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F7hE 5 syt ol H 2 A4S 7t S8 22 IWS A Y A2 E APk

o] gh5 Al Thol ﬂ‘ﬂﬂ'/‘]’“&"J 71&NEH Ve ES A4 flo] 2T stold Bz B E A
DAE = AT FAT BE A7 57 A o) 7] i Zoll -‘?—Eﬂ"ﬂ oA g7l = A

E2F AAEH ZEE) o3 A2 -2 library-index & 2 A 8. reference-index = o]l o 3+ & ] 3 2] % 9l
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CHAPTER 1

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

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

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

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

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

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

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

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

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

oW HFstal 97 A 22 AW AT 7 U= F FUTh FtolH 2 IW L2 oY THA] o {FE 2

7159 C, C++, Java T2 1 Eof v w3l 7H2 )
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£ dr, el AEe 4y e Ange 27
ole e A 33 ¢ eholmel el O} QA AT

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

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

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

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

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

W ARESEE Aol 7l wi e, o]l A E JowA AF ol JE 2 HE UAE A A7

U ZolA, A8z 2B E AHgste e A AU o AL FHAFD +5 e AEA T o] Fo
L= AAES A7) A= F 22

—
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CHAPTER 2

oM QIE{=Z2[Bf ArEStH7 |

g}o) A O]Ei ﬂEﬂ% HF /usr/local/bin/python3.8 o] AXFUth F92 Ao A H &) /usr/
3.

python3.8
S Ao Jg A AT+ dFUch! AEZ 7 A5 e 2 o] AHe Hx] FA4o]7] wf&e,
08 Fak 7heduch 39 ol AE7H Al 2"/ A Aol Al &1 B 7t s Uth (& S91,

/usr/local/python & @8 A5 = ¢ xYth)
ufo] AR A Z E AT oJo|A] A X8t Tlo] o] 9= A A2’ A=, python3.8 BH S AEE 35
Yy

pu o [e)
o} py.exe 75 718 A A WO, py HHES AT = AdF UL Fho| M & 753 T2 HH -2 setting-envvars
E FAz3AL

i

7182 = & = E of| A] EOF(end-of-file) & A} (Y 20| A= Control-D, &A= Control-2)

JEiiﬂ 7t 55313, 3 48 Z=+=0 0] FUth o] o] 31X Ethd quit () BH S YA
AHZZEHE FEAZ = IdFUTH
o1E] = 2] E] = GNU Readline 2ol & 2] & A F3le= Al 2H A & HF 7|soz2 tssy #94, 3| a5 X &,
F=E AN 5S Xi]*?iﬂﬂ} olul: W3 HF o] Al =4 &l '}% 7}7“ w2 S 3] ZE 2 E o)A
Control-p & Y43t ZA YUtk ® 3t A7 dobd Wads) A5 ol Z]TJQI’— AsUTH 48 7]
st e F t'i o 33 O‘E‘i #AA ‘j‘ SlaEe A S HAQ. ol Fd WS E gAY ~p 7 EEE T
g Aol xﬂ+ﬂx] °}L ‘”J‘%D} AR oA FAE A7 Holl WAaH o] ~E AT 5= &= A 0]
ZAH U
JejzElEHE = AE Y2 AAHE SZATYUTH: ty FA o] 2 QJH o] AZH JEHIE AP, s}y o
ZHHES AT AT LY S AAZE FAYUFAL S ZFFYYoE AASJHZ AP H ATHES
Az APyt

P § oA, sto] A 3x QB Z 8 &= B % python ©] 2= o] £ A3 U2 AA = A e, Ao AX =& oo A 2.x A3
ST 3 E5A FEE 371 AU
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A ZEEE A5t F AR WY 2 python —c command [arg] ... |, command o = 2F==
Agurch Ao —c FA G UL stold 2AL FF AA 5Eg on7t Qe FHolv e
EAEE 237 W 2ol command AAE FLuh-E R 2 AT Ao FFUTH

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

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

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

211 CQIX} ME

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

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

fr -
|
@]

o
)
1)

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

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

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

$ python3.8

Python 3.8 (default, Sep 16 2015, 09:25:04)

[GCC 4.8.2] on linux

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

ok

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

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

Be careful not to fall off!

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

6 Chapter 2. IlO|M QIE{=Z2|E{ A}25}7]
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71dHom, vholal s —L‘r?zl%—%UTFSOEOJ =d AR HFFEULE o] AFGAME thFE Aol A
AHEE e 2Abe s AL A, AEAL F4 SO @A AR 5 s UTH (BHAIT R F Sel B =
92 ASCI £AP0 P8 A2 AL 510 QH), U8 TEol At o] BelE gt Ao] 51th) of EAES
2% 2ok A7) Qa4 B 717E 5 Lo] UTF-8 92 91403 of 5}, o] splol] £3H & £ A2
AAE % Yt 2B AL oF T

ARYL 7B oo Aoz AAS W, HLo) R} Fol SWH Felo] 24 2L Aok BHL

oJd %k

’# *— coding: encoding —*

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

Qo) R} 2L o L7 ¥ ojof FiTh:

i)

’# —-*— coding: cpl252 —*-

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

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

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

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

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

@ 744 ol 2 Hch:

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

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

AHEF UL o 2 Sol:

>>> 2 + 2

4

>>> 50 - 5%*¢

20

>>> (50 — 5*6) / 4

5.0

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

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

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

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

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

5.666666666666667

>>>

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

5

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

2

>>> 5 * 3 + 2 # result * divisor + remainder

17

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

>>> 5 ** 2 # 5 squared

25

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

128

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

>>> width = 20

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

Hp7F (o= o) AA e v (RES A sHA ke wh) AHS S L Al =8k AL olHE 4ot

Lae b WOt 9 AEAZ O BE, -3 2 5 - (3+52) 2NN AE -9 A AU 98 AT A0 (-3) 2 B AEF
2= 01£14];]_
T oAa| .

10 Chapter 3. ml0|’M2| ZI=2F5H AT
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>>> n # try to access an undefined variable
Traceback (most recent call last):

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

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

>> 4 * 3,75 - 1
14.0

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

jdﬂﬂ

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

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

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

T,

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

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

I

F1Th G o 5555,

3.1.2 EXIH

AL AR, ol EALE thE 5 vl o8 7HA i er g@gUTh FewZE (... )Y
SWMEE(C. ..M EHL S U BF 22 RS FUP. ML EES oA R T\ AT
T AFUth
>>> 'spam eggs' # single quotes
'spam eggs'
>>> 'doesn\'t' # use \' to escape the single quote...
"doesn't"
>>> "doesn't" # ...or use double quotes instead
"doesn't"
>>> '"Yes," they said.'
'"Yes," they said.’
>>> "\"Yes,\" they said."
'"Yes, " they said.'
>>> '""Isn\'t," they said.'
'""Isn\'t," they said.'
H5Y dumelnol A, & £A49e BeRE FeA] 9T, S5 EAEE G SR 02703
Utk 2 Y A% Fe} Hol % (L E SR+ drh, F EADL B ATk FAgel
e s BT £ o AT A S 1 519 AP A 8
AR YL print () F5E SRS AFHI, o2 FY 55 B2 2HAA B A7 42 2L
RrEol ¥yt

2rpe ol ke Pl \n 7 2L S5 BAEL FLOGE( .. ) BOSE(. .. AN 22 Y u)st stk E 29 42
Aho] i ZHLUFSE St A " & o] AA0| BT AR QT (BHATE\ 1 = ol A0l A Ak Fith, 7 A% A etk Aok

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

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

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

"Isn't," they said.

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

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

Second line.

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

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

ame

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

C:\some\name

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

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

nn ll)

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

Usage: thingy [OPTIONS]

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

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

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

>>> 'Py' 'thon'
'Python'’

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

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

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

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

H

12 Chapter 3. ml0|’M2| ZI=2F5H AT
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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(n AagE) D 5 gtk 3 0 2A7t A 00] S P Utk 24 98 0 R
32 g5uth oesl o719 EAG YT

>>> word = 'Python'

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

IPI

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

lnl

Aot 25718 $5 e, B RE Auth:

>>> word[—1] # last character

lnl

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

>>> word[-6]

IPI

020 Zong, 59 AE e 194 A etk Ao 53514 8.

A9 ol sl Eetol A (slicing) = A LG Utk 8 o] A ZAE vl AFESEH = v, Sefo)d 2 F
F 214 (substring) & A= o] AFEH U}

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'

AlZE 219 22k 3 2EE = U, F
s[:i] + s[i:] & @A s 2o

ku
Ho
.
M
B
rlr
o |

Py 2857 o Aol 9 AL o] mh o

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

'Python’

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

'Python'

Sefols uat W /1 BEE 23 JEUTH R WA AHAS A R0 o] A L, T HA
Qe v} g E A R go 2 Sebel 4 B BXa e Aol 7k AHgE U th

3.1. HO|ME AH A2 AIRE}Y| 13
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>>> word[:2] # character from the beginning to position 2 (excluded)
IPy'

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

lon'

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

Sepol 27k AL WL 7191 5Hs B 4 R L A8 2 BAT Abold] 914 E
AUtk A A B9 4% AA0AUTh aAe] EAER TAY 2ALY 02
o Fuith, & So:

e i At S
[Pl y |l t |l h|oln|
T e St
0 1 2 3 4 5 6
-6 -5 -4 -3 -2 -1

$3he 29 AU AES HolFUch
H

Qe 7ke) YU o &

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

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

SHA WS Hlolues etola dE A Sl 4T W REHA Aelg

>>> word[4:42]
lonl
>>> word[42:]

[}

S Qe — 20 oleha Gtk DA BAD A2 FEG Ao 8 sheln

>>> 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

e 2xdo] Beshu, A= wEojok Futh:

>>> 'J'" + word[1l:]
'Jython'’

>>> word[:2] + 'py'
'Pypy’

W e len() 2 ALY ZolE EHEF YN

el

14 Chapter 3. mto|Me| ZI=F5H ATH
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>>> s = 'supercalifragilisticexpialidocious'

>>> len(s)

34

o B7):

textseq wALE -2 Al AL G O] dFola, Al ALV A DS FE AabEo] AdE YT

string-methods FA€-& 7|22 Q A&} A 935t of 2] 7HA] w5 AL th

f-strings W73H 284S 2= A1 2gH E

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

old-string-formatting ©| 2ol A EALE S & AR} AF ol AFE- b= of| A WA Y] Zufj e of] A3l & T A SHA

s YUk

3.13 Z|AE

sho] W & ThE GES Pol o 2 Bt A8 & o8 /42 AL E (compound) A5 8-S $31 AEUTE 7
3540 9 g 2E e, BB Apolof Z asun
3]

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

FAY (YT, TE REWF AL BB AW J2EE Qdsta Lol 4T & YE

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

1

>>> squares[—1]

25

>>> squares[-3:] # slicing returns a new list
[9, 16, 25]

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

B AEE ool 0]7] 22 ditE APyt

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

2 EALFHE 2, BaEs P Utk S &S AT F s yth:

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

64

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

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

append () "X E (method) (L5l WA =0l th3l ©f ZA| 3] LobE A YUth & AHSsHHE 2] AE S Zof Af
) :

g2 37185 9

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

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

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

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

[]

[]

—r len(

Wy = sk

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

vbl,

4
P2EE THT S5 JdFULH (TE P2EE 233 g 2EE WEUD. o & E9f:
>>> a: ['a', lbl, ICI]
>>> n (1, 2, 31
>>> x = [a, n]
>>> x
[['a', 'b', 'c']l, [1, 2, 3]]
>>> x[0]
[lal lbl, lcl]
>>> x[0][1]
lbl
= ()
32 T2 e 2o AHAS
282028 Hote AEthe ¥ B WHORE so] WS AHEE = AFUTh o & Sof, b2 A H 31
LA o) RES A s 4 gE YT

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

a, b=20, 1
>>> while a < 10:
print (a)
a, b = Db, atb
0
(TFZ seTA ol A%)
16 Chapter 3. It0|M2| Z+2F5t ATH
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(o] A sl o] A A M A%)

Qo Ul W N

o o= @ 7 Az L 7

off
o
[-z
s
K
X0
)
£
o

SUth: W5 a 9k ol SAo) g0zt o] thYB Y th upx 2 Z o A
] o= ‘MB}C OITOW 1 24011 S Ao BT Ayt 89

while 2Z & 2 A (7| HEra < 10)01 el %C&élf%‘%ﬂﬁk Co} v 7hA] 2 3ol [ oA 0 o]
obd BE AaE FolL, 02 ARGULE 2L ALY H2E (AL BE F/HY D27}
2 a5 Yl Zoj7h0 o] obd A2 BF Fola, Wl Aldas AR GYTE o] ool A A7 A A=
gl Uk BE vA AxbAbs Co 22 Ao g g Uch: < (Fth, > (2 th), == (Zh,
<=EGFHAYZY), >= (@AY Z), = (T=h.

F2] 1ty (body) = E01227] FUth E27E FoldoM F2S Fojge Fe ¥y dUth
o}y ZEZEX AZF S 25 Fo A § (tab) o] 1 5 (space) & A Hal oF FUTh AAH o2 =
HAE AR 7S AHS A F T 5348 sholdl =S FHEHA Futh AW I HYVES 2
o7 7S AU EFES HIFor dHT e S L7 Asl W &2 A oF
Utk @A77 QA vA 2 JHEA AT ¢ Qe dUth) 22 EF0 =RHE EE
222 :

print () &4

ot Fol 4 AREY ¢S AN G e A4, A5 g EADLS TR P oA
(A7) QA ANA B A3} Zo]) 28 s A4S 2 485E= A= g5 Ex92
W E glo] 25 3, ARE Zhofl = wizke] AAFUTE TeM oA Aoz B FA ZHYE 5
Ut
>>> i = 256*256
>>> print ('The value of i is', 1)
The value of i1 is 65536
7R E AAtend = &9 ol TE = MAEAE AAS AU 28 S o2 SAEE EUA st A2
o A-&-g YT}
>>> a, b =20, 1

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

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

3.2,

nZeirozol HAH

17
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cHAPTER 4

7[Et Mol &5 =+

re

S ROERER

r

[of
l(f
2
2
M
e
o
>,
ofo
K
=
al(f
o

THELif T AYYTh A& E99:

>>> X

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

42

x =0

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

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

print ('Single')
. else:

print ('More')

int (input ("Please enter an integer:

n))

)

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

19
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4.2 for &

shol Mol A for £&C U FAZoA ARSI E AT 3 OEUL. (FAZAD) G4 £A9) e A
AL Ea) o E @l o] 4 817, (CA 7)) AL& A7} o] e o] 4 v 2
st 9] for 22 919 o] AL (FAEY £A4Q) 0] 25 T A A2 Sl A= o] g d o] 4

Utk ClE = (%%hd'o] ok zh):

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

A AL o o) = s 59 2L AAM L £ AL TEL SutEA FASES BEY] WEUTh A,
HE Ay BAROT 222 WEAL A AAAL BEL Zo] B g

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

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

4.3 range () &t

A ARz olHEolER B2 oW, WA & range () 7 B FUH FE& WUt

>>> for i in range(5):

print (1)
6..
1
2
3
4
B2 HeolAE £ 4o £FH A 5 U range (10) 2 10709] S Tr=EEd], o] 103 Al A9
$EEL HE7IE gute ddas Tk W A2 A AL, GE SIS (2524 s
T Th w2 o) A€ (28 Gstep)) ol ek a REUTH AT A% TR ok

(THS slTolATell A1)

20 Chapter4. 7|E} M0 S8 =3




Python Tutorial, £A| 5H{H™ 3.8.13

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

AA2e] AYAER ol el o = ¥, e W range ) len () & AHF 5 dsuint

>>> 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 vk, 2 off th 22, enumerate () & 25 Aol AUty F2 HAY S HA L.
HAE 2 Qs o] et do] dojdytt:

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

B 45 range ) 7+ BHE ARE 22 AAY FASA W, A F2ES obg Utk ol Helol =@

o Qo AL FEES AR EoFE AR O AR, AR 2l 25 WEA oba] F22 dohu T

I8 AANE olcl2] ¥ oot =g

oo Bo paE s o
m (

Hoke T2 ol sum () AU

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

6

U3l olH e ES =9 olHHEZ AAE = TS5 o BA FUth vpA O 2, range ol A] 2] &
ES eyl g8 73 A9t o] 24 gt

>>> list (range (4))
[Ol 1/ 2! 3}

Abw 2 oA 1ist () ol "8l o AFAH 3] =2 & A Ytk

44 29| break 2} continue &, 12|10 else &

break &<, CAHH, 71 7H7kol Al 28 A& for Ywhile FZ 25 whA U7HA] w54t

FIZ EZelse S 7H = A5 Uth F271 olHH 22 &R0y (fore] F-7) 0] A S o] HjA (while
gAY Zed o AYFH YL A F2Z 7l break Fo 2 ZET o= AP A ST A4S 3=
222 55 chg oA el A gt

>>> for n in range (2, 10):
for x in range (2, n):
if n % x ==
print (n, 'equals', x, '*', n//x)
break
else:

(THE SOl Aol A1)

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

# loop fell through without finding a factor
print(n, 'is a prime number')

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

O 00 ~J o Ul i W N -

()AL gutE TEQUTh AH 8 Soltjim: else A& 1 £o] oha} for £z 5 UTh)

Zaz A AEE ul,else L if DED}htry —‘?—-/] else A v|=st Aol WHUTH try B9 else
A o9 7 A A ¢ °}° o A3YE 5L, F2O else B2 breakZt TASHA] gh& w] AFFHUth try &34
of| &] of] &3k ZHA| 3H ‘ﬂ%o o] £] ﬂ‘ﬂo}ﬂ 2 HASL.

continue &2, JA ColA WHFUTH F29 th o]H e o] oM ALSE= syt

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

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

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

ki
ok
B
2
oy
A
v
o
i
o~
[o
ru
el
o)
o
i)
ko
ok
N
rd
[kl
i
W
)
o
A
e
ol
s
ne
o
e,
tlo
2

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

4 4%e) o128 WE W) £ SR UTh

>>> class MyEmptyClass:
pass

pass7h AL 4 Gt THE Fat Al HES AY T 4k 24K v o) A2 & AL A, of g o]
247 5204 A2 5 A FUT pass £ 283 FAFUT:

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

22 Chapter 4. J[E} M0 SE =3
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=LA =

4.6 &t ™Ho|5}7|

SHA £ 92 Qo9 FEAbA B ohE 48 BE S wuth
>>> def fib(n): # write Fibonacci series up to n

mmn

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

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

IHE defE & A EANATUY. F ol 2= A FA i+ E9 550 Ansyh
et 3}1‘4% Fgste RS0l the °1W Al ZFE a1, REEA] o 22 7] & o] of .

T ut e A WA 22 AdgA R A gEEol 2 5 A%HD}, o] A4 B E 2 &5 =F
ol Eﬂ o] *4% 5 52EH (docstring) AU T (FAEF O ek kA& 82 =l e o] A E A1 o
UUth) S2ERS ARREA 2oy A E dHAE A5 BAFAY AHSAE HElg o
FEE FHT F IS ste =750 Y5 Uth ool A ste o SAERS R oe A2 F2
FE AU 1Y WRE Sole Aol FHUTh

T AP o A AFES A AE HolES WUt § 8 FAH2E, T e
A dE ghs A A2 Hol Sl AR WA W Fas v A AR HeleS 2 o,
A AEHolES & F, AT YW o] 552 HolE& AHYrTh :L?JW, x4 -/1\‘*15 Atk ste et
A AL Seae T e T oA A4 el ddeE = fdsyth (A WS global
Fog YA AY B M 9] W E nonlocal £ 22 HAISHA] ¢FE o).

The actual parameters (arguments) to a function call are introduced in the local symbol table of the called function when
it is called; thus, arguments are passed using call by value (where the value is always an object reference, not the value of
the object).! When a function calls another function, or calls itself recursively, a new local symbol table is created for that
call.

4 gol B4 o] 2L AR A% Ho B
AR E AL} Ao 42 QAT L ol
o AHeE 4= Eyh

et AUt dH 2 HE ST o] 5] 7Hel 7=

A5
o2 g5 ANE A 5 dom Foo] GA A

>>> fib

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

>>> £(100)

0112 358 13 21 34 55 89

£ Aol 5 AHSUTHA, £ib 7 e BEIFA) @7 wRol 57k oh et 2 A AT 44T 5 5Tk

VA, return £o] e BHE S £ I V)% T e o] SR o) ¢ Noneol bt 61
(44 o] BV e, None o] 2T FAT o], AL Lol eli= HF None & £ 2 AT L. F 1
AR print () 2 AHSE 5 A%

>>> fib (0)
>>> print (£ib(0))
None

LA =, AR Zzol 93 T = (call by object reference) ©] B £ 23], 7bA AA 7L ALH W, $E2+= DT 227 HEHF S
5% S ME AU (715 ol <ol 358 F g Th.

4.6.

ok

b A ol517| 23
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st B4, T H LA £ $AE PAES BT

rlr
o
et

245

rlr

5 A% RE o

>>> 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]

4.7 ¢t

LA, o] dl= B 7HA A steld 7)se Byt

return +2 L2 RE 7S 2t B 3HA BrE YT 28 4] QA 9l return 2 NoneS B8 FY

t}. 3o o2 Wol AW QA Noned S8 & Ut

EZ result.append(a) 2 B|2E A resultd HAEE

o] I obj.methodname 2+ °]F B A =1, obj& o1 A A o] 3L (
methodname = ZA2] ol o13) AW WA =9] o Z Yk ChE B L
AZ 2P AEE RS glo]l 22 o5& 7H s U (F
P HAEE At 2ol ZheFUth FHl A BAR) oo e
AA S B AFUTH 45 22EL o TlZdUrth o] ool A
la] & &53HAT, O E&AHdYrh

(L=
[
4

> o

>
[t
QO
O
He
(0]
]
Q.
rr
N
m

—

ol B

£

AR A B A5 AAER B4 o A F5TTh Al A F4lo] g, 2T 4 s

1,
il
Cul
30,
rr
ol
1>
o FIO
ok
AW
W
W
o
ox
‘0,
R
i
N
(e

F= A8k Adunh oA ARG o A2 9

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
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c EEREJAAEAFHAask_ok (' A FAME FE TR, 2, A, A orHle s g

FA=LT)

N,

T
2y

(o]

ol
+
o
1o,
l
X
K
o
o
i)
[
X0,
rlr
[>
2
[
=2
>
-
S
™
<
o
&
o)
>

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

i 6
£0
=55 A4t
228 FoA g 718 2 dauw gro] FANUCE o] AL JJEgte] BAE Y Sy R E
Zejoo] dxdizagt 22 b AR W) Fol & Ttk ol & Bol, 0 B ASH 52 Agd
AAEL AP}
def f(a, L=[])
L.append (a)
return L
print (£(1))
print (£(2))
print (£(3))
e 2L AL A4 P
[1]
[1, 2]
[1, 2, 3]
A%E 55 2ol 717k BRHA 2718 AR, A 5B ol Aoz 2 5 &Y

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

4.7.2 7|E= CIX}

et

S kuarg=value Y49 7] 9= 4 B AHEHA £2F + JFUh o8 Sof, T Bo

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, "!")

3hibe] B4 AH(voltage) 9 Al A AE A 94 (state, action, type) & WotE AU Th o P4t
eupg F olpAoet 529 & A5UTh

4.7. Bt Mol H7Y| 25
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parrot (1000) # 1 positional argument

parrot (voltage=1000) # 1 keyword argument

parrot (voltage=1000000, action='VOOOOOM") # 2 keyword arguments

parrot (action="'VOOOOOM', voltage=1000000) # 2 keyword arguments

parrot('a million', 'bereft of life', '"jump') # 3 positional arguments

parrot ('a thousand', state='pushing up the daisies') # 1 positional, 1 keyword
FA G e 2 BEEL BT 2utEA) JHUTh

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

G4 BEAN, 7191 S AAHE 94 A2 o) ok FUTh ADH BE 79 E AAbE G40 WolS ol

17} 5 Sl Stolok o (9] & Fol, actor & parrot B8] £HIE AR} oITh, T AL 58N
AUtk AT B4 ARSE TFY (IS S, parrot (voltage=1000) & LHHFUTH.
S8 QA% T 7] ol Abe] & W& 4 Q%I Th o7, of AloF ul ol At ol 7} ATk

>>> def function(a):
pass

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

“*name & 4] npA 2} § 4] AW 47k A S, G4 AR E o S A b mE
£ 24112 (ypesmapping & 541 2) B MLk 0] AL *nane (04 A2 A ol 4 2RI th 349
WAL B 5 Ao T AL B A A AASE FE FEE LU (name

wename ol skok Fith) o & Fol, o] ?l B4 495
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 Aog 359 4 Jd5Uth:

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

22 FAs) o] FA A gt

—-— Do you have any Limburger ?

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

It's really very, VERY runny, sir.

shopkeeper : Michael Palin

(TH& ST Aol A1)

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

client : John Cleese
sketch : Cheese Shop Sketch

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

4.7.3 S 07 HL

NEAOE, QAL AL FAH A YER Thol A o] AL
ALA L o] 7, A A= EE AR AL A4S
Ax7t AL Pe AR FH Tk

B4 Ao e e U

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

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

4714 / 9k == A A UL A&, o] 7155 AR} B0l ALE = o] nhe v o] B8
jﬂﬂwﬂﬂ%ﬂ%i,%ﬂ7h¥:mﬂﬂc A%, 7192 vl 7) W4 9 W (named) o) W4}
.

=
=
=

.

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

5 Aol /97t Yo, ARE AN ANER G5 AT 5 AFUTh

Rl

HE ofoH

40

= O AASHA A EE, S v e A AR
<At F 86, 7 41:;1:]17]1&1 XL
/€ AA A A ‘_—ra U 2] i) s
o, f2 A8 ) dee syt

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

EANT S 95U 92 Agold, v W
‘ S ) ool Yo,
o} @4 A elel /7

I/ HE ARt

A= Adsfof e et =S, w7 S 719 = A8 o2 2A8 |, 3 WA

A M A Y=
=3 W ukE Ao A BE o] +2 HO AL

9= 2

4.7. Bt Mol H7Y| 27
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g4 oll Al

/& * mpA Fo E 7]& ol thg oAl & Aol E s Al 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 A7 4 A9 standard_argt /Mg 448 YA0w, 5F 7 Ao R A ARG T4 ghon A
AU A9ER A8 5 ok

>>> standard_arg(2)
2

>>> standard_arg(arg=2)
2

5 WA & pos_only_arge &5 Hodl /7t dor @ X w7l W AME SRS A

ol

gk

>>> 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 an unexpected keyword argument 'arg'

ANl A 4 kwd_only_argss 35 Aol oA *2 FAH 7)Y E AAg 3L 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

wpA vk e B4 G oA Al HA £ FHS BE AP

>>> 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)
1 2 3

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

>>> 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 an unexpected keyword argument 'pos_only'
2o 2, 9] 2] 1A} name ¥ name & 7| 2 7FA = **kwds Abolof A A A FEo] A& o T S

A TAA L

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

'name’ 7] EE G 3 WA w7 o] ARSI EE TrueE MRS F e 2E2 B dUH A€

= .

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

/(910 ARG A7) B AHS 5, named 914 AR, Ao 'name' & AU E AR A2 AT 5
flome Asgh:

def foo(name, /, **kwds):
return 'name' in kwds
>>> foo(l, **{'name': 2})

%, 9% A8 Thf W5 o] B *rkudsol A REF glo] A

ok
4
30,
|
i
Iv)

Mg A7 B4 A A ol E w) A E AT A A T

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

A MO ZA:

o 7] M9 o] F S ARV AIEE = UES W H A ALES AL A AL, i WS o] 5ol
AA Guzt e, Frt 22 ) AR <M E FAGHL T, Ee G5 A wj) At
Jdelo) 7)Y =& wrolE ol AL o F

s o] o] Yu7} L T Hof
A Az A of 9237 EIE

o AP19] A%, FF w7 W] o] 5ol 32 w v|E 3 API W A o] A= AL YA SHE A
AE2 AL

& it

N -1
©
l(il
o
ol
>

o
|o
fu
N
o,

%
|o
fru
*
n)
o,
:OuL_",
ok
N
A
)
X
X
+

>~
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oo
)
N
N
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4.7.4 20|9| QIx} =

Ju

BAo R, b Y ASHE FAL B4 QY AL AR 52D £ YES AR HE AYUTh o
AGEL FEE FYUTH(FE A 02 & BAL). 7 Fo] Azt dboll, fLA of e 7)e] Lk QA4S o]

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

HE, 0] T 29 AAEL A v A5 B5 v el SUTh BFE A2E de Y A4S ARE
28] m.07) W YUTh rargs M7 W4 Fol 5AHE A MANFES BT (7 HE-AE) ARSI,

92 A4l 719 = A2 AEE 5 glrhe £y

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

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

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

'earth.mars.venus'

475 QX 25 o 2

QAAFE o] ojn] P AE R X w, e A 92 AAEL 275 T £E 2 A5 o 97 3ok s
73 Rl o]l Mol Ut ol & S0, W& range () 5+ B2 start$}swop AAHE ZIH @y oh 22
Solwz X o, P AEG RERNE AXE A 3P 93] - AAAE G BB TETA
gt}

>>> 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]

2 Ao g gAY R c+-AXAE A A 71 E RIS A 4 sy T

>>> 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 !

30 Chapter4. 7|E} M0 S8 =3
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4.7.6 UC} ESAl

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

o
Ao, g drt BeAe 2a0) JE HAEEL B2 5 Yuuth

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

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

42

>>> f (1)

43

Ao EEAL AR FUTH E TR $EE 4L B4E AR Do

ofr
=

99 o= F5E BT A

AYdyrh:

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

>>> pairs

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

A 2o G AR BAL g3, A5 2 o3 of Ttk FATES A, ARl o Bl FL HAH o
2 AF oA ghofof st o] AE2 thE W2 AFH 7 WE AU (el 5ol T+ Fds Aot
SArehe o QU Th. o 2L e AR AFeha A ER ok P
S o] EArgol o Eo] Y, F AR 22 v]oQloj A, Ald AR R g i w2 A9 S FE
soF gtk A2t 5L shi) 1 olabe] 2how, AR e £ 7ok, 48 52 Adslof Ttk
ol IA = o] & ZAE 2B EolA 275 A ASHA 7] dfEoll, A E Atte EFES
Bosid o272 AAGUL o] AL The 3 2L B2 AL T EAde) AZ FHol o 3 WA
H o] 7] b2 Eo] AA ERHEH ol FALY o2y s 24T UL (P A ES AT
e, IRt o7 FAE S Al ek mhg kol B0l oA S22 77t B4 B H E ] 2le W skA] 7]
W2 PUch) o] ST} (FF8H) T BALY BE 9 AR RZoA AAF UL @ So227]
A Fo] Lehtx| & Bopok 5hA v, Lehdthe BE @R el Fuo] Al AGUTh WY $54S o 3
(R 879] 23 0] ) Fof A b Uk,
o7l A & F2EF ] A7 AFUTh:
>>> def my_function():

"""Do nothing, but document it.

No, really, it doesn't do anything.

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

No, really, it doesn't do anything.

4.7. ¢ Hol ¢ HY| 31




Python Tutorial, £A| H{H 3.8.13

4.7.8 84 O{-HI[O|M

g ol B o] 2 AR A A 2 Tt ARS Sk B E ol vl e &3] Ad E A <l v Ebe o] B] A E ) o (RHA &
U4 PEP 3107 3} PEP 484 & H A 2).

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

>>> 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 9tz7i=2: [Cl AE}Q!
ojA YR ol o A1, o] Bt 24E5S AL Futh W 2e el thal ¢ 4 F g
AZEAY T SR8 Aol A2 02 28 d 2 42 (Ex o HEetA, 29E) S lsyth ojd 5L
g2 AsRTH 97 4E5Uth 2 AEEC] Y2 I=E 97 gA B AL FF T2 AT,
25N IY 2L S =4 A2 28A S H E 225 FUth
gho] M 98, T Z2AETL A pdhs 28 Y 7] E& PEP 80] uhgksUth; o] 212 vl 91 7] 4 12
Fol At 79 28d S FH Pt BE stold Mt AA T o] #AE Folok FUnh oelis
A Mg F oS REES FEHYF YN
« 58] 2700l 42 o]~ E AMR AL, WS AME-BHA] ohA| 8
4708 o] ay A2 Fo27) (H B TH & sgPUTh 9 2 59227 (871 A5 UTh Aol 9
T2 AFYUTE H2 EHS dor, glofl+ Aol FA YT
79 E QA RS E 97 A8
o] AL 22 WS 7 AR ALE FaL E 3o o ZE Y ES e 8 5 A FUth
« T, FEa, B UY 235 EE Aol dl & Yo B L
« 7bsdttd, FA2 HEY E2 oA
« SAEYS ARSI L.
o AiAE FHUG FupF o AFo]~E Wi, BT HIE AFo = AFo]2E YA H & a = £(1,
2) + g(3, 4)
« F x0TS0l R e ol5S oML Hel= Fel2Y B¢ UpperCamelCase, -9} v
X =9 A% lowercase_with underscores@Uth A HA| WA= Qo] o] 502+ &4} self
E ARS8 (U2 v = o g A g W82 ZE]0ke] 3l vhd & BAQ).
« Ao F=F FA A T A AL AL St S AT S AFEEA] vhA 8. o H A 99
T vlo] @ o] 7|8, UTF-8, T+ t<= ASCIIZ 2}, o] Ay

.
o
-
&

AR, THE Aol A B Aldte] TEE QAL §AT Fzbe] Fs AT AT ks, A E Ao
Cll o]9)] 2215 214317 vhA) 2.

>
»
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CHAPTER D

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

o
P
il
filo
pan)
M
A
i
v

5.1 2|AE O H7]|

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

list.append (x)

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

Yo,

list.insert (i, x)
o7 9170 B2 AU A A AAE FAHE 247 27 2 AAAdUT T A
a.insert (0, x) = g 2EQ A2 A49st1,a.insert (len(a), x) =
.
list.remove (x)
2 ~E oA Zho] x 9 22 R WA FEL AR FUTH 18 G2 o] loH ValueError

frt
e,
o
i)
AW
vl

list .pop([i]

PrEoA Fold AN o] Yt FHS AA}L, 1 GBS SeFUh QAT AFFHA o,
a.pop() & Bl 2ES] vpA U GBS A EAF U (IS ATUANA i S EJE D BEE
W 7)) AR A Q1 B U T 9] Aol TR E Qe aof Btk Sol obguth o] £719S
shold ehel el 2] d 3 @ 2ol A A5 SAFITh)

list.clear ()
YAEQ RE FEE A

A}

list.index (x[, start[, end] )
B AE Qi S22 Zho] x 9F 22 3 MR Ao 0EE] A ZEtl o AS Szt 18 §HE o
QO valueError 5 4oyt
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AU A9 bt Sk end & SEhel s BWALY A 430, GAg A 2B SWE HE A DL
AgsE B GBI B8 FE AU A gan AA7E o2 A A D20 AFE A ECR BT

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

list.sort (* key=None, reverse=False)
gl aEl FESS AR A AEF U (AAES B E A2 upolA| o] Aol AHEE 5 A5 Yo
A8 sorted() & HAR).

list.reverse (

)
gaE) 25 AR A FYF U

list.copy ()
BlAEl] 2 AR EHF UL al:] e dYHh

PlaE A E RS AR B o

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

2

>>> fruits.count ('tangerine’)

0

>>> fruits.index ('banana')

3

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

6

>>> fruits.reverse ()

>>> fruits

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

>>> fruits.append('grape')

>>> fruits

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

>>> fruits

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

-2 insert, remove, sort T HAEE0] Y2EE AT F W3 3lo] 285 A =
AJYUth- 7|2 None & 58S JFULE! o] AL sto| Ao A BE 7P A5 25 2§
o

Ho] dol AL E gpE AN L R EolHE AL AU HZE ¢+ Qo= AU o &
0, A5 EAEA U T 5 ¢l Nones T2 FI v 4= ¢l7] w20l [None, 'hello', 10]+&
AEEA Utk o Ao E U4 A7 = Fol dF UL o E 59],3+47 < 5+73= = ¥ AT}

ohd e,
g2 doj oA = 7bA AAE 52375 s, d->insert ("a") ->remove ("b") ->sort () ; & 2L HA = 4

gyt

m
)

2
=
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5.1.1 Z|AEE AEBHOZ Al25}7|

El’*E HAES
S48 AU ((last

= ARG 87 A HEET, vpA o] Y2 2 4T A&
t-in
oANA = A

oz A
W append () & A3 8. 2~ E <]

e E

ﬂE%
“é

1o fu
1K
=
N
=2
ok
I
o
| oL
[o
Fo &

>>> 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]

5.12 2|AEE FE AE5H]

B AES F2 ALSE AR 7o, A
first-out)); FA| Y, ] AE L= o] EAo= g & Ao

AL WA 2|~ E o) vejo] Qg ol A} vejol A Ay
°1%/\]74°P?'5}7l =4 U h.

FE 23 Y, F LAY QB 7| AU 7t EF w252 AAH collections.deque & AHE-3}
AL & 59

>>> from collections import deque

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

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

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

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

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

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

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

(THE SOl AT ol A1)
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(o] A sl o] A A M A%)

>>> squares
[0, 1, 4, 9, 16, 25, 36, 49, 64, 81]

’squares = [x**2 for x in range(10)]

ol Zo] o 2145k 9)7) 15Ut

gAE HuAd2 2AqAR I FAETBEE for B JALAY NS for Yif BE5ES AR BT
TAEYSH I A= A B 2ERIY, for &if Ao FHoA A A9 Fhe Tl el UL AE
S0, ol Fl2E HuAH L FELEY 3452 AR ZTA &2 A7 8 dgddth:

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

[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]

PrEdzeldde 23 EA4D FHE B4 EL 2P 5 s
>>> 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 g aE Axgdlde @ de dA Ay

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

FAo A HpEo), F7H PAE A gAML
thes S5 e

)

e for o RO A ghol TR UTh 1Al of o=

>>> 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] e thA the 3} &Y 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]]

AdelX e, BT s522v W S A2k duth o] e zip () F7HA 4E<
(] .

ZIAE O H7| 37
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>>> list (zip (*matrix))
[((1, 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

52 del &

elaEo A g Ao A AE AESI A FES AbAl st o] U th: del EYUth oL e
EHFEpop () FIANES THEUTE del £ B2 EA &£efo lé%@ﬂlo?ﬂﬂrﬂxﬂﬂ EZHSE
HlE AR %44 Utk (el A vl BlaE g Setol o] tiaiA AE LA h. o & Sol:

>>> 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 af:]

>>> a

del & ¥ AA & AAl st ol = A2 4 st

Fase AL ol QU (Aol = T grol Az = 7] A7HA). FolA del o ThE

PaEs BRG] QAT Sehol 4 Q4T 2L WL AAS FATL HYLUT AL AL AR
9] 5 717 o 9] (typesseq & A £). o] A2 A8} Qloje] 7] W Eol, b2 A A~ A2 B o] 719
4% dHUTh OE 2 AD2 AR Pol dEUTh B E duth

RELYER TEHE oY goz TP o8 5

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

>>> t

(12345, 54321, 'hello!"')

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

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

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

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

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

(THS sTolAToll A1)
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Python Tutorial,

>>> v

A

b T A
RUET

o Mo A

Th T W %

o Mo Kz I

B Mo X<k

R
N o)y ¥
ofJ Hu 7om

ﬂﬁﬂ%
ﬂ.,lm g
T HE L
MMﬂruNnW
MO_E‘MINH
270 T
e

T < R
ok o B od
w T T
BT K
ur RO o

I

A

# <-—- note trailing comma
7 2 el JuUth: gh12345, 54321, 'hello!' &

'hello!'"

'hello!',
54321,
=,

2

0

>>> singleton
>>> len (empty)

0

EEEEEE

EELE
o] A4

= 12345,

5}

=
=

>>> empty

>>> len(singleton)
1

>>> singleton
('hello',)

=]

L.

=3
T

’>>> X, y, z = t

ol
Kl

oF < 1y
o ™ iy
wn <E
NEE B
ngumﬂ
= R
o W pr

T ol <

S o] Aol A%

[¢]
=]

Uk,
G

=

MAYS HEA A set () &
=l

'banana'}

# show that duplicates have been removed

/Aol A o

3}

S A

=

o A}

=

o, o

'orange',

L.

gt

A=)

H
o

=

=

'pear’',
# fast membership testing

SRR

ol

H]
'apple’,

=
'apple'}

Y set () FFE AL 9
'orange',

'pear’',

in basket

°R
Fobdueh; 4

{'apple',
'banana’',
in basket

'orange'
'crabgrass'

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

>>> basket
>>>

True
>>>
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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
{Vr', Vd', VbV}
>>> a | b # letters in a or b or both
_{'a', Vc', lr', ld', lbl, lml’ IZII lll}
>>> a & b # letters in both a and b
{ra', 'c'}
>>> a ~ b # letters in a or b but not both
{Vr" Vd', VbV, YmV, YZV, llY}
faE Az B FASA, AT A= AAE A AFUTh:
>>> a = {x for x in 'abracadabra' if x not in 'abc'}
>>> a
{Vr', Vd'}

5.5 ElIML]Z|

sho] o] WAAH et £E Q= A8 ¥ 9 8 J Ut (typesmapping & A 2). 9 E = 5T
o= °d°1 ]/‘1 (AFAME E] (associative memor1es)>> U ( 92 1)) & (associative arrays) ) 2] e 27
KASE G = Adag 2, gAY = 7] 2 AdddE e, B EHYS AL TE 5 U5
"rz}oﬂﬂr-xZ}E% P 717 E  dsUth /FEol 2AE, =4 f‘%%%‘?_ x93, 7|2 AHEE = 9L
yth FZo] AF Aoy g4 o= 7hd 7”11]Eiﬂ5]'tﬂ 7]i/\]' 2 5 YFUth HrEL 7|2 A
Foled, g2aEs ddAa g9, £8Fola Y, append () ‘%extend{ 2 HAEERE Fol =42

AN mEguch

\
‘> E&ﬂ,r

[> i

gMveEE (3 9A e oA 717 SEH A dethe AG 23S 7HA 7] e e Ak
Aol HAduch 22 A2 W gAY E Havth: (). 2T g du= BA 7 RS H5
gom, g 27 71: g Ass AsdUh ol ol g7t 285 = g4 o7 E Ut

Ao F Axke g 719 37 ARE T Foj A 7|7 e FEFE APUTE del B @S
AAte A= Zbe Ptk ol vl A-stal Qe 712 Astd, 1712 AgE A g AU Th A3

A 71E }S FEste AL oH Ay

g elol List (d) & A DAV o)A A§H T 9 BE 7]
oY S HAE 4l sorced () & ASSE BT, suiel 7171
(EEEREEREY

o 7)ol 9] B AR et 2 ava o7} AU T

B AES A eMdE E8F
Ayl l=A AAbete |, in

>>> 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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>>> 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}

ol Hall, 9M ] Az2d AL 4o 71et g A= B gM & e A2 5 9

Iy

Yt

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

717F e AL d W), Wl 2 7] Q= AREE AHE el A B2 A8 7 s Utk

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

5.6 2= g|au!

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

AB2E FHE W, enunerate () F5E AT AA A8 29 S oE %2 B 22 5 AUk

>>> 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.

ANAEE AR 2352, HA AU Fo 2 NALE AR T thgoll reversed () 45 TE5HA 8.

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

print (i)
9
7
5
3
1
AEE SAE AN FLE FH5 W, sorted () FFEAGHA 225 HAGSHA Fu= AEE A e|l2EE
nLre 2~ 01/_\_]4];]_
=TT MR
>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for f in sorted(set (basket)):

print (f)
apple
banana
orange
pear

L YAESMARDE F5L LU A, FF, A A P 2ES BES o o

>>> import math
>>> raw_data = [56.2, float('NaN'), 51.7, 55.3, 52.5, float('NanN'), 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]

57 AU E7|

while ¥} if FolA AMEE = 2 E NI BT olY g B AMAE A = dF Ut

vl A4HA}in Fnot in & Fhol AlA2e) A (A AAFEUTH A4AFis @b is not & F AR 7}

ARZ 22 AAAA vl dUth; o] A2 gAEL} 22 7FH AA o Ak u 7k Q5 UTth ZE ¥

AMAEL 22 AT E Zhed, EE 4k AMAREEY Y5 YT

e A = dFUth dE E0l,a < b == c+,a7tb Bt} &3, FA9 b 7Fc 9 22 AARY T

& =2 A4t and or & AMSSIA AFE 4 LA, e A (e 151 BE = 3942)

not 02 BAE £ JFUTH o] AE2 ¥ AR R T e -9 E ZE5 Ut o] 2 Zholl= not o] 71
FAEHE 2, or Z7F 7P EEUTE 2EiA A or C¥ (A and (not B)) or C$}
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=7 A4} and & or & 429 23] £ (short-circuit) AR U TH: AAEL PZEo A QBZ O 7 ZFo]
Tl A 3L, A7 AAEH AupA g Fok 7= SEE U oS S0, A%k c 7 FolaB 7t ARl W, A and
B and C & EA4 C ol g 7oA ghgrUch =egkel obd Ak o2 A8 u), whek-3) 2 A4t
N e vhA so 2 gro] o el Ak o}
Mol Avhithe we) BANY ATE W5 HdT 5 A5 U oI E S0,
>>> stringl, string2, string3 = '', 'Trondheim', 'Hammer Dance'
>>> non_null = stringl or string2 or string3
>>> non_null
'Trondheim’
slol oA, Cote Bel, A4 Aol A S Y2 vtk 7] 8] AAbAL :=F5 AHEsto] YA A o= 3 s) of
FUE CZzagel A E3] At FR FASLS AAFEE FUth == S AS T EAA o - 2
DL ERRS

= s EO =
5.8 A[EALRCIE ¥=S H|WSHY|
Ad2 AR S HE 22 Al a2 g e AA S} vlud & dsUTh Hla s AP A <A & ARyt
WA A F FES HasA 2 o] Ao vl AnE AAFF UL 2oH, v F F5S Hast,
ojd oz oju g AR 2D W 7hA] A%k B EE £ F G5 A L 22 P AR,
AR M@ AA A 02 FHP U FADL RE F2o] Prkm vwE W, AALEL B oz
AggUth S AAAT O se] v BE AR AdaE, #e AR AE AQUTh B4l
AR WAL AY EASe] $AE Aot FUTE ZE £AE $AS AR 2L Fo NA2E
7ke] Mol 2 7hA] o+ ol WU th:
(L, 2, 3) < (1, 2, 4)
[1, 2, 31 < [1, 2, 4]
'ABC' < 'C' < 'Pascal' < 'Python'
(1, 2, 3, 4) < (1, 2, 4)
(1, 2) < (1, 2, -1)
(1, 2, 3) == (1.0, 2.0, 3.0)
(1, 2, (raa', 'ab'")) < (1, 2, ('abc', 'a"), 4)
NETHE F9 AAESS < > 2 ladhe 22, 1 ARNSe] 483 0a MASES 23 9 wjwr 32
ok 2ol sl L. A S ok 2 A 02 0.0

=2 RN
S MR HE A FEL I25Y A ghel wek Rl g Y
I 20, 55 AgA ke, 4o £ E AlFste tAl, A 22| B TypeError &

5.8. A|EAQCIE YEE H|15H7| 43
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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
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=
=

name

fibo.fib

011235813 21 34 55 89 144 233 377 610 987

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

Python Tutorial,

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

>>> fib (500)

6.1 2= I E7]|

'fibo!
>>> fib

’>>> import fibo
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import «

L.
.

]_

fib2

0112 358 13 21 34 55 89 144 233 377

>>> from fibo import fib,

>>> fib (500)
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0112358 13 21 34 55 89 144 233 377

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

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

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

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

frome WA ¥]=3 72 W o= AFR T 4 95T

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

=

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

KN
-

6.1.1 DES AJEIER AlGH5]7|

oj gl o] gtol W REg o] FA AYstd

python fibo.py <arguments>

dxETd oY APPUth SPAT _name_ 2 "_main_ " Z AAFYTh

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

BE 5 922 vlshed, 24

$ python fibo.py 50
0112 35813 21 34

>>>

oA FFT EE T AT AEAAHF )2 E AFFAV HLE HFHo7 AGHUT (RES
2IHER AP HAE &
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o
N
H
P
O
n
mun

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

>>> import sys

>>> sys.psl

>>> 0

>>> sys.ps2

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

C> print ('Yuck!")

Yuck!

C>

o] £ Ao MeEe Aezee st ety med w3 o F

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

th BF AAE A4S ASHA 24T 5 AF U

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

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

>>> import fibo, sys

>>> dir (fibo)

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

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

62 HEE DES 49
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AX7}F o, dir () & AA BT o] BEEL YA P

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

>>> import fibo

>>> fib = fibo.fib

>>> dir ()

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

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

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

ol o= of gl h:

>>> import builtins

>>> dir (builtins)

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

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

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

6.4 1l7|X|

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

=943 3 S dolHY dAH AHeE AT EESY A2 (A7 A)Y) & AASHE sttt FAI T
Ay T/ SF oY FAo Jeng (Be FAARE FEFULH & 591 .wav, .aiff, .au), b &3t
o F A 7He] WSS A A solve R 2IAHAZS HEL AT A8 YT B8 2%
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tlolg ol &8zt ote W S/ dieEs Jeng (P4, ol g7, o]detolA 75 4§, dF ALY
2H L EZJJr TS71922), ol AitES FH AT RESsS BAol A E AU H7AE
olgA FAM 2 AFUH(ASA st AlaFor APFUTh:
sound/ Top-level package
__init__ .py Initialize the sound package
formats/ Subpackage for file format conversions
__init__ .py
wavread.py
wavwrite.py
aiffread.py
aiffwrite.py
auread.py
auwrite.py
effects/ Subpackage for sound effects
__init__ .py
echo.py
surround.py
reverse.py
filters/ Subpackage for filters
__init__ .py
equalizer.py
vocoder.py
karaoke.py
A7 A8 JEET ), Fo] WL sys.path o Yt DA EE AAFUA 974 A1 el & 25

Y.

shol el AR e & AR AL A5 WA AAA__inic oy el U o190
string A9 £ 2 ol E9 QAL I w e @A 2 E A4 A= Aol S SWE REES
el Qe YA Th 24 T S, _inic .py & 10 HAA 5 QAT 37149 2713
IS8 AYSAL AN Bk _all A5E AT S AFUh

5714 AL AL A A ZHE A BES JEET S dFVITh I8 Bl

’import sound.effects.echo

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

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

MNHEES JEESE T2 P o g5 Th:

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

= ohE e 95k B s E 47 dEEsE A4

’from sound.effects.echo import echofilter

ETHA], o] A& A H BE echo 8 ZEFA T, 4 echofilter () & A AHEE 5 A Bt

6.4. m{7|X| 51
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echofilter (input, output, delay=0.7, atten=4)

B S a S A A A e B R e A8l 5
s 7)Aol = o =A AAFetaL, 18R] ko
ImportError o2& 4o 7t}
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olo ¥}3}o], import item.subitem.subsubitem &} Z+2 EHE AIEE uf], vpx] g} 2 & A2 o 7+ &
= WHEA] s 7] Ao of S th; w2 52 REo|u s 7| A 7L E ¢ JA T, 4o FEAA FoH S,
b—tl]——/l\—v L_/TLEO] EE] TI_ H}\lﬂqq—

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

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

SHe ASA e e Bl AT AUk

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

N
o
f
17

JetE ol BE2 AlF3slE, o] AL from

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

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

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

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

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

Z2EMd =AM E A3 ?Xl oro Ale| & o A XU th
from package import specific_submodule 2 AFR3lEd ZEH AL gitt= AL 7|9 sHA 2! A}
A, AEZEsI= BEO| ThE 7| A oflA B2 o5 ANB EESAET I8 =

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

W7 A7 B A7 AERE F23HE o (A U2 sound 7] A A ), o] % 7] A 8] A B BEZ 7T 7]

Lo A AZEE AL S g5 UTth o & E9], 25 sound. filters.vocoder ©] sound.effects
3 7] X 2] echo J_"é o] 32 3}H, from sound.effects import echo & AF&E 4 IS5t}
A AZEE £ 4% J+=4, from module import name FEjQ X E B2 AL 3T o] 92 E

£t JEE O ST L AA YRR A4S 7] N8 Lol B AL gL % S0,
surround REYA], o] A AT & 95U

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

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

A7 SU = RE U T AR, _patn_ AL AN _init_py U2

A3t7] Ao, of shelo) Foi gl HelEelo] o 82 2ehelE P AER 2/ BRI o] Ak 4T

S Qlech 127 shd 1ol 2 A7 Aol £ BEN} AR 77145 AAehe o Gk A Hun.
1A

o %ol A% BAFA L GAT, HAANA BAS = BE] AFS HgsE o BT
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CHAPTER /

2299 £92 BARE of g 4x Pe] AGUTH Aol A7)0 AR BE 2 Hlo|E S AN T S
9131, ol AH837] A3 5HLel 2 2% AU o FIAE B A A4S = h

AF7HA S8 & ge 2e F 7]'11 e s Ut 284 £ Fprint () e FUch (A HA BH-S

o AR write () MIAEE AHE ot AUt £ £ 912 sys.stdout & 2 9}%141:]—,
)

Sh=s

Ir rUIO
o,
3

e

) 310l et A A A 2o] nale] o A A e

5% Bed] avlo 2z TR g A4S 2
Bk dle o2l 7hA o] dgin.

i)

Hrh 29 942 o gl Alojslok s 497} 9%

O ©
= O iz
sH= 2y

=

c EU P DU S S, AT G B EE A4F A8 RS Yol £ EEF 2 Bol BAAS
ABBAA . o] FAG ol A, (W} R} Aolel, W E el EE ghe F2 P 4 9l ol

AL 1 0

>>> year = 2016

>>> event = 'Referendum'

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

'Results of the 2016 Referendum'

* ALY str. format () WINEE Y B2 $AAS 87U W7 HAl € 912 S A5 96
(" 1E A9 /\}%%}1, A g 2o e 8 E AT 5 9 ZNE A E = AlFs o Fuch

>>> 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, A4 Sehol 4 W ool ol 7] AAHS ARG Bhel AT 4 Yt BE AT UHOEA,
BE EA4d S 202 2AY 5 AB U FAAPE Fold & U2 EA4LL AL T
R4 AN A R A WASS BT
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AAAJN Yol oA 1 A S s 4R UL S mEA FASGH Y, repr () E& str()
F4E Aol RE g BAAR WHT 5 JHUD)

str() e o= A= AMdo] g7l A P = g 28-S HFA FHAAdsYth b repr ()
Az ol 93 ¢l = FHE UHEA HolYFUTH (= 22A 3T 5+ o= FHol flod
SyntaxError 5 Y42 7| =5 FAHUTH. Aol £n]6t7] 918 S8 2 o] gl AA S A, str()
Erepr() 2L e EAFUL B g AT PrEd GV gL 125, 2 FP5rE L
0 22 RAL Pt 583, BALL F b 2AS P

2 71A) ol & SU T

>>> s = 'Hello, world.'

>>> str(s)

'Hello, world.'

>>> repr(s)

"'Hello, world.'"

>>> str(1/7)

'0.14285714285714285"

>>> x = 10 * 3.25

>>> y = 200 * 200

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

>>> print (s)

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

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

>>> hellos = repr (hello)

>>> print (hellos)

'hello, world\n'

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

repr ((x, y, ('spam', 'eggs')))
"(32.5, 40000, ('spam', 'eggs'))"
string 2El& ALl 2 A Fdh= = e WS Al F ot Template Fe27F 3 o] Sl Yo
sx9} -2 Ape] BAIALE AMS AL o] A ES AV oA L= o E XSt A g Zuf g o] ths Ao &

A7 9 Ao

711 T 21 2|EHY

Fl:l

R EAE A HE ] Ao B A s gy th 2 FAEe £ EE F Tl E 2ol A4S
{e e 2

xpression) 2 A4 5to] EAbel shold BAA Y 2 4T 5 UA FUTh
o

A ol AGA7 FAA F o & 5 sk oA R go) woE = BAE H AasA Aol
ALY TS A= 9382 A5 A o8 Al A 2 k-2 E Ey

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

oo A5E AYHE Y BEY Ao A Sol YUk 42 2 wET W Ael Py

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

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

(o}
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O SAAE AFSstE 2HE 7] Aol ghe ¥8d 4+ dsUth "la'wascii (0 F, "!s'Estr() =,
"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 AlFol o 3 & ¥ | 2= formatspec ©f] t) 3t #| 5] A R I A E FZR A L.

7.1.2 22X} format() HIAME

str.format () WA=} 7|22 A AFEH 2 ol d A dutt:

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

TLE 7 Al A AT (RA GAD B2 & e formar () AN = AT AN A2y
D0k 245 90l S A scr . format ) MACE AT ANES S 7110 A58 % G2 o

>>> 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.

A9 A YT A4S AFEA 2FF 5 YTk

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

B A e AW EW BRG] S, ERT WSS 92 thAle] o 20T AHT S drhd
22 AYUth 293 9AUEE 3711 718 A asE dBE (10§ AHSHE FUT

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

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

C 'Dcab: '.format (table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

(%) 7| S AHES A table S 71 R E AR AGsE 22 AHE 45 5 syt

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

oYY BE AY ASEL B GAUE EAFE NP B vars () 9 37 A48T W 53] 227}
15U,
o2 Sol, the 2 450t T AFH AAFS AT W5 498 I PGS AP I
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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

= formatstrings & H A 2.

ko

str.format () S AFSSF EAE 2w g 2] &4 S 7]

713 £5 2X1YE ZojEl

7] ZL AFLG ANAFS B2 o507 g5t

>>> 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 () o B2 A 02 Qs 7+ 7 Apo]of] A5 o)A Sy7F F7HE ol Fol sl e T AAE
Apolof] A5 o] A~ E F7He )

TAE A str.rjust () HAEE dFof Aado]xE ZH-rJ/ﬂ FolN Zog FAEE S EEE
Utk v =3 W A = str.1ljust ( i}str center () & YgSULh o] YA EEL o] AT 3]
Ut A Al ERHE S %ﬁ?‘/}r/} A8 FAE o] L‘Hj* 4, A2 2] k31, M7 glo] AF EHF YT
ojZlol d A& oz AT BE ol tis] AR % sHA 2 EHO]‘EEHE wdsUyth (AEE
X]"j/]'lﬁﬂa Ao, FAF Eetol s A4be 718 4 s Ut x. 1just (n) [:n] A H.)

e WAEE Ut str.2fill (). £AF EAD0] 9% 02 etk Seash vl A HEw
SEREEE

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

'00012"

>>> '-3.14".z£i11(7)
-003.14"

>>> '3.14159265359"'.z£111(5)
'3.14159265359"

(o}
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71.4 oMo EXIE ZoOiE

alues7}F AW, stringo

% AIAH(RER)E EAY EW Y= AGE 5 JF U 'string' 5 v
3] #2149 X 7} (interpolation) o] 2} 17

Jd=g 0]/\13_/:% 07 o149 values 842 YA YT} o] A4S &

6“43} s =d
>>> 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}

open () & 514 A & EHE L, ¥ A9 AAE F+ WAlol 7HF Bo] AH U open (£ilename,

>>> f = open('workfile', 'w')

200 Qe st o 82 e Baddyn F A e shdol A8d FAE dRse 2 7))
EAES B2 T k] EAAAVT mode = 3L 21710 SH 110, 27 SR 1 (22 0|2 olu
EASHE A2 AAFUH AT, e & oL SRl 7] 5] Ak 30l /155 & LE Hloje =
Aoz o BHUTh 'rit £ DS 93 27 95 U th mode A A= A A AT, A 1r o]

7HeE vt

5, ﬂraL BAE RE (fext mode) 2 @] =1, o] 55&, 3t AL S ¢jaL 23, o= EAT
Aoz Agdnts AdUrh dxdoe] ARFHA o 7| B2 EAF A YUt (open () =
E/\ﬂ_u) mode Oﬂ OE Xl 'b' = 9IdES Ed

= viol v 8] B E (binary mode) 2 U th: o] A t] o] ¥ = u}o]
A Pz a2 YUtk HAEE 28514 ¢ BE vt & o] REE ARgEloF gt
Py

HAE A, ¢ aa uj o] 7| & 5 ZYPZL JEHAN E F8 (FH2A \n, GEFA \r\n) &
ﬂﬂ%%&%\név}ﬂ%%%«lzml el

‘?_‘r?q \n 2 WA= AUt darEREZ &
HEeE= 2 Yyt o EJr%l o o] ] of] o st F-off F <
°| W EXE v}l 3} ZH-2- vho] v 2] o] Bl & T
F3tA 8.

3 AAE e W with 7| EE AFE3l= A2 22 FAYULE FHL =5 o9 7 Al E gtE 29
EZtEZsd u gtdo] EutEA E3lth= AYUTh with  AHE3HE 22 3 % $try-finally E5&
2= Zlof v X g7 = T

>>> with open('workfile') as f:
read_data = f.read()

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

If you’re not using the with keyword, then you should call £.close () to close the file and immediately free up any
system resources used by it.

7Z3: Calling f.write () without using the with keyword or calling £ .close () might result in the arguments
of f.write () not being completely written to the disk, even if the program exits successfully.

7.2, OIIYUE A0 M7 59
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2 AR 723 Foll=, with FolU f.close () & &8 B¢ 25, 3 AAE A&t Al Ee

A5 0.2 s g

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

7.2.1 It A2 oA E

o] Aol ym A o 52 f gh= 3t AA 7t ol v] sl Aok 7 o

S o2 |, f.read(size) & &5, QA F| HolHE el EAE (H2E RE o
& (vpolvl gl REOA) B B8 F YT size = A8 A O =2} AAFA YT size 7F A
do] & AAE °‘°V1 ESHFUTH 3td e 2717 71 A9 m et} = ) 2thd of g
d ZA U 2382 ko H o size EAH(EAE R EO|A) U size HEO] E (Ml 2] REO|A)E
HEUth 3 g Eo| =23d, f.read() © R EAE (') S =S F UL

A
b
o]

al

=
~

212 fr X

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

[}

f.readline () < gl st &S FUTH M 2 (\n) & TALY Eoll L2, Lol WyYEA
Z2UA ¥e thl“* 1} o] mpA et Zo A vk A g Utk o] 2 A t&%%kf’ 2554 °}7ﬂ wEUT £.
readline () 7}Rl BAE S E8FW, 31499 2ol == Z oA ¢ ¥l &2 "\n', 5 3o My AT
xEeE EAEE g Y

=

>>> 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 o] 2AR 5 A5tk o) AL v R &AL, W] e
T2 ool gUr}:

>>> 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 MY Do YHUT - EAD (AAE BEo|A) o)1) whol Ed A (vho]

U] REOA) 2
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>>> value = ('the answer', 42)

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

>>> f.write(s)

18

forell() & 5h2e] AAl A2 el 5 B, vtol e REe] A9 shde] AR e
HIO|E 8 RHH L HAE REY A9 = EFH I AYUTH

342 A4 2] 912 % v}

2, £.seek (offset, whence) & AFSEFUTH 9 X+ 7]EH 9l offser & T3l A
]

|
A Ut 71F 82 whence AAFE AT whence ko] 00] W 3+l e] X S4e] 2434, 10]W @)
5} 9 X2 AT, 2 £ 59 B 712 H 02 AT UITh whence £ AR 9111, 7| B gEE 00| A
shde] A ee 71 EH 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'S5!
>>> f.seek (-3, 2) # Go to the 3rd byte before the end
13
>>> f.read (1)
b'd!’
S22 o)A e (RE Aol b 7k glo] A A8, A Aol FriAA 9K WA S T

(9 seek (0, 2) EAENA LS Eog fAS HAS= 7 ?3‘43}) H}—Oﬁrﬂ L%f tell()
o) B2l % 302 U th. 1 9he] T2 offier 22 RO A e
3 AA= isatty() W truncate () Z& 27X HAEE ¢ 2t 9}%11], g 2= AgE U 99
AR o thet AT St = ghol B g gl dAE FE 6 8.

7.2.2 json 22 F XXl H|0|E{1E XMESI7|

G 5ol 4A A3 £ 5 YFUTh AL e
%/ MRk o] £ADE int () 2L FFE AP obul v, 1123 2L BALS
132 EAFUL FHE 225 94V Y 2L o BYE OO HE ARG T B ), 24

=
shg 3t A DB o) Az e 4 A5t
A8 A 0w SR ol Y8 o) AT TEE A0 AL S o, el e
JSON (JavaScript Object Notation) o] 2}= g g] 2 0]&= d|o]E 3 J A& AFR S 4= 9) ] Ut} Json o] Bl=
To

£F 25 e ool o8 ASE Wolx) £AY £ wAHFU o BRE A3} (seialiving) 2} 2
BEUTh 249 BH 02 oo HE ATk AL o 4 B (deserializing) 31 -5 LT, A )9}
o 28} Aol M, AN S B@SHE EALL Dol vlolEo] A3 A ENT AL F3) B
A= A8 4+ A5k

F31: ISON 42 dol8 R@g 9a] Ao 8§ TRV 50| A3 ARt B 207} o] ]
A 4%, ATHS A EL Aelo] FY]

AA x7h Je o, e £ Z=2 T2 JSON 24 £H S & 5 FUth:

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

7.2, OIIYUE A0 M7 61
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qump () BH= dumps () §49] MES AAE P25 519 2 4T 294 £ 7278 A5
=

i 519 oW, o] A B 4 9

’json.dump(x, f)

’x = json.load(f)

AU oE 5 AR, oo el
U

2N o
¥4 JSON ©
FU T json BES] A5 wlat o] o] thek A9 B g%k

JSON of) ¥, pickle & 9121 9] H533 sho] Wl AA S AL 5 Y= TR E 2L T) sho] W] Fohs 1
J 2adE EA = AL Qe 71RA 0 2 b ekA 2% Btk

5 89 5 g&yh
S5 gt and Lol S AR W, SAY A o) Hlolel 7} 22H glrhw Qo)
T

o

(o}
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o212t off 2|

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

i

H 3k

filo
S
hin
AW
v

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

8.1 =& ol

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

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

A

SyntaxError: invalid syntax

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

8.2 0|2

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

A A S R Ut

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

(TH& ST Aol A1)
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(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't convert 'int' object to str implicitly

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

29 oA 32 o9l Y Ae] e £ A BAE AT T

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

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

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

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

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

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

)2 hepgel #9542

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

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

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

class B (Exception):
pass

class C(B):
pass

class D(C):
pass

for cls in [B, C, D]:

try:

raise cls{()
except D:

print ("D")
except C:

print ("C")
except B:

print ("B")

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

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

L

import sys

try:
f = open('myfile.txt")
s = f.readline()
i = int(s.strip())
except OSError as err:
print ("OS error: ".format (err))
except ValueError:
print ("Could not convert data to an integer.")
except:
print ("Unexpected error:", sys.exc_info() [0])
raise

4o

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

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

Q

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

(TF= ol A ol A%)
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(o] A sl o] A A M A%)

f.close()

Z7bahe
QoA ke o9& S5 A HE AL

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

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

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

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

A 5E Y%

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

<class 'Exception'>

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

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

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

>>> def this fails():

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

Handling run—-time error: division by zero

8.4 02| d27|7|

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

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

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

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

raise ValueError # shorthand for 'raise ValueError()'

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

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

An exception flew by!

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

NameError: HiThere

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

2R S W § %%Hé%ﬁﬂﬁyﬂﬂ%i%a@@ggq

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

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

min

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

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

message —- explanation of the error
mrrn

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

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

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

(TH& ST Aol A1)
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mn

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

self.message = message

B o9 B N9 EY ol ZEH A, (Error) 2 Bibs ol § 0 FoH ULk
e REREEE 250l A9 GREANA AT e 2 AR A FE AT Sl
B9 o AA T A B Zel s Fol A ThEUTh

try B ETGE A9 22 4 5 i BE J3o] A ojobwt st A T4 B s o)
Feg Ut o8 Sl

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

Goodbye, world!

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

finally do] 9o, try o] &5 = 7] Aoj finally o] upx|ut 2ejo g 43
try 0] A2 & A=A AAlol AP UTh b2 L7t uf o &
o try A5 A3t T A2 7 BB, except BollA] A2l E A2l YFUTE ol 7t except
Aol X A= A 9Fo ™, finally Ho] AgH F o 9] 7} thA] 23 ] oh
» exceptlelse Z A8 Fof &7} FAYT 5= JFUTE THA], finally Bo] APH F o & 7} thA|
g g ok
e try ¥ 9] break, continue =+ return o] £ &35}, finally @2 break, continue £+
return & A8 2 He) A
e finally Aol return £o] 35
29 return £0°] &+ Fo]l §Yh
oE EW:

W, Wbk gh2 try 9] return 0] F& ghol obu @ finally

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

>>> bool_return ()
False

o 243k o
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>>> def divide(x, y):
try:
result = x / y
except ZeroDivisionError:
print ("division by zero!")
else:
print ("result is", result)
finally:
print ("executing finally clause")

>>> divide (2, 1)

result is 2.0

executing finally clause

>>> divide (2, 0)

division by zero!

executing finally clause

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

executing finally clause
Traceback (most recent call last):

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

File "<stdin>", line 3, in divide
TypeError: unsupported operand type(s) for /: 'str' and 'str'
Bl upe} 2o, finally AL BE 2590 AFPUTE F XIS A LA TypeError = except
dofl o8l A 2] 5 2] Al finally Zo] A3 A Foll thA] doj gyt
AA A & 22l A, finally A2 9|7 A& AL of, A2 AA obd A ek #Alel, I
A2 wbdete ol 83Ut (Gt ol v EYa A2 22 AS).

8.7 Olg| FolE el s%H=

o™ AX =S AA 7L o &

2K} £F 997 54 FAFU T AN AEHE A4
A% B AgEU. e wef olsfshelw

St th= o€ HA 8.

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

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

Aol A Fofl, & At ol 2AV A EE, 9t f = 3 Ed U gL o], v
e A sAES ATste A2 159 AU olA o] Al e AU th
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oot HolE 9} /152 87 Ho S AT G A SRS BES AL AR A Y 2 wEolA,
TR A QAR S BE S ES FuITh 2 2 s AL A HEE FAS] 93] 2 o)A AR
JEHEES /1A £ YHUTh Fe2 dxAAt AUE w93 (Zeh 2ol o8} BolE) WA=
Ha % 95Uk

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

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

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

i3l A= g <]

g
AT Cs BTk AR A

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

A= AA A (individuality) & 2231, o1& 749 o] Fo] (12 AAe] 2m o] A]) e AR o) ARAD 5 Yuk.
o] 212 ThE QoS0 A o Ae]of 4 (aliasing) ©] ebi1 FelA Y& UTh HE shol AL AL B o] F S
o] BASA L 4a, BW A RYE (R4, EAY, FE) S THEE 5L GRS RAY 5 Tk
AT, o delol Pt e 2=, 9L T e BhE bW AR ES Sukshe sho]d o) o mo] F4 Q)
AHEE 5 AFUT AL HE Z2 g 9 o] H i, of Aeoj st ofd Wol ) EAS AT 54
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I8, A= AEYRE = doE H Fol L= EE )R AT UT—dE 50, 384 z.real oA,

real s A7) 2 9] o el HEQILIT QYA TaA A, REA Gt o] BEC e BEL oSl e B2
t}: 3 A modname. funcname | A, modname < 2E A A1 funcname = 1749 JJEZHEY YT}
AT 2% BE o] EelREG RN A H A o 0ol AP A Wl AL U 2L
£ 308 wRaUn

A oA 27 5B 5 A5tk FAL AL, ol Z 2 BES 0@ B0l 53y
YHEE= 27] 715Ut} modname.the_answer = 42 81 & 4 S5 Ut 2 7] 7153
d

L e o0
N
ALY
=
[m
I e
50,
N

o
i
m 2

EZHEE=del Fo2 AT % S5 YT o & £9],del modname.the_answer = modname 2=
o] 52 AA A o]E-HFE the_answer & A A tth
OlF FUESHAEUE LA HEAAT MNZ GE FHS 2S5 WF )55 e ol o2
o4 AIE|Z el €] 7} A 2w ShE o) A3 A A3 A A A Sk lth, RES) A o8 BIL BE 49T
g HEAFdULH B BE ol F2 JHZ Y E T 22 w7 A E5uth JE Z e o FH G
S Eo AdE =, 2THE Loy HsP o R 935, £FES _main__ olgil B EE
Ha g0 43l=d; °] 2 S builtins

AXA 25 AN ol e AsUt (WH ol BT &
)

240 oo T o foi 4o,
4z

o]
Fn

521 A 0] 3 47t BEY W) HEOIA W, B/ B HAL T4 UoIA A5 A e A9 E

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

A BEL A2 A7) AW A 0§ FAL RH UL

Pe iR Al Bl RE AR __dict_ st EPeuEade g7 AE ESRES 2], REY o] e T
AR skE HAWEE SRl YT ol _dict__ £ AEEHE AW A o] 5L obd Ut W sHA|, o] AE A8k AL ol F
T FE9 43 s ek Aol A tu AL} 22 AS 2R AT of oF
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r3m ol 8BS 9 WA LY 5 Qe shold Zz e e Aol JAUrh of o)A (4
A2 b5 &) o) ol Eol v e AT BH A e FRIL 1 ol B BNA o] B Foelw AEaThE
SEPEL!

e opR B AP AT ZE WA REL A o)
* P USel A5 ) M R 23z W olSes 2L e ol F s YT
T

o] 5= global = MASHH, BE F2 YL B A o]F55 2Fste S AFLE vk Ay
7HE W H AF S upgo| A R AE = onlocal 7|9 EE AT 5 A5 U
nonlocal 2 A A=A ¢Fo ™, 7 A

AsFzo A AF HEE THEA 5

HE A 2T5E A B4 A9 ] SES (HAE A02) BRI B4 oA, A AnEs
A 252920 0B TAE BEPUG: REY o F B2 ZoL AN ES A AT zo] T S}
ol & & WA Th

rmEAYiE Aoz ARATHE AL ADE AL FLFUT: BN 9D Foo A Amms,
ojtjol A oW o dejoj g Tl I Tt LEH A HARl, I EEY o5 XYY REHo,
N EE A= A AL QA Lo] SOz £ UTh— A, o] A& A5 A A 7l
olF A< Fell X3kt 9loj A, FA A olF Aol & E3HA EoloR FU T (A, A WS oln|
Aoz AFH UL

slo]M o] 5 EA L —global®|Ynonlocal o] I&wl-o]E Y3t &4 71 U Ry 2322
ATk AU UL Ho B S HASA Stk ol 2 B Ao 42T BTk AT v
AAUTE: £ del x & A 20t FE e o8 B0NA £ 2 AL AATUL A4, A o122
a/fste BE A2 A9 2328 ARG FUH: 53], import £33 & Bl EEolU & o5 A Y
AF o) AZAF

global 22 S W7 A A3z 9lom Txo| Add= ojof & 7tel 2 vl AHEE 5 Ut
nonlocal ¥+ 54 A7t S = 2T =0 lom a3 A A dF ook &d-& 7HE]| AUttt

9.21 AT X2l 0|F 37t 0

ra
o2

o
filo

Ol AL oJEA ME th2 AT L8} o] F F7HE IR 3L, global Fnonlocal o] W A A of
FEAE Rz AUtk

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

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

def do_global() :
global spam

spam = "global spam"

spam = "test spam"

(THS sTolATell A1)
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do_local ()

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

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

print ("After global assignment:", spam)

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

oA :=o) FYe ol @A g

After local assignment: test spam

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

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

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

u)
hinss
rlo
a1
i
b o
N
o
e
}L
O
g
i
L
g

9.3 FcA}e| & Tl
SelaE A EHAA AN AABA R A A NEES EF TS

9.3.1 Ealla o 28

Sehx Ao g dE Fel = o) FA RS UTH

class ClassName:
<statement-1>

<statement-N>

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

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

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

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

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

def f (self):
return 'hello world'

MyClass.i £} MyClass.f & SHl2 AEYRE 23, 47 A
< MyCla i <

o= REL HYT 5 S0l 4, 3

= FHYg A AT E RS o] AAE A A x o th g o
2Bl ey A (FH 2 AN (2E37])) S Wl A S BEUD B Feat EHW 2] A=
Areutol2® AAE AR AR E BEE AL Folgch TSPt oA 408 init ()
gt o] 29 Ef wA T AT 4 UL
def _ init__ (self):

self.data = []
A7t __init_ () A EE RG], FH 2 AT A ST = AHE S 7 S 2 Axd 2o T3
gL R __init__ () EZEFUTE 2 A o] ool A, Al 273 AAEFAE o]FA Ag s UTh

x = MyClass ()

B2, init_ () HAE=EEH L FAAHS A5 AR
TE7] AatAlZ FolF AREL 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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olAH A2EA AAZ FAL T JL7P A2 A A7) o] &) 3= 27 7R A4k JEYHE Fx
dUrch F7HA S/ S A EFRE o] 5] dF YT tolH o] EHE vAE.

HolE AEZRE £ 2EBEFY (A2"HA W) o, C++ 2 (Ho]E W) oﬂﬂmwu‘r tlolE o E
ﬂHELHﬂ%%&ﬁ%HWwWﬁ%??%ﬂ%ﬂdﬂﬂﬂﬂ”ﬂqoﬂ D e R =
MyClass 9] JI2®HIAW, Th-53} 22 A= 272 Edo]A glo] gh16 & ﬂﬂﬁuﬂ:

x.counter = 1

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

print (x.counter)

del x.counter

o Cﬂé‘?li AEZRHE FxE WAME dUth AN EE AA o (£8k=) T J U (Fho] ol A, v A

E ke ol 22U dad B A H A st the AA B ”ﬂ/ﬂ‘: E7H FdsUth A S
=91, ﬂﬁE E Al = append, insert, remove, sort 537 2L Ml =5 7"“141:]— 32| gk, 9F 0 7 0] =9] o) A,

WAA o AFHA R W, WAE 2 SOl 8 ZelA AAEA AR oA =0T AL AT

AaEx AR S SuLE A E o] 5L A Se o] DR ASUTE B, B4 AR A Fej2o) mE
JEPREEL ST ALULY WA EES F ek TN S22 oA, x. £ & SHHE WA=
28, MyClass. £ 7 B0l /] W2 QU Th AW x. i & 184 92w, uyClass. i 7t @57} ok 7]
2tk Teiuh x££ MyClass. £ 9 22 Aol ohduitt— o A F5 ARk op et WA= A
e,

[od

m

(

P

9.3.4 HIAME ZHA|

HE dA=Es 452 22 g Ut

’x.f()
MyClass ¢ o A], o] 212 # 24 'hello world' & EHF UL AW HAEE SA TET I8+
AF5UTH x. £ = WAHE AA 3, AFE Tl S22 5 JFUTE A& E9
xf = x.f
while True:

print (xf())
= 993 A% hello world & gyt
WA= 29 W ASE of| Do) Yol @R £() o T4 AT AAE AR WL ol = B3, §ol| A
x.£0 £ AR Qo] T2 S G AYUITh Ak o BA W F71 FA3 shol ML AxE TR
e F5E A ol $23HE 9 QoAU th- AR AARE AT A e -
AAR, 22 FS 12T F st Ay SHT2 AAdA AA 7T A JA4 A=
At AUtk S8 oA, 3&Ex.£ ()= éﬂ?ﬂMyClass f(x )E‘r%%ﬂﬁi‘r dtH o2 n 79
JAAFES EF 282 WA EE T8 212, 31 iR AR} Sholl WA =9] JIA- A AXE Al A e AR}
BEEOR A3 EATE TSI AF 5T FY
oF2) | 4 =7} o YA FR5H=A )3 5HA) R, FHL A ML Ao| ohubie BAE R A BE S5
92 AUk o8 o= RES} ol AAE s o ERRES FxatE, 129 Fe47 AP U
BEOF 7 o] o] @4 AR SuE Fel s o =P HEW, AAEA AN BT BAD T4 AN E (FH) 7] E
ZAHEL) 74 AR EA FoAA MM ARE BEUTH o] Aol WA= AA AU WA AR 7
A B22ow EHW, A2Us AAG ARG BEo2RY A A B2 THH F, G5 ARE o] A
AR BEo 7 TE L
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class Dog:

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

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

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

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

>>> d.name # unique to d

'Fido'

>>> e.name # unique to e
'Buddy’

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

@) B elolE
W52 A A

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

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

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

>>> d = Dog('Fido")

>>> e = Dog('Buddy")

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

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

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

P4, 2ea0) Suhe A dAEA WSS A el oF T

class Dog:

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

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

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

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

9.4 J|E} FLAISHE

ARG} ZHhA RFAM 22 o] EFHE o]Fo] 548, o ERHE 23] JadAE AT YTH

>>> 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

HlolEl o] Eel HES WA= ok olueh AR S AuA AGA ((ZefelAE)) o] A FEY 4=
Szt el BASY, 2AAL oo 24 A ol H RS TAsE A48 5 gsth AL
sholdol A d ol &9 AR P ol Ytk W e o EPUIT (LA, C2 A4 ol
7R AR ATp A AAE B 5711 AR @ AALE A E 5 YTk o] AL C 24

shol 2 2ol A A&

— AEL dlolE o= HES
A=A B S S0 o8] FAH = 204 52 BhED S EUrh ZehodEL o & FEL sk B
MAEES fEHS £4RA PAE 1E A4 HolE o EHEES AxEA AR 274 S5 gl
FolshAe —thAl B9, 39 AL e 2AALYE 9T 5 A Fuh

WA E gt A HolE o ERlRES (E: e A SE) S B2 5P BAL YUth AL o] Ao
AAZ B AEY AEA S EATE S WA Atk WSS Fo B o] Ao W5 dAE s WEE

5 2d7 gadrh

5, WA= A A AAFE self B 2P U o] AL FEd FAUT: o] F self & ko] oA
opF-d %‘“‘“‘3}4 oS 2 A ks U SHAIRE o] A S waX g2 ) o Fe ZETTOE dojd 22
aimEol grlel ek, Fels Bk A 22Ok old qf Hof| o EetE R A4 v AdE

PEREEE N
Sos o EHE RE B E 1 U2 QAHASS ABWASE FTh B4 H 7 2o
Aol A= Aoz BN Dot 172 21 %

Ut o & E9of:

# 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
oAl £, g, h & BF & AAE 7t 7l SULC Y JERREDL, AHAFHOR o] AS2 EFC o Ax
9o MAEdUT—h & A&3] g & F5dULH o] AL 22 a3 o] SaEoA g2 F7vt

stehs Aol 2o sA 2

WAEE self ARt HAE O EFREE AL A GEWAEE 528 5 A5

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)

EE QRS IR A9 0 8L B2 B 5 ASUTh VA=) A Ae] Amms 270
4o S T BB (2t A A% AnnE A EH A STy WA=l A% el 8
AT FL ORE AY WA ZeAT, A £ AR S oI A 297 A5k
P/ Aol 2amel A28 G0 vl = g ol e 10 YEED Bs)w g AT} A8 Y
T ithe AGUEE B, S E XS Sol s Al e o] Ao Axo] 93 7, vhg A4
MAZI AN FAAE A2 Aok 8 A $2 ol 55 HA DAY,

[>

Zbgre AR 1, aeju g e~ (3 olgtnE Edth 2 245Ut o] AL object._ class_ o A o]
AsYrh

9.5 Ab=

EEAAE5E AGEA Fevd Ao s (FH2) g oS 2 YT /HX 7 S AUt 3HA
Zea Foo FHL o 2A A AS U

class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

o] & BaseClassName 2 3}A &
°] E-/] Zhel ol o 499 FE A
£33t

CIES

A e o Ao BT e el aolsel 2

b Se s oo AL o
Zej 27t 7l g Uk ol AL
W7 A orow wlo]x 2
o FHL AN A8

34 o=l Es] 2el A
o2z R e shgs ook

9.5. &

I
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I a0 A AEA BE Y] EWEE AL %i%l/]l‘/]- DerivedClassName() %j_%ﬂ]
£ WEYTh WA S FEE TH2 3 ol A4F 7 24

ol Ze) a0 A4S B e g o of
S Ze) s Wo s 2 waﬁwﬁzggm@ﬂ§4=1Lw+wﬂcﬂ

1o
T2 u EHI AT L AL gong wolA Zerd AYH T2 YA EE D é»}% H o] & ZE] 29
HAE= AZYE A FRH2Y HAEE SEHA FUTH (CH+ 22T E AT EH R go]i g
BEYAEEAZIAHOZ virtual C,’jHE]—)

g S 2ol A ARG HMAETE 22 olFY Hlola S MAAEE T Zopa| -7 Hoh Abd
B A2 e WA el 26 HALE A1 58 dee wl o] Dt A
BaseClassName.methodname (self, arguments) 2 3Z3H FUth o]AL & Zelo]AENAE
ER7FAsUh (] A2 Wlo]la F AT A 2T 2o A BaseClassName O F A2~ F 5 9l nfj vk

S Agol 72 5h 2.
shol Aol 447 B AT 5 gt F A W g7k gtk

e A2~ S AASE W isinstance () & AF& U T}: isinstance (obj, int) = obj.
__class__ 7bint AYint oA P E S~ HvTrue 7F Y Th

o ZY A ALEE AASFH W issubclass () & AU T issubclass (bool, int) = True 4],
bool ©] int o] A H ZF2o]7] fj E A Yt dFA T issubclass (float, int) = False H|,

float £ int o AH Ze27} ol 7] o &y

9.5.1 CI= A=

gho] & ok 459 FE = ALt o JHe] wlolx SY2E Ze FHa H Y old AYdYTh

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

<statement-N>

Y] B4, 7H 0 E o, R SHAR R 4EH oERESY NS do] pAeR,
ANA LEBEZHOE, AZ FXANAN A= 22 FH2E T AR g+ A2 A4S 5 A5 UTh
YA, o] EE]FE 7} DerivedClassName | A WA E 2] ¢ oW, Basel oA 2ta, Itk (A7 A2 =)
Basel o] Wlolx SHAES AT A7|AE A A koW, Base2 oA 3L, o] Aoz AL
duot
AR, o] Z1H th= oF B BAFRtUth WA= B A= super () 2 AHAHA TS A AT 95
FHo7 HAFH YL o] F2HLE P t}hE v} A< o o] 5o A call-next-method 21 &2 A 9lal, T
&S5 Aol Sl LAE = super TS H T FH I
AL A7 B3 o5, BE v A% Bw shuh L o] 39| thololEE A A (Holk RE FHs
FoU7 P atg S22 R EH oY B2 E Sl A2 HE A9 § ‘3}57] o= Y ok °ﬂ§ =°l,
BE Wt object E AT W2, BE T A& object of o2 oY A2 E ATFYT
Hlo| A Zejasol of 2] W A2 H 2] oFA st AL, 5 A ¢ dargE ol 79:*—. -E 1% Agstet=d], 4t S8~
NA AFH AZNA LBEHOR 7 A E HESHL, 2 REE QA MR T &6, G2 A (RS2
FAEH O GFS FA FoWA B FHAE RS F U= Y dUTh o] =& vtk B
AHEE o, o]l A2 T AHoEZ A YT FFAE = FH2ES AAT T A= e UL o
ZEA B W&, https:/ /www.python.org/download/releases/2.3/mro/ & ® A L.
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9.6 H|ZJH Hp

ST 1370 AAEA M stol i) 243 gk A, oy
o) oIt R A 50 (T Eol. coamy ABE) £ A401 4
he B ® ol Bk (Aol B WA ol e HE Pt ol Dol S8 Aol B
glol M7= & Ao 2 275 of of YTk

Zeja-vF WS e At e B R (S HEELEH’\"HH 3o o] = FE2 FstaAh,
o5 4 71 (name mangling) 2+l &2l = WA U Z ol th e Al ghd Aol A5t __spam FEfO| (H & F
Mo 2=z A1=7ela, .-JEH ‘0‘1— MY BE2 BgUth BE 4¥EAE= _classname__spam @ HHAE o3
A &= =4, classname 2 A ’\’41" Bl A Lol 2 WES AAT AYULE o A= Feh2
ool SA3te o4, AE e 2 A A Ao FASHA 3 H Ytk

olF AME U LH‘I“-’] UﬂHE TEe WA FL HE FHAE] HIAEE AT = UEF
stedl =we FUth A S

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

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

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

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

99 o= MappingSubclassZt __update A¥EALE £ Y3tE 2tE A5 F U Th Mapping S A0A =
_Mapping__update @ MappingSubclass S8 20 A= _MappingSubclass_ update® ZHZF ) A

)7 w2 o).

A7 A ﬂﬁﬂi ARLE B3t AAE ke Aol Fo AR Al v E AREHe UrEs
AN 2B AL SR T 4 YU Th o AL T A% 2 5 Yol A 21 9723 Gtk
exec () Yeval ( ) ZAYH IEE=SEF= F29 FHL oEL A FWAE V)R] =i A
T«lv}AﬂL o] A global o Ao} fFASH, E717} 3 vlolE-A R LY F= g AP U 2
A oko]l __dict_ E AR FzTuj®ul oy}, getattr (), setattr (), delattr () o= AEHUTh
9.7 ErEAlL|
2 g o] F E2 vlolH FESS 7 FolFE 32| (record) W C (struct) & ARt 0B R &
e Aol 21 YUtk W 2e 2 AL EF3 4 9t dduth
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

SR FAAA HolHP S 7ot gtold = 27+, T LU oHF WAESE FUHl W+ FHaE
A AErE = dsUTh & S0, 3t AAZREH dHolHE 2= 7t d= o], A 224
W oA tl ol Bl & ¢l= WA= read () % readline () & AlFste SHLE oL F Atz A2 5
Asyth

AAEAMAE AT JEFHEES 25 Uthim.__self_ =wA S m() F A3 AAEA AF o],
m.__func__ & WA= FEshe= T4 AA G

9.8 O|E{&|0|E]

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] AELI L] AA A % sstar, Zv4star, Ay O]E%H]O]EJE AHg-3HE Thol o] B A3}t al T3
AUt Fof FollA, £ —Ev—\_ ZE| ]Lﬂ AA | sl iter () € TEFZYTh o] FF= WA E__next_ ()
=1 @QL}L ol e & o] 1 AAE selFEd, ol HAEE ?']_Eﬂ ojue] 8 AES 3 o A A AT
o} J& Lﬁ‘_ﬂ- Qo next_() = StopIteration o8& oA for Fxo 25 E &Y th
next () W& &4E AFSHA _next_ () HINEE EET 5 FULH o] o= o] BE ZE0] o]EA
EZ]’?F% 2] HojF

>>> s = 'abc'

>>> it = iter(s)

>>> it

<iterator object at O0x00A1DB50>

>>> next (it)

lal

>>> next (it)

'bl

>>> next (it)

ICI

>>> next (it)

Traceback (most recent call last):

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

next (it)

StopIlteration

ol zlolE 2 EF] Fo Y= mAUSTS A EH, o2 F 9 %?41/‘01] ol oIy T3S GA F71E
T AFYTh _next_ ( Uﬂ/ﬂEé M AAE FHF+= __iter__ () WINEE 7‘*-‘4 Ut 2271

—_
=
_I\l

82 Chapter 9. ZaiA




Python Tutorial, £A| 5H{H™ 3.8.13

_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)

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||O0|E]

AvElolE £ o HAHE REL sy FH G EF AU QWA A FRAY 45 A v g
o1 25 Ay et B8 LA T th AU nont () 558 a o) A ol 8
ol A8 A (LE Aol el FE 7 o8 Egel vA T AR LA A gTh. of
Aol B LT AER A4 BE 5 &L HolF U

mlo

rlr

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

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

Q O H Hh o«

3+

AveelHE &4 9l BE AL & ZoA ”“UiiOl a7 olHE o HEE & 5

dole7F kgt o fr= __iter_ () 2k_next_ () MINEZF AR E Sl A7 W E AU Th

E o] F2 752 A MR AY Bt E& ol AAsor HadAtkE AYYrh o] AL self
index Y self.data 9} &2 2V L WS AMGSHE 2ol vlus] g8 27 43 B85 Wi

Yk,
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A% WAE B 22 Feie Ao B, AU/t FET W) A5 O StopIteration &
Aoyt 235H, of 7550l PSS AE AV ol HelolHE BE7] 97 wEUrh

st A eolH = gl E FAz A v oA v Tl 25 thAl 2S5 AFE S B e ARS S R E A
S8 HEH AR T 5 A UTh o] AL e AV A o HE SA AR o= e 5
AAE AU Alvd el 23842 St Al o8 BBt ZHE 8| vh g5 o] A 1, w23
PrE Preld i vzel e d 2t Al dHUth

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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HE 2t0[EE{E| S2{E7]

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

=

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

>>> import os

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

'C:\\Python38"

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

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

0s 92 2 BER AL W, W dir ) Frhelp() B5E thEY 902 227 Y& th

>>> import os

>>> dir (os)

<returns a list of all module functions>

>>> help (os)

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

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

>>> import shutil

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

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

glob BEL UdEe SYEAE AN 02 Y BEL BEE 4 AFFIh

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

Qi A §YE AAYEE 55 FFA AAE Aaok T B2l A5 o] AXEL sys 2E2
W & 3 o]l A] python demo.py one two three &

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

['demo.py', 'one', 'two', 'three']
argparse BELS WY E AAE Hedhe o AR AUZL ATFUch the 22 PEE Fh o] e
Sty AE Aoz BARE FE FETU
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 A3l HE ZoA AT uf, 2T HEE
args.lines& 5%, args.filenamesE ['alpha.txt', 'beta.txt']ZE AAIUr}.

sys BE-L stdin, stdout, stderr A E B HEX 2+ <5 U th 71 up X2 AL stdout ©] BT HE g2 uj=
24 9 Auotolel WAAEE 2 257 din:

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

2AYES FESFE M AP AL YL sys.exit () B2 AUk
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re BES 1F EAY AYE AW AT EFES ATIUL BB MY 2L A%, A4S
2dsn A AshE £ 24 AT

>>> 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 pE 7 s it Aot A fole, RAE MAESol AeE e 97 Fa gw 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 2 E-E T4 AHES T 5 Y+ 5752 ATFUTH

>>> import random

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

'apple'

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

>>> random.random () # random float

0.17970987693706186

>>> random.randrange (6) # random integer chosen from range (6)
4

=)
A
oX,
il
o
ofl

ﬁ’ %ZJ:%}:’ —Er/lk__)

o[

) AU o

statistics RE-2 X do|E 9 7| 2= 54 =

>>> import statistics

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

1.6071428571428572

>>> statistics.median (data)

1.25

>>> statistics.variance (data)

1.3720238095238095

o

SciPy £ 2 A E <https://scipy.org> = T2 4] A48 REESS wol 2ta 95U th
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10.7 QIE{4ll HM|A

AL A AT ABY Z2ETES A2 ohe BL LEo] 5tk 714 25k 7] URLOIA
HolHE ¢loJ = urllib. request & ¥ €S B+ smtplib YYth:

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

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

>>> import smtplib

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

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

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 =M} A|ZE

datetime 25 IR} A Zh3 243 A LSS Alsohe], e s B3 gy 2
Yk @het AZE At ol ﬂ%ﬂﬂ?},?—%ﬂ 2H2 2y 2igA =2 P%%%H sgHozUNE
£ AAS=

tlofl 3t A A5tk ZE2 A

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

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

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

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

>>> age = now - birthday

>>> age.days

14368
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10.9 O|O|E| &F

kol dlolE KA L 4E FAE
zipfile, tarfile.

ez 2

EE50] A AYgdYTt: z1ib, gzip, bz2, 1zma,

o
rlo
ta

>>> 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

Q% shol M AL§AEL B EAO| U@ ThE AW E 4191 3 22 24
&tk stol 4 e ol e AREC| A FE Fi 54 218 AFFIY

g Eol, AAEL WAHSE AT AN A A, 52 YT A A2 e AGALA T FES =7
S 9&yth timeit BES A% 4% ol 42 A% HelFuth

>>> 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 & AEEL =R H O F profile Y pstats BES Z EZY ZEA AZH A AHE AE
37 Yt = ES ATt

AEZ AZEY N E MistE o /1A FE2H2 PdE = 7 4o st HAEE FAS D, IAES
ek = 2 A A Fo 2= A st= AUt

doctest RESL RES FolH T 22 780 EAE S YZH HAEESS AAeE =72 AFTUTH
BAE w7 3 35S 1 2739 37 SAEo g EAlgA B0 Q7S e sF 08 sl %
k. AHg Al A A B FA AF S A AEAE A B, doctest BB o] A A oA =} ] A F] AFL AR

shel el 2 g,

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 RES doctest EEWE A2 A2 olYAvh 0L LA A HAE Az std 2 #He|gd

% QA ghich:

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 ([1])
with self.assertRaises (TypeError) :
average (20, 30, 70)

unittest.main () # Calling from the command line invokes all tests

10.12 biE{2|7} ZESHEIL|C}

stol A2 (wiE g7t 2P Y
A% ek ek o 2 ol
* xmlrpc.client 9—]—xmlrpc server RE2 YZ Z2AA T +d 0]—% AdE AL AL IR

BEUTh RES) o] Bl % B8k, XML ek 44 49l A o]} M2l 7k B e5hA) gk,
]

. email 97 2= MIME @ 7| €} RFC 2822 7|1} ¥ A] 1] B4 2 ¥ 8o} A uﬂ o WA A2 Bl 57
At olre g gyrh “Zﬂi HAIAE B3 2= smtpli lib 2} 24, emall«tl]?]ZlL
B A4 T2 (B 92 23 B AL A0 AL AT T2 E TS AN
S8 G 7 AL AT dah

+ 3s0n A A 0e AL85E Hl0lE] L8 4L AT AAD AL AZTI. cov nEL
o] o] Ef H o] 2 ZHEAE A ditA 08 A PF = HREE T EH F IR IS AH el

5,\— == X]—{’_?JHD]- XML A 8] &= xml.etree.ElementTree, xml.domg’lxml.sax 7| 7] A o]

il ]‘H%‘%D} O]Eiﬂ‘j S N7 AE A AHSSHE stol A 58 LRI W ThE T 7] H] o] H]

i ot

£

+ sqlite3 WE S SQLite ¥ o ] o] & eho] Heje] €] of o olul, 9F7k W] EF SQL RS AH8-3ho] ¢
=X 1 A s P 5 At AN AT E HolH o] 2 AT P

o
o ZA| 3= gettext, locale, 181 codecs W 7| A& &3
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cHAPTER 11

HE 210[EEE| S2{E7| — 28

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

NEES L R

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

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

29
o8 T2 Hrh WealA Ye o

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

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

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

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

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

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

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

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

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

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

JEFREL IF PR NTE 54

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

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

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

'1,234,567"

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

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

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

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

[t

D= )

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

FeUth

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

ot

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

>>> t.substitute (d)

Traceback (most recent call last):

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

Template A} 2 &
o] & HH7] e

Nt
folr e

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

i
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L

n@

F ggd:

=5

>>> import time, os.path

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

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

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

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

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

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

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

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

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

_L/
_VE
m{m
2 4

import struct

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

start = 0

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

start += 16

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

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

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

11.3. H}0|L{2| CIO|E] A2 = HHX| =t 93
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114 C}= AyE

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

AT A R B45 A S A9 Relshe 1SUUT 2dE e e Ay
P4 glguth BAE A8 Ads e

2]
TAASA Y S e & 22 SHe Tt H A S S

2gEo] Az HE2Z V0E APsE A-Auh

O e vd 22 a0 AL A= T A5 E threading REO| WAL ENA FYE o2

Sae 4 gleA Rolgy:

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.')

U% sds g meade] 14 2 EAME HolH B U2 AUS 29ee 2d=s 245E A%
Utk o] £ 913l threading E 52 %, o] M1 E, 27 W4 0 A0}E o] 2 0] £3 B 52 /)3 7|2 242

AZF U
R T A Ao 4 252 A5 AU

115 224

logging ZEL A4AT 7|55 ZAE AT 2R NLE S ATdUTh M D B7, 22 WA A=

gdo]} sys.stderr 2 W R 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 Bes e 2Rt 299U
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WARNING:root:Warning:config file server.conf not found
ERROR:root:Error occurred
CRITICAL:root:Critical error -- shutting down

Z1BHoz2 AR WA HAAE ZAEA G EH2 22 HE EUYFA UL b2 28 A&
A v, tlolg 13, 27 == HTTP AW E 53 WA A et o] 2P Ut A2 ZEHE=
QLAY ol uet thE g2 8-S A= e 4 91451t DEBUG, INFO, WARNING, ERROR, 712 31 CRITICAL.

o)
>
)

2 A28 gol Mo A AH LA ALY, S8 22 78S WA ok AFE AL A9 272 95 AL}
AR 5 e 44 oM 2= & 5 lFUth

11.6 2fgt & xX

ol M2 g W R e Fe (R A e FR 3¢ 24 9D 3S AAB 7] fg e A A&
T3 v R e upA g F2 7 A A" Ao siAg vt

o] HEH2 UREEY S8 Z2 Ao Z ZAF A 2 T A5 o5 AHEE & Bl A E
FAH T o7t dFUth BFFAE, @A AAES FHFE AWCEE IS JFHE L
F2E HEUTh weakref RES FXE WEA R AAE FAT 5 v E7E AFFUTh AA 7} T
8317 ¢k o weakref H| o] £l Al AR 7} A5 0 & A A = 1 weakref Aol of §F F 1) o] E7] AH U}
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:/python38/lib/weakref.py", line 46, in _ getitem_
o = self.datalkey] ()
KeyError: 'primary'

—t
—t
o
12
ret
1]
A
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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 EEL2 deque () AAE AFE UL o] 2A| = dZENA o w2 A 3 7HHSHA 9 F 7ol A 9
23t H nojdl o mEsh ggith of AR E 7D W Hol 94 el A4S FASE o 4 Ha o

>>> 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)

tord ) 22 73 9ol % et neel AU P AES £A 5 F5rT o] Y bisect BET 2L THE
=72 AFFdch

>>> 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 REE AW AL slon P2 FANE FRE AT Y g0l He TS e Fy A
00 FAFULE o] AL /b Fe aho] NBAO R AN 2T AT, AA B2 Y S AP5HA Yot
8ol f-8FUch:

>>> 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

[751 OI 1]
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447 44 S 9% Decimal WOl BB ABFUTL WA float oW RE
i=)

Bt 53 ohe 2o A5 f8 U
c ARB 1075 £ BLH 25 S5 U8 S,
- AT Ao,
WA EE A 8T S FHSE We Y Ao,
C RESAFA, EE
» AHEATH BT £ 0B ARG AT DA T ACE N SE S8
2 A H ol E a5 o) thE Bt

g Sol, 04 E A3} 27
Jehh 478 71

- ==

>>> from decimal import *

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

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

0.73

Decimal A¥= Zo E=0S FA 3, F 7
A5 o7 23U Decimal 2 0.2 3 482 A A5} o
g uAR 5 s BAE AT

o

T BA=E :
&3 £ @ L Decimal SHLTE O] REg aagol AsA] 2 REE A 54 AAE AT 5
%= gk

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 Z 83t 9 AUER A3 AlFE

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

11.8. 102 HE AL A2 _
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’python3 -m venv tutorial-env
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14 B3 duAd BeEe 95E venv )
sz, e e el 25 ol f

A

=

(tooling) ©] A A3} .env &7 W A9 ¥}
B HENCW, MBS g s 1:]—_

A=A o] FA Ayt

’tutorialfenv\Scripts\activate.bat

Unix == MacOS 9| A] o] & A A& s t}:

’source tutorial-env/bin/activate

(0] 23 HEE=bash S s FAHH Ao E csh T+ fish A& AMS3HE %o+, t4l activate.csh
St activate.fish 2T HEEZ AFR 3o
M EAE EA 9}0}‘11 A ZgIE
= APt 54 w29 gho] o] A

1 7MY B = Rl AL, 42 5+ 43k python

$ source ~/envs/tutorial-env/bin/activate
(tutorial-env) $ python
Python 3.5.1 (default, May 6 2016, 10:59:36)

>>> import sys

>>> sys.path

[''", '/usr/local/lib/python35.zip', ...,
'~/envs/tutorial-env/lib/python3.5/site-packages']
>>>

12.3 pip =2 17| X| &2|5}7]

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), (uninstall), (freeze), etc. (Consult the installing-index guide for
complete documentation for pip.)

71 A o] F& A st H A WA 7| AE LA 5 s

(tutorial-env) $ pip install novas
Collecting novas
Downloading novas-3.1.1.3.tar.gz (136kB)
Installing collected packages: novas
Running setup.py install for novas
Successfully installed novas-3.1.1.3

A7) A] o] F FHoll == A WA WZE 2o SA WAL A7 AELAT F5 AFUh

(tutorial-env) $ pip install requests==2.6.0
Collecting requests==2.6.0

Using cached requests-2.6.0-py2.py3-none-any.whl
Installing collected packages: requests
Successfully installed requests-2.6.0

100 Chapter 12. 7|2t 84 & 1l 7| x|
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= 23w Ho] ol AXH o] Ql5& ¢, obF A% kA ks Ut o
AANA 2T HASE AAY pip install —--upgrade & 4 o

(tutorial-env) $ pip install —--upgrade requests
Collecting requests
Installing collected packages: requests
Found existing installation: requests 2.6.0
Uninstalling requests-2.6.0:
Successfully uninstalled requests-2.6.0
Successfully installed requests-2.7.0

pip uninstall thFol 8t} o] AFe] 5 7] 2] o] Fo] @1 7H4F B ol A 3} 7] 2] 7} A A Y T}
pip show = E£7% 97| Ao 3t FRE TA T t}:

(tutorial-env) $ pip show requests
Metadata-Version: 2.0

Name: requests

Version: 2.7.0

Summary: Python HTTP for Humans.
Home-page: http://python-requests.org
Author: Kenneth Reitz

Author-email: me@kennethreitz.com
License: Apache 2.0

Location: /Users/akuchling/envs/tutorial-env/lib/python3.4/site-packages
Requires:

pip list & 7Hg @740l 4X8 BE 37148 EA Gt

(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| A v HF& WEA W pip install o] 7]that= A4S AFSFh
AutA Q] F &L o] BEE S requirements.txt o @= A JLr}:

(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

$
$

requlrements txt = WA Ao AnlEo S =2 W IR 7 A2 ¢ JFYTh AFEAE= install
-r2REZ CEPJH?W% AR dF YT

_4

(tutorial-env) $ pip install -r requirements.txt
Collecting novas==3.1.1.3 (from -r requirements.txt (line 1))

Collecting numpy==1.9.2 (from -r requirements.txt (line 2))

Collecting 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

pipolE o B2 Aol g5yt pip o thak &4 3F £ 4 = installing-index ] S 134 2. 97| A&
2 & ulf sho] A 3 7] A A Qo] A AR 4= Q) A| 312 W, distributing-index 2] F & 31 3HAH 2.
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O|AM|l & 5tX|?

o] A% M g0l A ohuhE sho] W AFg o] B Balol FobAS AYUTH— AA EAS A A5 A3
shol 22 2 §51el 1 Aaof Fich. B wjel W of Tl = o} W

o] A4 A& Shol Mol BA AEo) ARUTh MES ThE BA L T 2aUT

* library-index:

£z eolngele] §, 95 W RE B FAT (1 F BRI A W AP AL ARE AT o
A E A oF Gtk BE oW Bl = /b =k o] £ o] AUtk K92
$HFS 93, HITPE 5] 242 4510, Y48 51, ¥eda $42 B8a, Col 2182
A4, W0l 8§ 3L, 716 B A9 S A E BEe] U golnge dRAsg
eN

Foluw o Ao] YA &4 AHUTh

installing-index = t}& 3}o] A AFR-2}7} 24 o 271 L E

* reference-index: T}o] @ o] B T} o ujof t st Ak A ™. 9 7)o s X u, Ao LA o gt

A PP A=A FRFU T

71 e} s}ol W A&

https://www.python.org: 8 3}o]# g Ao E. o 7]l =, A E Wof & Foj# && 5 o]
Soll gk 2187 50 O‘AWDP o] Y /\PO]E“ 4, o]i‘ili—zrg‘rﬂ"] %l *1]74] of 2] 3ol m 2 7}
nS o]l AUtk A g & 9 2o whal u)e] 7} 7|2 Afo| ER ok wE S5 94U o)

https://docs.python.org: 5ho] W &) A o X of wh=2 A AA| 2 = Y5 YT

https://pypi.org: W o] X] = 7}A (Cheese Shop) 2= £ 51 @' ho] & 5 7] 2] A= Yefubs = Qe
A8 A2} vl mE o] Al ]tk BEE W) Al ASHE CHE Aol 2E 5 YE S ol 7o
:1'1:_§-‘_E_.§'_?ﬂ— Ea 01/\141;].

https://code.activestate.com/recipes/langs/python/: 3}o] % Q €] A (Python Cookbook) 2 &2 F & o

A, ERE Y FLIATHE B2 Uth E3| FEVE F 35S Python Cookbook (O’ Reilly &
Associates, ISBN 0-596-00797-3) ©] a}b Aol Ao 7 J*\JD}

http://www.pyvideo.org = Z3 A " ALE 2} I35 3 oA o] W #d vy oo g3 Ja L
ER Lt

! (Cheese Shop) & Monty Python&] 2~ A| X YU th: LA 0] x| = 7}A| o] Eo] 7FA| gk, 3= x| =7} £olo] A, F4L vk 23yt
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http://www.pyvideo.org
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« https://scipy.org: Scientific Python ZZ A E o= w2 o & A4 L 22S A RESH AF O
Felo] M ujAdy &, I X, A 24 T T2 o 7}z} 3| 7] A F o] Z3H o] dFUTh

ol HH AE U EA B A, K72 IF comp. lang. python o Al Al 8} A Y} python-list@python.org
gLy H2rEZ HE £ AFUTE 72 A5H UL g 2EE ACES R AZFH Jorg 3}
S ANE AN AF R e AR BT T Sl £9f A2 AN Fegs T
Total, Ao e, M2 7S A, M2 RES AT UL vdy g2rE AFAaE
https.//mall.python.org/pipermall/ of AFYth

AXS) Aol A% Lo ARE FAQEHIE ST} B 52 3413 of G th FAQE W2 8 0 2 Lehbe
Be AEo| 0le 5S4l T ok, ol vl ofelae] EAlol oa o 4 HE wn UL & AU
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2) 2 o] 41 Q1E] = 2] ] W 4L Korn 4 8 GNU Bash A0l 9= 7153 4181 @) 912 = 94 o 8] 22l
282 A itk ol theFek 2ehA o] B P A A3HE GNU Readline 2ho] 1] 2] & ALg-3ho] 2AF Ut}
o] 2hol Eej ol LA AW A7 9T, o 7)ol A WHE SR £ S o,

14.1 8 M O 5|AER| HE

Mo RE o 5o AL ABmelE A& A A5 O E BT H o)A Tab 717t B8 /)5S BE U
Sold AR ol A A A D AL LS 28 O BE FGU. string.a F LE Joz T4
ELpE @%,EM%MHM'MW ok ohg, A AR o =P R ER 92 A kg Lk
etatte 0 MASE A4 A ZUAS AR g 2 1ol Fol B A E A AT 5 D8l
ZoloF U 712 44 AgA U H ol python history eHe IR 52 Ee S AFFh
ohe HahY Az elE Ao A B AR E ThA AT 5 AE Uk

14.2 CH3}S QIE{mZ2|E] CHOH

o] 7)%5-2 oA WA B zelEol HliLa] A AT Teu, @ AR 5% Aol ol %tk
ool A& oA ARE Soj2 7 ARATE T AQUT (P £ Theo] Soj27] o] B dA
21 5Uth. SR AAUEL AHZ ) AR Hol B AT 5 AUk AT L BE, G2 E
52 A (EEAD I FHE 8T A9

W RS ASHE AAE N8 e Zel el [Python A, 9§ 94, AR T L 1F S AEe) Hel
75 25 QG U £3, DA ALHuto| 23 A ThE S8 22 ae] AT 5 Ytk W5
& T} 7418 o) 58 2732 bpython g T,
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HE 7)Ao A, float+= ©] A E:L)\]—E]‘— tﬂ
74% AFgTELEE /\]'9“@"4‘:]' 1/109] 4%,
2 ** 55 dd|, AA 3k 1710} A 2] 2R vk &3] ZA = st

o] 1
A E A ol AT A Tl TS A 3 ST Sl 7 A48 014 2
= o

A vs ey A] Aais s3M=E BR800
/

mlo
12
X,
it
<
=
to
iy
119
L e

J

0.1000000000000000055511151231257827021181583404541015625

O] AL U & Abre] 8tttal A Zete ARt B2 xAo| B R, stol {2 W2 E Fhe thAl EAISH]

FAHE thE WAl T Ut

>>> 1 / 10
0.1
A A7 FEe] 17109 AAH B =, AA AR g2 71 77k £ 7Hs s o] a4 A 719

SHA &

SHEAE, 7V 7H7bE A ol A E FHote A e AT AU A& 9, 0.1 % 0.
10000000000000001 2 0.1000000000000000055511151231257827021181583404541015625 =
WX 3602879701896397 / 2 ** 552 ZAFE UL o] AR S0 BE 22 ZAZS 29317 uf 2o
eval (repr (x)) == xE2WHE IHE §X5HA 1 3HE ZAT 5 gl*qq.

AxAFoR FolH ZE2ZEY YA repr () FLE & A 17709 242 0.10000000000000001 &
Agtycth stolx 3.1 8 H, oAl sho] N (W FZ A" A) o] 7 g2 212 AT = Jlon, s
0.1 ¥ ZEAIFYT)

o] 0] oA RF 45709 B Yo) FB AL shol ML) W1k opm, of 3o T
b Ut StESlo o] RE A5 42 A Aehe RE oo 4 2E FF
Ao/ BA R F2 RE FY REo|A Aol & HAFA %L 4+ AAW.

= =T M
Fonsane 278 dody, 24 2ojgS ALg st AR £

o
Jo
kol
My
Qi
e
o
o,
ek
-
30
o)
<
k)

>>> format (math.pi, '.12g') # give 12 significant digits
'3.14159265359"'

>>> format (math.pi, '.2f") # give 2 digits after the point
'3.14"

>>> repr (math.pi)
'3.141592653589793"

o] Z1o], 17 gk o mlof| A, g & M= Aol FLAUTH AYEL Td] I 7| A FA & v
331 gl uh

shube] BE ohE S ¥ T A UTH dE 591,012 B3] 1/100] ob B E,0.19] Al 7h & &3t 2
X A8 0.30] b Uit

>> 1 + .1 4+ .1 == .3

False

T3h 012 1/102] &3t gl o 7H7M9 A 4= 913, 035 3/109] F&et gholl o 779 & 4= QL
round () 42 u]a] IHS 5l A2 =20 HA EFyTt:

|o
s
It

>>> round (.1, 1) + round(.1, 1) + round(.1, 1) == round(.3, 1)
False
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5418 o= 3 B39 ghol © 1T BE Sk AT, round () BEE AF e P ol f8310] RE %
e A ANE A= W TS 5 A FUh:

>>> round(.1 + .1 + .1, 10) == round(.3, 10)

True

o HE AT H AL ofAH B2 22 S AAFULE (0.1) Y FAE oY (FH 27) AMA
ZHA A AU fE5 A 9 2 o £3] iy sebeol diE] oS st A S AT
£o) 77kl £ Watol, (418 BE YEUTh) obd, £5 444 AUAA AAL DL gEuTH
sfo] 2 float Q14¥9] ol 2] = F 25 =S olol A A5E Aol T, thRE JA o] A A4 2053 R |
297 eh FRSIUTH ol AL TR Aol 4 W ok 5 ol vtk s 7 47 Aol ohv] BE
float A Akel] | Z-& WHS 7 ol 2] 7} B & 5 Stk A= WA oF gtk

Welshd A9 EASA T, £ $F 250 e S NS RELS, Bed A% AR E A0sE
AR &2 S A ZAISHE 7)ot A0S HA 2 AdUth HE str() HeEE S, § AlE
3} A A o] 312 A formatstrings ol A str.format () WA =Y ZW A AZAE HA L

ARG B@e] DLH G AN A9, 04 $ S 2 IW W 1R S m2 o) ARV A
A T3S decimal EES AFRS|EA L.

A s & o2 JHle FEFE 7o 4h& S FHF = fractions BE 3 AEF Ut

)
kD
>
>
o
L

& SeApe AR A thepd 4+ 95T,
A2+ wro] 3} AR A} Numerical Python 3 7] %] 2} SciPy 2Z & A E of| A A|-Z35l= 3 4 4|
o2 w2 ) 7] R & A3 Blof gt <https:/scipy.org> S H A Q.

o] g o] floatd] H &3t FHe ARNE Golof 3t EF ASEALT Y= =T ES AT TH
loat.as_integer_ratio() WA E = floatd] ZtS E42 T3S}

e e
2 of

B>
o
ok o

rx o
rlo

g
°

>>> x = 3.14159
>>> x.as_integer_ratio()
(3537115888337719, 1125899906842624)

Hl&-& A3 ghol 7] Wi 2o, A 7S £A glo] A vrEE AR 5 JlF Yt

>>> x == 3537115888337719 / 1125899906842624
True

float.hex () MM E< floatE 16 (Lo 160]th 2 @k, AFH ol A3d A& e FUth

>>> x.hex ()
'0x1.921£f9f01b866ep+1"

o] et 16314 B W2 float & B &3 A st ol AH S 5 A5 th:

>>> x == float.fromhex ('0x1.921f9f01b866ep+1")
True

o
>,

Fdol Hgstu g, gto|of the WA o] A4 g2 A= AA
A e o2 dof (Ruhh C99 2-2) o} H o] H & W #ahe=
EOE F8d =7 math. fsun() FFEAUTE o] e PN FA L= ,
of gol Tl A WA (golH e =A5) & FAFYLE A5 FA IFE T+ AH7HA 27t
SrobAl AA A Q1 Ao 2ol & WHE 4 YF U Th

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

False

>>> math.fsum([0.1] * 10) == 1.0
True
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o] AAANME (0.1) AL A AP, o
WL HelF U ol £F A5 B

AN
28 2 5 (Representation error) = 4

]
itk AL U U T o] Z o] Shol (

sk AEe A5 BASA e 28 oYU

o 2871 /102 o] X 242 A&s]| AT o s Uth 522000 d 1149) A 2E 7] A= IEEE-754
e 257 Heg AHEIE, A BE ZAES 50| 4 float S [EEE-754 (W AL E ) of o33 Tt 754
WAL E =530 B0 AUE 7 235 o] QlojA], d 8 Al HAFE = 0.1 J2%*N FE| 9] 71 77k B2
HEstH 1 =g 74 T = &S] 530 EE 26t A JUTh

’1 / 10 ~= J / (2**N) ‘
’J ~= 2**N / 10 ‘
2 oA 231, J 7 B &S] 53 B E (>= 2**52 o] A ¥ < 2**53 JUThH U2 L 5tH, N o] H A g2 56
QY

>>> 2*%*52 <= 2**56 // 10 < 2**53

True

5,562 7t AE3| 3V EZHHES e N Y fFdst AUty Y Thsst g S P E2 A2 e E
AU

>>> g, r = divmod(2**56, 10)

>>> r

6

bl A 7 109) BRRET 282, 13 7 SAgEe 27 1A Aol H Ut

>>> g+l
7205759403792794

w754 AR E R 1710 of 713 771 2age T d 24U

’7205759403792794 / 2 ** 56

BA BEE SR U 0} 2o] ok g U

’3602879701896397 / 2 ** 55

|

29 M7 wl2ol, o] AL AAR 1/10 Hr} ok Arke Ao §
o7k 2ol A& AAUTh Te} ojdl Aol ASHalA| 11102 f g
2 o)

o
o
=
ko
=
o

= o4, ol V10 Er}

oA e A3 V10s (BA]) X3YH: = 5 9le A2 9A AR} B, A= 5 90s
Ao 754 v gL = 2 Y Yot

>>> 0.1 * 2 ** 55

3602879701896397.0

I 20l 10%#55 8 wshd, 5570 A mAE B 4 syt
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>>> 3602879701896397 * 10 ** 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625

ol= A g ol AAH A &3t 5217} 4 214 0.1000000000000000055511151231257827021181583404541015625
9 232 U FUTh DA A G BAFE B4, BE Aol (o] MAY Thold £ & ATE 17
SAE e Y h

Ly

Jo

fol
\

>>> format (0.1, '.17f")
'0.10000000000000001"

fractions & decimal BREL o] AALES g A 54U t}:

>>> from decimal import Decimal
>>> from fractions import Fraction

>>> Fraction.from_float (0.1)
Fraction (3602879701896397, 36028797018963968)

>>> (0.1) .as_integer_ratio()
(3602879701896397, 36028797018963968)

>>> Decimal.from_float (0.1)
Decimal ('0.1000000000000000055511151231257827021181583404541015625")

>>> format (Decimal.from_float (0.1), '.17")
'0.10000000000000001"
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cHAPTER 16

28
16.1 CH3lS 2 E
16.1.1 oflz{ {2l
o217k g ez e £ o el o A A9 28 Zefo] A& AT ThEHY Bl AL SR p
E2 Solghr); AR e Yol $HE i, 28 Ealo] A% A3 F00] opd F8 AelE R T,
(try oA except Aol &3] A 25| o) o Euo|A o2l 7} obd LTy AR o e F2 71 A o
#00] ol F8 AEe RE AUFUTH o AL fF BANG W= FF 02 A% 3] 48Ut

o] A=)

t ==

|2 Hl Al A= & Oﬂﬂ éE‘“JOﬂ ZIEgUth A g Ad g2 3 290 7ISF YTk
EOTE=RHRXZEITEY AHYHE BA (WA S E Control-C == Delete) & JH3IH 2 HA
7|2 2gZER Fopztlch! Hoir AAE = S A HES Yo cry ol o5 A2 5
81+ KeyboardInterrupt &£ 7} A gy o}

N

w
wn
W)
[>
o
ne
1o
Ho
1°
[>
>
[>
T,
2
>
i)
o,
X
>
U
fial)
[t
rlr
it
[
u
i)
[t
E‘i
N
m
>
O (
ok
4
30,
X
rd
il

al

30

)

°

v

#!/usr/bin/env python3.5

(AE =67} AHg2be] PATH of YEkn AR T wl) & 2T Y= A5 FEo] 43 shde] A9 by BEE
U v A A0 A S E E Aok T EAEAA L o] 2 WA 2 o 92 2hael B
FR (A0 ELOF A, AES 2 FE(\r\n) L 52854 G Ut sl Wl A HA EE e,

A4 £ R4S RS o A g U

£ S E L chmod ¥ & AHgSlol AY AT R, EE A

u

o
o

ol

oy

U,

2~
)

rlr

$ chmod +x myscript.py

! GNU Readline 3| 7] 2 o] gl &A1 7} o] 21 43 & 5= 9l

11|>

.
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A= A2 AL (LW s
exe} 2H5 0 2 A 3ted, shol 4 3}
gLt o] 49, Jurgow Gehte 24 3

Filﬂ
)
i
o
o

16.1.3 CHSIH Az Tl

stold g gt o2 A, S5 AH 2B A e fivit A 3s = 2F P sl glod Ay
PYTHONSTARTUP 27 W& A& g & o] Sojgle vt olg o2 dAstd guch o] A2 fx A9

.profile 7|53 F A Y Tk

o) FQL 57 A Ao] T 930, Fholfol AT EC]A WAL A W), /dev/tey 7 Beie] WA
2229 A9 (3D AAAE EAAh ol A4 ich gake Weol AAE = 2L ol F F kol A
AgR R, o] BAolA A SA L} AE = AAEL 0j3R A Mol A AFIEA e ol B0 e
F QU ©] BHol M sys.psl A sys.ps2 ZEZES VAT FE A

A g oA FIH A A LS doddl, A A& 5o A if os.path.isfile('.pythonrc.
py') : exec(open('.pythonrc.py').read()) & ZL2 I=EALIHIA Z2aRST S JdS5YH. &
AHENA A& 31L& AHGSHE H AT HE A HAIH o2 53 35] of gt

import os
filename = os.environ.get ('PYTHONSTARTUP")
if filename and os.path.isfile(filename) :
with open(filename) as fobj:
startup_file = fobj.read()
exec (startup_file)

16.1.4 FHAE{OJO|M|O|M B E

slo] # 2 A AEufo ]52’—/’: A= F 7HA] &2 A2t sitecustomize 2 usercustomize. o2 A
Zhg sk Al e ¥, WA of 212 9] AH-&-A} site-packages T] 2 E] 2] 9] $] x| & Zrofof it sho] &S A 2Hs}al
U5 A= AU

>>> import site
>>> site.getusersitepackages ()
'/home/user/.local/lib/python3.5/site-packages'

oAl L fy#AE]8]ofl usercustomize.py 2t= 0|59 Il & HET 3= AELS S + AF YT A5
QEEE W BAAFE s SH02 A5 Gt o o] UL WE shol A AWl FFL FuITh

sitecustomize & Z+2 210 7 FF X, kA o 2 A o site-packages T] & E
W53, usercustomize Aol AZEFHUTH AAT R L site EEL AHAE EA 8.
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APPENDIX A

0%
>>> |59 Ao 7|2 shold ZEZE. QEz A EYoR AW 5 b LE ol q A4F B 4
&k
e e A5 D 5 A5
Sojx7] 9 FE B2 IEE QAP W, AL o] R TEA (B, ) BE, 2T oo 1=
SEEE R EE BERFEEELE R ERFEE REES s

2t03 = & glolHEgloA 1ib2to3 & xﬂ*%} Uth &gz og 4388 4 9= 23T E = Tools/
scripts/2to3 & A& Ut} 2to3-reference 2 H A Q.

abstract base class (5= Hilolé ZeA) FAH o)A ZF P A= hasattr ( z;% 2 gadso) E:ﬂfsmur

1‘36‘P7ﬂ ZEE (s , IR A =) A, AEH o] A& Zq-/]d’h HEAFTFoZHN ¢ Elo]
= H eyt ABC= 7}”/‘1 L E‘EH/\g = Yot FHaE 71]-——'6]—X] ?%’3‘31"1_:_151nstance O
E}lssubclass() o o5 A E 5 %%Y’/H/\Eo]b]lﬂr ach_-‘é*é‘ﬂ/HEE/\ﬂ .ol Mol =k

U3 ABC o] gt tf23 22 A 59 55Utk A8 TR (collections.abc BEO A,
= A (numbers BEoA), 2EH (1o BEAA), YEZE 39} 2T (importlib.abc EEAA]).
abc ZES AMESIA AR4l o] ABCE W 5 YT

annotation (o] = H|o]A) THo wlel 3 I E B AR =W, Z
W A2 E ol Edyth

i)
[>
2
m
i)
S
[
2
rr
o
+
2
&
o
i

Ao o] o | o] 2 A Az AM AT QAR A W, FEY sS4 B o] o] iH| o]
Ao A rE, ZY, @'5,\—9] __annotations__ S5 oJEZFE AFFH Ut
o] 71%5< AWt W ol :nH o], 3 o] = H| o] A, PEP 484, PEP 5262 =514 &

_"E
yword argument): 3 5% wf 2217} koll E-2 AR} (A& E9], name=) i **
Liili AGE = AL o & 5o, t}23} 22 complex () & A 33 5+=

ko
o,
N2
—'3 I
L g

N xS 3
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complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o AR A (positional argument): 71 = AAL7F obd AR} 93] AAEL A HE2] A Fof Yo
Aol & o ol x 2 2ol A2+ JYFUh A€ S0, e H 22 22dAM 345 =
SR P RS

complex (3, 5)
complex (* (3, 5))

AR = v 9] o] F -2 A9 W g Ut o] i ol & 5]% A =0l s Al = calls 2=
uA . —&Msz, o Tal Aol A Q1A ALSE & grieh T8 2 gtol Ao Wol o I U o,
SoAFY vl ¥4 5T FAQ ZF AR} vh 7 i 4=9] Zpo] 2} PEP 3625 H A 8.

asynchronous context manager (]2 7] AEYAE #AE]A}) _ aenter_ () 2 __aexit_ () HAZE A9

FOEHM async with oAl H ]% A3 = Alolst= AA|. PEP 492% =4 A5 14"/}-

asynchronous generator (H] % 7] A& o]€]) v]5 7] AlvdolE o]HH olH & 58 F+= '%L-r async def
=z ZJ.JH':—E’_—‘?—H ™ Hol=t,asyne for FEZIAIR S A= dHY FES == vield
x2S ?:?erh Aol thFYth

HE w5 7] Alvl g ol 8 a2 he] 7] A v 01‘{ oA = vF7] Aol e olEd ol £ 7+ F

A
Utk el el ofu] ) Watel A oo AL L, AT 8o B MA 2B gTh
B]Z 7] AlF g o)y &4+ await EAAT, asyne for 3} asyne with 22 288 4 54}

asynchronous generator iterator (B]% 7] AU & o] €] o]e]&|o]€]) v]5 7] Ay o g 71 vt A A,

H|5 7] o]E & o] B A __anext__ () & £E3tW oJflolHE AA & Ee1F, o] A2 tha yield
£ 4 712 v 7] Al ol 49 vt & Ayt
Zryield: GAIA SR AEE T3, T AXY (A HeE3 t7] S uy-25= 283H5)
A AHE 713Ut vl 7] Alvd olE olg# o8 7} __anext__ () 7}%34-7—% I 3o
ool EZ AN, Hk 2o g B3} PEP 4928} PEP 5255 H A 2.

asynchronous iterable (W] 5 7] o|E] 2] &) async for oA AFEE 4 Q= 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_ () WA EE Fd= AA.
__anext___ = oldolEHE AAE S FHoF Ul async forE StopAsynclteration o £
ZF A w71 A v F-7] o] E# o] B Y __anext_ () WA =7 8T+ A HolHEE FUth PEP

49282 =45 A5tk

attribute () E2) H.E) AEA4L AGHE ol FOT F2T & AN} AR g oS o), AH 07k ol =

YRE aE 7HAH, 00X ¥ F2F Yth

awaitable (o] ] o]E] &) await A Ao AT £ & AA. TFH o]y __await_ () HIAEE 713
A7} 2 4 94Ut PEP 4925 B A Q.

BDFL #}H] -8 £ Al =] %} (Benevolent Dictator For Life), & Guido van Rossum, 3} o] %1 2] A A},
binary file (ko] ]2 5} vhol = 15 470 5 £ 913 % 5 9 52 A Vel el U] ol 2

ojUg EE ('rb', 'wb' E¥& 'rb+' )i %iﬂ 3, sys.stdin.buffer, sys.stdout .buffer,
io.BytesIOE]—g21p G21pFlle.4 2HAEE S 2,\%1/]1‘/}
str AAE 91 & 5 A+ FY Ao A= HAE 51d & FReA 8

bytes-like object (B} o] E &5 ZAA)]) bufferobjects & A| Y3t C-A1<5 HHE AL E & 5 9]

Y
=
_>‘4_5

| &2 E&E9]1 bytes, bytearray, array.arra =&
o|E LR A5 vtel g v ]Ei S OhF = of 2] 7HA] dibEol AR E o s Uth o= vhel v g
Sz A AAL B A% 2E ASel 95T
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N
al

Sl
~ 2

2 utolv g tlolE 7t 7h A Y B a7t dFuth o] dl Aol AHA = FTF (HaL-227] vt
Ayt 23T 7hdE ¥ 5 249 OﬂE bytearray ﬂ-bytearray./] memoryv1ew
2 Asts2 vtolv g HlolE 72 AR (( 7] A& vpo|ELF AA)) ol A==
3y 1‘/}, ol AL o2 E=Dbytesbytes AA 2 memoryview 7} 01—1/]1’/}
bytecode (W}o] & 7. =) -‘7]'01"@ A FEEHolE I ER AU S =, CPython ?lEiEE]Ei of| A z}o]
ZE2 I Y HE £ 1:]‘4‘3]' ]’O]E FE+ .pyc I A Hof, 2 g S F iR AP T uj o
k2 2] A 1:!]-‘:141;],( Ao A HEo|E I EF 9 XH%J]'O] s 9T 4 dFYh. °] (T Ay =7
HFo| E T = o o -3 O}h 7V AE A& st 7 7 A ol A Ethal DU th ol E I EE AR D}%
ho| A 7HF 71 Al A BT A2 7| etA| &, o] A vl & Thol] JFF A o] A & ghth= Aol o oF
Eiasi=g

HO|E = B o] 59 BHEL2dis BE AHAo V& Uth
callback (29) AXZ AEE £ v o= A QoA A AE FH T4,
class (2 =) AHEA Qo AA =
SR WAL 2958 R
class Varlable Fd2dsy) S92
qﬂ ‘__ “ﬂi—'—'

O
¢

N
—|—‘—’

-LI so, [ &
i oy 12 g

L

coercion (Z.o] ) Z2 P F AAE FHkste dado]l dojue T T Fo JdrdAE e o= 5
Ao Z MEeE 2. & 0], int (3.15) £ AFE A5 302 "B 3} A5k 3+4.5 o 4],
7 Ak o @ ol AL (3huh int, ThE ShubE float), &2 B 8H7] Mol 22 F o= Was| oF Pk
284 ot Typemrror® YOk TolH flolt, R L AE AL 221} 22
Yo 2 A3 Folof FLTh ol Sol, 23 3+4.5 3 BhA £loat (3)+4.5.

complex number (524%) 253 A5 Al QY RE A7 SR 4R Fog dPY
o F s Aol 01 G (-1 AF ) E S AU, FF FAA = ii,%i“ﬂ/ﬂ%ji

¥

o e
I

B>

f
i 2L

£ G oA TR B Y S 71%x1twu} H4R 5 guAE oA
FAGUE, o & Sol, 3415, nath RES] Bas W Ao] AR, crarhE AL AT Basol
8L 52 2 2 AU DR ATk 714 Rt Ae) G4 BANE E4Ik

=

context manager (AR AE #2|A) _ enter_ () &_ _exit_ () HIAEE AT oz X with FolA K
o]+ B S A3t AA. PEP 34302 == 5 th

M3) AYAEd mehohE ke 2Hd 5 9
AN
by

context variable (1 &l A = .
e s 2d dgas MEAUG, T9, 902 veg 5, ol
H

i3 o2 e 7HE
A3 A s o

FIF_&
Mol M W N lrn

o 2oy o

E
e

o
)

mlm
e

ontextvars— 7]'2 ]-/;J Al L.
E

3

S,
ML

2= (C-contiguous)©) A} Z E 2 A< (Fortran contiguous)Qd o] A< 0] 8k
oiio]tq/ﬂ ZEH ASYYTH A wj Bl A, FES2 AR AHSH
Qe 0] 2ol = v 2. 2] of W) A5 o] of LI Tk THA A C-1 % w] Qo] A,
52 UET ) oA % AR 2ol 4 el MUt AW, EEW A4

227} 7 el W g o,

FH o °1HL§L54 FEfJUTh HEZEHL 3 2 Fo A A3t o=

o the AN A5, g, AT 5 g o AELS
S 9,1%145}. PEP 4925 B A Q.
i

contiguous (&

04747&

i
o2 &

>

rlr

R

é H
O
Eé
r:i fr » >

o _Qi
off
ol
rr

My
éﬁ.:

R
B
o
flo
>
|z

fu ﬂlﬂll_xL
OE;[;

==
e 1
=
24

12
[>

(o

coroutine (¥ 5€l)

A 3 ol A

async def

LA iu}
e
s
v
H
o R
o 1
i,
r[o

r{n
[o
Hu
-
o

4=+ async def —E—EE 7894% —’,l

~

coroutine function (Z. € 3+
91, await 2t async

=g sk

CPython 3}o]# =2 7w Ao A & Qd, python.orgoll A 8 32 HE‘r o] #+3&-& Jython o]}
IronPython ¥} 22 th& 23 72T 2871 & wff §°] (CPython) 01 AHE Ut

decorator (6] Z#| 0] €]) t}2 -2 S8 FE= 494, LE @urapper FHS A3 - M3lor Ag
HYtch g ZH ol £33 o= classmethod () & staticmethod () YU th
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Heole By e U Hel BUY Bt 0 F 945 At g s S5

def f(...):
f = staticmethod (f)

@staticmethod
def f(...):

22 gol S o= EA AR, € ApF 20 Ut tl I ol B ol thek o AAIT W82 T A 2
of e s o] o) YA E EE Yk

descriptor (CJ A3 HE]) WA= _ _get_ () oY __set_ () o]Y_ _delete_ () &
= e HEs t o H e @, o =e fo £HE Su T Ad T5E
AA, 2 AL AA =T AHSE o, a8 Sl 9 oA b et o] &
HAW b O ATRE Y, AP 2T dE WSS BEHU ) s
spo] ol tf gt 212 O]ﬁﬂ«] G4, 3, A E, 22 HE, FH A WA E, AEHEH Uﬂfﬂ—,v«ﬂ aﬁﬂﬁ
B2 59 BL 159 7122 ol 21 97 dEL U

23 HE 9 WA E=Eof thsk AFA] 8F Y-8 descriptors o] W31 T}

dictionary (A4 &]) A9 71 & Fholl & /\l 71 A& vl @ (associative array). 7]+ __hash__ () <+
—ea_() ﬂﬂ/ﬂEi EARS %7%’11]7} T Asuth Dol A sfA 2t FEUTh
dictionary comprehension A compact way to process all or part of the elements in an iterable and return a dictionary

with the results. results = {n: n ** 2 for n in range (10) } generates a dictionary containing
key n mapped to value n ** 2. See comprehensions.

o3k AA. 20
AUtk B, abs
3_7“11]E ZLAHE‘r

dictionaryview(ﬂk]b]f’/]—.—r) dict.keys() dict.values (), dict.ite ms( HAE7 =83 E A A
< 9A4YE Fea FEULh o AE2 MY FE S g % %%ﬂ*ﬁ}_tﬂlﬂﬁ
Mel7hagE ul, o] MalE Wtk Syt gAY | BEHAD A AER AT
list (dictview) & A3 F U th dict-views S H A 2.

docstring (2= 9) 2212, G2 mEIA 3 WA LW 02 Yo S dE . 2927 09
wl = B A E A, Ao oo AR o] Bk Fel s, B BB doc_ o2 HER 419
FUth QEEARAS B AT ¢ Jone, AX] APAE AT THAA FL Uk

ducktyping (¥ ko1 9) £0h2 2E|s|0] 28 A DUSHCH AAS) GE 0 P 22 204
A, &d] A EY A EYFETTS %ﬂﬂ‘/}/\P&%WD‘r(<°ﬂﬂaE°]ﬂ—9ﬂ A
17,&% 23]‘4»)57@?} 3 thAlol] JAEH o]~ E %‘iﬁﬂi’% ZAAE Z=E oy
TSN FAL AR S A5 § oITL type () <l ioinotance ) &
¥y ch (GPZ] 3, Bfolsg o] =4 | O]é Zegs = E% Aol Fof el oF 7
hasattr () BAFVEAFP =2 1819 &ttt

EAFP &g Rt} 845 3517] 7} 4 o} (Easier to ask for forgiveness than permission). ©] £3] & 4= Q1= 1}o]
HWIAY 2L, 2 7|U o EREY EAE 7ML, 2 71 o] E8l 9 A9 & F5 .
233t w2 A Y2 W trytexcept £2 EAE SR UL o] HlAY L C} 22 o2
W Aojoll A A3 AFRE = LBYL 2~ 7 th vl g Y T

expression (£¥2]) oj® groz 73 d = = EHAA 27 2 U2 2930, 1942 g HEY, o] F,
OJEEHE NA 2, A4, PN B e FUFE D 0452 4ol 29 A Th T2 B
dojgl gz H oz, BE o] TARS O EAAA AL otk while A, EAAOE ALY 5
R w4 S0l it the) w2 Aol EAA o] ohd Ut

extension module (23 2 5) C U C++ 2 ZAH B EQH, sto] A C APIE A& A] A o] L} A& %}

=9 45 2§ ok

f-string (F-F2kg) '£' U ' S Qo £ B S HPES £ (FEAD) oletn Ry, 29U £
d 2lEdE 9 I Uch PEP 498 S H A .
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file object (3} AA) s} 2+ ol EHBH o X]fék # API(read () Ywrite () Zz‘% HAES)E =Y
AAl R ol meh 3k AA = A ]"4’\5'-”-4 gt ol th& A FA U o
o, ZF 4=, Ad-vrRg A, &7, golz, 5l e AN2E FAT
AA = L F AA (file-like objects) } ~E & (streams) ozt EFP Yt}
AAZ = A E7Y 5td AA =0 M{:I_\_ql:]' o (raw) vlo| v 2] 21, W 7] = (buffered) v}-o] 1] 2] ]
g~E gtg. O]E‘-’] AEHA o] 2E 1o BEAA B Uth 3tE AAE HeE+= FHAA P
open () &+E 2& AYYrh

file-like object (3} 7 2 A) v} 24| o] v] 53 T

finder (3}1t]) dXEF RES A =] & 2o A =3H= AA.
glo]# 3.3, o] T2, F £ 7] ull /) dHF Ut sys.meta_path & A AFR 5= HEF 2 1kl T
¢} sys.path_hooks 3 A AL&-3F= A =2 A Eg kY.
o ZFA S Y82 PEP 302, PEP 420, PEP 451 o \}3 4t}

floor division (5= Vi) 714 77k A4 E W et 84 Al A5 Ul AR = // ok A E
Sol, ®d411 // 49 gL 2 HAW AL YA 2. 758 S F YTk (-11) // 47}-2.75
E WE & -30] ol FY3soF Futh PEP 2382 H A 8.

function (3) S E%}ol| A oW Fh2 EHF = €9 3= iAW T oY A 7 AEE 5 e,
Hho) o] Aldlof Ab2E 4= Q&) v B 9 A= Q}functlon AT BA L.

function annotation (g4 o] =¥ o] ) <= v 7= w3k 7he] of | o] AL
T ojieH ol dLE dUEH o R 3 JE E ARGHUTH oA E E9, o]l ¥4+ F N9 int AAE Ho}
= 021 Ao 2 7|H a1, FAlol int 9 FEE & A S =2 7P Ut

def sum_two_numbers(a: int, b: int) -> int:
return a + b

T4 o H o] A -2 function Z ol A AW T

o] 7]%5& Ayl W o] oH o] A I} PEP 4845 H 234 8.
_future_ Z 2w 7 A ez B2 ST A = A Ado] 7]

2E.

__future_ BEL AFTEII T HSFEL FTES FIA, Al 7] 50] AA Ao =F Adojof F71H
S, QAAFE 27 0] 7o) H A B 4 AT

off
ofs
rr

ES BNRT S Y= 3

My

fifo

>>> import __ future_
>>>  future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (/1] 2] 7)) ¥ 48514 9k v R el & Wb S AR shol e Bx 4 £43) %
82 AL FE 7 e S A FAZE S8 7HA S AE 3 FUh 7R A=
gc BES AR A Al d = sy th

generator (AU @ o]¥]) Al ol o] o]H & F5E 5. 4t 5 AH Kol -9 ==
UEEyield BFA S 2FTTE Hol U o] e for-F2E AFE S AU next () FT 2
3k wol s AW 5 sk

v ole) ol Bl e ol & bel Puich o =5k

HE A ol E] §4F 74l 7] A, o) | F ol s A
Aﬂﬂmﬂ&ﬂ°%%%eLﬁﬂ%ﬂéwﬁﬁiﬁgﬁﬁﬁ

gL-

“

generator iterator (Al & o] €] o€ #lo] &) | o] H ¥ =
ZFyield= 9A|F o7 A& FH3, ZHZ]./] (A W

A% ge)E 71 gr o A ol 8 o] el o] el 7} A 75 W,
N Aats 49k o By oh.
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generator expression (4|10 €] £H4]) o] B2 o] E] & EelF i R4, 2 M40l WS H ) ok for
A3 A hseir Aol Ho] By dwl xA4 Ag Uk 2de B AL S

@Ee wE AU

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

oX,

generic function (A 8] g) 22 A4S M2 2 FE5 &) 73 8 gz 24D 5. 550
o' FH o] ARRE A= tasf X darg)Fol 95 24H
A= a9 5] &o]F =3} functools.singledispatch () Bl Z# o] 6]} PEP 443% H M| 2.,
GIL A ol Z2[H 5 & HAM 8.

global interpreter lock (< Qle] Z 2]e] £) 3 Woj @ 2 311} A &7} nlo] A nlol E
H4347) 18] CPyhon 9181 2 B 7} A 3H= W AUZ. (dice s 22 528 1)
A7) o] A A 0% 5 A| oAl 2] ta] HHSEE vHE o] A CPython A&
Azl AAE FH 2= 7,3 e JEZYHE thF2d =37 f4A vE
AR ATHE §E el e R A

rrJ
rIo
HN —[E
L ¢
r[r
=
2
v}
ol
[k

o
ST 4 V0% B s T4 GILS et e
s

(B4 © A5 35 H ol HE k) (28 o) AHf 22 (free-threaded)) AE =2l B BHE LA
S A e A F Aol £, 00 L e AN Feel s s A A
o] 4% ol 8 FRAE AL TAS AW BHIA B0} A §7 W 8o H Soj2 Ao o AX L
91Ut

hash-based pye (314] 7] pye) 348 8 547) 1 31 422 shale] 315 54 A17b] ohd 1418 A
3= Hlol E I = A 3}, pyc-invalidationS 32314 8.

hashable (3| X] 7}5) A 7F LA 2 ghol WalA] b= A #S 231 (__hash_ () WAZE7F 223U,
2 AA G nE 4 Yo (Leq () HIAEZFZSFYUT, Al 7P“6}E‘r1 Sy Zoia

Hl 52 A Al b e A5 8] A EE 2okof g ok

A F5Ae AAE B e AU A Te) W ALe T 4 A s, o] AR TR o] A
o= HARE A8 BE AU

& stold el £ g AAE2 A 7 h BR12EU gAY 22) 7 AE Y EL
%A gFUT (FE ol frozenset Z-2) 2 ZAH U E2 15 8450 A 7S wjvt sﬂ,\]
stk 87 Be) Zelael dxHA AAEL ABA 2 A AT (47 A4S
Alejstals) B k2 thal HlaE 3, A g id () 2 FH Be o Ut

57 (Integrated Development Environment). IDLE-2 3} o] 2 o] 3% & ] 32 7}
81225 899

S

U ol AR S

ore A1 gho) 91l oF Ss 2ol A

ll‘ rlo

o

importing (U Z9) 3 59| sho] @l T/} The RE 9| o] @l D= A AHEE 5 JEE B AR
importer (YXE)) EES 275 8131 25 87| sl AA); Ao 9ol o] A =] A4 ).

interactive (c)3}) zlo] W2 th3ly A ZHE 20 U, JHZ ey ZEZEX 240 T4 S
‘?JEW‘¢ A, 7+ % Sdyth A §lo] &4 pythong A kA
FE o ool A Al th. A ofe]t] o] & AABI AL & %J%JH?WE
EO%D}EL o] - 72 5 A 2).

Eml

ﬂ!I
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interpreted (QJE] Z 2] €] &) H]-O]__I_E Agdee E2X) uFo 2 F+E liaﬁﬁ;‘] 7=
A Ao 7Fof et A E = E]Ei doldUth o] A2 WA Ao E A 91Y S
FYde AY AP L Q= =Yt 22z 3o & o A3 AYPE 7=
Adoj+= Ei?‘vﬂr"“ﬂ‘ﬂir/}%}ﬁ MW A F718 25Ut 3t & BA L.

interpreter shutdown (2 €] Z 2] €] OE) %—E?_ﬂ'ﬂ'% = , Tl Sl Z B E= 5 Al 7]of A
YJot=dl, ZECIU o8 7HA F ?:EEDLE] 2+
3 78 A A7) B o W % t]—l/]l:"r AR} A} weakref EH
A|ZAAZ = IdF5UL T8 /\]7] F oA
AP sl ¥ 71534 9 °]’ —’F A7 wE LY

X
o,
[o
d,

i o

)
S,
<]
ql
>.
3

;.:
z
-4
BN
il
Hox
rr o2 . o
St
L r]n g
m[rl
12 o
V)
N
e
|o
u

T rr
ot
<L
2

rr fc;
S
2 g
[z fo
2 e
o
td o
Tty
24
<
o)

SEEEEECEEER .

iterable (o]E1218) W35S 3 ol Spa £ % 4= i A, o|Elel o) of 2
2 NP2 FE, dict T2 HRE W AA2 5, 9L A S, iter () )
3l=_ getitem () WA =EZgro AREo] ¢

olH &2 for FZ AHEE
/\%%—7—9}’\‘43}- ole & AA 7} i
=HFYh 9] ]Ei?fﬂ"]Ei“ HEY AFE T AA Ut olHHES AT o,
E%L iter () & ZE&A, olHe olH AAE HFUh for B2 olAES 99
2 AIS) A Z}EOE AEed, F2E == T olHE olHE ot ol v M- E UE
o] Eﬁ gl ol e, Ald A, Al dlolE = HA Q.
iterator (o[E]&|o]E]) T|o|E]S] 2ERZ 8= AA. o|HHHY _next_ () FINEERIEHCR
TESH (EE 141” T next () 2 AESIH) 2EH J+= FHEL AUUE =854tk o
o] Are] gl el 7} &) IIH Al StopIteratlon o2& o Fth o] A FolA, o]Ej# o8 HA|=
AZEI,0lE BE  next_ () WAE ESL2 Stoplteration 98 & tiA] € o772 ghth
o] E] | o] B = ©] Eﬂ o] ¥ A A Z}’ﬂ% T _iter_ () WAEE 7HE Ao 875 7] df &,
o]l o] Bl o] Bl 2] 30] /] &= B3 ThE o] el 2] BES Mo Eol & el oA L8 5 gl
F2.8 o9& ojg] Me] o el o] A8 AT TEAUL (1ist g2) Aol AR iter ()
T2 AR for Sl ST ATkE} ] oTELSIENE e )] A clgis oIl i
A %8 5e 3 Bk, A o] Bl o Aol A ol u] 421 o] e o] B & B 7 A, 4l el ] A
ol g,
typeiter o T ZpA1 2 W-8-0] syt
key function (7] ) 7] St == & o] A (collation) 4=+ A & (sorting) ©] L} Bl & (ordering) o] A} &5 =
#He el FHEYYH & 59, locale.strxfrm() S EAY SZ P HE2=AHE 7 E
e = o AR E YT
to] A ] g E 7L 2 Aol oA A XA AL Fol=A & Alofstr] fE 7] FE otE Ut
o] ZAEo+=min(),max (), sorted (), list.sort (), heapg.merge (), heapg.nsmallest (),
heapg.nlargest (), itertools.groupby () °©] A& T}
7| g+ e dE oy ol dFsUth dE 9, str.lower () HIAEE Alolx F
%] Eﬂ o S A7 AT EAEE S AFUTE HAA o2, 7] & lambda EHA SO E WHE £ 5 9
Eﬂ, 0]% Allutt: lambda r: (r[0], r([2]). =3 operator EEL A MY 7] g4 AAAE
A3 UrTh: attrgetter (), itemgetter (), methodcaller (). 7] &4+E W& /\]——%5]—% ol
tf) 3t o]  Sorting HOW TO & XA 2.

keyword argument (7] 9 & ¢z} <A} & H A Q.
lambda (th 52 ] gto] Fal A shife] £4 22 T4 o] E gl Azt

EHL lambda [parameters]: expression YUrth

LBYL ¥ 7] Aol X2} (Look before you leap). ©] T A YL =0} 23] E 317] dof] A H o2 ALA
A2 QAT of 2602 FAFP A2 U U 1, B 11 B9 24 S92
O3 28 = S0 A, LBYL 22 (E7])y e (H7]) 2l AR 20 WA 2 Aol syt

rO
rlo
>
o
A
Ir
|B
j\)]
H
o]
il
e
o
g
>
[y
fint)
m
N
fr >
o2
tjo
zc mi H
=
rlr
pa)
iAs
<
v}

2 (zip (), map (), =) °l
= Eﬂ,l 7“41«] OlEiﬁﬂolEi%

rﬁm

n Mo
0, 9,
I rr

e ¢

u

2~ SFS 2 L.
T g drEvEs

ful
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& £9], F=E if key in mapping: return mappinglkey] = ZAA} Zof|, 3} X 2 23] A9,
o= ﬁ"fﬂ‘:ﬂkeya mapping?| Al Al Ak AT 4 QlFUTh o] H o4& Zo| U EAFP H2H <&
Ag oA 2E 5 vk

list (B]2E) U ghol A Al d s, T o] Fol| = B30l Yaol that AN 271 0(1) o) 7l wl 2o, AZ Bl 2E
(linked list) B Th= TF= o] 9] vl 43} §- A3 T}

list comprehension (2] 2 E ,:,.—ZE]T{L/S A2 84S AR E= YR E At 1 2 E B ERE 59
Z‘_ﬂﬁdmtﬂ result = [ {.#O4X}'.format(x for x in range (256) if x % 2 ==

=00 A 255 Afolo = HEE2 1674 (0x.) 52 £33t BAE ] gl2EE WUt if
Z‘é% A2 5 QlF YT "3‘*3}“&, range (256) ol Y+ BE 847 AP Urh

loader (2¢]) 2 ES ZE31= A, load_module () °]2HE o] S92 1
ol 7 =8 F YUtk AASH Y82 PEP 302 &, 7 Wjo]|~
£ HAS.

magic method (W] 2] M A=) S v = o] w]F 4] A<l e T

£ s it 2o e B E

Ae
Z 7~ = importlib.abc.Loader

-
I~

mapping (W] 3) 9]¢ 7] 23] & A Y33l Mapping ©| Y MutableMapping 74 o] ZEf of] 2| HH
HAEELS T = A o)y AA. 2= dict, collections.defaultdict, collections.
OrderedDict, collections.Counter & & 4 ST}

meta path finder (W€} 2 3}Q1t]) sys.meta_path & AMo] Z&F+= 3l WE F & 3Rl 4=
AE] ol oF AHFE o Q1 7]&= A v thE Yt
HE A2 37 LA E HAEE A= importlib.abe.MetaPathFinder & ™4
e},

it

metaclass (W€} 22 &) Se2o) Sefn. S Fos S o) F, 2L 9H e, Hlo)x S 259
55& e yth vE SHas of Al S WobA Ze S e Ao Yok 2o A4
Ay z2aefg Aol 72 Fds Aedych ol WS S vtes A2 ALH Vg
FAHAE WS Ao AdUnh i 72 AR A7 o] EF 7 A A8 A, 2874
o, WE S 2= FHstal ol s & Ale @tk o ER{E AN 29 27 (logging), 2 =
FRde 7k A B 4, 4 o2 2ol ARy o

o] Py
= =l
method (AZ) 2ah2 6] ol A5 . 7 Zeh o] A1 o]l B
HAEE A HA QA (EE self gt E¥TH 2 JIA®HA A E HFUTE T4 S5 ~502
£ HAS.
method resolution order (W A1= 7 < A) WA= 274 ¢A= 2351 S Ww S QA= o2 2
259 AU 23 dE|aRE gho] A JE|Z 2 H o AS-H e 59 Al e 8- The Python
2.3 Method Resolution OrderZ X ¥ F Ut}
module (2 5) sho]#l 7= 223} th9] & Wbk A, R ELS 92)9] ol AAE
A5tk B e 9y 220 8 selne e 2Eg UL

712 & HA L.

module spec (R & A28) L ES Z 3=t AHETH
importlib.machinery.ModuleSpec & 91~

o
i}
rr
o
alf
ot
N,
o

MRO w4 = 274 A & HA L.
mutable (7} ¥) 7} A= Zro] W 4 QA
|

named tuple (U] Y E $Z) (named tuple(V| Y= FZ)) °]
HEE }\]-_&'5}-0:] ]1: /\-51-/\ O]‘C _g_/\oﬂ N x
St Vv E ﬁlg T st
time.localtime () os.stat () 7} 92 ek gk 283t o YR P ol vd=E FEHdUth =
o2 o= sys.float_info?jqﬂl-.

rH
-
0.
rlr
o,
o
ok
2
Ho
XN
i)
i
)
A
29
ki
o
=
ko
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>>> sys.float_info[l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

AR UVJE FE2UHZFE HAY o) Utk =&, tupled A A% ﬁﬁﬂ%%%%g%@ga%
A 2ol Aol 2 MUE FES BE + s o8B Toak A7 AAAAY AL Br
collections.namedtuple () 2 & 4 AS5UTh T2 7|HE A H AAFAY YF U L=
EZoAE RS 2 gt 2 7R 2w A EE 27 % gtk

namespace (0|5 F7H) W7 AT = F4. ol F 2 GAYEE FEFYE Ao FHE ol ¥
(MA = o A) Erkopet A, Ao, W o] F 5] s Uth o] F 3L o5 == YAMA
_‘?_T‘Z:r/‘éa A Ygguch o o], ¥4 builtins.open 3 os.open() 2 159 o] E F 7o 9 &
B Ee o8 0L OB B YE FANCAE LA B A A4 7
q01] E22 Uttt 9 & £9], random.seed () = itertools.islice() Bt 2 1 3

—O] Z}Z} random I} itertools BEEO) o5 +EE ¢ g o] B3} - Ut

namespace package (°] & $ A B A7 A5 A oY 2 U 7] 5 8= PEP 420 7)) 7] #]. o] &
7 A= 22 A A AA 7L %i% 2 QAL 58] __init_ .py 3ol glemE A4t 9 7] 4] &=
chEUTh
HE T HAS.

nested scope (ZHE A7 Z) S Ao oA H4E F=2e}
Te vk ﬂ*oﬂ JeWTES 32T 5 5k
® 0] 5 4] gt 2] 2o sok STk A
WA=, A M ELS A A
s etehch.

new-style class (77 2Bl e 2) A F2 ZRE F
B 2719 ol W WANAE, 28 A 9

_ _getattribute_ (), EH 2 HAE, ~HE y A=

AFg3 2 gl ol th

object (AA) AE] (JEHELZH S 2T SZA (WA ) o] YF BE¢o]E]. T3 BE w28 S~
o HFAA wol s Fe AP

package (3] 7] 7)) A B REEo}, AA BT AHH 7 EL
l—‘Hﬂx]%_path 01 ﬂHE7]_O1L— _4_0]5(4 U\:ot}\/]q_

At W71 A & o] 5 FXH A = HA L.
parameter (|73 Sh (= WM =) Boj ol A Tk S 5 Gl A (s oW A AAS) €
ARt ol 5 & ﬂﬂﬂ oA E5of vl 7h A "r7} As Yt
e 9x-7]9 = positional-or-keyword):—‘Hi] b 719 E A2 A
H 3

ol
o] Aol 71& Fej o] mip A AU th A E &l kol Al foo &} bar:

3+
A=
)

e

i
-
30,
rr
rO
R
it
N,
o,
i)
A
v

’def func (foo, bar=None) :

o 9 - A& (positional-only): A2 Al52 5 A+ AAE AAZFUCLE A Ag A HF+=
S Ao /A S HE ) / FAE 2388 I F ol AY T S A5 oA E 0] thEolA

posonlyl 3} posonly2:

def func(posonlyl, posonly2, /, positional_or_keyword) :
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L]

W

] 4‘: 2§ (keyword-only): 7)1 EZ T A 52 5 Y+ AAE AL F E]' 719 =-A-8 w7
S o o] i ol A ol stk ZHA-9 X Wi AU+ E DT = Z el A 7‘4-/]31'
9)\?5“4 o} o & 01 o}2-oll A kw_onlyl 2} kw_only2:

> rlr

[o N

ef func(arg, *, kw_onlyl, kw_only2):

o 7}H-9] R (varposztzonal) (T2 w7/l HF=E ol Al o] u] Bhol=o A 9] 2] AAL=9 tl3)) Al&-2
T A=A AAEY g AAAE AAZFYTh ol w7 g = w7 H S o] Fofl * & kel
29X ZgE £ AdF UL A& S0 th ol A args:

’def func (*args, **kwargs):

+ P AE (arkemord): (£HE D W55 of 915 4 o)) oG el 2 A= A E o))
AZE 5 Sl Qo] A5 9= AAEE ARTUTE o) F w e v ol Fol <o &
ool 24 4D 4 &ITh o= So 919 ol ol A kwargs.

WA A8 QS-S 98 /1 gk oh ek A e Aol ALt B4 AAES AR T 4 AT

}301 F &=, Az} v =2 }polof L} 2= FAQ A&, inspect .Parameter Z @2, function
4, PEP 3625 H A Q.

path entry (G2 A=) 4= 7] 5holt) 7 QEE I HEES 27] 980 Fushe Qs Jw 4o s
4.

path entry finder (3 2 QlE 8] 5}21t]) sys.path_hooks o] Y= ZFHE(F, 42 JEDZ F) o] THFE
kel Qdd], FARX 42 JdE ZEEES = YHES <L Jd5FYTH
AZ AQEZ FJodygEo] +HI}= HAEEL importlib.abc.PathEntryFinder o] Y34t}

path entry hook (4 2 QE 8] F) sys.path_hook E|AE J=ZEAY, ER A2 dEz oA RES
Ze=lE dn dud d2 dEF 9y & E8F5Yh

path based finder (F 2 7|49 5}2lt]) 7] v} 4 = 3o & F U, I 2 E H =2 oA BRES 35
yrtt.

path-like object (27 ZAA|) 3t A28 A2 E e+ AAl. A2F AA= 42 E UEH = str U
bytes ZAA| o] A} os.PathLike Z2 EZ S Fd3E AA YU} os.PathLike T2 EF S XY
]

Sl AA) = os.fspath() FTE SE A str Y bytes L A 2" Az 2 HEE 4 5o}
th4l os. fsdecode () & os.fsencode () & ZZt str U bytes 2345 BEZF5t=0 AFE &+ U5

Uth PEP 5192 =915 95Utk

PEP 3}o]id 74 A<k PEP= 3ol AFUE o ZEE AFstAY sho] W e I 22 A2 Es &7
e N2 7 sS AYste AA A QUL PEP+ At 7] 5o tid 2% 7l AMS 2 2AE

Alza of gt

PEP= F 8 *HET 71%% At FA A g AFUE dH2S TR sty spoj ol St A A
P 718 Wl AY S AU o PEP 2 2k AR U E W ol A el & 758k i)

portion (S£4) PEP 420 o 4 2] 8k A &, 0% 32 317 Aol o wbA] 5= shitel plelejelo] Soj gl
ST A @p LN A & A% A5 FUh.

positional argument ($] ] 212} Q1A & H A Q.

provisional API (Z+73 API) A3 API= 22 glo] B g9 A T34 R ozHE A=3 A9 AYUrh
AE] s o] 29 & i‘rﬂ O%WH A GA T FA A ojgtal RAIFH = 8 o] fEAEe] B8ttt
S A= 4474 T3 o] FAHA e WA dojd F AFUTE IR AL B Qs oR
dojual = o= AdUtt—APIE 23617 Aol X Foistal 224 Ao dad A -follvk

Aol Atk
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>

TR API N 2 A=, A S &g o] FAH A Ge W2 (259 —’F‘?}>> o7 047453‘4‘4 REAEH
-cxﬂ of thafl JA TS FA =M= o= %
o) AA BE 2ol et oul A7 B TRA AA 2 5ol wm e o U
=t o ZA S U282 PEP 411

provisional package (23 2] 7] x]) &4 API & BA L

Python 3000 (3}0] %1 3000) o] 3.x viaE 2hle] ™ (M 39 w27} ¥ njef o] ojof7| | A Ao gt 3]
ol Fe°lth) ol 22 (Py3k) & S0 27| % Tt

Pythonic (s}o] A the) The 910 5ol ) Qx4 9l PSS Aga| A =S FASH= 4], 5ho] A Qofol 4
1R A7 AR S o Q5L Fh7ho] mEs ofoltolu} TE 27k o & Sof, hol ol A A5 2k
GG for BEABAN olclcl B0l 2 e @8k FHSE AYUT, T BE Aol ol

7o) PAEO] flom R, ol o] 0% aA) e AFEL Tl 2} AL E B A= Tt

filo
27
(e
i)
v

for i in range(len(food)):
print (food[i])

o 2B, shol ATk Wy £ o Fguith

for piece in food:
print (piece)

qualified name (J 135 o] 2) ZEY A AF oA ZE AH Fe A, &5, wAE Oﬂ O]E% (A=)
= quzt Ho =z FEH o] F. PEP 3155 ol A FoF Ut H A4S ot Fa 2] Ao, A3t
]u 2 AA Y o] 5T

>>> class C:
class D:
def meth (self):

pass
>>> C.__ _qualname___
YC’
>>> C.D.__qgualname___
'C.D'
>>> C.D.meth._qualname__
'C.D.meth'’

223y

B2EE 77l AHE , AA S AF3E o= (fully qualified name) S & B 12 3] 7| X &
A REE 7= ZJEE E]% O]%%B]U]?QWTZ]- o & 50],email .mime.text:

>>> import email .mime.text
>>> email.mime.text. name_
'email.mime.text'

reference count (2% 314) Zﬂiﬂcﬂ EH'SP ZAzo] fe. A iﬂ-/] Fz 37007 ol X, W 2 e 7 v
Utk 2 35 F4L2 2 lol FE=of = QX]“:OJ'XII&,CP)zh(m—?@Q A AP YT

RT T 1T E.L ﬁ
sys BE2 54 A9 F=x ?\—’F% =8 F+ getrefcount () & FYFYTh

regular package (A #|7]A)) __init_ .py YL 3= e gt 2o A5 A 7] 4.
ol I A = HAL

_slots__ S o] A, AT of
AAGe 2N HEZE Ass 23S
= 722 HolehA, ‘}ﬂ glof ve 58
g5k Aol F5UTh

)
N
I-mF
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sequence (A]A2) __getitem_ () ST HAEE &3 A5 AGAE AFGSHmE 8 4 WA AE A ASaL
AF2Y dolg EelF+_len_ () MIAEE BY ot ofElelE. BE WA A IS UEsEd,
list, str, tuple, bytes 7} 55Ut} dict =3k _ getitem_ () ¥ __len_ () < A YA g,

ct or _ =
230 A4 T4l A9 2] 20l 7] 2 ABSH w Foll A2k opzh B o A ALk Aol o3
oF S ok

The collections.abc.Sequence abstract base class defines a much richer interface that goes be-

yond just __getitem__ () and __len__ (), adding count (), index (), __contains__ (), and
__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register ().

set comprehension A compact way to process all or part of the elements in an iterable and return a set with the
results. results = {c for c in 'abracadabra' if c not in 'abc'} generates the set of
strings {'r', 'd'}. See comprehensions.

single dispatch (J 2 t]A o] x]) & o] ghte] QAR Fof| 7|2 A AAE = Al g T ta)x
.

slice (&2lo]2) HF A|A~ o dBE 235l AA|. Eefolaes B ATHE 78S ARRSIA T Y
t} variable_name[1:3:5] A&, [] Stoll A o7 719 7\—;(]"—::_ ZF2o7 Byt tZs (AE
AFIPE)F7HE YREHo=w sllce A& AHs gk

special method (534 | A &) EI-O] ol gof o ArkE, QA 22, AP ul] FAH
ol M= F 7Hv4 V=2 A &stal Evb 01%% ZEa syt S5 HA
AR ‘?l":oiﬁ S4rth

statement (£73) T2 29 E (ZE9 (EF(block))) & FASIE FEYUTE EF2 2384 o] AL 7|9
c= }\]-_9_?5]—% o8] 7} LR E %0 st Utk 718 if, while, for.

text encoding (A1 AE Q17 4)) FUTE BEXI S vlo]EEE ¢ FYP3= A,

text file () AE 3}1Y) str AAE =
H ol AEY S BAM AL E—ﬂﬁﬁ 2 s A FULH HAE 5G9 2= HAE BRE ('
FE'w') 2 99 99, sys.stdin, sys.stdout, i0.StringI0 & A2HAE E = JHF YT}
Ho|EGF A2 & 91 & 5 & 3 AA o el A = vlol v g 31Yd = Zx3A 8.

AL G E (O G FLOSE () A AT FHR FAL.

©
rok

5 9% 5 A %, GAE AL AAZE vho] = A
L=

mlil
OWR

triple-quoted string (4= u}2 3% ¥ AR
w23 shuE S EAFL O Qe 752 AlF A = FA R, of 8 7HA] o] ol A 27 Y5 Ut
ojaAo]Z H 7 ke AW E U ZWM-EEE FAE A 2FE Y= F 5, AE FAE 24
FiE o] 2ol 2H S, s2EYS & 53] £2 AFUTh

type () shol#l A 2] & T710] oW E7] AN AAE FAFTh EE AA £ Fo] drch A9
P2 __class_ olEFRER A2 A type (obj) B 8= F AU

type alias (3 o A2l o] 2) FL 418 ] Q) she] BHEo| A= B F o],
Folgelolat 3 =g destshe o f 8T olg 51
from typing import List, Tuple
def remove_gray_shades (

colors: List[Tuple[int, int, int]]) -> List[Tuplelint, int, int]]:

pass

£ rhesh 2ol B 97 44 BE 5 de U

from typing import List, Tuple

Color = Tuple[int, int, int]

(TH& ST Aol A1)
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def remove_gray_shades (colors: List[Color]) -> List[Color]:
pass

E 2l ¢ U RES 3] 7T E = 32 AR St o |

o] .
S E= A8 Aol sto] Mo A FAE A= syt AR A § 24 =0 §-851v IDE
g I=ESL L YAEHE FFUH
A9 e A, Al FHl2 oERRE Y 49 g SIExtyping.get_type_hints ()
E ARt AM AT JFU T
o] 7%= AW typingd} PEP 4845 I X 5HA 2

universal newlines (f+UH A & d7)) D} JJr Z2ASS BT 9 202 A3, d2E 2EY S 54
Bh= B = 2 7H S QX} e \n', A== \r\n', ALY NEA] & '\ F7HE
Ao J?{roH/H = bytes. splltllnes () ®ut ol 2} PEP 278 &} PEP 3116 & H A 2.

variable annotation (H4* o] o] X)) Hy == ZHP 2 olETHE o] - H o] Al
HeEE FYgnoEREY ool AS G uf Y2 A8 AFGdyrt:

class C:
field: 'annotation'

M olmHolde Ao R o JES AGHUT: o Fol, o] WSt int 2 Y R0E

EEREE

count: int

0

W o] = H o] A - H-2 A A annassign ol A A g T}
o] 7% Ak 4 o H o] A, PEP 484 % PEP 526 3% 814

O
virtual environment (7}4} 7)) s}o) % /\]-31]-9} SE& 2ol T2 A|aH

1l
Aladlol A A E = o E shol

832205 ol JHE P ¢ Y071, shol 4l M) E 71 A 52 4125 A v} 928 o] = o
A& s e ok, B Aoz Ael Aal 8.

venv &= E_}‘ﬂJJ_

virtual machine (7} 714])) &=
ZﬁdLﬂﬂEﬁEEA

Zen of Python (3}o] 4 ) 5te] 2 T 2}e
Utk o] 5L 5y mExE

ulo g Aolg AZE. go| W] 74 7| A= vlol E T = AnAd 7}

e} FEEo B2y, Ao E o531 AFL3E U =29
ol A (import this) & Jatd B},
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APPENDIX B

O] dH A0 2510

o] A A= reStructuredText A0 A FHE01 X A0 &, sho| W AP AE 98 583 A 2H 4] A g7
Sphinx £ AH&FF U T

A A9} o] 2 93 B4 Q1 L sho]l W A 9} v A IR 2 AR o7 AABARLY = F ) 7] oj st
AT, o] ¥ of] t 3 4 B += reporting-bugs #| o] A| & F LS Al & A 22 AL B AR QA VS
yH

U BEolA B2 AE =g yth

e Fred L. Drake, Jr., & 3to] A A PA =4 7o) 2 Aol A} gk Zel=

QUL

lo
2
N
-

« reStructuredText 2} Docutils 29 EE JIE &= Docutils ZZ2 A E,

e Fredrik Lundh, Z22] Alternative Python Reference 3Z 2 A & of] A] Sphinx 7} B-& o}o|t] o] & A ¢lH Y}

1o

B.1 mjo|M MEHA Q| ZSXIE

PN
Au
=)
2

ol A Aol 7P surnh 7oAk HE <
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apPENDIX C

AALRL 2fO] Ml A

1 AT EQ0{e HAl

] WL ABCElE= Ao A AZ A v & &X 9] Stichting Mathematisch Centrum (CWI https://www.cwi.nl/
./] Guido van Rossum o] 9] 3 1990 At Zulef] rEo] H 50Ut 3tol M o= 2 A& 52 Be 33 o]
Q‘”Z}”&, Guido+= Fto] W o] £ 8 A AR o} Q5T

1995, Guido+ Virginia 2] Reston 9] 9]+ Corporation for National Research Initiatives(CNRI, https://www.cnri.
reston va.us/ 2H2) o A1 5Fo] A 2 A2 A% B, o] ol A o] 2] 1 A2] 432 £ 9] 0] F 2 A WL T

20003 5¢Y, Guido 2} 5ol A a1 A 7 9FE]l & BeOpen.com 2. 2 & 7 4] BeOpen PythonLabs ¥ & A4 A5t} &
2 3 10%, PythonLabs & -2 Digital Creations(¥ Al] Zope Corporation; https://www.zope.org/ #Z) 2 & H 55Ut
2001 d, sFo] W 4 E ¢ o] A} Tk (PSF, https://www.python.org/psf/ Z2) o] A A5 5 th o] &A= gho] A
A A F QA S AFFEE 5E3] A H v 8 2 & YUt Zope Corporation PSF2] T 3] Ut

RE glold a2 g2 FI| A d Ut (F7] 22 F 2o o F A= https://opensource.org/E FZ 3 Al L).
Ao, PR (FA W AL obdyth shol Ml ER2 GPLI TP Uth obel o) Et chF T
(]

EE

1~l uN‘ 3,; (@]

Hf = =t oAM= 32T T S PNEY GPL &7
09.0~1.2 | n/a 1991-1995 | CWI yes
13~152 | 1.2 1995-1999 | CNRI yes
1.6 1.5.2 2000 CNRI no
2.0 1.6 2000 BeOpen.com | no
1.6.1 1.6 2001 CNRI no
2.1 2.0+1.6.1 | 2001 PSF no
2.0.1 2.0+1.6.1 | 2001 PSF yes
2.1.1 2.142.0.1 | 2001 PSF yes
2.12 2.1.1 2002 PSF yes
213 2.1.2 2002 PSF yes
2.2 ol A+ 2.1.1 2001-#A] | PSF yes
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F3: GPLY ST 2S $2)7} GPLE shol i W E Btk 212 o84 & ok o, B ol Al
Shol Ml GPLT} 28] ol e 2e) AL 3/] £os BEA i 54T WAL WET 2 g Ttk GPL
S 2hol ks Sho] M3} GPL dhol REH ThE 22 EF0) S 2RS4 A FUTH OE A5 187

Easagieg

Guido 8] A= 3}of| o] Wi £ S 7hsstAl vhe W2 o7 A B AAS o Al A= H U T

Oh

C.2 mo| Mol HMASHHLE AFESEY| 2It 0|8 of&

1 -

r

gfo] A A Z E 9 o] @} AW A= PSF License Agreement©l w2} 2fo] Al 71 Hof 5 Ut}

glo] 4 3.8.6F €], A A2 oA, Z2]H Y 7]E} T =+ PSF License Agreement 2} Zero-Clause BSD license|
we} o] 5 ehol 4l 7} of L.

SolAo) B4 A% 4megofol i ChE ehol A7k 4 SH T ehol st 35 ehol Aol Bt
SE9) o h R Ut ol elat ehol A 55] BT BB S £ e 4 e gojo] T8 2ol 4l 3 S0l B
FzeAAL

C.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.8.13

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSEF"),.
—and

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.8.13 software in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 3.8.13 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2022 Python Software Foundation; All_
—~Rights
Reserved" are retained in Python 3.8.13 alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.8.13 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made to.

—Python
3.8.13.

4. PSF is making Python 3.8.13 available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION.
—0OR
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WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE
USE OF PYTHON 3.8.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.8.13

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.8.13, 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 3.8.13, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 BEOPEN.COM LICENSE AGREEMENT FOR PYTHON 2.0

BEOPEN PYTHON OPEN SOURCE LICENSE AGREEMENT VERSION 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

(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 3.8.13 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.

(9]
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C.3.1 HZEM EQ|AH

_random EE-2 http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/MT2002/emt19937ar.html o] A W &
e o 7Nt =5 XL 22 ddl =9 A4S IdE 57 Ad Yt

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)

C3.2 A%

socket EE2 getaddrinfo () 2} getnameinfo () &F&E A&t} o] 52 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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Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 #7| &z|

http.cookies RE2 thg3 &2 £ AHEHE 283Ut

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode 2! UUdecode &

uwu RES 023 22 o] AFLES 23

%

Y

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:
— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C

(TF= ol ATl A%
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version is still 5 times faster, though.
- Arguments more compliant with Python standard

C.3.7 XML &4 =2 Al

ol
¥

xmlrpc.client BE2 b5 22 3o Abde 2943 th:

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 HF 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 5] o] 2] Ta] T}g7} 22 Fo) S =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}9 Python/pyhash.c °]+= Dan Bernstein ] SipHash24 €17 2] & 2] Marek Majkowski 2] - & o] 3 3}=] o]
AsUh o7+ o33 22 Y& £3F o JdFyth:

<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

C double I+ &2 749 WIS 93 C &4 dtoa &} strtod S A2 5H= kY Python/dtoa c = A http:
/ Iwww.netlib.org/fp/ ol Al A& 4= 91+ David M. Gay 2 @8 o] &9 wtd oA FAE A5 YTH 20095 3y
16dol e AR stdo= tha 7 22 A&d B gtoldls F A 7F 23 of sy Th:

/****************************************************************

The author of this software is David M. Gay.

* % o

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

B 5 hashlib,posix, ssl, crypt + &
S EEREESENETI e
o= 2 o 7)o OpenSSL &Fo] Al 2 AFE

B A A7 AHEE 5 AA sHE F7He] A 5= #1301 OpenSSL gto]
X gho]lW A L2 7L OpenSSL 2fo] B &g AHL S 233
= T H:

o
>z

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).

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 =5 ——yith-system-expat & FA SR &= 3, EHH expat 22 AHE S AR5} o]

dEgynh

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 8HAL WTCE —_yith-system—1ibffi & FASIA] &= 3t £ H libfi &2 AFES AR5 o]

e

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc ©f &3 AHE5 = al A] H| o] £9] FH - cfuhash ZE2AE
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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 WY E=E —-—with-system-libmpdec & T4 3}X] &+ oF, Z3HH libmpdec 22 AFE S

Agstel =g o)

Copyright (c) 2008-2016 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N E|AE AQIE
test F 7] X2 C14N 2.0 E|2E A9 E (Lib/test/xmltestdata/c14n-20/)+= W3C 9 A}o] E https:
[ Iwww.w3.org/TR/xml-cl4n2-testcases/ of| A 7FA 2k 2. ™ 3-4 BSD 2}o] Al o] v g Yt}

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, this list of conditions and the fol-
lowing 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.
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* 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 PUR-
POSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBU-
TORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUB-
STITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUP-
TION) 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 © 2001-2022 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.

WA 2ol 0 AL AT ARE o AL9) 2ho] 4l o A Al F T

149



Python Tutorial, £A| H{H 3.8.13

150 Appendix D. x{Zt#



1=
ro

Non-alphabetical

..., 115
# (hash)
comment, 9
* (asterisk)
in function calls, 30

* Kk

in function calls, 30

2to3, 115
: (colon)
function annotations, 32
->
function annotations, 32
>>>, 115
__all ,52
___future_ , 119
__slots_ ,125
ik
file, 59
method, 76
for, 20

A

abstract base class (F4 Wlolx &), 115

annotation (o] H o] M), 115

annotations

function, 32

argument (12}, 115

asynchronous context manager (M]3 7] 7 €l
~E B2 2, 116

asynchronous generator (V% 7] Al g o] §),
116

asynchronous generator iterator (H| & 7]
Al ol o] Bl o] H), 116

asynchronous iterable (H]5 7] o]E & &), 116

asynchronous iterator (H]% 7] ©| € g o] §),
116
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B

BDFL, 116
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builtins
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C

callback (&%), 117
C-contiguous, 117
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class variable (E3 2 HS), 117
coding
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coercion (Zo]A), 117
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coroutine (ZFH), 117
coroutine function (ZFHE &), 117
CPython, 117

D
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documentation strings, 23,3l
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EAFP, 118
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expression (Z&4]), 118
extension module (%3 2 §), 118

K

key function (7] &%), 121

E keyword argument (7] ¥ = 1z}, 121
f-string (fFEA}9), 118 L
file_‘ N lambda (FTh), 121
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file object (F< AA), 119
file-like object (FLHF 2A)), 119
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floor division (A4 v=A), 119
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for M
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annotations, 32 :
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module search, 48
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PEP, 124
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search
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method, 126
special method (E4 WA E), 126
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PYTHONSTARTUP, 114
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