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CHAPTER 2

oM QIE{=Z2[Bf ArEStH7 |

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

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

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

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

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

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

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

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

o) 31 A g e,

| el sl 3 QIS EI S M pychon ol b o ) A 52 A5 A e, FAIG] A5 shol 4 20 4
A3} FE5HA T 5] A AU

a)
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EZ P EHE A= F HA YH L python —¢ command [arg] ... QH|, command o Y= FZE
2 AHTFUTE A9 —c g4l ALHULE sholdl £RL 55 oA 588 2|7} Y& FHol L} b2
TAE S X F57] w2 oll, command A S MR E FARFE o] FF UL

FEIIH EESLS 2IYERE 275Ut python —m module [arg] ... Z AT =
o, WA module 2F 42 7] AR A S B Aol A= e AN A AAw A o,

A2FHE Fdo| AR 2w, i E AFTHES AYS Tof| i3} 3 REE Soj7b= Aol Held w7t 5yt
~3RE ol -i & A HUn)

2E 29 342 using-on-general o A 2H-& 4~ 5T}

—

211 CIX} ME

£ZRE o] BT 37 AAE] QBT EE AYD W, AU EHO T WA F oys LEY argy
o AFE Yt import sys & AFE3IA] 9] Eioﬂ Ao AUtk 559 doj= H4v 1],
2THPELE 271 AAE Qe AFE, sys.argv([0] 2 ¥ ZXEYULh 2ATHE o5& ' (RF
AL &=ty & £ sys.argv[0] + '-' 7L E Ut —c command 7} AFRE W sys.argv[0] & '-c¢'
2 AAE YT —-mmodule ©] AHEE W sys.argv[0] = 259 At FE% o] Yt} -c command Y} -n
module 59 2= FAEL dol A ZE 7} & EOW G g oy EEo| A EF sys.argv &
SEET

ty oA 92, AE el 3P BE 2 S A%k BHUTh o] BE AL R mERE §

32 8ot BE A AL Bk AT AT AU G>>); 3 B2 B 94 o]of A&
: dujs BE 2t AgEE, R4 02 A A AAUTH.. ). AHzeEE 3
ZEEEE Q457 Aol v MB o A D FAE £3shE B MAAE 2 Th

(E N ER of,
2 10 > o1
1A/
)

$ python3.10

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

[GCC 4.8.2] on linux

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

A, ol @ A)9) i £ Fo] AU Th

il

oAl E EL Y TR Y FERES YT 223tk dE

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

Be careful not to fall off!

g3y Bxof ois] o & Aohd, sty == & BEAlL.

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

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

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

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

ARG S e 2B AL oF Tt

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

’# *— coding: encoding —*

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

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

N

’# —-*— coding: cpl252 —*-

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

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

2.2, 2lET2|E{Q} &4 7
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CHAPTER 3

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

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

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

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

7HA A& Syt

oY

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

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 / work just like in most other languages (for example, Pascal or C); parentheses
(()) can be used for grouping. For example:

>>> 2 + 2

4

>>> 50 - 5%*¢

20

>>> (50 — 5*6) / 4

5.0

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

%?M%%ﬂz42MLmt@%*4é BILJEAE (& €9 5.0,1.6)2 float YUYt} 9]
25 A F ol A 22 P Eof #3l| o AA 3] A E g d Yt

UzAl (/) 2 A floatE ESFULE A5 il o2 A= A3E dodd // AMAE ARSshE E Ut
U RS Aoy s 2 A28 5 g5y th

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

5.666666666666667

>>>

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

5

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

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

17

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

>>> 5 ** 2 # 5 squared

25

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

Heo S YT = 53 (=)
c}:

]

AU ©] 47 o= T3

[
o
[kl
[
>
=2
=5
>,
i
rlr
i
1%
rlo
ge
z)
v

>>> width = 20

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

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

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

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

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

452 EAH R AAFUTH AR e 99 3 A4AE 2E Aabats 45 JANRE 452 AT
t}:

>>> 4 * 3,75 - 1

14.0

38 Lol A, whA ool Q14 E A AL W o HIH ULk o] AL sl 8 & Hakg A7 2 AR
), AL olo] 17k % B A9 DL g g

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

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

o] Mgt AR ARA L 2718 A58 AN Y
A0 22 o 89 A WA AT BEL
24Ut

int & float 9 Eﬂ*ﬂ sto] A2 D
=4

ecimal o|Y Fraction 59 th& Fo] ZAEE Z]T_f’;h%“/} o]
Eag o tis A9 otal e, s RE 7He 7l 5 v o Fm

AHE AR YT (S S 3+57).

3.1.2 Strings

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

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

'spam eggs'

>>> 'doesn\'t' # use \' to escape the single quote...

"doesn't"

>>> "doesn't" # ...or use double quotes instead

"doesn't"

>>> '"Yes," they said.'

'"Yes, " they said.’

>>> "\"Yes, \" they said."
'"Yes," they said.’

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

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

e doj ST W, \n H 2L 55 EATS ALWEE( .. NG SULE(. ..M AA 2L 7k AU B el §
Aol ALmEE ol A " & ol 2 o] BT DL G (AT 1 = ol A o] P AAck G th, 1 A= AP Brhe Aok

2%

3.1. mO|ME HLI|= A3 1
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>>> '""Isn\'t," they said.'

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

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

"Isn't," they said.

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

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

Second line.

\ FHoll Urfi% FEA7L E4 B HFEA st AR g, A g E doll r 2 B F EAE (raw
string) = TS 4 U Th

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

ame

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

C:\some\name

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

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

print ("""\

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

nn u)

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

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

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

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

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

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

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

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

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

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

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

AAAAAN

SyntaxError: invalid syntax

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

AAAAAN

SyntaxError: invalid syntax

HeE71e] F2 s A B HE S oo 2013 + & ARg sl o Tt

>>> prefix + 'thon'

'Python'
B odA (ME ATHE)E 5

: LBhd] Aol k19 4

>>> word = 'Python'

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

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

>>> word[-1] # last character

lnl

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

>>> word[-6]

IPI

0203 Zong, 2o dle Ak |04 ARk Ao FE2EHA K.

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

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

Sefols QU At WS /| R 2 YU Th A WA AN AT ASFEW ) E 0 o A X
Qe 27} ek w s B ghow Sebo] 4 Bt £AAY Fol 7t AL H Uk,

rE
2

-1,

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

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

lon'

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

FAF

F

i
do
©
M

A}

rlr

S A ok Aol T shAl 2. o] w2l

0.

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

'Python'

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

'Python'

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

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

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

rlr

n:ﬂ

el A ko] APyt oS

292 Adas AgsE AL oy AUtk

>>> word[42] # the word only has 6 characters
Traceback (most recent call last):

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

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

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

>>> word[42:]
T

sholdl BAE & WA T 4 Qo — Bl olekm Fuch ae M B s 32 9120 o9 shelx
3t o2 ot
>>> word[0] = 'J'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'str' object does not support item assignment
>>> word[2:] = 'py'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'str' object does not support item assignment

the Aol B she, A2 TS el o

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

>>> word[:2] + 'py'
'"Pypy’

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

¢ BW7):

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

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

3.13 Z|AE

shol W& CHE HEE ol 2l Rzt A8 = o o] 1A A2 E (compound) A= W& L 15 ek 7}
F 8B40 e AL YAE A, g 2E Aolo] HER PR F(FE) 5 BSo2 5l £ AU
~2EE AR TE PO FEES 2T S AW, FES BE 2L YA A9 wah

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

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

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

Iy
i)
v

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

1

>>> squares[—1]

25

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

[9, 16, 25]

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

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

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

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

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

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

64

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

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

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

3.1. TO|MES HAI|Z ARSI 15
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>>> cubes.append (216) # add the cube of 6
>>> cubes.append (7 ** 3) # and the cube of 7
>>> cubes

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

Sehol 2ol B9 3h 2

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

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

>>> # replace some values

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

>>> letters

[‘a', 'b', 'c', 'n', 'B', 'f', 'g'l

>>> # now remove them

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

>>> letters

[*a', 'b', '£', 'g']

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

>>> letters

[]

W B4 Len() & P2EdE 489 ck

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

vbl,

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

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

>>> x [a, n]

>>> x

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

[Ta' 'b', 'c']

>>> x[0][1]

b

32 ZE U2 ES HESF

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

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

a, b = b, atb

(ThS seTATol A1)

16 Chapter 3. mlO|M
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R s S e e P I )

1
1
2
3
5
8
ol & # 7MA &R 755 a7fskaL F Ut

s AT Y = 2L dFUTH M a &b ol FA gH03} o] 1'41%15‘143}. npA] e & ol A
THAl ARG= =, B o] o= Stuets o] F0] 2] 7] Hofl 2] RFA S o] ZF ALdg U e
AL AETH LEFRCZ 7HAA SAHE AdE YT

s while R 2A(]7| 1 a < 10)0] F91 5 ARFH Uk CohubR7HA] 2 5ol WMol 4 0 o] o}yl
RE QS F]I, 08 AR YUTH 2AL EADe| L PAE (A BE FRIY AAX) D %
1ol Aol 40 o] o A B ol 3, ¥ AU AL AZ YT of ol A AHg T AAE ke v)

01]’114' .J.L"r_ H] 1__/1\} ]'”‘C—‘ Cﬂ' ]—8 HL/SJ'_C_)__E;—:'_ ﬁ@%qq—- <(Z‘|}q—))>(iq—))__ (71—]‘4_)’< (Z‘]l—ﬂ]/}‘
2oh, >= (274 2, 1= (2.

. 229 Wt (body) £ E127] Utk Sol2)E stol el A 2L Folel = F AU
O3he ZEm ol A 2h2t Sof 2 2 oA T (tab) o L} B (space) & =ok St Aoz s
HAE 213718 AgHA 5 o B sfol 8 IS Ealehl] BTk AT UAS W/ 5L AE
go27] 52 AT TR s gom g e 28 2u7 A 0 F 8 50l
Fuch (ﬂwnﬂ AA WA 22 A A AL 5 7 WY h) 2L BEo] TR L RE
S0 e YU Sl 27 Hofof o) 793l 2.

e The print () function writes the value of the argument(s) it is given. It differs from just writing the expression
you want to write (as we did earlier in the calculator examples) in the way it handles multiple arguments, floating
point quantities, and strings. Strings are printed without quotes, and a space is inserted between items, so you can
format things nicely, like this:
>>> 1 = 256*256
>>> print ('The value of i is', 1)

The value of i is 65536
7I9E AAtend = =9 2ol TFH = NFEAE AASIAUY =HS e SALE 2UA st Ao
ol ARE-H Ut
>>> a, b =20, 1
>>> while a < 1000:
print (a, end=',")
a, b = b, atb
0,1,1,2,3,5,8,13,21,34,55,89,144,233,377,610,987,
32. ZROYS=S HHS 17
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7[Et Mol &5 =+

Besides the whi 1e statement just introduced, Python uses the usual flow control statements known from other languages,
with some twists.

41 if =&

o= 7Hg F G 2F B2 if £ Ad U ol E Sl

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

x = 0

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

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

print ('Single')
else:

print ('More')

More

%M‘%O%fﬂ 7Hel elif #7F & 5 3L, else ¥h AGAAULE 7| E ‘elif’ & ‘elseif” o &
odl, =T EA 27 E et ol FEFUTH if - elif - elif - AP2E T2 AojSof A T
switch U case ¥& thAl g}

B
3
=
|-

1_IJ_
]

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

19
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4.2 for &

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

Gtk o8 Sof (2ol ohueh:

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

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

# Create a sample collection

users = {'Hans': 'active', 'Eléonore': 'inactive', 'omo': 'active'}

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

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

4.3 range () &t

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

>>> for i in range(5):

print (i)

1

2

3

4

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

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

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

(THE seTATol A1)
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>>> list (range(-10, -100, -30))
[-10, —-40, -70]

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

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

3 little
4 lamb

A e, 28 o 2L, enumerate () ¥5E 2= Ao HdUY, T HIY & HA L.
]

W98 1 A5 o4 o] ojdury:

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

B2 75l range () 7H e E ARt P22 AN Y FARA Y, A4 H2ES opg Utk ol Halol =3
o A= AlAA FEES SAHE S8 FE AA AT, AR J2EE WEA Fota FHE A FF
k.

o7 A E ol H el 2 ol REUT FFol 248 g7A) o] FBEL AL 5 Yk FAAIE 7]
gote 4o FREES B CE AAFYTH $2& for 0] ¥ FREYS BIFUTE olHHES
H e T o= sum() YUTH

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

6

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

4.4 break and continue Statements, and else Clauses on Loops

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

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

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

print(n, 'is a prime number')

(THS sleTATol A1)
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is a prime number
is a prime number
equals 2 * 2
is a prime number
equals 2 * 3
is a prime number
equals 2 * 4
equals 3 * 3

O 0 J o U W N

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

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

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

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

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

print ("Found an odd number", num)

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

o]
Q
[}
[}
Sl
rlo
o
|
Y,
Frl
ol
N
2
xf
<
v
Sl
i
)
[o
u
Sl
o
o
i}
ko
ol
B
rl:l
[l
u
[
i)
o
A
i
ol
]
1o
_OJ
Z2,
fifo
2

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

Hadhe 222 UE o £3) AP

>>> class MyEmptyClass:
pass

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

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

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

22 Chapter 4. 7|E} M0 S& =F
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4.6 match Statements

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

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

def http_error(status):
match status:

case 400:

return "Bad request"
case 404:

return "Not found"
case 418:

return "I'm a teapot"”
case _

return "Something's wrong with the internet”

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

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

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

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

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

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

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

class Point:
X: int
y: int

def where_is (point):
match point:

(THE sleTA ol A1)
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case Point (x=0, y=0):
print ("Origin")
case Point (x=0, y=y):
print (£"Y={y}")
case Point (x=x, y=0):
print (£"X={x}")
case Point () :
print ("Somewhere else")
case _
print ("Not a point")

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

Point (1, wvar)

Point (1, y=var)

Point (x=1, y=var)
(

Point (y=var, x=1)

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

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

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

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

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

Several other key features of this statement:

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

» Sequence patterns support extended unpacking: [x, y, *rest] and (x, y, *rest) work similar to un-
packing assignments. The name after * may alsobe _,so (x, vy, *_) matchesasequence of at least two items
without binding the remaining items.

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

« Subpatterns may be captured using the as keyword:

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

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

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

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

from enum import Enum
class Color (Enum) :

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

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

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

R 9L 99 FEAA 2YSHE B4 BE S YU

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

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

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

B4 UhTe R A £Re A9 Ao e BA4Y A el 4 A4 o BAY dHUL g5 =7
wWE ol FAHE, & FAEH (docstring) YU (FAEF o) o s 2pA| 3F 82 = 1l H| O]ﬁ T2 o
GgUTh) SAEAL g4 2ebelolt A E AWAE A5 AAHAL, A8 AT o R 2
SE QY S UEE SE £ B0l Ut olel o] FAFE o] AEUL ARIE AL FL
aeqU 280 WEL Solt Aol Foth
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o A g AgieES AT A A HolES WUt S 9 FAHLE, FoM e
A AYES #S AG AE HolEol A3unh whdo i Fx e HA A9 A& HolES & U5,
A AZ o8 & &, vt g Y o] &9 Hol &S At 2, T2 £+ vt str ey,
A e Seiie T HaS2 T Yol A3 ol e = syt (39 f5E global
T YA AU EHME T2 BT E nonlocal £ E HATHA gk o))

TSR AGHEAA MARSE RIAS) S S22 0 TE25HE T NG A& HolEof vHEo
AUk e A2 gholl & 3 23 (call by value) 2 AEHUTH (A2 4 AA 2 kol ofd et A A
FzAUh. g7t E g 328, 2= S AALCE 328w, 252 S AT AT AE
g o] E-o] ghE ol Ut

T4 Ao T o555 A AE HolE 5 AA e AA T Az e E = T o] 5] 7HE 7=
AAE AH&EA A Y T2 JAFUL the o] 52 22 T4 AAE 712 5 oy o AA 26k
t AHEE = AUt

>>> fib

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

>>> £(100)

0112358 13 21 34 55 89

e Qo5 AT, £ib b ghe BeFA) 9] W2 47t ohueh ZRA AT 4T 5 A5
th. A4, return o] Gt 4% 2 SAFUTH 12 W d ghol 1+ A o] ghS None o] ehul &
8 ghol 27, SIE 22 Bl 2 E None g 292 oA T}

rlo
=
o]
(]
kD

AUt (W °]5 YU th. None o] 28 & U3
HHd ddttd print ) EAMEE 5 A UTh
>>> fib (0)
>>> print (£fib(0))
None
Ash ot AL, S £ 99 A5 B AES BHFE §48 A5 A% UFUh
>>> def fib2(n): # return Fibonacci series up to n
"""Return a list containing the Fibonacci series up to n."""
result = []
a, b =20, 1
while a < n:
result.append(a) # see below

a, b = b, atb
return result

>>> f100 = fib2 (100) # call it
>>> £100 # write the result
(¢, 12, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

AL A&, o] o= Z 7}A A} sto] A 7]5E HoAFth
e return w2 FFEHE S 20 BA A HEUC 4] AA 9l return 2 None & =85
Ytk gre] 2o g Hojx W JA] None S E&F U Th

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 =-2J] 2~) The method append () shown in the example is

'V AA 2, AA Fzol 93 3% (call by object reference) ©] B £ ERA |, 7k AA 7} A= E, &A= I FT A7 HE HA S
2271w EY Ut (U1 B2k FES 273 Th.
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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 st MOl H 7|

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

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

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

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

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

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

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

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

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

i =25

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

i 6
£0
5 AT
F8% Folabg: 7RG 23 3wk gho] T YU ol AL Aol PaEL S R
Fe)ao] Aavagk e b AH L u) ol BHEU T o E Sol, L FFEASHE 552 A
AAHES FAF T
def f(a, L=[])
L.append (a)
return L
print (£(1))

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

(1]
(1, 2]
1, 2, 3]

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

2af
%

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

4.8.2 7| E CIX}

b=

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

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

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

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

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

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

A The T 2 TEEL BT euleA) gayth

parrot () # required argument missing

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

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

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

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

>>> def function(a):
pass

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

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

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

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

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

m
m*

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

OIHA]OEEEET ]’]q

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

283 e ol @A A4

—-— Do you have any Limburger ?

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

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

client : John Cleese

sketch : Cheese Shop Sketch

r_‘nl
R
>
o
ne
o
o
b
o
il
=2
A
I
o
=
ko

A= 7IA=E A= e T 222 A

48.3 E4 074 H

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

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

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

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

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

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

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

SIx| M h7H B4

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

/B Wl s AT EY IR E A

e A7 9

ofo
e
+
%0,
fy
A
v

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

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

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

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

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

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

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

AAG 7|z AgdE & 5 Uth

>>> standard_arg(2)
2

>>> standard_arg(arg=2)
2

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

ol

ok

>>> pos_only_arg (1)
1

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

The third function kwd_only_args only allows keyword arguments as indicated by a * in the function definition:
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>>> kwd_only_arg(3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: kwd_only_arg() takes 0 positional arguments but 1 was given

>>> kwd_only_arg(arg=3)
3

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

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

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

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

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

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

o]

e

kR

rlr
]

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

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

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

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

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

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

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

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

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

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

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

ALS ARSI A L.

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

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

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

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

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

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

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

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

[3, 4, 5]

>>> args = [3, 6]

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

[3, 4, 5]

L
flo
oL
1>
lo

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

o

Ytk
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>>> def parrot (voltage, state='a stiff', action='voom'):

print ("-—- This parrot wouldn't", action, end=' ")
print ("if you put", voltage, "volts through it.", end=' ")
print ("E's", state, "!")
>>> d = {"voltage": "four million", "state": "bleedin' demised", "action": "VOOM"}

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

4.8.6 ZC| E T4

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

Ao A, gk Bt Tel A amae) gt

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

>>> f = make_incrementor (42)

>>> £(0)

42

>>> f (1)

43

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

A4y

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

>>> pairs

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

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

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

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

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

pass

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

No, really, it doesn't do anything.

4.8.8 8t O{-HI[O|M

G o | o] 2 MRS A A 9] Tt Ag Sk Fs ol ik & 8] B A v Ere o] A E U T (K}
S 82 PEP 3107 2} PEP 484 & .4 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:

>>> def f(ham: str, eggs: str = 'eggs') —> str:
print ("Annotations:", f. annotations )
print ("Arguments:", ham, eggs)
return ham + ' and ' + eggs

>>> f('spam')

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

'spam and eggs'

i
4.9 9t7t3: AL AELY
oA o e e sholde] B A, B BT 2AES A4S D Gt 7Y Aerdef sl 2 4 A
AZFIY T TR dol A% e 2gds 44 E (EE ¢ 2ekelA, £909) £ dFUTh o® A5e
e ASRTHE 97] A5 UTh TE S0l oy R HEE 97 94 BEE AL F4 L A7l
EFH TG ARAS B AL 29 Sl 2 £ FYTh
sho] AL A3, T 2 AL} 155 28 o] =2 PEP $0] gL th o] 22 vl$ 947 4
o] Wk 1Y 2EHU S Fel itk BE stol A AdAL QAT o] £AE Hojok Gtk lH RS
A5 Mg 3o HEES SRtk
o Se] 270 425 0] 28 AFEHT, WL ALG A ThAl S
49 2slo) e A Sl T (H BE 51 S8 S GPUTh 9 2 Belz] (971 A5UTh Aol
Fo AFYUTH He Be 9077, gl Aol AAPUnh
- 7948 94X BES Z YUY AL
AL AL HWS /A AAE FI 2 FWI AL o] TE FAELS a3 B 4 QA G
C RE, FU, B U] 2 TE BE Afelo] W £2 Yol BFAL
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o] FollAl= ol de] oln] w2 AES F 1 AAS] AWstal, B 7HA AR AsS HEd Utk

b/

5.1 2|AE O H7]|

FAE AR P2 R M MESS | 2L 5 UTh oA S0l BlAE AA Y BE MM E SPYTh

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

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

list.insert (i, x)
FoAA YA FES AFLTULE A WA AA= AYFH = 8471 Z2A 2 ddag Yk 2 A
a.insert (0, x) =gA2EQ Ao A49Ysl,a.insert (len(a), x) =a.append(x) IF5
F o}

list.remove (Xx)
glaEo A ghol x & 22 A HA FES AU - FFo] led valueErrorE oYt

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

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

list.index (x[, start[, end] ] )
FAEO 9t 3= = o] x & 22 A WA Ao 0RE A et Ul A S@E U 18 FEo
oW valueError 5 €2 71Yth
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A

A ?_]LX]'Startﬂ-en Zalol~ B/ WA Y S AE T, AN g E
| 2ksh= |l AL Lﬁ%iﬁ %_aé%mmﬂﬂﬂqqaﬂmnﬂAquﬂ
list.count (x)

YrEoA x 7t 533 4 E EHF UL

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

S A B A IR
° J=
=

7|Eo 2 yth.

Y

list.reverse (

)
gaE) 25 AR A FYF U

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

P 2E A S RS A T ol

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

2

>>> fruits.count ('tangerine’)

0

>>> fruits.index ('banana')

3

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

6

>>> fruits.reverse ()

>>> fruits

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

>>> fruits.append('grape')

>>> fruits

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

>>> fruits

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

ofutE of2]E-& insert, remove, sort L HAEEC] Bl AES ST F W o] 2 A od= A
o} AT 7| B None £ EHFTL AH UL o] AL ol Mol A BE /1 A2 FEE 48
AA A2 gy

Another thing you might notice is that not all data can be sorted or compared. For instance, [None, 'hello', 10]

doesn’ t sort because integers can’ t be compared to strings and None can’ t be compared to other types. Also, there are
some types that don’ t have a defined ordering relation. For example, 3+4j < 5+77 isn’ t a valid comparison.

g2 dojEdME 7bH AAE E8F 7| % k=], d->insert ("a") ->remove ("b") ->sort () ; 2+ 22 WA= AHE F 2t
.
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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”); A ¢, B AEE 0] ’»%14011 'EgHNA AF 2~EQ Zof QEo| ALY, BoAA A A2
w2 A g g AE ] Wl Qo] A Mo A A L HYUY (2 2452 BF 374 o] F A
Aok 517] W= d Y 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)

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

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

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

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

EE o3 eE dsyth

’squares = [x**2 for x in range (10)]

o] Aol ¢ z+Asta ¢ 7] 5tk

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

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

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

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

FRE 27| A for $Hif Y £A7FZEol FolstAR

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

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

(TS sl AToT A
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[x, x**2 for x in range (6)]
SyntaxError: did you forget parentheses around the comprehension target?
>>> # flatten a list using a listcomp with two 'for'
>>> vec = [[1,2,31, [4,5,61, [7,8,9]1]
>>> [num for elem in vec for num in elem]
[1, 2, 3, 4, 5, 6, 7, 8, 9]
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>>> from math import pi
>>> [str(round(pi, i)) for i in range(l, 6)]
['3.1', '3.14', '3.142', '3.1416', '3.14159']

(9, 10, 11, 127,

0 g 2E Axgdde ¥t de A2 Ak

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

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

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

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

ol AL thA] The 3} U Th:

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

>>> transposed
rr1, s, 91, (2, 6, 101, [3, 7, 111, [4, 8, 12]]
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>>> list (zip(*matrix))
[, 5, 9, (2, 6, 10), (3, 7, 11), (4, 8, 12)]

o] 2o he = o 2aH el ol th g AAI T -2 1A} 55 <1 3 7] S HAL.

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

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

>>> a

[1, 66.25, 1234.5]

>>> del al:]

o] %o ol Fa g F2E AL AP JUTH(HAE Th go] A= th Y= 7] A7HA). FoA del o Th&
|52 BA FYth

53 EEZ1} A|RHA

gasg EAdo] b gt Seto) g AN 2L gL AL S THTL HAF UL o) AT A2 AR
3o £ 742 o] Uk (typesseq S BA| £). THo] W& 1831 dlojo] 7] uj o], thE A WA AT F o] 27}
SE AFUTh Oe £ D2 AR Pl dFUTh FE 4

FETHRAE FEHE oY gez FE4FE U A& S0

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

>>> t[0]

12345

>>> t

(12345, 54321, 'hello!")
>>> # Tuples may be nested:
u=t, (1, 2, 3, 4, 5)
>>> 4
((12345, 54321, 'hello!'), (1, 2, 3, 4, 5))
>>> # Tuples are immutable:
t[0] = 88888
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'tuple' object does not support item assignment
>>> # but they can contain mutable objects:

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

0

>>> empty

# <-— note trailing comma

'hello!',

>>> len(singleton)

1

>>> singleton

("hello',)

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

7 Fuoh W) A4 =

= 12345, 54321,
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'orange', 'apple', 'pear', 'orange', 'banana'}

= {'apple',

>>> basket

# show that duplicates have been removed

>>> print (basket)

'apple'}

'pear’',
in basket

'banana’',

{'orange',

>>>

# fast membership testing

'orange'

True
>>>

in basket

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

>>>

a = set ('abracadabra')
>>> b = set('alacazam')
>>> a # unique letters 1in a
{ta', 'r', 'b', 'c', 'd'}
>>> a - b # letters in a but not in b
{'r', 'd', 'b'}
>>> a letters in a or b or both

{'a', lc , 'r', '4d4', 'b', 'm', 'z', 'l'f
>>> a & b #
{ra', 'c'}

>>> a ~ b # letters in a or b but not both
{'r', '4', 'b', 'm', 'z', '1'}

letters in both a and b

s Az B fAR, A Az dAE A9g Utk
>>> g = {x for x in 'abracadabra' if x not in 'abc'}
>>> a

_{'rl, Vd'}

5.5 ElML]Z|

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

gAUEE (gAY ollA) 717 S EH A et AIF 20 7 7] 8y Ao s et
Aol A4t $2E AL W GALIE BET . 325 ol A% Bold A 4B BE2
Hoﬁﬁﬁﬁﬂﬂ2ﬂ7] RS S AB T ol Ao] B4 27} 22 = Aol 7] g,
gy e F dAL S 719 FA AR S FolX 7R FE FES= A “41’/}. del & 7]: gt %<
AR e Iiﬂ%%ﬂﬂ:lﬂ&£d¢&uzﬂiﬂ%ﬂﬁplﬂiﬂ%%°ﬂ e AU 245
S ER TR

gz gl 1ist (d)
o (32e AskE Al
719 =5 ARS8

ol 7ol 9§ A8 8ke 2 amkE o) 7F lF U th

A SN 8820 Sl 28 ) AEE A SR B2
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>>> tel = {'jack': 4098, 'sape': 4139}

>>> tel['guido'] = 4127

>>> tel

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

4098

>>> del tel['sape']

>>> tel['irv'] = 4127

(THS sleTATol A1)
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>>> 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 () AR 7@ A5 AAAE B H A4 9418 24U

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

ool Hal, BV e] A AAL Qlele] 79 gk RANEE HE AU el E B 88 5 gtk

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

717h g A d o), Wl 2 71 = A AHE el A e A s 7 st

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

5.6 21 |3k

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, wv)

gallahad the pure
robin the brave

NA2E £, enunerate () Y4 AL 94 A9 20} S e B0 22 5 YTk

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

0 tic

1 tac
2 toe
golu I ol o) NAAE B0l 238 W, 2ip() B52 AEI S 4L BE 5 A5

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

(THS seTATol A1)

56. REZ HI3Y 45




Python Tutorial, £A| H{™ 3.10.18

R s S e e P I )

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

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

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

= w 0 J w0 -

it

THEZANALE FHS Y, sorted () FFE AMEHA 22

it

WA duE AL A HrE

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

Al 2ol thal set () 2 AMESHA T8 S A AAFTUTE AJA20 ) set () I sorted () & T/ AHE
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>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange',6 'banana']
>>> for f in sorted(set (basket)):
print (f)
apple
banana
orange
pear

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

rlr

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

>>> filtered_data
[56.2, 51.7, 55.3, 52.5, 47.8]
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>>> stringl, string2, string3 = '', 'Trondheim', 'Hammer Dance'

>>> non_null = stringl or string2 or string3

>>> non_null

'Trondheim'

sho] Mol A, Cobe Ze], A4 oA o] B gL vhthaz] 2] A4bA :=5 ALgshe] WA 02 538l of
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(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, (raa', 'ab'")) < (1, 2, ('abc', 'a'y), 4)

N ThE G0 AAES <> 2 uasts AL, 1AM S AR B I ASES 23 9L w5
Arhs Zo] folAl 8. o B So), A2 TE 54 5L 159 £4 gholl wheb w2 g Utk 2214 02 0.0
I 2, 55 AEA o, Ao £AE AFstes thAl, dH Z 8B = TypeError & 427 YTh
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# Fibonacci numbers module

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

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

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

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

49




Al H{H 3.10.18

=
=

Python Tutorial,

’>>> import fibo
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5, 8, 13, 21, 34, 55, 89]

3!
name

fibo.fib

0112358 13 21 34 55 89 144 233 377 610 987

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

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

>>> fib (500)

6.1 2= I 27|

'fibo'
>>> fib
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0112358 13 21 34 55 89 144 233 377

>>> from fibo import fib,

>>> fib (500)
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Chapter 6.

0112358 13 21 34 55 89 144 233 377

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

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

from& WA M58 LHHE W= A4S 5 gyTh

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

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

6.1.1 DES AJEIER AlGH5]7|

oj gl o] gtol W REg o] FA AYstd

python fibo.py <arguments>

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

import sys

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

$ python fibo.py 50
0112 35813 21 34

>>>

6.1. 2E  H7| 51
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When a module named spam is imported, the interpreter first searches for a built-in module with that name. These
module names are listed in sys.builtin_module_names. If not found, it then searches for a file named spam.
py in a list of directories given by the variable sys.path. sys.path is initialized from these locations:

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

o AA YEAQA 723k (o el site-packages HHAHHE T F YT site ZE0] A2 g

Fa: AEY PIEANDsE L Aa"HAA, JE ATHEE 2= HAH = A EE I E HESH
S AxEULE g2 27, ALY Ja 5 x3d3t= gdHe = BE ZA A2 2854 g5
2713} Fof, gpol 2232 sys.path & FAHE ¢ JF5UTL 23 HEE 23s= gagHEg = 44
ARY Agol, FF gtolBHE AR o Y ULh o] A2 T2 ol5d A% golBEe g yHE g
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version.pyc 2= o]0 2 A gy ; dnutA o 2 ylol
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spam. cpython-33.pyc & 714 U o] WHS A% thE stold v Tt wde) Ao 2 EEo
T2 UEF FUY
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52 Chapter 6. 2=


https://www.python.org/dev/peps/pep-3147

Python Tutorial, £A| H{™ 3.10.18

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
>>> 0

>>> sys.ps2
|l |l

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

Cc>

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

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

6.3 dir () &<

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

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

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

>>> dir (sys)

['__breakpointhook__ ', '__displayhook__', '__doc__', '__excepthook_ ',
'__interactivehook__', '__loader__', '__name__', '__package__', '__spec__',
' _stderr_ ', '__stdin_ ', '_ _stdout__', '_ unraisablehook_ ',
' _clear_type_cache', '_current_frames', '_debugmallocstats', '_framework',
'_getframe', '_git', '_home', '_xoptions', 'abiflags', 'addaudithook',
'api_version', 'argv', 'audit', 'base_exec_prefix', 'base_prefix',
'breakpointhook', 'builtin_module_names', 'byteorder', 'call_ tracing',
'callstats', 'copyright', 'displayvhook', 'dont_write_bytecode', 'exc_info',
'excepthook', 'exec_prefix', 'executable', 'exit', 'flags', 'float_info',
'float_repr_style', 'get_asyncgen_hooks', 'get_coroutine_origin_tracking_depth',
'getallocatedblocks', 'getdefaultencoding', 'getdlopenflags',
'getfilesystemencodeerrors', 'getfilesystemencoding', 'getprofile',
'getrecursionlimit', 'getrefcount', 'getsizeof', 'getswitchinterval',
'gettrace', 'hash_info', 'hexversion', 'implementation', 'int_info',
'intern', 'is_finalizing', 'last_traceback', 'last_type', 'last_value',
'maxsize', 'maxunicode', 'meta_path', 'modules', 'path', 'path_hooks',
'path_importer_cache', 'platform', 'prefix', 'psl', 'ps2', 'pycache_prefix',

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

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

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

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

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

>>> import fibo

>>> fib = fibo.fib

>>> dir ()

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

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

o o= o} sy th:

>>> import builtins

>>> dir (builtins)

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

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

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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£
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spo] 2 sys.path ol l= HAE S5 AAsHEA 7|2 B g E 2

The __init__ .py files are required to make Python treat directories containing the file as packages. This prevents
directories with a common name, such as 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 setthe __all__ variable, described later.

A7 A A A A A 2R NS EES d2ET F AsUH & S0l

’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)

MNHEES QT EFE Th2 WP e ojRsyth
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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
B Bolo H4 % AN A E U o S Ea £ 92 §1SAE. Lnport FE T i
§H7]Z]°ﬂ 3 8] 5 o 2)\1:7‘] AAbetar, 292 9t oW REolgtal 7HE el RES A=Y 22 ZEThd,
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

‘?‘:}_j’:) L_)F:EO]EIT\_ ﬂ)\lﬂqq—

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

&) |
5 7] 2] of] o] E%EO] EoldeA 2 3,17)\‘%3—‘?—% ?JEE'SV]%%QZ&?JQD}. 01"%‘74]5‘}%511%
AZke]l Qe ZB|I A E RES YZE Fo| met ol A B RES YA HOE JZET F 90k dojrtofrt
Bt 9otA e Fed 27 E 4 U T
et s 222 7| A AAF7E S 7] 2] 9] M-S A H S &2 A Fdhe AYUTh import ¥ U3 T2
e 7 AUtk A7 A9 __init__.py IEZF__all_ olghE o] F5Y EF 2 AlF5HY, o] 2= from
package import * & Thd wl] JEE sjoprt sh= BF o] 559 EEOEH“’}:NI/]D} AR SRS

IR & EAI S 0 o] HES A AEE FA = AL 9 7] A ARFe] AAJUch 3 7] X A&7} 5f) 7] A o
A+ E ATESE S50 Yrkn U, ol A8 AUA G2 B FE Y5 oE Sol, 3
sound/effects/__init__ .py = USH 22 I E 28 5 A5

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

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

If _ _all__ 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 hasbeen
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.)
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Aol ® BEe inport * G W 54 NEL WEL o BEW JALE =S WA ek sl
£, 22 el i o 5] $A 92 AR o AT UL,

from package import specific_submodule & A}&3}=d] &
A, QX ESI = BEo] & 7| A ofA 22 o] ANBE EEZS AHET 287 gl st A4

Y.

P R E L I
2 SEMED

6.4.2 T{F|X| LHE Z+O| &tx

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 import statement. These imports
use leading dots to indicate the current and parent packages involved in the relative import. From the surround module
for example, you might use:

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

Al AZEZHER BES o5 7]
o] 7] ufj Fof, sfo] W & 7 739
gk

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

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

o 715 0] A5 BRIHAL FA T, A AN A WA £ BE] AFS FF3HE v ASH U
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So far we’ ve encountered two ways of writing values: expression statements and the print () function. (A third way is
using the write () method of file objects; the standard output file can be referenced as sys . stdout. See the Library
Reference for more information on this.)

5% Ted] Ado]am PHE e A5 ARTHEE Y42 o Bo] Alolsok s 297} Y&tk
e HlE o8 7HA) o] A5k,
CEU EAY H S 4SS E, AL g RE

Aotida e, o A4 oA, (%) £7} Aol o
XPA%%‘** 01"L]E+

1% of
m]o

AL 0]
= RS
W

rlr
> off

i)
o

)

>>> year = 2016

>>> event = 'Referendum'

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

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

>>> yes_votes = 42_572_654

>>> no_votes = 43 132 495

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

>>> ! YES votes '.format (yes_votes, percentage)
' 42572654 YES votes 49.67%'
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c oA ho R, BALY Sekol 4 W ool o]/ A ALgEtel 44T 4 Yt BE MAE BEORA,
REFAD AL 222 £ 5 YU EALAPoE Fold A MR EALL A=Y
&3 AMES Y= B 7R W=7 A5 YTt

AAA Q) E90] B shA) 9 wA UM AL 99 AR A4S w2 EAS W, repr () B str ()

42 AHg o] R E g B E Weke 4 duh

str() #5E ol AE Algto] 9l7)o] H3tet Ye)= o] VL EejFA = o gtk Wl repr ()

2 dez e o3 ¢l d £ e Bl s DEA H AT YT (EE I3 AT 5 9= Yol o

SyntaxError & 90725 FAFULH. Apgho] £u37] ¢ s AR A, sex()
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10, dm
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>>> s = 'Hello, world.'
>>> str(s)
'Hello, world.'
>>> repr(s)
"'Hello, world.'"
>>> str(1/7)
'0.14285714285714285"
>>> x = 10 * 3.25
200 * 200
>>> s = 'The value of x is ' + repr(x) + ', and y is ' + repr(y) +
>>> print (s)
The value of x is 32.5, and y is 40000...
>>> # The repr() of a string adds string quotes and backslashes:
.. hello = 'hello, world\n'
>>> hellos = repr (hello)
>>> print (hellos)
'hello, world\n'
>>> # The argument to repr () may be any Python object:
repr((x, y, ('spam', 'eggs')))
"(32.5, 40000, ('spam', 'eggs'))"

>>> y

S A|F3h= Template S # 27F 235 o] Y5t

string &l £AL e A¥st= = o
= oA @ gro g x3atA] ul, Zul g o] T3k A o] =

5x9} T Ae] EAAE SN o] AE L
24 9 AT

744 Z0H XY 2|

AN 2R AR BAA A & 5 AFUh o] HoE g
U ohe ot A58 257 o3 Al A2 = WA FY

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

o Hol A58 AU Y Boe) Aa B Fo Funh 92 F WET W AT

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 7678}
>>> for name, phone in table.items():
print (f'{name:10} ==> {phone:10d}")

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

Sjoerd ==> 4127

Jack ==> 4098
Dcab ==> 7678
2 5RAE AHSetd 2UE 7] Aol g2 BT dFsUTh 'la'sascii (), "Is'Estr() 2,

"Ir'Erepr () € ALY Th:

>>> animals = 'eels'

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

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

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

>>> bugs = 'roaches'

>>> count = 13

>>> area = 'living room'

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

Debugging bugs='roaches' count=13 area='living room'
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7.1.2 22X} format() HIAME

str.format () HAEQ] 7|2 A o] AL HL o]& At}

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

23T I e wAE (W I F/}J— HEDH L str.format () HANEZ AZH AAEZ XS
Utk 523 9] A= str.format () WA EZ AEH AA =9 HX] £ 7t 71 =d AFE 4 sy th

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

str.format () WAE0] 719 = AR} ALH W, 1 HEL AR o] 2L ALNA ARE 4 A5k

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

AR} 7| E RS A 29 Atk

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

Ve A4 g AW 7 2 EAG0] 92w, ERY WHES 9K Aol ol B o 44T 4 et
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>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: ; Sjoerd: ;!

. 'Dcab: '.format (table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

Z7IM 2 AHgelA table HMUEE 719 E Atz AEsl e 22 25 &

F U

i
tjo

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

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

A& S0, v €2 A5 L AFA AAFS Alestes wustA 429 4 A A4T¢deh

>>> 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 () & A& B 28l 9] A3 7)) & = formatstrings & X A Q.

713 =5 ZXE Z0HE!

7] 2L AZSd NARS TE 507 TuE S UL

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

11 1
2 4 8
39 27
4 16 64
5 25 125
6 36 216
7 49 343
8 64 512
9 81 729
10 100 1000
(print () & T2 FA S 2 Q& 7 ZF Apo]of] A5 o)A 3ptrt F7HE Yl oll Fo kAl & B AAE
Apolof] A3 o] A~ E F7H3 )
AL AR str.rjust () HAEE AFof AHo|AE YA T Z 02 AL 5 & R
th ¥ XS A E str.ljust () @ str.center () & JAFULE o] HINES2 oW AX SH31A] g5y
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>>> '"12'.z£f1i11(5)
'00012"

>>> '-3.14"'.z2£fill(7)
-003.14"

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

7.1.4 Of|¥e| EXIE ZoHE

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

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

o} ZFA) 8 U] 82 old-string-formatting 4] A of] U3 T}

7.2 i
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olT1 M7

open () & 79 714 & BRI, A2 92 AApsh Shpel AU ARE Fi Ao] 74 Bol A-8H
Ut}: open (filename, mode, encoding=None)

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

B BALs £ 0 e el A8 34 d9she 2]
o mode = SHL L A7) S v, 27]0 S T (2
;zvv%4@gaﬁqﬂﬁﬂdu44@ﬂ1%ﬂ%

° A 'a =
B0z o BLUTh 't = 5t S 93 7] 93] AU th mode A AF= A e A oY), A ekstw

HE 9d2 E—QCE EE (textmode) 2 =], o] 552, 3ol A= ¢}aL 231, 3t ol = 57 S encoding
o2 AI3FHAH:= AUt encoding©] A Q= A ko 7] 7k ‘“i‘u o] A YUt} (open () & HAL).
UTE-8 o] AP AL Al &0 22, g2 AIY S /\}*‘H]O]t 3= 4 $7FolU 2t encoding="utf-8"&
A&t} mode Oﬂ 'b'E QEo)H 3 Y-S vtol v 8] B E (binary mode) 2 dUth o)A dlolE & violEQ
AR Fef= ¢ ’*"QW‘/} HAEES 233514 e BE gdoE o] REE AFE§) oF Yt nieol Y g
B folEHEbytes AAZ 3 HUth vloly g RERE 3198 E &= encodingS AT 4= 5t

HAE BEoA, S uje] 7| E 552 ZPEZ &40 & FE (FY20A \n, E=FNA \r\n) & &
\niﬂdﬁ&f JYh E"éEEE 2o, 7|2 522 \n & A ZYE EHAN E FFE HISE=
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>>> with open('workfile', encoding="utf-8") as f:
read_data = f.read()

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

with 7|9 EE5 AHESHA] ko, f.close () & TEoA 3td& B AHEE A& E A3 S A whdsf of

ot

AT with 7| Y= S AF_3 AV £.close ()
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>>> f.close()
>>> f.read()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: I/0 operation on closed file.

7.21 ujQ Hie] BHAE

o] 449 L] o) EL £ ek 5+ A 7 o] v wHE o} Ak 73 G ek

9ol Mg docid £ read (size) B TR, AARS dole & 90 B (A o8 22 ol )
oL} spol =l (who] L] 2] B = ol ) = FeAFUIT sie & A8 A 0] S22} AU sie 7 43 25 A}
25W A g AAE Ao S U 399 Z717h /A W Eel T o) 2chd o] o]
AT ZAGUT 137 0B H o size BAH 2 2 E o4 L size W] £ (vhe] L e] BEO)A)E 91
SelFUrh 9e] Zol 2P, £.read() & ¥ £ (1) & EelFyTh

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

[}

f.readline () 2 oA 3 &S A5t} 713 ‘?‘X]' (\n) & TAE 9] Eof H&5 1, 3t o] 7=}
2 E2UA &= Emoﬂtﬁ-ﬂr%_‘«] upz g S ATk A Ut o] A vk g A A e YT £.
readline () 7} Ml BALS EeFH, U8 Lol RS AolAW, WL \nt, 3 Skl APEADE
st 2ALZ 2dFE YT

>>> f.readline ()

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

'Second line of the file\n'

>>> f.readline ()
T
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>>> for line in f:
print (line, end='")

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

Y REESS YAER 9o Fol ¥ list (£f) Y

f.readlines () & +4
f.write (string) 2 sming & WS g 21, 28H EXE59 N4-E 285Ut

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

15

e Pol ANEL 27 Ao MBY DL} YHUTH - EAD (AE BEA) o]t} upo] = A (v}o]
He REA) & -

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

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

>>> f.write(s)

18

forell() & o] A4 94 F 7HErlE A48 Sedre, vojue mEg] 49 5] A LR
HlolE 42 REH 1 gAE REo A9 BEYF AU

o AA Y AR E v W, £.seek (offset, whence) & AR FUTH X & 71 ol offser = T3l A
Axbg Ut 712 H 2 whence JAALE A DU T whence 7‘01 0o]™ 3} o] HSFHEl S5t 1o]H AR
Sl 91X 8 AG L, 2 & 9] B 7 E A E AU whence £ D 5 931, 718 g 0] 2A]
o] 4ge 71 E A0 AP

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

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

16

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

5

>>> f.read (1)

b'S!

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

13

>>> f.read (1)

b'd!’

GAE ol A (B2 2ALo] b 7} glo] B AE), o) Aol 4o R 914 WA 2k (09
tseck (0, 2) B A U] EO2 XS WA}E AL AU, SHHE offier FL £.te1l () o]
2% 0BT 2 ikl T2 ofer e I H A ke AE P UL

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.
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7.2.2 json 22 FAZEQI HIOIEE XMZE3}7|

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

A8 A7 A 0.2 HAT GOl 8 £ 5200] A RS TS S R4S o] I S oA, ol w2
JSON (JavaScript Object Notation) o] 2t g ] 22 0] &= o] E] 3 Al S AFg 4= ¢ ] St} yson o] BH=
FE RES ool v o8 ASE Wopx] BA4d B2 wpEU T o] AXE A3} (serializing) 2
EEUth xE 202 8E HolHE A A= AL A DS (deserializing) B F5 1/11’/]- A4 3}e}
o Ad3} Apojof| A, AAE BTt TALL 3 O]Ur‘lﬂol o A AYMEYRZ A2 ETSH A7
AAZ A58 % A&

ZF7: JSON AL glolg w3e 2
o] Ad Axslrg AEAHLS s 2L AMElo] Ty

o
o
2
olo
oo
[k

2950 A% A F UL B Z2 ez} o]

AA x 7k 9 W, e B Eo) =R 7219 ISON #AHE FHS B 4 Ak
>>> import Jjson

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

>>> json.dumps (x)

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

4>
to
(T

I

dump () 2F= dumps () & =0 7
BlsE shel o)W, o] FA & 5 JHynh

AE gre ot 2 AP FUh ahA £ 2718 A 9

’ json.dump (x, f)

AR A D RES Y, £ 7} 271 S 9 A vlole] sl Bl AE 5 AA D o

’x = json.load(f)

Z31: JSON files must be encoded in UTF-8. Use encoding="utf-8" when opening JSON file as a text file for
both of reading and writing.

o] 7ekat A @3} Hl Ao e 2= YAl ThE 5 YA W, Pojo) Feh AAUAEISON 08 23}
71 AL okbe] 2171 E BT jeon RES) dlm e as o Mol o 43 E B g

pickle-¥YZ EFE
ick

$2 5 95Uk /1402 ShasHA 9% Ptk
AL RS A S REE S RO

(o}
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https://json.org

CHAPTER 8

o212t off 2|

2

A
<
A

o

AF7HA o2 WA A7} AEH A FA T, AAE S A o 8T ofulE B ) g
(Aol %) ¥ /44 785 & e So] dFUTh £ g o9l

8.1 =& ol

Y e, Y ol de A Aginh ook ojel ol shol A W W gt Tt MY AF
s 3R 299 AU

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

A

SyntaxError: invalid syntax

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

8.2 0|2

o)} E@ 0] $Y Ao vt A ehE, AYse 1 ok o e 2 Ao 5 d&Urh A Fof
A £ o H S o9 Phu P23 FEA AP A o)At bk shol A =2 TR0 A] o] 5L o} £
A 29 A GUh S W R o9l me ado] AelskA) ghobA, of 7ol A B 4 gl ol o

W A2 & BHE U e

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

(THE seTATol A1)

67




Python Tutorial, £A| H{™ 3.10.18

R s S e e P I )

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

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

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

M

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

et

L= =] .

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

8.3 dl2] XMz|5t17|

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

Fel 2 Lhebtol 42 54l 2.

>>> while True:

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

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

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

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

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

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

class B (Exception):
pass

class C(B):
pass

class D(C):
pass

for cls in [B, C, D]:

try:

raise cls{()
except D:

print ("D")
except C:

print ("C")
except B:

print ("B")

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

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

import sys

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

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

The try - except statement has an optional else clause, which, when present, must follow all except clauses. 1t is
useful for code that must be executed if the #ry clause does not raise an exception. For example:

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

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

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

else Ao Abgol try ol ZEE 718k
Lo A 2 o9& +As] A H= Ae
When an exception occurs, it may have an associated value, also known as the exception’ s argument. The presence and
type of the argument depend on the exception type.

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

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

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

('x =
print('y =', y)

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

y eggs

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

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

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

>>> try:
this_fails()

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

Handling run—-time error: division by zero
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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 Except ion). 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 WG 22 2 BHAR). A BE APA oz A 0% Exception S22 AT

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

R o9 s EE N9 EY 0| ET RASHA, “Bror” 2 Brb 0] 202 o H ULk

Many standard modules define their own exceptions to report errors that may occur in functions they define. More
information on classes is presented in chapter = 2] .
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try B2 E T2 AP 28 M £ e BE A3l AgF ofopdt s A4 54 e
AR YT o & Eof
>>> try:

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

Goodbye, world!

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

KeyboardInterrupt

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

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

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

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

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

finally ol return £o] £ H, W3 7k try 9 return £0] £+ ko] oly@} finally

A9 return £0] F= gko] FuUt}.
o & =4:

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

>>> bool_return ()
False

o 533 o

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

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

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

division by =zero!

executing finally clause

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

executing finally clause
Traceback (most recent call last):

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

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

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

8.8 O|2| MoE SINMa| S&E

- AO

ok 2 AR E g A4

qW AASL AR H BL G2 AY3t
g1 1 = & BEAS.

4% ol R el BAGS UL 1S

= oy
ro.
2
R
v

[

ok

rlr
£

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

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

ol Add 5o, £ A st d 2A VTS HEE, 9 f = 34 @9 U 3L 2o, v g
dold s e SAES AlTste AA S 159 A A o] AMdS A
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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.

o8 BUHEL AT TOE £1to] BEol AL AE THE £9L 25U WA Ol BEL Y o8 FUE
o)1 SIET o7} A 28 P E ol A 2 % 15] AR A e SO A o 528 £E 398
Qe Fo NS PUh HE, BE o] 8§72 A2 67} B dzA Uk e Zee Y A4
5% uRo) AR5 &, 2TYE FLo} HPO R P&, BHES  main  olebu Belt BE R
2 o AAN 15 A4 o] B 25U (13 0| BF 3 RE S5H=t); 0] 2L builtins 2
g

G40 A9 ol B 47t 52D W) BEOIAL, B4 BARAL B4 ol A A b )9 &
Qo w AAF U (44, dolM Atk o] AAZ dojibe o] i ¥ T AW B2,
AN A BEL 22 A7) AN A o) F F1E AU

! Except for one thing. Module objects have a secret read-only attribute called __dict___ which returns the dictionary used to implement the
module’ s namespace; the name ___dict___is an attribute but not a global name. Obviously, using this violates the abstraction of namespace imple-
mentation, and should be restricted to things like post-mortem debuggers.
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« PFEA BAR L, A R 2nxt A Y o] 25 TFFU

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

e AT HAHY) AFzEFA REY DY o] FES TTIYUY

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

used; if not declared nonlocal, those variables are read-only (an attempt to write to such a variable will simply create a
new local variable in the innermost scope, leaving the identically named outer variable unchanged).
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)52 AAZ A sk A e Aol FHow £aPUTh— A5, 2lo] Aot AT A B A
o 24L& B3l RS ol FA o] 5 ARl ol E5HA) Wolok G TH (14, Ao} WeEL ol v
gAoz A4EI0h)

ko] 28] B8 542 globalolthnonlocal £o] & ul - o] ol tHeIshE F4 Apg el smme
bt AU B e Hol 8 e HabehA th- ol §e WA Adlo] A2 BT AA = v
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global £& 54 W47t Ao Anzol] gon 230 AA AT ook 2 71e) A Wl 4182 4 Atk
nonlocal B B4 W47t e Ae ARz Qlov] 130 AR AT oloF & A AU T

9.21 ARZo} 0| 27t 0

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

o

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

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

def do_global() :
global spam

spam = "global spam"

spam = "test spam"

(THS seTAT ol A1)
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do_local ()

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

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

print ("After global assignment:", spam)

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

oA 2= E9e ol FA Uk

After local assignment: test spam

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

o @A A tfJ o] (o] Ae] 7] YJUT}) scope_test 2 Spam
o) 2 scope_test 2] spam A A B global tf Y2

global T Aol spam 9 A Ao Yot A x 2 5 %uu}.
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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’ 11 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 (C1lassName in the example).
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class MyClass:
""rA 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".

el drihs BEY WS BHS A YU AL AR 22 A A2DAE BT
A ES gl e AT o2 Sof (919 )22 g su):

rr

x = MyClass ()

< 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.1
(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

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

Aads AH Y SHE HAE o] 5L T2 Fehao] DA h A, B5 AR Fehay BE
A= HE L 4R AATAs WAZES B FLITh LAA 2] oA AAA, £ £ SULE WA=
F2IH), uyClass. £ 7} 340l 7] WE QU Th kA8 x. 1 & T84 9|, MyClass. i 7 @47} ol ]
12 uch T, . € EyClass. £ 3 T Aol SFguI— ol A B AN chiek A A
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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())

+= 93] A4 hello world & Qg

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---

th WA= 58 dars AR 7L ] A WA Az A
“} o7, n71H

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

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

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

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

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

>>> d.name # unique to d

'Fido'

>>> e.name # unique to e
'Buddy’

MU el 22 b AA 7 Foj D o F vl olH =
1S S0, = ZENA micks | 2EE 2 S UG E AFEH A
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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')

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

9.4 7|El FAlES

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

>>> class Warehouse:

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

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

>>> w2 = Warehouse ()

>>> w2.region = 'east'

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

class C:
f = f1

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

h =g

Now f, 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.

HMEE self AR HAE JEREE AFSSIA HEHANEE 22T 5 5 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) :
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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.

AR, ol A E Tk O Y B YTH WA E 27 £A= super () 29 YA TS AW}
SRog HAFAYLE o] AL 22 t}E thE AE A o] E 9 A call-next-method &+ & A 911,
A5 Ao} S oA A AE = super = H o} o] g}

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

ot %

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

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

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

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

7] 24yt
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exec () Yeval () 2 A8H F=E= S5 E3+= %Eﬂéfﬂ 2ol A FHAZE A7) A] =t A
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A kol _dict_% A3 AT o Bk ol getattr (), setattr(),delattr () A= FEF Yt}

9.7 RHEAL|

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

from dataclasses import dataclass

@dataclass
class Employee:

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

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

'computer lab'

>>> john.salary

1000

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

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

9.8 O|E{&|0|E]

AFE obvtE o2 2] AH oY AAES for 222 FHT F Ywe =AM AUtk

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

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

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

for char in "123":
print (char)

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

2o ol GEAD S0, Bl ek ol oI} & X g3 sfol o) 2 @sheln 5

o] &l

AUk Fo HollA, £ r%%?ﬂ Jolu] A 3] iter () E TEFULh o] = WAE__next_ ()
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o E2 847 glowW, _ next_ () £ StopIteration d9lE doAA for Fxo] FEE LU
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== }% 2] HejF o

>>> s = 'abc'

>>> it = iter(s)

>>> it

<str_iterator object at 0x10c90e650>

>>> next (it)

a0

>>> next (it)

lbl

>>> next (it)

ICI

>>> next (it)

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

next (it)
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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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 rhoe

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.
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o :

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

285

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

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

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

260

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

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

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

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

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

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

10.3 HH

0t

2Ix}

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

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

['demo.py', 'one', 'two', 'three']
argparse REL W & AAE Aot o A AAUSS AETUL 0he 22 E = a1} o] 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}{5te] W& ZoA AP uf, ~AaHEE=
args.lines& 5%, args.filenamesE ['alpha.txt', 'beta.txt']Z AATYr}.
= = =
10.4 ofl2{ &= 2|ClaMat Z2 W =2
sys BB 2 stdin, stdout, stderr 9| EE| HE T Zt11 95 .78 ukA g AL stdour ©] E|HHE H S =
259t Aot olel MAAE S 2 skt £27} gk

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

~aYES FESE AT ARAA PR sys.exit () B2t AP
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re 52 1F vAE A2 AT AFH EFsS AU B i A3 22e A6, A2 02

>>> import re

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

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

'cat in the hat'

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

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

10.6 5t

Ok

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

>>> import math

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

>>> math.log (1024, 2)

10.0

random EE2 F&Y A4S T+ Y= =75 ATTUH

>>> import random

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

'apple'

>>> random.sample (range (100), 10) # sampling without replacement
[3o0, 83, 16, 4, 8, 81, 41, 50, 18, 33]

>>> random.random () # random float

0.17970987693706186

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

4

statistics EE8-E T2 tlolB ] 7|24 TAA S4e< (B, 08, 4 595) Add Ut

>>> import statistics

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

1.6071428571428572

>>> statistics.median (data)

1.25

>>> statistics.variance (data)

1.3720238095238095

SciPy Z 2 A E <https://scipy.org> = T2 ¢ 3] A4S R EES Wol k3 9l

fy
A
ui
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10.7 QIE{4ll HM|A

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

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

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

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

>>> import smtplib

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

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

Beware the Ides of March.

mnm u)

>>> server.quit ()

(7 WA o= localhost ol A] | & A ¥ 7} A 3= 31 9l o] of Fhrh= Aol F22] 5HA| 2..)

10.8 =M} A|ZE

datetime BE S WS A|7hE 2ATE Fe 2SS AT, D YT B P BF ATY
TR A A0 %] AR Y FH 2 A8 o Bl e Aol maon W E 20
ol 2AA YUtk BEL AR E ness AASE AQ g

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

>>> now
datetime.date (2003, 12, 2)
>>> now.strftime ("%m-5d-%y. %d %b %Y is a %A on the 2%d day of %B.")

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

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

>>> age = now - birthday

>>> age.days

14368
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10.9 O|O|E| &F

kAol ol B B W gHE FAS
zipfile, tarfile

=3 22 2Eso A4 ALdF¥Yth: z1ib, gzip, bz2, 1zma,

e

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

41

>>> t = zlib.compress(s)
>>> len (t)

37

>>> zlib.decompress (t)

b'witch which has which witches wrist watch'
>>> z1lib.crc32(s)

226805979

Q8 oA AHEAE S e BA) 3 hE H2WEY HHAA 45 shetste 2 BUS T
itk stol e oldl ARE O] FA §E Fi 54 £ 18 AFFUL

N Sof, AAES DTS AEH N YA Aol 52 Y3} A AL AFHA = F 5L 2
S Qg yth timeit BES A% 4% ol 42 A% HelFUnh

>>> from timeit import Timer
>>> Timer ('t=a; a=b; b=t', 'a
0.57535828626024577

>>> Timer('a,b = b,a', 'a=1; b=2").timeit ()
0.54962537085770791

Il
=
~.

b=2") .timeit ()

timeit & AEE= R H O 2, profile Y pstats BES Z EF Z oA AT AA AFLE A

7 98 =7 5S Al

solabe = guTh,

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

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

men

return sum(values) / len(values)

(TS sl AToT A
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(o] A o] A A A AL)
import doctest
doctest.testmod () # automatically validate the embedded tests
unittest EE2doctest REWE HA 2 A2 oYX 7h HL XL XA HAE JTS HEO gld =z #g
4 A Tt
import unittest
class TestStatisticalFunctions (unittest.TestCase) :
def test_average(self):
self.assertEqual (average ([20, 30, 70]), 40.0)
self.assertEqual (round (average([1, 5, 7]1), 1), 4.3)
with self.assertRaises (ZeroDivisionError) :
average ([])
with self.assertRaises (TypeError) :
average (20, 30, 70)
unittest.main () # Calling from the command line invokes all tests

10.12 HiE{2|7} =gtEILICH

stol AL “wlE el /t ZF YUy AL 23 AUk o)t o 2 A4 P FH Y /5L 5
=2 =
==

U
7V 2 Vb U o o1 2 So:

-qum@MamﬂmﬂqwswmrE%%%aEEMHE%%?%&%é AL A4t gz
EUTH BEY o] FollE £+, XML o gt 2] 4 A Q1 x| Al o] L} A 2] 7} B 8 8HA] ¢k th

. email 317]4& MIME 2 7|} RFC 2822 7] 9 v 4| 4] A1 8 E35HE 27 o] & w4 4 & 32 3]
At gtol B g duth AAZ A A S B3 9= smtplib $poplib = 22, email 3 7] 2] =
B9 WA A P (B2 5 W) B A AS A AR An R ed meE2e FHt
7918 g el w4 1A 2 92U o

« Sson A AL 9] AHEE & ToH BB HAL A FY S A AL AFH T cov BES

] ]E}H—]] ]/\3}/\_1_31]1:/\]1501],\1 0113}}4 Oix] 045] L DLE:TL_EL% %l—‘é‘:]/\] oi_—l]_ol Kol xl;q 011_77_

F AEE YUYtk XML A 8]+ xml.etree.ElementTree, xml.dom % xml.sax JH7] ] o

ofsf) A Ag Uth. olelst 5} o 7] A & A AHE-sHE Thol Xl & EEJ‘%‘#E}L T 2k Hl ol

o] A A YT

» sqlite3 BE-2 SQLite tf] o] EJ v o] & o] H & 2] 2] Eﬂ-ﬂ"]tﬂ OFZF U] % SQL 72 AHE- ko]
=AML B 5 Yt HA2HE o]l o] 28 AF T T

o
o A &= gettext, locale, 181l codecs H 7| A& 23 W2 BEo g3l A dg Yth

El Lml&
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HE Bt0|EeE| 827 — 287

reprlib BE2 AV ZA $34 AH WY Fe & v~
HAS ATy h

i

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

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

pprint RELS AEZAH /L S 5 At PO WF AN AEA A ANE A5 AL Kot
AW A Aol F 5 YA Fuk. 2347} 3 ERC R S S e
g T2E ok B ek Utk

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

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

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

textwrap REL HAEY Ehd =0l 7 39 viu]o] @A ZH3 o}

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

(= el ATl A
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R s S e e P I )

a list of strings instead of one big string with newlines to separate
the wrapped lines."""

>>> print (textwrap.fill (doc, width=40))
The wrap () method is just like fill()
except that it returns a list of strings
instead of one big string with newlines
to separate the wrapped lines.

9] o o] gf nl o] 2~ 0] MA| 2 FF T}, locale 2] format $F4=2] grouping

locale EEL B3ld EA Hojg =9
Z zjgsls I H A v A2t}

JEIREE IF T VIZE XA

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

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

>>> x = 1234567.8

>>> locale.format ("%d", x, grouping=True)

'1,234,567"

>>> locale.format_string (" ", (conv]['currency_ symbol'],
conv|'frac_digits'], x), grouping=True)

'$1,234,567.80"

XL
11.2 sz 2l
string B& & ChAlths @ Tenplate S 28 £ Yed], 5 L84 APl Add Bed
WL 2T A UTE Gob A B A 38 22198 WA BUE S T2 1S ALH o] 2T
& gy,
D42 s o RRT T8 A AR (F5A9 BE) 2 BE0l AL EAR o] 5L ASFUITE FREE A}
Foto] Al BAAE SHAE B0l F5AEARZER T 5 AU §5 2 AW 1 o] 2 o] =
g5 8 vtk

>>> from string import Template

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

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

=

substitute () WA E+ A FEAAZF AV Y 7| HE AAE A5 A S HH KeyError & ¢
oUth MY WY 28U S§ =2 AP 4G AT UoHA EHAT 5 o
sate_substitute() WAZA B A4 5 Ytk tole 7t ret © 49 Ae TAAE WA oA
syth:

>>> t = Template('Return the $item to S$owner.')

>>> d = dict(item='unladen swallow')

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

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

Template A8 Se AL 87 o] TEAE AFL S Atk A ol AW HekeAE AP AP
o2 7] FEEE s AR GA, o m A AAA AT EE Y FAT 2L AL EA A WEE ST E
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L

n@

F gguth

=5

>>> import time, os.path

>>> photofiles = ['img 1074.7pg’,

>>> class BatchRename (Template) :
delimiter '3

>>> fmt input (
Enter rename style (%

d-date
>>> t =
>>> date
>>> for i,
base, ext
newname
print ('{0

BatchRename (fmt)
time.strftime ('

2d%b%y ")

—=>

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

'img_1076.3pg"',

'Enter rename style
%n—-seqnum

'img_1077.3pg"']

(%d-date
$f-format) :

¥n—-seqnum 3sf—format) :

Ashley_%n%f

filename in enumerate (photofiles):
os.path.splitext (filename)
t.substitute (d=date,
'.format (filename,

f=ext)
newname) )

n=i,

2o

11.3 H}O|L42| 4|O]E] &l

struct REL 7} Z o] vloj g #HZE
th o A A= zipfile RES AFE31A]

wygn 94_ g = 7_]'—2_']—2]:]]_0]5%4]:]}_0]3;_9] _‘?__i

Hhol £ £41 8 102 e U o

02 280 o =3 g 4o AE AFglof| A 5553
XML Jer SEO! E-]]/\E EJ_/H 2 HTML ¢ 2 31 4] o] th 8t #

A= HY x|

l>

X

i °‘t‘
o
rr g

63 AR E 2+ 75]—7] 3k pack(
P

import struct

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

data f.read()

start = 0
for i in range(3):
start += 14
fields struct.unpack (
crc32,

'"<IITHH'
uncomp_size,

comp_size,

start += 16
filename
start += filenamesize
extra
print (filename,

hex (crc32),

start += extra_size + comp_size

filenamesize,

comp_size,

# show the first 3 file headers

, data[start:start+16])

extra_size fields

data[start:start+filenamesize]

data[start:start+extra_size]

uncomp_size)

# skip to the next header

11.3. H}O|LH2| HIO|H 3 ZE HiX| =
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114 C}= AyE

28 gL AHE 2L A G QL By st=7ledUth Agl et E Qo] Wl 18 T oA Al E =
SOl ALE A} QH S W 28 m g o] SIS A U] AFR S 4 QU BEH AR Alg = ok
299 AT HE 2 /OE Adste 4yt

g2 I=Evd =z afo] A& AYE= 52U 14 F threading BREO] IO oA ZP S o2 A
TR A EAFUH

import threading, zipfile

class AsyncZip (threading.Thread):

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

self.outfile = outfile

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

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

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

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

U5 2dE S8 22 IR b 2 BAGL UolE £E e AL FRAL AAEE 2HE Y
Ytk o & 913} threading BES %, oM, 24 W5 L AVHES] S HZ BB 59 579} /| ¥ 822

AT,

Ao e A2 AL Adoll e BE IH2E dd 28 =0 JF AT th queue EE=
ARgSlo] s s = thE 2d =] 23S AlFste AYUth 2d= T FA 9 242 A8 Queue
AAE AH&ote 58 22l A 4L, 7] 4L, Aol E5uth

115 224

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

import logging

logging.debug ('Debugging information')

logging.info('Informational message')

logging.warning ('Warning:config file not found', 'server.conf')
logging.error ('Error occurred')

logging.critical ('Critical error —- shutting down')

2 e 2 A7) B H Uk
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WARNING:root:Warning:config file server.conf not found
ERROR:root:Error occurred
CRITICAL:root:Critical error -- shutting down

Z1BARog AR W HAAE ZAEA 1 282 2= o HE R YL b2 28 M+
A g, dojg 13, 271 =& HTTP AW E 53 fA]A g¢"o] 2P Ut MZL e+ WA
2 X290 g} o} = g gS A9 T 4~ 9l U th DEBUG, INFO, WARNING, ERROR, 22 1 CRITICAL.
Z A NadL gtol Mo A A H FA3HA Z2 WS WA A AFS A G 2 7S H8l AR A
ZFARAS ¢ e A gdo A 2= & 5 dF Ut

Jpol W2 ApF W] el (HFE AA ol i F=x A5 34 9 &S A A7 AT 7h A =) E
ST vz ele A v 2271 A A" A6l oA E U,

ol 2T EY & 22 Z ZFsA T W2 e AE0 o8] AHEE = Sl AAE
ZAsloF ¢ BR7t ASUTh BRIAL, 9X 1TAES 2 AL AVORE 152 P AR BEE
HEE PEUT weakref RES F2T WEA 92 AAE F42 5 Jr 72 AZIITE A7 7 I
2 Q 3}A] ¢F o weakref B o] B0 A A A 7} AF5 2 2 A A 3L weakref 2] Aol o §F F W o] E ] AF UL}
Qv Q) Sl = Bhe = o] Wl go] Bho] == A A4 o] E£3HE T}

v

>> import weakref, gc
>>> class A:
def - init_ (self, wvalue):
self.value = value
def _ _repr__ (self):
return str(self.value)

>>> a = A(10) # create a reference

>>> d = weakref.WeakValueDictionary ()
>>> d['primary'] = a # does not create a reference
>>> d['primary'] # fetch the object if it is still alive
10
>>> del a # remove the one reference
>>> gc.collect () # run garbage collection right away
0
>>> d['primary"'] # entry was automatically removed
Traceback (most recent call last):

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

d['primary'] # entry was automatically removed

File "C:/python310/1lib/weakref.py", line 46, in _ getitem_
o = self.datalkey] ()
KeyError: 'primary'

—t
—t
o
12
ret
1]
A
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W3 i o2 gL oy T2 878 F2AL 4 AUtk 1t WEE 08 4% 45 A
e viord Tdol e ¥ S =Ygt

The array module provides an array () object that is like a list that stores only homogeneous data and stores it more
compactly. The following example shows an array of numbers stored as two byte unsigned binary numbers (typecode
"H") rather than the usual 16 bytes per entry for regular lists of Python int objects:

>>> from array import array

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

26932

>>> al[l:3]

array ('H', [10, 7001)

The collections module provides a deque () object that is like a list with faster appends and pops from the left side
but slower lookups in the middle. These objects are well suited for implementing queues and breadth first tree searches:

>>> from collections import deque

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

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

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)

ot g AE W 9ol eholHefelt AU Bl AES 2 AT T o] Yt bisect RET 2L ThE
=78 AFII

>>> 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 RES AW P AEE /Mo Y2 TS FHE ATIUL Y ol 4L FEL FA X
00 §AF T o)A 7Hg 2o 2o WAz ANATAT, WA £5 JL L AWAA groFe

S8l H-83Th:

>>> from heapq import heapify, heappop, heappush

>>> data = [1, 3, 5, 7, 9, 2, 4, 6, 8, 0]

>>> heapify (data) # rearrange the list into heap order
>>> heappush (data, -5) # add a new entry

>>> [heappop (data) for i in range(3)] # fetch the three smallest entries
[-5, 0, 1]

100 Chapter 11. ®Z 2l0|E2{2| E&{E 7| — 28
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11.8 Decimal Floating Point Arithmetic

The decimal module offers a Decimal datatype for decimal floating point arithmetic. Compared to the built-in
float implementation of binary ﬂoating point, the class is especially helpful for

- AR 1045 B0 D23 28 S8 U /E &,
- AT Ao,
AR

o & 501,704

>>> from decimal import *

>>> round (Decimal ('0.70") * Decimal('1.05"), 2)
Decimal ('0.74")

>>> round (.70 * 1.05, 2)

0.73

Decimal A¥= 2o 2 02 FASY, F MY FEXAE 7HA 552578 U AHY FEAE A
FTo FEI}YTE Decimal > =22 3 3hg A @ sl o] FF apfo] AN4E st 28 -
P W BT £ = FAE IFUTH

A3t #¥ 2 Decimal FH 7oK BE A5 AR G2 REE ALSL 548 AAETIT 5
== gk

>>> Decimal ('1.00") % Decimal('.10")

Decimal ('0.00")
>>> 1.00 % 0.10
0.09999999999999995

>>> sum([Decimal ('0.1"'")]1*10) == Decimal('1.0")
True

>>> sum([0.1]*%10) == 1.0

False

decimal R E-2 ZQ3 Wg o AU & =S AT FUch

>>> getcontext () .prec = 36
>>> Decimal (1) / Decimal (7)
Decimal ('0.142857142857142857142857142857142857")

11.8. Decimal Floating Point Arithmetic 101
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The module used to create and manage virtual environments is called venv. venv will usually install the most recent
version of Python that you have available. If you have multiple versions of Python on your system, you can select a
specific Python version by running python3 or whichever version you want.

AN B S BEE, Aol elHe & AT, veny RELS 23 ER Ayl tdE 42E
Wela) o abe Ao

python -m venv tutorial-env

TA oA b=t tutorial-env HE & &0l T2 ¢holl Sho il QB 2] B o] A3} o3t Al Y

stelo] ol gt e e 52 wE Tk
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7 973) QA e e 92 venv Iyt of o 22 el B E Aol N $AA YES S
=, teE 7 2 o 52 AHIE o B AT HAA S Fa LA b5 uth = A5 E 3 (tooling

P

ol Al gstE env &4 W Ao sdHY FE= WA US-
Fea4de wesled, 7Hd 84S 843 5 dsdth

AL A oA AYF

ﬁ
p

\J

r
filo

<
=

’tutorialfenv\Scripts\activate.bat

Unix =+ MacOS 9| A o] Z A A3 gt}

’source tutorial-env/bin/activate

(0] 2T P EEbash AL A3 FA D A2, csh =& fish AL A}
2}lactivate.fish 23 HEE AL oF gt}

7}”'31'ﬁ Z/g3tehd, Ao 52 ETAAE o AR T A 7 A
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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']
>>>

12.3 pip 2 I{7| x| 2|5} 7]

pip 2= Z2 IS AHE5He] 71 A& A A, dad o= R AAL A5 U 7124
I 7] A] A 1o A JH7W§ AAFUS S BepeA oA shol A 3 7] A] A Qlg AvE 5 9l
%l

=2
pip = “install”, “uninstall”, “freeze” 5 W2 F< WS 2+ A5 UL (pip o Hlsh &

index A & 2@ FUrt})
71 A] o] 52 A A3l FA AL 7| A& DA 4 JFUTh

(tutorial-env) $ python -m pip install novas
Collecting novas

Downloading novas-3.1.1.3.tar.gz (136kB)
Installing collected packages: novas

Running setup.py install for novas
Successfully installed novas-3.1.1.3

H 7)1 A] o] F FAoll == A HA WS E 2o SA WAL H7|AELAT +& YFUth

(tutorial-env) $ python -m pip install requests==2.6.0
Collecting requests==2.6.0

Using cached requests-2.6.0-py2.py3-none—-any.whl
Installing collected packages: requests
Successfully installed requests-2.6.0
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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 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

pip uninstall followed by one or more package names will remove the packages from the virtual environment.

pip show will display information about a particular package:

(tutorial-env) $ pip show requests
Metadata-Version: 2.0

Name: requests

Version: 2.7.0

Summary: Python HTTP for Humans.
Home-page: http://python-requests.org
Author: Kenneth Reitz

Author-email: me@kennethreitz.com
License: Apache 2.0

Location: /Users/akuchling/envs/tutorial-env/lib/python3.4/site-packages
Requires:

pip list will display all of the packages installed in the virtual environment:

(tutorial-env) $ pip list
novas (3.1.1.3)

numpy (1.9.2)

pip (7.0.3)

requests (2.7.0)
setuptools (16.0)

pip freeze will produce a similar list of the installed packages, but the output uses the format that pip install
expects. A common convention is to put this listina requirements. txt file:

(tutorial-env
(tutorial-env

pip freeze > requirements.txt
cat requirements.txt

$
$

requests==2.7.0

=

requirements.txt = WA Ao AUlFH ] & zz2 T dEZ AFEH 5 AdF5UTH A A= install

rRREFLRAYAE AT 5 A5

of

(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

(THE seTATol A1)
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Running setup.py install for novas

Successfully installed novas-3.1.1.3 numpy-1.9.2 requests-2.7.0

pip has many more options. Consult the installing-index guide for complete documentation for pip. When you’ ve
written a package and want to make it available on the Python Package Index, consult the distributing-index guide.
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O|AM|l & 5tX|?

o] At A& Aol A olmt shol 4l ALg o] Fa Aol FobA e AUt — A FAE 237 A
ﬂﬂﬁ%@%ﬂﬁi%%ﬂ%ﬂﬂﬂﬂﬂﬂfﬁ@ﬂﬂiﬂ¢ﬂﬂ?
o] A5 A shol Mo B A=) ARAUTH A ES T2 BAE e H 25T

o library-index:

You should browse through this manual, which gives complete (though terse) reference material about types,
functions, and the modules in the standard library. The standard Python distribution includes a lof of additional
code. There are modules to read Unix mailboxes, retrieve documents via HTTP, generate random numbers, parse
command-line options, write CGI programs, compress data, and many other tasks. Skimming through the Library
Reference will give you an idea of what’ s available.

o installing-index & TH& J}o| W ALGAZE A £ g2 A A sk S A9 dun

« reference-index: 3}o] 2] B3} o] ujof tff 3l 2} A Sk A .
R REPENE SEioy

71 e} sfol A&

o https://www.python.org: =2 3}o]H g Alo]E. o 7]ol= T =, FA B of Q= glo] & 5 0]
Sl g ZAE 7S] A5

» https://docs.python.org: o] M o] A Ao w2 A AT 4 5

o https://pypi.org: o] Aol X} = 7}#] (Cheese Shop) 2= EH Q! sto] A 9 7] 2] el A= S 5 9=
ARG AF A 2 Shol i 252 A YUt ZES w2 st7] Al FSHE e AMEE o] 22 == o] 7]

::n:E_E_%‘o‘P/\ 01/\14\;].

« https://code. activestate com/recipes/langs/ python/ o] A Q 2] A (Python Cookbook) & B2 F & o
A, HEEE Y FEI2THE 23U E3] FEEHSE 3 H 52 Python Cookbook (O’ Reilly &
Associates, ISBN 0-596-00797-3) o] 2} A% ©] o % 9% L]},

 hitps://pyvideo.org £ EH A2 R A2 1F 3ol A sho] A B ¥ T] 2. of T
ek

ol

g3

il

L 5A%

! “Cheese Shop” -2 Monty Python®] 2 A| 2] Ut} 217 o] X = 7} A o] Eo]7}A| wh, 2= x| =7} Flo] A,
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Qe gk e
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o https://scipy.org: Scientific Python ZZ A Eof = w2 0] d A4 2 2 2SS RESH AF o
Felo] M Ay &, I 23X, A 24 T3 22 A8 7HA H7| A S0l 2FH Y5 Uth
ol F8 IAE L ZHA EI’_A 3%, 722 % comp. lang. python | 7| A] 8} A 4 python-list@python.org
gudd g2ER B £ JFUTh 72 AFH WL Bl2EE ACEolr ddF o] gleng 5t
Lholl AIAT A WA A = X}%Ei == 11%33 Agdg Ut stFol 3 A A =] 33}3‘43} 4
T, AEel HHsti, AMEL 752 Ay, MEE RES aL—”é“%‘jr Hdyg grE xiﬂi%
https.//mall.python.org/pipermail/ o 9l 2% S4yth

AN A AT JOE GEE FAQEITLE e HEE Ao} Plck FAQE MR H O et
e el e Ee AT o, oln el £ e A8 Ae o 9
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X 3HS 2] Q3 Th o] = thokst /\E}oq AR L A QD 3t= GNU Readline 2ho] B 2] 2] & AFg3ato] 28 Ut}
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141 & 2td A S|AEE| HE

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 CH3}S ClE{Z2|E{ CHOt

This facility is an enormous step forward compared to earlier versions of the interpreter; however, some wishes are left:
It would be nice if the proper indentation were suggested on continuation lines (the parser knows if an indent token is
required next). The completion mechanism might use the interpreter’ s symbol table. A command to check (or even
suggest) matching parentheses, quotes, etc., would also be useful.

B 2 ANE <t A} Hd N st Q1 Z e e = [Python 1],
7] r3 01”145} T3k A A AxEulo] = A thE S8
= T i E ti3 ) #4-2 bpython YU Th

A, AR e g

S
280 WD 5 Lok

& rte

1. O
= &7
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cHAPTER 15

Floating Point Arithmetic: Issues and Limitations

Floating-point numbers are represented in computer hardware as base 2 (binary) fractions. For example, the decimal
fraction

’0.125

has value 1/10 + 2/100 + 5/1000, and in the same way the binary fraction

’0.00l

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.

BRI E, R K A5t JHF oA 2502 BAD 5 YUk ARH0R, ANB o dHshe
FEREPOR LS M PRt U E i ettty

o

=

WA "W 100]4 GARE 2ol ofslst 7] Atk B4 13 AN EAT o @ AH a5 E

4 QAW A 9 17390 717k A 7 g Yt
0

=
452 AF) 288 5 9y

0.0001100110011001100110011001100110011001100110011...
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SHH|E oA WEHE, 2403 QA BUth 2.5 & 71 A el A, float= ©] LTTE—W}HL tﬂ
9l M ERRE A %o 530 ES EAR A8}, 29] ﬂczﬂ 755 BRE AT 17109 3,
F4=3602879701896397 / 2 *xx 55 Qld], AA| 7F1/107} AL 2R 2 A &s] A= 5T

O B do
N, o ol

Many users are not aware of the approximation because of the way values are displayed. Python only prints a decimal
approximation to the true decimal value of the binary approximation stored by the machine. On most machines, if Python
were to print the true decimal value of the binary approximation stored for 0.1, it would have to display

>>> 0.1
0.1000000000000000055511151231257827021181583404541015625

That is more digits than most people find useful, so Python keeps the number of digits manageable by displaying a rounded
value instead

>>> 1 / 10
0.1

Q2 A7k AT 17102 AHE Bojw, A4 A g 743 ke A b5 o)l 259
oA 2.

FUEAE, HE e A2 £5E BFHIE oY BhE AW A UTh o2 Sol, 0.1 7 0.
10000000000000001 % 0.1000000000000000055511151231257827021181583404541015625 &
T X 3602879701896397 / 2 ** 552 ZAFE UL o] AR S| BE L ZAZS 38317 w29
eval (repr(x)) == x BE¥S IE FASHA 135 3tUE ZAT 911’“4‘3}

A o 7 mlo|lW 22X EQL WA repr () S4E —‘r:’r;sl SAF17719] 52 AF21 0.10000000000000001 =
AU Th shol A 3158, o] A] Shol A (R AsE M) o] HE e AL AT 5 gom, B
0.1 % EAFU

Note that this is in the very nature of binary floating-point: this is not a bug in Python, and it is not a bug in your code

either. You’ 1l see the same kind of thing in all languages that support your hardware’ s floating-point arithmetic (although
some languages may not display the difference by default, or in all output modes).

o

7

—

For more pleasant output, you may wish to use string formatting to produce a limited number of significant digits:

>>> format (math.pi, '.12g') # give 12 significant digits
'3.14159265359"'

>>> format (math.pi, '.2f") # give 2 digits after the point
'3.14"

>>> repr (math.pi)
'3.141592653589793"

ol 7 o], A3k o ] A], B3 Q& e
a3 Uk

One illusion may beget another. For example, since 0.1 is not exactly 1/10, summing three values of 0.1 may not yield
exactly 0.3, either:

pa

o) F2PUTh R Bed A% Ak EA & WL Y

>> 1 4+ .1 + .1 == .3
False

Also, since the 0.1 cannot get any closer to the exact value of 1/10 and 0.3 cannot get any closer to the exact value of
3/10, then pre-rounding with round () function cannot help:

>>> round (.1, 1) + round(.1, 1) + round(.1, 1) == round(.3, 1)
False
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Though the numbers cannot be made closer to their intended exact values, the round () function can be useful for
post-rounding so that results with inexact values become comparable to one another:

>>> round(.1 + .1 + .1, 10) == round(.3, 10)
True

Binary floating-point arithmetic holds many surprises like this. The problem with “0.1” is explained in precise detail
below, in the “Representation Error” section. See The Perils of Floating Point for a more complete account of other
common surprises.

As that says near the end, “there are no easy answers.” Still, don’ t be unduly wary of floating-point! The errors in Python
float operations are inherited from the floating-point hardware, and on most machines are on the order of no more than
1 part in 2**53 per operation. That’ s more than adequate for most tasks, but you do need to keep in mind that it’ s not
decimal arithmetic and that every float operation can suffer a new rounding error.

BE A B9 EA A R FAE] s a5 e }‘]’B‘O]'— q]_,__,_o 5] HF AHE 7ot =
28l 2 W2 Rl A FAISHE 7]t ok = E-"]’“_‘Eﬂ] AUt HE str() He2x SE3H, o Al
A Aol ste A formatstrings oA str.format () HAE 4 Zu x]@z}a HA Q.

AT AN 5] 2 ]’/\]‘”9* AellS] B9, 8 A S8 Z2aW D U8 S8 2RI
e s deCLmal EEL ALIEAS.

At Atz E O Pl FeEaE 7R AbeE TS fractions BEol o8] A 9g Yot (w
A 1733 22 2= A 84 Lebd 2 9 th.

If you are a heavy user of floating point operations you should take a look at the NumPy package and many other packages
for mathematical and statistical operations supplied by the SciPy project. See <https://scipy.org>.

s}

2 5H5k Al 2]

T OH
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Python provides tools that may help on those rare occasions when you really do want to know the exact value of a float.
The float.as_integer_ratio () method expresses the value of a float as a fraction:

>>> x = 3.14159
>>> x.as_integer_ratio()
(3537115888337719, 1125899906842624)

Since the ratio is exact, it can be used to losslessly recreate the original value:

>>> x == 3537115888337719 / 1125899906842624
True

The float.hex () method expresses a float in hexadecimal (base 16), again giving the exact value stored by your
computer:

>>> x.hex ()
'0x1.921£f9f01b866ep+1"’

This precise hexadecimal representation can be used to reconstruct the float value exactly:

>>> x == float.fromhex ('0x1.921f9f01b866ep+1")
True

Edo] ABenE, vholWe] ThE WA o A e AR A o1 AFHT (ZAE SUA), 2L
A 93 ThE o] (AhkL C99 2-2) 9f o o] Bl 2 m 3o o] §-83h .
Another helpful tool is the math . £sum () function which helps mitigate loss-of-precision during summation. It tracks

“lost digits” as values are added onto a running total. That can make a difference in overall accuracy so that the errors do
not accumulate to the point where they affect the final total:

o
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=
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>>> sum([0.1] * 10) == 1.0

False

>>> math.fsum([0.1] * 10) == 1.0
True

15.1 23 27

Aol A= “0.1” OﬂXﬂ% } A3l Adrgskar, o 3k Abe of o 3t A &gt 2

%EO% Ut o] F5 i 3ol tidh 712 A4 o] olvkal 7P du o

£ 257 (Representation error) = QE (AAZ =, Y HEY) AR £5471 0] (L 2) 242 AEsHA 23
QTHE AHLE e U o] 20| shol A (5 B, C, Crt, Aol £E S U 7|6 of o] Qlo]) o] £ of el o]
SIS BT A E FAGA £ o5

Why is that? 1/10 is not exactly representable as a binary fraction. Almost all machines today (November 2000) use
IEEE-754 floating point arithmetic, and almost all platforms map Python floats to IEEE-754 “double precision”. 754
doubles contain 53 bits of precision, so on input the computer strives to convert 0.1 to the closest fraction it can of the
form J/2**N where J is an integer containing exactly 53 bits. Rewriting

Qﬂ_d
J

E
m rIr

’1 /10 ~= J / (2+*N) ‘

=
=
’J ~= 2**N / 10

and recalling that J has exactly 53 bits (is >= 2**52 but < 2**53), the best value for N is 56:

>>> 2%*52 <= 2%*56 // 10 < 2**53
True

That is, 56 is the only value for N that leaves J with exactly 53 bits. The best possible value for J is then that quotient
rounded:

>>> g, r = divmod(2**56, 10)
>>> r
6

Since the remainder is more than half of 10, the best approximation is obtained by rounding up:

>>> g+1

7205759403792794

Therefore the best possible approximation to 1/10 in 754 double precision is:

’7205759403792794 / 2 ** 56

A9 BB E BR e w the ) o] kR Th

’3602879701896397 / 2 ** 55

|

== 7w, o] 22 AR 1/10 B} 7t Ath= 2o w2 skAl8; Wi 2 Jthd, o] 1710 Bt
okzh ZolH S AUt 2} ol Aol x AEEHA 1/10Y = Qs tH

So the computer never “sees” 1/10: what it sees is the exact fraction given above, the best 754 double approximation it

can get:
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>>> 0.1 * 2 ** 55
3602879701896397.0

If we multiply that fraction by 10**55, we can see the value out to 55 decimal digits:

>>> 3602879701896397 * 10 ** 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625

meaning that the exact number stored in the computer is equal to the decimal value
0.1000000000000000055511151231257827021181583404541015625.  Instead of displaying the full decimal
value, many languages (including older versions of Python), round the result to 17 significant digits:

>>> format (0.1, '.17f")
'0.10000000000000001"

The fractions and decimal modules make these calculations easy:

>>> from decimal import Decimal
>>> from fractions import Fraction

>>> Fraction.from_ float (0.1)
Fraction (3602879701896397, 36028797018963968)

>>> (0.1) .as_integer_ratio()
(3602879701896397, 36028797018963968)

>>> Decimal.from_float (0.1)
Decimal ('0.1000000000000000055511151231257827021181583404541015625")

>>> format (Decimal.from_float (0.1), '.17")
'0.10000000000000001"
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cHAPTER 16

1o
J

16.1 CHSIS 2 E

16.1.1 oll2] &2

When an error occurs, the interpreter prints an error message and a stack trace. In interactive mode, it then returns to the
primary prompt; when input came from a file, it exits with a nonzero exit status after printing the stack trace. (Exceptions
handled by an except clause in a t ry statement are not errors in this context.) Some errors are unconditionally fatal
and cause an exit with a nonzero exit; this applies to internal inconsistencies and some cases of running out of memory.
All error messages are written to the standard error stream; normal output from executed commands is written to standard
output.

VNNEEEHZZEITEN QAEHE EX (LHIA O Z Control-C EEDelete)E Y4ESHE S FHA
S8 sgase Bolhn. 9ol dHe 5O ANY=E YIS cry ol 190 A28 &
9= KeyboardInterrupt o 7} @A s T}

16.1.2 &3 7=t ojo|M A3 EIE

BSD 28} le] 94 Alago] A Thold 2 EE A ATEAY A4 ARY 5 A s 5 A5

e e

#!/usr/bin/env python3.5
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$ chmod +x myscript.py

AL A2 AL 4 7bs BE ek Aol YUt sto]d 4% 2188 py 5AL python.
exe®} A5 02 AA 3o, ol A AL ol F S 2T YR AYFUTh HFIAL pyw A =
&vth o] 49, AnAC T Gehhe 28 Fe EAH A HUh

16.1.3 CHSIA A%} op

Foli St o A ), FF JHZHF A AE wintt A= 2E Y E0] 912%1 A2 gy
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T AFUTh o] oA sys.psl D sys.ps2 ZEFZES HMATL % 55Ut
A oA E o)A =7} /\V—}fﬂr%l% godH, 49 A& 3t Yol if os.path.isfile('.pythonrc.
py'): exec(open( .pythonrc.py') .read()) 2o A EANLA 22 TS 4 A5tk &
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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'

o4l 1 B2 Ej 2] ol usercustomize.py Phs o 89 UL HED A AFS WS 5
VZEZ NPT s FHOE A FohA) Bt T o HYS RE shol W APl JFL

v

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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>>> The default Python prompt of the interactive shell. Often seen for code examples which can be executed interactively
in the interpreter.

e 2L AL e 4 ALYk

o The default Python prompt of the interactive shell when entering the code for an indented code block, when
within a pair of matching left and right delimiters (parentheses, square brackets, curly braces or triple quotes),
or after specifying a decorator.

e Ellipsis W& A,

2to3 A tool that tries to convert Python 2.x code to Python 3.x code by handling most of the incompatibilities which can
be detected by parsing the source and traversing the parse tree.

2to3 is available in the standard library as 1 ib2t o0 3; a standalone entry point is provided as Tools/scripts/
2to3. See 2to3-reference.

abstract base class (34} Wo] A Z|A) FA W o)A Fd A Ehasattr () ZLEHIY S EHE AL
HBHA ZEE (& 50, A WA E) A5, JEHA o] AE Y st HHS AT T =N o o]
< B A3 Yt ABCE 7 Al B %Eﬂii E‘Qﬁ}—ﬁﬂ, S AE ASTHA FOHAE isinstance ()
2} issubclass () o o3 #A=2 ‘—E FH2EYYUTh abc B E ’“‘ﬁfﬂ £ EA L. stol o=
2 Y= ABC 9] tq;:)r;ta] r)rkojr 2 Ao 0"“‘43} A8 & (collections.abc 4_501]/\1),
7\—1]— (numbers R EA]), 2EH (io EENA]), Y E g2 24 (importlib.abc EE I A]).
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AL A7y BE, 2, 849 annotations_ 5 oEFHEN AFH Yt

o] 75 = AWt W o H o], $ o] i E| o] A, PEP 484, PEP 5262 X SHA| 2. o] = H| o]
2ol o 8k &3 Ab#] = annotations-howto & 22 34A| &

argument (Q12h) F+E 2T 0 I (B MAE) 2 ABH = & F SF dA7 A5 Ut
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« 719 E ]—(keywordargument) Sk i%ﬂﬁ A1 2} 7} ko] B2 912} (] B S 0], name=) T **
E Yol 2 9MYE AGH = AR o & 5o, b3 22 complex () EFA 335+
BE 719 A Yth:
complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o 912 QA} (positional argument): 7]
A olefel g o Gl x & 2o A
2 9] 1A Y T

complex (3, 5)
complex (* (3, 5))

W
HAR. EHACE, o x84 0] AAE AFEE 5 dFUth 732 gheol A o g Uth
Lol o] w7 ¥ FEIFAQ AF At} w7 H 9] xfo] 9f PEP 362% H A &
asynchronous context manager (V)% 7] ZAE]A~E 2] 2}) An object which controls the environment seen in an
async with statement by defining __aenter_ () and __aexit__ () methods. Introduced by PEP 492.
asynchronous generator (8]5-7] AV @ o] €]) v]5 7] A& o] E o|Ho]H & FHF
E2ARAYHE=FZREH T4, A Y Hol=H|,async for FEZ7FARRST 4 9= dHY
£AAS EHATE Aol GEU,
BE 857 Avdely g+E 7FE 7| A g o] E o A= vlE 7] Al d ey ol d olH & 7HE X
Urth o =3k o u) 7t HEetA] k2 A9, G S E M RS vtk

v 5 7] AlvglolE] SF4+= await 84 F asyne for 3} async with & 37-_5‘]"515[\— d5Yth

DR DS o5 22 A W AYD, o U A8 7 AED FAAE ks T2
]

St a ync def
IS == vyield

e

asynchronous generator iterator (8]% 7] AU & o] €] o]g]go|€]) v|F 7] Al d olE 7 vt AA).

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]5 7] ©]€]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]€]#|©]€]) 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. Intro-
duced by PEP 492.

attribute (G EZ|{HE) £3] R T2 AHEote o522 FxHE AAS 24T g olE S0l AA o7t
AEe|REaE AW, 04X W B2 UTH
It is possible to give an object an attribute whose name is not an identifier as defined by identifiers, for example

using setattr (), if the object allows it. Such an attribute will not be accessible using a dotted expression, and
would instead need to be retrieved with getattr ().

awaitable (o] $J]o]E] &) An object that can be used in an await expression. Can be a coroutine or an object with an
__await__ () method. See also PEP 492.

BDFL #}v] 2-& £ 41 &2 A} (Benevolent Dictator For Life), < Guido van Rossum, 3}o] %1 2] %FA] 2},
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binary file (B}o]u] 2] 2}) A file object able to read and write bytes-like objects. Examples of binary files are files
opened in binary mode ('rb"', 'wb' or 'rb+"'), sys.stdin.buffer, sys.stdout.buffer, and in-
stances of io.BytesIOand gzip.GzipFile.

str AAE 9T 2 4 Y ok AAle] AN E B A= 5 E FEeA L

borrowed reference (' ¥ 2 X) In Python’ s C API, a borrowed reference is a reference to an object, where the code
using the object does not own the reference. It becomes a dangling pointer if the object is destroyed. For example,
a garbage collection can remove the last strong reference to the object and so destroy it.

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 Q-F A A)]) bufferobjects & A Q32 C-A5 HHE AAXE T 5 QJH5 T oF
FE memoryview A EL EE0|1 bytes bytearray, array.array A5 £ .
O]E‘ﬁ T AR =S H}O]Lﬂﬂ HolB & thF+= o8 7HA] Aibsel A2 5 A5 UTh o5, vhel v g
gd g A AALS B3 AL L AL 01"\141;]—
o8 Q141 2 wpol 12 Hlo|El 7} FH A Y Bk s Th ol @ Ago] AWML BF 92227 vl
O EQE AH” a‘r AT YT 7P W AR Y d Z=bytearray 2tbytearray 9 memoryv1ew
}""\‘4“/} E AdatE2 vtelyE tlolE 7t 2 AR (<8l 7] AL vie] ELR{F AA”) o AFEH=
274Ut o™ o] o2 =bytes@ bytes AA L memoryview 7} dF U T

bytecode (H}o]E F &) Hlo]W A2 F == HlolE =2 AutAE =], CPython ¢ ¥ Z 8| g of| A] u}o] A
Z2IHY 1’H‘T‘—‘—J— AUt vlolE F =+ .pyc 3L A Hol, T2 3dS F 1A AP T uj
o el x] Al R U T (A0 A HEo] E Ei,] AL S I T = AFUTh. °] “27 Aof” = 7+
HFo| E = o tf -&-38= 71 Al Aok 71 71 A ol A A E Tt ST Hlo]E I E = AR TOE
sto] 74t 71 Al A FEE Ao R 7R =, sho] A w3 7hol] Qb A o] A & gkt Ao o] sl of
.
HlolE I & W o] 59 HE2dis ZE YA Ut

callable (2] &) A callable is an object that can be called, possibly with a set of arguments (see argument), with the
following syntax:

L

callable (argumentl, argument2, ...)

A function, and by extension a method, is a callable. An instance of a class that implements the ___call__ ()
method is also a callable.

callback (Z%) oIz} zj%ﬂ% HHH o] o]

14 = S 2 (5 22 dad oA 7t ofyEh o Ak

class variable (%EH!: Eﬂ—’F) =)
TR W

coercion The implicit conversion of an instance of one type to another during an operation which involves two arguments
of the same type. For example, int (3.15) converts the floating point number to the integer 3, but in 3+4 .5,
each argument is of a different type (one int, one float), and both must be converted to the same type before they
can be added or it will raise a TypeError. Without coercion, all arguments of even compatible types would have
to be normalized to the same value by the programmer, e.g., f1oat (3) +4. 5 rather than just 3+4.5.

complex number (%24 9148 A% A 28e] oI, BE 27 AL SR oz FAYY

h S RE 4ol 94 99 (19 ABDE FE AAY, 55 SHANAE L E, FIAE IR
£ Sfol 0 FAL] E/M & AL BESE 1R A DG 2L 5 AuAE EolA
E71FUeh ol 8 Eol, 3+13. math RES] 245 W40 L5, cnath & AHFHUTH Basd
8L 42 50 454 /5 YUTh BT =712 R ATHE, Ae] FA8 RAHNE Tk
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context manager (J¥] A~ E 2] 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& W 42) A variable which can have different values depending on its context. This is similar
to Thread-Local Storage in which each execution thread may have a different value for a variable. However, with
context variables, there may be several contexts in one execution thread and the main usage for context variables
is to keep track of variables in concurrent asynchronous tasks. See contextvars.

contiguous (<) v 9= A &3] C-A L (C-contiguous) ©) A} E E 2 Q<5 (Fortran contiguous) 4 o] Q<o) g}t
AARYLH AL HH= C-A&5 0 HA TES ALY UTH AL v Gol A, FEE2 A2 A -3}
a1, 001 A Al ZHeh= LBk Y20 A E v Z ol wl X =] of of Fruth Tk C-A<5 v Goll A,
HEE F49 CAURE FEES YT o vpA et A A7) 71 wke] Ay o) sHA| th 2 ES A%
W o=, A HA AE A7) 71 wke] H g T

Q
0
~
3
Q
Q.
o
Hh
Mo
lo
fru
=y
el
ﬁ
5
i
fy
i
=
o~
=
=
=
N
i
f
X
l:o

=
) 2EE ANE SHFE B4 2
3]

coroutine function (ZF€ g4 g
forShasync with 719|S 8 E8@ 5 %Ltk of 252 PEP 492 o ]3]

91, await & async
EdE A5 YT
CPython 3ol Z 2 Jew Aol ;48 A el 3 b, python.orgol] A4 vl = Yt} o] 73 Jython o] L}

IronPython ¥} 22 th2 7] HE g g7} oS wf 89 “CPython” ©] ARE-F U Th
decorator (2 o]¥]) t}2 T+& S5+ T4 A, B5 Qurapper v H& AMSSH S St o2 &
AUtk tZ Y o]Ele &3t o= classmethod () Zstaticmethod () YUt}

dEdole 2L 9 0 2L YU TS F T4 A )P0z TSPk

do

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arg):

2ol 2 2oE EASHARE @ A5 2yt vl 2 o B ofl thEk o] AA T &2 g Ao

o} 2o el o ABAE BE FuTh

descriptor (t] A= 3] E]) Any object which defines the methods __get__ (), __set_ (), or __delete_ ().
When a class attribute is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally,
using a.b to get, set or delete an attribute looks up the object named b in the class dictionary for a, but if b is a
descriptor, the respective descriptor method gets called. Understanding descriptors is a key to a deep understanding
of Python because they are the basis for many features including functions, methods, properties, class methods,
static methods, and reference to super classes.

23 HE o WA =S of 3 24| 3F W22 descriptors U T 2~ 3 E] AF&H oFU A o]l Y31 T}

dictionary (5 414 2]) An associative array, where arbitrary keys are mapped to values. The keys can be any object

with __hash__ () and __eq__ () methods. Called a hash in Perl.
dictionary comprehension (€ 4 2] Hz 2] A) olElgj 8ol & 84 AAU LR E At 234E &2
gyl & vtEdstE 43 W, results = {n: n ** 2 for n in range (10)}& Fn **

20 W39 7] ng £&3t= Y 2] S A AT T} comprehensions2 R S A L.

dictionary view (5 A 2] H) dict.keys (), dict.values (), dict.items () WA E7} 8 F= AA
== 9A4YE Feg BEUT oJAE2 9V Y FES U3t 54 {FE AFsked, 9A
U7k i3 d o, 571 o] ¥3E W gsitts S9Uth g9 eE RE SdS g2ER v
list (dictview) & AF23HH = Ut dict-views S H A 2.
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docstring (52 E ) A string literal which appears as the first expression in a class, function or module. While ignored
when the suite is executed, it is recognized by the compiler and put into the __doc___ attribute of the enclosing
class, function or module. Since it is available via introspection, it is the canonical place for documentation of the
object.

duck-typing () E019) £/ QIEls] o] 28 7} A=x) FRE o] A4S B & 82 g 229y 28
Q5 ohA, W] WA S ol S el BE A B EE AL ASH UL (22 A% Hol 7 24 A
W, 272 2gth”) 5335 3 Al A o]~ E 70‘5_@(’&“1 ZAAE ZE+= P F QA XS
Hergro e A4 L ANT 5 AT B Bl BE type () o} isinstance () & AHEE 24}
S MU (AT A Thol ol 24 o)~ 2 2 A 5 Bl § ook Bl A,
hasattr ( ﬁA}L]-EAFP—LE:L?J]“J = HFYth

EAFP 3 2tR th= 8 A& 3}7] 7} 9 o} (Basier to ask for forgiveness than permission). ©] £3] & 4= 9= 1}o]
0 2Y AL, SULE SV o EelREe] £AE AR, 1 AR ol BolH o) & Rt o
ZrEsta e AL W tryftexcept w2 SAE S XA Z YL o] HIa Y2 Ce 2 T E
o Aol A A} AFRE = LBYL 28 3} th v g U o).

expression (3 4]) ojH oz LA ¢~ Jd=EHFA 27 tE U E 235, A2 2 EHH, o] &,
B HE WAL, AAA, PRED B G BAAFE BA 845G Bol 22 AYUTE e B

T= =
MO%Q'EHZX—] OE)—‘—L L_Oi ‘?Aé‘%%

4
extension module (873 2 5) C U C++2 A HE BE Y|, Fo]He] C APIE A3 A Aoy AFE-A Z
ol A4S g3ttt
f-string (f-F2}YF) 'f' U 'F' & Yo B ?_ TAE g HEES &3] “f-2Ag ol Ha =), 2
2181 o] 291U Th PEP 498 < 54 8.

file object (3} 21 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.

AAZE A F72] 3td AA S o] YFUth Eraw) Hhol 2] 9}, ¥ 3] = (buffered) vlolH 2] 9}, E)
2 E 519, o] 59 dEFo] At fo REOIA F P Utk 5D AR S BEE F A A L open )
g 2 AYYh

file-like object (3} 5 AA)) o} A A 9 v]s=3F &

filesystem encoding and error handler (3} 2] A~ ¥ ¢1 7 ¢ 3} of|2] 2]2]7]) Encoding and error handler used by
Python to decode bytes from the operating system and encode Unicode to the operating system.

m

g
B
e

A

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.

ZALFY T HA L.
finder (¥}91H) JXxEE ZES S 20 & o g A =3 AA.

Since Python 3.3, there are two types of finder: meta path finders for use with sys .meta_path, and path entry
finders for use with sys.path_hooks.

See PEP 302, PEP 420 and PEP 451 for much more detail.
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floor division (B U A) 71 717k A-E2 YW she 34 A, A4 A A4txt= // o dE
Sol, BAA 11 // 49 RL2HHAT, A% AL 2,758 EAFUL (-11) // 474-2.75
E U g g -30] Foll 230 oF Ut} PEP 2382 E A 2.

function (3+4) S & X} A oW 3L ST += ?—-_1"‘5-4 TS QAU I o)) QA 7 AGE = =],
vi] o] Aol AHEE 4 &Ytk v 7] S 9 v A = 9} function A AT H A L.
function annotation (g~ o] =€ o] A) 3= vl 7 A =1} wERE Zho] o] mH| o] A

S ool Rt o2 3 Sl E 2 AR EH UTh o & £9], o] §5+= F M9 int AAE WHotE
olﬂgiﬂuﬂ I, FAlo int ¥HE S £ Aoz ZgE Ytk

def sum_two_numbers(a: int, b: int) -> int:
return a + b

Sk o] mH| o] A F -2 function Z ol A A gt

o] 715& AYds W ol mH o] A I} PEP 4845 T2 3AM 8. TS o g o] Ao t st B ALE =
annotations-howto & X 314 8.

_ future__ A future statement, from __ future__ import <feature>, directs the compiler to compile
the current module using syntax or semantics that will become standard in a future release of Python. The
_ future__ module documents the possible values of feature. By importing this module and evaluating its
variables, you can see when a new feature was first added to the language and when it will (or did) become the

default:

>>> import __ future_

>>> _ future__ .division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collectlon Zm] A -,—7]) O AFREH A =t 28 E Hhd sl 2 ol W Jx 3l 243 2%
c&e AASAL F= T A "@ 7R Al A1 E S8l 7 Al A ST U 7R AT =

gc BES A& A Xﬂ°1 &5
E

WEL yield B ﬁ %EQ&WLﬂﬂﬂ et ol g
Tk Aol sk A = Y
RE A o) E B42 712) 7] A T, o} | Euo] A= A&l ol e ol el @l ol 8 & Al AuT) o Eahe
o u)7} WEE A e AL, A/ BB NA B EL QAT

generator iterator (A ] @) o] €] o]e]d|o]E]) A1 o] T4t wle= AA.
Each yield temporarily suspends processing, remembering the location execution state (including local variables

and pending try-statements). When the generator iterator resumes, it picks up where it left off (in contrast to
functions which start fresh on every invocation).

generator expression (A& o] €] £32]) An expression that returns an iterator. It looks like a normal expression
followed by a for clause defining a loop variable, range, and an optional if clause. The combined expression
generates values for an enclosing function:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (A8 ) 22 A4S A2 g2 FEof U] FHST o8 T2 THE . SE )
o™ 78 o] ALGE A= tasfx] Gae o os A4 H YTt

AZ t2g 2] 917 23} functools.singledispatch () B Z & o] B2} PEP 443% X A Q.

generic type (A€ ) w7} W48 @ 4 e % AR 1ist dice 9 2L AR oY 2, F
7= 9} of 1] o] o] A1-8-8 T,

2]
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For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL A olE=Z gl & & BN L

global interpreter lock (< QQE]Z2E] &) 3 Hol| 2 A 3o A =t FfolH Hio|E & E AFYPJIE =
B8] S8l CPython A¥ =2 ] 7} AH-§-3h= Uﬂ AUE. ([dict S 22 S2I WIS £33He)
AA) welo] ZAH 07 FA A 2ol ]3] b SHE S BHE o] A CPython TS d=sHA BE Yo
de =B AAE F2E A2 dH 2z HE dE2d =387 g4 vt=s g, vdE Z2 A4 714
AATHE BEA B BRI
SA, o) 3 2 E e, FEI A, GFOI S DL AL A A9 FHY
= GILS Bt 5 AA S 5 Ut ?&,I/O‘Eﬂuﬂ%‘ GIL-S uht3h

Past efforts to create a “free-threaded” interpreter (one which locks shared data at a much finer granularity) have not
been successful because performance suffered in the common single-processor case. It is believed that overcoming
this performance issue would make the implementation much more complicated and therefore costlier to maintain.

hash-based pyc (3] A] 7] ¥t pye) FEA-E FA37] Y&l s F 2 5D HF FA A 7be] obd A& AHE
3l= HlolE I = 7| A] 9}, pyc-invalidation S 2 314 2.

hashable (3] X] 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__eq___ () method). Hashable objects
which compare equal must have the same hash value.

;A 7He -2 AAE A 71V AT AW E AT 5 QA St o] A5 FREO Wi A
o g g5 R U
72 glo]x e B W AA =2 Al 7}“21"/]5}, BFE2EYu gy e 2-2) 7 ZAH o &2
282 5yt (5Z o)1 frozenset 2-2) 2 AH )Y EL 159 9450 3|A 75T w2k 3 A
et o LB o] 2 e g ATE L A 5 A A E e () A A
Spa) 2% cheoh ol wE 7, A RS 1d() 2 HE BE ol §U ok

IDLE :L]—O] AL $3 55 7|k 9 sk 3174 (Integrated Development and Learning Environment). idle-& 3}o] % 2]
¥z HHE%Oﬂ mete = 7| 2A Q0 #A @7]94 A ZEE &4 Yuth

immutable (%) TAE e 2 AA. 2¥ AAE 22, £AD, FES TFFYC oA ARETL W
A8+ fdFUTh A % Agshe W A AR E DSl ok Fuith MakA) e Al ghe] ghojof s
Fol A F23 482 Fuith o2 Sof, AU =9 .

import path (YEE 2) 2 /1 520 7 JEE T REE 27 3] GATE FoE (EE A2 A=

path 2 HE) ST}, 4 v A B 9 7] 7] o

T>i])4 *1' ?:IEL—E o v o y

A9 RE AR _path_olERERRH & 45 dgUh
importing (Y £ %) & 259 sjo| 8 =7} e BE) ol il ZEo|A A8E 5 JES 51 A4,
importer (Y £¥]) 252 375 8tal 2E 817 % st AA|; FAl0 ohelH o)Ak =6 AA| ot

interactive (0] 3}3) Python has an interactive interpreter which means you can enter statements and expressions at
the interpreter prompt, immediately execute them and see their results. Just launch python with no arguments
(possibly by selecting it from your computer’ s main menu). It is a very powerful way to test out new ideas or
inspect modules and packages (remember help (x)).

interpreted (Q1E} 32 €] =) vlol = 3= Aaflele) ) Bol 2 el Sels) A7) AW, ol d e
A5t Aoj7t op et Azl E Ao YUk ol AL FAAOR U AL WEA FNE, £
Sk 99 A & D RU T 2 o) 5 B BAR A
ol BE A5 Aol Hrhge AWu g 7718 gk 5

_a

Z; T HAQ
interpreter shutdown (QE]Z g £8) TE3IelE S S T3 uf], Jo|# A= HE= - A 7] A
dat=d, EEolHU o 7HA F 05}‘41—1—?‘ EH T2 RETYE AYES HAF o2 whgdyh
T3 7R = A7) & 0:13% ST AFSA A Y 33 AR weakref SOl Q= I EEY AYS
AIZPA D = QF UL £ 8 A 7] S AYE = Fe = tdeh o o &8 whd 4= gl=d|, 27 o] o &3}
oy g REoY A FAEdUTh

< AHd ol ¢ 7]%&*] ds A7 mEd U (&3 A= 2
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AEZEE 59 FH YA AYPFHE_ main BEOIUA2THEZ AP S ZYE= ALY

iterable (©] €] 2] ) An object capable of returning its members one at a time. Examples of iterables include all se-
quence 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.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (), -**).
When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator for the
object. This iterator is good for one pass over the set of values. When using iterables, it is usually not necessary to
call iter () 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 iferator, sequence, and
generator.

iterator (©] €] 2] ©]E]) 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 to its ___next__ () method just raise StopIteration again. Iterators are required to have an
__iter__ () method that returns the iterator object itself so every iterator is also 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 1ist) produces a fresh new iterator each time you pass it to the iter ()
function or use itin 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 o] & ZpA g W-&©] Q5 Th

CPython -3 4} A)): CPython does not consistently apply the requirement that an iterator define __iter_ ().
key functlon (7] St) 7] &4 = =9 o] A (collation) = A (sort1ng) o] 1} 8 & (ordering) o] AF&-F &

e EHFEZHEIULL A %‘ﬂ,locale.strxfrm( L ERALEA IS HEEAH 7|E

U= /\}o%‘HD‘r.

o] R g =77t R A E o] oAFA A A ] A AL F ol = A Al o517 S5l 7] T dotE YU th

o]A ZlEo+=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, the operator module provides three key function constructors:
attrgetter (), itemgetter (), and methodcaller (). See the Sorting HOW TO for examples of how
to create and use key functions.

keyword argument (7] 9] & 12} <A} & HA L.

lambda (Bt}) &2 uff gho] Tl A= shute] 34 02 FAH o] F gle A2 . 2o e E v
= EHL lambda [parameters]: expression YUYt}

LBYL = 7] Aoj X2} (Look before you leap). ©] T AEY-L T oy 23] & 317) Aojl YA F o7 AFA
ZAES AAUTLE o] 282 EAFP J2R A thu] = 3, g2 if £9 EAE SAA Y YT
O 2= 7004, LBYL 428 “R 71" 257" 2ho] 44 20 B A E Aol Ao,
o5& 590, 5 if key in mapping: return mappinglkey] & HAA & ], LA 23] A,
g 28 =7} keyE mapping | A A ASHE A E = Ut ol o= FOUEAFP AW

Ao dE = stk

locale encoding (2 A Y 217 9) On Unix, it is the encoding of the LC_CTYPE locale. It can be set with 1ocale.
setlocale(locale.LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: cpl1252).

locale.getpreferredencoding (False) can be used to get the locale encoding.
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Python uses the filesystem encoding and error handler to convert between Unicode filenames and bytes filenames.

list (2] 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] A E ZA =23 A) AP0 QA AR == JdBRE XEsta ﬁJ,}_a/\EEEEq
ZL7]'733]—H]',:| result = ['"{:#04x}"'. forma t(x) for x in range (256) if x % ==
00141 255 AFol o] Gt AT 1675 (Ox.) S EFHE BADY P AES BEUL if

] L

7<40 A 2 92T Agato} , range (256) ol Y+ EE 2471 AP Uh

loader (2 ]) An object that loads a module. It must define a method named 1oad_module (). A loader is typically
returned by a finder. See PEP 302 for details and importlib.abc.Loader for an abstract base class.

magic method (W] 2] WX 2) S5 v A = o) W]F A Q1 B 2ok T

mapping (W]3) A container object that supports arbitrary key lookups and implements the methods specified in
the Mapping or MutableMapping abstract base classes. Examples include dict, collections.
defaultdict, collections.OrderedDict and collections.Counter.

meta path finder (W€} 7 2 5}QIt]) sys.meta_path & FAMo] EejF vhel. vE A& Qo= 4=
A ) spelr] 9 s of 91E AW chE T
HEet A2 37 £ S WA =S tha|lA] = importlib.abc.MetaPathFinder & X §
Uk,

¢

metaclass (W e} Fe2) S 29 S g2 Fo= Fda o5, g2 gAY E, vlola FPaEY
2= “J‘SW‘/} HEl F P2t o] Al AAE Dol FYP2E BE= HYS AUt R AF
ATY 23y AojEL 7B S A FdULH go|H g 585 BtE= AL ALY g F
22 WE £ JdtE AYYUTE RE AR Ao A= o) £ 727 AE D2 A D27 A2 o, v et
Zlae AY3 ol A S AleFUth AJEZHE AN 29 27 (logging), ~# = A A 9
F7h AR AN 22, ASE T L2 o2 Fdo A S U Th

=
. b
metaclasses o A o 24 & -85 242 4 Q5T
method (WA =) 272 ul] eholl A Aol 5= 34 e
A EE S AR A (HE self 2t BYTh 2 A2TA AR S AFULh S5 o S Hd 292
=L
method resolution order (W] A = Z & 4= 4]) Method Resolution Order is the order in which base classes are searched
for a member during lookup. See The Python 2.3 Method Resolution Order for details of the algorithm used by
the Python interpreter since the 2.3 release.
module (2§) 701 Z=0] 245} 0] 8 Tgohe A7, LEL A0 sol il AN EL B o E FHL
22Ut BE L 9w d Aol o8] sto| o= 2T H T
W72 & BHA L.
module spec (RE A¥) RES 230 AR
importlib.machinery.ModuleSpec ¢ ¢l
MRO "4 = 24 <4 & BAL
mutable (7}¥) 7}H AR = ghol M 5 AT id() & SASHA FAZUTH B8 & BA 8.
named tuple (V| & £Z) “named tuple(V] Y= 5Z)’ o|g}E FojE FZ oA AE31a o] & BEL o]ERH
EE ARESte] AElA T 9 Sho ANA T 5 Q= EE FJou S A&g Ut ol

= AN
Zezds e /5E 98 5 AHY
7

time.localtime () & os.stat ()

&2 o &= sys.float_info YUYt}

i i

oo 4”‘

FRreret ghe 2 3sto], oA APl vdE FEU YT =
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>>> sys.float_info[l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be created
from a regular class definition that inherits from tuple and that defines named fields. Such a class can be written
by hand or it can be created with the factory function collections.namedtuple (). The latter technique
also adds some extra methods that may not be found in hand-written or built-in named tuples.

namespace (0§ B70) W47k AGE = 4. o e AU R FAF UL, Aol F AT ol & T2
(HA= W)‘—?."&UPOME}XI‘ﬂJdﬂﬂHﬂ ol &7kl dF UL o5 2 o5 TS A EA
E%/\jg AQPIYrTh o9& 59, € —,—bulltlns open I os.open () 2 2159 o]F Z 7o 93
MHE £, o) B UL o nEol YHE FANC AT LY BEAN AEAT 17

FA =22 FULh A& Eoﬂ,random seed() EExitertools.islice() 8t 2 1 &4

—01 Z+ 7z} random ¥} itertools BE &3l +HH S 8 o] H &3 gt}

namespace package (0] S 37t 2]7] X]) A PEP 420 package which serves only as a container for subpackages.
Namespace packages may have no physical representation, and specifically are not like a regular package because
they haveno ___init__ .py file.

ZEE E/H]&.

BTG S by LR AN
““ ?J = A kethe Aol o s oF Fth A <
TR, A WELS A4
ety oy

new-style class (F+2€}d Z# ) Old name for the flavor of classes now used for all class objects. In earlier Python
versions, only new-style classes could use Python’ s newer, versatile features like __slots__, descriptors, prop-
erties, tribute__ (), class methods, and static methods.

object () el (IEHEY ) & 2L FA (NAZ) o] o H RE Po[B. Edh BE Fard 2
2 9 2% 9 Wlo] 2 Fel 2Tk,

package (7] A]) M B BEEo| U, AAHCE XE W7 AES
712 = __path_ oJEFHE} 9 sto| A REY T

A7 A1 9 018 $2 710 = w2
parameter (WM S) 25 (L WA ) Felol A Fprh g 5 gl 4 (& oW AS ARE) B A
FERG R R B AR A
« $121-719) = (positional-or-keyword): €] %] 17} L} 719 = 912} 2 ARD 5 9 A-E A G
o] Aol 7] Feje] wj AR}, A2 Sof the ol A foo 9 bar:

TP 5 Qe ol vE, EHoT,

’def func (foo, bar=None) :

o Y A-A§ (positional-only): | A2 Al5d 5 = AAE AAZFUh 992 A& vids+=
St oo mig 550 / EAE 288 2 FHd T = dFUThH oA E S0 thEllA

posonlyl 3} posonly2:

’def func (posonlyl, posonly2, /, positional_or_keyword) :

» 719N =-A 8 (keyword-only): 7| EZ T AFE = Q= AAE A FUT 7|9 =-A & w7
2 9ol o] W WS £ 2o A] ko] Shite] -9 A iAW)+ 8 Tk E A Aol T
T A5tk A& 0}, o2 A kw_onlyl 2} kw_only2:

> rlr
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def func(arg, *, kw_onlyl, kw_only2):

292 ARS ol Ha) A5

o 7FH-9] A (var-positional): (tF2 wj 7| A G=Fol] 23l A ©] o1zl
T MAES ol Foll x & Sl

]
% 9 AA A5 99 AALE AF G o 0]
2oA AoE 4 A5, AF Sof Thol A args:

Fo}5
A

def func(*args, **kwargs):

o 7HA-Z1) = (var-keyword): (th& vl 7| A 5ol o3l A] o] W] Wrol5 o] X 7] = A5l Ha)
ATD 5 e A0 A5 719 AAES AGFUTE oA AR S 5 vl 5 o] ol ++ B
kol 2ol 328 4 Q&L Th of & ol 912 ol A kwargs.
e AEE AAES AT 7| BRET op et A Ao Ay e QA2 A + A5
Q1 A} g0l 3] 3=, oAz} u| /| M = 2] A}o]of L} 2= FAQ A&, inspect .Parameter E &2, function
4, PEP 362 A8
path entry (32 Ql=2]) 2= 70 591t 7} JEE FEEESS 3] 98] BIale J2E A= 4k Shy
_04 x]-/\

path entry finder (% 2 QN E 2] J]-°]E-]) sys.path_hooks o Q= ZHE (F, 42 AEF F) o] 2 F+
ol A, FolA A2 dEE 2 RES FEUHEE SN JAFYTH
[e]

A7 dEF gy Eo A= WAEEL importlib.abc.PathEntryFinder o U3t}

path entry hook (7 & dlE2] &) A callable on the sys.path_hook list which returns a path entry finder if it
knows how to find modules on a specific path entry.

path based finder (F 2 7|4t 5}elel) 7|2 e} 42 99t S % s, ¥ E 42 oA RES 25
Y.

path-like object (3 27 AA|) 3L A28 2 & ‘/‘rE‘rLH% AA. A2F A= A2 E Y= str =5
bytes AA| o] A} os.PathLike ZE2EZ S F3 3= AA| 011/]13} os.PathlLike T2 EZ 2 XY
3l= AR = os.fspath() TTE igoﬂ/ﬂ str U bytes 9t A|AE Agg Wiy 4 %%q;};
th4l os. fsdecode () 2 os.fsencode () & Z+Zt str U bytes 2345 B35 =0 AFRE &+

Ut} PEP 5192 =5 g4 th

PEP sto] 2l |41 A] k. PEP= sho] il AR Elo] HHE AT AL sho]dl i 1 w2A| 2 Ex $70]
ga AIZe 7% 2dahe 47 £ AT PEPE AlHE 7150 3 h2 % 714 A R 2AE

A %3 of k.

PEPL 2 A28 7152 Aela £Alo] 0 g ARYE 9
B2 AR TEY] 9% 718 W AUZ YTk PEP S A
2 EAS T Ao dFUTh

1

S A3y Fpol Mol B0zt AA A
FUE WA Fel g 7535k2 w

portion (3£49) PEP 420 o4 o3k AAH, o] 5 &2t s 7] Aol o] upA] k= shite] A E 2ol Sof9le
st A 5] H 3 (zip 3t ol A== A% 7 Fuh.

positional argument (9] 2] 21z} <12} & B A 8.

provisional APT (%3 API) 24 API= %% glolH 2] A 34 BAo 2R AE3] AYdd A9Y
th Qe o] 29 & @rﬂ of| A= A= A W Z7 A o] 2l A &= g Fof A AbE o] B 8 strhal
AT A S8 0] FAHA = tﬁﬁo} °‘<>% FUFULh 2 HA2 EZ8s A oR
dojuA &= S AUt — APIE 28317 Aol X Sidta 28 Age] HAH 4 fofvt

A7 API A2 A E, 717 S840 §A19 7 b WAL <2 T S oz o AT BE A 4H
2AEN B B EHEL §
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o] Aate= BF golBH 7 LM AT F G A RE AA Lol IHE FE] A G AT £ R E
S5 A 8L PEP 411 BT Fu T,

provisional package (373 #]7]x]) 74 API & A 8.

Python 3000 (3} 3000) Tho] 4 3.x W] & 2ol o] W (w4 3] w27} @ mlef o] o] o7 | A Aol TS0}
o] olth) o] A& “Py3k” & £ 27| & T Th

Pythonic (s}o] ATHe) ThE Slo]Sol 4 Ak Q) A E-L 1153
VA A AHEE = oA E S 7h7ko] M2 ofoltlof L} 3
ol AL for ¥ AHESlA ol HEY BE 84 £33

of +AEC| glen g, gfo| o J53o1A] k2 AFRES

m
N
m{m
=y
%
p
;

AL, shol 4 < of of] A
qmﬂﬁﬂzML
= 2 e Qojojx o &
g Alo] %7} 2B 2 AFEa 71 T o

#

for i in range(len(food)):
print (food[i])

o 253 spol ok 2 ol s yth

for piece in food:
print (piece)

1 2T LM Bgo] Fojd Selx, g, v =of o2 A =7

PEP 3155 o ] 82 St} 2 4H9] gt o) 22) F-9ol, 47342

mr“

>>> class C:
class D:
def meth (self):
pass

>>> C.__ _qualname

lCl

>>> C.D._ gualname_
'C.D'

>>> C.D.meth. qualname
'C.D.meth'

REZ 7t 7= AFS 2, A3 A FSE o & (fully qualified name) & 25 B 52 7| AN ES £
A RER VM= HoR "'—ﬂ% o] 5L ouFg Ut} o & £9¢],email .mime. text:

Q

>>> import email.mime.text
>>> email.mime.text. name
'email.mime.text'

reference count (2= 314*) The number of references to an object. When the reference count of an object drops to
zero, it is deallocated. Reference counting is generally not visible to Python code, but it is a key element of the
CPython implementation. The sys module defines a get refcount () function that programmers can call to
return the reference count for a particular object.

regular package (A 3}71A]) __init_ .py $YL 233= g o 2L AF A 97 A.
ol F7HI 7)1 A = HAM Q.

_slots__ FeA FH AAH, A2HA A ERESS A3 30 m 2] AAstaL A2 HA
AAZozZN v R E Adete 5 FUTE A7) A7+ sHA ¥ o] Hl 2 = &
= 7Hb 22 HolghA, vl R g o W17He S 3 & Z2 WA g2 5o AxEHAT = 53

AR5 Aol T4UTh

sequence (X] @) Aniterable which supports efficient element access using integer indices viathe __getitem__ ()
special method and definesa ___1en__ () method that returns the length of the sequence. Some built-in sequence
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typesare 1ist, str, tuple,andbytes. Note that dict alsosupports ___getitem_ () and___len__ (),
but is 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 ().

set comprehension (Y& A= 2| A) oJHHE &= 84 AAY RE A3ty 2345 2 A< v
B3l= 23 Y. results = {c for ¢ in 'abracadabra' if c not in 'abc'}E &R}

g A3 {'r', 'd' 1= AT} comprehensions S 2 FHA] Al L

single dispatch (42 Tl 25} %) @ o] shite] Axke] Yol 1234 AR & AV T4 o257 2]
& .

slice (&2lo]X) HE AA~ 9 R E E@‘}L A, Sefol A AH ATHE B7)HES AFLSA W5y
t}. variable_name[1:3:5] A®, [] ¢tollA o8] A A& FEo= EEFYLh dZE (MR
A eE) RS R AR o1iee AN E ALE BT,

special method (54~ | 4 &) jJrO] ol Pol| o AL, QA 22, AF T uf] FAIH R TE5 = WA E.
oA MANEE F NY UEZE A 7(}'6}1 Zu= 0]% FAS) W] 4] = %= specialnames ©f|
Az s %y

statement () &2 29 E (ZE9] “EF (block)”) & 745 FEJUTH B4 3294 o] AL 719
=8 AFE SR ole) 744 22 E £ SUIUTh 48 i, uhile, for.

strong reference (733t 2+ X) In Python’ s C API, a strong reference is a reference to an object which is owned by the

code holding the reference. The strong reference is taken by calling Py_ INCREF () when the reference is created
and released with Py_ DECREF () when the reference is deleted.

roh

mlo
30~
ol
A
Jlm
b

=

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.

Wy 22 T HAS.

text encoding () 2 E 217 9J) A string in Python is a sequence of Unicode code points (in range U+0000-
U+10FFFF). To store or transfer a string, it needs to be serialized as a sequence of bytes.

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding” .

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings” .

text fle (S5 3el) st AAE 93 % 5 S 519 A7 FF, ALE YL AARE o= A o]
o A~ET S onxﬂ/\-g}_ﬂ dAE o749 2 25 AUk g~ E ;,,}01_04 |2E=HdAE BT ("¢
TE'w') 2 99 3¢, sys.stdin, sys.stdout, io. StrlngIO«]

& % gl o AR ol A £ kol ¢ 59 =

Mol EAR A 8 ¢ ) 7 Bz
) B ) ALGEL () A A2 EAA A

al
triple-quoted string (X% u}-&

987 2w
S Shbe Be A BA4de] gt 7152 AFSAL FA W, ol 7HA ol fell A LE A} g Th
ol A 0] ) 92 AL LE DAL ES TAY ol LFT S A F 7, AD EAE 24

FIE ofe] Zo A4 4 YrH, HAEIS L0 53 2= YL uth

type (3) The type of a Python object determines what kind of object it is; every object has a type. An object’ s type is
accessible asits ___class___ attribute or can be retrieved with type (ob7j).

type alias (3 ol Qe]o]2) 8 A8 Aol B Y she] W o)A o 5o,
g o Qelolat ¥ A= Gt o R o2 W
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def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass

£ ohew 2ol o 97 9 BE 5 A&k

Color = tuple[int, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:
pass
o] 752 AW typing ¥ PEP 4845 2 HA 8
type hint (3 YE) W5, 22 o2 HE 9 4 vl W5 o oukg ghe] Aols & WL A G she of |

ol 4.
Type hints are optional and are not enforced by Python but they are useful to static type analysis tools, and aid

IDEs with code completion and refactoring.

A9 A4E AYsty, A9 HF,
get_type_hints () & AH&F] HAAM A

A}

9 3 3 E & typing.

it
)
[>
W
Bl
[m
)
pe

m‘;"
>
39
ofy
o9
2 m

o] 7|%5& A Y3 typingd} PEP 4845 F=231A| 2
universal newlines (SUWA £ d7)) 23 2L AEL BE £ ZoZ A HAE AEFYL FA
St = YA A EA B \n', A== A '\r\n', A9 uH?]E/\] B \r. 27pA 0l

) Euk

AFg-of #3f A= bytes.splitlines ( ol 2} PEP 278 2} PEP 3116 = E A &

variable annotation (H4> o] H|o]A) W EE F 2 ol EZHEQ o] =g o] A,
o

My EE e o Ee HEo] o mHo] M-S P ] g e A8 AUtk

“

class C:
field: 'annotation'

M4 ol e ol He dubd o o SR AHUTh & Sol, o M4t int k2 M Aoz A4
otk
=]

count: int = 0

H O%iEﬂ o] -2 Al annassign o A A g o)
° 7)%% AASHE U of v o] 4, PEP 484 9 PEP 5262 F2 5 2. 50
2 /\]—?—1] = annotations-howto & I+ 314 2.

virtual environment (7} 87) 3ho] A AFE AL} S8 =R O o], 2 A AH oA A5 = ThE T}
S8 Z2aREY FZ dFE FA ‘3%—‘1“"\1 v}o] A ufj 3= JH7] AEs AAAY g ol =3
A 71sstA o, FEF o2 Aejd A

f
2
br
)
o
i
.
2
K
fu)
<

venv E H A 8.
virtual machine (7} 717]) AZEgojwto g o AFE. gto|H o] 7H) 7| A& vlolE I = Huld &7}
Y3 vlolE I =8 AgFych

Zen of Python (3} o] Al) .L}O]M_ T #}ol Ye]9f AstS o] EE oy

, Aol & olsf st A ote vl =50l
HUth o] 552 3}y ZFZE A “import this” & Y3}

W E AU
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APPENDIX B

About these documents

These documents are generated from reStructuredText sources by Sphinx, a document processor specifically written for
the Python documentation.

AT A et o] 2 f 8 EA A TS sthol ApA of v A 7 A A o' AG B AR =y th 7] o5k
Althd, Zhof W o] of 8t A K 3= reporting-bugs 3] 0] A & Z A AH A 2. A2 AL E 7\}1]'% A 29t
YtH

O3 2504 B2 ZAE =g Ytk
o Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much of the content;
« reStructuredText 2} Docutils 22¢] EE HFE = Docutils Z2 A E,

o Fredrik Lundh, 1.2] tj] ¢t 5} o] #1 2% (Alternative Python Reference) = 2 A E o] A Sphinx 7} &2 o} o] ]
2 a9zt
= Tt M B8

B.1 Contributors to the Python Documentation

olH FF gtolBd g ¢ TholA A A 7| F U 72t BEEF
MSL/ACKS E ZAxIAANL
z

14 2 xy
oj4o] ol@ WA AFAE 2A B AL ol W ARUE S 47} 7o) i # U T ZATI TR
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appeNDIX G

AALRL 2fO] Ml A

C.1 AZEQ0{Q A}

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWI, see https://www.
cwi.nl/) in the Netherlands as a successor of a language called ABC. Guido remains Python’ s principal author, although
it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives (CNRI, see https:
/Iwww.cnri.reston.va.us/) in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen PythonLabs
team. In October of the same year, the PythonLabs team moved to Digital Creations (now Zope Corporation; see
https://www.zope.org/). In 2001, the Python Software Foundation (PSF, see https://www.python.org/psf/) was formed, a
non-profit organization created specifically to own Python-related Intellectual Property. Zope Corporation is a sponsoring
member of the PSF.

All Python releases are Open Source (see https://opensource.org/ for the Open Source Definition). Historically, most,
but not all, Python releases have also been GPL-compatible; the table below summarizes the various releases.

HY = =t oAM= 2 [ 5 AL X} GPL compatible?
09.0~1.2 | n/a 1991-1995 | CWI yes
1.3~152 | 1.2 1995-1999 | CNRI yes
1.6 1.52 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-& z} | PSF yes
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ZF31: GPL-compatible doesn’ t mean that we’ re distributing Python under the GPL. All Python licenses, unlike the
GPL, let you distribute a modified version without making your changes open source. The GPL-compatible licenses
make it possible to combine Python with other software that is released under the GPL; the others don’ t.
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Python software and documentation are licensed under the PSF' License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under the PSF
License Agreement and the Zero-Clause BSD license.
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C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.10.18

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSE"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.10.18 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.10.18 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—Rights
Reserved" are retained in Python 3.10.18 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.10.18 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made to.

—Python
3.10.18.

4. PSF is making Python 3.10.18 available to Licensee on an "AS IS" basis.

PSEF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION..
—~OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT.
—THE
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USE OF PYTHON 3.10.18 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.10.18

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT..
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.18, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach.
—~of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—~License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.10.18, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

5. This License Agreement will automatically terminate upon a material breach of
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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.
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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 .

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.18 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,

(TH= sTel Aol A1)
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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 EgrEl AT ES0{of| CHet 2jo|MA & SOl
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The _random module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/
MT2002/emt19937ar.html. The following are the verbatim comments from the original code:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 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.

(Th= sTel Aol A1)
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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 A3

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " 'AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 H|S7| A3 MH|A

The asynchat and asyncore modules contain the following notice:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

(THE seTATol A1)
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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 F7| &g

http.cookies BE-L T}e 7} 2 79 ARHS EFF T

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.

C35 M8 &5
o}

trace RE2 U3 &2 39 Ak 233 th

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

(THS seTATol A1)
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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

The uu module contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C3.7 XML A Z2A|X &=

xmlrpe.client REL 047 22 29 A8e TR

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:

(THS seTATol A1)
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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_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-S kqueue 3B 3] o] 20 tha) The7} 22 0 A1RHS 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:

(THS seTATol A1)
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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.3.10 SipHash24

3} Python/pyhash.c o= Dan Bernstein 2] SipHash24 €37 2] 2] Marek Majkowski 2] =& o] ¥ 3}%] o]
AFUTH 7)ol &= b5 Z2 80| 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>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)
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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.

o

* %

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*****‘k**‘k********‘k*****‘k*‘k***‘k****'k‘k*‘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:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in

X% ok X ok ok ok ok X 3k X %

(THE seTATol A1)
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the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project” must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-core@openssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eayl@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

Original SSLeay License

o R R S e R N S N

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eay@cryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms

(THE seTATol A1)
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except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/
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C.3.13 expat

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

(THE seTATol A1)
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"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

The _ctypes extension is built using an included copy of the libffi sources unless the build is configured
——with-system-1libffi:

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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Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc o &3] AFEEH = S| A] Hl o] E2] 3L cfuhash Z2AEE 7|wto & s}

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS

(THE seTATol A1)
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FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

The _decimal module is built using an included copy of the libmpdec library unless the build is configured
——with-system-libmpdec

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N EH|AE ARIE

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/c14n-20/) was retrieved from the W3C
website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of works must retain the original copyright notice,

(THE seTATol A1)
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this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/sox/
12.17.7/s0x-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE INFRINGE-
MENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE OR ANY
PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect and
consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043
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APPENDIX D

sho] 3} o] WA E:
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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