Python Tutorial
2] W% 3.9.16

Guido van Rossum
and the Python development team

2910, 2023






Contents

7

shol o] 7heket 2l

31 TolNE AAINE AL L
32 ZRIOFPHOZAZAL ...
7)€} Alo] ZF =+

4.1 1 e
42 for 3 .. e
43 range() T .
44 FZ9 break continue®, 18l else &
45 PaASS T . e e e
46 S AYSHI L
47 T ARG HET] L
48 W IGAERD L
g FR

50 F2EYEZ] o
52 del & ... e
53 EZSOAFAS
54 T
55 "YU .
56 BZHIY ...
57 ZAYERZ]
58 AE2dPEIYPES UL ...
RE

6.1 EEYHEZ ..
62 XFEEETS ...
6.3 dir() T o
6.4 IFIA L

DEEES




10

11

12

13

1o 1>
o X,

5o, 12
Rl

~
()
Hox

2
B
i)
2
éﬁ.
)

o0

~
Mt > 2 2 2 8 M
X oo to o to fop

o

o0
o

=

2 g
i)
l>

ol 53 AA o &gk stuiry] L. L.
92 FpolM 2Fmefo]lF FIF L. ..
93 Zgx AT ... L.
94 JIBFFAAFTE ...
05 AL L
96 WMF/MEHS ... L.
97 FFAMY ...
9.8 olEdHelY ....... .. .. ..
9.9 JU#ele ..
9.10 Aoy 4 ... ... ...

)

EF eho|BE] F R

10.1 &9 AA AE o]~ L
10.2

10.3

10.4

10.5

10.6

10.7

10.8

10.9

10.10 %
10.11 %
10.12 ¥

N

o ox & AT 1O Y Mo 2 0B KL o
SN ofr O X, T 1ok N, o 10 o

i e I 10T
Mool > 1

_YE
=
e
i
ik}
<
O

ZF gholrye ¥Ry 2%
1.1 &3 2ujg
112 &Z= .
11.3 wiojg] tlo] g H A= vfx] 2]
114 =299 ... L.
115 7 .. .
11.6  <9F3l ZFx
117 g2E &Y =

11.8 103 2% A5H Al

713 373 A sfj 71 4]

121 270 ..
122 7WA8A =7 00
123 pipE | 7| A AH3F7] ... ...

o)A Y 32

63
63
63
64
66
67
68
68
69

71
72
72
74
78
79
81
81
82
83
84

85
85
86
86
86
87
&7
88
88
89
89
&9
90

91
91
92
93
94
94
95
96
97

99
99
99
100

103




15

16

=]

=

8ol
o] 417 Aol T} o]

B.l FolH AyAMe ZFAAE . ...

o A}e} o)l

Cl AZEOIY AAF ...
C2 3lo]H o AN~ A L AFR-317] 9] 8
C3 239 L~z EY o] o3l glo]Al

A2

o

p 83

=

105
105
105

107
110

113
113

115

129
129

131
131
132
136

149

151







Python Tutorial, ] 8] A 3.9.16

ol w7l Fa, AT =2 Tad dojdyth & A A5 F2SH AA AF =z T3 o i)
raetins AAQ WS AT ch fobe H 3 5 A Elo] 3 (typing) 2, B =2 H A EA S
Heo], 2 SAEFH hF EA| ol 2THE AR wE 38§ Eil‘j@ ZWke] o] A Ql B =
Alsdyth

dtol QB Z e B9} FH 3 £F ol Hejels £ vtoj 2] FEjE sholyd §] Aol E, https://www.
pyth norg/, A FE & AFEH L, AHFEA 2T F JFUh 22 Al E AGAEC] FRE AF S
= ;vxo]'—‘?—%, 223, =7, FAS WxFdolv g2 E {3

gtol HZEH = C 1/]rC++ (EECoN T2 7t e dolo) 2 7 A v As #2547
F718 4 d5Uth gol e 1 A3} 753 S g 22 IS 93 &4 doj 7 x AL}

o] TF A= Foll Adoje Al2Hl o] 712 N 7 sES 44 jlo] /\7H§‘4‘:]'- gpol Az HE A A
TAE 7 A= FAR BE A7 S H Aol 7] w & 2 Eﬂ’?lc‘ﬂ/ﬂ 1710 = A eyt

2= A REs0 st /:—j_‘ﬂ% library-index & R A 8. reference-index + A ojoll o 3+ & o] 2] 2 <l
A= AUt C u C++ 2 873312 extending-index 2} c-api-index & 2] oA 2. F}o] W& Z o] YA
gE s g5yt

o] AgAE Z&A ol B AL A EoHA] g UTh BE 7l5e tREAE e, AR o A AR = 7524t
T agsUth A, o] u o] 7 RSN 7552 275 AL, Aol Btk AEFAdof T g H A A Q)
AFEZ A FFUTLE o] A E 2 Folle gto|H R 22 202 238 4 1L, library-index of] 7]
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Gol g E=3 Fol & watk 7HX 7 sy Th

Contents 1


https://www.python.org/
https://www.python.org/

Python Tutorial, & ] 8] 3.9.16

2 Contents



CHAPTER 1

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

shol & vz o2l B2 98 Aol Tk

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

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

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

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

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

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

sho] 4 Q1E) = 2] B AL-§-317]

2.1 Qle| = 2] E] A 33}

ol A Z 8] El= HE /usr/local/bin/python3.9 o] AXFH Utk U2~ Ao AM H=Eo /usr/
local/binE Yo 9H&:

python3.9

= A 011?:]"’3011/‘1 AP JFunh Az A A= o] A B3] Fde]7] wE,
DE 4% Atk F0 shol 8 AE btk A28 el Aol Al 4918 B2 7 Pk (1€ Sol

/usr/local/python & 98 A5 =YX dYh)

o] AR A ZE AT oA A g sto] M o] Yl U=
t}. py.exe 5712 A Pod, py HH S AL

© A ~do| A, python3. 9 BHS ALE S 4 94U
‘%14 o shel i & -5 v r,]-% H“ﬁ% setting-envvars

F

5

< FxsA L.

7] B =2 % E o] A EOF(end-of-file) B=A}(&- Y 20| A= Control-D, Y £ A= Control-2)2 ¢ &9
Az B7t T8k, T AH =00 HUth o o] FoHA d=thd quit () HH S YHsHA
JHZFEHE ZEAZ £ Y5 YTh

QE} 2 2]l GNU Readline 2ho] B2 2] & 4| ASke Al 2dol ) & 47 7502 g3ty 97, 3|~ we) A4,

RE 9 5 AFHUD o BaY A4 ABH LA S g we PRe ) 2 gm0
Control-p & QIS AL W G4 27} vokd B W BP0l A5 dw Ut 9
£ BE 5y 2 94 W G aEe A9 S HAR. olFE MeE gAY P 7} 298
Aol AFH A = AAUTh A BoA BAE A9 A3 A )| A8 AT Ut
S]=S

QB melE o JE § g
2 935S g AP h AP L A2 FAY IS EEYYOE AATF AR AP A ~

2A, = J+ IMX AE = fﬂEiL 5% python o] 2k o] £ AH w2 AX A g, SAo] AX 5= sho] # 2.x A
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JdE =z EHE Adsts F HA Y2 python -¢ command [arg] ... AHl, command o Y= TZF=
< AUk A —c FA HFFUTE FolH B2 TF AolA S gu|7} & T oy T2
TAE S 283H7] WfZoll, command AAE 25 EE ANF= Aol EFUTH

2E glo]H REE2 A2THEZE &R 7 JF5 Yt python —m module [arg] ... 2APTF Q=
o], UFX] module B8 A2~ 5149 A2 Y-S YA JHs AAHE Ay A Pk

2AYE ol AL w, 2 AT HES AP T 313 R Foj7k= Aol AT w7t QlF
A2THE e -1 & ALstd gtk

& P33 5412 using-on-general o A FE 5 JF YT

2AYE o] 5 F719 QIAE ) °]Ei ZEZ AGE o, FAEY HEo02 HEH F sys BEY argv
Aol A7g Ut lmport sys 2 £ AREE A o] BEo HZ

2AYELE 2719 QAR Y= AFE, sys.argv[0] 2 ¥ x4
JHS =3t 2 £ sys.argv[0] & ' 7]—%1/]1:]- —ccommandﬂ-*]—%ﬂ“ﬂ sys.argv[0] & '-c
2 AR P Uk —-mmodule ©) N85 sys.argv[0] £ EES AW JZ9F ] Yl -c command 1} -m
module ¥ °] L& FAE-2 Fto|x A Z 7 & E'—O]'Z] F0 g olut REo] B3t E S sys.argv &
Aggyrh

=

N
O
=
o
oddt
kd
[r

ty oA 92w, AE el 3P BE 2 5400k BHUT o] BE AL R mERE §
23], BE A AL Bk AT A E YU (>o) & E 2 B gl o]of A
EuEZEIE e, R4 A A YT (). AR zE S
5t7] Aol WA M9 AR FAE EPSHE B WA AE Z o

(L N EH o
2 o > o
1A/
)
Kl o
ko T
o
o
L g

Python 3.9 (default, June 4 2019, 09:25:04)

[GCC 4.8.2] on linux

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

e

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

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

Be careful not to fall off!

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

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

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

g &tk

’# *— coding: encoding —*

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

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

Qo) R} 2L o L7 ¥ ojof FTh:

i)

’# —-*— coding: cpl252 —*-

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

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

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

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

U
ol FoJstAlR; o8] 22 4

o

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

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

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

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

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

2 7HA ol & Sy Th

M

# this is the first comment
spam = 1 # and this is the second comment
# ... and now a third!
text = "# This is not a comment because it's inside quotes."
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31 ol g A2 44317

% 747 ke ol WS ALE S HAIE A me e WS R 2ETE, >o5, B 7T A R,
(2} A1) gkofok ghith)
3.1.1 =3}

HzelE e 2ue A4 2 2 s gt BAAS Qe g 2tk B84 Bye Bk,
bo ) ARAES TR ThE Qo) 5 (o] B Sof, BhaZol O AR B2 Th 25 ()& Be o
AT ol & ol
>>> 2 + 2
4
>>> 50 - 5*%6
20
>>> (50 — 5*6) / 4
5.0
>>> 8 / 5 # division always returns a floating point number
1.6
A% (o8 501 2,4,20)% int BT 2457} 9 A (18 501 5.0,1.6) L £loat YU Th o
A5 A F oA A2 FEoll B3l B A4Al 8] Lﬂi% 4 AU
WAl () & @ floats St A Ul 2 (aFf jlo) A 23S dod // ddAE
ARESHE FUth UM AE dedfd s & AR S 5 sy th

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

5.666666666666667

>>>

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

5

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

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

17

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

>>> 5 ** 2 # 5 squared

25

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

=

o ks Yl
t}:

]

o

rr
ol

()8 AETUL ol A TS OB g E dol BAHE 2L g5

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

900
W57 o g4 b2 w (e A S L ) AL A RS RS A E DoY)
Lo 7l - Rk 9 AES b 50 BE, 32 & - (3+52) 2 AN AT 9 A HUTE 9B AT A0 (-3) 52 B AET

& syt

10 Chapter 3. s}o|% 9] 7HeFah 27
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>>> n # try to access an undefined variable
Traceback (most recent call last):

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

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

>> 4 * 3,75 - 1
14.0

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

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

12.5625
>>> price + _
113.0625
>>> round(_, 2)
113.06
ol A A AIZ A= g7 7he 3 2 E A wH ol oF Ut gt A A th G okA] vhAl & — wheF 28
S 22 o] 59 AY WHTE ME =+ Zo] Hed, W i nhe e 548 Adsts 245
L}Z:L]E+
]
int £ float Eﬂbﬂ gto] W& Decimal o] Fraction 59 thE F o A% A gt stol 2
oo g AL = WAsta e, d4FE 7Hel7lsdl 5 v T J AR AR U (ol & E9] 3+57).
3.1.2 #z1d
ZAE AR, Jo) R EAYE OE F Jed o A ez g Ynh FL2E (... )Y
SWEE(...MEEGE S YU BT 2L ARE FUN. G EE o2 0] T\ B AT
T ASsUTH
>>> 'spam eggs' # single quotes
'spam eggs'
>>> 'doesn\'t' # use \' to escape the single quote...
"doesn't"
>>> "doesn't" # ...or use double quotes instead
"doesn't"
>>> '"Yes," they said.'
'"Yes," they said.’
>>> "\"Yes, \" they said."
'"Yes, " they said.'
>>> '""Isn\'t," they said.'
'""Isn\'t," they said.'
3l d ez HolA, =8 FAE S whs ‘“E =2 Q3 EF FAES o SHAIR oA o]
Ao o2 JH3 7‘Ur“ﬂ‘r E°4+ (%2 F/F7HuH 5 QUth, 7 EAYS 55U AL 0]
G ERE R BHEES ERGA God SREES} 4855, 1519 AP FowEEA
AHEEUTH print () 4w IR E A, ojaAlo]dH 54 EAE S8MA © 97 A2 282
S ol WU th:

20hE Qloj B3t &el, \n B} 2L EF EAS S ALWLE( ... NG BHLE(. .. )AL A A5 U B KT
Aol ALTEE ol A " E o] AA )BT W G BT\ " & o] 27 0] B AAck FUTh, T 2% FYarhs Aok

3.1. so| S AT = AH83}7) 1
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>>> '""Isn\'t," they said.'

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

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

"Isn't," they said.

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

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

Second line.

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

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

ame

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

C:\some\name

TAE g HES o 22 g4E £ JdFUTh S A S A 22 E AR e Ayt L L.
= \ &

=
PR 0 S Y7 AR A B0 R BAde] EAHULL AT E Bol \ B 2o o2 BT
% A5k 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] o] o] 1, * ANAR WHEA D £ g5 T

>>> # 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 B@Aoll= Gt FFyTh

H

12 Chapter 3. z}o] % o] 7hekst 27
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>>> prefix = 'Py'
>>> prefix 'thon' # can't concatenate a variable and a string literal
File "<stdin>", line 1

prefix 'thon'

A

SyntaxError: invalid syntax

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

A

SyntaxError: invalid syntax

MEE7E 22 W5o £A AP olololel W + & ALgsloF Fuith

>>> prefix + 'thon'

'Python'

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

>>> word = 'Python'

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

IPI

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

lnl

At 2578 $E e, BIARE AUth:

>>> word[-1] # last character

lnl

>>> word[—-2] # second-last character

lol

>>> word[-6]

IPI

0203 Zonz, 29 YAt 1A AlZgte= Ao 554 2.

A9 ol sl Eefol A (slicing) = A AP Utk g do] E A vl AFSH = v, Sefo)d 2 F
F 214 (substring) = 4= o] A Yt}

M

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

IPy'

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

'tho'

ool delas Ao 8 71842 2 GGt A A ARl Aeted e g0 o) 185 3, F A
Qe 2sh Yes W | R0 2 Sebol 4 5 & B Aol ALg g Ut

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

vav

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

lonl

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

lon'

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

3.1, sho]g A X7 2 AH&-3}7) 13
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>>> word[:2] + word[2:]
'Python'
>>> word[:4] + word[4:]
'Python'

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

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

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

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

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

A5, W91 S Mol b Sl A Ak Sebel 42wl LA AP

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

>>> word[42:]
T

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

>>> word[0] = 'J'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'str' object does not support item assignment
>>> word[2:] = 'py'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'str' object does not support item assignment

the 2ol 9 shE, M2 BEofof gt

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

>>> word[:2] + 'py'
'"Pypy’

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

>>> len(s)

34

o ®B7]:

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

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

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

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

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

313 grE

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

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

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

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

>>> squares

[1, 4, 9, 16, 25]

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

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

1

>>> squares[—1]

25

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

[9, 16, 25]

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

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

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

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

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

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

64

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

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

3.1, sho]g A X7 2 AH&-3}7) 15
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>>> cubes.append (216) # add the cube of 6

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

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

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

[vav, lbl, lcl, ldl, lel, lfl’ lglJ

>>> # replace some values

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

>>> letters

[Val Vbl, VCV, UDV, IEV, lf’, lglJ

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

lfl, lql]

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

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

[]

Y& s

S len () 2 BlAEE

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

vbl,

4

H2EE FHT SR JFUL (G2 D2EE TR B 2ES BHEUD. 4 Sol:
>>> a = ['a', 'b', 'c']

>>> n (1, 2, 31

>>> x = [a, n]

>>> x

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

[Ta' 'b', 'c']

>>> x[0][1]

b

il

of, kA d | H

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

a, b=20, 1
>>> while a < 10:
print (a)
a, b =Db, atb
0
(TF sTolATell A%
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>>> i = 256*256
>>> print ('The value of i is', 1)
The value of i1 is 65536

7IHNE AAbend = 28 2o A= NBEAE AAIAUL =H2 o

o AHg- Uk

rlu
[l
Y
it
fru
M
iv
Y
i
k>
filo

>>> a, b =20, 1

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

0,1,1,2,3,5,8,13,21,34,55,89,144,233,377,610,987,
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cHAPTER 4

g A7) wnile £ 9%, 5o AL ThE Aol Sl A Leld AN BE A EELS AE L, 1B
MY sheta it
41 if &

opnt= 7Hg F G 2 F 2 i £ 2 AY U & S0l

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

x = 0

print ('Negative changed to zero')

. elif x ==

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

print ('Single')
. else:

print ('More')

More

%317%\/}0461 M elif H }ME¢M¢,elseTL ja‘m‘ﬂwn} 7l°4t ‘elif’ Eelseif’ 9 =9 =
oly], J,]-‘:?f}‘:of]’%ﬂe 98te o §2FYTE if - elif -« elif - A|AAE THE o] S0 A WHAH

switch Y case ¥& thAl g}

19



Python Tutorial, & ] 8] 3.9.16

42 for ¥+

ol el Al for £ C v skt o AL 3HE A} o3 LI (2 2AH) B4 59 e A A
B2 3 ol elol 4 A CAY) AEA) o] Bl o] A A FA 2 AL AL 5 UEF b 4,
sho] A9 for £ 9 N D2 (AAER EAD) Y FRES T AAL St A E 0|5 o] 4
U o2 ol (Aol oheh:

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

A AL o Heo) = s 59 2L AAAS £ AFE TEL SutEA FASES BEY] WEUTh A,
HE Ay BAROT 228 BEA LA AAAL BEL Zo] B Fugth

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

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

4.3 range () T4

A AALz olHEolER B2 oW, W & range () 7 B R UL A2 WY TH

>>> for i in range(5):

print (i)

0

1

2

3

4

E3}e HEA A= g 23H A GFUTH range (10) 2 10709 #S =0, 4] 102 Al A2
F2EL sel7le eulE ATAEUT W7l OE RAR AR AL, OE 2R (2524 b
Sk U2 0] 1L 28 step)’ o] k3 RFUTh A= A= A5 T Th

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

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

(THS slTolATell A1)
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>>> list (range (=10, -100, -30))
[-10, —-40, -70]

AB22] A 2ER ol el o] = B2 ¥, & W range ) len () & AHE 5 A%uith

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

3 little
4 lamb

shAI ek, 2 off th 22, enumerate () & 25 Aol AUty T2 HAY S AL
HAE 2 A5t o] e do] dojdrh:

il

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

B 9o range () 7t BHE AA & Bl 220 AN Y BATA W, A g 27} otk ol H A o] =
W Ao DL FRES AR FARE AR AW, AAE B AEE BEA oA T2 EoFY

»mr.

>>> sum(range (4)) #0+ 1 + 2 + 3
6

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

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

break £, CAH, 714 77kl B2l A for thunile 2R E WAUAA w5,

T2 B2 else 3L M 4 UG UTh F27} o H e e £30| U (Ford] B9 Z70] ARl A (unile
o 4%) R ARHULh AW L2 break £o 7 FRT Ul ARHA FHUth £5F 2
28 B ool A AT

>>> for n in range (2, 10):
for x in range (2, n):

if n $ x == 0:
print (n, 'equals', x, '*', n//x)
break
else:
# loop fell through without finding a factor
print(n, 'is a prime number')

2 is a prime number

(TH& SToTAT ol A1)

4.4. Fx 9 break 9} continue &, 718]7 else A 21
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is a prime number
equals 2 * 2
is a prime number
equals 2 * 3
is a prime number
equals 2 * 4

O 00 J o U1 i W

equals 3 * 3

(1AL guh2 TEQQUT AAIF] SolthRE: else AL if Bo] ohje} for o] & ghITh)

Hul,else AL if BFHTEtry —.—.4 else I} v)d Wol WUt try 9 else
517 oko ) A s 7 —ErJ«] else X breakZ} BAsHA] ¢b& v AP U try T3
5}‘41‘9‘% of 2] ZMOV £ HA 8.

continue &2, JA ColA YHFYH Fx22| th= o]H & o] doll A AlLste= Eyth:

>>> for num in range (2, 10):
if num % 2 ==

print ("Found an even number", num)
continue
print ("Found an odd number", num)

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

4.5 pass &

mﬂ

8HA R 2

|I~|
LI
i
)
[
e
ek
ne
)
04
flo
E=)
S
>
ofo

pass B oM A% SHA] ghgUth £ A 02 )

syt dE =

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

Aot FHAS WS ) £ ALH U

>>> class MyEmptyClass:

pass
pass7} AHEE 4 9t e Fat 4 HEE 4QT W B 2AF vk o A B AL AQH, oj e} R
o) B 449 £2o 4 A2 5 A Fth pass £ 243 FAR U

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

22 Chapter 4. 7|E} Alo] 35 =F
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4.6 g Aot

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

i

defE 4 A E A2 UTH T4 o] 53 Z5 7 A FA mj/l RS9 BEEo] HulF Yk

& A3t 4 E0] ths £l A ZE AL, BEEA] S22 7] 5 o] of Fth

oz FAE gEHEo] 2 £ 95

& (docstring) YU Th (S2E o tf 31 2}A| 3 U8

AFES A 2gkdolu A E AHAME A5 AATHA L,
|

Aol E5UTH

z o
o

WY, ol ({1 >
Y

ﬁd
i)
Mo o

O

At

[>

[

ot 4
Orlo

2
=4
e
S
g

_,d
o
X,

o i 2 T

-r o T ik
=
F]Fj‘g{g[‘

s
o
o

_?1_3
rlr
oy
it
[>
[
ot
o

(
-

fl
L

X

oy

fr)
I

12

SLU
+

ofy <

o 1g o

tie g M
B =

= w o

rr o

2l

> g0 g0 O
>,

o 1212 4 zpauoo o4y > Ho
o
XN
)

2, i ok
Sk &L o rforfo
L o

o

Gt 0O c N T Ty N w0 = T
H”r_En

<
L:\'L-D
[
o)
>

e o ) T xO

> B
>
rlr
s
+
Lo
g
4
i
]
(@]
]
}_l
O
Q
QO
)_l
M

2 e
ot

u
o M
>
N
=2
=
2
b
il
o
D)
il
rlo
fol
i
i}
=)

q <l

)
e

all by value) 2 A& = 34
g, £= AN S AARCE 2T 0, 2 ZES AT AG AE

% e
2

melg 3G ol Fol 7Hel7)e
4 % glom] ol Al At

>>> fib

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

>>> £(100)

0112 358 13 21 34 55 89

£ Q0152 AT, £ib 7} ghS BT A 9] W 47t objeh L2 A AT 24T 5
ok A4, return 2o] G F4E # SUF UL, WS 02 S ghol /& SHAw o] L Noneo| 2hil &
HUTHh 2 o 29U Th. None o] 98§ U3 gholeh, QB w2l B = B None 3k 29 AT Th
o) =y .
I=] .

%R A8t print ) ALE 5 9
>>> fib (0)

>>> print (£ib(0))

None

VAR &, A Zzxol| 93 52 (call by object reference) ©) T £ 31, 7} AR 7} AL W, 52
5% S ME AU (715 ol <ol §5% F g Th.

rlr
i)
|-O|l
i
)
N
rg
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2
o,
fllo
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Aaels 4, HH LR 29 £AE BAEE SHFE BT Ao AR HuET
>>> def fib2(n): # return Fibonacci series up to n
"""Return a list containing the Fibonacci series up to n."""
result = []
a, b=20, 1
while a < n:
result.append(a) # see below

a, b = b, atb
return result

>>> f£100 = £ib2 (100) # call it
>>> £100 # write the result
(¢, 12, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

o=wl A, o] dl= R 7HA A st 7] s & HolFth:

e return ¥ T EZRH IS 22 EASA 5 ULh 84 AR} 9l return 2 Nones 8 S
Uth g 2oz "ojxd I A NoneS 8 FUTh

o B result.append(a) & 8 AE AA result HAEE TEYTE HAEE AR o ‘&5
3t o] 3l obj.methodname 2t3l o] €A =0, obj+ oJ® AA o] (FF A o] 2 £ JdFYh,
methodname = 212 2] ol o3 F o] & WA =9 o] YUth th& F e WA= Byt
AR T2 FEY MAEE RS glo] 22 o535 7H & A UTh (FHEE ARS8l A of 2l A4
o FH A EE Aot Ao ZhePUth FHAE HAR) oo Y2 & WA= append () & B2 E
AR Sl B AFUTH 845 2l2E9] Zo Hl2YUth o] oA result = result +
[a] gt F53HAIRL B &4 YYTh

4.7 T o v B
oA A 2 N JAAEE F4E B sk A% 7heduth Al 7k @A o] gled], 2348 4 A5yttt

471 7)E olx}

f
il
td
o,
rr
o
>,

e S 2 o)A QR15 9] 7| RS A st AQUth Bo® AM o AL A4
1 :

o
- R
AAER 55Y 4 It BB BEULH

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

24 Chapter 4. 7|E} Alo] 35 =F
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* B BE JAAE AFHA ask_ok ('FIALS HANE EFUZY, 2, A ot ob] 2 2 ¥ G EHA|
[
ol = in 7| EE a8t JFUTh AlAA7 A g 7R EA] obd A& AR YT
71272 T AY A A Q= 2Tz oA | FH YT LA
i =25
def f (arg=i)
print (arg)
i 6
£0
=55 A4t
S8 FoA: 7R g2 oA ik gho] Fel U o] A2 7] E kel Bl AEUY gAY g R E
Ze)2e] Aadagh 22 by AR D uf Aol & ¥HEU T o ol b Lt ALHE 252 A2
A5 FAF ok
def f(a, L=[])
L.append (a)
return L
print (£(1))
print (£(2))
print (£(3))
e 2 AL A
[1]
[1, 2]
[1, 2, 3]
A%9 52 7k 71 B gl FHEA @718 BT, A B8 o7 oz & 5 Ut
def f (a, L=None):
if L is None:
L =11
L.append(a)
return L
4.7.2 7| & 2z}
T+ kwarg=value A9 7|9 = Q14 & AHEA S&5E = s U A& £, ths T
def parrot (voltage, state='a stiff', action='voom', type='Norwegian Blue'):
print ("-- This parrot wouldn't", action, end=' ")
print ("if you put", voltage, "volts through it.")
print ("-- Lovely plumage, the", type)
print ("-- It's", state, "!")
3tte] 4= A A (voltage) 2k Al 7He] A&l A Q1 2} (state, action, type) & WolEdUth o] 34+
Tt e Folr ozt 558 & eyt
4.7. I Aol ¢l 17| 25
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parrot (1000)

parrot (voltage=1000)

parrot (voltage=1000000, action='VOOOOOM")

parrot (action="'VOOOOOM', voltage=1000000)

parrot ('a million', 'bereft of life', 'jump')

parrot ('a thousand', state='pushing up the daisies')

positional argument
keyword argument
keyword arguments
keyword arguments
positional arguments
positional, 1 keyword

FH FHR HR KR H K
W NN R R

A e 2 TEEL BT eules) g4tk

parrot () # required argument missing

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

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

T ToA, 719 E AR A A AAFF ol yehof Utk AEE & 79 E AAlE Tt ot ol=

ZP? Shupe} Bhofof 5t (o] & S 0], actore parrot &9 SHEE °1 27} 0}‘4 ), I &A= 8314
kLUt o] Ao E 4 AAELE TFFH YT (A S S0, parrot (voltage=1000) & < uFE Y.
oj @ A= 7 A o] 49 ghe e g 5T o7, o] Al eFuf 2ol AsfstE ol 7F A5 Ut

>>> def function(a):
pass

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

File "<stdin>", line 1, in <module>
TypeError: function() got multiple values for argument 'a'
“rname P49 A v G4 wA AT 2A D, G AR S BT E BE ANE AR s S

QE m

£ 41 2] (typesmapping & WA R)  Werich o] 4L “name (Chs A BA QM A gdueh &4
a”ﬂﬂﬁ*ﬂZﬂgA“LW%ﬂﬂﬂﬁAEE%JAﬂﬂﬂaa%%%%%éﬁ th. (*name2

=

“*name 2ol Lhskok T Th) o€ Fol, ol & §4& H 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])

old Ao g 3&5F 4 5T

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

223 FAs) o] FA A g

—-— 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

2 Chapter 4. 7|E} Alo] 35 =F
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client : John Cleese
sketch : Cheese Shop Sketch

AT = 7| E AA=Y A4 T T2 A e/ A Fo] Aol F538H4 2.

4.7. UH7H L_—r-
ABAOR, AAE ARG FAA AYER shol 4l F4o] ALY 4+ AHUTh A5AH A% 94,
MLA7E FEo] AA, AAU 7IHE B 7|HER AEH A5 3 o g Fovts R H 55,
A7} D gL A s Fath
B4 Aol ohe st 2H
def f(posl, pos2, /, pos_or_kwd, *, kwdl, kwd2):

\ \ |

| Positional or keyword

\ - Keyword only

—-— Positional only
oA 714 /&t += AE A JUth AHESHYE, o] 7| 5= A ol AEE = Ao M il RS SRS
UEbEUTH f12 AE, AA-719E 9 719 E AE. 719 E i) s T E (named) W7} Wt e

.

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

Uﬁi‘

S ALl /%7 oW, A4S AAL AN E R Fool AT 5 gtk

A2 A& w7 W

Z o AA A A EE, EQ ) H4E X A;
A/\qﬂ%gs}uq 7 qc;uﬁﬂi FE AL
/= 9% AL vl LTE U 2] o 7
Row, A g wif MeE s Th

/e M s A7 EY 79 E AEd 5 sy Th

2 EAE S J5UTh 9% Agolw, v i)
th A AL Wl ASE /(S A) 2ol F YT
#l o}, g4 A ool / 7}

N
ofo

ol x

p 83

-

71= A

AAUEE NS AL AL G IS, A7) A NS AR HANAY, A A
Y A G oA WS vk Aol A BE o <2

Io
z
to
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S ol A

/ &} mpA o] o & 7] g ol v oA T Ao E LA L

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

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

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

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

A WA @4 A9l standard_argt M3 4% 0T, §F FHo) o PR AL FA ko AAbe
AXY 7 PEr A2d + JFUh

>>> standard_arg(2)
2

>>> standard_arg(arg=2)
2

F WA &4 pos_only_arge @ Aol /7 e B R YA i Mg rt ARG St = A

ol
i}
<
v

>>> pos_only_arg (1)
1

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

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

ANl AR &4 kwd_only_args+ T ZY oA *Z ZAE 7] 9= AT 583 T

)

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

>>> kwd_only_arg(arg=3)
3

nhA e e B4 Aol A Al HA) BE A S BE AL T

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

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

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

(THE SOl Aol A1)
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>>> combined_example (pos_only=1, standard=2, kwd_only=3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: combined_example () got some positional-only arguments passed as keyword.
—arguments: 'pos_only'

A ko 2, 9] 2] 1A} name @ name & 7] 2 7FA = **kwds Abol o] A A QA FE o] I
A AL

o]

e

+ Aol

rr
]

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

'name' 7|9 EE F4 A HA w7 W AR EZE TrueE T S Y= T2 7Y A&

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

I8Y /(A AL A2 E AFE8HE, names YA AALR, FA O 'name' € 7|HE AR 7|2 A E
Ao E R 7Yt

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

>>> foo (1, **{'name': 2})

True

%, 92 A8 w7 B4 ol B *rkwdsol A 25 E Lol AHE T 5 Az T
B

ARG ALl 7L @ ool A o w7 WS AR S A A T T

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

AHOEA:
s O] AL o] 2L AT AT - UES Sel W AN AES A L. vl W o] 2o
A7 7 e w, Gt £ED W A £AE BAFEL T ), £E AR A WA A5
Q99 79 =8 WobE ol 3 4wl {-& I h
+ ool gul7k A3 T 7k o1 FS WAHOE AFFO RN B ol 37 A UA AL, A AT
Ags = 91l 2HEZ HE A9 AL AHSHAAL

]_
Ake] 91 7] o] ] £
]

« APLY] 3%, G5 v} W] o
A8-2 8344l 2.

PN _1_:1:_
Fol +4E ul W22 API ¥ 7 o] B3k Zle A sk 914
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4.7.4 9lolo A} BE

o £ AL BF7 A NG A2 T2 4SS AR A o
AAHEL FER HYUTH(FEI} A AL & HAR). 7h Zo] Ak o, YA oj2] o] Ank Aol

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

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

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

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

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

475 A 2= o 5|7

AAEo) oju] PArEL FE YA HelH 4K A4S S 275 5 TE2 A3 A 97 Hof s
A5 Aol o H Yt o & Eof, W& range () 5+ XY start} stop JZ}%ﬂEH Fuch 17
Sol gz 9lA ghow, P AES FEREH AAE A AT A - ANAE AN B2 T2
gtk

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

[3, 4, 5]

>>> args = [3, 6]

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

[3, 4, 5]

e PR gAY E - AAAE A 719 E A4S AT S Y5tk

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

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

>>> parrot (**d)
—-— This parrot wouldn't VOOM if you put four million volts through it. E's bleedin'.
—demised !
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4.76 It} 2H2

lambda 7| Y =& AL L8 A] 211 o
lambda a, b: a+b. & AA7 o

3t 2d4 o2 AP Ut guiF oz, WA T oo He
AAAE, gt = EHANE T = :

- =
30, Tt
L0
- rr
ol UO‘I
i 4
AR
o, rﬂ
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24
o
)
v
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3o
N
=P
>
do rr
ok g 4
>
30,
ol
<
Sl
g
i

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

>>> f = make_incrementor (42)

>>> £(0)

42

>>> f (1)

43

fo de drs 7] A6 2ok 2@34 S AU E e e &2 @S AR dLste

APt

>>> 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 3, A LsloF FUTE 2AFS A3, AR oS0t FS WA H o
2 Q384 ghobok ahiztl, o A5 T W o A H ) WE YUt Bol B4e) AL AW
SALeh ol Quith. o] 2L hEAE A dsta nh B2 bk g th

e o4 EA ol oje] Fol ke, T WA 2L wlolglo] A, A ez 8ok v 9L 1o
slof itk Agat 5L s 1 o de] Buow, Al £F Fok 48 5 Agshok guth
shol A AL ole] & BAD AN Eoia7] & AASA %7 o], SFE A =P ES
23w Sol27) 2 AAGUCE o AL Tha3} 2L #l S S FUTE EAG9 AE Hol 2 A B
Hof 9l e Zo] WA ERWEH oA BALL Fojx] 252 AU (PElt A B AT S
QIstl, QU 0 2 BALS A A ehs Bg Eol 2ol oA T 2717t EAH ee 8] AL whI S 9]
W EULh) o o2/ % " FEW o] BALY BE S A FEA AARUL @ Sojxv)
9 Zo] LbELEA| & ook 314 7, Lhehdthel mE ghi o] o] AAF U B9 54 9 34

>>> 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.
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N
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2
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2
b

Hlo] A

4 o H| o) A & ALE A o] 47} ALgl § ol o3 98] A8 A 9l v ehe o] B A B Ut (A1
st -2 PEP 3107 2} PEP 484 & HE A R).
o] 4 49 _annotations_ o EHEC YA el 2 A 1 F4o) hE RRoL opr
QL vl A A YUk A RS o B0 M v AW o] FHol 2= FEOR AL, kg T )
ol:gol i ghg Fr B4 ol Hubg ULk Wet golHode el > g I HEMEE EAHo
A= &, A 553 def ¥ 25 UHEH = FE Atolodl Eduth tha olollA B4 A=}, A8 4
1A}, W2 gho] o] :H o] E H U T}:
>>> def f(ham: str, eggs: str = 'eggs') -> str:

print ("Annotations:", f.__annotations_ )

print ("Arguments:", ham, eggs)

return ham + ' and ' + eggs
>>> f ('spam')
Annotations: {'ham': <class 'str'>, 'return': <class 'str'>, 'eggs': <class 'str'>}

Arguments: spam eggs
'spam and eggs'

4.8 w7tz 34 AEhal
oA o e shol el B A, ¥ BT £AES 4451 G 1Y 2etdef o) 2 4 A3
AZAYTE R ol N2 e 2ude 44E (B © 2, £0F) 5 dEUTh oE A5 e
e ASRTHY 97 A5 UTh TE AR Ee] e Re IEE 97 44 BEE AL £ Azl T,
259 Y 28U Bt AL 2 S H 2 28 Uk
sho] A2 913, thE2 22 A7t nSshe 26 7o) E2 PEP 80] Lg% th o] 22 o) 97 91
o] Fekeh Y 261U S FePuth BE so]d AAL Qb of FAE ol of gtk clE RS
A9 A Fa e HEES FegaUr)
o Be) 270 427 0] A8 AHEFI, WL AHGIHA ThAl S
449) 23l 0] 2 A1 Bl 7] (H B FH £ S h 9 2 Sol] (7] LU Th Aol
Fo AFYUTH He Bee 9077, gl Aol HAYUTh
- 7948 94X BES Z U7 AL
AL A AL A AEAE T2 HAAAE ol e TE HAES v 2 5 A FU T
R, ZE, B 2 TE BE Aol ¥l 22 ol Beshae

s S2ETS ARESHALR

o AMAE FHUF FulF o AHo)AE Y, B HIE GFo= Ao AE YA WA L:a = £(1,
2) +9(3, 4)

« SHae sl A e o5 2oL HelE WY B UpperCamelCase, 3521 v
A =9 A% lowercase_with underscoresdUth A HA| WA= Qo] o] 502+ &4} self
E ARSI & (Fel gk WA ol g A g 82 S~ 9ke] Al uhd 2 HAQ).

c AHEY FEE FA A Aol A AFE st L SobE 5T AT S AR SHA] uhA 8. o] | A
= stojxl o] 7] &, UTF-8, T <= ASCIZ 2}, o] & vt

« VAR, ThE Ao & AFEote Abe] =S AV FAT 1Y 7hs 4w v etE, A At
ASCII o] 9] 9] A5 AHE-3HA] vhA| 8.
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CHAPTER D

o] Zol A= g 2ol ol W2 A== F U AAls] At 2 7HA A=
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filo
pan)
M
A
i
v

5.1 g]|2~E t©| B7]

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

list.append (x)

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

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

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

list.remove (x)

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

=

list. )

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

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

=

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

list.index (x [start[,en ]])
gl AEo] 9t 2 = gho] x 9o} 2L A WK A2 0RE A F e AU AE S E ) 18 o)
QO valueError 5 o314t}
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e startil-end Sgtol A B/ WY S AE T, ANS g AES EWE AH APAAR
gk €49

]_
AEH UL 215 e A sar A7} o 2} A A AL AL 7w Tt

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

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

PlaE A s g2 AR S ol

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

2

>>> fruits.count ('tangerine’)

0

>>> fruits.index ('banana')

3

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

6

>>> fruits.reverse ()

>>> fruits

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

>>> fruits.append('grape')

>>> fruits

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

>>> fruits

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

>>> fruits.pop ()

'pear’

olulE o 2j+-2 insert, remove, sort T2 WA EEC] HAEE AT B 03 Zlo] 285X k= A&
ol e AAUTH 7% None & EeF 1 ASUTE o] AL shol Mol A BE 7hdl Ah5 FE S A 53 =

AA d8 gt
otutE o g Fo] Lol S = HolHE AL AY T =& e AdUth A&
=0, A4 E T AES T 2 L1y ol [None, 'hello , 101+
A=A FHUTh = AE 4 AV E Fo] dFUh & 9], 3+45 < 5+73= 2HFE ¥V}
obduth

g2 dojEo A& 7bH AAE B8 F 7% shEtl, d->insert ("a") ->remove ("b") —>sort () ; & L2 WA= AHE F g

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

[3, 4, 5, 6, 7]

>>> stack.pop ()

5

>>> stack

[3, 4, 5, 6]

>>> stack.pop ()

6

>>> stack.pop ()

>>> stack
[3, 4]

51.2 B AEE F & AL3)7)

PAEE FE S AT A5d0, AL0R Ye 247 A Lo AYAE 84 Tk (firstin, first-
out™); S| ¥, 2 AE S o] % Aol £ & ol A gk ok Bl =0 o Dol A, Bol A AW AL w
=A%, g aEe o] QR AL oA Ads AL LU (e 245S BF 3 24 0|5 A Ao}
ah7] Wl £ QL T,

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

Y rIr

>>> from collections import deque

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

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

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

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

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

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

AEQZHAAL PAES BEE AT PHS ATHUL. TF SEL, 4 247 e DAY
oJH e B WuEo] o] A4S A8 T AT I AES WEAL, o] H AL WHHE L4ER T4
NEADAE BEE AYY

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

(THE SOl AT ol A1)
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>>> squares
[0, 1, 4, 9, 16, 25, 36, 49, 64, 81]

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

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

>>> combs

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

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

F@A o] FEolW (5 4 ool (x, y)), BIEA I E S AoF
>>> vec = [-4, -2, 0, 2, 4]

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

(TH& ST Aol A1)
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[x, x**2 for x in range (6)]
SyntaxError: invalid syntax
>>> # flatten a list using a listcomp with two 'for'
>>> vec = [[1,2,31, [4,5,61, [7,8,9]]
>>> [num for elem in vec for num in elem]
1, 2, 3, 4, 5, 6, 7, 8, 9]

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

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

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

OF faE Fugdde 3 de A2 A Y

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

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

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

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

o] A& thAl The 3t U Th

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

>>> transposed
rr1, s, 91, (2, 6, 101, [3, 7, 111, [4, 8, 12]]

AdlA e BT sEFEH UWE s ATsor gt o] ol zip() F57HA 92
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>>> list (zip(*matrix))
[, 5, 9, (2, 6, 10), (3, 7, 11), (4, 8, 12)]

o] 2ol e E f 2 AT h AAMTF W&2 A 55 < 97 S EAL

5.2 del &

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

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

>>> del al[0]

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

>>> a

[1, 66.25, 1234.5]

>>> del al:]

del & W AHA| £ AAl st ol = A2 = AUt

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

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

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

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

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

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

Utk
'orange',

Eal

=]

MUzl E v

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

# fast membership testing

1=
=

fy

H]
'apple',

=
'apple'}

'orange',

Uset () B5E AHET 5 9

'pear’',

<
Fobduth £

= {'apple',

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

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

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

>>>

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

.\

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

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

5.5 €A1z

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

o=, Esdda 74,

A7 UJHE—?JHEP.

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

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

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

/\[ﬂ

Nmﬂi‘l

SUT BlaEE 7

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

H—ﬂi

JHH
o r|r

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

>>> tel['guido'] = 4127

>>> tel

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

4098

>>> del tel['sape']

(TH& SToTAT ol A1)
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(o] A sl o] A A M A%)

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

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

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

True

>>> 'jJack' not in tel
False

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

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

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

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

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

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

56 FZ HIY

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

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

gallahad the pure
robin the brave

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

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

0 tic

1 tac

2 toe

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

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

(THS sTolAToll A1)
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(o] A sl o] A A M A%)

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

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

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

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

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

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

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

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

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

while 7 if Boll A AHEH & 270 vm® et ohuet RE AAE AET 5 xUh
H @ A4} in Fnot in L gtol Ald2ol QLEA (YEA) AAFYUTE d4kAbis 9Fis not & F A7}
AR 2o AAAA MR FUh RE N T AAAELS 2L 2449 S e, BE 2% AAASHT
FEUTh
=1 .

FAFUTh A E E0,a < b == cE,a7tb R} F1, SA0l| b 7hc 9 22 A AARU T

=
A2} and ¢t or £ AME A AFE ¢ 0, vl ne AT (B I WY BE =
2

H = =2 =2 2HAD)
not 02 BAE 5 Utk o] 52 Wl AR e S 429 S S th 0] 2 2ol not ©f 743
=0 QLS 2t or 7F 7R Y5 Ytk 284 A and not B or CE= (A and (not B)) or C%
SSFUh o= WA Y, Ashe 2L RS 95 BB AET 5 AU

=] AAFR}F and & or & 429 W3] 2 (short-circuit) 04*]'7(}0 Uth: AAE2 dZEqA LEZ 02 Fol
Tl AL, A7 AAH AL 3k Fo 7= SEEUTh ol 5o, A% c 7t FelaB 7t AR oW, A and
B and C & EA4 C 9 gg 7ok ehxuth welgke] ohd ko2 A8 o, whet-3) 2 A4t
Whek ghe mpxmho 2 gro] 7l QlAbi vtk

v o] 27 ohe = 23849 25 dao g 5 AsUTh ol & 501,

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

>>> non_null = stringl or string2 or string3

>>> non_null
'Trondheim’

sholmoll A, Cob el R4 ol Ao oY vlrpzl 2] A4ba) =8
FUth CZradel A 3 vEAE LRe] 2ASS H3EE g
IEE RSP

5.8 A@2gtt

NA-ANEL HE L2 A P2 B9 2 AAET vl w g 5 dFUth vl i A-A £ A
WA A GELS 0 ws A T2 ﬁﬂﬂﬂMﬁAﬁﬁééﬁﬁ

2107 o] A AT AR E
A AARC R £

5
ok B A A2} T2 e

% 71A] o & o BTk

SR FEE

rl

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

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

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

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

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

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

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

o

EELEER It

Az g2 Yo AAES <Y > EH]E??}% AL, 1 AAE E& 20 S wint s
At Ao FosA L. oS B, AZ TE A FEL 25 oA gl whek g Utk 2284 02 0.0
I g, 55 28R o, Jdoo =AE Xﬂ*a}—tﬂi OlE]Z 2] E| &= TypeError & 427Ut}
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# Fibonacci numbers module

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

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

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

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

name__

011235813 21 34 55 89 144 233 377 610 987

Python Tutorial,
>>> fibo.fib (1000)
>>> fibo.fib2 (100)
>>> fibo.

"fibo'

’>>> import fibo

Mﬁ

fibo.fib

0112 358 13 21 34 55 89 144 233 377

6.1 ¥ 5 ¢t H7]

>>> fib
>>> fib (500)

1 ol) BE
zh U T
o) K<
oo 1
Nl
ﬂ_mu Y nyt
o} mn ®°
iy olo <V
el

- <z or
wur % U
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olJ o oy
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o] JF YT
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Chapter 6.
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import
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A FHUTHLEA] o] o A=, fibo 7F B L H A

=
=

T

ful

SOREEER

A 2]
(‘):_]__

fib2
AES
ZEEHE
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), 2]
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o
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8517

7HelA E 5 97 WE U ek

o wl
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2
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0112 358 13 21 34 55 89 144 233 377
0112358 13 21 34 55 89 144 233 377

>>> from fibo import fib,

>>> fib (500)
>>> from fibo import *

>>> fib (500)
46
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Qa0 2 mEo| LA AN A * B YEEFHE AL AL A F A Gk Aol KL, FF 970
A ke TEE w5/ g AU AW, A5 Y Aol JEE ol nA Ag S A e FRS

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

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

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

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

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

B3 584 o7z, 4 REL ALz e AN @ U JEEH Uk 2 A, ol Fol REES 47
}‘_, AE Z B & A A/ ZA| Ao U T —E =, 313 0 2 A Y 8h= ZE ] 3LHEo| 8t d, importlib.
reload () & AR 3IA L. o| & 59, import importlib; importlib.reload (modulename).

dxETd oY APPUth StAT _name_ 2 "_main_ " Z AAFYTH

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

$ python fibo.py 50
0112 35813 21 34

>>>
o] % REo et A AL A A E T o]~ F AFIFAVHAE 02 ARFHUH(RES 23
ER AYSH HAE A EE AT,
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6.1.2 X5 AN A=

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

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

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

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

6.1.3 “7 st ©” sho] A v}

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

& rlo wn

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

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

IARS

=2

48 Chapter6. =5


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

Python Tutorial, ] 8] A 3.9.16

o4
N
ki
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kd
it
i

oM FE REEY gholBY g7t A L=, ] #A stolxl etolE g F oA (o] F 2= 2}
olueje] #H A" ol 4 AW HUT o}l REES dEmel el AR T o] AL doje] a4 Al
FE2otyAw 2dd = Wad Aol gt ANAE Aok, E&olUH A" T30 22 4
AA 712 aaso] thet AAMAE AFe7] AFAUth 28 RS2 A2 44 4dd 71 SHF
JEAYULE o & 50l winreg REE A= Aladoet Al g Ut 5838 25 shvh= 52 W
Za7 Ys5uUth: sys. EE gtold Qe =@ B0 WAHUTH W4 sys.psl & sys.ps2 = 7| B HZE
ZEmER s EAGS 4o Ttk

>>> import sys

>>> sys.psl

T>>> !

>>> sys.ps2

>;;-sys.psl = 'C> "

C> print ('Yuck!")

Yuck!

c>

B elAE NS AENA £ 5 Atk

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

6.3 dir () g4

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

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

['"_name__', 'fib', 'fib2']

>>> dir (sys)

['__breakpointhook__', '__displayhook__', '__doc__', '__excepthook__',
'__interactivehook__', '__loader__', '_ _name__ ', '__ package ', '__spec_',
'__stderr__ ', '__stdin__ ', '__stdout__', '_ unraisablehook__ ',
'_clear_type_cache', '_current_frames', '_debugmallocstats', '_framework',
'_getframe', '_git', '_home', '_xoptions', 'abiflags', 'addaudithook',
'api_version', 'argv', 'audit', 'base_exec_prefix', 'base_prefix',
'breakpointhook', 'builtin_module_names', 'byteorder', 'call_tracing',
'callstats', 'copyright', 'displayvhook', 'dont_write_bytecode', 'exc_info',
'excepthook', 'exec_prefix', 'executable', 'exit', 'flags', 'float_info',
'float_repr_style', 'get_asyncgen_hooks', 'get_coroutine_origin_tracking_depth',
'getallocatedblocks', 'getdefaultencoding', 'getdlopenflags',
'getfilesystemencodeerrors', 'getfilesystemencoding', 'getprofile',
'getrecursionlimit', 'getrefcount', 'getsizeof', 'getswitchinterval',
'gettrace', 'hash_info', 'hexversion', 'implementation', 'int_info',
'intern', 'is_finalizing', 'last_traceback', 'last_type', 'last_value',
'maxsize', 'maxunicode', 'meta_path', 'modules', 'path', 'path_hooks',

'path_importer_cache', 'platform', 'prefix', 'psl', 'ps2', 'pycache_prefix',

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

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

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

'setdlopenflags’',
'settrace’,

'stderr’',
'version_info',

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

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

>>> import fibo

>>> fib = fibo.fib

>>> dir ()

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

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

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

o o= o} syt

X 2 Ebuiltins

>>> import builtins

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

'AssertionError', 'AttributeError',

'BrokenPipeError', 'BufferError',

'ImportError’',
'IndexError’',

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

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

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

4

'ValueError', 'Warning', 'ZeroDivisionError', '_', '__build_class__"',
' _debug__', '__doc__', '__import__', '__name__', '__ _package__', 'abs',
'all', 'any', 'ascii', 'bin', 'bool', 'bytearray', 'bytes', 'callable',
'chr', 'classmethod', 'compile', 'complex', 'copyright', 'credits',
'delattr', 'dict', 'dir', 'divmod', 'enumerate', 'eval', 'exec',6K 'exit',
'filter', 'float', 'format', 'frozenset', 'getattr', 'globals', 'hasattr',
'hash', 'help', 'hex', 'id', 'input', 'int', 'isinstance', 'issubclass',
'iter', 'len', 'license', 'list', 'locals', 'map', 'max', 'memoryview',
'min', 'next', 'object', 'oct', 'open', 'ord', 'pow', 'print', 'property',
'quit', 'range', 'repr', 'reversed', 'round', 'set', 'setattr', 'slice',
'sorted', 'staticmethod', 'str', 'sum', 'super', 'tuple', 'type', 'vars',
'zip']
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6.4 37| A]

o] 252 NumPy U} Pillow 7} 22 t}% 2 E 7] A £ A 2 A
BEUTh
=¥ g I S uolE Y dAH A E AR EESY A (‘A7 A & AASHE dTha FAth
olg] 79 2F g FAol Jeng (HE gAr FEF U & 0l .wav, .aiff, .au), FFT
st @A) k9] WES A A% Fol bt REES AYAL BED {4 B AUk £, S F
ol elo] 34817} 3 B FH AUNEE Jong (P4, o3 97, o] Betel A 75 N g, AFH
2H L B3 RE7]9F 22), o] AdES TS AT EESS YNl A 2 Ad Ytk A7 A&
olgA £ & AFs U (ASA FL AxHor AFSUTH
sound/ Top-level package

__init__ .py Initialize the sound package

formats/ Subpackage for file format conversions

__init__ .py

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

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

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

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

stoldo] B e g oA AFSHA HE7) AAA _init__.py 3Qe] BLFULh |27 3a
string A £3] 2t o] &9 tde e} A wsha) G BE 44 429 Ao S5 SHE BEES
HelE 4S PAF Y 2RE AL, _initpy & 1F W A 5 QA 9742 2713}
Feg ARSAY Rl Adele a1l W4E A48 5 A5

B A A AANAZRE AL RES JEET S YU Th ol B Eol:

’import sound.effects.echo

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

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

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

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

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

0

= b e 9

O

e B S E A1 9EEsE 294U

’from sound.effects.echo import echofilter

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

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

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

ImportError o8] & dofyrch

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

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

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

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

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

_all_ o] oA ¢ko

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

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

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

, from. . .import Fo] A3 E uj

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

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

Y.

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

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

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

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

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

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

k.

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

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

°l 7150l A Bast A &AL H 7| Aol A THE = REL S et ol AHEE YT

4. 7] 53
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CHAPTER /

22399 £35S FASHE o ¢ 1A B0l YLtk Aol A710) AR A FEIR U] EE AT
913, 5ol AHg5H7] A3 Lol & S5 ek of FolAE B 4 b5 AL =Fun

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

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

EA4L AYT 5 s

>>> year = 2016

>>> event = 'Referendum'

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

'Results of the 2016 Referendum'

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

>>> yes_votes = 42_572_654

>>> no_votes = 43 132 495

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

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

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

SIFE AMSEY R E S EAEE HEE = A5 Ut

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

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

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

'Hello, world.'

>>> repr(s)

"'Hello, world.'"

>>> str(1/7)
'0.14285714285714285"

>>> x = 10 * 3.25

>>> y = 200 * 200

>>> s = 'The value of x is
>>> print (s)

The value of x is 32.5, and y is 40000...

>>> # The repr () of a string adds string quotes and backslashes:
... hello = 'hello, world\n'

>>> hellos = repr (hello)

>>> print (hellos)

'hello, world\n'

>>> # The argument to repr () may be any Python object:

v v

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

repr ((x, y, ('spam', 'eggs')))
"(32.5, 40000, ('spam', 'eggs'))"
string BEo|& EAFL A & A B3E = 02 S A F e Tenplate Fel2 7t EFE of Ytk
sx9} -2 A4g] HAIAFE AFS S o] AES AV oA L& o2 XSt Aw Zufg o] ths Al o] &

A7 9 Ao

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

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

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

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

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

print (f'{name:10} ==> {phone:10d}")
Sjoerd ==> 4127
Jack ==> 4098
Dcab ==> 7678
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E FAAE AFESHE 2UFH7 Hol| e HAE = AUk 'la'Eascii (0 F, "ls'Estr() g,
"lr'Erepr ()& AP
>>> animals = 'eels'

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

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

o] 23l Z W ALl off 3 & 3 & 2= formatspec o] T3 F B A2 A I A& FZ A A L.

7.1.2 F 214 format() WA=

str.format () A =2} 7|22 A AR 2 ol d Ayt

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

2359 ¢ JdeE RS (ZH Ity REDH S str.format () WAERZ AEH A EZ X35
Uth 23 99 S2AtE= str. format () HIAEE AGH AAEY YA E 7t 7)1 =0 AH8E & d5UTh

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

eggs and spam

str.format () WAE0] 719 = AR} AL W, T HEL AR} o] 2L ALNA RS 5 A5 Th

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

A AN AAE ARFA 27T 5 AFUth

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

CrE A e AW 7 mY EAGe] 92w, ERY WEES 9K Aol ol B o A5 Y 4 ek
F2 AQUTE 298] AU 971 AE Al ssd BE () & ALgekE Fuh

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

C 'Dcab: '.format (table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

R Z 72 AHEElA table 2 711 = AR AEelE 22 AAE de T AU

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

oM EEAG HFES E2 gHTE B FE R T vars ) S A AR o) 53 £27}
A5y
AL 5, s E2 AT L AFHAAFS ATt wustA 42 € Jd= A4

71, AAH 28 T 57
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>>> for x in range (1, 11):

print (' ' format (x, x*x, X*X*x))

1 1 1

2 4 8

3 9 27

4 16 64

5 25 125

6 36 216

7 49 343

8 64 512

9 81 729
10 100 1000
str.format () & A& F2HE 2 vf e &) 23 7] 8 = formatstrings = H A 2.

7] 22 AFSA AAFS BE sF5o2 g A5 TH

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

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

(print () & & P4 O R

Apolol] 25 o) A28 27hEU )

FAL AR str.riust ) WAEE AF0] 250~ YN FojW oz 2AAL $2 5 RETH
th v WA= str.1just () -9]-str center () & YFUTH o] HAEEL ojH A% Z831A g5
oh 9 A BAL S B F UL 9 BAPo) U A, A=) ¢w, W7 flo] 1 B FUTh o Aol
QA& JFoz HEAA L, HE %ﬂ"ﬂ sl ARLS A D Rt s Uth (FEE U 7E
J?&E}u P Efol 2 A4S F71E £ 5 UTh x. 1just (n) [:n] A H.)

g2 fAEE JFULh str.zfill (). A TAEY 9F o 02 A3 Uth ¥ vpojvia BE e
o] sh g}

>>> "12'".zf111(5)

100012

>>> '-3.14".z£i11(7)

-003.14"

>>> '3.14159265359"'.z£i11(5)
'3.14159265359"
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% AL EER) = TAE 2 HAE AFEE 5 JF YT 'string' % valuesZ7}FOJAWH, stringol
d=3 ‘ﬂ/\‘?j_/:% 07) o] A9 values 84 Z thAIH Yt} o] A4S &£3] EX<Y B 7 (interpolation) ©] 2} 11
5“4‘3} o & E9:

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

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

7.2 3}Y4E 9] 37|

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

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

AES e St EALY I mode = 7Y L& gl o 2% S e (22 0 5-2] ol
Este st e PARUD A o £ g 2o]7] 98] Uitk Aol A SH £ 2E HolH e
e o el BAth et b A 21 ) Sk Bk e A A4, e i o

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

AAE RO, el 78 T2 SHE A4 E FE (FH2M \n, A=A \r\n) S @A
\nE AR AU A BER 2], B FHE\n 8 A 2AR |24 F SR WAl
Adyh. o] k< Hl o] E ﬂ%ﬁ*%ﬂ% o F4L HAE 9] A& FA 7} o H AR JPEG ©| L EXE
ShA 3} g vhej v HolHE BAA gtk 1d 9t ¢jal & w] vhoju ] RES AN SRS 93}
AlL.

st AAE thE W with 7| EE A ohe A2 2 FAYULE 82 =5 97t DA et A9
E7t S5 v vpdo] sutaA %zn}% AJUth with & AH83k= A2 5 try-finally 855

2= Ao el BA BAE Fch:

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

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

with 7] =& AHE3HA] koW, f.close () & TEoA 3td& B AHEE A& E A4S S A whdsf of

.

A7d: with 7| Y= 8 AL AU £f.close ()
Aoz £2aHCEE f.write ()9 QAA}7}

ﬂ fr
3
e
2
ol
N
f
i)
)
§2
o
4>
30,
ofy
A
or

7.2. 3}YE Q)3 227 59
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st AA 7} 23 Sojl=, with o)y f.close () & &%= A 25, 4 A E AL = A=

A5 0.2 A5 g

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

721 s} AA ) v 22
o] Al YA L £ gt 5t A 7} o)) WS o] Ak A S )

LY g ¢loed, f.read(size) &3
ojuf ol EE (vlol g REA) 2 S F UL size = A8 Al TX} 011}?:]14\:} size 7} J 2k
=5 3do U§ AAE g 85U 3L 3771 71 A Y R e Xk F ool ELEP“‘ o
%‘%%‘—Erxﬂ%!q"/}. 3282 ko A size T AHE 2 E B E O A) L size HFO) E (blo] U 8] REOA)E
EHEUY J L9 B 23, f.read() ERIEAE (') & EHF UL

=)
rr
)
e
o,
O&i
1o
2
E
i
uo,
!~
<{
N
)
e
E
[
[m
[-tl
[t
=2
>

EQHE_&
ko

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

[}

f.readline () 2 3L FE2 A543 EXP(\n) = AL 2ol HEH AL, st o] A FEAL
2 2UA gk ol uk 5k d o] upA ek o AR kg Ut o] A W g g Ei?‘f}x] A RS U £
readline () 7k £AE S 2549, 9td 9 €9 ‘:%@ 2| AL ¥l &2 "\n', 5 ] MNP EALS
Edohe BAEE 2@ FH YT

>>> f.readline ()

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

'Second line of the file\n'

>>> f.readline ()
T

AN 25S doen, 7 ARl e 2B 5 A5tk o] AL vwE FEA T, W] e
T2 ool g U):

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

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

L REESS YAER o] FolW list (f) Y f.readlines() & F 9

4
f.write (string) < string &l &S 5}dojl 27, 289 BEAE2 M+E =8 E UL

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

TE W) AAEL 27 Ao WY Do} YHUT - EAD (AAE BEo|A) o)1) whol £ A (vh]

U] REOA) 2
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>>> value = ('the answer', 42)
>>> s = str(value) # convert the tuple to string
>>> f.write(s)
18
f.tell() & 349 AA AAE 7He|7l& AT E EelFvd, vtol v BE9 A9 3199 A HE Y
dlolE 2 EAN T HAE RE A9t BERS AT
o A ] A E v e |, £.seek (of fset, whence) & AHEFUTH 91X = 71F 3 o offser & T3l Al
AU 71232 whence AAHZ AU T whence ko] 001 318 X558 A8k, 1o]d A4
S}l 91X AHE R, 2 & 9L Q] B A1 F A 02 A AUTH whence = 4D 931, 71 R gEE 00] 2kA]
shde] 4 eS| 2P o2 AHgFYTh
>>> f = open('workfile', 'rb+')
>>> f.write(b'012345678%abcdef")
16
>>> f.seek (D) # Go to the 6th byte in the file
5
>>> f.read (1)
b'5!
>>> f.seek (-3, 2) # Go to the 3rd byte before the end
13
>>> f.read (1)
b'd!'
g AN (22 EAL 0 U I AE) AU ) $iAL A AAY A2 (4
& seek (0, EAHEEA Y] Fog AAE UA s A AUTh, SHHE offser FE-2 £.tell () ©f
e %A‘T%O?E?JHD}. 1 5h] T2 offser gh-& B H A k2 AAE U Th
o 20 21 e, @ AF AU 39

g AA = isatty ) Y truncate () Z& % 71X H A
AR ol et AT SHf= gholB e g P HHAE FE A

7.2.2 json © 2 721l vloel S A5}

Ade el A7 912 5 HUTh SR b7k £ S0 S, read () WAL BAATL
534—.—7] & Ay o ] TALE int () T2 & dDsfopvt =0, 123" 2 FAE S W A}
F123e EEFUTE 39 gl2Ed g e 22 5 EAsvolHE A o, g
a4 s A dsohe Aol Atz e + davh

AEA7} A 0 2 Bake o B € hlo] ARoHe LEE FASTL ) =S sl th AL, ol i
JSON (JavaScript Object Notation) 0] gt=dg 2ol=tolE 23 FALS AL T £ 9/\71] 3t} json o] gh=

u-'zr 252 golH HolE ASE WolA EXE a0 Z vlHEFE UL o] AXE 2 E3I (serializing) 211
FEULh A€ £d o2 FH ‘:‘“ ol & A7t A2 9 Z—}Eé@]-(dﬁWlallng) 3 Bt 2 E3le}

Qﬂ[ 21E 3} Aolo| A, AAE 3= TALS oy HolHo A=AV HEYI AEE T3 97

AR AEE 4 dFUTh

Zr3: JSON A2 dioj e w8 93 gt §8& 22180 AT AU W T2 T8 17} o] v

df Lo
rlo
N
)
©
Al
°

ool d4Bn R, AFHS AT

A x 7} Qe w), DR A Eo TE2 1A JSON AL EAL 2 5 o)

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

(THS STl AT ol A1)

7.2. 3}YE Q)3 227 61
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(o] A sl o] A A M A%)

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

dump () &= dumps () T4 HEL AFE Bl ~E 31 2 A3t T2eiA £ 72712 96 949
Gt 519 o)w, o @A & 4 e o)

’ json.dump (x, £f)

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

’x = Jjson.load(f)

ZF31: JSON files must be encoded in UTF-8. Use encoding="utf-8" when opening JSON file as a rext file for
both of reading and writing.

ol gt Azt ela o] ZAELG HM U E THE 5 YA 4ol S ALHASJSON e & A d 35}
8171 H’éﬂ/ﬂ% oFre] 7k B 23 json _:_‘g-/] g B A= o] W o e A WS Bu g5t

T ®7]:

pickle-33 EE

JSON <l H&f‘fﬁ,pickle% dole] B33t vtold A ES AL+ v 22 EF P UL to| o] F3E AL

Uth 7| 2A o 7 kA A 7] % Tt
sff tlol Bl 7F 2 &= ok 429
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of 21 2} o ]

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

8.1 £ ol

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

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

A

SyntaxError: invalid syntax

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

A= oA, Aol ’\ET’EIEE B 2o 2S5 9=

8.2 o £

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

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

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

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

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

ol g m Al A9 v et Z-& o] H a‘ ] dojut=A] el Uth 9+ o8 FoE YEtar, o] wAA
dHE=Z = Yrtt: o] oo A9 &L zeroDivisionError, NameError, TypeError YUt} o< 3
o= A EAE LS A LH’é]“‘#]ﬂJ O]E‘ﬂ‘/]r/} o] AL BE WA A=Y Be F Fol A,
AHEAF A ] 2] e (@Est e dols Bt H 28 B8+ s Uth £ o9 o)F2 WA
A8 A9 T (o] o 7191 = 7} o o)

2o Uyn A REe 2o §7} A0 g £ A BAE AT HU

Al MAAS QL 20 ol Y2 oo/} Aol 4719 BAS Az duFos an
S st 28 Edo] A8 2P et AT, BE AN Po] T FEL BAHA

?%Q ‘4 f%-
bltin-exceptions = W7 2] 53 1 59 v & g5t s UTh

8.3 9| ¢ A g]s}7]

A8 2] & At EEZ@% Te = Zo] ZhsFUTh th ol B, S¥HE AU 4 8E w7hA
AFE AR A A2 S HSHAIRE AR A 22 IS AHHE o= A= dQ“UL‘/]E}(CODtrOl (OB ® RO
<4 A A7}k 7‘] dst= A= }\]'*Q“OHH) AFR A7) 9= 91 B 8 E = KeyboardInterrupt o9& d o7&
514

)2 hepgel #9542

>>> while True:

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

try &2 t53 2o] FAg U
* WA,y A (try 2texcept Aol 8] £45) ol AAHY

o A&7 LASA o, except & AUH L try £ AP F

- try e AYIhE Forol el wA S, Ao e REE
ol 5 o15] oIk M2 8, 2 except o] AR, 18l LS AHE try B FE oAU
- except Ao 9 ol 9] o] SE I TN H A o= 91 7h BAFH, 9 Fof Y try FOow ATHY T
A2 717 A A ko, el 2] ke o9] o ;Ao A B At 2L WA AE 2 5EA Aol

WUk

Zt7) o ol 9] EH St A 2718 Ak Adl, try &2 st 01%94 except = 7Hd 4 d5Uth F
stitel A2 77 AU A7) sl g eks uy Aol A EAYTE o @) vt ﬂﬁl"ﬂ TRt
#2717+ &4 071 Lﬂlﬂ% A2l A = 5 U T except A2 %Eﬂ Ae FEE A2 N9 ddefE A%
Asdth dE :
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. except (RuntimeError, TypeError, NameError):
pass

except Aof & FaE A9} T x| Ay Hola Fead uf v X H UTh (A oh 2 W] o
ZEWAFA FFUtt— A4 FHAE G stexcept 2w o]~ Fej 2 v X = A 5. & £9,
e e I =B,C,DE I sAYE A4}

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")

except o] F 3 3] H (except B 7} A 20| L5 ), B,B,BE A5HA Holl AL — X220 F n X5
= do Ay 14‘4-

ul2] gt except A2 o 2] o5& A
zoEdeg 5‘\/]1’% o] Alo=w A
Sof oo & A o7 = AHeE 5

F 4 gled, SUEAE 4B Fch o AL
J 223200 o2l S 77l 47 WE o o2 o
= QHUT(EEAE 9B AT 5 U=

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

try - except ¥ A A else F & Zt=tl, YTHH 2 & except 2 F ol &FoF U Th try Ho] o9 &
Yo 7|7 kg APw o] ofut = I =] & AT ol & S01:

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()

else Ao Atgoltry ol ZEF dl, try -+ except ol &3] HEH I = A E7}
|

Qo 7A e NI E S A5 A

o097 WA T w, AT e /D 5 ], 199 A% tnE S A AGUTH A A FL o9
ol o £ gk,

cxcept A& o19] o & o A8 Y 5 9% e W @] instance.args of A4 o
Qg o] AZ2F UL B E 3, o9 AL AL 0 AN, .args & F2HA YUE
AAEL 47 AH T+ LUtk A9 2077 Aol AXLHAE U4 HED DR P A EYHESS

=
=2
=
=
748 5= Q5

>>> 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} AAE 7AW, A 2] = A] ¢b2 oAl 9] wIA| A &] mpA]up R (A A ol A Ut

o9l A2l7le A uy Dol HH At BT obyeh uy oA (A LREE) SEHE T
FdrsoA A A= AUt A E Eol:

>>> 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 o2] do7]7]

raise ¥& T2V AR ol BASES ZAL 5 QA GUTh ol 2 Sof

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

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

aise o Aot & AA= TAAE o9 £ 7Fe U T o9 - so] At o 9] Fef& (Exception
Asshs ) olojok Futh o8] A7 ALHE, FAH o2 AR glo] APAE T2 A~
28 Beyth

T,

raise ValueError # shorthand for 'raise ValueError()'

ghok o 9] 7} AL A = otol HAw ) sha A4 hrhd, o e FEe] raise £o] 1 o) 9 8
ohAl Qo2 4 gl T

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

An exception flew by!

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

NameError: HiThere

8.5 ol 2] <4

The raise statement allows an optional £ rom which enables chaining exceptions. For example:

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

oJALZ e AT W) F8L F AFUTh & =49

f(r

>>> def func():
raise IOError

>>> try:
func ()
except IOError as exc:
raise RuntimeError ('Failed to open database') from exc

Traceback (most recent call last):

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

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

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

exceptt} finally A4 Qhel A o 9 7} ZASI o 9] A4 7t A5 o2 Lo guth from None BETF
AFgatol ol9) A4 Wl BB B 5 ST

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

(TH& ST Aol A1)
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Traceback (most recent call last):
File "<stdin>", line 4, in <module>
RuntimeError

Ay v AYZ ol o 3 AA S Y -§--2, bltin-exceptions & 2 3F4] Al L.

8.6 A1 Qo] of 9]

Moo SREE FFoEN 22 IR A oo o]F& BD F AFUT (Ftold Sz T
AA T W G2 2 & HALR). dde B AFH o2 Y A 02 Exception EWLE AT

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

HRe] o 9t B S EY o] SE} FABA, “Brror & BLb o202 AP U

Sol A S LT BT 5 Yt T AN o] 952 GOl Gk Fe 2o
= el ol A ThE Uk,

try ¥ E T2 A9 H 25 71 5 et B E Gl e ojofnt = A 2] 52E FY st
AEEULE A& E9:
>>> try

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

Goodbye, world!

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

finally ol 90, try ol $85)7] 2] finally Bo] vhA% B¢ 02 AP ULk finally B2
try Bo] o9& A S A2 B g0l AAB U 2L ool L B o o 2 A9k

 try A& A8 Tt o9 7p A S, except oA AL E A2 5 U ol 2] 7 except
oA A=A o™, finally Ao *‘3“3 T o9 7F oA Y o

+ exceptitelse 4 4% Fol o974 BT 5 95Uk A, finally 2o] 4B F o] 917 oA
A FU o

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

1 2
&2 [o

s
=Y
r
o,

* try ¥°] break, continue =& return ¥°| =239, finally @2 break, continue &
return & A3 2 Ao A3 Uch

finally Qoﬂ return 2o] £E A, ¥t 7F2 try A9 return ¥o] F+ Zko] o}y g}, finally
Ao return 0] F+ ol Yt

& &d:
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>>> def bool_ return():
try:
return True
finally:
return False

>>> bool_return ()
False

o 543

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

>>> divide (2, 1)

result is 2.0

executing finally clause

>>> divide (2, 0)

division by zero!

executing finally clause

>>> divide("2", "1™M)

executing finally clause
Traceback (most recent call last):

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

Holvpek o], finally A2 BE Aol A Uth F FAE S WA DA 3 TypeError  except
Aol o3 A2l A] 943l finally 7‘&0] A g Fof T %101‘#14‘4-

A A8 82 AN Linally 4L 9% ALE NS T, JTH A A 2ATe), 7
A9 et o 3 FUTHEH L EN S A 2L A5).

8.8 mZ] Hold AQ2 &=

ofd ANEL AA T L g2 ) th 2 AN E AGIE A
[ez]

EN
rO
2
Ry
v

k1

o

rlr

) <

4 ARG AARS U = 3} = E BAL.
for line in open("myfile.txt"):

print (line, end="")
o] ZEo FAF L o] R APFS B FE ST =7 A aAdes ¢ A2 Fohe A YY)
o st AP EANAE ZAZFEH A GAT 2 8 22 RN EAE - AFUTh with B2
A 2 ARG ZA Sub2A A HE S BAHE P AZ T

with open("myfile.txt") as f:
for line in f:
print (line, end="")
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Bl A9 A Fol, & A o BA TS BE, 5 £ = G4
B8 539 FHES AT ANEL 25 AGAeIA o] AL 473
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SeaE HolE 9 7152 B Fo P S AZ GG A SULE BEE AL AN A P 2 WS,
B A AL S BE S QRS FUTh A Fes AL AL JE|E FAS] 93 2 AN A B
EPHES b 5 FUTh FHa Q2UAE FHE 0] 98 (220 I AelE) HAEE
Ha % U
e 2 ey Aol M a ), oA FeA WAUZL Aot A2 e BT NG AN 24
A% 2T T Cot 7 BE3 o A 925 £ 2ol vAUS & ERFUT shol 8l 2elas A7) A3
9 222dYsl BE HESES AU G2 FE AL dBlols Fe A setst,
A et ol 2 Fel 2t S A5 off MASE AT S GOm, WA S 2L o] F2 W02
2ol 2ol MAEE 52U 5 AT AN L 900 FRel HolEE BA AR glol 7 £ gy
E3} bR A2, S st shol el FA 0 BAS W thr itk A Azk] BHE oA 1, B o} A

Folw o]+ 48 5 Aa e

C+t+ 8ol 2, H5 Zefs WM S-2 (d o8 W & 233 M) public (]9 = o2 ¥ 5 7] W5 & HA2) 3

2E U ﬂ#%% virmal YU Th REE-3AE, AA 9] vla=olA 2 Ax o] WS Z‘Z%}% =Y 2@
FUth VA= 5 2 AAE 5 BAAA A HA QRS AAdsted, F- 320 FAHSR

xﬂlﬂqvk ~BEIAY %EMZMC ARG o] ol YL H} o] B WAL A A ASF

Co+ U} R B3 9 Do), U R % 827 83517] 919 Wlo] 2~ Fel A2 ARG 5 Qlsrvich Eal, Cr

AR, 5 BL 2 R F AMAES (BE AR, AH2aYE, 55

sl Az geld 5 syt

(Zeh 2ol ha) HAA 02 WolE] Ak FojEo] G FENoIA, ol T ABETL} Crr G ES
AU Crt Bk A AFA A S o] stolale] A3t o] SR BES3 G 8 AT S E AT,
o2 S50 U= ¢le Ao ® A Th
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Shol 4l SIE| Z e el 7} A 25t ) BB o] AL U8 AN A A Bith. REe) 4 ol F B0L BE 49
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F FolA x o] AAS A AT A, A ol &=
A AxmEE AGHUTH S8, inport £31 B4 49 & BEOIL} B4 o) B2 1

g M i o 2
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2
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s
X,
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O] AL o HA M2 ThE 2T 28} o] F FHE FX 6L, global Fnonlocal o] W g ojd 3
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Ho]FE o dyrth:

Z
F£7)

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)

9.2. s}o]X A7 =Z 9} 0] 73

ju
ot
N
N,




Python Tutorial, & ] 8] 3.9.16

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

do_local ()

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

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

print ("After global assignment:", spam)

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

oA =] E e ol @A Futh

After local assignment: test spam

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

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

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

9.3 Sl Ao A whd

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

Sehx Ao g dE Fel = o) FA RS UTH

class ClassName:
<statement-1>

<statement-N>

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

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

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

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

Fzol AHH = 2F M2 AHE Ut obj . name. H}E

g HE
old uf Fef9] o] F Tl JE EE ol5 YUtk ZHA, Z

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

def f (self):
return 'hello world'

MyClass.i & MyClass.f = 2HE JETHE X7, 717]Z 2}3}; A& Eﬁzqu}.—gaﬂi o E

AREL DAL ST YolA, UYL B8 uyClass. i o 2 WAL S ALUTh_ doc_ & 9A L2

NEIHED, FH2d &3t S2EFHS SHE UL "A 51mple example clas ",

s AA8A WEA £ S BAUS ABTUG 22 AN 2AA A A20AE BT
3]

A AS gl e AU o Sof (A9 ZeH 22 AP

o 2ead A 9AHs S BED o] AAE A WS x of BT Th
QABA ST sk (Zela AA “TEFA) £ 9 AAE BEUT B Fest 5RF 27 Je=
Azeutol 28 AAHAR AAE HEE AL FobgUth el Feat olF 402 init ()
e ol S5 HMAS BT 5 A5

def _ init__ (self):

self.data = []
gAllA7t__init () WINES A S, Sels AABA RSV AR vh5 o R FE s Ao b5
Aoz __init_ () EZEFUCE ZA o] Aol A, A 2718HE A2"HAE o] A A 5 AU

x = MyClass ()

=8, _init_ uﬂ/qr:: o =2 SN S 95 oA}
t

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

>>> x = Complex (3.0, —-4.5)
>>> x.r, X.1
(3.0, —-4.5)
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9.3.3 A2EH A AH)

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

x.counter = 1

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

print (x.counter)

del x.counter

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

9.3.4 WA A

HE dAEs dd5Aa 229 vt

’X.f()
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i)
>
i
4N
>,
fols
e
ek
ikl
ko
rlr

xf = x.f
while True:
print (xf())
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bz or Do, dadA ApE dada g HoHE AT Aol Sl Has I 22 RE U
oM FH s EFEG AMEE AT Ad

class Dog:

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

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

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

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

>>> d.name # unique to d

'Fido'

>>> e.name # unique to e
'Buddy’

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

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

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

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

>>> d = Dog('Fido")

>>> e = Dog('Buddy")

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

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

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

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

class Dog:

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

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

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

(F= ol AT el A%)
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>>> d.add_trick ('roll over')
>>> e.add_trick('play dead')
>>> d.tricks
['roll over']
>>> e.tricks
['"play dead']

0.4 7le}t F NP5

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

>>> class Warehouse:

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

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

>>> w2 = Warehouse ()

>>> w2.region = 'east'

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

ol o= HEL uHE Bk ol ARe] AubAel A} (ZepolAE)e] A F2Y FE
QgUth el AN, FeAL 22 2 dlo|HP S FAs T S 5 YU h A,
sho] el A1+ t o 8 22 24T 4 o] G5 U Tk — T Belol &) £ ek (iHElel, C2 A4 shol
TR DL 7@ A E DA £ AR e QA LE AT 5 Y&vITh ol 2L C2 A4 E
stold #7314 AH82 5 ueh)

ZetolAE L lolH o P HEES 24 AHA AGIF Gtk — Feol AL ol o =R RES
SelA WAS S o3 RAHE BUAH S PrhE 4 gLt Sete|dE: ol FEL 35E o
MAEEY §EALS A YUE 1E A HlolE =P HES AnUA AR 74T FE 9So]
o ShAl e — chAl B, B FH L 7

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

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

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

Ut o & E9of:

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

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

class C:
f = f1

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

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

gk Aol o34 2.
WAEL self A4S HAE o 2L RES A4 HE MASE 538 5 d5Uth

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

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

def addtwice(self, x):

self.add(x)

self.add (x)
MAEE AU FFES AAAR A o] B R S dgUth A0 AT AG 2nE T3¢
B E 23st= BEYUTH (F é%éi@ﬁﬁiEEAP A gsUTh) HAEANA A HolHE
Mg FL o) FE AY WA BEA W, A ATEE FPIA A e oY A 9ot AL T
WA, A o] Ao ook vl S Rk ohuioh Do) AT EH B2 R ES WA AR
% lthe 219 AL o] Ao} 2:zol QS 11, che A M el A vl A
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e I
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= AAe] Zeag Ao ek B A $L o8 HA 2 AU
2 gre AR, 1B Feh (P olehas BUh & 25U o 2L object.__class__ o 495 of

1% Uk
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9.5 A&
FE, 45 AU T o] 5L FAa ek ol 8L BT A7 12 ATk Ay
Zejs elo] BEE ol 8A A As T

class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

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

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

A 2o AAFYE WA =L T2 o5 H

o]
°Q&31§%¢MHQGWHAEWAJﬂiE§

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

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

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

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

float = int & B Zg 27} o 7] uﬂ—‘gr 14

%

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

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

<statement-N>
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9.6 n]Z7 M

A 3o A RE QA AT 5 gl 0B A28 2 WG Shol fol EAA Shruinh AR B R
Aol 11 Sl T 2 51 oo S5 5 2 A A o) B8 (15 B0 spany ALY F14 o1
e B2 o2 5] ofof gl (LA o] F4, WA S, Hlol el WM F Felol A hel). & FAlolw FH
glol WA & o g0 = F of of Ik

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

ol & F4

7=
skl ¢°%

n[m rz*:

[>

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

=] L]t+-°ﬂ§§%§ :

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

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

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

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

9] o= MappingSubclass”Zt __update A/ AHE EY3tH EtE ZE U Th Mapping FE 2o A+
_Mapping__update® MappingSubclass Z#]20f /\ﬂ%_MapplngSubclass_updateE Z+ZF i A =)
7] W&y Tt

FAA7 F AL HAZ AL E 93t A} AAE At Aol YA 8 A- IR HAFH = HTES
AALGAY £A T 5 A5 UUTh o AL Ou Ash 2o SW e Aol A 22 97125 T

exec() Yeval() ZEHAGH IEE TES+= 2 A= olFS A SWHAE 7R S=the 2
F AL o)A global 91 B30 AU, SR Vol HHUB 2m AT, Lo
Aol __dict_ B FAH FzxF wj®wolye}, getattr (), setattr(),delattr () o= FLFYrh

»
I
3
Lo
I
=

9.7 Fr& A

Z 2 o] F B2 U olH FEES T FoFE FaZ] “record” U C “struct” &} §-AFSH d o] E] ¥ &
Zt=Zlo] £x dHUth Wl S8 2 A7 &5 T+ = Lddynh:

class Employee:
pass

john = Employee () # Create an empty employee record

(TH& ST Aol A1)
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# Fill the fields of the record
john.name = 'John Doe'
john.dept = 'computer lab'
john.salary = 1000

EQd F4AA HolHE L 7|UdtE FolH T = 2742, 5 2 HoHIF HH=E FU Y& s
A Ags = FUth o & 9, 3 AANZRE d o8& 2= 47 JS wf, 4l #Ad
H oA t] o] & ¢l WA E read () 2 readline () & Al Fste FHAE YT T AAZE AT £
AFU

AABEAHHE AR JEBRHESE Z+45UTthim._self  =wWAZm() 3 238l A8 A AA o)1,
m._ func__ WA E A-S3= g A J )

9.8 o|E] @ olE]

ABE obUhE o R 2 Aol ANES for BOE AT S YL A

g:):g
o
A,
i
°
kS

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

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

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

for char in "123":
print (char)

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

o] & AEFY Y] A A % ot ZH4sta, A ch OlEHlolEiE AH-&-sHE Sho]# o] H A3}kl B9t
HUth Fof FHolA, £ —Er%?ﬂ Joly AA el thal iter () E TEFYTH o] 5= WAE __next__ ()
S gis e el AAE FAT L, o A CE AH OIS 845 S B 9l St oA <gh
ot Fe 247 glo,  next_ () & StopIteration o9& dOoAA for FZo 5 E <Yk
next () W& &FE AHEHA _next_ () FINEE ST 5 JFUThH o] o= o] BE A5 o]EA
FAeheA Hogyth:

>>> s = 'abc'

>>> it = iter(s)

>>> it

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

lal

>>> next (it)

'bl

>>> next (it)

lcl

>>> next (it)

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
next (it)
StopIlteration
VAN ZEEE A AE AANSE GANY, et FAL A SRE 9 22
S AU _next__ () MASE 40 AAE EAFE _iter_ () WAZE A gUTh 227
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_next__ () EAHYEE, __iter_ () EAself EEHEF IFYLH

rlr

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

mmn

def _ iter_ (self):
return self

def _ next_ (self):
if self.index ==
raise StopIteration
self.index = self.index - 1
return self.data[self.index]

>>> rev = Reverse ('spam')
>>> iter (rev)
<__main__ .Reverse object at 0x00A1DB50>
>>> for char in rev:
print (char)

nw v e 3 -

9.9 A|v]# o]¥]

Al e ol 8 & olEd o8 e sty F8e = duyh. A A H 2 H A vk =
HEa e WHUPT/PyieldErT% ARE U Al el Bl ol next () 7F 2EE winteh, Al @l ol B & W
oA AP ANF U (EE ol e o E4o] A gz APFH A=A 719FUh. o<
Al E AaT A2 A e 5 JF5e HoFyth

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

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

.
1

o

g

AGAAAZ RS AL 2 E AL L DA GYR) FA 21 A g2 T DG A
dolEl 7k 2 g ol i _iter_ () 9h_next__ () WIS A AR BEoI A 7] Wl Th

= Se] 28 )5S Ao WeE T A %HME% 7ol A5 ow RAATE AQUTh o] AL self.
index Uself.data 9 22 ALE2 A4S AHg o G2yl vas) B52 27 43 5 v

Yk,
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s A= AT =2 a5 Adejo] Aol Ha, AldElelH 7t $ 858w A5 2 Stoplteration &
dogUrh 2T, o] 7155o0] AW 45 AT AWF olH @0 HE wE 7] 47 BHE U
9.10 Ayl ole &2

st A olH« gl E FAz A v oA R Tl 25 thAl 235 AFE S B e ARS S 23 A
© 2 A3 A 2P T 5 JEUth o] RS BAE Gt AT A B SN A AL 93
AAE AU Avd el 342 St Al o8 B Rt ZHE 8| vh §5 442 o] A 1, w23
PrE Pzl zel e 9 2s o] gt

o

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

285

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

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

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

260

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

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

>>> data = 'golf'
>>> list(data[i] for i in range(len(data)-1, -1, -1))
['f', ll', IO', lgl]
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2

< gholH ] 28 H 7

10.1 2 A A 2AE]H o] A

os RE2 = AA LT 2857 A% 74 7HA s Al Iy th

>>> import os

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

'C:\\Python39'

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

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

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

>>> import os

>>> dir (os)

<returns a list of all module functions>

>>> help (os)

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

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

>>> import shutil

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

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

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

AutAQ FEEE 2THEE TF HHY AAE Ao T 87 JdFUTh o] AAEL sys BEY
argy JEZ|HE g|l2EZ AZAFI YL oA & £9, 9839 Aq python demo.py one two three &
Agstd o33 22 237t =899 Uth:

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

['demo.py', 'one', 'two', 'three']
argparse BRES Y& £ AAE A3l o And v AYEZ S ATFULE thg 2T HEE 3 o] 4
stdusHeg Aoz BAR E 45 FEFUh

import argparse

parser = argparse.ArgumentParser (

prog="top",

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

args = parser.parse_args ()
print (args)

python top.py —-lines=5 alpha.txt beta.txtE AF&3lo] W oA A3 u], A3 HE
args.lines& 5%, args.filenamesE ['alpha.txt', 'beta.txt']Z AdAIYT].

rlr

104 o2 24 | dd =23 F8

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

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

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

>>> import re

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

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

'cat in the hat'

92 g 7 s it Aot A fole, RAE MAESol AoE e 97 Ja g Aol 47 WAt

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

>>> import math

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

>>> math.log (1024, 2)

10.0

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

>>> import random

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

'apple'

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

>>> random.random () # random float

0.17970987693706186

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

4

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

>>> import statistics

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

1.6071428571428572

>>> statistics.median (data)

1.25

>>> statistics.variance (data)

1.3720238095238095

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

10.5. x4 =¥ wj 87
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10.7 A& Yl gA 2

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

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

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

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

>>> import smtplib

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

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

Beware the Ides of March.

mnm u)

>>> server.quit ()

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

10.8 Ixie} x| 7H

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

ol RHA Utk BES A AEE AAGUh

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

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

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

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

>>> age = now - birthday

>>> age.days

14368
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10.9 dlo]¥ =

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

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

o
flo
il

>>> import zlib

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

41

>>> t = zlib.compress(s)

>>> len (t)

37

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

226805979

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

>>> from timeit import Timer

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

0.54962537085770791

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

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

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

5
e
ud
i

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

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

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

men

return sum(values) / len(values)

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

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

& 5 A gk

import unittest
class TestStatisticalFunctions (unittest.TestCase) :

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

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

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

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

1012 wjEl 2]} = gg

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

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

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

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

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

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

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

A def YT

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

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

fifo
P
ofr
o

A JFULh ol H 2 37 A9] Fastar ZE et 7
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I
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%
rot,
5%
rlo
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Y
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:or[_é
B
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reprlib BEE 2AU 24 $E A FoFE O
w4 AU

i

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

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

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

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

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

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

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

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

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

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

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

AEUREL 1F PR TR 24

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

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

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

'1,234,567"

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

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

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

>>> from string import Template

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

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

substitute () WA EZEE A BAAZF AU E Y 7|9 = AR 2 A FHA & uﬂ KeyErr re 9

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

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

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

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

N
folr e,

i
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>>> import time, os.path

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

delimiter = '%'
>>> fmt = input ('Enter rename style (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

S EOE 382 U5 2 4 AR AolM 2239 =2 F
XML 59, Q15 € A= 3514 % HTML §) B340 o8 A28 9222 %

11.3 njo|uig] dlo|g #lZ = vl 1] 2HY

struct RES 7h¥ Aol uhol e AT Y402 %8s 98 pack () Funpack ) F5E AFHY
th oS ol AlE zipfile BES A5 W ZIP 94U S|) AR E A W HolF Yk A 7=
"HY 917 A2 oubo] Eghantol E0) R E Qi 54 e T<r & R F 3710184 2 E A

dhol = %42 7hd & b U o

import struct

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

start = 0

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

start += 16

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

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

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

11.3. nlo] g dlo|¥ HZ = vl ] 2H¢] 93
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2 g2 AR 5 A =AY S EEstE s duth 2dEsvgE Yol gt oA AdE =
ol A} g} QH S W 8 wa elo] Suhe ARl U] AFR S 4 ST B AL A = o=
2o AT HEZ /OS A s 4t

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

import threading, zipfile

class AsyncZip (threading.Thread):

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

self.outfile = outfile

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

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

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

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

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

Al T,

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

-~

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

AANE A§3E S5

11.5 27

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

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

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

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

Z1BRog AR U U HAAE BAFA 1 28 ZF o8z Y P ULk g2 28 FHd &=
A g, to]g 13, 271 =& HTTP A E 53 vA] A gh¢H" o] TP Yt M2 EE HA] R
QLAY ol et thE g2 8-S A= e 4 91451t} DEBUG, INFO, WARNING, ERROR, 12 3L CRITICAL.
2 A28 oMo A AH ZTASAY, 28 272 7WL WA A 1 AFLA A 2L 93 AF&AF
ZFHARAS ¢ A= A gdo A 2= & 5 dF Ut

=

11.6 o3t =

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

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

v

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

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

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

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

d['primary'] # entry was automatically removed

File "C:/python39/1lib/weakref.py", line 46, in _ getitem_
o = self.datalkey] ()
KeyError: 'primary'
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>>> from array import array

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

26932

>>> al[l:3]

array ('H', [10, 7001)

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

>>> from collections import deque

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

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

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

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

>>> import bisect

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

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

>>> scores

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

heapg EE2 44t

2]
00l 48 . 1%
g0 §8ah:

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

>>> from heapg import heapify, heappop, heappush

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

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

>>> [heappop (data) for i in range(3)] # fetch the three smallest entries
[-5, 0, 1]
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24 AEE 9%t Decimal Eﬂ olH3IAL AlFaa Yt YH float o] B X
Z

Bt 53 ohedt 2L AE f83 T
AR 1005 Lelel DB 28 28 D A £,
- AWE Ao,
YA EE A LT S $E 5 1Y Ao,
- GERAFA, EE
 AEAI AT £ o2 AN AT AN T A0 AAhtE 5
o2 o), T04E 18} 220l il 5% A3 A 4HshH, 414 25 244 2 o] 4 BF a5 e A7}

S
GERdU T 298 43 ke AR ve A5k 2] 7 L ch

>>> from decimal import *

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

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

0.73
Decimal A= o & 0& FA38H, F 719 FEXAE 7}{1 e aEH Y A FEAE A
FTog FEIYTH Decimal > =20 2 3 53HS A AL o] 3 B Aap o] AT FEoHA 28T 5
g DA A= EAE JHEMD}.

dEet ¥ Decimal Fe a7t o)X By 25l AF3A 2 RER ALY 554 AAE IS 5
A== FUrh:

X

>>> Decimal ('1.00") % Decimal('.10")
Decimal ('0.00")

>>> 1.00 % 0.10

0.09999999999999995

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

>>> sum([0.1]1*%10) == 1.0

False

decimal RE2 423 WF o AUER Mg AlFdYTh
>>> getcontext () .prec = 36

>>> Decimal (1) / Decimal (7)
Decimal ('0.142857142857142857142857142857142857")
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7 a7 e dukA el g EE ] Y A= .venvydUTh o] o] Ei]Eia]ﬂ-EE{i:IOﬂ/ﬂEﬁ]x] AL = 3o
2, g7t 2R3t o] F & AW dte o] 5= AT UA T Wl A gkF ot T8 Y5 F 9 (tooling)
o] A Qe .env 37 W2 Ao spA o] =S wpx )

M EAE e oW, MBS &5t 5 syt

A=A o] FA Ayt

’tutorialfenv\Scripts\activate.bat

Unix B += MacOSol| 4] o] A A gt

’source tutorial-env/bin/activate

(o] 23 Y E=bash A 93] 24 HE 22 E cesh =& fish A3 AR st= 3 ¢oll=, thal activate.csh
Qlactivate.fish 23T HEE AFRFfo

P” FAS B EH, Ao zE2ETE A7 AL oS, 842 438t python
“ﬂdﬁEx“W¢4%ﬂWﬂ%@ﬂ¢%§ﬂﬂ:l%%ﬂ:

$ source ~/envs/tutorial-env/bin/activate
(tutorial-env) $ python
Python 3.5.1 (default, May 6 2016, 10:59:36)

>>> import sys

>>> sys.path

[''", '/usr/local/lib/python35.zip', ...,
'~/envs/tutorial-env/lib/python3.5/site-packages']
>>>

12.3 pip 2 37] %] F&)3}7)

You can install, upgrade, and remove packages using a program called pip. By default pip will install packages from
the Python Package Index, <https://pypi.org>. You can browse the Python Package Index by going to it in your web
browser.

pip has a number of subcommands: “install”,
documentation for pip.)

77 o] 5= A st A4 WA 7| AE HAAE 5 s

uninstall”, “freeze”, etc. (Consult the installing-index guide for complete

(tutorial-env) $ python -m pip install novas
Collecting novas

Downloading novas-3.1.1.3.tar.gz (136kB)
Installing collected packages: novas

Running setup.py install for novas
Successfully installed novas-3.1.1.3

A7) A] o] F FHoll == A WA WZE 2o SH WAL H7IAELAAT +& 5

(tutorial-env) $ python -m pip install requests==2.6.0
Collecting requests==2.6.0

Using cached requests-2.6.0-py2.py3-none-any.whl
Installing collected packages: requests
Successfully installed requests-2.6.0
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o] B3-S thAl AW, pip & 2T M0 o]u] A of YL LT, oFF AR A FUTh thE
WA MEE A 1A AL pip install —-upgrade & Aol 7 A& H A Ao
adol=T 5 A5

(tutorial-env) $ python -m pip install --upgrade requests
Collecting requests
Installing collected packages: requests
Found existing installation: requests 2.6.0
Uninstalling requests-2.6.0:
Successfully uninstalled requests-2.6.0
Successfully installed requests-2.7.0

pip uninstall thFol 8t} o] AFe] 5 7] 2] o] Fo] @1 7H4F B ol A 3} 7] 2] 7} A A Y T}
pip show &= E4 97| Ao st AR E T AT}

(tutorial-env) $ pip show requests
Metadata-Version: 2.0

Name: requests

Version: 2.7.0

Summary: Python HTTP for Humans.
Home-page: http://python-requests.org
Author: Kenneth Reitz

Author-email: me@kennethreitz.com
License: Apache 2.0

Location: /Users/akuchling/envs/tutorial-env/lib/python3.4/site-packages
Requires:

pip list & 7bg @70) 4X 8 BE 347148 BA G ch

(tutorial-env) $ pip list
novas (3.1.1.3)

numpy (1.9.2)

pip (7.0.3)

requests (2.7.0)
setuptools (16.0)

pip freeze & AXH 7|29 v|e BEES TEA YL pip install o] 7]thshes A2 AHE o
AulA o] F 22 o] BES requirements.txt o Y= ZJYt}:

(tutorial-env) $
(tutorial-env) $
no s==3.1.1.3
numpy==1.9.2
requests==2.7.0

pip freeze > requirements.txt
cat requirements.txt

requirements txt = A Ao AvlEo] S g JdBE AFE 5 S5 Ut AFR A= install
rzREg csLJHy]x]e A2 a2 9l e T}

(tutorial-env) $ python -m pip install -r requirements.txt
Collecting novas==3.1.1.3 (from -r requirements.txt (line 1))

Collecting numpy==1.9.2 (from -r requirements.txt (line 2))

Collecting reques (from -r requirements.txt (line 3))

Installing collected packages: novas, numpy, requests

(TH& ST Aol A1)
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Running setup.py install for novas
Successfully installed novas—-3.1.1.3 numpy-1.9.2 requests-2.7.0

pip o= o W2 A 0o] JH5 UL pip o 3 &4 3 A= installing-index *] 32 ZF13HA 2. I 7)1 XS
23S wf sho] o) 7] X A Qo A ARSF 4= QLA 312 W, distributing-index ] F-& 31 3HA 8.
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cHAPTER 13

oA 8 32

o] Ak5AE ¢lol A ofut= shol A ARgo B HA o] EolHE AUt — AA FAE A3t A a
stol & Agsteia @l of Futh o -2 o H 2 Jtof 72

o] AHA L oMY A AES] AR Ut A=Y ThE EAE 27 24U Th

library-index:

£ eholne o 3, 34 % HE] e 9% (1S wusa v &8s A48 AT o A1
HE A3 ok gtk B2 shol A i E ol & 27t D= go] £ o] AFUTh Aos SHTS
93, HTTPE 530 £A 2 A48, U458 BE, 339 §42 M52, CGl 2219 S 4431,
Dol B % 351, 7|8 Be 49 & Aol 2Eo| e holHelel a|H Aa g FolH ol

Aol QA &+ AL vth
installing-index = THE sho] 2 AL A7} A4 8 27} RES A sh e A9 g oh
%

reference-index: TFo] A o] 2 31} o] n] o of) 3+ 2} A 8k A
Sk A 2 A F83

71 e} s}ol W A5

https://www.python.org: =8 3}o] % g Aol E. of 7]l = T =, A Z o) & ho] A F& 5 o] X
Soll gk 2187 50 O‘A‘%D} o] Y /\}O]EL FH, 42" T3} gl A *1]74] of 2] 3ol m 2 7}
BEol AUt A8 A ¢ X ulg} v 7} 7|2 AJol|ERTWE % 95U T}
https://docs.python.org: o] 8] A A of] wh2 A AA A 4 JlF U T

https://pypi.org: o] A o]l X = 7}A] (Cheese Shop) 2% E 3 @' 5ol A 3 7] ] QlelAa= Y-S = Q=
A& A Z shol W BB o] ARl th FEE Wl EEHY] A B thE AR S o] 2S5 YEF 7]

icéE%ﬁ)—/\ 01/\141;].

https://code.activestate.com/recipes/langs/python/: s}o] A g 2] A (Python Cookbook) 2 -2 7= o
A, EZ2E2E L FEI2THE Y YLE 53] 50 3352 Python Cookbook (O’Reilly &
Associates, ISBN 0-596-00797-3) o] 2= A| 5] A of] & k<51 th

http://www.pyvideo.org = 2% 2 9 AFE2L 5 3] o oA gho]d A vt o it IS 5
Q3o

! “Cheese Shop” < Monty Python®] A A X Ut} LA o] 2] = 7HA o] o] 7}A] gk, Zri= x| = 7} 53] 0]

2
)
e
rlo
=
o
kJ
i)
o
<
v
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https://docs.python.org
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https://code.activestate.com/recipes/langs/python/
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* https://scipy.org: Scientific Python Z 2 A E o= w2 wjQd A4 L 228 Y3 R EEH A U5,
Fejol] W Ay &, G B2, T4 4 53 2 o 7}X1 3| 7] A F o] Z3H o] dFUTh
tolM A A& W A K1Y A, & 15 comp. lang. python o] Al A 8L A L python-list@python.org
WLy HfAER HE £ FUTE 72 AFFH LY B2EE AoJESolR AZFH Jong 3
Lto]l AIA A WA A& AHE o7 ThE lioi AEg Ut shfol 9 Ao AAEo] Syt &
o, AEol s, AMEL 7|52 Atel, 2 RES X ﬁté“% th HWdg HrE AGaE

https.//mall.python.org/pipermail/ o 9l 2% S4yth

AA 87 Aol 2 e s AE S (FAQEILE 3t 55

gkeh
W2 Aol e 7 A sy, olv of o] A ol th 3k sl 2 Y

ol [U]O
o
rO

oL 3
o
i

K
3
o)
r[r
5
JPI
o~
[o
fu
)
Auj
i
rir
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cHAPTER 14

G gholad <lelz 2 B ¥ A& Ko A 31 GNU Bash A ol| Y& 71557 FASHA @A) 948 & 94 9 3|~ 2
A2 A AP U o] g 28D 9 T A Y3 GNU Readline 2ho] H2) 2] & AHg-3to] A U th

%
122 2ol AA A 7E AL, o 7]l A WHE A = 5y T

Mo RE o 5o AL ABmelE A& A AF 0T B H o)A Tab 717} HE /)5S BEFY

shold Wel € o) g, AR A W5 W ALS b5 8 BE o] 52 REUTh string.a 9 2L FOR 7HH

£R49) 49, BRAS vpAY L 7 e TR oS, A7 AA Y o EelHER 42 ATk
getattr__ () MASE 744 A7t 2840 %W g8 zzagdo] 498 DES WY 5 9go

72} of ek 7|2 442 A8t d e elol .python history ehe IR H2EelE A
& 5y ez el g A Aol 325 E ThA AT 5 ASUTh

14.2 )33 ole] = 2]E] ot

o] 75L& oA MAL] Az g vwd YA G FAJUTH 2y, B 71A] 3 AFgo] dol syt
olojAl= Zo A A A SV 7t A TE £ AL UTH (A= o Sy ESo] Z23%HA
27 AdHYh. dE HAYSL Az H A8 HolES AL AUt AFHE= 25, LR
= AN (EEADIE=HEEE FEE ALUG

H A AEHE NAE i3ty A B Z 28 = [Python Q1d], & &+, A4 &4 4 113 s|2E 2 e
752 23 JdF Utk T3, A AL upo| 2 A thE $& T2 2o YRS = JdF YT Bt
T o E A E v sy 37 L2 bpython YUt}
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cHAPTER 15
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HuUoh o
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H
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o1 ol A = (base) ©] 291 (]

£ A% ey

<A

7HA ,

o

=

1/10 + 2/100 + 5/10002] %k

=

T

’0.125
’0.00I

WA 7F 2ol 10

L3k Aol HL A

oF

7L 0/2+0/4 + 1/8
71

L
.

2495

[e)

hy X
ar

she

=)
=]

= 248 Bk

<

Utk 235 o s, dutaog ¢

T KR
- <
= 4
b Mo
n ok
3G
<8

o 173 747k 2 ARA] 71 Y T

A=

A
=

gk,

e,

Ea

=]
SHA| 1/30] 2 = Q1A

) Bk
s}

[e]

Aol o337 4]

=

o= A3}

A D 100 A whA B

’0.33
’0.333

K|z
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e U E fol A HR2E, 23S @A Utk L5 R 71 A ol A, float= 0] X EJA}QL Eﬂ
229 I ERRE A ASh= 53R EE AR ARS-SEAL, 29 ﬂczﬂ HTETREE /\}*"“f}qﬂ} 1/109] 3¢,
R B4 3602879701896397 / 2 *+ 55 9lu), AA ZH 1/107} A o] Z+A] wk A 3Ha] 22 = ok Th.
o 2AE Q14 5HA] EFL T, Shol e 7] Ao AE o] 2]
EAdUh RE A A, Tk stojo] 0.1 7 A 7FH o]

Zol EAI81F gy th

-Yiﬂl‘i’r

0.1000000000000000055511151231257827021181583404541015625

O] AL Y& Abre] 83trhal A Zste ARt B Aol 2R, stol {2 W2 E Fhe thal EAI S

FAHE thE WAl T Ut

>>> 1 / 10
0.1
A8 A7 e 17109 AA Y BAE, A4 AZE % AHE ke B bsd ol 45d g 719

SHA &

FUEAE, 71 e 2 o)A 258 TR Y UE AdS7 AUk 8 S0, 0.1 30,
10000000000000001 2 0.12000000000000000055511151231257827021181583404541015625 =
B 3602879701896397 / 2 ** 552 ZAFEULE o] AR gkEo] R E 2+ ZAZEES 2 -55H7] ufj 2o
eval (repr(x)) == XE%%:’-EHE%Z]%H’JH 3% stuE ZAE 911’“4‘4

AR o2 sto|H ZEZEQ WA repr () @ %%;{z LAF17709] €221 0.10000000000000001 <
Aggty ot ghol A 3.15E, o] A Ifo] A (Hf F l"f:/\l Hofx)e] 71 g2 A AT 5= o, T3]
0.1 ¥k F A h

o] Zlo] o] RF Ao EA P FHsA 2 sto]ie] WIE ol o2& F=of e ¥Ix
ohUEh SEdlole] $5 250 A4S e AUSE RE Aol L SR AT B S e ITHAR
Aol 7| EAo R 52 BE S8 R oA Aol & R ASHA] ¢ha o AR,
Z o BEsee 278 Qo du, AL Y S AHEStel AWE 29 §5 $AE 4T 5 AT
>>> format (math.pi, '.12g') # give 12 significant digits

'3.14159265359"
>>> format (math.pi, '.2f") # give 2 digits after the point

'3.14"
>>> repr (math.pi)

'3.141592653589793"

ol Zle], A&k o wlof| A, EF A& P Aol FRFUTH A& T3] AR 71 A% A & W2 H
kil 5 Ut
Shbe B2 thE S-S WS s UTh Al E 501,012 &S] 1/100] ob B2, 0.19 Al 71E 3t A
A A83] 030] obg Ut}
>> 1 + .1 + .1 == .3
False

=3, 0.2 1/109] A3 ghol O A7) A 5 9, 03% 3/109] A &3 gl o YA 4 glome,
round () &5 E Uli] e A2 =5l HA gFyth
>>> round (.1, 1) + round(.1, 1) + round(.1, 1) == round(.3, 1)
False
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5212 9 =3 B2 gl B AR BE S 9T, round () B4E A BHe ol £-85] £
e A ARE Am M2 5 9 Tk

>>> round (.1 + .1 + .1, 10) == round(.3, 10)

True

Binary floating-point arithmetic holds many surprises like this. The problem with “0.1” is explained in precise detail
below, in the “Representation Error” section. See The Perils of Floating Point for a more complete account of other
common surprises.

Zo] 7prpo] 9 W W], " HE YHUTE obH, 5 25 A E AN A ZAT B2+ YU
shol 4 float AA4FS] Bl 25 252 SHE O] A FHE Aol 1, thEH A AN AL g 25329 |
2 97 o FEAUTE o AL B AQolA DL 47 ol 4 AUTh 3AW, A A&l o m mE

float 01401] A 2 & L%%‘ ol 7T 4 Atk F= HAs o duth
elohd At BASA W, RS BF 257
Agle 2 e A 2AISHE 78k AE B 2
A A o] 32 | formatstrings 9| A] str. format () H|A
4t A X 1ol 2 'GP/\}% A o] B9, B A &8
AEg T = decinal EES A}B—OHEH]L

et st E O JeHle fFE5E 7o R e S T A fractions BEl o3 A dg th(ut
2hA 1733} 22 2= H &5 ‘/]'E]' T AsYh.

If you are a heavy user of floating point operations you should take a look at the NumPy package and many other packages
for mathematical and statistical operations supplied by the SciPy project. See <https://scipy.org>.

vhol W& of 2 Z o] floato] F &3 g AR Gofokdte = FrE AQL + e =EFs= ATHUTH
float.as_integer_ratio () WA E+= floate] 3

4>
2
>
i
filo
>,
ofo
e
rr
2
ol e
M
o
;
o
ol
k&
o\
i)
i)
i
N,
=
o
= rr

mlo ofr
Mo ¢
4>
HU
FLI
(gl
s
<
v

>>> x = 3.14159
>>> x.as_integer_ratio()
(3537115888337719, 1125899906842624)

H&-2 A3 ghol 7] wi2oll, Al #hES &4 flo] thAl ft=w ol AH 8 4 sy Th

>>> x == 3537115888337719 / 1125899906842624
True
float.hex () WA E&floatE 1635 (A o] 160]th & T ot=tl, AFE ol AFHA &3t 3k St

>>> x.hex ()
'0x1.921£f9f01b866ep+1"'

o] 43t 16704 A2 float gha B ESHA A A sk ol A 5 AT U

>>> x == float.fromhex ('0x1.921f9f01b866ep+1")
True

o] AFstu R, vpoldef v HA o dA ghe A=A A
A Yt ohE dof (Apuht C99 Z-2) o} vl o H & w &3 o] -8 Fch

[e)
S math. fsum() FEYUTh o] F4E A F
=

L i FuE FAS Atk £ 2 g
Aol gkl ﬁﬂ lEﬂ A cgloimd £AE"E FAFULH HF FA N 9FES = AF7A A7t =H45H A
ekobr AA H ol o] Fol & whE 5 g uith

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

False



https://www.lahey.com/float.htm
https://scipy.org
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(o] A sl o] A A M A%)

>>> math.fsum([0.1] * 10) == 1.0
True

151 28 2w

WS Hol gt o7 B 5 At
]

391 2 5 (Representation error) =
Grhe AL U o) el =

IS AR AATE BN 9 T o

94
23T 4 JSUnh 25320004 11Y) A9 2= 7] A= IEEE-754

JE @Qﬁ}ﬂlﬁﬁ%
o2 Adof)o] FF o2l

]
s ard 4}%% /\}%?‘5}1, A8 B SAF2 ol 4 float S IEEE-754 “wl 4 = of] v 3 gt} 754
AU == 530 EL A7t 2305 o] 9lojA, JY Al AFEE 0.1 J2¥*N UJEHJI VMR BT R
HEsH L =TT o714 J £ A F3] S3HES et AT YUt

’1 / 10 ~= J / (2**N)
=

=
’J ~= 2**N / 10

% ThAl 231,07} B3] S3HE(>= 25552 o] ¥k < 2553 JUTH AL el 3HE, N o H A7 569 Y]
oh:

O

>>> 2*%*52 <= 2**56 // 10 < 2**53

True

2,562 ) 7t A3 BHEAHER REEN ] §ABZYUTh I AT F AL T L AL e U
Zd Uk

>>> g, r = divmod (2**56, 10)

>>> r

6

A7} 109 BRE T 2B, A4 ke e £ A do AUt

>>> g+l
7205759403792794

whekA] 754 WAL =2 1/10 o) 71 747k 242 vk 2 U th

’7205759403792794 / 2 ** 56

BRI} ERE B2 Uirw tjg T} o] SR UL

’3602879701896397 / 2 ** 55

85 W wEol, ol AL AAZ /10 By ozt Ache ol fofstAl e WS Frhd, 5ol 1/10 ot
Rzt Fobzl s AdYTh eyt of i Bl = é@ﬁ}ﬂl 17104 & A5yt

ek AFEE AR 1V10S “RA” XU & 5 e AL AoA FoAd At 24, de 5 e
HA 9] 754 AL = 2 ALY T

—r
—r
o
0
-
[
<
-
[}
-
—
[$,]
4
ofr
B>
>
et
2]
i)Y
M
&
et
=)
o
X
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>>> 0.1 * 2 ** 55
3602879701896397.0

R4 109558 F31H, 55709) AR 548 B 4 9]

fy

=

>>> 3602879701896397 * 10 ** 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625

o] AZE o A= A 338k 52} 7F A A2 0.1000000000000000055511151231257827021181583404541015625
2} 2SS ougych AA AW S BASH=E g4l B2 Adof (o] A WAL stol W x3h = AAE 1779
FRESAE Y3}

>>> format (0.1, '.17f")
'0.10000000000000001"

fractions 9} decimal RE2 o] A4S ¢ A W54t}

>>> from decimal import Decimal
>>> from fractions import Fraction

>>> Fraction.from_float (0.1)
Fraction (3602879701896397, 36028797018963968)

>>> (0.1) .as_integer_ratio()
(3602879701896397, 36028797018963968)

>>> Decimal.from_float (0.1)
Decimal ('0.1000000000000000055511151231257827021181583404541015625")

>>> format (Decimal.from_float (0.1), '.17")
'0.10000000000000001"
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cHAPTER 16

ne
16.1 Y33 R =
16.1.1 o8] X g
ANE7H o Qe el ol e w4715 2 W E ol g AT U3Y mEd A 7 ngn
e Bolglth sheln e o] 2 ulL, ~d ol A8 214 ¢ 7 00] by £5 AEE S5 |0}
(cry FolH except 2ol 8 4 2)5) £ o191 o] Eaol A o2l 7} b LiTh) AF et R X2 ol
MOl E5 A1 SRS UYL oA R FYNA WL ¥ 0T A% T A AT )
|2 WA= EFdEH 2EH 7|SPUth AdE HH ) A &2 2F S 7153 Ut
NNEEEHZXZEIZE QAEHE EX (YA O 2 Control-C EEDelete)E YA Y2 FH4
3/ EZgzce Solgt BHolt AR E EU AH =S Qe ehH roy Fol oJa) Ao 4
9+ KeyboardInterrupt o2 7} WA g ok
16.1.2 A3 7153 slo]H AT HE
BSD ~thle] S 4ol sold ~ag et A 2agEAE 44 AWY 5 97 BE 5 dEu

e

#!/usr/bin/env python3.5

(A ZZE 7 AF2 AL PATH O] ot 7HA S o) S 2T HEO AJ = H ‘:‘oﬂ YUy sido] A s REE
FUTE #1 50 51209 48 F BApolof FuTE A EATOIAL o] R WA Fo] R~ ~etde &
FTE(C\n)E ZYobsH, AEF & FE(\r\n")E AHFA Ut sejuoA siA, Ee g2 E,

A4 £ R4S RS o A g U

2ZYELS chmod B Ag ool A% 58 BE, Bx AW, & Folu

o

& Ut

$ chmod +x myscript.py

! GNU Readline 3| 7] 2 o] gl &A1 7} o] 21 43 & 5= 9l

11|>

.
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AL AL A& a3 7bs BE"ehe g o] g Uth shol A A% =2 IS . py 9L python
exed} A5 O % Al ol H HUL 0|5 FHY AaYER AWFYTh AL pyw A S F
Q&Y o] 4%, QAo Gehte 2 3L BAHA gHUh

16.1.3 w33 2 st

sl & g o A, T3 AE| 2| H7F A 2E muieh s = e g so] glow ARy
Ch. PYTHONSTARTUP &7 W3 Al 2F g3 o] Sof9le v o] 522 443 HUth o] 212 f 42 Al

.profile 7|53} AU T}

o] 3hd -2 T3} Al A A RE ¢ '81131 shoj@o] AT HENN FYS 92w}, /dev/try 7F B H ] HAA
A2 A (3t AAA Y AT oll= A dFUth i3y B o] dAHE 2L o5 el A
AP B2, o] 3ol A] Z*«lﬁ}ﬂb} EE%S}% AA 5= teFF Aol M B4318HA] of2 o] F o= A
T AFU o] koA sys.psl R sys.ps2 ZEZES UL & lFUth

AA g g oA S A A 5L S elod W, A A& Yo A if os.path.isfile (" pythonrc
py'): exec(open('.pythonrc.py') .read()) e E’V_EE AFR A 22 2dS £ QST &
SR E A A% LS AS S W A2 e A HA A0 2 S g of Tk

s.'LﬂIl

import os
filename = os.environ.get ('PYTHONSTARTUP")
if filename and os.path.isfile(filename) :
with open(filename) as fobj:
startup_file = fobj.read()
exec (startup_file)

16.1.4 #AxEfuto] A o] 4

l-rJ

=
=

glo]l M & AAEulo]| 2T 4 = F 7R T A2 Th: sitecustomize 2Fusercustomize. o2 A
SFHEA W el W, WA o 2] 22] ABApsite-packages T & £ 219] 94 F Fokok ITh. shol A A 2 ah
B nEE AgF

>>> import site
>>> site.getusersitepackages ()
'/home/user/.local/lib/python3.5/site-packages'

oAl L fy#E]g]ofl usercustomize.py 2t= 0|59 St & HET o= AELS 2+ A5 YT AHE
QEEE W BAAFE s $H02 A G o o] AL WE sho A AWl FFS FUTh

sitecustomize & Z+-& WAl o 2 2= 5| vk, dulA o 2 A < site-packages T @ E] 2] o] AFE T A7}
5 7, usercustomize Ao ?:]xﬁL_E%] Ut} X}/‘ﬂ Sl 8L site REY AHAE HA L
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APPENDIX A

o4
>>> 1319 4] )8 stol W mExE. AHzel oA P Oor AP + it L oA A5 2 5
91Utk
e 2 AEL el 2

* Ellipsis LH S AF,

2to3 :4- ]5“4 ZXE’_‘:E 34- ] X ZEZ W3lslE 3 A =3}
o

2103 = % &E a}o] H Emoﬂ/ﬂ lib2to3 2 AlZE UL EH Ao g A3 ¢ = 2T HEE Tools/
scripts/2to3 & A& Ut} 2to3-reference S H A Q.

abstract base class (34} Hj|o] A | 2) A o]~ P AEhasattr () T2 HEHIYE] 5446]-741/]—
WA RE (1F Fol, w4 HAS) A2, AR ol A E Aol s P AZFORA o ol
S B3yt ABCE= 7 A B %\“ﬂ/\ E 2 Ydted, 2UNE ASEIA WA E isinstance ()
Slissubclass () o 93] ZAE = d=ZFHY2EY YT abe B AHAE ZA Q. glo| A=W
2 YA ABC ol et =d th2d 22 AE o] 5 Yt} A8 F X (collections.abe E’_‘%‘ﬂ]/ﬂ),
=<2} (numbers E’_‘Eoﬂf\‘]) 2ETY (10 ZEYA]), 9T E 329 21 (importlib.abc BEEA]).
abc BES AMSSIA] A2 RHY] ABCE BHE 5 Y th

annotation (o] =H|o]A) TF wel & SIE 2 AMEHE Wy, FH2AEIYHE T+ T i AHs
Wk 7k A A9 glo] B Yyt

Ao W) o o] 42 AW Azl AAAE 5 GAT A WA, Tl 54 2 G oo
AL A7 2E, Zd 2, 49 _ annotations_  EF oJEZHEN AAFAF Ut}
o] 715-& A et M4 o] H o] A, T4 ol E] o] 4, PEP 484, PEP 5262 F2 314

o 719 = AR} (keyword argument): T4 S& W] A H 27} GFof] B2 A} (o] & £, name=) & **
£ ol B AR AGE = AR} oAl E 50, b3 22 complex () E&04 3345 &
RF 7195 AR YT
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complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o A X] Q1 A} (positional argument): 7] = 21 d AAE A A AAE2 ?_]Z]'% o gl e
A olEle 2 o goll * & Eo] A2+ dFUth & &, A 2L TS/ 3 %5 =
= 9% Axd o,

complex (3, 5)
complex (* (3, 5))

QA 4 el o] o] F B2 Ao WMol thd P th o tHedol 485 & 7 Sl AL
EMML%%ﬁ&iﬂﬁﬁﬁﬁﬂﬂﬂﬂiM£%¢-%ﬂﬁ%?ﬂﬂﬁﬂﬂﬂ%?ﬂﬂ%%qw

o1z el w7l il F5 I FAQ A& RS wi M= 2] Apo] 9} PEP 362% H A 2.

asynchronous context manager (W] %57] A& A€ #A2|2}) _ aenter_ () & __aexit_ () HIAEZE A9
3O 2 M async with oA H ]% A& Aolsl= AA. PEP 4922 = Y= Sls5 14‘_/}-
asynchronous generator (8] 7] Al g o|€]) v]5 7] A& o] o]E & o8 & 85+ T async def

EAYHE=IFZH T HH Hol=t,async for FEVIAIRL T T A= dHY FES UEE=vield
294 ¢ EPahe Aol e

B3 w57 Aol e g 7He] 71 AR o ® ol A= v 7] Al ol g oElal ol & 7Hel 3
Utk o £ 8k o u] 7} B abeln] L A9, AR Ro]2 N S S QAL

B]% 7] AlF @ o)y &4+ await EAAT, asyne for 3} asyne with & 288 4 54}
asynchronous generator iterator (B]% 7] AU & o] €] o]e]&|o]€]) v]5 7] Ay o g 71 vt A A,

B8] e elo)E Al _anext__() & FESW AslolelE AN E EAFIL, ol AL ThEvield
FHA] 742 vl 5 7] AV d ol B g4 vt s AT

Zyieldt AAHOE HPE U, 1 9A (A MLER 7] FAuy-BES TFsH) A3
)

JHE 719 H]Eﬂ Ae ol e olE & o] E] 7} __anext__ () 7k B8 F& E 3] of 9l o H
EZ AQMEE, gt 2oz Bt} PEP 4928} PEP 5255 H A Q.

asynchronous iterable (W] 5 7] o|E] 2] &) async for oA AF2E 4 A= AA. _ aiter_ () WA EE
H|5 7] olHdl o8 & =& f oF Futh PEP 492 2 =95 Q5T

asynchronous iterator (W] 5 7] o]e]g|o]¥]) __aiter_ () & _ _anext_ () HIANEE F = AA.
__anext__ =09 olEHE AA S =& F o} i,h/]r/]— async for+ StopAsyncIteration o &7}
U wf7-A] v F 7] olE#EolE el __anext_ () WAEZF EEHFE odlolHES Stk PEP

4927 =H S Th

attribute () 2] HE) FEAA L ALEoE ol 2O BEH & Aok AR ZL oI B Sol, A7 o7} ol =
YHE aE 7MY, 00X F2FUth

awaitable (O] 9] 0]E] &) await A4 AEE 4 Sl= A, ZFE oJv __await_ () HINEE 7HA
2AA7FE 4 A5 YTh PEP 4928 H A 2.

BDFL #}H]| 2 - 541 52| 2} (Benevolent Dictator For Life), & Guido van Rossum, 3}o] %1 9] ZFA] 2},

binary file (u}o] Y] 5}) V| EL{F AA =S JL &
2 X ("rb', 'wb' ¥ 'rb+") 2 E¥ 11Y,
BytesIO & gzip.GzipFile & A~EHAE
str AAE QT £ 4 At L AR o] AN L B4 5 £ B A L.

bytes-like object (B} o] E &5 ZAA)]) bufferobjects & A D3t C-A<5 HHE 22X E 8 4 9)
ZE memoryview A =

=2 53291 bytes, bytearray, array.arra
NEAR AAEL vpo] ] FlolE B Tt 017 7hA] AArE) A8E
Sz A AAL B A% 2S ASe] 95T

=
30 3
)
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52 w01y HlolEl 7 /hE A Y R} 9k o] d Aol AWAE BF Y227 vl
= AA7e E?ﬂ?{}qq— 71 ¥ H AA 9 d|2=bytearray &bytearray & memoryview

LT AArE 2 vtely g ol B 7 B AR (“¢) 7] A& Hiel ELF AA) ol A BEH =S
THUL o] A5 A= bytesbytes AA| S memoryview 7} F YT

bytecode (H}°o] E F &) E]-O]’%‘j AA FEE HOlE FEE Al E =], CPython QE Z g Ef oA I}o]
Z2I9) YWH ddYch vlo]E T =+ .pyc 3tLol HA] Hof, 2L 514 F AR AT o
o @i A g Yt (&2 A vlol E FEZ O QAT S 5T 5 d5UTh. o “27} Ao)” = 7
HFo|E F = o o &-3h= 71 A& A sk 71 71 ol A A E Tt BT Blo]E I E = AR TOE
sto] A 74t 71 Al A ZHEE Ao ' 7t etA =, sho] A ul £ Zhol| Qb A o] A & gtk Aol ] El of
o
HlolE I & o] 59 552 dis EE AWA o vt

callback (Z9) AAE AEE = v o A Ho|A A2 A B FH T

dass (Ze|2) AHSA ZY AAES WHE7] A 3. F2 A= RE o dadrE gt
AASE= HAE 5L =33t}
N

class variable (F&] 2 W) Ze2cA AYH 1 ;A 5 (5, 29 A" 20 X7} of] g} o Mgt
TAH = M,

coercion (Z.o]A) Z& 3o F =}
o

° Sk qlgto] dojuis B9k B We) ArEAE E BoR B
NA oz M 4. 5

A 2 WeFUh kA, 3+4.5 oA,
7 QA ThE @ ol 3L (B int, ThE oa Aol 22 9oz Askaof gt
224 950W TypeError® Aok Tol 4 flolt, THE T YEZAE Lz 1e)u 7} 2L
Poz FFasFolof FUh ol & Sof, 2:F 3+4.5 3= Al £

5 +4.5.
complex number (% 45 )< 8 415 A |, BE A7t A5 R 350 GOz FHYY
Hos g A5l S A (1o AFDE FU A, $F FAAAL A2, FAAAL 52
o FA BPES AL a5 R AAFGUTH ASEE ) AUAES EolA
o], 3+13. math BES H4% W0 BL W, cnath® A§FL Tk B ase
+27 715 QU ARETT 2714 ZR0, Ag] S48 ZASE Fwc

Lilx}) __enter__ () i}_exit_o HAEE ZYTFoZM with oA B

>
)
o
ot
T
O
fnj

L
:;
j‘:_l‘
o

[/
oo N, N °
flo o ok

contex

-~
g
o
=
S
g
@
=

) A o TS 0 A 1 W ol A8 e el

Ut e =28 A sl W R, A4

£7} 908 5 glow AYAE Wae] # S5 e A4 WE 7 HaTolA
ontextvars— ZAZ3AA L.

context variable (31 €l

99 e de e

ol
v
=
aJ
T
[>
[m
29
>
i
offt
f:'l—""
o
i
1o

i) 1rn
L
Jm -l> rE

O - N
do e WY

210 g oy 12
L T

2= (C-contiguous)©) A} £ E 2 A< (Fortran contiguous)Q o] A< o] 8k1
01““—0]“‘“1 ZEH ALY dAA mj Dol A, FEE2 A2l AHTH
AE 2] EAHE v B ] of v x| = of oF Tt thA}d C-A % vl Dol A,
W e 20 52 UET ) oA % A 2ol 4w MU AW, EEW A4
A 3 b7 whe Wb o,
coroutine (L F¥l) I FH-2 A HEE 9 °‘HP§‘r-‘4 fﬂEH‘?JHE} ANBFEL S A QoA sl ohE
Z]Z“ﬂ/ﬂ gEFUch ZFEL2 A8 b AfoA I Ydeta, d=sta, AT 5 dsUth o] A5
async def 2o g 71T ﬂéql’/} PEP 4925 Ekﬂ,u_

rlr
o G

o ARt}

AL, 0014 A1

‘
-

,4
_(?L
rr
r4>

b ol g

[o}

12
‘Z J}E

iy
22

o

f

2

=
coroutine function (Z.5-€l 3t42) FFEl AAE SHF =34, ZFE 4L
1, await & async forQtasync with 7|HEE £33 4= Q5T o] A 5L PEP 492 o 2] 3]

=g sk

CPython 3}o]% =& 72

el old], python.orgol] A B} £ Yt} o] &L Jython o]}
IronPython ¥} 22 T} & 7

=y 7} & wf 8o “CPython” ©] 7\}%5‘ Ytk
T ¥, B5 @wrapper wH S AHE T T Wgtor A8
Huyrth Eﬂ:’fﬂ o]Ele] &3} o= classmethod () 3 staticmethod () YU th
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s ole B wA Al BHY BYUTh TS F F5 A E v oz FSFIh

def f (arqg):

f = staticmethod (f)

@staticmethod

def f (arqg):

22Nl 2ol = A A vE & 2k 2 Q)Y Th vl Z g o] Bl of] T §F B ARA S W82 T B 9
o} e o o AdBPAE HH FHuYth

descriptor (CJ A3 HE]) WA= _ _get_ () oJY__set_ () o]Y__delete_ ()& AHo3t= A A. 9
2 EFREZIYU2AIHE Y w, 01 ﬂﬂezﬂ%_ga‘g@g@z}%g 0107:31/]"/]' BE, absE A
O, 2270k AR S o) AL, ag] 2ol s © AU 2ol 4 b Bh o £ Rel 7l AAE Rt ST
b E A AU B2 Y A S S 2 22T S el5 s e el o
st 242 olafi o] 4l 3, WA E, ZEHE, FHAHAE, 2B EH WA E, 75 S FX
Y B2 759 7128 ol Fa Q7 dE Y YT

U223 HE 9 WA =S of gt A 3F &2 descriptors W T] 23 H E] AR oF A of] U3 Y Th

dictionary (94 2]) 999 71& Lol &A1 71+ AF wi & (associative array). 7]+ __hash_ () £
_eq__ () HANEE ZE B AA7E 5 dsuth BolA Al g 5 h

dictionary comprehension (€ AU 2] A3 A) o|Eg]Eo) J= 24 AU LEE A s 274 g2
gy E ‘ﬂ—ﬁ-‘d}“ VA3 ¥, results = {n: n ** 2 for n in range(lO } Zkn **
20 1339 7] n& 3= gAY 2 E A E U th comprehensions = X3 A] L.

d1ct10naryv1ew (‘:4/\:]1:]1"/]—.‘% ) dict.keys (), dict.values (), dict.items () HAE7} B8 F+= A A
< 944 e feta FEUh o) A2 9AY e FEE g 54 A §& AlFst=d, 9A
Qel7l WAE o, 37k o WahE W AT EAUT G4 HE BAD AER o
list (dictview) & A28 U th dict-viewsE B AL

docstring (F2E¥) =, ?J—’F, 2o A A 2l Yehe A4 B HE. A ETHAYE
rq]%-‘%/\];]x]u}, Aopde ol o5 AAFH o] R UL, T, BEY __doc OEIHER 4

FUth AER2AAL 53 AT 5 UOBE, AN AYAE A FHAL FLEAUTH

duck-typing (%] B}o]3) 202 AH |25 7Hl =4 ddstet] AA 2 §2 HA e 22y 28
4 Al DEd] A=Y A ERREZL ZEHAY AR UTHC AT Kol 22|43 A
W e LPh”) 543 Al AEsoj~E FxFoem, T A =L F A A A
sadomn gAdE AN £ g5yt | Bol Y2 type () it isinstance () S ARSI
£ 9k (ﬂxl“&, g gto]sgo] A loj 2~ Self s 2 BHad 5 Qlgoll frelsl o duth) thalel,

—

hasattr () AANW EAFP =2 a8 &1t}
EAFP 352X t}= &4 S 31 7] 7} 4 t} (Easier to ask for forgiveness than permission). ©] £3] & 4= 9l = 3} o]
/Vﬂ iT;] /\E]'E]E,‘%H]' 7]14—01 E] E-/] ZZHE 7].7(-10".5_7_ 17]_;(-101153111] (#]94%1]_{_:'\_ D]— O]

2830 wWhE AE YL B2 tryQlexcept B EAZ EAX AP YL o] HlaZY %Cg]. Fax-1 R
W2 Adojoll A 2k AFR-H = LBYL ~BFd 3} th vl g Y T

expression (2@ 4)) oJW gro g Fafd 5 = AU 27 vt 2E 2d58d, 2d4L2 gHE, o F,
AEZRE AN, AL B ER 22 3 EHFE R 4SS Fot S8 AUtk b B2
Aolet Eﬁiﬁﬁi, RE o] FAEE AR AL obdUTh whileAH, FHA & AME T
RE T EC] %1%‘4‘4- o Q) =3 F oL, x4 o] obd YTt

extension module (23 2 E) C U C++Z ZAH ZE ], vlo] M2 C APIE AHE8| A 4 o]} AFg-2} 7

=9 A% 283 T

f-string (f-E24) '£' U P & o] A EAY e HEES F8] - AG olgha L2, 20 EA Y
2812 o Zure] ) PEP498 BAS.
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file object (3} AAl) &5 2100 B3 52 A YA API(read ) hrite ) FEMASE & =
A, BE )8 Wl wel, 92 AAL AA O ol 5 Lol & AT A FA A (A2
Sol, BF 428, A-W = w3, 27, sholz, 55) o th3 AN 2E FAL S A&k 3 A

= A F AA (file-like objects)} 2~E 2 (streams) ©]| 2Bt = & H L Th

AAZE A RF Y AAS o) AUtk 2 (raw) vl U 2] 52, 9 3 E (buffered) wo] v 2] 59,
g 59 o5 B2t do mEelA AU s ANE BmE A P
open () 48 & AU

file-like object (3} 7 2 A) v} 24| o] v] 53 T
finder (3}1t]) dXEF RES A =] & 2o A =3H= AA.

o] 33. o)|T 8 T 2579 37 Y5 U T sys.meta_path 9 A AFR M= v EF A & 3ol T
2} sys .path_hooks .\Jr A AFLBl= A2 ol E g kol

) 24 3k U8 PEP 302, PEP 420, PEP 451 o U-& U]tk

floor division (4= U A) 713 71712 A4 2 YEstE 488 U, A4 A d4xt= // th o2
sol, ®Aq4 11 // 4 g2t AL AT UL 2,758 = 4 Ytk (-11) // 47F-2.75
S WH st -39] Hol fFojsfof @t PEP 2382 A8

function (3+4) T &2} 71] ol & s iy 245 gAY I o] A7t AEE 5 =,
vit] o] Aol A2 £ g5 Uth w7l A 2 v A = &) function A A E B A Q.

function annotation (TE}—’.‘— o] Ho]A) T mj AU 9k Zhe] o] -H o] A
T ojHol L gt o g 3 SlE B AP YT A& £, o] &5+ F /N int AAE who}
= 021 o= 7]@33’—, FAll int ¥ 7S & Ao 2 7 Yt

&

def sum_two_numbers(a: int, b: int) -> int:
return a + b

&4 o] = H o] A B L function Z ol A Ao}
o] 75 A Y3 W4 o] = o] A I} PEP 4845 X314 2.

_ future__ A future statement, from __future__ import <feature>, directs the compiler to compile
the current module using syntax or semantics that will become standard in a future release of Python. The
__future__ module documents the possible values of feature. By importing this module and evaluating its
variables, you can see when a new feature was first added to the language and when it will (or did) become the
default:

>>> import __ future_
>>> _ future_ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (7}H] 2] 7)) ©] A} 5 X 9= v 2 8 & vld3st= A A}
53 AT BL 2 Q= 53 R £ A7) E £ 7}
gc BES AHEHA AAT + A%

generator (AUl o]E]) A1z o] €] o] Eleo]E] & BeFE @4 A gAY Mo, YA RS2
MEE yield R84 2 EFAThE Pol BHEUTh o FEL for-FEZE A8 next ) FHE
gkl st Al 5= Syt
BE AV o E 34 %7%471%11,01@—54 ol A= Al el ol B o Bl el o] el 2 Fhel U k. o = 5
om| 7t W &ekA] 2 A= E XA R3S gyt

g

generator iterator (A1 o E] o€l @l o] E]) A1 &l o] E] @47} vhE= A,
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7Zyields AN Ao AP e FTaT, 1 9A9 (A W55 BEES %Y
A% e 71Tk A el ol gl o g alolE 7 AAE W, md oz B Gt (S S0t A=
N Aae 4ok o gy oh.

q.
A% A bR i Aol Hlol $r AW EAL AY HAUTh AYT EAANL SHA FHE A D

HEL WE AT

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285
generic function (A Y] 8] 3+4) 2 AAS A2 02 FJE O3] £ o8 T2 A" T s 1

oW FHo| ASBAL T an A Lol Zel 25 AU
A= o2 2] 8o]F 23} functools.singledispatch () Bl Z @ o] E]} PEP 443% X A 8.

generic type (A4 2 &) A rype that can be parameterized; typically a container class such as 1ist or dict. Used
for type hints and annotations.

For more details, see generic alias types, PEP 483, PEP 484, PEP 585, and the t yping module.
GIL Ao olg=zg g & & HAL

global interpreter lock (A< ClE| Z2]E] &) 3 Hol| 2 & 5112 A =7} ufo] M vlolE T = & AYPFEE
8357 )8l CPyon A2 E17F AHEHHE WAUS. (@ict? 2L LB URFES TPak)
AA) B o] ZAH 02 FA A 20l B3] HASHE S ¥HE 0] A CPython 7S B 3HA] BHE U Tk,
JE =z H FAE F 1 A2 JHZYHE v =37 A v+ U4, s Z2 M A 714

A BB B 22 3 g ok

EEE BT ALY T, ot ohy 2
=

To: ]1__ b
HAFUTh =3 V05 & wf = 34 GILS vhgd gy th
E

EZIL)“AFHEY LR —,‘?_—(free threaded)” 1 E] Z 2] B & W& A}k
ste AAY Y2 e o)A X, EF G Z2AA B9 s AsHr sl Wl AUt
o] 45 ol E FHotE AL 7S 4 ERSH el A vxl H]*‘lol O SolZ 2er AR

hash-based pyc (3l A] 7|4t pye) F- 23S FE3}7] H3l D L2 5L o] FHE A Al7to] ofd A& AL
3= vlolE F = 7] A] 5} Y. pyc-invalidation & FFZ 314 2.
hashable (3| A] 7}'5) AA 7 448 1 7“’] tﬂ%]'z] = A ZEE 23 (__hash_ () HIAE7 L3 Th,
o2 A2t ulaE 5 9le ‘ﬂ (_ WA =72 83T, s Al 7}—‘10}3}3’- Yt Zoha va
== Al 7He st AA =9 Al g ‘o 7L°P°F Yt
A 7B AAE 9V E Y 7 J T W E AT 4 QA sk, o] AR TR E] WRF
O 2 A FES AHE-BHY] Wi Y U T
R sto] 2] B WA AAE2 A 7FedUTh (BI2EY 9498 2-2) 7 AH ol V&2
227 ) oh; (52 o]} frozenset 2-2) 2 7B o] 52 159] 8 2 o] 34 7b3 wjut 5 A
7Fe@UTh AFSA Z o S A QA" A AR E2 7R AF 22 A s FU o (A7) AL AlS)
StalE) EF tha ol vlaE 3, siA R id () 2 8 ol g Yth
IDLE 3}o]#-Z 9]3
7]

t 53 7 37 (Integrated Development Environment). IDLE-2 3}-o] # o] 3% & nj] 32 o]
wete = 71229 BR 79 AE = e B4 YUk
immutable (B1) 1449 g= 2= A4, 88 AAl= 24, 249, FEe EFUh oA AR =2 W
42 lsuth A g2 ARt A AAE DsoloF gt WA eb= s Al gkol 9lofof sk
XM T8 TS FUh | =0, 99 7).
import path (Y2 E &) 4= 7" 92l 7 A2 E & RS 37 s At FaE (Ee F 2 dE
2o BE JEE =5 o] F2EY] F52 HF sys.path 2HE FuTh A ¥ A H 3] 7] 2] 9]
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importing (Y EH) & 252} shold T=7} T} RES) Foln ZENA AL 5 YR S A
importer (Y £E]) EES 27| % 513 2= 517]% sk AR; SA0] 51old o2 = ¢ A YUTh
g AEzelH g 21 e, AN ZEZE A 24T} BR4

interpreted (QJE] Z2]E]E) Hlo|E F & AL A 1}
2519 Ao} 7} ope} Bz H AojdUth o] AL WA Ao A AL WEA FIE, £
Hade g ARY 5 Ak SQUth 1 2eade & 488 AAH A= AR, Az
Aot BF AT dolurh e AN G 715 25U U8 E £ wAle

interpreter shutdown (QJE]Z 2] $85) TE et S W& ulf, slo| A A=z E= SESH A 7] I
Yokt BEolLh o e 1A SRS R TEET 2L BE BFH ALES WA H o v
w74 577§ ol @) W 2T Th A8 A B o) 515 AL weakref 2 o] 9l mESo] A9S
AR D 5 etk 2 A7) B AWE T L hFe o] 9 5 W & g, 10 o 25
EAEEC B 753 A & = d7 wE Utk (Est o= ol B REolU AL FAEYUTh
SlHZEEH 289 2 Yo AYE = npain BEONUAFIHENAHFS Z Y= AUt

iterable (o]E]3] ) WHES S HA R 2= 5 Y= AA. olHEHELY 2= LE (1list, str, tuple
Z)ANAA Y5, dict Z2EE A FAAFE, 9L AA &, _iter () YAEAAANEE 7+
St __getitem_ () HIAEE WA Zt BE

[e)

EEECET EREIEN |
JEEEL for 2xo] AEE 5 9T e
A28 5 A5 o HE B AR WGBS iter () of A
SEUD. o] JEHEE 5 AFL B W AXE S #
RESiter() 5287, olHelolE AAE AR e Bat °
22 Al A AHEo R s, 228 £ 59 ol E o] E S [HolE o] & Qe WsE W
olelello]el, Al AL, A o8l £ HAR
iterator (S| El o] E]) tlo]Ele} AE L B AA. o|HA I __next_ () MA=E WEAow
T2 (L WA B4 next () 2 ADoY) 2EHo] i FEES etz SelFUTh o of
o] Hlol B 7} 912 w = thAl StopIteration o9& oAUtk o] Aol A, ol& & o AA =

3 (zip (), map (), *-

)
Ag=, 2 AA ¢ o]E ol H

2
o,

T
filo
>
ofo
ok
2

AR, 0]39 RE  next_ () WAE 2L StopIteration o8& Al &2 7] 7| vk & th
e o Bl & ol HH ol A A& EHFE= __iter_ () WAEE 7HE Z o] 875 7] o], ¢]

Elglo]H & o]E g8 o] 7| % 3t thE o g B 5 S WolE ol 9] oA AHEE & lFUTh
T2 el o W olH o] dg AEshe ZEJULE (list Z-2) AH oY AA= iter ()
g ADS AU for 2ol A28 wulth A o] Bl & o] E] 2 w5 Ut} o] & AL o] e & o] E] o T3l
A aystke] Al sk, Ak o] B g ol ol ARg-E ol m] 23 o]H e olHE S FHAM, Wl AE YA H
H oA w5yt

typeiter of] & ApA & W-8-o] AHY]

s

=]
key function (7] §+52) 7] h4 == Z 8| o] A (collation) S+ A & (sorting) ©] L} Bl & (ordering) o] AF-&=|
FEsHFEZHEYYL & 9, locale.strxfrm() S E2AL SR FAS W= FE 7

whe o A Uk,

o]y g =77t R A5 o] AEA A Ao A AL Fol A F Aol st7] fEl 7] TE welE Ut
o] ZlEo+=min (), max (), sorted(), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby () ¢ A5}

o

e e

7] &8 HeEE dE oy BHel dHUrth o & 9], str.lower () WAEE Aoa 7E gl
AES s 7 FF2 ALE S A5 UT tdH o2, 7] 4+ lambda R A0 E BHE £ 5 Q=
o), o]d AYdYtt: lambda r: (r[0], r[2]). E3h operator BE-Z Al M 7] & AHAE
AlFgUTh: attrgetter (), itemgetter (), methodcaller (). 7] F4E WE T AR 3= B

) 3t o]  Sorting HOW TO & H A 2.
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keyword argument (7] 9] E 21z} 212 & B M 2.

lambda (Feh 527 1) gko] AL bS] 84 o2 P4 o) F gt Ak B4 I F4E W=
= EWHL lambda [parameters]: expression YUYt}

LBYL % 7] Aof X 2} (Look before you leap). ©] T A~ElY L T Eoly 23] & 317] Aof]l HA|FH o2 ALA

BATITh of A EAFP A2 oI 3, B 12 2] 242 5 Y A0k

T 7oA, LBYL § 2 “H7]7et“H 7] 2ol A 202 WA 2 A8 ¢ dsUTh

£9], ZE if key in mapping: return mappinglkey] & FHA} &9, 31X 2 23] A,

2 E7} keyE mapping| A A ASHH A& 5 5t o] o= Fo|YEAFP AW <

o zx s dE & AFYrh

list (2] 25) U3 shol W A9, 1 o] Bol = B8, 4ol o3k A4 271 0(1) o) 7] wlEoll, A4 Bl Ak
(linked list) 5 TH= T}2 9101 2] ¥ Q3 §AHE U o).

list comprehension (2] A& AZ | H) A AL Q45 AR
FE= 72 Y. result =
0] = 0014 255 Abe]of 9=
e AT 5 gFUth AFoH, range (256) o Yt BE 247 Al B

loader (2¢]) 52 ZE3l+= AA. load_module () o]Eh= o] 52 HA=EE
E 9ol 7t 285 Uth AT U L2 PEP 302 &, 4 o]~ Z8 2 &= importlib.abec.Loader
E HAMQ.

magic method (W] 2] WA =) 5= v A = 9] vl A A 9l v 53k 2

mapping (W]33) 99| 7] 23] & A9t Mapping ©] W MutableMapping 4 Wl o] Fef & of 217 H
HAEES LHSE Aoy AAl. JEE dict, collections.defaultdict, collections.

OrderedDict, collections.Counter & & & Y5 Utth

meta path finder (W€} 2 3}Q1It]) sys.meta_path o] Aol FF+ sl Weg A& s+ 4=
AEg] 3 2 #AE o Q7]+ AT Ut
el A2 37 £ = HAEE A= importlib.abc.MetaPathFinder & X ¥
Yth

)

o2

Y
[y
Il

1)

> L2 0 N
ofo i it ofy

SRR EEEEEE RPN s

'{:#04x}"'.format (x) for x in range(256) if x % ==
TFE9 1675 (0x.) E= =

¢

B

metaclass (W e} S 2) S22 S FHU2 A= FH 2 o5, Fda My g, vlola FPaEY
EEZ2Z 5 Uth HE S 2E o] Al QAALE Wropr FHPAE vtE= A Ay g2 A
Ay 22y Ao EL 7|12 TS Al eyt FJo| WS 5HEA Bt AL ALH v E F
2E2 WS = JdrkE AUt gRE AP A A= o) T/ A R A 27 AZ o, wE
Zae AY3a ol A S AUtk oJEZRE AA 2 27 (logging), ~H = HAA 2
F7H AR AN 22, ASE I EL o E Fdo A S U Th
metaclasses 9| A ©] ZpAI S W8-S 2S5 5 Ut

i =
A== A AR QAL (HE self gt B 2 Ad2EH2 AR E AHULh - S 549 27 =

259 £AYY 23 |2 E stold A e Eofl AbgE are]E2] A 7 W82 The Python
2.3 Method Resolution OrderE ¥ 3 vt}

module (&) 3}o|H T =9 2 A3 9 & FF3te A RES 499 sho)A AAES HE o5 510
ZSUth EE2 g Aol o stojH oz 2T
72 & HA L.

module spec (RE 2¥) RE S ZTdl=d AISHE dXE #d JRES F2 e olF &7

A8
importlib.machinery.ModuleSpec & AX2HEH A,

MRO WA= 24 =4 & BA L.
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Zelzol s Be A5 E 9L 5 dguth
7

time.localtime () os.stat () 7} k33t gk 23351, o] Ao vd e EZJ Yt =
o2 o= sys. float_infoY Yt}

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

dEIE FE22 WAF R o) gyt =, tupledl A F&3la o]l B2 T & A3+
At FH A2 YR UJE FE2S WHE F A5tk ogst FHdaE A AAZ AU HE T
collections.namedtuple () 2 W& 4= JHFUTh T} 7HS A A Y WZ ULdE &
oAM= S T gle 2 /A FUHHAEE S| E Ut

namespace (°]5 57H W7 AFEH = A4 o) TS gAY 2 TAFE UL AAd SHE o5 51
(WA= oA ek olyet X, A, WA o] F 7] dFUTh ol F T2 ol 5 TS LA A
EEAS ANYETYULE o9& E9], &4 builtins.open Fos.open() 2 159 o]E Z 7o 93
TFHEAEAYLL £ o]§ ¥ o BREO| FFE FHIEAE BYA A M5 AAT 74
HEA 228 &Y 9| & 59, random. seed () E= itertools.islice () 8t 2 W 1 &4

s

Egof o8 3= 3leol B YT
LA A H |7 A =2 e o] &R 7] 8= PEP 420 9 7] A]. o] &

m t
namespace package (°]5 &7} 3 7] A 4
A AAZE e 5 AL, 58] __init_ .py 3ol fleng A4t 974 &=

B A 2

e UL

2E T HAS.

nested scope (5 HE 23 Z) FH ZY oA HFE FR3HE 58, ol & 59, thE T4 Wi olA g4
FHY 23z RAcEE B2 5T

et ol dE M ES AT A5 YTh
B oY HA Fethe Aol S8 oF . A9
7R, A9 AeEE2 1Y
B iR =

new-style class (5+ 2€ld ZeEjA) (2 & 2 E
S 2719 FolAH HAdAE 24 FoEY FHaT
__getattribute_ (), FWL WA E, AHE WA =9} 22 sto] N A F
& AddFUTh

object (A A]) e (JEZFHEY 3D

package (7] 7)) A B REE 0|, A7) =Y
W71 A& _path__oEHE7} & do| W REYYTh

At 7Aool & B0 AAA £ BA L,

parameter (W] 7 H) FH (BB HIA E) ool A g7}
St ol § B2 dEH. oA T/ ARSI A5 YT
7

-Z1 9 & (positional-or-keyword): 9] x| 12} U} 719 & 012} 2 A=
1Z210] 712 e viZi AUt ol & S0 vkl Al foo 2} bar:

def func (foo, bar=None) :

o

9172 2 4 T o,

-+
3.
rr

o
PR

123
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« 912- 1% (positional-only): 9| A= ABD 5 Yt AAE ARFUTE 92 AL WARSE
S Aelo M MS B ) EAE 2 et n 1 F o] A28 4 AxUT) ol E So] T2 A

posonlyl 3} posonly?2:

def func(posonlyl, posonly2, /, positional_or_keyword) :

N

19 =-A & (keyword-only): 71 EZ2 W A FE 4= A= AAE AZFUL 7| H=-AE w74
= g Ao o] i B0l A] o 6}‘%4 ZHE- A ARy E D2 234 T
T AEH UL A& Eof, th2 ol A kw_onlyl &} kw_onky2:

’def func (arg, *, kw_onlyl, kw_only2):

o 7hH- —Ail (var-positional): (F+-2 W) 7§ A 4=Eof] 2 A o] v] ‘:‘*0}—047‘1 A A= B&#) AlFE
A AR AAES] Ao AA2E ARZFUTE o] w7/ S v f S o] Fof * & kel
qu/q Ao)d ¢ AdFUth A& £ thxoll A args:

e

def func(*args, **kwargs):

« ZPH-A A E (var-keyword): (FE WA A5 S0l 9|31 A o] ] Wo}E ol A 7 9= ol A S ol B
AFE 5 At A A% ADE AAES AU ol & BN S w AR o] Fof <+ 2

ool £ o1 4] oD 4 U Th o E Sol 919 ool A kwargs.
AR A E A AAES 98 /R oh ek AE Aol AL B4 AAES AR T S+ AU

=
O_]X]— Lol 3 &5, AL} v 7 H 2] Aol of] L} 2=FAQ A&, inspect .Parameter 8|2, function

rf

mMaMﬂﬂinﬂ)@iﬂ ST 7 ARE B RESS 27 S8 Tt dwE 4w Abe) shel

X]— A

path entry finder (F 2 N E ?'/] -L} t]) sys.path_hooks 9] 9= ZHE(Z, AR dEF F) o] EHFE
ey ], Fo 3 4 Eg 2 RES =S 41 dH5 Utk

AZ AdEg el Eo] +H= WA EEL importlib.abc.PathEntryFinder o U3y}

path entry hook (A2 QlE 7] £) sys.path_hook FAEQ 9= ZHEQAU, EAQ A2 ANED A RES
Ze=HSdn Jdud 42 dEF 3y & 85 Yth

path based finder (F 2 7|9 5}Qlt]) 7|2 we} A2 3t & F 3old, Y¥xE A2 A BRES 25

U},
path-like object (B2 F AA|) 3t A28 A2 & ‘/}El'lﬂ% AA. BEF AA = A2E YEFHE str Y
bytes AA| o] A} os.Pathlike T2 EZ S F3 3= 7“741‘?:]‘4\?]- os.PathLike T2 EZ S A Y

She AL os. fopath () B8 SEHA str Ubytes B A2d A2 WEE & Y5k
th Al os.fsdecode () & os.fsencode () = ZZ str Ybytes 235 BASH=d AFRE 5 9

Ut PEP5S192 = YH AF YT

zy

PEP 5o] 4l 7141 4] 9k PEP sho] @l AR U E| o] HE ATt AL sho]fl i 1 mz Al =t 87
el A2 75L Agat AA BA T PEPE Al hE 7 5ol that BA 7% A R 2AE

Algsl oF e,

PEPE #8 Al2¢ 7152 Adetm Ealo] da ARUE 82 2500 stolme] Soj7t 44 2
e AR BET] 98 718 W AYS YT PEP AR E ARUE YA §el & T2et T uio)
BEe U,

portion (£4) PEP 420 ol Al o] st A9, o] 5 &2 S 7] A o] o]utA]3h= 3tte] A g o 03+
SHAdE9 A& (zip Lol AR = 7;\]5— 7FHs gy o).

positional argument ($] 2] Q12}) 2Ix} £ H A Q.
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provisional API (2 APD) A APIE= & gho| B g9 A 53
ok Qe o] 20 & W37 o B A = AR, A A o] 2kl FAIE = § o] | EAbE ol
A ZRCh 77 BB o A A S WA o] ol &
dol A= %2 APt —APIE 2§ 3517] doll 3 5
Yol AV,

PIof A 22, 347 584 0) 70514 e
3 1

Moo
o
>

o] AAl= HT O]Eﬂﬁﬂﬂfb’ﬂi A5 <
TR YUtk o 2413 W82 PEP 4112 2 Utk

provisional package (A 2 7] x]) &4 API & BA L

Python 3000 (z}o]# 3000) T}o] 1 3.x ¥l Z 2hole] W (A 3] W) Z 7} W u]#f o] o] ok & A Aof BHS o]
o]Folth) o] 2= “Py3k” B o 27| & 3“47/}

Pythonic (s}o] AT}-g) THE Q1o} 5ol A Quba ol Y52 AH8al A =S TSk B4, shold Q1oje] A
VA AT A8 H £ ol A 5L Aol B2 ofol o} ZE 27  SHOIHOIA A o
JEle for £ A8FA N ollEl B RE 242 HAE AYY L) che UE ool L old

o] 748 0] flom R, gho] o] Ol 55 A o AREL Ao 57 71 E B B gk

for i in range(len(food)):
print (food[i])

o 2B, shel Atk L ol d &t

for piece in food:
print (piece)

qualified name (J 1315 0] 2) RE A A2FZ oA REO AYH Zd &, T4, A= o]2=“H 2"
EHOAFEF R FEH o] 5. PEP 3155 ol AP Uth H A9 &5 a9 A%, A+3=
O]%% AR ol ZH Ut

>>> class C:
class D:
def meth (self):
pass

>>> C._ _qualname___

YC’

>>> C.D.__qgqualname___
'C.D'

>>> C.D.meth.__gualname_
'C.D.meth'’

o
H
o

25 7t 7= AR , A8 BF3E o) 5 (fully qualified name)-2> 25 55 3 7| A &
A BEE V= ﬁii 24 O]E—%B]U]?JWD} o & 50],email .mime.text:

>>> import email.mime.text
>>> email.mime.text. name_
'email.mime.text'

reference count (2% 21 Ao thak Z=zo M. AA Y =R 34 7]—0 o7 "Wolx |, 27 ¥vhdd
Ut Zx 3 ?— L2 gulAd o 2 mlo|y FE o &5 X] = QA9 CPython 732 Al Q@ Ayt
g A Fx B4 E ST getrefcount () & B dYth

regular package (J+F 3§71 2)) __init__ .py 9d& 28t H P H 2|9 22 AF A A 9 7] 4.

ZHel 7] A = HAL.

Jlm

sys E%%

°l&

ol
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_slots__ FEA YR A, A2E A EYRESS A TS vg Adsta d2dA g e E
AAToZHN W R E Asle EFE FUTE 7] 7= AR o] Hla Y2 St A AFS-3H7] 7
Z 728 Ho|gA, W2 o Hl1Ad 28 22 T oA WE F AAHAT Y= EEHI HLE
st sk Aol E5UTH

sequence (A]F2) __getitem_ () SF HAEE 8] A5 AEAE AL SIS 84 AMNAE 2 P35,
A2 dolg 58T+ _len. () WANEEAYS=olHYE R WA EAES YE R,
list, str, tuple, bytes 7} Y5 Y Th dict =3k _ getitem_ () F__len_ () € A YAl

t & =
z3) o A tAl 9ol B 712 ALR 7] fjFof Al@AaTtol e o g HFH k= Ao Fo
sf| oF T o

collections.abc.Sequence A H|o]A Fe|AE_ getitem () I __len. () S oA &
A Z2B3 AEHo]AE AF=d|, count (), index (), __contains__ (), reversed_ ()=
F7 Ut o) & Qe o] AE T3S S register () EAMSNA YAH LR SET F UF

et

set comprehension (3 AZ 2| A) olHHE J+&= 84 AAY dFE At 2348 F2 I &=
35l= A3 Y. results = {c for ¢ in 'abracadabra' if c not in 'abc'}E EXA}
gdol A {'r', 'd'}E WA YT} comprehensions2 FZ A Al L.

single dispatch (A2 t] 29| x]) F+& o] slte] QAL Fof 7|2 A== Alvl 2 T s 29
FEf.

slice (&glo]x) HE A Hn o AR E £33}
t} variable_name[1:3:5] A9, []
A2AYE) B7|HS WREAHOZE slice AA|E ATt

special method (5 WA &) Tlo| o] Fof o] A4S, QA 22, Ad T u] FAIFOZ TEF = HAE.
ol MAE+ F /Y HERE AZEL Ex=
TAE TEA JdFUTH

statement () TF> A E (ZE9 “EF (block)”) &+ FEYUTE 82 234 o AL 79
EEAESE oY 7HA 2R E FY st Yt 749 if, while, for.

text encoding (2] A E 157 YJ) A string in Python is a sequence of Unicode code points (in range U+0000-
U+10FFFF). To store or transfer a string, it needs to be serialized as a sequence of bytes.

ol

Serializing a string into a sequence of bytes is known as “encoding”, and recreating the string from the sequence
of bytes is known as “decoding”.

There are a variety of different text serialization codecs, which are collectively referred to as “text encodings”.

textfile (J2E 519 str AR E QL & e 91 AA. $F, G5 32 A2 £ vlo|E A
O AERE A2 Bl A H S AFE AT AE U9 RE AE BE (1
= 'w) 2 49 99, sys.stdin, sys.stdout, i0.StringI0 9 AAEAE & 4 9IH T

el EQR A 8 91 % 4 9 5L AR el A vlo) el 59 & gasie
triple-quoted string (3% WS B ¥#449) WS E ()  4L0EE () A A2 A 24D, 19 0}
& SR A A0l Gt 7152 AFHAL AW, of & 7R ol oA LB} YT
o] a7 oz 54 e AL R 2GRS BRI o] 3T 4 YL R 33, A EAE 24
FnE ole] Zol AW 4 Yivl, SAEYS L ul 53 2R dFU
type (&) shol 2 AA|e] YL a7 o] oW S5O AAAAE ARFUTH ZE A= Fo] A5uTh A9
B class_ oEPREE AA2T S 971 type (ob] & 9%y

]
_?L
2
rCI
il
2
N
rlr
oflt
lo
ot
o

type alias (& ol dg]o]x) & A z}e] of
Yo dgojae g JEE destehe d F8F U o

il
il
ne)
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def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:
pass

£ ohe s 2ol o 97 94 BE 5 A&k

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

_,4
P

o
<
3
'_l
o]
Q
i)
1
e
=
=
[+ ]
=
it
2

SRRy Fz3HA 2

type hint (8 =) W4, Ses o =2l HE B P4 vl w4 L ukek gho] A s £ WS A Qs o]
o] M.
B SlEs g AFeol o} Sho W A ZAIE A= LT ShA T A W B4 £70] §-8340) IDE
o mE 9 B AEL L FHUT
A A5E AL, A W, s oJENHE D F49 J AEL typing
get_type_hints () %/\}%0}04 A AT 4 dHUTh
o] 7]1%5& AWt typingd} PEP 4845 F2SHA 2

universal newlines (—n—b]H']’“ 97) 2H 22 AES BEF 29 Eo2 A4S, HAE 2EH S 34
St T Y2 A& '\n', A== A "\r\n', Y T EA] _t]_—gﬂ N\rt. 27pA el
A-g-oll F8) A& bytes.splitlines () #ukolL]el PEP 278 9t PEP 3116 = H A &

variable annotation (H4> o] = H|o]H) M4 = Z g A o] EHEQ o] - H o] A.
o o

M s 2daoE F/H:%E‘ﬂloiﬁ—iﬂ olde gl g2 A8 AFd Y

class C:
field: 'annotation'

M4 ol Eol e dubd o o ER AFHUTH: o & Sol, o M4t int 22 M Aoz A4
Utk
=]

count: int = 0

W o] i H o] A B2 Al A annassign ol A] A % g o}
= o] - E] o] 4, PEP 484 2 PEP 5262 X 3}

T ]|
virtual environment( 7143 317) Shol W AFE ALt S8 =7 o], e A2 Hlo A Ay = THE b}
S ZE2 WS FH o ¥ FA oA, FHo]H v JH7] 11'5:% AR AV g ol

(]
a.
2 d

o)
3

venv & HA L.
virtual machine (7}3 7174)) £z Egojvto g Ao H AFE]. sto] o 7H} 7| A= o] E I = Aot e 7t
25 o= n=g AP

Zen of Python (s}o] A 7) Tho] A T A1) Qele} BHSe] B2y

B, Aol 2 ol sl ot AR o] £ ol
AUth o] 2L U3}y ZEEEA “import this”E g3

EE N
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o] A" A= reStructuredText A0 A ThEo] X o2, gto]x APAE sl SHs] A 24 A8 7]
Sphinx & AR5 U th

A A Q) o] 2 913 £ 0 ML slol A A &} npR A 2 A Ao 7 AP BALRLe] =8 Ut 7] ods
Althd, Zhof W o] o) 8 A K 3= reporting-bugs 3| 0] A & F Al 2. M2 AEE 7\]'?(]'% A 29
ek

S B0/ Be BAE =dUG
* Fred L. Drake, Jr., 92 sto]H A A = 3o 2 o)A w2 Zrl=9] 27}
« reStructuredText 2} Docutils 29 EE Y= = Docutils ZZ A E,

* Fredrik Lundh for his Alternative Python Reference project from which Sphinx got many good ideas.

W
—L
A
o
%
ruE:
_>a
()
ok
rot
X
il

e Abgho] sholHl Ao, spol £ gholHejg] ¢ polH A A 7l F T 7)o xpe] FE A QA
B2 22 glo] A A u Z 3] Misc/ACKS & Z23AAA L.
stolo] o] B AYAE ZHA A AL sho| W AFYE Y d83 7o 4t — ZARE Y o
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apPENDIX C

>

oA A} 2ho] Al

|"..|.4

C.1 2ZEY o] Ia}

glo] {2 ABC2l= A ojo] T A A2 A v E 2= 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
ZFZ) 2] Guido van Rossumf] 2] 3] 1990 d o] Z4lof| ThE o] HE U T Jol o= o2 AFFE2] B2 33 o]
=95 94 B, Guido= shol 2] 72 A 22 ol 912 vk

1995, Guido+ Virginia 2] Reston Oﬂ ¢l += Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston vaus/ 22) o A1 sho] A 2 A% 3L, o] ol A o] ] M A2] 42 £ o] F A LT

20004 5 %_J, Guido 2} -‘3]-01 é‘ﬂ Al 7] 9HEl 2 BeOpen.com 2. 2 & 7 4] BeOpen PythonLabs 2 A A5 Ut &
2 3} 104, PythonLabs & -2 Digital Creations( 3 A} Zope Corporation; https://www.zope.org/ FZ) 2 %754t}
2001 4, Jlr W Az E %] 01 A 2 (PSF, https://www.python.org/psf/ ZFz) o] A g5 & th o] ©Al = gho] A
#A AA Qe 2rotEs 585 A H vl F e 24 Ytk Zope Corporation> PSFO] £ 3191 9 U T}

B E JolH vz T2 T /\/\‘Q 141:]- (F7N &2 Ao "8 A& https://opensource.org/E 2 84 /\]
). AP 02, TR (A8 AR L ohduiTh shol 7 W B2 GPLI} T3 UTh oele] Bt ohe
W EFe 2 ore Atk

EEIEC IR E§A [ GPLEEN

09.0~12 | n/a 1991-1995 | CWI yes

13~152 |12 1995-1999 | CNRI ves

1.6 1.5.2 2000 CNRI no

2.0 1.6 2000 BeOpen.com | no

1.6.1 1.6 2001 CNRI no

2.1 2.0+1.6.1 | 2001 PSF no

2.0.1 2.0+1.6.1 | 2001 PSF yes

2.1.1 2.1+2.0.1 | 2001 PSF yes

212 2.1.1 2002 PSF yes

2.13 2.1.2 2002 PSF yes

2.2 o] 2.1.1 2001-& 2] | PSF yes
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Z3: GPLY 238dH =
2ol 4l = GPL} 2]
53 gho] fl = Tho] W}
ek,

2] 7} GPLE slo] W& Wl 23t
WS 3 anz EA du
PL 3ol &3 8 Th 2 2 ZE 0] & AFT

4>l
o2
i glo

Guido®] A = 5}o] o] Wj 2 E 7H5 57 THE B 95 AR AAE A A=Y T,

C2 sjol ol A A5} A T A18517] §1 o] & ok

glo] W A Z E Qo] 2} A A= PSF License Agreementol] Wk} gfo] Al A 7F Fo gy th

stol M 3.8.6 5 €], A A 2] oA, Ze|H A 7|} T == PSF License Agreement 2} Zero-Clause BSD license®l|
o127} ot L .

Shol o] B A% 4= ofol i THE ehol Al 7}

= QRS ;ﬁ]l
2Eoh @ JAE Uk ol 3t elo AlAg) Ben B S
FRIA

3 eol Al 2o 5

cBhol Al A E
Z3d a2z E o] th gk ghojdls gl

=2

of ol

ot

A

e e

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.9.16

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSEF"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.9.16 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 3.9.16 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—~Rights
Reserved" are retained in Python 3.9.16 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 3.9.16 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
3.9.16.

4. PSF is making Python 3.9.16 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION.
<~>OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.9.16 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.9.16

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.9.16, OR ANY.
—DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material breach.
—of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. This.
—License

Agreement does not grant permission to use PSF trademarks or trade name in.
—a

trademark sense to endorse or promote products or services of Licensee, or.
—any

third party.

8. By copying, installing or otherwise using Python 3.9.16, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

(TH& STl Aol A1)
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5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 CNRI LICENSE AGREEMENT FOR PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
Internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
Internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE

(TH& SOTATl A1)
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THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 CWI LICENSE AGREEMENT FOR PYTHON 0.9.0 THROUGH 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.
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C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.9.16 DOCUMEN-
TATION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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_random EE-2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html o] A W &
e Feo 7Rt =5 XYL 22 ddl =9 A4S IdE 7 Ad Ytk

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,

(TH& ST Aol A1)
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EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

C.3.2 27

socket EE2 getaddrinfo () 9} getnameinfo () & A&t} o] &2 WIDE Project, http://www.
wide.ad.jp/, A & % 22 3td 2 FQE o] g5

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS ""AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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asynchat¥ asyncore RE-2 th53} 22 £ A 233t

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.34 F7] &=

http.cookies REX Tha3 -2 £ A& 283 th:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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trace REE 0h3} 22 39 AYL TFHUTH

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode %! UUdecode &5~

B ES O T 7 AE ERYTH

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

C3.7 XML 94 =2 X# $&

xmlrpc.client B2 53 22 7o A2 233Ut

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

C.3.8 test_epoll

test_epoll REL T} 7} 28 29 S 2 8F T}

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF

(TH& ST Aol A1)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select BE-S kqueue QB 3] o] 2] Tla] T}g7} 2 Fo) AL =TT

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " "AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

3}4 Python/pyhash.c o+ Dan Bernstein ®] SipHash24 &1 2] & 2] Marek Majkowski 2] & o] ¥ 3}%] o]
U T ol 7ol & e} 22 o] Ea5 o YU Tk

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

(TH& ST Aol A1)
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Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod 2} dtoa

ofr

C double &} 21 7+e] ¥sHS C &< dtoa ¢} strtod & A& 3= 319 Python/dtoa.c & @A http:
/lwww.netlib.org/fp/ ol Al A& 4= 9l+= David M. Gay2] 22 o] 52 Zt oA I = 5 U Th 2009d 39
16dol 2 A8 spdof= th3 7} 22 A2 2 golAla F A 7F £31H of sy th:

/****************************************************************

*

* 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.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available by
the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-core@openssl.org.

OpenSSL License

/* - - - =

* Copyright (c) 1998-2008 The OpenSSL Project. All rights reserved.

(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.3.13 expat

pyexpat &2 U 5 ——with-system-expat & FAFA &= 3, £ expat 22 AHES AR5} o]

dEgyn:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

_ctypes &2 U E ——ywith-system—1libffi & AR &= 31 34 libffi &

Weg

[>
>
L
o
>
ofo
o
£

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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C.3.15 zlib

21ib B Al 2 E o A A H 2lib W o] L1 @ 25 o] A M=o A8F 5 §low, 3 glib 4 AR

Ag3te] WEH U T

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc ©f &3 AHE5 = al A] H| o] £9] FH - cfuhash ZE2AE

]
N
L
[o
fru
)
A
k)

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS

(TH& ST Aol A1)
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FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

_decimal EE2 Y E=E ——-with-system-libmpdec & T4 3}X] &+ F, Z3HH libmpdec 22 AFE S

ALgste] e o

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N H|2E 2~ ¢|E

The C14N 2.0 test suite in the test package (Lib/test/xmltestdata/cl14n-20/) was retrieved from the W3C
website at https://www.w3.org/TR/xml-c14n2-testcases/ and is distributed under the 3-clause BSD license:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of works must retain the original copyright notice,

(TH& ST Aol A1)
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this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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sho] 3} o] WA
Copyright © 2001-2023 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. All rights reserved.

Copyright © 1995-2000 Corporation for National Research Initiatives. All rights reserved.
Copyright © 1991-1995 Stichting Mathematisch Centrum. All rights reserved.
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