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ol e w97 A SHAE Y 2o W dolguth EAA AR P2 AN AF 22
Aol thek 2gslaE A A He AT YU sl WL Sl 2¥ 3} 57 Bl (typing)
e AYE Az elE Aol 2A, HE EAET ThFd 24 G 2AHE L4 T ME S5
w2 5 ] o] 449 B4 ABEITh

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.

sho] A QB el B C L Crt (£ Coll A 5 7h5 % THE Qo1 5) 2 788 A B4 AR 72
47 2742 5 A5V oML 08 b s 38 TR IR AT S Aol 2 E AT

o) S ol Qolsh Aadlel A1 A3 758 A4 Slo) 27T ol d el el g
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A OE AEE g5U

210 0] B3} 2 e o]

3 ok
o) A AL ERAH AL AEHA Gk BE /)5S hRAL g, 44 457 e =
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A5 EAE 1R5UT A0, ol A A3 FEFRA 1S5S 25,
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CHAPTER 1

o2l Eo] BFEHE Wol AHSTntd, A= A5 sta A2 A0S A P o E 50, B2
g2k g dES AA-FAL AAY, A FIES B PP o= o5& v A Al 2] 8k
Ae  AFYTh oAw A 2udt ARk glolEuwlo] A GUI 3-8 2237, Ee s Ald S
e AE AU

ThoF of 2l o] M i_:_ETM N Aeb, o 2] C/C+/lava Bho] B2l 252 2taL 2] s ofuh & 5
A=, AH QA TEAG/ A AE/AN AL o] Y meth= AL ALA gyt ojxH
DSl B E S 98 A AHES AT, AR TE Ao fEa s A4S B
BUTh B FF QojE Agste 22 A e, &8 A2 do) AAlE AL At
AR & Utk

ghol 2 vtz ol £ AT Aef Ytk

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.

ol W& Aol e A2 231 L2 el dojQln, A ~YEL A SR B
FEEABHAL AN 22 IAS 9 AAS ABFIh Wlol, oM e Crr} A B of 2]
AAE AFIL, AT LT GHY 2L 152 ARFELS WD YFYh o JHFQ
A2 FE wh 2ol Awk U Perl Lhe B B 2A G o] L8 b, THAAE o] A3 B AE o]

15

Aol o] F 2o} & AHgSHE AW sl AN E A 2T 5 ATk

sho] A ol 2 IdE ol RER Wb 4 QLS shid, 7 BES 0hE vt m2 1ol

AASE S QG TR BF RES 0| et tu ol e Re] m2 13 7|22 AH§ 5 vo] A
Aol

ZraRgS w7 AT eA = % g dFULh o]l REE 3t &Y, A2 55,

EE =], AR o] Tk 2 2 GUI =

quoma 2lH Adojdurt Hupdx
Bl Z 2Bl = th3F 2= AR 5 §lof

H}D“:'Ei ZRIFS UNE7Is T FrES HE

Yt

ghold2 +dstal g7 A 22O A9 E 5

2o 7152 C, C++, Java Z2 2 W Eof v w3 ZHE gyt

. D4E ARG WPl BB AMS Ao RAT 5 ASUTH
B B BT Ao Bl 278 B ol o] Puith
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vfol M- & 2t AejzeHo MEL W T AR S
F7Fel A, A ALk FH f“ci/\f’ﬂ%}ﬂuﬂﬂ ozl Fej =¥k Al ¥ 5 = ghol Bl 2] (718 JAI 7} Al
Fote 2 ol Beje])of sto]H Z2IWS AZA T 5 YF YT A ol Mo M55 Ak, C
EUEIE 2O oM AH 2 HE Adste 138 2| Aol P Ao = AT
T AsUnt

g} o] A °] g} o] 28 “Monty Python’s Flying Circus” 2} BBC <x o] A] ‘:ﬂr% Aol1, S F ol oy
o] Yl Yt EA oA Monty Python®] 52 QA83t= 22 sz 2 B9 ofyzl, AFE
°]A‘4"4'

ojAl o & Ttol ol T4 TR AL F B AAS] St Z 4 AdUTh dojE wle=
7 2 W2 ARE Sk Ao 7] w2, o] S5 AE oA A Fhol A Bz HE VA E A
Ak

o2 Aol A, Bz H & AFE sk W= A TUTH o] A2 FH AR S 5 Qe A HA T o] %o
e dAss Adet7] A F 23Ut

g A Y A= vhol i ddofet Al AEl Y] o Y5 S oAl E Sl A7 E Ut s A4, £,
2tz GollA S LoiA Tt RES AA, vpA TR o 2] 9} /\}3'1}7@-4 ZHa 2 15 NdES
=g
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CHAPTER 2

shol W 1 E] = 2] €] Ag5}7]

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
available; putting /usr/local/bin in your Unix shell’s search path makes it possible to start it by typing the
command:

python3.10
S Ao YA AFT 5 Y5tk AHZ e 7F 9 Xk v E 2o A8 X FA o7 w2,
e PACﬂbﬂqw:ﬂm+4rﬁﬂtﬂ4MAﬂ4anﬂmﬂL§§ 7k 55Utk (o2 So,

/usr/local/python & g & AA&H = A X YYth)

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 ZE T E A EOF(end of-ﬁle) E2H(FY 2o A = control-D, 9E A= Control-2)S Y
St QB ZE| 7 533, T3 AH Z==00] FUth o o] F31A F+=thd quit () HH S

QA Az B S FRAD 5 Ak

Ae|z e E = GNU Readline glo] H 2l 2] & %) Y3}
A%, ZE A 5L AFFULE ofvtx WY ¥
W

AR 2 B 71502 ey A, S AEY
Aol A2 LA FAoE AR W Pe 5z
= =0 A control-p & Y5 AUY) 427k vrhel B w Aol A9 3 g5y
A Aol Bh% e BE OBy 4 84 9 A st 5 S HAR bR WS E gAY P
A0 999 2 AT A e AL B 2 BAE AL Aol s o2 A

gh—érku rlr

zazaahﬂ AE §U2 AP EARUT: uy AA o) BE Qo] AAH A2 A B, o3}
9oz ye An ARGtk HAWL AT FAY AL BEYYe T A2 ez AGH A
~aYES Y AFFUITh

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

oA, stol 4 3x B 22 H= BF python o] ghE o] 59 A std = A H A g, FAll A== stold 2x

1 o
T =
A% A FEHA F=F 37 A4 ek,
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22 oA REE2 A2THEZE £27 5 YT python -m module [arg] ... 2 A4
S, V] modle 75 42 5hle] AEHS BHP AGT A AR5 ATk

>

Y= shdo] 44w, W AT YEES AT Fol B8y BEE Sojks Aol BB w7t g

A2TYE o] FH F7H QAo AHZEHE AED o, EAEe HE 02 HEH F sys BREY argv
Ao AFF Ut import sys & AMSSIA] o] & HIT 4 HUTh 559 doj&= HAdH]
o], 2AAHEE F7HY AAE ¢l AFE, sys.argv[0] 2 ¥ ZAE Y YT 23 =

(BT Y2 5ehth 2 £ sys.argv[0] & '-' ZFFUTE —c command 7} AH-8-¥ ¥ sys.argv[0]
= '-c' 2 AP Utk -mmodule ©] &= sys.argv[0] & EES AW FEH|
command Y} —m module F 0l &= FAE2 Fol A AEHZ e H 7} ARA] ¢kl P oL} BEo| A &3
T & sys.argv 2 AEF Yt}

N
[\
=
L)

2l

T
[t

o
ey oA 9L, AEZelEl ke v = 2 SAsckn Behch o) REo L AR ZEEE
£ EASNA S BYL 2ok, HE A AL Bk Ak A4S AU ooy B 2R EUA g
oojAt 29 Ue LT ulL W mExEsAEEEH, AR Ao A A AAUTH(...).
AezelE s A WA ZEEE A5/ Aol WA Ao ALA TAT EYSHE B WAAE
Ze g

$ 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.
>>>

olofR = &2 2 TAHE T2 ES YT ul 2o FUrh & EAY, o]"F A9 if Fo] 7k
Ytk

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

Be careful not to fall off!

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

2.2 Qej=2]¥ 2} &7

ZNEHor, ol £n HYEL UTF8L R I d Ao HFguth o AI oA s &
Aojoll i AgH = 2A=S AL &, AEAL 4 SolA $A A S 5 STk BHAT EF
gho] B2l gl 2% ASCIL 2 AHet A8 2k2 AF8-8laL Qe H§ FEdqX = o] &S mas A0
FHUth) ol FAES EF 2HkE 2 A8 flel A= 157171 3hd o] UTF-8 45 14 3] oF 8}, o]
shdo Z23hd BE EAE AL+ Y' SES AHES ok Futt

AP E 712 g o] Aom Ay, ohde) A Sofl S8 Fejo 74 & FrbsloF It
Y2 ¥ sUt
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# —*— coding: encoding —*-—

encoding 2 3}o]# o] A Y3= T 9 (codecs) F FLhof oF gt
of| & E°, Windows-1252 1T H S AFGst e F AAstel W, 2 T & 3o A &2 o A Hojof &y
o}

# —*— coding: cpl252 —*-

Y < u (shebang)” & = A ZHeHe AL AT o] Ao,

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

2.2. ez E % &7
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CHAPTER 3

ool Ug delH, 487 9L ZERE(> 9 )] £4) R R TEPUT: dAE A5}
et ZEEE YL w ZERE Ho] 0% BE ASS Jslof YUtk zEnER AFHA
G EEL AHZE A} ASYUTE N HE BETE g }FAE YW ES
Qesfof shrte o FelFHAL; ol 22 TAHH 3L B P AU

o] Aol bt e o (Y mETEA JEH L ATRAE) FAL 2P YEU T
shol ol A A& S Al 7 4, & A A3 £0] 2747 ool FuUth FAL Fo] Aol A AFT S =
93, o} = Fo] 4 & 5tk AT 22 2 H D Qo= Soj 2 4+ fevth 22
HE gt S5 A BAE FH o ofet A BAHY BYUTh FHL mE o) H
A7) 918 2ol 3L, shol Mo ol 4 3hA) o i, o8 ¢ wle A= Byt

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

B /b7 kel sto] A Wl ALg S BAITH A e HE QY eta )R

[l

2T E >>>, 2 7|tgAM 8.

isN

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

(F= oTAT ol AS)
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(o1 sl o] A A A%)

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

B (5 5012,4,20)= int FYUTh 2587 9= A5 (€ 591 5.0,1.6)2 float F YT
o] AkF A F oA A 5ol Bl | AA 3] A E 01]784 Ayt

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

shol ol A= AFAFE AN u <+ AAE ASFUTH:

>>> 5 ** 2 # 5 squared

25

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

Wl e e o
gsuh

rr
ol

% ()8 A FUTh o 49 the vlg

ofh
[k
o
[kl
il
2
=2
el
>,
M
rlr
i
vy
rlo

>>> width = 20

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

Wbl o] A e vl (R B gk W) ALgSke 1 A E sk 212 e g ok

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

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

A2 BAGo R AAFUTH A% THE B9 JA4AE 2 AE A5 9 A4S A5 A
Ty

>> 4 * 3,75 - 1

14.0

oty EEofA s, vpA el QdsfjE A2 W _01]\'41?3914@ o] AL sto| M HAAE AN =
AEF T, AL olo] 471 7H % B 49 1S 0] Tk o & Sol:

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

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

Prx 7b - B SAEA 7L Eon g, 3xx2 &= - (3*+2) 2 HAF N AdFE -9 7h ULk 95 A oW (-3)**2 &
A4S A

10 Chapter 3. z}o]#l 2] 7keFst A7)
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AULENARNE GNL AT ARG AT AR AU G 4G AAAA 2 et
87 ghohe e ol 5o A WA e v 22 B AL Aukehe

Ane FEU ok

18 rd
r_EE
m{m
=
Fu
=}
[t
rr
pa)
%)
rlr
__Q(

int & float ol &, Fto] L& Decimal ¢]Y Fraction 59 t}2 9o =255 ALYt} goj
e Bag ol @ AAE 3ok Qv §4RE A S 3 o FUAE AS U Tl E ol
3+579).

3.1.2 Zx1d

SApehs WA 2, Shol AL BAGE 0 4 gl of e /A R o2 EAF U AL mEE( ...
JEHEE(... N FH 85 T BT 2L A9E FUT. §eEE o 2ol Fujx \ &
A8 5 AU

>>> '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.'

>~

12 o] 7o) %
Hek el
Aoug %7
M

g3l JEZEEoA, 28 AL HLREE A I, EF ERES G S
AUt 2 st AR gt Ho s (L xY 2H7uE 4 9th, &
ZemgRE o SR E X FHA] koW TRV ARSI, 1 99 A5
}o%‘l/]r/}. print () St WSR2 E AL, o)l aA0)FH EF- F

= Weolduth:

M
)
e r
rlo
of
5 ol
msL'

2
et
v
iy
:oll_g‘
_>_
r(
- rlr

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

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

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

"Isn't," they said.

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

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

Second line.

Vol Lot BAE S5 B4R AFE A S A4 GrbE, A ok E Gl & & 2ol A & 24D (raw
string) & WHE 4 U ThH

>>> 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.

FAD AH AL el E2 B39 £ AEUth B A PR e
L ST e S e s 2ol 8

2OhE Qo STk Rel, \n T L B EAEL ALUSH( .. )G BULR(. . A 2L Y u} sk E e
Qe Aol ALTEE ol A 7 B o) 2] BT BRI G (AT & o] 270l ARk I Th, T A% 4T

3.1. slo]Hg A7 2 2817 "
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PAS L% Qg o o

print("""\

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

n"u)

£ ol® 238 FHFUTG G A AGRA TFH A G Aol FEHA L)

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

EALE + AUAE oo ol 1, * AR WEA R 5 A&

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

'unununium’

FA g AL A HE (5 a2 AE) 7S A e AR o= o] of 2] Yt

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

o] 7ls2 A TAL= 2/ S u) 583 £ J5UTh

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

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

o AL oA F e gE vt AgE F ey R Aol s FEkA] s Th:

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

prefix 'thon'

AAAAAN

SyntaxError: invalid syntax

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

AAAAN

SyntaxError: invalid syntax

MEE7Y S W5 e FAD A E AL oo o2 W + B ALg ok P )

>>> prefix + 'thon'

'Python'

BAge g (HE A3YE) B 4+ dEUTh A WA B4k A8 00 B U BAE A
MEo ge guuth Bl 2ol BAg YU

>>> word = 'Python'

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

IPI

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

lnl

Aot 25718 $E e, BIARE AUtk

12 Chapter 3. z}o]#l 2] 7keFst A7)




Python Tutorial, & 4] 8] 3.10.13

>>> word[-1] # last character

lnl

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

>>> word[-6]

IPI

020 2ong, 5o JEie - 104 Al FEthE Zof 53514 2.

Qe 4ol Hal & ete] A (slicing) = A AP U A4 ] A EAE ] AHEF = ukE, Sefol 4 &
22 BA o (substring) & 2 o] AL8H Tk

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

) olE) g kel 718210 o] 1§ 2
A Aol 7k AT

l

WA QlElssh ek W 7 R gt Zehol 4

’

SEolA dd A= HY S 7B 21 5
A)

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

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

lon'

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

A2 A o] FA= T 23 = WY, 38 A 22 A 28 A g Ao YA 8. o]
2ol s[:1i] + s[i:] & &4 s e Zopdytt

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

'Python'

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

'Python'

Setol 27k B A5 S 7] s & AhA e AP a7t BAE Abole] X E shel Ak Azt
S AgUTh A WA B 92 A 0AYUTE njY EAER TAY BAE] L B2E Z AL
Qg2 n o] Fut}, o & Eol

AR S22 P A 20469 AN E B FT; % WA B P 33hE 39 AG2ES HolF o)
oA j A Sebolati )2 ME Fol A AA Atolo] BAHER TP U

ol obd e A5 A9, F ea B g o rkE Sebolas] Folt ol 2he] AU,
NS S0l word[1:3] & Zo]=2YHTh

YR 2 e ddag Agsts 22 o g gyt

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

Traceback (most recent call last):

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

AT, WIS ol b Seto) s A Ak Sefol 4B ) REA el gy

>>> word[4:42]
lon'

(Th& ST AT ol A%)

3.1. slo]Hg A7 2 2817 13
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(o1 sl o] A A A%)

shol#l EAA e WAY 5 ghrk— 2 olekm Funk DA BAGe) el sz F2e Aol vl 3
ERE R EEEr el
>>> 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

B wAtdol A8y, Al 2 vhsofof

>>> 'J' + word[1l:]
'Jython'’

>>> word[:2] + 'py'
"Pypy’

>>> s = 'supercalifragilisticexpialidocious'

>>> len(s)

34

o ®B7]:

textseq T ALE - A DA G Y dFolaL, A|FATE A DS 35 AibEol A g UTH

string-methods Z 2} d -2 7] 24 Q1 W2} HAS 913 of 2] 74A] A =EE5S A 4@t
f-strings W& H 2328 zt= Ex14 2

formatstrings str.format () 2 & FAIES T Ws= yof ok A1

old-string-formatting ©] 32 oA FAE S % A4HA} A ZFof] AFE-3h= o A WAl Zuj o] &) & o 4

A5 295 g% o

ol A2 thE =S BB &2 Fetl AHSEH = o 8 7HA H 38 E (compound) A5 F & 431 Y5 TH
71 50l QAL H2E A, ZE Alojo EE TEE F(FHEY HEE 9D £
AFULHL B AEEMNEOE P FEES ETT 5 A, FEE] BT 22 JA 47t gFyrh
>>> squares = [1, 4, 9, 16, 25]

>>> squares

[1, 4, 9, 16, 25]

BAY(1Y T, e RE WG AN YA e 2EE AT St 4B 5 AUt

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

1

>>> squares[—1]

25

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

[9, 16, 25]

BE Sohol s AL RV FBEL TP A JAEES BUF U o)t T 2L Sebolav
PrEY fze Fe BARS BRFE EYYL
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>>> squares|[:]
(1, 4, 9, 16, 25]

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

=W Q2R 2, e P JUth S e MA e sy th

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

64

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

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

append () A= (method) (5ol Bl A ol thal 24| 8] ol AU Th & AF&8hE Bl as o] Zof
PEEEES G E

>>> 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]

getol ol Y AR s U, om0 408 AAR S An, LE FEHE AL F2A A5

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

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

>>> # replace some values

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

>>> letters

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

>>> # now remove them

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

>>> letters

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

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

>>> letters

L]

WA 4 len () 2 HaEE HEH Y

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

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

>>> x = [a, n]

>>> x

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

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

>>> x[0][1]

lbl

3.1, stol& A M7= AH&-3}7) 15
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32 2@y o g HAHL

=8, 2028 Hote AW
S HUEA] Y %

g R
. hl
2= AN AU

>>> # Fibonacci series:

# the sum of two elements defines the next

.. a, b=20,1

>>> while a < 10:

Qo Ul w NP O

print (a)
a, b = b, atb

AES T Ud S Tt d5Uth ¥ a &b ol Al god1o] hdFUth vpA Y &
ol A ThA] A= =0, T Qo] of = Bhtet s o] o)X 7] o e} RAA S o] B AlkE Yt

10)0] 2 Bk AYF YTk o mHRAA 2 sol Ao A 0
~E (I BE 72 A2

7t +x 4 , W1 A1 AR YUt o] of o A A-E-3H
A7 2bhe WU Th BE 6 Q4R C9 2 oz AP UTh < (T, > (2Th,
= (Rth), <= (A7 Zehy, >= (2AY 2, 1= (G=Th,

F2o] vty (body) = 512271 Uth So27]= goldo A 245 Folgl2 Fe i duTh
3}y ZFZEA 77 5o 22 Foll 4] | (tab) o] L} 39 (space) = A H 8l oF ot A Al A
CREFHAE HHYE AESA F O HEFT old ZEE FH|sHA HUth dvtg §AE
AR 7152 A5 527 7e= AT @Uth S s oz P = &< <27 f6
3 £ gAsor Futh (477 QA mA 22 9EEA AL 5 97 e U 22
ESo] EPH L WE TS TS FUF Foj2v] Hofob Fol FelatA

print () &5E FolX JAA=Y g2 A FUch o5 A2 A9 3 AL S R A
ANA (A4E7] oAl Aol A 2 A} o)) 2 Ystazt ste 28 A S 2 Yot 2Ad+ o5
TAFE 2 W3 glo] 28 FH A, JAAE el & Rkl A B Yth 2EiA o] Ao WY FA
2|5 F 5 AU

>>> i = 256*256

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

The value of i1 is 65536

NYE Afend = 29 ol 2P L AYEAE AASAY 2EL OE ENL 7 ZUA 82
42w AHgP Ut

>>> a, b =20, 1

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

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

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

cHAPTER 4

7|et Al 55 =

W 2703t while 7 o5&, o] ML thE Aol EolA &z EutEQl 55 AlojEE= AHE-sha,
U9 WyE 7hsta glsuth
- =
41 if &
olulE g g deld B YL i Y AYUTh o ol
>>> 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
AU o2 o] elif R7F S & 93, else F & /EE—%"“?JI%D} 7]-r4‘: ‘elif’ = ‘elseif’ o] &<
A, e Gel s S S5 o FEFUL 15 - elif - elif - AA2E e Aol FolA

W AE = switch Ycase & A E YT

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

17
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42 for ¥+

shol Aol A for & C v} shagrol A ALS3HE A3} 97 hEU Th (A2 A ) 4 4] AE A Q)
A& B o el el o] A SALL (CH) A A7 o Bl ol BAS 54 2 AL AP 5 Y= 31t
A, she] 9] for ¥ 9ol 9 AW (PAEUEAD) S FRES 2 AA20] Solglt A=

olg gl o] A . ol & S0l (B dol ot zh:

O

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

AYHL ool Bt B9 2 AAHL £ AR TEE et FAFES BE/ FFUD
A, HE ALY BaAEoR 228 BEALY A AAAS BEL Ro| B kgt

# Create a sample collection

users = {'Hans': 'active', 'Eléonore': 'inactive', 'mK[]': '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 () T4

52459 AAAR o HEoE® Dot glow, WA %4 range () 7H Hel B Th 92 BEUTH

>>> for i in range(5):

print (i)
6..
1
2
3
4
2 ol A= ol ZFH A 55U th range (10) 2 10719 32 W=, 4 o] 109 Al A9
F5EL te)7 2ol A as Y wevl e Pt A, e She g (g2
7Feduth W 2 o] 215 ‘25 (step)’ o] 2k FF U Th A A vh= A= ZHe o

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

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

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

18 Chapter 4. 7|e} Alo] 5.8 =7
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A D2 JAAAER olH Y olE 3t W, b3 A ¥ range () &t len () & 2T = A5

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

Mary
had

a
little
lamb

Sw N e O

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

WS 1 A sk o 4E Lo Yok

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

w470l range () 7t 28 AA = 2| 2EQ A H F4SA T AME 2] A E 7} obd U T o] B | o]
Ed o] 4ot AL FEES SAUE Sl AA o)A WL AA R 2| AEE USR] gobA 3
Aok oh

)& ARG o] H e o) etu FFUTH FFOl A0 W7k Q] FEELS A2 5 UL RS
e 40 T2 EE) BACE AR Sl for Fol 1A FREAL RYFUT ol
JEe Aot B4 o & sun() PuTh

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

6

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

44 53 0] break ¢} continue &, 18] else A

break ¥&, CA T, 714 77kl 4 S A for Yuhile $2 2 6 whAU7bA g o
23 EL else B M £ AEUTH £} o BB £ o]} (sord] F9) £7e] Aol HA
(whiled A =5 ] AFFH Yt AU FZ 7l break o2 25T uf&= A3 A A5Urt
5% FE RxE Be) Tl A oA Rt

>>> for n in range (2, 10):
for x in range (2, n):
if n % x == 0:
print (n, 'equals', x, '*', n//x)
break
else:
# loop fell through without finding a factor

print(n, 'is a prime number')

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

O 00 J o U WIN .

(o) AL 2nt2 F=YYrh 2AA 3] STt else B2 if Fo] ohe} for T2 o] 3t}

4.4, £ 9 break 9} continue &, 18] else A 19
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2329037 ALE ul, else AL if BHUOE=try 29 else 3 8|3l Wol H YT try 9
Wt A] b2 wf) A E A, F2 else -2 break 7} WY1 9%,3_ uf] A Yok
y =3} o £ of] &3k 2pA S ‘41‘(1 e o] A elstr] E HASL.
=D

Al Coll WS U F29] th ol B gl o] Aol M ALt E = whs

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

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

print ("Found an odd number", num)

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

i
v
M
i
2
|o
fu
M
o
o
i)
ko
o
X
rﬂ
[l
Fu
[
i)
o
A
i
ok
e
o
2,
fifo
2

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

oo 2U4E 0E o T ALH U

>>> class MyEmptyClass:
pass

£ 44w G 2 AR o)) AL E AL A,

SITh pass = 285 =AU TH

pass7t AHEE = O E Fas A
ool ¥ #4AA == J

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

4.6 match Statements

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

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

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

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

return "Not found"
case 418:
return "I'm a teapot"
case _
return "Something's wrong with the internet”

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

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

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

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

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

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

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

class Point:
Xx: int
y: int

def where_is (point):
match point:

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

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

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

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

case _
print ("Not a point")

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

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

(Th& sl AT ol AS)
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Point (x=1, y=var)
Point (y=var, x=1)

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

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

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

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

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

Several other key features of this statement:

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

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

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

* Subpatterns may be captured using the as keyword:

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

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

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

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

from enum import Enum
class Color (Enum) :

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

(S ST Ao A%
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color = Color (input ("Enter your choice of 'red', 'blue' or 'green': "))

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

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

4.7 = 25t

R £9L 99 FEAA BYSHE B4 BE S YU

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

>>> # Now call the function we just defined:
fib (2000)
0112358 13 21 34 55 89 144 233 377 610 987 1597

ARG B4 o B9 BEE A G4 AR S B2 o] Hugych

A5 o] The Foll A A2 31, BhEA] o] 22 7] 5 o] of g o,
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>>> fib
<function fib at 10042ed0>
>>> f = fib

(Th& sl AT oll A%)

L AA &, AA ZF=x0 o3 = (call by object reference) ©) T £ T3 ], 7} AA 7 ALH W, &A= JTEA7 BHE
HAS EF A7 HEdUTH (018 2B 35S S Th.
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>>> £(100)
0112358 13 21 34 55 89

the AolE g LS SEhY, Fib 7 g E77) 97 wge) B4 ohet ZeAen 44 4
Sz th A4, return 2o gl B4 E g EAF UL 9% TR ghol ) s o] 2 None
o123 B E U T (42 o £ 91T, None o] 2 & U@ gtol 2, JIEI e Bl HE None gt 292
QAT % D ABTH prine () B AL E 5 A5

>>> fib (0)
>>> print (£ib(0))
None

A e thAl, H R U £ 245 PAEE SRt F4E AT AR 2HF T
>>> def fib2(n): # return Fibonacci series up to n
"""Return a list containing the Fibonaccili series up to n."""
result = []
a, b =20, 1
while a < n:
result.append (a) # see below

a, b ="Db, atb
return result

>>> f100 = f£ib2 (100) # call it
>>> £100 # write the result
(0o, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

oL u| X3, o] o= 2 7FX] A Fo]H 7|5 HoAEU T}
+ return B2 B2 HE HE 20 B SA BEUDL A4 A% Qe return S Noned £
ZUt) 3o Zo g doj A ™ QA Noned SHEYTH
e & result.append(a) & F2E AA resultd HAEE T= Ao
Sh’ §4-0] 2 obj .methodnane 241 o & £ 4 &1, obit ofm A o] 3 (EAA 0] B

obj ™
1%L th) methodnare & A 2] Yol 215} Ho W WA= o) YT T Fe rhe WA

duth A EE

2 AP Uh AE & oav’] HAEE E3E Qlo] 22 o5& 7}@4\—9} Ytk ( ig
AFEA o 2Rl Fg A EE HYstE Ao s ZEl A 8) ]°ﬂ e

H A E append () & B 2E 7“Xﬂa°ﬂ 7 2] =] of O]Aqr/} S84 PrES ﬂ"ﬂ SEd 4yt °]
ool A] = result = result + 1 2 551X v U 284 Yt

4.8 o Ao v 1)

A A X2 N AAER G4 Aoste AL 7tk Al AR o] Jled, 298

AEUTH

28 9r PAL St T o4 AAES A Eghe AR S AGUTh AW ARt d He

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

(Th& sl AT ol AS)
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retries = retries - 1
if retries < O:

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

ol oy X Hog $59 4 ISt
e 22 H FAQ3 AR AL A ask_ok (' AL ZUYZ AFA LY
o AEA QA S A FMA: ask_ok (' LS HoNE SHEY, 2)
o T REORE A ZHA: ask_ok ('TFLE BN E =5 U, 2, A} ool 8 29 we)
Al

o ot in N EE & ek &Y Th D27} ol W e AR EA oF A E AA T

o EREEEPEEDEREEEREL FNIEEL Y

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

i=2e

H
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i
ro,
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i & ko
i [ st
ro, 12 4y
ro, 12
[y =
(., o
N
o
)
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(0]
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[

(a, L=[]):
L.append(a)
return L

print (£(1))
print (£(2))
print (£(3))

e e e A gy

(1]
(1, 2]
1, 2, 31

A% H T2 7hof 7| Bgko] TR A /18 ARTHA, A G4 oA How

i3
4
30
i)Y
<
Iv)

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

48. 3 Aol ¢ B 25
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4.8.2 7]1¢ & 2=}

B4 kwarg=value B4 719 = 914 & A8HA 529 4 dgUth ol Sol, e A

def parrot (voltage, state='a stiff', action='voom', type='Norwegian Blue'):
print ("-- This parrot wouldn't", action, end=' ")
print ("if you put", voltage, "volts through it.")
print ("-- Lovely plumage, the", type)
print ("-- It's", state, "!")

3he] 4= AR (voltage) 2k Al 7He] A Bl A Q1 2} (state, action, type) & WolE g Uth o] ¢+
R gy FobrAezdsad 5 9)\%‘4‘:]'-

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
FA The T 2L FEES BT Suhes) FEUh

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

W4 T2l A, 719 E QAL A AT ol ko Ttk AT RE AN AARE P4 b Bobs

o] = QA A} = 3t} e} wotol Ftn (A E & mUm%pMﬂmi o] Zu}E QAA7} ofUTh, I A=

832 gFUTh o)AM= A5 AAEE 2P YUY (A& €9, parrot (voltage=1000) & &
o]

2= pa
U Th. o E QAR 7 7 o] 49 g2 2 5 flss U th o 7], o] Al S uj ol Ashst= A7 AF 143}

>>> def function(a):
pass

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

**name 42| upz| 2 A v/ A= 7F 2 A3, I A v A E ol o] $3HA] e
< T2 94198 (typesmapping £ B A &) & W5 Th 0] A2 *name (Th A B4
Falo] A v Aot 23E 4 e, 6“‘ “Hﬂh‘ﬂ?%%t‘ o A AAES &
(*namex **name ¢l Uetok FUtt) ol & 501, o|d & A td:

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])

o9 Aoz 528 & A5

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

—-— 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

AAH = 7IAE A <A T 2 Add A A o] KA F=535H4 2.

483 S 7 W

B0, AR AL HA A AR Shol A G4 AL 5 YFUTh S AT A5 A,
LA 5ol 92, AN AAE BEAYER ATHEAS BRL W 5 FoRe BE HES,

A7t AL Y-S AR FHU

5 Ao ohe T gk

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

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

4714 /9 + = AEAQUTE AL, o] 7|5 AR} Bao] AE £ Ao B2 w7} W
SRS UEUTH 92 48, 91795 2 A9 A4 A9E WA A5 B8 (named) w7
o}

2]x]-7]¢) = (Positional-or-Keyword) 21z}

5 Aelol /g7t Yo, ARE AAU AN =R G5 AT 5 AFUTh

917 A% WA WS

O AAEA AR, ER A A5E AN Ao EAT S ALUTE X Agold, wp A
o £A7 F 230, A9 ER ) W4E AL A A A5t/ (ZEA) e
FYUh /& 9% Ag ul ALE bl A ) B =edos et o AgE Ut
4 Aol /7 om, X A% v Wt %
]

/e i e AR EY IR E dEd

‘0,
>
u

2795 AAs ALl G VENES, i) 442 A9 E A g0z BAse W, 3 WA
Y= Ag oA WA vk Aol oA B5o] <2 H oA L
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S ol A

/ &} * A o & Vg ol v A F Ao E LY YA L

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

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

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

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

R AR 4 A0 standard_arge 7P A5 FA o R, T & g Hof ofFH Al
=AU NN ER A9E ¢ sk

ol
o
4
X,
§
lo
H,
ro
)

>>> standard_arg(2)
2

>>> standard_arg(arg=2)
2

% WA §4 pos_only_argls 34 A6l /7 omg 93 B A5 AL HES A

ol
it
<
v

>>> pos_only_arg (1)
1

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

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

A A B4 kwd_only_argse @4 Aol A «2 BAE 719 = AR 52tk

)

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

>>> kwd_only_arg(arg=3)
3

R e 22 e A oA Al 7HA 2 A A S BF AR S U TH

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

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

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

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

(F= oTAT ol AS)
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(o1 sl o] A A A%)

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

] eto 2 9] %] 9l A} name} nameS 7| & 7}A] = **kwds Alo] o] Zaj A 2l F=E o] 9
AT AL

rr

o]

i
o
lo
frt

<
T

def foo (name, **kwds):

return 'name' in kwds

‘name' 719 =L F4 R HA WA Agol ARNEE True s NBT 5 dE 52 BT
& EH
>>> foo(l, **{'name': 2})
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: foo() got multiple values for argument 'name'
>>>

/(90 A8 A& AHEFE, nane A AR, FA0 nane’ & /1A= AR A2 A5
Femz s

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

>>> foo(l, **{'name': 2})

True

%, 92 Ag w7 M9 o] && +xkwdsol A & glo] A = dFUTh
H2

=]

A& AFE| 7} B4 o] o) A o)W Wi 7| M 4E AL 2] A AT T

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

ARozA:
o O A ) S AHSAT AT 5 GEF W K 4GS AN L v WS o] o]
AA Bt e w, Bt B2 W) Aol A4S BASE L @, mr AR 91X v 7] W ge)

o19]9] 7|9 =& wtol S o) AL uf] 83 c)
« o5 o] om 7} QAL T Aol 7} o] &
AEs = OVPJ FA Aol o] &5kA] Z5t

* API9] 9, FF w7 Mo o] 5ol A wf vz 8
8= /\}%3}*& Al L

>

PILWI o] Al e AL HA 5T 94

484 Q9] Q1A BE

FAL BE A A5 AT TFD ¢ AEF AFSE AU
S0 A2 2 BAR). b Ao Ak gkl GAL ole e A

U

npxj et e g2, 7 @ AS-H
o] O]X}E%#Eréi F9Y
AAE o] & 5

15Ut

iO

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

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

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

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

'earth.mars.venus'

AAE o] o n] B AE L} F o) YA, L H AX AFELS 875 5 T2 913 A 97 okt
= A v Aol o Yth of| & £, ¥ range () £ EEY s EP stop AAHE 71 ot
DRSO R A FoH, PAEN RELRY AL A AT/ A - AXKE ASHA T2
ZEotd Uk

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

[3, 4, 5]

>>> args = [3, 6]

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

[3, 4, 5]

2 WA gAY E #+-AAE HA ZIHE JAAE AT 5 A5y th

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

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

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

4.8.6 Tt} £H 2

lambda 7| 125 A8 A 21 o B gl F4E BE 4 d5UTh o F4E F AR F2 EAF
Yt} lambda a, b: atb. @5 AA 7} dojof s FolW ojtiut ek @47k A8 E 4 STk
EyAoEt St N0 AR v Hon s, AurA g4 Hole] Ae] By Bk
FU9 5 AAAY, 9T A4 s SeAE ATz JE WEES 32T 4 YU

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

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

42

>>> f (1)

43

=
o

AL AFFUT EOE FEE 4L 42 A2 A

99 ol B4 Bl 57 99 B
Ad 4k

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

>>> pairs

[(4, 'four'), (1, 'one'), (3, 'three'), (2, 'two')]
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4.8.7 =57 9E|o)Hd Ex1d

ol 7)ol ©FHH o] A TR o] &3} el g Ba B /1A Bl 7k Y5 h

AZL JA4 AA Y BAL g, ABA L FsoF Ttk AL 9, AA 9 o] o]} LS

AN A o7 AFaA| gFofof ahi], o] AS L o} WY ozxﬂa 7l W 2=t} (o] 2o o] S

At 2 A o9 U Th. o] 2L R Awffm np3 &2 Zubof o

TFHH ol H BRG] olg] Zo] Yuid, T NA 2L nloj oA, Al dA T 2ok Yu] AHS

Bl gtk flua s 2S5 s 2 o)A Ero g Axe 52 j7oF, AL 58 Ao}

yck

ﬂrow JWL o8 & B2 ﬂEﬁE’OﬂH S 272 A ABA 7] wol, A A S A 2Bt LSS
Eoiwle AATY L o)A e thgst 22 de g A}&ww BRdo] AZ Ho 2= A

HWH HMOW o Zo] AA = vihsﬂowfx}ou Sqr7] 272 AAFYL (PP A ES

NLE 2 G, Ao 2 EAAS A Heli ge Eo] Bol oA Sojz] 7} BA e o] AL

uled akx) 9b7] Wl = YU Th) o] Sl «B e Fulo] Bl BE Zo A2 REA A AP

ot g Soix 71 54 % o] JERUA| = Tofof 314 v, UEhd T 28 QMR o) o] A A g Th 59|

%%*é%%ﬂ ¢ (HF 87 Ao]x) Zo AAFH YT
oj7] o2 & S2EH S o7 5 Uth:

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

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

pass

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

No, really, it doesn't do anything.

4.8.8 g o]k H| o] A

B o :EH o] A 2 A8 AL B 9] 4 TF ARG St FEoll th e 3] A E A <l v Ele o] B R Atk
(ZHAI 3 U2 PEP 3107 3} PEP 484 & H A 2).

oji-H o] ML Fge _annotations__ olEFFE MUl AR o] thE FEellE of
T S v AA sy i LH ol AL i o] F H el 0% 8o HoH =,
Ve T oiEolde FS FE *L?i’%‘olﬂw} Yt L%%}Oi Holde el —> a1 HE
HEs x@Aor HojF =], UH7H Wy H53) def 9] €2 UEHE 8 /*P lol #4Ut o=
ol ] B 917, 4184 L4, HHEk ko] of w e o] = ] ok
>>> def f (ham: str, eggs: str = 'eggs') —-> str:

print ("Annotations:", f.__annotations_ )

print ("Arguments:", ham, eggs)

return ham + ' and ' + eggs

>>> f('spam')

Annotations: {'ham': <class 'str'>, 'return': <class 'str'>, 'eggs': <class 'str'>}
Arguments: spam eggs

'spam and eggs'
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oA o2 e sl o] o A, B BAe 22452 A4S T P Th 19 Auol vs) B 44
AZGUTE B ddojt A2 thE ~etdE 448 (EE B 25, 298) & 9E U ofd
ASL e ASRTHE 97 4 UTh ThE Sl o B 2 7] 4A BEE AL FFEL
B7ol1, EF5% 1Y 28AS Edshe AL 134 e H 2 282 FTh
shol Mg 913, % ZRAE s} W FHE 2B Fho] =2 PEP 80] Uy o 2L W 7]
A3 o] B Y 2 AL G PGtk RE o)A AR AR o] BAE ¢ofof Gtk
deEe el 14 e HEES FeRSUTh
o B 27)0] 4-25 0| 28 A FT, WS AHEFA ThA L
4R 2so]at 4o Eolny] (6 Be 4 £8 HLFUh 9 2 B2 (47 AEUTh
Aole) & AFYUTh WL FBL Do), glol Aol AA k.
- 1948 94X BES E Y AL
AL AL HUS A NG AE FI 2 UM E ol ] TE HASS A3 2 5 A FU T
- P, ZU, B U] 2 TE BE Afelo] W £2 Yol BesAL
« bsSTE, 24 WY 2R YoAs

=
- ARAE FAT F)F o 25]o] 2B Y1, BE HHE FFolt A0 A8 YA WAL a -
+

o A2 TS A e ol BolAL; HEle Sel2 9 A9 UpperCamelCase, §52}
9] A% lowercase_with_underscoresYUrth A HA] WA= Q9] o] 50 7= At
self& AHE sl & (&g A =0l th e 2bA| & W82 S e = 01e] 31 vhd & WAl Q).

e AR F=E FAF A FA oA ALEetE A shopd 58S A I G S AFE3HA] upA 8. o] W
AL 5 slo| W] 7] UTF-8, = = ASCIIZ 2}, ©] H AU th

o UfATIA 2, THE A o] & AL = Aol FEE A AY FA T 7] 75 A v e ek s, A A}
o] ASCII ©] 2] &] FAE AFE3FA] uhA 8.

g

ro
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CHAPTER D

g TR

o] o= o2 2] olm] w2 AES2 & Y AA 8] At R 7HA Az As

o
pan)
M
A
i
v

51 8|AE t©] 17|

PiE AR Yo B AN WASES B 23 9HUTh 0| A5 0] PAE AN Y BE HAS EGUth

list.append (x)

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

list.extend (iterable)
ZArEQ Lo olEH 8 RE FES B B3t allen(a):] = iterable 5%
.

list.insert (i, x)
A FRE AUk A0 A FUA & 847200 D dA AU e
a.insert (0, x) &= B2EQ A3 4+93t1, a.insert (len(a), x) = a.append(x) <}
EEgh

list.remove (x)
e~ 2ol A] ghol x 9 2 3 WAl 2L AA S Th 19 42 o] 908 valueErrorE 40

Ut
list.pop ( []

A

g BeFUL AYag A FSA o
uﬂ(ﬂﬁtﬂldﬂﬂﬂzeéﬁ
o}

—Qr% ]o

=2 9] & 3 of 3tr}= o] o}y

list.clear ()
grEY BE GBS AA T del al:] 94 FEFUh
list.index (x [ start[,e d]])
2 2B gl % 5 grolx 9} 2 A WA 29 058 A RBHe AP A Bl FUTh 19 5ol
=20
=

9lo ™ valueError 2 © 71t}
R A 917} start S} end = Sekol 2 FAHAD A T, AAG el rEe] BB AR
Agelt ol ASH U EHFEE AU AL san AKX} P2 1A A ALY AL N FeR

.
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list.count (x)

el AEo M x 7t S Sl E EHF YU

list.sort (* key=None, reverse=False)
Sl AES] FREL A AN FRAFUD (AAELS B A2 volA] o] ol A4
AL sorted() E BEAR).

)
P 2E9] 845 AR A ARG

list.copy ()

PrEd e RS FUF UL al:) SESTU

2 2E WA E g RES ARS Sl ol

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

2

>>> fruits.count ('tangerine')

>>> fruits.index ('banana')

>>> fruits.index ('banana', 4) # Find next banana starting a position 4
6

>>> fruilts.reverse ()

>>> fruits

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

>>> fruits.append('grape')

>>> fruits

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

>>> fruits

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

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

ofulE of o] Aol S EUE AL EEHOHE AL AY HuE & gk AYUth A S
=, A48 AL v T 5 Y31 Nones T2 FA v g 5= ¢l7] Eﬂ1f°ﬂ [None, 'hello', 10]
= AEHA stk EE Aol tha AAVF e Fol AUt A€ 01,3447 < 5+73& SHE
w7} ohg o),

51.1 B|AEE 2E o 2 x}83]7]

El*E HAEEL H2AES 20 AR A vhe =, vpA 2t 92 8 427 A5 0 2 AWA
8 A& QY (“last-in, first-out”). 28] Hofj 7]of] 53 @ O H append () E AHESHAI LS. &
71 A gh& AW E ™ HA A QA Ad 2 glo] pop () & /\}%o}/ﬂh A& Eoi:

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

[3, 4, 5, 6, 7]

>>> stack.pop ()

7
>>> stack
[3, 4, 5, 6]
(TFZ sleTAT el A%
o2 do]EoAE 71 AA S S8 375 s, d->insert ("a") —>remove ("b") ->sort () ; & Z2 WA= A S
e
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(o1 sl o] A A A%)

stack.pop ()

stack.pop ()

stack
4]

51.2 2|2EE F& AH&3}7]

YAEE FEAEIFE AT 7158, A o2 2 g4V Ao 774‘41%] S A YY) (“first-in,
first-out”); SFA| HH ] A E = o] B o= S 83 oA AH YT g AEQ Zo TClEo]| ALY, ZoA A=
A2 A g AEY W o GEo] AU oA AU+ A2 “HUTH(HE 458 BF 3 7Y

=]
Ul

ol F Al A ok &t7] ul = AU Th.

5 FastE Y, ¢ 2o
é%fﬂAﬂdL-q]a =°1:

Qg AR RE MEEE A

AH collections.deque & A}

>>> 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'])
5.1.3 g2 A=A
PrE AL AES BES AR IS ATPUT TR EEL, 4 247 TR RS
o e B WSl oM ANS & §e AW B|2ES HEALY, oW AL WEHE R2ER
TAY AR AD2E BEE A
g Sol, AF5Y PAEES WEL Arhn P EHA, ol A A gk
>>> squares = []
>>> for x in range (10):
squares.append (x**2)
>>> squares
(o, 1, 4, 9, 16, 25, 36, 49, 64, 81]
| AL x Bhe o] B9 WH B WEM (EL Yol 2T) F2r} FEH T Folgl ] BETHE R0 59
FAL. oW RAGE glo], AF el el A=E o2 Hoz ANT 5 YT
squares = list (map(lambda x: x**2, range (10)))
T, o gA T 4E YHU
squares = [x**2 for x in range (10)]
ol o] B 2143k 97] A&k,
2B HuAdE @8R I HAE WEE for A JAY 2 7R for Y if A< A= dE
T2 AU 2 40 A g2EAr, for Hif o] FHAM 2T A9 S A TEAFYTH
NE 50l 0] B2E Az AL F Y2EY 2452 AR 2R &2 278 23

1. Z2E T B
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>>> [(x, y) for x in [1,2,3] for y in [3,1,4] if x != y]
[, 3, (1, 4), (2, 3), (2, 1), (2, 4), (3, 1), (3, 4)]

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

FIE 27 A for &if F EAFERO e sAIL

40 FEoW (2 9 ol A (x, v)). WEA BEE S Aok gy Th

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

File "<stdin>", line 1

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

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

EESR: AL R

Bl

GEEE Lk

ﬂ?‘l
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>>> from math import pi
>>> [str(round(pi, i)) for i in range(l, 6)]
['3.1', '3.14', '3.142', '3.1416', '3.14159']
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r 4
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1o
1o
el
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o
filo

BB Jo] &4 g, thE PAE Az AT s Py
2322 golhadl A3 P iEs PHD x4 BPY o2 BA T

(5, 6, 7, 81,

U= gaE dxedde @3 de A A Y

>>> [[row[i] for row in matrix] for i in range(4)]
(L, s, 91, 2, e, 101, (3, 7, 11], [4, 8, 12]]

FANA BEEo], FHE A5 Az AN L A2 for o EMo] A gro] T AUTE LA o
o theT 55 e

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

>>> transposed
tr1, 5, 91, 2, o6, 101, [3, 7, 111, [4, 8, 12]]

o] AL ThAl The 3} U Th

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

>>> transposed
(1, 5, 91, (2, 6, 101, (3, 7, 111, [4, 8, 12]]

AA A G, BT T EO W e AEsof Utk o] Bfole zip () F7HA 9

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

o] ol bt o Bl e) 2 z0) tha AT N GL <A 25 9l 57 & HAL.

5.2 del ¥

Ao A gt vl Ale] AL AE AL A BFS AT o] A5 Th del EUUTh o AL G
Eel5 £ pop () WA= THEUTh del B2 Bl AE oA Seto] A5 AR S A FAES H 9

G2 MEE 5 A2 (oA 1 AL E Setel o] AN BE AU, AE Bo:

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

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

(Th& sl AT ol AS)
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[1, 66.25, 1234.5]
>>> del al:]
>>> a

L]

del & ¥ AA & AAl st ol = A2 o sy th

>>> del a

—

£ Bxse AL o HAUTH(Fol= thE ghol A= B Y= 7] A7HA). Fol A del o The

oﬂ O%a =
=& A gyth

g B G o] ' ol A AAtd e W AAS FFTES HAFULE o] AE2 AlFA
25 @Y F 7HA A dUth (typesseq € H A L), 3Fo] M-S A 3t= dojol 7] W Foll, thE Al A AR
Fo] F71E = JAF UL U2 RFE A2 AE Po] dFUth F= dUtt

FE2HEZ TR =AY oz AP YLE dE E99:

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

>>> t[0]

12345

>>> ¢

(12345, 54321, 'hello!")

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

>>>
((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:

c..oovo= ([, 2, 31, [3, 2, 11)

>>> v

(rx, 2, 31, [3, 2, 11)

of gl o] Hxo), 2YT £ FEL P4 BHE TR, 2 FHE FEol gurA S AH ULk
FF 2E BRI L AW (520 U 2 RAAY IR Aw)), TR FE I £ glo] 4
G Utk FE0 E G2l i Ashs AL b aA GA W, B AE 22 sbd AN E EPeE
FESUE SE duUn

ol elAEAY HAY SE e, o A5 S T2 BN 2 BHOR AgPUTh RIS 2
o), BE o] AA 245 NS EFFUTH 2452 A 517 (o] A4e] Hol et} o} ol
AEEUIE FEZ o JoolEgiERE) 082 AT gAEE 7bd 0|3, Q252 HE
S Fol 1 g aEo] Bk oo 4oz AAx Huth

283 BAL QAL S FBS e FES BEL QU o] 392 2857 A By
Z7b2 9l o 9] S 2 YEUTh W FEL W BF AR BE UL sty FEoR 74
FES @ FAdAREE 24 U E stUE 222 ST ok o2 s SE6HA 54 Th
FEU stA T 2RH d U ol & S

>>> empty = ()

>>> singleton = 'hello', # <-—- note trailing comma

>>> len (empty)

>>> len(singleton)

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

1
>>> singleton

('hello',)

E2t = 12345, 54321, 'hello!'=E2Z 9|7 9 o Jurt}: 7L 12345,54321, 'hello!' =3
A RS2 A7 g v A =3 s g

>>>x, y, z = t
AL, FRF AAAAE, AAL A 7 ol ka2 L EFo] of @ADL GE FUTh DS
A7 L 5o o] AA2e] Y LAET ZL A5 WrFe] & AL L7 FUTh ThE YL
AR FEREEEE FEES BRI L DR

shol e A < A% AR Y= EFFPUE AR FEHE 247 g w4 g 2 QUL 72
A g duA A FE A AAIU A AA = FHS 2w A7 A A g
2e oA ANEE AAFU T

A s de ZI U set () FFE AT 5 AFUTE FAAG: Rl s dEHWHset () =
ARgaoF U Th {} ZFobd Ut 2= Wl gAY e E vrE ], tha Aol A thE U T

o 7] Zrekst A A o] FUTh

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

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

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

True

>>> 'crabgrass' in basket

False

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

>>> a = set ('abracadabra')

>>> b = set('alacazam')

>>> 3 # unique letters in a

{Val, Vr', VbV, ’CV, YdV}

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

>>> 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
{Val, Vc'}

>>> a ~ b # letters in a or b but not both
_{lrl, Vd', lb', lmV, lzl, lll}

glaE e B gAY, A Azl A= AdE Yyt

>>> a = {x for x in 'abracadabra' if x not in 'abc'}
>>> a
_{lrl, ldl}
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5.5 €A

sho] o] WAHE = st ER = A5 2 gAY 2 YUttt (typesmapping 5 H A 2). 9=
ZZ UE A EANA “AF H 2 (assomatlve memories)” U« 3 1l & (associative arrays)” o] FE & 1t
AUtk AR A9 AH = ]*’4*3}“&] gAY gE v 2 dAFE =Y, BEEHYES AR S
Asuth TALEH = }%%fﬂ' 717t 2 & AUt FEol A Y, <4 FEEW 2, 712
AHEE = dsUth T2l AF Aol 7}”]—12E 7t AAE 235HW, 712 A E ¢ Sl Ut
YAEE 7R AT £ %—]A“\;__‘E'“» YAEE= Add A g ], E2to] A th ], append () U extend (

N
N
I

=)
YU 2 (3 AU Sl M) 7|7t FBE A btk Al 2AS 7HA 7] e Aoz A
Aol HAYPU 22 B2 Wl 9 & BE Ut {1 23 dol dxe Fed 7 gAY 5
Sgyon, gAY 27 7: R AEL AT TU o Aol SA Vet 85 = P07 =
T A4S s 719 @A AL FoX 712 S TS0k AYUTE del B 711 =
= 3] o) AFL5t Q= 7|2 A A E, 7 712 AFEH oA gEe A3 Yok &4

lm

gAg gl list (d) EFAstd g ARRH L = BE 719 g2ES
Uth(BE< dstd EH/‘] sorted(d) 2 A&t FHUth. vt 717 91 g

in 7|9 =5 AHESHA 8.

o 7ol 42 & ALg Bt 2 amke ol 7} 95U o

’é?&%fﬂiﬁi% £l
ol 9k

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

>>> tel['guido'] = 4127

>>> tel

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

4098

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

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

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

>>> 'guido' in tel
True

>>> '"jack' not in tel
False

dict () BAAE 7-AEY ANA22 e 44 91 S 24T

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

ol tafl, yM e A=A A2 4o 71} g RHAER R gAY E BEsd AHSE 5 F
Yt

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

717k 2 EAE L W), W 2 7] H = AAES AHE S A 2 A s 7 sy

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

gryzlz 232w, items () WA EE AMG8HE 718} A 7)ol tf-5-8F= 7k Al &

% % yth

lfe

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

gallahad the pure
robin the brave

AN F2E F3E ), enumerate () F4E AHESHE 2] JE 29 oS5

ek,

rlr
2
tjo
oft
>
=2
ne
ftfo
+
30,
fy

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

0 tic

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

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

NALEARE £, WA ZPFOE AALE AT Thgol reversed ) YT 5 L.

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

print (i)
9
7
5
3
1
AYE ¢HR AA2E YT Y, sorted ) FHE AN 228 WA 21 AL A
~E2 WL S AU
>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange',6K 'banana']
>>> for 1 in sorted (basket):
print (i)
apple
apple
banana
orange
orange
pear

Al 2o 3l set ()

° ] ﬂ]*ﬂ set () & sorted () E &7
AHEohe A2 Al A IF §

A
e 8 AT
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>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for f in sorted(set (basket)):
print (f)
apple
banana
orange
pear

ES WAL #FS =AUTE AR, SF, A A Bl2EE BEE Ao

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

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

5.7 XA t] 17|

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

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

M)A AT S QHU AE Eol,a < b == ci,a Zbb BT AI, FA b 7 9 22A AA

).

Hlat e Aaaand 9 or 8 AHESIA 2TR S U7, v we) A3 (EL 2 jke RE £ B

AL not 02 HAY 4 JHUTH o] ASL WL AAART e S 4595 G UTh o] A Tl

not o] 7} =& 2L E 211, or 7} 7P IS UTE 28l A A and not B or C= (A and (not

B)) or CoE55FULE J- A F, Y3l 2L 1357 H8l 2T E AL 5 dF Uk

=g A2} and & or & 4] ©@eh-3] Z (short-circuit) QAR U T QIAEL JZoA LEZE 0 2 Zlo]
T3} 3, A3 AR AvpA gk Fok7) & FHR Y ol g Bol,askc kol ek AR, A

and B and C & A4 C ) ¢S P34 Utk Eelgtol obd Au o g u, wheh-3 =

AAkALe] w2t %}% upz o 2 gro] T3 1 Q1A Yt

] Ao ohE =2 284 245 "o g & 5 AU ol & &9,

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

>>> non_null = stringl or string2 or string3

>>> non_null

'Trondheim’

shol Wo] 4], CoH= 2e], @A ool Ao th L vhehazle] Abat i =5 AHgSho] WA H 0 2 a3 o

FULh C 2R agol A £3) fEA L 2R BASS 352 Fch —— & A3 T T o - 2

geﬂa].h /\1/\
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5.8 A2 tHE PSS vlLsy|

ND2 AT BE 2L AR Yol b2 AAED v T D F dUth v A4 EAE ST
Yok WA A F FEsvasiA tt2d o] o] vjne] dE 2T 2od, ths F S v
3tal, o] A0 & oL st Al A AT & E Wi 7hA] AL FUch B uuEE F 5 A 22 o
AD2E, AR w7 AR A o2 £ U F AR RE FEo] 2k vl W, A VLSS
e AoR AFHULH @ AR ThE St ve] R AR AD2W, FL AR F AU
2L AN DL E EAEY A S A FUDE D FIAE £AE AT 22
Fe) NP2 5 ko] nwe B 7R o ol @S}

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

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

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

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

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

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

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

N2 e de ANEL <> 2 u@sts 4L, 2L AAE] 2B I MANEES 23 92 0
seathe o] 4oL, o8 Sof, N2 T2 £ §5& 2159 24 ghol uet
94 02003 23, 55. 184 ko, o] £AE AFshe A, AHzEHE

9o 7},
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CHAPTER O

!
T

). a#A, & N z2 3L 232} s}

- 7
S22 Pz AgHA A Ao] FHUTh ol BA S AL AAYE & REGL Gtk =
ago] Aol ol wel, A0S 47 el m ol AY AR Fru AL 5+ AE U ole Zz g A
AE B 4 4 z2adol 39T BAA FnE ST AL S E dF U

1% A2 A N5 A, kol We A 5L Ao 41 ~AYE Az H 9 oY BEo|A A
$I 5 e PES ATYU 18 YL BE olen L FUTh REZRE Jo) So] ohE BE o1}
Mo BER QEE D 5 AHUTHd RES A £EA A& 2TYE AR REGA
oA 25 W55 AHAYUTh

5L shold 409 FAES GI It HAUh H29 oL BE o Fol F7 .py T ¥
Ytk BE Wl A, BEY o] A WS __name__ 0= AP ol 2 Sof, o 2o Folshe
AA 712 fibo.py ehe o189 AL A Tl e elo] BHE W B2 22 Yo 2 A g

# Fibonacci numbers module

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

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

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

flo
ol
o
|o
fru
jale
F
(m
s

Yot

>>> import fibo

This does not add the names of the functions defined in fibo directly to the current namespace (see 3}0] % 2~ 31 5%
9} o] = & 71 for more details); it only adds the module name fibo there. Using the module name you can access
the functions:

45
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>>> fibo.fib (1000)

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

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

>>> fibo._ name_

'fibo'
42 2p2 AL A ) o] 207 Y 4 st

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

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

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

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

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

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

BEEo] Zoste BRE olF= Y2 Es= AUFE Jd5Uth

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

AL WE () Z ANATE AT L AT BE oS YEE FUTE thRE Shoj A x2 I nSL
o 7152 AHgSHA) v, AH L HE FeIA A e o EE PR LA Hof, o o] o]y]
Bo% A5L A 2 4+ 9 MEdUTh

Qg o R} A AN + B YEEFE AL TS AFA Brhe Ao] FoIFAL, 55
9)7]o] MokA| e LEE WS/ WEGUITh AW, Th3Y AN 9P FolwA ALE I AL
gk

5E o E bl as 7h & A%, as T o] B YREV BE 4 A QG

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

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

o] 21 import fibo 7}ot= AH} AL WA LR RS YXE St=H, F 4T Ao @S T X ES fib
€ A

e olBoz AgE 5 ol

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

Fa: S84 ol7E, 4 EE2 AHZEH At 3 A dxEFHUch A, o &
BES A, A ZHE A A/ZA A FUT — E &, 3P o2 AP e EE0| st
Holgld, importlib.reload () & AR SAI 8. o & 9], import importlib; importlib.

reload (modulename).

of gt o] ghol W REg o] FA AP std

python fibo.py <arguments>

BE JAEIFEE, A JZET i AE AP Y AW __name_ 2" _main_ "Z AAH
=1

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

$ python fibo.py 50
0112 35813 21 34

T Bl tiet A2 AR I 0|2 F AT A HIAE Ao A HYTH(EES
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:

s Y8 23 YEE 2= HAHY (B o] AAHA %S wi= At E ).
« PYTHONPATH (] HE 2] o] 552 55, 4 ¥4 PATH 9} 22 H).

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

i AEY Y2 ARG HD AL N, 9 23YES TPSE U= AR a8
MEe Fol AdgUTh hE Be, 48Y 938 Edshe vt E 24 J2o) 2394 2%
Yk

6.1. RE ] 7] 47
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%718} 5o, hol =2 1YL sys.path & S AL S YLUTh 2TY=E EFSHE AL 44
Az Ao, B2 eholu el o] A2 %ol FYUTE o)L 22 0|2 AF ol nef ] Bleeie)o
9= 7 thAl 23 Y =S E3kehe TleE 29 Zlo] RERTHE £t o X|$ko] 9| =8 Zo] oju] e}yl
AU o AN AR mE PES S AR

6.1.3 “7A s}l E)” s}o]# 5}

o

DE 2Ygmar eela, o] We _ pycache_ THE g 2t RE AYH WAL module.
version.pyc 2t= o202 7| A th version 2 AFLHE Lo FAL A AT} At
2 gtojxe W HEE =Tt o 59|, CPython i3 3.3 ol A] spam.py & A3+ H

:dﬁ
o>
o

FEOEEERES S ER TR e)]

Shol e 4229] £ AZHS AL E W AT v wh A AR 7 ALk ThA] Aok o 3= 4] AAFE o,
o] 43 A5 AAYUTH B, ANAE BES ZAE SYAo0|7] Wl Fol, 22 ehe] el
£ A2 T o dAE 2 ALDENA FHT 5 dE U

shol 2 T 747 o)A AN FASEA hUth AAR, FR oI 4} REH L BESL P4
AAstAST 1 ATE AGHA FEUTE S, £ RE| GOW ANE AASA Ltk 4
Gt (A998 A ) MEES AAstelW, AnA wEo| 42 B o] Yofof 3, £
25 o] glofof gtk

dd 2§ A7]E Eoled gojd WH ol -0 1 -00 2] A E AT dF YT -0 &9

. A}
= =
X &= assert B2 A A3, ~00 A9 X = assert 7 __doc_ EAE S RF A AFYLH oW =g
IHEL o] A&l o E57] Wf2oll, FAS skl A=A ob= A-7-uk o] S AFEf oF T
“HAIE” L5 opt- |2E 2L, HE o Z5Uth v o vl 2ol A= H A35ke] et
T AsH

o .py FLolA JSwiEtt .pyc DA g ol =2 I o] o B AAFH A= gh5Uh .pye
oA o Bt A e AL 2EH = SRR YYTH

« BE compileall &t H gl ZE ZEY pyc HLEES WE F AFUTh

=]
o o] Ao E o AT A K, 2AEY SAEE 2T = PEP 3147 o] Y YTt

6.2 T HES

stol WL H2 BEE glo] e g7} 87 S v, Hr o] A sho] A gholHeld] AL (TR
“ghol Bl dFH AL oA AU oW RESL gzl g YEFUTH o] AS L 910l
A7 0] HELS ol A wk T E Y AH A5l )t A A A Bk, B0} A AE TET}
2L G AA 7R a5 g3t ANAE ATe7] YU 18 RES Fae A4 gy
7uF ZRE o] 2 A YUTE S S0, winreg REL AL A Ao A A Z2HUTh S83 2 E
Fe 2EL e B2} Y5 UL sys. BE vlol A g ZalEo] YAFEUTh M4 sys.psl 9
sys.ps2 £ 7|EF} HZ ERER AL B2AdS Fo )

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

>>> sys.ps2
Al Al

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

C>
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W4 sys.path = ¢
PYTHONPATH o A &
Uth 5 g 2E A4S }%OHH T%ﬂ’“ °"“45P

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

6.3 dir () T

fm
il
i
)
iz

WZ s dir () 2 BEC] st o] FE5S Fd AHSFEUTE BAEEY FEd 2l
Ytk

>>> 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', 'getswitchinterwval',
'gettrace', 'hash_info', 'hexversion', 'implementation', 'int_info',

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

'warnoptions']

o,

gk

o

ShE

oA 7 o, dir () & FA

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

>>> dir ()

['__builtins__', '_name__', 'a', 'fib', 'fibo', 'sys']

EEFY o5 Ur%?‘iﬂ?% 2ol FosioF Ut Wi, 25, &5, 55

dir() 2 W& g HeEY olg8 vddetA syttt 2459 552 H30d, x& 2§
bUlltlDS o 7445101 9 <=Ut):

>>> import builtins

>>> dir (builtins)

["ArithmeticError', 'AssertionError', 'AttributeError', 'BaseException',
'BlockingIOError', 'BrokenPipeError', 'BufferError', 'BytesWarning'
'ChildProcessError', 'ConnectionAbortedError', 'ConnectionError',
'ConnectionRefusedError', 'ConnectionResetError', 'DeprecationWarning'
'EOFError', 'Ellipsis', 'EnvironmentError', 'Exception', 'False'
'FileExistsError', 'FileNotFoundError', 'FloatingPointError',
'FutureWarning', 'GeneratorExit', 'IOError', 'ImportError',

(B sl ol Aol A1)
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(o] " FH o] A o A AL)
'ImportWarning', 'IndentationError', 'IndexError', 'InterruptedError',
'IsADirectoryError', 'KeyError', 'KeyboardInterrupt', 'LookupError',
'MemoryError', 'NameError', 'None', 'NotADirectoryError', 'NotImplemented',
'"NotImplementedError', 'OSError', 'OverflowError',
'PendingDeprecationWarning', 'PermissionError', 'ProcessLookupError',
'ReferenceError', 'ResourceWarning', 'RuntimeError', 'RuntimeWarning',
'StopIteration', 'SyntaxError', 'SyntaxWarning', 'SystemError',
'SystemExit', 'TabError', 'TimeoutError', 'True', 'TypeError',
'UnboundLocalError', 'UnicodeDecodeError', 'UnicodeEncodeError',
'UnicodeError', 'UnicodeTranslateError', 'UnicodeWarning', 'UserWarning',
'ValueError', 'Warning', 'ZeroDivisionError', '_', '__build_class__"',
'__debug__', '__doc ', '_import__', '__name__', '_ _package__', 'abs',
'all', 'any', 'ascii', 'bin', 'bool', 'bytearray', 'bytes', 'callable',
'chr', 'classmethod', 'compile', 'complex', 'copyright', 'credits',
'delattr', 'dict', 'dir', 'divmod', 'enumerate', 'eval', 'exec',6K 'exit',

'filter', 'float', 'format', 'frozenset', 'getattr', 'globals', 'hasattr',
'hash', 'help', 'hex', 'id', 'input', 'int', 'isinstance', 'issubclass',
'iter', 'len', 'license', 'list', 'locals', 'map', 'max', 'memoryview',
'min', 'next', 'object', 'oct', 'open', 'ord', 'pow', 'print', 'property',
'quit', 'range', 'repr', 'reversed', 'round', 'set', 'setattr', 'slice',
'sorted', 'staticmethod', 'str', 'sum', 'super', 'tuple', 'type', 'vars',
'zip']

6.4 3 7] A

A7 AL “HOoR TRA BE 0|8 B M o] A BEF o] 3
Sol, BE o] B A.B LA T 0|59 7| Ao] & B et ol B AH BES st duth BES A
go] e mEo] AAEo] Aol 4o WS o

o = 2
729 259 o] 25 NumPy 1} Pillow 7} 2 o) RS0 Hre BE JBEL

442 B2 A HEU
SF LA A SFuolEHY A HHEAF EESY ZIA (N7 A”) = AASHE Aetriar FA
th. ole) $7e) ¥ 5 YAo glen (BF AR FRAVC IE S0l wav, .aiff, .au),
ChrE ok FA 7k WFS A3 AL Sojut REES 2A4S BHED 44T B2 Y UTh
Lol S HolE o A&staAt o Be T/ ddERE Jleug (A, o3 g7, o] detol A 7F
A8, AFA 2H L BT BE7)9 L), o] ANEL FHT AG RESS Fglo] A
2 AdUch A7 A E ol FA FAN B+ AUtk (ASH st ANad e 2dFFYth:
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
(o SToTA T AZ)
50
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(o1 sl o] A A A%)

vocoder.py
karaoke.py

H7IAE 2EZ uf, 3ol WL sys.path o Y= HHAHAESS AAHA 712 A H g2l &

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 set the __all__ variable, described later.

A7 A ARG AFE 7N A 2R NE BES JZET F A5t A€ S°f:

’ import sound.effects.echo

o] AL A H B E sound.effects.echo & 2EFUTH AA| o]0 2 FTH o]oF g}

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

’from sound.effects import echo

O] AL AN H BE echo & 2L, 3|71 A FFo] glo] AHLEE 4 QA FUch 2 o &

J>~
Io

= o
T —H]“ﬁ‘:

e

e @S Uss 49 dEese 49Uk

’from sound.effects.echo import echofilter

ETHA], o] A2 A B BE echo & ZESHARL 3¢ echofilter () & A AHEE 4 A O5Yth:

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

from package import itemE A& uf,item2 3f7| XS] A H BE (E&= /\1 H 3] 7] Z])%l TE Qa1
W%, 2o, WG 5 A A A A GE 25 5% Y i
o] JH7]7\]°ﬂ 7§-4Q°1 A=A AAretaL, 182 ¢kod REoletal 7t et i‘: = /\]‘:2}14‘3} ZE7]
L3, ImportError 9 & o zlYt}.

o]

2
=
=

ok

Wsto], import item.subitem.subsubitem & Z2 EHE A& , A
2 =] 7] A o of FhTh; upA| et G52 BE ol s 7| X 7L 2 4= YA T, o] FEolA o H
A B4 WM So] ® 2 QT
y = )

ol
}=
e}

6.4.1 )7 x|l A] * AZE 5}7]

o]A| from sound.effects import * Bt 2 ojEB A 7P o] FA S0 FE = ojBAE 3ld A|2H
o A 9l 7] X of] o] REE 0] 59 °1L7*] ZO e JAEREEAZE F/|E QLT AYYTh o] A
St=dlE Aol 23 2T A B EES O]*"E Sl upet o El A E RES YA H O X ET A0t
G ojrfokul &h= AokA] b= B4 347]' A 4 sy tth

Fdst s A2 A 7] A AR7F A 7] A 2] MAE HAH o2 AFdh= AYUth import 2 tha3
71'0 &7 A5 Ut 77 ]«] __init_ .py IEZ}__all_ olghe o] 7Y HEF53 A5, o] A

o] &5 E%ow Wops itk Al
717 A7) ATk 5712 AR}

ﬂ%ﬂﬂ%ﬂiﬂ*cm*dﬂﬂ

from package import * & Zhdul] dZE o}yl st=
Ao 7| AE AL o o] FES H A FEHE A 5h= A
A A * & QEESE $271 ek BE T, o)A
£°], 34 sound/effects/__init__ .py & a3 22

éaﬂﬂﬂ
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all___ = ["echo", "surround", "reverse"]

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

_all ol AYFA oW, & from sound.effects import * 2 9]7]A] sound.effects 9
BEEAEREES AA olF TUeR YEE A 5 Utk o] A2 24 97| A] sound.effects 7}
OIF—E HEE 9E3(_init_ .py ol Y= R7|FFIZEF $qE F AdFUTH, T A7 A7 Y
S ol BES UEE AU o ol EES _init_.py 7} A9 St RE o] F (12T BAALE
BErAAME EES)S XTF UL o] o]FS50l= AHddl import T g WA[H R 2 EH 7] 2] 9
ANE RES JA 2P UL o] Z=E B J AT

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

i)

o] oo A, echo &} surround ZE°| A o] F7to 2 YXE FH =0, from...import Fo] A3
] sound.effects 3| 7] A o]l B o= 7] wf & ( __ o] AYE = v Uth)
ArtoJH BEO] import * EAME T W 5 HHE MEE )FET JAXE JEF HAFHJTH
st gts, Z2 YA FEoXE o A3 £ %}3 /\Hﬂi AAFUh

from package import specific_submodule 2 A}23t=d IAEH AL A &kA
A, AZE S R EO| TR 37l Aol A 28 ol B AN RES AT At g @ ARH £

WUk

6.4.2 31717 YR e Fx
A7 A7 AR A AER 22319 uff (o o] A L sound 7] 2 A E), o] L f7] Ao A REL

71 7l=d A QEEE AR S £ ]%‘4‘_4' o & Eo], € sound.filters.vocoder ©] sound.
effects 7] x],] echo 2 E°] B R3}Y, from sound.effects import echo & A2& 4 UHF

U,

off & PEL ZHEHE'—EEHﬂZl%ﬂFﬂ?M%%H%Oﬂé;_’é

surround ZEoIA, o] 87 AHEE 5 A& T}

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

A FEEZFAA 259 o] 5ol 7S e Aol FostA L. W RE o] 52 FH"_main__ "
o7 ujZofl, stol ¥ S& =2 I WA REE AMEE HA2 RES2 WA ) Q2 EE AGdloF

.

6.4.3 o2 tHE 2o <= 7] A]

H7 A& 58 o= HE 318 B AAFUTh _path__. o] AL H7 A _init__.py 3HdS
A7) Aol o] helo] Solgt HUE e o B2 Bt Bl AER 27Tk o] ¥k £
T 55Utk 187 SE T o] F2 7| A o] EFE BES AL A AE GAGE o FFE 7

Fu.

o] 7|50l A5 BRSHA = FA R, 7| A oA BAH = =

i
1o
i)
%
o
fob

345k o A8 U Th
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Ag7HA T2l s 25 F 7P e syt 2384 £ Hprint () FEAdUTh (A 1A
WL 5k AR Y write () MINEE AL AQUTH £ 29 51YL sys.stdout 2 FET 5
Az UL o] Ao st ApA St A H = gho] Heje] HHHAAE BEA L)
3% D8] Ao AR FRE g A3t AR Y F4S o gho] Aofs ok sk 27 ATt
29 2USHE ol ol 7HA) ol it
T AL 2lHES AR AN F AR R EE AT AL T AN fEEF & 29 &4

Ao AIASHAAI L. o] FAFE ol A, { B} AR Abolol, R 2= 2lHE g2 A28+ e

shold EAA S AT 5 At

>>> year = 2016

>>> event = 'Referendum'

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

'Results of the 2016 Referendum'

« BAQY) str. format () MAEE H B £392 2 7R Th WEs A D 9 XS £A8)
98] { 9} & W3] ALSHI, AT LD DAY EE AT 5 DAL, TUT FRE AT of

o,

>>> yes_votes = 42_572_654

>>> no_votes = 43 132 495

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

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

s ARt 2 BALE SEto] A H ojo]E o] 7] AiE AFR St A E g Sle EEWiAE IR oR
W, RERANI A& 202 23T 5 I5UTE BAGY o 201 & Vu = 24D S A $e
o 83 A0 Sk 2 A WA= A Y

28 AR HE S wEA FASE Y, repr () EEstr()
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str() v o BE Abdo] ¢7lo A FHE Y @S HFA HAds Uk REdo|
repr() & Aezeleo] g3 9T 4 Yt FEHE WEA HoJAF UL (EE I AT 5 Y+
2% 0] YoM syntaxError & 07 £ % PARUTH. Aol 2u3hy] A S8 Edo] gl
AR el BF, str() Erepr() F 2L S SHFU B2 3 A=Y 2B Y g e e
TE2E ST ETELEU L2 RIS AL S, EALE F A 29 Y th
% 747 ol Fuivt
>>> s = 'Hello, world.'
>>> str(s)
'Hello, world.'
>>> repr(s)
"'Hello, world.'"
>>> str(1/7)
'0.14285714285714285"
>>> x = 10 * 3.25
>>> y = 200 * 200
>>> s = 'The value of x is ' + repr(x) + ', and y is ' + repr(y) + '...'
>>> print (s)
The value of x is 32.5, and y is 40000...
>>> # The repr() of a string adds string quotes and backslashes:
.. hello = 'hello, world\n'
>>> hellos = repr(hello)
>>> print (hellos)
'hello, world\n'
>>> # The argument to repr () may be any Python object:
repr ((x, y, ('spam', 'eggs')))
"(32.5, 40000, ('spam', 'eggs'))"
string REOlE BALo) ghS N 5HE = T2 P2 A FoHE Template Fe 27 EHF o
Ytk $xof 2 Ape] ZAAE AR SHL o] AES YA oA &= gte ' A &ekA vk, Zuf | of o 3t
AolE X & ATt
711 =9 Ex14 glgld
=9 2L 2 E A QRS Aol E FUhe EALo] £ EEF HTFOIE Bolu REAL
{expression}® A4 sto] G ol sho]d & A9 ghe 49T+ UA FTh
A X ARG A7 A Foll & 5 AFUTh o] 2R gho]l TUH = WAS T HusHA Aloj &
F AU 2 o= dFE&S 273 oot Al A2 2 v -d 3y Tth
>>> import math
>>> print (f'The value of pi is approximately {math.pi:.3f}.")
The value of pi is approximately 3.142.
o Hel 35 E AYHA Y B Ha B B HUth 92 LET 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
SFUrth 'la'Eascii V&, "!s'Estr() S,

A 7] Aol g2 a9l

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

(TS eI A%
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(o1 sl o] A A A%)

>>> print (f'My hovercraft is full of {animals 1)
My hovercraft is full of 'eels'

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

>>> bugs = 'roaches'

>>> count = 13

>>> area = 'living room'

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

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

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

7.1.2 214 format() WA=

str.format () MIHES] 7] A e A& L o] d AL}

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

FTESG A Y= EASE (EW FEgtl BETH) 2 str.format () A ERE HAGH AAEE A
%%HD} Z23 39 A= str. format () WA EE A2 AA S XS 7127 =d AHLE £

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

eggs and spam

str.format () WAEA S A7 A4S, 7 FEL A ol FL AEHA AT+ A%

Yok,

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

AN A YE AAE AR FA Z3E 5 Y&vIh

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

Ve AR G A 2 ZAEo] S, TR M2 A Al o] F o= AH T 4 ki
S A9 UL s gl E 473 718 A asked tH2E  [] ' E AR St g Ut
>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: ; Sjoerd: HE
'Dcab: '.format (table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

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

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: ; Sjoerd: ; Dcab: '".format (**table))
Jack: 4098; Sjoerd: 4127; Dcab: 8637678
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As an example, the following lines produce a tidily aligned set of columns giving integers and their squares and cubes:

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

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

str.format () & AFR3 Fx1d & 2] &4 3l 7] 2 & formatstrings 2 H A L.

o7l 22 AFrdAAlAET 2E sz TE AT U

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

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

il

(print () o 5294 0.2 9ls] 2 27 Apolol A5l ol Szl 2715 8ol fol A2 BaF A%
Rpolo] 23 o] A%

AL AR Y str.rjust () HAEE AF ] a5 0|28 iH AM FAR Zoz2 FALS S EXE
FYth vl WA= str.ljust () & str.center () & YF YT 9] WWE%% o A% &Y}
A FFUth @A A BAd g selEUh ?J‘“ﬂ E—X}%‘.Ol H 29, =22 ka1, WA glo] 1¢ £
Futh olZlo] G A S dF ez A B ghol vis) AR eSSl 2 ti o= WE YT
ez X‘BMM% AGTHH, G Soko] 2 AN 24 & AU Th x. 1just (n) [:n] X&)

e MMER dFUth str.zfi11 (). KA ALY AZol 02 AFUch Zejagd o Ro e

ol s FuTh:

>>> '"12'.z£fil1(5)

'00012"

>>> '-3.14"'.z£i11(7)
-003.14"

>>> '3.14159265359'.z£f111(5)
'3.14159265359"
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7.1.4 o2 Fatd £l Y

% AANAHEEZR) = B T = AR S 4 IS5 YT) 'string' $ values7FFOJ AW, string
o Qs AABEAE 07 o] values R4 E A FUTh o] A % <3| £AFE HE 7k (interpolation)
olgta Futh ol & EH:

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

o] A 8 Yj-§-2 old-string-formatting 4] A of] U3 1]t}

7.2 31U & 9l 7]

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")

30 A S | BE gL BAYIUD. £ A AAE Yol A8
TAEE F2 E sty EAE AUt mOde‘_-‘q'Ea 7Rk St 'rr, 27T S
oju] EAY et st AAFE U 7FH L, 'a £ 3 Ee BE 0] 7] A8 Ju; skdel 7
ol Ag o= 2o 254tk o+ %E‘ré% ela 227] 98l J YTk mode JAAF=
AekalE 1r o) 2R o,

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

=
=
7

d
T O
o
I‘E, o
{ it

ﬂAEU:ﬂH@H”WJﬂHEﬂgéﬁ%AXHJ
D‘rzl \n 2 dAste Adyrh HAE RER &), 7] &
Hghsk= Ay Ol o ol ol thek Foff FH o %
JPEG OIL‘rEXE oA 22 vtej e HolHE WA A H
NEHEE T 2
FHd AR E HE W with 7| E=EE AHEStE A2 F2
~9EZZ22E u 5o _Q_a].eﬂ] F3th= AP Yt} with
BEg 2t Ao vas) A4 F/ = G

7 A sE e

Abgete 22 55t try-finally

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

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

with 7| =& AFRSLA] oW, f.close () & &84 9142 B2 ARG A ALE A2 SA] v

3l of gt

AY: with 7|9 EE AL AU f.close () S TEFA ¢ fowrite (V) S STESFH T2 1Y)
HaRog ZEFETEEE f.write ()9 AR7} aTol A3 7125 A S S IS5y

shel A7 7 98 Fol o, with Folth£.close () & TEFHE 49 BT, 3 AAE A§s = A

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

721 31 AA ] W=
o] o] Um A 5L £ ghe 5 AA| 7} o) v HE AR T 7 P o)

shelo] g2 oo, £.read(size) B BT, ABFY Pl E 9T EAL (HAERE
ol 4) o]} vhe] =& (nhe] 1] 2] REo|A) = E el Th size & A B A Q) 52 A LT size 7} A 2
HAG S5E Q) g AAE QoM B FUTH Qe =717 /)AL Mme) Bt T ) acka
o e 2ol ¥ FAQUTL TEA o v Huh size EAH(HAE BEof A) i} size w0l = (dho] 1] 2
EolA)E AL EAF D o] o) EPH, £.read() £ M EAL () S BHF T

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

[}

f.readline () 2 3ol T &< 84’15‘414 ks 51}(\n) € ALY 2ol HEEH AL, o] 7
EAZ WA %}‘C uff ofl 2k 3} o] mf 2] g %Oﬂfﬂ e 14"%- o] G A W3 gk BT A GA s
Ytk f.readline () 7} ¥l £A2 5 25 —'Jr%lﬂ Jeloﬂ 93l Aol A uk ¥l & '\n', = 3L}

AAEATE ERAL EARE EAT T,

>>> f.readline ()

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

'Second line of the file\n'

>>> f.readline ()
T

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

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

o] REZL BAER ¢lo] Eol#) W 1ist (f) U f.readlines() & 5 %

4
f.write (string) 2 smring 2] W& utdo] 23, 2899 X5 M4-E 585U

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

e Y ANEL 27] Aol WEY DL ABUTH- EAD (F2E REA ) o]} vho|=d A
(el 2] BEo)A) 2 =

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

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

18

f.rell () 2 3L A A E M7l A4 Bl F o, vhelve] RE9 4% 5td o) A S5 E 9
= e 2T T AYYh
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—_—

s 7—“@1]94 —‘H 2 E vl 9, £.seek (offset, whence) & A2 YT Yx&= 7|&
Hal A AAE Ut 71& 3 & whence QAR A S U T} whence gro] 001 3t o] X Z 5
1o]E A7) 5 9N E AEoh,2 & s B3 AFAOR ST whence

r[r
o
I
i)

NEGe 00k 712 A2 g AEdoR 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(1l)

b'5!

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

13

>>> f.read (1)

b'd!’

HAE 40101]/\1h(4__—rx}0ﬂ01]b7}°401 Fd AS), 3L Al Zrel] A A Q1 9] 2] 7 vk 5 2 a1 (o]
Eh seek (0, 2) EAMEOIA 2L 2o 2 AAE HA o= B+, =¥ Oﬁset%k%f tell()
o] HelE %kTJrOHE%‘HE‘r. 71 5k TFE offser 2 F I A k2 2

Fd AR = isatty () Ytruncate () 22 2 714 1
A A of o 3 2HASE Shl = o] B e Eﬂ-ﬂﬁég 2 A

7.2.2 json ©. 2 T XA H|o|E]| & A A3}

BALE Q0 A7 92 & F UG A el $38 50F Sew, read () WA= £
dure EelF 7] MEAUTh o] £ADL int ) AL FFE A oby v, 1123 ZL FADL
Wi %o} 1232 BAE U FHE A2 gAY 22 6 B A vl HE s @,
Ao BT AP flo) AR F Ak

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.

ZFaL: JSON %*—.% Eﬂ O]Ei WS A A &8 = Asol A AR U W 22wt
]_

oju] o] Zef 9

A x 7h Y2 W), P 3 9] IERZ T ISON BAD BAL B 5 Y%

>>> import json

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

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

dump () 2HE dumps () 49 WEL AAE F A= 59 2 4GB h 2244 £ 7} 2018 919 2
HBAE ,4.01 o, o]EA & & Y5t

’json.dump(x, f)

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

’x = Json.load(f)

7.2. 31L& 9 2] 59


https://json.org
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ZF31: JSON files must be encoded in UTF-8. Use encoding="ut £-8" when opening JSON file as a text file
for both of reading and writing.
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of & £} o 2|

Ag7kA] o2 WA A 7F A5 = A= AR A Al ES A 2 otute 2R NS Hoke A
Uth (Bo5) 7 7k 8= = ole 5ol dsyth 4 o8 2 o 4.

8.1 ¥ o

2 o), shy ol Hetas Fei A g Uth obnbE oj el ito] Bhol S WP Gt FeklE A%
A5 vhbs 550 BYY A9t

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

A

SyntaxError: invalid syntax

S E BAZHE 22 A RodZT 2o A o 87 2R 9 74 9o 9 X & 7he] 7= 2He sl w
§ EAPUT. Aeie SAE 9ol 2= E20] AAYYTHEE 4o % Tx|H AT AU Ty
ﬂquﬁﬂﬂ%@#pmm: ﬂﬁﬂﬂﬂ =g, 2 g Z=2 (') ol mA Y7 Wl E YY) FY

B F W A oA, e ADYEERE &l 28 F A% o)

8.2 o £

ol Aol AR gutant X ets, A3t st olejE 4o 5 syt 4
AAEdHES A B FE20 %z&zﬂ 2w A o] x| = ok Ut): slo| W =2 1

| t}F=A] 2 9l $A B Ut A g RE 0] o Q)= =2 T3 o] 2] 2] 3R] gkolA, o 7oA &
o] ol g WA A& ¥hEUth:

>>> 10 * (1/0)

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

ZeroDivisionError: division by zero

>>> 4 + spam*3

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

(F= soTAT ol AS)
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(o1 sl o] A A A%)

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

ol WA A Y w2 Z-2 oW do] dojk=A] GEFUth 9= o] o2 et o] WA A
dB=Z Az Yrtt: o] oojlAe] & zerobivisionError, NameError, TypeError Ut} o]
ﬁ°§°4 ﬂd°m”ﬂﬁﬂﬂﬂ4ﬂeﬂdﬂﬂﬂL¢LWﬂﬂﬂ o A9 G Hol

OF, AR AE ] ol9] o] Ao (YT A A E EFeta) F 28 8+ gsUth 5 9] o5
% 48R LIk (o1 7191 7 oh v,

Z9 U A B2 o9 9] Fa gl 719 F A BAE ATt

o] A A SREE 28 o] 29 FEI2 )7} doj AN BUL HolF Tk YHow
429 £5L HIotE 28 Edo| A8 TF YLtk HAW, BF AN ol S FEL

A5 s o,
bltin-exceptions &= W3 o] Ex} 1 £9] 9 n|E Vg5t Y&y th

8.3 d| ¢ X235}~

A o9 & APt ZEIWS BEL o] APtk b o BY, 2uLE 457t 4 A 7t
A g A A A S RANA T, AEAT T2 1L AL UE S AL 8 ST Concrol—c L}
-lﬂﬂﬁﬁﬂﬂﬂﬂﬂ&%ﬁ%'kﬂﬂ)&&ﬂﬂﬁ%zH%E%KmeﬁmummmﬁMa

Q07 Gelw vhebdel] §ol 5l £

>>> while True:

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

e WA, ry A (try 2 except Alo]9] F3E) o] APF Yt}
o L7 TAYSHA] oW, except A = AUH AL try T AP FEH YT

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

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

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

. except (RuntimeError, TypeError, NameError):
pass

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

class C(B):
pass

class D(C):
pass

for cls in [B, C, D]:

try:

raise cls ()
except D:

print ("D")
except C:

print ("C")
except B:

print ("B")

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

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

import sys

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

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

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

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

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

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

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

else Ao A& o] try Aol ZEE F73H= 2 W Z% o], try - except ¥ &3 REH 1 Y+
S Q07N e oI5 E F 8] 17 B e AL BAs] W e

ool 7 A g uf, Add e 7 = e, cld e AR Fa s EHA AUt AR ALt F2
o 9] Foll & Juth

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

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

print (type (inst)) # the exception instance
print (inst.args) # arguments stored in .args
print (inst) # __str__ allows args to be printed directly,
# but may be overridden in exception subclasses
X, y = 1inst.args # unpack args
print('x =", x)

print('y =', y)

<class 'Exception'>
("spam', 'eggs')
('spam', 'eggs')
X = spam

Yy €ggs

o9 7} A E AR W, A2 H A G o 9] ol Al A 2] whA| g B2 (A AP ol A4 H T

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

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

>>> try:
this_fails ()

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

Handling run-time error: division by zero

8.4 d 2] 4o 7]7]

raise ¥ Z2I W7 A AT A 9] 7p TASES FAD 5 A gk & S0t

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

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

S AU g 2" oA o] S
ﬂﬂi) ojojok gttt 9] FefaTt AEHH, FA AR AR glo] A

raise o A3+ T4 Q
(Exception & A%t
AAE TEHA A2

“‘1“’ rulil (o,

raise ValueError # shorthand for 'raise ValueError()'

wroF ol 9] 7 A A = obof sk vk A 2] 83 A ebrhe, T 2Rk WEle] raise o o) 9 &
thA 4o 5 A gt

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

(F= soTAT ol AS)
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An exception flew by!

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

NameError: HiThere

8.5 o] A4

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

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

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

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

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

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

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

oA & & AT o & UAFUTE oA E EH:
>>> def func():
raise ConnectionError
>>> try:
func ()
except ConnectionError as exc:
raise RuntimeError ('Failed to open database') from exc

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

ConnectionError

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

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

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

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

(B slel Aol A%)
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Traceback (most recent call last):
File "<stdin>", line 4, in <module>
RuntimeError

A4 vl A Y Foll th gk ZA g W82, bltin-exceptions & T2 614 A 2.

A ole 22 tFoen 222 A4 Ao o]5& B 5 A5 U Tt Fheld S 2ol the
AT YL 2 5 HAL). A ES Aoz Y A O 8 Exception 2HLE ASH

Yok,

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

2o o & e HE S ol FEH FASH, “Error” 2 ZuhE o] 522 Ao g Yt

B EE HEES 150 4ost YR BAT £ 9t 1 4w o9 5L Aol gtk 2o
ool o o] APH B AR ol A Aol A THE Y .

try B E U2 AEH AL /M 5 Qv RE Aol Ay ooyl e 42 $4E A sl
AR UL o & S0
>>> try

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

Goodbye, world!

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

flnally do] gJOo try Fo] &5 H 7] Ao finally Zo] upx a2 o2 ABH YT} finally
2 try 0] Q& A=A AA Nl AFFHYUTh b2 At AT o) ¥ BT ASE
Hmﬁuq.
s try 2 AWt B o7 BT, except oA & E HHFT + AsUTh L7}
except HoA 2= A ¢F O, finally Ho] AFH & o &7} thA] LA o

» exceptlelse A Ad Fof o7 HAT 5 FUTE ThA], finally Zo] APH & o 2] 7
ThAl B B ok
e If the finally clause executes a break, cont inue or return statement, exceptions are not re-raised.

* try #°] break, continue ¥+ return #°] =239, finally -2 break, continue £+
return & A3 2 A of A3 141:}

e finally Zof return ¥o] £ W, W3} 212 try 9 return o] £+ Zko] oty &},
finally @9 return £o] £+ Zko] Hth

=4

o

it
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>>> def bool_ return():
try:
return True
finally:
return False

>>> bool_return ()
False

EEET P

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

>>> divide (2, 1)

result is 2.0

executing finally clause

>>> divide (2, 0)

division by zero!

executing finally clause

>>> divide("2", "1™M)

executing finally clause
Traceback (most recent call last):

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

29l v} Zo, finally 2 RE 9] APF Utk £ 2ALE b4 YD Typerrror £
except 2o g8 x5 A 93 finally Bo] A H Tof t}A] &

2 o]
AA AlFe] 58 Z2aRA, finally B2 95 A S AHEE wf, 32 QA obd A ok FA Lol
a2k S Wb ek d 8 U T Gl olU v EN I 92 22 AS).

8.8 mZ] Hold AQ2 &=

oE ANEL AA H B Q2w AdSE BE A T4 AAPUTh 1 ANE AL
A4re] 47 o 79l BAYZYTE FAe A1 1 §-2 Bdo] Asfshel L S kS ol 8 BA S

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

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

o M

100X

>“ ruz

W Fol, 22 Ae)she ol AL BASHeE, 9 £ & 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

s vhA A 2mmt A BREY AY o] SEL 2FFUL

- P UE AAEE) P R ATEE Y o §ES TFHL Y ol FXAULH
If a name is declared global, then all references and assignments go directly to the next-to-last scope containing the
module’s global names. To rebind variables found outside of the innermost scope, the nonlocal statement can be

used; if not declared nonlocal, those variables are read-only (an attempt to write to such a variable will simply create
a new local variable in the innermost scope, leaving the identically named outer variable unchanged).
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HE, A ~nms @4 G50 A9 o EEL (AAE o) FRFUTH T w2 A, A A3
i A ATEe) 2L o E BN ARFUTH BEY o5 B2k 22 YL A Ao &
shte) o] & B1he WM AT T

sz MAE Ao ARATE AL NDE AL F2PUTH: REIA 498 40 o) A
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shol1e] S8 42 —globaloltbnonlocal £ g1l — o) Sl v 51 B4k 7P v i) A3
= 7hths AQUth S HolHE BASA gth- ol 2 thA AR A2 WYL Th AA =

global #2 5 W7t A AFzo) glom T3of A A A ook 32 78] 4wl AHE-E = FUTh
nonlocal -2 5A HUE7F EYRE 2Tz 9lom T3 A dAE ofof & 7He| F Ytk

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

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

def do_global():
global spam

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

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

oA e YL o9 By

After local assignment: test spam

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

G Al A o o] (o] 2 o] 712 A U Th) scope_test & spam A2 =
o) Q-2 scope_test ©] spam A7 M1 global YL BE $52] AZL v YT

global e Aol spam o A7 o] Qrke A€ 2 4 5,
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class MyClass:
""rA simple example class'"'""
i = 12345

def f(self):
return 'hello world'

HESLSEaR, . el A A& e BT RV AHE
Asejvpol =8 AU AR AAE B A FoHULE 294 FAAE oA H0R  init ()
ehe o Bel B4 WAE AT 5 g
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def _ init__ (self):
self.data = []

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

x = MyClass()

B8, __init_ () WMIMEEH B2 FAES AW AAE
[e)
< )

>>> class Complex:

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

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

9.3.3 A2H A Z

J=
2

o)Al Q1 AE A AH 2

EAL &5 AL A2"2 AR} oS sk 24 BAA AL ojERE
FzQUh £ M) S50 Suhe o ERHE ool Stk ol E o EFRES A=,
HolE AERRE £ 2FEFY “AAE A ML of, C++ 2] “Hl o] E W o %11%?}145}. tl o] of
EYRELAAY Fe d5Uth A9 d5Y, A2 A2 of Bol gtk oS Sol, x 7} el A
RHE017 MyClass ) AATIAT, 02T} Be TE 224e Edjol~ §0] 316 £ A g ch:
x.counter = 1
while x.counter < 10:

x.counter = x.counter * 2

print (x.counter)
del x.counter

& J2HA oERE Fx=WAE U A== 4

HAE gt &ol= Fda ]’“Eq""ﬂ“}/\}ﬁﬂxl syth t)rE 7"11 “1 Y
t} of| & S0}, 8]~ E 2 A& append, insert, remove, sort 53} 22 W X = 5L k5T &1 A 9 k0 7 9
= A, WA A S 2 AF3eHA] b= gk mAE 2 &l E S 4%
Adych)

AaPx AR Supe MA = o] F2 2719 Sefxol @ AFUth B4, < AR S22 BE
JEIHEEL A2 ole danre) WHEES Ao FUTh TaH S22 ol Alol A, x. £ = 2ulE
Bl A= Fx, MyClass. f 7} 35017l i 2 YYUth A vk x.i = :ﬁiﬂ%SwMWH%alﬂ
g7k ok 7l E U ek 2y x. £ £ MyClass. £ 9F &2 Zlo] opdyty — o] A2 o= AA 7}
obyzt WA= AA Ayt
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9.3.4 WA= A

HE MAEEs 425 A 2 2g Uth:

’X.f()

4 'hello world'

MyClass 04101]/‘1,0134\%% 2 =83y
= A7, A9 ol 527 4+ e ol g5

Q&UTH: x. £ & X
xf = x.f

while True:
print (xf())

—'—r—‘
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= 993 A% hello world & A4t

HAEZtEEE uf FE3] o]F do] doj 72 £() 9 4 A7 AAE A AP SA = EF31,
Holld x.£() © AR glo] TEH AL Lol S AUt A= A2 A | 27P? 843 ol
AALE Q2 3t T4 AA glo] EE3HH o2& oyt - AAr AAZE= /‘}%5] 2| %=t
q=

Adadns AUk w2 dedA, & )= &3 MyClass. £ (x) S ESHUT dutH o=
A9 AAEY BEOR HASE BETE AL, 2 WA AR Bl B =] AxEL AR 4 A
WE QA B2 o 3ot A5 g BEE AR SETUG
A WAL ol 9 A SRS ol oA ZHT, FAL oA Aol ol EAE RAIA UE
4 9le AU HolE o Sl HET} ol IAEA o SR HEE Rz oW, 140 Zefasl A
Uk, wek 1 ol So] §4 AR ol SuE Fes o SelHEY, AAEA AR 2 AA P AA S
(7= ZRAEE2) 34 QAo A FolA vA= 7“Xﬂ% Ut o] A o] WA E A YUt
MAE AR} QA BEOE 3EH W, ALEA ARG QA B2 o2 R A A B T4W F,
G5 AAE o) A A BEo2 TP
9.35 ZejAol AAHA WS
dutd oz B3 A, dAE s Mt AaE s HolEHE AT Aol T Felxs Mgt 1 s BE
Arb o)A FREE JELREGMASE AT AUt
class Dog:

kind = 'canine' # class variable shared by all instances

def _ init_ (self, name):

self.name = name # instance variable unique to each instance

>>> d = Dog('Fido")
>>> e = Dog('Buddy")
>>> d.kind # shared by all dogs

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

o] 27} A Aol 3k ghubt] o A = YFol, P GAU e 2L shd AR Fol T w5 do]
He ol g2 X 235 & 758l dsUTh o & S, o2 = W ricks | 2~E = Fes HF R
R85 7] Qpofof =t k] el AE 7} B E Dog AR H A E O] FH5 7 WU
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")

(F= soTA ol AS)

74 Chapter9. Z~




Python Tutorial, & 4] 8] 3.10.13

(o1 sl o] A A A%)

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

AL, S 2] Sute AAE s e S ARRS of Ut

class Dog:

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

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

>>> d = Dog('Fido")

>>> e = Dog('Buddy")

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

['roll over']

>>> e.tricks

['play dead']
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>>> class Warehouse:

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

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

>>> w2 = Warehouse ()

>>> w2.region = 'east'

>>> print (w2.purpose, w2.region)
storage east
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ZejsolER REY RE G4t 1 2 a0 A2VAES B WASE B FUTh 5 F )
Ze) Ao o] U5 A o2 SR et Yaith B4 AAE T2 A M2 o5k A
A A5Gtk 8 B

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

class C:
f = f1
def g(self):
return 'hello world'
h =g
olA £, g, h & BF g5 AAE 7te7le Felac Y oJEYREL, ARH R o|AE2 EF C 9
Arbase fAEdUTh—hE B30 g 9} ESTUTH o)A P e 22 TP SRS A EAL

ZF 718k Stk Aol 39 5A 2.
HAEE self AR WA E JELNREE LA GEHHES 525 JHUH

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

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

def addtwice (self, x):

self.add (x)

self.add (x)
MASE QU FLEF ANAE A o] B8-S F2T 5 vtk WA= AFR A Amar
249 o B £ BEYUTL (ZUAE AT A 27 n g ALE A 5UTL) HA A A
HolE1 & A8 S F2 o %8 A2 WA RakA W, A 272 & AYSA AHEFHE of ] 744 B9
% UTH BAAE, A 2nmo] A H G459 WAS Rk oheh, 1Fo] YEED FHYG HEE
Uﬂ/ﬂ‘:ﬂ/\}o'erﬁ&}% JUth BE, A EE 28t S A2 o) A G AF 2o A ojH 1,

S ARNA HAES A AT F2od Qoks B 4 £ o8 wA D AT

732 AA AL, 2AHBE FA (P olgtax 2t & ZH5Uth °] A2 object.__class__ ©

A5 o) 93U h

FAva 737k e AU 9

,BES XA et Aol 7ls 2 “gdlavEke ol

=
oo 22 oA A RS UTh

o

class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

|5 BaseClassName & 38 S| F & £ 3oh= 25 2o B o5 of 910101“2”1414 wl o] S~
o] 59 ztg]ol thE d ol o] RH A = P UL o & Eof, Wolx Fefart e 5ol AoH o] 9l
o f-&FHch:
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class DerivedClassName (modname.BaseClassName) :
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BaseClassName.methodname (self, arguments) &
Ax £27Fd5 Utk (o] A& Hlo|x ZP A7 A AF T oA BaseClassName O & HA| A =
912wk 5o 7 A8

stol Aol 44 A AT 5 Ut T A WF B4 A5
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e AAE A9 HE AASIE W isinstance () & A& U T} isinstance (obj, int) = obj.
__class__ 7Fint Avtint oA A H ol A9 True 7} H Ut}

o FY A~ LS AASIE W issubclass () S AR YT issubclass (bool, int) = True
old],bool ©] int Y A B Ze o) 7| W EYJ YTt 3FX 9 issubclass (float, int) =False
A, float & int Y A B ZF 27} ot 7] W E YU Tth
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class DerivedClassName (Basel, Base2, Base3):
<statement-1>

<statement-N>

2] FA44, 7H A Fpol, FE SRARREH A5E oERRESS HAAg do] AL
2, 4FNA B8FCR, AF FXAA A= 2L 2H2E F A A e Aoz A0S 5
g5 Ut 28 A, oJE8]HE 7} DerivedClassName oA W ASE A ¥ 0 W Basel oA 211, 1ThS
A AL R)Basel1 o Mol ZH2ES AT A7 E A= A oW, Base2 oA 21,
old Ao g ALt

A, ol A H the o H B UTH mIAE A A= super () 2 FHAJA TS A A7) H9
ZRog WAFUL o] e ¥ t}2 t}x AFL: o o] S o) A call-next-method 217 &H& A 917,
G AL AdojEol A T AE = super TEH T FE Y h
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AlFdurh Aolx Feago] ofg] M AAM X F A A stelal, FA A daelEol A SAE A
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9.6 v]-¥7) H

A A A G T W shol o) EAHA ek AT,
ol ol D=l w23 gl ote] Gtk W A e I EE (18 S0l _spam APIS
SO e o A 2ol e (A5l B A Hol S S oo el £

Aol F K O‘O] WA E Ao 2 3 ol of gk,

)01 37) UA 0] SE A GODE (3 AN Be)s0l 4 AN O BEH FEL A2
2h), ol & A4 7] (name mangling) 231 &2l Wl AU Z o gk Al g A o] l5UTh __spam FER S
FHAF N 2E:r AFsta, A s 7H.4 W=z TgUth BE A¥H 2= _classname__spam &
E-“/\E 7(-] oz 7(]32]—},]_]}" classname < ﬁXH :'EH/\ O] Oﬂ/ﬂ O]—oﬂ_l_‘\: Ue]%gxﬂﬂt}jf 34\?}‘4‘:]' 0]
A1 Zehe Ao SABE o), A AL B A A% T AA 2 2F U

ol& FAME E;W HH2 Uﬂ/\i TES WA B FHASo MAEE AT+ A=F
sted e FUH S

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

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

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

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

A9 o] = MappingSubclassZ} __update AlEAE = Y stE &= 2H5 3 T Mapping 23] 20 A

= _Mapping__ update® MappingSubclass Z#| A o|A]= _MappingSubclass_ update® Z+z+

A = 7] w2 d ot

47 F AL WA Z AT E 3 5aA A Arke Ao] 2 AL o A3 M BAZ AFEE WS
S ANLFHAUL2AE 5 QEUTE o AL UM AL 2L S Re FFANA L2 97123 ek

A

o
exec() Yeval () 2 AEd = ol2L AR Ze AT o] 7R Pl
2o F3H 2 o] AL global 2] E3}9} §AMSHY], £ 7} 87 vlolE- AT Q" 7= 2 A shg
o} 2 Aokl _ dict_ & AH F2E uw®ul o}, geta ), setattr(),delattr () o=

A8k,

0.7 25 A

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

from dataclasses import dataclass

@dataclass

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

'computer lab'

>>> john.salary

1000

SR FAAJN UOHF S 7t ol = 2712, TF 2 HoHIY HAEE FH W= 2
H2E Al Agrs 5 s o & S0, 9td AX 25 H ﬂ olHE X Hol= Tt de o, Al
FEAG W H o A HolBE Q= WA E read () & readline () 2 A Fdt= ZH2E Ho3 Z AR
AL 4 Asyth

AARAHAME AA = ERREE Z5Uthim.__self  =WXAEm() AT A2 A
o], m.__func__ £ WA E A& T AAJUTh

9.8 o] o]¥

ok
]
N

B AYUh

£ A

4
X0,
jlles
o

A oluhE of e B2 T A oY AAES for FOT £

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='")

o) 2xEbde] AA At RS, 2 AS, B TUTh ol el o] & A8 Thol wol WA
ST o AAA, for 22 Ao AA o] B iter ) & BEFULE o] FRE MAS
__next__() & 425 o|Eld o8] AAE B F Lo, o WA =% AB oIS 452 3 Wl 5

YR A Atk Y2 Q47 OW,  next_ () =StoplterationdgE
222 dYUth next () YA 342 ALAA_ next_ () HAEE 3234
BE AEo] oA BASEA Hol LT}

a2

U?L'

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

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

lal

>>> next (it)

'bl

>>> next (it)

lcl

>>> next (it)

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
next (it)
StopIteration
olElEl o]y ZREZ Hof Sl M AUSS A EHY, 7Y Fo " olE T3S 47
F71E %1’5‘4‘?} next O HAEE 7IA AAE BT __iter_ () WAHEE FYFYrh
STt _next () EARYSH, _iter () & AFself EEHE T USFUT

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

mmn

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

self.data = data
self.index = len(data)

def _ iter_  (self):
return self

def _ next_ (self):
if self.index == 0:
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)

®w oo 3 .

9.9 Az olg
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4 A= A e
ahe}, Al & o) ¥l =
A 71 g h.

Alve o8 = olH e ol H & wE ot A3 =AUk dwbE QA
T2 Ae itk yield 22 }%%‘ ok Ald @l ol gl ol next () 7t =&E
ik oA AHS AN FUTH(EE H ol H ghe3t o | F73] U}Xl toz AP
& Xﬂﬁeﬂﬂlﬂ ST AER QA UE T U=
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def reverse (data):
for index in range(len(data)-1, -1, -1):
yield data[index]

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

1

O

g

AUdele2 & 4 = BEE A2 & oA Ay gikol S 7Nt olH e olHEE & = 5 UTh
A o Bl 7} 2hgt o] f= __iter_ () 9F__next__ () WA EIL A E R WSl X] 7] w &t
T3 8 752 AY HEEH A FEH 7 5F T XPEOEEJ*QD} AUt o] A2
self.index U self.data 2} 22 A28V HEE ARSI 2ol vas] S+ 27 4 Hs

SHA| ¥ U o

As AT JATR =2 ) Adelg 7t 2858 v A5 2 2 StopIteration &
Qo gtk Zgete, o] 715 5ol Auk B4 AL AW ol el elolH & W57 97 vk
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9.10 Avglole T

g Ay oeld e 2lAE Azl vt A v 23S Al 25 E AME ok ER = ARESH
E9402 245 7T 5 dHUnh o] EANEL FelAE G AU o E g A A
AEE s AAFASFUSE Aoy 842 s Al ol B Ht A5 A v §EAS
ol A 31, %3 B AE Az AART R E W 2E FFe] Atk

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', ll', IO', lgl]
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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 * THAlO] import os AEFY S AR oF sttt Z#ofF os.open() ©] WF

open () & 7helt A AT 5 UH, T F5E ok A S AT
os 92 2 REH AYT W, WFdir ) Fnelp() T4t Y £9u2 2R U

>>> import os

>>> dir (os)

<returns a list of all module functions>

>>> help (os)

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

YA a3} e 2] Bl 9L A3, shucil BEL LGS A2 o BhEe AR o] 2B
A5 e

>>> import shutil

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

>>> shutil.move ('/build/executables', 'installdir')
'installdir'
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10.2 3} ¢ld =51

glob REC THE e FAEAE Aoz 5l B2 pEs 42 AT

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

ANAR FHEH ATAHEE ST HBA AAE Ao T 87t dFUTh o] AAEL sys EEY
argy Q) EZHE g ~2EE AFH Ut} E0o], &8P A] python demo.py one two three

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

=

argparse RELS W & I st o A WAYESS ATTUY O 23 HEE s
o] Abo] gl W} NElA o 2 FA| :

import argparse

parser = argparse.ArgumentParser (

prog='top',

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

args = parser.parse_args ()
print (args)

python top.py --lines=5 alpha.txt beta.txtE AFR3}o] HE Zoia] AT uf, ~AaHEE
args.lines& 5%, args.filenamesE ['alpha.txt', 'beta.txt']Z AdAIYT].

104 o2 28 AdPYAR =2 IR 5

o

sys 52 stdin, stdout, stderr Q) EB|H-EX z2r7 QG5 U T 7HF upR 2 AL stdout o] FTHE F 9
A% s e Ao o AN AEE 2l e E5 ) g

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

—

~IYES FEHE Y AR A A PPL sys.exit ) B 2 AYU Tk

>>> import re

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

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

'cat in the hat'
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>>> 'tea for too'.replace('too', 'two')
'tea for two'

10.6 <3t

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

>>> import math

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

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

o

random B EE FAH AHS T+ =57 =

Asgc:

>>> 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 tloJB | 7|24 TAA S4S< (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

o
52
o
o
k]
30,
ofy
<
v

SciPy i 2 A & <https://scipy.org> = T2 %] AAHE R ES

10.7 &Yl AA 2~

AE U AN 23 QY ZEEBES A B

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

smtplib YU t}:

>>> from urllib.request import urlopen

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

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

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

(Th s A ol Al<%)
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"""To: jcaesar@example.org
From: soothsayer@example.org

Beware the Ides of March.

n n)

>>> server.quit ()

(-7 WA ol = localhost o A v AW 7} AP 31 9l ofof Thrk= Aol =2 sHAl =)

10.8 Ixie} x| 7H

datetime BEE QA9 AS 2ASE FeAEES AT, e 0 BT B B A
SRIch dRel A7 Abgeo] A 215 A ¥
2o dol 234 de U 25

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

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

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

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

>>> age = now - birthday

>>> age.days

14368

10.9 ©Hlo|g] ¢=

dutAl diole R Y & FASS A Z2 BEE0l A8 AYFYth: z1ib, gzip, bz2, 1zma,
zipfile,tarfile

>>> import zlib

>>> s = b'witch which has which witches wrist watch'

>>> len(s)

41

>>> t = zlib.compress(s)

>>> len(t)

37

>>> zlib.decompress (t)

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

226805979
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o,
off
|\
o,

QR sho] A ALGAE S 2 BAG that ThE AW E] Ah A 5L sheshet 42 B Fa

UL ol AL ol A AR FO| ZA B 7+ 24 7 AU

AE Sl ANEE NIV AFAA Y A, FEALD A AL ABIDA G f5e
S QIEUTh tineit REL A% 4% ol 4L A5 HelFth

>>> from timeit import Timer

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

0.54962537085770791

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

nEAe) amEFolE AUSE B P A2 LA A gl R AEE Heka, IS
M 2 A2 Foll A5 AP st APt

doctest REL RES Zojl 1 22 1AW EAEY S YZH HAESS AASE =12 A2 E
Uth HAE B E7|= 13 522 1 20 A EA2EZH o7 BEAGA] BBV E = 4FC0 R
7}\40]1 zw]D‘r /\}% Lol A A E A AT A AEAES A AL, doctest ZE o] AP A oA ZET}

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

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

mrn

return sum(values) / len(values)

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

unittest 2E-2 doctest REWF 42 A2 b AT HE T2 AA H2E AP B 9d =

#ele 5 gA Tk

import unittest

class TestStatisticalFunctions (unittest.TestCase) :

def test_average(self):

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

average ([])

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

unittest.main () # Calling from the command line invokes all tests
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1012 wjel 2]/} = Eg

shol e “ul e 27 2P UTh Aot 23 YEUTh ol& B 2 AYA ] Aasta 9
=
O

3l 718 2 e th ol g Sol:

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

 email 5714 MIME % 716} REC 2822 7]% 6l A 2] 24 S E3hs1 A2 o v A1 A & Fhe)
o171 913k gtol B Ut AA R wAIAE H 3 W= smtplib £ poplib &= &2, email
A B WA A T2 (AR b 23 & A ST AR AnE A 2
ETLFAN AR DRT T AAE AL AL,

* json 7|2 = d g AMRE = o B w2 FA 2 a7 A AH e AdS AT UL csv
EE2HolEMo]A} AZHEAENA WA 0T AAF = HRE P PR Y S
AR A1 £ 5 JEE XY UTh XML A 8]+ xml.etree.ElementTree, xml.dom B xml.
sax AA A 2 AAF UL ol A% 2 ET} 71 AL DA ASSE ol W 3 = 1Az
the =7 29 dolg wae] 24 B4

+ sqlite3 ®EE SQLite o] E]M] o] & ho] 11 2] 2] o] 23 9lul, k7 W] £ SQL 7%
Qo] =5 3 AA|2 P 5 9 A AHE o] o] 2F A Lt

o H
A 3}= gettext, locale, 121 codecs 7| A& £33 W2 2 Eof o5 2| 4G U}

rok

7]

ofr
ftlo

l..

>

k)

o

AEEE
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reprlib BES AU ZA SHE AEH oY FE g ol & 8] ALEupo]2H repr () 9
HAZ A&k

>>> import reprlib
>>> reprlib.repr (set ('supercalifragilisticexpialidocious'))
ll{lal’ lcl’ ldl, lel’ Ifl, lgl, ‘.-}_ll

pprint RES AHZE 7} 9 4 Qi A g ARG SR B AAE A s AL B}
R5iat Ao & % QA BTk A3 @ R A <o z A7} 2 BRI} So] 2 7] & F 7}l
BlolE 28 B} WeaA vEbd U Th

>>> 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']]]

@S ol 34 v o 5 =gy o

Ao

textwrap RES HAE

>>> import textwrap

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

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

(Th& sl AT oll A%)
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except that it returns a list of strings
instead of one big string with newlines
to separate the wrapped lines.

locale REL B34 &4 v o] g TH | ¢ o] gl vl o] 20f MM 2 T}, locale @] format $H=2] grouping
AEYHREL: 15 7w 7|E2 A8 st A7 4 A S ATy

>>> 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'],
conv|['frac digits'], x), grouping=True)

'$1,234,567.80"

string LES T THs 8 Template 228 £Y3T e, 5 A8A47 AA7 o] 449
e 2 20 Y5 4o A8 A 38 2L WASA JIE S8 ERIAS A
Eubo] = 4 Q< vk,
Y4£ 5 9 f AT b0l A BA (FEAY W) W0} A A2 EA Ao B S U Th FREE
Agotol AR EAAE B FH G GRA AMEES @ 5 JFUTh 552 28 Fhpe] o] 2
Aoz s wEvTh

>>> 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 () MM EE A2 EA A7 GAV el ANE AR AFH A & v} KeyError &
douch WY W 2etd 3§ 22 ] FS AT AFT HolH A BAAT 5 Qo
safe_substitute () WA E AEE 5 AUtk HolE7t 22 8 49 A2 £A 42 W35

e

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

>>> t.substitute (d)

Traceback (most recent call last):

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

Template A B Fej 22 A&7} Ao FREAE AFE 5 AUk ol & So] AL HeleA S 93 A2
ol v 7] e ElEl = A G, oA Al DA WS EE vt P AT Z2 A FA A Y EE VS E
AgstEs dee 5 duh
>>> import time, os.path
>>> photofiles = ['img_1074.7jpg', 'img_1076.7Jpg', 'img_1077.7jpg']
>>> class BatchRename (Template) :
delimiter = 'S’
>>> fmt = input ('Enter rename style (2%d-date %$n-—-segnum —format) : ")
Enter rename style (%d-date %n-seqnum %$f-format): Ashley_%n%f

(Th& sl AT ol AS)
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>>> t = BatchRename (fmt)

>>> date = time.strftime (' sbsy!')

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

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

WE0 E e 82 0 &Y P4 AR AFeIN 22T £ § Reste AUk o2
SR XML 542, 9% 2= WA 9 HTML ) 23 40] o] & A2 H BE2e Aae 4 deyt

11.3 ulo]y g dlo]g # I vl x] 2]

struct RES 7}¥ Aol wpoie) A= YA 02 FI5] H¥ pack () 3} unpack ) BEE AF
ST T2 S 2iprile BEE A8 2 ZIP 25 oI5 F8E A BE ol 3T
o 3= v Sh T 212} kol ESh4ubol E9) R E Gl $AHE UEbAUTE <" £ BE 2710 WA
25 v ulo = £AE HAS Leb ok

import struct

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

start = 0

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

start += 16

filename = data[start:start+filenamesize]

start += filenamesize

extra = data[start:start+extra_size]

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

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

e AR F5HA G AL Lelohe e AUk AdsE T2 4o WL SolA
AAAE EDALA UYL VE S T SUS PG O ART 4 Ay BEE AL
Aele thE sdEe] A4S P2 U0 Ag st 9 g

=
Bg ZEE v 22 I0) A% AHWE £ £ D4 F threading BEO| WAL= A 2G2S
o

import threading, zipfile

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

(Th& sl AT ol AS)
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self.outfile = outfile

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

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

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

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

oo 8 =7 AW, A4 T 3

e 2o g AEHE GBS Aol E mE N A% T A o] 154171 THE queue
2EE NGl AT adleol HE s AR AT AT av= d B n 2dE AT
Queue AAE AHESHE S8 =2 IR AAS/ AL, 471 93, AH o] FHU Tk

115 &7

L.

logging BREL &4 7|52 2t& FA 24 A2 AlZSUth M @3t A9, 22 WA A=
Y o|} sys.stderr 2 R AUt}

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')

Jew v 2L ARt 99Uk

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

Z1EHog JH Aoy AR = BAEA g1 2P = HE B UY T2 &8 FA9+=
A g, dlelg 13, é?“ EE=HTTP AW E S WA A eh" o]l 28g Uth 2 ZE &= wAA

QAo et e g8 S AAE 4 95Ut DEBUG, INFO, WARNING, ERROR, 18] 3 CRITICAL.

2P AL fol A JH TS AL, $8 22 2WE HASA 3 AR F] 28 A6
A AP E 5 1—“—@’@ ﬂJr%l"ﬂ/ﬂ L= ] .
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Ag FAHFE 27t dFU 2dHALE, G4 AAES FASE AVeE: I5S 74 R
UEE FEE WU weakref R EE FE2E WEA 941 7%‘7'4]% FAT S e =T EATTEUS

AR 7 o] B2 FA] F o weakref H| o] & oA A 7} A5 E Al A= 2 Weakref g Xﬂ of thgk =1 o]
EfAFULE dutA QA S&ol= RE= H v g o] Wol = Al 7

>>> import weakref, gc
>>> class A:
def _ init__ (self, value):
self.value = value
def _ _repr__ (self):
return str (self.value)

>>> a = A(10) # create a reference
>>> d = weakref.WeakValueDictionary ()
>>> d['primary'] = a # does not create a reference
>>> d['primary'] # fetch the object if it is still alive
10
>>> del a # remove the one reference
>>> gc.collect () # run garbage collection right away
0
>>> d['primary'] # entry was automatically removed
Traceback (most recent call last):

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

d['primary'] # entry was automatically removed

File "C:/python310/1lib/weakref.py", line 46, in __getitem___
o = self.datalkey] ()
KeyError: 'primary'

o2
o
of
i
K

array BES array ) AAE ASHUTh o AR 52 Holeur E
Hgote B 2ES 2EUTh thg ol AlE shol A int AR S Auk el =) B9AY FB 16
AHg e ThATel, 2uke] 29) ¥ Qi oA %4 (F RE mHn) 2 AR A $7H ] GL Bl F Uk

>>> from array import array

>>> a = array('H', [4000, 10, 700, 22222])
>>> sum(a)

26932

>>> all:3]

array ('H', [10, 7001)

collections BEL deque () 2AAE AFTUtc} o] AA = %%q] A o w2 A 2 7y3ER] e =71
oA 23)& B meid 2 AEg 2ot o AL 7D 2 Hol $4 =2 AAE P o
Ak

>>> from collections import deque

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

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

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

>>> 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]

11.8 102 BE 244 2l

decimal 25103 75 274 455 ¥ Decimal Hlo|HEF S ATtk W& float o] HF
sy FESA G, Fdae

o
=] =3
- AR 1004 B BB FF 28 L /E S,
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>>> from decimal import *

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

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

0.73

Decimal AT o £ 0 AASM, F A FEEAE 47 9542 RE | Aele] FEEAES
A5 07 22 Th Decimal & £0.% 3 £3-2 A A1 o] A £F 2570 445 et £
g4 gew WAL S e FAS AP

B YL Decinal 227} o)W FF Ardo] AYHA G REZ AN EEA ANE LAY
LD
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>>> Decimal ('1.00") % Decimal('.10")
Decimal ('0.00")

>>> 1.00 % 0.10

0.09999999999999995

>>> sum([Decimal ('0.1')]1*10) == Decimal('1.0")
True

>>> sum([0.1]*10) == 1.0

False

decimal RE2 Z8 S 179 AUE=E 4&S AT

>>> getcontext () .prec = 36
>>> Decimal (1) / Decimal (7)
Decimal ('0.142857142857142857142857142857142857")

11.8. 103 25 254 2% _
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CHAPTER 12

gto]fl $& TR AP FF BE gtol B o YR AFHA b A7 A} RES AR T §§
23 54 WA etolBye|rt do T ¢ Qe 8 2o 5 vt A" wdel I
S3HA, etel B el g QIEF o] 20 A WAE AFEdt] S8 Z2IWS AT = 7 W EJTh
5, o] gtold AA 7L RE $& 2RI 2 F AFS FFA 7€ Aol 715 = dsdth
& ZZOH AN ERF RE WA 1.00] BRIAW, §§ 223 Bol| WjH 200] o3 9, 27
Aol &S, A 10 EE 202 AAStH o= 9 S8 =2 a8 AP 5 gIA Fuh
ol BAle| thgt e A AL 7Hat 2 & wEE AUt o] 7 A2 54w shel A X ) of g
7t 71 A E 28 el T EH e =gyt
MZTE & 22 A2 the 7MY 84S A8 5 dsUrth 94 B AS5ete 87 A9
& s dst7] Ao, S8 222 Aol = ¥ 1.00] AAE AA 7HF B o] YL, §8& Z2 I Boll=
B 200] = o 7 B 0] YE 5 AFsUTE §8 Z2 I BolA gelBEE A 302%
AdAadol=dfok st B9, &8 Z2 W A9 B0l gL v A FFUTh

S =
12.2 7173 37 w7
743 BAE BED B sts U AR EE REL venv 2h1 YU Th venv £ R E o Ho| A1 5
A= HA v A sholdg AU th Al of 2] vl o] sho] o] gl A9, python3 E& Yot
WAS Agste] 57 gho]ld WMAS AT 4 dH5Uch
7V @ e Y, 9ot U E 246, veny R ES 2T HER Aot tHE Y =
= gy a2 Aok

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.

g 379 AR ddEe 9 venvg Utk o] o 2L UAHE L B AN £AA UES
AP o B ATHUAE FoRA dHLTh = A5 7

sto =z, oA g g 7t 2R 8= o] %
(tooling) ©] A Y 38k+= .env 274 W
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AE 9ol 4 o @A AW Th:

’tutorialfenv\Scripts\activate.bat

Unix &+ MacOSol|A] o] 2 A A g g t:

’source tutorial-env/bin/activate

(o] 2aYE+=bash S 9l AdH 2O =2, esh T+ fish A4S AMEdh= F-Foll+=, ti4l activate.
csh &} activate.fish 23 HEE AR5 ofF S th)

7V BAE S A3 e, Aol ZEZEVFAHAE A AME S MBS HAFa, & A5
python & AW 54 m A2 shol4lo] AP =2 Falch & Sol:

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

>>> import sys

>>> sys.path

[''", '/usr/local/lib/python35.zip', ...,
'~/envs/tutorial-env/1lib/python3.5/site-packages"']
>>>

12.3 pip 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.)

71 7] o] 5= A3t A WA 7| AE AAE 5 s

(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 72| o] F FAoll == A HA WTE 2o SA WAL H7IAEAAT +& 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

o] S thA] A, pip & S W o] ojn] X5 QI3 ¢, ol A oFA] g5y th
g2 A HEE X APA] 2 HAS A Y pip install —-upgrade & A3t 3 7)1 2 & F Al
HAo® dad o= 4 JFUTh:

(tutorial-env) $ python -m pip install —--upgrade requests
Collecting requests
Installing collected packages: requests
Found existing installation: requests 2.6.0
Uninstalling requests-2.6.0:
Successfully uninstalled requests-2.6.0
Successfully installed requests-2.7.0
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pip uninstall t}go] sh} o] 4ke) 7] 4] o] Eo] 2 ™ 714k oA #7127} Al A ).
pip show: S 7] 2o 3t F RS BAF T}

(tutorial-env) $ pip show requests
Metadata-Version: 2.0

Name: requests

Version: 2.7.0

Summary: Python HTTP for Humans.
Home-page: http://python-requests.org
Author: Kenneth Reitz

Author-email: me@kennethreitz.com
License: Apache 2.0

Location: /Users/akuchling/envs/tutorial-env/lib/python3.4/site-packages
Requires:

(tutorial-env) $ pip list
novas (3.1.1.3)

numpy (1.9.2)

pip (7.0.3)

requests (2.7.0)
setuptools (16.0)

pip freeze £ AT M7 A\ W L3 ZEL WA, pip install o] 7|Tishe B4 ALY

of. dubAQl A2 o] H53 requirements. txt 3do] ¥ AYYth:

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

requirements.txt & WA Alojo] AnlHo] F& 22Tl AR AFF  AFUTh AHEA=
install -r 2 & ELﬁ}J}W] e AT 4 sy

(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

Running setup.py install for novas
Successfully installed novas-3.1.1.3 numpy-1.9.2 requests-2.7.0

o= o B2 FAo] Id5Yrth pip of t gt &7t FA] &= installing-index X] 3 &

= FarstA L. s 7] A]
E AL uf o] A 7] 2] Mo A AFLE 4 91 A 3} H, distributing-index x| F S 31

SHA 8.

12.3. pip =2 972 #a)s17] 99
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oAl B A7

o] A4 201 A ofuh sho] M ALgo] Bak B4l o] Fol e AUt — AR £AE s A3 45
sho] 21 e A §51e) 3 Agaof Fuirh o Wi el W oft) 2 shof SR

o] A4 A& sholWe] BA AE9) ARUTH AES) ThE EA L e 2aUTh

* library-index:

EZ golBy g 3, g4 2 EEo e st (S gE5siA g HHHA A5 E A F s
o] AW A& T3 O]: UH/]D]' EF ol Wiz o= F7F TV Hol 28H o JdFYTE
Y AZS 93, HTTPE B3 ©A41 € AAstal, G448 Bel, ¥8 3% 348 34 staz, CGl
Z2 IS A5, v ol HE ¢E5ta, 78 B2 IS A= BEC] dH UL BolEE g
HHUAE FoJHE o Ao] J=A & 5 AFYth

* installing-index = TF& 3}o] W AFE A7 23 37 RES Aok W= Ayt

« reference-index: T}o] X o] FH T} o ujof] tf gk 2pA| e A H. €)7o BFAH X wt, Ao zA|of o &t

SAs AR A FEU T
7 shol 4 A8 ;

* https://www.python.org: The major Python web site. It contains code, documentation, and pointers to
Python-related pages around the web.

* https://docs.python.org: 3}o] o] A Ao w2 A AM2E 4 5Tt

* https://pypi.org: o] Aojl 2] = 7} (Cheese Shop) 2% &3 ©! slo] A 3 7] x| el A= ke 4
& AHgA A st A REY MAULh HEE W5 ALE ohE AP Eol 2L 4
== o7)o] ZEE 5SS 4 gLk

* https://code. actlvestate com/recipes/langs/ python/ s}o] A @ 2] A (Python Cookbook) & B2 F &
A, H 2 EE % 78 2THE RE YUtk 53] 5 E ¥ F 52 Python Cookbook (O

Reilly & Associates, ISBN 0-596-00797-3) o] &= A EA Aol B ek5 D}.
* https://pyvideo.org collects links to Python-related videos from conferences and user-group meetings.

e https://scipy.org: Scientific Python ZZ A E o= w2 o] d A4t 2 22S A RESHAY S,
Fejo Mk Ay S, I X, 3A 4 54 22 Ay A 71 A S0 2FE ] sy
ol FY IAE L EA R FP F2 IF comp.lang.python o Al Al A Y python-
list@python.org &] ML g|l2EZ Bl = JF5UTth F2 IFH W IdH gaEE= AloJEY oz A

! “Cheese Shop” & Monty Python®] A7 X U t}: LA o] x| = 7HA o] S o] 7}A] gk, Zri= x| = 7} 3] o]
o},

a3
2l
d_q
rlo
2
o
ke
i)
o)
v
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A= o] Qlon g o AAE A A= A5 o2 T JE o2 Aag Yt a5
o STE UL B, ARo| HHHL, AL L /15 ANHL, AR BES B3
2|2 E A4+ https://mail.python.org/pipermail/ | 9. =B Ry

AXB7) Aol A5 et A8 S FAQEILE Tt 5% & 315 of Fhth. FA
Ve e ARl ta 5 AlE e, o)) ol Bo) EAlel vlg a2 e B AL 4 A5yt
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212 5ho] A 1B Z 2] E) ¥ AL Korn 4 2 GNU Bash Aol 9= 7157+ 4517 A7) 18 & A3 2 )
A% QTS A AT o) = therek AEhele] B S A 8k GNU Readline 21o] 522 & A} 8 5}
ZRAFYT o] 2ol Hefejol & AA WA 9L, o 7)ol A WA £ ek T,

Ve 22 6] X2 A A5 02 B3} o4 Tab 77} ' 752

Eﬂ o]

o sol W BEE o) &, A A W W A F5 P RE o5 Rtk string.a % LL 3
.ﬁl A

S

ul

1> it o o fo
b m> N

o

L 2 o 1%

i ok S Hu

ERAS BT 1 A S 7e e, A3 AR e RER 9
) MAEE 0 AR EE A QB 8 zr o] AR nE

714 9732 484 A B ol .python_history gh AL 3]
Hzeg Ao A sasels T A8 4 Ayt

33
2

N
L
n;
<
= P
411
o
o
oo
[‘ _°,

14.2 )33 ole] = 2]E] ot

o] W o) e melelof nwa) ¢ Y WALk Tejuh, B 7
Zol ] 448 Soj2s| 7l AGHE £2 AU (I E o Sind] &
23 gHUTh. 4B vAUZL ABzeH 48 HolBe ST 5 A5 LTk A
$E 5SS AHEE A IE YIE F8T ADUTh

d A E t3he A e Z 2] e = [Python <1, ¥ &4, A2 &4 2 17 3| ~E g Fe
Yt =3 2421 317 ?1/\151“} |z 02 S8 T2 I 5 3l
d th 39 &7 2 bpython YUt

o
N
off
)
D)
ot
o
>
=
2
o
L
O
A
g:g
o EI).

£ o ©
bl g
flr;l o
_—’r[o
2
r[r
O

.

o} X

fo

N
rot o vz
bR iy oft
0,9
&&%

N
i)
i
=

M ofr
e
=2
3

X EI>
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-
o2
>
fy
M
)
o2
e
S
iy

offt
B>
-
et}
My
By
r[r
:H:l

B SHE gl of ol A R (base) o] 291 (0] A) 252 ARG UL o] & Fol, 25

= 1/10 + 2/100 + 5/10002] ZFS 742 0], 22 WpA o 2 o] A 44

’o.om ‘

’0.33 ‘
T, AEsHA,

’0.333 ‘
55 oFFE B AESE Fojx A7 AEEA 1/30] 2 5= A B o 1/39 717k Z AR 7
Huyth

e Ao g of g W A8 o £AE AFSHE, AZAF 0.1 ol A2 Ao A 2
Sl yth o] Aol A, 1/10-2 F313] J%QL +-r°“/11’/}

0.0001100110011001100110011001100110011001100110011...

FE U E foll A W, ZAE SA FUth 252 R 7] A ¢l A, float= o) TR ZAEE
o, 239 MEZFE A &se S3HEE EAFR AFR S, 24 AsAH 5 %—EE AU T 1/10
o] B¢, 012 %—?%3602879701896397 / 2 *x 5501, AA ZF /107 A2 2wk A B3| A=
Fsdth

LE =
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B AF§ AR ghol EAIE & 214 g o] 7l 2
ghel AR 47 groll o e A ZARES AT LU o R A AN A, whok ol Mol 0.1 % A%

ol xl Zakgkel AR A Fhe S YA vt 2ol ;A oF it

T

)
1>
E=)
M
2
rd
>,
e
-0,

>
ok
B
e
i)
T
&
i)
o
rx
rlo
N
)
=
2
ol

>>> 0.1
0.1000000000000000055511151231257827021181583404541015625

)AL B RE Aol §83ThA AZFE ART BE SAo| B, ol e e P e th4l EA
sho] A8 BEweA e T

>> 1 / 10
0.1

A ¥ A7 A FE 1109 AAE Holw, AA| A gL 4 ke BH A5 ol 25 94L
7194 5pA 2.

T EAE MF M 22X oA AFE FHAE A48 g2 A
A4 7 95y d & Eo, 0.1 I 0.10000000000000001 E 0.
1000000000000000055511151231257827021181583404541015625 = 7 =
3602879701896397 / 2 **x 55 & ZAL HUYth o] AR gEo BF L ZAZE Z7351H7]
2ol eval (repr(x)) == xB¥HS IE FAHA 15 tUE EAT 5 5 TH

AAapH oz HolH ZEZE} WA repr () T4+ FE A17709 2121 0.10000000000000001
& AEg . sho) 318, o] A Fho M (RE A AH A o] 71 B AL AHT 5 glov

<38 0.1 W ZAIRY T
o] Zlo] o] HF oo A Yol FESA 2 shoj W] M e oy, o2 F=of Yle WIE
Ut BESlo}e] B a5 e A sk BE Qlojol A 2L SR AL B 4 AaTh(LR
Aol N BACE 5L RE S REo A Fo & BAEA L 5 AA ).
FouEsee ANE doey, £A4d 2GS S ARE 9 FERAE AT S YY)
t}:
>>> format (math.pi, '.12g') # give 12 significant digits

'3.14159265359"

>>> format (math.pi, '.2f") # give 2 digits after the point
'3.14"

>>> repr (math.pi)
'3.141592653589793"

o] Ze], AT gulof A, FFAES M+ 2ol ToFUTH AL s A% 7| Age] £A &
g sha gyt

shite] Bt ThE S E= T AsUTH o E 591,012 B3] 1/100] oY E=E,0.19 A W& et
2 A A3 030] obg )

>> 1 + .1 + .1 == .3

False

3 0.12 1/109] A2 ghol ¥ 77 A 5 912, 0.3 3/102] A 23 ghell ¥ 7 A o fleBw,
round () &2 7|2 WE = A2 5o HA FFUh

>>> round (.1, 1) + round(.1, 1) + round(.1l, 1) == round(.3, 1)
False

XAHE o =3 A ggt ghell o 7HAl v = f9LAIRE round () & AFE RES H o)l &5t R &
S 7 2B E AR AT 5 A Yt

>>> round(.1 + .1 + .1, 10) == round (.3, 10)

True

106 Chapter 15. H5 &3 4b&: A4 9 $HA|




Python Tutorial, & 4] 8] 3.10.13

Binary floating-point arithmetic holds many surprises like this. The problem with “0.1” is explained in precise detail
below, in the “Representation Error” section. See The Perils of Floating Point for a more complete account of other
common surprises.

2ol /7t 28 9okl 8 G gauit o, w5 28 ALE AUAA AAT Bk de
o] lout 9419] o2 = -5 58 A=qlole] 4 A Ao, R AN A 25
2o 18 YA g R 0| AL B Aol 4 BaF 52 ol AU T SA T A7 AHo]
oh ) ul BLE float A4bo] A2 WS o2k A 4 ek A A oF gk,

el A9t EASA R, P LF 250 45E AL R R L, Bedl A3 ATE s
A4z LA BASE et A0S BA 2 AYUTh BE str() HogT SR, o
M 2 3} A Al o] 5} A formatstrings ol Al str.format () WA ES] £ X AAE B AL

A A7 BHo) DR ALE A A HA SRz Y 1AW S8 =2 I AFe 4]
Ae8 TG E=decimal EES AL HA L.

AE3 Ao & U2 s fE4E 7o g A+ L33 fractions EE 93 4P Ut

(WebA 133} 22 SAbe A F5p ekl 4 g oh.

If you are a heavy user of floating point operations you should take a look at the NumPy package and many other
packages for mathematical and statistical operations supplied by the SciPy project. See <https://scipy.org>.

shol W& ojz) ol flows] J e ke AAR Fojol S EF 98 AN F A ETELATY
Ut} float.as_integer_ratio() WA=+ floato] S 42 AT YTh:

>>> x = 3.14159
>>> x.as_integer_ratio()
(3537115888337719, 1125899906842624)

Hl&-2 A3 ghol 7] wi2oll, Al 7S &4 flo] Al ft=w ol AH 8 4 sy Th

>>> x == 3537115888337719 / 1125899906842624
True
float.hex () HAEEfloatE 1635 (Lo] 160 thH 2 T3], AFE o A== 33 1S Ut

>>> x.hex ()
'0x1.921£9£f01b866ep+1"

o] A& 16X 2 float h= B A AF sk dl AHEE 5 A5 UTH
>>> x == float.fromhex ('0x1.921f9f01b866ep+1")
True

Fdol Astn g, sfo]y el thE W o 24 g

APt thE Aol (R C99 2-2) el ol H &

E e F83 EFEmath. fsun() FFYUth o] 4= it 5F A2
Al grol T A EA “glojm d 7\_;(]_:,,0 FA73 .

FAE A koA AA A A& = Aol & vhE s U TH

>>> sum([0.1] * 10) == 1.0

False

>>> math.fsum([0.1] * 10) == 1.0
True
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151 Ed o5

o] Ado A& “0.1” A A& AAM 3] A star, o] 2 sk Akl ol T gk H&st F & i o] AH FF o=
WHE HF Yt o] BF A4 9o ot 7] X4 o] Qlvia 7Y ok

R H 25 (Representation error) = QE (AA 2=, EED AR 24710 (H2) A2 AEsHA &
2 £ e AR S eI YT o] Zl o] Stol A (2= F, C, C++, A, ZE T Y 7|EF o 8] A of) o] 5
of & 0] 7]EH6}"C A A4S FASHA S 9 o] Fd Ut

o TE7? 17102 o] A4=E FEe] R T 5 s UTh 259 (20001d 119) AL B+ 7] A= IEEE-
754 B3 25 2t AFESE, AY BE S E-2 Fho| A floatE IEEE-754 “nll 4 ' =7 of| vfj 33§ T
754 A = 53R e o] A AT gE ol Lol A, 918 Al AFEIL 018 2N Bee] g ke
ErE HEetdl =83 UTh A7A T = Z 6] 53R EE 2385 AF YU Tth:
’1 /10 ~= J / (2%*N) ‘
’J ~= 2**N / 10 ‘

2 0pA) 27,7 7} B 83) 53 M E (5= 2++52 o] ARk < 2553 QIUTh AL T F, N o H AL 56
Ut}

>>> 2*%*52 <= 2%**56 // 10 < 2**53
True

rlo

2,562 ) 71 4%e SINEAHEE BEE N 23 FAUT S AsR B E AL ES A
e A e BT

>>> g, r = divmod(2**56, 10)

U A7k 109 ARt ang, 43 ke 2R 28 HA 2ol Ayt

>>> g+l
7205759403792794

webA 754 WAL E 2 1710 o 74 A7ke 2age theT 2otk

’7205759403792794 / 2 ** 56

BAel ERE EE Urw the ) o] gy

’3602879701896397 / 2 ** 55

|

¢ W7 U2, o] AL AT 1/10 Bk ok 2k ol $21 544 25 DL ATH, o] 1/10 1}
R Aol A2 AUtk T} ofH A5l = 4ﬂdﬂuwafbmaqw

weba AFEHE 23 V102 “EA” ZFUThH 2 5 e A2 AollA AR B3 &7, 82 T A
A4 754 WD = 2Agk I o
>>> 0.1 * 2 ** 55
3602879701896397.0
ol 10%#555 51 H, 55719 AR <28 8 5 dsuth:
>>> 3602879701896397 * 10 ** 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625
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o]= AFE o A3 A &3 =274 214 0.1000000000000000055511151231257827021181583404541015625
18he T4, BEE <o) (o] A WA Shol W 23 & ATE

1o,
=)
Ei
i
_@ f:
N,
E
™,
i
2
tjo
kKl
~

>>> format (0.1, '.17f")
'0.10000000000000001"

fractions 9 decimal REL o] A4S A WSt}

>>> 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. 109
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cHAPTER 16

-z
o

16.1 U3}y =

16.1.1 of|2] |2
o 2] 7} & st Az 2| H & of 2] Uﬂ/\]xlgr g Ego]

ZEZTEZ Zolzhlth 3d2RE JHo] S ufj =, ~H

FEFU (try POl A except Ao] o3 A2l & of9] & o] EHol A of & 7} obd ] th) AR of
72 APH )5 00] o F2 eS| FRE FUFUTH o] AL R BAAS v we) R0 dlg
Agol APt RE o HAAE EFole] 2EPel /|2 H Uk AQE 3y A EYe BF

Z o] A= uoh,
VNEEEHX ZEZE AHY AuLA © 2 Control-C &= Delete)E st Jd&
Haopn )R ZEEE e Bolgurh WHolsl AT 59 ANAEE Aebd ry 2ol 9|9
Z2]E 4 9J+= KeyboardInterrup A

ﬁ
£
o
N
i)

16.1.2 43 75 shol 2age

BSD 25} Q9] 2 Azdlol A shol i 2 EE A 2TYEAY AP ABY 5
Utk e 2L 5

30,
X
rEi
il
S
30
ofy

#!/usr/bin/env python3.5

(A2 B 7F 4§ 2] pATH o Ytk AT W) e 2TYEY AF FEo] Y oo A s
UCEin#'LﬂCM%NA?%%%X@%ﬂqq“H“ﬁﬁﬂﬁhﬂ ] S o] fo 2
~etele] & $5 (\n) R ELor e, A 2 3 wm)”ﬂaﬂﬂ%QHWJMﬁﬂH
A, EE SR, B4 2AS A

7

23 HE+ chmod | 3= AHE3te] A8

_,_‘,
rlr
=
¢
Oko
i, f
°
31

$ chmod +x myscript.py

A5 A2 E A 45 R Te ol Utk sheld 42 22U py 3AL
python.exe®} AH5 02 AAstel, shold AL ol 25w 2adEe APtk FPAE
pyw 4 FE QEU o] 9, AA o thehibe 24 L EAH A G

! GNU Readline 3 7] 2] of] §l= &7 7} o] AL o) 4 5Tt

111



Python Tutorial, = x] 8] 3.10.13

16.1.3 th3hd A} 5hel

stol 92 vl2gow A8 2w, 55 2]
s t}h PYTHONSTARTUP 373 HEE A
e Ao Lprofile 7% JJrv/\}?EMD‘r

o QL Ty Al AN AR 93], shol o] AR =l A W  Jdev/try 7} B
YA 229 A9 (NEE AAAT FAAhH & G 5Tk thalY Po] A 22 o] F
F7HolN AAH B, o] AN s dEEE AR S ishY A Aol A BFshetA ke
EOE AHEE 4 A% UL o AN sys.psl Wsys.ps2 LELES WAT S5 Yguich

AA tdE oA F7F A F LS dodd, A9 A gtdo|A if os.path.isfile ('
pythonrc.py') : exec (open('.pythonrc.py') .read()) & T2 FEE AILGHA =2 1H S
T AFUTH 23 HENA A2 5t S AFE S H AT HE A A A o2 F3 3| oF gt}

Kl

2E 7k A 21wl daE s £E WS gow
EEE

) l
il
2
30
rlr
k=)
o,
o
al(f
[o
fu
>
o,
ok
1)
ik}
A
v
o

J

_Ltv

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 7| 2Ejulo]Ao]d =&

ol L AAE U2 4 P= F 7R & A2t} sitecustomize 2Fusercustomize. ©]
B 25 5= KW, WA o] 2l &) A A} site-packages U] 2 E] 2] 2] 9] X & Ztolof gt} ulo] 2
AlZsta o =8 Ayt

>>> import site
>>> site.getusersitepackages ()
'/home/user/.local/lib/python3.5/site-packages'

o142 e el e 2] o) usercustomize.py 2he 089 HAL WET V3= AES 4S5 9
A% YEES M BT s SHOE AT S &, 0] 32 ZE shol A Yo JFL

sitecustomize &= Z-& ¥4 o g =3 x vl AukA © 2 A A site-packages U] 8 E]
7} 95311, usercustomize ﬂ o dxEFUTE AT PR E site BEL AHA
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APPENDIX A

Skl
>>> 5} Adof 7|2 vhol 2 E QB ZEHo Aty oz AP E 5 gl I oM A
Eae]
T A5yt
o3 22 s v S st
s 527" IE B5] IEEJHT W, L ol FE TEAZE, UEE, FED) O
FEE 99 3 7| vpo| W ZELE.

e Ellipsis W& A<,
3
O~

2103 5404 25 =8 3fo] 43
EgE gAsA AT 5 2

2to3 & ET gol B oA 1ib2to3 E AFH UL SHH R AYPT = 2THEE
Tools/scripts/2to3 & A& F Ut} 2to3-reference & H A K.

abstract base class (34 W|o]| A Ze|A) FA W o]~ FdA2Ehasattr () 22}
A v EeA A (g 5 UH’“ HAE) A5, A o] A5 Ho 3= g
9 Ebo]E S Heghth ABC“ 7 AMBE ZHAE EYste, SHAE ASEA FoHA
X isinstance () @ issubclass () o] 93] ZAE & Jd+= Fd2&
£ HAS. E}OM‘iOﬂt ‘3%’3 H]%PABC—O] mete = o 477’0 AE°] A
)

rr
éé fu
r{n:
o
=
fol
riot
ox
o
ot
v
v

2T (importlib.abc 2E|A]). abc RES AR5 A] Z} H ABCE W& & 5 UYth
annotation (o] - El|o] ) FFol wlel 3 I E T ALESHE= Wy, FU2oEZHE &
L RkS g A2 9 glol 8yt
21 H9] o] mH| o] 2 A ¥ A Zhof] BAM AT 4~ oqxl‘j]' Z‘ﬂﬁ Ay, A S L 49 ol
HolAd2 27 &, Fd2, 42 __annotations__ EF o]EZ|HE xix Huth

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 (7)) 48 TEY ) T4 (B A S) 2 DDA E gL T R QA Ak
o 719 = AR} (keyword argument): T = wf] A FE X7} of] B2 AR} (o] & E0], name=) E&

% 2 okof| 2 o] _I/qL-]a]E;qﬂ-Q‘—O]x} 01] Eo], t}& 3 2L complex () Egoﬂ/ﬂ3»}
5 BEF 719 E dAY Yt

rr
%
+
2
)
24
>

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})
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o 9 ] QR} (positional argument): 7]
HeAY olE e E o gl * &
e e TS

_& j&l
rO
>
N
—-
o
—
[
0,
N

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

ARH= G4 whE 9 o § 22 A Aol thAF Utk of thgfel B85 F 4S50 tha A calls
g AL BHA0E, o BB AR AHEE 5 dFUTh T geol A< ol

EEEISE
Lol A9 w7} ¥4 5 FAQ AE AR} v 7 =9 2fo] £} PEP 3625 H A &

asynchronous context manager (]2 7] YA E #Ae]x}) _ aenter_ () &__aexit_ () HAEEH
9o 2N async with oA Hol& &3 & Alojsl A PEP 4922 == ¢l 2 ’“141:]—,

asynchronous generator (W5 7] AU el o]e]) 1] 7] A Lie o)) ol e o] 6] & ¥ T §4. async
def 2 9| ¥ & TR P4 A ol L, async for FE LT 4 Uk AR FEE B
St yield BUAE ERUTHE ol thEYTh
HE WS/ AV E §5F el AR, o ¥ RH oA %] AU dolE o Hd ol &
ARGt o =5t o u7h HEsA ke B9, BT oI A BETS GAUTh

_/;\_

v 5 7] Al dolE St await @A asyne for 3} asyne with B2 2888 5 9%

ek

asynchronous generator iterator (W] 7] A& o] €] o]g]d|o]¥]) v]= 7] A& o] g T7 wte = A A,
H)5 7] ol #lo] 8 QA __anext__ () & E&3tW oSllolHE AAE FHF, o] AL T
yield A4 747 W57 AV o8 &9 ]S Aq g,
Zyields QAALE A E ST, 29 (A A4EH 7] 5 ry-FES EFoE)
A AEE 719 UTh b5 7] Al deld o8 o] 8 7} _anext__ () 7t EHF = E Y
olglolHEE AMFH, Wt o7 Bt PEP 4929} PEP 5255 K A Q.

asynchronous iterable (B]£ 7] o]€]2] &) async for ZoA AF2E = U+ AA. __aiter_ () WA

Exe sl olEdolH & S8 F ok g th PEP 492 & == 55Ut

asynchronous iterator (8] 5 7] oJe]#|o]E]) __aiter_ () & _ _anext_ () WA EE Fds= AA.

__anext_ E=ogolHE AAE S FHoF gt} async forE StopAsyncIteration o9
v iy EﬂVﬂ'x] H]-5 7] ]Eifﬂ °olH ¢ __anext_ () MINE7} EElF = ol HES FUTh

PEP 4922 % 5 95U th

attribute (6] E 2] H-E) A value associated with an object which is usually referenced by name using dotted ex-
pressions. For example, if an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression,
and would instead need to be retrieved with getattr ().

awaitable (o] 9 o]E] &) await EAA | AHEE = = AA. I FE o]y _await_ () HIAE=E 71X
AA7FE 4 A5 UTh PEP 4925 B A 2.

BDFL Z#}8] 28 &4l =] %} (Benevolent Dictator For Life), < Guido van Rossum, 3} 0] % 2] A A},

binary file (v}o]v 2] 3}) vlo] ELF A 52 11 & 5 A= 9t A A vtolv g 5t 9 o 2 &= vlo]
HEl B ('rb', 'wb' X 'rb+') 2 €8 3}Y, sys.stdin.buffer, sys.stdout .buffer,
io.BytesIO @} gzip. G21pFlle.4 A‘?ji%%—’,\— Q< t}

str AAE Q3 2 5 Qi 9 AR A HAE 5 ® FEA L

‘/’i

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 srong reference to the object and so destroy it.

114 Appendix A. &3


https://www.python.org/dev/peps/pep-0362
https://www.python.org/dev/peps/pep-0492
https://www.python.org/dev/peps/pep-0492
https://www.python.org/dev/peps/pep-0525
https://www.python.org/dev/peps/pep-0492
https://www.python.org/dev/peps/pep-0492
https://www.python.org/dev/peps/pep-0492
https://gvanrossum.github.io/

Python Tutorial, & 4] 8] 3.10.13

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 € F ZAA)]) bufferobjects & AP35t C-A%5 M E AAFTE T4
FE memoryview AAEL EE9|1 bytes, bytearray, array.array =
ol EG R/ AR 52 vtol g HlolE & thF+ o8 7HA] dabsol A
dholue] Hm A, A4S FI A% 22 ATl A5U T
o AsbE2 vtolv e HolH 7t 7t A Y 87 st od Aol ABAe TF5 “al-
2] ol E A% A ehT EAYLITE /4 15 AA 9] o] 21 bytearray 9 bytearray
w7} I Th OhE AAES ol e tlolEl 7t 2 A (7] A8 o= AR
8 F3Urch; oA AE9 9 Z2+= bytes® bytes AA| 2 memoryview 7}

LN
P
30
)3
A
¥
o2

i)

memoryvie
AA) ] AZHA=S 8
Asyth

bytecode (H}o]E F &) T}o] £ A FE=Hlo|E FE g A 3}YE =1, CPython 21 E] = 2] E] o] A] 5}o] A
Z2IH YR 2HPUTE vlo|E I =+ .pyc 3t A FHof, 22 LS F AR AW uf
o #@ep A A RS U TH(A2o A vlo]E =R AL 5T ¢ Y5 Unh. o] “F1H A" =
Zhutol E I = o k= 71 AE Aot M 77 ol A Ay E ki T th blolE I ==
A &2 ohE Ttol A ZHE 71 Al el A A A2 7t ek A =, ho] A w2 Thol| QFA A o] A = otk
Zlol & 35) oF .

Hlo|E 2= Welolse] 25 dis LE ABA G Ug U

callable A callable is an object that can be called, possibly with a set of arguments (see argument), with the following
syntax:

callable (argumentl, argument2, ...)

A function, and by extension a method, is a callable. An instance of a class that implementsthe __call__ ()
method is also a callable.

callback (%)) QAE A= mgfe ojv A

i)
=2
>
>,
o
i}
>
|z
—{ru
uu
u
5

class variable (28] 2 ¥4 Z %)
Aot s = d

A
T.
coercion (Z. o] A) Z& 39

T AAE pubste Aite]l ojubs oL S H A~HAE TR PO 7
SAA g HEsh= A ol & 59, int (3.15) £ A E A 382 WAL ARk 344.5
oA, 2k AAF= THE & o] 31 (Bhih int, THE SFub= float), & Tl 8H7] Aol 22 P o2 Whs] of
FuUrh 284 oW TypeErrors G2 Uth ZojAd glols, T8dH = A= 220
7t 2e Por Aatsts ook FUth ol S E0f, 1 3+4.5 3k thAl float (3) +4.5
complex number (¥-457) 9} 53 A A2 0] S, RE A Ap R s or Y
HUth defe Aol sl I (19 AFHE w3 AdH, $F s i, TN =
JZ %71FUth Sto]lf & T2 7IH S 25 HEASE 7|2 ALFUL d5RE 5 JuAE
oA 271 Uth & 01, 3+13. math BE] H4 4 W o] 83, cmathE AHE T
E450 829 £F L $A 759Ut o5ttt w72 ZEthE, A9 FA 3] FA|
A FH5uTh
context manager (Y2 E A2 A} __enter_ () 2F__exit_ () MIANEZE AT S22 H with &2l

A Holx 84S Ao]st= M. PEP 34322 % 9l 95t

) A 2Eo w2t & 3t 7HE 5 e Wi o
7 AYe-24 AF48) v

g2E7F e 5 den A
A

Ut} contextvars

context variable (A&l A E ¥
Hol sl oh 2 B
F3ll, etuhe] A3 A =0
H5 7] Bl a3 A A& S 3= =

contiguous (%) W= 23] C-A <5 (C-contiguous) ©) A} ZE & A% (Fortran contiguous) d ™ <5 0]
g AAZ UL Y WA= CASoHA TES ALY A oA, F5
A &2l JIF B, 00| A Al &ets L 52k Qa2 AT 2 v & 2] o] vl x| =] of oF gt} thAtd
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o olE st g

o

W3

e

coroutine (Z+9) I FH 2 HE F/H o drbshd P d Uk A ERE2 3 A Hofl A At &
XV“ﬂ/ﬂ gt & 0%’4 e ARl A A ek, 225, AN AU Th o A

=2 async de f—E—RE——[’-L‘Q 9l Ut PEP 4925 | 1

nc def—r—Oiﬂ-/]g
t}. o] AE-S PEP 492

=

[e]

coroutine function (Z 58l g4) T FE AA S EF =S5 IFH T4 =45

4= 31, await &} async for®async with 7]—.45

ol €] = 1% 913 U o
CPython 3}o| % _LE‘ZEHUO Ao o] #4273 b, python.orgo| A ¥ - Yt} o] 332 Jython o]}

Ha g7t ‘% EH &-©] “CPython” o] AF-8-F Y th
decorator (t] 3.2 0151) =i HEe ], B8 @urapper = A S 3 WSS
AgH Ul g2 o]H ] &3t o= classmethod () ¥ staticmethod () YUY}
H

ol e B vA A BHY LYYk B2 F T4 A= v o= FEFIh

m{m
Fl
ol
ok
4
;94
xfy
AW

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arg):

2ol E SR 3HA T @ Ak 29Ut dl Z o] ¥ o tf & t] ApA S &2 T

29 g Ady 125“49‘4‘:}

descriptor (] 23 HE]) WA= __get_ () o]y} _set_ () o]y __delete_ () &
FH2AEYFENYA2THEH L, JEFE 23| = 58 A2 #8S 4oyt 2,

ab® AAY, 2AY, Al etE A8 S ), a9 Fei GAU oA b BT o5 B AAE
A5Uth AR b7 eI RE Y, A gsle daa g A= T2 U HaaHE S
o33k AL Tholwol] that 22 olae] A ol 4>W&94i4%aﬂéﬂHC¢ﬂW

HAS, 73 SR T2 T B2 75 72 E o )F A Q7w EdYh
23 HE o W A=Eof of 3k AFA| 3F Y& descriptors L T] 2 3 E] AR R A of] U3y T}

ln“

dictionary (944 2]) 9499 7]1& kol 52171 A& w & (associative array). 7]+ __hash__ () <}
_eq_ () QAEE ZERE AANTE S Q5ULE oA A S EE YT

dictionary comprehension (5 42| A= A) olEHE = 84 AAY dHEE A3t d34E
go g E vtEst= 7H43 Y. results = {n: n ** 2 for n in range (10)}<

= 8
Fn *x 20| Wl H 7] ng 233= 9 EE AT th comprehensions-& F2 3 Al S
dictionary v1ew (G AHe H) dict
Zﬂ =< _I}\:]L_}E] ‘I'I"‘j/]'J—- “'T]‘%‘

el 7hiAdE o, {71 o] W3
list (dictview) & AFE3

eys(),dict.values(),dict.items () WA E7} EEFT+= 2

o] AEZ ‘”‘4‘43] FESo et FA QA FE Ak, —,/*‘1
Mg Sithe QU 9A e BE 9% o At R B
Utk dct -views S H A8

AR A ERA 0T e 249 28, 2927 29
A= of Fo o Feh 2, B, RES _doc__o]EHER
soone, Ao AUAE AT FEAA Fadvh

23
%7}%1% A A= Eﬂl AA S B= 1 R AEZEH%‘
H e
Be

EﬂL
Lﬂtlﬂ mkﬂmlm—gw

docstring (S 2E ) Fe, g4 2
o= FAIE AR A o] o
Lﬂﬁqr/} QEZAFHAMNES &3

duck-typing (4] €0]g) Zn}l2 IEH o=
28d; A, &3] HA = o] E g
suchE, 1AL etk S4E ¥ A ﬂJ
A A g sgFozN FALS N 5 %%HE}. =] E}Ol* 2 type () ©]t}isinstance ()
= A& HARE S T (SHAI R 9 EFolsg o] 4wl o] &~ QEH/\EE%}%_/,: 9) S0l -] 3| oF
shuth) tjAlof], hasattr () AANW EAFP 22 18-S & Uth

::1
>~
_,_,

EAFP 3 =R ttE= 84 & 1317] 71 4 t} (Easier to ask for forgiveness than permission). ©] £3] 2 4~ &
sl 2 AT S, SULE A1 ol EelWES £AF /Ao, 1 g0l BelE o9l & F

116 Appendix A. &3


https://www.python.org/dev/peps/pep-0492
https://www.python.org/dev/peps/pep-0492
https://www.python.org

Python Tutorial, & 4] 8] 3.10.13

Uth o] 23 st w2 2edL B2 trySexcept £ EAZ EFJ A FH Yt} o] HZ

o} e b2 Be o] oA A3 AHGE £ LBYL e ot o u]H U ok
expression (Xd42]) ojH o=z ;oﬁg 9L =
AE ASIFE Al BUT, B8 3
A

1Z
rlo
@)

&g ff— Y A H

extension module (&3 2 &) C U C++2 ZAH B EQlH|, 5}o] A 2] C APIE A3 A] Al o] L} AFR- A}
FE} AT A&y

f-string (f-EA}F) '£' U 'F' & g B FAE FYHEES &3] “f-wA g ol 2, 2 W
Bape 2B 2 o] 299U PEP 498 < A S

file object (3} ZAA]|) sH AFd ol i3l 3} L A FA API(read () Ywrite () Z2HMAES)E EHUW
= AA. Do ol mpel, 3 ARl = AA Ya3 A st olu e A AU FAl A
(°‘ﬂa o, 2 Y=Y, Ad-HEY W H, &, gto]=, T5) ol et AMAE FAT = A5t

3 AR = oY F A ] (file-like objects)\} 2~E & (streams) ©| 2} 1= & H 1]t}

A 2 A 27 5D AAS o] U Th D raw) Ho] V2] 5He, W S (buffered) 1ho] 1 2] 5+,
g2E 5 o] Bo] Aol 2t o BENA ZY BT A ARE BEL U PP L
open () T4 225 AT
=

file-like object (3} Z4A]) s+ 24| & v e L.

filesystem encoding and error handler Encoding and error handler used by Python to decode bytes from the op-
erating system and encode Unicode to the operating system.

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.

The sys.getfilesystemencoding () and sys.getfilesystemencodeerrors () functions
can be used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read () func-
tion: see filesystem_encodingand filesystem_errors members of PyConfig.

See also the locale encoding.
finder (s}eIt)) QEEH RES A% =0 & oD Amahe A4,

o)l 33. o]& 8, F 279 3 f 7}t 95Ut sys.meta_path & 7 AL sH= HEF A=
Q1 2} sys.path_hooks 3 @A AHEst= 4 =2 A E 2] 5kl .

o] &AM 3 22 PEP 302, PEP 420, PEP 451 of] U8t}

floor division(%* YxA) 7H 77k A2 Wl eke 5 U4l
& o], ¥4 11 // 49 g2 27t H A A5 A2 2.75
7}-2.758 W9 & -30] Foll FoJsloF Ittt PEP 2385 H A 8.

function (8) &AM A oW & EHFE °‘ﬁ«l EFE. AU 2 o)L oz 7 AGE = =
o], vty o] Ao AFgE 4= syt v 7] ¥ oF A = &} function A A= HA S

function annotation (g4~ o] - H| o] A) &4 o 7| H 5} vkS) 2H9] o] g o] A

mlm 0>4
m}ﬂ >

Al AAAb= /7 T
HE YTk (-11) // 4

@ oo de WAooz 3 A 2 A8 YTk o & Sol, o F4E T A9 int ARE
‘:“OPEO”*OE 71 = a1, F Al int ¥ ks & 2o R 7]¢H%M‘?‘r:
def sum_two_numbers(a: int, b: int) -> int:

return a + b

S o mH| o] A 22 function ol A A g Tk

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto for best
practices on working with annotations.

__future__ A future statement, from __ future__ import <feature>, directs the compiler to compile
the current module using syntax or semantics that will become standard in a future release of Python. The
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__future__ module documents the possible values of feature. By importing this module and evaluating its
variables, you can see when a new feature was first added to the language and when it will (or did) become the

default:
>>> import __ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)
garbage collection (7101 7] 7)) €] A5 A b= o 218 3o 2 st 94 273}

uhg We Fz

F2 58S AL ZE F JE 8 /A F=A7E 53 /A A4S 3T 7ha) A
F77]€ gc ¢v‘§r§ AFEEA Ao & 4= QlH Ut

generator (AU & o] &) | & o] E Nﬂﬁﬂ olH & B I g Wt gAY Boled, 49 e
= U vyield 58845 2@3th= Ao] thgUth o] EL for-FZE AR 8 A U next ()
T";"“i st ol b A = S5 UTh
BE A ol g5 7e 71 A e
S o v 7t W &R 42 A=,

i
ra
Ao
JE:
_I_4

rr
N
_\Z

olFf o]E# ol £ 7t Ytk o=

generator iterator (] U] @] o] €] o]g]@|o]E]) A g o] ¥ sl-z,\_ 7} wl=

Zyields QA Ao A2)E FehaL, 19 A9 (A
A% el 7 el g ok Ay el ol ol Elel ol gl 7} A A=
A2 A 2Fahs g4 o) o u) g U o,

for A} A P is Ao Fo] B AN BA4) 4F BTk A3t B4

A% e S wEo WU Th

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (AU 8] §) 22 A4S A2 v Fsdd del 7T o8 Tz 748 . 22
A

uf o] | 7 o] AHEE A=t x] gl o] A8 F Uth
At 2]z €018 %3} functools.singledispatch () Bl 22| o2} PEP 4435 H A Q.

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.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A olgjzZeglE = 2 HAL

global interpreter lock (A< QlE]Z2|E] &) I ol 2 7] 3}}e] A =7) upo] nlo]E = & A 33}
S5 ®HAs7] 9138 CPython A ¥ Z 2] ¥ 7} /\}30}L HAUE. (dict} 2583 ‘ﬂ%‘ﬁé%% x
6‘3} ) A o] FA|H o7 FA] HA| 20 o3l ¢+ L= F TS o] A CPython —TL?‘;% <=5
Ut Iz AAE F 1 A2 JAHZYHE v 2ad 387 A e+ 4l ve

=2 AN AAZ AT B4 B SRS S A Th

However, some extension modules, either standard or third-party, are designed so as to release the GIL when
doing computationally intensive tasks such as compression or hashing. Also, the GIL is always released when

doing I/0.
(AR Y uA A - dlolHE F1e)“adg = Z}-n—i—'—(free threaded)” JEZEHE HEILA}
3= 1}7191 LE2dFHolA XYl T dd T2 MM F A A A WY
Urth o] 45 ol E FES= A2 FdS X E5HA v 01/‘1 TI‘Z] ]3‘0] =] to{é‘ Aog
o AR a1 01 ST

hash-based pyc (] A] 7|9t pyc) FE3S FB37] A8 TG & 5L HF 54 A Zbe] obd A&
AH8-5h= o]l E 7= 7fA] 5. pyc-invalidation2 &2 5HA| &

hashable (| A] 7}5) A 7} 44 1 gho] WA b= A g2 2831 (__hash__ () I =7 B 83
oh, & AA vl E 7 JO0WH (__eq () WIAEZFZ AT, siA| 7} strhar rych &
ohal B2 H = A 7s e A A E 9] S Al g2 Zotof st

118 Appendix A. &3


https://www.python.org/dev/peps/pep-0443
https://www.python.org/dev/peps/pep-0483
https://www.python.org/dev/peps/pep-0484
https://www.python.org/dev/peps/pep-0585

Python Tutorial, & 4] 8] 3.10.13

AN A5 AANE G A AT WHE AT 5 9 S, o] AR TEE]
W40 w B A ghe A 5] e L ek,

- shol Ao Bl g A ELS A FS L Th (122G gAY 22) 7hd AH o U S-S
28A Ut (2ol v frozenset 2-2) B Ao ES 159 2450 §1A] A1 o
AN ST A o S0 A2UA ANEL ARA O AN ASFUT (7]
A1 A9l S 2 ThZoha vl 2, A 1) 2 B BB P o

IDLE An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter
environment which ships with the standard distribution of Python.

immutable (%tﬂ) IARE S 2= AR B AAE oA EAG, S . =
HAE = elsyth A s Ziﬂﬁ}ﬂﬂtﬂ AH AAE DJEOJOFZHE} W2 k= d Al ko] Qlof ok
Bh= °ﬂ N 583 9T U dE £, 9A Vg 7.

import path (X E ZH2) Z=Z 7|9l 5}l 71 o
JdEg]) o B2, AFE F Sk o] B _
7|2 9] A FE N 71X __path_ o]EZREZRH & % JFYth
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JE, dict 2 BR ¥l AAL Y5, 92 AA S, _iter__() AL
Mde F88= __getitem () WINEE XA AT EE S 7“74]20] O‘AHE‘r

oJH#EL for Tz o AL E 5 »)\J— AE2E 237 3= D}‘E we (le() map()

ol AFEE 4 FUTE olHHE AR WF T4 1

= FUTh 9 1E131101F4L FEY AR A 74?]—5—
iter () & ZESHA, olEl# ol E] AAE A

‘GH/H Asoz | Fed, FZE =+ 54 0H

2] al
Ut olH el o8, AJd 2, Al e ol &= HA L.

iterator (¢]E] ¥ o] E]) ] o] 194 2ERE 585h= AA. olEH#Ho]H Y _next__ () HINEEWHEAHS
2 SEHH (B ‘41 %-rnext () AL 2EH Y= FEES i}ﬁ]tﬁilﬁaﬂ Yt ¢
o] o] tlo] 8 7} §l& wlj= th4l stopIteration o9& ot o] A1 H A, o]E & o] E] A
e ARE A, 0]—?—9] EE_ next_ () HAESEL Stoplteration 92 E ThA] 427 7]@
Utk olgd olE = olH# ol H AA A= EHF=__iter. () FINEE 7HE Zio] 2757
o Zoll, o] &l o] B &= o] Bl 2] E 0] 7| & 3L th& o] H B EE 2 Wolsolw 29 3ollA AHE-2
T A5Uth a3t o= og W O]Eﬁﬂ o] dZ A Este ZEYUh (1ist &) AH oY
7“14]1_ iter () 2 AL} AY for F o] AT wjutth A o] Bl o] HE REE YT o] "
Ag ole g ool thall A et L ot d, At o] #| o] Mol ALEH o] ] &AZH o]HH o HE
S8 FA, ¥ AH oA HolA v ‘/]D}

typeiter o] ©] ZkA| 8 W-§-©] Sl5 U th.

C’JHEHH FEo 4 9d
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CPython -3 A} A]: CPython does not consistently apply the requirement that an iterator define
__iter_ ().

g o] A (collation) S+ A & (sorting) ©] L} ¥l & (ordering) o] AH-&-=

key functlon 7] &) 7 g =
1Yt} o] & £0], locale.strxfrm() < Z2A Y EF YA S WE+=
t}.

S gE B Ly ene
A 718 B o A4S
ol W B =77 QA5 0] oA A A oA Fol=AE Alofstr] 35l 7] F4E whot
EY9Uth o]d AEd+=min(), max (), sorted(), list.sort (), heapg.merge (), heapq.
nsmallest (), heapq.nlargest (), itertools.groupby () ©] UF5Yc}

[n LLFIF

7l drE vtE=gl= oy ol JAFULE o & E9], str.lower () HAEE Ao ZTE Qe
AEE A7 42 AHEE S stk i o=, 7] e lambda @QQE s =
%%tﬂ, ol&] Al durth: lambda r: (r[0], r[2]). 3k operator BE-2 Al ¢ 7] &4
AAAE AlFd Yt attrgetter (), itemgetter (), methodcaller (). 7] &4E HET

AH8-3F= ol t) 3k o]l & Sorting HOW TO S H A &
keyword argument (7] 9] & Q12}) <A} & B A Q.
lambda (&t} 22 uf gto] T AL e 34 02 TAH o] 2 gl 9t T Fr AL E
A= WL lambda [parameters]: expression YUYt}
LBYL % 7] A oj X 2} (Look before you leap). ©] T AEFAL T Z o)L} 23] 2 317] Aol YA H o2 A}LA
AAFEU T o] 2B S FAFP AW 3 ol 31, B if 2o 2A)2 57470l ALk
| = 270l A, LBYL 22 “H 7|79 “H 7] 2ol A 2705 WA 2 Al s
E90],FE if key in mapping: return mapplng[key] = AAF 3o, 3R 23]
ofl, th& 2 E7} keyE mapping| A Al AstH Asf g 5+ JJF Y h O]E* o] 9t % ©| 1 EAFP
SHS Ao EN S AE 5 st
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).

rlr

p=
fus

=
HEE
Fal

On Windows, it is the ANSI code page (ex: cp1252).
locale.getpreferredencoding (False) can be used to get the locale encoding.

Python uses the filesystem encoding and error handler to convert between Unicode filenames and bytes file-
names.

list (B|2E) WA sto] A A, T o]Fox B3, Ao st M 27F0) o] 7] wfZell, A2
2] 2 E (linked list) 2. Th= t}2 A o] o] v & 3} AU T}

list comprehensnon EFl2E Pz A) A2 A5 AR = dRE A3ty 1 2d9E gaER
S FE 7FZ3 . result = ['{:#04x}"'. format( ) for x in range(256) if x

5 2 — 0] 0014 255 Abo]o] 9= B4 E2] 1604 (0x.) 5L FFate BAL P2=g
BEUT if 4L AR 4 5 UTh A2, range (256) o Y& BE 247 APy

=2 ru[n
D> 3o mIo

loader (2¢]) EE& E2E 3= AA. load_module () o= 0] E9 HAEE Aot 2=
HE 3}o] ﬂ 7t =8 Ytk AAI S WL PFP 302 &, A d| o]~ F 82~ = importlib.abe.

Loader & HA| 8.
magic method (W] 2 Wl A &) 5 v A = o] u]F4 A Q] w23k

mapping (W] 3) 9499 7] 23S A Y3 Mapping ©] L} MutableMapping 4+ Hl o] A& A
of AAH HAEEE F3HS= Aol AA. o2& dict, collections.defaultdict,

collections.OrderedDict, collections.Counter & 5 4 Y5t

meta path finder (W]E} 2 2 SFQIE]) sys.meta_path o AAlo] Be%t shelc). el 42 shole
A= dl=e sl 9 Bes o 9/1E 5% e
HEl A2 st 7 A= A =S el A= importlib.abc.MetaPathFinder & 2 W
Fuch

¢

metaclass (e} S 2) Fefre] Sehos Fehs Bt Ben o F, Fehx gAY, Mol FHAE
o 528 W T e Fel o A QS Wob Fe2E B r Ade Ay, oy
A AFY T2 Aol EL /8 FHLS AFFTE shol AL SHIA B AL A~
WEl 22 s 4 drks AUt R Ag A AL o] 27 A e AW, et
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5”.:
[>
rlr
ol
18
ok
ld

o
o
ot
:?l_',‘

),

]
o} %

v o

[» o
RN
>

A2FUch oJEHE AN~ & 7] (logging),
2t

1ol 2 2qle] gAY T

Ao
i
52

o
metaclasses o A © Z}AM|SF 8-S 3+

method (WA =) Z2 2 vl Qhof| A A o] =
f

N
@ 3o MM
Me > oy oz

= 22 AAE A oEFRHEZMN TEHW,
I HAEE A A A2 (R self gtal E¥TH B A2HA A E wgUth 3 o 5449

27z 5 HAL

method resolution order (W A& 2 A $:4]) WA= 7éxé A= 235l SoF U A5 »
25 =AU 23 2R E sho]d A Z el H o AFSH 52 M S| §-2 The

Python 2.3 Method Resolution Order& & % [BR=

module (2§) J}o|A I =9 2A3] 9 & IFale= Al _,_%% %‘919] stolH AAEE FE ol &
e U e N A e AR
717 = HAL.

module spec (R & A29) R E2 ZEFEH AR E dZE B ARES F11 = o] & F 7L
importlib.machinery.ModuleSpec & QIAH A,

MRO WA= 27 =4 & HAHLQ

time.localtime()-T’»]-os.stat() 7} wi3kel 2kS £35te], ol 3 YAF o] v d = EZd Y}
I & o= sys.float_infodyt}:

>>> gsys.float_info[1l] # indexed access

1024

>>> sys.float_info.max_exp # named field access

1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

AR UIE FE2WZFHAY o) Ut B, tupled A &5t o5 B2 BEE Aot
dut 22 G2 Y FEL WE 5 S Olfﬂ?ﬂiﬂﬂi—t— S I Ko

13}
)= b o)
collections.namedtuple () 2 W& = UdH5U T 3219 7|HL A H ZASA Y WA WA 01‘:
=]

FEoAAE Z2E T e 27 F7HuA =S F7eH7| = Th

namespace (¢]5 3% W57 AGEH = F4 ol I GV E FAF YT AAlo FHE o5
_'7}(‘11]/‘15 o Al) ErEotyet Ao, A, WA o] & Fbo] 5Tk ol & 3 01%%%%
WA REAS ALPUTh o & E9], &5 builtins.open & os. open() L 359 ol
F7roll 95 FEgYTh £, o5 F3 | RE5o] 45 FAF=AE LHA Tsolx

v_‘_‘

[e]
i=] -
7]—5/‘%4—-,-;-%] HEAo 228 Ut o & £9], random.seed () =& ltertools islice(
o 1

randon 3} itertools B &3] 7 g0l BAAAUTH

712 & AMH 7] A 5] AE YR 7] %5 8= PEP 420 ¥ 7] 4.

237
A AA S 5= YL, 53] __init_ .py Fdo] glemw A7

namespace package (©] S
o]2 Z 7+ I 7 A=
74 b B o
EE T HAS.

nested scope (FHE AT Z) SR HooA HEE FRe= 5. o
qH g2 g JEHmrEES 7&5%‘?
7}—%“33,311%] = 7] o s oF g
FUth v R, A A4E2 A Y o5 3ol A 3L YT nonlocal 2 HFZ A5 o

e A2 BT,

new-style class (5 A€} 2 EH’\) AL ne ZH2 AA o AFRH = U2 HAY oA 9
2. 27]9 FolH HANAE, 23 F2ed FH2v _slots_, 2T HE, ek E,
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__getattribute_ (), FH2 WAL, 28l g WA =9 T2 sto] A A FIA thFst 755

H88 5 Agdw Uk

object (A 3]) ¥l ()= HEY Zh & 23 52 (IAL) o] Folg RE tlolE. we, RE frortd
Sl A gad M. aaag s,

package (3] 7] 2]) A Python module which can contain submodules or recursively, subpackages. Technically, a
package is a Python module with a __path___ attribute.

At w712 2ol 5 S 71 A = BAL.

parameter (W7 ) o5 (= WA E) BY oA F7E bS5 Y= A (e oWl A9 AAS) &
A Q8= o] & 22 AHE. oA S/ Wi 7 5

o A X-71 9 = (positional-or-keyword): $] 2] QA1 A} v} 7] =

Uth o] Zlo] 712 e w7 AUt ol & 501 o

]ru

A4tz ADE 5 gl AAE AR
el

AN A foo 2} bar:

def func(foo, bar=None):

o 9 X-A & (positional-only): ) X Z W Al52 5 & AXE AFFUL J X AL wids+=
34 Aol o) v A *Eiﬂ/fwsgﬂazJCﬂ@ﬂ§¢aﬁft%1%%ﬂﬂ%
ol A posonlyl =} posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword) :

* 71 =-A-& (keyword-only): 71%5 B AFE e AAE AR 71 =-A8 v p
MAE G4 )9 A5 5 S0l A ol Ske] 7091 Al A} 5 o) 2 E el A
gold st & 01,1‘/}% ol A kw_onlyl £} kw_only2:

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

» 749191 3] (var-positional): (FHE WA AW Sl o)A o] u] Wl Sl 912 AAS o B )
AFD 5 g AX ARE Golo NDAE AAFU o A v i AAS o] Fo
8 ool Bol A 1 5 Ygvinh o1 E Sof T oA args:

def func(*args, **kwargs):

ZPRANE (arkenword (8 A EA 49 o121 LA = AAEA Klsh
e 999 A5 AN A4S A AU o] & THAMSE AR o] Fef
| 014 golg 4 A5t o 2 Sof 919) ollo] A kwargs.

A A QS 99 7B R o A A0 A 5 AAEE A S 9D

Q1 =} 30]?,:} &, A xpe} uf /M =2] Zpolof] L2+ FAQ A F, inspect.Parameter S,
function 2, PEP 362% H A 8.

path entry (2 dlEz]) 22 7|0 7ot 7} QEE & RESES 27 8] Bnels ¥ 4= 4o

Shbel B, )

path entry finder (3 2 QI E E]J—]—Jt‘]) sys.path_hooks =
£ 3T o, oA A= dEe] = BEE R PHE g

AR JEZ Ay Eo] FHEE= A EEL importlib.abe.PathEntryFinder o U314t}

path entry hook (F 2 A E 2] F) sys.path_hook | 2E = EeEUT, 54 4= =2 oA &2
ES WS g drtd 42 dEg oot & 85tk

path based finder (3 2 7|4t 5}Qlt]) 7|3 v} 42 5ot S % s, YEE 4= o BE
%Yt

path-like object (A7 AA) 519 A28 A28 e A8, A ARE A2 E ehy ser
Ubytes A o] AL} os.PathLike T2 EF S 3= A YYTh os.Pathlike T2 EF
S A Q3= AA = os. fspath () T4 S TEA str thbytes Y A28 A2 2 W3kg &
MQHE]- th4l os.fsdecode () & os.fsencode () & Z+Zt str U bytes 23}E B A5l=4)
AHEE 4 5 UTH PEP 5198 = Y= 5 UTh

filo
L
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PEP shol 7140 A% PEPE shol 4 AT FE AT ot EE 222~ e 2
o Shet A= e 7152 BB sk AA EA YU Th PEPE AQHE 750l th et 2 g
2AS AT ek

PEPE= F8 A2 7 5< Altsta 2A o e AFUE 949
AR3E AR ‘3%71%8& 71w A
gt ol A2 2 A S A o] A5y

PEP 1 &=z 34 8.

portion (£ ) PEP 420 o A] % 2] & 214 &, o] F 37k 3 7] A of] e]upA] 3h= shrte] v e ol £o] =
SIS0 A @ip Lol AZEE AT 75T

positional argument ($] 2] ?12}) QI#} £ H A Q.

provisional API (Z+d API) 7 APl= %= gto| B89 I A T84 B4

u] 3ol Mol Sojzk A7
U el A el g 7% 3ka

A, Cleislel a0 2 W o g5 S 9 el 3 AN
ST RO A TR o] FAH A b Mol Yol Qv ad WL B
Ao doj At ke AT — APIE E3et7] Mol 51 o5t 2RA Aol

B ZSoluk Do AUt
APIO AN 2 XS, 37 T34 o] &
H A= sl FA T3S /X

G BF vhol nef el oW A B AR
Yok § A 82 PEP 411€ 28 F 1)

provisional package (24 2] 7] 2]) &4 API & BEA|

Python 3000 (5}0] 4 3000) T}o] % 3.x vl 2}ole] W H (¥ A 39] WjE 7} W u]#)e] o]of7| & A Ao uh
Eol3 o] Folth) °] A& “Py3k” & S0] 27| = Yt

Pythonic (g}o] Qi thg) thE ol EolA drtA A /g ES AHRslA ZEE Fd 3k A, stol4d o
of ol A 7H A AHE S = ol A S Aol mhe
A A 2 oY Y2 for & AHEEA] o F 2
ol ol d 5 e FAE] YO8 2, ol 4
A8 = ok

2O Y il ko i
ol gy A% o Mok fo

ol

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

o 25 e spol ok 2 ol FF Y th:

for piece in food:
print (piece)

qualified name (37318l 0] %) BE| A A3zl A BE G B Feh2, G, WA= o] 27
278 HolRL 402 PiE o] F. PEP 3155 oA 3Btk A4 G5 Sehae) Ao
A3 o 2L AR o] &3} 25U th

>>> class C:
class D:
def meth (self):
pass

>>> C.__qualname___

ICI

>>> C.D._ _gualname_
'C.D'

>>> C.D.meth. qualname_
'C.D.meth'

252 7t 7] AHSE ul, &3] BF3E ol 5 (fully qualified name)& 5 F 5 I 7| A ==
ZPAA 2R 7te Aor 2eld olF2 g ol & S°], email .mime. text:
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>>> import email.mime.text
>>> email.mime.text._ name_
'email.mime.text'

reference count (R 314) AA o that =R 4. AR IR 3471008 “9011] , W22 7} vk
”9143]' AR AT FHE INH O =T gtojHl I o EH A& FAT CP\thlm T3 ;A
’\?J‘/]D}. sys BE2 54 AA|9 I=x 34+E E8]F+ getrefcount ( Ao gt

ol L HINA & HAL

slots_ el %) ARSI, a2 A=ARELE G T
o8 AAFOEA v 2l S FasHs Z0E U 97 3

A E A Hole ), el WAS § 4 =R oA e el ¢ 182k gl

W3 F 92 FH e o] EHUTh

sequence (A]A2) _ getiten () S5 AEES 53| 45 AGAS AL wpE
S, Al @22 Zo]E E3FE=_ len ™

.III'H_\_,_L,

r°"

UE 2, 1ist, str, tuple,bytes 7} 5 YT dict =3l _ getitem_ (
2 AR, 25 o A5 A A2 9] 2 7B AHEH] wFol AALTF ol PO E H
FRTE 20 el3oF T o

collections.abc.Sequence FA Hlolx Fd A= _ getitem () & __len ()=
oA R ZHSE QA EHo~E AHYd=0, count (), index (), _ contains__ (),
__reversed__ () & F7HgUrth o] &4H AHH oA E T TS register () E AHE3
AHAdez 5524 dgUn

set comprehension (3 AL |3 A) ol Eof J= 842 AAV IEE A sty 238 H2 A
W3tsl= 7+ 43 . results = {c for c in 'abracadabra' if ¢ not in 'abc'}
=BG HEg {'r', 'd'}E AT comprehensionsS FFZE T Al L

single dispatch (9.2 T) A5 %]) 7@ o] stue] Qo] Wol 7|23 AAH = A @5 o252 Y
& 3.

Slice (&24o]2) B A T2 9 ARG FUSE AR, Sehol 2t A8 22YE T/ UL ASAN W
Ut} variable_name[1:3:5] A3, [] FollA A 7S =ALE & L—E—ﬁﬂ?}‘%q HZs
(HE 229 E) B0 RRHOZ o1ice AAE ASFUTH

special method (54> A &) slo] A o] Fof o] AL, cﬂg} 2o AgPstu] BAFH O T TEE = oA
E. oA HAEEF e REZ A FE ZvE o] 52 23 I 55U T 54 WA == specialnames

o EAZ Bl A ULk

statement (Z7) =& 29 E (R =2 “E5 (block)”) & 735t F2JUTh &2 234 o] AL
7IHN=S /\}ﬁﬁh ol 7HA +28 F9 sttd Yt 714 if, while, for.

strong reference In Python’s C API, a strong reference is a reference to an object which is owned by the code

holding the reference. The strong reference is taken by calling Py_ INCREF () when the reference is created
and released with Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the
Py_DECREF () function must be called on the strong reference before exiting the scope of the strong refer-
ence, to avoid leaking one reference.

See also borrowed reference.

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

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

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.

text file (5] 2 & 5}9)) str AR & 23 £ 5 Qe 7Y A4, 5%, GAE 5L A4 2 & volE A
HolHAE Y AH AT FAE Q15T & A% AU HAE e dzE HAE BE
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('r'E='w)E 99 9Y, sys.stdin, sys.stdout,1i0.5tringI0 & AAHAE E 4 U5

dlel =GR A7) & 932 4 9 5 AR thal A vel v e) 59 = Fa A L.
triple-quoted string ({3 -3 % 8 FA4e) -2E () o} 202 E () A AR FeA FAL. 1
WgE bz FelAel 2Ae] g 75 AT AL FA W, o AR o fol A Lm I} 9

2 o) o) ol 31

type (3) sholx AA] P&
AA P& __class__ o]EF

3 ol o Y IES Dot d FEE UL I E EH
def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

EoEd 2ol g a7 G e & dsuth

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

o

T EY BOE QA S, HAE ~AERS
& "\r\n', AL W ZNEA] Fe '\,

Z 714 Q1 Aol BfA = bytes.splitlines () ¥ 5ol 2} PEP 278 &} PEP 3116 = H A S
variable annotation (H4> o] = H|o]A) W4 = Z A olEFHE o] - H o] Al

W EE 22 o B RE ol H o] 4 e T g ge A AT

class C:
field: 'annotation'

Tint g 7R o=

fu
ok
(o
[
fu
>
ofo
it
T
v
2
il
e
=
2
&
o

W4 ol i o] A Ak o

dEEBE

count: int = 0

W4 o] B o] -2 A4 annassign o A A ™ &t}
See function annotation, PEP 484 and PEP 526, which describe this functionality. Also see annotations-howto
for best practices on working with annotations.

virtual environment (7} 7)) sto] % A8 A9} 38 Z 2 I 0], T2 A|AH oA A s = ThE Tto]
WG 22 OYEY & TS FA FoWA, ol A Wi 7| A5 A A sHA Y G 1 o]
Sohe AL bssl e, A8 A0 AelE 49 84,

venv & HA 8.
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L

EASE

virtual machine (7}4} 7| 74])

&7} 293 vhel =

Zen of Python (J]-Ol Al 24]
AUt o = EH g‘r?'fo

ol 8l 3taL ARE Sk H ==

St H gyt
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APPENDIX B

o] A Aol &3}

o] A A= reStructuredText 20| A TEE 0] A1 o2 ) gfo] A A E 93 53| A=t
¢l Sphinx & AH&- @5 U T

Agx el o] & 913 24 QA Nk slo] M A 2} I 2 A A 02 AP F AR =8 Yyt 7] o 3}
2 AT, o] # ol th$F 7 B += reporting-bugs 3| o] A| & IS Al 2. A 22 A B AR AA Y
g gy ol

& RS/ Be A8 =5y

RUNNE

* Fred L. Drake, Jr., 92} 3}o]d A A = F39te] AR o)A @& 2Rl =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.

B.1 slo]d AwAle] THAES

W2 At sholad Aof, shold - ghol B Yl sfol AR Aol 7] F st 7o) Ake] R A <
EE22 glo] A £ v Z 7] Misc/ACKS & FR I AL
spolxlo] o] B A
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appeENDIX C

oA A9} o] Al

CA 2zEgeld o4

g}o] -2 ABCgt:= Qo] o] T A A& 4] v 2HE 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
2+ %) 2] Guido van Rossum©l] 9] 3l 1990 o] Zuko]l W& o] F <5 Uth Tlo| Mo = thE2 AlgE9) W 23]
o] 2= A v, Guido= Tho] # o] 8 AR} o} 9) A»]D}

1995, Guido+= Virginia 2] Reston Oﬂ @)= Corporation for National Research Initiatives(CNRI, https://www.cnri.

reston.va.us/ Frx) ol A zho] x 24 74] a1, o] oA oy AL AZEAE SAYFYTH

200049 59, Guido&} 3}o] A & /\\3] 7H 2 2 BeOpen.com 2 2 -& 7 4] BeOpen PythonLabs ¥ & T4 35
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09.0~12 | n/a 1991-1995 | CWI yes

13~152 | 1.2 1995-1999 | CNRI yes

1.6 152 2000 CNRI no

2.0 1.6 2000 BeOpen.com | no

1.6.1 1.6 2001 CNRI no

2.1 2.0+1.6.1 | 2001 PSF no

2.0.1 2.0+1.6.1 | 2001 PSF yes

2.1.1 2.142.0.1 | 2001 PSF yes

212 2.1.1 2002 PSF yes

2.13 2.1.2 2002 PSF yes

2.2 o] 2.1.1 2001-# A | PSF yes
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.13

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

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.
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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 THEREOF.

6. This License Agreement will automatically terminate upon a material.
—breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. _
—This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee, .
—O0r any

third party.

8. By copying, installing or otherwise using Python 3.10.13, 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.

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
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agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY 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

(TF& sl AT ol A%
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Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

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

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

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.13 DOC-
UMENTATION

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

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

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

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

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

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

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

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

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m—mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 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. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

C.3.3 vlE7] &7 A

[>

asynchat3¥ asyncore R 52 th33 22 F9 AMS 233U

Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

%
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http.cookies REL T} 28 59 A3 TR 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.

C.3.5 A3 >3

trace BEL U2 2 39 AL EFLH

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

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode 4 UUdecode 3+

wu BEL The 3 2 79 S EPTh

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C3.7 XML YA Z==2AA 5&

xmlrpe.client RES TheT 22 29 A3 e

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.

%
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C.3.8 test_epoll

test_epoll RES b3t 28 79| AL ZFFUh

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-2 kqueue Q1 E 3] o] 2ol thal The 3} 2 9] AgHS ERFU T

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

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

modification, are permitted provided that the following conditions

are met:

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "~ "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

39 python/pyhash. ¢ ¢+ Dan Bernstein ®] SipHash24 €17 2] = 2] Marek Majkowski 2] =& o] 3Z 35| of
AFUTH 7)o &= a3 22 W§o] Z3E o 5T

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod £} dtoa

The file Python/dtoa. ¢, which supplies C functions dtoa and strtod for conversion of C doubles to and from
strings, is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/
web/20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains
the following copyright and licensing notice:

/*****************************************‘k**********************
*
* The author of this software is David M. Gay.
*
* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting

* documentation for such software.

* % ok X

*

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

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

%
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C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the
OpenSSL libraries, so we include a copy of the OpenSSL license here:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-corelopenssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

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

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

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

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

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

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

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

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L R

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eayl@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
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* OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

* SUCH DAMAGE.

*

* The licence and distribution terms for any publically available version or
* derivative of this code cannot be changed. i.e. this code cannot simply be
* copied and put under another distribution licence

* [including the GNU Public Licence.]

*/

C.3.13 expat

pyexpat B2 WEE ——with-system-expat & F/38A] %+ 3t £ expat &2 AHE S ARG

shol =g ok

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 @FL WEE ——yith-system-1ibffi B FASA 9= 3t 3 libfi &2 AHES AFR

shof =g ok

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
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NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib

21ib L A2 H oA WA dib Ao YT eefs o] A o] A8 4 glow,
A2 Abg el e U th

ki
i

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc o &8 A= & Al Hl o] 22 & -& cfuhash Z2 A EE 7|Hko 2 St}

[kl

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

(Th& sl AT ol A%
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from this software without specific prior written permission.

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

C.3.17 libmpdec

de01mal % W & ——with-system-libmpdec & 74 3}A] ¢+ Sk, 234 libmpdec 42~ AFE

2 ALgstel MEPUTh

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| 2 E A9 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:
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* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

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

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

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

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project:

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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sho] 3} o] WA
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

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