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gpo] W2 ul-¢-7] A E FEt 22T dojduth. 80 A8 F29 AA AF 2T
e st e aabA Qd 22 Ale gy ghol 2 ok F It 54 Elo] 3 (typing) = A9 3=
Aejz el e A2, i SHEFH b Fe A4 dGolA 2THE A nE &8 22T 72
oA A FA4 e AT

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.

o] M QUE| T EE C U Cr+ (FE COlA 55 7158 02 dol5) 2 738 A @50 A8 722 47
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Ao E A&t} C v C++ & 273353 ¥ extending-index 2} c-api-index & ¢J A 2. Tlo] M-S Zo] YA
T A= gsyth
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CHAPTER 1

of 2 o] AFES ol AL TATHA, A7 AHEHST AL AP L A HUTh o B o], WL HaE
S A4 AL AAY, A DS S B o R o] 2L A AW A S AL 5 A
o). o} AT 22w 3k A wre] Hlo] o] AL GUI $8 T2 g, Bl ek A S BEn 4 Ad U
ghof of g2 o] AE 2z ESo] ALAEH, of 8] C/C++/lava o] B2 2] 52 23 A e oft & 4 Qv
AukA 9 7= A4/ A /B AEA AT = Fo] YR Ltk A2 ARA FUTh o] AW 1 ghejn
Helee B HAE A9 =S FAAT), HAE TE 4o e sk A4S BAA Uk
B4 Ao B ALEHE ZE RS AAY T, A AL o] AAE AASRT FANL A ke 5
&tk

shol & vz o2l B2 98 Aol Tk

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.

sho] 4l e AHgo] Zhekah e, Alh 2 247 Z2 e Aol e, A AAPE A HARTh e B
FEE ATHD A Z2TBL A AL AT Gk WElel, shol e Crrk B B ol e AAE
AT, 4AT ML GAV 2L 1029 ARFES WAL L UTh © WA GEYE WE
o Awk L} Perl HEFE B 2.2 BA] 9]0 £2 7} ], THRAE o] 43] B AE0] Aol o] F Qo) S
AHgsHe AuE st A A= AA A AT+ YUk

golH2 ol B 2T o REE Us 5 YT e, 44 ZE2 e dtold =2 I3 oA
A 5 dsunh 2] 2F RESo] et A2 22 3% 7|22 AHEsA Y stol A
Z2IYs 7 A oAz E8E F Y5tk o REole Fd Y=Y, A2 T, a2 E0l =3
==, A A o] Tk & 2-& GUI =77 Aol th3t QI sl o] 2= S U5 Ut

ol M Azl E Aoyt At I dAVF B8 fleneg A A A d5Ey
Azl = P oz AR = 910, dojd 7ls& AddsA, 21 Wd 22 a3 WA Y,
ISR E 22338 e 7te 5 4 ES HAES Y 45Utk HA S g A4ty o) 71 = U
ol A eta Q7] YA 22 IS AT ¢ Y=F Gyt sold e I L o7 A o] {2 22
71%59] C, C++, Java Z 2 T A Eof v] sl 7+2 gt

s AFE] AR R BT NS 2o 2T+ AFUTh
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Y F22 S Al EQ2TE T o] Fol Pyt

o W Qlxte] A el F g glth
ghol ML &4 7H5 ottt CE 22 a9 st: e S, Az EHo A2 W F-u A5d S 57
A, WA AE HY SEE A G vtol v 2] FHE R Al E = el By e (718 A7 Al sk
azfg s golrg ol stolH ZEIWS AAT 5 JFUth I sfoj o 5 H JThH, CE THE S8
z2 o stol M Az HE AZ3le] 238 2200 Fo| HF AdojZ AR i’i%‘%‘:‘r-
zlo] A o] k= o] - “Monty Python’s Flying Circus” 2}+= BBC 2 of| 4] Fﬂril Zo)al, 35 Foh= ol -1 o
R5 U TH A o A Monty Python 9] 5= 183t A2 35 AL #3 ofy B}, A= 5 Unh
ol Al o 2] F-2 Tho] ol A FE T AL F T AAMF] SATHE D 4T AYGUtTh A E wle= 7P E2
-2 ARSBHE 2ol 7] Eﬂf"ﬂ o] gFAE %‘Qﬁ/ﬂ 25 stolH JAH ZEHE WAE 2S AFTh
the ol A, JAEZEHE AMS st HHS A PUTH o] A2 AR 5 = ZEAT, o] Fo
Ue s dqAES Adsr] Al F 2 ch
A5 A e YA &= 3ho] A Aol A~ oY 75 dAE T8l a/fdynh s 294, 4, A S
oA LA TG RES AA, A HO R o] AR A B S 22 g M ES TR YT
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CHAPTER 2

sho] 4 Q1E) = 2] B AL-§-317]

2.1 Qle| = 2] E] A 33}

The Python interpreter is usually installed as /usr/local/bin/python3. 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
£ Aol JFsiA ABSE S AFUn Az E 7 A A= HHE o] A B3] Fade] 7] WE,
e FaE RS EUTh 29 shol i AR A2E Bl Aol A FHA T BTt g5 Th (]2 So,

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

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

7]E I E = E o) A EOF(end-of -file) & A} (9 29| A+ Control-D, Y= A& Control-2) & Y H3H
1)z awvss-—;w Z2 AHE] T20 o FUh o] B ol FohA BT quit () BAL A

JHZEHE FEAZ 5 d5HTh
ﬂazaa%mﬂmwwmﬂﬂﬂaaEﬂJa—nAwwﬁg—@ﬂLgimﬁﬁgﬂLaaiaﬂg,
FE 44 52 ATFUT. ofvi Bl WA o] AlFHEA Flshe G wE PP N TETE A
Control-p & ABHE AUt W 5 227 drpd WR W Bhol A AR duch 92 7)ol o3t
£l RS 05 9 80 WG AEe) A% & BAL. o R Mgk QAL 2 7t 2
%@ﬂﬂ%ﬂﬂ%tﬂﬁW4ﬁﬂgﬂﬂfﬂEﬂTﬂ%H“éﬂﬂé%&%@%%%ﬁﬂﬁ$°

=
f9 220 4, 7ho] 4 3x Q1B el B = BB python ol o B8] Aa shAE AR H A g, 5 Aol A5 = vl 2.x A
s}l 3} 55514 e S 7] 99k,



https://tiswww.case.edu/php/chet/readline/rltop.html

Python Tutorial, = x] 8] 3.10.13

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.

2l glo|H REEL ATHERZE £2 71 AS5 YT python —m module [arg] ... Z AP A=
tl, UkX] module 5 A 9140 A2 WS W ol s AXH AAFFA G
2THE Yo A E uf, |2 AT HEE AT T 33 REZ So7l= Zlo] AT w7} 5y th

2AHE ol -1 & AEehd HU

2= 3§53 342 using-on-general o A 2tS 4= U T

2TYE o] 3 271 AAHE©] °1Ei FEHZ Agd o, A4 5508 HEH & sys BEY argv
ol A4 Utk 1mport sys 2 £ AHEEIA] o] BEo H2E 4 AFUTH BEF doj= A4 101,
2AYHEL 2719 AL §le AR, sys.argv[0] 2 W #AE YUtk 2THE o5& - (RT
dHS 5dth & F9 sys.argv([0] & '-' 7L FUTh —c command 7} AH-H | sys.argv[0] £ '-c'
2 AR P Uk —-mmodule ©) N85 sys.argv[0] £ EES AW JZ9F ] Yl -c command 1} -m
module 59 2= FAEL dol A ZE 7} & EOW 3 W ol REo] A3t EE sys.argv &
Agg Ut

N
O
=
o
oddt
kd
[r

ty ol A e}=ul, AH =2 H 7 Y319 RE = FAT T B o UEOﬂHL e ZEZE
Eégﬁ%ﬂ% A, & A 7S] - Hoh AT 712 dUT o>>); 2 2UHA &

= E*LE7]'}‘]'%QZ‘HL Rz A A AYYTH(...). A

5] Aol M Mot AL EAE Eohe B WAAE 2T

(L N ER o
2, 1o > o
o
)
hr &
BN
[M

$ 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

JoAAE FL olH F2 THY T2ES AT W BLFULh o) B S, olA A9 i Fo] A5 P

>>> 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. s}o]# Q1E] Z g€ A1-&-3}7]
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R R R K ki %%UTFSOE AF= Ao HAFHUh o] AFFolA =t F& dojol
A A = %%}%% B2 A, A, 28 S0l A T AL 4 AUt (SR T B ool el 2l
27 ASCIL B AL} A WAL 2 AL 83} Lt 98 TEo| A= o BelE Mt 0] $5Uth) o BAES
2= gz B8] 95 4E 81717} 7o) UTF8 LS Al4alof 5L, of shelo] £3Ha 2E BAS
AAE % Yt 2B AL oF T

AIPL 7|2 gk o] Aoz Adsted, 944 A 2ol SET Fejo] 4 & Frefof FuUth 22

g &tk

’# *— coding: encoding —*

encoding 2= 30| % o] A A 8k= T Y| (codecs) T trbo oF Fth

o & S o], Windows-1252 Q1 T2 A} 232 AAAste W, A2 FE

Qo) R} 2L o L7 ¥ ojof FTh:

i)

’# —-*— coding: cpl252 —*-

R E TR B7A) A9 & 22 TEIHF U2 AW (shebang)” F T A HBHE A QU o] Aol 47
A F A Fol Solginh of & Sof:

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

2.2, 2ej=glE 9} 37 7
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CHAPTER 3

Thgol e ool A, 47 2H L BB E (> 9 )0 A o ¥2 TEH T o A2 AR A A=
ZEZE} S n) ERE Ho] & RE ASS 4 F GUH 2EEER AGHA Ft FES
Aefzelct} ST ARG A9 a2 mEne ool obRAE BE FE U EE YNAH UL

U
ol FoJstAlR; o8] 22 4

o

o] Ao Lhet B ot (hEY =8z E2AE) F4L TG YEU Tk o]

AN A TS A EA 4, 2 A AT 2] 27 ol U th FAL 2 ALl A AT 2= 9L,

FWo| L} IE Fof he £E AFUTh AW EAD AHD Qe Sol 2 5 GHUTh 24D A

ol ST s Al A= F A o] ohleh A £44Y B FAL e ojn)g Fos A 919
o]

Yt}
31, 5ol o] 8 A8t gk v, ol & QY wl = Al = HuTh

2 7HA ol & Sy Th

M

# this is the first comment
spam = 1 # and this is the second comment
# ... and now a third!
text = "# This is not a comment because it's inside quotes."
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3.1 glo] & A7 2 483517

W 7}A) 7 shol W WS AR BAITh AE T EE AR R ERE, >>>, & 7T A L,
(Qv} 227 gobof Fuith)
3.1.1 =3}

HzelE s 2ae A4 2 /s U th 284S 95 g 2Ry th 294 2L e
+ = %,/ QRS2 72 TE dolE (& &0, 2 Z U O A" SAFUTH 22 () = /Fe Ul
AES SR ERE
>>> 2 + 2
4
>>> 50 - 5%*¢
20
>>> (50 - 5*6) / 4
5.0
>>> 8 / 5 # division always returns a floating point number
1.6
AT (€ 5012,4,200E int YU £577F 0= A5 (€ 501 5.0,1.6)2 float YUY ]

A A ol A ZAF G Eoll el B AHA 8 A2 A AUt

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

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

5.666666666666667

>>>

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

5

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

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

17

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

>>> 5 ** 2 # 5 squared

25

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

128

Ao e @ s 52 (=S AT UT o] A5 U5 3l 252 E Hof| ZAHE= =492 5 Y

t}:

>>> width = 20

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

H7h g o= o QA b= wl (Fh= i A shA] efgk= ) AR st A=k A2 olEE 4oy
'**7} Hop et Eomg, -3+ £ - (3%+2) 24N A -9 7 FUTE 98 FR AW (-3) *+2
4+ JHYTh

10 Chapter 3. z}o] % o] 7hekst 27
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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

Asg BAH 07 A UTH AZE o2 3 o] 3 AAARE 2= AARE A4 S AXRE A2 HEgy
t}:

>> 4 * 3,75 - 1
14.0

‘:Hﬁ]'a_:] Eoﬂ/ﬂ\_) U}-Z] U]—Oﬂ o]"’H% Ll
A, AAEE oo] 7717 E H A9 RAE du gy ol &

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

12.5625
>>> price + _
113.0625
>>> round(_, 2)
113.06
o] Mt ALGARA L 718 b5 e AT AFE ofoF Fuith g A hYShA vhA L — whof 13
S 22 o] 59 AY WHTE ME =+ Zo] Hed, W i nhe e 548 Adsts 245
Fuh
int 2} float 9 Eﬂbﬂ glo] %2 Decimal ©|Y Fraction 59 thE FY A== AP Yh Ffo]lH L
Bag ol e ANE WAL G, SR E el ee] 5 U U AE ASFUTHEIE o] 345)).
3.1.2 #z1d
SAHE AR, ol ML FALE ThE 5 e o) X o AR UL, F20eE( ... )y
SHEEC... M EHE S YL BT 22 ANE FU. GEEE o|ado]Y Twt\ EAEY
T A5yt
>>> '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.'
3l d ez HolA, =8 FAE S whs ‘“E e AL, S5 FAES F SHAIR o] 2A o]
U 9= D A7 Sef Holk (FRES TH71 0 5 UTh, F EAGLS EERUTE B0
G ERE R BHEES ERGA God SREES} 4855, 1519 AP FowEEA
AGFUT print ) B5E B EE YR, o2 FE 55 A4S YA B 4V AL 8L
RrEol iyt

2rpe ol S3h el \n L S5 EAS L ALWLH( .. HFBHLE(. . A 2L A A5UTh B D FF
Aol ALTEE ol A " E o] AA )BT W G BT\ " & o] 27 0] B AAck FUTh, T 2% FYarhs Aok

3.1. so| S AT = AH83}7) 1
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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.

\ FHol Yo EA7 54 B2 HAFEHA st A A o, A i doll r & BEAA F EAE (raw
string) & TS 4 JHUTH:

>>> 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 DL ol 22 $4D $ AF U B A L 45 B RS AL AU
P 2 Y7 B A A B R BAGe] 2T AR Bol \ £ £o] o B HAT
% JHUTh o o)
print (n 1] n\
Usage: thingy [OPTIONS]

-h Display this usage message

—H hostname Hostname to connect to

nn ")

£ ol APE 2GR (R AR ABEAT L35 A e Aol F5 5 L)

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

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

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

T ol del EAE B HE (5, W xR SN AS) 7 dEESA YElgE Ao = o]of 29 YT

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

o 72 A EALS 2NuA S W 5 2 JFUth

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

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

A 02 F e e Polw 48 B W BAA & ANFeA U

12 Chapter 3. z}o] % o] 7hekst 27
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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

Hes7le] F2 Hag EAE gEE S oloj2 ol e + & ARgef ok Ttk

>>> prefix + 'thon'

'Python'

2Age dda (M AaYE) D 5 gtk 3 WA 247 A2 00] S HUth 244 98 HEe)
3L glauh Bes] del7h 12 AU

>>> word = 'Python'

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

IPI

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

lnl

>>> word[-1] # last character

lnl

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

>>> word[-6]

IPI

-ooqﬂvui°4L_a%-ﬂﬂnﬁ& %ﬁﬂ% Al £
Qe A of) T 3) o] A (slicing) = A AF LTk el go] Ad A2

AT AHgH = uhe, Sejol 4 & B
T AH4E (substring) = 4+ o] AHS-F Yt

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

IPy'

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

'tho'

el st Hel g /1 RS 2 YEUTh A WA AdAE YFSE 2| BH0 of AHSH L, T A
Qe 2sh Yes W | R0 2 Sebol 4 5 & B Aol ALg g Ut

>>> 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'

AE A EA G Z P WY, FE AN B G ETH A b Aol T AL, o wh o

w5
s[:i] + s[i:] & @ s 2o

3.1. so| S AT = AH83}7) 13
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>>> word[:2] + word[2:]
'Python'
>>> word[:4] + word[4:]
'Python'

oIS EASE S A1k @ A e A2 B S ol A28
ATk A WA A 9% JAZ0U T avle BAEZ THE wAAY 225
SEBER I

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

AR 2B ALY 2006 9] AN BolF3; F WA B h33he 9 AHAELS BolFUch i
ol A4 WIS Setelatishj 2 WE Bl A A Alolo £AER T4 H U
obd Qe age] 49, % QY s % Wl o] grhu Sefe]ao] Aol Qe ko] AT ol

>>> 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, W91 S Mol b Sl A Ak Sebel 42wl LA AP

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

>>> word[42:]
T

@4 glok— 20 ol ebm Gk 2N BAG) dulag 328 9 Ao B Y shelx

>>> 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 2ol 9 shE, M2 BEofof gt

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

>>> word[:2] + 'py'
'"Pypy’

14 Chapter 3. z}o] % o] 7hekst 27
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>>> s = 'supercalifragilisticexpialidocious'

>>> len(s)

34

o ®B7]:

textseq TAE -2 A AL G 9] Fola, AlFATF A H3HE FF Aol AdE Yt

string-methods Z A} 2 - 7] 22 Q1 W2} A 913 of 2] 74A] A =55 A4t

f-strings U3 1A S 2= Ex14 2lEE

formatstrings str.format () &2 FAES 2 W3l= ol st HE

old-string-formatting ©| 2ol Al EALE S & AR} A Fof] AFG- Sk of| A W49 Zufj e of] A3l & T A 5HA
‘A stal syt

313 grE

sho M e thE S-S Bole) 2 Bt A2HE A2 71X AHLE (compound) AE FL ET AT 7}

A gEA0) b AL PAE QE, B BE Aol FEZ TEE (TR 5] R0z 53D 5 YU

PAEEAZOE FY FEES LT 5 QAW FRE| BT 22 A 9t BeUn

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

>>> squares

[1, 4, 9, 16, 25]

EAL (295, TE BE W ADA B HY H2EE A9YHT Setol 4T 5 YT

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

1

>>> squares[—1]

25

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

[9, 16, 25]

Stholx A2 AT FEES T/ M FA2EE EHFUT ol tdEF 22 STt

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

Bl AEE ojo]20]7] 22 dit= A

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

29 Q BAGTHE g, P AEE /bl gUTh 3 U8 M3 T F deyith

>>> 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]

3.1, sho]g A X7 2 AH&-3}7) 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]

ebol 2 Yot AE Jhsd, BlaEe] dolg MAT F AW, BE FEL AT +22 At
>>> letterSZ [‘al, Vbl, ’C‘, ldV, Ye’, Yf’, ng]
>>> letters

[vav, lbl, lcl, ldl, lel, lfl’ lglJ

>>> # replace some values

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

>>> letters

[Val Vbl, VCV, UDV, IEV, lf’, lglJ

>>> # now remove them
>>> letters[2:5] = []
>>> letters
[ta', 'D',

lfl, lql]

>>> # clear the list by replacing all the elements with an empty list

>>> letters[:] = []
>>> letters

[]

Y& s

S len () 2 BlAEE

>>> letters = ['a',
>>> len(letters)

vbl,

4

PAESFPT S dFUh (2 PJLES 2PSE P 2ES BEU. ol & Sof:
>>> a = ['a', 'b', 'c']

>>> n (1, 2, 31

>>> x = [a, n]

>>> X

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

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

>>> x[0][1]

B

il

of, kA d | H

>>> # Fibonacci series:
# the sum of two elements defines the next

a, b=20, 1
>>> while a < 10:
print (a)
a, b =Db, atb
0
(TF sTolATell A%
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(o] A sl o] A A M A%)

Qo Ul W N

s AE2tFT U & 2F6HL sUTh W a &b ol FAlol g0z o] tHYFH Ut npA Fofl A
TA] AFEE =], th Y o] o= spuets o] F o)X 7] Ao SR @A Eo] BF ALg Ut £
AL AZRE LBH O 7HHA SAHE ALbE YT

* while FZ+ 2 (A7 A+ a < 10)°] A T AFFUTE C2F w7t A & gho] oAl 0 ]
obd BE Fae Foli, 02 ARAYYSE 22 FAGo|U H2E (A BE SR/ AIAL) 7 E
TE et 201710 o] obd AL B Fro|ar, Wl A|FA A= ARG UTE o] oo A AHE 3 A A=
Zrgt vy £ v A4 CoF 22 Ao ' @ Uth: < (BT}, > (AT}, == (ZTh,
<= (7} 2eh, >= (ZAL Zoh, 1= (HF2Th.

o 29 vt (body) + 427 FUth 927+ FolHoA s o E FE PHdUTh
3y =252 EoA 2tz o] 2 FollA] | (tab) o] v} 39 (space) = Y H 3l oF FUth AAH o=+
9AE AY7IE AFSSA £ o B3 stol A = E FH5HA F Ut ARt g2 E AR 7| E2 A
T E27) s ATPULE EdES oz 8w ES G A W =S dgslok
Utk (14717 AA AT 2 JATA AT 5 97 HEQUh) 2L BEo| PH L wE
22 22 PuF Boj2y] Hojop Pol FFA L

s print ) B5E oA AREY ¢S AN F U hF A4, A5 g, BALL B P40 A
A7) A A 2 A7} o)) 2 HaA e BAL S 1d AHHE AT ShFUTh 2A4Ee
WS E glol £ L, AAE el & wzkel 4P UTh A oW Aoy FA EY T 5
Sl<rvich
>>> i = 256*256
>>> print ('The value of i is', 1)

The value of i1 is 65536
7INE ARlend = 28 ol 2T = MNP EAE AAFAUY E S thE EALEE EUA st A4S
ufj A-&-F Y th:
>>> a, b =20, 1
>>> while a < 1000:
print (a, end=',")
a, b ="D>b, atb
(.);i,1,2,3,5,8,13,21,34,55,89,144,233,377,610,987,
32 Zaagyoro AL 17
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cHAPTER 4

et Al 35 =

W3 278 while B 9o %, sto] ML THE Qo] Sol A &l A AA A 3F Ao BEL AL, B
W2 st g5

opnt= 7Hg F G 2 F 2 i £ 2 AY U & S0l

>>> 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
%317%140461 Aol elif B7L A& o 93, else H= AH *%MD} 7] AT ‘elif’ & elseif’ O] =Y £
e, 2= 204“712 Hote vl F8FUTH if - elif - elif - AlFEETE SolA 2AE =

switch Y case ¥& thAl g}

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

Pt 4 s o A

42 0 ol 1o SA (CAE) A B A oo el o1 A% 3o 212
R P R L R !

o] M) for £ ojo] A (B|AEL EAE) 2] &
FUrth ol & So (Bl obeh:

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

A4S ol EeolE S B 0L AL £ATHE TEE SueA BAHES BES QEYT B4,
HE FAHY BARCE 238 UEAL Y A4S BE L Aol F 29

# Create a sample collection

users = {'Hans': 'active', 'Eléonore': 'inactive', 'S AK[]': 'active'}

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

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

4.3 range () &5

ZAE AlAAE olHY Ol ER A7 o™, W 4 range () ZF AP U £ S Ryt

>>> for i in range(5):
print (i)

S w N e O

o 235 A 95U range (10) < 10709 g , | P
SukE dd stk Y7 o E AZE A ZS ALY, ThE S7HES (524 s
;W2 o] Z& <l (step)’ ol gt R HUthH A A 3sl= A% 7yt

oo oo My
L gl

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

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

(TH& ST Aol A1)
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>>> list (range(-10, -100, -30))
[-10, —-40, -70]

ARz QEAER o] e eo] = el W, he A H range ) 9 len() & AT 5 AFUTH

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

3 little
4 lamb

st gk 28 o]  F-2-2, enumerate () F5E 2+ 2ol AP Fz HIY & BHA Q.
]

WS 1 A5 o] 47 Aol Aojhiich:

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

B2 A5l range () 7} B F AAE P2EQ AN SH43A W, A4 el 27} ok ek, o HAo| =T
o A5 NDL FBELS 2AYE BAFE AN AT, AA L AES BEA Wobd T Y

U,

o) % AA & ol E)2 2 ook REUTL 30 228 w7 AR FHEL AL 4 9k RoUASE ]
Wote §5o PEEEY BHAoR AP Pelt for Fol 18 FEELLS HAHFUTh olH e B2
H o= T o= sum () YU th:

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

6

Later we will see more functions that return iterables and take iterables as arguments. In chapter A5 <%, we will
discuss in more detail about 1ist ().

44 5= 9] break ¢} continue &, 18|31 else &

break #-2,Cx 4, 7}4 7170l A EH A= for Ywhile X 2 X E whA U 7HA w5 U oh
$Z ¥ Lelse 42 1A 4 ATh £I7} ol E 2 Be £70]u (Fore] 49) 2710] A30] HA (uhile
9] 7é]__C,)_ }_Etﬂ—u;ﬂ /\Wzsggqq 3],;(]1?_]_, iﬂ—break o= ZEGLELHL /\]-Ggﬂz] 0}1\1413]- i_{'\_g 71‘—

228 Ea) Tl A A g T

>>> 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')

(TH& SToTAT ol A1)

4.4. Fx 9 break 9} continue &, 718]7 else A 21
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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

O 00 J o U W N

()AL utE Z=YUTh A8 S0t W else AL if Eo] ol for T2 o £3Yth)

2O A AHEE mf, else AL if T HTE= try -‘?4 else A3} H]3t Hol @5 U try 9 else
2 o7 DA A] LS u] AYPE I, T2 else AL breakZ} BHASA] S u] APF Yt} try
of @] of] 3t 2}A| 3 141&‘” ofle] A esl7] & BAL.

continue #-&, GA] ColA YHFUTH F29 th3 oE g o] dof| A ALt & vhE T

>>> 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 &+

IH
n%
)
A
e
ol
et
ne
o
0
o
2
>,
ofo

pass B2 ol P AL 34 A5tk 2YH L2 Bl

g dsUth s S0l

NE

83HA R 2

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

pass
pass7tAHEE F e e Fae M ZES AAJT o) v 245 vkd o 2 S A-p= A, o2&
ol H FAA A FFoA BAL = A FYth pass & 283 ‘%/\1%143}

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

22 Chapter 4. 7|E} Alo] 35 =F
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4.6 match Statements

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

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

def http_error(status):
match status:

case 400:

return "Bad request"
case 404:

return "Not found"
case 418:

return "I'm a teapot"
case _
return "Something's wrong with the internet”

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

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

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

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

# point is an (x, y) tuple
match point:
case (0, 0):
print ("Origin™)
case (0, 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:

(TF= ol ATl A%)
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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 y attribute to the var
variable):

Point
Point
Point
Point

1, wvar)

1, y=var)
x=1, y=var)
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, *_) matches asequence of at least two items
without binding the remaining items.

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

4.7 g A 25}

at

ful

FRUA FEE 49 et St T

]
m]n

% g%y

>>> 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

deft B4 o) E AAFUL B4 ol 23 F52 A2 F4 v A5E) Bl HupE
Qohe £4E0] 0SB4 AHH 1, e 4] Fo] 7] 5 o]} gLt

1o |n
5
O
e
dﬁn

it o] A A B2 AeA o BAE glEEe] @ £ F5UTH o] EAE HEHEL T4 =

A EARG, & EAEY (docstring) YU TH (EAE G O3t A8 Y& =7l o)A 214 o
Uth) S2EGS ARSSIA 28kdol v A4 E A AE AF A AL, AHERECl Hgg oz 3
dHET F UEF 3t EFE0 °"“\4D} o2 o] Aot ZEo SAEHRHE HHohe A2 2

AR Ry < e
ofy oo I, 4y > o
[}

©
<
e
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g AL g A eSS AT A AE HelES MUt £ 9 FAALE, oA BE
A Y E2 3 AG AE "ol B AUt vbdo s Fx = WA A 48 g8 & o3,
A AEHOES E S, oAt g Y o] g ES] HolES AUt 284, F2E 5+ Atk st ets,
A fasd Evate FY 152 5 WollA AF ol tidE o+ flsUth(d 9 |4E global
2oz YA AL EHNE 49 WS nonlocal 02 YA SR = o4

T SR AGHE AA RS E (A2 2D W S5+ T4 AG A& HolE BEAF
Utk 2 A QAL gholl &8 T= (call by value) 2 A2 F UTH RS 37 AA 9 ghol ok et AA =
dyth.! 47t e drE 28w, 2= ARS AAFAZ 32T 0, 2 523 AT A A AE
gl o] o] HEoH Utk

S A= g ol 5S EA A E "ol &9 g Ao} AATTE AdEZEHE MG o] 5] 7 7]E
AA & AHA Ao 42 AT THE o5 2 T4 AAE 7L 5 o gl Axadts
d A8 S5 dFUT

>>> fib

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

>>> £(100)

0112358 13 21 34 55 89

2 Ao]E2 ALg 3T, fib 7} S S8R 9] w)Eof 3
ok A4, return #0] §lE F4E S =85 YTH ¥ S 23 3hel 71+ A Tk o] g2 Noneo| 8t &
Ut (W o] 54U Th. None o] 28 & F L3t gholetd, JEZ 8B &= 25 None # &8-S JA T
HHP A print () E AT As

>>> fib (0)
>>> print (£fib(0))
None
Ash ot AL, SIH U £ 99 $A4F B AES BHFE §4E A4 A FUFIUY
>>> 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]

AL WX, o] A& € 7HA A oA 75 HAF Ut
e return ¥ L2 HE FE 20 S Utk 234 A2 §lE return 2 None g =85
Urth g9 o2 9o QA Noned 85U
o B result.append(a) & g2E AA result HAEE TE&IYTh HAEE AR o ‘&3

34 0] 31 obj.methodname 2}1 o] & B X =4, obj+= o] H
methodname < A 2] Foll o3 ol d mA =2 o] FYUTE & F2 HEvINEES A9

e Fueh
A ThE 858 MAEE 253 glo] 28 ol 8 1A 5 A5tk (FA2E AR A o 28 A4
o Y3 vl =S ot o] b5 FuTh Fel 28 BAIL) ool Lhet WA= append )+ BlAE

VAR Z, A Zzoll 93 TF (call by object reference) ©] B 22 ZA A, 7bA AA 7 AL, T &A= T EA7HEHE S
B £ Q7 W EQUt (1 glaEd 58-S 271 Y.

o
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7u7<ﬂe°ﬂ HoFH o] JHULh 245 BgaEL] T HlE&YYrLh o] g9 A& result = result +
] 95 5AR, o 28 Y YT

4.8 3 A2t B
Ao A A] k& N RJAEE 5 Ao ote 2 7Fe Ut Al 712 @4l o] Y=, 28 5 d5Uth

4.8.1 7|& AA gL

e A4S 29Uk 398 ARty AL Ao

def ask_ok (prompt, retries=4, reminder='Please try again!'):
while True:
ok = input (prompt)

if ok in ('y', 'ye', 'yes'):
return True

if ok in ('n', 'no', 'nop', 'nope'):
return False

retries = retries - 1

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

c 2 H A7 AAR AL A ask_ok (" AT 2 AsHA 87
o AEA Az sE AT A ask_ok (' FHLE ol E FHUN, 2)
c Ex BE QA AFHA ask_ok (' FLdE HoIHE FFUN, 2, 1AL Ay b 2 2R HEHA]
4l
ol o= in 7] EE &7t U th AlAA7F o ghe 7HE =4 obd A E AR Y T
71252 g Ao ARl Ao A e ATz A Fe YT 1A
i=75

def f(arg=1i):
print (arg)

.
[e)}

F93 oAb 1 Ege 24 3 Ny o] FAPULE o] AL ) gro] PAEY BV R
220 dadast 22 bl AL W) Aol & WEULh o & S0, e BFEASHE 322 Ay
JAAHES F AT )
def f(a, L=I[1])

L.append(a)

return L
print (£(1))

(TH& ST Aol A1)

48. g4 Aol ¢ B 27
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(1]
(1, 2]
1, 2, 31

A% & 7hol 7|1 B gtol TR A 2718 Ao, o)

>
%
-
i
s
L
1>
[o
i
i3
4
30
oy
A
v

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

4.8.2 7)9= 2lz}

ek

TE kwarg=value 49| 7|9 = <2t £ ARSI 22 = Jd5UTh A€ 50l ts e

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

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

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

shtel B4 AR (voltage) 9k Al | AEA A% (state, action, type) & WolEAUTh o] T4t
e e Y % oA oz»}zgg%

32 _l
uf>
<
o

parrot (1000) # 1 positional argument
parrot (voltage=1000) # 1 keyword argument
parrot (voltage=1000000, action='VOOOOOM") # 2 keyword arguments
parrot (action='VOOOOOM', voltage=1000000) # 2 keyword arguments
parrot ('a million', 'bereft of life', 'jump') # 3 positional arguments
parrot ('a thousand', state='pushing up the daisies') # 1 positional, 1 keyword
SFA W Ohe I} 2 TEEL BE 2uk=R) gEUTh

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

S 2NN, 719 A A2 A5l ol BT B BE RS A B BolE ol

A7 5 S} Srojof o (A 5o, actori: parror $49] £V Ao, T2 A L F 25
Ut o]AEE A AAERE TFH UYL (9 & £, parrot (voltage=1000) & 248}54}.
ol A= E 7f o] Fo] L WS & GgTh o7, o] Al W) Fol Asah of 7} <ruich:

>>> def function(a):
pass

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

(THE STl Aol A1)
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(o] A sl o] A A M A%)

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

croame 800} A A4 SN & AS, 3 o)A gl 8o ke w S 1S AEe
o122 rname (T8 AR YU 34

%%Qﬁﬁﬂmemn HAQ) & w5yt °
Q9 v AESE 2 8 5 S, 94 WA S5 ] 97 A5 S B T2 WU (nane
**name kol Lhelok @‘4 th) oS S0, old 5 Ao sid:
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])

i Aer 559 4 JaU:

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

221 8] ol @A Q4 g T

—-— 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

AANH = 7IAERJASY A T S22 A2d A9 A To] B o 554 2.

483 E2:uj7] W

NEAo 7 A= Y} GA A 7| Y= 7 ulo] AW o] AGE 2= 9
7HaLx].7]. FEol 9], JAY 7Y £ 7Y g ALdEH =S
o7 ALE B L A sted 25U T

B4 Aol e 2EUT

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

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

A7) A /9 += AE A
e 917 A
ek

AUtk AR, o] 7|5k AL Fol Ak & Ao i 7)Mo $FHE
4 AA-ZIHE 2 719 E AE. 719 = w7l = 8 (named) i) MEal e

o
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2] x]-7] ¢ = (Positional-or-Keyword) 2z}

T4 Aol /97 OB, ARE AU AYER Foo) AYE F AUk

9% 1 g wiA) 94

E o A AR, 54 vl W4 A deow . gojwl, w7 el
St F LT, SR W) RS ALT S GHUTh 9 DS WA ARE /(& A) Sl F AU
/=92 AE WA BSE Gl A v ) WSS 2R we Ao Bejee ol AFSH UTh 34 494 /7}
gom, 94 A A Aes g5k

/B Wl s AT EY IR E A

ofo
e
+
%0,
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A
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Az Ao & Y=, w7 S 719 = d8o s A8 |, A HA

& |
B
2
R
fu
>
=2
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2
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*
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to

g A

/8t * ot ol Fo & 7] &0l v ol Al g A E LA L

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

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

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

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

A 8 B4 39 standard_argt 714 A4 B YAow, 52 FHof obR W AR FA ghor] A
A= ALE 4+ YLk

>>> standard_arg(2)
2

>>> standard_arg(arg=2)
2

5 WA &< pos_only_arge 4 Ao /7t Jon g A w7 AL ARSI EE A

ok
ot
A
Iy

>>> pos_only_arg (1)
1

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

Al A §4 kwd_only_argss 84 A A 2 EAH 719 E ARw 8 &g ok
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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 vk e B4 B oA Al A % FH S BE S

>>> 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'

upxjeto 2, 91 %] Q1A name I} nameS 7|2 7FA| & **kwds Alolof] FA A QA FE0] 9
AP A L

o]

e

e

rr
]

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

'name' 7| == F4 A AR ) Hpo] ZFSEE TrueE T 5 e &2 EVFSFULE S

=49

>>> foo(l, **{'name': 21})
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: foo() got multiple values for argument 'name'
>>>

I8Y /(A AL A2 E AFE8E, name=s YA AALR, FA O 'name' € 7P E AR 7|2 A E
Ao E R 7

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

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

%, 912 A8 oA WA o B *rkudsel 4 BRI glol AHEE 4 Y& Th
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dz
A

AFg A 7F 84 Ao o) A oW w7 M2 AL 3] A A S T}

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

2] A0 7 A
- WA W5 o] B ALBAT AR S QES S H 9 DG AFIAA L. B HS o) S o)
AA ou 7t g, 7t 522D W AR A E FASGHL T, = dF X i) He)
dole) 71 EE WobEol 1 A ) f-gFTh
« o] go] o n 7k Y F el v} o] B S WA MO AHFO A U ]33k A A AL, AR
Aks) = Qlake] 920 o 2okx) RIAES o 719 = A4S SN2,
« AP19] %, &% wj7) W42 o] Fo] A E uf v 53 APl A o] HA = AS YA HE 9 A

ALS ARSI A L.

484 Qo) Q1A BE

1o, b d AT E SAS B4 999 A5 AAE 55 5 AR A AU o]
AAEL FER FYUTH(FE AT2 S HAR). 7bA Lol At oll, AL ol2] 2] Auk Aol
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'

485 A7 B% A3

AAE o] ofu] PAEL FEo] YA FelH 91X AAEL a7 e G5 TE2 A A 97 Aok e
35 Wl o] Mol Pt ol & E0, WA range () T+ BE 9 st} siop AAHE gk 12
ol mz A oW, Bl AEG FERRY AAE A P37 A3 +-ANKE AN B4 E TE 3
Fuck:

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

[3, 4, 5]

>>> args = [3, 6]

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

[3, 4, 5]

2 A r gAY - AMRE A A 71 E QIAE Aed 5 A5y
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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 Ht}

=41

A4

lambda 7| =& A& A &AL © F o
lambda a, b: atb. &5 AA| 7} Qlojof ob= 3ol ¥ ot} o} g7t A2
T ot @A oz Atg Ut ujH o g =, AREA T Ao A £
AAAE, gt 5+ FeA e 2T Y&
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d
5
T
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b
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o
%
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Ir

-

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

>>> f = make_incrementor (42)

>>> £(0)

42

>>> f (1)

43

99l ol B4 BT A5 Aok BAAL A FUT E 2 §EE AL F5E AR AYtE

A4yt

>>> 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')]

A5 B AN BH S L, 1A Lok GUTE 1BEL A3, AR oGl L WA A
2 Q7917 ol sht], ol A5 ThE o w ATH ) WE AT (o] o] Fael A4S AWale
Sated o 9 GUTh. o] 2L EAR AR5 T kAR Eiiel gk,

e o4 2AGo] ole] Zol YrhH, F WA ZL wlol o)A, A Ao R 2ok YA WL Hel
slok U Th Am2s 258 s} 1 o4 2o w, AAe] 5 ok £ 48 5 Aus ok gt
shold At ole] & £AD PH AN Sl B AASA %] W Eel, WA E A ErEL
230 5278 AAGUT o AL the 3 2L Fel 8 A48T EADY A2 o ok 2 uA
Hjoglx) eke Zo] WA ERUE oM AL Folas] 2ES ARPYL (P A E2 48U 4
Gt Quba 0 2 BAAS A A ohe whg o] RojglofA] o277t £ ele 89 AL Wk sHA] 8]
WU h) o 279 “FEH B o] FAAY BE S AL FEA AATYCE @ Fojz)
 Fo] LERFA & ofof 314w, LTl BE SHRLR o] o] Al AR Tk 3o S5 9 27
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>>> def my_function():
"""Do nothing, but document it.

No,

mmn

really, it doesn't do anything.

pass

doc

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

No, really, it doesn't do anything.
4.8.8 3 o| o] A
G o) i E o] A & A A} B 9] 47t g SHE WS o] st 9] A EA S v ebE o] ¥ 4 R U T (A
3 22 PEP 3107 I} PEP 484 & H A Q).
ol :cgo] & &40 annotations_ OJEZ|HEC] MY AFEH L T4 thE Bl obr |
G FL M XA gk A NS o) mH o] AL WM o] & o] = FE o2 AoH kv, g 7w
o:gol i ghe Fr B Aol HutEUTh M golHode eEY > IHE R FAoR
Ao, AR5 B 55} def B B2 UEhlE 2 Aol o] £ AUt thE oo A B4 A, A9 A
917}, ukgk gho] of o] = Hujch:
>>> def f(ham: str, eggs: str = 'eggs') —> str:
print ("Annotations:", f.__annotations_ )
print ("Arguments:", ham, eggs)
return ham + ' and ' + eggs
>>> f('spam')
Annotations: {'ham': <class 'str'>, 'return': <class 'str'>, 'eggs': <class 'str'>}
Arguments: spam eggs
'spam and eggs'
4.9 w7+ 79 2ekl
ojA] of -2 FtolHe ¥ A1, ¥ FEFT 4SS A5t Ut 2 W 2Ll il 2 J -5k
AZrIUth 72 A= A2 O 28YE A" (BEe O s, 290E) 5 dsUth old 252
o2 A5t o 7 dsUth 2 AME S0l A8 R ZEE 7] A vt A2 I 2 Ao,
25U IY 2SS EYste A2 1A st 2 =2 FUYth
stol e §)al, I RE T2 AEL B4eE A8 7ho] =7 PEP 80] UgtsUt); ol AL vl S 97 43
wo] Mokst 7Y AU S el gk RE sho]f QA AR HE o] EAE glofof Fhth; ol RS
A% b o REES Ttk
» S8 27)o) -5 o] A5 AFE S, S AR SHA] PRAl R
479 25o) 2t Ze Bol2y] (H B F3 =8 U Th 92 ST (9)7] AU Th Aol o)
F2EIYYUTE H2 S o7, §lol= Aol A G Yth
7978 A FES E Y AR
o] 212 & S ZHI AFRALE FaL E oA = o 2= D55 URe] B 5 A Futh
- B, 2o, B WY 2 RE B2 Abolo] W 8 Yol ReFtAL
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Shaet o 4B = o5 oM 8; FHl= FH29 4 UpperCamelCase, T42} A
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5.1 g]|2~E t©| B7]

FAE AR P2 R AN MM ESS | 2 S U o] AS0] F2E A REFHAE SdUTH

list.append (x)

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

list.extend (iterable)
ZlaEl] Fof oY EY EE FES W2 AU allen(a) 1] = iterable & 55
Ut

list.insert (i, x)
Zo12 g Ao] =S AYTUCE R WA Ax= AYH = 247 24 2 AP AdUch 1efA
a.insert (0, x) = B2EQ AL 4YdtA,a.insert (len(a), x) = a.append(x) & F5
.

list.remove (x)

ZAE A Frolx & 22 A HAY FES AHA YT 28 FEo] §le valueErrors 423y

=

list. )

rrd AL, 1 G EHF UG AUAE A FFA o,
AR S G o (1A= AT A SR R ES

29 ehd Utk 19 Ao 2 EE sl ok Sehs Fo obguth o] B/We

=

list.clear()
Paee] BE F2S AP del al:] FEFSTT

list.index (x [start[,en ]])
gl AEo] 9t 2 = gho] x 9o} 2L A WK A2 0RE A F e AU AE S E ) 18 o)
QO valueError 5 o314t}
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A8 A Pstarti‘rend Sefol~ H7IHA A AL, ANE BAEL SHSEA B AFAR
Al gtshe o] A FH YT 283 %?li.é%start?lx]'ﬂ'o]"/]a'iﬂxﬂ TR EaXe) /\13}2_ 710 2 Tt

list.count (x)
BrEo|A x 7t S A48 SAF UL

list.sort (* key=None, reverse=False)
AEQ FEES A A A AEFUTH(QIAES ZE ALEutojA| o] Mo AHEE 4= JdF U T
AL sorted() & ML)
list.reverse ()
gaEe] 8252 AR oA FRF U
list.copy ()
PaEe] e ARe BeF U al:] 955k

PlaE A s g2 AR S ol

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

2

>>> fruits.count ('tangerine’)

0

>>> fruits.index ('banana')

3

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

6

>>> 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.

OFIlE of e o] Yol L E e AL RE HoHE ALY WL FE ke AAUTh ol
S0, A S BALHA LT 5 YL Nones thE F A ¥  §l7] Wil [None, 'hello', 10]+&
e A dsUth = FYH tia AA TV = Fol s Uth & 501, 3+47 < 5+7j& SHFE v}
ot

L:};}}% Aol 5L /b AAE 58157 htl, d->insert ("a") —>remove ("b") —>sort () ; & T WA E A& H

38 Chapter 5. #z}8 %




Python Tutorial, & 4] 8] 4 3.10.13

a7t sz AYAE &

El’*E A= ‘:% EICE% 2807 NG5} ﬁﬂ] “LE% o], ppA o] |2
ou SHAl 2. 2~ 2] Hlf 7] ol A

Q] \/] t} (“last -in, first-
q

I>
)
1o
Bl
=
N
=2
o
A
[o
dm
_V.Si
2 o
V)]
ke
o)
I0)
o]
Q.
i o
>
>
oo ko

>>> 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 B AEE F & AL3)7)

B AEE FE A AR 7@, AFer 4e 247t 5o AWAE 24 YUt} (“first- in ﬁrst-
out”); SFARh B]lAE = o] HA ol A& H oA FFUth B2EL o Qo] ‘/},jé"ﬂ/ﬂ A= 22w
A, glaEl] Mo gZ o] Av w oA Adls AL =HUTHTE 8452 EF T 1 o] 5 A Ak
sh7] o= Y eh.

FE TS, FEANAL QEO G AW 7 EF WMEEE A H collections.deque £ A3}
A&, & E99:

Y rIr

>>> 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
oJH e B WuEo] o] A4S A8 T AT I AES WEAL, o] H AL WHHE L4ER T4
NEADAE BEE AYY

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

(THE SOl AT ol A1)
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(o] A sl o] A A M A%)

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

A
gAE A2 ZAAR I AETBEE for 2R PAG A 71 for Hif S NN EIE
TAEUTh I A= A H2ERIY], for &if A FHA RHA Y 3 Tl HEol UL AE
S, ol Fl2E HudHL FHULEY 3452 AR A &2 A7 8 2gFh
>>> [(x, y) for x in [1,2,3] for y in [3,1,4] if x != y]
[, 3y, (1, 4), (2, 3), (2, 1), (2, 4), (3, 1), (3, 4)]

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

>>> combs

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

¥ 2= 27bol A for 9 if Be] £A 7} 2ol § 54 2.

F@A o] FEolW (5 4 ool (x, y)), BIEA I E S AoF
>>> 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

(TH& ST Aol A1)
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(o] A sl o] A A M A%)

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

gk Azedde Be A4 1 P EL 2T 5 dsun
>>> from math import pi

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

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

OF faE Fugdde 3 de A2 A Y

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

ol A Hoksol, 3 E Pk An WA Aw2 Lt for o EWol A o] oA UL LelA o] ol
e S5

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

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

o] A& thAl The 3t 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]]

AdlA e BT sEFEH UWE s ATsor gt o] ol zip() F57HA 92
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>>> list (zip(*matrix))
[, 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

5.2 del &

Pl gt Al AEAg AL FEE RS E B o] A5UTH del EPUTE ol AL g
EHFE pop () WA= THF YT del £2 BléEoﬂfﬂ*aP |25 AAGAY A g 2EE H¢=
95 4 BE S 5T (T W G AEE Sehel ol AAA B QA . o & Bol:

>>> 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 al:]

del & W AHA| £ AAl st ol = A2 = AUt

o]Fof o] F a & Fxvhe= AL AUtk (Aol = o ol M2 Y= 7] A7EA). F oA del o] tH&
45 HA g9t
E 3z =

53 FZd Adx
greg} Bado) Ad T Sefold AN 2L B AL FRTL HUFUL AL AV2 AR
@ o] % 7}4] o )1 o (typesseq & KA £). Tho] -2 33k lojo] 7] W, thE A AL 2 F o] F71E
SE AU ohe B2 B2 AR Fol dedth 7 duth
FES dRE FEH o8 gez FAFE YU A E S
>>> t = 12345, 54321, 'hello!'
>>> t[0]
12345
>>> t
(12345, 54321, 'hello!"')
>>> # Tuples may be nested:

.u=+%tt, (1, 2, 3, 4, 5)
>>> u
((12345, 54321, 'hello!'), (1, 2, 3, 4, 5))
>>> # Tuples are immutable:

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

File "<stdin>", line 1, in <module>
TypeError: 'tuple' object does not support item assignment
>>> # but they can contain mutable objects:

(O STeTA T AZ)
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'banana'}
(tt

Utk
'orange',

Eal

=]

MUzl E v

'pear’',
# show that duplicates have been removed

# fast membership testing

1=
=

fy

H]
'apple',

=
'apple'}

'orange',

Uset () B5E AHET 5 9

'pear’',

<
Fobduth £

= {'apple',

'banana’',
'orange' in basket
'crabgrass' in basket
A%

>>> print (basket)
{'orange',

>>> basket
>>>
True
>>>
5.4.
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False
>>> # Demonstrate set operations on unique letters from two words

>>>

a = set ('abracadabra')
>>> b = set('alacazam')
>>> a # unique letters in a
{'a', 'r', 'b', 'c', 'd':};
>>> a - b # letters in a but not in b
{'r', 'd', 'b'}
>>> a | b # letters in a or b or both
{ta', 'c¢', 'r', '4d', 'b', 'm', 'z', '1'}
>>> a & b # letters in both a and b
{ra', 'c'}
>>> a ~ b # letters in a or b but not both
{'r', 'd', 'b', 'm', 'z', '1'}

.\

gar Andd 3 A, A Az AAE A 9E Uk

>>> g = {x for x in 'abracadabra' if x not in 'abc'}
>>> a
{Vrl, le}

5.5 €A1z

gho] Ao WH T et £ R+ A5 P2 9 Y J Ut (typesmapping & E A L), 94 g
T2 AdojEo A “A T W2 (a scn%mmmmfﬂﬁﬁﬂﬂdmwmm%mmwﬂﬂﬁﬂ A
ZAER JIAHE= AlEL Eﬁq gAY g 7] 2GS =, ZEE EHIS LT =
AL AES 4 717HE o s ®FEol 2AYE, =4 %%%‘?_ Z3etd, 7| 2 AHSE
QQTWE]ﬂ”@ﬂqﬂ ﬁﬂiﬂﬁﬂﬂgﬁﬁkwqﬂi4 g 5

o=, Esdda 74,

A7 UJHE—?JHEP.

"J/#ng(ffm/ﬁldrﬂ°P°ﬂ/\1)?17}% H A Fethe xﬂokz A2 7HA 7] e Ao s Azst
2ol HAYdUth. 2 A2 W gHveE e Uth (). $ET el IR FE g s &
god, MMEM]Zﬂ 71: 3 E& AedUTh Olﬁow)ﬁm 2L A o 71 g ok
gMU e F A4 e 719k @A AFstA FoAX V2 g FEsE AUtk del 2 711 S
ARt A= 7Hs U th o w) ARSSRAL Sl 712 A sk, T 712 A oA g2 Yk A 8HA
e 712 Fe FEokE AL dH Ak

gA e Eof list (d) %?‘“‘} gAY AHEH L 9lE BE 79 B AEE A SATE S8 FY
o (322 sk thAl sorted(d) & AHE-SHE H Y. er«l A7k g ol QA A, in
ANEE ALEFA L.

o 7ol 9] & A8 et 2auka o7} g5 T

/\[ﬂ

Nmﬂi‘l

SUT BlaEE 7

=) =
tf ], E8tol & th Y, append () »}extendo7‘%1311*%53&7‘01#5%#

H—ﬂi

JHH
o r|r

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

>>> tel['guido'] = 4127

>>> tel

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

4098

>>> del tel['sape']

(TH& SToTAT ol A1)

44 Chapter 5. #z8 7%




Python Tutorial, & 4] 8] 4 3.10.13

(o] A sl o] A A M A%)

>>> tel['irv'] = 4127
>>> tel

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

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

True

>>> 'jJack' not in tel
False

dict () A= 7]-3k 5 Aldaz 78 A4 gMvelE #4848

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

olol Hal, S Az AN L Q)9 Aok BAASE R S E BErr A8E 5 dc

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

717k e AL L W), W 2 7] H = AR AFE Sl A 2 A s 7 sy

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

56 FZ HIY

AUz 30, items () HIANEE AHE 8 719k A7 ol S8k #e Al €= ASUth

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

gallahad the pure
robin the brave

NA2E FY W, enunerate () F5E AHGIHE 97 929 S5 e A 22 5 AL UTh

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

0 tic

1 tac

2 toe

FolLh 1 o] ge] AALE BAG) £ W, 2ip () BHE A= EY HL BE S AFUTh

>>> 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 sTolAToll 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.

A F2E AR T35, 34 ZYFoz A|F2E A AT th3ol reversed () TFE ES3HA 8.

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

print (i)
9
7
5
3
1
A"l THAE AR E FH8H Y, sorted () FFE AN 225 A = FED A Bl AES
HLS 2 9221}
—= T X181

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

Aldxo] & set () & AHEETH T8 SAE A AT UL AlF 2ol i3l set () I sorted() & T AHE
[e]

e AL AND2Y 1F F LS JLT 2N 2 TS B P AU
>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for f in sorted(set (basket)):
print (f)
apple
banana
orange
pear
2 22g ST Yt el 2EE WARTE FFS =AUk AT BF, A M PAES weE o] T
et of ebd g o

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

>>> filtered_data
[56.2, 51.7, 55.3, 52.5, 47.8]
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5.7 XA t] 17|

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

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

e AR 4 A5UTh B Sola < b == ci,a7bb RTF AL, FA b 7hc 9 22X AR T

WS 2 A4hA} and 9 or & ALES A AT 5 917, W 2e] ATHE (E 1 9] BE o] WAL
249 % dEUTh o AL ¥ H ANAET RS SAEAE 2E T o] 2 Aol E not o] 1%
=0 QLS 2t or 7F 7R Y5 Ytk 284 A and not B or CE= (A and (not B)) or C%

FeULh A=A E, dote 28/ 2] o) 22T E AR AsUTH

=2 AAHAF and & or & A9 @3] Z (short-circuit) 01/\1-?(}011/]1‘/} VI A EL Y& A S EZE O T ZFo)
Tl A, 237 BAE A AL 3 7ok SEE Uk S ﬂAﬂCﬂﬂﬂﬁBﬂﬂﬁﬂ&Aam
B and C& B84 CY @2 734 G ULk wejghe] obd UAnk gro A58 W, weth-3) 2 A4
Hhek ghe vpx e 2 gho] 3Rl AAb U ok

Hle Avh} e o) B4 238 Wl YT 5 AFUth e 5

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

>>> non_null = stringl or string2 or string3

>>> non_null
'Trondheim’

ol Mol A, Cebe 2], A4 ol Y2 nitt7 8] d4atat =8
FUrh CZ2a oA £3] A& 7o £AES I It = Fyrh
A Bk A

ANAX AR BE 22 A2 Fo v AASH v 2E 5 A5 Uth vl AP A A5 AHE Y o
HA A F FES a2 o] Aol v 235 ZAFUTH 2o, vy F 52 vlw sk, o)
Ao ol RN AAT £ W 7kA) AL Tk ul HE s F 8 AR 7 2 g A AAw, A4
aazt AR Ao s SAPYTE FA A2 BE FEO| Friu v uEE, AAAEL T2 Ao R AFHY
o & A Farh e s me] RE AR A AaY, Fe Adart A AUt Exde) A vde
N BEAEY S Aot FUIE ZE ZUE S ALY 28 Fo AFAE 7+ vl 9
2 7HA] o= o] EH YTt

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

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

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

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

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

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

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

AZEHE 99 AASE <> 2 WAdE A8, T AN AAT AR ANESE 23 Y& el 5 e
Hrhe Aol Fo)hil 2. o8 5o, A2 the 22§52 259 27 ghol weh ol wg Utk 224 0200
30, 55 184 oW, 9909 £AE ABEE B4, B2l £ Typerrror & 40 YU
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# 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 3} % 2~ 51 32 9}
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'
BT AT ASY AStE A ooz AT 5 Yt

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

BES P4 AR ol A A5 B EFEE EFY 5 ASUTh o AL BES 2/%HE
AEE U o AEL YEE FolA BE o[ Fol A& 5AT W AGPULE (AL o] 2AYE
ERLEE RN

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).

Egol Foste RE 52 Y2ESE WS E dFUth:

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

AL LE Q) EAFsE A<= A9 = %Ol%% YEZE Fyrh tfF 2 sfo|d 22 n S 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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Qa0 2 mEo| LA AN A * B YEEFHE AL AL A F A Gk Aol KL, FF 970
AoA ke L= BB WE ). AT o3 E A Ao A EE Foln A AEFE A AR

olF tdEolas 7t & BF as e o5 YEET EE) A AZ2F U

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

o] A€ import fibo /St A BE PAOT HES JEE S, F UV A PL T BES £ib e
oJEo% AT 5 ke AUt

frome WA H|2=8t 2 W w = AFR 3 4 95T

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

i 5849 o), 4 RES Az E Adnih @ U JEEFYTh 224, ol e Re] BES 54
3, QUE] 2 2] £ 5 TPA] Al ZEA A of G o — EE, 0319 0 2 Al gl ek R0 lUo]ehE, import i,

A
reload () & AR 3IA L. o| & 59, import importlib; importlib.reload (modulename).

dxETd oY APPUth StAT _name_ 2 "_main_ " Z AAFYTH

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

$ python fibo.py 50
0112 35813 21 34

>>>
o] % REo et A AL A A E T o]~ F AFIFAVHAE 02 ARFHUH(RES 23
ER AYSH HAE A EE AT,

6.1. & ¢ 17| 51
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6.1.2 X5 AN A=

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

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

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

module).
B3 A2 JAEARRE A A LD, 9 2TYES 2P U 4R IAE ARG
Fo AgUTE thE 2R, A8 HaE 2T vEdE s BE AN B2 239 A gsUth
2713} Fo, sto]W 22 WL sys.path E FHT F A5 Uth 23T HEE xFet= v e += A A
AEo Ao, F tolBE g 2o dol FdUTh o] A& 22 o5 Y B el fEH o
e A A 2APEES 2= dAH o] Ao] zEATH: £Uth o] X $ke] =8 Zo] ofu]gtu
AFIUTE o AAT AR 2F REE S HAS

6.1.3 “7 st ©” sho] A v}

R 29 mEA s, sto]HL __pycache_ Y EZ 2t E59 AnYH HAS module
version.pyc 2= ©| 522 AT version = AL H o] FAS AR FUTH dREH 2= 5}
Aol WA HEE L33 h o & S0, CPython 8] 3 3.3 o] A] spam.py & Aot H WAL _ pycache_/
spam.cpython-33.pyc 2 714 FUth o] 4 H2 A2 of2 slo| A vzl WA Asldd REE
T2 FIEE TG
ghol W& arol A XS AILHE HAG v w3 A A|Z7F A o thA] Aapd el oF 3t=A] AARY T
o] AL &A3] AEstE A AuUch 3 HAuldE REL2 ZUE EHH 0|7 wEo, 2L ol E
M2 THE o7 HA & 2= A a"FEdA T/ 55U
sho] M2 F 7HA Ao A NAE AASHA Utk AAE, §H YoM Y REHE=REES T4
AMALET 1 A AFSA Utk AR, 22 BE0| glod MAIE AARHA f5Uth 4
P FHILEE Jdn o) MZE ALY, AHLE BE] 22 gHE o Qlojof s, 2 BRE]
Moo F .
AE7ME s 2 714 |
« AYHE BEY A7 E o8 o)A HE o] -0 U -00 2] A E AHEE F JFUTE -0 29 A=
assert =2 A| Ast, -00 2 X =assert T3 __doc_ EAE S EF A ATSULL ojH Z2 IR EL
o] AE &3] w2, FAL I YA ol AT o] FAS AFESoF T “H A5 H”
BE2opt-HIE 23, B o ZFUch v sz A= H A5t 297t AA4d 5 JdFYth

& rlo wn

o .py Dol g2 wiET cpyc 3tDollA 2 o] 2] o e AYHAE FF U Lpye
T o Bt AL ZEH = SRR YYch

. .
e X5 compileall 2 4o J=2E BEY pyc FLES WS 5 JdH YT
Z AN

IARS

=2
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6.2 TF REE

stol W EE ZEEY ghol B 7t A 2=, Hx] A4 ol A ghol B HH A (o] F2E “gt
olB e g HHAA) A AFFUT oJE BREEL2 A ZelEof] WEHUTH o] 252 Aol A4 A A
FEL oA T 2ddl = A" Adso e A2 E AFetet], oA’ T34 22 29
AA 71 2S5 e AHM2E AFs7] AFAUTh T BESS] JF2 44 4 7 EAHF
JE2AYYLE & 5o, winreg REL A= Ao gt AP Ut 588 25 hvfe FES TS
27 dsUth sys. BE golA Az e Ho WAH Utk M sys.psl & sys.ps2 = 7| 2H Hx
ZEZER ALEHE FAES A Fh:

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

>>> sys.ps2
|l |l

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

C>

B elAE NS AENA £ 5 Atk

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

6.3 dir () g4

WZgrdir() 2 28] AYsteolEE= A= d A E UL AL A8d g 2ES EHFUh

>>> 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',

(TH& ST Aol A1)
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(o1 A S o] A A Al

'set_asyncgen_hooks',
'setprofile', 'setrecursionlimit',
'stdin', 'stdout', 'thread_info',
'warnoptions']

'set_coroutine_origin_tracking_depth',
'setswitchinterval',
'unraisablehook', 'version',

'setdlopenflags’',
'settrace’,

'stderr’',
'version_info',

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

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

>>> import fibo

>>> fib = fibo.fib

>>> dir ()

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

BE Y9 o5 dddthe Aol Fo o gtk M, 2F,

. =
dir () 2 W I ieE olge UastA F5Uth 2252 559

o o= o} syt

X 2 Ebuiltins

>>> import builtins

>>> dir (builtins)
['ArithmeticError',
'BlockingIOError',
'ChildProcessError', 'ConnectionAbortedError',
'ConnectionRefusedError', 'ConnectionResetError',
'EOFError', 'Ellipsis', 'EnvironmentError', 'Exception',
'FileExistsError', 'FileNotFoundError', 'FloatingPointError',
'FutureWarning', 'GeneratorExit', 'IOError',
'ImportWarning', 'IndentationError',
'IsADirectoryError', 'KeyError', 'KeyboardInterrupt',
'MemoryError', 'NameError', 'None', 'NotADirectoryError',
'NotImplementedError', 'OSError', 'OverflowError',
'PendingDeprecationWarning', 'PermissionError',
'ReferenceError', 'ResourceWarning', 'RuntimeError',
'StopIteration', 'SyntaxError', 'SyntaxWarning',
'SystemExit', 'TabError', 'TimeoutError', 'True',
'UnboundLocalError', 'UnicodeDecodeError',
'UnicodeError', 'UnicodeTranslateError', 'UnicodeWarning',

'AssertionError', 'AttributeError',

'BrokenPipeError', 'BufferError',

'ImportError’',
'IndexError’',

'BaseException',
'BytesWarning',
'ConnectionError',
'DeprecationWarning’',
'False',

'InterruptedError’',
'LookupError',
'NotImplemented',

'ProcessLookupError',
'RuntimeWarning’,
'SystemError’
'TypeError',
'UnicodeEncodeError',
'UserWarning’,

4

'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 37| A]

5E o] EA.B & A ekE o 89 37140 9 B gk of gol 2
BE ARG AR AN WS o] EES AHY BL YA BEE A WP R, O TRE BEL
°] 552 NumPy U Pillow 3} 22 th5 25 7| A 59 AR AR BE olg5< 44T 28 g
BHEUT
=¥ g I S uolE Y dAH A E AR EESY A (‘A7 A & AASHE dTha FAth
oA TFY SF FY FAo] Jorng (BE FHAE 2P U ol & £91: .wav, .aiff, .au), &
od FA 2HY S f AL ol RESY 2HAAS UL FAT eV ST B9 2%
ol elo] 34817} 3 B FH AUNEE Jong (P4, o3 97, o] Betel A 75 N g, AFH
2HE L B REE7|8 22, o] AES AT F REES T Ul AdSHA B AYUth 7 AE
olgA £ & AFs U (ASA FL AxHor AFSUTH
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

H7AE 2ED ], 3Fo] W2 sys.path ol = A ES AAsAA 7|4 ME YIH2E Zs

Yk,

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 AHE A A7 A ZRE NE EES dZED F AU & Eol:

o

’import sound.effects.echo

o] AL X H B E sound.effects.echo & EE3 Ut} AA o]2 o7 FF5 ofof It}

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

NH BES JEESE ohe WS ol g5y
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’from sound.effects import echo

O] A% ME EFecho & ZESIA, 37| A 7o glo] AFEE & A itk g4 ol Aog A e
2~ 0] 2 q_
A A .

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

0

= b e 9

O

e B S E A1 9EEsE 294U

’from sound.effects.echo import echofilter

AL, o] A& Al H 5 echo & ZESHARE 4 echofilter () & AR AT o A WU th:

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

from package import item & AFEE ), item H| 7] X B BE (E= AB 71 AHY % 1
85 25 U5 A A A8 DE SEEY £% 08l AL smport T B feml
3} 7] Z] o] 7 &] =] o /,l%z] AAbetar, 292 9o REolgtal 7HE el RES A=Y A ZErhd,

ImportError o8] & dofyrch

olof| ¥}3}o], import item.subitem.subsubitem &} 2 EH S AL 7d
2 W= A] 3 7] A o of Ut} npA g 52 25 ol 3 7] A 7 % T JA T ko] R A Y H FeEn,
?E}-/F, He 5ol 2 &= glsyth

6.4.1 37| Aol 4] * AEE 3}7]

| ? = oJgAE g
3 7] A] of] o] E%‘éol A=A 2 S,lﬁ%ET% AXEFE LS AUt oA 6} Eﬂ
AzZtol 28] 28] MH BES JXE Fo et o]l A H BES YA H o2 A2 ET 0k dojrfofnt
Sl elA] i Rad B3l BAT 5 AT
et sl 2 A2 5 71 2] A A7) 5 7] A o] ARG WA AR A|Fe= APt lmport T2 U g2
A 7F dsuch: 71 A __init_ .py ZETF__all_ olgte= o] 59 H5 & A|FHH, ©] 22 from
package import * & T uw] X E Sfjofut 3= RE o5 E5Y HF o2 wolEduth Al WA 3
I E SAT W o] HES FH A %EHE Tr?q%}-‘i AL 71 A A=) HA YUt 7] A Z11}7}JH7]7<]°1]
A+ B QEESE S5} 0T BT, o AL AU A2 FFE dsUh AF Sol, 3
sound/effects/__init__ .py + I‘/]— N e I E 238 4 QST

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] oA ¢ko

Yo B3 from sound.effects import * 2 #7]A sound.effects & &
EAMNEREES A 5 ¥

Zto g AxE 312 5Uth o] AL 9 A 9] 7] A sound.effects 7 YZE

Y ES PHEI(_init__py o 9 2718 REE) £BF £ AGTh, 27N Gl sE ol g ES
YEE UL o] o] FEL __init_.py A S REC|F (1Y N HANOR REA N U REE) S
2} o] o] 5ol Aol import Eo2 AR oT 2EH /A9 AR BEE oA £FH UL
o] =& A7l Al th:
import sound.effects.echo
import sound.effects.surround
from sound.effects import *

, from. . .import Fo] A3 E uj

o] oo A], echo &} surround EE©] ?'ﬂXH o] Z7lo g 9T E T
sound.effects 37| Xl o= 7] WjEJ Utk (__all_ o] FoF wjx vpz7F YTt
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AALoj®E B0 import * £ AR S w] 54 I E T olEE JERE =X A Yot st et
T, 229 FT oA = oA 0] A 2 /\]’fﬂ]i 0474;&‘45}

from package import specific_submodule < A}&ﬁ}—tﬂ ZEEH AL gt AL 719 3AM 2! AL
A, dxES= ZEO T2 7| AN T2 )5 HEBRES AT E8 = 327184

Y.

6.4.2 o} 7) 2] Y5 7te] F=x

7| A7 B 7| A 52 F23HE wf (ol A -2 soundjﬁ7]7\]ﬂa) o] F 7| A9 A B RES 7}e]7]
=4 dUl dEXEE /\}%% —’F Ad&5 Utk o & 0], 2E sound.filters.vocoder ©] sound.effects
3 7)1 A 2] echo RE©°] B Q3}H, from sound.effects import echo & A& 4 UdHFUtTh

A dXLEE £ 4% =0, from module import name ¥ E]Q] %:TL_ B2E ALYt o] 9=

=AU dEZE —’F‘?}ﬁg A} BB 7| A& 7He] 7] 7] 98] Soll B& HS AHEFULh dE %OT
surround &, o] A AT 5 JFUTh:

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

A JEE A BEe o Fol W ke Aol £ s 8. WY BES) oL Y4 "_nain_"
o7 miol, ol $-§ =21 W) RER ASE BAY RESS WEA ) JEES AL of

k.

6.43 o7 t)Helele] gl 574
71 A= EFS A ERHE 6]—14—%1:1 2918 o},

path__. o] A2 71 A __init__ .py US4
535}71 Aol o] spde] Solgl= HHAH 29 ol 55 2= ﬂAEEZﬂﬁ}QHﬂr of e £RT S
SUTH 294 8 2 ol T2 a7 Aol 23 REF AL A7 AE A o AFS 2A FuTh

°l 7150l A Bast A &AL H 7| Aol A THE = REL S et ol AHEE YT
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22399 £35S FASHE o ¢ 1A B0l YLtk Aol A710) AR A FEIR U] EE AT
913, 5ol AHg5H7] A3 Lol & S5 ek of FolAE B 4 b5 AL =Fun

AF7H] 28 gs 25 7 7H S whekssyUth 94 £ Fprint () QU Th (A AR B
2d Ax Y write () MAEE A S= AJUTH EF 5 FY2 sys.stdout Z F2T 5 AA%H =2
o] Aol thgk AA| gt W = gtolBej ] gl HAAE HAR)
% T8 2slo| 22 PR S Asts AR5 P42 o] ol AofF ol e A9t stk
292 2hske vl o2l 7HA o) AU
c 2Y EA e E U g ASS W, A QI RS EE S g T Yo f EEF & Eo] BAIL

N L. o] BAD A, { D} B2 Aolel, W5 B HH Y e F2E 4+ Ak sl

EA4L AYT 5 s

>>> year = 2016

>>> event = 'Referendum'

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

'Results of the 2016 Referendum'

s ALY str. format () MINE=E Y B2 £AYS 7Y W7 HiAl € 912 A5 96
{H1E 49 /W%ﬂl AA R 2" U HE AT ¢ JA T, 2R S FHE AlFs) of

>>> yes_votes = 42_572_654

>>> no_votes = 43 132 495

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

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

» mpA Bt 2, £A4G Sehol 4 W ool ol 7] A4S ALgBhel AT 4 Yt BE AT HHOEA,
EEEAY AL E a2 20T S gtk BAAYolE Fol0 4 UM 2ALE A
FEF AN FAFE R A WASS YU
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FA A EHo] Q3HA ¢ A YW A S Al R HFE mEA ZASH Y, repr () E+ str()

SIFE AMSEY R E S EAEE HEE = A5 Ut

str() L= o AE Ato] g7)o) A3 P2 e THL 834 ol 95y th wrd o repr ()

2 A=z H o3 98 5 DEA HoldFUthH(EE I2FA 23T o+ Y= ol gled
r()

>>> 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 BEo|& EAFL A & A B3E = 02 S A F e Tenplate Fel2 7t EFE of Ytk
sx9} -2 A4g] HAIAFE AFS S o] AES AV oA L& o2 XSt Aw Zufg o] ths Al o] &

A7 9 Ao

Ly
rlo
M
)
ne
=2
Hh
H
rlr
]
b2
4
2
i
M
s
k]
E
o
1>
filo

AR £ AAAA BB Fol & 5 AFUTh 0| AR o] Eus & A S o HushA AT 5
etk o At DF 8L 254 olah Al A2l 2 e gy

>>> 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

60 Chapter 7. ¢J83 &9




Python Tutorial, & 4] 8] 4 3.10.13

£ 5L g ZUH Y] Aol e WHF 5 AFUTh Tlartascii(F, s Estr 0L,
"lr'erepr ()= A&
>>> animals = 'eels'

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

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

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

>>> bugs = 'roaches'

>>> count = 13

>>> area = 'living room'

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

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

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

7.1.2 214 format() WA=

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

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

Zoo 1 e e RAE (R Fega FETH 2 str.format () WA EZ ALZE AAEE X3y
G0 25 el A s tormat () MA DS AT AL AL A L AEH S 24k
>>> print (' and '.format ('spam', 'eggs'))
spam and eggs
>>> print (' and '.format ('spam', 'eggs'))

eggs and spam

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

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

AA}7IAE AAE AFFA =TS 5 A5

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

R A4 e AW 7 =Y EAGe] 92w, ENY WEES 9K Aol o] Fow 44T 4 et
2 AQUh 293 AU 9711 A8 A asted BB () &AM E FuU

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

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

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

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

Fl

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

o

I
%]

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

e
rlo

BEAY WSS

gAYz

o
rlo
e

j=3
=

rln

=HFE Wd g vars () A AL T W 53] £R27}

rlr

ey

>>> 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] &3t 7l & = formatstrings & A Q.

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

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

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
(print () o B2 $A 02 As) 2 2% Aolo] Aslo)a sl 2 Aol FoISAR: TA AAE
Rolol) 3ol 28 g oh)
AL AA Y str.rjust () AN EE & 270|288 AYAM T4 For FALdS 5 S HEHY
th ¥ XS A E str. ljust 9]— tr.center () & 9&SUTh o] IAEEL oW A% S8R IS5y
o, &4 A 2R & %\’47“/]"/} g AL o] Lﬂ—‘jr é , AP2 2] 931, WA glo] g S8 F U o] Ao
A E e QAR EE %,\Oﬂ Wl ARNLL SHA 2 b oh s ok (FR e Feh 7S
A, g stols At F4E s yth x. 1just (n) [:n] A™)
O MAEE Ut st 220110, 27 ALY A%0] 08 AgUT. Eelagt vl RBE

o8 gtk
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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 o2 Fatd £l Y

P AN EER)E TAE Zoidol = } &4 AdsYth 'string' % valuesZ7}FOJ AW, stringe]
Ae s ‘ﬂﬁai% 07 o]49] values 84 F thxz ]9 Yt o] d4kg £3] FAFE X 7 (interpolation) o] 2} 11

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

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

7.2 3}Y-E ol 3 AU

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

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

U AE T 0B ¢ Be EAAYdUT A s shlo] 488 YA Ay g ¥
' 15}

AL B E shiel EAQLC mode £ A QWS 11, 27U Y 0 (L ol 2 o
EATEALL AT AAD, 20 = ALE Szl 9 QU Tk o] 7155 = BE lojE =
5805 Bol Ra I e LS Sl Ao T ok A A AL, G 1 o
g

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

grE REdd, e u o /)R TS BAE LA F FE(FUANA \n, AEFA \r\n) B ©A
\n 2 MASHE AU AAE REg £, 18 542\ B oh) EAE A £49 & a2 W
AU o] 3l Hlel el B¢ o) o] £ L UsE shele) 3fx £417} o5 AW JPEG o)1} Exe
13 2o vhol el Hlo B & BA A Fuith 19 AL AT £ o ol il BES ARIIES Fo 9
Als.

59 AN E hE W with 71N EE NI AL F L FHYYLh AL £5 )9 h s BtE 29
=152 W ko] Suk=A Bk AYULh with B AHSSHE AL 558 try-finally 8B5S

e Zol W el B4 F 7= T o

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

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

(TF STolATell A%
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(o] A sl o] A A M A%)

>>> f.closed
True

with 7| =& AHESHA] koW, f.close () & TEoA 3t & B AHEE A2E AAS S A whdsf of

.

AD: with 7|9 =E AL ALY f.close ()
/H.‘_T'_X-l oz ZEE]QE],_I]:_ f.write () _g] o];q,7],

_VL i
;&
e
=
ol
N,
f
A
o
52
fifo
+
30
fy
°
v

59 AA 7 B8 o, with Eolth£.close () & BEFE 49 B, U AAE AS S L AR

%502 A ok

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

7.21 5} AR vj 2=
o] MMl Yu A o 5L £ gl utd AH 7} o)u] BrS o} H ok 7 e )

Hedo 8L OB, £.read (size) & EEoHEt], AA Y B0 HE AT EAD (AAE BE o A)
o]} uho] £ (el 2] BEO|A) 2 el F U Th size = A A 24 A% U size 7} A e A}
£5W ol U g AAE ol FAF UL 5] 277 Al vlwel ik o) 2Ehd ol g o]

A FAD U THA o o size FAH(H 2E R E O A]) 1 size HEO] E (o] U 8] REOA) S ¢l
EHFUL 99 2ol 26, f.read() = I AL (') S EHFUTH

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

>>> f.read()
T

f.readline () & # 4ol & &S JFUth /N £2 (\n) & TAE Y ol HEH 31, 5t o] 7| EA}
2 2UA o= ol gt oA o] vpA| et F o X vtk Y = %HE} ol FA whek ghs RO SHA| oA Wy £
readline () 7FRl AL & Ee]5H, obd o] €0 =23 Aol AL Wl &2 '\n', 5 she] MABEA TS
Z3ote 2AER 2P YT

>>> f.readline ()

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

'Second line of the file\n'

>>> f.readline ()
T

A 2SS doen, 7 Al e =BT 5 A5k o) AL v we
T2 ool U):

fo
o
&
o
H
E=)
it
h)
L
e
=

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

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

64 Chapter7. Jeiz} 22




Python Tutorial, & 4] 8] 4 3.10.13

T BE ES YULEER o] Sol¥ W list (f) Y f.readlines() € F U

A<
4
f.write (string) < string &l &S 3}dojl 27, 299 BExE2 Me-E =8 E5ULh

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

15

02 P AR 27 Holl Wi d a7t dsUth- 2L (B AE B o A) o]t} upo] EF A A (vlo]
del BEolA) 2

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

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

>>> f.write(s)

18

fotell() 2 5o @A A E shellE A5 E BT, vholue REg 3% 5de) XS RE )
ulolE £2 BAN W HAE wEe) JoE BEFT 2AA U,

gd AR Y X5 vl e, £.seek (offset, whence) S AR UL $ X+= 7| & F o offset & Tl 3 A
AFE Ut 7132 whence QAR A B U T} whence gko] 00 314 Y A5 H B 5785101, 10]H @AY
7 A E AHETHL, 2 &= Y] ES 7S MO E ARSFU T whence + B =FE 5 131, 7] 32 00] 2hA]
srde) Aee 71 E8ow AT

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

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

16

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

5

>>> f.read (1)

b'5!

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

13

>>> f.read (1)

b'd!’

HAE Ao M= (RE EAL b7t glol €9 215), 349 /\]ﬂoﬂ SHHA D A A A A v F = AL (o 9
£ seek (0, 2) EAMESIA L Eo2 AXE HAsE A UTh, S8HE offser gk £.tell () ©]
YT HA0E AU I 9] O-E offser B2 F 2 H A o2 @JJrE ey

o A= isatty ) Ytruncate () 22 % 7HA WA =S o 2t gled], @ A5 AHEH U 914
A ol ek A e ehol B E] d A d s FESHA L.

2

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

TAL L2 shdell G &3 & ¢ AFUTh AR R $31E & oF Sh=E], read () MIN =T EA DTS
w7l dEdUth o] 2ALS int () 22 2 AL opt b=, 1123 22 R ALS WAL X
#1232 EdFuth FHE 2B gAY E 22§ B volHE At n &, S5 L

s} shal A DBk o] ATtz g 4 ASyTh

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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[kl

Z3: ISON BAL tlolE] 23 93] A 8 Z a1 Sol A4F AU Be mz 17 v]7} o]

SECCEL EERCE R E S ERE- I8

AR x 7t W), e B E9 TEE TR ISON 49 BAS 2 5 gk

>>> import Jjson

>>> x = [1, 'simple', 'list']

>>> json.dumps (x)

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

dump () B dumps () F59] WFS AAES daE 919 2 AP THA £ 7h 2718 A3 9
e 99 o), o &A & 5 dyth:

’ 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)

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

o] Zkat A3} H = o] B A= YA Ul ThE 5 YA W, Yol Fels AAUAEISON 02 23
371 A £ ] £ 37 H BLFUTH json BEY @ AL o Yol tha 4H S U

o B
pickle- 33 EE

=2 EZ U nh shol o] %85 1
ThE dloj= 24 H 3 L 2 5 gtk 7124 02 ks 9] E FUth:
WE S fn oA & oS o A, 5 A F A A9 ol elo] £ A5 AT el
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of 21 2} o ]

A7 A WA A QA5 AL GRA T, AAEE A o uskerd ofohe @3 g g A
(o)) % 7HA] 2as £ ol e Sol Yruick £ ol e 9t ol 2],

8.1 £ ol

£ ol e, 5hy ol el ek Fe A Yruich obuks of el o] shol Mg LW gt F kol & /g AT
Phs 3572 239 A9k

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

A

SyntaxError: invalid syntax

FHE BAZLHE 2& A RARD B0l A ol eisl AA R AR ) A& Jhel)e AL BaE g
TAGU T o e AT Qo] 0 E20] AAYUTH(EE HoJE T34 gAH A5 Th: o] elol A,
AL E Fprint A4 FAS G, TG FEC 1) ol mAYA WYL s 83 E BT

A= oA, Aol ’\ET’EIEE B 2o 2S5 9=

8.2 o £

ol @A EAor SutEr At s, APstH L 5t o2l & 4o 5 Ut A¥ Fol
AAHE oSS ol g Fau F24 AP oA gdsyth EJrOM‘i Z2Iof| A o] 52 o]

FE2 2 A HUh SHA vt R o2 = =2 o] A 2] 3HA] ¢hobA], o 7] A & 4= gl o] of &
A A S R U o

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

(TH& ST Aol 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

o2l WAIA 9] npA e} S oW do] dojyteA] dFU o9 o] FLz Eal, o] mAA
AdBZ oM FHYrct: o] oA HL ZeroDivisionError, NameError, TypeError QU T} <2 &
o7 AHE FAEL AT ‘ﬂ"‘ “4]314 ol YPUTH o] 22 BE UWF A5 AE T oA,
B RS ol 29 ASE (BT DAoL BT B 28 ARt Ytk EE ol9] o] 52 Y
QAT T (o 9 A1 9= 71 obg e,

S U A B2-2 99 Fa} ARl 7S F A BAE Al T

[o

o] WA A o] GFF2 AE Egolne] FE R oe] 7t dojd A XS] FHE HoF U At oE £
of E5= Udste 28 Efo]AE 23l A5 U AL 2F dHolA g0 £ E52 BAISHA

ekl e)
bltin-exceptions = W& o] &3 1 £9] o n]E }LG3ta Y5 th

8.3 9| ¢ A g]s}7]

A8 2] & At EEZ%% Te = Zo] ZhsFUTh th ol B, S¥HE AU 4 8E w7hA

*}&Z}oﬂ Adde SHSARL ARG AL Z2 WS AHHE o= AL dQ“UL‘/]E}(COUtrOl (OB ® RO

<4 A A7}k 7‘] dst= A= }\]'*Q“OHH) AFR A7) 9= 91 B 8 E = KeyboardInterrupt o9& d o7&
514

)2 hepgel #9542

>>> while True:

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

try B2 023} 2ol TR
o WA, ry A (try 2 except Alo]Y F3E) o] AFF Yt}
o 9] 7} LA BA SO, excepr A & AVH L ery Bo) A FRH 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 except clause, to specify handlers for different exceptions. At most one handler
will be executed. Handlers only handle exceptions that occur in the corresponding 'y 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. It is
useful for code that must be executed if the 7y clause does not raise an exception. For example:

for arg in sys.argv[l:]:
try:
f = open(arg, 'r')
except OSError:

(EFS ST Ao AZ)
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print ('cannot open', arg)

else:
print (arg, 'has', len(f.readlines()), 'lines"')
f.close()
else B AlEol try Aol Z=E F7}5l= AR £20, try - except w0l Y3 RE=H I J=FE7}
PO 72 A2 AL E A3 A HE A FAS7] WiE gtk

o9 7} AT W, AT gh2 /b 4 e, )99 A e FEA YLvich Axke EA9 YL o
ol o =4 ek,

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

Yy €ggs

o £ 7} AAE A |, A 2] = A] o2 oAl 9] wI Al A o] wpx|up R (A A off A Yt

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 #ry clause. For example:

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

>>> try:
this_fails()

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

Handling run—-time error: division by zero
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8.4 o 2] 4o 7]7]

raise & Z2 WA M BHES FAT 5 QA FuiTh N Sof

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

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

raise ol Aleote ©d A= TAA L o9& 7F AUtk ol 9] AX- 0] A o 9] Sl (Exception
EASs 2 ) ol Ut o9 Zejavt HEHE, A H o2 AR} glo] S TEHA A
Hag ey

raise ValueError # shorthand for 'raise ValueError()'

BHoF o 9] 7h WA A = Sobok AR A2l Hn AA £ Shehe, o ek HElY raise #ol 19 B
Al dod & A g

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

An exception flew by!

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

NameError: HiThere

8.5 ol 2] <4

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

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

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

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

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

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

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

AL ool g W ) §83 5 9

z)

Urth ¢l & &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 AU Foll th gk AA| g W82, bltin-exceptions & T2 6F4 Al Q..

8.6 A&7l 42| o 2]

A efe] SefaE % EH 2282 249 o 9o o]FS €4 7 5T Fhold S tE
AA T W G2 2 & HALR). dde BT AHH o2 Y A 02 Exception FWLE AT

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

B o9 s EE NI EY oS EF FAFA, Error” 2 ErbE o] § 02 3 F U

Be EE W o Aol Bhe TN WAT 5 Yt T AT 9L ) Gtk Feh 2o

Yo RFEESS T
Foh o] AA G FHE Fe 2 ol A chEUTh
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try B E T2 AEE 4L /1Y 5 Qv BE 3] AAF of okt s R Y S Aot v
AR YT o & S0
>>> try

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

Goodbye, world!

KeyboardInterrupt

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

finally do] O™, try o] 5% 7] Ao finally o] upx|ut 2o 7 A3 qu} finally @2
try o] 2 & A=A 2 BAGol Adg Ut b2 o 7 E o) o & Jf& & AEIY

o try AL A= 5909 7} B8, except FollA o9 E 2T dFUTh o9 7t except
Ao A Ag)F A FOoW, finally o] Ay H & o 9] 7} thA] WA T}

e exceptlelse @ A8 Fo oo 7} A 4= 95Ut THA, finally Zo] AP E T o 9] 7} thA|
Elee R ig R

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

e try £ 9| break, continue =¥ return £ E&35}W, finally L break, continue &
return & A 3] 2 Hoj APH U}

finally ol return £o] £ H, W3 k2 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

ol 53k o

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

>>> divide (2, 1)
result is 2.0
executing finally clause

(THE SOl AT ol A1)
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>>> divide (2, 0)

division by zero!

executing finally clause

>>> divide("2", "1™M)

executing finally clause
Traceback (most recent call last):

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

Bl upe} o], finally B2 BE Aol AP Ut F E2AE S A 2T TypeError + except
Aol 3l A e]= A kAl finally o] AP H Fof thA] Lojdth
AA N S& 223 A, finally B2 &5 =}

ot 4 1A obd x) 2} A Rle], 1
AH S RhdetE v 83Ut (FHdoly v EYa A 22 AS).

N e
filo
>
ofo

ol
2
oX,
of
Y

8.8 ulz) Jeol®l Az £

i

ok 2 AR E AHg e A4

| AAESL AN Be g2 W ALt % Y
= o a5l oh the o & BAIS

BF ARt AU L=

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

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

ol Add Fol, 25 A s d FA A EEE, v f = 4 Utk skl o), v g
gold s e TAES AlTste AAES 259 A A o] AMd S A
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* the scopes of any enclosing functions, which are searched starting with the nearest enclosing scope, contain non-
local, but also non-global names

e AT HHY) AFxEFA REY DY o] FES TTIUY

- O3 UEel AN 5 P A Re) Anmt g o] S5 TFL U o F FUYULh
If a name is declared global, then all references and assignments go directly to the next-to-last scope containing the
module’s global names. To rebind variables found outside of the innermost scope, the nonlocal statement can be

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

HE A9 a23zes @A g9 A o552 (H2E Hog) F2FUch g utgoA, A 23z s
A ~mmol 22 o2 B %}ZE%“%DP: 9 ol& w7 FHA~AHYE 3 A 23 Z o Bkt
ol & &7HS WX gt

2FZ7EAE o7 AQGHATGE AS M2+ AL FaPUh BEolA Zod F49 A 253z,
olfollA ol o dejo]2E Fall I F7t ZEFH A BARl, L EEY ol F 17}?&‘4“/} uk o,
olgS AR A= A2 AP FAHOE LFPUTH— AR o] FoJ= Ao A A
ol AR L Tl A3}t oA, FH L o] F A o E3HA] Totof FutH (AH, A MFE2 o]
dHoz 449Uttt

gto]H o] EHEF EA L -globalolttnonlocal o] §l& - o] 5 W‘ﬁﬁ}?‘; TP 25
ke A9 Ut YL HolBE BASHA ghsUth- o5& & A Ao A2 YTt ”Xﬂ‘: UP"P
AAGUTH: BF del == Ao A3z} ’42'6}: ol & &7t A x 9 03_72% AAZUTH AR, A o] &
afste € A AY 2325 AHEF YT 53], import £33 F H o= RECU AT ol FE A °—°.‘
7 zof| AZFrh

global & 54 A7t A 2320 glon a3t fAddHoof & 7He] 2 of AHEE 5 A5 U
nonlocal ¥ 54 W7t SN ATz glon 23 A AAs ook S 7he Ut

O] AL o HA M2 ThE 2T 28} o] F FHE FX 6L, global Fnonlocal o] W g ojd 3

FEAE BolFe gyt

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 sTolATell 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 =] E e ol @A Futh

After local assignment: test spam

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

o] @A A gl e] (el Ae] 7= QYT scope_test ©] spam A A HPFX] Aol 2 8tAM 8. nonlocal
t 2 scope_test 2] spam AZAZ VA global Y2 285 o9 A4S vhgyth

global th 9] Aol spam o A7 0] ks A% B 5 A5 UTh

9.3 Sl Ao A whd

Sehae R A ZHIAA AN AAZH R AN AEES =L T

Sehx Ao g dE Fel = o) FA RS UTH

class ClassName:
<statement-1>

<statement-N>

G4 A (def B) A, B2 o+ ofF EIA 717 AAE BA A oo Fuick. (34 AT
Sejs Ao if £ B F5 e & 4 d5yth

ARA oz, 2o 3o BEe] FREL BE B4 Al S0l AW, TE EREE T iz 227}
5T — ol of FAZ Sobg ATk Teha YR §4 AolE uE, WA B2 Fokol JaL
e, SN Fe) A B5S Rtk —oha, o] 22 Ho A 4yF Uk

Sejs o] AY T W, A o F FLho] HEAALAY ~nme AFPUT— TehH, BE A A4S
29 B gL o] A o] IO E Ltk 53], @5 A A §49] o 5L ol 2ol AF G Lk

o2 A (2SS AR B, Y2 AH BB o] 2L 7| EH 02 Feh s Ao
WEo] WEeld o) § F09) WS EES WA AN LT B ARl o) Aol o & )2
Utk A1) A9 2327k (Fe2 3o Sol7h7] A A FEFE 2) A A 31, Fe2 AR
Zels Bl ST ol 70171 Zel2: o] F (9] A ClassName) 2.2 o} 716 A ATk,
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9.3.2 Fo& A=A

JEFHE Fx L sho] WY RE O HE Fxo] A§H £ EE FUS A AT obj.nane. SuLE
JEelRE ol 5L Fefx AR} oA W) Seh20) o] & Frho] YW BE o[ S AU Th TA, Fehx
ERER =

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

def f (self):
return 'hello world'

MyClass.i $}MyClass.f = 2HE2 JEGRE A2, 747 F 9}@! AAE EHF UL S oE
AHEE AR S Aol B € 5o iyclass L9 FE WAL S AU, _doo % o4 2ol
OEFHEL, FHY 2 &£ E~EYHE EHEUYTH "A simple example class"

295 A28s WES £ FS AU AEUUG. ZA2 AN A2 A ALBAE EAF
RS gl FFA AFULE A& S0l (R S 7HEsH):

rr

2o A Q2E L B WET o ARE Ao WS x o B g,
AaEs BEY) At (Feh s A “EEF]) S W AANE BEUL B FALt 54F 27] Je=
Azevpo| 28 QaE A AN WEE A4S FohFUTh LM FAsE oA 402 __init_ ()
o o129 S5 WA Aold 5 gk

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 ()

gl

o],

[

o) 7
o5
=2 Hd

7})0

CAE

)

8, __init_ () MAHAEE Y g2 A8 A6 Utk 2 4%, 2d2 dada
=

WS 7] AAR R —,_01 A el z}%

a1

i
o

rlo
'_l.
o]
2.
rr

>>> 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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9.3.3 A2EH A AH)

oAl AAEA A 2 FAL T 4 ALK AXEA AR 7} o] a5k 2 F B7hA AL o EYHE Bx
QU F 1A B5 ﬂ%ﬂ%ﬂEﬂ%Eﬂ%l 21T ol el ol 2] 5 o ol
ol B o) EelHE £ 2B EI0) “Qlada W4 of, Crr o] “dl o] B WH” o sl T Hlo]E o =g
Hesddd 28 fauth Ao dsae, 48 99 o glolduth o Sof, x 71 9ol A4 wEold
MyClass o] AABAT, g7 28 2= 27 E2o]2 §lo] 3k 16 2 A L)

x.counter = 1

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

print (x.counter)

del x.counter

O Ao ERRHE Fx e vAE YUt A EE AR ol “SGot=" < QU th (o] Mol A, miA =
ghe Bolv e dad 2o AR H A kUt thE AA 33‘:5— HAEE 7HE # syt s
E9}, 2|2 E 21 A= append, insert, remove, sort 53 Z2 WA =ES ZE5 Ut} SHA W o i«] =9] o] A,
MAH R AR A P o, WA ehi 808 ol A2EA AR WA ol v A ET AT
A2 AR S| SHHE WAE OB DAL Fol 2ol BHARUTE 93, U AR Folxe) mE
NEZHESS % %5}‘“ ArE 2] “ﬂ/ﬂ‘: = ZolgUrh 2A P29 A, x. £ = SRFE WA E
Tz, MyClass. f7}ﬂ*°l7]uﬂ1¥?mv‘r. BIA T k.1 = 28R k24|, MyClass. i 7} &7} ok 7]
W Itk el x. £ £ uyClass. £ % 2 0] ol Th— o] A2 T4 A7k o} WA= A
QU o}

9.3.4 WA A

HE dAEs dd5Aa 229 vt

’X.f()

MyClass oA, o] 1L #AY 'hello world' & = ]
AF5UTH: x. £ EUAE AL, AGE To]l 22 5 AFYTh d & E91:

i)
>
i
4N
>,
fols
e
ek
ikl
ko
rlr

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

rlr

o
o,
)

2 hello world & QAfsyrc}.

7R £() & I A7 AAE AR PE ol = S5, F ol A
Futh AA= o9 = 7WHﬂ“d41W8ﬂ4%%g
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bz or Do, dadA ApE dada g HoHE AT Aol Sl Has I 22 RE U
oM FH s EFEG AMEE AT Ad

class Dog:

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

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

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

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

>>> d.name # unique to d

'Fido'

>>> e.name # unique to e
'Buddy’

o] &} A A o A3t énm ANA =Ko, elaEY g g9 22 7hH A 7} Fol e off Fi Hl ol Bl
011”%1 2 ZHE S Vb Ao AF U A S0, ths ZE0A rricks BlAEE S HFE AR A
oFojof a}=4], 6}1/}.,] B AE7FRE Dog AR A E 0 F-f5 7] v & g th

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

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

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

>>> d = Dog('Fido")

>>> e = Dog('Buddy")

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

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

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

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

class Dog:

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

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

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

(F= ol AT el A%)

9.3. ZeAelel A why 81




Python Tutorial, = x] 8] 3.10.13

(o] A sl o] A A M A%)

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

0.4 7le}t F NP5

ArRrg Fohn RFo A 2L JELRE o] Fo] ST, o EelRE 23)¢ A2BAE LA T

>>> class Warehouse:

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

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

>>> w2 = Warehouse ()

>>> w2.region = 'east'

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

HolE o= HEL WAE ®ukohe} Ao AuAA AL (el AEN S AN B2 4=
QgUth el AN, FeAL 22 2 dlo|HP S FAs T S 5 YU h A,
sho] el A1+ t o 8 22 24T 4 o] G5 U Tk — T Belol &) £ ek (iHElel, C2 A4 shol
FEL Basrhd 78 AA S AA3) 2713 AA o 3 AN LB AT 5 AFUTH o AL C2 44 H
stold #7314 AH82 5 ueh)

Zetol At vlolE o EPREE 2 2HA A oF FUth— FetolAEL vlolE] o ERlHES 7
SelA WAS S o3 RAHE BUAH S PrhE 4 gLt Sete|dE: ol FEL 35E o
MAEEY §EALS A YUE 1E A HlolE =P HES AnUA AR 74T FE 9So]
o ShAl e — chAl B, B FH L 7

WA E Skl A HlolE] o] = e B ES( !
AAZ W AES] 54 S EATHE 2S DA A QG TH MASE Fol 2wl A
=58 et g&th

2%, WASY N AA QAL self G BPUh o] AL D YUtk o F self & ol Ao A
ol B o) v S 24 s UTh AT o FHL WA kg wl ofeHo) IEITIE sold =2
e So] 9)7)e] BHsa, Bejs HekSA 22 YT oW F o] 4 2HEF AP Adrky 44T S

e KLY ES
e o= HE RE F5E T 2AY A2UAE
Hojo] dAE Aom EHAY Dot )

Ut o & E9of:

2 AF A EE J Gk G5 A0 Fex
AE o2 A W5 A shs 2 94 s

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

class C:
f = f1

(TH& ST Aol A1)
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def g(self):
return 'hello world'

h =g
A £,9,h £ BE 5 ANE el7 e Fehic o o= HED, AFAOR o] AEL BE C o An
dasol A=Y —h & 488 g 9 55U ol AL Ze el SAEeA BB 2%

gk Aol o34 2.
WAEL self A4S HAE o 2L RES A4 HE MASE 538 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)
MAEE AU FFES AAAR A o] B R S dgUth A0 AT AG 2nE T3¢
B E 23st= BEYUTH (F é%éi@ﬁﬁiEEAP A gsUTh) HAEANA A HolHE
Mg FL o) FE AY WA BEA W, A ATEE FPIA A e oY A 9ot AL T
WA, A o] Ao ook vl S Rk ohuioh Do) AT EH B2 R ES WA AR
% lthe 219 AL o] Ao} 2:zol QS 11, che A M el A vl A

2
e I
of
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>
[
il
ke
%
o
rlr
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;‘g
rlo
]

U
= AAe] Zeag Ao ek B A $L o8 HA 2 AU
2 gre AR, 1B Feh (P olehas BUh & 25U o 2L object.__class__ o 495 of

1% Uk

2~
9.5 A&
FE, 45 AU T o] 5L FAa ek ol 8L BT A7 12 ATk Ay
Zejs elo] BEE ol 8A A As T

class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

o] 2 BaseClassName 2 34 S A= . Py ey
01%912}3101] o2 dojo AT FFHYLE o & Sof, wlola FeP a7 TE BE HoFHo] IS uj
83
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g ZFEae A’ A e o 5838 A2 glF Ut DerivedClassName () —‘51%’-3}]&0 A"
LS BT WA R o831 2ol A48 0k 08 61 el o B el RE A% £ o, B2 e
Wol2 2o ol AAE b el guich. ol Aol B84 AAE FohE MAS Bxe SuEUG

g ZHaE Wolas FH2 HAEES ARYT = AFUTh WA= 22 A b WHAAEE
SET o SHS AT T AL YPoBE Ho|a FH o] AYH T A EE SE8 = Hl o] FH A
HAE=AZYE A SR MAEE SEHA U (CH+ Z2IHHE AT RIS RE: o] g
BEEMAEEAZEAOR virtual ?:MEH

A 2o AAFYE WA =L T2 o5 H

o]
°Q&31§%¢MHQGWHAEWAJﬂiE§

o 33 H sast R el deUt: B
BaseClassName. methodname (self, arguments) %i% T—Eﬂ HUth o] A2 m 2 ZEo|dENAE
Z12 75 Yt (o] AL wjo)A F A7 AY AT Z o)A BaseClassName 22 A A E 4 Q2 ufjvt

5ol 9 A2
shol ol & 443} B7) A8 8 5 Qe A W FE A5 T

e A2 A0 S AASIE W isinstance () & AR 3Y Tt} isinstance (obj, int) += obj.
__class__7Fint Avtint oA St EH F 29 ALY True 7F H YT}

o T A AL AXEIEHY 1ssubclass () S A3} issubclass (bool, int) &= True Q]
bool ©] int o] A B Fg 207 tjEYJ Yt} dA T, issubclass (float, int) = False |,

float = int & B Zg 27} o 7] uﬂ—‘gr 14

%

9.5.1 t}E A<
shol & T A4 o) FEIE A AU Th o2 A9 Wol s FehAs 2 Fela ok o)A AUt

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

<statement-N>
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9.6 n]Z7 M

A 3o A RE QA AT 5 gl 0B A28 2 WG Shol fol EAA Shruinh AR B R

Aol 11 Sl T 2 51 oo S5 5 2 A A o) B8 (15 B0 spany ALY F14 o1
e B2 o2 5] ofof gl (LA o] F4, WA S, Hlol el WM F Felol A hel). & FAlolw FH
glol WA= & o go = F3 of of itk

S 2-v]F N A EY SukE At 0B R (S A B FHaA AYH o] 5 E5HY FEL ISt A,
ol & F 4 7] (name mangling) 2111 B2l WA YZ ol ths A +E X Po] dH5UTh _ spam FEH|Y (H 4 F
Mo =7 A17ela, .JEH st HER EEUth B E ’%t‘l—-_ﬂ_ + _classname__spam @ HHAE HoZ
2 8= =4, classname 2 A Fe 2 o] FoA o 2= AAST AU o] A7 F
A oo 53st= O]’B},*—].Beﬂz}-/] THA A&} FAEA

ol & F4

7=
skl ¢°%

n[m rz*:

[>

W UWF HINE S22 BallsHA G A H SLS] AMEE AT 5+ A==

=] L]t+-°ﬂ§§%§ :

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

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

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

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

9 9] ofl = MappingSubclass”Z} __update A HAE EY3H s 5 U Th Mapping F#| 2o A=
_Mapping__update® MappingSubclass &2 o A= _MappingSubclass__ update@ ZHZFth Al =
7] W& Y Yt}

R4 742 A = A
onxﬂ/\3}7}L+/\x46L;?.o

o

st AAE gleks Aol F25hAl 85 o] A 3 luﬂiﬂ%:‘ﬂt— FE
Utk o] A2 U A 2 58T oA &1 Q712 Foh

exec() Yeval () ZHAGH F=EE &= S S 2 o525 A SHLE 7R g=the 2
F3HM8; o] A& global &9 &7}t FASH, B 7§ HP 1E-Astdd =2 AT UTh 22
AoFo]l __dict_ E AH FzTuj®ul oy}, getattr (), setattr (), delattr () A= AEHUTh

-

9.7 FEA

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:

(TH& ST Aol A1)
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name: str
dept: str
salary: int

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

'computer lab'

>>> john.salary

1000

EAL FAAAA HolHE L 7|Udts ol T= 272, FF 2 H o HP L HAEE FUY U= s
Al AEurs 5= Ut d & E9f, Y AAZRE dolHE 2WstE g7 S o, Al £x4
H oA Ho]HE A= WA E read () 2 readline () = Al&ste FHN2E F3H T AAZ AL 4+
A5yt

ArEATHE AAE o] EPHES 22U Thin.  self = A I A QA E A A o] a1,
m.__func__ E WAZ A& g5 AA I Ut

9.8 o] o]¥

M

A 3% ofulE ol B e B R Aoy ANEL for FOE £

£
]

A9E A4k

4
i)
jlles
tlo
Mr

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

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

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

for char in "123":
print (char)

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

% ~eele) AA AT YR o, AL B ool E S A
Huh Fof ol A, for—Er%Vd Jol ] AR il iter () 8 &Y
£ Aot olHE olE AAE 0, o]l Wi E+= ?ﬂEﬂ ol¢ 8
D]— GO QA7 QYOoH, next. () = StopIteration & do
next () W& F+E AHEHA _next_ () FINEE TS 5 Id5Y

Eaeh A Mol

1 slol# o] HASIey T
o] &= WAEZ __next_ ()
%% @ Wl SR o4 A~ ak
Al fo
o]

ﬁbg

Fro| FRE HUL
]“ o] X A&l ol%A

ﬂ

)

>>> s = 'abc'

>>> it = iter(s)

>>> 1t

<str_iterator object at 0x10c90e650>

>>> next (it)

lal

>>> next (it)

e

>>> next (it)

ICI

>>> next (it)

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

(TH& SOl Aol A1)
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next (it)
StopIlteration
1Hﬂ1ﬁiiigﬂﬂﬂ“LﬂﬂH%%‘ﬁE@@H%A%ﬂ ﬂﬂﬂwﬂﬂ BAg A 28
*“*qq __next__() HIAEE 743 ﬂi%%ﬁ Citer () WA=E AL gU 2%t
_next__ () £49 E}L,_lter () a9 self & an§¢ gqq

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)

[ B BN TRE= R

9.9 Az ol¥

Al el el 8 = olg e ol B & vteE sty ZH e =Ytk dRbAQd g AAH A S E
HFi A2 muit yield £2 AU AUl o] Bl ol next () 7} , Aol 8 & md
ol A ”?%‘é AT (ZE H o] B e ojml Bl nAvte 2 A A 7198 Uh. A=
Al E AaT A2 A e 5 JEe HoAFUth

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

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

Q O H Hhoe

AeolHz & 4 Qe BE AL & 2ol A 3xel 22 7Rt olHeolHax & 5 s yth Ay
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ol 7t 7t o] &= __iter. () & __next_ () WAZEZIAEZE BHEA A7 Wl =LY

T3t 8 752 A Y AP A7 EE 7o A5 o HAHTiE AYUTh o] AL self.

index U self.data 9} 2 2E 2 AL E AFR S H2H vl u s s &7] A3 ¥ESHA T
[RR=

s MAE BT 22 I3 Al AFe g, Alv#EolE 7 E5 T uf A5 S & StopIteration &
JdogUch 2R3, o] 71550 A FE A= ATF ol Ele o EE v 7] 44 wEUL

9.10 Aglole T

st Aol H+ B2 E Az A v oA jE Tl 25 thAl 2S5 AFE S B e ARS S 23 A
o2 AT TP 4 A5tk o EAAEL SHAE 47l AT AT E 24 A4S 4D A
AAE AU Avd el 2842 St Al d o8 BBt HE 8| vh §5 42 o] A 1, w23
ﬂééﬁiﬂéﬂéiit‘rﬂﬂ g5 9 2t dF dsUth

o

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

285

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

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

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

260

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

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

>>> data = 'golf'
>>> list(data[i] for i in range(len(data)-1, -1, -1))
['f', Vl', lO', lg‘]
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10.1 2 A A 2AE]H o] A

os RE2 = AA LT 2857 A% 74 7HA s Al Iy 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 gttt I3 ok os.open () o] W3 open ()
2 bl AL 9B 5 AL, T Fot oFF A A,

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

>>> import os

>>> dir (os)

<returns a list of all module functions>

>>> help (os)

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

Qa9 A T A e 2] B AL 99, shutil BEL A 412 H 252 AEA | AE AT
ek

>>> import shutil

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

>>> shutil.move ('/build/executables', 'installdir')
'installdir'
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glob BEL U He HYEAE AN 02 1Y BEL BEL F5E AF TG

>>> 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 JEZ|HE g|l2EZ AZAFI YL oA & £9, 9839 Aq python demo.py one two three &
Agstd o33 22 237t =899 Uth:

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

['demo.py', 'one', 'two', 'three']
argparse BRES Y& £ AAE A3l o And v AYEZ S ATFULE thg 2T HEE 3 o] 4
stdusHeg Aoz BAR E 45 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 AF&3lo] W oA A3 u], A3 HE
args.lines& 5%, args.filenamesE ['alpha.txt', 'beta.txt']Z AdAIYT].

rlr

104 o2 24 | dd =23 F8

sys B&-& stdin, stdout, stderr ) EB| HE X Zt31 Q55U Th 71 vEA 2 A2 stdour ©] 2T HE H 1S wf =
25 A= Ao HAAES %?‘.%P—E—Eﬂ £527F dssUth

>>> sys.stderr.write('Warning, log file not found starting a new one\n')
Warning, log file not found starting a new one
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re REL 15 AL

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

>>> 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 it Aot A fole, RAE MAESol AoE e 97 Ja g Aol 47 WAt

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

>>> import math

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

>>> math.log (1024, 2)

10.0

random B 52 TR AL S & 5 J&= EFES AFFYTH:

>>> import random

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

'apple'

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

>>> random.random () # random float

0.17970987693706186

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

4

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

>>> import statistics

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

1.6071428571428572

>>> statistics.median (data)

1.25

>>> statistics.variance (data)

1.3720238095238095

SciPy Z 2 A E <https://scipy.org> = T2 2] A4AHE REES Wo] 2t g5y th

10.5. x4 =¥ wj 91
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10.7 A& Yl gA 2

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

>>> from urllib.request import urlopen
>>> with urlopen('http://worldtimeapi.org/api/timezone/etc/UTC.txt') as response:
for line in response:

line = line.decode () # Convert bytes to a str
if line.startswith('datetime') :
print (line.rstrip()) # Remove trailing newline

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

>>> import smtplib

>>> server = smtplib.SMTP ('localhost')

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

Beware the Ides of March.

mnm u)

>>> server.quit ()

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

10.8 Ixie} x| 7H

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

ol RHA Utk BES A AEE AAGUh

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

>>> now
datetime.date (2003, 12, 2)
>>> now.strftime ("Sm-%d-%y. %d %b %Y is a %A on the 2d day of %$B.")

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

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

>>> age = now - birthday

>>> age.days

14368
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10.9 dlo]¥ =

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

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

o
flo
il

>>> import zlib

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

41

>>> t = zlib.compress(s)

>>> len (t)

37

>>> z1lib.decompress (t)
b'witch which has which witches wrist watch'
>>> z1lib.crc32(s)

226805979

1 =
10.10 ¥45 353
QA ol W AHFAEL 2L EAC) T THE A2UEY A9 45-S sotshed] 28 BUL R
AzUTh oML ol F AEE SA & FE 58 £ 78 ABTU
g S0, AAES DA BT AEAL B4 Ao, 5E A3} A AL ASHTA e 5L =7
S PRI tineic LES AR A5 ol AL ALHA HolFU T

>>> from timeit import Timer

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

0.54962537085770791

timeit £ Z*“‘Ei‘r ZA 2SR, profile P pstats BES Z EZ2 FEoA AIZHLA AALS A
37 e = =S AT

AFEAY 22 EY O E ALste & /M IS ALH = 4 drol dE HAES AL, 2SS
AR =2 A A Zo) 2F2 A= AUt

doctest EEZ RS RoHIL Z2IAY SAEH S WAL HIAESS AAShs =75 A3 th
= 1 Ae} A ECE%QEE/\WHH 29 7E o 5
AlF) A DA S /WA 3L, doctest 5 o] A B Ao A FE7} o

5
e
ud
i

o} A& AL A o
SIS E S P o,

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)

(TH& ST Aol A1)
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import doctest
doctest.testmod () # automatically validate the embedded tests

unittest 2E2doctest ZEWF 4% A2 YA WL U5 22 H2E J3S HEo 3d 2 &

& 5 A gk

import unittest
class TestStatisticalFunctions (unittest.TestCase) :

def test_average (self):
self.assertEqual (average ([20, 30, 701), 40.0)

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

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

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

1012 wjEl 2]} = gg

sl “ulE )7} EeE U 5t
714 2 ebdch, o Sol:

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

* email 37| X MIME 9 7] E} RFC 2822 7|9t Wl A] A] A & 283l AL v D WA A& 317
9 st ol B g Yyt *‘Xﬂi WA A E H W3l 9= smtplib £} poplib 2H= 2, email s 7] A =
EASUAA 2 (HE 9L 23 & YAV A5 QB A A F o] 22 EZS T3]
Hot e = AAE A 3 YFUTh

e json 7| A= E ASEH E ol E ¥ F A4S I3 FE S A EE AT FHUTH csv EES

o] E] o]ég]. AZH A Eof A ‘?:_]‘?}34' SR AAH = HEE TR IR IS AH 9

292 YUtk XML A 8= xml.etree.ElementTree, xml.dom & xml.sax JH7] 7<] Oﬂ

il %Q‘/l‘:} ol st R g 3 7| A & A AHE5tH Fhol ¥ S8 TR IWI THE £ 7] H] o] H

A def YT

* sgqlite3 E&- SQLite t] o] E] ¥ o] 2 2}o] H 2 2] 2] "/H-ﬂ ], 2k ¥ EF SQL &= AH&-3to] Yol
OJEH I M E 4 Qs AALHE t o] H{ W] o] 2 & A g Tt

A 3= gettext, locale, 18 1 codecs H 7| A& =

fifo
P
ofr
o

A JFULh ol H 2 37 A9] Fastar ZE et 7

S

I
2&

%
rot,
5%
rlo
Sl
Y
=2
lo
:or[_é
B
rfo
it
A
v

94 Chapter 10. EZ glo]u2jg] E8 17|



https://datatracker.ietf.org/doc/html/rfc2822.html

cHAPTER 11
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reprlib BEE 2AU 24 $E A FoFE O
w4 AU

i

g o] & 93 A2Euto]=2H repr() 9

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

ll{lal’ 'C', ldl, 'e', lfl, lgl, ..-}_ll
pprint LEE ANTLE} AL & g B2 U AANY A8 Ao AR S Aot AL et
BRAA AL 3 A JodTh A G AW AR 22 oA EA21E Rk
dole 2 & Bt ¥&etA vebd
>>> import pprint
>>> t = [[[['black', 'cyan'], 'white', ['green', 'red']], [['magenta',
'vellow'], 'blue'lll]

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

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

textwrap REL HAEY Eh8 Fo]R W vn]of 2A T3 o}

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

(F= ol ATl A%
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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 f£ill()
except that it returns a list of strings
instead of one big string with newlines
to separate the wrapped lines.

o] gl o] gf Hl o] 2~ 0] MA| 2 FF T} locale 2] format $F4=2] grouping

locale EEL &3l EA tojg =9
2 mofgehs 4949 PUe ARk

AEUREL 1F PR TR 24

>>> 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 ("2d", x, grouping=True)

'1,234,567"

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

ce conv|['frac digits'], x), grouping=True)
'$1,234,567.80"

a= XN
string REL ATHs @ Template 248 TR3LT g, I 5 A8 A7 B 7o) 223 B
BHS 27 AEUTH B LB AL S8 229 WANA B 28 22 RS ALEvjo| =
2~ 0] 2
T A5t
P45 9 GRD oA AR (FEAY BE)Z BB AL EAR o] B2 A HUTH FREE A
&oto] A BAALE S Sl glo] AATH FAMEE S & 4 JF U $5 & 2 she o)A FA o] Z
H 52 wEUTh

>>> 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 EZEE A BAAZF AU E Y 7|9 = AR 2 A FHA & uﬂ KeyErr re 9

=
oguch MY WY 28d 38 2P J¢ AEAT AFS dolE st BAAL 5 o]
safe_substitute () WA E7}E AET 5 Utk o877t 7= | A A A AE | A A
etk
>>> t = Template ('Return the $item to Sowner.')
>>> d = dict(item='unladen swallow')

>>> t.substitute (d)
Traceback (most recent call last):

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

Template A B Z e A= A2} Bo] ZTEAE X% @._/'\_ 9
o= vl 7] Sde e AR GA, oju| A A PA AT E=

N
folr e,

i
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>>> import time, os.path

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

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

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

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

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

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

HZ3o E e F82 ths 28 A AT AN 2239 =25 Zeldts AQ U o34 511
XML 5}, <t EME EJ_/H Y HTML € B Ao thgt A~g E 85 X33 4 9F YT

11.3 nloj g dloJE] HlZ= wix] 2y

struct EEL 7} Zo] vlolvlg glmT Ao g &3lr] 93 pack(
o} T oAl zipfile RES AS31A kw1 ZIP 519 5T 4

n SE 7 272 ufo] ESp Ao 28] 85 G A8 e LT ner
ol & ¢4 5 7H S YEr YT
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£
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A
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f

import struct

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

start = 0

for i in range(3): # show the first 3 file headers
start += 14
fields = struct.unpack ('<IIIHH', datal[start:start+16])
crc32, comp_size, uncomp_size, filenamesize, extra_size = fields

start += 16

filename = data[start:start+filenamesize]

start += filenamesize

extra = data[start:start+extra_size]

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

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

11.3. nlo] g dlo|¥ HZ = vl ] 2H¢] 97
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2 g2 AR 5 A =AY S EEstE s duth 2dEsvgE Yol gt oA AdE =
ol A} g} QH S W 8 wa elo] Suhe ARl U] AFR S 4 ST B AL A = o=
2o AT HEZ /OS A s 4t

g2 I==vd =z afo] A& AYE = 5 T4 F threading BREO] IOt oA ZP & o2 A
TR ¢ A EAFUH

import threading, zipfile

class AsyncZip (threading.Thread):

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

self.outfile = outfile

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

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

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

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

g 2= S8 =29 4 2 BARL HolH BE e A0S B 2dEE 245 AY
Yok ol 2 919 threading 252 5, o=, 24 W45 W AVHECE MERBE 5o 5715} 8 242

Al T,

ol e == FYSFA T AT AA L 77 A A5
o

-~

o]
2o e AT = HZ P2 Aol et BE A5 dd 2 =0 JF A7 th2 queue RES
ARG Ste] s G 2d =] e 2 =9 2 S AlFste AYUh 8= T FA H 24 AT Queue
Al
o

AANE A§3E S5

11.5 27

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

import logging
logging.debug ('Debugging information')
logging.info('Informational message')

logging.warning ('Warning:config file not found', 'server.conf')
logging.error ('Error occurred')
logging.critical ('Critical error —- shutting down')

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

Z1BRog AR U U HAAE BAFA 1 28 ZF o8z Y P ULk g2 28 FHd &=

A g, to]g 13, 271 =& HTTP A E 53 vA] A gh¢H" o] TP Yt M2 EE HA] R

QLAY ol et thE g2 8-S A= e 4 91451t} DEBUG, INFO, WARNING, ERROR, 12 3L CRITICAL.
<S8

27 A28 shol Aol A A H TARAY, S8 22 IRS WATA %3 A A =72 A5 e
AR S Y A4 Qe 2E B 4 ATk

=

11.6 o3t =

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

o] HEH2UREEY S8 Z2 oA Z ZAF A 2 T A S0 o8 AHEE & Sl A E
FAH T Dot AFUth BHAE, BA IAES FHFE AVCEE 15 JFH0E EE
F2E HEUTH weakref RES FZXE WEA R AAE FAT 5 v E7E AFFUTh AA 7} T
2 Q817 ¢k W weakref H] o] o] Al AR 7} A5 0 2 A A 5 31 weakref A Ao T 3 Zu o] =] AF T
kA Ql SE o= W= b v go] Wol =& AA Aol 2P U

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'
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>>> from array import array

>>> a = array('H', [4000, 10, 700, 222221])
>>> sum(a)

26932

>>> al[l:3]

array ('H', [10, 7001)

collections &2 deque () AAE AT FYtt. o] 7—'1?1] = Y E oA B w2 A F7HF5HA v 5 ol A 9
23+ =X g2ES ZFUrth o] AA = 7€ H Hol A E S FE sk o AUt

>>> from collections import deque

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

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

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

Herd B A 78 9ol % ol Hejelt AYH | AEE 2 AT E B4 50| Y bisect BET LS TIE
EFE AT UTH

>>> 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 §8ah:

A5k T8 ATIUT 7P ol 4L I FgAA
2Rz GAAFAT, A BF AP AYSA o

>>> from heapg 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. £ glo]Hu 2] E3]x7] —2%




Python Tutorial, & 4] 8] 4 3.10.13

24 AEE 9%t Decimal Eﬂ olH3IAL AlFaa Yt YH float o] B X
Z

Hoe 53 e 22 Asel #E8dut
. Xﬁ}i 10705 5] 22 58 8 H7H &5,
« AEUE Ao,
« HA B A 87 S 58 Nk Al
s FEXAFA, B
« AR AT EO R AR A dA F A SR VS 8

A Sol, T0AE A3} 2 2ol thal 5% AlTL ALY, A BE 25
GERdU T 298 43 ke AR ve A5k 2] 7 L ch

>>> from decimal import *

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

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

0.73
Decimal Z¥+= Bl 8+ 05 A8, F M9 FaAE 7}{1 2 ERE Y Y FERAE 2
FTor FEJ}YTE Decimal > =2 2 3 3k A @ okl o] FF apfol 45 e 28T -
Qe w BT 5 e BAE g

& ¥ Decimal FE 2Tt oA HF 27 o AFPSHA e RER AT 5548 AAE SR T 5
A=

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 RE2 423 WF o AUER Mg AlFdYTh
>>> getcontext () .prec = 36

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

101

11.8. 103 1% &4

et
r)«
>




Python Tutorial, = x] 8] 3.10.13

102 Chapter 11. £ % glo]H g E8ur] —28



}

=7

CHAPTER 12

f &2 54 WA ghold A9 of g

LAY
2z

3z

iz

g oded S8

o

a1
AE S5 ] S5

ojBz| g2 dF 2 A FH A

i}
=

12.1 470

i N o 1) oj i
w2 FET
G T I Y
uﬁmﬁ‘a. QT@W iy
e =% T
ﬁwumla < M ny
L P T Q )
iT_i e B O o
Mo&oﬂ@ Eoum Po
H._‘._o#om H._ W <y
=i bof
OE‘OIﬂVI mﬁo s
T 20
THE g
A_H_H‘._.oﬂW MﬂMﬂ o
ALT me W
(Y e M
N n) >
;oaﬂwlﬂuﬁﬂ \m_W,mﬂ a
oo M & > L
~ W ok g & P
S tw o
ﬁo“ oﬁ olJ I 7 ‘_.8
%Wo_on e xE
oz o Mz 4z ©
e W e J B X
N g T T4 T
) i {Jn == o Xy iy
ﬂlf%dMﬁo N_lqﬂ_; w
ﬁAﬁ_ﬂ% N ToT Mr_m
< R o o J)J 76T ofy

pHw< U LESE
%i_ﬂwu o ommE F
_I_ H T ﬂyﬂ_ ] u
™ oo 7 M RO WF_W e
_i L,#L_ ﬂﬂu ﬂ X0 W
"} oo o _ Wpow W
%ﬁm7g_o N_.o TFH g B
dogeap 20 opgrur o
W B oF N R g R
T R N WE W
W R )y ol %0 I %0
TH oW - NN

103

2z Ay

’python -m venv tutorial-env

This will create the tutorial-env directory if it doesn’t exist, and also create directories inside it containing a copy

of the Python interpreter and various supporting files.
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7 a7 e dukA el g EE ] Y A= .venvydUTh o] o] Ei]Eia]ﬂ-EE{i:IOﬂ/ﬂEﬁ]x] AL = 3o
2, g7t 2R3t o] F & AW dte o] 5= AT UA T Wl A gkF ot T8 Y5 F 9 (tooling)
o] A Qe .env 37 W2 Ao spA o] =S wpx )

M EAE e oW, MBS &5t 5 syt

A=A o] FA Ayt

’tutorialfenv\Scripts\activate.bat

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

’source tutorial-env/bin/activate

(o] 23 Y E=bash A 93] 24 HE 22 E cesh =& fish A3 AR st= 3 ¢oll=, thal activate.csh
Qlactivate.fish 23T HEE AFRFfo

P” FAS B EH, Ao zE2ETE A7 AL oS, 842 438t python
“ﬂdﬁEx“W¢4%ﬂWﬂ%@ﬂ¢%§ﬂﬂ:l%%ﬂ:

$ 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 37] %] F&)3}7)

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

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

7] 2] o] F& A sto] HA WAL A7 AE HAE F 5T

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

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

Running setup.py install for novas
Successfully installed novas-3.1.1.3

H 7)1 A] o] F FAoll == A WA WZE 2o A WMAL H7IAELAAT +& 5T

(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] B3-S thAl AW, pip & 2T M0 o]u] A of YL LT, oFF AR A FUTh thE
WA MEE A 1A AL pip install —-upgrade & Aol 7 A& H A Ao
adol=T 5 A5

(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 thFol 8t} o] AFe] 5 7] 2] o] Fo] @1 7H4F B ol A 3} 7] 2] 7} A A Y T}
pip show &= E4 97| Ao st AR E T AT}

(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 & 7bg @70) 4X 8 BE 347148 BA G ch

(tutorial-env) $ pip list
novas (3.1.1.3)

numpy (1.9.2)

pip (7.0.3)

requests (2.7.0)
setuptools (16.0)

pip freeze & AXH 7|29 v|e BEES TEA YL pip install o] 7]thshes A2 AHE o
AulA o] F 22 o] BES requirements.txt o Y= ZJYt}:

(tutorial-env) $
(tutorial-env) $
no s==3.1.1.3
numpy==1.9.2
requests==2.7.0

pip freeze > requirements.txt
cat requirements.txt

requirements txt = A Ao AvlEo] S g JdBE AFE 5 S5 Ut AFR A= install
rzREg csLJHy]x]e A2 a2 9l e T}

(tutorial-env) $ python -m pip install -r requirements.txt
Collecting novas==3.1.1.3 (from -r requirements.txt (line 1))

Collecting numpy==1.9.2 (from -r requirements.txt (line 2))

Collecting reques (from -r requirements.txt (line 3))

Installing collected packages: novas, numpy, requests

(TH& ST Aol A1)
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(o] A sl o] A A M A%)

Running setup.py install for novas
Successfully installed novas-3.1.1.3 numpy-1.9.2 requests-2.7.0

pip ol o B-& FA0] AH5Yrh pip o th $HA S F A+ installing-index 2] A& Fu 34 2. 7| A&
2 W w shol A 3 7] 2] A QI ol A AFE- 4 QLA BFe] |, distributing-index A 32 3 5HA] 2.

106 Chapter 12. 7}4 37 9 9} 7] %]
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oA @ 52

o) A5 Mg oA ok shol M ALgol TE BA o] ol
shol A€ Ag-5hel 11 Qs oF FUTh o w2 ¥ o T 2 Fho}

o] A4 A& sholWe] BA AE9) ARUTH AES) ThE EA L e 2aUTh

* library-index:

& AU — AA BAE A 237 )

£ eholne o 3, 34 % HE] e 9% (1S wusa v &8s A48 AT o A1
A8 A3 oF FLiTh TE shol A M| Z ol 37k BT} Bo] 2P of YFUTE FHA PARTLS
30, HTTPS §5) 242 44510, U8 953, 399 48 345t col 229 445,
Dol B % 351, 7|8 Be 49 & Aol 2Eo| e holHelel a|H Aa g FolH ol

2 0] 9=7] <t 2= 9] T},
« installing-index = TF2 s}o] A AL 2}7) &4 S 27 RES A A8l WS APy ch
« reference-index: }o] % o] By 1} o] uof o &F XA S A .
3 o= A f8g
71 Ef ahol A 25 :

* https://www.python.org: The major Python web site. It contains code, documentation, and pointers to Python-
related pages around the web.

o https:/docs.python.org: I}o] 2 2] A Ao w2 A A 23 4= 951t
» https://pypi.org: ©] Ao X] = 7}A] (Cheese Shop) 2= 2 H ! slo] A 3] 7] 2] el A= Y tS 5= =
ARG AF A 2 Shol i 252 A YUt ZES w2 st7] Al FSHE e AMEE o] 22 == o] 7]

::n:E_E_%‘oﬂ-/\ 01/\14\;].

« https://code.activestate.com/recipes/langs/python/: s}o] % & ] 2 (Python Cookbook) 2 &2 F T o
A, EZE2E YD FEI2THE 2YJYrh E3] FE03E F 3 52 Python Cookbook (O’ Reilly &
Associates, ISBN 0-596-00797-3) o] 2}= A B 2o] Mof] B k5] Tth

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

* https://scipy.org: Scientific Python = 2 Al E of| = w} 2 vj Qd A4t W 2235 Q3 1 E %J)r A8 i, F] o
HE HAY S, G 22, 54 4 534 22 o2 7] 71 A 50 2@ o /\‘4312

I “Cheese Shop™ & Monty Python 8} 27| ] QI U T}h: T2 o] 2] = 74A|o] So] 7A w, 2 A =7} #olo] A, AL glopy B oh.
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19 BAY, ¥ I3 comp. lang. python °f Al A3}A U python-list@python.org
o 72 25 v gaEE AoEY R dAxo] Jloenz 6]’

Lol AlAIE WA A] = EIOFoE Agg Ut stFel &9 A9 AAE] kg Th

Total, Ao FHe, MER 752 AL, 2 RS YXFUTh W™ g2E AFA

https://mail.python.org/pipermail/ o <54t}
AN 7] Aol AHFE o= AEE (FAQEl L% 3ht}) B2 2 shold) of st} FAQE vlE A o 2 Jeh}=
B Aol e 2 AT, ol vl lelee] EAol @ o 2 PH e B e 4 Asik
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cHAPTER 14

G gholad <lelz 2 B ¥ A& Ko A 31 GNU Bash A ol| Y& 71557 FASHA @A) 948 & 94 9 3|~ 2
A2 A AP U o] g 28D 9 T A Y3 GNU Readline 2ho] H2) 2] & AHg-3to] A U th

%
122 2ol AA A 7E AL, o 7]l A WHE A = 5y T

Mo RE o 5o AL ABmelE A& A AF 0T B H o)A Tab 717} HE /)5S BEFY

shold Wel € o) g, AR A W5 W ALS b5 8 BE o] 52 REUTh string.a 9 2L FOR 7HH

£R49) 49, BRAS vpAY L 7 e TR oS, A7 AA Y o EelHER 42 ATk
getattr__ () MASE 744 A7t 2840 %W g8 zzagdo] 498 DES WY 5 9go

72} of ek 7|2 442 A8t d e elol .python history ehe IR H2EelE A
& 5y ez el g A Aol 325 E ThA AT 5 ASUTh

14.2 )33 ole] = 2]E] ot

o] 75L& oA MAL] Az g vwd YA G FAJUTH 2y, B 71A] 3 AFgo] dol syt
olojAl= Zo A A A SV 7t A TE £ AL UTH (A= o Sy ESo] Z23%HA
27 AdHYh. dE HAYSL Az H A8 HolES AL AUt AFHE= 25, LR
= AN (EEADIE=HEEE FEE ALUG

H A AEHE NAE i3ty A B Z 28 = [Python Q1d], & &+, A4 &4 4 113 s|2E 2 e
752 23 JdF Utk T3, A AL upo| 2 A thE $& T2 2o YRS = JdF YT Bt
T o E A E v sy 37 L2 bpython YUt}
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3 SHHE oA W3, 23S dA gtk 252 & 71 A e A, float= ©] 3 EJA}HL tﬂ
249 M EZRE AZSHE 53U ES BApE A S, 29 ﬂczﬂ FSERER A}ﬁwq 11109 %%,
A EB4E=3602879701896397 / 2 ** 55 ], AA zk1/1037} AL ZA T A& A= 54T}

o]
B2 AFSARE gho] EAIE & WA w o] 2ALE 91418k 23T shel WS 7)Aol A E o] 1 2]
AR A ghol the A7 2ARES A BTl Tl E 7 A0 A, vk sholmo) 0.12 A%H o
2k AR A A 3 29 BThR ohe 3} 2ol EASoF g Th

== 9

0.1000000000000000055511151231257827021181583404541015625

O] AL Y& Abre] 83trhal A Zste ARt B Aol 2R, stol {2 W2 E Fhe thal EAI S

FAHE thE WAl T Ut

>>> 1 / 10
0.1
A8 A7 e 17109 AA Y BAE, A4 AZE % AHE ke B bsd ol 45d g 719

SHA &

FUEAE, 71 e 2 o)A 258 TR Y UE AdS7 AUk 8 S0, 0.1 30,
10000000000000001 2 0.12000000000000000055511151231257827021181583404541015625 =
B 3602879701896397 / 2 ** 552 ZAFEULE o] AR gkEo] R E 2+ ZAZEES 2 -55H7] ufj 2o
eval (repr(x)) == XE%%:’-EHE%Z]%H’JH 3% stuE ZAE 911’“4‘4

AR o2 sto|H ZEZEQ WA repr () @ %%;{z LAF17709] €221 0.10000000000000001 <
Aggty ot ghol A 3.15E, o] A Ifo] A (Hf F l"f:/\l Hofx)e] 71 g2 A AT 5= o, T3]
0.1 ¥k F A h

o] Zlo] o] RF Ao EA P FHsA 2 sto]ie] WIE ol o2& F=of e ¥Ix
ohUEh SEdlole] $5 250 A4S e AUSE RE Aol L SR AT B S e ITHAR
Aol 7| EACo R 52 BE S8 R oA Aol & R A8HA] ¢ #ﬂﬂ“&).
Z o BEsee 278 Qo du, AL Y S AHEStel AWE 29 §5 $AE 4T 5 AT
>>> format (math.pi, '.12g') # give 12 significant digits

'3.14159265359"
>>> format (math.pi, '.2f") # give 2 digits after the point

'3.14"
>>> repr (math.pi)

'3.141592653589793"

ol Zle], A&k o wlof| A, EF A& P Aol FRFUTH A& T3] AR 71 A% A & W2 H
kil 5 Ut
Shbe B2 thE S-S WS s UTh Al E 501,012 &S] 1/100] ob B2, 0.19 Al 71E 3t A
A A83] 030] obg Ut}
>> 1 + .1 + .1 == .3
False

=3, 0.2 1/109] A3 ghol O A7) A 5 9, 03% 3/109] A &3 gl o YA 4 glome,
round () &5 E Uli] e A2 =5l HA gFyth
>>> round (.1, 1) + round(.1, 1) + round(.1, 1) == round(.3, 1)
False
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5212 9 =3 B2 gl B AR BE S 9T, round () B4E A BHe ol £-85] £
e A ARE Am M2 5 9 Tk

>>> 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] 7prpo] 9 W W], " HE YHUTE obH, 5 25 A E AN A ZAT B2+ YU
shol 4 float AA4FS] Bl 25 252 SHE O] A FHE Aol 1, thEH A AN AL g 25329 |
2 97 o FEAUTE o AL B AQolA DL 47 ol 4 AUTh 3AW, A A&l o m mE

float A0l Al 22 WhE 2 ol 217} AT 5 9Tk A S WA sl oF Fich.
elohd At BASA W, RS BF 257
Aoz B AAA EA S Alvhehs A7E 1A D
A A o] 32 | formatstrings 9| A] str. format () H|A
4t A X 1ol 2 'GP/\}% A o] B9, B A &8
AEg T = decinal EES A}B—OHEH]L

et st E O JeHle fFE5E 7o R e S T A fractions BEl o3 A dg th(ut
A 133 28 SAh= e »}E} % A% UTh.

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>.

vhol W& of 2 Z o] floato] F &3 g AR Gofokdte = FrE AQL + e =EFs= ATHUTH
float.as_integer_ratio () WA E+= floate]

4>
2
>
i
filo
>,
ofo
e
rr
2
ol e
M
o
;
o
ol
k&
o\
i)
i)
i
N,
=
o
= rr

mlo ofr
Mo ¢
4>
HU
Fl=l
(gl
s
<
v

>>> x = 3.14159
>>> x.as_integer_ratio()
(3537115888337719, 1125899906842624)

H&-2 A3 ghol 7] wi2oll, Al #hES &4 flo] thAl ft=w ol AH 8 4 sy Th

>>> x == 3537115888337719 / 1125899906842624
True
float.hex () WA E&floatE 1635 (A o] 160]th & T ot=tl, AFE ol AFHA &3t 3k St

>>> x.hex ()
'0x1.921£f9f01b866ep+1"'

o] 43t 16704 A2 float gha B ESHA A A sk ol A 5 AT U

>>> x == float.fromhex ('0x1.921f9f01b866ep+1")
True

o] AFstu R, vpoldef v HA o dA ghe A=A A
A Yt ohE dof (Apuht C99 Z-2) o} vl o H & w &3 o] -8 Fch

[e)
S math. fsum() FEYUTh o] F4E A F
=

L i FuE FAS Atk £ 2 g
Aol gkl ﬁﬂ lEﬂ A cgloimd £AE"E FAFULH HF FA N 9FES = AF7A A7t =H45H A
ekobr AA H ol o] Fol & whE 5 g uith

>>> sum([0.1] * 10) == 1.0

False
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(o] A sl o] A A M A%)

>>> math.fsum([0.1] * 10) == 1.0
True

151 28 2w

WS Hol gt o7 B 5 At
]

391 2 5 (Representation error) =
Grhe AL U o) el =

IS AR AATE BN 9 T o

94
23T 4 JSUnh 25320004 11Y) A9 2= 7] A= IEEE-754

JE @Qﬁ}ﬂlﬁﬁ%
o2 Adof)o] FF o2l

]
s ard 4}%% /\}%?‘5}1, A8 B SAF2 ol 4 float S IEEE-754 “wl 4 = of] v 3 gt} 754
AU == 530 EL A7t 2305 o] 9lojA, JY Al AFEE 0.1 J2¥*N UJEHJI VMR BT R
HEsH L =TT o714 J £ A F3] S3HES et AT YUt

’1 / 10 ~= J / (2**N)
=

=
’J ~= 2**N / 10

% ThAl 231,07} B3] S3HE(>= 25552 o] ¥k < 2553 JUTH AL el 3HE, N o H A7 569 Y]
oh:

O

>>> 2*%*52 <= 2**56 // 10 < 2**53

True

2,562 ) 7t A3 BHEAHER REEN ] §ABZYUTh I AT F AL T L AL e U
Zd Uk

>>> g, r = divmod (2**56, 10)

>>> r

6

A7} 109 BRE T 2B, A4 ke e £ A do AUt

>>> g+l
7205759403792794

whekA] 754 WAL =2 1/10 o) 71 747k 242 vk 2 U th

’7205759403792794 / 2 ** 56

BRI} ERE B2 Uirw tjg T} o] SR UL

’3602879701896397 / 2 ** 55

85 W wEol, ol AL AAZ /10 By ozt Ache ol fofstAl e WS Frhd, 5ol 1/10 ot
Rzt Fobzl s AdYTh eyt of i Bl = é@ﬁ}ﬂl 17104 & A5yt

ek AFEE AR 1V10S “RA” XU & 5 e AL AoA FoAd At 24, de 5 e
HA 9] 754 AL = 2 ALY T
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>>> 0.1 * 2 ** 55
3602879701896397.0

R4 109558 F31H, 55709) AR 548 B 4 9]

fy

=

>>> 3602879701896397 * 10 ** 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625

o] AZE o A= A 338k 52} 7F A A2 0.1000000000000000055511151231257827021181583404541015625
2} 2SS ougych AA AW S BASH=E g4l B2 Adof (o] A WAL stol W x3h = AAE 1779
FRESAE Y3}

>>> format (0.1, '.17f")
'0.10000000000000001"

fractions 9} decimal RE2 o] A4S ¢ A W54t}

>>> 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"

15.1. 115

]
r (

Su




Python Tutorial, = x] 8] 3.10.13

116

Chapter 15. 1% &5

3l

2

v

& 2A

3l
h=4

N
o

2



cHAPTER 16

ne
16.1 Y33 R =
16.1.1 o8] X g
ANE7H o Qe el ol e w4715 2 W E ol g AT U3Y mEd A 7 ngn
e Bolglth sheln e o] 2 ulL, ~d ol A8 214 ¢ 7 00] by £5 AEE S5 |0}
(cry FolH except 2ol 8 4 2)5) £ o191 o] Eaol A o2l 7} b LiTh) AF et R X2 ol
MOl E5 A1 SRS UYL oA R FYNA WL ¥ 0T A% T A AT )
|2 WA= EFdEH 2EH 7|SPUth AdE HH ) A &2 2F S 7153 Ut
NNEEEHZXZEIZE QAEHE EX (YA O 2 Control-C EEDelete)E YA Y2 FH4
3/ EZgzce Solgt BHolt AR E EU AH =S Qe ehH roy Fol oJa) Ao 4
9+ KeyboardInterrupt o2 7} WA g ok
16.1.2 A3 7153 slo]H AT HE
BSD ~thle] S 4ol sold ~ag et A 2agEAE 44 AWY 5 97 BE 5 dEu

e

#!/usr/bin/env python3.5

(A ZZE 7 AF2 AL PATH O] ot 7HA S o) S 2T HEO AJ = H ‘:‘oﬂ YUy sido] A s REE
FUTE #1 50 51209 48 F BApolof FuTE A EATOIAL o] R WA Fo] R~ ~etde &
FTE(C\n)E ZYobsH, AEF & FE(\r\n")E AHFA Ut sejuoA siA, Ee g2 E,

A4 £ R4S RS o A g U

2ZYELS chmod B Ag ool A% 58 BE, Bx AW, & Folu

o

& Ut

$ chmod +x myscript.py

! GNU Readline 3| 7] 2 o] gl &A1 7} o] 21 43 & 5= 9l

11|>

.
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AL AL A& a3 7bs BE"ehe g o] g Uth shol A A% =2 IS . py 9L python
exed} A5 O % Al ol H HUL 0|5 FHY AaYER AWFYTh AL pyw A S F
Q&Y o] 4%, QAo Gehte 2 3L BAHA gHUh

16.1.3 w33 2 st

sl & g o A, T3 AE| 2| H7F A 2E muieh s = e g so] glow ARy
Ch. PYTHONSTARTUP &7 W3 Al 2F g3 o] Sof9le v o] 522 443 HUth o] 212 f 42 Al

.profile 7|53} AU T}

o] 3hd -2 T3} Al A A RE ¢ '81131 shoj@o] AT HENN FYS 92w}, /dev/try 7F B H ] HAA
A2 A (3t AAA Y AT oll= A dFUth i3y B o] dAHE 2L o5 el A
AP B2, o] 3ol A] Z*«lﬁ}ﬂb} EE%S}% AA 5= teFF Aol M B4318HA] of2 o] F o= A
T AFU o] koA sys.psl R sys.ps2 ZEZES UL & lFUth

AA g g oA S A A 5L S elod W, A A& Yo A if os.path.isfile (" pythonrc
py'): exec(open('.pythonrc.py') .read()) e E’V_EE AFR A 22 2dS £ QST &
SR E A A% LS AS S W A2 e A HA A0 2 S g of Tk

s.'LﬂIl

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 #AxEfuto] A o] 4

l-rJ

=
=

glo]l M & AAEulo]| 2T 4 = F 7R T A2 Th: sitecustomize 2Fusercustomize. o2 A
SFHEA W el W, WA o 2] 22] ABApsite-packages T & £ 219] 94 F Fokok ITh. shol A A 2 ah
B nEE AgF

>>> import site
>>> site.getusersitepackages ()
'/home/user/.local/lib/python3.5/site-packages'

oAl L fy#E]g]ofl usercustomize.py 2t= 0|59 St & HET o= AELS 2+ A5 YT AHE
QEEE W BAAFE s $H02 A G o o] AL WE sho A AWl FFS FUTh

sitecustomize & Z+-& WAl o 2 2= 5| vk, dulA o 2 A < site-packages T @ E] 2] o] AFE T A7}
5 7, usercustomize Ao ?:]xﬁL_E%] Ut} X}/‘ﬂ Sl 8L site REY AHAE HA L
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>>> t)54 Aol 7|8 shold ZEZE. Az el A Yo WD 4 I L= clol A A5 2
IRcAR]EN

T Re B A 4 gyt
s Folzy] E ME B2 NS QT W, HS o) TE TRA (B, YDE, FBE) %] A=

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 = ZF glol B goA] 1ib2to3 E A ZF YUt =g Ao 7 AT 4 = AT HE L= Tools/

scripts/2to3 & A& Ut} 2to3-reference S H A Q.

abstract base class (F74} H o] 2 el &) FA W o]~ F At hasattr () T2 UEHIYE0] 5446]-741/]—
B HA ZEE (& 0, A MM E) A, AEHA o] A E HY st HS AT T o =N o Elo]
< B3t ABC+= 7HE A B %\’ﬂ’\ E 5t SN2 ASHA O UAE isinstance ()
S} issubclass () o o8 A2 5 %—E’-Eﬁé%"‘b}l‘%, abc 25 AWAE HA L. o] xol= g
2 W ABC Eo] et &t th23 22 AE0] dFUth A5 F X (collections.abe BREAA),
At (numbers BEA]), 2EF (io EENA), YZE 312} 29 (importlib.abc RE | A]).
abc ZES AFESIA A4l THe] ABCE T 5 54T

annotation (o] = E|o]A) TFo el & SIE 2 ALHE WS, ZUY2JEYRE =& ¢ oiHs U
ke Zh A A E Fol &Yyt
A g2 o mH| o] -2 A Al Thof] AM AT = glA] gl 2 o

e A2+ g, Ze 2, 49 _ annotations. EF AEZH

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) 42 35T sl (E= D) 2 AYEE= L 5

5
e 719 = 2l Z]- (keyword argument): 5= i% u:H A1 217} QFof| B2 o]} (of %o], name=) = **
E Yol 2 9Mv = Zﬂ%ﬂ“ 12} o & S, o} 22 complex () &&°A 335 =
E——r 7] JE A2 Y T}
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complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o A X] Q1 A} (positional argument): 7] = 21 d AAE A A AAE2 ?_]Z]'% o gl e
A olEle 2 o goll * & Eo] A2+ dFUth & &, A 2L TS/ 3 %5 =
= 9% Axd o,

QA= 34wl o] o] & 22 Ao 4o B9 H YT o thgle] A 8% 72 Sl a4 calls B
1vMa%@@gzﬂﬁgﬁ&ﬂﬂﬂ43ﬂﬁ%¢-%ﬂﬁ%%ﬂﬁaqﬂaﬁ¢ﬂmﬂ%uw
|l vi 7 FETFAQ A& AR} v | W 42o] Ao] 2} PEP 3625 H A 8.

asynchronous context manager (W] 5 7] YA E #2]2}) _ aenter_ () & _ aexit_ () HAE=E A9
3O Z M async with FojA B ]% A4S A olst= 24 PEP 4922 = UEH AH 141’/}.

asynchronous generator (8] 7] Al g o|€]) v]5 7] A& o] o]E & o8 & 85+ T async def
EAYHE=IFZH T HH Hol=t,async for FEVIAIRL T T A= dHY FES UEE=vield
EAAS TRRnE Aol U
B3 uE7] A el & 7el 71 AR ofd EH o A= v]F 7] Alq ol H olE g o]H & 7t K]
Utk )% b o )7 Wakeba) g Ao r, A o8 A BEghe T
B]% 7] AlF @ o)y &4+ await EAAT, asyne for 3} asyne with & 288 4 54}

asynchronous generator iterator (B]% 7] AU & o] €] o]e]&|o]€]) v]5 7] Ay o g 71 vt A A,

H]E 7] ol Elg[ o] Q] __anext_ () & &&3tH olflolHE AAE EHF 1L, ] A2 th5 yield

84 744 0 57] A Elo B g4l vl & AT,
Zyiclat YNHOZ QelS FAT, 1A (9 455 B/ FAuy-FES TRE) 49
FHE 71U vlE 7] Aol ¥ o]H el o] ¥ 7} __anext_ () =
22 ANEE, w3 2oz BTt PEP 4929} PEP 5255 H A 2.

asynchronous iterable (W] 5 7] o|E] 2] &) async for oA AF2E 4 A= AA. _ aiter_ () WA EE
vl 7] olElelol e & FeF o &y th PEP 492 & == 5t

asynchronous iterator (W] 5 7] o]e]g|o]¥]) __aiter_ () & _ _anext_ () HIANEE F = AA.
__anext__ = ol olgHE AAE S FHoF TgY D]— async for+ StopAsyncIteration o &7}
At w) 712) ¥ 5 7] ol Bl @l o] E 2] __anext_ () WIAEZ B FE oo HES FUth PEP
49282 =AF S YT

attribute (] E 2] 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] Qlo]E]8) await T H Ao AFLE 5 = AA|. ZFE o]y __await_ () WA E=E 7}A
AA7FE 4 A5 YTh PEP 4925 H A 2.

BDFL #}H] 2% &A1 =) 2} (Benevolent Dictator For Life), = Guido van Rossum, 3}o] 21 2] A A},

binary file (o] 2] sFel) ol =5 2458 93 & 4 gl 519 A vhol el o] o2 who]]
2] BE ('rb', 'wb' E¥E 'rb+') & €9 3}4Y, sys.stdin.buffer, sys.stdout.buffer, io.
BytesIO_‘?}gZLp.GleFlleJ AAHAE

str AAE 912 4 ik o AAlol B A L € A= 5 E FR AL
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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 Q& A A)]) bufferobjects & X QU311 C-A1<5 HHE <9
3= memoryv1ew AAESL EEOL bytes bytearray, array.arr =L .
AR AHE-2 upo] m FRIEE SR ool A el A8 Sl 9 e
J}Olixiﬂ 2~ AL e AS ]ol_qr/]_

Zl
S0 9 ool 2] Sl 171 71 2 27 145 o1 €1 Aol 4% B <5l

 dd e

SRS
]

o|EQF AR et
A

33U 71 w3 AA < Oﬂi bytearray El—bytearray.J memoryv1ew
}OV\L]‘_/} O A2 vtolv g dlolH 7 B AA] (“917] A& vlo] EG R/ AA”) ol AFHE
278Ut olA A9 dlZ & bytes®bytes 7“21]-4 memoryview 7} 01’\\4\3}.
bytecode (H} o] E F &) .E]-OM*j A FEEdlolE FEZ AulYE =1, CPython Q1 E] L 2] o] A 1}0]

»y
sl A% R AGU T, ol & B EE pye shale] AA o), 26 HAE T A A9
5 web ) A BhE U o) (420l 4] Hhol £ S E R o A AT S HE 4 Aa U Th, of 57 Aol = 2t
uho] & 3= ofl t) S5l 7] A1 S AR el 74k 7] A ol A AR BT BT Hlo] = =L A T2
o)W 744k ) Aol A A58 Ao 2 A|thel A, shol M u)E 7hell b4 Ao A= ke Ao 224l of
.

ulo| = 3= WejolSe] B2 dis BE APA e LU

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 (29)) Atz AL = vjef o o] = Aol APgd HH Fd =,

dass (ZU L) AHEA A AASS BV AL . SR A= BT U2 drdAE o=
Axbste MM E Bl S 2T

class variable (Fe & W) Sef2olA HoH L Fels #F (5, S d2H 200 A7 ok h o Ak
?@ﬂ% L%

Eve e H
]UF 3+4.5 A,
ﬁﬂﬂ%““ﬁ%

2aHRmr 22

& —r

O,

[

[t

s

T,

o

rr

[}

>,

o

ne

2

rr

offt

£

N l_m r_|_g

2 & oft,

r 0

iy nsl;ﬁ

flo & ro,
'oﬁL_'\l [>
o ¢
HU - b

ZF A= HE Y ]

8 A ¢F O™ TypeError o .

90w A 8a Folof Tt ol 8 Fol, 11 3+4.
1

Tr' rIr o o
2o
> ol
L1
& ogh
o
)
+

>

b

IH

stog TP Y
FTEAANE =
HEe ZX ”M&EHQH
%ﬂsijmmha ﬂ%é#ﬂ@q%gam gqq 2220
O A3z 5

- T

A 715 ddrct. 2 ﬂqihﬂﬂ%iqaﬂﬂ ad“ﬂﬂc**qq
oo ZH with FollA X

r{r P AL o

-{n:rlr% =
.HUAQ

7y > o

o
=]
]
ﬁ
>. mlm

o_>d

context manager (BRI AE A2 A _ enter_ () &_ _exit_ () WIAEE
J. PEP 3432 2 T 9l5 9 <t

=

W% ol 7 A8 e =) w4
Hif, AdAE A2 B, St
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A U0 olE] AE2EA 9E 4 O] DH2E WG9 F EEE FAA WF P2zl
Mg 245 AU contextvars& FEHAUA L

contiguous (%) ¥ 3= A &3] C-A S5 (C-contiguous) ©) 7| U EE T+ A< (Fortran contiguous)d W] A4 0] 211
A 100, 5o A0l s G o 9 WG G AT & A o] At
a1, 001 A Al &Heh= LBk A2 A 2 v Z g of wf X =] of of Fhuth Ttk C-A<5 v Goll A,
B Fa0) SAUE BEES BET 0 015 Q€ A5 7bg e Mgk o) ST EE S 4
W ol A=, A AR A A7} 7pag wkbe] W gy o)

coroutine (Z%8) TFEL AHFE o Awshd FHJUTE ALTEL T AFoNA A o2
Ao EEF UL IFEL o8 T2 A ZANA AYsta, &k, AN 5+ A5 UL o] AES

async def 207 F3T 4 951U th PEP 4928 H A L

coroutine function (L7 ¢ §4) 776 AAE SelF+ T 7Y o async def FOE HoJE 5
91, await @ async forQtasync with 7| l_% F3E = QG5 Yt} o] AE-2 PEP 492 of 23]

=YdFEAsUTH
CPython I}o]# =2 787

Aol FH A L, python.orgol A] ¥ ZF Ut} o
IronPython 3} 22 t} & A& 3+

st 7} & ulf & “CPython” ©] A}-8-H U T}
FE= g, B5 Gwrapper w S AFSSH S HBto 7 A g
HuUth dZd o8 &3} o= classmethod () I staticmethod () YUYt}

s olE B v A BHY LYYk TS F T4 AL v o= FEFUh

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arg):

o 2ol = EASA T, @ AF 2k vz o] elol] Bk o 443 g A4 )
o] o] A2 BT PuTh

descriptor (232 HE]) WA= __get_ () o]t} _set_ () o]y} __delete_ () & A3 AA. S
s olEBREZIUATHE Y ul, 01 HgHEZIE=E f&?ﬂéx—.‘*‘“’ do ZMD}.H ,a.bs A
L, 2 A, A A ST AFS S o, 0] Sl gAY oA betal o] F 2o R AAE 5“*143} SHA Rk
b7t HaagE W, G taI HE “ﬂHCﬂEE%HE‘r El’\i“’dFﬂ% o] 8] = A2 ulo] Ao
st 22 o]3) 9 034011*1,?}—?, HAE, 229 E, FH2MAE, & A=, 79 ¢ F=x
Y By EE ORI Y/ W E ‘?:MD‘r-

Y23 HE 9 WA =59 o sk x}A| S U-82 descriptors L} T 23 FE] ARE-H S A o] L& Tth

[> u&
o2
L (y

1o
g rlo
ROy

dictionary (‘;‘HL-]E]) 9ole 7|15 ol 3 A 7]= A vl QG (associative array). 7]+ _ _hash__ () ¢}
_eq () MANEE Z= BEE AA7HE 5 dsUth oA siAl g R5 Ut

dictionary comprehension (5 A U2] A= 2]l A) oHHE &= 84 AAVY AFEE Aty 23E &2
gaqy g E ‘31?3-6}#7} st cl'\:l results = {n: n ** 2 for n in range(lO b2 Fn oxx
20 A H 7] ng T35 D= AA UH/]D} comprehensions & 2 3} Al &

dictionary view (9 A 48] H) dict .ke ct.values (), dict. 1tems( ) HAE7 S8 FE A4
SR e pew %Hﬂ 1%% G vel BHEA BY 54 3 E AFshH, 94
Qe b4 o, fot ol W = ﬂﬂﬂ—dﬁﬂﬂ RE QAW PrER Y
list (dictview) & A ]—

docstring (52 E8) Z# 2, = i

= FAIE A, A
HUth JEZ 29 *d—% 3l

|4 R WA 2dA0Z YEE £49 2lHE. A E YL
AAF o] FeI Fef, o, REQ __doc_ oEFREER AY
SZ ooz, AA S dBAE AT FEA] Fad U

L
_Vii
o

> 1ot
ol
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duck-typing (5] E}0]33) 2u}2 AE]H o] A5 7MH =X sl AA) F& A e 2y 26
A A, B3 HAE Y o EYREV TEH AV ALE UL (‘2 ama% Hol3 o x e Bu)
H, 222 28tk 3% Y Ao AT o]~ E Jifﬂoyﬁ LAY AT Ty A Ql X3S
sET o2 FAdS NATE 5 dFUTE 9 Eol 82 type ( ]Urlsnlstance () = AH&S AAE
= Ik (AT 9 Brolgo] A4 no] s Zef s 2 H%]'% T Aol F 8l oF Fch) diAlel,
hasattr () AAY EAFP Z2 23 W& Ut}

EAFP & & Ht}= &4 & F3}17] 7} 4 o} (Easier to ask for forgiveness than permission). ©] &3] & 4 9l 1}o]

—

W AP 2eYE, St 7IU o EYREY EAE 7H¥ s, 1 7o E8 W @ﬂﬂ FsUth o
23t e AEFY L W tryQlexcept B EAE EARJH UL o] Hla UL CS g T E
B2 Aojol A AFF A5 = LBYL 2~ EFd 3} o v Y o

expression (£84) oW groz 7814 5 gt PP A 27 e B A5, AL IHY, o,
OEElfE AN, A, BHED PL GE EAFEED 0L ol £ AAUTh T2 B
Aojgl Ao w, BE Qo] PAEEC] EAA AL ol dUrth wnileHNd, RAANOR AT 4

°l
Qe 74 5ol e ole w8 2ol ma 4ol oy o

extension module (37 2.8) C U} C++2 248 25 0], 5ho] A C APIE A--3] A 94 o]} AH87} 7
=9} 4% 2 g o

glE g e %%‘%‘Qb}u}. PEP 498 & X A

file object (3} A4 A) 3HE z-ofl sl 9L X FA APl(read () Ywrite () é‘% HAEE)E =8ie
A whE ol ol el shd A= AA Ha3 gl stdolu bE A FA U S ZA (5
Sol, 2 4=, d-vR w3, 27, stolxz, S5) ol T AN2E SAL 5 A5t 3d AA

L gdE A (ﬁle like objects)\} 2~E. ¥ (streams) ©| E}IE 23 4rth
AAzE Al F72 3 AAEol dFUTh E(raw) vhol 2] 3}, W 3 = (buffered) Hl-o] v 2] 3},
BAE 919, o %91 ohzul ojAtio BEIA FoH U 3d AAE HEE FEFd HHe
open () &+E 2+ AYYTh

file-like object (3} L7 AA) v} 214 o] v] =3 2

filesystem encoding and error handler Encoding and error handler used by Python to decode bytes from the operating
system and encode Unicode to the operating system.

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.

The sys.getfilesystemencoding () and sys.getfilesystemencodeerrors () functions can
be used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read () function:
see filesystem_encodingand filesystem_errors members of PyConfig.

See also the locale encoding.

finder (¥}21t]) dXEF RES S 20 & Zog 1 A =3+ AA.
po]# 3.3, o] &2, F F 7 FAT 7t YFUTH sys.meta_path 2} A AE-sh= v B 4 & 9kl
2} sys.path_hooks ¥ SHA Ab&3F= 42 A EE] 92ly.
o A}A 3 Y22 PEP 302, PEP 420, PEP 451 o] U84t}

floor division (= U= Al) 7178 77k ﬁ#:’n YHEste 84 A, Ae U d3E // o dE
o, @84 11 // 49 #2227 AL A YA 2,758 EHE YUY (-11) // 47F-2.75
E Y3 3 -30] Ho WAOHOF?:ME} PEP 2382 H M 8.

function () 3=} 71] ol S s iy 245 gAY I o]y A 7t AEE 5 =,

}DH Yol ALSE 4= JF Yt v 7] A 2 v A = &} function A AT H A 2.
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function annotation (5= o] - €] o] A) &= v 7 ul3} 7ko] o] - H| o] A,

BA
S ojiHoldE ARk o R Y IIE & /\}%%QD}: S 0, o] T F Y int AAE o}
%%‘ Ao g 7|the 3L, FAlo int W& ghe = 222 7| g yth:

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

o= o] B o] A B2 function Fol| A A gt}

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto for best
practices on working with annotations.

_ future__ A future statement, from __ future_  import <feature>, directs the compiler to compile
the current module using syntax or semantics that will become standard in a future release of Python. The
__future__ module documents the possible values of feature. By importing this module and evaluating its
variables, you can see when a new feature was first added to the language and when it will (or did) become the

default:

>>> import __ future_

>>> _ future__.division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (7131 2] 4:7)) o A}4 2] ke vl ) & whgtahe WA, sfol W& 2 N4 223 Fx
7 z =

T3S AABIL FE e =B/ /A FAE 5D
gc BES AR A] 1101 & FUTh

generator (AU & o]€]) Aol E o]ElE| ol & EeFE T gAY Hoj=d, 4-A9 FES
BtE L yield B34 %Eﬂﬁ = Aol tayth o] &2 for-FZ 2 ARG S A W next () TR

et
3 Whol stk AW 5 A&,

BE AV ol g &5 7t 7| A T ol H B W“ZH # o] & o] e & o] €] £ 7}l 7t} o 5l
oju| 7t 9 &eta) ke B¢ =)

generator iterator (]2 o] ¥] o]Ej# o] ¥]) A< o] T2t == A A
Zhyielde A Ao 2 A& TPt T HA (G HeER 7] S uy-FE5& £ 3h)
AP A E 71Tk Add ol olH#olE 7L ANH ™, wd e g BAFUH (TSt A=

A 2bale g9} o el U oh.
generator expression (4|20 ] A4 ol elel o] el & £ oSk HAA. F32 W59 WS E oIS for
A7 e s if ol Fo] B A BAA A RAUT 28 BAAL S 42 93

gEse sy

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285
generic function (AU &) 22 A4S A2 T2 FEo sl 7Sty T2 749 T4 55 o)

ofd 7@ o] AL§B A=
CEREC EEEE

generic type (A Y] 2 &) A rype that can be parameterized; typically a container class such as 1ist or dict. Used
for type hints and annotations.

Yas)z] GaeEel -JOH 278g Ut
B3} functools.singledispatch () Bl Zd o]E| 2} PEP 443% H A Q.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A< Qe zeE 5 & HAS

global interpreter lock (A9 Qle] = a]e] &) 3l Hol| 2 2 dl}e] Ad 7l gto]H vlo]E F & & AP E =
824317) 9130 CPyhon BV Z2] B} ALESHE M AUZ. (aict st T 52 UFREL EFoE)
AR Zdlo] B Ao g FA] AN 20| thaf HASEE uhE o] A CPython 732 w3l w5 U th
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JElZ e AAE F 1+ A2 JEZ B & thE2d =887 gA B+ Al ths Z 2 A A 714
AAZE LA Be BRE 3 AT

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 1/0.

ER o uAEA Ff telHE F2E) “2d S 2H-f 2 -2 (free-threaded)” B Z 2] H & 5317}
e FAY g A H oA ZPe, T GY 2R AA B9 A5 At A EH—“r‘QHD‘r
o] A% o2 FRIAL AL TAS DA DA B0l 54 HEo] o Solg Aoz o] AA L

4t
hash-based pye (9 1% pye) 534 2 A7) 9 3 2o ) 255 A ko] o A A8

3= "lol E T = 7 A] 5} Y. pyc-invalidation & 2 3}A] 2.

hashable (3| A] 7}'5) AA 7} 448 1 7“’] t‘ﬁi}x] k= Al gk= ZE3l (__hash__ () WINE7F E 83T,
o2 A etnlad 5 %x—‘l“ﬂ( ) WMIAEZFE a3, Al 7Hsetthal gyt 2 ohal bl
== WA 7hs st 7 ﬂ%«] S A %kg 7L°}°]E k.
A 7He A2 AAE 9 Y 7 AT B E AFEE £ QA sk, o] AFR R EC] WRF

o NS S HED U

& ol 2 W AAE2 Al beduth (Bl2EY 9 e 22) 7 dE o e
J3A gFUth (FE oY frozenset Z2) & AH oW &2 152 1 S A] 7} o w) w5 A
AEUT SR ) 2ol AATA AANEL ARACZ A A5 FULE (7] AL A
Stale) BF o2 rha v aE AL, A g2 id () 2 FE BEol Yt

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.

>,
il
(]

immutable (& Bjl) IR S 2= AA. EA A= AL FAE, FES 23T YLh od AAELS
285Utk A S AAsEE A AAE S o)oF gtk WEHA] ¢k s A gko] QlojoF Ft=

XA T8 AES FUH, o€ 50l 9Hv 29 7]-

import path (Y £ E 7§E) AR 7] vl glolr] 7 A xE &

importing (Y £%) # 259 shold TEA T BE sho]d TEol A AEE 5 RS shi
importer (£ &) EES 2715 83 22 3715 st A A 52l E] o4 = 6] A gy e,

7;'
interactive (th3}3) To| WS e}y JEZ el S 2x Qi dE el 2z oM BT W4
YHg A 23 449 AAE 8 4 As KA A7 60) I pyenong A (
WHATﬂvﬂ1ﬁ%ﬂiﬁ5ﬂ%§$%€wﬂ.N%ﬂﬂﬂaﬂ4dﬂ 53} 572
= 04 D]'E‘— UH ¢ —1 Ho]'

i oY jo

e &g
_% 9
O
HI My
ol
o
ip%
9
24 >
-g;ze
o
Lr[r
=
oo
='=L
@ﬂ
iuj
M
o, |k
\

: 3
©
:lwmn_olrlo
EF;UPNOE
L_Q:
ﬂl;
2
oi"u'méoT
o o
i
iiﬂ@,
Er[rml"
of, (2
X
r&ﬁ
T
o K
i
B
[

interpreter shutdown (°] Ei HE £8) EEHELHE
A3t=d, ZEo| o8 71A %ﬁ?ﬂ' YEF2EHJ TSR
roh 7 A] AV E A HEST
A ZA D = QS Ut 28 A7) 59 = o} 5} =59
= AEE0l 7]—5}x] S A7 HEJUTH(ES o= 2hol B g

Azl 82 78 AU AYHE _main_ BEOIY2TH

2 <
L
>
>
oto
)
o
o
<l
i)
N
id
<
8
oy
e
e
=
)
;O
rlr 4
M

iterable (o]E]2| &) AHES S H Y 58S 4 A= AA. ol HHEY J 2= BE(List, str, tuple
ZYANFAAFE, dict Z2 2E v A D2 FE, oL AA S, iter () YAE2MELE 78
3= __getitem () HINEE HMA A RE FE29 AAE°] JAF5UTH
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o HEL for FZ /\}*‘l% T A, A]%ﬁ% dR8E =t B2 X (zip (), map (), =) °l
AHEE 5 dFUth o HHE A7 WG T iter () o JIAE AEE W, 1 7“?4]-4 olH ol HE
EHFULh o] oHEolHE FEY AFES S+ H AXE T FEFULH oJHHES AFE T o,
REL iter () £ EEA, oI HACIH AAE 49 O DR & Gtk for B2 O AFL ol
2 HASIA AHs o B2 T, F2E T S olHH O HE FotE ol & Yl W€ wEyth
O]Eﬁﬂo]ﬂ,/\];ﬂi, Zﬂ v olE & l"?—/‘ﬂﬁ

iterator (o] E]g|o]E]) tlo]Ele ~2EH S 3= AA. oJHHoJEHQ __next_ () WHAEEWMEHOo=Z
S (Er U B4 next () 2 AT 22 db VEEL Tede EAF U, A o
Arel "lolE 7t ¢S ul = g Al StopIteration o= 0127‘\/]1‘/}. o] A A A, o5& olE AA=
AR, 0)ZL BE _ next_ () WAE $E2 Stoplteration 92 E thA] 4o 7] 7] vtk gyt
O]Eﬁeﬂo]'ﬂ" O]E%H]O]Ei 7 A X}‘_E EHFE_iter_ () FINEE 7HE A o] 875 7] w o, o]

H ol & olE 2] 8] 7| & &tal ThE o|H Y EES Wolsol& 79 3ol A A2 4 dFUth
T3 L= oy Mo ]Eﬁﬂo]/“ig A=dte Z=YYth (1ist 2-2) AdH o] AA = iter ()
T2 A ALY for $20] A& Wjuleh 4] o] el #] o] 5 BHEUIT). 0|2l A2 ol el o] el o]
Al et o sk, A o] B #l o] Aol AHEH o]u] £ X1 H o]H o El & %ﬁ-’ﬂ/ﬂ, Wl AE oY A3
HolA ¥syth
typeiter o] T} ZbA| g W) -§-©] Q5 th
CPython & A}A]: CPython does not consistently apply the requirement that an iterator define __iter__ ().
key function (7] $+5*) 7] k4 == Z 8] o] A (collation) <=+ A & (sorting) ©] L} ¥l A (ordering) o] AF-&= =
H= EHFEZHEYULE A& £, locale.strxfrm() S ZAY EZ WS HE2=FE 7 E
e A Y Th
alo] o] W EF7F g A o] o A A A A AL Fol= A& Alofstr] A8l 7] s ol Ay th
ol ZlEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby () ©] AFY T}

71 5 HEv e oy Pl dsUth ol & £, str.lower () HIAEE 71101’\ T& e
AES AT 7 T2 AL S AdsUth hF o=, 7] T4+ lambda FHA 02 UhE £ 5 &=
o], o]d AUt} lambda r: (r[0], r[2]). =3 operator REL A 7]9] 7] ¢ FAAE
A&t attrgetter (), itemgetter (), methodcaller (). 7] &4E 511 /\}3—6}—— = o
tf 8k o & Sorting HOW TO & H A &

keyword argument (7] 9] E 21z} 21x & B AM 2.
lambda (2eh) 522 0} go] THHAL Bpe) 5@ 02 T ol F Gt ALk V4. BT R4S W=
= FEH2 lambda [parameters]: expression YU Th

7] Aol B2} (Look before you leap). ©] TG AEFA L T Z oL} 23] 2 517 Ao WA HOZ ALA

B BAIC), o) AFel e FAk At S v, e o2 Bl Al S A0l AT
= #7004, LBYL A& 5795 7]” 7hel] A £ A2 BEA B A W0l ATk

o], = if key in mapping: return mappinglkey] & AA} Zo, 3R T 23] A,
9

=7} key® mappingo| A A 7A3Hd A 5 5T ol d o] 4 o]} EAFP A2 S
A}%@&i/ﬁ SRR [

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: cpl1252).
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 (2] AE) WA gfo] W A A, 1 o] 2o % 237, 4o that B A7F0(1) 0] 7] wf 2o, AZ g AE
(linked list) H t}= t} 2 A o] o] v A3} AU ok
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list comprehension (2] A E HAZ |3 X)) AP0 QA4S AR T JRE ety 1 A0S E]/\EEEE%

Z“ﬂ-ﬁﬁ]—‘ﬂ]—,ﬂ result = [ {.#O4X}' format(x) for x in range (256) if x % ==
= 0014 255 Ao]o] 3= REEC] 1675 (k) 5& ERehe TALE] AES BET) i

D6 A £ ST th A sange (15609 ST B E S A

loader (2¢]) 255 £ E58h= A4 load_module () ©]2he o] 59 WA EE FYsoF FUth 2B+
E glolg 7t =8 E UL AAISFWEE PEP302 &, Ao~ S8~ = lmportllb.abc.Loader
%E/‘ﬂ}l.

magic method (W] 2] Wl A &) S A= 2] u]g4] A <l v =3l 3

mapping (7] 38) 92l 9] 7] 23] & A YW3}1 Mapping ©| U MutableMapping FAtH o] a2 o A A H
HAEES FHS= A oY AA. JZ= dict, collections.defaultdict, collections.

— ==

OrderedDict, collections.Counter 5 € 4 Y5 th

meta path finder (W€} 2 3}21t]) sys.meta_path & A o] Z8F+= 31l WE F & 3RRlej+= 4=
Q=) 5holE] o gelslof 9171 ShA v che o,
HEl A2 37t L3St HAEE efA]E importlib.abc.MetaPathFinder & X §
.

metaclass (e} Z2) FeH2o s S %4 =2 o5, FHA gAY, oA FHAEY
E5S THEUTh HlE S A o] Al JIAE WotA ZH2AE TtEE A Y-S JUTh i RE A4
AP 2239 dojE52 7|2 TS AT F ULt stolAg SEEA B 22 Ao vE F
25 UE & dvhE AY9Uth REE AR A A= o]l =7 AE 28 AT 287 A o, w e}
S AYstal fotstiH S AFFUTh o ERE AA 29 27 (logging), 2~d = Hd A 9
F7h AA A 4, AFE TEH B2 o2 A A ST

metaclasses ol 4] T ZpA| & W8-S 2HS 5 F U T

method (WA =) S vl QtollA] Hojs] = 3. T Fej29 AAE A EFHE
A== A AR oA (HE self tu Bath 2 AdAEA AAE gtk 35 oF 249 43
£ BEA L.

method resolution order (WA & Z A £ A]) HAE A A= 235 S AHE A= o~ &
259 AU 23 E|aRE Fho]l A dE Z e o AMEH dae] &2 Al e W82 The Python
2.3 Method Resolution OrderZ ¥ ™ 3 Ut}

module (&) 3to|H T =] 2 A3 9| & F3ste A4 BRE2 499 sho|A A= & ol 5 3=
ZrEUTh B2 Ay ZAo ol slojHo g 2 =gy
W72 = HA L.

module spec (R & A29) R E L Z=35t=0 A = ¢
importlib.machinery.ModuleSpec & QA1AH A,

MRO WA= 2% =4 & HAS

mutable (Z7}H) 7FH A= ghol AT = JA T id () v A FAFULE 2 & HA Q.

named tuple (W] Y & HZ) “named tuple(M| Y= FZ)’olgl= fo]= FZoA AE31T o] & B2 o]E
EE AJgsld ol g & 9)\% Qa0 5
QEH/\oﬂ o= 7]LCAJ\ 4

time.localtime () & os.stat () 7} Wt3k
T} & o= sys.float_infoJYt}:

ok
L
ftlo
kel
%
o
=
£
v
=
o
o2t
o
=
o
[
ni
il
A
A
v
H

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

(F= ol ATl A%)
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(o] A sl o] A A M A%)

>>> isinstance(sys.float_info, tuple) # kind of tuple
True
AR Y= FEL LA @S DY T, cupleol A A5 o) F B2 WS Ao
A S HYR YJE FEES UE T AFULE oy o= AH A AU AED T4
collections.namedtuple () 2 WE = JH5UTH 219 7|HE AH AAFAY YZ UIE &
oAM= L2 5 e 27 FAHHAEE FUHe = EY Tt

namespace ()% B71) W47t AFE £ 2. o) & 0L HAVE 2 FAFULE AAol 3T 02 82
(AL ) ek ol e} Ao, A, ol 8 Brkol L LITh ol E BE o] FEL HAA
2542 A9 YLE A& 59, ¥ builtins.open ¥} os.open () & 1E9 o] F &7l o3
FHFUD £, 0|8 B0L oW RE| B8 THAREAE BRI BBl A AT 77
HEA 222 ZUYtTh o & £90], random.seed () Ex=itertools.islice() Bt 2 W 1 35
S0] 212} random 3 itertools B &o) ool 785 918 o] ¥ 2kl 4l itk

\

m

namespace package (©] &
277 A = 2ol

e U

BEE T HASL.

nested scope (3 E A3 %) S FoY N M4S F2ohe 5. ol 50, b2 T v FolM Fod
e Frol e virsS Az gyt HE 2z R o2 AR e T
W, e HA gkethe 2o Fosof FUth A MFE2 7P R A3z oA g FYTH
DA R, A ApES A o] 5 FZFolA 3L FUTE nonlocal 2 HPZ AF o 2= A
E=asi=g

new-style class (7 2ElY ZFelA) A5 B Fda AAo] AEHL e Sl A oA o
5. 2719 ol AN, 24 F28Y ZY AR __slots_, UA2AHH, ZetHE,
__getattribute_ (), S VA E, 2HE WA =9} 22 sto] Mo A F1L e 7] 558 AHE

5 Agdwuh

object (AA]) e} (EZFEUZH) & 2L T2 (MAE) o] Bojd BE o8 3 RE wAekd 27

29 HFAJA Mol S YU Th

package (3] 7] A]) A Python module which can contain submodules or recursively, subpackages. Technically, a package
is a Python module with a __path___ attribute.

A5 7172 S o) & B2 9717 £ HAIL.

parameter (W] 7)) SHF (EE= WA =) Fo oA S kS 4= 9l
3l ol & B2 dgE. A FH2 vzl EssE 5 Uth:
7

19]S Q4 2 A2E 4 9 A4S AZ Pk

rlr

Q1A (=

rlr

o 3% AXE) & A4

o

o
PR

-7 = (positional-or-keyword): ] =] 1A L}
| A o] 7|2 Fefo] v H Y] oA & £

def func (foo, bar=None) :

o 9 X]-A | (positional-only): | x| 2 3+ A&
24 Bl s B0l BAE E
posonlyl 3} posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword) :

» 719 =-A§ (keyword-only): 71 EE2 W Al 5 e AAE AZFULH 71 =-H-8 i A
= 9 9] 9] B WA 2 S0l A 22o] kel Zpa-9) A v M)+ ol E gl 4] Ao
T ds5Uth A& 501, tholl A kw_onlyl 2} kw_only2:
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def func(arg, *, kw_onlyl, kw_only2):

» 7H¥-91 %] (var-positional): (FFE AW 5ol A o] v] WolEe] A 94 A5l Ha) A5
% 9 AA A5 99 AALE AF AT oA vl A5 w94 o] ol * & Sl
ol 398 5 ABUTh A8 Sof theoll A args

def func(*args, **kwargs):

« PR E (var-keyword): (T2 Vi RS0 23] A o] u] WolS R A= AAFE ol T 5)
A3 5 Yt 429 NS AYE A4S AFFUE ol A A A o) 5 <+ &

5,\_
Qo] Boja] Aol 4= dF UL dl & £ 9] ool A kwargs.
WS A AAEL 95 7| Hzmul ol gt B A o] AL D4 A AEL 2 AT 2 9T

A7} AR T, AAR} w7 M 4=2] ZFo]of] 12 = FAQ 2%, inspect .Parameter 22, function
A, PEP 3625 H A 2.

path entry (2 A=2)) 47 73 5olE] HQEE FREES 27 A9 Bushe AL 42 4 el
.

A=
o)
%
A %

= XN
AR dEZ A Eo] FH3}E= WA EEL importlib.abe.PathEntryFinder o Y4t}

path entry hook (2 QlE 2] &) sys.path_hook FAEQ J=ZEAH, EH A2 AdED A EE
=S ¢y Ydud J2 JdEF Iy E EHF YT

path based finder (2 7|9} 2}elt]) 7| & W e} A2 3ol E = s, AT E F=E oA EE
Ytk

path-like object (J 27 ZAA|) 3t Al2d FE2E Uetl+= A4l AE2F AAl= 42 UEH = str U
bytes A o] At} os.PathLike T2 EFS 7H3l= AAYYT os.Pathlike ZEZ2EF S XY
St A= os. fspath () 58 TS A str Ubytes A A/ F2 2 Had 5 5yt
th4l os. fsdecode () 2 os.fsencode () & Z+Zt str U bytes 2345 EAst=0 AR E &+ U5

Utk PEP 5192 =95 iU th

o

filo
e
oy

PEP 5ho] 4 7] 41 ] ok, PEPL= 5ol AR Elo] AR E A Z8A L sho] W B 1 T2 A& EE $70
e AZe 7152 Agshs 44 EAQUTH PEPE Aok 75 t @ 1128 71& A E 2 A
A28 oF ok,

KN

A 8ke shol Mol Soi 7t A 2

PEPE: 8 A28 75€ Alkaha BAlo] o AR UL 9 4
7 £ ARV Dol A el E 75 5ka o)

e FAE ST 98 712 W AYS YT PEP FA A}

portion (£ H) PEP 420 o] 4| A2 3t AA T, ol & 87 571 Aol o] upA 3k Shibe] Cielel 2o Eol gt
St S 0] 41 ip h ol AFH = A= 7bs g Th.

positional argument ($] 2] 212} Q1A & H A Q.

provisional API (Z+A API) T4 API= & glol B 2|9 I 7 53
o} AE s o] 20 F ME}7} o AE] A= kA v, A A o] 2kl EAH = § T Nl AtEe]
A7 B B o] §AH A g WA o] Aol 5= Ytk 1 W7
ol A= e AT — APLE ZF37] Aol 3 F ooty 2
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o] A= BT gtol B 7t ;M A Fo A RE AA Lol s A A g AT YRS
SEUT B A8 8-S PEP 411 B F U T

provisional package (Z+A 2 7] x]) &7 API & B A L.

Python 3000 (3}0] %1 3000) }o] % 3.x vl 2kle] HH (M 39 vj27}F ¥ w2 o] o]of7| | A]F o ghEo] 7]
o] olth) o] A “Py3k” B £ 27| & “4 D}-

Pythonic (s}o] A th) THE Qo] 5ol A AukA 9l A EL Al A 2
1A A5 AHEE S o Q5 ko] Mt ofolrlofu} 3E =

£ 2Rk o2, ol Aofel
, sho] Mol A A5 a

E o]
AT E for £ A3 ClEeli RE 8 he s gae Aaus ne @e delds o
5o FAEC] 9onE, vho Hol 058 ke AREL Al 24} A E & S Gtk

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

B 28 ol drke P e ol dath

for piece in food:
print (piece)

qualified name (J 1315 o] &) REQ A 2FZ oA REO AYH ZFH 2, T, A= ol2=«“F 2~
2 HolFE=Hog ZHY o] & PEP 3155 oA A HUTh A e 220 AL, AF3Hd
ol 5 7“11]«] o5 THUth:

>>> class C:
class D:
def meth (self):
pass

>>> C.__qualname_

lCl

>>> C.D._ _gualname_
'C.D'

>>> C.D.meth._ qualname_
'C.D.meth'

BES 7tE 7| =d AHRE o, A3 AF3E o) 2 (fully qualified name)S RE R 7 7| A 5L £ T
SN BER Ve Jo2 "'—ﬂ% O] YuFYth 9 E £9],email .mime. text:

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

reference count (R 314) A Ao o3t F=x29 7S, 7“?1].,] | ’“7]—0 o7 Wol X, v &g s} gy
Utk 22 3¢ 332 gtz oz go]ld F= o = QZ] = %}7\] , CPython :r“ﬂ«] A e APy

sys BE2 5 AAY Fx A +E 585+ getrefcount ( 7‘*431'1/] th.

regular package (47 97| A]) __init__ .py 3¥E& 2F3= U E“H g} g2 AT A A 7] A.
ol5 w7 A & HA L.

_slots__ Z YR AAQl, A AEHAAEYFEES HSHFHS g AL AAEA G E
A A @33’3‘1 HEeE Zaste 235 FUh A7) A7= A, o] Ha YL EulE A AE-8171 7
Z 712 L HolghA], vRE o vAs 28 28 T A] Bl £ AAEAT Q= EWEHI AL
S sl= Zlo] 5 UL

sequence (A|F2X) __getitem_ () 55 Uﬂ/ﬁ ZEFO AT AIdAE A2 Q4 ANAE X Y3},
Al 2] dolE EHF+E=_ len “ﬂ'ﬂ—‘:—% Aojsl= olHHE 22 WA A AAES YEE Y,
list, str, tuple, bytes 7} 01—1/]1’/} dict TE3F_ getitem_ () Z__len_ () & AA3A v
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230 B4 A 499 B A8 ALg 3] W2l AA2Tt ohet P oz HFHrhe o] 2o
sfok gk

collections.abc.Sequence A Wlo]| A ZF AL getitem () F__len_ ()2 do]A &
A FHE QB FH o]~ E A 5l= F‘ﬂ, count (), index (), _ _contains__ (), __reversed_ ()&
F7 Ut o) &34 AE o]~ E T3S F S register () EAMEHNA YAH L2 SET F UF

Y.

set comprehension (3 AZ2|dA) ol E &= 24 AAY IS A3ty 2345 G2 JggS vt
35l= 23 . results = {c for c in abracadabra if ¢ not in 'abc'}E=EA}F
gdol e {'r', 'd'}E AAT YT} comprehensions S FHZ 54 A &

single dispatch (A2 tA3x]) T3 o] 3t Q2o o 7|28 A BAE = Av g T tas) 29 st
.

slice (&glo]x) HEF A|Ax o AR E 23 3te AA). Selolas AE ATHE 7S AHE31A U5 Y
T} variable_name[1:3:5] A §, [] StollA] 2] 7He] A& 822 Utk 235 (XM B

2TYHE) B7|H S WHH O & slice Ji;‘(]]i/\]-&ﬂqq-

special method (54 WA &) Flo]p o] Fof o A4S, G 22, AT u] FAFOZ TEF = HAE,
old MAEE F e HERE A X‘ﬁ} 2 olF2 2 5yt 55 w4 =+ specialnames o
BAR WS04 U,

statement (F7) &2 & E (ZE9] “EF (block)”) £ FAstE FE2AUT 282 T4 o] AY 7] 9]
T EAL= o MK R E 29 g Utk 718 if, while, for.

strong reference In Python’s C API, a strong reference is a reference to an object which is owned by the code holding

the reference. The strong reference is taken by calling Py_ INCREF () when the reference is created and released
with Py_DECREF () when the reference is deleted.

Hi

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the Py_DECREF ()
function must be called on the strong reference before exiting the scope of the strong reference, to avoid leaking
one reference.

See also borrowed reference.

text encoding () A~ E 91 7.9J) 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 ile (952 99 sex AA& 93 & 4 9k 79 A FF, AAE AL AA 2
SHAERE AL N A g AT AT 9AE 9 o2
FE'w') 2 99 99, sys.stdin, sys.stdout, i0.StringI0 & AA2HAE E F AH5 YT

ol 2R A4 & 92 % 4 e Y Aol el A o]y e 9 £ BEeAL
triple- qlloted string (35 w5 3% 9 £249) W2 E () o A2 w}gj OANE YA E2E. 23 0
£ SR Be el BRI Gt 7% AFIHAL AW, of 8] 74A) o] frol A LRI} g Th
B e b W A S S IR
AHE o 2ol A2 5 Jedl, SAEAL L u] 53 22 YLtk
type () oA AR G 1 1 A Gol YUk AA Y

[ r
i)
Ehs
lut
fu
‘IO
B
[>
ok
4
30
)
L
t
=
3
D

o
1>
e
B
=2
=
(e}
ol
£
rﬂ
il r
B
rr
oflt
Lo
ot
Lo

e  class_ 01
type alias (& ol d2]o]x) o
o delojar P A

My
i‘l
—|—‘
rlr
fin)
Jo
ofo
i)
T
v
2
i
e
4=
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def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuple[int, int,

pass

int]]:

£ ohe s 2ol o 97 94 BE 5 A&k

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:

pass

_,4
P
o
<
3
'_l
o]
Q
i)
1
e
=
=
[+ ]
=
it
2

type hint (& 3 E U n
o] A.
Y I EL A8 Aol n FholHof| A ZA A = FF T A A B =0 {830 IDE
o FERY I YAEL S FHUTH
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class C:
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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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AU o] 22 t3h8 ZEZEo|A “import this” £ dahE B Th.
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* Fred L. Drake, Jr., 92 sto]H A A = 3o 2 o)A w2 Zrl=9] 27}
* the Docutils project for creating reStructuredText and the Docutils suite;

* Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.
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glo] {2 ABC2l= A ojo] T A A2 A v E 2= 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
ZFZ) 2] Guido van Rossumf] 2] 3] 1990 d o] Z4lof| ThE o] HE U T Jol o= o2 AFFE2] B2 33 o]
=95 94 B, Guido= shol 2] 72 A 22 ol 912 vk

1995, Guido+ Virginia 2] Reston Oﬂ ¢l += Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston vaus/ 22) o A1 sho] A 2 A% 3L, o] ol A o] ] M A2] 42 £ o] F A LT

20004 5 %_J, Guido 2} -‘3]-01 é‘ﬂ Al 7] 9HEl 2 BeOpen.com 2. 2 & 7 4] BeOpen PythonLabs 2 A A5 Ut &
2 3} 104, PythonLabs & -2 Digital Creations( 3 A} Zope Corporation; https://www.zope.org/ FZ) 2 %754t}
2001 4, Jlr W Az E %] 01 A 2 (PSF, https://www.python.org/psf/ ZFz) o] A g5 & th o] ©Al = gho] A
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). AP 02, TR (A8 AR L ohduiTh shol 7 W B2 GPLI} T3 UTh oele] Bt ohe
W EFe 2 ore Atk

EEIEC IR E§A [ GPLEEN

09.0~12 | n/a 1991-1995 | CWI yes

13~152 |12 1995-1999 | CNRI ves

1.6 1.5.2 2000 CNRI no

2.0 1.6 2000 BeOpen.com | no

1.6.1 1.6 2001 CNRI no

2.1 2.0+1.6.1 | 2001 PSF no

2.0.1 2.0+1.6.1 | 2001 PSF yes

2.1.1 2.1+2.0.1 | 2001 PSF yes

212 2.1.1 2002 PSF yes

2.13 2.1.2 2002 PSF yes

2.2 o] 2.1.1 2001-& 2] | PSF yes

135


https://www.cwi.nl/
https://www.cnri.reston.va.us/
https://www.cnri.reston.va.us/
https://www.zope.org/
https://www.python.org/psf/
https://opensource.org

Python Tutorial, = x] ¥4 3.10.13

Z3: GPLY 238dH =
2ol 4l = GPL} 2]
53 gho] fl = Tho] W}
ek,

2] 7} GPLE slo] W& Wl 23t
WS 3 anz EA du
PL 3ol &3 8 Th 2 2 ZE 0] & AFT

4>l
o2
i glo

Guido®] A = 5}o] o] Wj 2 E 7H5 57 THE B 95 AR AAE A A=Y T,

C2 sjol ol A A5} A T A18517] §1 o] & ok

glo] W A Z E Qo] 2} A A= PSF License Agreementol] Wk} gfo] Al A 7F Fo gy th

stol M 3.8.6 5 €], A A 2] oA, Ze|H A 7|} T == PSF License Agreement 2} Zero-Clause BSD license®l|
o127} ot L .

Shol o] B A% 4= ofol i THE ehol Al 7}

= QRS ;ﬁ]l
2Eoh @ JAE Uk ol 3t elo AlAg) Ben B S
FRIA

3 eol Al 2o 5

cBhol Al A E
Z3d a2z E o] th gk ghojdls gl

=2

of ol

ot

A

e e

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.13

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

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

3.10.13 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 3.10.13 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 3.10.13 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 3.10.13 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
3.10.13.

4. PSF is making Python 3.10.13 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 3.10.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.13

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.13, OR ANY_
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material breach.
—of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.10.13, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

(TH& STl Aol 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

(TH& SOTATl A1)
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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. sholol AAA5AY AH 7] 1% 0§ oF 139




Python Tutorial, = x] 8] 3.10.13

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.13 DOCU-
MENTATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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_random EE-2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html o] A W &
e Feo 7Rt =5 XYL 22 ddl =9 A4S IdE 7 Ad Ytk

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

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

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

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,

(TH& ST Aol A1)
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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 27

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ""AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

C.34 F7] &=

http.cookies REX Tha3 -2 £ A& 283 th:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

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

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

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

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

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

C.3.6 UUencode %! UUdecode &5~

B ES O T 7 AE ERYTH

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

C3.7 XML 94 =2 X# $&

xmlrpc.client B2 53 22 7o A2 233Ut

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 REL T} 7} 28 29 S 2 8F T}

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF

(TH& ST Aol A1)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-S kqueue QB 3] o] 2] Tla] T}g7} 2 Fo) AL =TT

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}4 Python/pyhash.c o+ Dan Bernstein ®] SipHash24 &1 2] & 2] Marek Majkowski 2] & o] ¥ 3}%] o]
U T ol 7ol & e} 22 o] Ea5 o YU Tk

<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>

(TH& ST Aol A1)
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Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

The file Python/dtoa . c, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings,
is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/web/
20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains the fol-
lowing copyright and licensing notice:

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

*

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

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

* % o

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % o

* % o

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

*

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

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available by
the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-corelopenssl.org.

OpenSSL License

(THS STl Aol 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-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. 1IN 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
(eayl@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

(TH& ST Aol A1)
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Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eay@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
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 U 5 ——with-system-expat & FAFA &= 3, £ expat 22 AHES AR5} o]

dEgyn:

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 &2 U E ——ywith-system—1libffi & AR &= 31 34 libffi &

Weg

[>
>
L
o
>
ofo
o
£

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 B Al 2 E o A A H 2lib W o] L1 @ 25 o] A M=o A8F 5 §low, 3 glib 4 AR

Ag3te] WEH U T

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc ©f &3 AHE5 = al A] H| o] £9] FH - cfuhash ZE2AE

]
N
L
[o
fru
)
A
k)

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

(TH& ST Aol 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 EE2 Y E=E ——-with-system-libmpdec & T4 3}X] &+ F, Z3HH libmpdec 22 AFE S

ALgste] e o

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 H|2E 2~ ¢|E

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/cl14n-20/) was retrieved from the W3C
website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

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

are met:

* Redistributions of works must retain the original copyright notice,

(TH& ST Aol 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:

Programming the AdLib/Sound Blaster

FM Music Chips

Version 2.0 (24 Feb 1992)

Copyright (c) 1991, 1992 by Jeffrey S. Lee

jlee@smylex.uucp

Warranty and Copyright Policy

This document is provided on an "as-is" basis, and its author makes
no warranty or representation, express or implied, with respect to
its quality performance or fitness for a particular purpose. In no
event will the author of this document be liable for direct, indirect,
special, incidental, or consequential damages arising out of the use
or inability to use the information contained within. Use of this
document is at your own risk.

This file may be used and copied freely so long as the applicable
copyright notices are retained, and no modifications are made to the
text of the document. No money shall be charged for its distribution
beyond reasonable shipping, handling and duplication costs, nor shall
proprietary changes be made to this document so that it cannot be
distributed freely. This document may not be included in published
material or commercial packages without the written consent of its
author.
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