
interpreter shutdown (QE]Z2]g] £8) & ET‘D‘}E‘rh A& WS, glo]# A Z el EHE= E-E3 A 7]
24 O}LE‘”»J—E ol o 7HA] T2 YR FREA L2 RETFIH LSS dAFOE 9
‘)'%“4 ok T3k 7| A =AY E 0434 H T EF ok AR A G 9] 3} APt weakref F 9 of] Q=
FEEY AYES A A = AFUTE T8 A7) X AAH = I g ES e 5
A, 270 &3t AdEC] ¥ 75 &E 5 A7 WEY YT (T3 o & 2ol B g

2Eolu A AAE=dYh.
AEZPE £2Y FH JAL AYFHE  main REOIUAIHENAHF S T = AYYch

iterable (©]E]2] ) An object capable of returning its members one at a time. Examples of iterables include all
sequence types (such as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and
objects of any classes you define with an __iter__ () method or witha __getitem__ () method that
implements Sequence semantics.

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

iterator (©] €] ©]€]) An object representing a stream of data. Repeated calls to the iterator’ s __next__ ()
method (or passing it to the built-in function next () ) return successive items in the stream. When no more
data are available a StopIteration exception is raised instead. At this point, the iterator object is ex-
hausted and any further calls to its __next__ () method just raise StopIteration again. Iterators are
required to have an __iter__ () method that returns the iterator object itself so every iterator is also iter-
able and may be used in most places where other iterables are accepted. One notable exception is code which
attempts multiple iteration passes. A container object (such as a 1ist) produces a fresh new iterator each
time you pass it to the iter () function or use it in a for loop. Attempting this with an iterator will just
return the same exhausted iterator object used in the previous iteration pass, making it appear like an empty
container.
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typeiter ol T 2} 3 W& 0] 9l Th

CPython G=& %} A]: CPython does not consistently apply the requirement that an iterator define
__iter__ ().

Z | o] A (collation) &=+ 7 & (sorting) ©] L} ¥l & (ordering) ol AH-&-=]

key function (7] ) 7] S E = =
t} o & £9], locale.strxfrm() 2 Z2A I EZ S EE=
o

=g sFe 29

L S0 ABA A A AL Fol=AE Aoty Al 7] 45 whot
=94t} o]A A5 E=min (), max (), sorted(), list.sort (), heapg.merge (), heapq.
t

nsmallest (), heapq.nlargest (), itertools.groupby () ©] Ux5Yc}

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

keyword argument (7] 9] & 21z} QA & H A Q.

lambda (Feh) 523 o] ghol Tl A= Shte] w4 o PAHE o) F g zkel T B
U= B WL lambda [parameters]: expression YUYt}

%
]

2~
T

AT AT o AEHYe FARP AT U ul S 3, B i 2o AR SAA AT
AN

| = 7ol A, LBYL 22 “E 772} “H7)” 7hol] AA 271E A 2 Aol ds5Y
Eo0],FE if key in mapping: return mappinglkey] & FAAFZof, 5}A] 2 23]
£ 2 E7} keyE mapping N A Al ASH A& 4= lF Utk o] H o]+ F o] L} EAFP
AoHS AT oE2n s dE &+ 5T

locale encoding (27| 217 %) On Unix, it is the encoding of the LC_CTYPE locale. It can be set with
locale.setlocale(locale.LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: cp1252).
locale.getpreferredencoding (False) can be used to get the locale encoding.

Python uses the filesystem encoding and error handler to convert between Unicode filenames and bytes file-
names.

list (2] 22E) A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a
linked list since access to elements is O(1).

list comprehension (2] A& Azl M) AD~e] 245 AR == ARE Heloly 1 AHE e AER

3= 70838 . result = ['{:404x}'.format (x) for x in range (256) if x
& 2 == 0] £ 094 255 Abolol] 9 A5 1675 (0x.) 5 TP3E BAde PAES
shsUth if 22 A 5 Q5 uUth A e, range (256) ol Y= RE 247 A2 HYth
loader (£T]) An object that loads a module. It must define a method named 1oad_module (). A loader is
typically returned by a finder. See PEP 302 for details and importlib.abc.Loader for an abstract base
class.
magic method (W] 3 WA =) S v A = o] H]F 4] A Ql v] L3k T

mapping (W8) A container object that supports arbitrary key lookups and implements the methods specified in
the Mapping or MutableMapping abstract base classes. Examples include dict, collections.
defaultdict, collections.OrderedDict and collections.Counter.

meta path finder (W€} 4 2 5}916]) sys.meta_path 9 A o] EFE vl vt J= vhelr+=
Az dEe 3T & A-E o 7]+ A v oYt
e 2 357 F 8= WA E S e A= importlib.abc.MetaPathFinder & E W
Huch

metaclass (He} ) Fef2o Sex S B = Felr o, Y
o HES W Uth HE Fe & o] Al AAE otA FEA =

¢
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o
TG W2 o2 Z Yol AHEHS YT

metaclasses 9| A ©] ZFA| 3 Y &S 28 2= Q)5 T)
method (WA E) S vl Stof| A Aojsl= . O S22 A2BE A JEZHEZA TE2H W,
IAEE N HA A (HE self g E8TH 2 A8 A AR S S UL T¢ o E=HE

AFZ EHAS.

method resolution order (W] 4] & Z & 4 A]) Method Resolution Order is the order in which base classes are
searched for a member during lookup. See The Python 2.3 Method Resolution Order for details of the al-
gorithm used by the Python interpreter since the 2.3 release.

module (25) stold 2=o] 243} th9) & Ggali A4, LELS 999 so] 4 AR S T o B
27 2oyt BES 9w Ao o) Holmew =gy

712 = BA L.

MRO WA= 274 =4 & HALQ.
mutable (7}¥) 7PH A A= gho] M 4= A wkid () = dASHA FAT

U
named tuple (| Y= F&) “named tuple(H] Y= {FF)” o] gh= |0l &= FEZ oA 453
2 S JeRE Y

Aol EZE
GHEE A ael S92 @5 Gt 840 A2 T S 9 o)t Ze 2ol A5 U
Aol Zelrol thE 15 E US4 Y
time.localtime () ¥ os.stat () 7} 9F33l k& 86, o] YA Fol vd e E=ZJuUth

T o}2 o= sys. float_info Yyt

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

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

namespace (¢] 5 57H) W57 AZEH = A ol 32 AV E AP YT AAl SHE o5
T (A E A A) Batotyet A, A, | o] Fo]l dsUTh olF 3L olE T ES
WA A REdS ALY dlE E0], 5 builtins.open ¥ os.open() & 159 o5
F 7ol o3 FEPEYLE £ o] F FH2 ofH BEO| I4E FHIEAE B T oA
=T FA EEA o =28 St ol & 9], random.seed () =X itertools.islice ()
2t3l 2 1 35 o] 47t random ¥ itertools BE Ol o3 FEH o] HEHUTh

namespace package (0] & Z 7t 9| 7] X]) A PEP 420 package which serves only as a container for subpackages.
Namespace packages may have no physical representation, and specifically are not like a regular package
because they haveno __init__ .py file.

BEEZ HAS.

nested scope (38 223%) 2t 490N M4 E F2oE 5. o & So), 2 T4 U4 4
9 E FrE u2 5o dE MSES A2 TS YFUT P 2nns Ao B2
R, e 5 A Sheths Aol o sof gLtk A MAE L A R el Aol A g1

o

HFUh A 2, A9 A5 AY o5 Tl A ¢1al Yt nonlocal 2 v AT L9
2 & gy h
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new-style class (F+ €} Z#] &) Old name for the flavor of classes now used for all class objects. In earlier
Python versions, only new-style classes could use Python’ s newer, versatile features like _ _slots__ , de-
scriptors, properties, __ (), class methods, and static methods.

object () FH) (IEZREUZ) & 2 T2 (MAE) o] BH EE vlofE. =3 BE 7ok
Sl of 5 R Mol 2 2l A,
package (F| 7] 2]) AN EH EESo| U, AAH R AH Jﬂﬂ?‘]%% AT Ao s VeAHeR,
7] A= __path_ AEZFEZ} = ol REAYTh
At 71 A 2 ol 5 FX A = HAL.
parameter ORV) 91 (0 9A) Ao 57 S 5 9l 7 (o 2T ) &
Ao ol £ 2L AL, oA 25 AAAG S5
o A X-71¥ = (positional-or-keyword): 9] | Q1A U 7] 9] = 2l
Utk o] o] 712 FEf ] mi7f AUt A& Sl tha

}'i;ﬁa = ‘l" 2)\“\;__‘ ?_]X}—% 117@"2’
oA A foo &} bar:

def func (foo, bar=None) :

o A A-A& (positional-only): A X Z A FE = = AAE AZ UL A AL i AS-=
S A A HEO / EXE et 2 FH YT = JdF5 U dE o U

ol A posonlyl 3 posonly?2:

’def func (posonlyl, posonly2, /, positional_or_keyword) :

o 719 E-AE (keyword-only): 7]% ul A Ae AAE AZFYLE 7| =-A-§ w7
tﬁ—?%f&’“ Aol AUy 5= 1 1 o] 6‘}‘/}«1 71 -9 2] vl 7| H 4= —‘E—ZEHEJ@‘BHH

Ao 4 AdF ULk dE , TF2- o A kw_onlyl £} kw_only2:

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

o 7VA-9 A (var-positional): (T}2 w7l A4S0 &3 A] o] u] gtol5o] 7 9] 2] AAE T 3l)
Asd = d=AA AAEY g AA2E A QT o] mj7f 4= w7 4= o] 5o
* 5 Qo] & 04/\1 Ao 5= AdFUth A& 0] th3 oA args:

’def func (*args, **kwargs):

o 7HA-71 91 = (var-keyword): (TH2 vl 7H@—/F%°ﬂ o] &f| Al o] m] HrolE 3] 7] Y = A=l B 3l)
A 7 Ae 4 A 719 = QA= AR FULE o] w7l = w7 | o] Fo
Srofl 244 Fo)E 4= JdFYth o E 50 Y9 oo A kwargs.
A= AE A AAES A 728w ot A Aol A A5 AAES AR S = A5
yrtt.
At “‘101@ T, Ak} W7 ao] Zfololl 2= FAQ A&, inspect.Parameter Fe# &,

function Z, PEP 362% H A Q..

pathentry (G2 QlE®]) 4= 7|0t 32T 7t dXE @ RESZ 37| A8 Faste J2E 4= 49
BhLEe] .

path entry finder (7 2 N E2] 3}2t]) sys.path_hooks o] Y= ZHE
=3 Y A, FolA A2 dEE 2 RES FE=UHEE EY JdsYTh
AEAEY IRIEEo] FHe}=mANEES

path entry hook (7 2 Q1 E 2] &) A callable on the sys . path_hook list which returns a path entry finder if it
knows how to find modules on a specific path entry.

path based finder (7 2 7|49 5}elt]) 7] &2 ve} 4= 3} H & F s, Y2 E F = oA BE
S4th

path-like object (A 25 ZAA) 3L A"l A2 E Yetdl+ A, A2F AA = A2 E YEHW & str
Ubytes AA o] At} os.PathLike T2 EZS T HSE= AA YY) os.PathLike Z2EF
= A Q3= AR os. fspath() FFE SE3NA] str Ubytes FL A 2H AEE HSHE 5

j=
)]
AN
**E 1=

importlib.abc.PathEntryFinder | Y3 4T}

tlo
AL
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PEP

g5 Ut} Al os. fsdecode () 2 os.fsencode () = Z+Z str Y bytes 23S B 33+
AH8E 4 Jds5 Utk PEP S92 =95 5yt

ko] & 7H A A <t PEP“ s}o] A ﬂv‘/]ﬂoﬂ AREAZAY Tl M e T 22 AN EE ST
ol st 22 715 AWt A A YUTH PEPE AME 7] 5ol thgt 123 7| A g 2
AE Xﬂ%'—ﬁﬁo]i%qu-

PEP= F8 ME L 7|5 At FA o st AFUE 48 3t Iho] Ao E013 A A
AR AR BE7] A 7|2 WM AYUS Y YT PEP 24 2= AFUE WA ol & F+53taL
W) o) A2 EAS T Aelol gt

PEP 1 FZ3HA &

portion (E41) PEP 420 o] 4 51 & 21, 0] $21 5171 0f o] 81 shufe] vl 2ol o9l

sk 5o A3 (dp Aol A AH £ A% s Th.

positional argument ($] 2] €12} ¢1x} & H A Q.

provisional API (213 API) 773 API&= R & glo| 2|9 A 334 Hgo g HE A3 A9
durth AEFH o]~ & W37t oq]ﬂﬂx]‘— AT IR Aol gtal FAH &= § T o] AAE ]
d oot A4St &}74 Z 3 o] F A A ?%t HAol dojd syt 2 HAF S EZ
g3 r dojupA = gkZ AP Ut — APIE =385H7] Aol X Foietal 224 23]
HAE Aot dojd Ayt
A APIMZAE, A7 T80l FAHA e WAL “H T s 0= gAY YY - BE
A8 E ZA Sl tial 4A 55 é%%x] Sl o= EE AR AYE YT
ol AAt= ZE Bol By gt LM A F AR E A LRl HE e A G AT YRS
U th o 2R sk 82 PEP 411% B2 gyt

provisional package (23 #]7]x]) FA API S HA 8.
Python 3000 (2}o]%1 3000) s}o] % 3.x wiaz 2ble] ¥ (M 39 vj27F ¥ v o]of7|d Al & of vt

Pythonic (3}o] M th-2) ThE A o] EollA AREA <

o] o] 2olt}) o] AL “Py3k” 2 %omﬂgwq
= Al gtol A o

o)l A 7} AL F AGE & o] DE% 7y7tel w}z%o}omoab}iziﬁ = Sof, ol ao
M A 28 oHPL for £ AFEAlA olHeEe RE 248 25 AYUL. e gL
Qlofol = o] d BRE] TR YO B2, o] W] o5 atA] e AFREL tAle] 74} LB 2

ARESH7| = gyt

N
L
I
o

>
ofo
:(?L_“
>

M

[

rulru

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

o 289, Fol Ak B oI5k

for piece in food:
print (piece)

qualified name (F 7318 o] F) ZEQ A 2T Zo|A BE HoH S, g, A= o

=x
‘427 HolFr o2 739 oIF. PEP IS AN AL B . 249 Bost Zah 29l A5
o, A3 ol §L AR ol I} Ttk

>>> class C:

class D:
def meth (self):
pass
>>> C._ qgualname_
YC’
>>> C.D.__qualname_
'C.D'
>>> C.D.meth. gualname
'C.D.meth'
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EEL 7tel7l=d AMEE ul], &A 3] AFSH ol & (fully qualified name) & RE 22 I 7| A&
EgHN BEE b A0 2T o] 2L o u gt} o2 Sof, email.mime. text:

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

reference count (2= 314*) The number of references to an object. When the reference count of an object drops
to zero, it is deallocated. Reference counting is generally not visible to Python code, but it is a key element of
the CPython implementation. The sy s module defines a get refcount () function that programmers can
call to return the reference count for a particular object.

regular package (J7F 3]71A]) __init_ .py $¥¢L 233= e o 2L AFAQ 9 7] A.
o5 FF A7 A = HA 8.

_slots__ 2 YFYg AAQdY, A2B A AEHREESES A 572 v AAstr A~

HeE|E A AT zH HRe S E0stE 2395 FUt Q7] 97]&= dHAH o] Eﬂig‘

AFEE71 7 F 72 HolghA, W R elof] T S8 T2 oA W o] A
Eg3 4oz AL Ao 2SUTH

sequence (XA] @) An iterable which supports efficient element access using integer indices via the
__getitem__ () special method and defines a _ len__ () method that returns the length of the se-
quence. Some built-in sequence types are 1ist, str, tuple, and bytes. Note that dict also supports
__getitem_ ()and___len__ (),butisconsidered a mapping rather than a sequence because the lookups
use arbitrary immutable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes be-
yond just _ _getitem__ () and _ _len__ (), adding count (), index (), _ _contains__ (), and
__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register ().

set comprehension (& AZ A A) olgHE & 84 AAY IHEE A3t 238 F2 IS
vlEkst= 7FF 3 WY, results = {c for c in 'abracadabra' if c not in 'abc'}
=E22499 A% {'r', 'd'} = AA T} comprehensions2 FZ A A L

single dispatch (A2 t]AF]x]) T3 o] 31+ A=t ol 7| x| A 2AY = A|v| 8 &< tyas)z]9
3t ey,

slice (&glo]l2) HE AJdx o] dRE 283t AA|. Setolats ME ATYE B7|H S AFSEIA @
FUTh variable_name[1:3:5] A9, [] oA A 7o) RAHE FE o E Fedth d2s
HNEA23PE) Z7HS WRAOE slice AAE AL FUTH
P

special method (54~ WA &) 3} ]
E. oA HAEE F e BER AlFSAL U o]
o] FAZ BEolA st

statement (73 42 29 E (Z =9 “EF (block)”) & T+t FEYUTH B2 234 o] A
HER=2=3 /\]-ilb‘]-t o8] 7HA] 2 E 59 gyt 7Fd if, while, for.

strong reference (733t 2 X) In Python’ s C API, a strong reference is a reference to an object which is owned by

the code holding the reference. The strong reference is taken by calling Py_INCREF () when the reference
is created and released with Py_DECREF () when the reference is deleted.

2o AR 529 A
Saage

4= W] A] = = specialnames

_llm _1.11:1

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

0P HE E HAS.

text encoding (B) A E 21 37.YJ) A string in Python is a sequence of Unicode code points (in range U+0000-
U+10FFFF). To store or transfer a string, it needs to be serialized as a sequence of bytes.

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

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.
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text file ()2 E 51Y) str AAE 0 & 5+ J= 9L A4, 55, dAE 5142 AA 2= ulo]E 2|
dolel 2 A AA AT FlAE <5y & A% AFUTE G2 e et daE RE
('r'EEx'w) 2 dd 3}Y, sys.stdin, sys.stdout, i0.StringI0 9 AAEHAE &5+ AH

U,

Sl =GR AA B Q3L 5 A D AR AN £ vol V2] Y £ B2 AL,

triple-quoted sring (415 T3t 1 EAhed) WL () 1} SLGEL ) A 2 FelA 24 2
g E ShE Sl Ao 9t /%2 ABSHAL AW, o @ 74 ol ol A Lt 9
FUth o] 2ol = ﬂﬂ%%ﬁ%ﬂ%ﬁ4%ﬂ%£%%ﬂ“®ﬂ£§‘¢“C%%HLQQ
EAE 2K GUE ol Zo] AW 5 QT SAEYLS L0 53] 2R J5Un

type (3) The type of a Python object determines what kind of object it is; every object has a type. An object’ s
type is accessible as its __class___ attribute or can be retrieved with t ype (ob7j).

type alias (% o 20| 2) FE AR ]I 5ho] WS o} A& W] Fool.
Yo Qelol 2t g F=E desste o R8T o S

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

et 2ol | 97 97 BE 5 gk

Color = tuple[int, int, int]

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

Fo

typing3} PEP 4845 ZZ5}1A)
type hint (g 31 &) ¥, Fe2 o ELHE ¢ 3 v 7|
H| o] A.

Type hints are optional and are not enforced by Python but they are useful to static type analysis tools, and aid
IDEs with code completion and refactoring.

E

of i

rlr

b urE kel s 9 A3

2 W= xﬂﬂ‘é}J_, Ad Ay, F2 oJEYHE 9 549 3 IE L& typing.
get_type_hints () & AFR-3} Onf‘ﬂ 4 dsyth
o]ﬂ%%ag%a%wymnqﬂPEP%4%i‘ o 2.

Az

universal newlines (FUHA & 37) USH 22 AES EF £9 ZOo7 A3, HAE AEHS
A= HE: 92 7H?5“ A "\n', A== FE '\r\n', A N EA] F& '\r
Z7}A Q Abgof] B A= bytes.splitlines () ¥yl ol 2} PEP 278 9} PEP 3116 & A &

variable annotation (4> o] - EH|o] ) W == S 2 o] ERHEQ o] - H| o] A.
HeE T E S oEZREY o HolAS Euj o g2 A8 AU

B
2

class C:
field: 'annotation'

WS ofmHol e Ao o AER ASPUTh & Fol, o] WSt int S AL A=
71HE U ek

count: int = 0

LE o)A 22 A A annassign of| A A F o}

S A= 3 o] =H o] 4, PEP 484 @ PEP 526 F 2 31A| 8. 3k o] - H|o

¥ A}4] = annotations-howto & 2F3 o}AﬂL.

nvironment (7} 37) ho| W ALE A9} S8 2 g o], 7o A AH O A] A E = T2 F}o)
g ZEIWEY 5”011 B FA GOoHA, Fto| A vl £ 7| A= AA AL 1 o

S A8 A5 e e, g How AeE A9 a4,

—

Gl

-l%i

Aol
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venv & HA| 8.

virtual machine (7}4 7] 4]) 2z E9|ojvto g o HFE. oM 7H 7| Al= violE & HAstd
27} 229 vlol= 1= g AR,

Zen of Python (o128 4) o1 EJ29) #1219} BEHE <) 55910, 10] & ol o512 48 oh= o =5
FUr} o] 222 )8y ZEZE A “inport this” & AH B AL,
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APPENDIX B

About these documents

These documents are generated from reStructuredText sources by Sphinx, a document processor specifically written
for the Python documentation.

A X8} o] & 98t A Q1 N Thol A LA &} v A 2 A A 0 2 AP B ALY =8 YUt 7] o 3
3 AT, o] Wy o tf 3 A B = reporting-bugs 3| ] A& il } Al L. A 22 AL F A= A AL
g eH
Te BEol 7 Be 7ArE =y

o Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much of the content;

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

o Fredrik Lundh, Z2.2] tf ¢F 51} o] 8 2= (Alternative Python Reference) 3 2 A E of] A Sphinx 7} -2 o} o]
ol A9l Uh

B.1 Contributors to the Python Documentation

of, sfol A %F gholBefg] ¢ sto| A A A 7| FUTh 7] Ao FEAH QA
2 A Z 39 Misc/ACKS & =R SHA A 2.
3

ME 27 B AL Fhold AR UE ] AT} 7)of W E T - A T
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oI b2} 20| Ml A

C.1 AZEQ0{Q A}

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWI, see https:
/Iwww.cwi.nl/) in the Netherlands as a successor of a language called ABC. Guido remains Python’ s principal
author, although it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives (CNRI, see https:
/Iwww.cnri.reston.va.us/) in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen Python-
Labs team. In October of the same year, the PythonLabs team moved to Digital Creations (now Zope Corporation;
see https://www.zope.org/). In 2001, the Python Software Foundation (PSF, see https://www.python.org/pst/) was
formed, a non-profit organization created specifically to own Python-related Intellectual Property. Zope Corporation
is a sponsoring member of the PSF.

All Python releases are Open Source (see https://opensource.org/ for the Open Source Definition). Historically, most,
but not all, Python releases have also been GPL-compatible; the table below summarizes the various releases.

HY ==t oAM= 2 [ &Y ALK} GPL compatible?
09.0~1.2 | n/a 1991-1995 | CWI yes
1.3~152 | 1.2 1995-1999 | CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com | no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 | 2001 PSF no
2.0.1 2.0+1.6.1 | 2001 PSF yes
2.1.1 2.1+2.0.1 | 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 o] AF 2.1.1 2001-3 4] | PSF yes

Z31: GPL-compatible doesn’ t mean that we’ re distributing Python under the GPL. All Python licenses, unlike the
GPL, let you distribute a modified version without making your changes open source. The GPL-compatible licenses
make it possible to combine Python with other software that is released under the GPL; the others don’ t.
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Guido o] A/ =5to]| o] i 25 7h5 oA Whe B2 & F A-A ARSI A A= - Yt

C.2 THO|Moll HMIASHHLE AFRS7| SI8H 012 2z

Python software and documentation are licensed under the PSF' License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under the PSF
License Agreement and the Zero-Clause BSD license.

shol ol E3E Q¥ sz Eo]of & ThE gholAlart A §F U Th ehol Al s eho] Al 2ol o35}
= =9} G EUTh ole @ eholllA0) B9AT R m e £u g o] o e 2ol 4l

-
SRR EXEREY

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.18

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

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

3.10.18 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF.
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.10.18 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All.
—Rights

Reserved" are retained in Python 3.10.18 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.10.18 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made._

—~to Python
3.10.18.

4. PSF is making Python 3.10.18 available to Licensee on an "AS IS" basis.

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

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

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

USE OF PYTHON 3.10.18 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.18

130 Appendix C. A2} 2l0|MIA



Python Tutorial, £A| B{H 3.10.18

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.18, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

trademark sense to endorse or promote products or services of Licensee,.
—O0or any

third party.

8. By copying, installing or otherwise using Python 3.10.18, Licensee.

—agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

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

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOEF.

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

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a

(Th5 sTeTATol A1)
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trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

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

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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

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

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

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

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

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

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in

(ThS slTeTATol A1)
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this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

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

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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

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

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.18 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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The _random module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/~m-mat/
MT/MT2002/emt19937ar.html. The following are the verbatim comments from the original code:

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

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

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

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

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

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

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

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

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

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

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

The asynchat and asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

o7 e 29 ARke TRFUTH

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

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode & UUdecode g4

The uu module contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C3.7 XML ¥ T2 A &2

xmlrpe.client REL 04T 22 79 43S ¥R

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

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

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 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

The test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select RE S kqueue 1B o] 20 th3) T3} 22 o) AL EFFh

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24
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<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

The file Python/dtoa. ¢, which supplies C functions dtoa and strtod for conversion of C doubles to and from
strings, is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/
web/20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains
the following copyright and licensing notice:

/*****************************************‘k**********************
*
* The author of this software is David M. Gay.
*
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting

* documentation for such software.

* % ok X

*

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/
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C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the
OpenSSL libraries, so we include a copy of the OpenSSL license here:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-corelopenssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

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

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

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

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

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

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
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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

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-—-with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND 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

The _ctypes extension is built using an included copy of the libffi sources unless the build is configured
——with-system-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED ""AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

(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 S-S A 2G| A BAR dib A0 VT o5 o] o] AHGE S O, T zlib 22
A2 AHgSte] e U th

4

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

The _decimal module is built using an included copy of the libmpdec library unless the build is configured
—-with-system-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

C.3.18 W3C C14NEHIAE ARIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/cl14n-20/) was retrieved from the
W3C website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

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

(ThS sleTATol A1)
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* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

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

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/
sox/12.17.7/sox-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUD-
ING THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRAC-
TICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE IN-
FRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE
OR ANY PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect
and consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043
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Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

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