Python Tutorial
ZA| A 3.6.15

Guido van Rossum
and the Python development team

9& 05, 2021






Contents

7

shol o] 7heket 2l

3.1 Fo|RE AN E AL ...
32 ZRIOYYUOR AL ...
71e} Alo] 55 =+

A1 AF T

42 for &
43 range () &
4.4
45 pass &

46 FTEAYS Lo
47 FFAYYHET] Lo

48 =T 7Y 264

Z}E 1=z

X Ta

51 H2EGYRT] L
52 del & .
53 EZHAFES L
54 A"
55 "YU .
56 FXZHIY ...
57 ZAYEZ L
58 AF@A2gUEIFESHAE7] ...
2E

6.1 REEUGHRZ] ...
62 XEEEEES ...
6.3 dir() T o
6.4 TR .

DEEES

229 break & continue &, 18l else &




10 £2

11 %

12

13

7.1 ZL Al A 0]

=
15 d =
= o
72 LS Yx

8.1 —E

8.2 @ﬂi] ...................................................
83

84 oo do 7] 74 1
8.5 }&X} A ol Q] L
8.6 SIAT ZTZAHOBIZ] . .,
8.7 2 % 4% S48 54E

E

=i o

9.1 o= Ax el B3 f&u}ﬂ ......................................
02 oW AFTIEZLLO)Z FTZE L,
03 ZF2LF A YR L e
04  TZIEFFOYALEIE
95 A4~

0.6 HIFTN WG
0.7  FEAFU .« e
0.8 OJEHIOTE] . .. e
0.9  AUHIOTE] . . . e
9.10 Aldlolg &34

3}0133181 17|

10.1 2 AA QBTN
102 3L QFA T TET
103 W3 QARF L .o
104 AFAESD YUAATG ZZ2 T EZ . L
105 E2RD NG U L.
10.6 32TE L
107 QB DA L
10.8 AR AITZE
109 HIOTE] S o o o
10.10 /ﬂﬂz;d
10.11 =4 Jlra] ................................................

10.12 aﬂﬁﬂﬂ ETEUTE . Lo
& 2holue 2] SRy — 2%

111 S8 ZUNE L
T2 BT Bl
113 H}O]Lﬂa] o8 @I vl X] ZF . ..
11.4 2 AT
115 27

11.6 oF3} 2=z
117 g2 XY =

11.8 103 2= 247 2l

12.2 7}*(} g‘rzﬁ 13}%7] ............................................

oAl & 512

61
61
61
62
64
65
66
67

69
70
70
72
76
77
78
79
80
81
82

83
83
84
84
84
84
85
85
86
86
87
87
88

89
89
90
91
92
92
93
93
94

97
97
97
98

101




14 ti3ty e HQ W sl aee] A& 103

=]

=

141 A DI2EZ A e 103
142 WSk ATEZ B Ot . . L 103
BE 253 ds: 2AE L 3A 105
I5.1 3 2FF . 108
Hneg 111
16.1 WIS BLE L e 111
813 113
About these documents 127
B.1  Contributors to the Python Documentation . . . . . . . . .. . ... ... .. 127
History and License 129
C.1 Historyof thesoftware . . . . . . . . ... . ... e 129
C.2  Terms and conditions for accessing or otherwise using Python . . . . . . . ... ... ... ... ... 130
C.3 Licenses and Acknowledgements for Incorporated Software . . . . . . ... ... ... ... ..... 133
bd | 147
Q 149







Python Tutorial, £A| H{H™ 3.6.15
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CHAPTER 1

ot =27
o] o] A3 E & Wol S UCY, A AFAAT AL AL WA H L 4§ S Yo daE
SFAES A5 AT AAL A FAES B Y02 o] §2 iR AL AN 1 AL 5 UEY)
o} oA 7 Aok AAI ] ol e ol AUk GUI 88 =2 18, i ke AU BET A2 AUt
greF o2 o] AF 2xEdl o] WA, o2 C/C+/lava 2ho] Hel 2] 5 23 A sHokut & 4 Qe
Qe A Q) T =AY AT /B AE/ A A 3] Y Lethe AL ARA BTk AW 1 2ol
PSS AQHAE AYES FYHT} HAE IE Ao S| S AN BAFA FUh Bt
374 018 S 22 1R AP, HA AL o] AAE AARL TALTL A e
<t
sho W& vl of e 2.2 913 ol YLtk
AR L o]d AYES RS A ATYEY A= WH AL A A AL S A5 U A9 A
~SEYEL HU2 ool el §7] A HAE HolflE WAL B 22 9AW, GUI 28 22 ol
AYE BEE U AR Gk OOrlna £22d8 49T Sx 9w, A2d 2zage
BE U= Sl e A Aol Sl Utk shol AL ALg 3]0 B JheHSkaL, A=, B OS X, fH 2
SGAAANA NG S Jom, o we] e ART 5 DEF FuTh
shol & Abgo) st R, A e 2wz dojdld), A 22HE LA St ge
T2E 2392 919 A 02 A3 h whae], ol e CrT A BL ol AAE

e
A&stal, 5 °=1EP 2 54 Lﬂﬁl"— UG AR YSS HAsHL Ut o dRbA A A5 Y5 Lo
B EAFGel 227 e, AR s B2 250 HojE o5 dolE

A& ohE A REE Stol R A = A 2 5 A5 UTh

oM AHF Z2ARZ AY EEE U T UEF o, 4 252 T E go|x =2 a3 A

AAHEE - d5Uth RS & REsol et A8y 2239 712 E A A Y Fol A

Z2IHPYZS 7 At AR &8 F AU o] BEoE= FY J=Y, A" 55, 2750

Z3E =, A A o] Tk &F 22 GUI =742 th &t I E s o] A% S0 5t

JJrO HEQEZe e AUt AodA Fa2 GAZE B8 gleB 2 /iR A S A3 dEsfFuy ot
B = FJEJ U3 o2 AET 5 oA, Aoy Ve APIdAY, 20 WE 29I BHEAL,

H} FE ZE2IRE HEo7te S S HAESY] 5Uth s 848 A7) o) 71 = Fyth

oW HFstal 97 A 22 AW AT 7 U= F FUTh FtolH 2 IW L2 oY THA] o {FE 2
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£ dr, el AEe 4y e Ange 27
ole e A 33 ¢ eholmel el O} QA AT

2ol shold =2 IS AAE 4 LUtk 215 v Aol TR Qlrhe, C= W 3§

: S8 2o 3o 33 A2 ST 5 dF U

s}o]# o] gl o] 52 (Monty Python’s Flying Circus ) <= BBC st of| A w2 Zl o] 11, 5}5-7ob= ot & #edo

5 U th 2 A o A Monty Python®] 552 9838l AL 32Hs 21y ®ul o}q?)r AAH 1 95U

oA o 22 Fpol ol T2 TR AE L F H A3 Stk d 4 Ad Ut Ao S wle= M F2

W ARESEE Aol 7l wi e, o]l A E JowA AF ol JE 2 HE UAE A A7
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L= AAES A7) A= F 22

—

4 Chapter 1. &0t E7|



CHAPTER 2

oM QIE{=Z2[Bf ArEStH7 |

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

slo] A QlE]Z 2B+ B%E /usr/local/bin/python3.6 o AXHYTH fY2 Al A FE /usr/
g

/u
local/bin S 4gowy Wa:

python3.6

S Ao dEA AT 5 AF U Az A= gAY A8 A 54
T2 425 75U 29 Fhol A AR A A8 Fexpo) Al ZelE F 2 7t 9 th
/usr/local/python & 98 A5 =YX dYh)
AT FollA, sto] & A X = B8 C:\Python36 o] o] FA XA A2 7| & AT w) AT 5 5T o]
e & 2o dodd b33 22 ¥32 DOS Ao HH = :

set path=%path%;C:\python36

715 ZEZE o /ﬂ EOF(end-of -file) ¥ A} (-9 20| 4= Control-D, Y= A= Control-2) & 4 3d
B = E]Ei 7FSESL, FEAJH ZEE 00 FUth o] ol F8kA =t quit () BE2 YA

ABZ2|HE T2 17"“ A=do

A E Z g B &£ readline & A Y3= A|2HoA & R 7522 U3y AA, S| aE A I= 33 58
A&yt olulx W& R o] AlgH =4 Eelste= 7Hg w2 H 2 A 2 EZEY A Control-P &
dE3= ALYk "E‘ e 2E 7 dod ‘ﬂ"jbﬂi ARl A9 AF YT 48 7)ol gt As B E
ishs ol A W elaEe] 23S BAR. ol H kT gAY 7t S E T W AR o) AlwE A
%= A %MD} AA) Zo A EAE A7 HOH uﬂ/uﬂ O|AE AR E 4= 9l Aol AR YUt}

Sz HEdE AR Y2 AAH F2ATUG: ty FXo] = o] AZE A2 AP, sty o
zHHS %’1‘3’_%“3%14‘1} sdHS °1X}i$7ﬁ‘/}ﬂr 1g gFgor AZAS Az AP Hd ~ATHEES

Yol A, JJr M 3x QB Z @ Bl HE python o|2tE o] 2] A8 51U 7 A5 A v, SA o A F = oho] W 2.x A
Y7} 2 E3A G=E 517 Yl
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A ZEEE A5t F AR WY 2 python —c command [arg] ... |, command o = 2F==
Agurch Ao —c FA G UL stold 2AL FF AA 5Eg on7t Qe FHolv e
EAEE 237 W 2ol command AAE FLuh-E R 2 AT Ao FFUTH

2d oW REEL AIYERE £2 71 QI5UTh python —m module [arg] ... & AFT 5 9=
tll, k2] module 5 42 3t 4 0] 2 WP JHe AHH AYH A U

23 HE L) A D uf, i 2 2FHES AP Fof U3y RER So7kE 2ol AT w7} dF Y Th
23 HE gl -i E Agsd gyt

2E P38 542 using-on-general o A FE 5 JF YT

211 CQIX} ME

£TYE o] 23} 3710 A4Sl AHZ N AL ), FALY B2 2 AR F oys REL argy
Hpo] AFHUth import sys & AMSSIA] o] BEFo H2T 55U 559 doj=H a1,
AAYEE F7HY AAE gl AFE, sys.argv[0] 2 ¥ FAE Y

JHS &3t & £ sys.argv[0] & '-' 7L EHYUth —c command 7} AF sys.argv[0]
2 AAZE Utk —mmodule °) A& sys.argv (0] £ 2EY Ad F2 9] §Uth —c command } —m
module F 0 &= FHAE2 FolH A ZEH 7 AR il W oy BREC] 8 EH sys.argv &=

fr -
|
@]

o
)
1)

Sty ol 92w, Qe = e 5 Y BE 2 FARTID DY) o] RE AL R mExE

)2 8 QsHer], WE A )9 BTk AT BT o>): B B2 B
: duje Bx zErE s, R0 Al A ZAUTh...). dEx
ZEnEES A5 Aol WA W} A4 FAE 2o B WA A S 2T

(E N ER of,
R 10 > o
1A/
)

$ python3.6

Python 3.6 (default, Sep 16 2015, 09:25:04)

[GCC 4.8.2] on linux

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

ok

oAl &L el 22 Y FXES JE T FaFUTh ol E EAH, ol- A9 if Fo] 7hedut:

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

Be careful not to fall off!

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

6 Chapter 2. IlO|M QIE{=Z2|E{ A}25}7]
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ARA O, Tl 24 HYSL UTF-802 dnE 8 A 02 H 7R o AT G A i34 Aofol A
AEHE BASS BAD 45, A8, FA SoIA G A E 5 AUth (AT EF ol B el
.7 ASCIL 2412 A/ WAE AL8 313 ], 8 8 DEGN L o) el & B2t Aol 5t o] £AEE
4517 S8 A& 85 7] 7F 9h o] UTR-8 92 1A sl ok 51, o 3ol 238 BE £42

A

Fe-af ok gk,

29e/ug oo Aow Adsteld, Ao A 2o SR Jeho] 74 ¥ FhsoF Gtk wPL

’# *— coding: encoding —*

encoding -2 3to] A o] A Y3t= T (codecs) T 3FLto] of g th
o & S o], Windows-1252 Q1 T2 A} 232 AAAste W, A2 FE

Qo) R} 2L o L7 ¥ ojof FiTh:

i)

’# —-*— coding: cpl252 —*-

% FAY B o) b SEIL G 4 (shebang)) E 2 A Fehe BT ol 9o,

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

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

chgol g oo, A8 T Y TR ZE(> 9t ) A o2 TRAULH: oA S AP A AL
ZEEE} UL Y ZERE Hof & BE AL g FUth ZERER A5 Ft 5L
Az E 7t Bt AS YU oM HE 2R E oo olF A% gt 2 W 52 Ao Irhs
Eqo] Rl AL ol 2 FAY BHL B PEdU

o) AA O] Lho & B ot (N3P EEENA I & AERAE) FHS ZFHL YUtk o]
MR ZHL S £ 2 AR 2 B G e FA e 29 Aol 4T S sl
FWo| U} TE Fof e = AFUTh AT EAD AHD Qe Sol 2 5 gHUTh £A4D AHE
Dol ST S £ 740 ook A4 £AL BV F A2 e )g Aok dgel] AT
Zo) a1, sto]de] s 4514 Sk W, ol 2 dAY e A= P )

@ 744 ol 2 Hch:

# this is the first comment
spam = 1 # and this is the second comment
# ... and now a third!
text = "# This is not a comment because it's inside quotes."
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3.1 IiO|ME ALT|Z AFESHY|

Aelz e g A ARV 75
+, = *y / O:]ﬂ—x %’8‘ q%_tll—%‘o% q—\—e_‘

AHEF UL o 2 Sol:

>>> 2 + 2

4

>>> 50 - 5%*¢

20

>>> (50 — 5*6) / 4

5.0

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

A4 (18 5012, 4,200 & int BT 2557
A5 F AN 52 BE ] Bl B A4S ]2 o]

B
A () & B4 foarE BAFULE 45 Al 02 (2% glol) 35 23
Ea

i 2 Qogd // ANRE
AgEE U A S doeid s 8 AT 5 dgth

>>> 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 # result * divisor + remainder

17

shol ol A= AFAFE AN u ++ Q4RSS TH:

>>> 5 ** 2 # 5 squared

25

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

128

Ao e Y2l 5= E AU o]l A9 o2 3y 252 E Ao A5 = 82 il

>>> width = 20
>>> height = 5 * 9
>>> width * height

900
A7 (B H o) AA = W (F= AR %= o) AFE st L Al =dh= A2 o2& 4oyt
Pox 7b- Hoh SS9 0B R, 3542 & —(3*42) "% GHY M AZJe -9 g, o E A sed

(=32 2 AT S s U

10 Chapter 3. ml0|’M2| ZI=2F5H AT
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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

A4g BAR e AYFUTH A2 T2 B9 FAMAE 2E AAbs A5 T ANAE A4 2 9B
o}

>> 4 * 3,75 - 1
14.0

313 R o A=, uhA| o] Q14
Ag g, A oo A7 7 E o £

jdﬂﬂ

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

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

o] WAt ALS AR AL 9718 e AR T F 7 ofoF Fuith ¢S AW AU whAl L — wreF 12
Sohe 22 ol o] Ao WA E AR BEE 2

T,

int &} float o g3f, 3}o] WL Decimal o] Fraction 59 & 3 9] £X
B4 of ook A A WS Gt HERE Aellen 5 g v ALE A

o
)
Ir
in)
=
o
2
i
o,
d
rtfy
M
rlo
oft X,
B
[o
gﬂ
au
ok
Ir
i,
d)
]

I

o) (o 8 o] 550

3.1.2 EXIH

SAbghe MAR, ol e FALE b 5 el o2 1 o s AR FLnSE( ... )Y
SHFEC...MEEHE ALY EF 2L 245 FUE. g R E olaAd T uj=\ EAET
T AFUth
>>> '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.'
H5Y dumelnol A, & £A49e BeRE FeA] 9T, S5 EAEE G SR 02703
Utk 2 Y A% Fe} Hol % (L E SR+ drh, F EADL B ATk FAgel
g E oo e £ oo AU A B 2 515] A
AGFUTH print ) B5E BEES YR, o 2R 55 A4S EYSM B 4V 4L 8L
RhEol Yt

20hE Goj B3kt el B 22 ES FAS L H2WSE( ... FIUSE(". .. o)A 2L v AKUTh B 1) FAF
Aol SR QoA " o201 W e B YT (BAT\ " £ o] AA ol H Al Aok Fuith, 1 o= AP iz Ao

3.1. HO|ME A ATIZ AFESH| 11
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>>> '""Isn\'t," they said.'

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

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

"Isn't," they said.

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

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

Second line.

\ FHoll o= EA7 S5 Bz HFEA st AR god, A Wi doll r & B d EAE (raw
string) & TS 4 JH U

>>> 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

TAE gEHE2 98 22 32 ¢ Jd5Uth A S A R E AR A YUtk L.
2 o\ &£

=y
TR 2 U B S0 R BRG] ERH UL AN E 2 2of ol gAY
= dsych o o
print (u " H\
Usage: thingy [OPTIONS]
-h Display this usage message
—-H hostname Hostname to connect to

nn ll)

£ ol ATHE FHFUTH (R WA ABEAZ TR A S Ao 732

Usage: thingy [OPTIONS]

-h Display this usage message
-H hostname Hostname to connect to
FALL + QAR o] ol B o], * ANAR WEA D dyh:

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

TN o1 BAE BlE R (5, 2R E S AS) 7 AdEA et g A5 S 2 o]0 oY th

>>> 'Py' 'thon'
'Python'’

o) 15 7 BAGL #A A T S8 L2 gk

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

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

o7l 4 F o] g devt H8E ¥ A BHAoll= Gt FFUTh

H

12 Chapter 3. ml0|’M2| ZI=2F5H AT




Python Tutorial, £A| H{H™ 3.6.15

>>> prefix = 'Py'
>>> prefix 'thon' # can't concatenate a variable and a string literal

SyntaxError: invalid syntax
>>> ('un' * 3) '"ium'

SyntaxError: invalid syntax

MEE7]E B2 Wel BAY el E S o]0l ol oW + B AL ok Puith

>>> prefix + 'thon'

'Python'

FAGe Adda B 2a7E) D £ gtk 3 B 2a7} A2 00] STk BAE A7 ERe)
3L gEUth w3l dol 19 LAYtk
>>> word = 'Python'

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

IPI

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

lnl

Qe it 25718 2% Q) Zol AR E AUt
>>> word[-1] # last character

lnl

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

lol

>>> word[-6]

IPI

020 Zong, 59 QE s 104 ARtk Ao 53814 8.
&
=

A= 3ol Hall < 2o] A (slicing) = A A Ut 94 o] 7}
F A+ (substring) & A= ol AH&H U TH:

M
R
it
12
rlr
—_‘TL,
>,
ofo
i
rlr
rE
g_EL
Y
i)
o
o
rlo
4z
Mo

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

il
do
©
Mo

e G 2FH A e Aol FostA R, o] ul 2

rr
[

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

'Python'

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

'Python'

Seol 2 Qe at Aol @ /1R ke 23 U th 3w e AE YestE 7120 of AHg 1, T A
el Ao W 7 Egre 2 Setol 4§ B4 Qe Aol 7k AP

>>> 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'

3.1. HO|ME AH A2 AIRE}Y| 13
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eol27h BATHE WS 7195k 9 A & A2 £AS Aole) S e drka A s
AU A 0A £ A% AAA 0T 0 o) BAEE TAE AL L5 T AAE A2
O] AUt oA & £99:
s T S e 1
P y t h o n
e e T R

o 1L 2 3 4 5 6
-6 -5 -4 -3 -2 -1

>>> 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

SHAI W9 & oy etola dE A Sl d T W REHA Aelg

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

[}

4 gok— 29 olekn Futh 2N B4R QAR FEE X0 s 1

>>> word[0] = 'J'

TypeError: 'str' object does not support item assignment
>>> word[2:] = 'py'

TypeError: 'str' object does not support item assignment

the Aol AR shE, A7 BEolok gt

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

>>> word[:2] + 'py'
'"Pypy’

W g len () 2 A2 ZolE S8 FTh

>>> s = 'supercalifragilisticexpialidocious'
>>> len(s)
34

o ®W7):
textseq TAIE-2 A|AA G 9 dFolnL =
string-methods FA} €2 7] 224 W} A 95t o 71 WA =52 A AT

f-strings WH A4S 2t+= A E g5 Z

14 Chapter 3. mto|Me| ZI=F5H ATH
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formatstrings str.format () 2 & FAFES T W3t= wof o sk A 1.
A=)

old-string-formatting °| o] 4 224G & A 4EA} A% A 5H= o) A Y A)e] Tl el B3l E o A3
sk ek

3.1.3 2|AE

sho] W& ThE g5 Fole 2 Hul ASE & ole] /A AL E (compound) A5 F& L3 YL VT
7§54l Ut AL AAE A, A4 BT Aolo] HER TRE (FH)EY B0z xdY 5
YEULh Bl AEE AR 02 B9 FRES EFT 4 JAW, FBE BF 22 Fo J97 g5k

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

FAY (2, T2 REWF DL FE)AY Blaet ddYen ekl 4T 5 Yt

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

1

>>> squares|[—1]

25

>>> squares[—3:] # slicing returns a new 1ist

[9, 16, 25]

RE setolx AN 2 YT FREL FATE A 2EE BF YT o)t e} L Hetol 2}
grEs] R () BARS SeFrhe YU

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

g aEs ojofio]7] 2L AE A AT

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

S0 2ALTAE g, HaEE H dUth S UES WA T 5 S Uth

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

64

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

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

append () WA= (method) (115 ofl WA 2ol thal] o A4 8] SolE AAUTh & A8 2B 9] Zof A
FEg 2718 4 gk

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

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

Setolzo] thste AL 7], BB ol AT = I, BE 52 AT s st

>>> letters = [laI’ 'b', ’C', vdv’ lel’ lfv, lgl]
>>> letters

(THS slolATell A1)

3.1. TO|MES HAI|Z ARSI 15
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(o] A sl o] A A M A%)

[Va', Vbl, VCV, ldV, YeV, lfl, ngJ
>>> # replace some values

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

[lal’ lb" lCl, lD‘, lEl’ lfl, lgl}

>>> # now remove them

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

>>> letters

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

>>> # clear the list by replacing all the elements with an empty 1list
>>> letters([:] = []

>>> letters

L]

W & len() 2 Bl2EE AEF Yt

>>> letters = ['a', 'b', 'c', 'd']
>>> len(letters)
4

DAEEFHYSE JSUTH (G JAES ERHE 2 2ES BEUD. )8 B

>>>

'b', 'c'l, [1, 2, 311
>>> x[0]

[ta'y, 'D', 'c']

>>> x[0][1]

'bl

3.2 T2 RO HES

>~

EE,29 28 Yot ARt o A I o R go]H S
W] (Fibonacci) -G 2] SFE& AT 4= 54t

Feo 4 Ut ol 8 Bol, A Y K

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

Qo Ul W N

o o B A A28 7152 sk A%
H

Eeta JFUTE: A a &b of] FA g0 o] th JH Utk whA ) E ol A
5 o] FojA]7] Hof| e A4S0l EF AMdH Y 19
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th. Co} v} R 7R = sho] Wl A 0 o]
o P AE (A BE ER AA2) 7}
~E AR o] ool A AHg8 AAHs

AUTh < (&), > (2Th), == (2Th,

» 2329 ukt] (body) & Eo1227] BUTh SoAv)E sl oA AL Folg® i HAgYTh
0318 ZEmEC| A 217} So] 2k Fol A F (tab) o] L3 (space) & Y F3hoF FiTh. AAHOoE L
it B8 A S H RGBT 8 T EH S F ok AN A WY EL AE
27 52 AU, BgEs dauos JdT o 2E 2elv] 9 W 5 A oF
ST (14717} QA vhA o 22 A BA AL 5 Q7 A BV Lh) 22 BEo| EgE e wE

T
E2 22 T S0l FHojof gl o 5hA 1.
AL =

e print () ¥~ Fox <d

]
(A7) oAl ol A & 25} o]

)28 SR = AR YT 2xde
mg E glo] 28H T, ARE ol wzke]l AABUTH A oA Ao By EA P 5
Ayt
>>> 1 = 256*256
>>> print ('The value of i is', i)

The value of i is 65536

71N E ARlend = 28 ol 2T = MNP EAE AAFAUY LS thE TALEE EUA st A4S
) A& U o
>>> a, b =20, 1

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

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

32, Z2eUo 2o HAES 17
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cHAPTER 4

41 if =&

=

olutE g g deld BA YL i ¥ Y

AQUth & Sol:

>>> X

Please enter an integer:
>>> if x < 0O:

42

x =0

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

print ('Zero'")
. elif x ==

print ('Single')
. else:

print ('More')

int (input ("Please enter an integer:

n))

)

FA I A elif 71 & & YL, else = AHA UL 7|9 E (elif) & (elseif) & &4
3, 353 SA27E 5= o FLFULH if - elif - elif - AJAAE TR o] S0 A
U AE = w1tchb‘rcase S Aot

19
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A for £ C 1k 3ol A A SHE At 2} hE LT (Gha g A ) 3 Sel A0
EERE:

o
o for & 9;44 wvqufzwu FEES 1 AR 5ol gt EAY R ol do) 4

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

S AAAE AT AR} ATHE (1§ Fol, 49T
JElel o £ & u) B4 5.0 2 AR o] WEe] A4 & LT Eetol 2

>>> for w in words[:]: # Loop over a slice copy of the entire list.
if len(w) > 6:
words.insert (0, w)

>>> words
['defenestrate', 'cat', 'window', 'defenestrate']

W, 99 o= defenestrate S HFESA W1 = @& 0 24 233l g A E

ulit

4.3 range () &t

ZTAEY AL E olHYER A7t Yo, W 3¢ range () 7 AP Th £ Eg WYt

>>> for i1 in range(5):

print (1)
6..
1
2
3
4
TR A= FEo A 5 YT} range (10) 2 10709 3= ¥HE “tﬂ, 4o 10 Al d 29
FEES 7tE 7 E SuEdE s JHD} HHA 7ok X}E A ZAL, O S7HES (522 7Hs
Futh B2 o] 22 (2 (step)) ol 2k £FUTH AF3he A= H5 o

(THS SOl AT ol A1)

20 Chapter4. 7|E} M0 S8 =3
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(o] A sl o] A A M A%)

AA22] AYAER ol el o = ¥, e W range ) S len() € AR 5 AFUh

>>> 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

AT 28 uff 22, enumerate () FFE 2+ o] dYFYh Fz HIY & BHAS.

Wol 2 7k o5t o] AFsl o] ol o]y}

3
=

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

w2 F ol range () 7t 28E AA = B 2EA AAYH S2ASA T A B2 E 7}0}”1414 olE g o] EE
) ot A AL FEEL SN Z B FE AR ol A v AR R g AES WAER ovawwﬂokwu}
ol A& olE B E ot FF 1
sk F5ot FREES B
list () =29 AYUth oJHER 2| 2EE WFUth:

>>> list (range (5))
[0, 1, 2, 3, 4]

Usol olHel &5 YT olHEES AR wE drE2 T EA gtk

=N

4 EI9| break 2} continue &, 12|10 else A

break B&,CAH, 7173 7170l A B A& for Ywhile $Z 2R E whA U 7HA wHs U th

FEZ T2 else 2 M £ AFUL,; FLTL B AEY Aol (for &) Ap) 27 0] AZl o] HA (while
o A49) ERe o ABFUTE AW FE b break oz Rl AW A duth 255
FEZE Tl ol A A

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

is a prime number
is a prime number
equals 2 * 2

is a prime number

g W N

(TH& ST Aol A1)

44. RI9| break 2} continue &, 12|11 else & 21
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(o] A sl o] A A M A%)

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

O 00 J o

equals 3 * 3

(O] A€ &ule TEQUTE A48 SATET: else L if o] ohe for S0 £ ThITh)

off &
AHeE o], else L if -‘-?—EDH: try 29 else A3 v)e3 Hol WUt try 9 else
Wy etA] oFS uwlf AdE a1 4-4 else B break 7} A S o APtk try £
of| 2] of] A3k ApA S ) §-2 of| 2] A ] 5}7 E HAS.

continue &2, HA| ColA AFFUL, 22| th o H e o] Aol A AH3H=F gty th:

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

if num % 2 == 0:
print ("Found an even number", num)
continue

print ("Found a number", num)
Found an even number 2
Found a number 3
Found an even number 4
Found a number 5
Found an even number 6
Found a number 7
Found an even number 8
Found a number 9

ki
ol
R
2
oy
A
v
o
i
o~
[o
u
el
o)
o
i)
ko
ol
N
rd
[l
i
W
)
o
A
i
ol
s
ne
o
e,
tlo
2

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

Haste] FUAE B ) E3) ALH T

>>> class MyEmptyClass:
pass

pass 7} AHEE 5 9k ThE At = 4
3ol o 24 Q) w20l A A7he 5 A Tk,

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

22 Chapter 4. J[E} M0 SE =3
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4.6 34 Mo

k71

ol

R 9L 99 FEAA 2YSHE B4 BE S YUt

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

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

L@ g 2 ARFUTG T4 oS} BE 2 Ao B4 et S 2o Huguc
o] uhe) 2 WA S BRSO T Zol A A12HH I, whmA] S0 227 ¥ o] of g,
_g_

=
=
5 uirle) A AR Be A9 dos BAE e ol B 5 dEUh o] BAD P P £
E

WE o] A BAd, = =AEF (docstring) YU TH (EAEF | e 2P g YL = Ful e o] A £214 o
thrdth) S2E"-S ARSsiA 2ekelolu | = W E o] & A5 A AL AHg RSl et o
FEE FHFE T IEF st =750 YFUh ool Adste T SAEHS RS AL F2
FF AU 2 Y HES ol Aol FF5UH

T Ay 2 Fr A M AT A HelES Ut £ 8 FAFC R, oMo BE
He s #e A9 A2 HolEo AZdUnh i M Fxe WA A A2 HolEe & v,
A AEEolEs 2 F vpARe Rz YF o559 Holes AUt 24, Fxd & Yo stH ey,
A HeE2 &5 HollA (global o2 YAISHA g+ o)) A H el 92 + syt

g s AgE e A et HE (AAE) S 252 W SEH = T A AE Heolge il
Utk 2 A QAL gholl 93 32 (call by value) & A2 D UTHRE 2 4 AR 9] 3ol ot gt AA Fx
dych.! Fertte F-E 2T, 2SS AT A A A3 HelEo] BEoj Pyt

S Aol @A AE H ol & olgS R UTh ¥ o159 2 dHZEH A A A B ez
A4 et= 9 ol #2 ok ol v g 5 =t o] GA FFE AFEE 5 AUt o] Ao o5&
HHE = AR Qg U o

>>> fib

<function fib at 10042ed0>

>>> f = fib

>>> £(100)

0112358 13 21 34 55 89

U2 dojs= AR AHY, fib 7L ghe S A @71 2ol 7k oty 22 A A SR A4S - sy

th AH, return 2°] fle FFE e HF U WIS B2 ghol 7] = A R o] 32 None o]2tL &
E J2hd, JdE Z 2B B 5 None g 8-S JAIF U

HUTH (W o] &4 U Tth. None ©] 8 14T gho
HH2 g3l print () E AT S A5
>>> fib (0)

>>> print (fib (0))

None

QAN FHE AL, HHUR 99 $AE PAEES EFE F4E AT 2
VAR %, A7) F2o) o 5% (call by object reference) ©) B £ ERAAH, 7h AR} AGH W, TEAL AT EAS HE WHL
24 AEIIT (1 A0 BB FAgTh.

=Y
(<2}
o
+
0
lo
22
N

23
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>>> def fib2 (n): # return Fibonaccli 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 = Db, atb
return result

>>> £100 = £ib2(100) # call it

>>> £100 # write the result
(o, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

A=wj A, o] A= Z 7HA A st 7)se HolFuth:

e return B2 L2 HE kS 2ty B ’3}74] ST 284 AR Qe return £ None & 585

4.7

=2 =2 =]

Utk @40 2oz Foj X @ oA None & S FU T

% result.append(a) 2 8 2E AA result & HAE & &3}
b‘]'/\ 4=0]al obj. methodnam g2}3 o] 2 B X =4, obj & o]® AA| o)L

01‘_,_' ]
MEQ olF YU e 2 T

¢

b

methodname = 21| 2] ol &) o] = v AE=E2e Ao}
AZTOE FSd HAEE B3 Qlo] 22 ol5< 7H &+ A5y th (Fd 2 & AHE8lA o8&
221 e] I A EE Fste Aol bt ZH 2 & BAR) oo b+ WA= append ()
T g2E 7‘*%1]‘;011 B ol JsUth 248 B aES 2o A2yt o] Aol A& result =
result + 1 255549 ¢ 283 JuUr)

St

B A A ke o) AAER BT S AR b FUTh Al K Ao e, 24 4 ASUTh

Bgre AR AUtk A998 AR H AL A5
o]:

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)

ol gAY /A e r 2EE 5 sy
e 273 B I3 AR AL A ask_ok (" F T PerM?)
« AF AR SFUE Al ask_ok (' T FAME BT, 2)
c EEBEAAEAFTHA  ask ok (' e FAME BT, 2, 7, A orHle s T
OF M| @ ]
e ERED)
24
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o o in AYEE A7 A Y& ITh AALT o @ ghe AR EA ohd A AR T,
EGES F5 AL Ao B I gl ATz A oY Tk, LA

i=25

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

[
(o)}

rok
&

<y

m\l FFI
o B
rlo

o r,

RS
fr x

foy
e
fu &
RO

e >
uft Hz
i f

4, [

[

2 g
RN
© 9
Lo
R
2

i

i rlo
=

e
o E4
o =
4y W
o=
g

rlo
N
(g to
R

e > pok
'"[“9-1; (o,
oo &
2> >

£

o (T,

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

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

e 2e AL AT

J_l

A%E 5% 1) 71 B g0l TR A 2712 AVTHY, A FHE ol Moz

ff
-
30
fy
°
I

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

4.7.2 F|{E CIX}

o

4% kwarg=value 349 719 A4 & ASHN £58 5 A5UT oI o, T 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, "!")
shitel B4 A7 (voltage) 9 Al 9] AEA Q17 (state, action, type) & WoLE AU o] R4t
e e F ok AR Y 53E 4 kU
parrot (1000) # 1 positional argument
parrot (voltage=1000) # 1 keyword argument
parrot (voltage=1000000, action='VOOOOOM") # 2 keyword arguments

(F= ol ATl A%)

4.7. Bt Mol H7Y| 25
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(o] A sl o] A A M A%)

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

ARV LT 2L 5EEL BT enf2A) 25UTh

parrot ()

parrot (voltage=5.0, 'dead")
parrot (110, voltage=220)
parrot (actor="John Cleese')

required argument missing

non—-keyword argument after a keyword argument
duplicate value for the same argument

unknown keyword argument

#
#
#
#

g4 EElH, A9E Arke A7 A7 59 hofo Ptk LA RE NS A Poh wobEels

217} 3 Shpsh otol 5 (o] Fol, actor & parrot #4972 SuHE 1A} ohiEh, 1 £ A= 28
F&UTh o ASelt B4 AAESE EFUTH (9§ S, parrot (voltage=1000) & LuhETh.
oW QA F 7 o] 49 gL W & Ygrith o], of Ak Wl Bl A sk o7k gk

>>> def function(a):
pass

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

**name & 49| npx gt & 4] s}t g 7} A5, 4 JJrBMEi S SR e REIYPE AAES
@2 941 g (typesmapping & H A 8) & FFUTE ©] 22 *name (b3 A B A A o A g s} 3 4] 9
g2 et E el 289 4 &, ¥4 setu g B ko] 9] AAES G2 FE2S T5 Y (*name 2

**name ol tpetof Futh) A€ S, o1 ™ 6&%‘—3 o5} ;

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

i Moz EEY 4 dh

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

Je) 3 s o g A AN g Th:

-— 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

26 Chapter4. 7|E} M0 S8 =3
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Ao 2, b B AEHE SAL G5t 9 A5 AR 55D 5+ YRS A= 29U o]
AAEL FEE FYUDHFE A D2 2 BAR). b Zo] A Lo, fA ol & e duk AxS o]

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

HE, 0] TH 29 AAEL Y4 shep] e B2 vp o] fUTh B4 ADH 3 4 9
TR0 wE AUk *args e H Aol S5k G4 st EL BE (F9=-08) AA
A A7 A 719 = ARz e AR S ks EQIu Tk

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

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

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

'earth.mars.venus'

ApEol olv] A=y R0l A $e9 A0 AAEE 275 B 2L A A A7 Aok of
35w Aol HolFUth o & Eo, W4 range () &5+ B EY start &} stop AAE 7lﬂ1 gduch 24
ol mz g oW, Bl AEG FERRY AL A P37 A3 +-AXKE AHGIHA G55 TE
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]

Ze A oR gAY E - ANRE AN 79T ARE 2T 5 A

>>> 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 !

4.7. Bt Mol H7Y| 27
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4.7.5 2UC} ESAl

lambda 7| =& AL A 2 o] & g Fd42 0 s
lambda a, b: a+b. &5 AA 7} Qo]oF s
Sre Aoz AagU guAo R

o
A, gt e EYAE 2T 20 JEHMSES 2 5 Y5

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

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

42

>>> f (1)

43

9 BRAL AT E e REE 2 @48 dxw Agale

ofr
=

99 o= F5E BT A

AYdyrh:

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

>>> pairs

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

A5 P4 AN BAS L, 2AA LpsoF FUTE 2AFS A3, A2 oS0t FS WA H o

= QF3A) ghobok shdl, ol AL e HH 0% A ) MEAUTHe Bol B5e) AL AP

SaLeh o9 uith. o] & thEAIE Al Feha npE E2 B gtk

EFuE o4 EA ol ofe] Fol ke, T WA 2L wlolglo] A, Aoz 8ok v 9L B
et E5L st 1ol ge BuoR, AR &

ok gk =
]

ol stA £ oY & FAE BHE A & o, = H o] d & A2l gte =7
=< 283 S22 S AlAT UL o] AL v 22 FHE AR U 2249 AE Tl .= A
A W] o] ) A] 2 Eo] WA =RHH ol H EAL o2 ES AATUL (= A S AT S
e, 9R o2 DS A FshE uhEEol 2ol Yol Eo 277t FAHE B HE ] A2 vhdsHAl 7]
f2dyrh) o] Eoi27]8 (F5T) Tl ALY RE E9 AlF RENA A AG YT @ So{27)
g Eo] UBtA & LofoF shAIvh yEhd e 2E SRR Fulo] AAFG U ] F54L ¥ A

(55 87) 8] 23 o] &) Fof] AARE YT
o7l o8] & HF2EH o7} JHUth:

sl

>>> def my_function():
"""Do nothing, but document 1it.

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

pass

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

No, really, it doesn't do anything.

28 Chapter4. 7|E} M0 S8 =3
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4.7.7 g4 O{El[0]Md
34 ol ieH| o] A & AFg A B 0] B4k g S WS ol g 23] A A ol v ke o] 6] AR 9 T (<44 &
U-8-2 PEP 3107 3} PEP 484 & H A 2).
o] B0l d2 &2 annotations_ OEFRE MU RZ AZH I T thE FEoll= oY
FF= A A kst oetuE o B o] d 2 stetulE o] & Flol 2= FE o2 AH =, e 7
ofiBlo] 9] ke Fr B4 o] Hu-FULh v gojHo| 4 PHY > 9 1 HE G BPHOR
ole =, st H 53 def £ €5 YEH= F2 Abololl g U th th dlolA 914 1A} 719 =
01z}, WkE} Zho] o] - H| o] E HUT}:
>>> 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'

=1,
48 273 LY AEIY
oA A E FFolH o] 4, o] B 24ES A Ut 1Y 26 Y of oisf ¢d HH s
AZd Ut iR & doj= AE 2 2892 42 (B o 2EeA, 29E) = s Uth o A5
g2 AR g a7 gdasuUth 2 AFEEo] o R I=E o7 gA B A2 4 2 A 7o),
EFdIY 2L S =Y AL agA S EH E =S U
Spol W2 9o, P T2 AL n5ahe 26 Zhol E2 PEP§ o Uitk o A2 v $ 917 411
o] Weke 7 UL A2 U LE solH AAE AM b= of EAE 2ol of gtk o el 82
el VL FR T BEES FeBa
C 57 27]0] 425 0] 28 AHEHT, 2 A THALR
Y 2sol 2t e Bolns] (6 B2 $4 £ AT 92 Tl (917 ATh Aole] FL
AU f2 TS do7|a, glof= Aol HAYdYth
C97E WA TS E U AR
o] AL &2 S VA AR AE Fa E st oY T E L ES U#e] B 5 A Y th
C R, ZAs, B S 2 TE BE Aol 1 B2 Yol BesR
C b, RS MY 22 YeAs
s EAEHS ARSI L.
o AARLE FHI Ful F o] A o]~ Wil FS LR AFE = AT o]AE YA AR a = £(1,
2) + g(3, 4).
e ZH 2 TS0 B e olES oS = FH:WaY AP camelCase, T2 WA E Y
AL lower_case_with _underscores QU Tt A HA WA E QAR o]2 0 2L A self &
M-S 2 (FEl 2t WA =of o 8t AP 8 Y82 ZEf o] 3l T & BEAR).
C e TEE TAH BANA AL T DT SR AT ALE A vh £ ol 73
%= she] o] 7], UTF-8, == T ASCIIZ A}, o] & A th

.
o
—_
%
N
—_
)

2 Ao B A eE Ao ZEES AAY §A T o2
SCII 019} o] E2}& A}-8-517] vhAl 2.

>

o

o

°
N
N,
o
N
N
off
ox
rﬂ
30,
Any
AL
krl
1
e
Y
=
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https://www.python.org/dev/peps/pep-0484
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CHAPTER D

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

o
P
il
filo
pan)
M
A
i
v

5.1 2|AE O H7]|

FAE AR P2 R M MESS | 2L 5 UL oA S0l BlAE AR BE MM E P

list.append (x)

Y2rEQ] Zo| FESZ HFYTH allen(a):] = [x] g EFsFYUTh
list.extend (iterable)
ZlaEl] o oHYEY ZE FES W2l &P UT allen(a):] = iterable & 55

Yo,

list.insert (i, x)
FolA Ao FES AITULE A HA AR = A== 847 2A 2 dd gyt 2A
a.insert (0, x) = B2EQ AL 4Ydta,a.insert (len(a), x) = a.append(x) & F5
.,
list.remove (x)
g AEA gholx 1 A HA 52 AAFYth 29H 5] glod o g guTh
list.pop([i])
2L Aok, 1 RS SF U A 2E AP o, a.
AAst L EelE Ut (AIAE A ZYA A i E SR AN EEE
AR AN ZEE Gl oF shrh= 5o obdUth o] 7|2

)
F grolx ol R WAl A9 0% Adshe Ad A% SeFUTh 19 ¥5e] glow
S
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AU A9 bt Sk end & SEhel s BWALY A 430, GAg A 2B SWE HE A DL
AgsE B GBI B8 FE AU A gan AA7E o2 A A D20 AFE A ECR BT

list.count (x)

gaEel Ay 7t 55 A48 BHF U

list.sort (key=None, reverse=False)
PaEe] FEEE AR NN FAPUTHRAAEL Y AL sol Aol Mol 488 4
AL sorted() & EAR).

list.reverse (

)
gaE) 25 AR A FYF U

list.copy ()
Bl AEl] 2 AR EHFUTh al:] e dUH

PlaE A E RS AR B o

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

2

>>> fruits.count ('tangerine’)

0

>>> fruits.index ('banana')

3

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

6

>>> fruits.reverse ()

>>> fruits

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

>>> fruits.append('grape')

>>> fruits

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

>>> fruits

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

'pear’

2 E2 insert, remove, sort ZL WA EE0] PAES £ B 0E gho] 257 ok 2
ol S AL th- 7| None & BB 2T ULk o] AL sho] Mol RE /b A g PRS0 245

Q)

H

g3/ 47 BrE L), whA v Y2 8

ﬂ*EWﬁCE% =3 ES o= 7
t-in o] Zrj7le] FBL %‘— 2d append() £ AHEEA 8. 289

24900} ((lastin,
A g A

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

[3, 4, 5, 6, 7]

>>> stack.pop ()

(THS sTolATell A1)

' o2 dojSell At 7k AXE B85V % e, d->insert ("a") ~>remove ("b") ~>sort () ; & 2L HAE AHE HY

32 Chapter 5. Al& X




Python Tutorial, £A| H{H™ 3.6.15

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

>>> stack
[3, 4, 5, 6]
>>> stack.pop ()

>>> stack.pop ()

>>> stack
[3, 4]

512 Z|IAEE A E AI25}7|

ToE Y2 84V AF o2 AWAE 84 d YT ((first-in,
1A s Utk Bl2E 2o Q2o AY, €A A+
AN A< AL =dUH (B8 8a5s BF T Y

NAEE R AR AT A5, A
first-out)); S} A g B AE L o] BEAo|= 284
o5 Al Aok at7] W E Y.

FE Fdsted, & ZoA B0V AW 7 EF wMEEE AAH collections.deque & AFR3}

Ag. s s

>>> 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'])

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

squares = list (map(lambda x: x**2, range (10)))
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squares = [x**2 for x in range (10)]
o] Zlo] H 1+ skl ¢ 7] g5t
AE dzedde TAAF I HEMEE for A3 gl ol 719 for Hif dSs Aie A 2SR
FAEUS 2 A= A g2EQT, for 2Fif Y FHoA A4 Y g A Bl JUTh A&
Sol, o) P2 AuAPL F 2] 2452 AR 24 ¢ 7Y AFFUth
>>> [(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)]
a9, o e B FE AT
>>> combs = []
>>> for x in [1,2,3]:
for vy in [3,1,4]:
if x !=y:

combs.append ((x, y))
>>> combs
[, 3y, (1, 4), (2, 3), (2, 1), (2, 4), (3, 1), (3, 4)]
% 3= 22l A for 9if B £A7F 2ol 252,
FAA o] FF oW (F & oA ( ), WHEAl 25 &2 S Aol Pt
>>> vec = [-4, -2, 0, 2, 4]
>>> # create a new list with the values doubled
>>> [x*2 for x in vec]
[781 74/ O/ 4, 8]
>>> # filter the list to exclude negative numbers
>>> [x for x in vec if x >= 0]
[0, 2, 4]
>>> # apply a function to all the elements
>>> [abs(x) for x in vec]
4, 2, 0, 2, 4]
>>> # call a method on each element
>>> freshfruit = [' Dbanana', ' loganberry ', 'passion fruit ']
>>> [weapon.strip() for weapon in freshfruit]
['banana', 'loganberry', 'passion fruit']
>>> # create a list of 2-tuples like (number, square)
>>> [(x, x**2) for x in range (6)]
[0, 0), (1, 1), (2, 4), (3, 9), (4, 16), (5, 25)]

>>> # the tuple must be parenthesized, otherwise an error 1s raised
>>> [x, x**2 for x in range (6)]

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

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

SyntaxError: invalid syntax
>>> # flatten a list using a listcomp with two 'for'
>>> vec = [[1,2,3], [4,5,6]1, [7,8,9]]
>>> [num for elem in vec for num in elem]
[+, 2, 3, 4, 5, 6, 7, 8, 9]

PaEFEdde B EAARFHE FLES EFT 5 At
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>>> from math import pi
>>> [str(round(pi, 1)) for i in range(l, 6)]
['3.1', '3.14', '3.142', '3.1416', '3.14159']

4
30
rlr
in)
iu}
rlu
ACh
[»
[t
b )
[kl
ACh
)
r
bt
N
off
ot
<
v

>>> [[row[i] for row in matrix] for i in range(4)]
rry, 5, 91, 2, 6, 101, (3, 7, 111, [4, 8, 12]]

Fo A Hokxol, 4 2l Azl

che 3} 55 gLk

)

W2 E for & FHA ol Fall Yt ZhA o] &

>>> transposed = []
>>> for i1 in range(4):
transposed.append([row[i] for row in matrix])

>>> transposed
tts, s, 91, (2, 6, 101, (3, 7, 11], [4, 8, 12]]

ol AL ThAl The 3} 25U Th:

>>> transposed = []
>>> for i1 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, o6, 101, [3, 7, 111, [4, 8, 12]]

AA AGAA e B sERETG WA TS ASs o Ut o] Afole zip() F57HA 9

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

o] Zo e olaBelaTol thah 2AHA & W82 <A 55 1 sl 7] & HA L.
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52 del &

Ao A g iAle] AFAE AgHA B2 AASE W o] Ytk del BT o] AL e
=8FEpop () WAESOGFUL del B2 B|2EA EEfo] 28 AA AU AA B|2EE B[S+
% B - AT (R U A AE S ool 2ol S AL, o 2 B ol

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

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

>>> a

[1, 66.25, 1234.5]

>>> del al:]

>>> a

del = ¥ 24|

il
>

A SHeEl ol = AF8E 4 s o

Fashe AL e QuUth(Rol = T gl A= = 7] A7HA). ol A del o The

ase) EAdo] A Setol 4 AT 2L Be 4AL FRFL HYHUTh A4S L AAA AR
B ) 5 747 o 91T} (typesseq & A £). 7o) AL AT Qloje) 7] Wl o], The Al AL AR H o] F742
SE Qguth ohE B2 A8 AR Fol dFUth FE AUt

REL YRR TRHL oY gOE THRUL AB S

>>> t

(12345, 54321, 'hello!")

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

>>> U
((12345, 54321, 'hello!'"), (1, 2, 3, 4, 5))
>>> # Tuples are immutable:

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

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

TypeError: 'tuple' object does not support item assignment
>>> # but they can contain mutable objects:

.vo= ([1, 2, 31, [3, 2, 11)
>>> v
(rx, 2, 31, [3, 2, 11)
e o] Hio], 2N L REL Y4 B SHAYUL 14 F Y FEo] Suk=A AP U
%% 257} ARy AT (REel o 2 RAAY AR Y u)), F0 259} P wi ol 99D 5
EUTh B2 8 8ol hYshs AL Abs s AW, el AE 2L b AR S EPAE FES U
S g
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FEol PAEAY WOtk HETE, ol AEL hE 4Pl A hE BH 08 HSPULTh REL 29 o),
B oW R A5 AAAE ZPFUTE SAE L A 97 (o] A4 Fo theth o} A4 (-
9= FE Y FOEJEYRERE) 08 AHaFUTh JAEE U o] W, LAEL BE 53 Aol
s of et o] B0 4 0 2 oA H LTk

=g 2AC QAL ] FEE e RES BES AU o] A9E £ 857 A5 BPL 57}
29l oo AL 2 YHUTE N FEL W A5 AR WS AT el $EoE T FEL g
ol AEE FolA EUTHE S BT SUAV W e A02E R4 davth. F3UTh
s} v ZAA QLT o & Eof:

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

>>> len(singleton)

>>> singleton
('hello',)

w4t = 12345, 54321, 'hello!' & & 97 o A duth: 7k 12345, 54321, 'hello!' & &7
=

>>> x, y, z =t

o AL, T3 AATAE, AldL A T ol Bl LEF| oj" AlAATF R HUTh A& A
HRe 550 Huo] AAre] Y 2AEF} T A5 LS 2 AL T T OF B YL A
FZlAGAIAE A Ao 2R olgk= Aol Fo Al 2

°

=4 g 29AdYr 84

shol ML AT & AW AR Y= FFTULL AFL F 2RI L 227k Qe 21
SEE WA das 2 de AAYUS AT AR FH, WS A P ARG 2
53749 ANEE AU

A e 523 set () FFEANLT 5 AU TG 9 ALS dEH W set () =
AREf o U Th {} 7F ok Utk A= Wl MY B & RrE |, tha Ao A oE Ut

o] 7] Zreksk A do] AUtk

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

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

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

True

>>> 'crabgrass' in basket

False

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

v
v .
v .
)
I

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

(F= ol ATl A%)
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(o] A sl o] A A M A%)

>>> a | b # letters in a or b or both
{la" 'C" lrl, ld', lbl, lml, IZl, lll}

>>> a & b # letters in both a and b

{Va' Vc'}

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

gt Aredd o fAe, A AT A QE U

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

ol el WaH = oY R U+ AR F2 YA el YUt (typesmapping & A 2). 9 Y E = FTF
T} o] S0l A (A3 W 2 2] (associative memories) ) L} ( AHvf L (assoc1at1ve arrays)) o] Fej2 dAF Ytk
AR AN & ANAG e, A 7] 2 AT Lu, RE BN E L AT - AT
B9 SASE B4 71719+ DU FEol BAY, S, FESU TN, 2 4D 2 98
Yok FEe) 4ol AR bl AR ZUSE, A2 A8 £+ gtk Aame oz A8Y
gl Aase du s g, Sool2 U9, append () Wextend () 22 MAEER gho] $4F +
A7 WPyt

gAY EE (FFIAYE bl 717 S H5EHA et AF 202 7 7] Y A e AT e s
AZeke Zol AUt & 42 9 9V E WU TH {}. S 23 ol g2 B9 7 g AEY
E5sdod, gavge 27 7 g A= AT UL ol Aol AV E 7 285 = WA o] 7l = gy Th
gy ey F A4k 32 719 @A ARt o3 712 S FE5te AdUth del 2 7] g A=
A A AT olm A3k Yt A= AFHE, 1 A% 4B ol e A ok EA5A
e 7E FE FE = A2 oAy g YT

Mz Eol list (d.keys () & FHsHE g2 odM A I s BE 719 2
A= ANA YA o}Aqu} AES 95 thA sorted(d.keys () = 5|
aMu el =4 st 9, in 71 AE=E A8k 8.

o AT 1S A 2ol ol g

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

>>> tel['guido'] = 4127

>>> tel

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

4098

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

{'guido': 4127, 'irv': 4127, 'Jack': 4098}
>>> list (tel.keys())

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

>>> 'guido' in tel

(THS sTolATell A1)

2d keys() £ S &34 9 | (dictionary view) AAE EFUTE o] A2 W4 AALSL o] H o] 2 A4S A A3HA
3 282 A AR S H oA kFUTH- o] A2 F dEYTh
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True
>>> 'jack' not in tel
False

dict () AR 7 4B AdAE B H A4 94U E 24U

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

olo Hafl, dM e AL Ao 7]¢ gk 2 AAER FE 92 & e A2 5 s Uth:

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

A7 e B AL W, w2 719 S AAES A A B A5 A%k

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

5.6 2 {H|au!

g9MvEE 38, itens () MINEE AHESHE 719 A7 ol tl &8t #E FAOl &

o
+
;94
fy
A
)

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

gallahad the pure
robin the brave

AB2E FHE ), enunerate ) F5E A3 90 Aot S E G FAG AL AF ULk

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

0 tic

1 tac

2 toe

=0 2ol AN AAE T £3589, zip () IR AEASA RS T

ru]n

% &yt

>>> 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 (q, a))

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

NArE ARz 358 d, UA Agoz A P25 A Q3 )29 reversed () F4E TEIA 2.
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>>> for i in reversed(range(l, 10, 2)):

print (i)
9
7
5
3
1
AYE £A2 AALE TP, sorted () BB AHGHA 228 WA ghas JE M) 2 2ES
1:1_9_/\01!_\_]4[;]_
—= T X8
>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana'l]
>>> for f in sorted(set (basket)):

print (f)
apple
banana
orange
pear

L YAES WAHUE §5S PUTh AN, FF, A A 2| 2ES BEE Zo) o

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

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

5.7 XA H7|

while 3} if Foll A AFES = 2l W grt ohy 2t ZE AAE AHE S 5 Slsytt

Hl 2 AR} in Fnot in & ghol AlA2ol A=A (fl=A) AARUTH A4kt is 2Fis not & F AA| 7}
ARZ 22 AAJAA Gyt o] AL g AE}F 2 7hH AA| o A RE n7F 5 yth EE v
AL EL 22 AT E ZEedl, BE s AxsE g 25yt

HaE= A = dsUth & €0l,a < b == c+,a7tb Bt} &1, FA 9l b 7Fc oF 222 AAMU T
Hl = =8 A4 and 2For  AMESA 23S 5 3, v w e A= (B 29 BE =8 £942)
not &8 RAE syt o] A5 ¥ QAR E o FE e & 25U th o] A 7ol = not o] 7HE
=2 2G-S 2, or ZF 7R Y5 Ut 23 A A and not B or CE= (A and (not B)) or C %}
FedUth d=uj A g, A= 2T 2] AH 2 E AT S JdF5 UL

=8 A4t and 9} or & &9 ©&=-3] £ (short-circuit) A4 FUTH: QA2 AF oA L EZ S = Flo]
T A a1, A7 AR AR 3 e = s Uth dlE S0, A8k c 7 ol B 7 ARle]H, A and
B and C+ X384 c 9 gS 73HA Utk =8 gto] obd dut o2 AHgE wff, @3 2 A4zt
Llacide

cC
e upAgo z go] wald Axpg Yk
2

=
K
lo
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>>> stringl, string2, string3 = '', 'Trondheim', 'Hammer Dance'
>>> non_null = stringl or string2 or string3
>>> non_null
'Trondheim'
gloj oM, Cot= 2], th Y& £@ 4 <ol 57T 5 JF5Uth Cz2adn5o] o] ZA|Z FE A A,
CzzIaoA &3] ufzA = £/ A2 IS dUth: ==E AT R A =& dFst=
/\1_/'\_
= s =0 =
5.8 A|BARLCIE ¥ES H|u3t7|
NB2 AAES 22 A2 Po| 2 AANED v 5 dguch was AR £AE AU
WA A F gEe nwal A = ol Aol mw A7E AATFUTH 2w, 03 T FEL v wa,
ojfl o oju 3 AR 24D Wl 7hA] AL Tk BF M £ F FB AL 2L o AAw,
A Mk QA A o2 S P U FADL BE FBo] Prku v W, AAAEL e JoE
ATk FADL7 b2 St ve) BE AE AA2H, F ADL S AU #ADe)
AR WD A EAES] $HE AU FUTE IE FAE 224E ST 2 Y NP2E
Zre) vl el g 7hA) o o] Wervinh:
(L, 2, 3) < (1, 2, 4)
(1, 2, 3] < [1, 2, 4]
'ABC' < 'C' < 'Pascal' < 'Python
(L, 2, 3, 4) < (1, 2, 4)
(11 2) < (1/ 2! 71)
(1, 2, 3) == (1.0, 2.0, 3.0)
(1, 2, (taa', 'ab'")) < (1, 2, ('abc', 'a"), 4)
N2 e Yo AAEL < > 2 ul@she 22, 1 AN S0 AAF MW A EES 23 98wl Y
doh= A ﬂwpﬁvkhﬂa yAMEOE A2 258 A gol Wk vag vk 284 0-2 0.0
=
=

Hd 2N, 55 2gA e, %‘44 A& AlF sk A, AH Z 2B = TypeError
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T AledUth 28 s EE olgl B YUY BERSE oS0l thE BEojf
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# Fibonacci numbers module

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

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

name

fibo.fib

112358 13 21 34 55 89 144 233 377 610 987

>>> fibo.fib2 (100)
112358 13 21 34 55 89 144 233 377

Python Tutorial,

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

>>> fib (500)

6.1 2= I E7]|

'fibo!
>>> fib

’>>> import fibo
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import «

L.
.

]_

fib2
112358 13 21 34 55 89 144 233 377

>>> from fibo import fib,

>>> fib (500)
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112 358 13 21 34 55 89 144 233 377

>>> from fibo import *
>>> fib (500)
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Qb oz BE A AN * & YRESE AL w4L AFYA ke Aol fI5AL, 55 97
Ho}7) oFe TEE U7 WGk AT, U5y Aol A8 Folan s AL ARG
Y,

5 o] E el as 7h & A%, as B39 0§ YEEG B H7 AAFUT

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

0| AL import fibo7}ohe A% 2L WALR BES JEE S, AT Aol WS T RES £ib T
oJEo% AT S drke AUt

frome WA ¥]=3 72 W o= AFR T 4 95T

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

=

Fu: ZEHY olfE, 4R Aejze]g Aldutct st At A EG Ut TefA, 2ol RES T3
3, AEZEHE A Al ZA Aok FUth— T, 313 0 2 AP dh= g0l 3R o2, importlib.
reload () & AR 3IA L. o| & 59, import importlib; importlib.reload (modulename).

KN
-

6.1.1 DES AJEIER AlGH5]7|

oj gl o] gtol W REg o] FA AYstd

python fibo.py <arguments>

dxETd oY APPUth SPAT _name_ 2 "_main_ " Z AAFYTh

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

BE 5 922 vlshed, 24

$ python fibo.py 50
112 358 13 21 34

>>>

oA FFT EE T AT AEAAHF )2 E AFFAV HLE HFHo7 AGHUT (RES
2IHER AP HAE &
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e AU 2aHdEE 283 a9 Aol 2xHThE YU o] & o] =49 Zlo] ofygtH
AHYUTE B AATF AR E FZ RES S HAR

2E 29L& waA i, gol W2 __pycache UHEH2 74 259 Hupdd .
version.pyc BHE Ol 5o & /T Th version 2 3t 4 d 3o FAS AT dbH o= 3ol

7N s

ol WHd WS E XAFUth o & Sof, CPython Wl 3 3.3 o] A] spam.py &] 3t dH WA __pycache_ /
spam.cpython-33.pyc 2 A4 BUTh o] W A2 b2 sho]dl wjz o} v Ae] A5 YH REESO]
TEE S A P
Fho] R Aax0] £ A2 Aot dH WA v WA Al &B7F A T Al Aok da of st=A AR Y T
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 There is more detail on this process, including a flow chart of the decisions, in PEP 3147.
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o
N
H
P
O
n
mun

ol BE EES gholB 27t A 2=, Mo FA] sl glo| B d A b (] FEE (2
ojBee] dFdx)) oA AU ol RES2 A= FJEMMV*%HD},OW‘QS Aoje) 4l
FEZ oA W 2 = WHH Adsol tig AN AE AFdtet], EgolU 2" $57 22 29
AA 712 gaso e AHMEE AFst7] AGdUth I8 BE59] J92 44 F40d 7| 2AHE
ALAY T S Bol winreg BEL AL NLAANDATH e SUT 28 L £ 222
27} g Uth: sys. BE oA AE| Z el el P Utk WS sys.psl S sys.ps2 & 7| B} HE
ZErER AH§H T EADLS F Pt

>>> import sys

>>> sys.psl

>>> 0

>>> sys.ps2

>;;.sys.psl = 'Cc> !

C> print ('Yuck!")

Yuck!

C>

o] £ Ao MeEe Aezee st ety med w3 o F

M4 sys.path & AHZH BE AN A2 E 445 L BALEY drEQUTh &4 W4
PYTHONPATH 9| A g 7] F Z 1}, PYTHONPATH 7} A AFH A k= A U A 7Bz 2738 Y

th BF AAE A4S ASHA 24T 5 AF U

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

W dir () & BE0] 4ot o] BES Bt v ASHUTH EAAEe) AUE A= SHFUH

>>> import fibo, sys

>>> dir (fibo)

['__name_ ', 'fib', 'fib2']
>>> dir (sys)

['"__displayhook__"', '__doc ', '__excepthook__', '__loader__', '__name__',
'__package ', '__stderr ', '__stdin__ ', '__ stdout ',
'_clear_type_cache', '_current_frames', '_debugmallocstats', '_getframe',
'_home', '_mercurial', '_xoptions', 'abiflags', 'api_version', 'argv',
'base_exec_prefix', 'base_prefix', 'builtin_module_names', 'byteorder'
'call_tracing', 'callstats', 'copyright', 'displayhook',
'dont_write_bytecode', 'exc_info', 'excepthook', 'exec_prefix',
'executable', 'exit', 'flags', 'float_info', 'float_repr_style'
'getcheckinterval', 'getdefaultencoding', 'getdlopenflags'
'getfilesystemencoding', 'getobjects', 'getprofile', 'getrecursionlimit',
'getrefcount', 'getsizeof', 'getswitchinterval', 'gettotalrefcount',
'gettrace', 'hash_info', 'hexversion', 'implementation', 'int_info',
'intern', 'maxsize', 'maxunicode', 'meta_path', 'modules', 'path',
'path_hooks', 'path_importer_cache', 'platform', 'prefix', 'psl',
'setcheckinterval', 'setdlopenflags', 'setprofile', 'setrecursionlimit',
'setswitchinterval', 'settrace', 'stderr', 'stdin', 'stdout',
'thread_info', 'wversion', 'version_info', 'warnoptions']
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AX7}F o, dir () & AA BT o] BEEL YA P

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

>>> import fibo

>>> fib = fibo.fib

>>> dir ()

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

BE Qo olF= yddrhE Aol welsoF gyt W, 2E, g, 55

=4
dir () 2 W& Fe i olFe HdshA d5Uth IAEY 552 980y, £F 28 builtins

ol o= of gl h:

>>> import builtins

>>> dir (builtins)

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

' __debug__"', '__doc__', '__import__', '__name__', '__package__', 'abs',
'all', 'any', 'ascii', 'bin', 'bool', 'bytearray', 'bytes', 'callable',

'chr', 'classmethod', 'compile', 'complex', 'copyright', 'credits',
'delattr', 'dict', 'dir', 'divmod', 'enumerate', 'eval', 'exec',6 'exit',
'filter', 'float', 'format', 'frozenset', 'getattr', 'globals', 'hasattr',
'hash', 'help', 'hex', 'id', 'input', 'int', 'isinstance', 'issubclass',
'iter', 'len', 'license', 'list', 'locals', 'map', 'max', 'memoryview',
'min', 'next', 'object', 'oct', 'open', 'ord', 'pow', 'print', 'property',
'quit', 'range', 'repr', 'reversed', 'round', 'set', 'setattr', 'slice',
'sorted', 'staticmethod', 'str', 'sum', 'super', 'tuple', 'type', 'vars',
'zip']

6.4 1l7|X|

7| A= (FoE F79 BE ol5) EHMA SR BE o5 ¥3he TR HH YU o & =91,
EE o5 A.Be At o]FY 7| A =B et oY AR BEES 7 AU BEY AHEol e
REY ARSI ANEZEY AG BT oS A4RAT 28 A Ve A VA&, Ho 2 239 R EY
0] 252 NumPy U Pillow I} 22 t}& B & 7] A 59 AAS0] A2 BE JEES ART I A
T yth

=943 3 S dolHY dAH AHeE AT EESY A2 (A7 A)Y) & AASHE sttt FAI T
Ay T/ SF oY FAo Jeng (Be FAARE FEFULH & 591 .wav, .aiff, .au), b &3t
o F A 7He] WSS A A solve R 2IAHAZS HEL AT A8 YT B8 2%

Y
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ol el o] H5k A} o Be FRE AVEE Jonz (Y4, 3 Y], o|PetolA 75 H-g, AFH
2HE L B REE7|8 22, o]l eSS e St REES Al AASHA 2 Ad Utk s AE
olgA TN &+ AFUH(ASA L Alc"F o g 2HAFUTH:
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

A7 A& GEED uf, s}o] WL sys.path ol l= HHAH &< AASHAA 37|12 A H e E & 2

Y.
sholmo] e E# 2 MAA 2 AF87 BE57] A _init__.py FLo] eFgUr); o] DA s

fy

I string AR £ 2k £ AR el w3 ¢ ﬂ*gﬁﬁﬁiﬂ%ﬂtﬂﬂhiﬂa
BESEZHIC 98 A AU YIRS 4, _inie _py £ 390 UL 5 QAW
A717] 2715 nEE AR AL Hol A AR _all_ M4E AFT 4+ S

)
&
fd
i
ftfo
el
ke
[m
]
4
30,
)y
v
&
2
M
e
2

A7) A g A A7 A 2 RE

’import sound.effects.echo

o] A& A H BE sound.effects.echo & 22X AA o]0 2 FxEo]ok T}

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

MNHEES JEESE T2 P o g5 Th:

BE echo & RESD, 7774 HFo] §lo] AR 4 oA FUTh LA oA Ao w AR

= ohE e 95k B s E 47 dEEsE A4

’from sound.effects.echo import echofilter

ETHA], o] A& A H BE echo 8 ZEFA T, 4 echofilter () & A AHEE 5 A Bt
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echofilter (input, output, delay=0.7, atten=4)

B S a S A A A e B R e A8l 5
s 7)Aol = o =A AAFetaL, 18R] ko
ImportError o2& 4o 7t}

)
o
]
T
K
N
8
£
f
[r
i ko
o
Hl
L
<
v
Az
)
e
o
kv
=

olo ¥}3}o], import item.subitem.subsubitem &} Z+2 EHE AIEE uf], vpx] g} 2 & A2 o 7+ &
= WHEA] s 7] Ao of S th; w2 52 REo|u s 7| A 7L E ¢ JA T, 4o FEAA FoH S,
b—tl]——/l\—v L_/TLEO] EE] TI_ H}\lﬂqq—

6.4.1 TiZ|X|0l|A * [EE 5}7]

o]A| from sound.effects import * 1’/]—3_’. 2> ojBA Gl o)]AAA o 2= oW A E 3} A AH o] A
f7) Aol o REEC] S UEA F2 U, IAE EFE YZESVE AT AY UL o] gA gt=dl=
/\]ﬁoliﬂﬂﬂ—’*ﬂ‘jﬁggolj*&ﬂﬂ EPB}OVE MNERESHA v

SHe ASA e e Bl AT AUk

A2 AL 7| A AR} 7] A0 S YA A g Al F sk AYYTh import ¥-& T 2
He 7k Fynh: 71 A __init_ .py IEZF__all _© =9 &

N
o
f
17

JetE ol BE2 AlF3slE, o] AL from

package import * & WU} QEE ool e R E o[ S5 BE0 2 WolSYvic A WAL 7]
AE EAE T o] 5 FHA "LEHE A8k A2 9 7] 2] A2 A A J Tt 3 7] 2] A 27} ) 7] 2] o] A
FEQEEAE S5 UOhE BUITE, o AS AUHA $712 & 2% A5k A E Fol, 52
sound/effects/__init__ .py =023} 722 F= & 35 4 Q5T

all = ["echo", "surround", "reverse"]
o] AL from sound.effects import * ©] sound.effects H|7|AYJ A AB REES dZESHA

2¢ o gch
_all o]l AYHE A Yo BA from sound.effects import * 2 9] 7] %] sound.effects o BE
NHPEES A4 o] & 2o YEE 37 Uk o] AL © 4 5714 sound.effects 7t YEE
HES 0En ( tnat oy o S A% 2 o] AW 4 A2uIth, 2 AN Al e S BEE
QEE FUCTH o] o] 25E init py/t A e REE (1elu HAAOR HEH AH BES) S
Z3YTE o] o] F50ll= APl import F O E WA AR REH s 7| X9 A B RES A TH UL
o] =8 A7) B AT}

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

o] ool A, echo & surround B2E°] A o] F F PEE X E H & from...import o] A3 uj
sound.effects 3 7] A o] “39151 Zld2duch (all__ o] A92 wi= vp7b Uth)
AA oW BEo| import * B AS T W 54 L w2l o] SEY JARE SE 2 AA vt e,

Z2EMd =AM E A3 ?Xl oro Ale| & o A XU th
from Package import specific_submodule 2 AFR3lEd ZEH AL Qitte AL 7|9 sHA 2! A
A, QEESIE g0l tE A7 A A 22 olF ME B AT E8 =

g},
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6.4.2 17 |X| LHE 79| &=

7)1 A7t B 71 A2 F23E o (ool A U2 sound 7] A A H), o] % 3 7] A 8] A B BEZ 7t 7]
Lo A AZEE AL S g5 UTth o & E9], 25 sound. filters.vocoder ©] sound.effects
3 7] X 2] echo 'gO] QR 3}H, from sound.effects import echo & AFEE 4 IS5t}

75

A AXEE £ 4% 90, from module import name FEfQ YXE S AL ST o] dFxE
LAY Az E SulE = HAe By w7 22 e 7] 7] Qe ool B AL A& 3 o) 01]%%01
surround BEEA, o] ZA AFREE S Q5T

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

Ao} JEET B BES) o] Bl 7]ukS ErhE Ao] Fo A L. W
o] 7] Wl Eoll, oW S-§ =2 1] Q) RER AT
gk

6.4.3 0i2{ C|EE 2|0 /Y= {7 |X]

A7) AL S8 =g HE IS B ALFUh _path__. AL AAAY _init__.py FLE
A7) Aol o] Ho] Solgle tAH o) o] 8L ERTE P AER 2/)FB UL o] A5 £ 4T
S sUth 297 81| 2 ol R 7)Ao £FE 2ED AR A7 E A o A8 27 B
1A

o %ol A% BAFA L GAT, HAANA BAS = BE] AFS HgsE o BT
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itk Agte] A7le) Ag e
cl

zz o] 3
93, ol A-&57] 93] 3ol £ 4% QST o] ZelHe 2 7HA] A5 A

73

flo =

AZIIA FEE e 2 T AR AL T

g A write ( Uﬂ/ﬂ S &AMk

o] Zlof| o g A gk %‘E E}O] Beje] g das HA

Ea kel /\31] ojaz Bed fgeEs dfstrE

Eol R e = 71A ol g5t A U Y e

£749 Ztol 3} oo o] /15 AR S o2l ol AT % )
=[N =)

Yok 284 B4 Fprine O Buth o AA
; L sys.stdout 2 IFZ2T 4 M—SQ t}.

R
o
e

string BE2 Template 2SS 238, e AL A &ete & o2 e Al It
=8 B7HA AEo] FobdEUth S o EA 2ALE AT S| K, gpol i o] F72
folet=s FAd = wgsts WS 2 S U I S repr () YWstr () T2 LA 8.
str () FFE o= BE Abgo] g7]o) AT JEj= e 2d
<= Adejz 2ol ol e+ 9= ¥ HEA FHoldsUth(EE 2FA R 5 Y= Bl fled
). Aol 4 8k7] )

V4

12} o
SyntaxError % doy= & ZAHY st 583t o] gl AAY A, str()
T repr() } 2L e FHFULE B2 3 Ao Y H2ELG YUY 22 F2E, S F T EEL
W05 £8 Gt B, SAde T A EAE T o

2 717 ol & St}

>>> s = 'Hello, world.'
>>> str(s)
'Hello, world.'

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

>>> repr (s)

"'Hello, world.'"

>>> str(1/7)

'0.14285714285714285"

>>> x = 10 * 3.25

>>> y = 200 * 200

>>> s = 'The value of x is ' + repr(x) + ', and y is

>>> 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'))"

+ repr(y) + "..."

o 7] AFa A AlFTe 25 25 F 7HA W o] dsyth:

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

1 1 1
2 4 8
3 9 27
4 16 64
5 25 125
6 36 216
7 49 343
8 64 512
9 81 729
10 100 1000

>>> for x in range(l, 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

A AR oo A, print () o FZ LA SR Qs 7 ZE Apolof] A5 o] st 7t F74E Lol o Al 8
7| RA 0 =2 QIAE Atolof] 25 o .

TAFE AA 9 str.rijust () HIAEE A=, 9o A o]AE AHA FoR =
= Z =Yt} v S WA E str.1just () str.center () & YFUTH o] HiAE
QoA Skt @A) Al EASE BAS U 98 2Ad0] 0T AW, 424 91, 07
Ut} o] Ao Z - A A & oz vEAA T, BE ol uls] AR TS 3}74] 2 gitE = s yth
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(2= Zehl7E 43t & setols AikE 718 4 dFUth x. Ljust (n) [:n] AH))

OE WMAEE IS Ut str.zfil1 (). XA FALY dF 0& AUtk S tojvs 73
ojsl gyt

>>> '12'.z£f1i11(5)

'00012"

>>> '-3.14".2z£i11(7)

-003.14"

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

str.format () WA =9 7|2 AFEH 2 o]d A dut:

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

F239 1 9ol Yk EAES (2 JéEE}J_TED}) 2 str.format () MHEE AQE ARNESE X35
(o 585 o) S AL et fornat () AAEE G AAES AAE el 7 el A0+ Ao
>>> print (' and '.format ('spam', 'eggs'))

spam and eggs

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

eggs and spam

str.format () WA =] 719 E AR AEH W, T GHELS A% o] FL AEHA ARG T+ A5 U

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

AA}7IAE QAL AEA =282 5 A5k

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

Hl
o

'la' (ascii() EAZU, "1s! (str() = HFFU, " r' (repr () & AEAH 2
W &she o A Y T

A Aol gk

>>> contents = 'eels'

>>> print ('My hovercraft is full of .'.format (contents))
My hovercraft is full of eels.

>>> print ('My hovercraft is full of .'.format (contents))

My hovercraft is full of 'eels'

A

“

A

HAQ s R AGATLLE o] F Fol E F AUt o] AR Fho] 2UE = A S T s
o+ AFUL b5 e dFE2 254 o5t A A2 2 d gyt

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

o RO 442 ARSE Y BE) M4 B o] Puth B8 oA BHE o Bel Gtk

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

(TH& ST Aol A1)
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Jack ==> 4098

Dcab ==> 7678

Sjoerd ==> 4127

ST AR ke A 7 F EALel AL W, ERT WEEL A Al ol g0 AHT 5 Yrku
£ AUk A3 AU E W13 7S M2 A BE ()0 E A P U

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}

>>> print ('Jack: ; Sjoerd: ;!

e 'Dcab: '.format (table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

() B7PEE A A wble S 719 = AR AgslE 2 A3E 4S5 dsUh

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

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

t] 2}A| & W82 old-string-formatting A A o] V21 T},

7.2 DS A M7

open() < 3 A4 & EHFL, F HY JAE F= WA o] 7P Wol AHEH Ut open (filename,
mode) .

’>>> f = open('workfile', 'w'")

A A Qe Y o5& Fe BALIULH F A QA Hdo] AgE e At W Ao
BASLS L hihe] BALAUTh mode £ LS G71WFA 1r1, AS T FHE 1w (2L 0] 5 o]
EAetE L2 AAFYTh 7HE A, at & Y2 HEol 7 A dUth ool 755 = ZE HolHe
AbE o2 Fol ESUth 'r+' = 3 Y-S H L 227] 3 FUTh mode QA= A A I, S H 'rt o]

HE 3dL HAE BRE (text mode) 2 D], o] 552, 4ol A2 23, 3dol& ERZT
A3xg oz AFdntes AUtk AT ARHA Fow 7|22 TAEF A AU (open () =
HA L) mode o]l IEARA 'b' = 3}d oEY

= < vlol Y 8] = (binary mode) 2 G U t}: o] A d] o] E]= v}
AA S P2 QT 2 YUrth HAEE 2317 = RE o= o] REE
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HrE RS, e WY 2 5L EAE JEHA E SR (Y20 \n, AR S04 \r\n) &
DA \n 2 WA= AYUth H2E R=2 £, 7|2 52 \n E A SAEZ JEFA & TEE
HEsh= YUt o] 3 dlojEfo gt T FHY £ HAE 5td 9 B9 A7 ¢ H A v, JPEG
oL EXE 3} 2L whol U 2] Hlol 8 g WX A Btk 18 51U Au ) vhol el RES ASIHES
FolsHA 8.

5 AAE TE W with ]9 EE ALTE AL FL SBYU A YL £F o9 7} BT 2w 29
E7hE 8 o) Euh2 A Uk AY T witn & AESHE 2 5 $E 8 try-rinally B3
2 o vlas R g71s Foh

>>> with open('workfile') as f:

read_data = f.read()
>>> f.closed
True

with 71952 AL83H7) SFoW, £.close () & BENA AL B AL E A 20 AL S whds of
FUth PAHO R A S BA GO, ko] A Fhul A 57717} g
G484 Qe @ H AT o) S5 A AE 2 ol
TFRAEL o] 1B E AE ThE Al Hel FaAThE AY LT,

AN
5} A7 28 Fol s, with Eolu £.close () & EEFE 4% BE, 5d AAE Agoel AR

AHeoz At

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

7.21 I HF| Q| DHAS
o] A4o) L) A o] S £ ehiz 34 A7} o] u] o) ATk AR P T

Fdo YE= elee, f.read(size) & &8k, A ZF HolHE ol Y (F2E R E of|A)
ojuf Bl E A (vl e B Cﬂl*ﬂ)igﬂﬂ Ut size & A B A %A A A size 7} *@‘“*51741% T
Lo Yg JAE oA EeFUTH 3td e 7|7 71A 9] viRelHo F af a9 o o] e
A 4y o lﬁ‘xl dow Ho size vl EE 3 EHFUT 9] £ EE5HH, £.read() £ W

2AL ()2 EAEY

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

>>> f.read()
T

f.readline () 2 3 LoNA T E2 AFUTH NF A (\n) = FAL ] 2o HEH I, 9} o] HFEA
2 A ok woll vk 9} A 9] mpxj et Fo M vk AR T o] FA vEE gk BT Al vbE Y h £
readline () 7} ¥l BAIS Bel 71, e Lol £ Aol A W 2L \n', = kel N BEADE
E3ote wAEE 2P UTh

>>> 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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Yo 252 dor, 1Y AM ] thal 2AE 5 A5 U o] AL WRe LA T, M Deke
T2 ool gur}:

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

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

Ao nEZQ B AER Qo] So|& W 1ist (f) U f.readlines() &4 9

P
4
f.write(string) 2string & W& o 211, 28H EXE9 N+-E 85U

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

e go) AREL 2] Aol WTD B QB U EAD (FAE RECA]) o]} ko] =& A (vlo]
g REoA) 2 —

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

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

18

f.tell() 234 fﬂxﬁﬁilg 7tz A %% FoH, vhelv e REof 4 v ASFHY
ERES AP E

Hot A Ytk
.seek (offset, from_what) & AFETUTE Y A= 7| offset =
Sfrom_what QA2 ABEYTE, from_what Fre] 00]H 3L 2] 2S5 E &3 3
AE BT, 2 & Aol B AEEL 2 AU fomwhar & 42D 5 9
G 00 2hA] el 4SS 2 a e Aaghch

o
i
X
i—";
1o fu
do
P
3
-+
v
rlo EE
!—h

>>> 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!’

HirE ﬁ%%‘ﬂl/ﬂ% RE 28 b 7k glo] €8 A5), 5+4 9 /\1&011 Ao AA A HAT g 2
(2] seek (0, 2) & AFE3IA J%“Aﬂoiﬁﬂ—%tﬂ St A-F-duth, ﬂP—oﬁst L%f tell()
ol EE zﬂro%wu} 1 9O ThE offser 782 B = A 92 @ﬁ £ ¥HUyth

39 A+ isatty () Ytruncate () 22 2 7t WA EE B 2t 1 &d], B A A FH U 3+
AA ol th gk A Qb= ehol B 2] H A HAE FREHA Q.
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7.2.2 json 22 FXZXQI HOIHE XME5H7|

FALL o] 47 91 2 5 AL UL A obke] £ 78 dof ], read () WA=} ERAATS
= 2] 7 7] o Qv o, y&}%%mu>ﬂ°ﬂ*iﬂ Sopuk S, 11230 2o BAAL Wl x4t
¢ g EASIL FUD A2 GAUe Lo H R HIHE A YD Tl FAYoR

s}y 5t A @skse Aol ek
ARG ZE R A 0 7 B AFgh Hl o] B T2 AN U P EE 3= A, goj e
JSON (JavaScript Object Notation) 0] =dg 2ol=tolg B3 FAL AL 4= 9 A Ut json ©] a}%
FERES oo HolH ASL Wold B4 R0 2 oAU of BAE A D3 (serializing) 21
FEUth 224 s‘i‘fﬂii—tﬂ—ﬂ Eﬂ olH & A+ = 3} (deserializing) €11 H-5 4 l’/]— 2 E“E}—Q}
o A A3 Aolo A, AR E BB EADL shelol i) HlolElo] A4H AL NEAD AAL Fo) A
AAZ A58 + 95U

HU
I o
+
gO
o) -
A
v

pa)
rlo
12

N,
ﬂl&‘i

Z7: JSON AL glo]g 23S
o] Zo] A&Ftng, ATAL 95 £ Aelo] HU

A3 x 7k 92w, e B 2o TER 1219 JSON £A4E BRL B 5 dgvth

>>> import Jjson
>>> json.dumps ([1, 'simple', 'list'])
'[1, "simple", "list"]'

dump () BH= dumps () &9 HFS AAE g2 31 2 JE33Unh 238 A £ 7t 271 & 8 €
HAE 3t oj|, o] ZA & 4 F Yt

’ json.dump (x, f)

AAE HA Y ESHH, £ 71 71 &

il
do
=oll_v“
ilieA
re
)
[
[m
A
e
N
i_:“
ne

’x = json.load(f)

o Zbekg AW Bl o] B AES} YA P S ThE 5 AW, P2l Fe A
87 ANAE 2019l 2317k B BRFULE json R ES] A5 A2 o ol )

o X7

pickle-¥YZ EE

JSON ol Vs, pickle 2 921 ¢] 5333 sfo] W A =< A L3S+ Y= Z2EZYUTh Fojdo] 535
oe delz Add 8 22 A

7.2, OIIYUE A0 M7 59


http://json.org

Python Tutorial, £A| H{H™ 3.6.15

60

Chapter 7.

21242

tE

24
=]



CHAPTER 8

o212t off 2|

29k AAES A A S H YT ofups DE 7Y
uwfﬁﬂaﬂﬂﬂ

i

H 3k

filo
S
hin
AW
v

AF7HA o el v A A 7} 15 A sk
(Ao %) F 7HA) 25 & ol e Bl U

8.1 =& ol

= e, 34 el Lo A YU obvkE o2 o] Shol dg W1 Yt FAdE AP AR
v 59 239 AUk

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

A

SyntaxError: invalid syntax

SAE AT EE 52 ) Hol23 o)A ol e/t A8 4 ) AN S e se A (HaE S
FEAFUC s LE Lo 2= B0l AAYUT(EE ol % 15t0) 4] 75 g5 th: o] oA,
AL E Fprint O A4 BAS G, YA FEC ) o) A ME QLT s 83 E BT
A ol A, G o) AU R £l B 4 9E S BT

8.2 0|2

2o} BA4 0] 2oz enfar @A eE, AW D Y oH s dod 4 Ytk Ad Fol
AA £ ol H S ol9] Shm H =3 P27 AP Ao At Utk sl 2 T el 4] o] 2ES o} w7
217 2 WA Btk SR R o)t =2 o0] 2] 5hA skobA, o /1l A ¥ 5 %ol e

A A S R Ut

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

(TH& ST Aol A1)
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ZeroDivisionError: division by zero
>>> 4 + spam*3
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
NameError: name 'spam' is not defined
>>> '2'" + 2
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: Can't convert 'int' object to str implicitly

of 2] WA] A 9] upAut 22 o o] ojit=x] dFULH o & o8 Joz et o] WA
dr =7 QFHYt}: o] oA 2] L zeroDivisionError, NameError, TypeError YUTH o9 o7
ANE EALS TAT W 1912 o] EAUT. o AL TE W o9 9] AL BA Fol AT, AL A
4] o2l 2] APt (AP BAYOIE BFHL) F 18 B Arh E2 o8] o 52 o2 A
9 (el oF 7191274 obd o)

29 oA 32 o9l Y Ae] e £ A BAE AT T

o] BN AL PRe 28 Edo] 2] L2 9] 7k Lol AHe] RS HolFLIh YA O fe
FE2 UGS 28 Edo|~F 2T AUk AT, BE AYolA Yol TU FEL BAAA

syt
bltin-exceptions = W7 2] 53 1 59 v & gt s UTh

8.3 0|2 X{2|5}7]

AE g 2] & At EEJ—E@% U= Aol b YT the Al E B, ZukE AT 482 di7bA

A&l A O]Ei%ﬁ_ SHAIRE, AR A Z 2 T2 A H HE Sk 212 318 F Ut (Control-C U T ]9

<=9 AA 7 A D= A= /\]'*O“OHH) AFg A7) 2= 9B 8 E = KeyboardInterrupt 9o & do 7=
514

)2 hepgel #9542

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

e WA, try A (try 2 except Alo]o] EAE) o] A3 ]
SIS ABA SO, evcept A & AVH T try £ AAL F
s uy BE ARFE F o9l 7 B, A ey 23
el ]3] o] 29t o) A1) 0, 1 encent 1] AAE 1, 1) 1S A oy A oo
* except ol U= Q] o] FEH WX H A ke ol 7 BB S, o Fofl Y= try RO AEH YT
e 71 h WA A g0, A el A L 9] ol AN A B A} 2L WA AL B FEA Aol
SRS
471 2 SIS A 2718 A BE] A3, ey 2 Sy o) et B 1 2 Asrek Ao
shupel A2l 77 AUk Al 7= s gehe try ol A AT oo AT B T2 ¢
A 717k 4o o9& A stAl= k5 Y th except - Jé’iﬂ Je T2 A WY A& A%
Sk, o2 Sol:
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except (RuntimeError, TypeError, NameError):
pass

except Aol QL Ze)as o9 o} 2L Fej a0 ALk wol 2 Ze) A u) ul A F Ut (S ohe w4 o
2 o) 5 2] U Th— A4 2 A2 13k except B vl o] 2 Ze) 29} v X H) 2] ek U Th. o] & S,
03} 2L FEEB,CDE 1At ATtk

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")

ﬁwm o] F A5 (except B7} A2 L5 &) B,B,BE Q3 A ol TN L — AL o7 x5 =
Aol Ayt

opA] 2 except 2 ol 9] o] 52 AHT A, ALEAAE TS FUh o) AS AT W=
FHEZoE FUrh o Aor A =2 o8& 7}1347] “E]7] o & 4 o Oﬂﬂi H A A&
Fo AL E Al ol =d AR E T E AFUT(EEAE A E AT 5 A=)

L

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:
print ("Unexpected error:", sys.exc_info() [0])
raise

4o

try - except &= A H A else A & ZF
oy

)] Z
h =2
J 077 g wf A ofofrt o= 7

Q

for arg in sys.argv([l:]:
try:
f = open(arg, 'r')
except OSError:
print ('cannot open', arg)
else:
print (arg, 'has', len(f.readlines()), 'lines"')

(TF= ol A ol A%)
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f.close()

Z7bahe
QoA ke o9& S5 A HE AL

ol 7F b & uf, AHH & 7H 4= edl, A2y AR s dE A dFUTh AR 29} F 2 o9
ol =4 JYtt.

= = 2R3} ZUth W4E QX5 0] instance.args o AFE o9

Aagro AZdg Ut HeE S5, 9] o = t () & BYaNA, .args & FxeA i E

AAEES AR AN 5= AdFUTE & o717 Ao AAHAE HA BHET IR JEYHEES
4

A 5E Y%

T= 2
>>> try:
raise Exception('spam', 'eggs')
except Exception as inst:
print (type (inst)) # the exception instance
print (inst.args) # arguments stored in .args
print (inst) # __str___ allows args to be printed directly,
# but may be overridden in exception subclasses
X, y = inst.args # unpack args
print ('x =", x)
print ('y =", y)

<class 'Exception'>

("spam', 'eggs')
("spam', 'eggs')
X = spam
Yy = €eggs

o &) 7} AAHE 7HA |, A 2= A g2 oAl 9] wI A A o] mpA up 5 (A A ofl AE Y Tk

A9 A el 71t A iy Bol A S35 oA ®E obeh iy BN (FH AR hE) BEF & R
Bl BT A SE A FUTh o & Sl

>>> def this fails():

x = 1/0
>>> try:
this_fails ()
except ZeroDivisionError as err:
print ('Handling run-time error:', err)

Handling run—-time error: division by zero

8.4 02| d27|7|

raise ¥& T2 AR 97 BASES ZAL 5 AA Gtk o) & Sol:

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

File "<stdin>", line 1, in <module>
NameError: HiThere
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AA D Q)& 7L AUt o9 dlag o] AL ol 9] S8~ (Exception
Q‘ﬂﬂ SR AGHYE, FAIF SR A} glo] BAAAE TEA

T
X,
ofy
o
rlr
iy
o)
D
"o
i 5
- 2
i)
iﬂf

raise ValueError # shorthand for 'raise ValueError()'

BEOF of 9] 7} A A £ otok SHABF A )5t A A& ghrhd, o ek FEjS] raise #o] 1 )98
thA Qo2 % QA o

>>> 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 ALEX} H9l o2
Melg) 2hAt BEORA Z2IDL A 9o o5 2D £ AFU (o)A 2
AL nZHas

2R S W § %%Hé%ﬁﬂﬁyﬂﬂ%i%a@@ggq

N DY Mon 2o RO B, A I S E AT BT S SAAE NS
AU}

class Error (Exception) :
"""Base class for exceptions in this module.
pass

min

class InputError (Error):
"""Exception raised for errors in the input.

Attributes:
expression —- Input expression in which the error occurred

message —- explanation of the error
mrrn

def init (self, expression, message) :
self.expression = expression
self.message = message

class TransitionError (Error) :
"""Raised when an operation attempts a state transition that's not

allowed.
Attributes:
previous —-- state at beginning of transition
next ——- attempted new state
message —- explanation of why the specific transition is not allowed

(TH& ST Aol A1)
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mn

def _ _init__ (self, previous, next, message):
self.previous = previous
self.next = next

self.message = message

Most exceptions are defined with names that end in ( Error) , similar to the naming of the standard exceptions.

B2 REREEL 250 Adte T EAA LA Yt T ALY )5S AT S0
e o A S A EE Fe s ol A oY T

ﬁ
[
Y
il
rlo
H
2
rlu
>,
)
x
i)
filo
N
N
i)
4
30,
rlr
jin)
il
rln
ox
o
=2
>
o
in
2
o
)
=
ok
rlr
pal
oX,
L)
offt
L)
filo
o,
o
K
rlr
in}

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

Goodbye, world!

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

finally 8 & o] 2] o] A oA H e} FA o] try & Eﬁ"‘”—ﬁ gAY U try Aol A A&7 2 st
except ] oA A e]= A GO (= except Lhelse % Oﬂ/ﬂ WASHH), finally 2 o] A3 H Sof thA
doAYTL} finally @2 ° try 9 tt2 2 E doj| A break, continue, return £ 93 (WA }7t=
Z=l°ﬂ>> = Agg Yt ¢ 5%%??} o= ol g 5 Ut

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

>>> divide (2, 1)

result is 2.0

executing finally clause

>>> divide (2, 0)

division by zero!

executing finally clause

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

executing finally clause
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
File "<stdin>", line 3, in divide
TypeError: unsupported operand type(s) for /: 'str' and 'str'
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.0l upe} Zol, finally A& BE 3o AP UTh T EADL A A TypeError & except
Aol o8 A2l A & Finally Aol AT Fol thA Lol yuich,
AR ALY $8 T2 YoM, finally AL IF AAL AT o, 4B AAA ohUA %} #AG o], 2
AL whgshe o -8 FU T GHIO T V=93 AF 2L AE),

8.7 Olg| elE el s%EH=

S ANEL AP 8 GE AU DL AY TAE o T 2 ANE Aok A
F ol fol BA ST HAe 97 1 L Fulo] s shel s Thg o E RAl L.

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

o] TEY BAHL o] Hito] WYL Ul AL 5T 5 Yt 7N T HAL G A2 FrkE A YUk
e ~aPed e BAZE A A, 2 S8 22 1ol At EA7FE 4 ATk with 22 54z}
e AN Sl ZA SutEA R P2 Bt PHS AT

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

=z

oX. Ao

RS
I‘

g

Foll, £ Aelste dl £A 7 2, 3L f =
THAES AT AAES 259 = wE o] dodlA] o] AR

A g,
MOHE

1o
o,
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CHAPTER 9

oot HolE 9} /152 87 Ho S AT G A SRS BES AL AR A Y 2 wEolA,
TR A QAR S BE S ES FuITh 2 2 s AL A HEE FAS] 93] 2 o)A AR
JEHEES /1A £ YHUTh Fe2 dxAAt AUE w93 (Zeh 2ol o8} BolE) WA=
Ha % 95Uk

OE zeady QojER ML o, hol el SH2 MAUZE A A2 FUT AL AA
2o 28 24U Crr 3 BEeE3 o4 2AH & FA2MAYES EFFU el oAt
AH AGY Z2agge] BE BF NSESATIUG: FAHS A4S AAUZL 05 o= 2 a2
Sesha, A4 Fehat Mol s FH2Y FAHLES oW AANEE AHYT S gom, HASE 2
oo o) s Fe| Ao MAEE TS 4 AUt AAEL gJe)e] TR lolelE I A% o] 743
S &yth BES B AAA L, S st A9 A9 B42 B thsrth AR Alzke] B ol A3,
B4 FolE 6 38 & Ywyin.

Cor G012, HE Ze) 22 WS L (o6 WM S EFA) public (9] okl v 57} W15 & B4 £) S,
2E W9 G55 viral JUTH BECIAN, A L Sol A T AR WNE FRHE FY FAL
QEUTH MAS B4t 2 AAE Q%S YA A R 0 JAAE A, 5 2w BAHo=
AFPUth 22EIHY, 22 ANE AR QU o] Ao] QLY o] 5 WAL AT AT L AB L,
Cor Lt RE 23 9 D), WA E A AL 2387 919) vlo) 2 Ze)am A3

kel
=
AP, EM NS 2L U REY g AL (B8 AR, HBATHEY, 5

i3l A= g <]

g
AT Cs BTk AR A

(Z sl tisl i oz fropg ol X = §ol5 o] fl AE oA, olubg AEEI Y Cr+ o525 A8
g4 /g o] ol Ho ARt e ER RET-3 G E AT S5 YA,
solE SAEol HR 9ls AL gyt
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9.1 O|E1} Z4x|of &8t stojc|

A= AA A (individuality) & 2231, o1& 749 o] Fo] (12 AAe] 2m o] A]) e AR o) ARAD 5 Yuk.
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real s A7) 2 9] o el HEQILIT QYA TaA A, REA Gt o] BEC e BEL oSl e B2
t}: 3 A modname. funcname | A, modname < 2E A A1 funcname = 1749 JJEZHEY YT}
AT 2% BE o] EelREG RN A H A o 0ol AP A Wl AL U 2L
£ 308 wRaUn

A oA 27 5B 5 A5tk FAL AL, ol Z 2 BES 0@ B0l 53y
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OlF FUESHAEUE LA HEAAT MNZ GE FHS 2S5 WF )55 e ol o2
o4 AIE|Z el €] 7} A 2w ShE o) A3 A A3 A A A Sk lth, RES) A o8 BIL BE 49T
g HEAFdULH B BE ol F2 JHZ Y E T 22 w7 A E5uth JE Z e o FH G
S Eo AdE =, 2THE Loy HsP o R 935, £FES _main__ olgil B EE
Ha g0 43l=d; °] 2 S builtins

AXA 25 AN ol e AsUt (WH ol BT &
)
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521 A 0] 3 47t BEY W) HEOIA W, B/ B HAL T4 UoIA A5 A e A9 E

oF ) 4AF ULk (A4, dolm ke Ao AR dojupt Aol Y@ £ AP AUk BE,

A BEL A2 A7) AW A 0§ FAL RH UL

Pe iR Al Bl RE AR __dict_ st EPeuEade g7 AE ESRES 2], REY o] e T
AR skE HAWEE SRl YT ol _dict__ £ AEEHE AW A o] 5L obd Ut W sHA|, o] AE A8k AL ol F
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70 Chapter 9. ZaiA



Python Tutorial, £A| H{H™ 3.6.15
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def scope_test():
def do_local():
spam = "local spam"

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

def do_global() :
global spam

spam = "global spam"

spam = "test spam"

(THS sTolATell A1)
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do_local ()

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

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

print ("After global assignment:", spam)

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

oA :=o) FYe ol @A g

After local assignment: test spam

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

of B A 21 o Y o] (o] Z o] 71 & P U Th) scope_test & spam A B & HPF-Xl °}LZ] o f¢&tAH 2. nonlocal
tl -2 scope_test & spam 91 A& WA global

global th 9] Aol spam o A7 0] ks A% B 5 A5 UTh
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9.3 FcA}e| & Tl
SelaE A EHAA AN AABA R A A NEES EF TS

9.3.1 Ealla o 28

Sehx Ao g dE Fel = o) FA RS UTH

class ClassName:
<statement-1>

<statement-N>

T B (def H)AH, FAH2 B E " TR A7 7] feiA & HA A= ojof Fuch (AT
ZHA FYEif T EYU T W R 2 5 dFUTh

AR, FeAs Ho YHY ZHEL HE T FYSolAh dE EFEE g1 = £27}
AFUTE— UFol o] FA R EobZ AYdUth Fel2 WH Mti y A E 3F k] TS
e, Sl PEj O AR HES ZAFUTEH — T4, o] A2 F W A Yrh

Zea Zo o AP, A o] F FHo] THEAA N AG 2722 AP — 24, BE AG H5E
2o )2 o] A o] & I E FUth 53], &5 A= A T o5 o] 2 Oﬂﬁﬂqv}

ZHA A7 (EE S AYH o r 2o, FeHs AA 7t J%OHMD} oL V| EAo® FefA A
o 2o BE0lX o] F T WS EEE A4 A AU Th T2 Al Mol A S Aol di sl o wf-¢-Al
Ut e Ag 2327 (FH 2 FYoll Eol7H7] AHel Fa2std A) thA| ARRH 1L, el & AA| =
Fea Ao B Hol A Fol W FE 2 o] & (o A ClassName) & & of 7)o A A Uth
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Sea AN E T FFY AN AAGUTH: o= HE F29} AL BET)
JEPHE Fx L o] Y RE EHE 20| A§H & EF BHS AT obj . nane. SHHE
JEPHE 0| 5L Fehs A} WEI A W) Feh2o] o] F T2 LW HE o] Y Th T, Fehx
G 7} o)A B

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

def f (self):
return 'hello world'

MyClass.i &} MyClass.f = U2 oJEg|HE Iz, 27 A
OEZREE WY & oA, i< MyClass. i X

EEs
STk Ze2x ARt Ze29 A AoHAE SR
DS LA

E2use) A dAHs B RED o AAE A Mg x o AT T}
A2 E7] AAH(E A2 AR (S23H7])) 2 W AAE U UTh B2 FHaEs SHT 27 dH=E
AzEutol2d 2L R AAE = AL Fobdynh 28M WA= olF o2 init ()
gt o] 29 Ef wA T AT 4 UL
def _ init__ (self):

self.data = []
Feat__init_ () MIAEE B, FH 2 A2 THET]E AR TSR 2 dag 2o tf 3
gL R __init__ () EZEFUTE 2 A o] ool A, Al 273 AAEFAE o]FA Ag s UTh
x = MyClass ()
B2, _init_ () WASEE 22 4442 A8 ARES AL 5+ etk 2 4%, Fg2 Ands
WE7] AARE FolR AAELS __init_ () 2 AEHYULL o E S0,

>>> class Complex:
def _ _init__ (self, realpart, imagpart):
self.r = realpart
self.i = imagpart

>>> x = Complex (3.0, —-4.5)
>>> x.r, X.1
(3.0, —-4.5)
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9.3.3 CIAHA

=2

il

Now what can we do with instance objects? The only operations understood by instance objects are attribute references.
There are two kinds of valid attribute names: data attributes and methods.

tolB OJERRE £ 2E2E39 (AT W) of, G+ & (HolH jH) of syt HlojH o &
FUH A9 AeAH Zinﬂ]%lgﬂﬁﬁoi”ﬂﬂr A& S0, x 7F oA ol

BFHEEAAE 2 gl >
MyClass & QJIARHAH, Th-33 22 I & 27F2 Efo|A §lo] gh 16 & Obﬂzmr/}

x.counter = 1

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

print (x.counter)

del x.counter

o C’Ji}ﬂ/\ AEZRE FxE A E dUth WA =E AA 0 (Sste) AUt (3t ol A, w A
=& S AP T ARG H A FsUth e AA F5= ”ﬂ/ﬂ‘: £ 7H # d5 Ut ClE
o], gl 2E 7“21] append, insert, remove, sort 53 T2 WA =ES 4’3‘43]’- B2 gk, ¢ko 7 o] =2 of A,

BAAOR AFHA G B WAL ehe S0l B 2o dngs AR e WA W AS S AU Th)
AaEs AR 0] 2HE WA E o] 5L 1A Zelao] G AUTh B4, T AA A e so] BE
e el HEEE A3 AT A AT ES S GITE Lol 28] oA A, x. £ & SIS Bl =
B2910), uyClass . £ 7 B0l 7] WE Lk BA B x. 1 & 124 20|, MyClass. i 7§47} oh] 7]
WE AUk TE L, x. £ £ MyClass. £ 9} 22 Aol ohduth— o] A& 4 AR 7} op] 2 W A= AA
ek

[l

m

(

FU

9.3.4 HIAME ZHA|

HE MAEs 2= Amat 2 2g Ut

’X.fU

A}Y 'hello world

MyClass ool A], o] A& &
N AR, AAE o] &

etk x. £ =

m{w

xf = x.f
while True:

HAE7l S22 o 83| ojH do] dojd7l? £() o T4 H 7} AAE A AF AL Oﬂ—‘—E?"a]'—‘—)HOﬂ/H
2. £() AR Qo] TE2H AL oS AY Ytk OV} 01“9741 H A7 g4 ol AAE 8
St g QAL glo]l TEFHE A& do Ayttt AR AA 2= AFEE A °}tD}‘3HE---

AAZ, JHELS FS JAT F= JdF5UTH: Ay 5T AAds AA 749 A HA AA=
Agdc= AUtk S A, TEx.£() & FF® "MyClass.f (x) 55T ULH dutxo=z,
n7fe] AAE BEEo0 g HAEE TE3E= A2, A HA AR} o] =] A AE A AAE 4 F) A
TERJA HEOR A3 Tq-E T3t AH 55 YTH

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’

o] 5 A A of &k ghutt] o A = FKol, FlaEY gAY e 22 7Hd A7 Fo
oq]/\lx] 23 gIE = 7P5 A 0] LUt O & So], 1S FE oA rricks | AEE= ZE| A
q¢d_mdqqaﬁeﬂucDoJc%cgﬂ%vﬂﬂﬂ%ﬂMW

@) B elolE
W52 A A

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 A dAEA WSS A el oF T

class Dog:

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

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

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

(F= ol AT el A%)

9.3. EeHAe| A Tt 75




Python Tutorial, £A| H{H™ 3.6.15

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

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

9.4 7|El FAlEE

o8 o= RS 22 o B9 WAE o=l RES Yo Zrh ) =5A) g2 o] F 35 (2 2210
A 37 ol e 112 WEUTh S slsteld, 550 71518 H 455 of® S5e] 742 A3 2ol
ABGU 7H5 o Aol & WA S o] 5 hEAR A Z5He 2, ol o= BEo] o] o] 43 583
£ (IULE BE Shih) S Foll Eolt A, A Zel = 5AE HolH o] e B e HAE Ak A5
9l Ut
HlolE o Eel REE W AE ok olueh AR o ANA ALGA ((FetlAE)) o] A FEY 5=
QgUTh el BRI, FHAL w250 24 vl HY S FASEH ASE 5+ Yyt A4,
sho] ol A1+ t o 6 292 ZAI T i o] G5 UTh— BF el &) ek (hElel, C2 A4 shol
FAL DS T AAE AR £71 30 AR NG QA LB Ao} YUk ol 2L CE A4
shol 4 2ol A A58 4 Sl uith)
SetoldEL HolE o= HES 2P 2HA Age ok Tt — ZeolAEL HlolH o= R ES
Aol A WAS S o) GAHE 204 52 PAEY S LUtk FehoAEE o/ F FES WHE B
MASEe) §ENS EYFA BUE T A4 Yol H o £ HES 2T AR o] FAHE FE g
Folstal s —ohAl B, B AL ool 2AANE I 2 4+ YA FUT
WA Qo A HlolE o= e RES (L ThE A EE) S F2}E 59 BIL YEUth AL o)A o]
AAZAAEY AERS FATHE 2 DA FASUTH HASE TR 1] A W4} A2 A WSS
=58 et fEth
%%, A A WA QAL sels ehn BYUTh ol 2L B D BAUTH o F self & ko] Ao A
bR B )2 27 FEUTh AT, o] FHS wh=A 92w oo £ HET} THE shold
TejmS o] 9710 BHSL, Sels HetA 2 IRE o] 7l 4o o £FE 2 A Arky AT &
o

dUth A =

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

class C:
f = f1

def g(self):
return 'hello world'

h =g
oAl f,g,h & EF g AXE 718 71= UL C Y AJEFREI, AHAHOR o252 EFC 9 AL
Aage] MA=ELUT —h & A8 g 9 F5FUTE i B e 2RI SxEo A EE 2w

b Aol =2l sk 2.
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HIAEE self 2] HIA = o ER|REE AHESIA tE MIAEE 22T 5 Y5 Uth

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

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

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

F iR A o] 5 B2 T 5 Gk WAS] A A 2TmE TR

A ~3m2 A5 A G5 Th) WA Sel A A9 Hlo] e S
P o~z A S ol el A 357t A5y th:
@A Ao 2ol Aol B o v A= Wk ope), Dxel JEED §49 BEE WA A8
Fdthe AQULh BE, HNSE EFE S22 AL o A 2nmo] Fo 1, T Aol A
WA A4 Bol g B2 Aok 9 714 FL ol % g HA D Atk

2+ AR, 2B E Zd A (Y olgtux EUrh & 25Ut o] A& object.__class__ ol A &H o]

9%t

9.5 Al
BE, S AARA FETH do] /)52 (TA) B o] 2L BANE AN 912 AYUTh A
Ze)x Aojo) By o 2A AAS UL

class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

°] & BaseClassName 2 34
°] =9 Ztglol th2 Y xH 4
Beruch:

class DerivedClassName (modname.BaseClassName) :

Y S oo AP 2 Ho] Aoz JAPF U FeAl L AA 7F S ol off, Wl o] &

Za27 199y, : o) AEHUTH R A o2 AL Ze) 204
WA A ko wo|A FaR AAZ ST Ho]A ZHA Bt FePAR R EH s E dvhd
SEEER EEEE P

A F A AAHA RET] o] EHSE AL §l5 Ut DerivedClassName () + 11 8|29 A d2~H°
A Rk MAS 221 083 2ol AR F UL Gg ot 2e2 ol SR Es) 445 S, B a5
Wol2 2ol 2] AT B AR T o] o] B4 AAE FTHA WA= A2 SuHEU T

I Feas ol FA A JAESS AR F dF Utk MAMETL 22 AR e =S
o] BoE 2 A EE S &3 W o)A~ ZFEa Y

FTESA UL (C++ 2208 HE YA THOZ: gjo]»

)
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A FHxo A AP H HAETL B2 o] 5 HolA ZFH A HAEE ©Ed] ZobA 7| Bt A4
2 835t A4S 5 AdFULh Hola FH A HAEE A SE= st iy o] s Ut &4
BaseClassName.methodname (self, arguments) & T E&3tH HUttl oA 2wz Eo]AdEAE
217l g5 Uth ()AL wo]lx Zejart A AT Zf A BaseClassName O 2 WA~ D 2 92 ufjvt

5 2ol #9154 2.
Shol ol & A4 3t B ALE T 4 Dt T A W B4 YT
e AA~EHA9 S AASHE W isinstance () & AF& YT} isinstance (obj, int) = obj.
__class__ 7bint Avtint oA 3 E S F-$T True 7 Yt
o ZY A ALELS AALSE H issubclass () = AU T} issubclass (bool, int) = True 24|,
bool 9] int & B Z#2o]7| ) EJ Yt} A issubclass (float, int) = False Qd|,

float = int & A B FH 27} ob 7] W EQF Yt}

ol i v A5 FHE ALF UL o 7jo] wlolx SYPAE Zhe Fela A= old AU

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

<statement-N>

G329 FA Y BUD AR, H2 SA2E0E g o= yEE YA Ao Lo,

Oﬂfﬂ LEZOR AZ FRAAN AX= 22 ZHAE T H AR = o2 LT 5 JFUTh
ZEHH, o]Eg]HE 7} DerivedClassName ol A] WA A 9k 0 W Basel oAl 21, It} (AA R =)
Basel ) o]~ 225 AATUTE AZINAE HAR A FOW, Base2 A 21, ol el A2 A%

AHA, o] AR THE 7Y ERFUTH A E A X super () 29 FHAA S &S A W3] A3
AR AAFEULL o] HEWH2 2E U b A4S Ao EelA call next-method 2t && A 331, T
A& Ao S A LA &= super & T)rti 7*‘3”“%1?}

FAA A7 RS o) FE, BEEUT AES o“l“C ShupL; 1 o] 4] thol o2 E A (Holx B R FH
Z U 7 utg S AR R o 7 E Bl A2 =HE A & HEZWHEY UL dE £,
RE S+ object £ A5} -?Oﬂ, %”’“ 2 object o o]2& o8] AR E AFTFUt
HolA FejaFo] of ] W M| A = A oFA 3}1’44,%1—1% gy Eo] M EAE AFssed, 4 Fgx
N ANAH AZo|A QEREO T 7l A2 REST, 2t ERE 92 3 Hul 553 2 A (RS

SAE ] G FA GOWAN N ZHAE BE 5 ke AW gUrh ol =% wE
AE W, ol JAEL T AL 0 NAA A FPY At FALES AAT S U=

14 E}- 25 3
= =
ZA| g Y82, https://www.python.org/download/releases/2.3/mro/ & B A K.

9.6 H|ZJH H

A7) 3ol A g MA| AT 5 Qi () AATEA WA Thol o] EA 8 B ITh SA T, v i)
sho] 1 LE o A wh2 31 9l 77 oFe] I Th WEE A 43 o] BL (o & o], _spam) APLY] F7] & 0]
ore 2oz Ags ofof guith(TL o] B4, WA E, Hlol 8 W F T olo] A zhol), 7@ AA o] 3L X

ol WA = o Aho 2 25 o] of gk,

Sl - H]*7H AW S SHFE A7 e (S AH FH2oA FoH ol F5H] & s,
ol & -A 171 (name mangling) 2+ & 2= v ﬂ UZoll th gk Alskd Aol ls5Uth __spam 6§EH94 HAxF
Mo &R A, o gt 7o) @& FdUth & A8 A _classname__spam & BIAE Ao 7
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2= =4, classname = A F 2 o] 5 LETUESAAT AYYLE o] FA7E FHa
Aol o 543 oA, A Ate] B A 9 X9} FAEHA ¥ H U Th

°olF FHAE ZHaUR «1 o 15 TEZ WA YL AE ZP2Eo HAEE AT = U=
Stedl 222 Utk o9&

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

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

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

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

The above example would work even if MappingSubclass were to introduce a ___update identifier since
it is replaced with _Mapping__update in the Mapping class and _MappingSubclass__update in the
MappingSubclass class respectively.

A7) AL G2 A E A AAR ek 2ol Fel A8 o g el v
WA 23 AL £ A 5 e ol AL M A} 2 SRE A A L7 9723 Fuch
exec() theval () 2 AYE IBL FETHE Foh 20l G2 0182 WA Feam o)X Frrhs Ao

S s, o © global 9] H3}st FARE, B30H YA dlelEAUE mE2 AR T, Lo
A eFo] _ dict_ E A Az uf¥ul ot} getattr (), setattr(),delattr () o= A&k

TN HAwHeHlTes
7

S

2

=
=

9.7 RHEAL|

W2 9P o] § 2o HolH RES W FoFL 5hAaBY (record) YOO (struct) 9 fAHE o] E H L
2 Aol 22 A&tk W 22 3971 258 €4 9 AYyrh

class Employee:
pass

john = Employee () # Create an empty employee record

# Fill the fields of the record
john.name 'John Doe'
john.dept = 'computer lab'
john.salary = 1000

ER% A Ho G sk st Al IE 2242, FF T oY) MAEE Fuf e FHAE
A AL S Yeuth AE Sol, e AN RE HOIHE Toshe Yook 92w, v B A
¥ 5] 4 B0 B & 9= WA read () % readline ) & AFHE FUAE AT F A2 AT 5
91tk

I

[{]
N
oA
omn
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Asdles A = 2] of
f

EYREE ZHUthim.__self  EWAEm() I 23S A2E A AR o]
_ func__ = Ui T o AL

s B4 AR AU,

9.8 O|E{&|0|E]

A 3% olUhE of e R ) Arol AANEL for FOE £PT 4 IS AU AYYTh

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='")

ole ~E Qe WM AL PR, 2Ae T, Bl Ttk o B o 62 AFgah shoWo) BAF T B
Utk 2o 5o, for £ AU Ao ths] iter () & EEUUTH of YL HAE next ()
] g

£ AYste olEdolH AAE 8T, o] HAEE AH o S AEE S Aol ] AA2~FHY
o} & 2471 9o, next_ () =Stoplterationd&E 4o AA for FZo ZEE &k
next () W& F4E AHEHA _next_ () IAEE SET 5 FUTEH ol o= o] BE AE0] o2 A
5 AsHA BolF o)

>>> 5 = 'abc'

>>> it = iter(s)

>>> 1t

<iterator object at 0x00A1DB50>
>>> next (it)

lal

>>> next (it)

lbl

>>> next (it)

'CI

>>> next (it)

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
next (it)
StopIlteration
AAeIR 2R A A AAUSE SARY, Astesl Sahaol olEAY B A 2719
T AFUTh _next_ () AINEE M AAE ST _iter_ () MIAEE %H Gyt S#@27t
_next__ () E49 ﬂﬂd,_iter_() EagselfEEHE S g;gqu}

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

mmn

def _ iter_  (self):
return self

def _ next_ (self):

(TH& ST Aol A1)
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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)

n oo 3 -

9.9 A||O0|E]

Aol & olH e ol B & e st ‘Eﬁ}+¥ﬁ‘4£} AnbA Q A Y 2 A R g
EHFLAS Y yield F& AR EU T AU ol B ol next ( }iégﬁﬂ uheh, AU 2 o) B =
XA A= ANFUS (ZE vlol8 gs3t ojH £l UH]“*OE%“?%‘ FEA 719 gYeh. o
Al E AaT A=E A BE 5 J5e Hogsunh:

mlo

rlr

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

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

1

(@]

g

AU EHEZ & = BE A2 S HoA A xel S 7 olHE o HEE & 4 JFUth Ay
dolE 7} +hst o] 8= iter () & next_ () HINEZF A AR WEo] 2 7] w] ¢ th

E e 8 752 A Y s A A 7SS T ZFEOEEJJrQ th= AYUth o] A2 self
index } self.data 9} 22 A2EHA HFE AR o= H2H vus] &5 27 431 9554 W&

Yo,

A% WAE B} 22 Je)e] Ao B, AU EH L FEF W) A5 O StopIteration &
Qoguch 2T, o] /55 0] YN FFE FYHE A0 ol HA ol HE BES) AA BEULH
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9.10 H|L{H|0|E| ESIAl

e Aol E s P A Al AT LA, AN BE P BEE A BUS SR EA
Nog 2 AsA YT 5 YEUTh o] ERAEL S B AUACIEE A S 4FE
A5 AAS Ak AV ol E EHA L FAT AV ol E A BTt FAFA T, FEAHL Dol A,

O_,

=8 g AE iﬂiﬂ@lﬁiﬂ}ﬂl-‘%ﬂl%%&% 3ol st

o

>>> sum(i*i for i in range (10)) # sum of squares
285

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

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

>>> sum(x*y for x,y in zip(xvec, yvec)) # dot product
260

>>> from math import pi, sin
>>> sine_table = {x: sin(x*pi/180) for x in range (0, 91)}

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

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

>>> data = 'golf'
>>> list(data[i] for i in range(len(data)-1, -1, -1))
['f', Vl', 'O', lgl]
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HE 2t0[EE{E| S2{E7]

10.1 2 AN|A| QlE{H|0|A

=

os RE2 = AAL T g7 A% 4 7HA s AT

>>> import os

>>> os.getcwd () # Return the current working directory

'C:\\Python36"

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

from os import * thAlel import os 2EFL S AR oF gyt 2@ oFos.open() o] W3 open ()
2 bl AL 9B 5 AL, T ot ofF A E R,

0s 92 2 BER AL W, W dir ) Frhelp() B5E 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>

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

>>> import shutil

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

>>> shutil.move ('/build/executables', 'installdir')
'installdir'

83




Python Tutorial, £A| H{H™ 3.6.15

10.2 i iel=3ie

glob BEL UdEe SYEAE AN 02 Y BEL BEE 4 AFFIh

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

=

10.

X
02

0t

2Ix}

ANAY G 2TYEE FF YWY A4S Aok T B AU o] AREL sys RE
argy ) EZ HE g rER Xﬂ’f}%qr/} o & Eo], 3 oA python demo.py one two three &
Aqste the ) 2L Ant Egg

>>> import sys

>>> print (sys.argv)

['demo.py', 'one', 'two', 'three']

getopt J-E—v—.égetOpt() o] o A AHE Bl A sys.argy E A Th B B E S AT HE Y

2 8]= argparse RENA] AlZF Uth

filo

o

!

sys 282 stdin, stdout, stderr

7V vl R 2 AL stdout ©] BT E E = 9}
T A= A8} o] W AR .

i i
_Y‘i
=
[t
bt
)
k]

o 38
of>

>>> 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 ) B 2% APV

d A7 ETES ATYUL. B9 3 242 s, BFAL

>>> import re

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

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

'cat in the hat'

SR e 7s B2 Ao, 2AE WA= AaE = 7l A g Aol F7 WE Ut

>>> 'tea for too'.replace('too', 'two')
'tea for two'
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|0k

math BES 55 &5 A4 918 345 C ghol veje] 5Sof v e M 28 AT FU T,

>>> import math

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

>>> math.log (1024, 2)

10.0

random BEL 729 A S & 4 e =7 E5S AT Hh

>>> import random

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

'apple'

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

>>> random.random () # random float

0.17970987693706186

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

4

statistics &2 TA Ho|H ¢ 7| 2A FAH E45S (B, 0%, &4 55) ALt

>>> 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 X 2 A E <https://scipy.org> & THe 4] A4S REE5 Bol 21 s Uth

10.7 QIE{ull QHM|A

AHUS N2 AU 22 EFES A 2ldte B2 BEo] dFUth 78 st F 7= URL A
tolEE o] =urllib.request &} WS HUY+= smtpllb Aqurtt:

>>> from urllib.request import urlopen
>>> with urlopen('http://tycho.usno.navy.mil/cgi-bin/timer.pl') as response:
for line in response:
line = line.decode('utf-8") # Decoding the binary data to text.
if 'EST' in line or 'EDT' in line: # look for Eastern Time
print (line)

<BR>Nov. 25, 09:43:32 PM EST

>>> import smtplib

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

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

(BF= s eT Aol A1)
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Beware the Ides of March.

nm u)

>>> server.quit ()

(7 A ol = localhost o] A ¥ D A ¥ 7} A3 =] 31 glof oF Shrh= Aol T kA 8.)

10.8 =M} A|ZE

datetime RE2 YR} A ZHE 243 = 2S5 AlFsted, s B3t 2
Utk @52} Al 7FAbs o] A PE AR FEo] 282 28 2y 23S Qe £ X0 AHE
g 2HA JdFUTh BE2 AN E 1L il

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

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

10.9 H|O|E] &F

QurA Q) HoE P W §HE BASS heH 2L BESe] 47 AQFUTH: 21ib, gzip, b2, Lzna,
zipfile, tarfile

>>> import zlib

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

41

>>> t = zlib.compress(s)

>>> len(t)

37

>>> zlib.decompress (t)

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

226805979
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ofo
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il

>>> from timeit import Timer

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

0.54962537085770791

timeit & AEE=RH OS2, profile Y pstats BES Z EFY ZEofA AT AA AFLS A
37 e = ES AlTFULh

10.11 E2&! 22|

BDEA AT E OIS ABEE A X AL MLHE 4 R R EHAES AT, 1AES
Wk =2 A A Zol] A= A ek AT

doctest RELS RES BT 220 SAEYS YAE HAEESS AAete =15 233U
HAE 7 BHR 35S 1 209 A S2ER o7 HA|A £ Q7] & 3t 5208 sy
Utk AL Aol Al ol A1 E G Al S5 A W e o] 4 7 A15HaL, doctest 5 o] 5w E o] Aol A =7}
A8 A AA Flote = T

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

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

mrn

return sum(values) / len(values)

import doctest

doctest.testmod () # automatically validate the embedded tests
unittest EE 2 doctest EETUZ 42 AL oA vh H2 TZ AN HIAE AL Hr o oz A

% QA gk

import unittest
class TestStatisticalFunctions (unittest.TestCase) :

def test_average(self):

self.assertEqual (average ([20, 30, 70]1), 40.0)
self.assertEqual (round (average([1, 5, 71), 1), 4.3)
with self.assertRaises (ZeroDivisionError) :

average ([])

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

unittest.main () # Calling from the command line invokes all tests
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10.12 HiE{2|7} =SEIL|CH

s}o
]_

e (e EREUThH 25 23 QEUTh ok B 2 YA Aasta 4Ew /5L B

12 Y
4% e ol & ol

e xmlrpc. cllent 9»]—xmlrpc server EE2 974 —, EE/\]?Q SE2S FHFE= LS A ALt dR

eyt 2 o] F ol = &-35taL, XMLl 3t 2 3 2 <l Xl*—.‘olb}ﬂﬂlﬂ 6}11 dsdrh

The email package is a library for managing email messages, including MIME and other RFC 2822-based mes-
sage documents. Unlike smtplib and poplib which actually send and receive messages, the email package

has a complete toolset for building or decoding complex message structures (including attachments) and for imple-
menting internet encoding and header protocols.

+ json WA AL Qe) A8 £ vlolE B BAL HAHAY D 2R A QL ATHUT cov BES

ol o] A9} 2 mA T A A kAo % AASE HEE FEE ¢ FAO 2 HAS A A
£ JEE ANLFY) XML A 8] & xml.etree .ElementTree, xml.dom ¥ xml.sax 3| 7] X] o

I AD9g Ut ol2st 5 s 7] A& A AHESHE sto]l A §-8 Z 2 2303 thE = 74| T o] E
wo] A dsf Fu o

* sqlite3 2E-2 SQLite tf o] B H o] & g}o] B 2f 2] o] 2 3 2l Eﬂ, oFZ ¥ £ SQL = AH&-3to] Yl

OJEH I A2 E e FAANLPHE Hol B o] 28 AT

O
e ZA|8}= gettext, locale, 181l codecs H 7| A& £33 W2 T EO o3 A LH U}

h=
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cHAPTER 11

HE 210[EEE| S2{E7| — 28

reprlib BE2 AAY AA S3 A Aeloly e FoF A dagdolE A ALEnto]=4d repr () 9

NEES L R

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

"{lal’ 'C', ldl, 'e', 'fl, 'g', ..-}_"
pprint BES AHZH 42 4 Ut BACE NI AAU AEA 39 AAE A5 AL Hoh
AasA A2 5 A FUTh ATt & SHTE AW (R ZAE) 7 3 wpET Sol 2] & £ b5t

29
o8 T2 Hrh WealA Ye o

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

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

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

texturap BEL BAES] RO FolQ H Lule] R/ ZRF U h:

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

(F= ol ATl A%
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a list of strings instead of one big string with newlines to separate
the wrapped lines."""

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

o] glol g H| o] 20f AN 2Tt} locale 2] format 4=2] grouping

locale EEL2 F3 A EA volg =9
£ 2olRohs 4949 WL AT o

JEFREL IF PR NTE 54

>>> import locale
>>> locale.setlocale(locale.LC_ALL, 'English_United States.1252")
'English_United States.1252'

>>> conv = locale.localeconv () # get a mapping of conventions
>>> x = 1234567.8

>>> locale.format ("2d", x, grouping=True)

'1,234,567"

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

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

XL
11.2 HZ3l
string B A tH5 3 Template 2 E 238t =, H S AHSA7F B 7)ol A 25 Dt
22 20 etk g A8 A S8 2RI AAA INE S8 2R IAL Ao 2T
2 0]
4 95U
UL S A RES AW AU (IR QD2 GEA AT B E A BT THEE 1
Boto] A A A UM FHgle] AV FAMEES S 5 YFUTE $5 2 21 Shte] oA ol
9 s & st
>>> from string import Template
>>> t = Template('S$ folk send $$10 to Scause.')

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

[t

D= )

substitute WA =X 2 FEA A7
St MY A AnY 58 ne
safe_substitute() WA =7l A A&

FeUth

A= ARR A B A 9 Wl KeyBrror
AR AN AT ACE RAAL 3 9
Yok elolg 7l e = 4% 22 A RS A

ot

>>> t = Template ('Return the $item to Sowner.')
>>> d = dict(item='unladen swallow')

>>> t.substitute (d)

Traceback (most recent call last):

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

Template A} 2 &
o] & HH7] e

Nt
folr e

Sef st gAY FRAZ AT S A5 UL B Sof A BePAE I
e @A A, o H A D2 AT EE 3 Y .

i
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L

n@

F ggd:

=5

>>> import time, os.path

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

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

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

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

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

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

WE20) ErhE S 82 thE 29 YA AR AG N 22 =
XML 5}, Qub 822 B34 2 HTML §) B0 that ALY 2E32 %

11.3 H}O|L42| C|O|E{| A|ZE HiXx| &=

struct EEL2 7PH Zo] vlojyg] gl T = Aoz Y37 ¥ 8t pack () Funpack () S5 A5
th o oAl = zipfile RE5a AHESHA AL ZIP 519 S|t A H & E"th He B U A 3
" ST 22b2uho] 29k 4ol 0] 2E g %S LRI T 1< = HE 7ol WA 2 & A
WOl £ A E 9 eb U

_L/
_VE
m{m
2 4

import struct

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

start = 0

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

start += 16

filename = data[start:start+filenamesize]
start += filenamesize
extra = data[start:start+extra_size]

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

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

11.3. H}0|L{2| CIO|E] A2 = HHX| =t a
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114 C}= AyE

o] W 1 2h-g = o A A =

dde e 3454 e A9 Lelse ST, 2a = ne A9
whe I ) B E g Alds e

2]
AR 9H S S8 22 SHES Tl A S
2gEo] Az HE2Z V0E APsE A-Auh

s ZEevd z2ao AL AP = T4 AT E threading REO| WAL ENA 2YE o] DA

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.')

O3 28 g8 Z2 39 7MF 2 TAES HolH e g2 A9 S 73k 28 =
o] Z 94 threading RS =, o|HlE, 2 A AL ¢ /‘ﬂul-ig H| £ B2 59 5713 7

o8} e =P FUSA T, AT A L FE A AR ol el FAH AT+ AEUTh GebA, F

@ it

ZR T AEH = H2 A2 Ao e e IH 28 dd 28 =0 HFA T s queve ZES
ARG Sto] S A o ThE A=Y 2 S AlFste AdUnh 2dE=E 2 FA H 24 AT Queue

I =
AAE AH&ote 58 22 AASY 4L, &7 43, AF Aol =5 UTh

115 224

logging ZEL A4AT 7|55 #&E AT 2ANEE S AZIUTE 7P D BF, 22 WA A=

o)t} sys.stderr & H 7,3713;]—

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')

T et 28 A9t E8 Uk

WARNING:root:Warning:config file server.conf not found
ERROR:root:Error occurred
CRITICAL:root:Critical error -- shutting down
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>>> 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:/python36/lib/weakref.py", line 46, in __getitem_
o = self.datalkey] ()
KeyError: 'primary'

WHeaEJor g2 HolH 2 375 32+ dsUth 2HvdEs & AT A4S SA 7
SE ke Fdo] g S dan

array BE-2 array () A& AFZULE o] AA & 52 AQ vl olHubS A7dsta B 2 U3 A st
© o aEsh 2g Ut B3 ol At ool 4l int A Ak ol 2= o] AAE G Ioutol =8 Aok
tjAlel, 28te] ES T gls o] A (P ZE "H") 2 AZH A LS Hojs Ut

>>> from array import array
>>> a = array('H', [4000, 10, 700, 22222])
>>> sum(a)

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

26932
>>> a[l:3]
array ('H', [10, 7001)

collections EE2deque () AAE AFE UL o] 2A|= dZENA o w2 A 3 7HHSHA v S 7ol A 9]
23 =9 =3 grES Z5Uth o] AAl= 7€ ¥ Ho] ¢4 Eg AAEZ FH = o AP

>>> 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)

toHa el 2 T E Yol ol el F YW Pl AES 22 8E P Eo] Yt bisect BED L T}
EFEAFTFHUCT

>>> import bisect

>>> scores = [(100, 'perl'), (200, 'tcl'), (400, 'lua'), (500, 'python')]

>>> bisect.insort (scores, (300, 'ruby'))

>>> scores

[(100, 'perl'), (200, 'tcl'), (300, 'ruby'), (400, '"lua'), (500, 'python')]

heapg EE2 ¢

0] 448 Ut}
S g0 8T

rlo

A3t B2 AF U P ghol 4L 38
BAon ANAA T A B2 AL AW}

g rEi

>
& 4o
e

5e oF
o

2
2

)

>>> from heapg import heapify, heappop, heappush

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

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

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

11.8 10Z BES A~ A=

decimal BRE2 103 &5 253 <SS 93 Decimal Eﬂ °|H = Al Hyth W float o]R &
A5H TR AT, 2 re AEel 8T
« AE3 10704 5do BRFFF

- ARE Ao,

A EE A 8T S FHSE Ne Y Ao,

P RESAFA, EE

- SR AT S0 AN AT DX F AR Ao S5,
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oA E 50}, 704 E A3} 8 Fof thall 5% AlF=2 AlAtstH, AR F5 25 9 o] f5 &pHof th2 237}
etk 2uHE b Abbe A ER WS e Aol 7k Sl th

>>> from decimal import *

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

Decimal ('0.74")

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

0.73

Decimal A3+ 2o EE 02 A8, 7+ e FEAE 7 g 5279 Y A2 fFaAE
A% 07 F2 g th Decimal & £0.2 & 52512 A AT o] A 15 L5 Ao AASE A5 BE LD
T s AT e FAE AT

e BY LS Decimal ST} oA FF 5ol AFAA 4 REE AN F5H AAE FAT 5
== Fc

>>> 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 EE2 I8 U7 AUERE 2&S AT U

>>> getcontext () .prec = 36
>>> Decimal (1) / Decimal (7)
Decimal ('0.142857142857142857142857142857142857")

11.8. 10Z 88 2H s o5
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’tutorialfenv\Scripts\activate.bat

Unix = MacOS ol 4] o] @A A3 3] t}:

source tutorial-env/bin/activate

(o] 23 HEE=bash AES 3l ZAE A0 2, cshEE fish AS AF_3F= A Poll&, Al activate.csh
9} activate.fish 2ITHEE AL oF ).

78 A2 B, de] g rETF WA o] AG F 9 7hd A2 WeFaL, #3= FA S python
= APt 54 A shoj o] AAFH == HTh o & E01:

$ 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 17| X| &2|5}7]

d o AFUth 7|2 A o7 pip & Jpol
g} 7] A A e 01 (Python Package Index) <https //pypl 0rg> Oﬂ A JH 71 A& AxFYth 9 Bat Ao A 3o A
jﬂﬂz]"—"‘?lg_”«’ﬂiﬂ‘/},plp/] At A 7)5e A dsyth:
(tutorial-env) $ pip search astronomy
skyfield - Elegant astronomy for Python
gary - Galactic astronomy and gravitational dynamics.
novas — The United States Naval Observatory NOVAS astronomy library
astroobs — Provides astronomy ephemeris to plan telescope observations
PyAstronomy — A collection of astronomy related tools for Python.

pip = (search), (install), (uninstall), (freeze) 5 W& H<L W22 2+7 <=} (pip o thaF LAt
A= installing-index A J & B H Ut}

7] A] o] F& A ste] AN WAL H7|AE HAL + s UTh

(tutorial-env) $ pip install novas
Collecting novas
Downloading novas-3.1.1.3.tar.gz (136kB)
Installing collected packages: novas
Running setup.py install for novas
Successfully installed novas-3.1.1.3

A7 A] o] F FHoll == H HA WZE 2o SAH WA A7 AELAT F5 AFUth
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(tutorial-env) $ pip install requests==2.6.0
Collecting requests==2.6.0

Using cached requests-2.6.0-py2.py3-none—-any.whl
Installing collected packages: requests
Successfully installed requests-2.6.0

o] el L bl ARW3HH, pip £ 8
MAMEE AN 1 HAS o
gadol=g 5 95Uk

43w o] oju] AAFH 9SS &, o} A= 31A syt o
A pip install --upgrade & Ad3le] H 7| A& HA WAL

(tutorial-env) $ 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 Th3ol 3} o] 442 9 7] A] o] 50| & 7Hd A oA # 7] A 7L Al AF Yot
pip show & 54 37| Aol 3t AR E FAFYT}:

(tutorial-env) $ pip show requests
Metadata-Version: 2.0

Name: requests

Version: 2.7.0

Summary: Python HTTP for Humans.
Home-page: http://python-requests.org
Author: Kenneth Reitz

Author-email: me@kennethreitz.com
License: Apache 2.0

Location: /Users/akuchling/envs/tutorial-env/lib/python3.4/site-packages
Requires:

pip list &7} 840 A8 RE 57148 BAGUT:

(tutorial-env) $ pip list
novas (3.1.1.3)

numpy (1.9.2)

pip (7.0.3)

requests (2.7.0)
setuptools (16.0)

pip freeze £ AXH 7|2 v EES WEA T pip install o] 7|t A& AHEFTh
AubA o] F 22 o] BES requirements.txt o W= ZAdYr}:

(tutorial-env)
(tutorial-env)

pip freeze > requirements.txt
cat requirements.txt

$
$

requirements.txt & WA A oo ABlE ] F& 220 R Z A FE 5 Jd5YUTh AFEA = install
-r 2 BE Q7 AE AAE 5 5T

12.3. pip2 m7|x| 2alst7| 99
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(tutorial-env) $ pip install -r requirements.txt

Collecting novas==3.1.1.3 (from -r requirements.txt (line 1))
Collecting numpy==1.9.2 (from -r requirements.txt (line 2))
Collecting requests==2.7.0 (from -r requirements.txt (line 3))

Installing collected packages: novas, numpy, requests
Running setup.py install for novas
Successfully installed novas-3.1.1.3 numpy-1.9.2 requests-2.7.0

pip ol o B2 S M o] Jd&Uth pip o that &4 3 2 A = installing-index A AL F3A Q. 7] A&
A2 ] sho] A ) 7] X] A Qo Al AL 4 9l A 3Fe] ¥, distributing-index A] -2 Fa13HA] 8.
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O|AM|l & 5tX|?

o] AL E AoJA] ohukE shol A Abgol T3 Balo] FobAS AU T— WA RAE A5 9
shol A2 4§ 5hel 1 Agaf ok Ptk o WS-l w oft) 2 shok B7R

o] A4 A& shol Mol BA A Eo) ARUTh MES e BAL Te T 25U

library-index:

SECEEE S
AE gAs of Utk EE wol A
& Y3, HTTPE 53l #A1 & A4 oA G
gstal, tlol B & ¢5sta, 718 B2 AYde s st Rl stk ojE e Ao d
ol uw of® Aol glA & 5 Az HTh
installing-index = T2 zlo| W AL 27 AA 3 271 2 &

reference-index: I}o] % 2] E¥ 3} o] u]of t] st AL et A H. ¢l 7] o] 2 g X wk, A o] xA|of of st
&AM A ZA] & T

o, [N

ni

Y

¢

D4 o ki

O:

7)€} sol # 22 :

https://www.python.org: =8 3}o] A g Alo] E, o] 7)ol &= &, FA @ of Q1= glo]# #& 5 0]
ol st 2QAEI7F E0] JFUTh o] A A EE § 1, 48 H T30} Zo] A M A o 3Lof v 7}t
e YT A g A 9 X o et vy 7t 7] 2 APl ER T MEE 5 QlF U T
https://docs.python.org: 3}o] ¥ o] =FH g o] Ao w2 A AM 2 4 5T

https://pypi.org: o] Hof] X] = 7} A] (Cheese Shop) 2= &3 © Ito] A 3| 7] 2] Jd 2= U HtE 5 =
AHgAL A 2 shol i B g AT ZEES W) 257 A2 ThE ARE o] e 5 AR o 7)o

L TS
https://code.activestate.com/recipes/langs/python/: 3}o] % Q €] A (Python Cookbook) 2 &2 F & o
A, Z2RE Y RFLFA2ITHE B3 YUrh E3] FETE F3 52 Python Cookbook (O’ Reilly &
Associates, ISBN 0-596-00797-3) o] 2= A &5-2] Ao B k<5 th

http://www.pyvideo.org = Z 3 A W AL 2} TF 3] 9o A] Fho] W F& vt] Lo tf
2%,

rot

Hd3as

o
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« https://scipy.org: Scientific Python ZZ A E o= w2 o & A4 L 22S A RESH AF O
Felo] M ujAdy &, I X, A 24 T T2 o 7}z} 3| 7] A F o] Z3H o] dFUTh

ol HH AE U EA B A, K72 IF comp. lang. python o Al Al 8} A Y} python-list@python.org
gLy H2rEZ HE £ AFUTE 72 A5H UL g 2EE ACES R AZFH Jorg 3}
S ANE AN AF R e AR BT T Sl £9f A2 AN Fegs T
Total, Ao e, M2 7S A, M2 RES AT UL vdy g2rE AFAaE
https.//mall.python.org/pipermall/ of AFYth

AXS) Aol A% Lo ARE FAQEHIE ST} B 52 3413 of G th FAQE W2 8 0 2 Lehbe
Be AEo| 0le 5S4l T ok, ol vl ofelae] EAlol oa o 4 HE wn UL & AU
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A5 sho] A Q] Z 2] ¥ W -2 Korn A 2 GNU Bash A o] Q)= 753 FAH @A) 98 € A 2 3 ~Eg
x2S A ATt o] &= thgFS 2L 9 Jﬂ%ﬁ < A9 38}+= GNU Readline 2to] B 8] & AME-sto] 3 U th
o] o] B e g ofl = A}Al| =l E o] d o] Qla1, o 7] ol A W& A] = k5 th

141 & 2 U B|AER| B

Heol BE o] 59 G2 A Z e A& A A5 02 /43 o] A Tab 717 48 752 EEF UL
vho] W HHE o, EA A W d AR 7}LUFE% o= g5 Uth string. aﬁ‘r%—% Aoz 374
xH e %%,E?ﬂ_*—‘.%‘]}ﬂ“*'.'ﬁ}ﬂﬁ" St th, 23 AA| 9] o EERER A S Ay o}
__getattr__ () WIAEE 7}A 7%‘7'4]7}*_‘34“-4 %‘—L%%EE:LEHO] Ao st qE%éﬁl@}i‘r A=l
FYsior gt 712 A2 A2t HE gof .python_history 2= Y E S| 2EE AU
o5 31 Az g MM A S AE S A AFS S 4= 5 U th

14.2 CHa}Fs QIE{=a|E] CHOH

o] 752 oA WAL A= H ol vus] GG AU 28, B 71A] 31 AFgto] ot syt
ool EA HAT 277 AGEYE L2 AU (FAE Tl E27] EE0] E Q317
&7 JdHyth. g vAYSL Az He A8 HolEE AL A5 UY A= 25, 22
T AN EEAD I} HEE FET AY UG

H L ARF A AT NAE W3 A8 Z 2= [Python A1 vl], ¥ <A, AX &4 2 117 S| AE 8 #g
7le= ZEF syt T3t A A ALEHuto| 2 A THE &8 22 1 AT 5 5t v d
= o2 A8 o518 372 bpython YU Tk
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HE 7)Ao A, float+= ©] A E:L)\]—E]‘— tﬂ
74% AFgTELEE /\]'9“@"4‘:]' 1/109] 4%,
2 ** 55 dd|, AA 3k 1710} A 2] 2R vk &3] ZA = st

o] 1
A E A ol AT A Tl TS A 3 ST Sl 7 A48 014 2
= o

A vs ey A] Aais s3M=E BR800
/

mlo
12
X,
it
<
=
to
iy
119
L e

J

0.1000000000000000055511151231257827021181583404541015625

O] AL U & Abre] 8tttal A Zete ARt B2 xAo| B R, stol {2 W2 E Fhe thAl EAISH]

FAHE thE WAl T Ut

>>> 1 / 10
0.1
A A7 FEe] 17109 AAH B =, AA AR g2 71 77k £ 7Hs s o] a4 A 719

SHA &

SHEAE, 7V 7H7bE A ol A E FHote A e AT AU A& 9, 0.1 % 0.
10000000000000001 2 0.1000000000000000055511151231257827021181583404541015625 =
WX 3602879701896397 / 2 ** 552 ZAFE UL o] AR S0 BE 22 ZAZS 29317 uf 2o
eval (repr (x)) == xE2WHE IHE §X5HA 1 3HE ZAT 5 gl*qq.

AxAFoR FolH ZE2ZEY YA repr () FLE & A 17709 242 0.10000000000000001 &
Agtycth stolx 3.1 8 H, oAl sho] N (W FZ A" A) o] 7 g2 212 AT = Jlon, s
0.1 ¥ ZEAIFYT)

o] 0] oA RF 45709 B Yo) FB AL shol ML) W1k opm, of 3o T
b Ut StESlo o] RE A5 42 A Aehe RE oo 4 2E FF
Ao/ BA R F2 RE FY REo|A Aol & HAFA %L 4+ AAW.

= =T M
Fonsane 278 dody, 24 2ojgS ALg st AR £

o
Jo
kol
My
Qi
e
o
o,
ek
-
30
o)
<
k)

>>> format (math.pi, '.12g') # give 12 significant digits
'3.14159265359"'

>>> format (math.pi, '.2f") # give 2 digits after the point
'3.14"

>>> repr (math.pi)
'3.141592653589793"

o] Z1o], 17 gk o mlof| A, g & M= Aol FLAUTH AYEL Td] I 7| A FA & v
331 gl uh

shube] BE ohE S ¥ T A UTH dE 591,012 B3] 1/100] ob B E,0.19] Al 7h & &3t 2
X A8 0.30] b Uit

>> 1 + .1 4+ .1 == .3

False

T3h 012 1/102] &3t gl o 7H7M9 A 4= 913, 035 3/109] F&et gholl o 779 & 4= QL
round () 42 u]a] IHS 5l A2 =20 HA EFyTt:

|o
s
It

>>> round (.1, 1) + round(.1, 1) + round(.1, 1) == round(.3, 1)
False
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5418 o= 3 B39 ghol © 1T BE Sk AT, round () BEE AF e P ol f8310] RE %
e A ANE A= W TS 5 A FUh:

>>> round(.1 + .1 + .1, 10) == round(.3, 10)

True

o HE AT H AL ofAH B2 22 S AAFULE (0.1) Y FAE oY (FH 27) AMA
ZHA A AU fE5 A 9 2 o £3] iy sebeol diE] oS st A S AT
£o) 77kl £ Watol, (418 BE YEUTh) obd, £5 444 AUAA AAL DL gEuTH
sfo] 2 float Q14¥9] ol 2] = F 25 =S olol A A5E Aol T, thRE JA o] A A4 2053 R |
297 eh FRSIUTH ol AL TR Aol 4 W ok 5 ol vtk s 7 47 Aol ohv] BE
float A Akel] | Z-& WHS 7 ol 2] 7} B & 5 Stk A= WA oF gtk

Welshd A9 EASA T, £ $F 250 e S NS RELS, Bed A% AR E A0sE
AR &2 S A ZAISHE 7)ot A0S HA 2 AdUth HE str() HeEE S, § AlE
3} A A o] 312 A formatstrings ol A str.format () WA =Y ZW A AZAE HA L

ARG B@e] DLH G AN A9, 04 $ S 2 IW W 1R S m2 o) ARV A
A T3S decimal EES AFRS|EA L.

A s & o2 JHle FEFE 7o 4h& S FHF = fractions BE 3 AEF Ut

)
kD
>
>
o
L

& SeApe AR A thepd 4+ 95T,
A2+ wro] 3} AR A} Numerical Python 3 7] %] 2} SciPy 2Z & A E of| A A|-Z35l= 3 4 4|
o2 w2 ) 7] R & A3 Blof gt <https:/scipy.org> S H A Q.

o] g o] floatd] H &3t FHe ARNE Golof 3t EF ASEALT Y= =T ES AT TH
loat.as_integer_ratio() WA E = floatd] ZtS E42 T3S}

e e
2 of

B>
o
ok o

rx o
rlo

g
°

>>> x = 3.14159
>>> x.as_integer_ratio()
(3537115888337719, 1125899906842624)

Hl&-& A3 ghol 7] Wi 2o, A 7S £A glo] A vrEE AR 5 JlF Yt

>>> x == 3537115888337719 / 1125899906842624
True

float.hex () MM E< floatE 16 (Lo 160]th 2 @k, AFH ol A3d A& e FUth

>>> x.hex ()
'0x1.921£f9f01b866ep+1"

o] et 16314 B W2 float & B &3 A st ol AH S 5 A5 th:

>>> x == float.fromhex ('0x1.921f9f01b866ep+1")
True

o
>,

Fdol Hgstu g, gto|of the WA o] A4 g2 A= AA
A e o2 dof (Ruhh C99 2-2) o} H o] H & W #ahe=
EOE F8d =7 math. fsun() FFEAUTE o] e PN FA L= ,
of gol Tl A WA (golH e =A5) & FAFYLE A5 FA IFE T+ AH7HA 27t
SrobAl AA A Q1 Ao 2ol & WHE 4 YF U Th

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

False

>>> math.fsum([0.1] * 10) == 1.0
True
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o] AAANME (0.1) AL A AP, o
WL HelF U ol £F A5 B

AN
28 2 5 (Representation error) = 4

]
itk AL U U T o] Z o] Shol (

Nhehe AFE A DS BASA S 28 o FU ok

N 2F7P /102 o] A &a-2 FE3| 23T+ YF5UTh L5 (2000d 119) A9 EE 7| A= [EEE-754
B5 Aa4H 4ateS AMEsta, AL BE S AE2 o] A float & 1EEE-754 (vl Z W =) o v gt} 754
AAREL 328 AT} ZaE of gold, 4 Al ARE L 0.1 2N Fele) A4 At Ba
MAS e 1 = o 74 £ A% S EE Tk A5 YU

’1 /10 ~= J / (2%*N)

’J ~= 2**N / 10

T TR 2231, JH7F A B3] 53 M B (“S>= 24452 o] A Wk ‘< 2##53“T}) & L SH, *N o] H A g2 56 Y th:

>>> 2*%*52 <= 2%*56 // 10 < 2**53
True

=562 7t 483 SINEAHER BEEN O AAT GPUTh ) A5 BT AL FL AL N A

Zunh:

>>> g, r = divmod(2**56, 10)
>>> r
6

U A 7 109] Aubact aBs, g 7bbe 2Aghe 28 HA ol Ayt

>>> g+l
7205759403792794

mebA] 754 WAL E R 1710 o 71 AA7ke 2agte thed 2oyt

’7205759403792794 / 2 ** 56

EAG HRE SR Yrd the3} 2o] kR

’3602879701896397 / 2 ** 55

282 7 R, o] AL AAZ 1/10 K} ok AThE Aol &
R Zobxle AP UTh T2 o Aol = A&StA 17104
et AFEHE 27 1/102 (BA)Y) 23U} &

A 754 v EE ZAg A U th:

>>> 0.1 * 2 ** 55
3602879701896397.0

I 2ol 10¥#555 F o, 5570 AW A5 B 5 syt
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>>> 3602879701896397 * 10 ** 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625

ol= A g ol AAH A &3t 5217} 4 214 0.1000000000000000055511151231257827021181583404541015625
9 232 U FUTh DA A G BAFE B4, BE Aol (o] MAY Thold £ & ATE 17
SAE e Y h

Ly

Jo

fol
\

>>> format (0.1, '.17f")
'0.10000000000000001"

fractions & decimal BREL o] AALES g A 54U t}:

>>> 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

28
16.1 CH3lS 2 E
16.1.1 oflz{ {2l
o217k g ez e £ o el o A A9 28 Zefo] A& AT ThEHY Bl AL SR p
E2 Solghr); AR e Yol $HE i, 28 Ealo] A% A3 F00] opd F8 AelE R T,
(try oA except Aol &3] A 25| o) o Euo|A o2l 7} obd LTy AR o e F2 71 A o
#00] ol F8 AEe RE AUFUTH o AL fF BANG W= FF 02 A% 3] 48Ut

o] A=)

t ==

|2 Hl Al A= & Oﬂﬂ éE‘“JOﬂ ZIEgUth A g Ad g2 3 290 7ISF YTk
EOTE=RHRXZEITEY AHYHE BA (WA S E Control-C == Delete) & JH3IH 2 HA
7|2 2gZER Fopztlch! Hoir AAE = S A HES Yo cry ol o5 A2 5
81+ KeyboardInterrupt &£ 7} A gy o}

N

w
wn
W)
[>
o
ne
1o
Ho
1°
[>
>
[>
T,
2
>
i)
o,
X
>
U
fial)
[t
rlr
it
[
u
i)
[t
E‘i
N
m
>
O (
ok
4
30,
X
rd
il

al

30

)

°

v

#!/usr/bin/env python3.5

(AE =67} AHg2be] PATH of YEkn AR T wl) & 2T Y= A5 FEo] 43 shde] A9 by BEE
U v A A0 A S E E Aok T EAEAA L o] 2 WA 2 o 92 2hael B
FR (A0 ELOF A, AES 2 FE(\r\n) L 52854 G Ut sl Wl A HA EE e,

A4 £ R4S RS o A g U

£ S E L chmod ¥ & AHgSlol AY AT R, EE A

u

o
o

ol

oy

U,

2~
)

rlr

$ chmod +x myscript.py

! GNU Readline 3| 7] 2 o] gl &A1 7} o] 21 43 & 5= 9l

11|>

.
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AT S A 2ol A
exe "< g 2s

19 7bs w2 ) ek g o] ghgruith st X =219 py 519L python.
: W= 23 = A3
FE Qg ol 3%, AMA oz ehhe 2 32 EAH A G5

NErel e I pywe A

16.1.3 CHSIH Az Tl

[¢]

stol & ety o2 A8 T, FF JE| Zel B 7L A 2hE wjuirt A Y = 2 Y
PYTHONSTARTUP &4 ¥M¢E A2 B o] 5ol v o522 dAstd gtk o] A2 +

.profile 7|53 F A Y Tk

o) FQL 57 A Ao] T 930, Fholfol AT EC]A WAL A W), /dev/tey 7 Beie] WA
2229 A9 (3D AAAE EAAh ol A4 ich gake Weol AAE = 2L ol F F kol A
AgR R, o] BAolA A SA L} AE = AAEL 0j3R A Mol A AFIEA e ol B0 e
F QU ©] BHol M sys.psl A sys.ps2 ZEZES VAT FE A

A g oA FIH A A LS doddl, A A& 5o A if os.path.isfile('.pythonrc.
py') : exec(open('.pythonrc.py').read()) & ZL2 I=EALIHIA Z2aRST S JdS5YH. &
AHENA A& 31L& AHGSHE H AT HE A HAIH o2 53 35] of gt

import os
filename = os.environ.get ('PYTHONSTARTUP")
if filename and os.path.isfile(filename) :
with open(filename) as fobj:
startup_file = fobj.read()
exec (startup_file)

16.1.4 FHAE{OJO|M|O|M B E

ol M2 AAEnpo|2E §= Q= F 7HA] 2 Al ZF T} sitecustomize 2 usercustomize. o2 A
A5 5k el wl, WA of 2] 28] AH§ A site-packages T & E] 2] 9] 91 3] 8 Fobof GLITF. sho] A2 A2 sha
ge REE AR

>>> import site
>>> site.getusersitepackages ()
'/home/user/.local/lib/python3.5/site-packages'

olAl 2 Y& e gl o usercustomize.py B 0|59 LS BEL Gt AES ES F A5 UL s

AZEENEATEIE -s FHOZE A ZBIA] ¢+ 0L, o] g2 2 E go]# Ao 43S Fuyoh
sitecustomize = Z2 ¥4l o g A=z uk, dulA o 2 A o site-packages U] @ E] 2] o] AFE] & A}7}
W= 1, usercustomize Ao YEZEHYUTH AM I YL L site REL EFHHJHS EA L.
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APPENDIX A

oo
<2
i}

>>> T3}y o) 7|2 sto]d 2ELE. Az H A FP oz AFD 5 e A= oA AF B S
it

. The default Python prompt of the interactive shell when entering 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.

2t03 Fo]l W 2x TEE oW 3x TEZ HAFH T A E3tE 7Y, 222 BT 9tA ETE
A A FA D e Rt veed S e

2t03 = < gHol B oA 1lib2to3 E Al FHTH S HHCE AFT 4+ Y= 2T HE & Tools/
scripts/2to3 & A& H T} 2to3-reference & R M| 2.

abstract base class (34 o] A Ze]A) FAH|o| A Zd A= hasattr () ZE T2 ) 9.%0]%?5:6}7414-
B FRE (& £, A WA E) 4¢, ?_Ebﬂo]"‘z Aot WS Alvgd oz M 9 Efo]
< H o3tk ABCE= 7]—/\1-/\-] ZYPAE T Ydl=t], ZHAE A SR Fo fﬂ/\‘]_,_lsuistance () <
issubclass () ol Y3l ZAE 5= Y= FHAE T abe BE EFHH o HAS A S, FfolHof=
W W ABC ¢ et = 3 22 AE0] Ut} AR X (collections.abec EEOA),
=} (numbers EEA), 2EF (io BEIA]), YT E Jolt9} 2T (importlib.abc EEA]).
abc &S AMEa) A A4 RES] ABCE BHE & QT

annotation A label associated with a variable, a class attribute or a function parameter or return value, used by convention
as a type hint.

Annotations of local variables cannot be accessed at runtime, but annotations of global variables, class attributes,
and functions are stored in the __annotations___ special attribute of modules, classes, and functions, respec-
tively.

See variable annotation, ﬁmction annotation, PEP 484 and PEP 526, which describe this functionality.
argument (17} S ST T (E= VA D) E JAEH = & F 7Y AR AT
o o

IF:
- AY= u}(keywordargumem) 3 5% 0l 487} Qo] B2 AR (o & Fol, name=) T+
oLoﬂﬂommmbz AgE = 9%, o & Sol, e 2L complex () E%Oﬂ*ﬁﬂﬁ%

BF 79 E ARt
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complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o Y X] QA} (positional argument): 7)< & 21 Q1 2}, | AAFEL2 AAF HF2] A Zof
A ole e £ o] kol * £ B ALT 5 Utk A E S0, A L2 T EoMA3F 5= &
94 Q.

o
-
=
-

complex (3, 5)
complex (* (3, 5))

QAAFE G4 HHe] o] & B2 A el AT o] thdol HG5 = 7 HE o] A calls 442
WAL BYACR, o B@ A0 ARz AHEE 4 Uk T A gol A Mol hg ALk,

golge) sherv] e G5 7 FAQ A E Axte} shehm) el o] Aho] 8} PEP 362 = KA <.

asynchronous context manager (]2 7] AEYAE #AE]A}) _ aenter_ () 2 __aexit_ () HAZE A9
3O 2 M async with oA H ]% 3742 Aot A PEP 492 & = 95 lth
asynchronous generator (8]5-7] A& o]€]) H]5 7] Az olE o]E ol & 58 F+= &< async def

2 AHE ZFH FpA Y Holt), async for FZ7FAET 5 AU+ ?:_1%9/] HES WUEEyield
FAAS TgRnE Aol th=th

Usually refers to an asynchronous generator function, but may refer to an asynchronous generator iterator in some

contexts. In cases where the intended meaning isn’t clear, using the full terms avoids ambiguity.
BlE 7] AlY#olg 4= await AT, asyne for 3} async with B2 ¥3+sH

st

asynchronous generator iterator (8]5-7] AU 2| o]€] o]l g o]€]) 1|5 7] Al vl & o] &7} 2t=+= 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 (W] 5 7] o|E] 2] &) async for BoA AF2E ¢ Q= AA|. _ aiter_ () WA EE
H|5 7] olH &l o] & =5 oF gt} PEP 492 2 = ¢ it}

asynchronous iterator (B]% 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 St opAsyncIteration exception. Introduced
by PEP 492.

N

attribute (] EZ]HE) AR A S AMS 3= o] 5o 2 FRE & QA9 233 3L o & 9], AA o 7H A E
YREaE 7MY, 0a A 2]

awaitable (H?«J]OIE]-—-) await @A AT = Je AA. ZFE oyt __await_ () WIAEE 7HA
A7) 7+ 2 4= 9lch PEP 492 & B A S.

BDFL A}8]Z-& %—/ﬂ Z 2 A} (Benevolent Dictator For Life), Z Guido van Rossum, 3} o] 21 2] A A},

binary file (ko] 2] shal) vl o] =215 A E € 93 & 4 Qe 5 A, vhel i e o 2w
olUg] EE ("rb', 'wb' =¥ 'rb+') 2 g9 99, sys.stdin.buffer, sys.stdout .buffer,
io.BytesIO®}gzip.GzipFile & A~ Q

str AAE 9T £ % Yt L AR RAAL €45 59 = FEoA L

bytes-like object (B} o] E &5 ZAA)]) bufferobjects & A/ Y31 C-91< HHE A2 xE S ¢t} o8 &5
memoryview 7“21] L2 EEo]ilbytes,bytearray, array.array A5 £33t} vlo]EEH
AA =L vtol v g dlolB & thF& o8 7HA] 4ol AHEE & Aok oS, vhel v ] st 2 A,

2AL ES AL e AESo] 9t

T o E T
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o ALE2 vtolv g dlolE 7L 7P A D A 7F ) o] A fo EFWH o)L FF (Ya-27)

] y 2t @3t 7P 83 AR dZ=Dbytearray $bytearray 9 memoryv1ew
4 yel dlol87FEWH AA ((¢17] A& o] EG R/ AA)) ol AFH=
+=bytes E}bytes AR 2] memoryview 7} §J D}.

bytecode (H} o] E Z & o n ¢l iEF/] E| o] A] 3}o] %
2P YR ot} HiolE 3’—5% .pyc «4’°1°ﬂ 7H/\] 510% @3 fﬂr‘?:l% T A A o
W 2] A ETH (Ao A vl E I ERY AAHATL S I T = Ah. o] (FIHA]) = ZHtolE
Foof g S3t= 71 AE A = 7 71A oA A Eitia Bl vio|E I E = AR T/PE s}o] A
7HE 71 A A Fe T AL st A =, sho] A wlj 3= 1ol ?}7‘4 Aol A & otth= Z o Fo3f of st

HlolE I & H o] 59 HE2dis EE & “ilEﬂ o] Ao V2Tt

cass (F#l2) AHEA A AR WS AT . SR Fo= B FH2o dxdaE e r
Al WA= %AE% Z 3ok

class variable A variable defined in a class and intended to be modified only at class level (i.e., not in an instance of the
class).

coercion (Z o] ) 22 f'ﬂ«l 7 AARS Sk ddabe] dejibe ok 9 @) AH A e Poz 52
Aoz wgets 2. A S0, int (3.15) £ AFE A5 3 22 WAL AR 3+4.5 oA, 7
AAf= o= 3 017 (Bhobe int, T2 BHLbE floan, £ T 3l7] o) 22 Fo 2 skl of sich. 28
oW TypeError & 4otk I glol&, SRFH = FEXAT 2207 22 Jo 7 HF
Q_-gﬁ_'_o]o]: st ol & 0], 1F 3+4.5 8= 4l float (3) +4.5

complex number (] 4£5%) 953 A5 AJAE ) B, BE AV Aot s oz sdAY.
B i Ao 85 B9 (19 AR E B AU, BE SN E 1 2, BN L = £
Shoh spo] M2 FAFe RIS 2 BT E 7|2 AW ?‘ﬂ—??—%j HulAbE 2994 279t
& 5°],3+1. math 25 Ko Mol 839, cmath A AT 450 282 9 &
2 5917 7 5ot Bast n7 A ERrhe, A 845 —‘jr/\lffHE Foh

nager (AYAE #2|2}) __enter_ () __exit_ () MIAEE AT o 2N with Foj|A] B
ol%gyg% dlo} k= AA. PEP 343 2 = 95 itk

53] C—?ﬂ <4 (C-contiguous) ©) A ZE & A< (Fortran contiguous) ¥ o A< o] 2fal

_‘T_l‘ O_u
rr

. C-A&olHA 2 E= AKolth LAY Hﬂoﬂoﬂ/ﬂ,ﬁo}%%%/ﬂi"ﬂ A eka,
0o Al Al ZHat= —‘?_%— A} ?l‘“*% TAHE R e]of v X5 01 oF sttt thAbd C-<A % vl G ol A,
HE2E FA49 TAUE FEEE YT uf vpx]at Ad A7} 713 whg] ¥ st} 317 ‘?}, :-L—E‘?:‘r A<
W ol A=, R AR AP A7) 7pg wke] ¥ sk
coroutme(’f-r&]) FIFEH2AETEH ¢ dutsld Fet)h A BFEHL2 3 2 H o A J Y3l o2 X Fof| A
E%tth IFEL2 o8 o2 A HA A AYstal, &3k, ANE = Atk o] AE2 async def
—E—EE 783 2= 9t} PEP 492 2 H A &
coroutine function (Z£€l ¢4) 728 AR E S8 F+= 4. TFEH 4= async def Tozg HogdE
4 911, await & async for & async with 7|9 EE £33 4= 9t} o] AE5-L PEP 492 o 9] 3]
EdFH AT
CPython }olxl g I efvy Ado]of 573 <l & ], python.org ol A ¥l 2=tk o] &2 Jython o] 1t
IronPython ¥} 22 Th2 23 7+ 27} & uff 8] (CPython) 0] JAR-BoRsN
decorator (t] Z#|o]E]) t}2 I+ E S8 F= 49, B 5 Qurapper B HS AHL3 4 oz A

H}h dZd ole]e &3 o= classmethod () I staticmethod () 1’/]-.
g o]y FH2 oA Ao FHY Bolth v F &4 Fo & 9 v|do = F53:

def f£(...):

f = staticmethod (f)

(TH& SOTAT AI)
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(o] A sl o] A A M A%)

@staticmethod
def f(...):

2ol S o= EA AR, @ Ab 22k vl Z e ol Blof th 3 ¥ AAMIRE W &2 o B o] 2
S Ao o =HE ol dS B A

descriptor (CJ A3 HE]) WA= _ get_ () o]y} __set

() °ly__de _0OE i

2 oEREZYAIHE L uf, 01 PHE 23 =58 A2 AES doith B5,abE JALY,
2 A, A A S AFE S ], a 9 FEla 9V oA b et o] & B AAE Feth sHA WD
ZFaayEd, s gt Dl*ﬂ%lEi HAME7F S EETh UA2aHEE o] d sl 212 vfo] Mo tfst
722 ols e g1, g, WA s, ZelE, S A, 2HE AE, FHEHS FR 59
e 759 712 E o] 71 7] wlEolth
23 HE o WA =Eof t)sk 2}A| 8F W82 descriptors o] L-2T}

dictionary (54 2]) 422 71E gholl dl-3A 71 A& vl @ (associative array). 7]+ __hash__ () <}

_eq__() MIAEE 2E BE A E 5 Ak DA A ek 2k

dictionaryview(‘:‘/ﬁﬂﬂ]w dict.keys(),dict.values(),dict.items () HIANE7}EHFE AAE
gAyeE Rt H 2k o] AL gAY e FES S 54 HE Zﬂ+6}~tﬂ gAvE 7RI A
Q uf, 57} o] WslE vk strh Soth gV e B & F/]"Ei‘ﬂ}lﬁﬂ“‘ list (dictview)

£ AR5 F ok dict-views & BA Q.
docstring (FAE8) 2ol R REeIA 3 WA RV 02 ehfr AL Y A=/ 499

BAIE A, A5k elo] o) AAF o] Fel Feh, B, BES] doc_ O EUHER 4
e} EgaR 4 B Y 5 gon e, A w U ol S AT A AL

duck- typmg(‘* E}Ol% ZHFE QJAEH ]2 E MR A At AAY F& BA G Z2IHY ~
B Al s IS AEYFREGSZESHAYASHT ((LBAH Hol gy #=
Eﬂi}‘ﬂ,lﬂ% 28 thy) EA E Ao AHH ) AE FRTgozN, F AAE TP FHq
A2 oz FAZS MAE = ok § Eo] B2 type ( Olb‘rlsmstance() %/\P%}
AALE F 3t (3HA e G glo] o] A4 Hjoj A ZE o~ 2 BEE 5= 9lZ ol 529§ oF st} tAl,
hasattr () AAFPVEAFP =2 18 W& &t}

EAFP & 2&t2 = 845 F317] 7} 4 o} (Easier to ask for forgiveness than permission). ©] &3] 8 4= 9l+= 3}
ol IY A8, SHFE 7| o EFRES EAE 7ML, I 7H ol EEld oq]ﬂ% =t
ZEota e AE Y W try $except £ ESAE SAA A o] HlAY 2 Ce 22 thE
w2 Aofof| A 2}F AMR-E = LBYL aa}%jyjr uﬁu]gu}_

2]
extension module (83 2 5) C U C++ 2 A=

BE A, vhe]#e] C APIE AHE3l Al 3 4] o] L} A8}
FEo} AT ALt
f-string (-2 A1) '£' ' & o 22 A HEHEES E3) (-EAE) olgtn RE ], =W 4
o g8l d o EQ o) PEP 498 & H A 8.
file object (3} AA) s} Aol sl 5k Y A FA API (read () Ywrite () 22 HAES) & =8+
AA. ol Byl wet, 5 Ax = AA ta3 A st oy o2 A AU FA A (o &
£, %2F 9459, w2 W, &7, stol =, 55) o thet AN~ E FAT = Qloh Y A=

A= AR (file-like objects) & 2~E F (streams) ©]| 2} % & 2T}

AAZE N FE7Y 3 AAE o] Atk ' (raw) HEo] Lﬂ 2] 3+, ¥ 3 = (buffered) o] U] 2] 3}, H]l A E
td. o] 59 QA H o]~ io BEA FoH 3d AAE Tt=E= 7 HA A WH 2 open () 45
2= Zlolth.
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file-like object (3} L7 A A]) v} 21 4] o] v] =3k &
finder (3}31t]) o= s 2 & o Al=st A4

glo]W 33. o]|T 2, F 27| 527} At}: sys.meta_path & 7 AFR-S+= W E} A 2 1}l 9
sys.path_hooks I} &/ AFR3= A2 dE ] 92lH.

t] A3 Y-S PEP 302, PEP 420, PEP 451 of -2t}
floor division (F 4= YA 713 77k A2 W 518 Ui, A4 U Al OJ_AH} // T g

(m

it

Cul

oN Mn
m ﬂll

sol, 294 11 // 49 F2 2 7FHA T A ‘)rj:"“o 2.715 5 58& -11) // 47F-2.75
S U H st -3 o] Hofl {93l oF st PEP 238 3 BAS
function () TE A oA oW P& S8 FE G TS (AU T o)A A b ALEE =,

vit] o] Ao AFRE 4 Qi) vhebu| e 9 WAl = @} function A AT B A Q.
function annotation (4> o] ;= €| o] A) An annotation of a function parameter or return value.

Function annotations are usually used for type hints: for example, this function is expected to take two int argu-
ments and is also expected to have an int return value:

def sum_two_numbers(a: int, b: int) -> int:
return a + b

Function annotation syntax is explained in section function.

See variable annotation and PEP 484, which describe this functionality.

_future__ Z 2w AR ez e} T3E A k= A Ao 7|5 ES A4S S AT E SH= T
2E.
_ future_ RES YEEFT I WLEY GHES T, A 7150 AA A SO Aojo] £7}s)
R, GAIFE 22 0] 7]2 0] HeA £ 5 At
>>> import __ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (7}H] ] = 7) ©] AFRF X ok= W 2 g
£ AL B2 5 e =8 7HA Tﬂﬂi
EE5< Aol A Aol & 4= T

generator (R V& o]E]) ALl o E o] ElF| o] & BFE T At FeAE
UEEyield A S 2= Ho] thaTh o] FE2 for-FZE ARG AU next () -2 T
Holl st A 4 QT
HE Aol &S 7Fe] 71 A vk o | FH oAl = Alq ol g olE o8 & 7t Xth o =k
ol m| 7} g &-s}A] ‘E’é% T, G B E NA R TS gtk

generator iterator (AUl 2| o] ¥] o]Ej 2| o]¥]) A| el o] E Tt == AA.

U?l_i_x-l

o, ﬂll

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 (AU #|o]€] T3 2]) o] olHE EHFE 4. FZ Ao Y1 E B s for
BAAT A ST ir A 0] o] B A wAA AP wolth AYF AL TR A2
A% HEL HE W}
>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81

285
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o,

generic function (A1) & }"’;\‘) e Adds AR O o s 7+ o T2 A T T2
ol T o) AFR I A= tAT A G Ze) o9& 234
AE=Ra PN B &O%Xt} =3} functools.singledispatch () BT o|E|} PEP 443 = H A Q.
GIL o] QlejZ2]H 5 & HAlR.

global interpreter lock (& QJE]z2]¥] F) g WMo 27 sfrte] 2 =7} vpo]d wpo]E 1= & AP F
257 3l CPython AB 2] B 7L ALE 3He Wl AU S, (dict & 22 F2d R
A7) o] BAH 02 5A AN o] tha) hAEE S BE oA CPython TS
JelZ e H A€ 2Ase A2 AHZYHE thead =867 47 BEE Uil oS Z2AA
AAZL AT S FEAS B REL AT
A, of | B BEE S, EFOIG AMA E, FFIGHY 2 AL YAA FAE £
w+= GIL & WhEst= 5 AAH ek =3 V0E & wi+ 34 GIL & whdgich

(B Y A 51 HI ol B E 27 5he) (L =0l At 22 (free-threaded) ) JH 22 H & vHE31%}
A o] oA

=

S AL e HEHolA B, o z2AA 299 45 Astrt Aek] Rk
o] 4% o448 FHL AL TALS B4 a7 BhEol4 §4 8o B SolZ ACR o AR 1
ot}

hashable (3] 4] 7}5) 74717} 248 1 gko] W17 ok A ZES 27 (__hash__ () WA=} Basith, e
AAD) 2] 05 % S (e () MAE I D8 Sk, A T ST G e ol

7b5e AR S| A kS Lofof et
A s AS AAE Ao A A gl R AEE A 9 s, o AR T2 E o] YA
o2 AN e A8 W 2ol
T droj e B WA AA =2 Al 7Hestth (BlA2EYU 9- Y 22) 7 AH oY &2 ]
S A 8A 4] Bel sl Aae AAE L B S AR A5 Sl (] AL A9 51
BEEUOEva bas i, A2 id () 2 FE BEo
IDLE 3}o] - #1353 71 37 (Integrated Development Environment). IDLE-2 3} o] 4 o] 3 & uf| 32 3o
et |20l BA /19 ez el g B ol

immutable (%) T4 9 2E A4, 29 AR £ 27, EAY, FEL ERAT. o) AR 5L WAL
S gleh. A 2hS A5 el | Al 23] & ehE o] of Shrk. MakA] ok o Al gko] 1ol of s Eol A F-2.2

qeS it ol & S, gA v gl 7.
import path (Y E FEF) A& 7|NEapelt 7 9=
[e]

11
2
&s;
r (
td
il
1o
)
o
rx,
&
[
N
O
rlu
fd
|
1o
&
-
rx
&
[
=2,
>
>
oo
i)
4
30
L
f
o
rlr
iy
_>;1_'4

importing (

importer (Y2 ¥) RES 27| % 8ol 2= 37| % sk AA; FAloll 9l T o] A} = Aot
o

interactive (c}5}9) o] 0 € tfo}Y QlE| 2ol e & 20 glev], A zele =gaEol) £ RN L
QAL+ 95, 57 APH ATE B 4 vk Foltk. A glo] B python & AW sket (AHE S
Folpel A A B A% 5@ 5 Aeh. Al obolHolE AARAL BER 5714 Selrhu s
w9 g g o)tk (help (x) § 7195 L

interpreted (&} 22 E]£) vho]= 3= Astele] £ A wlEol 2 7o) B A 7] AT, sho] ML
A5hed Aol 7} oh 2t AE ZelE Aofrh, o] AL WA AL A AL WA YIE, A4 HAL
A7 AW 4 drhe Tolth 1z Tade] & 6 AW AW ) E AT, AHZH Aol BE

A5 Aol i} BE AT ¥ #718 ZHeth g5 = BAL.

interpreter shutdown (4B Z2]E] $.2) $25tehe 89 W& w), 3|4l A = e 50T 79 2
b, B ol /X FR A MR FREN LS RE WP AASL B o whga)
£, 714 577 & ol e M B2 Th AHSA A9 5 ALt weakref ol 9t TES o] AL
NAAD 5 ek F2 A7) B AN mEE e o9 5L whd 4 e, 120 9 EHE
A0S0l H 715517 9242 4 97 WlEol T (E8 o ol Heje] BE o} AL A Sl Th
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A ZEH $59 FH YA AYF = __main BEOIUA2THETAYS ZY = Zolh

iterable (0] E]2]E) AHES W A EHE 5 U= AA. o HHEY o2& R E(1ist, str, tuple
ZOYANBAFE, dict Z2 22 u A B2 FE, 91D AA S, __iter_ () YA A= AES F3 5
£ __getitem_ () WIANEE WA A BE Fejr9 7“Xﬂ o] 9t}
OlEiEiat for ZZA AL E ¢ YT, A F2E LR T =2 B2 3L (zip (), map ( )°ﬂ A&

Atk ol HE AA 7 WG T iter () o AAE % %_"51%,—"’-7“%1]4 OlEii‘ﬂ"lEi =Tt

°l OlEiﬂlolEiL%}‘:El@J%f?} AA= T FEICE o HYES AT, BE 1ter()%
TE3AL, olHEolH AAE A H g D8+ Ut for 2 13\4%% qgHES A OH/H XPEOE
AFed, FZE = FA)HH O EE FotE ol & e HEE WET o H# o H, AlA 2, Al
°lH &= EHLL-

iterator (o] E]#|o]E]) t]o|E|S] ~2EH S E?ﬂ 3= A olH#o]EHY __next_ () MAEEHIEHo T
&3 (EL \417“ S next () 2 G 2EH JE=FEHES XP?JM}EEE%*D} T o]/9]
dl o] E1 7} WW Stoplte tion ool & doith 1 A1 oA, o] e dl o] ¥ AA = A= L,
0] %9 E%_next il 1‘: TEL st OpIteratlon o 9] & thA] F o 7] 7] qk gtet o] B # o] E =
o] ] & o] E] A XVJ% %Eﬂ ite ) MIANEE 7}X‘ A o] L—TLQ 71 Fﬂ]% of, olH o] E| =
olH el &o| 7| % 3tal th & OlEiEi—‘é—%—% E‘:‘O}C o] &= gl & o] oA AR D} Q239 e=
olg] Mo o]H o] dE A =3t =T (1ist 7‘°)?4Eﬂ o] 7”?<ﬂther() T2 AL AY
for FZ o AR & ufjulc} A o] # o] H & TEth o)™ Z1-E o] E & o] ¥ of] i3l 1—’F yshe] AL sk,

Ak o el g o] Aol ALgH o]u] 27 F o] el 2 o] Bl 2 S HA, ¥l Al o] A Kol A BET)
typeiter o] T Z}A| 3F Y] -& 0] Qlth
key function (7] $t¢) 7] T4 =+ igﬂ o] A (collation) T4+ ;g =] (sorting) o]} Wl & (ordering) of] AH&=] =

He EHlFe Y E 5 O]D}. o & £0], locale.strxfrm() 2 2ALd EAFA YA S == AE 7|5
HeE T AHEE T

o] R o] g =7 R A5 0] o] BA 4] A A AL Fol=AE Alofstr] A8 7] TE wol=<th
olfl AEoEmin (), max (), sorted(),list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby () ©] AT}

7l S o= de oy Wl dth dE £9], str.lower () WAEE Aolx TE = A
22 93} 7 61'*; ApgE 2 - Atk gFoew, 7 F4= Lambda 3 RAA R s £ g,
o] A elt}: lambda r: (r[0], r[2]).%E3 Operator BE2M MY 7] g5 B3RS AlF S
T}: attrgetter (), itemgetter (), methodcaller (). 7] &4E WHETL AR Sl= Ho U3l o 2

Sorting HOW TO & H A 2.
keyword argument (7] 9] & 21z} 2z} & H A Q.

lambda (FTh 558 o) gro] P AL shike] 94 02 THE o) F gl e B Prh PSS HEL

EWHL lambda [parameters]: expression ©|t}.

LBYL 7] Aol B &} (Look before you leap). ©] T 2E}L 2 ST E0|L} 23
2AES AADE o Aerd L EAFP AT HUIE W, B i £ 22 54
U 28 = oA, LBYL H2H-& (H7]) & (H7]) ol A 202
E0],7FE1if key in mapping: return mappinglkey] = AA} &9, o, =
| = 7} key & mapping | A1 4| A 54 @ 5 k. o] A o] F o L} EARP 2 & A8 FO 2 A
sdd + Sth

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 HAZ a3l A) AP QA5 AR T JHE Aty 1 2HE PJAERE B

F= 743, result = ['{:#04x}'.format (x) for x in range (256) if x % ==
T 001 A] 255 Atolof Qle= H4E2 16ZJ-r(0X ) ES TP EAEY g EE WETH if B
32%‘? At Aekstd, range (256) o Y= B 847 A 2"
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loader (2t]) &S ZE3H= A4l load_module () olgh= o] 59 HIANEE FYslof sttt 2= HE
goly 7 23 & AA S {2 PEP 302 &, A4 v o]~ 28~ &= importlib.abc.Loader &
HA L.

mapping ("]3) 2] 7] 23] 5 A Y5} Mapping ©] U MutableMapping 574 W o] S| o] 2=
HAEES FT8SE= Aol AA. 2+ dict, collections.defaultdict, collections.
OrderedDict, collections.Counter & 5 4 Ut}

meta path finder (W€} 2 5}Qlt]) sys.meta_path o] FAMo] ZF+ sl vgt A& s+ 4=
E el oF F#EE o] 9 7]& A th= ok

H el F 2 7t FE 5= WA =S | Al+= importlib.abc.MetaPathFinder & W "t}

metaclass (e} ZF2| ) SR FeHja Fex FY = S o5, FWH2 9, Hlolx FPAES
EES BETh HE FH At o Al AAE Hol FAE B IS Ak Ug7E e A A&
Y AdojEL 7|8 FHS Al&3tt) sho] WS S5 Bte= A2 ALY YE FYPAE WS
T Age Aotk EE AREA A= o] =7 A 8 AT Zo 7t A A uf, vE ZH A
7FE3tal fofst s S Alw et o EEHE A 29 27 (logging), 28| = b e] =7 A A A4
FA, AZE T 2 o2 FYol A
metaclasses | A T Z}A| S W8-S 2HS 4= QU ).

method (] A1) 22 2 whe) kol 4] )% = 4. ) HEEA S
HAEs A A A (R self gt 2dTh Z Jd2d2 AXNE Btk T g sHd 252
HAL.

method resolution order (WA & ZA $A]) WA E 2A A= 2351
259 £AH 23 DA dhojd dE x| E o AMgE dare
Method Resolution Order S H ¥ H ¢}

module (25) 308 Z=0) 243} the] & kel A7, RE-L glolo] sholul AR EL e ol F FNE
etk 28-S Qs Ao 9 sol oz zEH,

W77 = HAL.

module spec (25 2¥) R &5 S 23 =4 AL
importlib.machinery.ModuleSpec ¢ ¢l

Iy o

MRO HAZ= 24 =4 & BA L.

mutable (7}¥) 7FH A& o]l A& 5 QAR id () & SASHA AT 208 = HAL

named tuple (V| YE FZ) dIdAAT F A E S AES F B2 JEYREET AN T F Y= EE
EZR ZY2 (E 9], time.localtime () S year 7}t [0] A AEAE L t.tm_year A
AEeRERE ANET 4 Yt FEF AAE B E0h)
YAE FE2 time.struct_time T2 WA F L 5, ¢ FH 2 Y2 vt 5 ok BE
7ol FEEVYLE FE2 Y 34 collections.namedtuple () 2% & 4 o). vpx| 2
HAZHL2 Employee (name="'jones', title='programmer') & Z2 227 BAZ 7T = repr
I 22 A 75 % A Al st

namespace (o5 7)) W7t A5 L G4, o2 TS gAY Z TRAT AR SHE o] T B
(MM = oA Bk oty Ao, A, WA o] 5 F7ke] YUth o] F T2 ol5 TS YAGNA ZEA
2 A Y3t} o E Eo], T4 builtins.open T os.open () & 159 FEE

o
w3, 0] 2 B7HS ol o] P48 TANLAL LB TS0l A HE AT} f A
Zt} o9& £9], random.seed () =& itertools.islice() Bt 2 W
7 itertools &) s F+EH 5ol Haf Kt
namespace package (°]5 &7 |71 X)) &2 A B 3| 7] A 5] AH o] E T 7] 5 3= PEP 420 3 7] #]. o] &
T A= AN ARl 5 YA, 53] __init_.py FLo] B R AHf 3 7] 4] &=

thE o,
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EEZ HASL.

nested scope (53 € 2 :Z) SER Ao oA A E FXoe 5. & 5o, e T W RolA B =
e nkg g °ﬂ JeHFES Az S Ut FHY 2FZE= 7| EFo g = Fx s B,
Y& FH A kethe Ao FYsiof sttt A A2 7 5o 23z oA ¢lal &t wpA A &,
A Mps2 A o] F T34 ¢l 22t} nonlocal 2 HHZ A3 o] 2= 215 3=ttt

new-style class (¢ 2Bt Fel2) A2 EE g—a]/\ AN AEHIL = A2 WA oA o
5. 2719 FolH W AN E, 24 F2EY EEHAUP __slots_, A HH, =3 H,
__getattribute_ (), ZHA2 WA E, 2 E WA 2L Fol WY BT TSI N 5ELS

}ilﬁi‘* 0104E+
object (A A) AE} (1= HEY ) 2 T2 (WA ) o] Aol H RE o[ E. B, BE raE}d Fe) s
o) HE A o)~ Zeh ).

package (] 7] 2]) A E ZESo|L}, Al Aoz A A I 9] A=
371X &=_ _path_ A EZHEZ} Y& sto|H EEo|t}

AT 3717 9 o) 2 B0 AAA = BAL
parameter (S}kvIE) 915 (£ MAE) Ao HET B S e 7 (B oE A A7) 8
AT o e ALY, A 57 sHervl et e
s A A-719 ositional-or-keyword): 9] 2] Q1A U 7| = Q1A 22 AdE £ 9l= AAE A A s
7]

= (p
o] A o] 71 & e gtetu|Et}, o & Eo] th-2-ol| A foo &} bar:

def func (foo, bar=None) :

« 912)-A§ (positional-only): X 2% AFD 5 9t AAE A A} vpo AL A X-7§ ety
B2 Aofste 2L 23 A 3Tk AW, ojE A F45L 9 X-A8 e EHE 2E
(€ &9, abs ().

o | =-A & (keyword-only): 71 EZ T A FE 5= U= AXE A
T 49 shetuE EE5 oA ol 3putbe] 7R X] 3hehu| B L+
F Atk & 59, Oﬂ A kw_onlyl 2} kw_only2:

’def func (arg, *, kw_onlyl, kw_only2):

o 7PA-91 A (var-positional): (T} 3}etu] E] S0 Al o] u] Rol5o] A 9] A AAEof B 3)) A2
T A= A A=Y 01-4-4 AlA2E A Attt ol & hetn| Bl & Fhetu| B o] Fof * & el
Eofl/ﬂ Aold o Utk oAl & 0] thZoll Al args:

def func(*args, **kwargs):

o 1WA = (var-keyword): (T2 3heu] B S o] 93] A o] u] WolS o] 7 7] Y= A RS o B 3)
ATD 5 de A9 A5 A= AREL A A} o & stebu] g sl g o] o xx &
ol BoiA HoE = Ut o5 S0 919 o of| A kwargs.

gtetu = AHA ARAES Y3t 7| BBt ol A A o) Ay A4 A= A AT 4 9ttt

12 g0 &, 2 x}e} getul e Q] 2}o] o L} 2= FAQ A&, inspect .Parameter & &2, function

o "1

A, PEP 362 = B AN 8

path entry (B2 N Ez2]) Z= 7wl 3lv) 7} RER REES 27 A8 Fashe Qv e A= 4 shie
7(]— A

~
é

path entry finder (7 2 QI E 2] u}elt]) sys.path_hooks
kel Ad], FARN A2 dED] 2 RES Z= WS € T

AZ AdED FJAHE0] L= WA EEL importlib.abc.PathEntryFinder of Y2t}
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path entry hook (% 2 QIE 8] &) sys.path_hook B|AE Y= ZFe| 80, EA A= dED i ZES

FEMe 2R o 4z e 9od & SeEnh
path based finder (7 2 7|4l 5}elt]) 7| E Hel A2 3oy E F -a}uroL]uﬂ AT E AZ A REL =1}
path-like object (3 2% A7) 5+ A28 A2 2 vehls A4, A2F AAE 422 Vehls ser 1}

bytes AA| o] A} os.Pathlike T2 EEZ S F33= 7“74]13]-. os.PathLike Z2EZ S X Yst+=

AA = os.fspath () FFE TS A str 1erytes Hd A2" FrE dAsE 5 gl Al os.

fsdecode () & os.fsencode () = ZZt str Ybytes 23E B ASt=t] AFE 4= 9t} PEP 519

2 =99 ek
PEP 5}o]#l 7) 4l A ok, PEP= sho] l AR Elo] 4B E 2|53k A1} gho] W

et MELR 7|5 AWt AA EATh PEP+ A|<HH 759 EH?E 7‘}7%} 71 APEF H

Al-&-3l oF gkt

PEP:= 2 22 75 S A

2Re EAE BE7] #1387

AL EA% T Aol ek

PEP 1 Z=3}A4 8.
portion (3£ 4) PEP 420 o| 4] A2 3l AAH, o] & F 7t 9 7] A o] o]u}A] 5= dHe] tldE o] o=

SFQES) A Y @p SHol] A4 £ A= FHs ek,
positional argument ($] 2] Q12}) <A} E H A Q.

provisional API (/4 API) A API= & glo| B8] I A S84 Ao 2 HE 4l

A

st A NG ARUE 4L 54 5 shol Aol Soi k4
2 ] AYZolth PEP 2475 ARUE el A #8758k

—

of
ol
&Y
fo
2}
Y
o,
o

QUE o] 220] = WA} o A4 A= A B, FR A ol e EAIE & B, o} AASo] AesTha
A7 EThE 3 SR 0] §AH A i WAool 4+ YUtk TAMAL BFe WA o dof
YA 952 Aelth— APIE Z33t7] Aol 2 Frista 2R A Agte] BAH 4ol v Aot
Aoltk.
A7 APII A 2215, 37 B84 0] $AH A = WAL (A7) 50 02 o ARG - R E A8
A el 7 SHE S fASGE AN Folt BE AL} AR

=%

o) AR EF Folud et ol A7 B BEH A4 ool BB A AL WAL S 9
w=t} ¢ A3 W22 PEP 411 &

provisional package (23 2| 7] X]) &4 API & B A L.

Python 3000 (sFo] 2 3000) ol 3.x w32 2hle] 8
o] Folth) o] A= (Py3k) 2 £o] 27|% 3t}

Pythonic (s}o] A the) The 910 5ol 4 QA9 S 2 Agal A =S FASH= 4], 5ho] A Qofol 4
VA AR £ oA Al mh s ool ol RS 2 o § ol Sl ol A7 2k
ot P for T2 AHESA] olElB B9 BE 848 F3 5= Ao|th thE B2 dojoll= old T /Y
FAEO] OB, shol ol o %) FE AREL thAlo] A 7L E B AR E Beh:

(M7 3] WE7 A B2 o] o]okr] | A Bol TS of

for i in range(len(food)):
print (food[i])

o 2T, st Athe P e o ek

for piece in food:
print (piece)

qualified name (357 31€ o]5) ZE2 A A7 zox REo| FolH Fefx, T, vAEc] o] 2 & (FR)
%E®2L24°E¥—Er% o) %. PEP 3155 o | ol Fh. 249 Fol Zel2e] B9ol, A73Hd
ol &2 A9 o] 53 2t
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>>> class C:
class D:
def meth (self):

pass
>>> C._ _qualname_
IC’
>>> C.D.__qualname___
'c.D'
>>> C.D.meth._ qualname_
'C.D.meth'’
EE< 77 AR , 4R 3] A13LA o] (fully qualified name) & 2= R 1 7| A 5& £
A EERE 7= A Oi—rﬂ% o] &85 9 n| T} E]-, o & £90],email .mime.text:

>>> import email.mime.text
>>> email.mime.text. name
'email.mime.text'

reference count (= 3142) AA| ol &k Fxo] 4. A Fx A571002 Hox W, W= g 7} vhg =
o ZAR 3 FAHL dH o2 go|l o =& F Xl A 2k, CPython 738 2] & 3 A 84t sys
E%% 54 AAY F=R JA4E 58 F £ getrefcount () & F st}

regular package (7 3| 7]A)) __init_ .py YL L= 1’4 Ae g e AEAQ I 7] A.
712 & BA L.

_slots__ Felx o] AAdd, AxE A ojELF
AAZGo 2z HReE Aot 95
7R HolgtA, vl R eEo Ie S8 2=
gt 2ol Erh

sequence (X] @) —_getitem () ELHAMES 55 A4 AU A AGTWE Q4 AN
/\134/‘«1 7‘01 Eﬂ] —len__() UﬂfﬂE%Xéf’J‘}%o HHE 22 YF A dAE
)

ol& &7l

~

collections.abc. Sequence =4 ﬁﬂ o)A FeAE_ _getitem () I __len_ () EHAA
A FH3 A EH o]~ E A= ], count (), index (), _contains__ (), reversed () &
F7hgtt}. o] EgH ?_Eiﬁﬂ O|2E T3S P& register () EAMEIMNA YA HLZ 5ET 5 9]

single dispatch (J 2 t]A 9] x]) & o] s} QA2 F o 715—5“/‘1 A== A= g4 gasfA e st
).

slice (eto]2) H5 A A2 o RS 23eh= A Selolae A H ATHE 71U S AHSSA TETh
variable_name[1:3:5] A&, [] ¢l A oA 7Y AE ZE2o 2 EEdt) 2425 (ME 23
HE) Z7IH2 W R A= slice A& AHE-3Shoh

special method (5= WX £) 3}o]do] o ojwl A4k, T &2, A3
A A= AS WER AHHT BrhE o 52 27 Atk &

5ol A slet.

statement (F73) TF-2 2 E (ZEY (E5F (block))) & T8 FEolth 282 32384 o] AU 7|9 =
£ A8k o 81 7HA] F2E 59 shutth 719 if, while, for.

struct sequence (-2 A] A]P2) A tuple with named elements. Struct sequences expose an interface similar to named
tuple in that elements can be accessed either by index or as an attribute. However, they do not have any of the named
tuple methods like _make () or _asdict (). Examples of struct sequences include sys.float_info and
the return value of os.stat ().

3, HoR &= HAE.
4= 1] A & 3= specialnames ©f A} E
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ol

2249,

o}

rlr

text encoding (]| AE 217 4Y) FUIE B S vlo|EdR o F
text file (J2E 5}9) str AA & ej1L & %1% Id AA. 5 G2E IS AAZ = vl E A #F
ol mmza 423k s 12 & A% AN YT GaE sl o2 e daE R
¢, sys.stdin, sys.stdout, io. StrlngIOJ A~EAE & 4 Uk

AT A L AA o e A vtol v e] 9t d = FzsiA 8.

triple-quoted string (31 w3 € £2149) w3 () W FF2 0238 (O *ﬂ Me M 2L 23
02 SR SeAA BAL Qi 715S AFHAL @A, o] /A ol FAM L7
ojaAolz A he AL EY 2L EE
Fuz ol So] ZA e, F2EFS & 53 &

type (3) ho]41 AN G T30 o ¥ S 72 AANAAE FH UL RE A& Go Slek AN Y
_class_oi_E]HEE AN 2~T 5 (obj

type alias A synonym for a type, created by assigning the type to an identifier.

Type aliases are useful for simplifying fype hints. For example:

from typing import List, Tuple

def remove_gray_shades (
colors: List[Tuple[int, int, int]]) -> List[Tuplel[int, int, int]]:
pass

could be made more readable like this:

from typing import List, Tuple
Color = Tuple[int, int, int]

def remove_gray_shades (colors: List[Color]) -> List[Color]:
pass

See typing and PEP 484, which describe this functionality.
type hint An annotation that specifies the expected type for a variable, a class attribute, or a function parameter or return

value.

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.

Type hints of global variables, class attributes, and functions, but not local variables, can be accessed using
typing.get_type_hints ().
See typing and PEP 484, which describe this functionality.

universal newlines (FUH A & d7)) thSH 22 AES BEF 29 EL2 A4 s, HAE 2EH S 54
Bho B U2 AW BA Bel \nt, AESE Tel \r\n', o B8] WTIEA] Tel \r . FohA <)
AFg-of] #3fA = bytes.splitlines () ¥4 o}y 2} PEP 278 &} PEP 3116 = E/\ﬂﬁ.

J

variable annotation (4> o] = €| 0] ) An annotation of a variable or a class attribute.

When annotating a variable or a class attribute, assignment is optional:

class C:
field: 'annotation'

Variable annotations are usually used for #ype hints: for example this variable is expected to take int values:
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count: int = 0

Variable annotation syntax is explained in section annassign.
See function annotation, PEP 484 and PEP 526, which describe this functionality.

virtual environment (7} 3+7) Sho] W AF2 A9 28 =2 g o], 2L XA AHA] AP E = T2 mlo|
& zr2IHEY Em’ﬂ FEFS FA %}Etﬂ/\i F}o] 4l wf 3= 71 Ase AAFAY Jad ol =8
;q o V55 B,y Ao g E]‘Q_ A3 317,
venv & HA 8.

virtual machine (7} 7] A]) £ Z EQJolvto 2 HojH AFH. o] o 74 71 A= viol E I = Hutd 7t
Yt vbolE = 2 APk

Zen of Python (3}o]# Al) 3}o

12 ol Yg]e} AtS o] EEoly, ol
Atk o] 2E2 81y L g

At , 9l
Eo|A (import this) & Y3}
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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.

Development of the documentation and its toolchain is an entirely volunteer effort, just like Python itself. If you want
to contribute, please take a look at the reporting-bugs page for information on how to do so. New volunteers are always
welcome!

Many thanks go to:
* Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much of the content;
* the Docutils project for creating reStructuredText and the Docutils suite;

* Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

B.1 Contributors to the Python Documentation

Many people have contributed to the Python language, the Python standard library, and the Python documentation. See
Misc/ACKS in the Python source distribution for a partial list of contributors.

It is only with the input and contributions of the Python community that Python has such wonderful documentation —
Thank You!
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apPENDIX C

History and License

C.1 History of the software

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:
/Iwww.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.

Release Derived from | Year Owner GPL compatible?
0.9.0thru 1.2 | n/a 1991-1995 | CWI yes
1.3thrul52 | 1.2 1995-1999 | CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com | no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 2001 PSF no
2.0.1 2.0+1.6.1 2001 PSF yes
2.1.1 2.142.0.1 2001 PSF yes
2.12 2.1.1 2002 PSF yes
2.13 2.1.2 2002 PSF yes
2.2 and above | 2.1.1 2001-now | 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.

Thanks to the many outside volunteers who have worked under Guido’s direction to make these releases possible.

C.2 Terms and conditions for accessing or otherwise using Python

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.6.15

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSEF"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.6.15 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 3.6.15 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2021 Python Software Foundation; All._
—Rights
Reserved" are retained in Python 3.6.15 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 3.6.15 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
3.6.15.

4. PSF is making Python 3.6.15 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION.
—0OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT.
—THE

USE OF PYTHON 3.6.15 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.6.15

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.6.15, 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. 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 3.6.15, 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

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").

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.

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.

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 THEREOEF.

This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

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

(THS STl Aol A1)
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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 THEREOEF.

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

(TH& SOTATl A1)
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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.3 Licenses and Acknowledgements for Incorporated Software

This section is an incomplete, but growing list of licenses and acknowledgements for third-party software incorporated in
the Python distribution.

C.3.1 Mersenne Twister

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).

(THS SOl AT ol A1)
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Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m—-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 Sockets

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, http://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.

(TH& ST Aol A1)
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THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 Floating point exception control

The source for the fpect 1 module includes the following notice:

/ Copyright (c) 1996. \
The Regents of the University of California.
All rights reserved.

Permission to use, copy, modify, and distribute this software for
any purpose without fee is hereby granted, provided that this en-—
tire notice is included in all copies of any software which is or
includes a copy or modification of this software and in all
copies of the supporting documentation for such software.

This work was produced at the University of California, Lawrence
Livermore National Laboratory under contract no. W-7405-ENG-48
between the U.S. Department of Energy and The Regents of the
University of California for the operation of UC LLNL.

DISCLAIMER

This software was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor the University of California nor any of their em-
ployees, makes any warranty, express or implied, or assumes any
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe
privately-owned rights. Reference herein to any specific commer-
cial products, process, or service Dby trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United
States Government or the University of California. The views and
opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or the University
of California, and shall not be used for advertising or product
\  endorsement purposes. /
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C.3.4 Asynchronous socket services

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.

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.3.5 Cookie management

The http.cookies module contains the following notice:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3.6 Execution tracing

The t race module contains the following notice:

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.7 UUencode and UUdecode functions

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

(TF= ol ATl A%
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

C.3.8 XML Remote Procedure Calls

The xmlrpc.client module contains the following notice:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.9 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

(TH& ST Aol A1)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.10 Select kqueue

The select module contains the following notice for the kqueue interface:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.11 SipHash24

The file Python/pyhash. c contains Marek Majkowski) implementation of Dan Bernstein’s SipHash24 algorithm.
The contains the following note:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

(TH& ST Aol A1)
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Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.12 strtod and dtoa

The file Python/dtoa. c, which supplies C functions dtoa and strtod for conversion of C doubles to and from strings,
is derived from the file of the same name by David M. Gay, currently available from http://www.netlib.org/fp/. The
original file, as retrieved on March 16, 2009, contains the following copyright and licensing notice:

/****************************************************************

*

* The author of this software is David M. Gay.
*

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* % o

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % ok X

*

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

***************************************************************/

C.3.13 OpenSSL

The modules hashlib, posix, ss1, crypt use the OpenSSL library for added performance if made available by the
operating system. Additionally, the Windows and Mac OS X 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.

(TH& ST Aol A1)
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Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in
the documentation and/or other materials provided with the
distribution.

3. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT " "AS IS'' AND ANY
EXPRESSED OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE OpenSSL PROJECT OR
ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT

NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;

LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)

HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

L I I A I N N S N IS S S S S i S N N R S S S N S S S T SN S N S S S T S ST S S N S N .

Original SSLeay License

/* Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)

(TH& ST Aol A1)
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All rights reserved.

This package is an SSL implementation written
by Eric Young (eaylcryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:
1. Redistributions of source code must retain the copyright
notice, this list of conditions and the following disclaimer.
2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.
3. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

The licence and distribution terms for any publically available version or
derivative of this code cannot be changed. i.e. this code cannot simply be
copied and put under another distribution licence

[including the GNU Public Licence.]
/
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C.3.14 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
—-with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.15 libffi

The _ctypes extension is built using an included copy of the libffi sources unless the build is configured
——with-system—-1ibffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.16 zlib

The z11ib extension is built using an included copy of the zlib sources if the zlib version found on the system is too old
to be used for the build:

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.3.17 cfuhash

The implementation of the hash table used by the t racemalloc is based on the cfuhash project:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS

(TH& ST Aol A1)
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FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.18 libmpdec

The _decimal module is built using an included copy of the libmpdec library unless the build is configured
—-with-system-libmpdec:

Copyright (c) 2008-2016 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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Copyright © 2001-2021 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.

AA 2ol Al W AR A A X = History and License ol A1 A& 3T},

=

147



Python Tutorial, £A| H{H™ 3.6.15

148 Appendix D. x{Zt#



1=
ro

Non-alphabetical

..., 113
# (hash)
comment, 9
* (asterisk)
in function calls, 27

* Kk

in function calls,?27

2to3,113
: (colon)
function annotations, 29
->
function annotations, 29
>>> 113
__all_ ,50
__ future_ , 117
__slots_ ,123
ke
file, 56
method, 74
for, 20

A

abstract base class (F4 Wlo]x E8), 113

annotation, 113

annotations

function, 29

argument (12}, 113

asynchronous context manager (M]3 7] 7 €l
2 E AR, 114

asynchronous generator (V% 7] Al g o] §),
114

asynchronous generator iterator (H| & 7]
Al ol o] Bl o H), 114

asynchronous iterable (H]%7] o]E 2 £), 114

asynchronous iterator (H]% 7] ©| € g o] §),
114

attribute (]EZHE), 114

awaitable (o] 9| o] E] &), 114

B

BDFL, 114
binary file (MFo]ug] 31¢Y), 114
builtins
8 5,48
bytecode (H}°]E I &), 115
bytes-like object (H}o]EAF AA)), 114

C

C-contiguous, 115
class (E# ), 115
class variable, 115
coding
style, 29
coercion (Z o] A), 115
complex number (B4, 115
context manager (AEAE |2}, 115
contiguous (¥%), 115
coroutine (ZFH), 115
coroutine function (ZFH &), 115
CPython, 115

D

decorator (HZd o] g), 115
descriptor (2= HE), 116
dictionary (844 &), 116
dictionary view (844 g H), 116
docstring (52E#), 116
docstrings, 23, 28
documentation strings, 23,28
duck-typing (2 E}o]3H), 116

E

EAFP, 116
expression (E&4]), 116
extension module (3% EE), 116

149



Python Tutorial, £A| H{H™ 3.6.15

F L
f-string (FEA}4), 116 lambda (T}, 119
file LBYL, 119
A, 56 list (B]|2E), 119
file object (3L AA, 116 list comprehension (B|2E AZE3A), 119
file-like object (BFLF AA), 117 loader (£49), 120
finder (3}¢19), 117
floor division (A4 YA, 117 M
for mangling
=,20 name, 78
Fortran contiguous, 115 mapping (7] 3), 120
function meta path finder (WE} AZE 3}9lH), 120
annotations, 29 metaclass (HEF &), 120
function (¥), 117 method
function annotation (& o] H|o]A), 117 =), 74
method (WA =), 120
G method resolution order (WA E ZAA <A,
garbage collection (Z7}8]A] =A4), 117 120
generator, 117 module
generator (Al d o] §), 117 search path, 46
generator expression, 117 module (B&), 120

generator expression(AY# o]E &4}, 117 module spec (EE 23), 120
generator iterator (A @ o]g o] €& °]E), MRO,120

117 mutable (7}H), 120

generic function (A4Yd &), 118

GIL, 118 N

global interpreter lock (¥ AHZZHH panme

=), 118 mangling, 78

named tuple (M¥9=E H5&), 120

H namespace (9] & & Z_]'), 120

hashable (3 A] 7}5), 118 namespace package (°]& &3t 3 7] #]), 120

help nested scope (FFH 27 =), 121

“iE o4, 83 new-style class (F2EFY Ee2), 121

| O

IDLE, 118 object (AA), 121

immutable (), 118 open

import path(YXE F =), 118 i A, 56

importer (¥ X ¥), 118

importing (Y 3xH), 118 P

interactive (th3}3), 118 package (3 7] A)), 121

interpreted (A Z 2 E X)), 118 parameter (320 §), 121

interpreter shutdown (JAE|Z2JE] £8), 118  paTH, 46, 111

iterable (°]EEHE), 119 path

iterator (°]Ed o] H), 119 module search, 46

J path based finder (AZE 7]¥F 3} H), 122
path entry (AZ dET), 121

json path entry finder (FZ AEE 3}QH), 121

25 59 path entry hook (AZ dET %), 122

path-like object (AZF AA), 122

K PEP, 122

key function (7] &), 119 portion (Z4), 122

keyword argument (7] Y E ¢12}), 119 positional argument (8 %] 1=}, 122

150 AHO|



Python Tutorial, £A| H{H™ 3.6.15

provisional API (FA API), 122
provisional package (FA 3 7] A)), 122
Python 3000 (z}o]# 3000), 122
Pythonic (Z}o] M TH2), 122

PYTHONPATH, 46, 47

PYTHONSTARTUP, 112

Q

qualified name (B34 o] &), 122

R

reference count (X 314,123
regular package (A7 37| A)), 123
REC

RFC 2822, 88

S

search

path, module, 46
sequence (A|F2), 123
single dispatch (<& U2 X)), 123
slice (£8}o]2), 123
special method (54 HA ), 123
statement (£7%), 123
strings, documentation,?23,28
struct sequence (FZ A Al A ), 123
style

coding, 29
sys

15, 47

T

text encoding (A1AE ¢134)), 124
text file (HAE 3}9Y), 124

triple—quoted string (4% W% H #219),

124
type (9), 124
type alias, 124
type hint, 124

U

universal newlines (FUBAd & d7), 124

Vv

variable annotation (W4 o]k H|o]A), 124
virtual environment (7} &7), 125
virtual machine (7} 7] A), 125

X

=
help, 83
open, 56

N

builtins, 48
json, 59
sys, 47

o o

PEP 1,122

PEP 8,29

PEP 238,117

PEP 278,124

PEP 302,117,120
PEP 343,115

PEP 362,114,121

PEP 411,122

PEP 420,117,120, 122
PEP 443,118

PEP 451,117

PEP 484,29,113,117, 124,125
PEP 492,114,115

nr oI /::l OF A} x-“ 3}—

PEP 498,116
PEP 519,122
PEP 525,114
PEP 526,113,125
PEP 3107,29
PEP 3116, 124
PEP 3147,46
PEP 3155, 122
T3 ax
PATH, 46, 111

PYTHONPATH, 46, 47
PYTHONSTARTUP, 112

Zen of Python (3to]# A), 125

151



	입맛 돋우기
	파이썬 인터프리터 사용하기
	인터프리터 실행하기
	인터프리터와 환경

	파이썬의 간략한 소개
	파이썬을 계산기로 사용하기
	프로그래밍으로의 첫걸음

	기타 제어 흐름 도구
	if 문
	for 문
	range() 함수
	루프의 break 와 continue 문, 그리고 else 절
	pass 문
	함수 정의하기
	함수 정의 더 보기
	막간극: 코딩 스타일

	자료 구조
	리스트 더 보기
	del 문
	튜플과 시퀀스
	집합
	딕셔너리
	루프 테크닉
	조건 더 보기
	시퀀스와 다른 형들을 비교하기

	모듈
	모듈 더 보기
	표준 모듈들
	dir() 함수
	패키지

	입력과 출력
	장식적인 출력 포매팅
	파일을 읽고 쓰기

	에러와 예외
	문법 에러
	예외
	예외 처리하기
	예외 일으키기
	사용자 정의 예외
	뒷정리 동작 정의하기
	미리 정의된 뒷정리 동작들

	클래스
	이름과 객체에 관한 한마디
	파이썬 스코프와 이름 공간
	클래스와의 첫 만남
	기타 주의사항들
	상속
	비공개 변수
	잡동사니
	이터레이터
	제너레이터
	제너레이터 표현식

	표준 라이브러리 둘러보기
	운영 체제 인터페이스
	파일 와일드카드
	명령행 인자
	에러 출력 리디렉션과 프로그램 종료
	문자열 패턴 매칭
	수학
	인터넷 액세스
	날짜와 시간
	데이터 압축
	성능 측정
	품질 관리
	배터리가 포함됩니다

	표준 라이브러리 둘러보기 — 2부
	출력 포매팅
	템플릿
	바이너리 데이터 레코드 배치 작업
	다중 스레딩
	로깅
	약한 참조
	리스트 작업 도구
	10진 부동 소수점 산술

	가상 환경 및 패키지
	소개
	가상 환경 만들기
	pip로 패키지 관리하기

	이제 뭘 하지?
	대화형 입력 편집 및 히스토리 치환
	탭 완성 및 히스토리 편집
	대화형 인터프리터 대안

	부동 소수점 산술: 문제점 및 한계
	표현 오류

	부록
	대화형 모드

	용어집
	About these documents
	Contributors to the Python Documentation

	History and License
	History of the software
	Terms and conditions for accessing or otherwise using Python
	Licenses and Acknowledgements for Incorporated Software

	저작권
	색인

