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The Python interpreter and the extensive standard library are freely available in source or binary form for all major
platforms from the Python web site, https://www.python.org/, and may be freely distributed. The same site also contains
distributions of and pointers to many free third party Python modules, programs and tools, and additional documentation.
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CHAPTER 1

1SS
p=l
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40
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o 2] Ho] AFE S wol AT, A2 AE 85T AL AL WA ULk o & o], Be gaE
S e Ad-sAeT A7, AR LSS Bie R o] 2L A A A ST 48 5 A5
o). o} AT 22w 3k A wre] o] e o] AL GUI S8 T2 g, B ek A S BEn 4 Ad U
ghop of 2 o] A 2z E o] ALAIEHH, of 8] C/Cr+/lava 2ho] B2 2] 52 23 A gial ofgt & 4 9w,
QulA 9l TEAL/ATAEAEA DT o] YT mehs A2 AR Pk AW T 2holn
Helee B HAE A9 =S FAAT), HAE TE 4o e sk A4S BAA Uk
3 o E ALg e Z2 1AL AP, 2As] AL o} AAE AART PHNL AA e 5
&tk

Shol ML vz ol B 98 Aok,

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

Jpo] M2 Aol ZhekskAI R, Atz 2 22O dojdu], A AT HEY W] st E Y o g
FREATSL ARG 2202 AR A DS AT Wi, shoj 2 CHT A4 g o2 AAE
Agota, AT I 9l 2L 1aEd AP ES WSt d5Uth o Rk A8 F 5 o+
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Hl=d], A2 o] Tk & 28 GUI = A ] 3 Qg 5] o] A% So] 9t}

holx2 Azl g A YgUrh AL F3 dAVE 8 glonz i AZHE 43 dEsE U
AHZ e & 3P o2 AL T = QlofA], Ao 755 AP aA, 20 WEd Z2I39WS THEAY,
G E 22 238 ntEo]7te 59 34 ES HAES Y 45Utk 083 gak8 A4tz o) 71 & It
stolM-e AL g7 H4A 22 IS AT 5 IAEF FUh FtolH 22T WL 2] 71A] o] {FE T2
7159 C, C++, Java ZZ I 5o v 3f) ZHE ok

B Ee] AnY ] B3

)
re
2
o
)
Sl
o
[o
u
=
e
]
4
30
>
<
&




Python Tutorial, &2|A 3.11.10

« B FEE ZE QA E2rE T8 o] R YT

o WL AR Adde] B g gtk
ol We 37 715 stk C2 =2 awsle He orpd, A Z e Ho| Az U sy Asde 27
A, AA AN HY 257 2 A L dlol Y g FE 2 Uk Al2E = gol B g (71e AR Al
T Spo] B ) ol JJr"]"‘q Z22IS A28 AFUth A sfojdo Mg dotd, CE e 5§
=20l shol A Qe Zel B g A Aske] 1 38 meorgle] Bgolt By dojz A8 5 A5
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oA of 2]F-2 ol Hofl A TR AJE AL F B AA S Stk d A AJ Ut Ao Sl P FL2
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CHAPTER 2

oM QIE{=Z2[Bf ArEStH7 |

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

The Python interpreter is usually installed as /usr/local/bin/python3. 11 on those machines where it is avail-
able; putting /usr/local/bin in your Unix shell’ s search path makes it possible to start it by typing the command:

[python} 11

2 Ao JEHA ART 5 A5k ABZ AR S Do Aue Ax G4l 7] wEe,
OE B4% F5HUTh F0 shol A AR b A28 B2l Ahol A ST B2t AU (o€ Sol,

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

On Windows machines where you have installed Python from the Microsoft Store, the python3.11 command will be
available. If you have the py.exe launcher installed, you can use the py command. See setting-envvars for other ways to
launch Python.

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

Az HE FEAIZ 5 A5 U
AB == GNUReddline g}ol ‘jﬁiﬂl S A gste Ala"o A & B Vs z 3ty AF, slaE e A&,

SE 94 5 AFFULE olvhs PR B o e A FAShe HFWE PP L | ZEZE A
Control-p & SEsHE ANt WS4 427k ek WP d Mol A5 7 AUk A 7)ol
A RE 5 dF 9 W6 AEe] 8 S WAL ofre MeE AL Pt 2H A} B
A7 0] AT A e AU DAl ZolA EAE 2197 A3 WAH 0|28 AT 4 Y Ao] AR
S]=S

ez et ol A Fu2 AHY S ATtk uy FA ) FF Aol A2 Aejz AW, 3hy o
=HYE n AT U9 e d PREY NEDES ERER R P ER PR

| 2ol A, shol 1 3x AHZ 2 H: BB python ol eh o[ 59 A A= A5 A v, S A& shol 4 2x A
A3} FE5HA T 5] A AU
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A second way of starting the interpreter is python -c command [arg] ..., which executes the statement(s) in
command, analogous to the shell’ s —c option. Since Python statements often contain spaces or other characters that are
special to the shell, it is usually advised to quote command in its entirety.

dd glo]H REEL ATHERZE £27F A5 YT python —m module [arg] ... 2 AP 4 9]
Eﬂ U]-X] module_‘?_-g axvtde] AzHES PRl dgst AAH AP A gy

SIYHE 3Jr°‘ o AHgd ], Eﬂﬁ A2TPES AYF Zo|| th3}F R EolrtE Ao] A w7t Y5tk
-iE 78% st Hyth

A& using-on-general o A 2H& 4= Q5L T}

rlr

m}oé

2EEY

—

211 CIX} ME

iﬂ%£ﬂ%4zﬂ4ﬂﬂcﬂﬂﬂ HEHE AGE o], ALY 5508 HIH T sys BEY argv
Hao AAZAFH Yt} import sys S AFR3A] o] Eioﬂ Hz

A2TAYHER F7H AAE gle A2, sys.argv[0] S ¥
dYgLS 53 th 2 #9¥ sys.argv(0] & '-' ZFHYTh —ccommandﬂ/\}%ﬂ“d sys.argv[0] = '-c'
2 AAE YT —-mmodule ©] AHEE W sys.argv[0] = 259 At FE% o] Yt} -c command Y} -n
module ¥ °] L& FAE-2 Fto|x A Z 7 & Eﬂﬂ G PP oly REC] AP EF sys.argv &
A Yt

N
o
Fu)
_k')j
opt
3]
In

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

$ python3.11

Python 3.11 (default, April 4 2021, 09:25:04)

[GCC 10.2.0] on linux

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

e

il

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

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

Be careful not to fall off!

3l Reof tiel B & Aok, Tty R = & HAL.
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718 H oz, stol £ 3tYE2 UTF8C 2 AFE 1 2oz Hgguth o] AT H A= tf 72 oo

A MRS = —EXP%% AL g, AL FA Sol A @A AR S S U Th (BHA R EE el He e
A ASCIT £ AR A8 AL 2 A8 e, M-8 T A o] Fall & mas Ao $5UTh) o #AE5L

R ZuhE E/\lﬁ} 7 Ao A B 717 o] UTF-8 9L 91413 of 5131, of ool £ w8 £A2

AL 5 9 2EL Mgl oF I

QTGS 7123k o) 2oz Addsted, st A 2ol 58 FHjo] =4 £& FIsfof Fuith £
[aeasiss

[# —*— coding: encoding —*-

encoding 2 v}o| M o] A1 Q&= 9 (codecs) F 3hrho] oF FUth
o & S0, Windows-1252 A7 J & AL L3 EE HAdeld, 24 T & 5199

A EL o) FA HooF gt

[# —*— coding: cpl252 —*-

A Z F2 371A] Q)= aA FET U A <A (shebang)” Z & A Za= AUt o] Ao, 7Y
AL F AA S0l ST o & St

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

2.2, 2lET2|E{Q} &4 7
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CHAPTER 3
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# this is the first comment
spam = 1 # and this is the second comment
# ... and now a third!
text = "# This is not a comment because it's inside quotes."
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3.1 IiO|ME ALT|Z AFESHY|

2 7hA 7 st W WYL ASH B A ABZAHE VWS AR 2BLE, >>>, B kA L.
24

3.1.1 =X}

The interpreter acts as a simple calculator: you can type an expression at it and it will write the value. Expression syntax
is straightforward: the operators +, —, * and / can be used to perform arithmetic; parentheses ( ()) can be used for
grouping. For example:

>>> 2 + 2

4

>>> 50 - 5*6

20

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

5.0

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

1.6

A (& £012,4,20)= int YU 2577t A= AE (1E £015.0,1.6)& float FYYtt

AF A Fol A xAF Pl sl | AA8] g A Ytk

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

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

5.666666666666667

>>>

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

5

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

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

17

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

>>> 5 ** 2 # 5 squared

25

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

]

Heo S YT = 53 (=)
c}:

AU ©] 47 o= T3

[
o
[l
[
>
=2
=5
>,
i
rlr
i
1%
rlo
ge
o[>
<

>>> width = 20

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

W57 S o 97 kS W (2 oA ek W) g T AR S AL oS E Joyh
3 2

Lox b OSSN EOBR, 3rr2 & - (3442) 2 A4S oA BT -9 A BUTH 9 B AT AOH (-3) *x
& A%

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

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

A5E BAH o AARUTH AR THE B M AAAE e QAL A5 HAAAE D42 WS
t}:

>>> 4 * 3,75 - 1

14.0

31y R Eo A=, upx gtof] A4 R AA L WS o hYgF Ut o] AL o] M & BHE AT Z ALS
g uf, Axke olo] 7717 E B A9 R3S Ar gy A E

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

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

o] Mt ASAZAE 9718 A58 A A3
Aok 22 ol ge] Ao Weg A HEL
24U

int & float o B3l, I}o] M2 Decimal ©]U Fraction 59 o2 o A= Z]TFJWD} v}o] A -
Eag o g Qs WAt ledl, 458 7te7ledl § U o FuARE AU (A& E9] 3+579).

3.1.2 Text

Python can manipulate text (represented by type st r, so-called “strings™) as well as numbers. This includes characters
“17”,words “rabbit”, names “Paris”, sentences “Got your back.”,etc. “Yay! :)”. They can be enclosed
in single quotes (' . . . ') or double quotes (" . . . ") with the same result?.

>>> 'spam eggs' # single quotes

'spam eggs'

>>> "Paris rabbit got your back :)! Yay!" # double quotes

'Paris rabbit got your back :)! Yay!'

>>> '1975' # digits and numerals enclosed in quotes are also strings

'1975"

To quote a quote, we need to “escape” it, by preceding it with \. Alternatively, we can use the other type of quotation
marks:

>>> '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."

(TH& sl oA ol A%)

L HEQATAE I S e S ASE HeuBAC. G SURLC . A e A5 AG & 0
Aol A LmEE ol A " & ol 270l BT DR G (A T\ ol Aol F A Ak Fith, T A= Yk

Q%

)
S o

9 ﬂb{ﬂ
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(o] A | o] A e A AL
'"Yes," they said.'
>>> '""Isn\'t," they said.'
'"Tsn\'t," they said.'

In the Python shell, the string definition and output string can look different. The print () function produces a more
readable output, by omitting the enclosing quotes and by printing escaped and special characters:

>>> s = 'First line.\nSecond line.' # \n means newline

>>> s # without print (), special characters are included in the string

'First line.\nSecond line.'

>>> print (s) # with print (), special characters are interpreted, so \n produces new.
—line

First line.

Second line.

Vo et B S5 BAR AR 3 A GrhE, A g E Pol £ & 2olA & B (aw
string) & W 4 AHU Tk

>>> 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.

FAY e PL e 22 F9D # AUt @ b e 4% SRS g Atk v
neEE 0 29 Bae Ao R Bapde] 3P U S AR E ol \ & £ o2 AR
= g5k o o
print (u 1] H\
Usage: thingy [OPTIONS]

-h Display this usage message

—-H hostname Hostname to connect to

nn ll)

€ old 2345 93t (R AR AAZA7F ZFH A = Aol FHTAIR):

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

EADL + AR oloj ol 1, * AR WA D 4 A5 Th

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

T o1 BAE BlE R (5, WS E SN A5) 7 AdEHA EtgE A5 o2 o]0 Foi Ut

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

ol 7lse A EAde 2N S o S| £ JYFUth

12 Chapter 3. mlO|#2| ZI=FGE A TH
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>>> text = ('Put several strings within parentheses '
c 'to have them joined together.')
>>> text

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

AL 24 % 7o) E Lol A D W} AN ol & A FEA STk

>>> 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'

AAAAA

SyntaxError: invalid syntax

M557)e) 32 W4o 22D e E DS ojoj 2ol H T + & AgaloF Fur)

>>> prefix + 'thon'

'Python'

FAge Adda (MH 2aYE) D 5 d5Uth 3 WA 2A47 A2 00] S HUth BA4E 98 0 RS
32 glaUth 9as 2ol 19 £AAYY ok

>>> word = 'Python'

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

lPl

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

'nl

Qi $47 8 S g, ZlARE Atk

>>> word[-1] # last character

lnl

>>> word[-2] # second-last character
'ol

>>> word[-6]

'Pl

0204 2ong, 39 AP iE 104 Al&3the 2o 5514 2.
w
=

Aol Hafl & efol 4 (slicing) = A DF Ut A=/ o] 7
E A4 (substring) & ¥+ vl AHEH U th:

U AHg L, Seto] 4 & R

M
)
il
1

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

le'

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

'tho'

Sepol s dlEl st WS /R Ge 23 QEUTh A WA AP AE At 7] B7H0 o AL E T, T A
Qe sk ks w Z) R ko2 Sete] 4 5 & 2 A Fol 7 ALgH ULk

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

'Py'

(Th& sl el Ao A<

3.1. HO|ME AH A2 AIRE}Y| 13
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(e1A sl o] A ol A AI5)

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

lon'

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

i

AF AN BAbE B Z G WE, FE AN BAL G EH A e Aol T AL, o] w2

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

'Python’

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

'Python'

otolosl BATE WU L 71 & 1A WAL Aol £AE Aol 48 el Acka B 2Aef
AU 28 B A% AL 0YM T nl) BAER FAE BAYS 225 T AAL AAL

IE“JD},@H

Fom b ——+
| Pyl tlh|oln|
s S
0 1 2 3 4 5 6

AWAR A P2 A~ 0469 JAE HAFT; F HA P2 33t 22 ddAES BoF YT i
oA i el Eelolarigtj2 WE B AA Alele] EAEE LAAE YL

Solotd A AE] AP, F Ad A BE A1 Yof Qlthd Egto]2 Dol A 7k A9yt A&
=% word[1:3] & 4o] ‘Q‘/]D}

>>> 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

SHA W9 S Holue etol ddae Setol A8 v FERA Ayt

>>> word[4:42]
lon'

sho]d EAA L WA 4 glrk— 2w olgk gtk 2elA EAe) ddaz B2 g A0 o deteln
s el oyt
>>> 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

T £Ado] BR a2 s of o Tk
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>>> 'J' + word[1l:]
'Jython'’

>>> word[:2] + 'py'
'Pypy’

g & len() & 24 dojE w2 F U

>>> g 'supercalifragilisticexpialidocious’
>>> len(s)
34

] B7|:

textseq

AL A AL Y o dF o, A AL A DS 35 dAibEo] AYFE YT
string-methods

TAEL 71 2A A ST HAS 93 oY 7HA] Ml EES A AT

f-strings

formatstrings
str.format () 28 FAE-S 2 W3t Wol o sk FH.
old-string-formatting
o] oA EAE S & AAAL A F o] ARG SH= o A A o] | of Fef & o] Al SHAl A sk Al

g},

3.1.3 2|AE

sho] e THE 52 Fol 2] 2 Hv] AHgE & o] @) 742 AT = (compound) AR FS F3 %Lk 7}
F g5 It AL B AE olu, RS Aol o EE FRE R(FB)EY 2202 2dD 5 JH U
PrEE AR 2 3O FBES TFT 5 AW, GBS0 BE 2L Y F9s B h

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

>>> squares

(1, 4, 9, 16, 25]

FAL (223, e RE Y ADS FE)AY elass Adgst skl 4T £ glsU

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

1

>>> squares[—1]

25

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

[9, 16, 25]

gaEs ojojo]7] 2L AAE A AT T

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

2 9 BT

i
iV

2, elass b QUTh 5 Y82 WAL 5 LUk

3.1. TO|MES HAI|Z ARSI 15
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>>> cubes = [1, 8, 27, 65, 125] # something's wrong here
>>> 4 ** 3  # the cube of 4 is 64, not 65!

64

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

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

You can also add new items at the end of the list, by using the 1ist.append () method (we will see more about
methods later):

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

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

Simple assignment in Python never copies data. When you assign a list to a variable, the variable refers to the existing list.
Any changes you make to the list through one variable will be seen through all other variables that refer to it.:

>>> rgb = ["Red", "Green", "Blue"]
>>> rgba = rgb

>>> id(rgb) == id(rgba) # they reference the same object
True

>>> rgba.append ("Alph")

>>> rgb

["Red", "Greel’l", "Blue", "Alph"]

>>> correct_rgba = rgbal:]

>>> correct_rgba[-1] = "Alpha"
>>> correct_rgba

["Red", "Green", "Blue", "Alpha"]
>>> rgba

["RedH’ llGreen", "BlueH, "Alph"]

Sefolaol sl AE s g, lae Aolg WAT 4 UL, BE FES AN £24 A5
>>> letters = ['a', 'b', 'c', 'd', 'e', 'f', 'g'l]

>>> letters

["a', 'b', 'c', 'd', 'e', 'f', 'g'l]
>>> # replace some values

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

['a', 'b', 'C', 'D', 'E', '"f', 'g'l]
>>> # now remove them

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

>>> letters

[*a', 'b', '£', 'g']

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

>>> Jletters

16 Chapter 3. m}O|¥M 2| ZH2fEH A T4
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>>> letters = ['a', 'b', 'c', 'd']
>>> len(letters)

>>>
>>>
>>>
>>>
[['a',
>>> x[0]

['a', 'b', 'c']
>>> x[0][1]

b

- X X B o
1
-~
N
w

32 T2 RIS ZEo HAZ

Of course, we can use Python for more complicated tasks than adding two and two together. For instance, we can write

an initial sub-sequence of the Fibonacci series as follows:

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

2 EFSI Y5UTh WS a b of S g 07 o] YU vk Sol
I, B9l o] o] 1= BHebE o] £0]47] Ao $Me] EAA o] BT
RE eEmow AuA ¢AYE A4 Uk,

sl
V)]
AN
[ERN
2

21y
gl Qo] 710 o] obd AL B ghol L, ¥l AlAAE AR AU of o] A AHg 8 7 AHE (hekel n
LYYk EF U3 A4 C9)

Zh, >= (A Y 2}, = (b2 1}.

« FILY Y (body) & 59127] Ut 5o 227]= gpeldel A FAS Fojg 2 5= WYY
2ty ZFLECM ZHZF 5o 2= Foll A | (tab) ©] &) (space) & ¢ 3l oF Fu T AA AL
GXE A 712 A A F B 538 shold I=E FHsH HUTth AR g AE WA S
w927 7lsE Aedytt 5drs Hg o dedue 2= e Asi Wl 2= 99
U @A77 AA vpA et 22 dHEA] A4S 5 g7 wE dUnh) 22 =5 295 =
2 L2 g 502 7] Hojof gl oAl 8

AE Ut 53

o] ) F AP UTE Co mpR7EA 2 shol Wel A1 0 o] ofud
h 2AS FAGel L} Bl AE (A RE SR AA2) D S

Zewaow AU < (ATh, > (2T, —= (2T, <= (A}

<
£

RIE

rlt . ol el

32. Z2OeiURS HEZ
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e print () T FAA JAAEY S dAF U o5 AAL A+ g FALE S TR Aol A
(A7) oA A oA & 2 o)) YA ot RHA S 1 8ot AAdE oYtk 2282
08 E glo] 285 I, ARE grolt Wzkel FABUTE TeA oA Aoz B FA EHLT 5
gtk
>>> i = 256*256
>>> print ('The value of i is', i)

The value of i is 65536
ZINE AAtend = 28 ol TFH = MAZAEAAFAUY S e TALEE VA st 42

o AHg- U ok

>> a, b =20, 1

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

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

18 Chapter 3. m}O|¥M 2| ZH2fEH A T4
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7[Et Mol &5 =+

As well as the while statement just introduced, Python uses a few more that we will encounter in this chapter.

41 if &

ohvhE 13 F G A £ YL e ¥ D AGYTh 8 Sol:

>>> x = int (input ("Please enter an integer: "))
Please enter an integer: 42
>>> if x < 0:
x =0
print ('Negative changed to zero')
elif x ==
print ('Zero'")
elif x ==
print ('Single')
else:
print ('More')

More

QA 32 e} elif B 9L 5 AT, else = AHAYUTL |9 E ‘elif £ ‘elseif’ o 29 £
A, HEF S0l227)8 3ok ol FRFUTE if - elif -~ elif -~ ADLE OE Ao S A L% &

switch Y case &2 thAI g o}

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

19
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4.2 for &

shol ol Al for £ C 1 FaZo A A58 A o thEU . (3}
e Sl o2l o) 4 817}, (CAZ) A& A7) o el o] A B A9} %
shol ) for B2 Qo) NP (2B EAD) ] FEEL 1
gt o 2 S0l (B o] ojeh:

W) B 59 HEH A

2 ZHA]
2AL AT 4 AES e G4,
Solglt A2 ol #lo) 4

o
==

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

AAAL ol E o) E S 5 2L AAML £ A TEL v FAFES BE7) FEUT U4,
HEANHY BAROR 228 BEAY A AYHS BEE o] & 2Rt

# Create a sample collection
users = {'Hans': 'active', 'Eléonore': 'inactive', 'omo': 'active'}

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

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

4.3 range () &t

SAEY NALE ol Bl =T B2/t 9o W, W F B4 range () 7h MG th £E S HEUh

>>> for i in range(5):

print (i)
é..
1
2
3
4
22 T A e o 2FH A 55U range (10) 2 10719 gE w==d], 20] 1091 AJ@ 22
FEES sbel 7l SutE QgAY th WY O $AR ARSAL, O SR (8524 7hs
Futh ol & o] 1S ‘2 (step)” o] 2tal FFUTH A A st= A E 7FeFUTh

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

>>> list (range (0, 10, 3))
(th sl o] A ol Al%)
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(e1A sl o] A ol A AI5)
o, 3, 6, 9]

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

Aldse] QY Ag g olH ol E W, 5 A ™ range () & len() = 2FE + dF5Uh

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

print (i, afli])
0 Mary
1 had
2 a

3 little
4 lamb

A 28 u] 22, enumerate () F5E 2= Aol HEFdYth Tz HIY & BAL.

MAE T A5 o] ga Ao] Aotk

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

B2 9ol range () 7H 5 F AAE B2 E 9 AW FASA W, AL 2 2EvLopd ey o Eel o =
W A3 A W2 FRES AYR SeFE ARl AW, AA R 2 =S WEA ghobd F1-8 4oy

U,

o)A AAE o o]ty RE UL FF0] 20 WA AW FRES A 5 9
Wohe @0 TRBES BACE AR St for Fo] T TEEYL WS
Ase 49 ol sum() YUtk

>>> 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} & <=, we will
discuss in more detail about 1ist ().

4.4 E£I9| break 2} continue &, 12|11 else A

The break statement breaks out of the innermost enclosing for or while loop.

A for or while loop can include an e1se clause.

In a for loop, the else clause is executed after the loop reaches its final iteration.
Inawhile loop, it’ s executed after the loop’ s condition becomes false.

In either kind of loop, the e 1se clause is not executed if the loop was terminated by a break.

This is exemplified in the following for loop, which searches for prime numbers:

>>> for n in range (2, 10):
for x in range (2, n):
if n & x == 0:

print (n, 'equals', x, '*', n//x)

(Th sl el Aol A<

44. 29| break 2} continue &, 12|11 else & 21
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(e1A sl o] A ol A AI5)

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

OW 00 J o Ul i WIN -

(2L guhE BEUTh 445 ST @ else 8L it Bo] ope} for F2o] £FUTH)

F22} A AHSE o, else B2 1fTED}—try T«l else A v|st Aol Wi th try ¥9 else
AL o 2] 7} A E1A] kS “%‘51 F29 else A2 break 7} BAEA S w AFF YTt try 3}

o 9] ol Ta A G )L o] 9] A 2)5t ] HAL.
continue B2, A Coll A Mgl th $29) Thg ol g @ o] Aol A A% SIS vhg )

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

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

print ("Found an odd number", num)

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

ok
D)
5§
fy
i)
M
L
2
o
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o
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ko
ol
N
rl:l
[k
u
d
)
o
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i
ol
]
ne
o
0,
o
2
>,
ofo

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

Hade 2H2E 0E o £ ALH U

>>> class MyEmptyClass:
pass

pass7}AHEE 5 b e FAL A HES AT w AR WY A4S ASE A, o2
o) § 24A 420K AZE 5 97 FU T pass £ 283 FAFUTH
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>>> 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:

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, Vy):
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:

4.6. match Statements 23




Python Tutorial, &2|A 3.11.10

class Point:
def _ _init__ (self, x, vy):
self.x = x
self.y =y

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

Point (
Point (
Point (
Point (

1, wvar)

1, y=var)
x=1, y=var)
y=var, x=1)

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

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

class Point:

__match_args__ = ('x', 'y'")
def _ init_ (self, x, vy):
self.x = x
self.y =y

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

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

24 Chapter 4. J|E} H|0{ SE =31
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match point:
case Point(x, y) if x
print (£"Y=X at
case Point (x, Vy):
print (f"Not on the diagonal")

== vy:
vl)

X

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, vy,
packing assignments. The name after * may also be _, so
without binding the remaining items.

o Mapping patterns: { "bandwidth": b,

"latency'

*rest] and (x, y, *rest) work similar to un-

(x, vy, *_) matches a sequence of at least two items

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 (x1, yl), 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:

p
from enum import Enum

class Color (Enum) :

RED = 'red'
GREEN = 'green'
BLUE = 'blue'
color = Color (input ("Enter your choice of

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 : (")

L

'red', 'blue' or 'green':

ll))

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

4.6. match Statements

25
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>>> def fib(n): # write Fibonacci series up to n
"""Print a Fibonacci series up to n."""
a, b =0, 1
while a < n:
print (a, end="' ")
a, b = Db, atb
print ()

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

AAGYT. B4 ol 27 25 A9 B4 U459 B2 o] Supguh,

ox,
1o
i

719 E def= &4

4o vt & At BAE o] The SolA A ZE 1, HE A Eoj 22 7] o] of hTh.

S abh Y] A AA 22 A9 Ho s AL eHEC] 2 F s o] BAE BlHE L o =
W old EAE, & F2ET (doostring) YU (F2E RO o) @ A4 & W -§2 =5 wl e o] d A o
UEUth) S2ERS ARESIA 2t olu A E dEAE AF AP AU AHSAEel HEEer 2
EE 9T T UEF ot EFE0] YFUh o 2ol A ste ZEo| SA2EHS F R AL F2
FEdUSh 1YY RS Eole Aol F5 U

g AP Fr A eSS AT A AE HelES Ut £ H FAHCE, dpo e BE
He s #e A9 AE ol AUy wtde] i Fxe WA A9 A2 HolES &t
A AEEolES 2 F ARz YF o]5E9 HolEs AUt 284, Fxd +& Yo stHets,
A i e T Has2 T Ul A3 ol i gdd = syt (39 & global
Fo2 YA AY B M 9] M E nonlocal £22 HAISHA] b= 0]

Fr TS AGHE AA RAESE RIAS) S T2 W 355 = T4 AG A& HolEo s
AYUch 23 A AAREL Fholl &8 &= (call by value) 2 AEFH Ut (k2 A A A Q] gho] oyl A A
FzIUoh.) Ferte F4E 328w, Ee RIS AAALE 3230, 252 S AT M A AE

EEEE R

W5 At B4 ol B AR A Hol2
AR E AgA A o AT TE o]
o e = syt

>>> fib

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

>>> £(100)

0112 358 13 21 34 55 89

E AdAES AHESAYY, £ib 7} gk
ot} AR, return €] §lE 45 S 585U B S E S ghol 7]+ A Tk ©] -2 None o] 2tal
AUt (W o] &Y Yth. None o] &8 1 |
[e)

b E?J:
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>>> fib (0)
>>> print (£ib(0))
None

rlr
&
|-O|l
i
Y
N
=
i
2
o,
flo

VAR &, A Zzxol| 93 55 (call by object reference) ©) T £2 3], 7 AR 7L AL W, 52
24 97 MEAVIT O} o) Ao F8E 2 .
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A ste Al S| B YA £ E9 A5 g 2EE EeF+ 5 A48 A= dddyth:
>>> def fib2(n): # return Fibonacci series up to n
"""Return a list containing the Fibonacci series up to n."""
result = []
a, b=20, 1
while a < n:
result.append(a) # see below

a, b = b, atb
return result

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

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

e return ¥ FFEHE S 2 BA A HEUT 4] AA Q= return 2 None & =8 %

Utk 49 2o 7 WolXH 9 A NoneS 3 EYth

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

4.8 g4 Moo 27|
AHAA F AR AAER F5E B e A s FUTH A A4 B4 o] dwl, 2T 5 YU

48.1 7|2 CIX} g

%8 95 YAL T2 o AR5 A8 AGohe AN Aol E Anthe 42 A%

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

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

if retries < O0:
raise ValueError ('invalid user response')
print (reminder)

a2

=
2 7 PR3 AT AL A ask_ok (' FA THIY VM)
b
A

A2 S Al F3 A ask_ok (' FrelE FAME FEHHTR', 2)

48. &t Mol H7Y| 27
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« BEREJAEATMA ask_ok (' FAME FeHIT2, 2, 7, A orH2E g

rMt)
ol dl= in 7| EE &7t 5 U th AlE a7 o E ghe 7HRle Al obd A& AR U o

71T T B A BAH A J' 2Tz A Fe YT 2 A

i=26
£0
£ 5E Tt
F2% 7oA /|2 o4 g wluk grol FHR U o] AL J1 R ko] FaE v gAY R
S A A} 22 7hH A Y off 2po] & W UTH ol & 5o, bt e ASH = T2 A2d
AAEL AP}
def f(a, L=[])
L.append (a)
return L
print (£(1))
print (£(2))
print (£(3))
e 2L 2 AP
[1]
(1, 2]
(1, 2, 3]
A% % ol 7|2 gl FRHA /1S Aok, UAl F5E old oz £ 5 gdyUnt

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

4.8.2 7| E CIX}

& kwarg=value P49 7|9 = QA & AHBA 25E o dFUTh A& 5o, b2 T =

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, "!")

stitel 4 Ak (voltage) oF Al 79 B A Q1A} (state, action, type)  Wols YUt o] Fe
Sy S otz s EE 5 IS YT
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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

FAThe T 2 TEEL BT euleA) g5tk

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

ﬂAiaﬁﬁﬂl A2RE= A A AAL F of] etk FUth ALE BRE 7195 AAME 7 doE o=
lﬂvﬂ4ﬂm4¢ﬂﬁﬁﬂ§§,aamtpmmmﬂAAQMENﬂﬂﬂﬂﬂyl¢ﬁt%ﬂﬂﬂ
syttt oZAEdE 2L AAEE 2FF YUY (OlE 9], parrot (voltage=1000) & &H-FYTH.

ﬂ%ﬂﬁ+$ﬂl”4§%3%4ﬁﬁﬂﬂﬁwh1ﬂ%ﬂfﬂ@ﬂﬂtﬂﬂm*ﬂq

>>> 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 FA19] whA % A ARSI ZAFE, B4 HAASE S 3A P BE A AHES
€2 €411 2] (iypesmapping & EA2) & Witk o 2.8 *name (02 A 5440 4 AW g @42
WAL 0L 5 A, YA 2% G AN AT E FE TR LT Cnane

“name 9ol Lhoto} S TH) ol & Sol, ol @ §4& A9l o
def cheeseshop (kind, *arguments, **keywords):

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

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

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

oA Aog 359 4 Jd5Uth

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

a2 gAs] o] FA Aok

—-— 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
(TH& sl oA ol A1)
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(o1& # o] A ol A A<)
client : John Cleese
sketch : Cheese Shop Sketch

AN = 7| N E A= A T 222 Al A9 ATl HAg ol 5384 2.

483 E2 Oj7H ¥

NEAOR, AL AA G FAH A GEL shol A Fro] ALY £ AFUTh A5AT A% A,
AU BRI A, AAAHE TEANSE ATATAR BUT W B BelvE MY A,

QA7) ATE S A3 =5k
B4 Aol gL Bk

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

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

o714 /9 + = AHAGUTE AL§ 3, o] 7T AX7} Feol AYH & Ao WE u) W4 FHE
et 913 A8, 427195 2 A9E dE. A9E A ¥ s FEE (amed) B WS e E
gk,

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

G4 Aol /9 7k Yod, AAE AN A ER G0l ALT 5 A5

IR M E O47H H

F o A AR, 5 vl W4E 9
EAZHER A, AR o HE

/=92 A% v WS v A o)A
gow, 92 A% v A5t gk

/ T w7 WeE A7 =Y 7)Y

2 BAS 5 AUk 92 Agol™, v Aol
- Z e} A) ol U T
o} @4 Aol /7

AN
2
]

[
)
op
e
4>
30
fy
v
o

= Az AT ol §2 HEES, ) W5E A1 9E Agon Bt E, 3 WA
A4 o) W Aol A7 B ol <& Yo A L.
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g4 oll Al

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

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

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

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

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

A A G5 49 standard argt 7P A5 FHOR, & FHo] o}P W AL FA o™ A
AN A Y=z AL 5 A&k

>>> standard_arg(2)
2

>>> standard_arg(arg=2)
2

F WA ¢ pos_only_arge F5 ALl /7F den g 9] w7 Mg ut AR SR = Al fE Ytk

>>> pos_only_arg(1l)
1

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

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

Al AR S kwd_only argse &5 Ao oA 2 A H 7|9 E A 5 Ed Tk

9

>>> 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

A ue 2 g4 Ao oA Al 7HA 5 e B AT o

>>> 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)

123
(Th= sl o] Aol A
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(e1A sl o] A ol A AI5)

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

File "<stdin>", line 1, in <module>
TypeError: combined_example () got some positional-only arguments passed as keyword.
—arguments: 'pos_only'
nhA o0 2, 9 %] Q14 name 3} name & 7] 2 7FA = *kwds Abolo] A A A FEo] Y= o] T4 A

A AL

i

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

'name' 7| == FF A AR i) Hpo] ZHSEE TrueE MR E ¢ e T2 BV UL A&
=4
>>> foo(l, **{'name': 21})
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: foo() got multiple values for argument 'name'
>>>

Zev /(1A A8 A E AL S, name & 14 AR, S0l 'name' 2 79 E AR A2 AHEH 5
goms b5 gk

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

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

True
5, A AL v W o] B rrkwds ol A REF glo] AR = Ut

Mg A7 B4 A A ofE wh) B2 A A ATk

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

ARz A:

c ) W) O B AS AT AE T S YES W 9 482 AN L. ) WS ol F
AA vk gl w, 57 52w AA) SAE FATE T B, L A A v WS
el el 719 =8 Wobgolw 4L ] F-ETTH

al

ol o] 27} 93

L
Ho
E‘
.
i G
j&
f
j&

A= = 9l xje = AHg sk Al 2

s
AN .
o AP1S] A7, &5 w7} Ao o] Fo] 4 E wf v| 2 API W 7 o] A sk= A2 WA s H
ALS ALLFAA L.

I
j&
(2
N
)
[
U
o 1

°|

o}

B A7 1B N AOR AAFoRA o ol o] AHA A, A8
A

A
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02, M3 U S §4e B4 Y0 A5 AR 529 5 JwF AP AGUT. o)
AAEL FEZ RYUTH(FES A7~ S BAL). 7bA Dol oAt o, gAY ol Ae] Auk A5 o]

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

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

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

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

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

'earth.mars.venus'

4.8.5 CIXt 55 A mfF

AAZ o] o n] B AE L FE YA T, B H 9K AASS 275 B4 522 A9 A WA Hok ke
735 Rl o]l Mol Ut o & So], W& range () 5+ %‘E«l start 2} stop A A 7IEH Fuch 24
ol mz gA oW, Bl AEG FERRY AAE A AP 3] A3 - ANKE AN G5 E EE 3
gtk

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

[3, 4, 5]

>>> args = [3, 6]

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

[3, 4, 5]

Te o 9 - ddaE HA 719 ARE AR S deUth

>>> 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 !
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4.8.6 ZiC| B & Al

lanbda 71 S5 AHG3A A3 o8 Gt FHE BE S dHULh o] T A
lambda a, b: atb. @4 A7 7} glolof shi ol Wl o]t} deh §47h AH8E 5 A%
sahue 2@40 Ak gndors, AuA 35 golo] Aol 2y
oA, g} Fee SUAE 2Rn

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

>>> f = make_incrementor (42)

>>> £ (0)

42

>>> f (1)

43

e ol B8 BAF/ A AT EANLS AFFUT E U2 SEE AL F4E AR ALHE

AYdyrch:

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

>>> pairs

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

A5 P4 AN BAS 1, 2AA LsoF FUTE HAFS A3, A2 oS0t FS WA H o
2 Q7317 gFotok shitl, ol 5L ThE W ox AFH ) ME ATk (o] B o] Bl AL AEshe
FALeh ol uith. of 2L thEAE A Fsha nh B2 bk g th

S e o4 2 Aol ole] Zo] Yrhd, 5 WAl S wlol Qo] A, Ao m 2ok YA WL Hel
slof itk Hmgat 5L s 1 o) de] Biow, Al £F Fok 48 5 Agshok gtk
shol Al SA L ol & FAD dH NN Eoi27) S AASA %] e, SFNE A =PES
230 o278 AAGUT o AL the 3} 2L el 8 A4S EAGY A2 o ok 3 A
Hof 9l e Zo] WA ERUE oA BALL Foj2] 2ES AT (Pelt A B AST S
T, Quba 0 2 BAAS A A ohE whg o] RojglolA] o] 7t £AD ele 8] AL Wk sHA] 8]
W2 Uth) of Se]]9) “E5I Fo] RAPe] WE Fo| Al LA AAGULE & Fol 2]
g Fo] LERLFA & Tofof 314 v, LTt BE ShRR o] o] A AT Utk 3o $54 L 9 27

(25 87) 9] 25 o] 22) ol A
o]7] o2l & F2ET Y o 7} 9

EI>E&Er
L
z g

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

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

pass

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

No, really, it doesn't do anything.
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4.8.8

|:|0II

4 O{=El[o|M

F o H o] A 2 AR AL A 9] FTF ARE- B FEoll th g e s A e A Q1 v ebd] o] B] A B U T} (RHA]
-8 PEP 3107 3} PEP 484 £ H A 2).

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

ol oty

>>> 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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o] FollAl= ol de] oln] w2 AES F 1 AAS] AWstal, B 7HA AR AsS HEd Utk

2|AE O E7|

HrE AR P P A WAEEL H 27 AUk o] AT o] PAE Axe) RE WA= Sk
list.append (x)
2B o FES Tl allen(a):] = [x] & F5IYTh
list .extend (iterable)
grse 2o g e RE FB
k.

list.insert (i, x)
Fol7l 9 A6 FE L AATUTH A WA AAE AdHE 247 27 D gD el
a.insert (0 =P 2EQY AL 4YStT,a.insert (len(a), x) = a.append(x) 4 F5
3o,

list.remove (x)
2| AE oA ghol x oF 22 A A 52 AT 29 5ol Yled valueErrorE 4o Yt

:] = iterable & =53

o
pan
i
s
>,
for
o
%
<
v
3]
=
D
o]
3

X)

list.pop( [z] )
Remove the item at the given position in the list, and return it. If no index is specified, a . pop () removes and
returns the last item in the list. It raises an IndexError if the list is empty or the index is outside the list range.

list.clear ()

YAES BRE FES AAFYTH del al:] et
list.index (x[, start[, end] ] )
YaEo] gt §5 5 gol x 9 22 A A A 058 Ak duAE B FUTh 1 5ol

gl valueError & 4o 7Yrth
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A=Al ]—startE]—end Zalo]l~ B WHAE HAE T, ANL g AES EWS AH AA~T
AR O] BT U T B ol R Qe 2 s A7} ob 2 8 A Al AL A AL T e
list.count (x)

P aEo A X7t 5o A4S BAF U
list.sort (*, key=None, reverse=False)

2|~ E 9 EL%E* xﬂx}a] oA AU (JAFES FE AxEutol Ao Aol AHE2 4 JdFUTth
AL sorted () & A K).

list.reverse ()

BlaEL 2 ag S AR A AR ST
list.copy ()

BB 2 AES EHFUM al:] T YT

AE WA= g HEE AR5 ol

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

2

>>> fruits.count ('tangerine')

0

>>> fruits.index ('banana')

3

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

6

>>> fruits.reverse ()

>>> fruits

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

>>> fruits.append('grape')

>>> fruits

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

>>> fruits

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

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

obitE o g Fo] dolAS & D}E A2 EEHolHE AEsA U Hl R = ks Ad YT A€

Sol, TS AL A T 5 AL None S tHE F 7 vl ﬂ*%iﬂmhcﬂl [None, 'hello', 101+
AE A stk =9 @4% 4 A7 s Fol AFUTh ol & 501,3+47 < 5+7j& SHHE AL}
obg e,

g2 dojEol e 7k AA & 8375 s, d->insert ("a") —>remove ("b") —>sort () ; 9+ T2 WM E A4 E 3|2
Pt
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5.1.1 E|AEE AEBHOR AIE5}7|

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

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

[3, 4, 5, 6, 7]

>>> stack.pop ()

5

>>> stack

[3, 4, 5, 6]

>>> stack.pop ()

6

>>> stack.pop ()

>>> stack
[3, 4]

51.2 E|AEE #E A5

HAES FE ARSI AR s, A5 02 92 847 A5 O R AU A = 84 Yyt (“first-in, ﬁrst-
out”); 3HA ¥k, B2 E = o ’»%14011 FeH A U5 2E] o Q2 o] A, 2ol A Al A2
w22 e gl weld QZo]AY WA Al AL =HUY (e 2458 BF & T4 ©]FA]
Aof at7] Wl E 4 Th.

FE TS, FEANAL QEON G AW 7 EF MEEE A H collections.deque & A3}
ML, A& 5o

>>> from collections import deque

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

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

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

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

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

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

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

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

(Th= sl o] A oll A%)
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(e1A sl o] A ol A AI5)

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

AL x T o] Y WA E WEL (EE Yolam) Rt FRH Fol = ol vErhs R0 25
AL, ofd RAFE Glol, AFre dAES ol Ao ANT S AFUTH

JAML ERAT 1 HE G2t for A% §AY ol AY for hif AES @A B
A A 2EQT, for it 48] Mol 249 g P4 wEel AU of

i pu

e RU S
JOlE2E AREANS FYAES 845 AR A G2 27E A9y
>>> [(x, y) for x in [1,2,3] for y in [3,1,4] if x != y]
[, 3, 1, 4), 2, 3), 2, 1), (2, 4), (3, 1), ( 4)1]
ae)3, o AL e 5T
>>> combs = []
>>> for x in [1,2,3]:
for y in [3,1,4]:
if x != y:
combs.append ((x, V))
>>> combs
[, 3, (1, 4), (2, 3), (2, 1), (2, 4), (3, 1), (3, 4)]
T A= 27 A for &if 9 A7 25l o3 8
F@40] FEOW (5 2o ool A (x, v)), HEAN BEE Sl Abo} itk
>>> vec = [-4, -2, 0, 2, 4]
>>> # create a new list with the values doubled
>>> [x*2 for x in vec]
[_81 _41 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)]
[, 0y, (1, 1), (2, 4), (3, 9), (4, 16), (5, 25)]

>>> # the tuple must be parenthesized, otherwise an error is raised
>>> [x, x**2 for x in range (6)]
File "<stdin>", line 1

(TH& sl oA ol A1)
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(o1& # o] A ol A A<)
[x, x**2 for x in range (6)]
SyntaxError: did you forget parentheses around the comprehension target?
>>> # flatten a list using a listcomp with two 'for'
>>> vec = [[1,2,3], [4,5,6]1, [7,8,9]]
>>> [num for elem in vec for num in elem]
(1, 2, 3, 4, 5, 6, 7, 8, 9]

2EQzdAL B B A4 FHE FHEL 2TV S As U
>>> from math import pi
>>> [str(round(pi, i)) for i in range(l, 6)]
['3.1', '3.14', '3.142', '3.1416', '3.14159']

>>> [[row[i] for row in matrix] for i in range (4)]
(rsL, s, 91, 2, 6, 101, (3, 7, 111, [4, 8, 12]]

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

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

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

ol AL thAl T} 25U Th

>>> transposed = []
>>> for i in range(4):

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

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

11|> ;

Me B a5
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Yok
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soF gtk of Aol zip () B57HA AL

;O

A A
ES

o mz

ZIAE O H7| 41




Python Tutorial, &2|A 3.11.10

>>> list (zip (*matrix))

[(1, 5, 9, (2, 6, 10), (3, 7, 11), (4, 8, 12)]
o] 2o Yo+ e gaTof tsh ApA g &2 QA 55 A 9 7] & BHAS.
52 del &

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

>>> a =

[711

1,

66.25,

333,

>>>
>>>
(1,
>>>
>>>

del a[0]

a
66.25,

333,

del a[2:4]

a

333,

1234.5]

333,

1234.5]

[1, 66.25, 1234.5]

del af:]
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12345, 54321, 'hello!'

= VvV Vv
NV V
w VvV Vv
D
o1t
o

>>> t

(12345, 54321, 'hello!"')

>>> # Tuples may be nested:
u=¢t, (1, 2, 3, 4, 5)

>>> u

((12345, 54321, 'hello!"),

>>> # 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:

(1, 2, 3, 4, 5))

(TH& sl oA ol A)
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(e1A sl o] A ol A AI5)

v = ([1, 2, 31, [3, 2, 11)

>>> v
(1L, 2, 31, 3, 2, 11)
ofgffo]l HXol, 285 = FE2 T BIE AU, 1A S E FEo] SvkaA s g Yy
TS EvMEss|e s (REel o 2 2349 dRd ), s Eo o A e glol d¥E
Ay th 729 N FEol Y she A2 7heshA] AT, B AE 22 7P QA 23t REe e
T dsUt

L 1=} .
FE2ol BlAEA Y Hog sty o] A5 e ABolM & A o2 A Ytk F&2 20 0|1,
HEoldA 24259 Ad2E 2P UTE 24252 A A (o] A9 ol v2th olu d89 4 (=&
HIZE S 2 A ERRERE) 02 FMAFULL B|AEE /pR oA, 8452 HE 54 Holu
BlAEl] Higk o]H#H o] d o2 dA 2~ Fuyrt
S ZAEHJAY s FE2 e e HEE AQUth o] A%E FE&5H7] As 22 71
Al oo AFg ZA dFUth ¥l FEL W T o g sl sty FHor FAE FELS H
Aol 42 29X S5 Ut (st 222 A7 she Aoz & S22 dsdh. #3U,
ShAI R & A Ut ol § Sl

>>> empty = ()
>>> singleton = 'hello', # <-— note trailing comma
>>> len (empty)

>>> len (singleton)

>>> singleton
('hello',)

= 12345, 54321, 'hello!' =5Z 37 9o o Jduyth: 3L 12345, 54321, 'hello!' &= 37
7 Bych o) A4 s sy ok

ikl o3

)

t
=z

Al

[>>> X, y, 2 = t

AL, 3 AANAE, AB2 A 97 oletm 21 L ER oW AALT} 9hE FYh AB2 A
7L S50 ol ARzo) Y RAST 2L 5] WEEl & AL T T UF B g A4
RE AP AD2 A o] 2 A@olet Aol o5

5.4 XI5}
- HHe
shol e A & 913 4R FE LFFUCh AT FHAL 247} gl 24 gt 2AAYYh /)2
AgEr WA A% F 8 dee) AAGUh AT AAE FAS LW, AN S, DA ARG 2L
5379 ANEE A AU
A s e TZI U set () FFE ALE 7 A5Uth FYAZ: Rl JAohs HEHE set () =
ARgS ok Utk {} 7Fobdyth 2k Bl 9 2l e, v Ad oA tE Yt

7] g A de] s yTh
>>> pbasket = {'apple', 'orange', 'apple', 'pear', 'orange', 'banana'}
>>> print (basket) # show that duplicates have been removed
{'orange', 'banana', 'pear',K 'apple'}
>>> 'orange' in basket # fast membership testing
True

>>> 'crabgrass' in basket

(TH& sl el Aol A%)
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(o] A | o] A e A AL
False

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

>>> a = set ('abracadabra')

>>> b = set('alacazam')

>>> a # unique letters in a

{'a', Vr', ’b', ICV, ld’}

>>> a - b # letters in a but not in b
{lrl, ldl, lbl}

>> a | b # letters in a or b or both
{Va" 'c" VIY’ ldl, lb', lml, IZl, lll}

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

>>> a "~ b # letters in a or b but not both
{lr', ld', lbl, lml, lzl, lll}

gae Azl B aaed, A8 Az dAE A 98U

>>> a = {x for x in 'abracadabra' if x not in 'abc'}
>>> a
{lr' ldl}

5.5 ElMLZ|

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

BAYE (@ BAY e ol M) 717k 3R A rethe Al 2 14 ) o) Aoz A
Aol AAUT $ 2T AL W GAYEE BEUTE (). 325 ol 9T HelD 7 A5 BEg

Gou, Al 27 g 45 AT ol Aol GAU A EGH & Aol g

g9Ayele F A4k g2 7)ok A AREtAL FolN 2 Fe FESE AYUTh del E IR S

AR A% b5 R ol ul A8 g A2 AR, 1A ARD oA e AP th 2AA
Fe A2 g FEIHE AL A YUt
A el List (@) & FATA LA BT e LE S AASE Y EAUE S

(322 AW Al sorted(d) & AHSIE BUTH. Sl A7k GAU e 9EA A E, in

71N =S Mgt L.

o 7)ol 9] 8 A8 et 2 v o7} g o

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

>>> tel['guido'] = 4127

>>> tel

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

4098
>>> del tel['sape']
>>> tel['irv'] = 4127

(TH sl el Aol A%)
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(o] A | o] A e A AL
>>> 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 ) AAAE - S AT FH 44 94U S 24 E ok

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

olol tal, e Az AAL Qeje) 7o BAA SR R P2 g Besr 48E 5 A5tk

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

717k 2R o), Wl 2 7] = AR S AHS el A e A1 s 7 d syt

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

5.6 2= {H|aul!

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

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

gallahad the pure
robin the brave

NA2E £ ), enumerate () F4E A5 92 Qe 2o} iS5 e FA AL 4 A5

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

0 tic

1 tac
2 toe
Soli} 1 o) 4o AR~ E FA FRHY W, zip () FHE A= B HL WE $ A5
>>> questions = ['name', 'quest', 'favorite color']
>>> answers = ['lancelot', 'the holy grail', 'blue']
>>> for g, a in zip(questions, answers):
print ('What is your {0}? It is {1}.'.format (g, a))

(TH& sl oA ol A1)
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(o1& # o] A ol A 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.

ANFEE AR T35, UA AUFo 2 NALE AF T ol reversed () T8 T4 8.

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

print (i)
9
7
5
3
1
AU 2 NZANDLE FFH W, sorted () F5E SN 222 WA J1E AL M 2 2ES
Bg 5 e
>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for i in sorted (basket):
print (i)
apple
apple
banana
orange
orange
pear

ARz 3l set () & A FH 842 AAFUTE AD2o B3l set () Fsorted ) & @A AHS
S Ao G NF T OAE AUE EAE FANL A5 P

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

9t P AES WARILE FES AU AW, FF, A A P AES BE

rir
£
i}

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

>>> filtered_data
[56.2, 51.7, 55.3, 52.5, 47.8]
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57 AU E7|

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

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

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

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

not ©2 2AF 4 gtk o] AE-L W ANAR T R £ A E 25U o) 2 2ol not o] 7H
=0 QLS 2, or 7F 7R Y5 Yk 28 A A and not B or CE= (A and (not B)) or C%
SSFUh o= WA Y, Ashe AL BAS/] A5 BEE AT 5 YU Th

=2 d4b2t and & or = &9 &3] £ (short-circuit) 04*”}"“4@ AAE 2 PFo|H LE2H = Zhol
Tl AL, A7 BAH AR 3k o7l SEHUTh ol 5o, A% c 7t FelaB 7t AXl oW, A and
B and CEEUAC G P Gtk £ gol o I Y22 AED W, HR-3N 2 AUA
ukek e mpx o 2 gho] oAl AU ok

Hle Avh} e o) £d49 238 Wl YT 5 AsUch ol e 5

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

>>> non_null = stringl or string2 or string3

>>> non_null
'Trondheim’

shol ol A, Coh D], ERA kol o] TS ulekai7] e A4EAL =8 AHgshel BA A0z Sas of
FUrh CZ2 Aol £3 BEA L B 5 FASS HARES Utk - S ST Ao = £

e A4,

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

NAx AN EL WE 22 Ad2 P The AANEF v 2D 5 AFUTh 0 ae AdA A E AT
A A F FES ) weH 2 o) o) e A3E AT 2o, e ¥ FES w e, o] @
Aoz olu A A A2 4D W 7hA] AL ek u) a s F FE AR 7L 2L Fo) NA~E, AR 4
N a7t A AR £APYTE F A AL RE FEo| 2rinnjuEE, Ada5L T AR AT
ok g AR e sl ve) RE A E A AT, g AldaTt e AUtk Eapede) A4 e
N BEAEY S Aot FUIE ZE ZUE S ALY 28 Fo AFAE 7+ vl 9
2 7} o] & ol ¥ H U th

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

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

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

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

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

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

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

Az e 3 AAEE <> 2ulase AL, T ANEC AT R =SS 20 2w A
HAtes Ao FostH L. o & Eof, AR o= x}fﬂ‘:—%l-‘éfﬂ XA} gholl mhek vl g Yok 22 A 0-2 0.0
I 2,55 28R ko, A9 FAE AFstE Al JE Z 8 E = TypeError €23 Ut
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sho] 2l Qe L2 B2 R e o ThA] Bol 7w, ol g o] vhEgld Aol Sol AUt (B M5 S).

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

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

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

&4

rlo
=
ofo
|o
fru

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

# Fibonacci numbers module

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

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

flo
ol
o
|o
U
jule
F
(m
s
<
v

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

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

>>> fibo.fib (1000)

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

(o, 12, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

>>> fibo._name_
'fibo'
F42 AF ST AGE A o] B0 YT+ AHY:

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

BES P4 AR ol A A5 B EFEE EFY 5 ASUTh o AL BES 2/9HE
AEE U o AES YEE Rl A BE o[ Fol AL 5HT AR AFGULE (1AL o] 2AYE
ERLEE EREE =N

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

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

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

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

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

BEo] st BE 052 9

g2

Ede WFE Yok

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

AL LE Q) ZAFsE A= AR 2E O]%% YEE Pyt hF& steo| Eizﬂhﬂ%% o]
o A SR e, Bz HE G A A ¢ s

7A€ 5 7] il )y ek

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

50 Chapter 6.



Python Tutorial, &2|A 3.11.10

ko

QEESE AL w42 AF YA Brre Aol AL, FF U7
A e, h 31 Aol Qe Boluat AL FHE RS

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

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

from& WA Ul 5% AHE W W= ST 4 AFUTh

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

Fa: Z&49 ol 2, A EEZ AHZHH AT St AT A2 EF UL 23 A, A Eo] RES TF
Shul, VB =2 B 2 Thal Al A Aok S Th— L, T3} 9.0 2 A @5 Bo] SHLbBol ehd, import 1ib.
reload () & AR 3IA L. o & 59, import importlib; importlib.reload (modulename).

6.1.1 DES AJEIER AlGH5]7|

oj gl o] gtol W REg o] FA AYstd

[python fibo.py <arguments> ]
B deiss, 20S dXET o AFFUch sHARF__name 2" main_ "2 AAFYTh
o|AL, o] ZEE REY Fofl EAA:
if name_ == "_ _main_ ":

import sys
fib (int (sys.argv[1]))
39 JEET S JE RERV IR 2IYERE AL T S YRS W5 £ 5L o rsted, 24

EEol“H”std g Ad wiwt PP S st st ZETFAYRE 7 df EYUTh

$ python fibo.py 50
0112 358 13 21 34

>>>
o2 5% BE et A& AEA AT ) 2E AFFAY HAE FH o2 AGHUTH(RES 23
ER AYIA HAE 29 ES AFFY)

6.1. 2E  H7| 51



Python Tutorial, &2|A 3.11.10

612 D E HAM AZ

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

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

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

More details are at sys-path-init.

3 42 IS AAtE G A 2LolN, 9 2TY=S TP tdEels 42 IS AT
o AP hE B, A2 Ja8 2Ps tdees 2E 44 J2o) A AU

%718} Fo), ho] M =2 YL sys.path B £ AT 5 AHUh 2TYEE EFeE e 44
A2 Agol, B2 erolneie J29 o] £ AUTh o] AL 2L oY 4% el n e e
= At A3YES £3heke D Hele Ao] EdThe $AUTh o] A$ko] 9 =H Alo] ohleu
oAUt o AN AR BE PEE S HAR

55 292 mMeEA $23, holHe  pycache U] & mES F5Ad WA
version.pyc 2H o1 802 7 A FU T version & A9HAE o] YA AR FUTH YA O shol
o]

H il
ol A M3 E T3t ol & S0}, CPython ¥ Z 3.3 ol A] spam.py ¢ A3 LH WAL pycache_ /
spam.cpython-33.pyc 2 7§/ Ut} o] ¥ P2 A2 T2 Fho| A vz} WA Autdd REE
FTET T AEE Pt
Fpol & Aol 4 AIZFE Ao dHE WA v A Al &7 A oAl Aok D s of sh=A] AAFE U o
o] & A3 e A PUTh =3 A9dE RES ZTUE FHH o7 w2, 22 goluyeE
METOE I HAE 2 A" EAAN 7T 5 dFUTh
o)A F 7HA] AZe A AAE AR ghEUTh ARE, 3EPNA AH REHE REES A
AAsLea 2 AE AGEA FFUth EAE, A2 BE0] floW AHAE AASHA gFUTth a2
R (FAodE v Sl E) vz E A Aete W, A BEo| At E g o glojok i, £ RE
slooF Fch.
AE7HE S 2 7HA |
« A3 RE A7]E Eol2l ¥ FtolH Wl -0 U -00 2 A& AR E 5 QlFUTE —0 29X+
assert -2 A A}l 00 29 X &= assert T3 _doc__ FAE S EF A AGYLE ojH 22 IWEL
o] Lol o &3] W, oL 3t YA of= AT o] FAE AFEEoF It “H A 3lw”
EELopt- |25 2E1, B3 o AFUth v s 2ol A= A3 adrtwAdE 5+ dsyth
o .py LA S B T .pyc FLolA S ZEIH] o we] AYPF A+ ghFUTH .pyc
oA o weir = A2 2= SRR YTH
o ZE compileall 2 g o) & BE ZE pyc FLES HE 5 JFUT
o o] Aol o] AM S AR, AFE] SAHEE T UL} = PEP 3147 of U3 th
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62 HEE RE=

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

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

>>> sys.ps2
Al Al

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

C>

ol F A e AHzH S E R wfek Ao g Yt

M4 sys.path £ JEZIH BE A4 425 249
H

M
>
e
il
lo
i)

~EQUL 87 W
g2 2758 U,

PYTHONPATH | 4] 3t 7|2 7 2 1}, PYTHONPAT
EF Y2E A2 AMESIA 8T = s Uth

N
)
i
o
Au
N
§2
rr
oM,
o
=
oL
N

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

6.3 dir () &=

W e dir() S 25 AYste olgEe et ASE UL 2AEEY AEd Bl2EE EEFYth

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

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

>>> dir (sys)

['"__Dbreakpointhook__ ', '_ _displayhook__', '__doc__', '__excepthook__ ',
' __interactivehook__ ', '__loader__ ', '__name__ ', '_ _package__ ', '_ _spec_ ',
' stderr_ ', '__stdin_ ', '_ stdout__ ', '_ unraisablehook_ ',
' _clear_type_cache', '_current_frames', '_debugmallocstats', '_framework',
' _getframe', '_git', '_home', '_xoptions', 'abiflags', 'addaudithook',
'api_version', 'argv', 'audit', 'base_exec_prefix', 'base_prefix',
'breakpointhook', 'builtin_module_names', 'byteorder', 'call_tracing',
'callstats', 'copyright', 'displayhook', 'dont_write_bytecode', 'exc_info',
'excepthook', 'exec_prefix', 'executable', 'exit', 'flags', 'float_info',
'float_repr_style', 'get_asyncgen_hooks', 'get_coroutine_origin_tracking_depth',
'getallocatedblocks', 'getdefaultencoding', 'getdlopenflags',
'getfilesystemencodeerrors', 'getfilesystemencoding', 'getprofile',
'getrecursionlimit', 'getrefcount', 'getsizeof', 'getswitchinterval',
'gettrace', 'hash_info', 'hexversion', 'implementation', 'int_info',
'intern', 'is_finalizing', 'last_traceback', 'last_type', 'last_value',
'maxsize', 'maxunicode', 'meta_path', 'modules', 'path', 'path_hooks',
'path_importer_cache', 'platform', 'prefix', 'psl', 'ps2', 'pycache_prefix',

(& o] 2 o A%)
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(o] A s o] Aol A AlZ)
'set_asyncgen_hooks', 'set_coroutine_origin_tracking_depth', 'setdlopenflags',
'setprofile', 'setrecursionlimit', 'setswitchinterval', 'settrace', 'stderr',
'stdin', 'stdout', 'thread_info', 'unraisablehook', 'version', 'version_info',
'warnoptions']

AR Yom, dir () & AA B o] 2E L ATk

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

>>> import fibo

>>> fib = fibo.fib

>>> dir ()

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

gohe Aol Fol sl o g th W, 2E, 94, 55
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>>> import builtins

>>> dir (builtins)

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

' _debug__ ', '__doc__', '__import__', '__name__', '__ _package__', 'abs',
'all', 'any', 'ascii', 'bin', 'bool', 'bytearray', 'bytes', 'callable',
'chr', 'classmethod', 'compile', 'complex', 'copyright', 'credits',
'delattr', 'dict', 'dir', 'divmod', 'enumerate', 'eval', 'exec',6 'exit',
'filter', 'float', 'format', 'frozenset', 'getattr', 'globals', 'hasattr',
'hash', 'help', 'hex', 'id', 'input', 'int', 'isinstance', 'issubclass',
'iter', 'len', 'license', 'list', 'locals', 'map', 'max', 'memoryview',
'min', 'next', 'object', 'oct', 'open', 'ord', 'pow', 'print', 'property',
'quit', 'range', 'repr', 'reversed', 'round', 'set', 'setattr', 'slice',
'sorted', 'staticmethod', 'str', 'sum', 'super', 'tuple', 'type', 'vars',
'zip']
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6.4 1l7|X|

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

23U B S lolE e YU A2 E A RES] AAM (“F)71A") & AASE ATk FAIL
SEESOEL S EE PEPEELICE

b g4 7he] MES 918 A% Lol B
ol o] efof] 2§33 %} 3 A4E

= 8 , %
sele] @ E}RE ]9} 22), o] ANES W) 9T REES B Ul YA 2 AT 714
olgA A &+ AUt (A4 st Alade® 5 UTh:
sound/ Top-level package
__init__ .py Initialize the sound package
formats/ Subpackage for file format conversions
__init__ .py

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

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

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

&
N
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i/
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spo] 2 sys.path ol l= HAE S5 AAsHEA 712 A E S 2

The __init__ .py files are required to make Python treat directories containing the file as packages (unless using a
namespace package, a relatively advanced feature). This prevents directories with a common name, such as string,
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 AR HZIAZREH ME BES JZET F JFUT, A€ Sof:

[import sound.effects.echo ]

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

[sound.effects.echo.echofilter(input, output, delay=0.7, atten=4) ]
NEBES JEESE ThE g o F 5T
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[from sound.effects import echo

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

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

EohE g e Aokt R ESE 44 QEESE Ay th

[from sound.effects.echo import echofilter

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

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

from package import item & AFEE 0, item S 7| XY AH BE (E= AH A7) A)L =5 L
G4, 2o, 84 5 A7) A0 Jo R O ol BEY FE 980 §2I5HA L. import B2 WA
JH7]7<]°1] RS % A AAkekal, 28 A koW REolgt 7H st REE A=Y 32| 3T,
ImportError o2& 4o Zth

o]oj] Wk&led, import item.subitem.subsubitem &} Z& &y
2 WEEA] 3 7] X of oF g t}; upA| vt 52 B E ol 3 7| X 7} 2

?:]__/I:) 1.‘?‘15015]/\‘\: O:‘tl]/]q_

6.4.1 TiZ|X|0l|A * [EE 35}7|

o]A| from sound.effects import * L 2 H oJEBA 7}? o]AAA 0 7= o]EBAE u}d A2~ HEH o A
7] 2ol o RES0] S AR 2o, IAS EFE YZE V& °15‘74?J‘43} o] g A st +=
A7kol 9o Aeln AN BES QLE ol tet ol AH REE BAROT ATED 291 Lol Lhobil
She QokA S B B3R E F g

Tt A AL 37| 2] AA7) A 7] 2] o] M-S PA A 0= AFot= A YUt import —E—%‘jﬁ)ﬂrﬂo
J\ﬂf?—ﬂﬂ AU 71 A __init__.py ZEZF__all__ ot o] 59 BES AFEY, ] AS from
package import * & thd u] X E Sfjoft o= BE o5 Y HEF o2 wol& °]‘/]D} AR H{XJ./] &
7]X]E AT o o] E5S HA ”F/Hi A8k A2 9 7] 2] A2 A A Gt 3 7] A A 27} 5 7] A o]
A+ e QEEse £50) Qrkn UL, o AL AAsA G @ 2= SFU D o o, 3
sound/effects/ilnlti.py e e I s 238 4 g5yt

rir

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

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

Be aware that submodules might become shadowed by locally defined names. For example, if you added a reverse
function to the sound/effects/__init__ .pyfile, the from sound.effects import * would only im-
port the two submodules echo and surround, but not the reverse submodule, because it is shadowed by the locally
defined reverse function:

_all = [
"echo", # refers to the 'echo.py' file
"surround", # refers to the 'surround.py' file
"reverse", # !l! refers to the 'reverse' function now !!!
]
def reverse(msg: str): # <-— this name shadows the 'reverse.py' submodule
return msg[::-1] # in the case of a 'from sound.effects import *'
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If __all__ isnotdefined, the statement from sound.effects import * doesnofimport all submodules from
the package sound. e f fect s into the current namespace; it only ensures that the package sound.effects has been
imported (possibly running any initialization code in __init__ .py) and then imports whatever names are defined in
the package. This includes any names defined (and submodules explicitly loaded) by __init__ .py. It also includes
any submodules of the package that were explicitly loaded by previous import statements. Consider this code:

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

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

is defined.)
M} ol® BEo] import * S AL w EX W=
5,22 FEgAE 04{401 A 932 /\Hﬂi o

=,
Y
from package import specific_submodule & AFE3l=d Z5EE AL = A4S 7193
A, QZESHE ZEO] T 7| Ao B2 o] FY AR RES AET I8 =

Y.

2 o

BEI

27194

6.4.2 Ii7|X| LHE Zto| &Fx

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

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

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

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

A7) A S ol e R S o AN, _pach . o AL A7 __init__.py HIL A
A7) Aol ) o] Fol it AT o B S HYHE FAe 2H 0T, o] WhL 2 AT 4
5tk 137 518 1 o F2 A7\ Aol £FE LET AL A7 A S A ol FFL 2 B,
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2299 £52 FA5HE oo 74X B0l Ysruinh Aol U71e) A e
93, 5ol AHg5H7] A3 Lol & £ 5 drvinh of FlAE B A4 54 e

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

3% 9ed) 2ol az TRE 9L A5 ARTk Y F4S 1 wol AIslo e 327t AUk
22 TS vt of el 7hA o] gyt

o E EAY S H S AR W, AR Qg RE E AlE 08 7T o £ EEF B Bl BAYS
AZSAIAN 2. o] BAD SHoll A, { B 1 BA Abolol, WS Ex e S 32T 5 e ol d
2 44T S Az
>>> year = 2016
>>> event = 'Referendum'
>>> f'Results of the {year event }'

'Results of the 2016 Referendum'

o ALY str. format () FINEE H B 89S 27U A7 dAl 2 1215 2 A18H7] $1380

(2 )8 A3 AL, AN G 2ol U A B8 A TS 5 AT, TR PR A T3] oF Pk

>>> yes_votes = 42_572_654

>>> no_votes = 43 132 495

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

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

c T Bto 2, A4 Sehol 4 W ool ol 7] AAHE ALgBhel AT 4 Yt BE AT HHOEA,
BE A AE AAE 2AT 5 AFUTh BALPE R0l @ U2 2ALL AL
FEF AN FAFE R A WASS YU
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FAA E2Ho] Q3HA G A YW AS A&l R H5-E mEA EASH Y, repr () EE str()

SIFE AMSEY R E S EAEE HEE = A5 Ut

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

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

>>> s = 'Hello, world.'
>>> str(s)
'Hello, world.'
>>> repr(s)
"'Hello, world.'"
>>> str(1/7)
'0.14285714285714285"
>>> x = 10 * 3.25
>>> y = 200 * 200
>>> s = 'The value of x is
>>> print (s)
The value of x is 32.5, and y is 40000...
>>> # The repr() of a string adds string quotes and backslashes:
... hello = 'hello, world\n'
>>> hellos = repr (hello)
>>> print (hellos)
'hello, world\n'
>>> # The argument to repr () may be any Python object:
repr ((x, y, ('spam', 'eggs'}))
"(32.5, 40000, ('spam', 'eggs'))"

v v

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

string BEO|E £A-Ge] e A F3ht & b2 WS A B Tenplate Seh27t 283 of U
5x9) 22 A BAAE AGIIL o AES Aol ok ghow A BSA T, Eujgo] et Aol 2
249 AlF g

711 ZU 2X1YE 2B

I 2AG JHIA RS FEADo s FUH L BAD £ EEF AFOE Bolu BANL
{expression) & 4 ste] Bxpdel shold @4 ghe AT 5 A Funh

Ad Al TR AR EDA Fol & 5 AFUTh A E o] TR & PAL o Ju A AT 5
Q&yth oh ot AF 8 254 ol A A2 2 WP F)

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

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

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

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

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

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

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

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

>>> bugs = 'roaches'

>>> count = 13

>>> area = 'living room'

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

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

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

7.1.2 22X} format() HIAME

l

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

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

252 a9 Q= EAE (EW =T RED) S str.format () HAEE AEGE AAEZE X FH
L]D}. =33 OLH ZAh= str. format () WA EE AGE AR S A& 7He)7l=d A2 = 5 U Th
>>> print (' and '.format ('spam', 'eggs'))
spam and eggs
>>> print (' and '.format ('spam', 'eggs'))

eggs and spam

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

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

AA S} 7IAE QAL AFEA =27 5 dsUth

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

URem 8 g AW 7 =Y EAG0] 92w, ENY WHES X Aol ol Fow 44T 4 et
2 249Ut 493 9AU e 97130 78 QA At BBE ()0 ASSHE B

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

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

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

This could also be done by passing the table dictionary as keyword arguments with the * * notation.
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>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: ; Sjoerd: ; Dcab: '.format (**table))
Jack: 4098; Sjoerd: 4127; Dcab: 8637678

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

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

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

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

str.format () & AF& S BEXE 2 g o] &A%t 7l & = formatstrings & W A Q.

713 £5 EXY ZojE!

A7) Z2 AFTAAAFT BE 522 2o gAY TH

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

11 1
2 4 8
3 9 27
4 16 64
5 25 125
6 36 216
7 49 343
8 64 512
9 81 729
10 100 1000
(print () & T2 FA S 2 Q& 2 ZF Apolof] A5 o)A 3ptrt F7HE Yol Fo shAl & B A S
Arol o] 2w o] A~ E 71 th)
AL AR str.rjust () HAEE AF o AH o] AE YA T Z 02 FALES 5 & R
th B RS WA E str.ljust () 8‘rstr.center() T AFYLh ol A =52 ojdH A& £ 8314 54
th @A A EAE S ESFULh Q %}%ﬂﬁ$ﬁﬁiﬂaﬂ°ﬁlﬁﬁﬁﬁkl%%ﬁﬁﬂﬂﬂﬂﬁﬂ
A Al sHAl 2 WﬂEWLqﬁﬂqiﬁ%iéﬂ%ﬂ%

QA8 QLo FEAA W, BE ghol o)
AT, G Sebol 2 AL F74E 4 9

e MASE QLU str.2fi110. £AF B4
ol el gk

just (n) [: 29)

1
o 9% ﬂOEﬂ Uth Eeagnpolys o

(o}

62 Chapter 7. &

I
o
o
Ty
Jn




Python Tutorial, &2|A 3.11.10

>>> '12'.z£fill (5)

'00012"

>>> '-3.14".z£i11(7)
-003.14"

>>> '3.14159265359'.z£f1i11 (5)
'3.14159265359"

714 oM EXIE ZOHE

JEUTLE 'string' % valuesZ}Fo]A W, stringo

% A B ER)E EAE 2 T
7N o] 439 alues 842 AP Ut o] A4S £3] FAE E ZH(interpolation) ©] 2+ 31

ﬂ%%ﬂé%aL

Ut o & =4

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

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

7.2

fjo

o1 M7

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

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

A A QA s )8 ge BALY L F A Qe shddel AgE YA ARS8 e £
AEE R S BAQG T mode £ AL A7 11, 21U S et (22 0] 5 ol
EAshE g2 AAE YTh 7HH A, ra I‘E“‘q'aa =] 7] $13l ‘E\%D} o) 7155 = EE dolH+=
AEow Zol Belth tret = 4AS 93 27] 93 AT mode A= A A, ALFHE 1r 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="ut £-8" is recommended unless you know that you need to use a different
encoding. Appendinga 'b"' to the mode opens the file in binary mode. Binary mode data is read and written as bytes
objects. You can not specity encoding when opening file in binary mode.

HAE R, g2 ufd 72 A2 FAZ I AL & TE(
\ni‘zﬂ%‘ﬁ} AUt HArE BT 2 £0f, 7|2 582 \n &
24Ut o] 3 d o] Bl of] o &t —‘%ﬂ%ﬂ/l?@%‘i‘iﬁﬁr%lﬂ
T 22 vtej e vlolHE A A Futh 2" 51942 ¢

Als.

20 A \n, A=A \r\n) & &~
EAF LA E TR BT
= BA) 7} ¢F FH A 9, JPEG ©| U} EXE
w42 BEE g e S 205

Y AAE TS 0 with 7] YES AL 3= AL 2o 09Ut 592 53 o9 7} A slEats A9
EZtS8E o 3pdo] 2xtEA 2t AdYUth with £ M8 AL 35 % 8l try-finally 222
»z Ao W wa AA A E Ttk

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

read_data = f.read()

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

(TH& sl oA ol A%)
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(o] A | o] A e A AL
>>> f.closed
True

with 719 S8 A5 FOH, £.close () B BEHA AL B AHSE A 2d A9L S A whgs]ob

.

AF: with 7198 AFL3 AL £.close ()
AZAog Z8HHEE f.write () 9 AR}
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>>> f.close()
>>> f.read()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: I/O operation on closed file.

7.21 Q! ARl ojAE

o] A4 9] b A o] S £ 2hi 54 A 7} o] u] WS o] Arka A g ok

Sl &L 2 odm, £ read (size) B FEohEE, AL HoEE 91 EAY (NAE B E o 4)

oL} Hlo| EQ (poluie] REOIA) = S F Tk size = AH A el 57k QAU Th, size 7} A 2] AL}

s v WS AAE oM =HF U 9t A77) 1A 9] v R R ol A o 28 o)
T BA AU 18] 90w 2 o) size £AH (A E .= o A) Lhsize vFol  (wfol 1] 2] 2 =0 A)E 27
EeFUTh 5149 2ol R, f.read () WAL (1) & S FUTh

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

>>> f.read()
T

f.readline () 2 94X I 2= AFUTh NB 22 (\n) = AL 2o HEF A, spdo] MFFA}
= 2uA de uﬂoﬂﬂi 5}19] oA ot Z o) A] 7 A %\JE} o] @A W3 Fe BE A A wEUT £
readline () 7FRI AL & 25w, 9hd o] €0 =23 Aol AL Wl &2 '\n', 5 she] MABEA TS
Z3ote 2AER 2P YT

>>> f.readline ()

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

'Second line of the file\n'

>>> f.readline ()

[}

ol A £S5 godn, 5 AAol] thal £AE 5 LU o] AL W Re] BT, W= T
2= oloj Atk

>>> for line in f:

print (line, end='")

This is the first line of the file.
Second line of the file
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e ge] ARES 27] Ao WY Bast AFUTh- £AD (FAE REoA) o] thulo] =d A (dlo]
He REOA) & -

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

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

18

f.tell() 2 ) WA AN E AL AL A5 FeF e, vpoliiel RS 4% 529l HERE o)
WolE 42 BEY L HAE BES) 3ok 2RPH 2
g AR YA E v W, £.seek (offset, whence) & AFE3HU T ¢ A
ArrgUth 71282 w AALZ 8 g Tt} whence %}01 0ol ™ st o] A= Ei é’g'h"’— o] & )
S 917 8 AL, 25 DS BE 1EH 0 AL whence £ A 3 1, 7] 2

A9 &g 1EHO R AFFU

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

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

16

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

>>> f.read (1)

b'5!

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

>>> f.read (1)

b'd!’

HGAE st (RE 2280l b 7k flo] 48 A5), shd e Alztol] o2 <l 2] A vt &= 2L (o9
= seek (0, 2) EARGSIA skl 2or XS WAsH: AFAUThH, =HFE offser 2 £.tell () ©]
S8 A 0EJYTh 9] o2 offser 2 B H A 2 AAE wH U

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

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

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

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

AA =7k Je o, e e £ Z=2 T2 JSON 24d 2dE & 5 JFUth

>>> import json

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

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

3
lo
E

"

dump () 2= dumps () AE g9AE td 2 833ty a2#8A £ 727 & 98 49

o
o —
g2 5 oW, o] A & 4 Y& Y]

[json.dump (x, f)

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

[x = json.load(f) ]

ZF31: JSON files must be encoded in UTF-8. Use encoding="ut £-8" when opening JSON file as a rext file for
both of reading and writing.
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>>> while True print ('Hello world'")
File "<stdin>", line 1
while True print ('Hello world')

AAAAA

SyntaxError: invalid syntax

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

oG xdA o] EAH o R Sutatt EA s, AYsteal ot o2& 4o 5 YFUch Ay o
FAHE oSS o9 el Ren w28 AW Ao AL T Fold Tz 1dd A o] 4SS o] D7
Yk stA RO R o 9] = 22 o] A 2| shA] ghobA, o1 7]l A & 4 Gl o] ol ]

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

(TH& sl oA ol A1)
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(o148 s o] A oAl Al A

ZeroDivisionError: division by zero
>>> 4 + spam*3
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
NameError: name 'spam' is not defined
>>> '2' + 2
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: can only concatenate str (not "int") to str

of g wA| A 9] mpR et £ oW do] dojut=A] dHFUTE &+ o8] L& e, Fo] WA A
—‘?—E A FH Yrct: o] oo A2 L ZeroDivisionError, NameError, TypeError AUtk o9 3oz
AN EADL LT ) o092 o] EAUTE o) AL TE ol EE| A B ol A, AHEA
4] |99 A9E (Al Aol s o) ¥ 29 BRE dglth B2 o9 o 5L U A A
Ot (@l ok 719127} o U eh),
29 oA B os)9] W3t Aol e £ A WAE AT
o] WA A 9] HRELE A8 Ef o]0 FEE A7 dojd X9 £ =
ol 52 Ugste 28 Efolag 3L QU sHAIRE 8 PPl A 9o

T
bitin-exceptions = )% 2] £3} 1 S9] 9|7 & Va7 5T

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

A8 sl o 9 & A g3t Eil‘?ﬁ% == Ao Zhs Ut ot ol & B, $vE A7 8 E wj7kA
/‘]"Q“X]’oﬂ AdEgL L%ﬁl’z] JAFEA7E 22 39S A HE 3H: A& 518 Yt (Control-C H 1 ]9
<+ AAZFAQ3= A A]"Q‘OH A); AFE A7 BHE QB E & KeyboardInterrupt o8& do7]&=

Heh 2 hebgol 59 514 8.

>>> while True:

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

o WA, ry & (try $except Abe]o] £45) o] A H T
o A&7 LAYSA] o, except B & AUVH L try B A2 FEH UL
« If an exception occurs during execution of the t ry clause, the rest of the clause is skipped. Then, if its type matches

the exception named after the except keyword, the except clause is executed, and then execution continues after
the try/except block.

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

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:
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except (RuntimeError, TypeError, NameError) :
pass

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

class B (Exception):
pass

class C(B):
pass

class D(C) :
pass

for cls in [B, C, D]:

try:
raise cls()
except D:
print ("D")
except C:
print ("C")
except B:
print ("B")

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

When an exception occurs, it may have associated values, also known as the exception’ s arguments. The presence and
types of the arguments depend on the exception type.

The except clause may specify a variable after the exception name. The variable is bound to the exception instance which
typically has an args attribute that stores the arguments. For convenience, builtin exception types define ___str__ ()
to print all the arguments without explicitly accessing . args.

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

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

print('y ="', y)
<class 'Exception'>
("spam', 'eggs')
('spam', 'eggs')
X = spam
Yy €ggs

The exception’ s __str__ () output is printed as the last part ( ‘detail’ ) of the message for unhandled exceptions.

BaseException is the common base class of all exceptions. One of its subclasses, Exception, is the base class of
all the non-fatal exceptions. Exceptions which are not subclasses of Except ion are not typically handled, because they
are used to indicate that the program should terminate. They include SystemExit which is raised by sys.exit ()

8.3. o2l Mzlst7] 69




Python Tutorial, &2|A 3.11.10

and KeyboardInterrupt which is raised when a user wishes to interrupt the program.

Exception can be used as a wildcard that catches (almost) everything. However, it is good practice to be as specific as
possible with the types of exceptions that we intend to handle, and to allow any unexpected exceptions to propagate on.

The most common pattern for handling Except ion is to print or log the exception and then re-raise it (allowing a caller
to handle the exception as well):

import sys

try:
£
s

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

The try -+ except statement has an optional else clause, which, when present, must follow all except clauses. It is
useful for code that must be executed if the 7y clause does not raise an exception. For example:

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

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

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

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

else o AL§ol try Aol IEE Vst ARG F2H, try - except £ o8l HEH 1 9= I =7}
o717 L o9& A3 FA He Ae BAS] WA

Exception handlers do not handle only exceptions that occur immediately in the #ry clause, but also those that occur inside
functions that are called (even indirectly) in the try clause. For example:

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

>>> try:
this_fails()

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

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

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

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

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

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

[raise ValueError # shorthand for 'raise ValueError()' ]

whek o 9] 7} A 9= A = Qobok kA vk A 2] 53 A A = ghrhel, T hAHe YY) raise Fol 199 E
thAl 4o 5 A gtk

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

An exception flew by!

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

NameError: HiThere

8.5 o2l 244

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

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

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

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

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

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

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

ojZ1L o] & WS o {8 3 :

z)

Urth ¢l &

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

>>> try:

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

Traceback (most recent call last):

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

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

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

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

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

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

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

8.6 AIEAI F2f o<l

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

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

HHEEY ool = £F A5y o5 FAMSHA, “Error” 2 2y o] 522 F g Uth

Many standard modules define their own exceptions to report errors that may occur in functions they define.

raise KeyboardInterrupt
finally:
print ('Goodbye, world!")
(Th sl o] Aol Al%)
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(e1A sl o] A ol A AI5)

Goodbye, world!

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

KeyboardInterrupt

finally do] 9loW, try o] 45 7] Aol finally do] vpAe} oz AFPFH YT} finally B2
try &0l oo & A=At AA R AFFUth 22 A2 § B4 A& A dyth

o try A& A8k Fot o9 7p A S, except oA AL E AT 5 U ol 2] 7} except
oA A=A ko™, finally o] A3 T o 9] 7} ohA] LA o}

o except Y else @ A3 Fo o7} TS 5= QlFULH thA], finally Zo] A3 H Z o 2 7} ThA|
kg i iaRi=

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

e try 9| break, continue £+ return £ E&35}W, finally L break, continue &
return = A8 2 He) A}

finally ol return £o] £ H, W3 7k try 9 return £0o] £+ ko] ofy@} finally
Aol return 9] = kol E Yt}

oE &d:

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

>>> bool_return ()
False

o] E338 o

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

>>> divide (2, 1)

result is 2.0

executing finally clause

>>> divide (2, 0)

division by zero!

executing finally clause

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

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

o] T=Y FAYL o] LRo| AP TAFE ST 5 gt /12 FA IS A A= Frke AYY)
ok O ATPEA AL BALEA @A, 2 S8 m2 gt BAZ D & AGUTh with £
st 22 AABol A grh=A A =S Bgse PHe AU

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

2] AWE Fol, 2 Aelshs o] BA WAL eE, 519 £ = G4 BPUTh 3L3 2ol v] ¢
Hold 5142 FAES AT AANESL 159 APAA o] A4S 4w ghch

8.9 Raising and Handling Multiple Unrelated Exceptions

There are situations where it is necessary to report several exceptions that have occurred. This is often the case in
concurrency frameworks, when several tasks may have failed in parallel, but there are also other use cases where it is
desirable to continue execution and collect multiple errors rather than raise the first exception.

The builtin Except ionGroup wraps a list of exception instances so that they can be raised together. It is an exception
itself, so it can be caught like any other exception.

>>> def f():
excs = [OSError('error 1'), SystemError('error 2')]
raise ExceptionGroup ('there were problems', excs)
>>> f ()
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 1, in <module>
| File "<stdin>", line 3, in f
| ExceptionGroup: there were problems
-t ] ——————————

£0
except Exception as e:
print (f'caught {type(e) }: e')

(TH sl el Aol A<)
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(o148 s o] A oAl Al A
caught <class 'ExceptionGroup'>: e
>>>

By using except * instead of except, we can selectively handle only the exceptions in the group that match a certain
type. In the following example, which shows a nested exception group, each except * clause extracts from the group
exceptions of a certain type while letting all other exceptions propagate to other clauses and eventually to be reraised.

>>> def f():
raise ExceptionGroup (
"groupl",
[
OSError (1),
SystemError (2),
ExceptionGroup (
"group2",
[
OSError (3),
RecursionError (4)

>>> try:
£()
except* OSError as e:
print ("There were OSErrors")
except* SystemError as e:
print ("There were SystemErrors")

There were OSErrors
There were SystemErrors
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 2, in <module>
| File "<stdin>", line 2, in £
| ExceptionGroup: groupl
-t ] —————

| ExceptionGroup: group?2
ot 1 ———
| RecursionError: 4
+ ____________________________________
>>>

Note that the exceptions nested in an exception group must be instances, not types. This is because in practice the
exceptions would typically be ones that have already been raised and caught by the program, along the following pattern:

>>> excs = []
for test in tests:
try:
test.run ()
except Exception as e:
excs.append (e)

>>> if excs:
raise ExceptionGroup ("Test Failures", excs)
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8.10 Enriching Exceptions with Notes

When an exception is created in order to be raised, it is usually initialized with information that describes the error
that has occurred. There are cases where it is useful to add information after the exception was caught. For this purpose,
exceptions have a method add_note (note) thataccepts a string and adds it to the exception’ s notes list. The standard
traceback rendering includes all notes, in the order they were added, after the exception.

>>> try:
raise TypeError ('bad type')
except Exception as e:
e.add_note ('Add some information')
e.add_note ('Add some more information')
raise

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

TypeError: bad type

Add some information

Add some more information

>>>

For example, when collecting exceptions into an exception group, we may want to add context information for the indi-
vidual errors. In the following each exception in the group has a note indicating when this error has occurred.

>>> def f():
raise OSError ('operation failed')

>>> excs = []
>>> for i in range(3):
try:
£0)
except Exception as e:
e.add_note (f'Happened in Iteration {i+1}")
excs.append (e)

>>> raise ExceptionGroup ('We have some problems', excs)
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 1, in <module>
| ExceptionGroup: We have some problems (3 sub-exceptions)
PP 1] —————————
| Traceback (most recent call last):
| File "<stdin>", line 3, in <module>
| File "<stdin>", line 2, in £
| OSError: operation failed
| Happened in Iteration 1

| Traceback (most recent call last):

| File "<stdin>", line 3, in <module>
| File "<stdin>", line 2, in £

| OSError: operation failed

| Happened in Iteration 2

| Traceback (most recent call last):

| File "<stdin>", line 3, in <module>
| File "<stdin>", line 2, in £

| OSError: operation failed

| Happened in Iteration 3

(TH& sl oA ol A1)
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>>>
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Attributes may be read-only or writable. In the latter case, assignment to attributes is possible. Module attributes are
writable: you can write modname . the_answer = 42. Writable attributes may also be deleted with the de1l state-
ment. For example, del modname.the_answer will remove the attribute the_answer from the object named
by modname.
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« the scopes of any enclosing functions, which are searched starting with the nearest enclosing scope, contain non-
local, but also non-global names

e AT HAHY) AFzEFA REY DY o] FES TTIYUY

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

used; if not declared nonlocal, those variables are read-only (an attempt to write to such a variable will simply create a
new local variable in the innermost scope, leaving the identically named outer variable unchanged).
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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 ()
(TH& sl oA ol A1)
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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)

AA =9 YL o] FA Futh

After local assignment: test spam

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

=R 52 3FAH 8. nonlocal

ulE U T

o 9

oA A tf o] (o] A o] 7] = YU T scope_test ] spam AZH S WA ¢,
o] 912 scope_test &) spam A AL W3 global YL BE £F9 92

global ] Aol spam & A0 k= A= & 5 J5Uth
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class ClassName:
<statement-1>

<statement-N>
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When a class definition is left normally (via the end), a class object is created. This is basically a wrapper around the
contents of the namespace created by the class definition; we’ 1l learn more about class objects in the next section. The
original local scope (the one in effect just before the class definition was entered) is reinstated, and the class object is
bound here to the class name given in the class definition header (C1assName in the example).
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class MyClass:
"""A simple example class"""
i = 12345

def f (self):
return 'hello world'

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

e QrEs BE] & @S BWS ASFUL 2hS AN 2H2Y A ALDAE EYE
A gt B ol AU ol & o] (A9 FeAE gAY

[x = MyClass () J

rr

< 22 A " xS R o] AAE A G W x o Ao

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

‘def __init_ (self): ’

self.data = []
When a class defines an __init__ () method, class instantiation automatically invokes ___init__ () for the newly
created class instance. So in this example, a new, initialized instance can be obtained by:
[x = MyClass () ]
Of course, the __init__ () method may have arguments for greater flexibility. In that case, arguments given to the
class instantiation operator are passedonto __init__ (). For example,

>>> class Complex:

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

>>> x = Complex (3.0, —-4.5)
>>> x.r, x.1i
(3.0, —-4.5)
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data attributes correspond to “instance variables” in Smalltalk, and to “data members” in C++. Data attributes need

not be declared; like local variables, they spring into existence when they are first assigned to. For example, if x is the
instance of MyC1lass created above, the following piece of code will print the value 16, without leaving a trace:

we

=

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

print (x.counter)
del x.counter
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[x.f() ]

In the MyC1lass example, this will return the string 'hello world'. However, it is not necessary to call a method
right away: x . £ is a method object, and can be stored away and called at a later time. For example:

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

+ 993 A% hello world € 143yt

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

AA R, o] BLE g A2 5 dH Uk Az EHFL AdAdA AR I} 49 & HA QAzZ A
D‘%D}— AUt g oAdA, & x.£() & F &3] MyClass. f(x) S EFESFYUL dutd o=z nj9
AAES] HEEOZ YMEE TE3HE 22, 3 HA AxF ol iAo A2EA AR E AFGsIA THE AR}

=20z A3t $4E BEHE AP B AT

In general, methods work as follows. When a non-data attribute of an instance is referenced, the instance’ s class is
searched. If the name denotes a valid class attribute that is a function object, references to both the instance object and
the function object are packed into a method object. When the method object is called with an argument list, a new
argument list is constructed from the instance object and the argument list, and the function object is called with this new
argument list.
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class Dog:

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

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

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

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

>>> d.name # unique to d

'Fido'

>>> e.name # unique to e
'Buddy’

Al el 22 7 AR 7L F @ o 4 vl ol H &
|2 Eol, TS F oA rricks FAEE Z 2 G E AL H A
%7 W2 gyt
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AR %9 BDE B
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class Dog:

tricks = [] # mistaken use of a class variable

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

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

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

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

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

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

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

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

class Dog:

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

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

>>> d = Dog('Fido')
>>> e = Dog('Buddy"')
(THE sl el Aol A%)
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>>> d.add_trick('roll over')
>>> e.add_trick('play dead')
>>> d.tricks
['roll over']
>>> e.tricks
['play dead']

9.4 J|El Fo|AlRS

Argas) Fohs BE A 2L = HE o] B0l 54FY, o= HE 23 L ALHAS AT Th

>>> class Warehouse:

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

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

>>> w2 Warehouse ()

>>> w2.region = 'east'

>>> print (w2.purpose, w2.region)
storage east
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# Function defined outside the class

def fl(self, x, y):
return min (x, x+y)

class C:
f = f1

(THS sl el Aol A)
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def g(self):
return 'hello world'

h =g

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

HAEE self JAE] MM E O ERREE AHESIA tHE HAEE 22T 5 Y5 Uth

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

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

def addtwice(self, x):

self.add (x)

self.add(x)
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class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

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

[class DerivedClassName (modname.BaseClassName) : ]
g Fel s Boj o AP ol Fefjaet 22 Ao ® IAPF Uk Sl AA| 7 b= A u, vl o] &
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class DerivedClassName (Basel, Base2, Base3):
<statement-1>

<statement-N>

For most purposes, in the simplest cases, you can think of the search for attributes inherited from a parent class as depth-
first, left-to-right, not searching twice in the same class where there is an overlap in the hierarchy. Thus, if an attribute is
not found in DerivedClassName, it is searched for in Base1, then (recursively) in the base classes of Basel, and
if it was not found there, it was searched for in Base?2, and so on.
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class Mapping:
def _ init_ (self, iterable):
self.items_list = []
self.__update(iterable)

ot %

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

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

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

$]9] o] = MappingSubclass 7} __ _update A EAE £ 9ty gtx 53U th Mapping Z oA =
_Mapping__update & MappingSubclass & 29 A= _MappingSubclass__update@ Z+Z} t) A

712Uk

X2
exec ( 1/‘reval () BEAGH I =352 =Zd2y Z A oEL AR ZHYPAE A7) F == A9
4'5}7‘113 o] A2 global #9 & 2
A eko] _ dict_ E FAH AT ufvlofz}, getattr (), setattr(),delattr () o= ALEFH Yk

9.7 RHEAL|

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

from dataclasses import dataclass

@dataclass
class Employee:

(TH& sl oA ol A1)
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name: str
dept: str
salary: int

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

'computer lab'

>>> john.salary

1000

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

Instance method objects have attributes, too: m.__self__ is the instance object with the method m (), and m.
__func__ is the function object corresponding to the method.
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for element in [1, 2, 3]:
print (element)

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

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

for char in "123":
print (char)

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

o8 Aete) A At YR 5T, 1A, WelFck o) el el o) Bl & AFg3hE Tho] w0 B3t B
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b Fe 247 glod,  next_ () & StopIteration o9& dOoAA for FZo 5 E <4t
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>>> s = 'abc'
>>> it = iter(s)
>>> it

<str_iterator object at 0x10c90e650>

>>> next (it)

'al

>>> next (it)

lbl

>>> next (it)

i@l

>>> next (it)

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

next (1it)
StopIlteration
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Having seen the mechanics behind the iterator protocol, it is easy to add iterator behavior to your classes. Define an
__iter__ () method which returns an object witha ___next__ () method. If the class defines __next__ (), then
__iter__ () can justreturn self:

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

def _ iter_ (self):
return self

def _ next_ (self):
if self.index ==
raise StopIteration
self.index = self.index - 1

return self.data[self.index]

>>> rev = Reverse('spam')
>>> iter (rev)
<__main__ .Reverse object at 0x00A1DB50>
>>> for char in rev:
print (char)
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oA AP AANFUT (BE HolH g3 od

AeolgE e AER g7 BE & es HoFUth

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

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

Q O H th o

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

e F8 752 A HeED A A7 &5 7ol A5 o2 BRAFHTHE AYYTh o] AL self.
index U self.data &} Z-2 AAEA HEE A= AW v 48 27 g1 Y534 o5

et
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A% WAE YA 223 Jeie Aol Bs), A olE 7t $5 Y 1) 45 O E StopIteration &
Aoyt 233, o 7550l YIS AHE AV ol HelolHE w57 9 wEUrh

9.10 A|LAZO|E] TS A

g A olE & B2 E A A F HRSHA v t 28 thA 2o 5 AHE ok 2l AR S A 4
o2 e A TP R 5 AU of ERASL S AE Bt ATl o] E & SA] ARele ARE A
AAEJFU - Zﬂbﬂfﬂ ol AL GHT A oy Ao Hrh A SA R &5 Bo] A AL, w7t
gl Huelddun e d 2s 4] st

o :

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

285

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

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

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

260

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

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

>>> data = 'golf'
>>> list (data[i] for i in range(len(data)-1, -1, -1))
[lf', ll', 'O', lgl]
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s REL Y AAYFZ A&7 AT A A e AT dyth

©]

>>> import os

>>> os.getcwd () # Return the current working directory
'C:\\Python311"'

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

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

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

>>> import os

>>> dir (os)

<returns a list of all module functions>

>>> help (os)

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

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

>>> import shutil

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

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

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

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

AutAQ FEEE 2THEE TF HHY AAE Ao T 87 JdFUTh o] AAEL sys BEY
argv NEERHE F2rEZ AZFF Utk A& £9, P A python demo.py one two three &
Agstd o33 22 23t 289 Ut

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

['"demo.py', 'one', 'two', 'three']
argparse 52 ¥ £ AAE AEdte o Au fAUSES ATFULH tha 2T HE & st 0] 4]
stdy Aoz AT E £ FEFUh

import argparse

parser = argparse.ArgumentParser (

prog='top',

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

args = parser.parse_args ()
print (args)

python top.py —-lines=5 alpha.txt beta.txtE A}R5te] W& S AP uf, ~3HE
args.linesE& 5%, args.filenamesE ['alpha.txt', 'beta.txt']Z AATYr}.

rlr

104 Oz &€ 2|C|EMI T2 S &

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

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

~aYES FEIHE A AT

)

ol L sys.exit () E2E AYYrh
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re J,{g»g —E#Z}"é Az E AR A =S AU SRR A 224S f6l, A2 E

>>> 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'

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

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

>>> import math

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

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

o

A5 gy o

o I A~ =
random B EE FAH AHS T+ = 7=

>>> 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

) A ok

statistics EEL2 X HlolHY 7|BA EARA EAES (FHF, =73, B4

ol

>>> import statistics

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

1.6071428571428572

>>> statistics.median (data)

1.25

>>> statistics.variance (data)

1.3720238095238095

fy
A
ui

SciPy Z 2 A E <https://scipy.org> = T2 ¢ 3] A4S REES Wol zt3 9l
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10.7 QIE{4ll HM|A

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

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

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

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

>>> import smtplib

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

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

Beware the Ides of March.
mn H)

>>> server.quit ()

(7 WA o= localhost ol A] | & A ¥ 7} A 3= 31 9l o] of Fhrh= Aol F22] 5HA| 2..)

10.8 =M} A|ZE

datetime BE S WS A|7hE 2ATE Fe 2SS AT, D YT B P BF ATY
TR A A0 %] AR Y FH 2 A8 o Bl e Aol maon W E 20
ol 2AA YUtk BEL AR E ness AASE AQ g

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

>>> now
datetime.date (2003, 12, 2)
>>> now.strftime ("%m-5d-%y. %d %b %Y is a %A on the 2%d day of %B.")

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

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

>>> age = now - birthday

>>> age.days

14368
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10.9 O|O|E| &F

kAol ol B B W gHE FAS
zipfile, tarfile

=3 22 2Eso A4 ALdF¥Yth: z1ib, gzip, bz2, 1zma,

e

>>> import zlib

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

41

>>> t = zlib.compress(s)

>>> len(t)

37

>>> zlib.decompress (t)

b'witch which has which witches wrist watch'
>>> zlib.crc32(s)

226805979

L
S

Q8 shold AL§AEL 2L EAO B ThE AW E 491 4 3 R
YUt sl AL o7l ART O] BA e T+ 54 =P E AF T

& Eol, AAEL BAHSE ABAA A A, 52 YT A A2 e AF LA B FES =7
S 9% uth timeit BES A% 4% ol 42 A% RelFuth

>>> from timeit import Timer

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

0.54962537085770791

timeit o] AYES =R H O Z, profile Fpstats BES Z EFY F=oA AIZHIA S A
7] AT = s AT

-~

ZEQ o8 AWTHE B 7HA 2P AT & 24 ol HB HAES FYFHT, IAES
2 Bl A5 A she AQyt,

S RES oMY 22 IR SAEY S| D HAESS AT EPE AT T,
HAE BE71: BHe 552 1 400 gl A= A Rol 9/ E o7
ok A8 AL A SIAE A A A A AE A48, doctest 2 E o] A Aol A T 7} o] A5 A Q1A

shel el 2 g,

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

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

mn

return sum(values) / len(values)

(TH& sl oA ol A1)
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(o] A | o] A e A AL
import doctest
doctest.testmod () # automatically validate the embedded tests

unittest EEL doctest REWZ & AL ol A v =2 =& 4
4 A Tyt

import unittest

R

o
I
[>
[m
_~
i)
o
e
Fr1
o
jﬂ
1o
tu
r
L)

class TestStatisticalFunctions (unittest.TestCase) :

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

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

10.12 H{E{2|7} =SEIL|CH

o Aohe 2m Ygyth ok 8 2 WA Aaska Y 7]

B
of:

off
ftlo

gpol 2 “wl ¥ 2] 7} £ 94 53l
=3

74 2 bt o &

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

e email ¥ 7] A= MIME ¥ 7] €} RFC 2822 7|9t W A] 2] FA1 & 283t= AA v Y WA A& &e]317]
st ol B H g YUth AAZ WA AE HU 3l ¥ smtplib &} poplib = ©8], email 3 7] A =
B AR T2 (AY AU T & AAAAT A ST A AnD TS e RS FA
7919 AT £ T AAE AT e

« Json A7 AL 9 ALSE ol e 2B WAL HARA A FH T AAL ABFUTE cov LEL
dolHHo]Agt AZHEAEA dRtH o g PSP REE T8 g P2 g S JAH

T AEE AYTYrth XML # 2]+ xml.etree.ElementTree, xml.dom W xml.sax 3] 7] A] o]

3 AUt o8 s 5 7| A& T AMSSHE stol A §§ 2 I ThE T 7] o] o] E]

w2o] A s F Yk

» sqlite3 2 5-2 SQLite t o] E ¥ o] & 2ho] B gl 2] 9] ) 3 Qld|, ¢t vl £F SQL 2= AH&-sto] |l
O|EX I AN 5 Q= AA LY E o] HH| o] AE AT 7 th

o A 8= gettext, locale, 18 Al codecs H 7| X & 283 W2 RE Y3 Al dF Ytk
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HE Bt0|EeE| 827 — 287

reprlib BE2 AV ZA 34 AHHY Sk A tagd ol 98] A2EHulo] =24 repr () 9

Wde Als gk

i

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

ll{lal’ lCl, ldl, IeI, Ifl, lgl’ '.-}ll

pprint REL AT 7} & 5 e FAo2 UF AR A8A o) AAE A4she AL Bt
AustA Alojd 4 YA FUth ZHrt s SRt 49 “o ¥ ZHE” 7L & v S92 T E F7HEHY
dole 2 & Bt ¥eA et

>>> import pprint

>> t = [[[['black', 'cyan'], 'white', ['green', 'red']], [['magenta',

'yellow'], 'blue']]]

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

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

e F0] 7 34 o wA = AT o)

Ao

textwrap RES HAE

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

(THS sl el Aol A<)
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(o1& # o] A ol A A<)
a list of strings instead of one big string with newlines to separate
the wrapped lines."""

>>> print (textwrap.fill (doc, width=40))
The wrap() method is just like f£ill ()
except that it returns a list of strings
instead of one big string with newlines
to separate the wrapped lines.

locale R E2 E3ld 54 dloH 3‘3391 tj] o] B H] o] A of] AN AT Th. locale 2] format TF4=2] grouping
01 ‘:!/]HE\_Z_'_;L_’_ 7]E.§’:7{‘z}‘ uHT—jO%)‘]_ X]Z:‘X-]O] H]—ﬁ" X—"—l—ﬁ]—],]q_

>>> 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"

IL

11.2 &AZE
string REL A THs & Template S48 TH3LL gt A3 A7 B8]0 423 B
29 20 JEUth Gebd AR S8 2R IAL MR FUE S § 22 IAL ALHuto| 2
& AUt

»| .
942 5 % $ 3 ool 1 A WA (549} WE) R WEA A RN A o5& ASF T S2EES A
g3to] A EAAE B AR FHglol J5ALHHREEE T 5 AUk 55 S 29 Shte] o] AAlo|=
g s & whaych
>>> from string import Template
>>> t = Template ('S folk send $$10 to Scause.')

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

substitute () WA EE ALHAAL GAYY ANE QX2 AFAA FE 6l KeyError &
SRt MY 3T A8Y g8 m2adol B AR AT A 22T+ dle
safe_substitute () WA EZ} B A48T 5 s Ut dlolg 7t 7 A A A FEAAE HA A
Easiniey

>>> 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/ Fe 25 g7 o] TEAE AFT 5 9
EE=

t}h ol Sof AR HePAE A G AT
o1F wHR7] R B EE AA DA, ol v A AL WE wyg 7

519 A3 2o Abel Al Aol

J
r{m
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L
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F gguth

=5

>>> import time, os.path

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

delimiter = '%'
>>> fmt = input ('Enter rename style (2%d-date %n-segnum %f-format) : ")
Enter rename style (%d-date %n-segqnum $f-format): Ashley_%n%f
>>> t = BatchRename (fmt)
>>> date = time.strftime ('3d%b%sy"')
>>> for i, filename in enumerate (photofiles):

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

newname = t.substitute(d=date, n=1i, f=ext)

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

img_1074.jpg ——> Ashley_0.jpg
img_1076.jpg ——> Ashley_1.7Jpg
img_1077.3jpg ——> Ashley_2.]jpg

RO ETE 382t £ FAY AR AFIA 2237 =28 Tk AUk o) 24 31
XML J+°1 g} EME EJ_/H Y HTML § B2 uAe] st Ax~E &8-S X3S 5 JdF5 YT
11.3 HiO|L42| C[O]E 2|2 E HHX| Y
struct EE-2 71 Zo| nie] Lﬂil Has PAor ZYetr] 9] pack (0 -‘Jr npack () F+& Al

oh ohe oA zipfile RES AH§ A b ZIP 49| Sl
n SE 7 270 ufo] EShAvko 28] 85 G A8 e LT ner
upo] & ¢4 8 7HE € b ok
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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', data[start:start+16])
crc32, comp_size, uncomp_size, filenamesize, extra_size = fields

start += 16

filename = data[start:start+filenamesize]

start += filenamesize

extra = data[start:start+extra_size]

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

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

11.3. H}o|{2| CIO|E] AIZE HYX| &t 101
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114 C}= AyE

28 gL AHE 2L A G QL By st=7ledUth Agl et E Qo] Wl 18 T oA Al E =
SOl ALE A} QH S W 28 m g o] SIS A U] AFR S 4 QU BEH AR Alg = ok
299 AT HE 2 /OE Adste 4yt

g2 I=Evd =z afo] A& AYE= 52U 14 F threading BREO] IO oA ZP S o2 A
TR A EAFUH

import threading, zipfile

class AsyncZip (threading.Thread):

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

self.outfile = outfile

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

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

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

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

U5 2dE S8 22 IR b 2 BAGL UolE £E e AL FRAL AAEE 2HE Y
Ytk o & 913} threading BES %, oM, 24 W5 L AVHES] S HZ BB 59 579} /| ¥ 822

AT,

Ao e A2 AL Adoll e BE IH2E dd 28 =0 JF AT th queue EE=
ARgSlo] s s = thE 2d =] 23S AlFste AYUth 2d= T FA 9 242 A8 Queue
AAE AH&ote 58 22l A 4L, 7] 4L, Aol E5uth

115 224

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

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

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

2 e 2 A7 B H Uk
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WARNING:root:Warning:config file server.conf not found
ERROR:root:Error occurred
CRITICAL:root:Critical error —-- shutting down

Z|1BHo7 AR A O WA= ZAFEA 1 28 ZF o yz UYL o2 &8 FAHd =
A g, dojg 13, 271 =& HTTP AW E 53 fA]A g¢"o] 2P Ut MZL e+ WA
2 X290 g} o} = g gS A9 T 4~ 9l U th DEBUG, INFO, WARNING, ERROR, 22 1 CRITICAL.
2 N2EL gtol WA ZH FLA8HA Z2 WS WA A AFS A G 2 7S H8l AR A
ZFARAS ¢ e A gdo A 2= & 5 dF Ut

shol A& A% v e) el (NEE AR U HE A5 24 D £HS AAR A% A 2B
ST vz ele A v 2271 A A" A6l oA E U,

ol 2T EY & 22 Z ZFsA T W2 e AE0 o8] AHEE = Sl AAE
FASE T BRI YU BARAE, A TAES 245 ANORE 15 GTAOE BEE
FxE WUt weakref 282 X E WA R AAE FAL F v =7 AU AA 7T
2 Q 3}A] ¢F o weakref B o] B0 A A A 7} AF5 2 2 A A 3L weakref 2] Aol o §F F W o] E ] AF UL}
Qv Q) Sl = Bhe = o] Wl go] Bho] == A A4 o] E£3HE T}

A

>> import weakref, gc
>>> class A:
def _ init_ (self, wvalue):
self.value = value
def _ repr_ (self):
return str(self.value)

>>> g = 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:/python311/lib/weakref.py", line 46, in _ getitem_
o = self.datalkey] ()
KeyError: 'primary'

—t
—t
o
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ret
i
A
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= Zﬂ%"%‘% t}. o] A= %75—__114 2l tﬂ o]
. o] A int A A 2] Unt
EHA]Oﬂ 2‘3”' 1 .,]-,—ig}.‘io]ﬂf_ ]_(63 T ovgm 2 i;é]_

>>> from array import array

>>> a = array('H', [4000, 10, 700, 22222])
>>> sum(a)

26932

>>> af[l:3]

array ('H', [10, 7001])

collections BE-2 deque () AAE AFFYTH o] AA &= AZF oA o w2 A F7HFHA] T 5 kol A
o 23 =¢ =F grEG ZF UL o] AA= 7€ E o] A4 E AN —??ﬂ"ﬁ}% o &gy ok

>>> from collections import deque

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

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

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

HeHA 2| AE Fd ok gholBHejgle AEH 2| AEE 24 4 50] Y bisect REL L2 THE
EFE AU

>>> import bisect

>>> scores = [ (100, 'perl'), (200, 'tcl'), (400, 'lua'), (500, 'python')]

>>> bisect.insort (scores, (300, 'ruby'))

>>> scores

[(100, 'perl'), (200, 'tcl'), (300, 'ruby'), (400, 'lua'), (500, 'python')]

heapq BEL U PAES /WO R P AN 42 AFFUTH 7P ghol L FBL P4 A
0ol FA ek, 9125 8 A 6ol M A6 A oA T A A A S A 2o el

>>> from heapq import heapify, heappop, heappush

>>> data = [1, 3, 5, 7, 9, 2, 4, 6, 8, 0]

>>> heapify (data) # rearrange the list into heap order
>>> heappush (data, -5) # add a new entry

>>> [heappop (data) for i in range(3)] # fetch the three smallest entries
[-5, 0, 1]
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24 AEE 9%t Decimal Eﬂ olH3IAL AlFaa Yt YH float o] B X
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Hae S8l vt 22 Asod 783y
. xéi”f& 10305 280 228 58§ &8 2 7B &%,
- BYUE A,
o WA e A 87 AFES S58ke v Ao,
s FEXAFA, EE
o ARSAE 7§3’)r7]’ Loz AT AT A & AR 7ol 5§
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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 Ao ol B+ 08 FASHH, = MY FasaE 7}J T2 RE v A=Y FEAE A
o7 FEHYTE Decimal 2 =202 §F #3HS A AL o] RF L4 o] AA4E FEoHA 28 5

%igﬂﬂ TS+ e BAE JH’:MD}.

A3t #¥ 2 Decimal FHA7 o] BE A5 AR G2 REE AL 548 AAETIT 5

== gk

>>> Decimal ('1.00") % Decimal('.10")

Decimal ('0.00")
>>> 1.00 % 0.10
0.09999999999999995

>>> sum([Decimal ('0.1")]*10) == Decimal('1.0")
True

>>> sum([0.1]*10) == 1.0

False

decimal 252 28 UFo AEER deS AFFUTh
>>> getcontext () .prec = 36

>>> Decimal (1) / Decimal (7)
Decimal ('0.142857142857142857142857142857142857")
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This will create the tut orial—-env directory if it doesn’ t exist, and also create directories inside it containing a copy

of the Python interpreter and various supporting files.

[python -m venv tutorial-env
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7 973) QA e e 92 venv Iyt of o 22 el B E Aol N $AA YES S
=, teE 7 2 o 52 AHIE o B AT HAA S Fa LA b5 uth = A5 E 3 (tooling
o] A A3 env 7 W5 B FAe] FEL PAF )

B L BEY 1@#@%@%%@ﬂ@¢ﬂ%qw

[tutorialfenv\Scripts\activate.bat

Unix =+ MacOS 9| A o] Z A A3 gt}

[source tutorial-env/bin/activate

(o] 2T HEE=bash M2 5] A A Z, csh = fish A3 A}
2}lactivate.fish 23 HEE AL oF gt}
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$ source ~/envs/tutorial-env/bin/activate
(tutorial-env) $ python
Python 3.5.1 (default, May 6 2016, 10:59:36)

>>> import sys

>>> sys.path

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

To deactivate a virtual environment, type:

[deactivate ]

into the terminal.

12.3 pip £ I{7|X| 2|5} 7]

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

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

A7) A] o] F& A5kl HA WAL A7 A E DAL 5 5Tk

(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

A7 A] o] F FHoll == A HA WZE 2o A WA A7 A E LA F& JFUth
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(tutorial-env) $ python -m pip install requests==2.6.0
Collecting requests==2.6.0

Using cached requests-2.6.0-py2.py3-none—any.whl
Installing collected packages: requests
Successfully installed requests-2.6.0

If you re-run this command, pip will notice that the requested version is already installed and do nothing. You can
supply a different version number to get that version, or you can run python -m pip install --upgrade to
upgrade the package to the latest version:

(tutorial-env) $ python -m pip install --upgrade requests
Collecting requests
Installing collected packages: requests
Found existing installation: requests 2.6.0
Uninstalling requests-2.6.0:
Successfully uninstalled requests-2.6.0
Successfully installed requests-2.7.0

python -m pip uninstall followed by one or more package names will remove the packages from the virtual
environment.

python -m pip show will display information about a particular package:

(tutorial-env) $ python -m 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:

python -m pip 1list will display all of the packages installed in the virtual environment:

(tutorial-env) $ python -m pip list
novas (3.1.1.3)

numpy (1.9.2)

pip (7.0.3)

requests (2.7.0)

setuptools (16.0)

python -m pip freeze will produce a similar list of the installed packages, but the output uses the format that
python -m pip install expects. A common convention is to put this listin a requirements. txt file:

(tutorial-env)
(tutorial-env)
novas==3.1.1.3
numpy==1.9.2
requests==2.7.0

$ python -m pip freeze > requirements.txt
$ cat requirements.txt

requirements.txt = WA Aol AuFo] L za 1 B2 AT 5 IStk AFEA=install
rEREDLTNAAE ANT S STk
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(tutorial-env) $ python -m pip install -r requirements.txt
Collecting novas==3.1.1.3 (from -r requirements.txt (line 1))

Collecting numpy==1.9.2 (from -r requirements.txt (line 2))

Collecting requests==2.7.0 (from -r requirements.txt (line 3))
Installing collected packages: novas, numpy, requests

Running setup.py install for novas
Successfully installed novas-3.1.1.3 numpy-1.9.2 requests-2.7.0

pip has many more options. Consult the installing-index guide for complete documentation for pip. When you’ ve
written a package and want to make it available on the Python Package Index, consult the Python packaging user guide.
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o] A5 A shol o] B4 AEY AR AUTH AEY hE BA & T2 24U Th

library-index:

You should browse through this manual, which gives complete (though terse) reference material about types,
functions, and the modules in the standard library. The standard Python distribution includes a lof of additional
code. There are modules to read Unix mailboxes, retrieve documents via HTTP, generate random numbers, parse
command-line options, compress data, and many other tasks. Skimming through the Library Reference will give
you an idea of what’ s available.

installing-index = T2 s}o]| W AR 27} 24 S 271 RES A A8l WS APy ch
3

reference-index: }o] % o] B 3} o] u)of] tf 3 2} A 3 A
Sk A 2 A F83

EESEEEE

https://www.python.org: The major Python web site. It contains code, documentation, and pointers to Python-
related pages around the web.

https://docs.python.org: 3}o] 2] A ™ A of| w2 A] AN A& 4= 15T
https://pypi.org: o] A jl X] = 7} 7] (Cheese Shop) 2= EH ! 5lo] A 3] 7] ] Sl A= Y-S 5= =
SR A shol ) el ATk, TS W ES ] A ZSHE T AFE ] 2E 4 AEE o]

::n:E_E_%‘o‘P/\ 01/\14\;].

https://code. actlvestate com/recipes/langs/python/: 3}o]#1 & 2] A (Python Cookbook) & T2 F & o
A, HEEE Y FEI2THE 23U E3] FEEHSE 3 H 52 Python Cookbook (O’ Reilly &
Associates, ISBN 0-596-00797-3) o] a}% Al 5] Aol Bkt

https://pyvideo.org collects links to Python-related videos from conferences and user-group meetings.

https://scipy.org: Scientific Python Z 2 A E of| = w2 v g A4+ H 22 9 RESH A E O, F2]9
HE vy W, G5 BX, 54 E4 53 22 o8 7R 7 A &) :-L—?Q'E] o dFYth

! “Cheese Shop” & Monty Python®] 27 2] 1 th: 12 0] X = 747 ol S} 7pAw, S A 27k F9le]d, A 42 goka gghoh
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Completion of variable and module names is automatically enabled at interpreter startup so that the Tab key invokes the
completion function; it looks at Python statement names, the current local variables, and the available module names. For
dotted expressions such as st ring. a, it will evaluate the expression up to the final ' . ' and then suggest completions
from the attributes of the resulting object. Note that this may execute application-defined code if an object with a
__getattr__ () method is part of the expression. The default configuration also saves your history into a file named
.python_history in your user directory. The history will be available again during the next interactive interpreter
session.

14.2 CHEtA CIE{Z2|E{ CHOL
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Floating-point numbers are represented in computer hardware as base 2 (binary) fractions. For example, the decimal
fraction 0. 125 has value 1/10 + 2/100 + 5/1000, and in the same way the binary fraction 0. 001 has value 0/2 + 0/4 +

1/8. These two fractions have identical values, the only real difference being that the first is written in base 10 fractional
notation, and the second in base 2.
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>>> 0.1
0.1000000000000000055511151231257827021181583404541015625

o] AL T Abero] 88Tk n A 2ok AR T RS SAto| B, sho] 2 WL H ZhE )4l F A Bho]
%Z}a o= vhshA g Utk

>>> 1 / 10

0.1

A H 27 Z &3] 17109 A H Ko s, AA A4H 32 7H 77 28 7 ol 25942 719

ShAl 8.

TUEAL, 7HE 7k 2AF ol 2 E FREkE o v AT A5 U A S0, 0.1 0.

10000000000000001 % 0.1000000000000000055511151231257827021181583404541015625 &
25 3602879701896397 / 2 ** 55F ZAFHULE o] AR e BF T2 IARS T3] wiel
eval (repr (x)) == x2¥g IUWE FA AN 25 stUE ZAT F ‘}ll’\‘%ﬂr

AALH O 2, gto]H ZFEZE 9} W repr () 61"% & AH1770] <2441 0.10000000000000001 =
ATy, sho] A 314 E], o)A Fho] A (RE Al ~F oA o] 71 B AL AT 5 9o, T
0.1 ¥k FAIFY

o] Zo] o] A & 2o BAo] FHA 2 stojre] W2 ohyn, o] ZEd gle WIxs
obduth. tEdo Y FFg axd AdeS A Pshs BE dojdllA 22 TR AL 2 5 AU (7

Jole 7| EACR 52 BE S8 R oA Aol 5 BASHA 9be MZWH

b =
o ussee 2308 ooy, BAY 2oh YL Agetel AT 59 524 YT 5 AFUTh

>>> format (math.pi, '.12g'") # give 12 significant digits
'3.14159265359"

>>> format (math.pi, '.2f'") # give 2 digits after the point
'3.14"

>>> repr (math.pi)
'3.141592653589793"

o] Z1o], 17 gk o mlof| A, SF A2 7ME= A o] FoaFUTh A 22 ] A 7| ALY FA] & RS
shal Sy

shbe] B thE S W2 & AU dE 591,012 F &3] 1/100] o) EE,0.19] Al 7HE T3t
X 423 0.30] o g Uitk

>> 1 + .1 + .1 == .3

False

3 012 17109 F3e grol o 774912 5 93, 03 3/109] F3 gholl o] A9 d 5 gom s,
round () &5 & 7] g ‘1%% St 22 5%01 = A Fsyth

>>> round (.1, 1) + round(.1, 1) + round(.1, 1) == round(.3, 1)

False

5712 o5 & A2 gkl B HRA BE S @A, round ) B8 AHE W ol §85ke] R

= =l
FE R ARE A2 v 5 QA Gk

>>> round (.1 + .1 + .1, 10) == round(.3, 10)
True

Binary floating-point arithmetic holds many surprises like this. The problem with “0.1” is explained in precise detail
below, in the “Representation Error” section. See Examples of Floating Point Problems for a pleasant summary of how
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binary floating-point works and the kinds of problems commonly encountered in practice. Also see The Perils of Floating
Point for a more complete account of other common surprises.

2ol 7b) £ 8 Feiol A B YT ok, wF £2AE AUAA AAT Ba e gEu:
o] i float k2] o] el 25 s Ao 58 210l T 7)Ao A g 23 |
29 g FRYUTE 0| AL I Ao BRA F ol A ALtk SHA R, 44 o] o m RE

float 1 4koll A =& WhE | o2 72T °1D}% 4% g A sf oF g ot

Belotd 497 EARA, FAH BE £5H 4L ASFE BREL, B HE ARE NS
AR5 2 YA EAFE AN 20E A B AUtk BE str() HORE SR, o AT
S} A Al o] 5} formatstrings 9| A] str.format () WA =] =W X AR}E B A L.
99T Y 2A0) ALY A 32 A 355229 9 2

A THGE=decimal EES AFESEA L

A& Atz & O JHl= fFEFE 7o 2 AsS H8E fractions EEC g8 A Yo} (w
2hA 1334 22 S Abe A FatA| ekl & g% o,

If you are a heavy user of floating-point operations you should take a look at the NumPy package and many other packages
for mathematical and statistical operations supplied by the SciPy project. See <https://scipy.org>.

sho] & o 2 o] floats] B - ARE Fojol e S AL S AAL 4 Yt £ FES ATTU
float.as_integer_ratio () WA=+ float? S B2 AU

o2
=}
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>
™,

>>> x = 3.14159
>>> x.as_integer_ratio()
(3537115888337719, 1125899906842624)

Hl& 2 F &3 ghol 7] w2 ofl, g2l gt2 &4 glol v == T A2 5 gy th

>>> x == 3537115888337719 / 1125899906842624
True
float.hex () WA EE floars 1674 (L o] 160 th & @3], AFE o] Agd F&o S Uk

>>> x.hex ()
'0x1.921£f9f01b866ep+1"'

o] et 16714 2 W2 float gh& B &3 AFAsHE © AHS 2+ A5 Uth

>>> x == float.fromhex('0x1.921£f9f01b866ep+1")
True

Edo] AEBng, sholHe] thE M o AH ¢S A
A 5He ThE o] (Ahuh} €99 22) 9} vlo] B & w3ks}

T tE F83 T E=math. fsum() .
Aol ol sk A B A “go i 2 2AHE" & F AT 25
SLopA AA A Aol ol g WE 4 AsrIeh

>>> sum([0.1] * 10) == 1.0

False

>>> math.fsum([0.1] * 10) == 1.0
True
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Why is that? 1/10 is not exactly representable as a binary fraction. Since at least 2000, almost all machines use IEEE 754
binary floating-point arithmetic, and almost all platforms map Python floats to IEEE 754 binary64 “double precision”
values. IEEE 754 binary64 values contain 53 bits of precision, so on input the computer strives to convert 0.1 to the
closest fraction it can of the form J/2**N where J is an integer containing exactly 53 bits. Rewriting

[1 /10 ~= J / (2%*N) ]
=
=
[J ~= 2**N / 10 ]

2 OA| 241, J 7} &S] 53 B E(>= 2**52 o] ATk < 2**53 YJUTH Y-S A H 3, N H A g2 564 Y
c}:

>>> 2%%52 <= 2%%56 // 10 < 2%%53 ’

True

5,562 J 7 B3] 3R EVHEHESE TEE=EN A AAdUTh I e T S 2 A2 vk H S
HAUh
>>> g, r = divmod(2**56, 10)

>>> r
6

Yo7k 100] AukeTh an g, g ke 2ARES 29 814 dol gtk

>>> g+l
7205759403792794

Therefore the best possible approximation to 1/10 in IEEE 754 double precision is:

[7205759403792794 7/ 2 %% 56 J

BRI ERE E2 Jirw the3) o] ok U

[3602879701896397 / 2 ** 55 J

29e 97) whEol, o] AL WA /10 Bry b7k Ak Aol o a2 W ArhE, Bol 1710 e}
o7t ZobA g AU Teiit ol Z5ol = A2kaA 1109 S G T

So the computer never “sees” 1/10: what it sees is the exact fraction given above, the best IEEE 754 double approximation
it can get:

>>> 0.1 * 2 ** 55
3602879701896397.0

fy

Yt

T B 40] 1044558 B3HE, 55709 A £AE 2 5 9

[
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>>> 3602879701896397 * 10 ** 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625

o= AZE o AAH A &8k 5217 A A 4= 0.1000000000000000055511151231257827021181583404541015625
o 222 ou gtk AA AR 7S TAISHE oA, W Ao (o] A MAL] gtold £3hH = A= 1779
FEAE YL

>>> format (0.1, '.17f")
'0.10000000000000001"

fractions & decimal BREL o] AAS A W5tk

>>> from decimal import Decimal
>>> from fractions import Fraction

>>> Fraction.from_float (0.1)
Fraction (3602879701896397, 36028797018963968)

>>> (0.1) .as_integer_ratio()
(3602879701896397, 36028797018963968)

>>> Decimal.from_float (0.1)
Decimal ('0.1000000000000000055511151231257827021181583404541015625")

>>> format (Decimal.from_float (0.1), '.17")
'0.10000000000000001"
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16.1 CHSIS 2 E

16.1.1 oll2] &2

When an error occurs, the interpreter prints an error message and a stack trace. In interactive mode, it then returns to the
primary prompt; when input came from a file, it exits with a nonzero exit status after printing the stack trace. (Exceptions
handled by an except clause in a t ry statement are not errors in this context.) Some errors are unconditionally fatal
and cause an exit with a nonzero exit status; this applies to internal inconsistencies and some cases of running out of
memory. All error messages are written to the standard error stream; normal output from executed commands is written
to standard output.

7]& TRz __Li__LEOﬂ E{EJE ;(]_(01 ‘_}Z,g
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9+ KeyboardInterrupt o2 7} WAy g oh
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[#.’/usr/bin/env python3.5 ]
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[$ chmod +x myscript.py ]

r[o

L5 Shold 4% 22098 gy A& pycnon.
WaagEes ANk FEAE oy 2 5
7] s vk,

AT A2 AT P b mE ek A do] gl
exe st A5 02 Ao, stol @ U2 ol F 23}
Q&uth o 3%, AMAo T Gehhs 24 32 E

16.1.3 CHSIA A%} op

o] A S stP o2 AR S uf, TF A Z 2 EH 7 A2 wiuitt A s = 2 YE S0l Jod Ay
T PYTHONSTARTUP &7 M8 Al H & o] 5oi9le vtd o] S o2 AAstd gUth o2 9
.profile 7|53 FAFF YT

o] 3 Y-2 th3}E Mo At ¢l3| v, Thojxo] AT HENAN HHZ S WL, /dev/tty 7F e HAIA
A0 A (NP AAAE T holl= A sUth s o] Addds = 22 o5 FhollA A
P r g, o] 5t of A 7643}71‘% el EE?'F = AA =S 3 AlA A AF3etA] 942 o] 5 o2 AE T
T AFUTh o] oA sys.psl D sys.ps2 ZEFZES HMATL % 55Ut

AA) g ol A =7} /\V—.Lﬁ]r%l% oz, A A2 5tdo|A if os.path.isfile('.pythonrc.
epy'): exec(open( .pythonrc.py') .read()) e FTEANLIPA 22T 5 QST &

U oA A A AL A ST el A WA A 6= @ oF o)

P

it

import os
filename = os.environ.get ('PYTHONSTARTUP')
if filename and os.path.isfile(filename) :
with open(filename) as fobj:
startup_file = fobj.read()
exec (startup_file)

16.1.4 HAE{OIO|N|O|M 2 &

Python provides two hooks to let you customize it: sitecustomize and usercustomize. To see how it works, you need first
to find the location of your user site-packages directory. Start Python and run this code:

>>> import site
>>> site.getusersitepackages ()
'/home/user/.local/lib/python3.5/site-packages'

oA 2 T E ] of usercustomize.py 2he o] B9 }UL WET ASE AEL 22 4 ALVTh A5
QEEES WBHHE s §AOE A ATA 9 o, o] HYL RE shol i Aol AL FUh

sitecustomize works in the same way, but is typically created by an administrator of the computer in the global site-
packages directory, and is imported before usercustomize. See the documentation of the site module for more details.
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oo
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>>>

2to3

EECE CREENRES SISO EEREERE b EERL EROEE A L RS

A=UTh

e 2e ASL A 4 A&yt
 Sol27) 9 FE BEY FEE QYT W, AL o] T TEA (B, ULE, FET) o] LS
SEEEEEEREREERELER B EEREES

ot At =R, £AA8E 7 FA AL 7 24
3 3 o B age hEU

2t03 = FF golHE oA 1ib2to3 2 Al ZHYULh =g @ o7 A3

scripts/2to3 & A& F Yt} 2to3-reference= 2 A 8.

oz
]
>
X0,
rlr
[>
[
rt
m
rlr
;_]

O

O

)_l
2

abstract base class (34 w| o] A S| A)

annotation (

S wo]2~ Fe A hasattr () 22 2 HAIY S0l EHS AV v ESHA ZEH (& £, WA
HAE) B, AEH o)A E oot e AT T RN B o] & B4t ABCE 7Hd AR
ZHP2E =4, FH2E ASSHA o HAE isinstance () 2 issubclass () o 93] 7
) HE2sJUth abe BE ABAE EAL. sto]Hol= %2 W& ABC 5] Whete =1
So] &5 Ytk A8 X (collections.abc ZENA]), A (numbers &l A]),
oA, YZE 92} 2 (importlib.abc ZEO|A). abc ZES A3 A &4
TE AU

O

rlo e

S

Iu

S
iy

l

RN D)
g o

1o | do wit
> o

W —

Ak

i ©

)

o rx M

—L
b
i)
°

dgo et & JE 2 AREH e A, SHE EYRE B e s v ke g d4-
golEd itk

A Wae] o) b o] A AW Al AA2T S YA, A WA, B2 54 9 G2 of el o]
AL A7 2 g, Ed 2, 42 _ _annotations_ EF o]EE|HE AAAH UL}

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.
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argument (212}

F5E B2 G5 (EE WA S) 2 ADH L gL T EFY QAL A5
o I| ¥ E QRA} (keyword argument): T~ i%ﬂ:ﬁ A 217} kol B2 o1z} (& %o} name=) X %%
E Yol 2 9 E AGH & AA A& Eo, b33 22 complex () E&|A 335 &
BE 79E A2t
complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o 2] 2R} (positional argument): 7] = d A=k t = °ll
At olHE E o go * & 2 A JFUTE o & So], b2 F 22 T34 3-‘4‘
BT 9 A A& Yo

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

AR 4 iele] o] 2 g2 Aol Aol hF ok ol T Yo A8 = 7 A S ol A £ calls A&
HAL BPAOR, oW EAN 0l A A2 A 5 AFUTh T ghol A9 Wl B ek,

Lol H 9 vj /)4 FHET FAQ A& A2} w7l ¥ 4~9] x}o] £} PEP 3625 H A 2.

asynchronous context manager (W] 57| A€ A& Az}

An object which controls the environment seen in an async with statement by defining ___aenter__ () and
__aexit__ () methods. Introduced by PEP 492.

asynchronous generator (B]% 7| A2 o] €])
H]-5 7] Ay Eﬂ olH olH# oY & EHFE= T sync def & A5+ IAFH T4 Hol&=,
async for $2IAEE 5 9k AAS] GBS NEL yicld RS ERATE 2ol cHELITh
HE 057 Avdels @4 7}81 7)1 A %, ol E FE W o A= v]F 7] Al # ol E oEl o E] & 7}elF]

Y} o £ 51 o) u 7} WA ke A9, HAH o8 AN REFS QAT

HE5 7] AF e ol &4+ await EH AT, async for 3} async with B2 =38 4 G5 Urth

=
rd'

asynchronous generator iterator (H]-% 7] A #] o] €] o] €] #]| o] E])
& 7] Al o B 7 e A A,

This is an asynchronous iterator which when called using the __anext___ () method returns an awaitable object

which will execute the body of the asynchronous generator function until the next yield expression.

Each yield temporarily suspends processing, remembering the location execution state (including local variables
and pending try-statements). When the asynchronous generator iterator effectively resumes with another awaitable
returned by __anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

asynchronous iterable (8] % 7] o]g] 2] &)
An object, that can be used in an async for statement. Must return an asynchronous iterator from its

__aiter__ () method. Introduced by PEP 492.
asynchronous iterator (H]£ 7] o] €] & o] €])
An object that implements the __aiter__ () and __anext__ () methods. __anext__ () must return an

awaitable object. async for resolves the awaitables returned by an asynchronous iterator’ s __anext__ ()
method until it raises a StopAsyncIteration exception. Introduced by PEP 492.

attribute (o] E 2] H-E
A value associated with an object which is usually referenced by name using dotted expressions. For example, if
an object o has an attribute a it would be referenced as o.a.

It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example
using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression, and
would instead need to be retrieved with getattr ().
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awaitable (o] ] o] €] &)
An object that can be used in an await expression. Can be a coroutine or an object with an __await__ ()
method. See also PEP 492.

BDFL
A 22 £ A1 = 2] A} (Benevolent Dictator For Life), < Guido van Rossum, 3} o] % 2] ZA] =}

binary file (B} o] 2] 2} Y)
A file object able to read and write bytes-like objects. Examples of binary files are files opened in binary mode
("rb', 'wb'or 'rb+'), sys.stdin.buffer, sys.stdout .buffer, and instances of io.BytesIO
and gzip.GzipFile.

str AAE 3 2 4 9 Y AR A £ HAE 5 E B2 AL,

borrowed reference
In Python’ s C API, a borrowed reference is a reference to an object, where the code using the object does not
own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage collection can
remove the last strong reference to the object and so destroy it.

Calling Py_INCREF () on the borrowed reference is recommended to convert it to a strong reference in-place,
except when the object cannot be destroyed before the last usage of the borrowed reference. The Py_NewRef ()
function can be used to create a new strong reference.

bytes-like object (H]-O]E"E:‘-.‘_%"— 2 A)
bufferobjects & A A3} C-A5 HHE 22X E g F JdH5ULh o8 &5 memoryv1ew A A
E 20| bytes, bytearray, array.array A& £33} H]—O] ELF AA =L o]
dolH & thF& of 8] 7HA] A4bEol AMEE 4= s Uth 45, vhol v g JJr‘”E 7*17‘* ’\7‘]%%&

» W rlo

as

2 % mln

(¢}

zz“\__‘ N= 0] A5 ]’] E}‘
W A5 S vhol e Hol 7 N AY A Rst deriich ol e A9o] ARAE B5 9327 ot
Ol ELF AA” et 1545“413]- 7H ¥ AA ] 2= bytearray R}bytearray/] memoryview
7F syt th2 AAkE2 vtelv g ol H 7 B AR (“9 7] A& vlol EL{ AA”) of| AREHES
STEYLH ol A5 A Z=bytes8bytes AA Y memoryview 7} °]~‘45}
bytecode (H} o] E T &)
o] A FE = Hho|E I EE A 5HY 5 =], CPython O]H e A sto] W =2 I YR 7

A3 el Mol = A= pye L9 AN So], 28 st g T wA QG H e DT
2ol A vholE mE ] AL 3T 5 GFUTH. 0] “F3F o] & 2t wpo] = ;o] oS3
SAE AR o A A T A, Hol = B A E T shol 8 A4 A oA
5% A% A%, sho] 2l wlE Thol 94 A o] A= ekrhi 2ol 593 of gt

Hlo|E 2= Welolse] 25 dis RE AWA el Ug U

callable
A callable is an object that can be called, possibly with a set of arguments (see argument), with the following syntax:

/\

lut

[callable(argumentl, argument?2, argumentN) ]

A function, and by extension a method, is a callable. An instance of a class that implements the __call ()
method is also a callable.

callback (&)
QA AeE = ulele o) Adol A ARY AH 2 Fa

class (Z~)
gAY ) A

=
WA= o Ee =

class variable (28] & ¥ %)
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complex number (&2 %)

%3 A5 A 2de $Fu, RE A7 AR S o AR YT H5ite A5
S 1Y AFDE Fe AdH, 5 T 18, FEoA = J&E R7)F YT sto| M
T B 2E BasE 7R AQTIUE S5 RE § AUAE Bl A 7T} odF Fo,
3+13. math 259 B45 MHo] 23W, cmath S AR FULH BA45] 827 3 52
T84 754yt Bastrtal =712 ZEhE, A A FAE 5T

context manager (] A~ E ]2}
An object which controls the environment seen in a with statement by defining _ _enter_ () and
__exit__ () methods. See PEP 343.

context variable (A €] A E H$)
Aeeof et o2 g /b Qi WS ol 2 A8 2d =7} sl o8 e g 2Hd 5 gls
2fe-28 AFaevsdych v, AEAE |4 E B, sty A A= of] AE s
=798 5 don AAE WY £ EEE FA4 N5 HATA A WSS FAFE AYY

contextvars= XA L.

contiguous (<)
W= ;<4 3}3) C-4 4 (C-contiguous) ©) A} . E 2+ A< (Fortran contiguous) 4 W] A< o)gta o AUt
QAL W3 L C-Aldo) A E S A% itk QA ] Aol A, FEEL A 2ol SF32, 00 A
A 2 E A4 e o] ¢ Ao o2 2o 9 X150 of Ttk thAHA C-% ol A, v B2l
29 AR FEEL 23t o upx|ut ol el A7} 7 whe] W o) SR 2k, ZEE AL )] d o
A, 3 WA 827} 71 ) W g,

coroutine (Z 5 €l)

ABZHE o duistd Fefduth ABEZEL 3 A Ho| A Y3t o2 A FHA &2
?}‘41’/}. ‘f/l% o o2 A ZAA AYGstar, EE3taL, AN = dFYTh o] AE2 async def
Bog TS 4 95U T PEP 4928 H A 8.

coroutine function (Z ¥l 3+5)
F2E AAE EF= . TFH 4= asyne def o2 HAYH 4 Q, await 2 async
for&]— async with 7|25 38 5 QlFUth o] 2S5 PEP 492 of] o] 3 =4 iU th
CPython
stol A =2 I Ao A
Python 3} 22 T2 2153 7+ 24
decorator (¢ 2] o] €])
e g8 85 A, BE urapper w2 AHESH g Ao R AL FH YT dlZy o]
E]2] &3} o= classmethod () & staticmethod () YUY

Haelolel £He wA Be BUY Bk b F A5 Aot v goz TSk

def f (arqg):

ython.orgof| A ¥l £ Yt} o] 3£&-& Jython ©] 1} Iron-
{0 “CPython” o] A} Ut}

ko
rl
ro,
=
o

pas
o
g“;

f = staticmethod (f)

@staticmethod

def f (arqg):

22N l%ﬂlidli EA A T d 2pF 2 Ut ol Zd o] g of] th gt o] ApAI S &2 T F Y
o} FY o ABPAE HH FHYth

descriptor (t] A 3.2 E])
Any object which defines the methods __get__ (),__set__ (),or __delete__ (). When a class attribute
is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to get, set or
delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor, the respective
descriptor method gets called. Understanding descriptors is a key to a deep understanding of Python because
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they are the basis for many features including functions, methods, properties, class methods, static methods, and
reference to super classes.

g3 P2 WA =S o) 3 2HA| 3 )88 descriptors U T 2 2 E] AR b A o] Y- Y T

dictionary (5 A4 2])
An associative array, where arbitrary keys are mapped to values. The keys can be any object with __hash__ ()
and __eq__ () methods. Called a hash in Perl.

dictionary comprehension (5 A1) 2] A = 2|3l A)
olEl H &l A= 84 AA Y %%j—é At AE G gAY E et 1A% . results
= {n: n ** 2 for n in range(10)}<2Ztn ** 20| FH 7] nS E3s= A Y E A
¥ t}. comprehensions& ZHZ A Al L.

dictionary view (5 A4 2] )
dict.keys(),dict.values(),dic t tems (
Utk o] 252 9 e 5ol thet
WAk E o B

dict-views & H A &

O HAEZEEFE AAES 9 e Rt B E
ot "J%% &sk=d, 97t g E ), 57} o] WetE
%}L?}_ Bl 2ER B W list (dictview) & AFESHE FUTh

docstring (52 E g)
A string literal which appears as the first expression in a class, function or module. While ignored when the suite
is executed, it is recognized by the compiler and put into the __doc___ attribute of the enclosing class, function
or module. Since it is available via introspection, it is the canonical place for documentation of the object.

duck-typing (%] €}o]3)
Sul2 e F o] A5 AR EA Aty AA P BA G 22 A g, B
HAEY A ERHEV S S ALY AL %HD}(“OQXJE*EQLM‘MW’ﬂ“ﬂ‘tﬁv}‘a,l > 2
t}.’) EA S g 1:]]/\]0]] onﬂjﬂo]/\e AzeozH, Z ;\471“54 Fr=ot3g A &S —:ﬂaﬂogyﬂ

1>
o

{o

L QAL A g__,_olf\\/]r,]- 9 Eo]FHL type () 0]14-151nstance() = AH&sE AALE -‘74%‘4‘3]'-
(SHAI "L, BRolsg o] 74 o igﬁﬂ E‘_E—T—Omoﬂ frelsl oF gy th) iAo, hasattr ()
ﬂA}L‘rEAFPiE Y-S HUh

EAFP
& 2 H o} A4S £517] 7} ¢ th (Easier to ask for forgiveness than permission). ©] &3] & 4= gl& v}lo] 4
A9 282, 22 7|VG ol EYREY EAE 7HE A, I 7ol EE W Y E F5Uth o
ZEotal mbE 282 B try $hexcept w2 TAZ SAA AU o] g2
w2 Aojo| Al A= AF§-5 = LBYL AL 3 o vl g U T}

expression (X3 2))

oW groz 7ad 4 i FHAN 27 OhE B BASY, AN L UEY, o] 5, olELHE

AH, AAA, FHET 2L RS EAFE BA 245 201 28 AL TE BE Aojg

grAom, RE Ao} THEEC] RAAA AL otk wnile A, BAHOZ ST 5 Gt
B = £ ol 1, A o] obd ]t}

T =] AFYTh
extension module (8% 2 &
CUC++Z FAE ZEQH, 3fo]# 2] C APIE AS-3IA 4 o] Y A2 T =0} A5 283t}

f-string (f-& 2} Q)
e E ool B9l BAIY HEEE Bal LEAY olelL et £y AL A6 o
Z ot PEP 498 & H A 2.

file object (3} 74 A))
An object exposing a file-oriented API (with methods such as read () or write ()) to an underlying resource.
Depending on the way it was created, a file object can mediate access to a real on-disk file or to another type of
storage or communication device (for example standard input/output, in-memory buffers, sockets, pipes, etc.). File
objects are also called file-like objects or streams.

AAZ = A F72] 3t AA 5ol YFuth Eraw) vlo] 2] 1<, ¥ 3 = (buffered) v}o] 1 2] 914, E)
2~ E 3t o] 59 A o)A E io RENA BF Utk 3t AA S HEE 1 H A A 2 open ()
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file-like object (3} 2 A))
g} A7) o u)Z=3k gk,

filesystem encoding and error handler
Encoding and error handler used by Python to decode bytes from the operating system and encode Unicode to the
operating system.

The filesystem encoding must guarantee to successfully decode all bytes below 128. If the file system encoding
fails to provide this guarantee, API functions can raise UnicodeError.

The sys.getfilesystemencoding () and sys.getfilesystemencodeerrors () functions can
be used to get the filesystem encoding and error handler.

The filesystem encoding and error handler are configured at Python startup by the PyConfig_Read () function:
see filesystem_encodingand filesystem_errors members of PyConfig.

See also the locale encoding.

finder (3} Q1)
Ared BEL A o & Rodn AwsE 4.

gto] M 33, o] 22, F F7 FAH 7L Y5 Uth sys.meta_path & TA AHE-SHE H B 4 = IFQlH
9} sys.path_hooks I} /A AFR 3= A2 dEE golH.

] Z}A| 3 Y22 PEP 302, PEP 420, PEP 451 o] U-2-Ut}.

floor division (B4~ V=A)
74 7 A E W ESe 84 Al A vl AabAbe // th ol E Bl ®AA 11 // 4
o Zre o7 H A wh Ag Y AL 2 752 EHEUTh (-11) // 47F-2.752 Y& 3 -30] Hoj

Fo sl oF g Th PEP 2382 H A &

function (2+4)

SEAA oE Fe EHFE dHY EFE. QAU T oY A 7 AEE 4 =, vy 9
Aol A2 4= Q5 Ut u] 7 4= & WA = 2} function A A = HA|

function annotation (34> o] &) o] A1)
Eins UH7Htﬂ/\‘/]"E'} 7

o], o] F4 % 7|9 int AAHE WolE
R :

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

3 o] g o] A B 2 function B ol A A Wt}

See variable annotation and PEP 484, which describe this functionality. Also see annotations-howto for best
practices on working with annotations.

future
A future statement, from __ future__ import <feature>, directs the compiler to compile the current
module using syntax or semantics that will become standard in a future release of Python. The _ future_
module documents the possible values of feature. By importing this module and evaluating its variables, you can
see when a new feature was first added to the language and when it will (or did) become the default:

>>> import _ future
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)
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garbage collection (7}8] X] 4~ #)

o AHEE A SFe RS W ek AR oML Rx A4 FAT B2 £BS FARL L 5
e =3 AHul A 27712 5 AuA 2 AE SF U 1A FATE go BES A Ao @

T AFUh

generator (] ] o] €])
A el e ol e ol & FelFE & WA Holed, A9 s Hes *
Al e ohE Hol thEUTh o] gL for-FZ 2 ARG AU next () ¥ 2 3 Hof| sk A
T AFUh
Hs Ay ely 45 7He] 7] A RE o | E9l o A= Al gl o] B o] E#lo]E & 7Fe Y th & =6k
o|m| 7} B &etA] k2 A-f, AT G ENA REFES (LG TH

generator iterator (] ] o] €] o] o] ¥])
Al el ol g7t = AA.
Zhyield+ YAIA LR A& S3ta, T XY (XY H4s o
A AEE 7193 E Ay F o g olE#EelE ZFAMEE, Y o Bt (& utth A2
Al &5t g of v U o).

generator expression (2| U] 2| o] €] & 4])

2
olHHolEE T = R4, FZ AT HYE Bt for BB 7hestif o] Hol 2+
At A AE HYUth 2 22 S8R - E AT FES HEAH YT

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285

generic function (A ] 2} &)
22 A AR e FEd del +ES A T2 784D T S ofF FH AARHA =
s daeFel o 248 g ch

Azt 2a) %] €07 &3} functools.singledispatch () Bl Z & o] 2} PEP 443% H A 8.

generic type (A1 2] &)
A type 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 e meld % 2 HAS

LY

global interpreter lock (<4 Qe =g §)

3 Wol o2 shipe] e =7} o] A vlo] = 3= &
AR StE MAYS. dict 9 22 F2d WTIES
thel A SHE S 5 0] A CPython 78 & B3]
22 HE s 2d =387 4 e A, vF
5 A%,

However, some extension modules, either standard or third-party, are designed so as to release the GIL when doing
computationally intensive tasks such as compression or hashing. Also, the GIL is always released when doing 1/O.

gm 1:1 ],\ﬂ A 2 ‘rr Eﬂ o g = ;d—:/_L) “’\Eﬂ of X]'-rri—.—(free threaded)” OE = B]Eq 2 s w3t
R A E o A SaS A B o oA 4 ool O Bo1a A0 g oA
As U

hash-based pyc (3] X] 7] 4} pyc)
L3S FEE Y] Yol NG A2 TU HE A A7) ofd FA|E AL S ulo|E T E A A
3} <. pyc-invalidation& ZZ3HA 2.

Z

E A5t = B A3 7] Y8l CPython 18 Z 2 ] 7}
o z3tel) A Blo] EAA O @ = A] AN A0
M5 Utk Bz AAE e AL A

2AN A A TG B RS

B ru

o

H:l rH
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hashable (3] A] 7}%5)
An object is hashable if it has a hash value which never changes during its lifetime (it needs a __hash__ ()
method), and can be compared to other objects (itneedsan__eqg___ () method). Hashable objects which compare
equal must have the same hash value.

AN A5 AANE Gl A AT W AEE 5 QA S, o] AR TR YA
o HAZE Ag37 WEG T

g shol o] BW WA AAEL A AT (FAEY 94U 2e) 4 AFe s e
=y fe) = - }\

a9 stk (F *Olb‘rfrozenset Z2) B Ao YEL 259 2450 A 75T uf w3 A
}—U“JE} A2 A Sl AAEA AAEL 7B A0 7 A 7T (A7) AHA1E Al )
3talE) EF thEra vaE ,UH/‘V‘S id() 2 £ 5o g Yt
IDLE

An Integrated Development and Learning Environment for Python. idle is a basic editor and interpreter environ-
ment which ships with the standard distribution of Python.

immutable (%Eﬂ)

P A s g eEe R AN BATE FLE (8 9% deo) o 28 Ju=
U

importing (Y £ H)
S 2E shold REA THE BEY shol W TEAA ASE 5 AEF S A3

importer( 152 E])
5ES B 53 2E S7)% sk AA; SA ol 5ol T o)A =r] A k.

interactive (t} 3}3))
FJrOV‘q >3y JH = HE 21 Y=, JdH =2 H JEJEOHH TAF RIS G+ 9,
=7 498 A3} 2 4 Irhs S Uh 973 glo] T2 python AWl £ A
At A R 4 9g T A ofelriol & B AT R 1A E Eelhee g el

R AU (help (x) E 719 8HA1 8).

interpreted (?]E-]EL.E]E]E_)
HlolE I = HAutd o] &4 ol 1 &) ZE8]A 7] = sHA T, ﬁJrOM‘i% Astd o
Az g dofYguUtt o] A2 HAIH o= 43 A 3
Aot S9UTh 2 22O o] & o Ade] A= 7]+ AT, ?lEi—E]Ei A= 2 E
Boh g2 /w7 718 25 Uth tiehs = BA 8.

interpreter shutdown (Q1e] = 2JE] £ 8)

S ook 2 42 e of, shol A ol w2l S0 A 7o) ALt BB o} ole] 74X &
‘H-r—TLZCJJr%}% REEGH AEES dAFCE vhdUch 3 7| A A7 E oy ¥
Utk AFR A} A 9] 3ky & weakref S o) 9= FEE 9] ’é‘vf%’ = /\]ﬂ’\]%‘- T IdFUL T8
A= I g v o] &st= AHd =0l B 7] 53HA %2 o
A7 HEJUTH(E o= ghol B g REo|v A ZXEdYh.

JHZEE 289 39 YA AYPF = main  BEOIVATHEIAPS ZYLE AUth

iterable (o] €]2] &)
An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes you
define withan __iter__ () method or witha ___getitem__ () method that implements sequence semantics.

[t
rr
Ay
o2
ok
2
1o
il
o
o, My
T
4 =
;3
rr
=
]
pa)
%)
A_

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (), ).
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When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator for the
object. This iterator is good for one pass over the set of values. When using iterables, it is usually not necessary to
call iter () or deal with iterator objects yourself. The for statement does that automatically for you, creating
a temporary unnamed variable to hold the iterator for the duration of the loop. See also iterator, sequence, and
genera[or.

iterator (o] €] &) o] ¥])

An object representing a stream of data. Repeated calls to the iterator’ s __next__ () method (or passing
it to the built-in function next ()) return successive items in the stream. When no more data are available a
StopIteration exception is raised instead. At this point, the iterator object is exhausted and any further calls
toits__next__ () method justraise StopIteration again. Iterators are required tohavean ___iter_ ()
method that returns the iterator object itself so every iterator is also iterable and may be used in most places where
other iterables are accepted. One notable exception is code which attempts multiple iteration passes. A container
object (such as a 11 st) produces a fresh new iterator each time you pass it to the iter () function or use it in a
for loop. Attempting this with an iterator will just return the same exhausted iterator object used in the previous
iteration pass, making it appear like an empty container.

typeiter ol T Z}A 3 W& 0] 9l Th
CPython -3 A} A)): CPython does not consistently apply the requirement that an iterator define __iter_ ().

key function (7] g)
7] g == Z 9 o] A (collation) =+ A E (sorting) ©] U ¥ & (ordering) o] AHE-5 = #= E8FE F
HEYJULE o & S0}, locale.strxfrm() S 2AYL EA YA S a=Ad 7|5 e = d AR

g

ato] Mo W EF7F 2 4S50l o BA A A A AL Fol=AE Aol et7] Hof 7] TS Hol= AU th
o] ZEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby () ©] AHFY T}

There are several ways to create a key function. For example. the str.lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a 1ambda expression such as
lambda r: (r[0], r[2]). Also, operator.attrgetter (), operator.itemgetter (), and
operator.methodcaller () are three key function constructors. See the Sorting HOW TO for examples of
how to create and use key functions.

keyword argument (7] 9] & 21 z})
o1z & BHA L.

lambda (&t}
5290 gol FaAAE She A4 o2 PAH o F Qi U B4 BT BB REL EYLS

lambda [parameters]: expression YU rh

LBYL
5 7] Aol X2} (Look before you leap). ©] 7@ 2EtL-L T Eolu 23| & 517] doj]l HA|F o7 ALA
252 AARLh o] 2EhAS EAFP A2 U DUIF 3, e i B9 2AZ 54400 T
05 28 = @404, LBYL H2H-2 “H 772k “H7]” bl A 202 WA 2 Aol dsdth
& £9], FE if key in mapping: return mappinglkey] &= ZAA} Zof|, 3}X] 2 23] A9,
D2 25 key 2 mapping | A A AT AT 5 A% Th ol @ o) - %ol Lk BAFP 422
AETozAN2E 5 AU

list (]2 E)
A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked list
since access to elements is O(1).

list comprehension (2] 2 E 7 = 2] 3 A)
AA2re 84S AR EE YR E AEst 1 2R E g2ER ST HE S . result =
1 & 00l A] 255 Afolof Ql+=

Q

["{:#04x}"'.format (x) for x in range(256) if x % 2 == 0
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)

S

2S5 16715 (0x.) 52 EFE £A4GY g2 WY if 2 AFT S 9
59, range (256) °l A= BE 247 A H Yok
loader (2 ¢])
RES 28t AA. load_module () o]2h= o] £9] WA =S Hos|of FUrh ZrE&= BE 512l H
7t E#HE Ut AASFWRL2 PEP 302 &, =AM o]~ Z 8|~ &= importlib.abc.Loader & HA| 8.
locale encoding

On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.setlocale (locale.
LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: "cpl252").
On Android and VxWorks, Python uses "ut £-8" as the locale encoding.
locale.getencoding () can be used to get the locale encoding.
See also the filesystem encoding and error handler.
magic method (7] 3] v 4] &)
5 A S o WFAH 9l W] S8

mapping (7} 3)
A container object that supports arbitrary key lookups and implements the methods specified in the
collections.abc.Mapping or collections.abc.MutableMapping abstract base classes.
Examples include dict, collections.defaultdict, collections.OrderedDict and
collections.Counter.

meta path finder (W€} 7 2 3}2lt])
sys.meta_path & ZAM o] FHF+= 3 H. WE A2 3 H = 42 =g 3QlH o #-AH
171 AT kg e
HE A2 37 L3 sE WA =S A= importlib.abc.MetaPathFinder & B 3§
e},

metaclass (W€} S| 2)
ZH2Y FHia FHA FYE FH2 ol FH2 gAY, Hlola FHAEY F
[e]

A
o
=)
i
v
v

HEF ZE 2t o] Ml AAE Fobd ZH2E Tt AAS JAYth R 2 AA AP =220
Ao]EL2 7|2 TS AUt sto] A S EHFA He= A2 A" HEg S 28 s+ s
ALY R AL AN AL o] E77} A9 Do QAT Aol AL o, ve 2o as 2 e
Soba A0S ATTULE OB HE AN 22 27 (logeing), 2= k2] 271, A4 A4 24,
AZE 7R BL O Aol A8F % o
metaclasses | A T A8 U §-& 3H& 4= QI U Th
method (W] A &)
Sol2s v Qo AeE = g 1 2ejae) dadag o EeRERA 5EH Y, 1THAEE A
HAY A4} (HF self gt ETH 2 A2®E A AAERFULE T 9T HE 2572 S HAS
method resolution order (W A& 2 A 4= 4])
WA A7 AT 235 59 UM E A ol s Fu2EY £AYUD. 23 Do
gfo] A Qe ZE B o AFRH &1 Z9] AN S W82 The Python 2.3 Method Resolution OrderE X2
Uk
module (2-&)
sho W | 243k D) S WReh A7, REL 9Ao)9) shol i AA L B ol & B0E 25T
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module spec (2& A3

MRO

HES 2Tt AHE £ F 7} importlib.machinery.

ModuleSpec o] Q1A~H

[» jﬂ
rlr
juiss
kel
[t
ry
Y
o,
o
[
o
ol
k
30
rlr
-

HAE 24 =4 & HA L.

mutable (7}H)

7HH A& hol e 4= JA T id() & A3}

named tuple (V| J & £Z)

“named tuple(V] Y = 77-5)” o gh= ol FEolA A5t o] 5 22 A ET R
g A 8ol AHN2 S 4 e Be Folv el ALF U FoluZ
de T AsUTh

time.localtime () & os.stat () 7} ¥F8Het 2t £ 85le], o ] YA o] Y= EZ AUt} &=
T} & o= sys.float_info YUtk

£ AHg3to] gle
AN

e te 7=

>>> sys.float_info[1l] # Iindexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be created
from a regular class definition that inherits from t uple and that defines named fields. Such a class can be written by
hand, or it can be created by inheriting t yping.NamedTuple, or with the factory function collections.
namedtuple (). The latter techniques also add some extra methods that may not be found in hand-written or
built-in named tuples.

namespace (0] S 37

Mok AE £ Fo. o5 B0L 9
B} obe A9, Ao, 1 o] & 3
Urth o & Eo], &4 builtins.open Zos. open(

o8 370 o8l W Y& FANCAE LI HEAA ARA 44 B0 28 E
t}. & £}, random.seed () = itertools.islice () &t »WH 1 34Eo] 242 random I}

itertools B o3 2% 90| B ck

namespace package (o] & -Z 7} 3] 7] A])

Cl
23 AMH 71X E2 AH|YEW 7]5 8= PEP 420 9] 7] #]. o] & 37+ 371 A& 222 2 AA 7}
Ne = AL, 53] __init .py BLo] YeBR At 9|74 o thEYTh
RE T

e A Oﬂ/ﬂ W4 E F2oe 5. & S0, the g5 Ul Bold e vt el Sle
AT ES A2+ A5t SHI 2Tz 72402 A2 072 B 92 HA St
2o F=ef o gt A9 MeE2 7P el AFzoA i FUth vRZIA R, A9 LS
A ol FolA P HUTth nonlocal & HFE AT 2o 2= 21 gttt

new-style class (- A€l S A)

Old name for the flavor of classes now used for all class objects. In earlier Python versions, only

new-style classes could use Python’s newer, versatile features like __slots__, descriptors, properties,
__getattribute__ (), class methods, and static methods.

object (2 A])
B (IEGREU ) & 22 58 (MAE) o] BoH ZE dolg. =3 BE 7w2ed S92 9

254l o]~ 2o AT
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package (2} 7] A])
A Python module which can contain submodules or recursively, subpackages. Technically, a package is a Python
module witha __path___ attribute.

Bt W7 A & ol 5 FF A = BHAL.

parameter (7] 7] ¥ 32)
G (5 BN E) Aol A TATH WS 5 Qe AR (B old 49 AAE) B AR ol B BL

ABE]. T 5] w7 a4} U Th
B

X]-71 ¥ = (positional-or-keyword): 9] %] 12} U 7|9 = Q121 2 AL 4= 9l+= AAE A AT
o] Zle] 71 & FEj o wi T JUTh o & S0 T3

« O

t}-ol A foo 9} bar
[def func (foo, bar=None): ... ]
« AA-A§ (positional-only): | A2 AlFd 5 e AAE AZFUE AA A§ viAdT=
5 A WANS BB/ BAE EFHL 1 H o) AT 5 AFUTh o B Sof Th el A
posonlyl T} posonly2:
{def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

o 71N E=-HE (keyword-only): 71 EE2 W A2 4= = AAE A AH UL 719 =-A8 v 7wl
£ g4 Aole] o)A B2 o 4 ool k] -9 A AL E 1o E gl A Ao S
T AF YT A& 59, b2 A kw_onlyl 2} kw_only2:

[def func (arg, *, kw_onlyl, kw_only2): ... ]

o 7HA-91 A (var-positional): (Th2 w7 S0l o] 4] o] m] o5 o1 X1 9] 2] A=} Bl of) Al5-2
T A= AA A=Y L AA2E AP FUTh o] Wi v o] Fofl * & <ol
24 ZYE = s Uth A& S0 th2oll Al args:

[def func(*args, **kwargs): ... J

o 7VH-71 9 = (var-keyword): (THE ] 7| HG5 S0l o afjA] o] n] WolEo] 2 7] 9 & Qx5 o H3))
AZD 4 At Y A% AYE AXEL AR FUTH o A AR5 v S o] Bl ++ 2
ol oA HolE = AdFUTh A& =0 9 ool A kwargs.

ASE A ARES A R geE ohe A Aol ALt B AAEL AT 5 YUk

Q1 A} o] 7] &, AL} u /M 2] ZJoof L} 2= FAQ A&, inspect .Parameter & 8|2, function
A, PEP 362% A 8.

path entry (7 & QlE2])

iy

AR ZINEIRIE ZFAZE F REES 27 Ao Farste A2 E A E A4 st A
path entry finder (7% 2 =] 5}21t])
sys.path_hooks ol Sl FHE (F, 42 dEZ F) o] F8]F+ 3plH Qd], o3 F = A EF
ERES FE=THE € AU
AR AEF FAHE0] LI WAEEL importlib.abe.PathEntryFinder o U-&Uth

path entry hook (7% 2 Q=g &)
A callable on the sys.path_hooks list which returns a path entry finder if it knows how to find modules on a
specific path entry.

path based finder (7 2 7|4} 5} Q1)
718 v el A= I T E Fotueld], Y EE A A BE

path-like object (3 25 2 A))
g A" A2 E YW E AA. AEF AA = 42 E YE W+ str U bytes AR o] ALY

o
R

Ut
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os.PathLike Z2EZE ZA3E= AA YUl os.PathLike ZE2EFS A A3tE= A A= os
fspath() ¥4 E STE3A str U bytes Y Alad 22 H3d 5+ 55U 4l os
fsdecode () 2 os.fsencode () & 27 str Y bytes 23S B As=d AFR-E 4 J5 YTt PEP

519= E%‘ﬂ As Tk
PEP

ghold 7§/d Al <. PEP<= sto]d AfFUE| ol AR E AlFst AL sfo] W EE T Z2A|A e &0
M2 75 AHste AA EA YU PEP= AlHE 7ol g 28 7 A H 2 AE

A F3oF gy u}.

k3 2ol ol ek A F U E 31
45 AR D52 A8 A0Sl PR A 1%
KX o]

portion ()
PEP 420 o ] 9 & A&, o] & §7k 57 Ao ol ubA] 3k bl el el o] Sof gt HAEY
A (ip el A5 £ A= 75 Fh.

positional argument ($] 2] <1 x})
A7 E HA L.

provisional API (23 API)

ﬁd
ofr

A7 APLE £ vho|ueele] 3 B84 HPORRH A AD AYUh Aels|o] 2y 2
W37} of 415 A= SEA T, R A o] 2h EAIH = 2, 2o] A EAE o] B8 ehrya AZRehE B
S80] §AE A e W Fo] ol - g UTh 18 WAL BB 8 P02 YofAL %
AU — APIE Z@57] Ao] 4 Frjsha 2R A0l Ago] AR 9ol v ol AUtk
A7 API A=A =, A A o] §A5 A o WAL “HFY Su7 oz o AMUTh- BE 439
2AE B3l B BHE S %Zlﬁ} AMe Foddt RE AR Ay

o) ARl EE o) BT LW AT FF FRH A LFol E AT A BT BAT 5 JEE

SR I R R

provisional package (3 3| 7] ])
A APIE A L.

Python 3000 (5}o] % 3000)
ghol A 3.x v 24le] "B (W 39 w27} ¥ o] o]opr|d Al H e w0 %] o] Fo|t}) o] A
“Py3k” B Z0] 27| % T T}

Pythonic (3} o] % t}-&)

= Qo Sol A QWA AYES G LEE FRSE B4, Tl A Aolo] A 44 AF AL
H & o UYL 7ho] M2t ofolt]of i} IE 27 o8 B, 3ol Ao A] A% 2t oYL for
2 gl e e BE 848 £H3E AQUTh THE Be dojot ojd SR TRl
flonz, st ol ol %31x] e ARHEL tiAlel 57 e H & A8 E itk

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

o 253, sfo| Mtk W 2 ol g g yrth

for piece in food:
print (piece)

L

qualiﬁed name (373} 9 o] 8)
o A aF x| BE Ao S, T, A o2 “HRE Rl Hor 17
Q o] 5. PEP 3155 o Al Ao g Uth H 4 o 29 Aol A+43H4 ol & o] &
ZEyrth



https://peps.python.org/pep-0519/
https://peps.python.org/pep-0519/
https://peps.python.org/pep-0001/
https://peps.python.org/pep-0420/
https://peps.python.org/pep-0411/
https://peps.python.org/pep-3155/

Python Tutorial, &2|A 3.11.10

-

>>> class C:
class D:
def meth (self):
pass
>>> C._ _qualname_
IC’
>>> C.D.___gualname
'C.D'
>>> C.D.meth.___qualname_
'C.D.meth'
2EZ 7He 7= AR , S8 B3 ol & (fully qualified name) > 2= R R 7| A 55 23

A EEZ 7= A Oi—"ﬂ% o] &L o ugt} o & £90],email .mime.text:

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

reference count (=R 314°)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Reference counting is generally not visible to Python code, but it is a key element of the CPyrhon implementation.
Programmers can call the sys.getrefcount () function to return the reference count for a particular object.

regular package (35} | 7) 7‘])
__init__.py L= EF
olF T A7 A = AL

3= gdE e e AEA 1 7] A.

slots
S YR AAdd], JAAHA oERRESS AT IS vlg] Addsty d2dA2 gy &
AAT oA R e 2 A RS FUTE 97 A71E HAW, o] Ay gtz A g7
Zhtkze HolehA, v welo] el 38 Z2 o)A Bl 5ol ArHAL JE SEY A9
AR ote Aol FEUT
sequence (X] @ 2)
An iterable which supports efficient element access using integer indices viathe __getitem__ () special method
anddefinesa___len__ () method that returns the length of the sequence. Some built-in sequence typesare 1ist,
str,tuple,and bytes. Note that dict alsosupports___getitem__ () and__len__ (), butis considered

a mapping rather than a sequence because the lookups use arbitrary immutable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes be-
yond just _ _getitem__ () and _ _len__ (), adding count (), index (), contains__ (), and
_ reversed_ (). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence Operations.

set comprehension (3¢ 7 = 2] 3l A)
ol & Y= 8a AAY LFEE AEstr 2HE E2 A= HPQPE}% A Y. results =
{c for c in 'abracadabra' if c not in 'abc'}E= &AL AT {'r', 'd'}ES AT
U t}. comprehensions& #2814 Al 2

single dispatch (42 t] A3 x])
T o] hte ARFY] Fof| 712 AR E = AlvlE 3 Y au) X2 St FE.

slice (&2}o]A)
HEAAX O 4R E 55?:}*}% Zﬂj‘“- Eefol &
variable name[1:3:5] & Oloj| A o 7] 7}
HE) 272 i Ho= sllce 7—“|Zﬂ = AH8EY
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special method (5> WA &)

lo] o] gof o] AxLS, QA 22, APT u] EAFHOZ TEF = HAE. oJd A=EE F 79

LEZ AFBAL e ol 52 2L Y5 Uth 55 vl A == specialnames o A4 2 75014 5 UTh
statement (%))

TF2 2 E (ZEY “BF(block)”) & TS FEAUCE 282 32384 o] AY 7|9 =& AHE3F

= o8 7HA F2E 59 shvd YTt 748 if, while, for.

static type checker
An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also rype
hints and the t yping module.

strong reference
In Python’ s C API, a strong reference is a reference to an object which is owned by the code holding the refer-
ence. The strong reference is taken by calling Py_ INCREF () when the reference is created and released with
Py_DECREF () when the reference is deleted.

The Py_NewRef () function can be used to create a strong reference to an object. Usually, the Py_DECREF ()
function must be called on the strong reference before exiting the scope of the strong reference, to avoid leaking
one reference.

See also borrowed reference.

text encoding (Bl ~E 217 9))
A string in Python is a sequence of Unicode code points (in range U+0000-U+10FFFF). To store or transfer a
string, it needs to be serialized as a sequence of bytes.

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 (Bl A E 3} <))

str ANE U2 £ 5 G 4 A, $F, AAE HY2 AARE ol S AF Ao A=
BN 2Bt HAE Q1T Y & A A PUth gAE J‘r?—lA |2 d2ERE ('r' EE 'w') 2
49 3}, sys.stdin, sys.stdout,io.StringI0 & ALEHAE & JHFYUT
HholEL 7 A2 & 931 & 4 & 3 AAof s A= vlolv g 31 = XA L

triple-quoted string (2% w}-2 % ¥ £2}4)
Fﬂrii C) AR C) AR S A Y. 19 I E sHUE SH A EAE §le
7o AE3tA = EAT o 7HA] o] oA £ R 7L 5T o] aFA o]z H A oF2 Zr2uhZE L}
%@%E% TAE ¢t 23 5 JEF s, AZ BAE 24 Gk oAy £ 22 5 =,
SaERg £ 59 2 duyn

type (%)
stol A Ao F-2 2170 o FF AAAAE AAFULEH ZE A= Fol dsuth AAY

Be  class_ ojEdHER AAAT S AAY type (ob)) 2 = F AFUTH

type alias (3 o] & 8] o]A)

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuple[int, int, int]]:
pass

£ rhed 2ol H 971 47 BE 4 Jarh
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Color = tuple[int, int, int]
def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

o] 7'5& A" 3t= typing ¥} PEP 4845 = 8kA 2.
type hint (ﬁs‘ 3lE)
W, 22 B RE Y e vz Uk ] ZviE = & A sk of = H o] AL
Type hints are optional and are not enforced by Python but they are useful to static type checkers. They can also
aid IDEs with code completion and refactoring.

A9 des xﬂﬂ'&h" A9 Mg, Fd2 oJERE 9 59 ¥ FEE typing.
get_type_hints () & AF&3to] AM A 4 5T}
o] 7= AWt typinwr PEP 484Z Az 354 8
universal newlines (WA & d3)
q _1,]-71-0 74'—'_»#‘!"@4 I’-OE_O]/R]-(S]_I_ Eﬂ/\E /\an.aﬁ/qd_ ﬂ]»l—% 7H3“ }

splitlines () Bat OM 2} PEP 278 sﬂrPFP 3116 Exﬂﬁ.

variable annotation (¥ <= o] 1= ¥]| o] A)

field: 'annotation'

Moo d e dutH o g o SlER AP UTh o & 0], o] Mg & int & 7H A2 g 7|
HU o
H

[count: int = 0 ]

WM o] = H| o] A FH-2 A A annassign ol A A g o}

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}4} 317)
Sho] AL Aot S8 22 1go), 28 A 20| A AL e ol W S8 22 1S9 S|
QL 74 oW A, shol i W T A AEL AR AL A2elo| 2ol AL A5 e A ok, Fe
Aoz AgH A &4.

venv & HA L.
virtual machine (7} 71 A])
szesolvon Ao 8 AFE. ol me] A4 /AL vl 3= n
=g A9 ok
Zen of Python (2}o] 4 Al)
ol x Tzl Pt AhEo BE5 0, Ao E ols st A8k ol =& FUth o] 52 th3}y
ZEZEA “import this” —% AEstd Bk

e
v
N
i
|
oy
rr
=
o
[m
K
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« the Docutils project for creating reStructuredText and the Docutils suite;

 Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.
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C.1 AZEQ|0{2| A}

o] 2 ABCzl= dojo] T A A2 A v d #X 9] Stichting Mathematisch Centrum (CWI, https://www.cwi.nl/
Z+2) ] Guido van Rossumol] 2] 3l 1990t Z Rk vk o] FHF Ut Ftojx o= th& ArE =9 B2 38 9]
235 A 9, Guido= 3ho| W o] £ 8 AR Fof JlF U T
1995 d, Guido+ Virginia 2] Reston ]| ¢} Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston.va.us/ ) o A Iho] AW B PG ALY, o] RollA o WA AZE A E SAAF YT
20004 5 %ﬂ, Guido 2} -‘ﬂ-ol é‘ﬂ o A 7] 9HEl 2 BeOpen.com 2. 2 & 7 4] BeOpen PythonLabs €12 A A5 Ut &
2 3} 104, PythonLabs ¥ -2 Digital Creations(& A Zope Corporation; https://www.zope.org/ ZZ) 2 =754t}
2001 W d, JJrO] N Az EQ 01 A} € (PSF, https://www.python.org/psf/ %) o] A Q51 th o] &A= slo] A
A A A AHAS AFE S 58] A HH v g 23 YUt} Zope Corporation> PSF2] ¢ 3] Y Ut}
2 E gfolH wj =L Z7) /\/\?:]L]D]- (7N 22 A9 v A= https://opensource.org/E 2+
2). QAF o2, g B & (BFA T A= ot g Yth Ihol A w222 GPLY S Yt ol 9] F+ thgs
W Z S @ ks A Y th

HY = £ o E X S S ION, GPL &7
09.0~12 n/a 1991-1995 CWI yes
1.3~152 1.2 1995-1999 CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.1+2.0.1 2001 PSF yes
2.1.2 2.1.1 2002 PSF yes
2.1.3 2.1.2 2002 PSF yes
2.2 o] A+ 2.1.1 2001-A 7] PSF yes
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.10

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

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

3.11.10 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 3.11.10 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 3.11.10 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 3.11.10 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
3.11.10.

4. PSF is making Python 3.11.10 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION.
<~>OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.11.10 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.10

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

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.10, OR ANY_
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach.
—of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.11.10, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.
(Th= Sl o] Aol A%)
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5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.
(Th= sl o] Aol A
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6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

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

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE .
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.10 DOCUMEN-
TATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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_random EE-2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html o] A W] ]
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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. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,

(TH& sl oA ol A1)

146 Appendix C. A2} 2fO|MIA



http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html

Python Tutorial, &2|A 3.11.10

(e1A sl o] A ol A AI5)
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

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

C.3.2 23

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

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

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

modification, are permitted provided that the following conditions

are met:

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

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

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

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

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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Copyright 1996 by Sam Rushing
All Rights Reserved

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

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

C.3.4 #7| &z|

http.cookies REX thg3 22 £ AHeE 283

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

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

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

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

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

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

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

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

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

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

C.3.6 UUencode & UUdecode &4

R ES ST 2L 39 AE TRk

%

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C

(THE sl el Aol A<)
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

7 o] A ol A A <)

C3.7 XML A Z2A|X &=

xmlrpe.client RE-S The 3 22 29) A3 EaHach

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

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

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

C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF

(TH& sl o1 Aol A1)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-S kqueue 3B 3] o] 20 tha) The 7} 22 5o ARHS EFF 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. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

C.3.10 SipHash24

3¢ Python/pyhash.c 9|+ Dan Bernstein ] SipHash24 ¢+11 2] < 2] Marek Majkowski @] =& o] 3Z 3} of
AFUTH 7)ol &= v 22 8ol 235 o] 5y th

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in

all copies or substantial portions of the Software.
</MIT License>

(TH sl el Aol A%)
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Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

The file Pyt hon/dtoa . ¢, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings,
is derived from the file of the same name by David M. Gay, currently available from https://web.archive.org/web/
20220517033456/http://www.netlib.org/fp/dtoa.c. The original file, as retrieved on March 16, 2009, contains the fol-
lowing copyright and licensing notice:

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

*

*

The author of this software is David M. Gay.
Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

L R

*

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

*

*

**k*************************************************************/

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. For the OpenSSL 3.0 release, and later releases derived
from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/
TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

(TH sl el Aol A%)
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"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable

(TH& sl o1 Aol A1)
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copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or

(TH& sl o1 Aol A1)
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for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with

the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

7 o] A ol A A <)
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C.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND 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 3F L2 W E —_yith-system-1ibffi & FA A k= 3 £ H libfi &2 AR S AR5 o]

Weg )

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED ' "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib

21ib B0 Al 2 E o A B H 2lib W o] L5 @ 25 o] A M=o A2 5 §low, 3 glib 4 AR

Agstel et

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc o &8 A= &= Al Hl o] &2 & -& cfuhash ZZ A EE 7|Hko 2 gt}

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

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

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

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

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

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS

(TH& sl oA ol A1)
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FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

_decimal EE2 W EE —-—-with-system-libmpdec & T/ 3}%] &+ oF, Z3HE libmpdec 22 AFE S

Abgakel M= ek

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

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

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

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

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

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

C.3.18 W3C C14NHIAE AQIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the W3C
website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

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

* Redistributions of works must retain the original copyright notice,
(ThZ sl o] A of] Al<)
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this list of conditions and the following disclaimer.
* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

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

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/sox/
12.17.7/s0x-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE INFRINGE-
MENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE OR ANY
PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect and
consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

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
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permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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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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