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The Python interpreter and the extensive standard library are freely available in source or binary form for all major
platforms from the Python web site, https://www.python.org/, and may be freely distributed. The same site also contains
distributions of and pointers to many free third party Python modules, programs and tools, and additional documentation.
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CHAPTER 1
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40
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o 2] Ho] AFE S wol AT, A2 AE 85T AL AL WA ULk o & o], Be gaE
S e Ad-sAeT A7, AR LSS Bie R o] 2L A A A ST 48 5 A5
o). o} AT 22w 3k A wre] o] e o] AL GUI S8 T2 g, B ek A S BEn 4 Ad U
ghop of 2 o] A 2z E o] ALAIEHH, of 8] C/Cr+/lava 2ho] B2 2] 52 23 A gial ofgt & 4 9w,
QulA 9l TEAL/ATAEAEA DT o] YT mehs A2 AR Pk AW T 2holn
Helee B HAE A9 =S FAAT), HAE TE 4o e sk A4S BAA Uk
3 o E ALg e Z2 1AL AP, 2As] AL o} AAE AART PHNL AA e 5
&tk

Shol ML vz ol B 98 Aok,

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

oM QIE{=Z2[Bf ArEStH7 |

2.1 OlE{Z2|E]| Al&H5]7|

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

’pythonB.lO
S Aol JEHA AT 4 dFyrh! dEZ e 7t A e vHAE e A8 dA] F4el7] wf &,
O B4 A Th 292 shol A U E b AL Bl Aol Al ST AR Ak (I Sol,

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

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.

715 3 & 3 E of| A EOF (end-of-file) & AH(+ 4 20| A= Control-D, Y =A== Control-2)E Y H3td
B = 1’437}’335}3’— FTEAH ZE=00°] FUth o] o] kA d=rhd quit () HRE S A HMA

HZ P HE FEAE 5 A5 ULk
o ZEHE GNUReadline g}o) Ha}a} E A Y3l= A" & HAR 7| 5oz tisty AR, 3~k A,

SE 94 52 AT GV obuhs B Y Aol AFE A oAt G uE PP A ZgmEA
Control-p & AeHE AU W S 227 dopa BRH Aol A A= 3 itk 98 7o) @
270E RS OE 218 A % AEe 48 S HAR. ofFd WS fAG P 2HHGE P
A7 0] AT A e AU DAl ZolA EAE 2197 A3 WAH 0|28 AT 4 Y Ao] AR
e
AL ol u AE Fos A E FAFUTh uy FH o £F 4ol AAR Y2 AW, 3P o
29YS gn AYFh AP L AR FAY SIS EEAY 02 AT AR AP ~aYES

o) 31 A g e,

| el sl 3 QIS EI S M pychon ol b o ) A 52 A5 A e, FAIG] A5 shol 4 20 4
A3} FE5HA T 5] A AU
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A second way of starting the interpreter is python -c command [arg] ..., which executes the statement(s) in
command, analogous to the shell’ s —c option. Since Python statements often contain spaces or other characters that are
special to the shell, it is usually advised to quote command in its entirety.

2 oW BEEL A2TYEZE LRV JHYTh python -m module [arg] ...=Z2 AP 5 9]
o], U} 2] module 25 22~ 5149 A2 WS HH3Po JH AXH A3l A Huyh

2THE FYAGE |, |2 2T HES AT T 3P =g So|7k= 2o A 7t A5 uTh

rlr

2IHE ol i%"d%}} HuUoh
BEE W3 F4-2 using-on-general | A 22 4= Ql5 U T}

—

211 CIX} ME

2AYE o] 5 F719 QIAE ) °‘Ei HEHE AGE o], ALY 5508 HIH T sys BEY argv
Hao AAZAFH Yt} import sys S AFR3A] o] Eioﬂ Hz

A2TAYHER F7H AAE gle A2, sys.argv[0] S ¥
dYgLS 53 th 2 #9¥ sys.argv(0] & '-' ZFHYTh —ccommandﬂ/\}%ﬂ“d sys.argv[0] = '-c'
2 AAE YU -mmodule ©) AFEEH sys.argv[0] = 252 Z) F29Yo] §YUt) -c command Y -m
module ¥ °] L& FAE-2 Fto|x A Z 7 & Eo}xl 1 g E oy REo] A3t R sys.argv

WIS uy ol A e u), A zelE S P RE 2 540t BFUTh o] BE AL R mERE §
EANA e BH e 8 A, BE A ) BT AT AE U T (o) 22 B 91 o|ol A
29 982 8 YT ML Bx 2ExEAANGE L, AEA0E A A AYUTH( ). IHzHE A
WA ZEEES A5 Aol A W AAd AL ERFE B AT 2ok

$ 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.
>>>

e

il

JoAAE FL olE 2 THH TAES AT W) BRYUh o B SAY, o7 49 if Bol A5 FuTk

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

Be careful not to fall off!

ety o tis) o 4 Aotd, tfele e 2 HAL.

6 Chapter 2. 1mlO|M QIE{Z2|E{ AI235}7|
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221 AA A QTG

NEAo g stolp £ YL UTF8C 2 A3E B Ao 2 HFHULh o] AT A it dojo

MRS RAE S A B AR, 24 Sl A @A AL S ST (AR R el e el
© 4 ASCI £ A2k A AL AL £33 izt B8 ZEo| A o] Bl & w2 Ao] Feith) o EAES

E% guz Ms} 7 Ao A B 717 o] UTF-8 9L 91413 of 5131, of ool £ w8 £A2

ARG S e 2B AL oF Tt

AT S 713k olo Aoz e n, shale] A Fol SUF Fule] 24 £ Fos) ok Utk £PL
1854t

’# *— coding: encoding —*

encoding & 1to] M o] A P 3t T Y| (codecs) F dFLto] oF .

& E°l, Windows-1252 13 J& AFS3t=F Adst W, £ I = 9pd o] 3 &2 o] FA Hojof P th:

N

’# —-*— coding: cpl252 —*-

A& A2 B7HA o9& 2 FET} 2 MW (shebang)” = 2 Al ZFehE 34Ut o] 9ol I3 d
AAL T A Zof EolztUrh ol & Eof:

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

2.2, 2lET2|E{Q} &4 7



Python Tutorial, £A| H{™ 3.10.16

8 Chapter 2. 1mlO|M QIE{Z2|E{ AI235}7|



CHAPTER 3

Thgol L cllol A, 98T 2HL ZEZE(R> 9 )9 £ o H 2 TEE
: :

Yok A1 E Qa5 814
ZEsE} S W ZERE Ho] ok RE AES dYslol YUth ZEEER A45A) Ft FES
Qe zelE/t 25 ASYUh o)A Hx mERE 9o o FAE Gt FL W 5 AYsof Arke
S0 oA L ol 22 2T 3FL B PuQu

o] A A et B ot (Y ZELEA JYT & AT EAE) FHL TP A5 Ut 5hol
AN A FAHL A FA 4, 2 A AT 2] 27 ol U th FHL 2 ALl A AT 2= 9L,
FWo| L} IE Fof he £E AFUTh AW EAD AHD Qo Sol 2 5 GHUTh 24D A
ol ST s Al EAE FA o] oot A £A4Y B FAL e ojn) g Fs AD) I8

olaL, stol o] hAstA| gk whE, S AH T W Al = F Utk

7HA A& Syt

oY

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

9 7px) Zheka shol W W2 AL el AT AHZEE ARSI R ZELE, >>>, & ATkl A K.
(25} 22 7] $¥otok girh)
3.1.1 %&}

Hzele s 2ge AN 2 7S th B84 Q95 g 2Tk 294 9L BaghTh
o,/ QAAEL T REY THE Qo] 5 (o] & Bol, Aol O AT SAFUTH BE () & H 0

AU o 8 Sol:

>>> 2 + 2

4

>>> 50 - 5%*¢

20

>>> (50 — 5*6) / 4

5.0

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

A (S E012,4,20€ int FYUth 2577 e AS (& 501 5.0,1.6)2 float FYYTH ]
A5 A F oA A2 ol &l Eﬂ kA 8] A2 ol A Tk

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

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

5.666666666666667

>>>

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

5

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

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

17

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

>>> 5 ** 2 # 5 squared

25

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

Hgo e td@d s 526
t}:

]

AU ©] 47 o= T3

[l
ot
[k
[
2Y
=
=5
>,
i
rlr
i
1%
rlo
ge
o[>
v

>>> width = 20

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

W7k gl H o] 914 ek W) (R B B W) A8 B A ESHE e g do Rk
3 2

Lo RO e Ade Tt g OB, 302 £ - (34+2) 2 HAF AN AFe -9 7k FuUTh 9 & A HOW (-3) **
% Ak

10 Chapter 3. m}O|¥M 2| ZH2fEH A T4
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>>> n # try to access an undefined variable
Traceback (most recent call last):

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

A2 HAR o7 Y3 Th A2 o2 39 v d Ak
c}:

4

i

rr
re
r>~
)
rr
oX,
4
&
re
3
)
et
>
-
u
29
clok
o
<

>> 4 * 3,75 - 1
14.0

38 BT oA, upx]ako] o1 =H
), A4 olo] /7175 o A AL o ml g o

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

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

42
"
U,

int & float of §3l, Fto] WL Dec
2% o AT 5 2

flo >

2R = AL 97w b3 AR
=

M$FW

offL ot o,
oy Toem

-
@

cimal ¢JY Fraction 59 tf2 o] AEE A YY) FojH2
dl, s FHE 7t 7= 5 U g AuAFE AU (o] & £ 3+57).

e

3.1.2 EXIH

SAghe WA R, shol WL BALE OHE 4 gled oje) A o R FIFUTh F2ueR( ... )Y
SR MEEHE T AU EF 22 2HE FUDE. 2R E o)A T uj=\ EAET
T Asyth

>>> '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.'

3 d AHZ AN, 8 FALL BERE SN I, 55 FAELS o SUANE o]0
Utk W2 488 A% et Bolx (x| F/RIM A & Joh), F EALL F5FUh EAL O]
AowgRe 2P FhERE X0 oW TR AR AL, T 99 A A2upgEt
AHEFHUTE print () e SR E Qe ojaAo)gE 54 A MM Y AV AR 24
Rhs oYtk

2Uhe o] 5 2E), \n T} LL S5 EASL ALUSR( ... ) BULE(. . o)A 2L A A5y B 2 FUF
Aol AL E ol A " & ol A1 FT DA G BT\ = o] 27 0] 3 A Ak FUTH, 1 A AR Arhe AU

3.1. HO|ME A ATIZ AFESH| 11
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>>> '""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.

\ FHoll et B 5S¢ 222 AFEHA 3t AR Svhd, A 2 ol r & 294 & BAE (raw
string) < WHE = 5 th

>>> 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.

AL DE DL ol 22 34D 5 AF Uk B e 45 B RS AgstE ATk
TR 2 A EAE ASe R BRG] R AN E Bof \ & £ o2 BT
TE AU o ol
print (n "ll\
Usage: thingy [OPTIONS]

-h Display this usage message

—H hostname Hostname to connect to

nn ")

£ old ATE 2SR (R AA ADEAT LB A e Aol FHFAL):

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

EADE + AL o]0l o] T, * AAAE WAL 5 & Th

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

T ol el EAE B HE (5, maEE SuAA AS) 7 dEsiA el AE o= o]o] 29T

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

o] 72 A EALS 2 NuA S 5 2 s Yth

>>> text = ('Put several strings within parentheses '
R 'to have them joined together.')

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

A oA F e e Pol v 488 B W BAN & AFeA Utk

12 Chapter 3. m}O|¥M 2| ZH2fEH A T4
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>>> prefix = 'Py'
>>> prefix 'thon' # can't concatenate a variable and a string literal
File "<stdin>", line 1

prefix 'thon'

AAAAAN

SyntaxError: invalid syntax

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

AAAAAN

SyntaxError: invalid syntax

MEE7E 22 W5o £A AP olololel W + & ALgsloF Fuith

>>> prefix + 'thon'

'Python'

FAge Adda (MH 2aYE) D 5 dsUth 30 2A47 A2 00] S P Uth BA4E 93 0 RS
2L glEuth B dol7h 19 BAG U

>>> word = 'Python'

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

IPI

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

lnl

At 25718 $E e, BoA e Atk

>>> word[-1] # last character

lnl

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

>>> word[-6]

IPI

0207} Zomz, 29 AYat 104 AZeThe o] FE5HA 2.

ro,
fin}
o,
=2
n)
:?L_"
>
)
©
o,
o
g
%
bt
B
o
A
A
&
ro
i)
o,
-
)
i)
M
)
i
ne
rir
fin)
>
ofo
i)
rlr
rE
EE.
|y
i)
o
o>
rlo
4z
M

FALE (substring) & L+ ol AHSH Ut

>>> word[0:2] # characters from position 0 (included) to 2 (excluded)
IPy'
>>> word[2:5] # characters from position 2 (included) to 5 (excluded)
'tho'

Sefols QU At W /) R 2 AHUTh A WA ANAZ ASHY 80 o] ASH L, F A
Qe 27} ek w s B ghow Sebo] 4 Bt £AAY Fol 7t AL H Uk,

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

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

lon'

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

ku
Ho
.
M
Y
rlr
o) |

Py 29 A ke Aol S shAl L. of wo

3.1. HO|ME AH A2 AIRE}Y| 13
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>>> word[:2] + word[2:]

'Python'

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

'Python'

Gehol 7t BT PHE 15k B 1A e A £AE Aol 94218 el Ankn sk
AYUrh A A4 £2] A% ZAA0GUTh A EAEE THE BALY LEZE ZAL A9 20
ol HUth & E°:

Fo—— b — b —————+
' Pl y |l t |l h|oln|
e i At S
0 1 2 3 4 5 6

e 06 9 1A HoAF I, 5 WA AL S5 2o AWASL HelFUTh i
ehol i 9 = W& Eol1 AA Aol o] BAEER THH Uk
ohd AYAEY AR, F e 2 BF 09 ol ATk Seho]2e) Aol

rlr

n:ﬂ

el A ko] APyt oS

292 Adas AgsE AL oy AUtk

>>> 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

A5, WS Motk Sebol & el sk Sebol 4@ W FEHA AP

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

>>> word[42:]
T

sholdl BAE & WA T 4 Qo — Bl olekm Fuch ae M B s 32 9120 o9 shelx
3t o2 ot
>>> 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

the Aol B she, A2 TS el o

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

>>> word[:2] + 'py'
'"Pypy’

14 Chapter 3. TlO|M2| Zt2F5H AT
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>>> s = 'supercalifragilisticexpialidocious'
>>> len(s)
34

o ®7):

o
=2
formatstrings str.format () &2 214

old-string-formatting ©]3Zol| A FAEZ & ALAF A E ol AFE-Sh= o A W4 9] Z v e of] A3l & T A 5HA
A9 3k 94 Th

3.1.3 E|AE

,q. HEeE e Yol & B AH2H = o8] 71R A9 E (compound) A+E 32 <11 5t 7}
B §EA 0] i AL P 2E St U 2T Abolo] A ER THA (T B9 BEog £AD + dein
AEEAEOE R FRES TR 5 AAW, FREC BF 22 3 A Be o

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

>>> squares
(1, 4, 9, 16, 25]

EAQ(YI, e RE W ADS FE)AY elast ddgsta &etol 4T 5 9

hit)3
T
A

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

1

>>> squares[—1]

25

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

[9, 16, 25]

BEPols e RHT FRES TSR M dAES BUFUD o)k b3 2L sol 2}
PrEY Ee Fe BALS BeRTh YT

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

B AEE ojo]20]7] 22 dit= Atk

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

29 BAGTHE g, dAEE /bl JUTh 3 U8 WA T & dsyith

>>> cubes = [1, 8, 27, 65, 125] # something's wrong here
>>> 4 ** 3 # the cube of 4 is 64, not 65!

64

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

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

append () ™| (method) (1ol w4 =0l th3l| Tf ZpA 3] Lok AU TH € AHEsHE BB L Lo A

Ae
F52 #1845 gtk

3.1. HO|ME A ATIZ AFESH| 15
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>>> 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]

<setolzo] i dste A 7he ], Bl o] AT 5 AL, BE FES AT 22 S U

>>> 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

[‘a', 'b', 'c', 'n', 'B', 'f', 'g'l

>>> # now remove them

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

>>> letters

[ta', 'b', "E', 'g'l

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

>>> letters

[]

W3 @5 len() £ F2EdE APk

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

PAEE THE TR YFUh (e P2EE £38te g 2EE WFUD. A& Eol:

>>> a = ['a', 'b', 'c']

>>> n (1, 2, 31

>>> x = [a, n]

>>> X

[[ta', '"b', 'c¢']l, [1, 2, 31]
>>> x[0]

[lal, lbl, lcl]
>>> x[0][1]
lbl

of, kA d | H

> HL
iy}
Ir
v
ol I
4
ol
i)
[o
fu
k=)
o
)
filo
>
ofo
ek
4>
30,
>
<
Iy
2
it
i

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

(THS seTATol A1)
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R s S e e P I )

0 U w N -

2 £F3h3 &tk 95 a b o A0 g0} o] Bk whA 2 Zof 4
ThAl AFg L, Bl o] o ShbekE o] R0] X 7] Mol $e] AT ] BE ALEUTh £
A ATl = A4k vk,

Eia < 10)0] Fel 5o AWE UTh o} uhR7FA = sho] el 4 0 o] ofy
R

=]
(o
1>
flo
;
-
4z
fnj
to
rlu
1B
[o
fu
N
2

wE ASE 2ol 02 AAAYT AL BALo B AE (A BE 7 AD2) 7D 45
Q1] Aol 710 o] ol AL B ol i, Wl AAaE AR AU o] ool A A8 3 A= 2reka )
2YUTH BF @ QAR Co 2o o7 BaH U < (FTh, > (2Th), — (BTh, <= (2A}
2oh, >= (@AY 2T, 1= (hzh

229 vht] (body) &SI/ FUTh Folzv] sholHl A B3L Polg 2 F A
ot ZEZEo| A 247 Sof 22 Zol A (tab) o] L} B (space) & I F 3 of FLITh. AA Ao 2
H,E W72 LA S T B shol A TES 1o HUTh AR HAE B S A4S
Sojx] )5S ARHUL. BHES g Pos dUT P 2L Lels] A3 W =S G5 o
FUTh (4717 AA A 2L JEEA A4S 5 Q7] g e 2L BEo] e RE
F2 22 FUE Fojn] Hojop ol TS &

print () P4E Fol2 ARES g ATk o A}, 452 g BALE BhFE P oA
(A7) A A B AT} o)) sl sh BAAL 1 Jole AT e BAde
W2 E glo] 2 1, AR ol & Mzke] AP UTE THA oA Ao By FA EWYE 5
Sl%rvick

>>> i = 256*256

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

The value of 1 is 65536

(>

o
=

7INE AAbend = 29 2o TFH = NIZAEAAGAUL 9= & ALE 217 8t

o) A28 o)

>>> a, b =20, 1

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

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

32. ZZOeiUeZo HA
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7[Et Mol &5 =+

BF 2T unile B 9%, 5o A2 THE Ao Sol A el ANAA 55 A} R ES AE L, }E)
WP st AUt
41 if &

o= 7Hg F G 2F B2 if £ Ad U ol E Sl

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

x = 0

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

print ('Zero'")
elif x ==

print ('Single')
else:

print ('More')

More

AAL A A elif B7 QS 5 YL, else BEHAAJUTE 7|9 elif’ &= ‘elseif’ O Y T
odl, 53 EA27)E F &= ol FEGUTE if - elif - elif = A/DAE TE do] oA AAs =
switch Y case && tjAI gy}

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

19
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4.2 for &

hol el Al for £ C v skl o AHE3HE A 4 BHEU T (22 AR B4 579 464 2
LB IH A 1 CHD AEAT AN G DA TA 2 A JAL £ A A AL
sol el for B2 A9f] A US (FAEY EAD S FRES A2 B

Gtk o8 Sof (2ol ohueh:

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

AL o] E e o £ SHe F ok e AANL £ E BEL Suk2A) FAFEE WES] GEUC T4,
BE Adde] BARo R 222 BEAY A 2A4L BEL o] § 2Rt

# 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

ZAE AlAAE ol HY Ol ER A7 o™, W 4 range () ZH Ytk 42 WY th

>>> for i in range(5):

print (i)

1

2

3

4

B3 HEAAE Lo 285 A 5T range (10) = 10709 g& W=, Z o] 109 A|d A8
FEES 77 2 E JE a2 Utk B9t E %Z}i Al X—hﬂﬂ U, g2 S8 S (5237
FUh W2 o] A& "\Eé](step) 013}3’— EE5Yh AF 3= A= 7 gy h

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

>>> list (range (0, 10, 3))

(THE seTATol A1)
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0, 3, 6, 9]

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

A2 AR ofF e o] E st W, tha A | range () & len() = 2FE 5 A5 Uth

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

3 little
4 lamb

SEA 18 o] f RE L, enumerate ()
|

3
W9E 2 AsahE ol ae Ao] Yolwhch:

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

BS 5 range ) 7t EHE AR L P22 AN Y SBASA W, A P AESL obd Uk ol H Aol =@
W A5 A DS FEES AR SRt Aol AW, AAZ A= BEA oA T2 A oY

o] & AR o] e e olekm HEUTE FF £0F w7t A FHES AL 5 Y FoANE 7]
ok 4o PR EEC) Ao AR 8k for Fo] 28 FREAL HYLVTh o H R

o
FH o= T2 o= sum () YU Th

>>> sum(range (4)) #0+ 1+ 2 + 3
6

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

4.4 E1I9| break 2} continue &, 12|11 else A

break ¥, CA &, 714 7t7ko]l A A& for Y while FZ 2 K E WA U 7HA wHE U
FZFZelse o7 F dFUth F27F olHE B9 &7 o u (for 9 7-7) 24 o] AR o] 5
o A% F2du AYPFULh AN FL7break B2 FET wl= AYHA gHUh &
FEZE 5ol ol A A gyt

A (while
AN 2 F)
TE;%‘C

>>> 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')

(THS sTeTATol A1)
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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

W 0 ~J o Ul i W N -

(1AL gutE ZEJUTH AA 3] St else AL if o] ofg} for Fxo] £3th)

291 97 48D 1, else AL if BRI try £9] else A7 vl 53 Wo] Btk try £9] else
AL o9 7 ATA g2 ) AWH L, $2] else AL break 7 BATA e W] AFF U try 27
of 9] o) B LA B U 8L ] 9] 2257 & mA L.

continue £, 9| Coll A Mgl h $£29) Thg ol g d o] Aol A A% TS vhg )

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

[}

if num % ==

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

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

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

pass

pass/b AHSE 4 9t THE Fat A IES AQT W G5 24K ukel o 4B A SE AAH, oj e} R
ass & 283 FAPU

o
in}
N
ox
N
(o,
-y
N
2
Y
0%
N
ok
¥
30,
)
o
v
iV
O

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

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

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

def http_error(status):
match status:

case 400:

return "Bad request"
case 404:

return "Not found"
case 418:

return "I'm a teapot"”
case _

return "Something's wrong with the internet”

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

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

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

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

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

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

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

class Point:
X: int
y: int

def where_is (point):
match point:

(THE sleTA ol A1)
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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. dataclasses).
You can also define a specific position for attributes in patterns by setting the __match_args__ special attribute in
your classes. If it’ s set to (“x”, “y”), the following patterns are all equivalent (and all bind the v attribute to the var
variable):

Point (1, wvar)

Point (1, y=var)

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

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

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 un-
packing assignments. The name after * may alsobe _,so (x, vy, *_) matchesasequence of at least two items
without binding the remaining items.

24 Chapter 4. J|E} M0 SE =37
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e Mapping patterns: { "bandwidth": b, "latency": 1} capturesthe "bandwidth" and "latency"
values from a dictionary. Unlike sequence patterns, extra keys are ignored. An unpacking like **rest is also
supported. (But **_ would be redundant, so it is not allowed.)

« Subpatterns may be captured using the as keyword:

case (Point(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'
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.

R 9L 99 FEAA 2YSHE B4 BE S YU

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

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

ANE def s B BB AAFU T4 0| BF BEE A P4 MARSEY B Z o] HupFuch
Fool uhe) 2 FA S FAE 0] the Zol A A4 3, BhEA] S 27 = of of Pk,

B4 UhTe R A £Re A9 Ao e BA4Y A el 4 A4 o BAY dHUL g5 =7
wWE ol FAHE, & FAEH (docstring) YU (FAEF o) o s 2pA| 3F 82 = 1l H| O]ﬁ T2 o
GgUTh) SAEAL g4 2ebelolt A E AWAE A5 AAHAL, A8 AT o R 2
SE QY S UEE SE £ B0l Ut olel o] FAFE o] AEUL ARIE AL FL
aeqU 280 WEL Solt Aol Foth
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>>> fib

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

>>> £(100)

0112358 13 21 34 55 89

O AdoJES AFSATHY, £ib 7 S 8154 7| W&ol 7 otd et L2 A A 2t A4S 5= U5
ok A4, return 0] & 4R S =85 YLH ¥ S 02 S gho) 7] & 3HA Tk o] 32 None o] 2HaL
A3t gholhd, A Z g B = B 5 None 3 83 A3

AUt (W °]5 YU th. None o] 28 & U3
HHd ddttd print ) EAMEE 5 A UTh
>>> fib (0)
>>> print (£fib(0))
None
Ash ot AL, S £ 99 A5 B AES BHFE §48 A5 A% UFUh
>>> 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 = fib2 (100) # call it
>>> £100 # write the result
(¢, 12, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

o wj X g, o] o= E 7HA A sfolH 75 HolFYth
e return £ FFEREH H2 2L B A Ut 284 A € return 2 None2 EHF
Utk o o7 dojA ™ A A Nones EHFUYTH
+ ¥% result.append(a) & FY2E AA| result 9 HINEE &
1

342 0] 31 obj.methodname B}l o] & o] X =4, obj+=

ol d
methodname & A2} Fofl 23] HoJ & WA= o] 5 JUth T P2 th2 v A

=52 323
Az e JEN WASE 253 glo]l 22 0|8 1A+ AUk (FALE AEHA o2 44
o Y3} v A =8 Fel s 2ol /s ek 2o 28 BA 2) ool e HAE append () £ B2 E

'R, AH 3

20]] &3t &= (call by object reference) ©) T £ T & o], 7} AR 7 AW, SEAE= QI ESA7HE HA S
#4597 MEA (7

14 BB F&5& F7H3Y .
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AA S HoF o] dHFULh 2425 g2EQ] Zo QEAJULE o] dlo A= result = result +
[a] & 553A L o &84 Yt

4.8 st MOl H 7|

B AA ke N5 AAER B4E Aol BHE A% b5 U Th Al 742 FAlo] v, 28 5 Y5yt

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

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

if retries < 0:
raise ValueError ('invalid user response')
print (reminder)

« LA H AR AR AL M:ask_ok (1T BHD ForMLe)

o YA QA S AT A ask_ok (' T e FAME FH TR, 2)

« B BEAAEATHA ask ok (' T FANE FE T, 2, A, A orHl2s g
Ct2 1)

ol A& in 7| EE 27 sy th AlAA7F ol g2 7= 4] obd A€ AAb Y o

7| EH2 T B A A BAH A J' AFzo A Fe YT 2 A

i =25

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

i 6

()

£ 58 gk

F2% 3G RGeS ©F & WEk go] THFUH oL A Ego] PaEL GAY Y R
o) 29 daRsgt 2 b AA D u] Ao] & BEUL o E Bol, b 5= AL 522 A
AAFES A gt}

(THE seTATol A1)
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(1]
(1, 2]
1, 2, 3]

A% T% 7ho] 7| Hzko] BHE A 712 Agri, of

2af
%

def f (a, L=None):
if L is None:
L =11
L.append(a)
return L

4.8.2 7| E CIX}

b=

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

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

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

print ("-- It's", state, "!")

st A4 AR (voltage) 2k Al 7R A& A A2} (state, action, type) E FolsdUth o] 4+
23 22 Uy S oMoz Y 559 4 AdFYTh

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

A The T 2 TEEL BT euleA) gayth

parrot () # required argument missing

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

parrot (actor="John Cleese') # unknown keyword argument

T T EAA, 719 E A= A A2 FH el vefol FUth AZH BE 7 AAbs 57 iolE ol

Z]’T 3lLbe} grotof 3 (o] & S0, actor parrot 49 EupE °1X}7} obUth, I A+ 5 23HA
dsUth oA E 5 AAEE TZF YT (o] & 59, parrot (voltage=1000) = SH-5 Y h.
oj™ QA= F 7Y Ol”«l %k%‘:' = & fF YT o17], o] Al Fufol Asfst= o7 dHUth

>>> def function(a):
pass

>>> function (0, a=0)
Traceback (most recent call last):

(THS seTATol A1)
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R s S e e P I )

File "<stdin>", line 1, in <module>
TypeError: function() got multiple values for argument 'a'

**name 41| upx|uk A v A7 S 51, P4 UH NS0 EH%‘}Z] A=
g2 944 (typesmappmg S HASR)E E‘:"“W’% °l A2 *name (Hh
A et 23E 4 e, B4 UH 7N E% ghe] $14] Q1A=

**name 9Foll Uhelof Ut o & o1, o] A 45 Aol 3 H:

m
m*

def cheeseshop(kind, *arguments, **keywords):
print ("-- Do you have any", kind, "?")
print ("-- I'm sorry, we're all out of", kind)
for arg in arguments:
print (arg)
print ("-" * 40)
for kw in keywords:
print (kw, ":", keywords[kw])

OIHA]OEEEET ]’]q

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

283 e ol @A A4

—-— 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

r_‘nl
R
>
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ne
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o
il
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A= 7IA=E A= e T 222 A

48.3 E4 074 H

NEAOR, AE AA G FA A AGE shol A Frol ALY £ AFUTh A5AT A5 A,
AR G50l A, AALAYE B AER ALHEAE BT W B4 4w B =S,

A27F A2 Wy & Algtsld 54U th
e Aode et 2eyth

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

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

714 /& x = A-AJ YT A8, o] 71T A ol AEE s A o whE wi) Ml FRE
e Ut AA AE, AA-ZIHE B 7 E S 719 E vl A= 8 (named) M7 ARt s

.

48. &t Mol H7Y| 29




Python Tutorial, £A| H{™ 3.10.16

2| %|-7| 9| E (Positional-or-Keyword) 21X}

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

SIx| M h7H B4

< Z}H]?f}ﬂl AoEY, S4 W) HeE A A
‘\E/H7}' 2359, 7l-r4‘zi “H7H TE A
/A A& ) AeE v A o) A
e, A A8 v %TL sy

/B Wl s AT EY IR E A

e A7 9

ofo
e
+
%0,
fy
A
v

W ASE 9 E ARbE AYHoF L UEHIEE, v} WSS AN AG0E TANE, R WA
s A8 T ok o] A el £ 0 A0
at4 ol

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

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

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

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

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

A AR 5 49 standard_argt 43 A5F YA o, 2 FH o ol d ARG FA ghor] A

AAG 7|z AgdE & 5 Uth

>>> standard_arg(2)
2

>>> standard_arg(arg=2)
2

WA 84 pos_only_argis %4 A6 /7 Yomz 94 ul7) 4w A4S FES A

ol

ok

>>> pos_only_arg (1)
1

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

A A 4 kwd_only_argsE T Aol 2 2AE 719 = AR 58yt
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>>> kwd_only_arg(3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: kwd_only_arg() takes 0 positional arguments but 1 was given

>>> kwd_only_arg(arg=3)
3

wpA uhe e B4 G oA Al A % FHS BE ST

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

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

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

>>> combined_example (pos_only=1, standard=2, kwd_only=3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: combined_example () got some positional-only arguments passed as keyword.
—arguments: 'pos_only'

upx] et o 2 91 ] Q1 A} name ¥} name < 7| & 7}A] = **kwds Alo] o A H < F=o] QL
A AL

o]

e

kR

rlr
]

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

'name' 7Y EE 3 A WA w7 Aol ZHEEE TrueE W F Y TS 27U S
=d:
>>> foo(l, **{'name': 21})
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: foo() got multiple values for argument 'name'
>>>

TG /(A2 A AN E AGHH, naned A A AR, FAG] name’ & 71N AR A2 AEF 5
o2z b5 gtk

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

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

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

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

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

2] A0 72 A
- T W5 o] B ALBAT AR S QES S H 9 DG AFIAA L. B HS o) So)
AA ou 7t g, 7t 522D W AR A E FASGHL T, = dF X i) He)
9oj o] 7| Y=g WopE ol AL W) Fg gt

< OIE0) SIu7k 93 B Ao ol 5 YA A ARG M B o] HAA AL, 4§ A7)
O] X

Ags 2SS el E 1S AL AFIAA L.
- APIS] 3%, FF o)) M5e] o Zo] £ Y wl W EH APL WA o] AT AL PATHE W A4

ALS ARSI A L.

nR oz 74 E AL EE AL 47 A9 S AR $EF 4 YEE A= AGUT) o
AASL FEE FUUTH (T AT & BAR). 7HH Do] 1A} Shell, A of 2 7] 2] Ik AR5 o]

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

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

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

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

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

gl olv) A=y R0l A $e9 A2 AAEE 275 B T2 E A o 57 Aok o)
A5 Wt 3ol ol H Uttt ol & £, W& range () &5 BEY startS} stop AR 71EH gk 1A
Soj w9 oW, AEN RERRH AAE A WA A9 - AAAE AgAA FHE B2
Ut

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

[3, 4, 5]

>>> args = [3, 6]

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

[3, 4, 5]

L
flo
oL
1>
lo

2 9AUeE - AAAE AN A YE ARE ST S 9

o

Ytk
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>>> 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 ZC| E T4

Lambda 7|1 =5 A3 A A1 0§ % 9l
lambda a, b: atb. §4 AA 7k el st Fol W ojtiu} @k 47 AL E 5 A
L BE 0 ARPUrh v Aoz, ANAA G4 Ao A B

Ao A, gk Bt Tel A amae) gt

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

>>> f = make_incrementor (42)

>>> £(0)

42

>>> f (1)

43

99 ot F5E BUF/ AN A BAAL AT EOE FEE B F4E AT ADsE

A4y

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

>>> pairs

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

A2 G4 AN BHL G, A L oF FUth BT AN, AA ) o) FoUt FL A A
2 AFeA gholo s, ol A5 THE W o2 AFH ) W2 (o] Bol Tl Aol Adet
Sarehe 9 U, o 2L e AR ALeta A EE Ebok P

e oA BRG] o2 Zo] AT, T Al 2 ulololA), Ao 2ok YA AW B
Aok FUTh A2 e 25E i} 2 olabe] Brkor, AA ) 5% 7ok, LA 5 AWaoF T
shold A ol el & FAD P Yo A2 AASA @7l WEol, AFHE A 2rEL
Fastd Soj27 2 AARUT o AL e 2L Bel S AL FUTH £ALe] AZ F o L& 3 WA
H]o] 91A] ok Zol AR ERUE o] EADY Sojzy] 2ES ARFYL (AL A 2L AEE S
gt ANA 08 FA4G S Aot uh ol o 9ol o2/ E A H B AL W FHA 7]
W EGUTE) of Soj27]9 “FEA” FHo] F4AY BE 29| A LRI AAF UL @ Soj2]
9 o] LhEhbA & Wolof 314 8, LhehdThe BE hiR o] o] A AR Utk WY F54L W
(55 879 25 0] 2) Fo ZAHE ek,

o] 7] ofe] & K22 o 7k Y&
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>>> def my_function():
"""Do nothing, but document it.

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

pass

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

No, really, it doesn't do anything.

!
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ok
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O{=E{[O|M
ol A & A2t H o] §H4 7} A He B S0l o 3§ 3] B A ol vl Ebe o] B 1 U T (RRA]
PEP 3107 3 PEP 484 £ H A 2).

L2 349 annotations_ OJEZHE Y E A AT 4o thE B
12 b5 Utk W7 o B o] A2 v i o] & H ol 2=

HeFe g AF YT I gFojHo A2 2HE > O FEmEE £H4
|, AT HF5F def 29 2 UEtWl= 8 Abolol 9 Uth oh3 dlolA 24 Q1A A
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rlo
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1o o 2 02 @ ol ok

XN o

z I o
)
203
1o

Wbk gho] o o] = H ok
>>> 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'

i
4.9 9t7t3: AL AELY
oA o e e sholde] B A, B BT 2AES A4S D Gt 7Y Aerdef sl 2 4 A
AZFIUTE B Qo) A= e B R A48 (B o ek, 29E) 4 dgUth oj® Ase
thE ASRTY 97 A5UTh e RS e R IEE 97 4A UEE AL 34 L Aol
25939 28de = Yshe AL 28 S o 2 =82 FUh
sho] A& 9o, i w2 AL} 158 A8 sto| = PEP 80] U5tk o 2L w1 ¢ 97 4
o] Foket 1Y ABtA S Fel it BE shold AdAE QAL o] EAE gofof Gt cle R e
A9l A T RESS Fegayth
e 5] 27)0] 4-27 0] 28 AFE T, WS AHEFA ThALS
49 2slo) e A Sl T (H BE 51 S8 S GPUTh 9 2 Belz] (971 A5UTh Aol
FoAFYUT B EAS o1, glol = Ao] A
- 7948 94X BES Z YUY AL
AL AL HWS /A AAE FI 2 FWI AL o] TE FAELS a3 B 4 QA G
C RE, FU, B U] 2 TE BE Afelo] W £2 Yol BFAL
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CHAPTER B

o] Zol A= g 2ol ol W2 A== F U AAls] At 2 7HA A=

Mo
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5.1 2|AE O H7]|

U2oE AR P RN HASES ¥ 20 A5 ol A Ee] Bl AE AR RE WAE EYuh

list.append (x)

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

list.extend (iterable)
ZlaEl] Fof oHHESY EE FES W2 AU allen(a):] = iterable & 55
Ut

list.insert (i, x)
7012 Aol =S YU R WA Ax= AYH e 247 24 2 AP AdUch aefA
a.insert (0, x) = B2EQ AL 4Y3dtA,a.insert (len(a), x) = a.append(x) & F5
.,

list.remove (Xx)

2 s ol A ghol x 2 22 R WA B A FUTh 28 o] glo W valueError & oY)

*

list.pop ([i])
EPNCEREE:
a.pop () peel
vl 7] 7 A
sfol A rj/‘r |

list.clear()
B AEL BEFES AAFYTh del al:] 55 FYh

list.index (x[, start[, end] ] )
PAEd] gt B F kol x 9 22 A WAl 29 08 A &S AYAE SeFUTh 29 F5 o]
gle¥ valueError & 4o 7Yt}

AS T, 2 g2 e EEUh dUAS AFeA FoH,

xiﬁz £l 51Tk OIS AU AN A 18 el U 2B s
Al 2o S Yl of drh= 5ol obd Ut o] V12

=
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A=Al ]—startﬂ—end Zalo]l~ B WHAE HAE T, ANL g AES EWS AH AA~T
A gt ] AR Ut EelFE Ad & sart QA2 O}qi‘rxﬁﬂ /*]':'q’\-/] /\]ﬂ% 71 o 2 Fh
list.count (x)

gaEel A7k 55 A48 EAF U

list.sort (* key=None, reverse=False)
PrEe) FESL AR BEFUT (A4S B A2E vlo| Al o] Aol A8 4 95T,
AWML sorted()  HAL).

list.reverse ()
B 2ES 245 AR oA AP S UTH

list.copy ()
BlAEl] 2 AR EHF UL al:] e dYHh

BlaE A s g2 AR S o

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

2

>>> fruits.count ('tangerine’)

0

>>> fruits.index ('banana')

3

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

6

>>> fruits.reverse ()

>>> fruits

['banana', 'apple', 'kiwi', 'banana', 'pear', 'apple', 'orange']

>>> fruits.append('grape')

>>> fruits

['banana', 'apple', 'kiwi', 'banana', 'pear', 'apple', 'orange', 'grape']
>>> fruits.sort ()

>>> fruits

['apple', 'apple', 'banana', 'banana', 'grape', 'kiwi', 'orange', 'pear']
>>> fruits.pop ()
'pear’

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

SPube ofel ol YoLAS E The A e BE HOIHE YA MR +E rke AU AE
S, A4 E BALA LT 5 Y13 Nones THE Eﬂﬁﬂlﬂf‘é}? 7] ol [None, 'hello', 10]+
AL A F5Uth B A H tha A 7 e B ol dFUth dlE £9],3+47 < 5+75& v v|a vt
obd Utk

e doj S 7bA AAE S8R 7% st d->insert ("a") —>remove ("b") —>sort () ; & 22 HA = A E 3
Fych
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5.1.1 Z|AEE AEBHOZ Al25}7|

ZlAE Uﬂ/\ﬂt‘:% HCE%CE—QQ AREEE7) 4 e, vpA el Y2 2 TP AFo® AYAE 2
2 JY ot (“last-in, first-out”). 28 2] Hf) 7)ol F52 YO 2 append () & AHE3HA 2. SE Q) FH 7] ol A
FeAd=d “é/\] ‘?l?_ Al Lol pop () & AFESHAIR. Al S &

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

[3, 4, 5, 6, 7]

>>> stack.pop ()

5

>>> stack

[3, 4, 5, 6]

>>> stack.pop ()

6

>>> stack.pop ()

>>> stack
[3, 4]

51.2 E|AEE #E A5

AAEE FE ARG AR 7bs i, Aoz Y42 8avt AgoR 774141}] 84 YYh (“first-in, ﬁrst-
out”); FA T, B AE &= o] ’%Z—i"ﬂ T 2840 A dFUth g2EY 2o Q2o A, oA Adle A2
w2 2] gk g A~ E Q] w gl Qo] A Mo A A= A2 h‘%ﬁ%‘?}(ﬁ}t u*%%_‘i S A o] F A
7 ok &17] W& J Y th.

FE TS, FEANAL QEON G AW 7 EF MEEE A H collections.deque & A3}
Alg. & Eo1:

>>> from collections import deque

>>> queue = deque (["Eric", "John", "Michael"])

>>> queue.append ("Terry") # Terry arrives

>>> queue.append ("Graham") # Graham arrives

>>> queue.popleft () # The first to arrive now leaves
'Eric’

>>> queue.popleft () # The second to arrive now leaves
'John'

>>> queue # Remaining queue in order of arrival
deque ([ 'Michael', 'Terry', 'Graham'])

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

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

(THS seTATol A1)
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R s S e e P I )

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

)AL x Bt o] 9 WSS WHETL (E+ YolaW) F2/} FRT T Fohell BETH: Ao f9) 5
AL o8 RAFE glol, AFFY el AEE o7 4oz AN 5 A UTh

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

EE o3 eE dsyth

’squares = [x**2 for x in range (10)]

o] Aol ¢ z+Asta ¢ 7] 5tk

PrE AzAAL EANT 1HE BEE for BT fAL I8 A9 for hif BES FAEYBER
TAE U I A= A B 2ERIY, for & if Ao Bl A A9 gha A J%OVJHDP. o &
50, 0] |2 E A AL F B AEY QASS A E 2R g2 A78 2ok

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

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

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

FRE 27| A for $Hif Y £A7FZEol FolstAR

EAA 0] FEIW (B ool A (x, v)), WEA FEE Felsor Pk

>>> 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 1list to exclude negative numbers
>>> [x for x in vec if x >= 0]
[0, 2, 4]
>>> # apply a function to all the elements
>>> [abs(x) for x in vec]
(4, 2, 0, 2, 4]
>>> # call a method on each element
>>> freshfruit = [' Dbanana', ' loganberry ', 'passion fruit "]
>>> [weapon.strip() for weapon in freshfruit]
['banana', 'loganberry', 'passion fruit']
>>> # create a list of 2-tuples like (number, square)
>>> [(x, x**2) for x in range(6)]
[, 0y, 1, 1)y, (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

(TS sl AToT A
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R s S e e P I )

[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]1]
>>> [num for elem in vec for num in elem]
[1, 2, 3, 4, 5, 6, 7, 8, 9]

PrEFAZAAL B TANR FHY FFES VT 5 U
>>> from math import pi

>>> [str(round(pi, i)) for i in range(l, 6)]

['3.1', '3.14', '3.142', '3.1416', '3.14159']

(9, 10, 11, 127,

o2 22aE AzedAe P IS A AR YTh:

>>> [[row[i] for row in matrix] for i in range(4)]
rry, 5, 91, 2, 6, 101, (3, 7, 11], [4, 8, 12]]

AN k5], HE PAE Amel WAL At for o FWol A4 o] FAAUTE LeA of o
the 3t 55 EUth

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

>>> transposed
tts, s, 91, (2, 6, 101, (3, 7, 111, [4, 8, 12]]

ol AL thA] The 3} U Th:

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

>>> transposed
rr1, s, 91, (2, 6, 101, [3, 7, 111, [4, 8, 12]]

soF gtk of Aol zip () B57HA AL
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>>> list (zip (*matrix))
[((1, 5, 9, (2, 6, 10), (3, 7, 11), (4, 8, 12)]

o] 2ol e E f 2 AT h AAMTF W&2 A 55 < 97 S EAL

52 del &

ZaEd A gk Al AYAE ARSI A GBS AR sk ol AU Th: del EJUTH o] AL #e
EeFEpop() WAL} DEUT del B H2E0]A S0l 25 AAGAY A 2 2ES W $E
ol = AR %#;l Utk (ol Al ¥l g]2EE Sfolae tidai A Pl ddUth. o & Eol:

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

>>> del al[0]

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

>>> a

[1, 66.25, 1234.5]

>>> del af:]

>>> a

del & ¥ AA & AAl st ol = AHEE o U th

o]Fof o]F a & Fxdte A2 lH YUt (Hol= o2 ghol Mz th 4= 7] A7HA). F oA del o] T2
252 BA FYth

53 EE1} AR A

P|AaESL g o] AT Seto]d At 2e B2 AAE FRTS sk ol AL A2 AR
ol = 7HA] ol YTt (typesseq S H A R). 3ho] & W3} dojo] 7] wf Zofl, th2 Al A& A5 P o] F7HE
TEASUL b 2 A2 A8 Fo] hFth 7 ddt

FES HREE FREEE o oz PP YT dlE Eol:

>>> t = 12345, 54321, 'hello!'

>>> t[0]

12345

>>> ¢

(12345, 54321, 'hello!")
>>> # Tuples may be nested:
.u=1%t, (1, 2, 3, 4, 5)

>>> 4
((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:

(THS seTATol A1)
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>>> singleton
>>> len (empty)

0

>>> empty

# <-— note trailing comma

'hello!',

>>> len(singleton)

1

>>> singleton

("hello',)

I

Bigd

753 o

3

'hello!' &= EZ g7 o o Ut} ZF 12345, 54321, 'hello!' =
5}

7 Fuoh W) A4 =

= 12345, 54321,

5}
=
=

=
1l
=

t

Z

Yr

>>> x,

ek o e A

ki

A27k o= Uk AA2
e

Eal

5o Hulo] A3
EREPNEE PR

T2 AR, A

=
o
7

ek
T Hp
o B Wk

iol
Kl

o
=

WS set ()
yrtt.

KeX
=
=
]

WA
Aol A T}

3
=4

=4

L F9 4}
o), o

o}

Eay
=]
il

k<)
nn

0

'orange', 'apple', 'pear', 'orange', 'banana'}

= {'apple',

>>> basket

# show that duplicates have been removed

>>> print (basket)

'apple'}

'pear’',
in basket

'banana’',

{'orange',

>>>

# fast membership testing

'orange'

True
>>>

in basket

'crabgrass'

s ol A%

S
=]

ct

43

ol
Kl



Python Tutorial, £A| H{™ 3.10.16

R s S e e P I )

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

>>> a

= set ('abracadabra')
>>> b = set('alacazam')
>>> a # unique letters 1in a
{la" lrl’ lbl’ 'C‘, ldl}
>>> a - b # letters in a but not in b
{Vr', Vd', ’bV}
>>> a | b # letters in a or b or both
_{'al, 'C', lr', ldl, lbl, lml’ IZII lll}
>>> a & b # letters in both a and b
{la" lcl}
>>> a ~ b # letters in a or b but not both
{Vr', Vd', ’bV, ’mV, IZ’, ll’}
faE Az FASA, A A= AAE APk
>>> g = {x for x in 'abracadabra' if x not in 'abc'}
>>> a
_{'rl, Vd'}

5.5 ElML]Z|

=

N

sholpo] YWAAHE = st &R Q= A8 ¥ 98 J Ut (typesmapping & HA L), G A 3

2 o] E o A “¢1 3 1] 2 2] (associative memories)” 1} < & vl & (associative arrays)” 2] & B £ 2+

FASEZ AGAE = A A2 EE, gAY E 7] 2 JdAEH =Y, BEE EHY S AT 5 3

TAETH AL F 717 E = A5t FEol =AY, AL FEE J Z3reld, 7| 2 282

Uth F20] A Foly g Aoz 71 AA & 2831H, 7|2 AH82 = gl Utk glaEE 7|2
[e]

oy
o > Ay = o
Nﬂobggj:jlo
4y oty T B of

T e, B2Es AL g, S2tel2 9, append () Wextend() 22 HANESE Flol

A7) W& Qo

AU E (F M el A) 717 S E5H A ghethe At 2 }Xl 7): 3k el Aoz Ayzete
Aol AAJUth 2T A2 Wl gMveE EUTh (3. $23 ol gz Beld g BES 55
Jdod, gayeld 27] 7: g BES AZFUTE o] Ao ‘Qﬁﬁﬂﬂgﬁﬂt 2] o] 71 = k.

gy e e = A ghs 719 @A AL FolA AR e FEFE AYULh del B 77 AS
AASE A% AT o)v] ST Yt A2 A, 12 AT o)A gL 013t} ZZH a2
G712 FE FEse A2 dH ik

gzl List (d) %433‘}“& gMve el A AHEH L YE BE 7)Y BAES A SAE B35

T (R Ee Aste thAl sorted (d) B ALESE FUTH. shuke] 717 AVl YA AASE Y, in
AN =S AR5A L.

o 7ol g4M U elE AMg-dhe 2 mke o 7L Sls U o

>>> tel = {'jack': 4098, 'sape': 4139}

>>> tel['guido'] = 4127

>>> tel

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

4098

>>> del tel['sape']

(THS s eTATol A1)
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>>> tel['irv'] = 4127
>>> tel

{'"jack': 4098, 'guido': 4127, 'irv': 4127}
>>> list (tel)

["jack', 'guido', 'irv']
>>> sorted(tel)
['guido', 'irv', 'jack']
>>> 'guido' in tel

True

>>> 'Jack' not in tel
False

dict () A= 7]-7k 5 Aldaz 78 A4 9MvelE 4 3dTh

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

ol e, Y] AzAdL dole 719 x4 & FE 9 & HEsT AHEE 5 3

)

Ytk

>>> {x: x**2 for x in (2, 4, 0)}
{2: 4, 4: 16, 6: 36}

717k e 2AE L W), W 2 7] Q= AR AFEE A S A8 7 s Utk

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

5.6 2 E|aL

94U E £FT ), itens () WA EE S5 719 A0 B3 2 BAC AL 4 AU

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

gallahad the pure
robin the brave

A F2E F3& 0, enumerate () FTF AHESHE A1 X AP 29 tf S5t 3k TAI @&+ AUttt
>>> for i, v in enumerate(['tic', 'tac', 'toe']):
print (i, wv)
0 tic
1 tac
2 toe
Solu o] Y A FAE Bl F3e Y, zip () ¥R JAEHSY A W F AT
>>> questions = ['name', 'quest', 'favorite color']
>>> answers = ['lancelot', 'the holy grail', 'blue']
>>> for g, a in zip(questions, answers):
print ('What is your ? It is .'.format (g, a))

(THS seTATol A1)
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What is your name? It is lancelot.
What is your quest? It is the holy grail.
What is your favorite color? It is blue.

AlP2E ARz 235189, WA AYFo g A|FAE A A3t} reversed () 45 T &AM L.

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

= w 0 J w0 -

it

THEZANALE FHS Y, sorted () FFE AMEHA 22

it

WA duE AL A HrE

>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana'l]
>>> for 1 in sorted (basket):
print (i)
apple
apple
banana
orange
orange
pear

Al 2ol thal set () 2 AMESHA T8 S A AAFTUTE AJA20 ) set () I sorted () & T/ AHE
Bk A2 Al A2 TH MNE FPee 8 Y

ﬁé
ko
B
i
o2
e,
rkﬂ
N

>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange',6 'banana']
>>> for f in sorted(set (basket)):
print (f)
apple
banana
orange
pear

EYAESMARDE FES AU HAW, 55, A A P AES BEE ol 1

rlr

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

>>> filtered_data
[56.2, 51.7, 55.3, 52.5, 47.8]
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while 7} if BoA AFRE = 270 = vl Bt ol g} R E AALE AR 8 4 gl U Th

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

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

Ml ) A4} and $or B AHEIA AR 93, WY AIhE (TN RE o] BAAL)

not ©2 HAE & &y o ASL W AR e S AEE 2o th o] A 2ol not o] 4
=0 QLS 2, or 7F 7R Y5 Yk 28 A A and not B or CE= (A and (not B)) or C%
SSFUh o= WA Y, Ashe 2L RS/ A5 BEE ST 5 AU

=28 AAAF and 9} or & A9 W3] Z (short-circuit) 01/\}%]—0‘\/]1’/} OAEL YZRoA 2 E2FOF 7o)
Tl AL, A7 BAH AR 3k o7l SEHUTh ol 5o, A% c 7t FelaB 7t AXl oW, A and
B and C+ @4 C 9 gS 734 it Eeigho] obd Ank o2 Ag u), Teh3) = A4k
We gre vhA ehe 2 gro] el ARSI,

ulae] Azt ohe el FHAe) A Weol AT S ds U o 5

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

>>> non_null = stringl or string2 or string3

>>> non_null
'Trondheim’

shol Mo A, Coh De), B4 ol 9 B AL vt e AR} -2 AF& o] WA A o7 s34 of
FUTh C 2N B8] npEAE RRe] BASS SIS Gk — 2 A8 mA o] - 2

e A4,

5.8 A[HAR} CIE Y &S H| 137

NA2 AAEL 1T 2L A~ PO e A EF A 2D 5 AU vl as A4 £ E gk
WA 3PS ulwH A th2 W o)zl vae] ARE AU h 2oH, oS F FEL vl wt, oY
Moz oju G AV2F£AD Wr7hA AL UL eFu) ws & F = AR 2 Fe) AD A, AR
7 AT o' SAF T F A AL RE FEo] Briu i us W, NAAEL 2L A0 AFH Y]
o @ AW ATL OhE Fte) mE) B AL A AaE, B ADst 2 AUk o] A A wjd e
M A A8 Fotedl FUILE 2T ZIE 228 ASFUTh 2 PO ANDAE 7he] vl
2 747 o= ol g F Y th

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

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

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

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

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

(1, 2, 3) == (1.0, 2.0, 3.0)

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

HEE}E PY AAES <> ZHuste AL, I AA Sl AP UL HMAEES 23 S ww g
dAthe Ao FY A L. dE 5o AR E A FEL2 215 A ol whet vl g Ytk 2814 02 0.0
o2, 55 A o, oo £AE AT et Al JEZ B H = TypeError & 4ot
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—

sho] 2l Qe L2 B2 R e o ThA] Bol 7w, ol g o] vhEgld Aol Sol AUt (B M5 S).

e, % 2 =29 e 204 Bohy, o4 AN ZE 94 BAYE AL A El e Fol 2 DL
Qo el A Ao] EXUh oA S AL 2adE B wEL gyh 2] 4
7ol nyeh, 42 17 e 3 o2 AL A2 Py A2 5 Ysith A 2 adel A AE Ael e

F42 4 zzade] 498 B8 FuE AT 4L +E A5
1% 212 AN 3, oA L B ES Ao Y1 ~AYEY A melee] BB Y BE A S
S e e AZ T 1 AL BE olgku FEUH BERZYH 4950 tE BEo| W &
52 QEE B4 A5UT (1 BEL A48 £200A QAR E ATPE AT BEA A sehe
Mol Adadurh

BES vtold 49 BAELS G Yt AAAUTh H9Y 0B BE o] B0 F37 .py & 2k
25 Uold, 250 o8& A% M4 _name__ 0 AFHUTh o E So], of & Hol Folsts A=

&4

rlo
=
ofo
|o
fru

= [z ]
fibo.py BhH= ©] 59 34 S S A g BEY g3 2

# Fibonacci numbers module

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

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

flo
ol
o
|o
fru
jale
F
(m
s
<
v

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

This does not add the names of the functions defined in fibo directly to the current namespace (see 30| % 2~ 51 32 2}
o] & & 7t for more details); it only adds the module name fibo there. Using the module name you can access the
functions:

>>> fibo.fib (1000)

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

(6, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

>>> fibo._ name_
'fibo'
B8 AT ST AStE A o Fo2 AT 5 Ytk

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

BEL P45 AW ope A8 A5 d BASE 29 5 AFUTh ol EASL RES 27551
ASFUT o A5 JRE Fol A BE ol Bo] A 5L WU ADF UL (JAEL o] 2AYE
2 49 vE gy

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

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

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

>>> from fibo import fib, fib2
>>> fib (500)
0112358 13 21 34 55 89 144 233 377

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

BEo] st BE 052 9

g2

Ede WFE Yok

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

AL LE Q) ZAFsE A= AR 2E 01%% JZE gyt tfF 2 sfold 22 S2 o
o A SR e, Bz HE G A A ¢ s =

7A€ 5 7] il )y ek

! In fact function definitions are also ‘statements’ that are ‘executed’ ; the execution of a module-level function definition adds the function name
to the module’ s global namespace.
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QEESE AL w42 AF YA Brre Aol AL, FF U7
A e, h 31 Aol Qe Boluat AL FHE RS

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

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

from& WA M58 LHHE W= A4S 5 gyTh

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

A3 B84 o /2, 4 RES JHZYH MAuict st T A2 EFGUth T2 A, o H 2o RES FF
Shul, VB =2 B 2 Thal Al A Aok S Th— L, T3} 9.0 2 A @5 Bo] SHLbBol ehd, import 1ib.
reload () & AR 3IA L. o & 59, import importlib; importlib.reload (modulename).

6.1.1 DES AJEIER AlGH5]7|

oj gl o] gtol W REg o] FA AYstd

python fibo.py <arguments>

EE eI+, A4S dEET A H APF Ut SHAT __name_ 2 "_main__ " Z AAPYTH
o] AL, o] IEFE EE9 Eofl EHA:
if name. == "_ _main__ "

import sys

fib (int (sys.argv[1]))
H3Ye YTER S JERERDVIUH 2AYELE ARY  YES BE £ YL onghed], 24
EEol“H”std g Ad wiwt PP S st st ZETFAYRE 7 df EYUTh

$ python fibo.py 50
0112 35813 21 34

>>>

6.1. 2E  H7| 51
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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 Y AIHEE 2= HHHE (Ev ot o] AREA kS w= A4 fE ).
o PYTHONPATH (& H e o] 5EY 55, A W4 PATH 9} 22 &H).

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

Fa: AEY PIEANDsE L Aa"HAA, JE ATHEE 2= HAH = A EE I E HESH
S AxEULE g2 27, ALY Ja 5 x3d3t= gdHe = BE ZA A2 2854 g5
2713} Fof, gpol 2232 sys.path & FAHE ¢ JF5UTL 23 HEE 23s= gagHEg = 44
ARY Agol, FF gtolBHE AR o Y ULh o] A2 T2 ol5d A% golBEe g yHE g
Ae AU ~239dEE 233t gdEHe Y o] 2=H s Yt o] X &o] o= Zlo] ofyed
AHYUTE H ANIF ABERZRES S HAS

2E 29& w24 3, go
version.pyc 2= o]0 2 A gy
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oM HFE REEY golEy 7 8/ S|, 59 FA vo| A ghej By g HH A (o] T2 “gf
olrg g #HUL”) oA AUt ol REEL A Z 2 E o YHHEUTH o] AEL 2loje] A A<l
BB ol v ZHHE YZH QXS st AN AE Al Fdt=d, oY A2 S50 22 29
AA 712 a5 st ANAE A7) AFdUch 28 ZEEY JT2 A4 AW 7 23 F
g&AJUrth o & 5], winreg EEL A= A 2H A AZH YL 583 2E e 5S¢
87 dF Ut sys. ZE ol dH Z e Hol WAFHUTE W4 sys.psl & sys.ps2 £ 7|2 BX
ZEITEZ ALHE EALS AT

>>> import sys
>>> sys.psl
>>> 0

>>> sys.ps2
|l |l

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

Cc>

o] F/He] ML EL AEZ /3 REd vk o] Th
W sys.path & A ZEH BE AN H2E 2Hs e EALEY g2EY Y. &4 W
PYTHONPATH o A] # 3t 7] & Z 21}, PYTHONPATH 7} AR H A ¢+ A W 723 = 27138 Yt
EE Y2E AMS AMREA 3T 4 sy th

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

6.3 dir () &<

W3 g dir () L EE] Ashe o] 25 e U AP UTh EALEY AU PJAES Sk

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

['__name__ ', 'fib', 'fib2']

>>> dir (sys)

['__breakpointhook__ ', '__displayhook__', '__doc__', '__excepthook_ ',
'__interactivehook__', '__loader__', '__name__', '__package__', '__spec__',
' _stderr_ ', '__stdin_ ', '_ _stdout__', '_ unraisablehook_ ',
' _clear_type_cache', '_current_frames', '_debugmallocstats', '_framework',
'_getframe', '_git', '_home', '_xoptions', 'abiflags', 'addaudithook',
'api_version', 'argv', 'audit', 'base_exec_prefix', 'base_prefix',
'breakpointhook', 'builtin_module_names', 'byteorder', 'call_ tracing',
'callstats', 'copyright', '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',

(CFZ s ol AToll A1)
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(o1 o] A ol A A)

'set_asyncgen_hooks', 'set_coroutine_origin_tracking_depth', 'setdlopenflags',
'setprofile', 'setrecursionlimit', 'setswitchinterval', 'settrace', 'stderr',

'stdin', 'stdout', 'thread_ info', 'unraisablehook', 'wversion', 'version_info',
'warnoptions']

AR} o, dir() & AR Ao F o] BES AT Th

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

>>> import fibo

>>> fib = fibo.fib

>>> dir ()

["_builtins__', '__name__', 'a', 'fib', 'fibo', 'sys']

R =4
dir () S WH TG HEEY o] F& HEsA] 5yt 245 555 9ehttd, #F 2 E builtins

o o= o} sy th:

>>> import builtins

>>> dir (builtins)

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

' _debug__ ', '__doc_ ', '__import__', '__name__', '_ package__', 'abs',
'all', 'any', 'ascii', 'bin', 'bool', 'bytearray', 'bytes', 'callable',
'chr', 'classmethod', 'compile', 'complex', 'copyright', 'credits',
'delattr', 'dict', 'dir', 'divmod', 'enumerate', 'eval', 'exec',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']
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6.4 1l7|X|

7| A “Hor FEF BF o5 E HA ol BE olF Fe X3S
H 7

EE o5 A.BEAgke o5 A7) A 9 Y= B ke o]59 A - BEo ARl e
REJAAES AR A UL o] FES AAT IR YA TEE AR VAR, Fog FRE BEY
°|&E< NumPy W Pillow 3 22 thg 28 7| A5 AAE] AR EEOJEES 44T 22 3

BE T,

S 397 F 2P olHY QBN A E AR RES) AAA (“7)A7) S AASD ATTha FA L.
G550 44 99 Ao dena (L5 g2 TR oE ol vav, 2ifh aw, HET
shel 94 ghe] Meke S5 A% Sol b RESY A4 BED §AL A8 ASUTh £, 5
Al 58 1A e B e FRel AAES SLon (84, da ), (A5 A s 28, 25 A

AUES FAH] AR REES BN YA B AUk 7148

sound/ Top-level package
__init_ .py Initialize the sound package
formats/ Subpackage for file format conversions
__init__ .py

wavread.py
wavwrite.py
aiffread.py
aiffwrite.py
auread.py
auwrite.py

effects/ Subpackage for sound effects
__init__ .py
echo.py
surround.py
reverse.py

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

H7)AE A2ED ], 3Fo] W2 sys.path ol = HAHE& AAsAA 7|4 B HIH2E 25

Y.

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 A AE HZIAZREH ME RES JZET F 55U, A€ Sof:

’import sound.effects.echo

o] A& A B BE sound.effects.echo & ZEFU T AA| o]0 & Fxwolofghth

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

NH BES JEESE ohe WS o de ok
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’from sound.effects import echo

i

d

O1ZIE HE BE echo & RESL, 714 Aol gol 48T 4 A Ttk TehA oA Ao A8 T

F U

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

E e e U5t Beu UsE 48 JEESE AUk

’from sound.effects.echo import echofilter

AL, o] A& Al H BF echo & ZESHARE & echofilter () & AH ARG o QA RS th

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

from package 1mport item E AFE T O, itemS 7| X A B BE (E=AB A7 ALY 5 T
g, A, M T 7R BYE e o) EEY AE Aol 72 6P‘ﬂn- import & WA item ©]
3} 7] Z] o] 7 &] =] o /,ltxl AApetar, 147 ‘3%2‘:‘1 ah =y ]F/PT— 7}76"5}3’_ EES A=Yt 2] gk,
ImportError o8& dofyrch

olof] Wk3}o], import item.subitem.subsubitem &} 22 BEHE AL u)], upx] g A& A Q)3 7L FE
< REEA] S 7] A of of G T mpA vt FE5-2 B o|u 7] A 7F 2 5 QLA ko) oA Hojd Fels,

B4, W2 So) | 2k glaUTh
6.4.1 D7 |X|0AM * LEE 5}7|

l ? 2=
A7) 7ol o BEE0] SoldleA FL TS, TAE BT E YEE 3718 AT AV
A7ke) 2.2} AT A B BES QEE Gho] me}of
B A8 B B A EIH BT S dwinh
A

A& HA A2 Algdt= A YUt import 2 tha3 22
T7b_all ok ol 59 BEE AT, o] AL from
oftl 3= B E o] 559 EEOEELO}COH’]D} AW %
7IAE EA S o %%3 Al ”EHE Wx16_}“5 A2 9 7] A A2 A A JUtt. sfj 7] A x1]}7]'~’ﬂ7]7<]°ﬂ
A E JEES = §571 glota dasitd, o] A& ] 3]'7‘] A7N2 T & JdFULh A& 9, 3¢
sound/effects/_lnlt_.py%D]—%-T'Jr e Fxx AsYth

i)
&
N
O,
).
L4
Ll
LA
ﬁ
ﬁ
L
'_l
o]
P-
B
ol

i

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

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

_all_ o] Ao R go, —E—ZO" from sound.effects import * & #|7]%] sound.effects & &
ENEEREEES AR o BN E AXE FA] FFYTH o] 22 23 97| A sound.effects 7} YXZE
E]EEU}CF’—( init__.py°l = 27| ZESo] $8E & JsUThH, T A7 AL H Yot ol 5=
ATE L o] o FEL_init .py} AT RE o) F (1HU WA AL 2E A8 2EES
Z33Yth o] o] FEllE Aol import F o E WA AR REH 7| X9 A B RES A TFH U
o] 3= 8 A 2ksh ¥ A o

==

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

o] dlojl A, echo £} surround 2 E©°] A o] Z o g A ZTE =4, from...import ¥o] APF uf
sound.effects 3 7] A 7§4ﬂ71 2oyrh (__all_ o] Ao wlx upR7p- U t)h)
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AALoj® B o] import * EAMEE W 54 I E T olEEW AR E =X AAH At st et
T, 229N FT oA = oA 0] A 2 /\]’fﬂ]i 0474;&‘45}

from package import specific_submodule < A}&ﬁ}—tﬂ ZEEH AL gt A 71 93AM 2! AL
A, dxES = ZEO T2 7 AAA T2 )Y HEBRES AT E8 = 327184

Y.

6.4.2 17| X| LHE Zto| & =X

WA A 7 B 7 A ER F23E u (ol A U2 sound 7] A A F), o] X 3| 7] A& HE BES 717
= AU dExEE /\}% A5 Utk o & So], 28 sound.filters.vocoder ©] sound.effects
7122 echo & FQ3%}H, from sound.effects import echo & AFEE 4 IS5t}

ik

1:0

AU dEXEEE S l=d], from module import name FE|Q YXZXE —Ev—% AFE ST} o] dX E
T
=

Sol
= AT QEEe] SuE Ao BE 5742 Ael7] 7] 94 orol] ¥
surround &, o] ZA AT 5 FUTH

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

Ao dEEZAA ZEQ] ool 7]
o] 7] wjEof, o] M & =212
gk

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

712 & 583 o) R Eﬂ%%ﬂﬂ%@ﬂ% path__. |22 37149 _init__.py 3}d& A
%dﬂﬂﬂ<ﬂ#“ﬂaﬂ ﬂﬂaaA1%%£@s—aAEEzﬂﬂﬂuﬂ—ﬂ@¢%¢@§¢
SUTh 12 1 1 ol 2 w7 Ao £3HE RED A8 742 AASE oGS FA F o

°l 7150l A Bast A &AL H 7| Aol A THE = REL S et ol AHEE YT
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la &3
2299 F22 FE5HE of o 74X B0l itk Aol A71e] AFF FE R o] E B AT
93, 5ol AHg-5H7] A3 Lol & S5 itk of Fol s B A b5 AL =g

Utk 284 F4 Fprint () FEAUoh (A 84 g2
; %sys.stdouti’%i@? A5t

Ic)
Al
S

20

o

=

]

'_l

-~
D

é

>
f
it

>,

oo
ofr

p

N

o

o
=]
N

i

i

1)

ne

T T3] 29 °lé§ TE2E #2 A= AR =9 FAZ ] Bol] Alofdf oF sk A7F AF Y h
=98 U= vl o2l 7HA B o] s th
L XY EAD LG ASHAY, N AL RT EL 4T A 2T Qo) TEET E Fol AL

AN Q. of AL ol A, { R} A Abolol, M5 mx e W e B2 5 A o4

2d4g AT S Yz

>>> year = 2016

>>> event = 'Referendum'

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

'Results of the 2016 Referendum'

. BADY str. format () WASE B BE £A44S LT W5/ hA B AXE A5 93
()2 A A B, AT ER e AT 4 AT, EAE GE AT A G

>>> 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%'

c T Bto 2, A4 Sehol 4 W ool ol 7] AAHE ALgBhel AT 4 Yt BE AT HHOEA,
EEEAY AL E a2 20T S gtk BAAYolE Fol0 4 UM 2ALE A
FEF AN FAFE R A WASS YU
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FAA E2Ho] Q3HA G A YW AS A&l R H5-E mEA EASH Y, repr () EE str()

SIFE AMSEY R E S EAEE HEE = A5 Ut

str() 4= o AE Atgo] g 7)o A3 P2 e THL 834 ol 95y th wrd o repr ()

2 gz H o35 &8 5 = FEHE HEA HoUH (EE2EA 23T+ Y= 2ol gled
Y

>>> 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
>>> 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:

v v

+ repr(x) + ', and y is + repr(y) + '...'

repr ((x, y, ('spam', 'eggs')))
"(32.5, 40000, ('spam', 'eggs'))"
string BE ol EAFL & A B3 = 02 S A FoHE Tenplate Fel 27t EFE of Ytk
sx & 22 A FAIAFE AFSEHAL o] AES AV E oA S o E XSt A uh 2 g eof o st Ao &
2R AlF gy
711 ZO0H 2X1E 2|EEH
=9 2 P (3 AL E FUH L BALe] £ ExF HTFolE Rolu x @A L
{expression} 2 24 3te] Batdol shold maAle] % AT 4 QA Tk
A A £ AAA EAY FHol & 5 AHUrh ol Ao go] U AL o JusA Ao T 5
15 UTH e ot A58 254 o] 3k M A2l 2 WS ATy

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

ool 5B AU Y BE0) Ha B4 Fol YUtk 92 5 BET W AT

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

print (f'{name:10} ==> {phone:10d}")
Sjoerd ==> 4127
Jack ==> 4098
Dcab ==> 7678

(o}
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O F3AE AFSotH 2 WE 7] Aol g2 "B 5 d5UTh "la'sascii() &, s Estr() g,
"'r'Erepr ()< A& th:
>>> animals = 'eels'

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

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

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

>>> bugs = 'roaches'

>>> count = 13

>>> area = 'living room'

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

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

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

7.1.2 22X} format() HIAME

l

str.format () WA EQ 7| B A AL HL o] & At}

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

259 Qb e BAE (ZW gy BED) S str.format () HAEZ AGH AANEE XS
‘/]T/}- TEZ5 ?l‘-J XRAE str. format () MM EE ALH AAEY A A& 71e] 7] = AHS-E 5= d5 YT
>>> print (' and '.format ('spam', 'eggs'))
spam and eggs
>>> print (' and '.format ('spam', 'eggs'))

eggs and spam

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

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

AA S} 7IAE QAL AFEA =27 5 dsUth

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

A e AE N 2 ALl A=

o
o 4r
Sy
2 (>,

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

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

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

71, ZAXHQ £ ZofE 61
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>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: ; Sjoerd: ; Dcab: '.format (**table))
Jack: 4098; Sjoerd: 4127; Dcab: 8637678

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

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

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

print (' ' format (x, 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 () & AF& S BEXE 2 g o] &A%t 7l & = formatstrings & W A Q.

713 £5 2X1Y ZojEl

A7) Z2 AFTAAAFT BE 522 2o gAY TH

>>> 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))

1 1 1

2 4 8

3 9 27

4 16 64

5 25 125

6 36 216

749 343

8 64 512

9 81 729
10 100 1000
(print () o] F& WAL= Qsf ZF ZH Abo]of] Aol bzt F71E ol Fo kAl 2 FF AA=
Apolof] 23| o] 25 F 7k Tth)
AL AA Y str.rjust () FINEE Qo] 50|25 YA Fol For AL S 5 E WEHY
th v L3 WA E str.1just () & str.center () & YFUTH o] (IAEEL oJE A% 28617 g5
oh HA A AL S FEls Utk 98 BAGe] W 29, A=A gar, WA glo] 2 s U o A o]
A S dFer HEAA R BE gl v AR Ee 5t 2 ﬂMEE‘rL sgsyth (3ZE s
sz}v}fd, A eetols A4S F7HE A5 Uth x. 1just (n) [:n] AH)
2 MAEE d5UTH str.zfill (). A EAE Y 9% oﬂoa zH Utk Zgaglufolvia e s

o] sl g ch:

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

'00012"

>>> '-3.14"'.z£i11(7)
-003.14"

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

7.1.4 of|XQ £X1 ZojE!

AdH5YLh 'string' % valuesZ} 3o AW, stringol

% ANAHEER)E AL 27 T
7N o] 439 alues 842 AP Ut o] A4S £3] FAE E ZH(interpolation) ©] 2+ 31

ﬂ%%ﬂaﬁaL

Utk & =4

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

o] A g Yj-§-2 old-string-formatting 4] A of] 131t}

7.2 OYE AL M|

fjo

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

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

A A AAE AL 15 E G BAAAY T £ 94 XL Aol 44E BAE AYHE W e &
AEE R S BAQG T mode £ AL A7 11, 21U S et (22 0] 5 ol
EAshE g2 AAE YTh 7HH A, ra I‘E“‘q'aa £ o] 7] 913l ‘E\%D} o) 7155 = EE dolH+=
AEow Zol Belth tret = o4AS 93 27] 93 AT mode A= A A ), ALFHE 1r o
AR BT

Normally, files are opened in text mode, that means, you read and write strings from and to the file, which are encoded
in a specific encoding. If encoding is not specified, the default is platform dependent (see open () ). Because UTF-8 is
the modern de-facto standard, encoding="ut £-8" is recommended unless you know that you need to use a different
encoding. Appendinga 'b"' to the mode opens the file in binary mode. Binary mode data is read and written as bytes
objects. You can not specity encoding when opening file in binary mode.
YrE e, S ue] /R T BAE JEHA S FE (
\n 2 WA AUk HAE RER 20, 7|2 522 \n &
ZdYth o] 34 dl ol g of th & %ﬂ] Fo +A L g2E 51d 9
A 22 vtelvel HolHE BAA gyt 29 3td S ¢l

AL

20 A \n, A=A \r\n) & &~
SANE g4 d & T2 A=
L EA 7} ¢ty z] , JPEG ©| L} EXE
violye REE /\}%'6}‘:3 F9] 8t

ot AAE O v with 71 S8 AHSTHE AL E L AU AP £F o) 97 A s 29
S 55 0l shelol 26k A BACE AT with £ A5 AL BT try finally $28
2z Aol vl we) B2 A% g

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

read_data = f.read()

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

(THS seTAT ol A1)
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R s S e e P I )

>>> f.closed
True

with 7|9 EE AHESHA] koW, f.close () & 534 9td & B3 ARSE Al 2H AHd& S A whdsf of

.

A3 with 7| EE AFE ALY £f.close() & TE3A] R f.write() & TE3H ZZ2 7 0]
AEACR FEHTZE f.write () 9 JAAZF Y AT A E] 7155 A ¢= 5 ds5UTh

A5 0.2 A g,

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

7.21 T HH|Q| BHAS
o] Ae] e A o S £ ehi 5k A7 7} ol v wHE ol Tk 745 gt

g YgS eloed, f.read(size) & E&3t=d], €AF HlolHE Q1 FAE (HAE BE oA)
ojuf nlolEE (blolvl g REAA) 2 E8F YUt size ‘: ’1‘15—“.1101 F2F Az A YU th. size 7F A =FE A v
S g de] g AAE 40%/\1 SHFUL, 399 277 1A w2 Eo T ol 2o o 2] R o)
AFdUch 28 A ko™ H ) size BAHE A E 2 =0 A) U size BFO] E (Hlo] v 8] REOA)E 911
Ut gde] o 2251, f.read() =R EAE (') & EHF UL

F

RN

S oft

N ok
Hn

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

>>> f.read()
T

f.readline () & 3oA st &< Sl5Uth W 4 (\n) © ALY Eoll &5 11, 3t o] 7 &2k
2 ZuA e wo vk uhd o] vpx] ek Sof At "gak% ‘41’% o] Z A Wk %}C’ L) wﬂ] s Yth £
readline () 7FHl B4 & 55, 9o o =23t o)A ¥l £2 '\n', & 3o MY EATS
23 A Z ad g YLh

>>> f.readline ()

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

'Second line of the file\n'

>>> f.readline ()
T

SN H EE 0w, 51 AR thal £3F 5 AEUTh o AL W2 EEH o) 3, Wz v 7hee
A=z ool Fuck

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

This is the first line of the file.
Second line of the file
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15

e ge] ARES 27] Ao WY Bast AFUTh- £AD (FAE REoA) o] thulo] =d A (dlo]
Hel e A) 2 -

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

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

18

f.tell() 2 34y A AXE 7He) 7= ZA-E =eFc, vtolye] RE9 3% 349 A5 E 9
HIO|E 2 R3H L HAE RES A= EFYT AY Y

g AR e X5 vl W, £.seek (offset, whence) E AU Y X+ A ol offset < T3l A
AdE Uk 7128w A2 A&t} whence %)«'0] 0c] ¥ o] e A5, 1o]H A
ad A= /‘]'% St 2 = 3t o & 7SR o & AR FUTH whence = A EFE 5 3L, 7] 32 00] 2HA]

A9 &g 1EHO R AFFU

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

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

16

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

>>> f.read (1)

b'5!

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

>>> f.read (1)

b'd!’

HiE el A (R 220l b 7} §lo] @
= seek (0, 2) & AFESIA 3L Y ILOE_A;(]
=82 S 0B AU Th W] thE offser g2

FLAAT ssacey () Ueruncate () 2 B A WA= Bl 2w deel, AT A4S T Y
Ao R 889 SR ool el o] A S A

AE), LY Azl AT A Q1 $ X W 7 vk 5] ghE] 41 (o] 9
€ HA3= AU Yh, 82 offser T2 £.tell () ©]
Ao A 2 AFE E5Uh

7.2.2 json O F L X X0l HO|E{E MESH7]

FAd e ermoﬂ A 93 & 5 JF U A= A & Fof e, read () HINE7F EAE TS
=HF7| WEYrch 1% AHEE int () Z2 T2 dLsforvt ek, 1123 T2 FAE S ¥ A
123 EE% Utk 39 gaEy g-qve 22 o BEZst o HE A S, 3oz

Sh st @ slehs Aol Atz 4 g

Rather than having users constantly writing and debugging code to save complicated data types to files, Python allows
you to use the popular data interchange format called JSON (JavaScript Object Notation). The standard module called
json can take Python data hierarchies, and convert them to string representations; this process is called serializing.
Reconstructing the data from the string representation is called deserializing. Between serializing and deserializing, the
string representing the object may have been stored in a file or data, or sent over a network connection to some distant
machine.
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3 JSON A2 ol &g 9] Ar] 38 22 IdS0] A3 AL FUTh Be =210 n7} oy
o] A0l )% E R, AEAL AT TS Ado] U

A2 x 7 9L W), PR ) TEE 219 JSON BAD BAL B 5 Yrvink

>>> import Jjson

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

'[1, "simple"™, "list"]'

3
lo
E

"

dump () BF= dumps () &

AE g e 51d 2 AP A £ 71 2718 93
e 5l o), o2 & :

’ json.dump (x, f)

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

’x = json.load(f)

ZF31: JSON files must be encoded in UTF-8. Use encoding="ut £-8" when opening JSON file as a rext file for
both of reading and writing.

wn

ON o 2 z @3}

o) ZeHek A @3} El A o] A9 YA el S ThE 5 YA T, 9o Fes AU AT
7 9L g g

st Sl A= Rk a7 BRFUTE json BEY dlH b A= o] o gt 2 W
o B7):

pickle-33F EE

o

JSON o) ¥, pickle & 1] ] H515t vl AN L ALEL 4 gl 2B Th ol We] 8 1
O dolz A4 38 =R IR ET BAET A8E 5 glayth ARA 0w bdsA g E gtk
W 4 gt anoq S HolEE o AE5T w, A FAA o5 Hlele 7} 24w glrhu Qo)
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CHAPTER 8

o212t off 2|

AG7HA el v A1 A 7} 9155 A FRA B, oA 52 A
U Th £ of

(Aol =) % 7hx) 785 & o el o]

8.1 =& ol

N o, 9 At S A F U, ofubE of g

hils= 2R

239 A9tk

24 3 4 ghThd ofuhE B A HekS AUk
B

£o] shol AL W93 gl 5 ol = AP A

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

A

SyntaxError: invalid syntax

FAE EANHE 2L OGN 52T
5

ol 4 o] 7} A1 E 747 ekel 91 %

=

= 77l A
a®

EAFU T ol 2] HALE Qo] 2= E2o] AAY VT (= Aol = 10| H 25 12T of ool 4],
AT Frorine () A4 AR sle, T2 2L (1) ol WA A BT 312 ol 83 & W57}
Ao, el o] AR 2] & 28 4 A= HT

8.2 0|2

2} BAL 0] 2AoR eutat @A ehE, Aqstelw S o2& dod 4 Agyth AW Fol
A L oS ole) Phu L 23 R 2 B Aol A bk shold 2ol A o] A5 o] w7
A 2 oA F U kA R ] e g) e mz a0 AelshA skob, ol 7)ol £ 4 9ol o]
oA A8 sy T

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

(THE seTATol A1)
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ZeroDivisionError: division by zero
>>> 4 + spam*3
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
NameError: name 'spam' is not defined
>>> '2' + 2
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: can only concatenate str (not "int") to str

off g WA A 9] npA| et Z2 o o] ojyut=A LelFUth o9+ o] FOo=E Yevar, o] WA A I
HaZ oFUrc}): o] odoA]9 3L zerobivisionError, NameError, TypeError AuUrtt o) o=
AN EALS BAD WG A2 o] AT o AL RE WA S Fel AL G Bol AT, AL
Ao oo A= (st A de=E Eeta) H 18 28+ stk &5 °Eﬂﬂ o] 52 W A E A
ek (el ok A9 =7} oh g Ui eh),

2o iR e o9 o) B} Aol 79 £ A WA S AT EY
N DEC L EEE ERDEETEE

M

AR AN A e g HolFych gugoE A
©) 35 dshe 29 B0 28 THHL YLFUTh AW, B Aol A do] TA FELS BAHA

et

L= =] .

bltin-exceptions = W& o] &3 2 2] o v & Y43t J5Uh

8.3 dl2] XMz|5t17|

QATALE AAFE 22IUE Y=L A ST, OE AS BT, B0 E 847 49T AN
A T2 LA, A7 22 TS AN HE S A B SHLIT Control-c 1} 1 5]of
+9 AA 7 A4 0}% A< /\}-Q“OH A); AFE A7 BHE QB E = KeyboardInterrupt 92 & € o7&

Fel 2 Lhebtol 42 54l 2.

>>> while True:

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

try B b3 2ol BAFLH
o« MA,ry A (try & except Alo] o] EAE) o] A3 Ut}
o A7} AR FO W, excepr B S AVH L try v AP FEH YT

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

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

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

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

class B (Exception):
pass

class C(B):
pass

class D(C):
pass

for cls in [B, C, D]:

try:

raise cls{()
except D:

print ("D")
except C:

print ("C")
except B:

print ("B")

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

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. 1t 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:

(THS seTATol A1)
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print ('cannot open', argqg)

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

else Y ARGol try Ho| ZEE F 7ot AR THE2H, try -+ except ¥ 93 K H I Ql+= I =7}
Lo 7| A ghE o5 F3] A He A= A v AUtk

o 917} A ), AR ghS A 5 e, ol 919 Ak ek FE A ruiek A EA YL o
Fo o= gk,

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 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

£ 7} AAE 7HA W, A 2 H A @2 ol 9] WA A o] whA ek BE(AFA A ol A Ut

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

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

>>> try:
this_fails()

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

Handling run—-time error: division by zero
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8.4 o2 e27|7]

raise €2 Z2 I M7} A AT oA 2 7 EAS = F FA G 5 A G ol E Sol:

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

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

raise o Al F3= @Y A= LA D g2 & 7}
2 ASsE 22 ololof FulTh. ols] Z a7t
A% i ok

gAYttt o 9] adAaE 0] ALt d9] Ze A (Exception
Ay o2 AR glo] AAAE TEFNA A

o, |
N

raise ValueError # shorthand for 'raise ValueError()'

whek o 9] 7} A 9= A = Qobok kA vk A 2] 53 A A = ghrhel, T hAHe YY) raise Fol 199 E
thAl Do 5 9 Gtk

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

An exception flew by!

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

NameError: HiThere

8.5 o2l 244

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

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

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

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

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

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

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

QPEEDEE LR

z)

Urth o & &4:

[t
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>>> def func():
raise ConnectionError

>>> try:

func ()
except ConnectionError as exc:
raise RuntimeError ('Failed to open database') from exc

Traceback (most recent call last):

File "<stdin>", line 2, in <module>
File "<stdin>", line 2, in func
ConnectionError

The above exception was the direct cause of the following exception:

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

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

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

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

A4 vl A Y Foll th gk AA| g W 8-, bltin-exceptions & FF 2 S A 2.

8.6 AIEAI F2f o<l

A efe] SefaE % EH 2282 A9 o9 o5 4 F AsUT (Fhold S
AA T W G2 2 & HAR). e BT AHH o2 Y A 02 Exception FWLE AT

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

R o9t EE )95 oS ET KA, “Brror” 2 b o] B2 P ek

BeEE W o) Aol Bhe G TN BT 5 Yt T AT o952 o Gtk Feh 2o

EFRESS IS
B3 o AT AHE Zo) > ol A T

72 Chapter 8. 0oi|2{2} oil2]




Python Tutorial, £A| H{™ 3.10.16

try B E OEANYA g 71 5 Qe BE 4o Ay ojoput = AR ) 54 A s o
Mg YT o & Eof
>>> try:

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

Goodbye, world!

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

KeyboardInterrupt

finally do] O™, try o] 5% 7] Ao finally o] upx|ut 2o 7 A3 %“JD} finally @2
try &9l qlﬂ%ﬁg*éﬁ}t 2ot #AA o]l AdFFUTh tha2 o9 72 AT of o] B33 A5 AN EYTh

o try A5 AP 5 o9 7 YT, except Fol|A Q)& AT 4 AF YT ol9] 7t except
Ao A A F A oW, finally Ao] AH & o9 7} thA] %Aggqq._

+ except U else @ A% Fof o9 7H AT 5 95Uk A, finally Ao] 4B F o] 97 oA
wA ok

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

e try 9| break, continue =¥ return %o E&35}W, finally L break, continue £+
return & 23] 2 Hoj APH U}

finally ol return £o] £ H, W3 7k try 9 return £0] £+ ko] oly@} finally
Aol return 9] = Zhol Yt}
& Ed:

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

>>> bool_return ()
False

o 533 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

(THS seTATol A1)
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>>> divide (2, 0)

division by =zero!

executing finally clause

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

executing finally clause
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
File "<stdin>", line 3, in divide
TypeError: unsupported operand type(s) for /: 'str' and 'str'

Holwkel o], finally & BE Aol d3gUth F 2293 WA 28 TypeError = except
Aol of sl 225 A &l finally o] A Fol Al dofdy

AA AZE] 58 ZRIAPNA, finally L 7 AAE AS S wl, 524 1A obd Ao} AAQLel], 1
AH & Wb she o f- 8 Ut (oY M ER A 9 22 2 S).
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2
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[

ok

rlr
£

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

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

ol Add 5o, £ A st d 2A VTS HEE, 9 f = 34 @9 U 3L 2o, v g
dold s e SAES AlTste AA S 159 A A o] AMdS A
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« PFEA BAR L, A R 2nxt A Y o] 25 TFFU

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

e AT HAHY) AFzEFA REY DY o] FES TTIYUY

. P UEel AN L) b A Re) 2nmt g o] S5 THFL g o 2 FHYULh
If a name is declared global, then all references and assignments go directly to the next-to-last scope containing the
module’ s global names. To rebind variables found outside of the innermost scope, the nonlocal statement can be

used; if not declared nonlocal, those variables are read-only (an attempt to write to such a variable will simply create a
new local variable in the innermost scope, leaving the identically named outer variable unchanged).
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global £& 54 W47t Ao Anzol] gon 230 AA AT ook 2 71e) A Wl 4182 4 Atk
nonlocal B B4 W47t e Ae ARz Qlov] 130 AR AT oloF & A AU T

9.21 ARZo} 0| 27t 0

o] A2 oA ME T2 AT 28} o] 5 FIHE IR 8L, global Fnonlocal o] A4 AZ e oW &
FEAE BAFE gk

o

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"

(THS seTAT ol A1)
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do_local ()

print ("After local assignment:", spam)
do_nonlocal ()

print ("After nonlocal assignment:", spam)
do_global ()

print ("After global assignment:", spam)

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

oA 2= E9e ol FA Uk

After local assignment: test spam

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

olg@A A< tf g o] (o] Aol 71 =AY scope_test 2] spam A B vFEA] Aol 72 3HH 8. nonlocal
t 2 scope_test 2] spam A A& VH Il global Y-S & +59 A2 2 vhr Yt

global B¢ Aol spam o A4 0] Ytk A & 4 51T

9.3 A LIe| X Ofut

Selae e A EHAA AL AABIA R A A NEES EFFUS

rlr

9.3.1 EaiA Heo|

S Ao 7P e FE e ol FA AZS Ut

class ClassName:
<statement-1>

<statement-N>

4 e (et B)AE, SN2 A& ol Bt 4717 ASNAE WA s ojof Gtk (AT
Sejs B if o B BS PR $ 4 A5 Ueh

Aoz, s Y R BHES UE G5 4 S0l AW, 2 RHEE AgHu gz LB}
YU ol o] FAZ Sobe AUtk Fels el G5 Aol WE, MAE 5 Foke JFS
e, S Fel A BES 2Tk — thA], o A2 Aol A A5 Uk

e B ol AT ul, Al 0§ F7ho] HEAAL A AT mT AFHUTG— 1AM, BE A W5E
29 gL o] Af o] BIFOZ Ltk 53], B A 4] 49 o B ool AAF L.

e A7 (22 S AYAoR Bd ), Fehx AR RSP UL o 2L 7| EH 02 Feh s Ao
ol BE o)A o] kel EEES AL AN ALk T A AN Selx AR o) tha ol w5 A
Utk A1) A9 2327k (Fe2 3 o7k AA fEFA 2) A A 31, Se2 AR S
o) Ao AT A ol Zeh2 ol F (o] 4] ClassName) O 2 o] 7]o] A 2H vk,
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EYHE Iz AHLHE 2 EHE AT YT obj.name. 20}E
oA ] FH 2 o] F w1 YW BE o5 4Tk TA, S

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

def f(self):
return 'hello world'

MyClass.i &MyClass.f = 2HE AJEZRE #21, 77 A g4 A S S5 UL S92 0B

SRES UARFE oI, Y S B uyClass.: o kg WA+ AUtk _doc_ % A £u2

OJEFHEL, FH o &= E~EYS EHEFUYTH "A simple example class"

295 A28s BES] £ B4 BAUS ARTUG ZA2 A FALY A A2EsE EHR
°

of (o] EH2E 7HEsH):

rr

é
ck
AW
¥
2
mlru
]

ﬂAHUPOl °1£%_¢§ A= vt

def = init_ (self
self.data = []

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

x = MyClass ()

8 _init_ () ANEEH 52 FA4S A A M # dsUth 2 A4S Fda dads
e diAte _,_o]z] OVP%% _init () B AEHUH & S0,

>>> 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)
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oj A Q2E s AR RAS 5 SR AT AR} o33 28 GIhA AL olERHE Fx
Ut F A R o] Sub2 o ERRE o] go] gtk HlolE o= RES M A=,
HolE o] EYRE £ 2EEFY “A2®A UL of, C++ 9 “dlo]E] AW o st tlo]E o] E g
FE+AAE 28 glsyth A WA, A dd2 o sfojduch A& Sof, x 7F f ol A 503
MyClass o Ax®law, Bha ) 2 fE 27he =d o] 2 §lo] 7k 16 2 AT Th:
x.counter = 1
while x.counter < 10:

x.counter = x.counter * 2

print (x.counter)
del x.counter

EA2EHAEGRE FRE=HAE JUTEH wIA == AAof “Eot=" YU th (Fho] M oA, WA =
gt foj= A A2 2ot AR H A G UTh e AA FEE WA EE 7HE S dFUTE A&
E9}, 2]2E 21 A= append, insert, remove, sort 53 Z2 HA =5 ZE5 U AT o 2 2] :=29] o A,
YA o2 AF3A] b= 3 HA = ghe S0l & Sl Jd2ad A AR v =tk AR A Y Utt)
AXE A AR EnLE WA= o] 52 249 Zeixdd S AT U A4, T AAA S BE
AEYRESZ Ao AT HAESS FoFUth A 2 AA A, x. £ = 20 HA =
Fz oY, MyClass. f 7} @0l 7l | =Y Uth 3tA vk x. i &= 22 A ¢k2d|, MyClass. i 7} &7} oby 7]
ZJdYch 1 ,x.f £ MyClass.f 2} Z-& Zlo] op Ut} — o] A2 3 AA| 7} of et WA = A A
o}

9.3.4 HIAME ZHA|

HE dA=Es dd5 A 22 gtk

’X.f()
MyClass oo A, o] & #AQ 'hello world' § E8FYTh AL HAEE SA S22 I8+
dauth x. £ £ HAE AR, ALE 3ol 529 5 5T o8 Sol:
xf = x.f
while True:

print (x£f())
=993 A% hello world S A4}
A= 55 W) Gl o Yol Yo7 £ () o] B4 AT AXE AP0l = B73L, ol A
x.£0 & AR Qo] B2E 2 FobAL AYUITh Ak o BA W A71 FA3 sho| ML AxE DR
e BB A4 glo] EEHY I E AoAUTH- AR A RE AHEH A T w -
AAZ, RS FS AT 5 AUtk S SRFL A AR G5 3 AR ARz A
dechs AQUch S8 ool A, £2 x.£ () £ B85 MyClass. £ (x) %55 AU A0 2, n 7))
QAAEe] B2 o2 WACE 3EHE 2L, 3 WAl Azt ol A=) AxEA AR E YA BE AR
=2oz 43t B4E 523 AR B5PUT
oF2) B A =7} o BA] F A=A o] 5HA RACHA, TEL AL Fo] ofnb RAE RYFA BE 5
92 AQUth Holg oj= e REstohd A8 s o HES F25W, 2R Sehast dAF Utk
BHoF 7 o] S o] 34 AR Q) LuLE el o B RER, AaEs A9 Y2 BAW B4 AR E (Fhe)7) =
A S L) 34 AA o B oA HAE AAE WEUTE o Ao WA= A UL WA= A7}
A BZEOR TEHW, A2HA ARG A BZE0RRY A AR B2o] THH F, F5 AXE o] A
A BE o7 T &I}
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class Dog:

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

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

>>> d.kind # shared by all dogs
'canine'

>>> e.kind # shared by all dogs
'canine'

>>> d.name # unique to d

'Fido'

>>> e.name # unique to e
'Buddy’

MU el 22 b AA 7 Foj D o F vl olH =
1S S0, = ZENA micks | 2EE 2 S UG E AFEH A
75 7] W&y

o] &7} 2 Ao] 23k Ty
AR %9 BDE B
Shokol o, 3hitel 2~

class Dog:
tricks = [] # mistaken use of a class variable

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

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

>>> d = Dog('Fido")

>>> e = Dog('Buddy")

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

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

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

P4, 2ea0) Suhe 47 dAEA WSS el oF F 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')

(= el ATT A
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>>> d.add_trick ('roll over')
>>> e.add_trick('play dead")
>>> d.tricks
['roll over']
>>> e.tricks
['"play dead']

9.4 7|El FAlES

Q2T 29} Zehs BEOIA 2L o2 HE o[ o] $45Y, el HE 23] L A2UAZ SATY Tk

>>> 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

HolE o] E2 HEL WALS B ohleh ARl AW Ag A (“FeolAE) o] A F2T
it 2 AR, 22t 2525 F3A 0 o HP S TR 48D A

sho] el A1 = o o & 2-& 24 &
F@e Bastid 78 A4S
shol 4 gl A AHEE 4 A5 U

)
ZetolAE L HolE o EPHES 2A2HYA AgS o Futh— Setol ol

>
= >
NZ]{

e o
P

b
ox, O,
i %

=t ol oJERES A
el WA EE] o5 A E B4 52 B 4 AUt 2Tl AEL o E 5L W5t @
MASEY GRS A BUE 1E A Hlole = HES AnEs AR 748 FE 9go]
Fol sl e — ohA) kB A A€l g 9T 5 9 gt

WA E Skl A HlolE ol =g HES( ! e L AE o2
AAZ NS HEHS EATHE 22 A HAHUTh A EE Fol B ) A W5e A2 A WSS
=5% et fedth

2%, WA= 3 WA dAbE self ehn BT o] AL B
TR 53 o u| S 2A FEUTh A, o] 7S =

e Eo) 97)o] BASIL, Ses ek A Z2IDE o] T FHo] o EFHET A5
e LS

Sejs e HE RE B5E T 2 A dads
Hojo] BaE Aoz £2AY B2t 9l

Furtt o & Sol:

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

class C:
f = f1

(THE seTATol A1)
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def g(self):
return 'hello world'

h =g
o|Al £, 9, h v BEF ¥ AAE 7tel 7l S WAL C Y AAEYREL, ZHHOR oS EFC 9 g
Aasel WA EdUtt—h = J83) g 9 55T o) AL 229 SAE A A 279

Shehe ol o) 5hA 2.
WA EE self A MAE fERRES ASHN HE HAEE T5T 5 d5Uth

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

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

def addtwice(self, x):
self.add(x)
self.add(x)

Ee du SR TIAR A o5 FX2E F A5 UTh A=) 2 A A3 xE T3
dolg xddte REdUTh (Bdlae 23 dY 2722 ARH A Ut A=A L‘?i tlolEH S
u

NET FE o 58 A9 BA RoAAT, 4o 232 g AU AESE o2l A 9} e
Q7R Aol 23 m0] Bo) T gareh vl A Bek ofuie}, 130] AL EH Pel BEE WA S} AL
S Qlthe AYUTH BE, WA S 285 Fehs AL o] A sxmo] GOl 3, thE A0 A H A
ShAAlY) S AE F25E A3 @K £ ol fE B E AQUh

Z o
= 1 = o -
2+ e AR, an e e (3 olgtns Bath 2 25Ut o] AL object . class_ ol A& o

AN
9.5 A=
EE 5SS AGeA e Aol 72 “FHl v e ol ES B WI ZHA 7 fls Ad Yk 34
A2 FYgY EH2 ol gA B ASUTH

class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

o] & BaseClassName 2 3A |~ A9
o] 59 Ao thE Yoo A E
SB g

£ 2o 2o Ho5 o] glofof FUTh wol s Fe o
etk o 8 Sol, Wol 2 Fe) 27k the RE) Bo5of 92 )

class DerivedClassName (modname.BaseClassName) :

shA 2ol el Ay e e
o271 g Ut o AL oEPRE F2E FHT W) ASF Uk
W7 A oFowl wlo] s 2
o FAL AN Ao A&
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g Fefae AaEH A E7] o] S sE A2 gl Uth: DerivedClassName () & 2L |29 Af AAAaH
25 Ve UTh WA E 2+ o3 Zo] 28 g Uth U3t Sl L o EYREV A =, B 254
Hola ZEfao A E Bt a W Yt o] Zo] 4 A E St WA= Fx2 & St Ut

g ZHae ol FH2 HAEES AT 5 AdFUTE WA= 22 AA Y 2 mAEE
TETu SET AR A2 AL gleng wojx Seie] Hod e MM EE EE sk Mol FE 29
HAEE ARYA s S X EE TE6A FUth (C+ Z2 2 E St HH O E: Tho] A9
BEYAEEAAIAHOZ virtual YYth)

g Fefaol A AAYGH HAETL 22 o] 59 WojA FEA HAEE Ted] ZobA 7| B AR
< st A = AsUth wlols FHAA HMES A TEdke I el suth &4
BaseClassName.methodname (self, arguments) & 2Z3tH F Ut o]AL uj & ZTfo|AdENAE
Z£271 g5 Utk (o] A& Wolx FH A7 AY AFZ oA BaseClassName 22 AA| 2 E 4 S oot
3ol o)A 2

Stol Aol & 443} B AT 4 Uk T e W B4 Tk

A
o J2E2 FE AASH W isinstance () & A& YT isinstance (obj, int) & obj.
t Avtint oA 33E FefAA BT True 7 Y th

S FES AASE W issubclass () 8 AFEE YT issubclass (bool, int) & True ¢IH],
bool ©] int o] JH Fef2o]7] YUttt ATk issubclass (float, int) & False Qd],
float = int Y AHB ZH A7} o 7] W &A Y

-

9.5.1 CI= A=

vpol W2 05 445 = ATk o2 e wlolx S AE e SHA A= old A Ytk

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

<statement-N>

R SR, M e Ao, R FHa
AZ A LB2ZFoR, AS FRAN AA= 2 Z
A, A EHF r
Basel 9] "]o]A~
it

A, ol AR THE R H B UTH WA E 24 A4+ super () 2O FHAA TS A D] A8
=Aog WAF YL o] AW B 0} 2 t}E AF2 o] o] S o A] call-next-method 2} L&l A 91, &
&4 o] ol A W H <= super B

=
=
A A7 2% ol e, BE T

54 = Y40] A9 st 22 o] 4o thofof = A (o] R S
F ot P vt S AEERH o A2 E S8 QM2 He A9 E U7 gE2G U oA E £,
BE Fdl& = object & ASTEH] W 2ol, B thE 4E5-2 object o] o2& oY A2 E AFFUTh
Hlo|x ZEjaso]l of g W A2 H 2] A sh L, T4 dargEol AN £AE AP d ek, 24 2d s
NA AFH AZNA LBEZOR 7 A E HESH, 2 R E QA Mt T &6, T2 A (RS2
A FFS FA FoWA AE ZHAE s 5 Atk YU gU D o =& W Uth 25 3
AHEE o, ol A2 T A4S0 AFAY J FFA e FH2ES AAT S =S vE UL o
ZEA B W82, https:/ /www.python.org/download/releases/2.3/mro/ S R Al &
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9.6 H|ZJH Hp

AR WHoANARE A 2T 5 s “HlF 7”7 A2 A= o] Mo EAs1A] 5y th kA F T 7
vpold T =o)X ma 1l Q= o] dsUth REE A& s o] F2 (€ S9°], _spam) API¢] #7}11—101 ]
U FEoE FAFH o dUt (2 A 0] &, WA E, HolH ®HF Folo]d Zell). 738 Aol FH
glol MAs = i dos Has oo g

Sa-vl3 N B EY SutE A7 QOB E (S A B FHaodA FH o]l 55HY FEL I oA,
o5 F 41 7] (name mangling) 2il & 2]+ W AU 3ol EHf‘P Agte A Yol 5yt __spam FH Y (FH A F
Mo =7 A17ela, .JEH 5]— Mo deEz ZdUth B2 /i,Elj_Z]-—‘:— classname_ _spam Z HAE FHo=F
2| 2t= =1, classname 2 H XY :’ﬂP‘ o] FollA gl & AAS ZAFUTLE ol F4l71+= S
Aol 5k o4, AE ALY B A 9 X9 FAEA 3

TEANNE TAL G0 A BEEWASA YR AL FAAE AA=EAZAR S A
NN ER

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

ot %

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)

$19] o= MappingSubclass 7t __update AEAE £ stH 2tE 2HE U T Mapping el 20X+
_Mapping__update & MappingSubclass Z#| 2o A= _MappingSubclass_ update & Z+Z+ th A

7] 24yt

HA7 FHAL Az AL E 95 A AAFH JkE Ao FYFIAL; A A HENE HAFHE HFLES
AN 2FFAY AT = JdFUTH o] AL U AL} 22 583 A3 oA &8 7|23 Ut

exec () Yeval () 2 A8H F=E= S5 E3+= %Eﬂéfﬂ 2ol A FHAZE A7) A] =t A
Z O FHA| 2 o] AL global o] B9} GAS Y], 7} 3 vlolE-Astd " = A Ut e
A kol _dict_% A3 AT o Bk ol getattr (), setattr(),delattr () A= FEF Yt}

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:

(THE seTATol A1)
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name: str
dept: str
salary: int

>>> john = Employee('john', 'computer lab', 1000)
>>> john.dept

'computer lab'

>>> john.salary

1000

, 5 2O E B iAES Ful W= e~
H ol B2 T Wisls a7 Q1S u) )
() & readline () & A 23 ZYPAS Bt T A}

)

ZrEZUthm.__self EWAEm() I AFs AxE2x Ao,

2 o o 4 i
oz &> o

A ) A .

>

=

o

o

it

40,

rr

=

X

[

=

0]

Q

Q.

E
_ func___ ——UWH o AF

9.8 O|E{&|O|E]

M

AFE otute of B2 2o AEl o]y AAES for T8 F 3

ofl
]
4>
30,
o
o

= Addeh

EA

for element in [1, 2, 37:
print (element)

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

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

for char in "123":
print (char)

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

ol%) ~Ehele] At YRS, S el e OBl o]E S ALg o sholalo] mHele T B
Huth Fdf Foll A, fo r%%i’i |l AR el thaf iter () & ZUL‘/]"/} o] = MAE __next_ ()
£ BYst= olHE olH AAE EHF ), o] A== 74‘3] oly 9 8 AEES S W sy AM AT
279 e™,  next_ () = StopIteration A E o AA for FLo ZTEE YT

o]

T E AFSA _next_ () FINEE ZE2T F A5 | = o] BE AEo] oEA
Fatel=A) HoF U
>>> s = 'abc'
>>> it = iter(s)

>>> 1t

<str_iterator object at 0x10c90e650>

>>> next (it)

lal

>>> next (it)

"

>>> next (it)

'CI

>>> next (it)

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

(THS seTATol A1)
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next (1it)
Stoplteration
olHeE oy 22 &9 ﬂ°ﬂ AevAUES AHEY, A22Y S8 Oﬂ olHd oy &= 4A 712
T ASYTh __next_ Uﬂ*ﬂ‘: /MR AAE EHFE _iter_ () FINEE Z*ﬂ?i‘%\:‘r S 27t
7next7() £ 39 T'SH“‘;,ilter () EdFselft EEHEF 9&%1414

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

mmn

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)

nw v oo B -

9.9 A||O0|E]

A e o 8 = ol &l o] 1EUP = et AYd = duth bR A gAY AEHA e =
2]l AS wvit yield 28 AHSF Y TR AV @ o o next ( 7} 522 gjubch, AU 2ol Bl & w
XA A= ZWH“HT/HU = tlolE =%l UV]“* 2 AYHUE=A 719 dUnh. 9=

1
Aelol e g AaT FEE 47 U 5 98

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

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

Q O H Hh o

Areolgz &4 Qe ZE AL & 2o/ A 3xel 22 7Rt ojHeolHEx & 5 lsyth Ay
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ol 7t tdst o] f &= __iter () & __next_ () WAZEZIAZEZE BHEA A7 Wl =LY
TS 2 75 XY A4S A A & ol A5 e g HAHE L= AJUTh o] AL self.
index W} self.data &} 22 A€ AL E ARS8t 2o vas] &4& 27 g1 Y5344 5

U,

A% v A= T 223 Jee) Aol B, AvdelE} 2 ¥ 0 4F O stoplteration
Qo Utk 25, o] 550l Au AL E AL AWF ol HelolHE BE/] 47 BHEUTh

9.10 X|LH|0|E] ESAl

e Al g ol Bl = Bl AE Az el AT 0 LA w2 E A TEE A B AT EE Y
o2 PASA TR 5 Y5 U o] EAASL FeiAs Gt Ao e S 5 A 8ol 4BL 95
AAEJFUTE Al g olH 2842 43 Al gl ol Aol H ot A s A v 54 Eol AL, v E
faE Amod T R E Q at Aeel ded)

of:

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

285

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

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

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

260

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

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

>>> data = 'golf'
>>> list(data[i] for i in range(len(data)-1, -1, -1))
['f', Vl', lO', lg‘]
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=

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

>>> import os

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

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

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

0s 9 2E 2 HER AL W, W dir () Frhelp() BHE thEY 902 227 Y& th

>>> import os

>>> dir (os)

<returns a list of all module functions>

>>> help (os)

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

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

>>> import shutil

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

>>> shutil.move ('/build/executables', 'installdir')
'installdir'
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10.2 i iel=3ie

glob BEL U He SY=sE AN 02 Y BEL BEL F5E AF T

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

AutAQ FEEE 2THEE TF HHY AAE Ao T 87 JdFUTh o] AAEL sys BEY
argy EZ|HE g|l2EZ AZAFI YL oA & £9, 9839 Aq python demo.py one two three &
Agstd o33 22 23t 2898 Ut

>>> import sys
>>> print (sys.argv)

['demo.py', 'one', 'two', 'three']
argparse RE2 Y& £ AAE A sl o At v AYEZ S ATFULE thg 2T HEE 3 o] 49
stdy Aoz AT E £ FEFUh

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.txtE A}R5te] W& S AP uf, ~3HE
args.linesE& 5%, args.filenamesE ['alpha.txt', 'beta.txt']Z AATYr}.

rlr

104 Oz &€ 2|C|EMI T2 S &

sys BE 2 stdin, stdout, stderr ) E ] FE X ZF31 95 . 7P oA g AL stdour ©] BUHE FH S W=
E 5 e dasdy v Es S8st=d &2 7 dsyth

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

~aYES FEIHE A AT

2~

AWML sys.exit () E2E AUtk
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re 52 1F vAE A2 AT AFH EFsS AU B i A3 22e A6, A2 02

>>> import re

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

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

'cat in the hat'

92 g 7 s Ao A fole, RAE MAESol AoE e 97 Fa gw Aol 47 Witk

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

>>> import math

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

>>> math.log (1024, 2)

10.0

random 2 EE T4 AHES T+ Y+ 5752 AFFYUTH

>>> import random

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

'apple'

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

>>> random.random () # random float

0.17970987693706186

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

4

statistics 282 T4 HolH e 7|24 A4 S45< (B, 4%, 4, 55) ALy

>>> import statistics

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

1.6071428571428572

>>> statistics.median (data)

1.25

>>> statistics.variance (data)

1.3720238095238095

SciPy = 2 A E <htips://scipy.org> = th& £ X] AAE R EES Wol 2t JF5 Yt
10.5. 22Xl ol &l of=! 91
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10.7 QIE{4ll HM|A

AJHUS AN 2SI JBU 22 EFE5S A 8ot B2 BEo| dsUth 7HE a3 7 7l URLO A
HolHE ¢Jo]J2+urllib.request & H IS By &= smtpllb AU}

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

Beware the Ides of March.

mnm u)

>>> server.quit ()

(7 WA o= localhost ol A] | & A ¥ 7} A 3= 31 9l o] of Fhrh= Aol F22] 5HA| 2..)

10.8 =M} A|ZE

datetime BE S WS A|7hE 2ATE Fe 2SS AT, D YT B P BF ATY
TR A A0 %] AR Y FH 2 A8 o Bl e Aol maon W E 20
ol 2AA YUtk BEL AR E ness AASE AQ g

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

>>> now
datetime.date (2003, 12, 2)
>>> now.strftime ("%m-5d-%y. %d %b %Y is a %A on the 2%d day of %B.")

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

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

>>> age = now - birthday

>>> age.days

14368
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10.9 O|O|E| &F

kAol ol B B W gHE FAS
zipfile, tarfile

=3 22 2Eso A4 ALdF¥Yth: z1ib, gzip, bz2, 1zma,

e

>>> 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

Q8 oA AHEAE S e BA) 3 hE H2WEY HHAA 45 shetste 2 BUS T
itk stol e oldl ARE O] FA §E Fi 54 £ 18 AFFUL

N Sof, AAES DTS AEH N YA Aol 52 Y3} A AL AFHA = F 5L 2
S Qg yth timeit BES A% 4% ol 42 A% HelFUnh

>>> from timeit import Timer
>>> Timer ('t=a; a=b; b=t', 'a
0.57535828626024577

>>> Timer('a,b = b,a', 'a=1; b=2").timeit ()
0.54962537085770791

Il
=
~.

b=2") .timeit ()

timeit & AEE= R H O 2, profile Y pstats BES Z EF Z oA AT AA AFLE A

7 98 =7 5S Al

solabe = guTh,

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

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

men

return sum(values) / len(values)

(TS sl AToT A
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(o] A o] A A A AL)
import doctest
doctest.testmod () # automatically validate the embedded tests
unittest EE2doctest REWE HA 2 A2 oYX 7h HL XL XA HAE JTS HEO gld =z #g
4 A Tt
import unittest
class TestStatisticalFunctions (unittest.TestCase) :
def test_average(self):
self.assertEqual (average ([20, 30, 70]), 40.0)
self.assertEqual (round (average([1, 5, 7]1), 1), 4.3)
with self.assertRaises (ZeroDivisionError) :
average ([])
with self.assertRaises (TypeError) :
average (20, 30, 70)
unittest.main () # Calling from the command line invokes all tests

10.12 HiE{2|7} =SHEIL|C}

ol e el LR A 2 YT ol w2749 duda 498 )
H4 & e g 5

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

« email 3} 7] A= MIME 9 7] B} RFC 2822 7|9t Wl A] ] A & 283t A2}l G WA A& &3]
At golrg g guch AAE HAAE B P smtplib 2 poplib 2H= &2, email 5H7V]%
Bapa A T2 (A0 5 23) B AAAG RS A AR 22T T A%
7918 g el w4 1A 2 92U o

« json # 7| A= g AR E = HlolH e P A2 %*1'3}7]-&?} A3 AL ATH U csv EELS

] ]E}H—]] ]/\3}/\_1_31]1:/\]1501],\1 0113}}4 Oix] 045] L UL :r"—t&% %l—‘é‘ 3 Al oi_—l]_ol Kol xl;q 011_77_

F AEE YUYtk XML A 8]+ xml.etree.ElementTree, xml.dom % xml.sax JH7] ] o

ofsf) A Ag Uth. olelst 5} o 7] A & A AHE-sHE Thol Xl & EEZ‘“’@#E}L T 2k Hl ol

o] A A YT

+ sglite3 ®E- SQLite t] o] B ] o] 2 2}o] H 2 2] 2] aM old], °k7} ¥ & SQL &S AH&-3lo] ¢t
OJEH I HA 2 E 5 = HAILPHE d o] B o] 25 ATt

o
o A &= gettext, locale, 181l codecs H 7| A& 23 W2 BEo g3l A dg Yth

olr
o

Sl

El Lml&
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HE Bt0|EeE| 827 — 287

reprlib BE2 AV ZA $34 AH WY Fe & v~
HAS ATy h

i

g o] & 93 A2Euto]2H repr() 9

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

pprint RELS AEZAH /L S 5 At PO WF AN AEA A ANE A5 AL Kot
AW A Aol F 5 YA Fuk. 2347} 3 ERC R S S e
g T2E ok B ek Utk

>>> 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']]]

textwrap REL HAEY Ehd =0l 7 39 viu]o] @A ZH3 o}

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

(= el ATl A
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R s S e e P I )

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

9] o o] gf nl o] 2~ 0] MA| 2 FF T}, locale 2] format $F4=2] grouping

locale EEL B3ld EA Hojg =9
Z zjgsls I H A v A2t}

JEIREE IF T VIZE XA

>>> 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 ("%d", x, grouping=True)

'1,234,567"

>>> locale.format_string (" ", (conv]['currency_ symbol'],
conv|'frac_digits'], x), grouping=True)

'$1,234,567.80"

XL
11.2 sz 2l
string B& & ChAlths @ Tenplate S 28 £ Yed], 5 L84 APl Add Bed
WL 2T A UTE Gob A B A 38 22198 WA BUE S T2 1S ALH o] 2T
& gy,
D42 s o RRT T8 A AR (F5A9 BE) 2 BE0l AL EAR o] 5L ASFUITE FREE A}
Foto] Al BAAE SHAE B0l F5AEARZER T 5 AU §5 2 AW 1 o] 2 o] =
g5 8 vtk

>>> from string import Template

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

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

=

substitute () WA E+ A FEAAZF AV Y 7| HE AAE A5 A S HH KeyError & ¢
oUth MY WY 28U S§ =2 AP 4G AT UoHA EHAT 5 o
sate_substitute() WAZA B A4 5 Ytk tole 7t ret © 49 Ae TAAE WA oA
syth:

>>> t = Template('Return the $item to S$owner.')

>>> d = dict(item='unladen swallow')

>>> t.substitute (d)
Traceback (most recent call last):

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

Template A8 Se AL 87 o] TEAE AFL S Atk A ol AW HekeAE AP AP
o2 7] FEEE s AR GA, o m A AAA AT EE Y FAT 2L AL EA A WEE ST E
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L

n@

F gguth

=5

>>> import time, os.path

>>> photofiles = ['img 1074.7pg’,

>>> class BatchRename (Template) :
delimiter '3

>>> fmt input (
Enter rename style (%

d-date
>>> t =
>>> date
>>> for i,
base, ext
newname
print ('{0

BatchRename (fmt)
time.strftime ('

2d%b%y ")

—=>

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

'img_1076.3pg"',

'Enter rename style
%n—-seqnum

'img_1077.3pg"']

(%d-date
$f-format) :

¥n—-seqnum 3sf—format) :

Ashley_%n%f

filename in enumerate (photofiles):
os.path.splitext (filename)
t.substitute (d=date,
'.format (filename,

f=ext)
newname) )

n=i,

2o

11.3 H}O|L42| 4|O]E] &l

struct REL 7} Z o] vloj g #HZE
th o A A= zipfile RES AFE31A]

wygn 94_ g = 7_]'—2_']—2]:]]_0]5%4]:]}_0]3;_9] _‘?__i

Hhol £ £41 8 102 e U o

02 280 o =3 g 4o AE AFglof| A 5553
XML Jer SEO! E-]]/\E EJ_/H 2 HTML ¢ 2 31 4] o] th 8t #

A= HY x|

l>

X

i °‘t‘
o
rr g

63 AR E 2+ 75]—7] 3k pack(
P

import struct

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

data f.read()

start = 0
for i in range(3):
start += 14
fields struct.unpack (
crc32,

'"<IITHH'
uncomp_size,

comp_size,

start += 16
filename
start += filenamesize
extra
print (filename,

hex (crc32),

start += extra_size + comp_size

filenamesize,

comp_size,

# show the first 3 file headers

, data[start:start+16])

extra_size fields

data[start:start+filenamesize]

data[start:start+extra_size]

uncomp_size)

# skip to the next header

11.3. H}O|LH2| HIO|H 3 ZE HiX| =
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114 C}= AyE

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

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

import threading, zipfile

class AsyncZip (threading.Thread):

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

self.outfile = outfile

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

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

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

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

U5 2dE S8 22 IR b 2 BAGL UolE £E e AL FRAL AAEE 2HE Y
Ytk o & 913} threading BES %, oM, 24 W5 L AVHES] S HZ BB 59 579} /| ¥ 822

AT,

Ao e A2 AL Adoll e BE IH2E dd 28 =0 JF AT th queue EE=
ARgSlo] s s = thE 2d =] 23S AlFste AYUth 2d= T FA 9 242 A8 Queue
AAE AH&ote 58 22l A 4L, 7] 4L, Aol E5uth

115 224

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

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')

2 e 2 A7) B H Uk
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WARNING:root:Warning:config file server.conf not found
ERROR:root:Error occurred
CRITICAL:root:Critical error -- shutting down

Z1BARog AR W HAAE ZAEA 1 282 2= o HE R YL b2 28 M+
A g, dojg 13, 271 =& HTTP AW E 53 fA]A g¢"o] 2P Ut MZL e+ WA
2 X290 g} o} = g gS A9 T 4~ 9l U th DEBUG, INFO, WARNING, ERROR, 22 1 CRITICAL.
Z A NadL gtol Mo A A H FA3HA Z2 WS WA A AFS A G 2 7S H8l AR A
ZFARAS ¢ e A gdo A 2= & 5 dF Ut

Jpol W2 ApF W] el (HFE AA ol i F=x A5 34 9 &S A A7 AT 7h A =) E
ST vz ele A v 2271 A A" A6l oA E U,

ol 2T EY & 22 Z ZFsA T W2 e AE0 o8] AHEE = Sl AAE
ZAsloF ¢ BR7t ASUTh BRIAL, 9X 1TAES 2 AL AVORE 152 P AR BEE
HEE PEUT weakref RES F2T WEA 92 AAE F42 5 Jr 72 AZIITE A7 7 I
2 Q 3}A] ¢F o weakref B o] B0 A A A 7} AF5 2 2 A A 3L weakref 2] Aol o §F F W o] E ] AF UL}
Qv Q) Sl = Bhe = o] Wl go] Bho] == A A4 o] E£3HE T}

v

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

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

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

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

d['primary'] # entry was automatically removed

File "C:/python310/1lib/weakref.py", line 46, in _ getitem_
o = self.datalkey] ()
KeyError: 'primary'

—t
—t
o
12
ret
1]
A
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YZ o oz B HoyH 12 818 $F5AZ = dsdth 28wz tE2 A5 45 A7
Je ety Tdo) e+ JdHyTh

array EE-2 array () AAE AU th o] AA = %?w_‘z—*'?l g o) E wh-S A At B} 2 A A A5
= 2 AEQ 5 Ut oS o A= shol A int 2| o] Y wl HQEJ BEAE FET 16U EE A3l
tj2lof, 28ke] EQ BT gl o] A A (F ZE "M E AGE A WS HolF U

>>> from array import array

>>> a = array('H', [4000, 10, 700, 222221])
>>> sum(a)

26932

>>> al[l:3]

array ('H', [10, 7001)

collections BE-2 deque () AAE AFFYTH o] AA &= AZF oA o w2 A F7HFHA] T 5 kol A
o 23 =¢ =F grEG ZF UL o] AA= 7€ E o] A4 E AN —??ﬂ"ﬁ}% o &gy ok

>>> from collections import deque

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

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

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

HeHA 2| AE Fd ok gholBHejgle AEH 2| AEE 24 4 50] Y bisect REL L2 THE
EFEAFFUTH

>>> 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'")]

heapg EE2 44t

2]
00l 48 . 1%
g0 §83h

A5k T8 ATIUT 7P ol 4L I FgAA
2Rz GAAFAT, A BF AP AYSA o

>>> from heapq import heapify, heappop, heappush

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

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

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

100 Chapter 11. ®Z 2l0|E2{2| E&{E 7| — 28
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24 AEE 9%t Decimal Eﬂ olH3IAL AlFaa Yt YH float o] B X
Z

Hae S8l vt 22 Asod 783y
. @QT‘SJ 103 23] 234 58 58 R 7B EE,
- BYUE A,
o WA e A 87 AFES S58ke v Ao,
s FEXAFA, EE
o ARSAE 7é3’+7P Loz AT AT A & AR 7ol 5§
& S0, 704 E 5% Ala2 Axtetd, AR 5 a5 B ol s s v 237t

vebgych 235 7P 72

>>> from decimal import *

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

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

0.73

Decimal AT B ¥ 08 fA8H, 5 HSl FERAE A 3
E—T— S Th Decimal 2 =0 2 3t =88 A dslal o] AR5 4A4H

DAL de wAE JH’J@D}.

AL pecimal Z A7 o)A BE AL Ao AT R 4L REE ALY SSA AAE 3 4

ok

§2

Sk g;

bt o |
i) bkl

30, oX,

X

>>> 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]1*%10) == 1.0

False

decimal &2 2% g AUER s AlTFUth
>>> getcontext () .prec = 36

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

11.8. 102 25 ApH A= 101
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.

AYEZ A3}

This will create the tut orial—-env directory if it doesn’ t exist, and also create directories inside it containing a copy

of the Python interpreter and various supporting files.

’python -m venv tutorial-env
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7 973) QA e e 92 venv Iyt of o 22 el B E Aol N $AA YES S
=, teE 7 2 o 52 AHIE o B AT HAA S Fa LA b5 uth = A5 E 3 (tooling

P

ol Al gstE env &4 W Ao sdHY FE= WA US-
Fea4de wesled, 7Hd 84S 843 5 dsdth

AL A oA AYF

ﬁ
p

\J

r
filo

<
=

’tutorialfenv\Scripts\activate.bat

Unix =+ MacOS 9| A o] Z A A3 gt}

’source tutorial-env/bin/activate

(] 2T P EEbash AL A3 FAE A28, csh =& fish AL A}
2}lactivate.fish 23 HEE AL oF gt}

7}”'31'ﬁ Z/g3tehd, Ao 52 ETAAE o AR T A 7 A
S APt 57 A stojH o] AAFH =5 Th o & Eol:

oo
ok
rlr
oY,
o
=2
rlr
=2
>
9}
Q
a
o
<
s}
=t
0]
(@]
[0)]
jng

filo
kT
£
I
H
r U
o
ftlo
>
oX,
o
£
ol

L

<

j=p
O

=}

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

>>> import sys

>>> sys.path

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

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

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

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

7] 2] o] & A ste] AN WAL H7|AE HAL  dsUth

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

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

Running setup.py install for novas
Successfully installed novas-3.1.1.3

H 7)1 A] o] F FAoll == A WA WZE 2o SHA WAL H7|AE LAT +& YFUth

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

Using cached requests-2.6.0-py2.py3—-none—-any.whl
Installing collected packages: requests
Successfully installed requests-2.6.0
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o] Y-S Al A3, pip = 8T W o] o]u] A F o IS &, o} AR A FHUh o2
HANTE AN 2 WAL A7} pip install —-upgrade & APt 7| A2 HA WAooz
dagel=g 4 JdHF Yt

(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

pip uninstall T3l 3} o] 442 9 7] X] o] Fo] & 7Hd B oA # 7] 2] 7L Al AF Yot
pip show & 54 7)Aol tf3t AR E FA T th:

(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 = 7 &F0 AXH ZE

i)

717 & 2AI YT

(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 & AXd 779 BT FFS WA, pi P install o] 7]thstE F42 AHEEU
AulA o] F AL o] BEES requirements.txt Lo Y= A Jr}:

(tutorial-env) $ pip freeze > requirements.txt
(tutorial-env) $ cat requirements.txt
novas==3.1.1.3

numpy==1.9.2

requests==2.7.0

requirements.txt = WA Aojo] AW o] g eI AR T A FE 4 J5Uth A& A= install
r2REIAQTFIHINAE AXT F IS5 UL

(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))
Collectlng requests==2.7.0 (from -r requirements.txt (line 3))

Installing collected packages: novas, numpy, requests

(THE seTATol A1)
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Running setup.py install for novas
Successfully installed novas-3.1.1.3 numpy-1.9.2 requests-2.7.0

pip ol& B B2 FAo] d5Uth pip o thek A S £ 4] = installing-index 2| & Fa1stA 8. S| 7| A&
2+ S wf] sho]l A o 7] K] M Qloj| A AL-R S 4 9l A &12] W, distributing-index A A& ZF1 A Q.
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O|AM|l & 5tX|?

o] A4 M ¢l A ofuhE shol A Abg o] B Balol =
ﬁ%@%ﬂﬁi%%ﬂ%@ﬂﬂﬂﬂﬂfﬁﬁﬂﬂiﬂ¢

o] A A& Thol el £A AES AR PULE A= thE FA L b2 2EUTh

sfol

Juth — AA ZAE s dst7] S0

library-index:

F eholmeielo] §, 34 % LE] oo e (1] HEHA W A A2 A5 AT o A7
XS SRS ob QT 2 30| M E ol £ Pk T Bhol ERH o] Al §us P BRE
931, HTTPS 53] 48 A5, U8 051, 939 $42 54541, CGl =2 192 4431,
Dol B % 351, 7|8 Be 49 & Aol 2Eo| e holHelel d|H Aa g Fol L H ol

;qo] o]tx] o) 2~ 01/\1/]1-4_

2T »a
installing-index = TF-2 3}o| % AR&2}7F 238 271 RES A A o= W= A o
3

reference-index: -L]-Ol 2] Fx o ] of o gt zpA Sk A
Skt = A F-8 T

EESEEEE

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

https://docs.python.org: o] 2] A A of] w2 A AM A& 4= 5T
https://pypi.org: o] A jl X] = 7} 7] (Cheese Shop) 2= EH ! 5lo] A 3] 7] ] Sl A= Y-S 5= =
A& 2L A 2L shol M BE o] AUt I EE Wi 25H7] Al ZFSHH T AFEE o] 3he ¢ AR F o 7] 9

::n:E_E_%‘oﬂ-/\ 01/\14\;].

https://code. activestate com/recipes/langs/ python/ o] A Q 2] A (Python Cookbook) & B2 F & o
A, EZ22E Y G2 2THE YY) £3] F5 3 53 E-2 Python Cookbook (O’ Reilly &
Associates, ISBN 0-596-00797-3) o] a}% A 52 zﬂ off Etsdth

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

https://scipy.org: Scientific Python Z 2 A E of| = w2 o] G A4+ L 23S 93 2 E JJr A g4, F
HE HAY S, G5 22, A 4 53 22 o2 7HA] 7)1 A E el —LELE] o] sy th

! “Cheese Shop” & Monty Python®] A7 X Ut} A o] X = 7}A o] S0l 7R vk, F= X =7t F oA, AL glvta T3 t).
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E:ﬂ__g] o—?— ‘II'—F 1‘:' comp.lang.python Oﬂ ﬂ]A]ﬁ]—ﬂ14’py[hOH—liSt@pythOH.()l'g
3 AEE. e AR UYY cams Alsdel2 dd e glone o
ol AXE fA A AFo b2 150 Ag Utk 2o 21 7] AXEo| Lk
Eol, Aol HHAGL, A2E 52 AL, M2 2ES BRFUD. I AE A2
https://mail.python.org/pipermail/ o 1% 4t}

AAE7] Aol 2k e & AEE (FAQEHL
W ARl et g AlFstn, oln o2&

ot 4y
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il

Q= 3}o) 916 2] ¥ ¥ AL Kom 4 @ GNU Bash A9 914 7153 4181 84 2 2 97 9 5] A% )
X8+ 2| AU T o] = TheFek 26k o M-S A 8 GNU Readline 2ho] .8 2] 2 ALg-3he] Z@H k.
o] eho Hejeloll = AR WA 7 Q3L o] 7)ol A WEEBEA) & ShrU o

141 & 2t U S|AEZ| BHE

W59 2E o B0 B4 AR H A& A AE 0w B3 H A Tab 717 HE 7152 EEFUH
shol 4 Wel# o) g, AA) A WS W AS 7H5e BE o] S A5 Uth string.a 9 2L PO TRE
FAA A%, AL AT L AbA kS 7o U1, AT AR oS RER HAL A g T,

__getattr__ () MIAEE kA AR RN A¥ W S8 m2ado] 4T A= AP S e
Fol o Tk, 712 AL AHBA QA E 29 python history 2he B E 82 E S A BTG
ohe HaHY Az elE Ao A B AR E ThAl AT 5 AE Uk

14.2 CH3}S QIE{mZ2|E] CHOH

o] 7)%-2 oA Mo AFZ e E ol v a) AWk AU Ty T, @ AR 5% ARl ol T
oJoj A& ol AAT Tol2] L AGATIE F& AQUT (R Theo] Solzy] E2e] B g
FT HUTh. SR AAUZL AT E o A Hlo]BE A8 5 JAxUch AHE B35, L
52 AN (EE AN FIE 482 AU

) 9 5ok ASE AAE B3k ez el el Python <, 9 24, AX) B4 R 1T B Axe) Bl
)5S 253 A5k £k, BRI A £Evho Za A TE S8 Z2 2ol AT 5 AsiTh HaT
& T} 7|48 o) 58 272 bpython Y .
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TSI E pol A A3, 23S A Utk L5 R 71 A ol A, float= ©] L‘C'T‘E:L}\]'F"]L tﬂ
F/FH MEZRH AlZFetE S3HIEE 2AME AS-51aL, 29 ﬂ‘xﬂ & TE EREE AREE U 1/109] B,
2 B2=3602879701896397 / 2 ** 55 old], AA gk 1/103} 7 2] 2R v A B3] 2R = k)
F2 AHE AR fhol EAIE = o“ﬁ 2ol ZAHE A4 sFA] XUt shol 2 7 Aol A3 o] 1 24k
17 A groll ek A 2202 AR Eduh 72 71 A A, UP“J} ool 0.1 A 7H o]
o] A AR S 9o tE 3 ol A oF it

0.1000000000000000055511151231257827021181583404541015625

o1 ALt Aheto] §-85Th A e ARTHELS SAtol B, shol A e B 7he T4l EA) 5]

FAHE thE WAl T Ut

>>> 1 / 10
0.1
A8 A7t e 17109 AA Y R, A4 AZE %L /HE ke BE bsd ol 45d€ 719

SHA &

T AR, A e 24 oA 248 FHEE oY ohe AdS7 A5 UTh o8 5o}, 0.1 0.
10000000000000001 2 0.1000000000000000055511151231257827021181583404541015625 =
T 3602879701896397 / 2 ** 552 ZAFFE UL o] A A o] BF e ZARZNS 5517 W Fof
eval (repr(x)) == x E¥WZ IHE FASGHA 15 stUE ZAT 911’“4‘4

AAH o7, glo| W 222 EQ} YH repr () f“;l—';% T2 =AF17709] 52AF21 0.10000000000000001 =
Ayt shol# 315, oAl o] (& Al2d o A) o] 7hE g2 S g 5 glon, I3
0.1 ¥k &EAI T}

o] Zo] o] R 25e] RAo] 2234 : sholHe] Wk ofun, ol i) T
Shdt sh=slolel 5 2 £ AU WE AojelA Le TR AL B 4 AFUTH
Aol 7 BHoR 5L BE £ oA o & EAA & 5 AA ).

¥
Y ussee 2308 doow, BAY 2o) YL Agetel AT 59 E 24 YT 5 AFUTh

>>> format (math.pi, '.12g') # give 12 significant digits
'3.14159265359"'

>>> format (math.pi, '.2f") # give 2 digits after the point
'3.14"

>>> repr (math.pi)
'3.141592653589793"

o] Z1o], X7 gk o mlof| A, &F A2 7 E+= A o] FRFUTH A 22 s A 7| ALY FA] & v
53 gl Utk
shbe] BE thE S W2 T AU dlE 591,012 B3] 1/100] ob B E,0.19] Al 7HE &3t 2
A A5 030] o gt}
>> 1 4+ .1 + .1 == .3
False

£ 012 17109 A&3 gholl o 7H7hY 2 5 913, 035 3/109) A &3 gho] o 7793 = gleng,
round () & v g M= AL T2 HA duych
>>> round (.1, 1) + round(.1, 1) + round(.1, 1) == round(.3, 1)

False

[
p)
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542 =& A gol B %A BE 4 9AT, round () T AR WS Yol §-850] R
ke M AnE Az M 5 9 g

>>> round(.1 + .1 + .1, 10) == round(.3, 10)

True

Binary floating-point arithmetic holds many surprises like this. The problem with “0.1” is explained in precise detail
below, in the “Representation Error” section. See The Perils of Floating Point for a more complete account of other
common surprises.

Zo] 77ke] 2.W W, 412
5}o] 4 float AAFS] o] B = H5 7 3
A B S8 heh o] 6 A el Bt ol 30k AT A3 0 ol
float 91 4kofl A 2 W& of el 7 WA 4 the Be B4 s of o,

TR A9 TATAD, LU E 2 UL EIE AYLL, GEAAF AR A
HE str 2

Ase dedda LG e A 0 g A,

Ao 7 X0 B WS Aol A A S8 223 W 0FY §§ 22 AT 4
= decimal BEES AFLS|HA 8.

s 4‘}%-4 -2 FH s el s 7o R e A% fractions REel A5 A AR Yo (W

ShA] 133} 22 SeAb A #ahA] Lhebd 4 Q5L 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>.

shol 412 of el to] float®] HAT ke WHZ Lolof S S J9B AL 5 P EPEL AT

float.as_integer_ratio () WA EEfloatd =2 B4 2 T3S}

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

Hl&2 A3 ghol 7] w2 ofl, 9 gte &4 flol v == T A S 5 gy th

>>> x == 3537115888337719 / 1125899906842624
True

float.hex () WA= floatE 167 (L o] 16°|th = A 3h=d, A Eloll 21739 A3 ghs FUth

>>> x.hex ()
'0x1.921£f9f01b866ep+1"’

o] et 16714 22 float gh& B3 AT At © AH 2 5 s Uth

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

Edo] Az, sho Aol thE WA o] AA %
A 18k THE oo (<t C99 2-2) 9} vl o] 1 w 3

E OhE §89 £ math. fsum() YU o] FEE P 5 ADE FAL Ak A G
Aol gkol BB A WA “golw & £ AE" & FAFUL H 5 FA ) FFL FE AG7A ol 7} A A
orobA] A A A= ol Aol g WE 5 Az

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

False

(THE seTATol A1)
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>>> math.fsum([0.1] * 10) == 1.0
True

151 B9 2F

o] AN L 0.7 A S AAF AP, ol g Aol o] The AT BAL ol Ro] 4 Y she
P2 B FUT o)A HF A5 EA DT /18 A 4 o] Tk 7}
1=}

[¢5

B3 25 (Representation error) = LR (AAZE, YJEE) AR 24710 A (D 2) 4242 ASsHA 2dE 5+
A= AME S YERY YT o] Al o] Jo] M (2= F CCHZWh;_%Qﬂﬂ@ﬁ A o])o] FF oI E o]
71t 8= @ﬂﬂ”ﬂﬁeiﬂﬁﬂ%%ﬁﬁﬂ%dwﬁ

o 28712 1/10L o] A A2 A 23T 4 gS5UTh L5493 (20004 11 Q) AL 2E 7] A= [EEE-754
FE a4 deg AR, AY BE SAE2 vho| A float & [EEE-754 “ D = of vf g ot} 754
WAL E =530 EY AL 7 235 o oA, 48 Al AFEE 0.1 J2**N FEj Y 7 77k 42
HEstH 7 28U th 7| J = AE3] 53R EE 283 A5 AUt

’1 /10 ~= J / (2%*N)
=

=
’J ~= 2**N / 10

2 ThA 223, J 7 88 53 HE (o= 2552 o] ARk < 2++53 JUTH S m3hE, N9 H AL 56y
o}

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

2,562 /7t A8 BUEAHES LN GAR AU I A5 B F G FS AL e AR
e th
>>> g, r = divmod(2**56, 10)

>>> r
6

U A7k 109 ARt a8g, 44 ke 2R 28 A Aol AUt

>>> g+l
7205759403792794

webA 754 Ml D EZ 1710 o] 74 7h7h2 242 o ey th

’7205759403792794 / 2 ** 56

LAt 2RSS 2 e vt &l g yth

’3602879701896397 / 2 ** 55

=dHe W7 wwel, o] A& AAZ 1/10 B} o Avh= Ao o shAle; WHS Aok, 5ol 1/10 B}
oFZF Zrotxle AUt 22iv ofE B o= F&sH 1/10d = syt

webA AFEs 23 /105 “EA” ZdUch B 5 e AL folA Fo43 &3 &4, @& 7+ A=
Mo 754 v = 23 A U th
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>>> 0.1 * 2 ** 55
3602879701896397.0

I 2ol 10¥#555 F 619, 55718 AR A B s yth:

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

ol= AFE of] AFA AESE 527 A 24 0.1000000000000000055511151231257827021181583404541015625
& o h A A g EAISHE th4l, BL <loj (o] WA shold 23 & 2TE 177]]
$ERAZ LAk

>>> format (0.1, '.17f")
'0.10000000000000001"

fractions 9 decimal REL o] A4S A w5k

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

>>> Fraction.from_ float (0.1)
Fraction (3602879701896397, 36028797018963968)

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

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

>>> format (Decimal.from_float (0.1), '.17")
'0.10000000000000001"
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cHAPTER 16

1o
J

16.1 Cligl B2 E

16.1.1 oll2] &2

o g 7} st B Z 2 H = of g WA X2} 28 Edo]AE A4 Fch EﬂﬁlrUﬂ 011/‘1‘” PR e

£ Bophith e R Aol $2 Wi, 28 Sdo] 2% A5 70 3=

(try ol A except Zol o3 A 2]H &= o2& ©]

5106] ohd £ 47]9] B8 FATLIL ol AL 1 82 oo S oe an agel asHI
| 2 Uﬂ/\]xltiifoﬂﬂi éE‘“/]Oﬂ 71594

VNEEEHRX ZFZFZEN AHYE A (YHHH O Z Control-C E+= Delete) & ¢

S3 /B zgzCe Bolgn WHolt AR E 5 AHHEE Qe ery

9+ KeyboardInterrupt o2 7} WA g ok

#!/usr/bin/env python3.5

(QVE] = 2] E] 7} AL-&- 2] PATH o Qi 714 3 uf)) < é—:’-%
FUTh #! £ WEA A A3 F RA o P Th AR Z
FE(\n)E BYold, 5L E ZE("\r\n")E 3
A = A4S Al dl AR U T

£33 E L chmod B Y2 MG 3ol Y AHs P RE, E

) >§
B
52
oy
<
-
<l
ey
%,
=
>
e}
>
t
rr
i)
o
lﬂ

r{r
=)
roh
filo
4z
2
e
o
4
39,
ofy
°
v

$ chmod +x myscript.py

! GNU Readline 3] 7] R o] 9= 24| 7} o] AL w3 & 2= 9)& ).
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A= Al 2o

A A9 7bs BEr ek Aol Ut oA 4X ZE e
exe ¥} A5 02 Ao, ol W HAL o|F 2 A ER AWk FAAE pyw A S F
Qg Uth o] 49, AN Ao Gehhe 24 32 BAH A @5

16.1.3 CHEIS A= T

sl g Histg o AMg o, 5 AE 2 E 7 A 2hE muich AE = iE Ydsel o ALy
Ch. PYTHONSTARTUP 374 M5 Al2F o] Solgle vk o] 5o A3t guth o] 22 f42 49
.profile 7]} AU

o] 2 2ty Aldol M vk ¢l 3] v, sho] o] AAYECIM WS g5 it /dev/try 7F B R HAA
429l B9 (38 AAAH ARt ol = el A 55Ut tishy Bol dds = A2 o5 3l A
Awmg, o Aol A oS ALEGE A ES 5 AN A BRI A S o SO BT

=
T AFUth o] Gt A sys.psl YL sys.ps2 ZEZEERAT & 5T

A YA oA F7HAZ A S doej, A9 A& 5tdo A if os.path.isfile (" pythonrc
py'): exec(open( .pythonrc.py') .read()) & ZL2 I=EANLIHA Z23HT F JdHFYH. &

SR AF AL BT A 22 B0l A A0 2 a5 of gtk

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 FHAE{OJO|M|O|M B E

glo] M AXE U] 2T £ Y= F 7HA] B L A F Ut} sitecustomize 2Fusercustomize. o] 2 A
AEoteA B, WA of 229 A8 A} site-packages H H ] 2] 2] §] X £ Zrolof gyt sho] & Al Astal
U5 A= A}

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

oA 1t & el 2] of usercustomize.py Bt o159 UL HET At AES 9L+ AFUTh A4E
QEES W FHBTE s FA R A FeA) ot B o] S mE sho] W Aao] L FTh

sitecustomize & Z2 YA O 2 ZAF3AtH g oz A 2l | 2
WE 1, usercustomize Ao AZEFAUTH A3 YL L site REL AHYAE E/\ﬂﬁ.
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oo
<2
i}

>>> 1319 o] /|8 shold xEzE. ABze o)A tfE P oz AP + Y L ool 4 A B 5
&k
LT e A
QL ], 4

Aol XA Fo] ojsbe Ao 7K 5

e Ellipsis W& Ab<.

2to3 FtolH 2x TEE THo| M 3x T EZ HEASH I AT =4, 22 E 7 B4 7 B4
EE JAA ZATE = = gFEY g S vyt
2t03 = & glolHE g o A] 1ib2to3 E AlFHUth 58 Ao g AP 4 = ATHE = Tools/

scripts/2to3 & A& YT} 2to3-reference S H A 2.

abstract base class (4 #lo] 2 Fe|2) Fd W o] ZF# A= hasattr () é‘% g2 Hadsel A AY

n B 3HA ZRE (& 0], A A E) 4%, A O]’\E Zq-/]ﬁ]'h %Zﬂ%fﬁﬁi”"ﬂ g E}o]
< B3t ABC= 7 A B ZEi g EYot=d], FHAE AlS 3}11 FO A E isinstance ()
9} issubclass () o & AR E 5 Y= %"/Hic O]D]T/}, abc 2E /‘“ﬂ/ﬂ E HA L. Jlo]Ho=wk

£ 1y & ABC S 9] tq—ﬂ- o gSH 22 A5 AF5YH: A8 F X (collections.abc BEOA),
A} (numbers R EA]), 2EF (1o EEIA), YZE 312} 2H (importlib.abc EEA]).
cbe BES AL A AT ABCE BE S 9% ok

annotation (o] =€ o] 4) Tﬂr’\oﬂ wet 3 S E 2 AMSH = ¥y, SR oEYRE B T WiviHS U
W gt 92 Aol Bk

9 W40) ool 4 99 ATl DALY YA A s, T2 54 D el ofseefo
AL A2 2E, Zd2, T49 _ annotations_ EF oERHE A AH Yt}

(
~

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

argument (12} & 22w ob (B A=) 2 ABH e % F 57 A7 S U h

« FIFE Z} (keyword argument): &< i% uf] A1 2}7) kol B2 A} (A& 01, name=) = **
E ool £ gz 31%}51% 12} o & £, th-2 3 22 complex () i%oﬂ/ﬂ 3 JJr5 =
E—r 7] JE AAFY Ytk
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complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o Y X QA} (positional argument): 7| 9= QA X d 1zt H A 1A=L ?_]Z]'% o] Aol e
AvolHHE o gofl » & 2o A2 AFUTh A& 5o, bR 22 T2A3HF 5 =
R 97 QAU

W5oll o 8 L. o] ol 85 & 74 S0 thsl A calls 3L
HAS. BYAoR, ojd R0l AAE AHEE & Y&th TR gho] A9 Wl o e,

019 v 7] W4 F2 T FAQ A& ARks} vl A 42] 2po] S} PEP 362 WA 2

asynchronous context manager (W] 7] AYAE #A2]R}) _ aenter_ () & _ aexit_ () HAEE A9
O 2 M async with oA Hol= &4& Alost= AAl. PEP 4922 =45 A5 1/1 t}.
asynchronous generator (8]-57] AU o]€]) H|5 7] AL o]E o] o]E & 58S+ T4, async def

ZEAYHE=IFZH T HH Hol=t,async for FEVIAIRL T T A= dHY FES UEE=vield
284S 2FSTH= Hol YT
B3 uE7] Avdeld g€ 7He 7| A v o] ¥ W o X = vlE 7] Al delE o5 olH & 7He 3]
Uth ol =8t= oJu 7l §EshA] e A=, dAS o5 M TS gy ch
B]Z 7] AlF g o]y &4+ await EAAT} asyne for 3} asyne with & 288 4 54}

asynchronous generator iterator (¥]-5-7| #| v #| o] €] o]ej#|o]€]) 1|5 7| A& o] e T4
H)5 7] ol E & o] ] At __anext__ () & Z&5HH olflolHE AAE E2F 1L, o] A& thF yield
E3 A 712 8% 7] Ay @ ol ¥ 42 uit] & A8 3 o)
Ztyielde YA R AEE Sy, L AAY (NG Hesdd7] & try-—Er%% Z3ee)
A Al E 719Utk v 7] AlY ol o]E# o8] 7} __anext_ () 7]—33% L ko) o9
olHE R AN, w2 o g B}t PEP 4928} PEP 5255 E/\ﬂﬁ.

asynchronous iterable (8] % 7] o]E] 2] &) async for FoA] AF2E ¢ Q= AA|. _ aiter_ () WAEE
v 5 7] olH @l ol & B8 oF Ttk PEP 492 2 = Y= dFUth

asynchronous iterator (H]£ 7] O]Ei dole]) __aiter. () & __anext_ () HIAEZE A= AA.
__anext__ = oldolHE AAE & FH ok @HV/]— async for+ StopAsyncIteration 9|97}
DG 714 WE7] o Eelol 89 _anext_ () WAEI} EHEE olslolHEE ZUrt}. PEP
4928 = Y= A5yt

attribute (o] E2]J E) A value associated with an object which is usually referenced by name using dotted expressions.
For example, if an object o has an attribute a it would be referenced as o.a.

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

awaitable (o] 90| &) await A AHST 5 Q= AA. ZFH o]y __await_ () WA EE 712
AA7FE 4 A5 Y Th PEP 4925 H A 2.

BDFL #}v] 2-& £ 41 &2 A} (Benevolent Dictator For Life), < Guido van Rossum, 3}0] %1 2] ZFA] 2},

binary file (s}o] 2] shed) ol S5 A EL Q1 & S gliz el AL vpol el shde) o2 vlol
U] ZEE ("rb', 'wb' == rb+ ) 2 98 3¢, sys.stdin.buffer, sys.stdout .buffer, io.
BytesIO &l gzip.GzipFile & A2EHAE &5 4= 95Ut

str AAE AL 2 5 e Y Aol el AL Has ot E FEEA L.
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borrowed reference In Python’ s C API, a borrowed reference is a reference to an object, where the code using the
object does not own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage
collection can remove the last strong reference to the object and so destroy it.

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

bytes-like object (B} o] E Q5 M A)]) bufferobjects S X P31 C-A% HHE AAZE & 5 g5 Yt} o
_’Ememory\uew AAEL EECX bytes bytearray, array. array AHNEL T .
OJEGF A= H}O]Lﬂﬂ dolHE thF+ o 8] 71A A4rEdd AH8E 5 dFUTh 45, vhol v gl
A2 A%, & ]2 Tt AS T2 A= 01—14‘3]'

o H QA2 upol ]2 o] el 7 AW A L AR AU ol @ AL AHAL BF g 027 vl
Ol EEQRF AA et @ YTE 7P H I QA2 d|E=bytearray bytearray & memoryview
79 Aqu} T2 252 vho| g Hlo]El 7L B9 AR (<9} 7] AL vlo| EL R AR o] AZEH =
278U old A5 dZE=bytes@bytes A9 memoryview 7} JH U T
Pl

bytecode (H}o]E F &) wlo]H A2 F == HlolE =2 ZAutAE =], CPython ¢8| Z 8] g of| A] u}o] A
22 IR YR YUY vio]E FE+= .pyc 3ol A Hol, 22 3L S F A AF T o
o et A A REF U T (Ao A] vlo] E I ER O AAIGLE I T 5 d5YTh. 9] “27} Aof” = 7+
Hpol E I = o g)-g-3h= 7| A& A sle 7 714 A Aty D Yth ol E IEE A2 OE
o] 71t 71 Ao A FEE AR 7t EHA =, 3ho] A w3 Thol| Qb A o] A & gkt Aol s of
Fch
HlolE I E Hgol59 552 dis ZE AH A U3yt

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

callable (argumentl, argument2, ...)

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

callback (2) 9122 A= w#o] o] u A|HojA] As)E A H =8 s,
cass (Fe2) AR Ao AAES BE7] AT T, SR AFo e HF FHa dadasdor
AAE= YA E A 5L 283k
class variable (Fe) 22 W) Fel o)A AOH 1 oA FF (5, Fe 20 AT A7 ohEh AR
:‘Q - 1__'T‘
coercion (Z.o]A) 72 9]
ANAo g Hesls A,

ST FJor H
Ae 302 Wty kA, 3+4.5 ol A,
% =

7 . =1
7 A2k o2 3 o] A1 (3Fhe int, THE 3 float), & U317 Aol 22 P o2 HEs) of ).
282 o TypeError% doynh FoM glols, S8HEFYERAE 22097 22
3 5t= thAl float (3) +

complex number (524:42) ¢l A4 A/ A9 ZAd], 2 xAHY
oh BeRE A5 S5 B9 (1o AR E D AN, £F Sl E 12, FAHE I
#2713 th gto]lH e 329 RV S 25 HAFE 7|2 ALF UL s5F = § HuARE B A
#7105, o€ ], 3+19. math BE] H44 w20l 23, cmach & A4E I Th Base)
G2 v =2 7H 7Ytk sttt w7 A XS, A9 g4 6] FA E E5UTH
context manager (A€ A E 72 }) __enter__ () i}_exit O HMAEE AT o2z with FoA B

context variable (] A E HS$) AP AEo ulg) & %)\'% M 4 9= .
A e ade-22 AFaetv gyt 18, A9 A2E A48 33, sty
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5
contiguous (%) Hirﬂ

ol
o
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o F
O
]
B
0]
b
X
<
QO
[n}
[}
iy [o
e

&

2= (C-contiguous) ©] E & A5 (Fortran contiguous) Q4 W] <5 0] 2kl
°4 oliAN TEZ AL IUTH LAY v Qo A, FEE2 A2 A A3}
‘31/\-/] TR &2 2o v X5 of of F T}, thakd C-A % v F ol A,
2 B vpA T Qe 2t A e A o AT, EE A4

RIS
M

rlr

OQ

k&
M
i)
-
_ﬂ,
Q&
),L'

kv ()01]/\1 /\] 5 %

m &2 Fao] AT

>
N

LR
i
m[n r~

fo

0

WAL, 2 A Qs A e aR e
coroutine (£ E) FEEL ABLel o Yuistd Feh Ytk AHEEL @ APolA ASJsy g
Aol BEF T 2T S, AL 5 Yk o AES

IFEL2 o o2 A HA A AYstaL, EE3
async def 2o g F3T 4 95U Th PEP 4925 H A 8.

) AR B R B

32

Sl async def o2 Fojd 4

coroutine function (Z. € g4) # g &
S %k ol A5 S PEP 492 of 23]

91, await @ async for®async with 7Z|H=& 3+

Ed= s Ut

4m

CPython 3}olx 2 I efw Adojo] 784 Q1 -3 <1, python.orgol| A vl 3= %‘4‘:} o] F+& S Jython ©| L}
IronPython ¥} 22 t}2 Z &3+ & g 7} 915 ulf 89 “CPython” 01 A YTt

decorator (W] Z & o]¥]) ThE F+E 85T+ T5Ud, 5 Qurapper THE AL T4 T o =z 48
AUk dZd olg 9] &3t o= classmethod () &} statlcmethod ?:] Ut
s eole 92 944 A FHYE BYUTh v F 5 Y= e s F5Fth

def f (arqg):

f = staticmethod (f)

@staticmethod

def f (arg):

22 Mol Zeaol = A 5HA v E 2k 2 Q) Th vl Z g o] B of] o 3 T ARAI S -8 T B 9
o Zejx Aol o 4EAES B Py

descriptor (t] & ?—',;‘ B) WA= __get_ () o]y __set_ () °]Y_ _delete_ ( A .
2 AEYJEZMYUATHE G W], JEYFE 23| = 5HG AZ ZES dofUrh HE,abE 8 A
L, 2 AL A Xilﬁ}Lfﬂ AHEEE ], o] S g oA bt o] F B X A E F 3
b7t 2T HE Y, s F sk tATHH “ﬂ/ﬂ‘:ﬂigﬁ‘%‘:‘r a3 gdeE o)sists A2
gk -2 o]l <] OﬂJJOTEﬂ,?:‘—’F, HAE, Z2HH, FH2 WA S, 288 A S, 5 A TR
Y 75y V2 olF A A HE ‘?JHE‘r-

Y22 Yo A =5 tf 3 &AM 3t &2 descriptors U} T] 23 H B A& Sh A of] Y34t}

dictionary (“"/ﬁl:]a]) o9 715 ol f3A7]= AF vl F (associative array). 7]= _ _hash__ () <&
_eq_ () MINEE Z+= EE AA7HE & dsUTh oA At FEUTh

dictionary comprehension (5 2] HZ e A) ole 28l & 84 AA VY IR E Aestl 2H4E G2
gxyeE ‘ﬂ-il-é}— a8t ®HY. results = {n: n ** 2 for n in range(lO)}‘_ fn *x
20] Wi A 7] nS 23 9 8l E A4 3 ok comprehensions & FZ 3 A L

dlctlonaryVlew (“’]K%L‘]?/] H) dict.keys (), dict.values (), dict.items () HIAE7} E8]F = A A
2 gAY Hebw U o AES ST FEEC] fE FA9 HE A, P4
Qel7b WAE o, $7h o WahE WA ATHE EAUT G4 HE BAD I AER SR
list (dictview) & AHE-3HH F Ut} dict-views S XA &

docstring (S2E9) Fel2, Yo wEolA A 0 BN 02 b B4 dHY. 29 =7 292

=
Wl = F A A 5, Ao )3 AR o] Tl 2ol 4, B, RES _doc_ ol ERER 4
Utk QES 29 AL B3 AET 5 GOuE, AR APAE AT FHAL FAAUTH

o]{rl _VE,
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duck-typing (4 B}o]3g) &H}E AHH ]2 E 7HHE=A %E‘r%}%tﬂ AR L HA ez
A A, s A=Y A ERREZ SSH AU AR HUTH(“L F/]ﬂa —”?—0]-1—-:—3] A =
‘?i,——’-ﬂ—:J—ﬂr/}”) 57483 Al sl ol~E 701’5—?}0%5"1 ZAAE == HF AR
Oaa]'ﬁ'oi’yﬂ AdE 7H/‘%U]’/\%IQL]D} 9 E}o] g2 type () ]Urlsnlstance() 2 AFR- 3

= IFdUnh (AR 9 Erolsgo] FA4 o] Fe s = E%‘r% T Aol frel s oF gt thale,

hasattr() AAMG EAFP Z2 28 WS £

EAFP 3] 2 H t}= 8 A1 S £3}7] 7} 4 o} (Easier to ask for forgiveness than permission). ©] &3] & 4= 9l 1}o)

Y 2B, 2uE 7| o B HEY EAE 7HA sk, I 7 o]l B ol E &

ZZ__}—‘L'a}I!_ w= /\E‘ro‘ 2 W2 trytexcept w2 SAME EZA AP YL o] HIa Y2 Ce 22 T E
Wo Aojoll A AHF AL = LBYL ~EFL 3} ol v Ut

expression (3 2]) ojH oz 73 H;q 9
Z

o L1

oy o e [>

M)
v}
rlu
112)
i
Bl
r
0{1
EE

M N By
rlo rlr

=
rC el

ko

=3
mqa}q}zﬁog rE ?joi %M =50l
R Tg Eol dFUTE Y =3 FFolal, A o] of

extension module (2% 2 E) C U C++E ZAH REQ|, ulo] A9
TS ALY

f-string (f-= 2} %F) 'f ‘)r F'E o 2 AL glHEES &3] “f- A g olgt 2+, W A4
21612 o] 29l LI, PEP 498 S 1A 2.

file object (3} 7—11*“ 5‘]“‘?— 2+ o] EHEH 3t A &A API(read () Ywrite () 22 WA EE)
A R Wy ol whel, 3t AA = AA a3 gl -‘74'%10]1/]":]'— A ZFA Y FAl X
o, ZF Y=Y, d-vRE ¥, &7, gto]=, 53) ol gt AN AE FAT 5+ ds5Uth

= 3} dF AA (file-like objects) Y} 2~E & (streams) )2}t %= EH T}

AR ze AR5 Y AA o] AUt 2 raw) vl o] 1] 2] 519, W 5 = (buffered) v}o] 11 2] 51, €]
5 9. 18 Bl o R RN R Y AA & B FRAL P L open )
g 28 AU

file-like object (3} A& A A)) 31 A7 2 v)$8h

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

(

Na S
24l e

S

)

e =

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.

The sys.getfilesystemencoding () and sys.getfilesystemencodeerrors () functions can
be used to get the filesystem encoding and error handler.

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

See also the locale encoding.

finder (F}Q1t]) Y2ED RES AT =0 & oy A=t AA.
o]l 3.3. o] 3 2, F FF 77t JFUTH sys.meta_path & FA ARG S v EF 7 2 ThQl T
¢} sys.path_hooks I A AME-3t= 4= dEg] 3 H.
o A 8 Y22 PEP 302, PEP 420, PEP 451 o] U84 T}

floor division (3 4= U Al) 7173 77k A2 W Edhe 318 Uil A U A4x= // th A&
Sol, ®HA 11 // 49 gL 27 H AT, A Al S °2.75% EFUh (-11) // 47F-2.75
= 141%‘ gk -30] Holl F93)oF Futh PEP 2382 H A 8.

function (3) TEA oA oW 3t S5 99 3= AW T o3 A 7 AEE 5 e,

}1;]/] o] AF2E 4= J&ych v 7w 9F v A = 9} function AR T H A Q.
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T olcHol A2 It o g § JE 2 AR HYth & &
o Aoz A= 1, 54 int W8 e E A0 AT

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

Bh: o] L H o] A ¥ L function B ol A A W3}

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

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

default:
>>> import __ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)
garbage collection (/1] 2] 7)) o A1-8.5 A ok v Rel G whd sl WAL Sl W e Fx A4 F47 B2
= 7 A = AE FF AU 7R AT =

TS AAGAL Fe 5 e =F 7HIA A E F3)
gc BES AHESlA Ao g

generator (AU & o]€]) Aol oE & olE & EeFs 3. gl
BHEEyield £¥ ‘% ZgvtE Aol F Ut o] Hs
2 wloll b 71 4 g o,
HE Add eIy g€ 7t 71 A9, ol | FH o A= AW ol H ol ol £ 7 Ut o =5k
of m] 7} B gkalA] ke A5 o2 WA BT AT

Al el e 7t teE A4,

D3, 2 9 Ae) (Ao AL

™

El o]E ol ¥ 7} A7) = |,

e
2
_?L
oo -2

£
o
%

generator iterator (] & o] €] o]

12
ZFyieldE A/ A0 2 A g
A3 A E F1 U A elo

A Zahe d4eh giul g U h.
generator expression (AU lo]e] 2] oElFo|HE St 4. £z W59} U9 S At for
A Ak 7besif ol Fol B+ 4Rt x4 A Bt Agst 53842 E2n - E A

gEse sy

m[m
= o o

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285
generic function (A8 ) 22 A4S A2 g2 FEof U] FAT o8 T2 A . SE 1)

o8 @0l AF3EA L AN Luel Fol oo 22 ek
A= o292 8o 23} functools.singledispatch () Wl Z @ o] E] 2} PEP 443% X A Q.

generic type (A]U] 2 &) A rype that can be parameterized; typically a container class such as 1ist or dict. Used
for type hints and annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A< olg=ZgE] & & HAS.

global interpreter lock (19 Q11 2]e] £) 3t o] © 7] sjL}e] Ad| =7} gho] 4l vo] =
W 57] 918l CPyhon QB 2] B 7} A& 51 Wl AU S (dict 9} 2 528
A7) melo] B A0 5 A AA 2ol tha] HASHE S §H5 0] A CPython 78
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AelzelE AAE F1e A2 dHzHE HF2d =387 A BEs tiA, ts =2 A4 714
AABE BE ] Be RS g

However, some extension modules, either standard or third-party, are designed so as to release the GIL when doing
computationally intensive tasks such as compression or hashing. Also, the GIL is always released when doing 1/O.
(2 O vASHA -/ v ol B E A aE) “2d =l At 22 (free-threaded)” 1 22 B & RH5 314}

She A9 e A3 Ael A R, £@ e ZeAA 290 A5 At A5k B2 .
o) 95 oI E T AL THE UL AGIA LRolA £ WG] Rold A0 AN

hash-based pyc (3] 2] 7]¥t pyc) &S FHHL7] S el T a2 5t o] HF 4 A ko] obd A& AHS-
3t= ulo]E I & 7) A] 9}, pyc-invalidationS 2% 544 2.

hashable (3] X] 7}5) A7} 44 71 ko]l W3HA] o= A ZS 283 (__hash__ () WA =7 3],
o2 Az et vl aE 5 9}2“4 (_eq () ®WIN=7} éﬁ%‘bl oh, Al 7hsdtehar o 2okl v

== Al 7hs st 7“211 S 9] A gES Zolof gyt
A 7He A2 AAE 9 Y ZIv AT I E A E 5 QA sk, o] AFR TR E] WRF
o= 6HAl #HZ AHSSH 7l W gy

ol Aol EH W A EL A 7Hs
—"—E‘Zl AsUth (F *Olb‘rfrozenset ZE“’) =4
7Bt A AL Ao 2 A0 dA"HA AAE

o
shals) B thEral Hla s i ﬂ/‘l F2id() 2 FH
IDLE An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter environ-
ment which ships with the standard distribution of Python.
immutable (B¥) 1389 gs 2t AA. 28 AA = 2L 24, fEs 233Uk od A2 ¥
%%4>MHHG*Wﬂ°ﬂﬂﬂﬁﬂw7hwfﬂ—ﬂ%@ﬂﬂ:%ﬂﬂ%%%MMb1ﬂﬂ¢ﬂ%
%011* T2 LS FUth ol & S, 949 7).

B R0 A g8 (e dw A

Fdunh Gl2EY gAYy e 22) 7k AH U E2
Gl S Al 7hs 2 ol it 3 *]
2 oAl 7He Ut (A7) A S A9

g
=
=
=)
=]
©
Fd
g_g
)
ta
i
o
i)
)
X,
2
[
N
iv)
rju
td
i
o
i)
)
¥,
HJ
s
K-
>
_,h

25 YES e B
715 ot 2 E 87| = S AA; Al 3hlH Olz}iﬂﬂ A Aok

interactive (t]3}3) Tlo)H & 318 ez g8 & 21 Q=] JE =z 22 Ei EXA EFH

U84 U7 52 498 AoAE ¥ SIhE T A 90l B4 python g AR

FEIS] ol 4 s ). Al oot ol & AxTeA Y 2 EH 7] 2
e g A2 A At (ot () 5711

interpreted (QE]Z2|E]=) vio]E I & Aapde] o] EA) ufFoll 2 F& 0] 3B A 7] &= sHA| 7, Jho] #-2

Aol 9lo] 7k of ek QlEj el e elol itk of

o

importer (Y £ E]) &

XN
i oY lo

>)i
bt
N
Ir
n@
w
rL[>
i
L

paLY
rlo
ok
>
N
o
fru
>,
o
X
o
]o
o
1]
XN,
2
S
krl
B r
> 7l

S A AT Aol ULk 1z ool & o A4 A
doje= BE Ao Aok g2 i/t F718 25Ut tisla = BAL
interpreter shutdown (QJE| = 2JE] £8) 53t LA S 1S uf, golH Qe ZgHE EHS A 7] A
AsFetl, BEoI L o2 44 F 28 U3 FRED} RS LE BEE ANES ST wdgh .
w70 A 571 7] & ol el W B2 gtk ALEAL A 9] 919 A weakref 2 o] 9 L= Ee] S
NAND % itk 2 A7 B AR E 2L ke o 2 S B 5 g, 220 o £l
(£ = golBeg g REolv A FAEHdUTH

SRS el G oA e 4 S A E o
H

Jdejzele] 2o 79 AL A3

iterable (°]E]2]|8) WSS A A S8 5 A= AA. olHHYEJ A2z = ist,str,tuple
Z2)ANAXFE, dict Z2E2E o NI FE, Y AAE, __iter_ () YAE2NES 73
f5}‘Efgetitemf() HAEE WA Y3 nE Fef29 AAE0] Y5 Th
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Ol Y& for Fxo AMEE 3, A/ F2E BRE St thE B2 3 (zip (), map (), -+) °l
AHEE s Utk o B E AAZ WA 4 iter () o AAE AEHH, O 7“X1H ol ol B &
s SU o olHEolH = e A= T H A= T FEFULE olHZHES A S o,
HE2iter () E2EsHAW, olHE olH AAE A4 tE 22 = J5UTh for £2 o AE< 9 ¢
e A 5o s a]?ttﬂ, FEE 2 FSolHACHE Fobe ol F fle M s UEyd

olgj# ol H, Al A, A

)

e
iterator (¢]|E]#|o]E]) HlojE o ~2EYS HH3IE= AA. o|HH oE 2 __next_ () HAEEwIEAo 7
Z’\_

TE3HE (= LHx]— () & A dE) 2 OILUL%%EX]—HEHEEE:]ZLJD]— T o]
Ae] glolE 7 92 = thAl StopIteration o9 E doFUth o] A H A, o]E @ o] g AA=
A=, )T BE _ next_ () HIAEETELS StopIteratlon 9] & thA] o 7] 7] vk 3}
O]Ei?ﬂ]"]‘ﬂ“ O]E%Eﬂolﬁ AA AN Fe8lFe __iter () FINEE 7} Zlo] Jr—rLﬂ 7] w2, ©]
el o] B o] el el B ol /| 311 ] & ol | | BE & Wo B ol o 28] £olA 18 5 9% ek

23392 = o WY o]EH P ol S A3 Z=EY YT (list 71'0)7413]0]&] AA = iter ()
U2 I for £l A STV oTH A o1EE WL ol A SIEiA oIl o
A s3ste] s, Ad o E o] Aol AFgH ojn] 271 H olH o HE EHFA, Wl AH YA
HolA vsyth

typeiter o B 441 3 1]-§-0] QLT
CPython 7-& 4}A: CPython does not consistently apply the requirement that an iterator define __iter ().

key function (7] $+5*) 7] St == =) o] A (collation) &4+ A & (sorting) ©] 1} ¥l & (ordering) o] AF-&=|

e == ZHEYYLE A& %Oﬁ,locale-strxfrm() L AL ERA YA SHEE AL IS

HE= /\}%%‘ YUt

aho] Mo W =77 2 A4S0l of A A A A AL Fol=AE Aol et7] Hof 7] TS HolE AU th
o] ZlEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby () ©] AHFY T}

7] & HEEde oy Bl dsUTh dE €9, str.lower() WA EE Aola & Qe
AES A7 T2 AEE F A5tk htd o =2, 7] T4+ lambda E?ﬂ*‘ii = S
dl, o]& AYyrth: lambda r: (r[0], r[2]). =3 operator BE-2 M 71 7] g5 AAHAE
A& Ytt: attrgetter (), itemgetter (), methodcaller (). 7] &+E 2E 11 AFE 5= ol
tf & o] & Sorting HOW TO & H A &.

|

url

keyword argument (7] 9] & 12p) <A} & B A Q.
lambda (gt}) S22 uff o] Fai A= oty 294 o2 P43 ol & gl Akl T o & s

= EHL lambda [parameters]: expression YUYt}

7] Aol B2} (Look before you leap). ©] 1 AELL2 SE 0| 23 E 317] Aol BAH o2 ARA
A< AAUTH o] 28 A2 EAFP A2 tivlE o, B2 if 79 A2 - A YTH

28 E FA oA, LBYL 2R 2 “H 7”&} “H7]” Tkl A 215 WA 2 9130 Adsth
£9], ZIE if key in mapping: return mappinglkey] = AA} 2o, sIA T Z3] A Oﬂ,
£ 28 E7} keyE mappingo| A Al ASHA AT 5 JFUTE o™ o]fp= F o] L EAFP F W
AEgo=A ALY % YU

¢

locale encoding On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.

setlocale(locale.LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: 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 filenames.

list (R]2E) YA Fto]n A A, I o205 B33y, Y4 st AMA7L0) 0] 7] W&o, A2 gAE

(linked list) B t}= T2 Ao 9 v g4 A Y o}
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list comprehension (2] ~AE Hz 2| M) A|F2o 84S AR EE

FE A3 Y. result ["{:#04x}'.format (x) fo
] L 00] 4] 255 Abolo] 9l BAES o] 16712 (0x) S& Ef‘&‘}% A B AES “*CIJDP if

A2 S+ AdsUrth A=sHH, range (256) ] 8L

loader (2¢]) 25 ZE3}= A4, load_module () °]ghe= o] WA=
= 5loly 7 == UTh x}/\ﬂaj} Y22 PEP302 &, 4 vl o]~ F~
E HAMQ.

magic method (W] & WA =) S5 wjA = o v]FA] A Q] v] 23k

mapping (W] ) 2] 9] 7] 23] & XY}l Mapping oY MutableMapping FA H o] S o A A H
HAEES F3stE Ad oy AA. d 2= dict collections.defaultdict, collections.
OrderedDict, collections.Counter & & 4 J5Yth

meta path finder (W€} 7 2 5}QIt]) sys.meta_path 4 Adol EHF= Il e &2 A= 4=
Q=) 5holE] o ghel sl of 9171 ShA v cheu o,
et A2 37 £ St= WA =S A= importlib.abc.MetaPathFinder & X
.

=
)

r[r
td
r[n
ﬁ&
Ry
oy
Ekﬂ
<
%1

£ gofslof gtk 2 u
+ importlib.abc.Loader

metaclass (W e} Fell&) S22 SHia. ZHA Fo= S ol S gAY, vloja ZHAaE9

E52 WUt Hlg SHa s o] Al JIAE Woba S A E s AdS JUth o729 A4

AFY 22 Ao52 7|2 TS AT FUh gol RS EHEA vte+= 22 ALE ve S

25 s Adthe A9 Uth giRE AFE Ao A= ol =77 S B8 flAITH 8732 of, v et

ZHlaE AYsta ot iy AFPUTh JEZRE M 29 27 (logging), 28 = kA9
SuUth

N
N
N,
S
24
0%
o,
A
gﬁ
o>
ﬁ~ NH

i
-
r [
we B
58
rlo
v}
it
LS
2
=2
>
ofo
A

metaclasses Ol A T] Z}A| 3l < =

method (F A=) e vle] QoA o)t G, 2 Bejse] dadag o EolE
HAEE A JA A2 (HE self gl BHTH 2 A2EHA AAE W5 Th 5 2 5 HE A 505
£ BEA L.

method resolution order (WA= A £ 4]) WA= AA A+ ﬂ ole 5L HHE A= wWolA~ &
259 =AU 23 dE|2RE dho] A e Z o AHSH e E9 Al g 8- The Python
2.3 Method Resolution OrderS ¥ 3t}

module (%) o] 2=9] 243} 291 % gehs Al BES Q09 ol d AAEL P o5 FLE
o S e e Tl ool e 15 2] e
714 % BA R,

module spec (RE 2%) ZES Z =34 AL 5
importlib.machinery.ModuleSpec 9 ¢l

MRO "4 = 24 A & BHA Q.

mutable (7}H) 7HH AA = ghol | 4 YA T id()

named tuple (| Y& =) “named tuple(V| Y= F=)” o
=% AHgstol dlds B4 9
QEH’\oﬂ e 7% d= T+ A5
time.localtime () & os.stat () 7

o2 o= sys.float_info Yyt

rlr
ko
P
=2
_IO
X,
[>
]
4
30,
rr
I
rln
o
o
i
iy
Ry
[>
=2
o~
ofo
il
<
u)
ol
)
L

bage ghe 2@ stel, oo 3P ol MY FEY UL &

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

(TF= el ATT A
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R s S e e P I )

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

AR U= FES PFF I o) QUh £t tupledl A 4551 o] £ BEES o5t
Aut o)~ A2 YT FES UE S Gk B Fohat 7 FAAAL A= F5
collections.namedtuple () & B& & JFUTh 242 712 A3 A4 AY W I A= =+
FoAE 2L 5 Yt B A FAUASE TR Tk

(A=

_>L:
RES
o
-,
(e}
9
i
ic
XN,
:IR
=

A o [e)

E‘&’é% A9 Yrct o & Eo], &4 builtins.open ¥ os.open() & 159 o] & F 7o 9 3f
FUR T e o BUE o8 wEol UHE TASCAE $ R wEel A R §7
B4 228 Ut} o/ & 59, random.seed () =¥ itertools.islice () 8t W 1 3k
Eo] 27 random @} itertools BREO] 9 & FAH IS 3 & o] W) Ayt

namespace package (¢] 5 37t 7] 2]) LA A B 3} 7] 2] 5] AH o] Y Z 7 7|55k PEP 420 7 7] #]. o] 5
FHA7IAE EHAJAAZ S T YA, 53] _init__.py o] gleu g A4t 37 4] o=
Ut

TE T HAS.
nested scope (ZH H A7 =)
gre e geol g s A
B U9 HA Fe
WA, AY MEEL A
& egh ),
new-style class (S AELY) Ze|A) A ZFL& 2E Z P2 AA o AHLEHT 9= FH~
= 2719 dold H = 7
__getattribute_ (), FUWL2 WA E, AHE WA ES} 22 sto] WY A F
32~ 9lglayth
object () el (EHFREUZN) E 2L T (AIAE) o] A EEdolH. 3 BE 7wAEd 27
B EE DR EESEE EX =N
package (3] 7] x]) A Python module which can contain submodules or recursively, subpackages. Technically, a package
is a Python module witha __path___ attribute.

Bt 71 A & ol F T H TN A = HAL.

parameter (M7l 5) oF (L vIAE) ool A F¢7bibg & & A (e o' AF AAE) & A

Aot ol £ 22 AL e, A TR w74 ok
o X]-71 9 = (positional-or- keyword) A ARG 7= RIAt R AeE 5 e AAE AR Y
o] Zlo] 7] FEf ] mi7h A J U th oAl & S0l vl A foo £} bar

def func(foo, bar=None):

« 1 A-A & (positional-only): S| A 27 A 5 = AAE AAAUTE A2 AL AT =
S Aol M 5o/ 2AE 2@t I F o AT AU dlE o] thollA

posonlyl 3} posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword): ... ‘

o 1Y =-HL (keyword-only): 7| Q=2 A2D 4 Y= 9

‘— AAHE A Gt 719 =-A -8 v 7/lA S
=g 7@-4-4 UH7H HE FZ o A ol 3hte] 7FH-91 ] vi7f i =up + & I 2 23 A YT
FAFUL A E 01, t}-& o A kw_onlyl 2} kw_only2:
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def func(arg, *, kw_onlyl, kw_only2):

o 7FA-9 X (var-positional): (TH2 o 7} A E0f] 2] 3 A] o] n] 1
T A=A A=Y A9 A%"V‘E A1 2 gt o] & uj
OJW Ao)d ¢ JdFUTh A& 59 thxoll A args:

Yo} 5 o171 914 Q15 H3) 4152
ARG w0l o] < 2 ool

def func(*args, **kwargs):

o 7F-71 9 = (var-keyword): (Th2 Wi 7l A =E ol &8 A oju] Wof5ol 3 7] = AAEof T &)
Asd = JE dYgY M 719 = AAES A AZFUTE o) i AdFE= A HS o] Fofl ++ &
o] X HoE 4= AF UL A& 501 A9 ool A kwargs.

s AR A AAES A 7| 2R oty AdH o] At A4 AAES A ZT 5 JdF Ut
o1z g o] %] & oz} vl 7 H =9 }Fo]of L} 2= FAQ A&, inspect .Parameter S &2, function
A, PEP 3625 H A 8

path entry (B2 lE2]) 4= 70 701t 7t QEE F RESS 27 99 Fushe Qr = 42 g st
_04 x]-/\

path entry finder (F 2 & E] J]— t]) sys.path_hooks ol = FHE (F, 4= JdEZ 5) o] EHF+
ol A, FolA A2 dEE 2 RES FEUHEE SN JAFYTH

A2 Qe AT E°] FHIE WA EEL importlib.abc.PathEntryFinder of U th
path entry hook (7 2 <l E]—?:;— sys.path hook B|2E Qe ZHEQH, &4 FZ AdEL A ZES
H=wS dy 9oty Az ol ez vloly 2 S8 F Uk
path based finder (32 719 5hQIe]) 718 vl e} 42 shel S 5 Shuele], A= J2 o4 BES 25
e},

path-like object (3 27 AA|) 3L A28 2 & ‘/]rE]rLH% AA. A2F AA = A2E Yl = str Y
bytes AA| o] A} os.PathLike Z2EZ S F33E= AAYUT os.PathLike T2 EF S XY
3l= AR = os.fspath() TTE 1%6}]/\1 str U bytes 9t A|AE Ag g Mg 4 95Ut
th4l os. fsdecode () 2 os.fsencode () & Z+Zt str U bytes 2345 BEAst=0 AR E &+ U5

Ut} PEP 5192 =5 g4 th

PEP sto] 2l |41 A] k. PEP= sho] il AR Elo] HHE AT AL sho]dl i 1 w2A| 2 Ex $70]
ga AIZe 7% 2dahe 47 £ AT PEPE AlHE 7150 3 h2 % 714 A R 2AE

A oF & o
PEP= F8 MEL 7]5& Z]?l tal 2 A ol e AFUE 9
712 W AYE 4t PEP &4 Ak

= pun
oA B A3 T Ao et
1

KN

He FR st spol o Solxt A 2
AFUE ol el & F535kaL Wil

portion (£4) PEP 420 o 4 B9 & AAE, o1& F21 3471700] ol i ohs shipe] el el elof Solsle
5159 2% (zip Foll A 2H = A% 75 g Th.
positional argument ($] 3] €12} <1} & H A Q.
pr0v151onal API (Z+A API) ZA API= 2 & o289 A 53
o} QeS| o] 2] 2 @rﬂ N GE A= FA T, FA A ol gkl EAIH = 7 I AEAEol 2
AT 17 BB A o] §45] A S WA o] Lol &
Qoj A £ g AT — APIZ £3817] Aol £

rl
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o] A= = ol BHE 7 LW A B FRE AA L F IE 3R] gy AAE = A==
Ut o A e Ul 82 PEP 4112 29 Hyth

provisional package (7 3| 7] x]) 74 API S HAM 2.

Python 3000 (5} o] %1 3000) o] 3.x w2z g}ole] ¥ (H A 39 w27} A uj2f o] o]ok7|d Al Fef g5 o] F
o]5o|th) o] & “Py3k” 2 £ 27| % gt}

Pythonic (S}o] ¥ thy) the AdolEolA] kA A dES AHES
71 A AR E = ol A e kel mE OPO]qoib‘r
ol Hd for T= AMEIA OlHHES BE Q4R FX

of B gloern=, gto|Hlef Q53tA k2 AMEE

m
N
m{m
=y
%
r
;

AL, FFo] A Q1 o] of] A
.L‘r ]NOﬂ/ﬂ A= A=
= 2 ge Qoo o @
g Alo] %7} 2B 2 AFEa 71 T o

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

o 25 sfol itk Y2 ol syt

for piece in food:
print (piece)

o A BLEo Qo Sefs, G, v A Eef o] 2 P2
A A FU A4 B5oh 22 Ao, 3734

é
_|_4_,

Aze A o5 4@%q55

>>> class C:
class D:
def meth (self):
pass

>>> C.__ _qualname

lCl

>>> C.D._ gualname_
'C.D'

>>> C.D.meth. qualname
'C.D.meth'

B2E2 7t 7= AHSE o, &A% A3t E ol & (fully qualified name) > BE H B | 7| A 5& X3
A RER VM= HoR T':ﬂ% o] 5L ouFg Ut} o & £9¢],email .mime. text:

Q

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

reference count (R 314) AA o N3l F=x2] /M4, AR AR 3L 710082 Bol AW, W2 7 v
Ut 2 3¢ 332 dutz o g glo]ld F =9 ‘“iﬂx]t %}X]UP CP_\tlmn:rLﬁf] RN R =
sys BEE 54 AA 9 £ Sl+E 585 getrefcount () = F A

regular package (FF #|71A)) __init__ .py IS X33 ‘:]"’“Eiﬂ-ﬂ'ﬂe AF A 9 7]A.
ol5 w7 A & HA L.

_slots__ Z YR AAQd, A AEHAAEFYFEES HSHFHS g AASIL AAEA G E
A A “?:}33’3‘1 HR2 e & A= 235 FUth A7) 7]+ A g o] Hla Y2 SHlE A AFE-317] 7}
Z 712 L HolghA], vRE o vAs 28 28 T A] Bl £ AAEAT Q= EWEHI AL
S sl= Zlo] 5 UL

sequence (A]FX) __getitem () 55 UﬂHEE Eé‘ A AdAE AL 2 @ 4 A5 A Y3},
Al A dolE 58 FE__len. () WIANEEAZYst=olHHE. 22 WA A AXES YEHEH,
list, str, tuple, bytes 7} 01—1/]1’/} dict "":fﬂ—_getitem_() I len () 2 AY3A
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z3]0] A4 )4l Qole) 2 7|2 ALg a7 bl Eo] AR~} ol jE o2 AFRTE A 2
S oF g

collections.abc.Sequence &4 Wlo]~ F& A= getitem () I len () S dojA &
A Z2H3 olE]H o] A8 Ao s, count (), index (), contains (), reversed ()&
F7H Ut o] 49 e o]~ E T3 F S register () EAMEHA HA AR 55T 5 9

%Yt

set comprehension (3 AZ2]AH) oEHE) = 84 HAAY LR E Aty 23 2 A2 v
3et= 143 t”-‘ﬂ results = {c for c in 'abracadabra' if c not in 'abc'}=EXA}
g A3 {'r', 'd'}E AT} comprehensions S 2 A Al L

single dispatch (%2 t]& 3l z]) & o] stite] 1Ake] Fofl 7|2 A BAE = Alvll = ot 2] 9] g
.

dlce (Geke12) 15 125 ) RS LYok A, Golol e A8 LGS LU e B
th variable_name[1:3:5] A&, [] ¢tollA o MY A& FELE BT 23S (M E
d &Y

]_

A23YPE)F/HS YRHo=m slic zﬂi
special method (5= WA =) sto]x o] Foj o AL, TAl 22, AT o) EAHOR TE5 = HAE.
= 73S . 54 1 A =& specialnames ©J

|
=X

2 o ;“_&

old WAL = o We e Adea B
BAZ wEo A 95Ut

statement (23) B4 A9 E (ZE o] “HE (block)”) £ FA 5= HE Utk 242 75 4] o] AL} 79
EE AR ShE o 7HA 2= F9 sty 74 i, Whlle, for.

strong reference In Python’ s C API, a strong reference is a reference to an object which is owned by the code holding

the reference. The strong reference is taken by calling Py_ INCREF () when the reference is created and released
with Py_DECREF () when the reference is deleted.

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

See also borrowed reference.

text encoding () 2 E 217 YJ) A string in Python is a sequence of Unicode code points (in range U+0000-
U+10FFFF). To store or transfer a string, it needs to be serialized as a sequence of bytes.

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

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings” .

text file ()~ E 5}Q)) str AA| & ¢l & & 9}1\‘1? st A, 55, GAE 31d-S AAZ & vlolE A b
IEAE R E AL DAE <1 2 A4S AU SAE 8] A2t gAE B (1
e 'w') 2 99 99, sys.stdin, sys.stdout, i0.StringI0 & A2HAE & F ASH T

Hho] EA R AA & Al & 5 A= st AA o i A= vhol v 2] hd = A Q.

triple-quoted string (% wh-F % ¥ F21F) WEE () Y A2w5x C) A 2 420 244, 1 o
X R EYAA FAL 9l 715 S AT = FAT, o8 74A] o] FollA LRI YlF YT
ojaA o]z H 2] ¢ A2 iU 2L RE FAY o] 2T = JEF 5L, AE EAE 2 A
Fu= oy Eo 2d v, S2EFS £ uf 53] &2 d5UH

type (&) z}oln AA ] -2 27 0] o T/ AAJAE AR FUtH ZE AA = F o] AdFUch AA 9
P& __class__ MEE]%EE WA 2 4 QA type (obj) B @& T 5UTh

type alias (3 ol d2]o]2) FL& 4 E Ao tf Q) 3te] THE A= ] Fofol.
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def remove_gray_shades (

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

pass

o= 2ol o ¢7] 44 we & dsdth

Color = tuple[int, int, int]

list[Color]) —> list[Color]:

def remove_gray_shades (colors:
pass

type hint (3 31E) W, Fej~ o]ERRE 2 & U
o] A.
P AEE A8 ALoln sto]Wofl A A S A= FF Ut stA W, A2 9§ F4] =+ 783} IDE
JI= g AEY S FHUH
A M2 AYdetn, 29 We, 22 JJEIRE D T4 F JEE typing
get_type_hints () & AH&sto] AA 2T 5 QG YT
o] 71%5& A3 typingF PEP 4845 F 234 8

universal newlines (FUM A £ 937) 2 22 AEE BF £9 o2 AA8tE, H2E 2ER S &4
St ElE: U2l BEX A '\n', Q2= &8 "\r\n', AL N EA] FAEH '\r'. F7}F

2l ol 2l PEP 278 £} PEP 3116 & 2 A 2.

AFg-of] #3f A= bytes.splitlines ()
RE9 ojxH o] 4.

ERERERSE PSSR

variable annotation (FH 4= o] - E| o] H) W4 =
He T Fda oEFRE o] g 9]

“ -

Ir
oy
£

[>

2

fut

Rl
()

class C:
field: 'annotation'

o, ol & int & 7 AL E 7T

W olglolde dutg o 3 ez AHgHUh S E
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See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto

for best practices on working with annotations.
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« the Docutils project for creating reStructuredText and the Docutils suite;

 Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.
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C.1 AZEQ|0{2| A}

o] 2 ABCzl= dojo] T A A2 A v d #X 9] Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/
%) 2] Guido van Rossum ]| 2] 3l 1990 dth Zubol] TS o] H5Uth spojols thE AHEE2] W2 33
235 A 9, Guido= 3ho| W o] £ 8 AR Fof JlF U T
1995 d, Guido+ Virginia 2] Reston ]| ¢} Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ ) o A Iho] AW B PG ALY, o] RollA o WA AZE A E SAAF YT
20004 5 %ﬂ, Guido 2} -‘ﬂ-ol é‘ﬂ o A 7] 9HEl 2 BeOpen.com 2. 2 & 7 4] BeOpen PythonLabs €12 A A5 Ut &
2 3} 104, PythonLabs ¥ -2 Digital Creations(& A Zope Corporation; https://www.zope.org/ ZZ) 2 =754t}
2001 4, ,ﬂro] HAZE %’rﬂ 01 A (PSF, https://www.python.org/psf/ Z2) o] A Y= A5 Yt o] &A= slol#
FHA A QA E 4273 E 5E3] A HE vl g 22 Y Yth Zope Corporation2 PSFe] &9 3] 4 9yt

2 E slo] W vz ) ’\/\‘?J‘/]D]'(J”H 4o~ Aol o] ths) A= https://opensource.org/Z

=}
h=4
©). Ao 7, UEE (A 9 ARE obdUTh Fho] A Wl £ ¥-S GPLF T 3HF T o2l o & Tha
W E L 8 ok AU ok
TR, o E 3T T & AS Kt GPL &7
09.0~12 | n/a 1991-1995 | CWI yes
1.3~152 |12 1995-1999 | CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com | no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 | 2001 PSF no
2.0.1 2.0+1.6.1 | 2001 PSF yes
2.1.1 2.142.0.1 | 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.13 2.1.2 2002 PSF yes
2.2 o] A+ 2.1.1 2001-# A | PSF yes
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.16

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

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

3.10.16 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.10.16 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights
Reserved" are retained in Python 3.10.16 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.10.16 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made to.

—Python
3.10.16.

4. PSF is making Python 3.10.16 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION.
<~>OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.10.16 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.16

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.16, OR ANY._
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

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

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

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

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

third party.

8. By copying, installing or otherwise using Python 3.10.16, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

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

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

(THS sleTATol A1)
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5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

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

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

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

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

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

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

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

(= el ATT A
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THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

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

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

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

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

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

C.2. mlo|¥ofl HMASIHLE AHESEZ| 218t 0|8 2F2 139




Python Tutorial, £A| H{™ 3.10.16

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.16 DOCUMEN-
TATION

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

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3.1 24 EQIAE

_random EE-2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html o] A U] &
We BEo e LES ERPUT 0L Aeh mEe] A2 vk $7 Atk

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

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

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

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,

(TS sl AToT A
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EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

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

C.3.2 A%

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.
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asynchat ¥ asyncore BE-2 thg3 22 39 AHgS 28§ Yth

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

C.3.4 #7| &z|

http.cookies REX thg3 22 £ AHeE 283

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

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

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

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

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

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

C.3.6 UUencode & UUdecode &4

R ES ST 2L 39 AE TRk

%

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

(= sl ATT A
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

C3.7 XML EH Z2A|XN S&

xmlrpc.client BE-2 b33} 22 £ AFgS 233 T

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

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

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll RES 0h 3 28 9| AL ZFFUTH

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF

(THS seTATol A1)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION

WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select 252 kqueue Q1E 3] o] 2ol thal The 3} - 39 A9He EFE UL

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

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

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

C.3.10 SipHash24

3¢ Python/pyhash.c 9|+ Dan Bernstein ] SipHash24 <11 2] < 2] Marek Majkowski @] <=8 o] 3£ 3} of
Ut of 7ol bz 22 8ol Eglof ATk

<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>

(THE seTATol A1)
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Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1ittle)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

The file Python/dtoa. ¢, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings,
is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/web/
20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains the fol-
lowing copyright and licensing notice:

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

* The author of this software is David M. Gay.
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

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

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

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

* documentation for such software.

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

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

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-core@openssl.org.

OpenSSL License

/* -

(THE seTATol A1)
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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-core@openssl.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)
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
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

/* Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)

(THE seTATol A1)
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All rights reserved.

This package is an SSL implementation written
by Eric Young (eaylcryptsoft.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. 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.

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.]
/
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C.3.13 expat

pyexpat &2 T 5 ——with-system-expat & FAFA o= 3, EHH expat 22 AHES AFR-3} o]

dEgych

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

_ctypes FF2 W EES ——with-system-1ibffi 2 FA3}A] o 3, ZFH libfli & AHRE-S AFE-31

ey

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘'Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib

21ib B0 Al 2 E o A B H 2lib W o] L5 @ 25 o] A M=o A2 5 §low, 3 glib 4 AR

Agstel et

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc o &3] AFEEH = S| A] Hl o] E2] 3L cfuhash Z2AEE 7|wto & s}

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS

(THE seTATol A1)
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FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

_decimal REL2 YE=E ——with-system-libmpdec & FASIA] ¢+ 3F, E 34 libmpdec A2~ AFE-S

Ahgste] =P ok

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. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

C.3.18 W3C C14N EH|AE ARIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the W3C
website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

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

are met:

* Redistributions of works must retain the original copyright notice,

(THE seTATol A1)
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this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

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

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/sox/
12.17.7/s0x-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE INFRINGE-
MENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE OR ANY
PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect and
consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043
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sho] 3} o] WA E:
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

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