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gholH JIE Z e H o= B/ AHE S U B2 T2 P ol WaE o lsUTh 7oA gl o=
g gk
HE B
abs () delattr() hash () memoryview () set ()
all() dict () help /() min () setattr()
any () dir() hex () next () slice()
ascii() divmod () id() object () sorted()
bin() enumerate () input () oct () staticmethod ()
bool () eval () int () open () str()
breakpoint () exec () isinstance() ord() sum /()
bytearray () filter() issubclass () | pow() super ()
bytes () float () iter() print () tuple ()
callable () format () len () property () type ()
chr () frozenset () 1list () range () vars ()
classmethod () | getattr () locals () repr () zip ()
compile () globals () map () reversed() __ _import__ ()
complex () hasattr/() max () round ()
abs (x)
<Ak AUigks SHSs U AR A S AFdUTh A7 E4eH I 277 e Ut
x7}_abs_ £ 4Y3%td, abs (x) & x.__abs__ () & W&

all (iterable)
iterable ] B5 2 427} o] W (K iterable ©] H]o] Qo W) True & S F U thaH 55 th

def all (iterable) :
for element in iterable:
if not element:
return False
return True

any (iterable)
iterable 8] 8 4 = o] = U EtE Fo]™ True & &85 U} iterable©] H] o] YOS H False & &1
FUth 083 55 3 ok
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def any(iterable):
for element in iterable:
if element:
return True
return False

ascii (object)
repr () A8, A9 A4 75 TS 2ok TAE S vHE ?‘fPX] 9k \x LJr \u = \U o] 24
O|ZE AME-3t repr() o] 8T ]
to] M 28] repr () o] E8F+ AG e FAE

bin (x)
A4S (0b) 7} Lol B2 o] &1 o} .
sbol int AR 7h O}HE}L, J5E S81F+ _index__ () HIAEE ZYdfof Tt E 717
dE =

>>> bin(3)

'Ob11"

>>> bin (-10)

-0b1010"

Aol (0b) LY 4R, B2 §e F= ke, The el e ALY & gt
>>> format (14, '#b'), format (14, 'b'")

('0Ob1110', '"1110")

>>> f'{14:4b}', £'{14:b}"'

('"Ob1120', '"1110")

A8 W& format ()& HA L.

class bool ( [x]
=8 %, 5 True EEFalse 5 S EHFUTH x 2 & =23 A4 24 & AH83)
Yot x7}ﬂx‘°]ﬂ‘+*§ﬂﬂfﬂFalseE£a Urth 282 dow True 2 & _
S+ int (Tz]’ 3 — int, float, complex ZFZ)2] B FH2YYth B ZH2E o s 5
w\uqq’ o] Z19] °]§l' Ol2aElAaEFalse & True YU TH (=2 3HE EA L),

H A 37004 A xe oAl 914 A& w7 Ay

breakpoint (*args, **kws)
ol =5 E AAF Oﬂ/ﬂ T AZ AY3HA 5ttt £3] sys. breakp01nthook ()2 35=&
3tal args $ kws & I E A uﬁt}‘%‘:} 7| B A0 2 sys.breakpointhook () & QAAE 7]
o) SHA] 9k pdb.setftrace ()& ZEFUTt o] A9, o]l AL A3 WY 7| 5| BE pdbE
RAA LR QEE AL TH Aol B0l b7 Aol Be H=E 4T Ba s feth Lo,
sys.breakpointhook () 2 & 47 AAH —’,\— 9111, breakpoint () & 1AL AFE 0
T2 5ho], AE e O Ao S0l 5 Y% gk
breakpointhook= QAA}Z 7HAF o] ¥l E (auditing event) builtins .breakpoint & T Al A YTt
WA 370 F7.

class bytearray ( [source[, encoding[, errors] ] ] )

A kol E vl A AU T bytearray G20 <=x <25 WS ol Sl A%l A
AL AU, byces Bol A E-Eel W =R obu ek ol = 3 vhel= vl € ol
W), 71 KA 3 o] 7148 1 A e] AR A S R 2 e o
A A source VAW FE B 1A BHE O R WAL 27185 o AT 5 AUt

* 22 o, NEEA] encoding VAN A 5= #8-3 oF S B (-L2) 3L AR 0 2 errors 5); W
bytearray () ¥ str.encode () & AF&35to] EAE S vlo]EE W3S,

A%, e 1 20% 2a, d e =R 278k Tk,

« If it is an object conforming to the buffer interface, a read-only buffer of the object will be used to initialize
the bytes array.

6 Chapter 2. L{Z &



The Python Library Reference, £A| H{X 3.8.13

« O] HE o], MY 0 <= x < 256 9 ALE A BIE o]g e Boojof s, I FE o
e 27 WEER A UL

A7 gle™ 27] 09 v g o] ol FUTh
vlol 8] Al A2 & — bytes, bytearray, memoryview2} B}o] E vl AA = H A L.

class bytes ([source[, encoding[, errors] ] ])
MEL (At ED) AAE EHF YT o] AAE=0 <= x < 256 WA = B =l A A
2YJUTh bytes £ bytearray o ¥ MAYUG - 22 S A= 22 AEd g <
F2Hg 2t

wet A WA A QIALE= bytearray () & Zo] &4 Ytk
Hhe] 2 AA = 2lHE & AHEEtel B E £ = YT (strings £ B A 2).

nlol U 2] Al A2 & — bytes, bytearray, memoryview, At EE A A W vlo] EQ 3} vlo| E v & A4t
EHASR.

callable (object)
object AA7F Z 8] EQ AXYH Ho|W Trues, 18X ‘2%2“1 False & Z8&Uth o]Ao] Trued
EHFAE A8 TEo] AT 7He/d o] YA T False d o object & S=5HH HE=A] A of T
g Eavd B0 Eﬂ Eolgt= Ao YA (FH2E TS A A2EAE EHF UL, Z; 20
_call__ () WIAEZI oA JAAEAE ZEY YT

u— - —1

w7 320 zﬂ o] 4= 3ol W 3,001 A4 WA A AD The ko] 4 320141 ThA] = AU ok

chr (i)
FUIE IE ZRJAEAR A A A8 HEH = 242 < 8 F Uk o€ 591, chr (97) 2
A 'at £ &SI, chr(8364) = wAE ‘e EEHFUN ©] A2 ord() o WYY
QA7) F& W= 004 1,114,111(16 115 2 0x10FFFF) 742 U Tk i 74 o] W) wholl 912 uj
ValueError 7]— WAy sk T}

@classmethod

HAEE SeH& mAA=ER A
=49

ArBA A=} AAHAS W AAY, FH2 =S Fe2S SAHA A WA AR
Syt SHl 2 WA EE At E o] AEFE AU
class C:
@classmethod

def f(cls, argl, arg2, ...):

s}

@classmethod § A& k4 o 9 o] B YL th— x}A8F ]2 function S H A 8.
f

FH2vAEE= SR C.f) AR EEA2FHA(C().f() AF)EF) =T+ IH5Y
ArEbxrE FPavt ZF2stn FAF UL 34 S 20 tis)] Sd A= S5 W, 914
X

-

el AL BA A A A AxpE AZP Y

SAa AN EE Cr+ e ARk A4 v =et tdFUth 258 Y5k, staticmethod ()&
AL

S A= e AAT A EE S, types= FaLTHA 2.

A

r

compile (source, filename, mode, flags=0, dont_inherit=False, optimize=-1)

source E T T:\:l« AST 7“;(«"& 7—]4.0]61—],]@ I 7“;(<]]L exec () H:_L‘:_ eval () E/‘\Eﬁgﬁa _/r\_
A5 U th source = 41k LX]-OE‘ Hlo]Ed = AST A4 A 4= A5 U th AST A =2 &4 sh=
\:101-1:‘1:'4 o EH?_]_' AHEast R E & ‘] £ %}}_‘c_ﬂ-/\ﬂﬁ

filename QA7 REE 9 AL AFHAL FUTH FAIH BA) o A4 S e A

FUTh('<string>' o] WAL 2 ALEH U Th.

mode QA= AT Ddl of 5= L= F/HE A FUTE source 7k B4 Ald22 745 o] Jrid
exec, Hd FAAO= :r“ Hol Jotd 'eval', DL B Y EFoZ P4 W 'single' 9
T AFUTH(THA 2] 79 None 0] 9] 9] o & Pl A= F 4] E2 AdgYTh.

i}
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e A=} flags @} dont_ inherit = oj¥ FA &ol sourcexl Asd °ﬂ e v AA APk
EOATHA G AF(EEEH0Y A9), ZEE compile () & EE3= ZEY Zﬂ%ﬂf’_
A€ FA Tor 7*-4"‘9‘43} flags AA}7} 0] 2) 31, dont_inherit 7} .2 ¥ (EE0) A A&
2ol & flags AALZ A B H 734 &<l } H Utk dont_inherit 7} 0°] o} 4= flags Q1 47}
AH&- Ut} - compile & 3 %‘}L :":01] |5+ F4 52 FAE U

FA EL oy o S A A7) Yo H|EOR E 5 Q= v Eof g8 A AF YL} Fo1R 75
AAQSt=d DRIV E A== future  EEY _Feature A2EHANA compiler_flag
JEFRER IS £ J5Un

MEARA 2} flagse= AL H A27F HAS 5 await, async for ¥ async withE =T
4 JE=AE AoJggr) v E ast .PyCF_. ALLOW TOP_LEVEL AWAIT7]- A uf, g 3= 4
A= co_code®] CO_COROUTINE®] AA T 11, await eval (code_object) & 3 Aoz
Asd 4 Jdsyth

A% opiimize = A3Ae 2| AT} 28 AFFLEL 7RG 1 L -0 g4l o5 Fo12 A
2o A5 428 HETUT BAH FEL 0 (3 A debug__ o &Y, 1
(assert 7} A AR U Th,__debug__ o] ARYUTh E2 th(S2EGE A A U,

o] = ATYH AxTVF 2R koW SyntaxError § Y0731, A0 @ vlo]| EVL 50
Q= AL valueError & 4o 7Ytk
glolW FEEAST RO 2 B}ASHH W, ast.parse () & BEA L.

source, filename QA2 ZHA}F o) ¥l E (auditing event) compile< A A Ut}

F: 'single' EE 'eval' modeE ol & FZ=E 71X EXAE S AL ul], Ao = 5}
Nl AR J8 2 B FUTh o] AL code BEAA £ o] EAsHA AAHAE 1A

987 7] A9 4 Ueh

1%: 2] AST Astd o A 28] Zo] Agtoz A3, AST AN = Au}A e u] =83
ﬁ?}—ﬁrx}oﬂg gho] A QI E = E]EU}_:/_Q];\]E 907 E 2 uE 2 9 LT

U o,
H lil
L
o

WA 32004 WA A= R W] & nkg2 AHEE 5 A5 Ut 3, o] Al Texec' mode ol A
dgol & H4 A= Jéb‘rxl ot | U . optimize Wi 70 W =7} 7k QU o
7

W 35004 WA : o] Aol source 94 G ¥ho| E7L AR w) Typerrror 7 EA ARG UTH

WA 3.89 7} o] Zﬂ ast.PyCF_ALLOW_ TOP _LEVEL_AWAITE flags 2 A&3to] JAY =&
await,async for W async withE A Y9& 4 J5yroh

class complex ( [real[ imag]]

real + imag1j g2 743 54 g%a A #AY Ex A4S H2e2 9@ 3w
ufj 7 ¥ 7PfXP°E‘°l”4E =2 34 ‘ﬂ,—r‘ﬂmﬁ 7 Qlo] g8 &S oF T th F WA
e 23 EAFE 9 5 —Ti CARJAAERE(EAFE XTI A Yol F £ JdFUTh
imag 7} 3 E"ﬂ A 715%k >0 00]3, A A= int & floate 22 AL B0z AL EH UL F
AA7F BF A=W 05 & 85U

AnkA Ql mho] A AA| x ]*%complex( )Ex.__complex_ ()2 IFYUTEH __complex__ ()
7t BoE o QA ko, float_ () 2 HAFUTH __float_ () 7F B H o] AR FoH,

__index__ () E thAIF T}

Fa: FAES HET ], FAEL2 T4 + EE - AR Yol WS A= FF YT
o & E0], complex ("1+25") = HAAA T complex ('l + 23') = ValueError & 42 7Y
c}.

B4 2 23 —ing, float, complex o A 4 U T}

WA 3604 M ZE 2HE AH S 92 253 + d5Ud
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WA 3804 HA: _ complex_ ()& _ float_ () 7} AR oW _ index_ () Z thA
o,

delattr (object, name)
o) & setattr() o AFWAL T A AA % BAY
% shupe] ol Zol ol oF BT o] Bt A7 &5 A9 WA of
o & Eo],delattr(x, 'foobar') =del x.foobar & =3t}
class dict (**kwarg)
class dict (mapping, **kwarg)
class dict (iterable, **kwarg)
A g EE ‘3}?1414. dict AA= gAY S GUTh o] Fefxo thst dY A= dict B

o] & — dict & B A L.
o2 Ad o)l A 1ist, set W tuple Z 2} collections BES HA L.

dir( [object ]

)

AA7Fglow, AR A 23 Lo 9= o] 559 B AEE FHF U A Lo, 8 A A
FER N ERESS H2ES FFHL AT

AA _dir__ () WIAEZFQlOW, o] INETF S &S, HEA] o] ERHE B AEE £
Hop gtk o] FA sbH ALY __getattr_ () £+ __getattribute () ¥E FAS=
AM7bdir () o] AEFEES Hudte P E AxEuto| 28 5 JFUth

AANZF _dir__ () = AlgstA| dod, dee (B S futw) AAe) __ dict__oJEFR{ES]
o AAE e AR E 767 A A AL ST ATFE Hol At o AEE WhEA HAFA =
dom, ARt ALY __getattr_ () &7 ] #ALL S5 IFUTh

718 dir () WIAYSS THE g AA|of tisiA e Sashetl, s AR E o 7 A A9

@H%%%ﬁﬂﬂgdﬂﬂ%ﬁqq.

« AR RE AAY, PAENE BE o EFRES] o] Bo] £3HE T,
- ARG EE FH2 AAY, PAEoE 2R o= HE o] EF o] 29 o= HE

OB 5ol AT AR T UL,

L AL dlzmoe ARG om0 F A7 220 oJ=aRe o W HY
Zejag wolx FeAEe olEPHE ol 2L AT M o R THTL

A} PrE= gl o AP U o & 59:
>>> import struct
>>> dir () # show the names in the module namespace

['__builtins__ ', '__name__ ', 'struct']
>>> dir (struct) # show the names 1in the struct module

['Struct', '__all_ ', '__builtins_ ', '_ _cached_ ', '__doc__ ', '_ file_ "',

' initializing_ ', '__loader__', '__name__', '__package_ ',

'_clearcache', 'calcsize', 'error', 'pack', 'pack_into',

'unpack', 'unpack_from']
>>> class Shape:

def _ dir_ (self):

... return ['area', 'perimeter', 'location']
>>> s = Shape ()
>>> dir(s)

["area', 'location', 'perimeter']
Fa: dir() SFE NP ZFZENAY AME AYE A8 AlFH 7] w2, dAst A I
A ZYgH olg A= AT Bt FH 2L ol F HE= ATt L A=, A S 522
Wizttt HAE 5 s Uth ol & S0, A SHAd HE S A A EYRE«+ 2 g AE

NSl

divmod (a, b)
5 7he] (gt o) 48 AAE AL A4 e S ST W) B3t U Az 7D @
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o =25 FelFUTh F AR Fo| thE A, o] F Ak AakAbe] ti gk o o] H-&FTh
Ao A9, 2= (a // b, a %5 b) G ZFULE FF525H A B 2HAE (9, a s
b) 9], g RS math.floor(a / b) o|A| % o] B} 12S 4 5 UTh oJ® AL A g * b
+as % o M-+ 7H4s5uUth a § b0o]old wjp 2} 22 RS E 7HAH, 0 <= abs(a
b) < abs(b) 7FHIUTH

enumerate (iterable, start=0)

dA AAE

=85 Yth iterable > A A2, o B & o] H
Ut enumerate () o 23] HF3EE o] ¥ E o] H <]
2+ = start - ¥]) 2} iterable S ©) ] d o] A S| A o] R =

E= ol g
_ _next__ (
}

e xS

ojd& A FstE thE AA o of
UﬂHE% 7HE (713302

EEXE

mlﬂ

>>> seasons = ['Spring',
>>> list (enumerate (seasons))

[(0, 'Spring'), (1, 'Summer'), (2, 'Fall'
>>> list (enumerate (seasons, start=1))

[(1, 'Spring'), (2, 'Summer'), (3, 'Fall'

'Summer',

'Fall',

'Winter']

(3, '"Winter')]

(4, 'Winter') ]

et 55

def enumerate (sequence, start=0):
n = start
for elem in sequence:

yield n, elem

n += 1

eval (expression[, globals[, locals] ] )
A £AG 8 A

w3 A7 8 5 A5

ol &

A, locals = 2E

expression YA = A 2 A F

ARE17R

t}o}%lL]t+ o]

2 globals ¥ localst}. A|&d 7

7, globals = M gl o of Ut Al 55 =

IO 7 globals B locals YA Y 2] & AH-§-51o] sho] W 284 (7)<
A% Yofd, 24 52) 0% 54 5 gro] 51911 globals 4101 A3 27
] e T YA oW, expressions T A 38H7] Aol WA
expression ©] dWH& 0 2 %

(__builtins__
} 25 builtins® YA tf sk
Zpuiltins ZEE e ZE AN~

AT A0 ATE B o] AP L EGITE. locals B H M 2] £ A ekE 7R 2 globals

AU A E U F 9AUE 2} BT e, £384 2

eval () ©] E&5 £ &7 9

globalsQ]- localsZ AP B U} eval()2 2| A= S ol 1= 5749 27 = (nonlocal) of] BA| A~ 4=
A5 YT
HEsh k2 AlbE 2849 Ak £ o= 92 Byt o

o] Zp= Ao T & AA| (compile () B

ol 4% wAE A Z= AA S AEd Ut Z=
(

eval () 9 W3 k2 None YUYt}
SlE: B0 54 AP exec () Tol 3 A EH
A A

EE W e £ e o
code_object QX2 ZHA} ojHIE

exec (object[, globals[, locals] ] )

SHA +& 4 Q=g ast. literal_eval () S

=4
(auditing event) execS LA

A3 2208 Adshe el £ 8 S 9t
AA 7F mode A A} 'exec' E HIFLE QITHH,
Ut} globals ()& locals () S+ Z+7t

A} 2 gA e E BT, eval () Et exec () o AP o &

HA L.
A7

This function supports dynamic execution of Python code. object must be either a string or a code object. If
it is a string, the string is parsed as a suite of Python statements which is then executed (unless a syntax error
occurs).! If it is a code object, it is simply executed. In all cases, the code that’s executed is expected to be
valid as file input (see the section (File input) in the Reference Manual). Be aware that the nonlocal,

LS gy s 2899 & 58 FH v tolS ol Ao £ AL, o)A TES Yt 39, E UA MB RES ASHA
A=gube 2ehd & U AS AT of ik,
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yield, and return statements may not be used outside of function definitions even within the context of
code passed to the exec () function. The return value is None.

RE A, A8 d BES Aeksid, A AF oA A H—E%E%MD}. globals T+ A|ZH 3%,
(GAYE e AHE Fe|27)obd) 9 A 2o of 3, Xdo—ﬂ;-b]'x]‘ﬁ‘ﬂ ol A& Yt} globals
2 locals b oA, A3} Ao Wapol] 24z ARGFH U th Al E = —?— locals = B.5 )33 A A7}

T A5tk 28 FFlA, ﬂoﬂﬂ'z]oﬂ > e gAY e d& 7| J3tA 8. exec 7} globals 2}
localsi o) 7_‘,‘7&]—2—% W, 3 Z~ Aolo £3+E A A3 E U}

globals B AV E]7}__builtins_ E7|Z23 =S AL JAA RO, 272 WA 2 FE builtins
of thst FE7FA4dg UL old A2 & exec() o AE3}H7] X“ﬂ globals °l] o] 2] & 24l 9]
__builtins__ GAYE AT, AYPHE FT=0] ofFE | AH S AFEAE A
o2 4 geth

code_object QAE ZHA} o] Wl E (auditing event) execE WA A Z U T}

s

f

Fa: WH 35 globals ()&} locals() = 47238 A9 F A g g
AR 2 A A A JAAFR ARGk Tl & T

YT,

(

1)
X
D
Q
fu
=)
i)
i)
rlr
-

Y3 712 locals £ ok B4 Tocals () of AYH B2 45T 712 locals Aol 3]
FAO AEE A= FULE & exec () 7F EOF &9 locals o]l Z=7FTHE &35 By W
YA A LS Z Jocals GM V8] E ;ﬁ_ré‘r Oki}l/]\:]-,

filter (function, iterable)

function ©] Z+S E8 = jterable 2] L AEZ o|Hd olE]E FE=F Yt} iterable & A A2, o E
g o] S XY= ZAHE oY = olHH o) 4 4 AF YUtk function ©] None ©] ¥, 35347}
7HEEUh &, AR iterable & 2E 247 A AH Yth

filter (function, iterable) < function ©] None ©] of}d uw] A v & o g =T 3 4

(item for item in iterable if function (item)) I}, None 9 W] (item for item
in iterable if item) 2} 55 ol F2o3lA K.

function °] ARA S T FTE iterable & LAE S S8 F = AR A 4= itertools.
filterfalse () & HA QK
class float([x])
SAEE 2R x 2 R A58 WHE EHF UG
AA7EAGol A5 E R ok s, HGH 02 57 g o) Hd oz gMoz 5
4 Stk AEA REE 4 Ee A 5 gl e FEE A4 gl o2 e
SR ey 2

sig
inf
nan

numeric_value
numeric_string

kS F A k5t QA= NaN (not-a-number) == % Ik = 2-9]
o - =
h =

_)‘:—1’:— A}\QHD}‘E]—J;?@E}B]—}]],NEQS okz} H o] 2

n ::: "+" ‘ w_mn
inity =  "Infinity" | "inf"
= "nan"

floatnumber | infinity | nan
[sign] numeric_value

047]/\1 floatnumber += floating of] A W& slo]H A4 glejH o] AU /AEAE =234
QkotAl, o & &M, (inf), (Inf), (INFINITY) % <<1NfIN1tY>>%E—'|:— Fo] F-atrfol thaf &85 =

2R ek,

2R o A7 A, == A4y (_1}0]6’(4_,] He 2231 AT Yo A) 2L 1S 7R

A7) vkgkE Ut} Q1 X7 3ho] A float MY S Wlol U, overflowError 7F A g T}

U9k Ql shol X AA| x o] A9, float (x) +x.__float__ () E AU __float__ () 7}

Ao A k¢ko ™, index_ () E tHAIFY Tt

AA}7} Fo) A A koW, 0.0 S EHEF YT

11
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o :

>>> float ('+1.23")

1.23

>>> float (' -12345\n")
-12345.0

>>> float ('1e-003")
0.001

>>> float ('+1E6")
1000000.0

>>> float ('-Infinity")
—-inf

float -2 5= A} & — int, float, complex o] 2 H = o] A5 T}
HA360M M ZEHHE AY RAE LEZ A5+ 9
WA 3704 |7 x= o)Al 914 A& w7 |y Th

WA 38M WA __float () 7k B A od2™ __index_ () 2 HAIFY Tk

format (value[ format_, spec]

ofy

gt

format_spec 2] A o] o] Eq"j/}, valu S(xud) W2 AAFUT format_spec 2] A2 value
QL] ol o) Z5pAI T, TR 2o ol o] o) AFEE & EE 2ohd Blol gich: vl w
NEN]

718 format_spec & 1 EAGo|lm WA O 2 str(value) & &= A T2 a34& FUth
format (value, format_spec) o] W 3 & & & type(value)._ format__ (value,
format_spec) & HAE =4, valued _ format__ () HIAZEE AT dJA2EHA~ dHHEE
AVt WA= A4 ol object ol =23}l format_spec ©] W1 9\ 2] e AL, format_spec =
w13} 7ho] B2} o] o].H 3% TypeError o9 7} & gt}

WA 34004 ¥ object () .__format__ (format_spec) < format_spec ©] ¥ ZA+E o] o} d

A TypeError & 4o 7Ytk

class frozenset ([iterable])
N frozenset AAE EF=u], A

Q% Gl meth o] Sl o

2 Ad ol A$ set, list, tuple Ddict N2 F collections EES HAL

B A O 2 jterable | A 7} A& 45 33T} frozenset
St A A= frozenset I A& & — set, frozensetS B A L

getattr (object name[ default]
Fo] 3 o] 59 object AEHEES EHF U name & EAL ol o] oF Ut ZArd o] AA|
o EFRE F e o] Fold, 2 L AEHRES YU oAl & 0], getattr (x,
'foobar') tx.foobarﬁ’}i‘:@'\%r/]—. HHE o ETHEVQOW, default 7} Al 2EH = A 1
Zrol ¥iglE| 11, 18X ko AttributeError 7F WA T}

globals ()
AR A AE HolES U= gAY & EeFUth o] 22 34 A R85 9 Ut
(G == YA, o) BEL IAES &3 BEo olyeh, 2250 A ZEAY

hasattr (object, name)
A A= AR 2} EArE Yyt —'—Z}Od o] AA| o] £/ F otte] o] F ol A= True ©]1l, 1H A
otod False 7} HUtTh (0] AL getattr (object, name) S T E35}1l AttributeError &
LA 7| =2 E e é‘,EE—??ﬂ_%\JD}.)

hash (object)
A ] A g EAFUTEAT U B9 ANGE F5h ST 23 Fofl GA e
718 we] vl st o) AHSH YTk 2T n 2 & S e 2 AN RS ZEUTHIF 109

ey
499 ol Yol the A 9= AE 2RHTh.

ki

e

3 A2 hash_ () WIANEE 7 AA Y] A%, hash () © T2E 7JAY HE £& 7|&
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o= kgt

fifo
L

gt )= 2ol Fo A8 AM T G2 __hash__ () € HA 8.

help ( [object]

W ESTNAUE TEPUT (o P Y AL AT AYYTh) AR AT A
o, e zele Bl A B3ty £ 2% Al2do] A Utk A7t BAdolwl 24
2E, B4, 22, WAL, 7|9E Er WA 2AL o] E 02 235 3, %2 o] 2ol

A H U Ax7h ohE E 5] A E, 20 o2 =82 5 o] A 7} wE o] Huoh.

help ()8 TEF W, B0 v W4 B2 222 () 7h EAH W, o)A o] A
Agol2he A< o ul g Th AAE 8-, 912 AL vl7) Wl o3 FAQ B2 2

o F4t cite B 5] g ol

W 3400 M WA : pydoc 3 inspect & WA AL &
dEA ol de= gy

hex (x)
AFE (00 AFAL RS 2841675 24D ARG U x 7 5t A int AA 7k ob W,
A5 E BUFE _index () WA=E ol gtk @ 7kA of
>>> hex (255)
'Oxff!
>>> hex (-42)
-0x2a'’
ASE e EE 2B 16252, EAZE AL gt JH 2 ¥astel 9 o Pl shte
4£ﬂ*mgqq
>>> ! ''% 255, ! ''% 255, ! "% 255
('oxff', 'f£f', 'FEF')
>>> format (255, '#x'), format (255, 'x'), format (255, 'X")
('oxff', 'ff', 'FEF'")
>>> f£'{255:4#x}', £'{255:x}"', f£'{255:X}"'
('oxff', 'ff', 'FEF'")

AR W &2 format ()& HA Q.

1634 2AE S A 162 AHRSA A2 dEste ™ int () & BHA L.

ZFar: floatol] st 16 BxE S d o8y, fioat. hex () HAEE ALL3HAH 2.

d (object)

AA L] (ololdEE) & EHE ol A2 AA L 7 F F Aot vpH A FFol RAHEE
AF Uk £ o] A A e T e AR 2L ia0) %L Y F dsUh
CPython implementation detail: This is the address of the object in memory.
Raises an auditing event builtins . id with argument id.

input ([prompt])
prompt AX}7L 10, ol AW LAE Bo| x| ¢ EE Z o] ZUth 17 ThS T4t o)A
SFES AN, BAEE AEHA (F Y E b SAE A AT E8l5 Utk EOFE glod

EOFError 3 Ao AUt o:

>>> s = input('-—> ')

-—> Monty Python's Flying Circus
>>> 35

"Monty Python's Flying Circus"

readline RE0| ZEFHJTIA, input () 2 ZAS ARSI AW = AFJG S| 2EE 7|5
AFFY Tt

prompt QAR ZHAF o] ¥l E (auditing event) builtins. input & WAl A Yt}
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result QA2 ZHA} o] ¥l E (auditing event) builtins. input/result & TAAA| P YL}

class int([x])

class int (x, base=10)
A EAL 2 LE WSl A5 AN E BAFU AR R A FoW 0 & EAF
YUtk x7b_int_ () %Zéﬂdf&mt( ) ©x.__int_ () EEHFUh x7F__index_ ()
EAY5HH, x.__index () EEHFYUhx 7} __trunc_ () EAY8IH, x.__trunc_ ()
ERCR BN o B A e

x 7k A7} ok ALt base 7}7*0%7‘] X BAE, bytes, & bytearray A" Ao of sh=d],
Z 4= base 2 integer literal 2 V}FEFY] oF b‘HJD]- MAaido=r g d (/\]—0] of ZW glo])+ E= -
Foll £ % 93, FHE B0l B A+ AUtk A5 L 001H 17179 A=
T4 “1, a ol A z (2= A ol Al 2) 7F 100 A 35 Abe] 9] 3f 7L° 7}@‘4“/} 7] base = 10 ] U T}
345 e G2 07236 Utk TEo A BHE A, z_]A 2,81 -16 2lE Yol = MElH o 7
0b/0B, 00/00 =& 0x/0X AFA7F ES 4 995Ut base 02 I & ﬂE{ 3} E7o] | A sters
Sol7l miEell, A A= 2,8, 10 = 160] 3, LM int (1010, 0) & SHFEA] FA T
int ('010', 8) ®wholYglint ('010') = 85Ut}

A4 F2 A & — int, float, complex ol A H = o] 5t}

WA 34004 WA base 7} int & AAE AT} OP\JJ_ base AR 7} base. index_ WA EE 7}
AW, 1 AFE f’é"é-’%g A7) Y8 I MAMEE TEFYLE A HAN A= base.__index_
thAlol base.__int__ 7} AREH IG5 Y Th
WA 36004 WA TE Y A £AE WER IFHT S Aok
WA 3704 ¥ x oAl 1A AL w7 My th
HA38AA MA: __int_ () 7FBYFHA Fe™W, __index_ () 2 AT

isinstance (object, classinfo)
object A7} classinfo QA == 1R (AR, HH F2 7HH AR Zd2Y A2EHAY True s
=HFYTH object 7}—r01?3 Fo] AAZF oUW, T4+ B4 FalseE SHF YT dassinfo 7t
AN S FE(EE AN 0|2 TR Fol 33 object 7+ 1 % % o] =
el A2E2 o TrueE B el E U dasvinfo 7} 3 o] Zou, ol FEFe
FZo] o)W, TypeError °ﬂﬂ E doAYth

issubclass (class, classinfo)
class 7} classinfo ©] A B Z 2 (A H, 8 B 7HHH TruedE s F YT S+ 1 AA1 9
A B FHPAE F=FUT dassinfo = SN BAAY /FE € 5 AdsUTh o] A% clamnfOJ RS
2ol AAE UL T2 BE Ao, TypeError o 2] 7} wrA 3 T}

iter (object[, sentinel] )

ol & 01 Bl AAE S FUth A AA Axke F AR Ak A of Fof whe} vl th= A 5 A

FUth 7 AR AR QLW object = oJEHo]ld ZREEF (__iter_ () WIAE)S AWLd=
ZEA AAAYANEAL 2R EF (Ooﬂ/ﬂ A& A4 AAE e getitem () WA E)
S A Qo Sc) o]B3N TR EE F o} AL X C’_st]—x] 9%'3“1 TypeError 7} 4ol gyttt +

A A2} sentinel ©] F ) AW, object = Fe]Eololof FUth o] B¢ WEo A= olHH o] EH =
next_ () WAE7t 29 wuj} o x} Rl object & T Z 3 th; W Fho] sentinel 3 2 O W,
Stoplteration& 9@o7|11, I¥X koW 7 S8 F Uk

olHolE ¥ = HAL.

=R Ao iter() o B H 4R SEL B TS ¥
EREE EESERE P S R e R

=+ AQUth o & ol vhol 1)

from functools import partial
with open('mydata.db', 'rb') as f:
for block in iter (partial (f.read, 64), b''"):
process_block (block)
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class list ([iterable])
ol 7| By, 2| @ Al A & — list, uple, range O] =ASEH AAHY, list = AAZE 7P
AA2 B,

locals ()
A4 A A2 H o] B Y= YU E AL EedFUTh locals () o] T4 B0 A
T2 AF HFE SHFAWL FHA2ESAN ST ulE 28R FFULE BE FFoA
locals ()} globals ()& 22 gAY gl Fo 3ty AL

Fm: o aAuAS e £q94E 2
A5 el ol AT vl

map (function, iterable, ...)

iterable & 2.5 &5 funcion & A& & 1 A3E EHFE oJHHHE =8 F Yk &7

iterable A X7} A D= W, function & 1 4 WHE2] QI XE Hlol5o]ok 3l EE o|E g EoA HE=E

Assle g5 FEE Ut U5 olHHEY AF, olHd olHE 7 &2 o5 E 9] 5’—1!:—
7

o )
4R E WEUTh 35 QY] olv] A FE2 WA E
HAS

&, itertools.starmap () &

max (iterable, *[, key, default] )

max (argl, arg2, *args[, key |)
iterable ol A 7}& 2 F-F o 7 7 o] e 1At F M E A EEF YT
1) 912 AR AFH W, DAL o]l 2 o] o] of I Th terableo] 4 MR 2 G5 EIE
Utk 7 7] o] 4] A A7 AlFEHWE, 94 A2 F 7HF 2 A EHF YU
A4 YA AR A T hey AR 1ise sore () ol AHEHE AAY B A%
<A G AB T default QA= AEA iterable o] ¥] o] 3l= BF =2 A& A4
iterable 0] H] o] Q111 default 7} A &= A O valueError 7F & 3 gt}

o] FEo HUAHZtolH, F4= AL At FES T8 FH Ut o] AL sorted(iterable,
key=keyfunc, reverse=True) [0] £heapg.nlargest (1, iterable, key=keyfunc)
D TIE Y AR BE TP AL FA
WA 3.490 F7}: default 719 =-A -8 Q1 A}
H A 3.80 Al ¥4 key= None & 4 A5 U th
class memoryview (obj)
AARE JAAZRE 5o (WEE 7)) AAE SHFYTE AAt ZR = v 2e] F & 2ASL.
min (iterable, *[, key, default] )
min (argl, arg2, *args[ key]
iterable o] A 718 22 FEo} T 7] o] 48] AR F A1 AL AL E
ShLbel 913 QA7 ABH W, TAL o 22 o] of of T Tk iterable
Stk F ) ol e 92 AL ATEE, A2 AR F b A4S AL B F UL
AE A 7| -8 A&7 ) AF5UTh key A= Tist.sort () ol AHEHE A
A T8 AU default A A= Al5-H iterable ©] H] o} = A$ 58 AAE A FTY
iterable ©] W] o] 913 default 7} A= A O valueError 7} WAy th
o] 2] & o) _a_-_%l—o]tt] St = A8 Wt G428 E3E Utk o] AL sorted(iterable,
key=keyfunc) E}heapq nsmallest (1, iterable, key=keyfunc) Z2tTiE A4 <
AR TR ARAE F AT
W A 3.40) 27} default 7)) =-A-& 2=}
WA 3.89 4 WA : keyE None & 4= 5 UTh

next (iterator[, default] )
_ next__ ()M /\1 % S =3} iterator A A TFS 52 7 B Yt} default 7} 5] A 4, iterator 7}
aZdE W) 58 Fa, AY R o stopiteration & o U Th

R Y
AW
o

—
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class object

oct (x

A A% DE AANE FAFY object £ RE Fe 29 Wol 2
Foj2o] drErd] 3EAA WASE 4T Ut o] FHE

2tk BE sho] A
A8 wobE ol 4 Shruint.

L g

i object £ dict_% 7HA A stk A, object FelA] aE 20 9o
E

2

TE (00) & AlZtete 8¢ G2 WGyt 2ibe vk gtold @A J Ytk
| g =2

)
g
stol A int AA 7} ob U W,

>>> oct (8)
'0010"

>>> oct (-56)
-0070"

('0o012", '"12"

>>> format (10, '#o0'), format (10, 'o')
('0o12', '12")

>>> f'{10:40}', £'{10:0}"

('"0o12", '12")

A8 WL format ()& HA L.

open (file, mode="r’, buffering=-1, encoding=None, errors=None, newline=None, closefd=True,

opener =None)
file & A8 9t A4 & EHFUth 39S @ 5 9led, 0sError 7H AT o] 4 E
AF& Bt W o] O] Bt T O of A= tut-files S 2B A £

file 2 & 3t A2 (A 2 A FG e A M) S & A=F 24 A, &
3} 9 7&# bi)] ﬂ/\ﬂ%lﬂ dUth (32 g3 HE7F F o] A W, closefd 7}False 7k ehd 2
3 /0 A 7 28 w 2@ Uth)

mode%ﬁ}%lol dele REE AAste A9 EALIUTE 7E%2 'v A, HAERER

871 Al o= %3\—“;}‘4‘4- e AubA QL g2 27 AT rw (T o] o m] A8 B L=

X} Uth), 5344 JJr%l UE718 A% 'x' A BZo) 7S AT ar (LF TS ALH A, FA)

AR} BAQ] g 227]7F 5] ol tl2o e XdUth dYth HaeE R Eﬂl*i,encoding
=Z gz .

5

= A AR Fod /\}%—ﬂ I EE EAEo gt et @A EAL I P S 471 H30
locale.getpreferredencoding (False) 7} S&E Ut (& vlo]EY S 91 v\a:]tt] Ho] 1
2] B =& AMR 8L encoding = A A 8HA kFUTh) AHS 7Hs s REE o3 @’%‘41—/]‘

=X [ o]

o | 9185 qUFCIED

T | 271892 GUth H92 U4 AgUTk

x| SRAA NI S8 0 Guh oln] EASE APl g
a7 [ 271802 Auieh shelel EAtE ATt ool el e
o | Wl E =

T AE s TED

| BAS R 27 §OE G

St QUOHNAES gt 80% QUL rrer o] Bejo]) BT 1yt g} i =
43 AF Y tH(truncate). 2= "r+'3F 'r+b' = AE2X] ok LS Fyth

16
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Overview o A A H501, ko] A2 whol 1 2] 9} 8 2~ E JOE T8 U th 1ol VI 8] B (mode

Aol b & EFPUTHE A2 AL 4§ U glo] bytes A EFUTH JAE RS

(7123, B mode Aol ' 7} £3HE w) o A, 5ol U go] st whEhE L), uho] £ o]
AN BA ze Uk

Zgz o zA dFAYo|L} = OJ%Jencoding
U’

518 F7HY RE FA} 2 HEolFd ERUt ey, HAE Zew

Syt o] A= HArE B E Oﬂfﬂ Torbl‘ﬂ’é = 94& 8483 =d, 3to]# 3.0001 4 71& F 2ol

HAF YT AA S W82 newline v 7)) W2 YA E FR I A L.

. vlolA L 39 2 AA L HAE 5td Mo 231K Utk BE A& JolA

ZHA o o) 3] A FH R ZPEZ SHA YU

buffering & W ¥ 3 F AL A A= o] AHE = A2 FedUch g ned (vloly g

BRALFE) 0 A3, € HHH (HAE BREAA LA 7)) S /da—.‘ ste 1S, 1A

EME-El tﬁﬁi% At d I 375 vfolE W9 2 Z A A4 > 1S AZFT YTl buffering
E " A2 o33 2ol e

. HPO]HEI HAd2 1Y 7l A2 WHAY FUth WA Y 7= SR BA (EF 37) E
glotste] T A =5t A A WHH S AMR S| A AEE 11 i0.DEFAULT _BUFFER_SIZEZR &
a gk e Al Ao A, o] Quba o 2 4096 i 8192H}°]E Zeoldyrh

=]

e (W3 3y BAE 3+Y (isatty () 7} True &
[ =3 E-]])\ET‘ SIECRRS

- — =2

Z M5 Y2 AT
PENES

> M
v
SN P“
rlr
o
m[o md
—r‘ l‘

=
L
Ard
sa,
e
=2
=
:CI)L_I‘
do
=2
R
{1k
ol
o
o

encoding & 34 YA F AU AT G oh= ] AHEH = AT DY o] 5 dUTH HAE BT oA gt
AL-8-3 oF 5]'1/]1’/} 712 FIYPL ZARZo wEt tyE2X| W (locale. getpreferredencoding ()
o) BeFE g, ol Aol A AAHE Gk 3T & BT ST 5 AUt 495 Ay
EE2 code cs BES B FYch

errors £ 139 & ‘43’—‘%‘ ANHE Aot WS ARt A8H FALEYUh vlojvg BE
ANA = AT AU h ohFS £ oY A7) 7 AlFF Utk (el ef A 2] 7] o Eg Yrh.

d
AW, codecs. register _error ()2 S2H og] A8 7] o] & AA AT S 95 UTH BEE
olFS et 2E Q‘
e 'strict' £ AIAY A7 U= BF ValueError A2 HAA A YT 7] Gk None 2
22 235 Yo
e 'ignore' & oY E FAIFULE 279G 2] & FAISHA vl o E| 7 &4 EH 5 ol Y5

Alg.

e 'replace' & ZX " tlo]lg 7} &= Aol Al vbA (12 o Z2)E A F YT

* 'surrogateescape' = U+DC80 o] A U+DCFF77]—ZL/] SUFE Tl AR Jde] ZE Z
OQE® B ulo]EZ JEFYUTE o] EHE & ) surrogateescape o & X g 7] 7} Ak

!
S5, o] i = ZAEEZL2 A Y nlo ]EEE}EO}ZJ’WD} d R AdIFY TS
Ae e of 8ok
e 'xmlcharrefreplace' & 34 & wjvt LG Yth AFZ o] A Y3}A &= BAE= A
A XML 4} % s#nnn; 2 YAF Yok
* 'backslashreplace' & ZXH to|HE o] G SefA] o] AA o] Z A| AR YA
.
* 'namereplace' (A 3t L ufgt A AP Uth & AU A ¢ ZTAE \N{...} o]
Aol A8~z v AT o
newline 2 1 U Hd = W7 REV} 25 st WAL
None, ', "\n', "\r' ¥ "\r\n' & 5 A5Uth ot} o] Z-FF !
_]
=

. éEa‘ﬂW A =& 9 wl, newline ©] None o|H, FUHAHE & @4 =7} g"/‘*ﬁ‘r%H‘:‘r
dHe J=E2"\n' ,'\r'EE%'\r\n 2E2IF 9oy, sEA A EHF7] A B

"\n' 2 AZF Yl 270] ' ol Hﬂi*\é_%kz%‘EEﬂ%ﬁﬂﬂXl hEEL Eﬂ;ﬂﬂzl

o 2 S EA A vk g Yt D} FES o E, JdEH 22 FoF EAIEZ T E i,

LB‘% H
S 22 HEHA G2 A r T2 S F YT
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e 2EH o £ & £ ul], newline ©] None ], 2 '"\n' —E-’—Z]-t Al2" 712 S FEAQ os.
linesep & WAZEH YT} newline ©] '' =+ "\n' O] H, H2o] o] F o] A A O}/\‘JE]— newline
o] T2 F &%t o™, 2 ol= EE "\n' EA= A EAEE H3E U Th

closefd 7} False o] 314 ™ th4l 31 t2THH 7}-7—01 A9, stdo]l 28 uff -9 3tY fa=
G171 A2 A B LI ch. 527 o] F01 4 ¥ dlosefd & True (7127 oo g Th 12 o
ozl 71 A g of

ZHE S opener E AG3] A2dg LI E AMEE = 5 YT
23 HE = opener £ (file, flugs) & T =3 A A5 U T opener =
oF U T} (opener 9l os.open & AE 3= 22 None = AG 3=
Huleh.

Az BsoA FALe A% ol

The ol 7o R el el 2o At Al 5L A7) A3 os.open () T4 dir fd AR SE
A& T

ey
o

>>> import os
>>> dir_fd = os.open('somedir', os.O_RDONLY)
>>> def opener (path, flags):
return os.open (path, flags, dir_fd=dir_f£fd)

>>> with open('spamspam.txt', 'w', opener=opener) as f:
print ('This will be written to somedir/spamspam.txt', file=f)
>>> os.close (dir_fd) # don't leak a file descriptor

open () g5ol s Wrhd ahd A4 o P REof o EA YT open () °] E‘CE 2E(w',
'r','wt!, 'rt', S E FIE o= /‘Pﬁﬂ ,io.TextIOBase o] AH Z#AE S8 Z U}
(FAAOS io. Text 10z appes). W5 30} %7 vho] 2] RE2 5l of 1 o ALEH = 4,
WSlEl = Z @2 = io0.BufferedIOBase & A B Ed 29Uttt F&s S 2= gyt ¢
7] vlol 8] REO A&, io.BufferedReader & %Eﬂ—ﬁ—q t}; 22 7] wlo] ] 8 ¢} Bl 2 o] 7] ulo]
E] R oA, io.Bufferediiriter 8 B85, §7]/27] RE AL, io.BufferedRandom

EHSYUY 1B S 0, G 2EH, io.RawlOBase & A H Fd X, i0.Filel0, & &HF

Jo,

fileinput, io(open() ©] AAH X), os, os.path, tempfile, 181 shutil & L oY
A REEE BEA L.

file, mode, flags ARZ AL o) ¥l E (auditing event) openg A Al 71 Y T}
mode®} flags A A= Y] TZ2A SAHAY 225 YL 4 Jd5Uth
W 33004 M
+ opener vh 571 % 7] 91 o
Cxr BEZF A G5,
e JOError & 4o A5 T}

cERA B BE

o]
FileExistsError & % E_Z,HE}

A= 0SError & WA YU}
NE e 3do] olu &AW, oA

WA 34004 AA:
o AL oA F& BV Th

kd
[r

Deprecated since version 3.4, will be removed in version 3.9: 'U
HA 3504 HA:
s A2H SO JAHHE Hu Al2d A7) 7 A & LA

S g A
O|A| InterruptedError o2& 4O 7= Al A|2Hl &=
=PEP 475 & HA|R).

]OJ—otn]

1, o] e

7]
2 AN =g el F
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e 'namereplace' & A& 7|7} F71E Y5 YT}
WA 36004 ¥
e 0s.PathLike & TH3E A& LolEEF A o] 715 AF YT

e =LA, ZEWHAE GH j0.Filel07}obd i0.RawIOBase & A H Z A7}
Llcie= 21%141‘/}.

ord (c)
3] FUIE FAE YERY = Z}Oﬂ o] FAAX W T EA] FUIE I = ZAEE e =
Ae-E EHFUY A& S0, ord('a") = HFT 97 S US| L ord('€") (FE 7]F) = 8364

= vsshch o) AL chr () 9 HHJ]‘?EMD}

pow (base, exp[, mod ])
base ©] exp AFAF < EHF U mod 7} Q= 7, base & exp 2 AGAH REZ mod &
FUth(pow (base, exp) % mod KT} o w2 A AL Uth. F 702 A=} 3 42 pow (base,
exp) & AFA T AAAE AFR 3= A3 553Ut} base**exp.

A 2= A 3 o] o] oF It} 3] AAAE 2 t‘7301 0 4%, o] &4k AAbRbof| T g o] M & o]
x**"L%HDP int I ALAGEY A9, A= F HA QZV} 7t obd st 3 A4kA e} 22
(:om_ Zoj) o) Qqu},Ttﬂaﬁ A2 &4 115 Q1 2} 7} float 2 ¥ 2] 31 float 277} AEg Yth
& E50],10**2 =100 & ¥9F&3 A9 10**-2 =0.01 2 w33t}

int 3 9 AR} base 1 exp2] 7 o—,— mod7} Y2, mod= A4 & o] o] oF 3+ mod= 0] 0]—‘4010]=
U T mod7F 3L exp7t S5, base= mod 2} A 2 A (relatively prime) o] oF gt} o] ¢,
pow (inv_base, —exp, mod) 7} W& W, o 7] A inv_base= base & 2 mod2] & YT}

2238 RER 979 4L AeE o ATk

04

>>> pow (38, -1, mod=97)
23

>>> 23 * 38 % 97 == 1
True

H A 3.8 4 WA int 3] AR B, pow?] 3 AR F AL o)Al F WA AR} ST EH =
A2 5 85ho], REY A5E ANT S A T

H A 38014 M 719 = AAE § 8 Ut o]l A A AAT Al A H SF U T

print (*Objects, sep="", end="\n’, file=sys.stdout, flush=False)
objects & BIAE AE T file & QA 5l=t, sep B2 FEZ T end S F ol EJ Ul UTHA, sep, end,
file H flush = QEEA] 7]H E AA=E AlF3f oF

EH 71 E AR str() ©] % Ol TAE 2 Mgk F AEF O] 2015, sep 2 w2 H AL
end £ Aol QU sep Fend & ZF FAL ol o] oF FUTH; None 4 = e, 7127 =
AHESthE S d Utk objects 7F FAA A GO print () & end ‘3}—14 t}.
file QA= write (string) PINES 7k A A of of U th; A 8FA] ¢k At None O]“‘ sys.
stdout o] AFEH YT U AA= HAE FALE Wy 7] w2, prmt () € ¥Fol v g
2E ot A o} A A S U ol E A=, Al file. write ( S AT

%AAMAaov“—%HaozﬂumqﬂaHQXI.MMﬂ%zquwkﬁﬂaazaﬂ
A = Eei A gk

H A 33004 WA flush 719 = AA7F 274 Sl U o

class property (fget=None, fset=None, fdel=None, doc=None)
2 HE o EREE S2FUTh

fer & AERRE g2 At FF AU frr & A ERE G BAFE FL YU fdel S
JERE g2 A S F4 U T2 Ldoc & o EBRES] HAEYS BEUL
AY A AL BelH E o= HE x 2 4 3he AYUT)
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class C:
def _ init_ (self):

self._x = None

def getx(self):
return self._x

def setx(self, wvalue):
self._x = value
def delx (self):

del self._x

x = property(getx, setx, delx, "I'm the 'x' property.")

(

c7}C o Ad2EAH, c.x & 74]151(getter)E
del c.x+= 23 H (deleter) S S Z&3Y .

—,—01 A%, doc & ZEFE] A E
2yo] EAtFH UtTh o)|ZA W property () &
ﬁﬂ]

s o s Uth

$E3st,c.x =

value = A E (setter) & T =311

g HE 9] E/\Ea]o]ﬁl/]r/], a8z ko fget./]
o 7 e o] g & AFR 3] 7] A

class Parrot:
def _ init_ (self):
self._voltage = 100000
@property
def voltage(self):
"""Get the current voltage.
return self._voltage

mmn

MAEE 2L o8 9] Ag o=

@property HlZd o]l =voltag
Z v}, voltage o o) 31 =

z2 g ARe YT

9l getter, setter ¥

e [
AETES <<Get the current voltage.) & 44 g}

deleter Uﬂ/ﬂ— s Zt=o), g

HHE

of Tt (AlEl)

HolE = AT 4 gL
AIAFrE U ZY o E d g2 44 225 E Y AHES W Uth o] 22 oAl 2 7 2
AWg
class C:
def _ init__ (self):
self._x = None
@property
def x(self):
"”"IYm the VXY property. mrrn

return self._x

@x.setter
def x(self, wvalue):
self._x = value
@x.deleter
def x(self):
del self._x

(

A x5 2L

ol Z=E= A WA AA &} A 2] 5 I F7HA QA Sl Al 22 E (0]

ol &< AH&dl oF gyt

wsH = 2 5 E AR = AR} AR S| FSt= fget, fset W fdel JEZHEE 7 YT
WA 35004 WA oA Z2HE AA SAEF o] 27] 75

class range (siop)

20
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class range (start, stop|, step |)
el 7| Bt} range = AAZE HY & Al D2 & — list, tuple, range ) A HH t2 EH A
FAYh.

repr (object)
AA L A 7Fed nd e 2FT FALS EHFUT B2 FollA, ol e eval () ol AL 2
W T e A AN E AT FAL S MBH 2 AT 297 gow AL A
Ho) o] B9 5% AR o] BH F4E TFHE 5710 AHE HIVTE B EAIYY T

Eal

iy

S __repr_ () IAEE AFO5to] o] Tt dad ot EE T A Ao 5
S5

reversed (seq)
o olEHolH & BEHEUL seq = __reversed__ () HAZEE VA AUV AR ZZEF

()

(__len__() Uﬂ/‘iEﬂO ANA AlZetE A4 JAAME s __getitem () WA E)S A AT}
= AA| o of Pt

round (number[ ndigits] )
number & 257 th&oll ndigis I U =2 WS H 3 7FS S8 S Ut ndigits 71 A 25 A L} None
od, ol 71 e A5-E EAB
round() & AWet= HZFB S A, 32 109 -ndigits AFAF2 7HF 7H7HE w2 vk
HUrtoh; 7 w7t 520 7}@(1’/}‘5, ‘?}E d2 &g AE a‘/]ﬂr(@ﬂ = round(O 5)
round (-0.5) & 25 0 9], round (1.5) & 2 %M\:} B E A7k2 ndigits o) 23
(%, 0 & %), ndigits 7+ A 2% 7 U None o] W, W g2 AUtk 124 901 w3
2 number 2+ 22 3 Yt

14 A

vl o] glo Al number & A%, round = number.  round__ o] Y a3t

&ﬂﬁﬂ

pul

A4

Za: floato]l th3t round () & T&L oal*bJr E 4 QS Ut o9& E90], round (2.675, 2)
E2.68HAl 2.67 & AFFUTH o] A2 W27t obdyth: th 2 A % &4 7}Hloat 2 7 23]
g8 St A ERE o= 734%11/15} LA 3F 78 B = tut-fp-issues S WA Q.

class set ([iterable])
A set AAE = F YT A8 A 2 & iterable o| A 7} 2 JJ__,_E Zr2Uth set & WA 2 A9
Yt} o] Zdf2of et A A= set D F S & — ser, frozenset & B A L.

o2 Aol B WH frozenset, list, tuple W dict AL} collections EES

BAL

setattr (object name, value)
o] AL getattr () I st A Y Th "JX}% A, AHE 2 49 FYUTh EAEL 7€ o E
SREEE A oEeHEY o ES AL ATk of B4k AA ) B RAE A @}
JEZHE YT YL 9 & & ,setattr(x, 'foobar', 123) =x.foobar = 123 3}
S5

class slice (stop)

class slice (start, stop[, step])
range (start stop, step) o] gl A HH AdId2 MEE YW &= Seto]x AA & 59
Yt start 9 step A A 713%}0 None YUt} £etolA AA = A A} FH(E= 71E3H S
=% F+ start, stop D step 9 §7] AL 0 ]E} olETHEE Z Ut} o2 YA 7 T se

S 4 th; 281} Numerical Python 7} th-2 A AF2} gHg-o] ARE-fhu Tt S ehol s A= 2 Q19 4]

U‘ﬂ S /\]'—Q-ELEH‘: ”]'50153145]' @ﬂ%% ta[start:stop:step] == alstart:stop, i].
O]E{?,}]O]E{ OY WAL itertools.islice() & HA L.

iz

o

sorted (iterable, *, key=None, reverse=False)
iterable ©] FEEZ A ALH g A2EE SHZYTH

9= Az T A Gohof i F A AH A A%} T

key = Shibel AAE W §58 A AT, ierable®) 7 £ £ FRVE W 7§ FE 5= v
_ ]
2]

AFEE UL (A& E9], key = str.lower). 7|2 72 None JUTH(L A4S
reverse = =2 Y UTH True & A=, Zr v a7t FH S 2AE gl

m
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A 2D emp SHTE key S E WHESIE W functools.cmp_to_key () & AFESHA L.
W sorted() &4 QH8 A (stable) Y o] BAAH YT FE2 2 H %= 849 A A
TAE HASHA oW dFAYYTE— o=y | 72§35 o 7§ %‘/]T/P(Qﬂa o, FAEE
CEEESEREENEEREV
44 o A2} 7hkst 7 E A5 Al sortinghowto & E A 8.
@staticmethod

HAEE Z4 A== HE3 )
A3 uﬂ/ﬂ‘: = EAA A A HA AAE DA gHUTh AH HAEE AAstH Y, o] AT E
AL 8
class C:

@staticmethod

def f (argl, arg2, ...):
@staticmethod @212 3 v & o] H YUt} — ZHA| 3F Y| &2 functionE H A 2.
AAHAEEZdA(C.£0) AR EEAdxda(C().£0) A Hs) =& 5+ dFUTh
vlo] % o] A A Uﬂfﬂ £ AR EE C++ A HAE = 4 f=e) vyt A 8
AAAE D= 8 A S B classmethod () & RA L.

EgIYolEH uR A E, staticmethod & A 42 &30 1 A2 o 4L 3
TE AFYTLE o] A2 a?ﬂ/‘ vt of] A &4 of 1 et 788t dadHA Uﬂ/HE?L ZPE
WHEte = A2 gtz & o e Ol T o #ETFE LA S8

class C:
builtin_open = staticmethod (open)

A vl =0l th 3 B AA S A H =, types= 2 5HA| 2.

class str (object=")
class str (object=b", encoding utf-8’, errors="strict’)

object &) str A EHFUTHE AT WL str() = HAL
str2WEEAE 2o Juth BAGel e A R daE ALY o B HA L.

um (iterable, /, start=0)
start 2 iterable 2 1’%%% AZF oM 2
892 S A4 gHe Eadol 3

8 A o () o BB o) DIt BALS A AE A Ao A 05
aombE jOll’l(S quence) § Z&%t= AYUth &4 AUERE 5 &5F %ko
B ot math. fsum() 8 BAS. 4#9 olHeEES 438 W itertools.chain() &

TIHIHHEA L.
WA 3804 WA starr 7] ASE= 7|9 E AAE R AAED 5= dF YT

super ( [type[, object—or—type] ] )

i

HAE TS5 type ] FE U A S 2o 9
AR A4 A S IS o F83 )
FUT rype AT Fe oA AAE A ZFU T

o| 2 £ o, object-or-type®] __mro_ 7}D -> B -> C -> A -> object o]l type2] Zko] Bo| W,
super ()=C -> A —> object§ AAs Yt}

object-or-type &1 __mro_ AEZREEHANE AdF AN ¢AE JE3t=d getattr() F
super () ANA AFEHULE o] ERREE FH oW A% AS F27F A E wopd) apd
AFYTh

= A AR ek, W 4 AR L QAR A 93Es U T (unbound). 5 WA A1} A A

it

object-or-type> AN = AAH =45 A

oZi

H

l

I

W, isinstance (obj, type) = Fojojor sttt F T ‘ﬂVH QlZ}7F & o]W, issubclass (type2,
type) £ Fololob BT (o AL Zeh2 vl A=l 32 F I Th.

22
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super = % 72 Qb 9 ALg AN QS U TE B 4% Fen AS FRAA L, super & S
o] YA AR o] 52 AR b BB 2YAE FEY 5 gong, HEE Y 44 23]
A BE 5 AHUTh ol AHEL T =2 W Aolo A super & 2= A vl GAFU T,

The second use case is to support cooperative multiple inheritance in a dynamic execution environment. This
use case is unique to Python and is not found in statically compiled languages or languages that only support
single inheritance. This makes it possible to implement (diamond diagrams) where multiple base classes
implement the same method. Good design dictates that such implementations have the same calling signature
in every case (because the order of calls is determined at runtime, because that order adapts to changes in the
class hierarchy, and because that order can include sibling classes that are unknown prior to runtime).

F A BT, QAo 43 FU s £EL oW AU

class C(B):
def method(self, arg):
super () .method (arqg) # This does the same thing as:
# super (C, self).method(arg)

WA 28] 9o, super ()£ BB RE I E AFFUTh BAHA 5T S A R R
A Sef ol 9 02T YHE BEHE AUk

super () & super () .__getitem__ (name) I} Z-Z PA|HQA o2 FRH AJELHE 23| &
9% A2 BA) ARE pAR) FYIA L. 1A FAR A ThF A5 A L= o] F A5
AR ZYHLE AAE] S8 AHA] __getattribute () WA EE FAT oA IF A
Ut} Wb, super () & super () [name] Il T 0| AXALE AL 3= T A3 23] o
e A= F o= A FdF T

T3k AR e A A9 stals, super () & HAE RN ALS S E S A S A b=
Op Aol R SAL. NS A WAL A4S DA A AL A4S F2E BEU

A7} g WAL 2o Aol ol A v A5 el A2 7 AR T e 2ol 28 2=
A 23 Qv A=A AA A B o] QAo o] DL AR FEE AP Rk
= o

super ()5 AH&3to] FHH FHaE AA S Wl ek 282 < A<t

HA8.

class tuple ( [itemble] )
Srro)| 7| Bt} tuple S AAE F= I A2 & — list, tuple, range ol TAS A AXH EH A|F

ek

class type (object)

class type (name, bases, dict, **kwds)
7} she] 49, object ©) L E¢FITh ¥HE ghe G AR Q)
7 sdFe A% e AN LU

Aol B= AAbete vl isinstance () W& @7t A= e, A SHE 27 W&

Qu).

With three arguments, return a new type object. This is essentially a dynamic form of the class statement.
The name string is the class name and becomes the ___name___ attribute. The bases tuple contains the base
classes and becomes the __bases___ attribute; if empty, ob ject, the ultimate base of all classes, is added.
The dict dictionary contains attribute and method definitions for the class body; it may be copied or wrapped
before becoming the __dict__ attribute. The following two statements create identical t ype objects:

o
lo
fru
o)
o
(N
)
Q
o
|

o)
[
Q
0
|m

>>> class X:
a =1

>>> X = type('X', (), dict(a=1))

o AAE HA L.

Keyword arguments provided to the three argument form are passed to the appropriate metaclass machinery
(usually __init_subclass__ () ) in the same way that keywords in a class definition (besides metaclass)
would.

See also class-customization.

23
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WA 3.6004 WA type.  _new_ & A2t

A7) 938l st A F A S A 4 sy TH
vars ( [object] )

BE, ZHA AAHATE  dict OEFHHEZNJETUE AAY _ dict oJEFHEE

EHE U

A ¥ type o AE F 2 o)A AA Y &

EE R ALH2G Z2 AA = AUlolE 78t dict  JEREES ZFUnh 28U, e
AA e __dict_ oAEFYREAN 27 A 7 F AFUT (& S0, Fdlas AFHA
g e AL WA 3] A8 types. MappingProxyType & AHEgU ).

0]2]—7]— HA— Y, vars () + locals () ﬂa‘:’} %79,'_?}1/]1—7}. locals Q,)N%L‘]Iﬂoﬂ EH S} %7301 ‘?‘/‘]H 7]
] 2 o] locals & 2] = %4 7)ol Bk 83tk Aol o814 8.

ARAZF ARG UA T dict_ AAEBHEZ QYO TypeError 9 & 7 AT YT (A9 &
A Ze A7 slots oE B]HEE%*A?SP“U

zip (*iterables)

Z} iterables 2] R A5 2 o= o] d ol EE WSt}

FZ2o ol olHE BT, i UK FE22 4 AAZ ALF Ay olHYEY i WA 84
EddUTh olHE olH = 7MY &2 4 E olHY B0l BF 2 EH W HEUTh shue ol E
AAE ARG, 1-729] olH | olHE s2lFUth dA7Fgled, Wl olH e olHE S35 U th

ohe 3} F 5 E o

def zip(*iterables):
# zip('ABCD', 'xy') —--> Ax By
sentinel = object ()
iterators = [iter (it) for it in iterables]
while iterators:
result = []
for it in iterators:
elem = next (it, sentinel)
if elem is sentinel:
return
result.append(elem)
yield tuple (result)

iterables & AF A LEHC T o Foh= A 7FHAAF YT o] A& zip (* [iter(s) 1*n) &
ARgsto] tlolH Alg| 25 Zolndl OAFo® FY2HPote FEFE 7oA UE YT o] 22
Z2olEHolHEn W RIEA, 2t 28 FZo] olHHo|HEn W T3 AHE ZA gt
d9S Zoln "J#%QEL}—‘F%EW%—%HD}

= = A2, oA UHi]ﬂxl il d=H 1 olE
Z Ao Ut 1 gEo] =L 5ttd, Al itertools.

2ip ()& * ARG G AW B AES unzip T 5 YUt

>> x = [1, 2, 3]

>>> vy = [4, 5, 6]

>>> zipped = zip(x, V)

>>> list (zipped)

[, 4), (2, 5y, (3, 6)]

>>> x2, y2 = zip(*zip(x, vy))

>>> x == list(x2) and y == list (y2)
True

__import__ (name, globals=None, locals=None, fromlist=(), level=0)

i ol AL importlib import_module () Z 2E] dA4ZAQ sfolH =2 g WoA= I

EROTIEES EN]RY

ko
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o] &= import Foll o3 TEF Yth import 9] Y& WA 7] A8 hAE 5+ A5 Th
(builtins RES YFXESII builtins . import__ o] tid S Uch. 23 22 A 51X
Ue1' A= Z3HA ‘_'qJ—'S}—E‘” HE 2254 2= 42 E Z(PEP 302 & A 8) S AHE-3h+=

A0) H kel 7|8 AEE Faol A48 Aol Aok 22N EAE 20714 97
AUtk import_ () o AH AR DA ¥t importlib.import_module () & AR

Ao,

b BE name & YEE st FAH R B 7] A T H A o] B 3 A

gl=d Fo1 7 globals 3]— locals E A&t} fromlist = name ol 23] o] 2 E‘.%E )
Fojof o= AA B A H EEY o] 52 AlFdUth & 782 locals AAHE A8 AHE3HA
931, import 9] W7 A TH-E A ul W globals & /\}%1“4 =2

fevel & A) 2 AT JEEE NLTAT AT 0 1D L 27 A JEES 24D
S o m gtk B4 Fhlevel & __impore_ () B 5ESE BE dE o] Aoz

S B
> m[om

(

J\_i_ N= .
7&‘%‘@%—& g e e E9 Mg 7He AUtk (A8 8- PEP 3285 H A R).
name ¥ 47} package. .module FA Y uf, AHA 2 2 name o] 23 W H BE o] ob e} F 44

}
H Y 7‘47}%]4 o) 7F Rk Ytk 18 vl o] AA] -2 fromlist QAA7} 520 A WH name
of o5 Yy HE REo| WEE Y

A E Eo], £ import spam & Th% ZEE G2 Ho|E I EE AU

’spam = _ _import__ ('spam', globals (), locals(), [], 0)

E& import spam.ham2 o|# S & Z o]0 Yt}:

’Spam = _ _import__ ('spam.ham', globals (), locals(), [], 0)

A7l A import_ () 7FANY RES EHFE A 2B L. o] A 9] import Eof 25
ol 5ol Ad= = AA 17 W ATk

Wl o, 2% from spam.ham import eggs, sausage as saus + o A¥}E FUt}:

_temp = __import__ ('spam.ham', globals(), locals(), ['eggs', 'sausage']l, 0)
eggs = _temp.eggs
saus = _temp.sausage

o

o 7] A spam.ham B&°] __import__ () oA RERHULh o] AXZRH, AXED o] 55

A F g clEEZ U dg itk

€3 ol5or RES JEE IV At (FAA 22 H 71 A HellA), importlib.
import_module () < AF&3FA 8.

W 33004 WA &5 level & T A AH A RS UTH I RGEE 027 AAFU T,

25
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bool §o AA k. False o] Y& 4= Q11 SyntaxError & o Yrch

True
bool o] F3Ft. True ol YT 4= Y3 SyntaxError & o Yth

None
NoneType B 2] f+ ¥ 3t gt None 2 7| A7} ol A= A] b2 wh A |, 3he] A& Uerd =
o] 2k AFEE Ut None o]l i & 4= 9131 SyntaxError & 0127‘1/11‘/]—.

NotImplemented
Asto] th2 Fof ts] TS A A %S HEFH 7] A3, o] & %—’F HAZE(EHE S, _eq (),
_ 1t (),__add__(),__rsub__( 0)7}534401:6}% S g 22 5EHoR SE o ¥
EFYA=E(@E S, __imul_ (),__iand__ () %)7}‘?}-@@—’?— AFULTH =372 FHUth

3 o] (e FE)HA =7 Not Implemented & HWHESHE QI Z B H &= TFE & (B A4
Ztoll whet ok E) °ﬂ A FAAR] A AEg Yt 2 E A £ 7} Not Implemented & WS,
A RS

1t

OBz g Ex AAd ]gemﬂqﬁqq.HﬂﬂﬁﬂNmﬂmmmmde%%ﬂﬁgﬁo
227 Q= oy HAI A 7 g2 A 3ho] Al I Eof Not Implemented ko] R Uth.
o= ibs A FAE BA L.

7-“'5_’_ NotImplementedError & NotImplemented &= B3l o] 53} B A o] QI X4k v} & 5
SUth AA AFRSF=A] 2FAM 8] E 2 AT Not ImplementedErrorE HA| Q.

Ellipsis

Ellipsis /€12 (...) S} 2tk 22 A8 Ao} Aol Hol el dol o 24 & ehol 2
27 BA AeEE 5

b
g

__debug__
o] F5E shol o] -0 FH 02 Al Z 4| ehtril Fo] Hurh assert BE B D27} A5k

3 None, False, True 18]l __debug 2 A YT F JFUTH (I A= W
OJEF|HE 0|50 7 AR5, SyntaxError & 4o ZUth. 2gA o A
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%+ Uk

site BE(-s WP g0l Fo F5E Astis, AT ol AFs o2 dxE FUth2 YR ol &
S A deE S U e dE 2 Aol R85t 22 I AMgeiA = U

quit (code=None)

exit (code=None)
o142 uwl], (Use quit() or Ctrl-D (i.e. EOF) toexit) T} Z2 HA| A & 48l 1, S v, AZH £ =
FEF SystemExit & YO 7|= AA.

copyright
credits

At AL T2 ), 247 AD £x 285 HAES A4 Az Yok
license

Q121 wf (Type license() to see the full license text) 2} 22 WA A& A5, TEE wf AA| 2ol
W B AEE slol A A 7|5 22 Al (3 o] B A o = A AU .
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iy ™ s BT
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70 WW % | <
®O HJ =T
wjr Ay ™ S =
o ML_H Booel
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K et o
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J)J R y ojm Ly .
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A} % e B FUTh)
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4.2 =2| 494l — and, or, not

o
Y,
e
rlo
o

>
4y

o et L Ecor AEH =7 dAEYYTh:

A4k 1t CE
x or y | x7FAFo|Hy IHA] oo x (1)
x and y | x¥7} AR o] *x, TEA] Qo y 2)
not x x7F AR ol True, 18X oM False | (3)
T E
(1) o] AL G-I & Aibztol B2 J A A7 AR Y wfj vk F A o g2 T+ h
(2) ol A& T3 2 Astxtol B 7 F WA 17 Y wj vk F AR o g2 L Th
(3) not 2 ¥]=8 AMAERTG 2 A E Z5UTh 28iA, not a == b not (a == b)
E3|AH,a == not b= TH LFIYUH
4.3 H|12
ol Mol = 87kA] vl A4ke] 5 UTh o] & BF e 22 FASHE /MU (=8 A4tEthe =5
Uoh. vl o2 dd8 S AdsUth dE S0 x <y <= zeyYd #=F AR L= A=
ALstil=x <y and y <= zd FTFUTEHAFAF EFx < y7FAZCR 82 ¥z 9
= ot sy Th.
o] F+ v A4kE g g}
A =
< EEEEE
<= ZAAY 2ot
> AA3s] At}
>= IAY 2o
== Zth
= 27 et
is A A ofe] dl E ¥
is not | A H AXA| o}o|dlElE]
ME O 2 FE ALstas /ﬂi 02 F9 AAEL 2 vl ae A gyt == A= 3
@QQZ] g A5 AR P (NS y ZHl A AAD Y B is TEFULH < <= > W >= A4 AE
Ju) 7t = o—r°ﬂ””‘4-4 HHD} ﬂ%aoi,?lx}%ﬂ‘%ﬂ%i—?oltﬂ TypeError o @] 7} A gy th
S ZA e A2HA2EL T WA __eq () WA EE AYSHA e ol BE 24 dtha
W) 25 o}
e Bt ), le_ O,_gt__(,_ge_ () ANEES FE3] ZYeHA] k= 0%

o8, o OlHl A HAEAL uEdAHE 1t () % _eq () VT FEH

is 9 is not AR TR LA AL S YSUTH ED P9 F AA o] 48 5 Yo
o9 5 LA A 9

i

_( =3 , 2

9] OMEV A= Ea R = ?JAEJN%E}E UH AA 2] A 7F AH A A] k5 E‘r(%“i’ﬂ
yth

&

O

Ut
=

o el S 2t= F /1Y A4k in Fnot in, 2 °|EH#HE ALY __contains_ () HIAE=
E 723 5= Fol A AL Y
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4.4 <X} & — int, float, complex

Al 7FA & =2} & o] AF5 Ul AL (integers), A5 (floating point numbers), B 425 (complex numbers).
T3 =gy A4 o FE YU A= FASY ALUEE A5 UTE A5+ 5 CY doubleds
AbEEA FEP YT =22 A

ABE sys. float_infool A 2& 5 QL UTE Bast 27 A%z R85 L A0 50 E
YL BAgFzoA ol R ES FE38 W z.real ¥ z.imag & AFRIPAAI L. (25 BolE
He= 27180 X ¥ EL 83 =4)|, fractions.Fractione §84E, decimal.Decimal &
Aex ele 2 gL AU e RE Aad 52E FE U

U
-

4z

A 2 EHE e WA e A 23 vl vtk FEgle A e EE (1630, 8
A2 2h & A-E eyt 2738 B A 7127 23¢d A 2HE 2 A& S5y
S EE 5 g B Qg 85 (AL R0 Bas) 7 g ol X, A4 Aol A
AR SR} Qe BosE BE S A5

spo] -2 T3t A2 S A AU Th: o] F e AXNATE e A B 9] 3 AAE 7HE W, (F
F2) B9 At o A Foez Ut A Aging Fa, deE FasiEy
FEUTh the @ A Aol Hlae 2 RAEY] A geol vas s AME e FUnt”

AR} int (), float (), complex () S 5 o AE B =0 AT 5 A5 YT

£ AR AU L)

i PN Z1t TE | MAM EM

X +y xehyol g

X -y x &y el 2}

x *y x oyl w

x /y x 2ty 5%

x //y x 2ty AeE Y-l & (1)

" EEESE @

-x 29 x

+x x 1=

abs (x) x 9 AYFg EE A7 abs ()

int (x) A2 HEE x (3)6)| int ()

float (x) A4z Hald x 4)6)| float ()

complex (re, AeB el sl imoz FAE BAS;. imo 7| EZEL | (6) complex ()

im) 0Jych

c.conjugate () | 4G c9o A4

divmod (2, y) B(x /]y, Xx%Y) 2) divmod ()

pow (x, y) x oy AsAlE (5) | pow()

X **y x oy ASA 5

T E:

(1) A% UeAoleha =3 h A2 Fol Bin 2 B gAY, R4 T A5 QU 27
I FIREFHAE itk 1//2E0, (-1)//2E-1,1//(-2) -1, (-1) // (-2)
=0 gyt

(2) BAaFid= A8T 4 glsuth A28 4 abs () & AHESI] A4E HEAAAL

(3) AFolA B2 HEL2 CAANAHE EHo| Y AF o] AT 5 A5t & Fod HES
QA= math. floor () & math.ceil () TFS HAA L.

(4) float= FEFF 227} obd
(-) 7tAERecr B2

OEDFEELEE PEEER RES T EN RS
3o Pt

2ARAoR, B2E [1, 2] £([1.0, 2.0] FZ20LAFHYL, FEE k@A /HA YUtk

4.4. =X} @ — int, float, complex 31
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o

(6) Lol A= = }alEi 2O0NAITMA EE RE TSI FUIEES NAFEAHAS /I ZE
i E X)) X
— =

[e]
Nd £A4L 7HA 7= 2 EQ AA EEF2 B89 http://www.unicode.org/Public/12.1.0/ucd/
extracted/ DerivedNumericType.txt & Eﬁ Al L

B E numbers.Real 8 (int & float) & T3 thES0 22 JAES &gt}

of

A4t &1t

math. X+= Integral & Z3 Ut}

trunc (x)

round (x[, xEn A2 RSk, At g2 A2 ks d g th n S A eketd V&2 g
nj) 0Yd Yt

math. VA 2 Integral <=x

floor (x)

math. VA AL Thtegral >=x

ceil (x)

F718 9 A A2 math®t cmath RES HAA L.

441 M4 &0 cst HIE 214k

W QS Aol A A o6 7} gLl ch. W E G4ke] AT FHE B35 S 229 M
TE = AAE ALE Y
o FI HIE dA4te] $AEHE EF A ARG S nuE T ESUnh 43 A~ 2 T8 4
QAU (+ 2-) T 22 FHEIE AR,
o] & HE A4k vygsted, SAeSd et L 5o 2 AEH o sy th
A4k 21t TE
x |y | xSy uEHor )
x Ny | x9y9 H]E‘:ﬂ Wl EFA or (exclusive or) | (4)
x &y |xyevEHand 4
x << n xEnH]E‘?}—%EOE/\]EE (H@)
X > n | xSnHEURFT LEZO0F AIE (H3)
~X x-‘i] H]E— ‘i‘_]_';\(j
EE.:
(1) S ANZE =R ¢ valueError & oA Yrth
(2) nHEVFFY AF A ZE=pow (2, n) E wote AL s5dch
B) nHETIE LEZE0F A|ZE 3= A2 pow (2, n) Z AF YAl (floor division) 3t AT 55
Fuch
@ 2T RE HES Qe A} 2L AT Ao, $8829 B5 BHOR Fo| % L
FHAQA RS G U EE AFESY (1 + max (x.bit_length(), y.bit_length()) ©]/9
2 W E ) o] Y A4S sk 2o g2 FEFUTH
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4.4.2 M4 gof| st F7ME

int §-& numbers. Integral A Aol FEl2~ & FATEYL =31 2 7R A=

int.bit_length /()

2 o ABgch

Fo AP 0g Aty o4z A4S et dl 22T N E £ S8 FUh

>>> n = —-37

>>> bin (n)
-0b100101"

>>> n.bit_length()
6

2 ¢ AEsHA oA, x 7100] ofYH, x.bit_length () & 2** (k-1) <= a

bs(x) < 2**k

bit_length ()

%E'}J—.—EFL A F Ak dUth F55H, abs x) 7t ASHA 2 E 2age 7HE
b= O}Z Zo™, k = 1 + int(log(abs(x), 7Yt x 7k0°] |, x.
o< EHFUT

def bit_length(self):

s = bin(self) # binary representation: bin(-37) —--> '-0b100101'
s = s.lstrip('-0b') # remove leading zeros and minus sign
return len (s) # len('100101') ——> 6

B A 3.10 &7}
int.to_bytes (length, byteorder, *, signed=Fualse)

2 gEe o= Mjd e %Y

>>> (1024) .to_bytes (2, byteorder='big')

b'\x04\x00"'

>>> (1024) .to_bytes (10, byteorder='big')
b'\x00\x00\x00\x00\x00\x00\x00\x00\x04\x00"

>>> (-1024) .to_bytes (10, byteorder='big', signed=True)

b \xfA\xfA\XfA\xEF\XEf\xff\xff\xff\xfc\x00"

>>> x = 1000

>>> x.to_bytes ((x.bit_length() + 7) // 8, byteorder='little')

b'"\xe8\x03"
A%t longih Vol £ ALE o] RAFUTE A47h Fol 4 vholE 22 RAT 5 GE A3 An
overflowError & 4o 71t}

byteora’er A= A4S et = ol A8 H = vl E =45 23 Ut byreorder 7F "big" ¢

AL AAY nlo]EX ulolE vjde] AL 95 YT byteorder ZF"little™
Hpo| E L ulo] & Qo] Zol Y UTh BAE AAEY AR ulo & £AE 2
&M O R sys.byteorder & AFRIHAI Al L

o 39, 449
245 ulol=

signed A= AT EASH=T) 28] WA AH§5 =A S AR U signed 7} False o 1 29
A7t Fo] A4, overflowError 7} Lol Ut} signed &) 71 E3k2 False QY T}

B & 3.20] E7.

classmethod int.from_bytes (bytes, byteorder, *, signed=False)
FojF ntolE MR RHH = FFE =85 UTh

>>> int.from_bytes (b'\x00\x10', byteorder='big'")

16

>>> int.from_bytes (b'\x00\x10', byteorder='little")

4096

>>> int.from_bytes (b'\xfc\x00', byteorder='big', signed=True)
-1024

>>> int.from_bytes (b'\xfc\x00', byteorder='big', signed=False)

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

64512
>>> int.from_bytes ([255, 0, 0], byteorder='big')
16711680

Q1 A} byes 1= 110) £ 4 5 A7) o ALk hol E8 A4S ol Bl e Eol oo Fuleh,

byteorder 1A= B35 UEHU & ol AHEH &= vl E A& 2R F Ut byteorder 7} "big" <l
8, A4 H}O]E‘; vlol E vl d o] A S A5 YTt byteorder 7} "little" 9 A-$, A9
Hlo] EL Hlol E wj g o] Zof Y& UTh TAE A2 7| E ulolE ¢S  Hste W vl E
XN ZFOE sys.byteorder & ARSI A 2.

signed AA= A5 R@s=H 29 Ryt AREH RS UERY Ut

WA 320 F7}

int.as_integer_ratio()

ujgo] Aol 4o A 23 Fo HEE 2L A4 AL 525Ut H4 (whole numbers) ©
A5 H g G4 RAT T A5 1 RRE 19 ok

WA 3.8 7%

443 M20| CHE 7} HME

float -2 numbers.Real 4 H|o]lx Z e~ & AT YTh T3 float= T3 22 27 HIAEE
24U Th
float.as_integer_ratio()
vl &o] A floate} B3] 2 ¢ FERE Z= A A 85Uy Fada+s
overflowError &, NaN o|+=a ValueError & 4o 7t}
float.is_integer ()
float AAEI 7L H52ES 7HA §-3H0] ¥l True &, 127 Lo B False & S8 FE U ch:
>>> (-2.0).is_integer()
True
>>> (3.2) .1is_integer()
False

% 74 WA} 1675 EAG T M-S A AT Tl A9 floats YR A O o] A2 A4 7]
o) 2ol floar S AR5 EALR e 1 WlE WIS AL HE Ve 0 FE Sughn. oo v
1605 EALL BT 2474 249 4848 A AF S 55 FUTh o AL TW g B 53
A9 §8% 4 A5t

float.hex ()
RE 259 16705 AL BAS BAFUL 325 2570 39, o BHL FA APk
0x & S8 5l=p &} A5 =g oh

classmethod float .fromhex (s)
1634 T2 s 2 28 S floatE 58 F < 2W 2 MM E. 2L s & OF 202 /M = 3w

Ytk
float.hex () £ AXBA MM E B, Float. fromhex () £ ZWX A= FoaHA 2
1634 BALE tha3t 22 A4S HAAUh

[sign] ['0x'] integer ['.' fraction] ['p' exponent]

4 913, integer 2} fraction 2 1634 EXE o], exponent &=
A= AATAYL thah FApE 52 31A] ¢80 1 integer Y fraction 5 o] =

571 9010k I o] £UL €99 HE 6442 Aol 218 B} 3ol
A} 1.5 o) Aol A AR H = B a s vy —01 float.hex () & 282 CEx Ao} F =0 A
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16742 B5 424 2lEHEE A28 4 3lom, Co sa =W EX ) AF¥le] Double. toHexString
7t A= 160 FAE L float. fromhex () 7} olE Yy th

A+ 16757 obd AR = 22041, Aol Fafl A= 29 AFAlF< A&t ol F st Al L.
A& 50,1635 TAE 0x3.a7pl0 £ H5 &AFH KA (3 + 10./16 + 7./16**2) * 2.0%*10
T+ 3740.0 & YERY YT

>>> float.fromhex ('0x3.a7pl0")
3740.0

3740.0 9] NS A §3W 2L £AE UEhE 2 1645 EALL e 5 daUh:

>>> float.hex (3740.0)
'0x1.d380000000000p+11"

[0
ol

444 5%t |
ZAbx Sy, A2 T Folol= FUth o thslo], x == y ¥ P4 hash (x) == hash(y) ¥ 2] &F
Y FAITF RS hash () HAE AHAE BA L) tfFst A} 3 (int, float, decimal.
Decimal, fractions.Fraction Z3)EY TS A 5& wfFol|, spo] Mo A F o Al =
R 55 G0l NE T AT, o Bt A9 Fe%00 B BH oA int 9 Fract ione.
Fraction® BE QAA2AHE XA floatl decimal.Decimal & BEE G Ad2aEH Ao ALH YL &
AojA], o] &= 1A 424 P o Hal REE P Y (reduction modulo P) 2 2 Fo]F Uttt p 9 e
sys.hash_info 2 modulus ¢]E g HEZ ulo] o AlZF Ut}

CPython implementation detail: 3 2}, Al 25 = A4 32-0H]E ClongS 712 7)Ao Al =P = 2**31 -
1 0]31,64-8]E ClongS 7}R 7| Aol A=p = 2**61 - 1 JYth

S Ao o sk Al ARG Y U T

ex =m / nol&o]otd S ol nolr B UHA F=ttY, hash(x) Em * invmod (n,
P) $ PE ALTYTE 97| invmod(n, P) =n 8 ZREZ P IdFE FUr}

*x =m / nolgolotd fFE|olin ol P UFH (A& UH A o) n S REEP 95T E
ZEA| 2] Qa1 91 9] 4F A2 AL H A U ©] A% hash(x) E A H sys.hash_info.inf
2 Zoerch

ex =m / nolS2 F24°]™hash(x) & -hash(-x) & AUt} oA A7} -1 o]

e

2 = W,

e E%l 7k sys.hash_info.inf, -sys.hash_info.inf, sys.hash_info.nan & 2z} £3}
o, &2 #3, nan 2 2 AL Uth (ZE Al 7Hs nan & 22 S| A g2 7HA U th)

o B AL (complex)z @ A%, hash(z.real) + sys.hash_info.imag * hash(z.imag) &
Absto] ApR ol 4R A gt A7t 2¥*sys.hash_info.width o] R 22 &
A& A range (-2** (sys.hash_info.width - 1), 2**(sys.hash_info.width - 1))
W )o] Soj 75 E BhE Ut oA B, A77h -1 olebE 2 2 HE o,

A 22 HE3] 5t7] A, A7l e, float, complex o] | AE Al4tshs, WA i A2}k 55 g
gtol Al A= & o Al T}

import sys, math

def hash_fraction(m, n):
""rn"cCompute the hash of a rational number m / n.

Assumes m and n are integers, with n positive.
Equivalent to hash(fractions.Fraction(m, n)).

meen

P = sys.hash_info.modulus
# Remove common factors of P. (Unnecessary if m and n already coprime.)

(Th& sl AT ol A%)
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(o1 sl o] A A A%)

)

while m $ P == n $ P ==
m,n=m// P, n//P
if n % P ==
hash_value = sys.hash_info.inf
else:
# Fermat's Little Theorem: pow(n, P-1, P) is 1, so
# pow(n, P-2, P) gives the inverse of n modulo P.

hash_value = (abs(m) % P) * pow(n, P - 2, P) % P
if m < O:

hash_value = —-hash_value
if hash_value == -1:

hash_value = -2

return hash_value

def hash_float (x):
"""Compute the hash of a float x."""

if math.isnan(x) :

return sys.hash_info.nan
elif math.isinf (x):

return sys.hash_info.inf if x > 0 else -sys.hash_info.inf
else:

return hash_fraction(*x.as_integer_ratio())

def hash_complex(z):
"""Compute the hash of a complex number z.'"""
hash_value = hash_float (z.real) + sys.hash_info.imag * hash_float (z.imaqg)
# do a signed reduction modulo 2**sys.hash_info.width
M = 2**(sys.hash_info.width - 1)

hash_value = (hash_value & (M - 1)) - (hash_value & M)
if hash _value == -1:
hash_value = -2

return hash_value

4.5 O|E{|O|E{ &

shol e Aol o] W oleleol 8 A g AL o) AL T ) WA S E sl 2R,
ARG AR B FeN 2T} olE A )AL A AT 5 AEF S o] AHSF Uk okelel Al B 23]
AR AALE P4 OBl e o] Al W A =2 A AT Tk

Aol AR 7} ol el o] A A2 A Fshelw A7A WA= Ao F Bert dsUTh:

container.__iter__ ()
ﬂﬂﬂﬂﬂﬂﬂ%%ﬁiﬂﬂwﬂﬁﬂ%%ﬂﬂﬁ”ﬁaLﬂﬂﬂﬂﬂéiié%ﬂ%ﬂ%
gyt AElo] |7t oA H {3 Y ol Bl o] A& A Aste A7, olEld o]d F3 ol thEk o] Bl & o] H
E?ﬂ@2§°¥ﬂ%iﬂﬂﬁcéﬂ%%$d Ut (A8 Fejo o]lg o] g A Ydt=
AA 2 o 2 vn] A3 Z o] -4 E%ﬂﬂthﬂ¥i§§¢%GQWJlﬂHEt
5}o] H/C API o) A JJr o] A A

1awﬂaﬂﬂnmegﬂ@%%ﬂﬂwHE%11ﬂ¢ﬁ—w Sol A ol elelole] x2EF
(iterator protocol) E ©]& U T

ol

|

iterator.__iter__ ()

ol el el ol AA AL EelF YT ol for 9 in Fol A olUe} olE o] E BF AHEE 4
97 SHe Bl BLFUTh o] WA S shol A/C APIA| A Stol A AR S A8 LEAY tp_iter

Xl dsduth
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iterator.__next__ ()
A" ol o5 52 =5 Uth o &5 glod StopIteratlon oo E doAYrth o
RS RS N/C APIl| 4] }o] 2 A& -r1 ol L2 A9 tp_iternext €30 -2t}

Shol e AukA o) ALk S8 A2 B, AW, /15T S348 Fehol e o) el el o 42 A 0517]
3 o2 o] Bl ol B AXE ATt clEdolE 22 EF TS HolA /HEHA

A T

At olEd olEle _ next_ () WA EV} Stoplteration S YL 7™, I o]Z2 S & A=
o BB oF FuITh o 442 TheA) Gt THE Brhd A0 R AFFUh

S

iy ru

451 N4 0|E H

#1m4www1 SEEEEETE ST LR B @%1+§uq;ﬂﬂdﬁﬂﬂ
e A A Ao e 7w e, ter 08 nene ) oL A ol
ole] A7) (/1% 45 2, A1 AA) = AF SR T AT A o] A A
A= me4 AWA oA 2L 5 5T

4.6 AMEHA S —1ist, tuple, range

A 74 718 B2 %
As) F7be B2 FEL

o] 7h B Al E 2o A A dFH U th AR AR A Y] Al A o] dAkES
Al 3t8]3l collections.abc. Sequence ABC7} A& Y th

o i SAE o] W 0 BAEOE AAL ANES UAFUTE HolA, 5 91 = 2L W AAAT,
mi kATl x £ s 7k R 8HE B3} g AGL BESHE o)) AR Y,

in ¥ not in A4FS Bl AT LA EH 7 ZHUTE + (0]o] E0]7]) &+ (HHE) dARS O -§8t =
SR A Ak} 2 A 3

A4t Z1t =
x in s so] BB =St tx o 2o True, 128X YO False (1

X not in s s FE =3 rtx e o HFalse, 12 A &2 True (1)

s + t s 21 9] o]o] Eo]7] 6)(7)
s * nEtn * s s & 1 Aol n ¥ ook 23 Z5 Ut )7
s[i] s o] i A 5, 00| A A] A T} 3)
s[i:]j] s o] io| A j7}A) 9] Sefol A 34
s[i:j:k] s oA j7HA 2F ko Setola 3)(5)
len(s) s./] ] o]

min (s) R

max (s) so 7pEE S

s.index (x[, i, (e 2T T o]5o, Adela j Ao SF3h=)s S A HA x 9] | (8)
311) Al

s.count (x) s=FAst=x 2o =5

e g NBaE v aE AAGUTE 53], FED 2L 83 FEES AP0 wagh ok
o] 22 ki w7 YA L, BE G5 o] Zria vl a, 5 A A2 Y3} Pol 7} gopol ¢
)

ﬂllﬂl
R
N
o

>
>
to

o m) gttt (AHA 3 U8 o] &3 H A9 comparisons

SSAZ A F S TS5 YoBR 18 Syl ggth
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ey

2

3)

“4)

&)

(6)

)

in Fnot in A4S AREA o 8 gl 23 HALE A A T AREEH AT 2 ST A E s
(str, bytes, bytearray <) 2 A 2 AAto| AFREH7)| & S T}

>>> llgg" 1n llqusﬂ
True

nol gkol 0 Brk Fow 0 o= M PUrh(s 9 22 B W AALAFHYTh. Adas ] FBEo]
BAE A 4o FelsoF FUTH 15 oje] W A2 H UL ol AL FF A shol 4 Lz 7))
ELAFRUL o) FES 2 EA L

>>> lists = [[]] * 3
>>> lists

(1, 1, 111

>>> lists[0].append(3)
>>> lists

[31, [31, [31]

FEdol dojd=rt 3, (1] =W B AEE 283I= Zol 19 2B, [[1] * 39 A
FEo g Zo éEé%‘i}MW lists 9 o= FES FA3H R o 3t gAEE
FASA UL MR T2 H2rEES X33t g 2EE o|d A 02 thE £ F YT

>>> lists = [[] for 1 in range(3)]
>>> lists[0].append(3)

>>> lists[1].append(5)

>>> lists([2].append(7)

>>> lists

IE2j7haed B9, Ag2e A AL s 9 2o Al A YT len(s) + i°dlen(s) + j
Z A& Yh AR -0 2 A8 0 YT
iAA ARG s SRl AaEL <= k < JEUFSFE A2k FESE FAD ANALR
Aogutt iEE ) 7k len(s) Hry 31 len(s) & AHSFUTh i 7} B 25 71 None o] 2td
o%&%%‘\%ﬂ}.ﬂ}*@&ﬂﬂ\%mne °|" len(s) = AHEFUTH i7h By 37 2oww
setola7b gyt

2R k7 Qs i oM j kA 9 SRfel 2 0
JPEEg L14H A]ﬂAE%‘M% o} ThA
=2 o WeUr AT A j & 23}

A

- n < (3-1)/kEWEFE=AdY Ak = i + ntk
| B5HE, Sld A= i, i+k, i+2%k, i+3*k o] j o
A= gFUTh. k7} fr‘ﬂzihﬁﬁﬂﬂﬁ"len( )
EEZAFUTL k724 H, i =8 2 A% len(s) - 1 2 FoFUThiEE 7 A AY
None ©|®, RS2 (&) ol U (2 k9 Foo et G yh. kLOEmeﬂ
F OGN 8. k 7FNone o|¥ 1 2 HZFFH U}
EWAAEE o]o] ol FA AR AAZFBEFH UL o] AL v A
A A2E v o A3 A Zke] Al A2 F dojo AlFol v gt vt A3 A8 At

H-§S 2o ™ ofef vt F stz M 2sf of ?JHE}-

o str AAS oloi%q 71E ey, g|l2EE BE vpA || str. join() & AHEE ALY
- T gud &%W‘“O‘AHD}

s bytes AA S AZ8tE A ¥8H bytes. join() B io.BytesIO & AF& ALY,
bytearray AAE AH&E] Az ] ol A o] o] 8 0] 7] & & 4 UF UL bytearray A&
7h o] 11 &8 A 9 3}8F (overallocation) W A U2 7HA 31 Y5

olo] B o] 7| & Shtid, thAl 1istE extend 3 Al L.

Ud

v
o
o

o tuple AAZ=
. T2 Yol 7
AR AAA Y (& %01 range)2 &% JHH = M2+ 5 A AL T A A3 wfj Foll Al
24

% i
ry
rﬂ
el
o 2
[»
Mo
_>_
N
-ﬁ
ok
>
z

0101 ]7]‘/} HHE SkA FF U
®) sollx 7k gle i —ValueError% dodurh EE FHol AR jAES A
A= ¢ °}’“ ct. 1 4 JAAE AHE oI A2 HE S EEH 0 HAT 5 JFYth F7
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= AS theks[i:j].index(x) & A S,
oldl A7} &efol A2 Al Zro] ol A]A A9 A RS 7]%.9.E /‘\:1'-{:]:14];]—

EHAEA Po] ditH oz FHAF AT, 7PH Al E A P A= TR A b A4S WA hash ()
dek A2

o] A YL tuple A2HAR 2L ERH AN FAE dict 7|2 AFR3} set D frozenset A2AEH A0
A% =

e

o
ok
rlr
i3
rE
S

1A2E 3|A] 3t 22 319 TypeError & 4o 7Yt}

4.6.3 7}H A[EA A

o2 9 A2 7HH Al Foll A= of JFUTh AFEAF A Y A2 A o] AAHEE EHFEA
T35} 7]) A e collections.abc.MutableSequence ABC7} A5 U th

FoAA s 7PA AR P Aadnoldl, r = A9 o|HHE AAolH, x s 7t 878 3 € 3
A g %‘é‘/\]ﬂ‘i Ao AANJUTh (A& £, bytearray + A0 <= x <= 2555 W&+
Ak vrolE Yy th

oAt Z1t =
E

s[i] = x s & Ex 2 AU

sli:j] = ¢t il A j7kA 9] s £efol A7 olH e 8 1 o Y80 2 oAl F U Th

del s[i:]] s[i:j] = [1 & Z&5ULh

s[i:j:k] =t sli:j:k] o FEFEolro FH=2 gt (1)

del s[i:j:k] g AEoX s[i:7:k] o FEES AAFUTH

s.append (x) Ao ol x & F7Fd Utk (s[len(s) :len(s)] = [x] 2
Z54th

s.clear () solA BE FES AAF U (del s[:] & Z5FUThH (5)

s .copy () 58 2 BAE S WUt (s[:] S &5UTh (5)

s.extend(t) B & s [t UEOZsE FHISUTH(PHEE s[len(s):len(s)] = t

+t=t 2} 25 Uth

S *=n ol nHtEE =55 & 23U th (6)

s.insert (i, x) xEs5s9iZ2F XJOJ“ioﬂ ArdetUth (s[i:1] = [x] & 25
th

s.pop() ors.pop (i) | i°l Y& FE5S 7AW 5 Aol s ol A Al At 2)

s.remove (x) s[i] 7Fx & Z& A Ax FES s oA A AU 3)

s.reverse () AAFE] oA s o] FEE] ¢S FAFNFUTH 4)

T E:
(1) 1 BAF Seol 25t Lol 7 gofol T T
(2) AdA A} 7|2 g2 -1 YUtk ZefA 7|2 H 0 & vpx) vt g5 o] A AX WA v Yt}
B) x 7} s ol A AT A O remove () & ValueError & 4o 7t}

@) 2AAAE AL o) B2 AL A9 reverse () WA= AR o)A AAAE AT,
g os AEAUE AL ABANA LA AN AAA ADAE EATA 24 T

(5) clear () & copy () & €20l A4S A ASHA b (dict 9 set Z2) 7hW AH o] ]

i)

Z9o 9 EH oA AdFAA L $ 37 Y& =T F \41‘/]- copy() % collections.abc.
MutableSequence ABC &7} ol X uh, g £ & L4 71 Al F A~ 2EOALE AT
Uk,

WA 330 F7}: clear () & copy () HIAE.
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[>

i

A

=

o o

(6) n e Aol AY, _index__ () & F@FH= AA AUk n0] 0 0] ALt 25 A
REVE N RSy SRR Db A

M
-

¢

4.6.4 2|AE
PAEL AN AALR, WAoo 54 FREY B A ol ASHUTH(AHA FARE
S8 Zzague g 5 &y

YAEE oy 7HA o2 s £ JF Ut

s S E AL Wl FAEE H A3 []

s ESE Aot g RE &5 737! [al, [a, b, c]

o YAE A=A AFLE}7): [x for x in iterable]

o B AAAE AFLG}7]: 1ist () == list (iterable)
A A= RS 1 A 7} iterable B 2L Bl AEE WEUTE jferable & A AN, o|H o] A
21 9 3l= 7AH o), o] H] Eﬂ o] AA|7F 2 4 A5 UTh iterable ©] ©] 1] El__i‘r?‘;, iterable[:]
I A BAR S rEoj A M&AF YT o] & £0], list ('abc') £ ['a', 'b', '¢'1 &
HEESI I list ( (1, 2, 3) ) €1, 2, 3] 5 WNBHTUCL QAT FA A o, Y A=
Mz gAEQ [] & UL
OE B2 AR gaEE BEEH, WA sorted() & 2™ A F sty
P2rEE F5 HF7PHAEA AAES BEF FATYLE T3 gl AEE S A 22 27 HAEE
A& Y Th

sort (*, key=None, reverse=False)
o) o A=t 3= 7o} < v ek AL o] 2
U Th- M Aol AsistY AA 3 <
AR ol A F Y.

sort () £AYERVALE 5 e F AL AAE BolEYY
s

ey £ A SIS LobE ot B4 E AF e, 2 2l
AFEFH YT (A& £9, key=str.lower). B|AEQ 7}
S AR AY =2 A 20 AHF Ut 7| 23k None &
%3 A3 AR A o v gk

£ AALE ol A 2 gyt o
o] Asjguc(BAEE REHo 2 £4H

7)
= =
PAE FESo

functools.cmp_to_key () F B E£ 2x 28D omp 5 key T2 W8 o] AH

6‘]—/\ o]/‘\qr/]_

reverse = =2 U Th True 2 A4 W, 2 W7} o AH AN Y elAE 2450 AL

X
[>
1
fft
5&
A
g
b)Y
iy
:L
2

5 ]
Sl 7 & 2} 4] = sortinghowto

0
=2 H“

CPython implementation detail: 2|~ E 7} @5 =

st S uj A}, g FolH A dsuth U

Ao HolA 31, AE 2o JAENWHAHYEE AR T £ Qb valueError &

Q] o

o) o
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iy
o

S5 F

MH

FE2 W A A2, BF o]d A HolHY B5E Ast= ol A Ut (o
e = |

© O =
numerate () 7t MEE2-7F). FE2 524 A d o] E14 EH A AL 2T FFolE AHSH
(& 01, set |y dict Axd 2o AgstnA} st 4.

class tuple ( [itemble ] )
FEL ol A o

- Z WE syt
« BT EAEE Wl /RIS YEW: O
s FLFE FES M BAHEE 201710, Bt (a,)
c FESHEE FE%7a, b, cEE (3, b, ©)
e WA tuple () A&3H7]: tuple () =& tuple (iterable)
AR A FEET 2 S 7} iterable 7} 22 FZE WHEUTh iterable & A A2, o H F 0] A&
A3t AH o, oE &l ol 8 AA 7} 2 5 A5 UL iterable ©] o] n] FEolgtH WAH A k2
e 2 R Ut o & §9] tuple('abe') & ('a', 'b', 'c') WA, tuple ( [1,
2, 31 ) € (1, 2, 3) W& AR} Fo A A °}°tﬂ,* *éx}h MELZRFEA O
= W yth
FESUEE A2 AAZE 237 otd dE Yo FYAA L. 2S5 = 0 7FFY A+ A9
st A Aol AV 2 R3S dstuA BaFUth & £, £(a, b, c) 37149
AAE 7M1 & 52 ATL £ ((a, b, ¢)) U AARI-FES A= T2t
FE2 33 AEA ANE B F AR YTH
o] Foll &g HAMATE Qldl Aof O3 AA A KT} HEHgt o] A A Ho]B A ML ¢, collections
namedtuple () ] 44 EZ A Bt o AAsd A 5 95Utk

4.6.6 He

range B 5719 ¥ AALE Y Y for £xol A 54 A4 w2 vEshe vl £3 A8 Y th

class range (stop)
class range (start, stop[, step] )

215] A4 Aol thal QA B0l of Ptk (R ine Ei _index_ S5 WHEE P
1) A7), sep 91747k Ak W 1831 ol A8 ek st QA7 HoHH ARG 0 o
AFEH Ut step ©] 00| valueError & 42 7Yt}

Frstep 2] A, HA r e WL A r[i] = start + step*i o &3 Z2HF Yt ojuf i >=
09°lalr[i] < stop YUYt}

25 step 2] A, B W82 A3 A r(i] = start + step*i o o3 ZAT Al Al F

Z2AL1 >= OJqu[iJ > stop °o] FYth

[0] A% 2 AL BEA A A ghow W) AR e wA FUTh WE 20 AYas A QA Y,
Sl Asel BN o] A4S ol Az AT,

sys.maxsize W} 2 AUk ERerE WAL ASHA AL, (len() F 2R) IR J5 2
OverflowError 5 2AAAZ = A H5 Yt}

W9 A

>>> list (range (10))

o, 1, 2, 3, 4, 5, 6, 7, 8, 9]
>>> list (range (1, 11))

[+, 2, 3, 4, 5, 6, 7, 8, 9, 10]
>>> list (range (0, 30, 5))

[0, 5, 10, 15, 20, 25]

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

[0, 3, 6, 9]

>>> list (range (0, -10, -1))

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

(o, -1, -2, -3, -4, -5, -6, -7, -8, -9]
>>> list (range (0))

>>> list (range (1, 0))

M9l olo] Eol/gh MBS AT FE AN A4S BE TR (B9 AA = A4S
8L nhe s AlA A v iehd 5 gl W) o] of Ro] 7]t WE 1 9 S §ukekThe AR
7l g eh

start

step
step T 7N =2 ZE (= vl /RS A= A ko 1)
At 1ist Y tuple o WSl range 9 FAL range A= 23
22 (F2) Fo v r e & AR 3ok A dYth (start, stop, step ZF

=y

WY AA = collections.abce.Sequence ABCE TFd3LIL, 23 AAL 84 Qe A FA Sefo] 4],
24 dd A P 2L V)5 AF T A F 2 T — list, tuple, range = B A ):

>>> r = range (0, 20, 2)

>>> r

range (0, 20, 2)
>>> 11 in r
False

>>> 10 in r
True

>>> r.index (10)
5

>>> r[5]

10

>>> r[:5]

range (0, 10, 2)
>>> r[-1]

18

4=

= 1= 2 ¥ AA7 2R AAstE A DA G vndUch =, F 8 AA 7 2 A d29
e vetd o] 2oz A2 YUcth (2o vagE F Y 3 AA VAR OHE start, stop, step
O|ElHEE 71 5 I &o) 2 SHH 2. 6|8 S0l, range (0) == range (2, 1, 3) Ei range (0,
3, 2) == range(0, 4, 2).)

WA 32004 WA A A2 ABCE TARY T int AA S 23 b BE FEL ol ol Edhe thA
A Aoz P YT

W7 33004 WA (A ofol HE E o] 7]k T th4l) e} A 7L Aol sl ko) AA2o] 7uhS
S HEE 99 (=) 9 (=) 2 AT

WA 330 £7}: start, stop, step HEBHE,

2

o B
« linspace recipe A= BE A5 A S8z T A HYY AAA HAL 7= IHS
HolFUh

12 Chapter 4. LHZH
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47 BIAE A|HA & — str

ol M) HAE HolEE str, B 214D (strings), AAE AL ee] AP Ut 292 §UI=
BE EQEY W AAA dUTh AL AE AL e o F48 Uk

o Zr2WgE: et tgRE Fe & AsH

'%H}%j—i ny Xpo ' u:I-%:}__EE Er% A& i% I:l—n

° }‘\:]l—,%_]:q_%j:i_ vva<“ —|"2| Erotu:r%il'l nnuA“ ﬂ"g' %zr%g‘_u"n
AT OEEE FUA AL A 2ol AANE 7 As5UT- ABH BE o] AL 2lE o
gy
ad 2AA Y dFola I E Aol 4—‘1‘”‘?} A A BHE S FA AR O d FAE BEHER
]:H_%%]/]q_. é’ ("spam n "eggsn) —— "spam eggs".
AQE = olaA o]z A AL hRE ] o] 27 13/\]"’4/\ﬂ"4€ H &4 3st= v ((E)) JFolE
EGeho] B2 2B Q) Thoret 40l oo Al e 8L strings & A2 A 2.
2ALL ser ARAE B ool B AN ZRE B £ & dsUr)
A9l (@ 9ol flons £ALE A GoHd 01719 £ BRI 5, 0ol 2 e
A s 9 7 0] == s[0:1] ¥Yth

Eﬁﬂ%%ﬂ%ﬂ%%ﬂﬂ
io. StringIO—% AR S

WA 3304 A gho] M 24 2] 29} o1 TS AMA, u FFA7F ZAE Bl Boll thA] $

EERASA=S “"Z}ﬁ g 9] oo FFS v XA o r JFAL} AT E 5 glsUth

class str (object=")

class str (object=b", encoding=utf-8’, errors="strict’)
object ©] FAE WAL EeF T object ZhAFEA o, W FAE S S U 18X
o, str () 9 2 encoding == errors 7} T H & Zl o w}a}% A=dl, =3 25yt
encoding =} errors 5 o] A A] ¢4 0 W, str (object) & object.__str_ () & EHF+=,
object ©] (V]| FA A ) E= “*7(]74] A 7test AL A JYUTE FAE AAS A9, o] A
2 FAE AA AU @ object 7F __str_ () WA EE 7FA AL YA FTHE, str() 2 thal

repr (object) & E# &4t}

encoding B=+= errors & 2 0] & 317} F o) X A, object <= bytes-like object (9], bytes == bytearray)
o] o] oF 511/] t}. o] A%, object 7} bytes (= bytearray) 2 Zﬂ olH, str (bytes, encoding,
errors) = bytes.decode (encoding, errors) & TEZTUth 1 0]Q9 AL, bytes.
decode () £% Ao W AA 3 Wl EF AHNE A5 T oA AR chF F e o]
ol 2] Al A2 & — bytes, bytearray, memoryview2} bufferobjects S H 4] A] &

encoding === errors A A Lol bytes AAE str() ol A3t A2 v P44 ZAE 23S w3
3t A AR A3 s YT (o)W HEE 54 -b & BAAL). o & S

>>> str(b'Zoot!")

"b'Zoot ! "

str S} T WA= e o AAM S HE = HAE A A S — e} obE] o] FAE vA =
AN HAAL. THE AL S EYote] W fstrings @ 29 FAHE E1 A S TR A L.
w3l E“/\E 2] Al ARG BHAA L

47. HIAE A|BA & — str 43
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471 EXIE HIME

AL 25 AAL AES BF TAF L, ofgo 7led F7H4 A M EE FATYTH
BEAGL w3 F 7hA 28D £29 2ojg S ALYt Se 2 9 AH LA AL
AFSIL(FZ str. format (), W EAD W, A2 A4 BAD 292 24 L) T ‘6M~
Cprintf 28t o] 7|uhe T, o F W99 JL A3t & H}E A AHg8L7)E tha ol P A w
A 4 A Aol 25 O BV (rinf 512 249 £9]5)

EF ol B g HaE Ae] Aujs AL st daE A %gaa% re ZES AFA A AL
2IFYUTH ATste B2 2 ZEES EYTh

str.capitalize ()
A BAT R A 1 R A7 2 BAD EAL Y BARES B F U

#3800 4 WA o)A R WAl ZAE EAT obd Al E Ao A% wpH UL o] o] F £4
(digraph) 2} 2+ BAHE AA] B YA A AR LA EAH RS EQU o

F

)

str.casefold()
ﬂﬂcg%ﬂ%n§%1@§w1ﬂﬂa%%%%ﬂg%mi%ﬂ%%ﬂﬁw@ﬂ&%%

711 olA Z9L AFEAE ASetE AR ¥t v EAG o BRE Alo] A LEE AAG| ufj Fo
B 348 YGULh & 59, 5] 28X 'p' & "ss" & 55T UL oju ~AEAEZ
lower () £ 'B"' o o}F-# G TFE v A A eé*%wv} casefold() £ "ss" Z WEF L

WA 3.3 F7}
str.center (width[ fillchar |)
2 0] width 91 BXE 2] 7124l A= § e =95 Ut AAH fillchar (712 k2 ASCIL 2 9] o] )
< A}%s}oq A& Uth width 7} len (s) Bty 2 AU 22 3¢ Al £AL o] vEg Ut
str.count sub[ start[ end]]
W9 [start, end] o A H TT B2 sub 7 FHE A G SAE A4E SeE Uk A9F Az

start Q end = <glol A BE7|H o B S| AE VT

str.encode (encoding="utf-8”, errors="strict”)
FAE Y vpo|EE AR AAGH HAS SFYLE 712 A3 'utf-8" YUY} errors =
e 2.5 A AL 4487 19 AFD 5 A5 h arors o] A/ RGE Tstrict’ A, AT

L2579 O™ UnicodeError & €427 ﬂ—% SYdUth th2 753 32 'ignore’, 'replace’,
'sxmlcharrefreplace', 'backslashreplace' 2} codecs.register _error() & E3j %
YT o 25U e A2/ B HAL A5 ARY) B2 HelW nF ol uy AN
Bz 4N 2.

WA 3104 M7 719 E AR A o] 27k HF U T
str.endswith (su]ﬁx[, start[, end] ] )

B2 o]l A AH suffix 8 2YUA True E 831, 189X ol False & S FUTE sauffix =
A ste JuiAtse 520l 2 £ duyth A8 san 74 AFHE 2 AN S
N AZU T A A end & AH§3E AT 9 2ol A vl g F

str.expandtabs (tabsize=38)

BE W BASE @A D3 Foi2 | ]9 whek Shrht 1 o] o] Asol Az A TR EALe

HAES B EUTh @ A E wabsice 2AvRH AL Th (71 E3ES 80131, A 0,8, 16 5 W
AANE AAFUD. BALL 8357 93] A4 Dol 002 24N 1 BAHAS B BIR
P

AARU T £47L " (\6) o] W ﬁﬂ“ﬂﬂ—%%ﬂﬂﬂﬂﬂﬂ%ﬂ&%1%° o]
A7 AP Y o (8 B4 A HA A @ eh) BA A £ () S A2 A 2
(\r) ol ® BAPE T A B 022 A AR H T The F A WA A e BAE D A 3L
A2 g wf EA17 o WA EAH Ao BA Gl 14 FAAU T,

>>> '01\t012\t0123\t01234"' .expandtabs ()
'01 012 0123 01234"

(TF= ol Aol A
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str.

str

str.

str.

str.

str.

N

(o1 sl o] A A A%)

;

>>> "01\t012\t0123\t01234"' .expandtabs (4)
'01 012 0123 01234"

find sub[ start[ end ]]
HE ZAE sub 7} £efol2 s[start:end] Wl 533}
Ut Ae A A} start 2 end = S Thol 2 7ML

F31: rind () WA EE sub o) 9 A5 ook & 7ol vk AL&-3 of Fh T, sub 7k -8 B AL 1A
srolshed @ in AAIAHE A A 2

>>> 'Py' in 'Python'
True

.format (*args, **kwargs)

AL 2R A4S P FULE o] HAETF S EHE EALL HAHE HAEYFEE () &
TEY AR FEE £FE 5 LU 4 AT DEE 9K AR 22 A2 A9 E Ao
8L M 5 dFUTh 2 AR BEES AT AR BAL PO (B EAA] AL B
=

FUth

>>> "The sum of 1 + 2 is ".format (1+2)

'The sum of 1 + 2 is 3!

F

9 E Dol AR 5 gl T

Fl

Ao e A9 £ E A B & BRAAA L,

3 A (int, float, complex, decimal.Decimal@} A B Ed2)EndAo7 g
o (d]: "{:n}'.format (1234)), o] 4= YA]A S Z LC_CTYPE EA ¢S LC_NUMERIC 7
d=2 HA 3} localeconv () ¢ decimal_point £} thousands_sep -QEE tFEs=), o
X E0] ASCII7} o} At 1vpo]EXH T 431, LC_NUMERIC A ¥ ] LC_CTYPE Z A 43} t}&
%18 Gtk o] AAl WAL O A to G Fuith

:"‘;

WA 3TN WA 220z zugan], o] st o] 7Aoo AA A O F LC_CTYPE
2A 44 LC_NUMERIC 27 OI_EL A A
format_map (mapping)

str.format (**mapping) & B]ELSA Y dict E BALE A &3 mapping & A AFR- S o)
of| & 59 mapping ©] dict A B F#FH A L3y}

L

>>> class Default (dict) :
def _ missing__ (self, key):
return key

>>> ! was born in '.format_map (Default (name='Guido"))

'Guido was born in country

B A 3.20] &7}

index (sub, start[, end ] ])
find () 3} B]BHA O B2 F2E

fifo
Bl
o

T Y= A valueError & 4o 7Yth

isalnum ()
A2 WY BE A bl e Apol AL, % 015 stte] A EA o= A F True s EHF 1,
282 oW ralseE EF YL €2 ¢ & U F 31U/ True & BEEsHH &spl o] Ay

=AY Yt c.isalpha (), c.isdecimal (), c.isdigit (), c.isnumeric ().
isalpha ()
229 U)o BE 27 Qa0 T, 4] % Shte] A7 EAGE A9 TrueE BT, 19

!
FoWralses SEFUTH &3b £2h= FUIRE 2l o] e H o] 20 A (Letter) 2 7 & ¥

4.7.

BIAE A|HA S —str 45
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str.

str.

str.

str.

str.

str.

str.

str

FAY YUY & F %40l (Lm), (Lty, (Luy, (Ll), (Lo) & 3t FAH T} o] A
FTUZRE FolA AH (Alphabetic) <733} th&oll o 3HA Al L.

isascii ()

FAGo] o] gAY EAFe] BE EA7}ASCIO A True§ £ 57, 18X koW Falsed
Z & ZEYth ASCI A= U+0000-U+007F 99 T & Z A EE 7FAYth

WA 3.7 =7}

isdecimal ()

FAL Ye) RE AL QAR EAol L, Aol shfe] £AT EA T A TrueE EHF
237 Fodralses BHE UL ARG EAE QAN O 2 £242 FAT 0] A8 £ 9
EAE Y Yth o & S0, U+0660, ARABIC-INDIC DIGIT ZERO. @A & 0 & 424 B fu
= kR (N o 43 BAI o

isdigit ()

FAL Wo) RE #A7F T A 0], Ao} shife] AT} EATE A9 Trued Y F
gowralse® EAF UL A E A Fo} oA 9 WA Aok 2L B4
L3 A7 2P ULE A7l 7tZ R EH AA D AP L2 AE FAD o] AHE
Aol =tE UL A A o 7, Y] AL £ A 7Fo] Numeric_Type=Digit &= = Numeric_Type=Decimal

9l AU Th

isidentifier ()
FALE o] A A section identifiers ] A o] o] 2 FE S A HFAH Trueds 8 FUTh

B2 s7t def W class@ & o ek Al E =)0l X] AAVELE W keyword. iskeyword () & &&
SHIA 2.

o A :

H

Sy

M

)

]

7

e S

4y
=9 — o,
e el X

>>> from keyword import iskeyword

>>> 'hello'.isidentifier (), iskeyword('hello")
True, False
>>> 'def'.isidentifier (), iskeyword('def')

True, True

islower ()
224 W)

BE Aolx EATF 2f Aol 1L, Aol & shte] Alo|x A7 EA T B¢ Trued
=HFa, IYA %

to M Falses S FUYTH

isnumeric ()

AL o] BE BAI 20T, A E h1}] A7} 2 A 3 A 5
97 o ralsed BHFUL £AE OAR FUDLE 24 FSAL 25 RE BAS T
skt o & &9, U+2155, VULGAR FRACTION ONE FIFTH. & 2] & © N
Numeric_Type=Digit, Numeric_Type=Decimal, Numeric_Type=Numeric 91 &2} ¢ 1] t}.

o
H

H

5
et

f
W
N
jﬂ
fOd

=y

isprintable ()

2R Yo RE AT A S AAY EALo Ho] QoW TrueE EF T, 194 o
W Falsed EHF UL AT 4 Q= A= FUIZE A dl o] Ej W o] 20 (Other) =+
(Separator) & A 9] 9 F2}¢] Ut} ASCI A5 o] & (0x20) &= o 9] ¢ld], 214 7h53 Ao 7 733
yth (o] 2H oA, A 7hs st FAHE BAE O repr () & TE 3= W o)A A o] H A Qrotof
3t= AEYUTh sys. stdout B sys.stderr 2 285 & TAEY Ao &S A 45

k)

.isspace ()

£ vl 29 BAT 91, HolE ste] EA7L EASHE A9 True
FalseE 85Ut}

FUIE E2 Y olE | o] 2 (unicodedatas FZ 3 Al L) oA, dut ¥ 3 (general category) 7}
7.s( { Separator, space ) ) ©] A 1} &FH}3F & 2 2 (bidirectional class) 7} WS, B T2+ s & 3tLfo|H EAF+=
W (whitespace) Y} V] T}

]

Y3, agA o

tAlo) 2 B A AW EF S 4 0] (Lu) (Letter, TAE 2D, (LI) (Letter, £ b, (Lt) (Letter, Al % £2h) 5 & 7kA 2 A4 ch

46
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str.

str.

str.

str.

str.

str

istitle ()

FAG o] A% Ao 2 EAD o 3 Shit o) Fe] A} 9k A S Trued B Ut o Sol
A ol A o] G BAT S 5 Qi ABAE Ao BRI u S+ dUh 18
AL HAEralses EEE YT

isupper ()

2AL o] BE Aoj2 EAAM Bl EA 0] 1, Aol % slite) Aol BRI EA S A Trued

E8F0, 1% A FOoHFalseE S8 F T

join (iterable)

iterable o] A GE S o] A AL S EF UL iterable ol bytes ARt 71 e} F2HQG o] ofd
ol oW TypeError & 227U 845 Aol A= o] (AN EE ATt ALY

=8
1just (widih|, ﬁllchar]

Q2072 AHH EXLE 2| width < —v—Z} =HE . A A4 fillchar (7] 2352 ASCIL 2~ ¥
2 5 A B 101 A& 1) i T 2an (o) e AP e 45 Al Aol e 1T
lower ()

2 E Aol %xv HagAz A8 EAde) BARS SeF

ALEHE LB WS S8 E L FUFE T2 AM 3130 AHE o] 5 Th

.1lstrip( [chars]

AP FAZFAAR ALY BEAR S EHF YT chars AR AAT 2 J%% A1 A 3k
EAE YU h Ay ﬂb}None o] 2} W, chars AAFS] 7| 232 TS A A=
o Ak= %‘3—‘?47} opdUth BE g 2ol AlAE UL

2
oo "
<
;1
g
Q
S r

>>> ! spacious ".1lstrip()
'spacious !

>>> 'www.example.com'.lstrip('cmowz.")
'example.com'

static str.maketrans ( [ y[ Z]]

o] A& WA B str.translate() N AT 5 Y= HIRE
AA7F st oW FUIE ZAE (BF) B ) ol
A (9] Zol) E= None 0 & v Pk MR ool Utk 24 7= FUIE ZJAER
HEHE U T

A7} = 7 Aol 7} 22 FAFG o] of of 31, @T)r A oA, x9 Zt EAE=yo] 22 9 Ao
AE EAZ dFHE UL Al "R AR} = B, AL oo of d=H ZF EA7F None &2
S5+ 238 Stk

str.partition (sep)
sep 7 A RS 9 Ao BAG S UL, T8 A ol gl B2, R A, FEA 5
oL yEoR THHIREL BAFYT TEAV A A oW, 4G AR 17 E
2 Fe) M EAde PAE3-FES SR
str. replace (old, new[ count] )
BERE EAL old 7Fnew & A &H AL ] BAMHE S FElFUTh A9 A AR} count 7F o] A |,
9] count 7] ¥k 2] 2 U T}
str.rfind (sub[, start[, end] ])
52 BAD b 7} s [start end) Hol 543 14 2 £ALe] duag EhFUTh 494
1A} start 9 end £ Sehol & B o2 S AE U Asfetd -1 & EHF YT
str.rindex (sub[, start[, end] ] )
rfind ()9 M EEAW, L EAD ub & HE S Gk A9 valuerrror 2 oGk
str.rjust (width[,ﬁllchar] )
c2zog ALY E49L 2o width 9 —rX}OﬂEEEﬂZQE} A A4 fillchar (7] ¥ k2 ASCII
25| o)) /\]'%5]'04 &Yt width 7} len (s) Bt A AL 28 4 A Ex1d o] vigkg Ut
str.rpartition (sep)
sep 7HEHA BEO = bbb Aol A £A4G & R L, TR ool i R, TEA AR, FEA
4.7. HIAE A|RA & — str 47
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HEUTh TRA AR A Gow, F e W BAd
352

str.rsplit (sep=None, maxsplit=-1)
sep & TEAEAE 2 AFRSt] AL o A= Dol 59 BlAEE EEF U maxsplit ©] F01 A

744 2 2% o) A 2 o) maxsplit 2] £30] £ FUTH sep ] X AH A A1t None o], FRAZ
2E 30 BEAAASH U} L 2Rl A Belabs AL A9, roplit ()= okdolA A3

AE split ()Y FAFULL

str.rstrip( [chars])
FHFANAAY AL ARG FAFUT das ARE AAT FA IS A G
£} AekE A None o] 2P, chars A7) 7] LS 2WE A AES FUTh. chars
AH= H Ul A7k obd U Th; BE g 2 %ol AlAH Uth:

=

>>> ! spacious '.rstrip()

! spacious'

>>> 'mississippi'.rstrip('ipz')
'mississ’

str.split (sep=None, maxsplit=-1)

sep 5 TEAEAG R AFE-Bto] EALE o] Yl Tl 59 Bl AEE S8 F Ut maxsplit 0] Fo] A H

Z o maxsplit o] o] P FUth (WehA, S| 2E = Hth maxsplit+l 78 845 7FA Al

BUh. maxsplit ©] A Z= A FAY -1 o2t B of Al gto] g5yt (Vs ZE £ &9

BHE o] A oh),

sep o] FojAH, A%H :yL—E*Z]— FolA 9l Wl FAE S FEohe AL E AT (A E S0,
'1,,2'.split (', ") 'L, ', 2 ]%%ﬁ%‘% ). sep QA= A8 £AZ FA4E 5
AFUTHEE Eo), '1<>2<>3".split ('<>') = ['1', '2', '3']1 S EHHUH AAZA

TRAR N FAE S VR (] EEE%Z]JD}.

o =d:

>>> '1,2,3".split (', ")

['1', '2', '3':|

>>> '1,2,3".split (', "', maxsplit=1)

['1', '2,3'1

>>> '1,2,,3,".split (', ")

['1', '2" ", '3', "]

sep o A5 A YA vone oI, L $U AL Fol AFAYTh A5 59 BAe 29D
B 075w, Bade] Aol £ FME TN E Avke A2} 2ol M BAAL

FRA etk AnH oz, W EAdol) Funo e AT EAAS None TRAE e

s

dE 59

>>> '1 2 3'.split ()

['1|, '2|, '3':|

>>> '1 2 3'.split (maxsplit=1)
['1', 12 3!}

>>> ! 1 2 3 '.split ()
['1', '2', '3'}

str.splitlines ([keepends] )
AN UE ALY & AAES SHF U keepends 7} F o2 Fo) A A] = T A3
G Ao 2 uEe E9 A 5T

ol MIAEE ths & AN Utk 53], AA= FuH A = €4 & 23U

o
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=9 A

\n 97

\r dERE

\r\n MNA gd+= 37

\vEE\x0b | &3 H
\f E=\x0c | = 3=

\x1lc st 2 2;

\x1d IF +24F

\xle g ae LB}

\x85 = = (C1 Alo] I =
\u2028 = 1Ak

\u2029 T &2

WA 32004 WA \v S\ £ E = A7 B2 EAHL U

dE 59

>>> 'ab c\n\nde fg\rkl\r\n'.splitlines()

['ab C', VI’ 'de fg', "k1l']
>>> 'ab c\n\nde fg\rkl\r\n'.splitlines (keepends=True)
['ab c\n', '"\n', 'de fg\r', 'kl\r\n']

FEA 2R sep o] FAAE w sp1ic ) 9 B, o] MASE ALl ok A W Dl AEE

ST, A S kS A S8 HEA dsUth:

>>> "" _gplitlines/()

[]

>>> "One line\n".splitlines|()
['One line']

Hlae] B, split ("\n') = o] FA FUth

>>> "' .split('\n")

['']

>>> 'Two lines\n'.split('\n")
["Two lines', '']

str.startswith (preﬁx[, start[, end] ] )
E 21 o] A AH prefix A 23 True & E8]F 1, 218X oW False £ S8 EF U prefix
£ 204 e AEAE Rl @ #5 gtk A8 san 7F ABH W 1 AN A DA
Al Z U A e A end S AHESHE 6H“r—.%X] A ¥ LS FF T

str. strip([chars])
AT 5 AL A AR EApde) HARES B F U chars ARRE A AT B2 A TS X 45
= B2 J Yt} AT A Y None o) 8H4, chars Q1AFS] 7] B 2h-2 FHl-& A ASIE & Yt} chars
QAR AT AR G A7 obg Utk BE gk el AlAFY Uch:
>>> ! spacious ".strip()
'spacious’
>>> 'www.example.com'.strip('cmowz.")
'example'
1 HPRE ] A 59 chars A% EE 0] BALNA A AR U th F A dhars o & B4
Aol 2 A e BAo] £2 ul 7R W el A A AR YT ZolAE FAE F o] 99
Sl A =]
>>> comment_string = "#....... Section 3.2.1 Issue #32 ....... !
>>> comment_string.strip('.#! ')
'Section 3.2.1 Issue #32'
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str.swapcase ()

(SRCBAR=] i—?—X}E IR E v A 2 S st E A o] BAME S E8lF Ut s, swapcase () .
swapcase () == s 7} HHEA] 4§ 3HA] © °}° of st L.
str.title ()

Tl R AR AT A BAE 2B H RS 2L AR Aol WAL FAF T
g 5w

>>> 'Hello world'.title()
'Hello World'

o] ¥V Y ZL FojE ZAE
of 2] Aol A zHg st AW, &
ol RSk AR obd Sk %

>>> "they're bill's friends from the UK".title()
"They'Re Bill'S Friends From The Uk"

A4S Ag ool ohE AR o] et 32 WL A

]

T AsUth

>>> import re
>>> def titlecase(s):
return re.sub(r"[A-Za-z]+ (' [A-Za—-z]+)?",
lambda mo: mo.group(0) .capitalize(),
s)

>>> titlecase("they're bill's friends.")
"They're Bill's Friends."

str.translate (fable)

ZaAE ARE MRS AL vl G e T ALY BARE S EHF U table2 __getitem ()
= 53 A9 S A= AR o of sh=w], EF v ol A E A Utk fUIE ZAE (F)
= Qe g, uble A S F S-S AT 5 Utk 1 EAE S ol 4o e BAEE

msg st Aol FUIE ZAEY FAL S FelFYh A3 ZAL A 1 #AFE Al A 817 53

None & &8 F U 11 2AE A7) AR o2 v g 817] A6l LookupError 9] € Ut

str.maketrans () & AH&8te] ThE @49 2t At vig o g B W e e+ 3

Y.

AxE Bt ufFo] t)st Bl 3As 2HE codecs BELS FUFAAA L.

z

str.upper ()

BEAolx A 7t AR M 299 BEAES EHF UL s 7H Aol fle #AE
431’3]'74‘/]’ A3 Z2e] FURE R} 7 (Lu) (Letter, tHEAF) 7} obd A9, o & 5] (Lt) (Letter,
A= A o] 2), s.upper () .isupper () 7}False & § Y20 o341 2.
AEEHEYEAIHS S FUIE 252 AA 3130 AHE o] JFyTh

str.z£fill (width)

o
g
-,

Qo) 7} widih ) BAG-S WE7] 93] ASCIT 0" £AE A% & EALY AR FAF U
Al R R0l (4 1/ -k BRI Qo] oh e 5] o] A Y& ACE A2l H k. widh
7} len (s) BTk 5 g A e sdEU

dE 59

i +
i
me
rlo
o,

>>> "42" . z£fi11(5)
'00042"

>>> "-42" . zfil1l(5)
'-0042"
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4.7.2 printf AEIY 22X ZOHE
Fi: of7]o] A9E E9 A4 o] g 7h ANA L HE (2 So] FEF G 2tz
BN A RoHE 2) f0otE BFS BAREC] AUtk A 2 224E e P st format ()
Aol s FL A Tel F AL S A o3 LFE AT+ YFUTH o HAFL EF FAE
Eojgo] oS FYsta G5t Y bse 4 2E e AT T

EAFE A= A TR U AL 2 dF Utk AAAH(EER). o)A EAYE 2ulE B
g Ar2et s Y h format % values 7k A W (format & FAFE QU T}, formar W5 %
HE A= 070 01’“«1 values &) 242 AP Utk o] &= C Aojol A sprintf () & AH&3= A

l

vl gy o

format ©] 3h}e] AAZ 2 T3, values = st v FZ AA 4 5+ U5 145}5 I2F A O, values

= format BRG] A F e FE o 22 FZo)AY &Y “H*” AA (A& E0], 9 &) o]ofoF

Fyrch

W PGA s T o)A EAE 28 b2 22 A 24ES TFEEH, HEA o] £AYE

urelol gyt

L o's' 2 AL A FE e YT

2. W 71 (A A B2 EHAA ZAEY AlAAZ FAF YT (A E 9], (somename)).

3. A Zela (ME A 9 WS 53] Ao JFS FUh
2

¢

4 22 BE = HE AR+ (R2EH23) 2 AR, DA FL values FEL) TS 24004
933, MBY AR H 4 B e E 2w H ol g
5. AEE (A" AR L () gl AEEZFS YT xr (CRaElElaa) B AR S, A Y
S5 values 522 TFS 24 A ‘-3431 , ke e A Hol gyt
6. 2ol TR A (A= AR
7. WS F.
B2 AR YA E (Ex 2 WP ) A A9, BRG] QWS A NEA s Bauke
Aol 29X eie vl 71 252 S FEl2 23sjor gt Wi 7= 2R g g e s
Re AUt ol & S
>>> print (' has quote types.' %
{'language': "Python", "number": 2})

Python has 002 quote types.

o) A9 * ARAE ST S YEUTHERA A A B S o) B2 W2 AU Th,

ME e BAE e 245U

g o=

a

FT | @ el (oA B4 (oFefe] BF A AE D & A8 e

0| AEE FA g A5 002 A5k,

— [Wedgedso: gad T (g FoAd o ATEYG AT

T [l B g AE iR sl A G ool Mg SAT I (25 d W EAE
e,

T [ RS EAC o ) ARSI F AU ST S AFU .

2, 1, 1) E AT 75 YA, Fol oA dstA] 7] w2l FAIFH U -9 E S0

ERP FE ShhES TESE LRES ATk Gk
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SIS =
5} E
d | HE e A A R

R e

o' | H= gl=8%l g (1
'u' | EHelE Y- d s EeUH (6)
x| FZ = 16305 (BT AD. [©)
X[ R e 1635 (e AD. @
e[ B &g AF FAEEAD. 3)
'E'| e oy A 94 WHEAD [€)
£ e ard A 94 3)
B e A X P4 [€))
‘g | FE A 94 ATt ARG AAY AR Hop Ax] ghod av A Ae A | (D)

AREshaL, IR A Fow A FAS A FYH
G| FE Al 94 ATt ARG AAYARUE Hop A do Wt A AP A s | (4)
AREEHa, IR A ow A FAS ASHY T

o' G BAHT EE Dol 1 EALS 38U Th.

‘v | A (repr () = AHESEe] vhol X A S WU Th. ®)
's' | wA (str() = ARS8l spol W A S W) ®)
a' | WA (ascii () 5 ARESEO] spol M A S W AH Y. ®)
'y | Ak WSS A 9, date] et A EAIH YT

LE;:

(1) oAl FA2 A AR e2; kol AP 8 AR (00" E ALFYTLH

(2) Al A1 3 AR 2} Qo] A3 rox' BE0X' ('x' U 'X' §8 F o]y AL AR F
we G ych & gy oh

(3) Al FA2 I Fell A7 1A gdHets 3 a5 2T
AUE = &5H o3t A8l E AR5t 7| B2 64Ut

4) tiA P42 Aol Fd a7 TF6LL Foll 2+ 02 A AH A s T
AYE+ 25 459 8 AATE 2dH sk 7232 69Ut

5) AE=E7INolgtd, 282 N AR Ay Yth

(6) PEP 2378 =314 2.

shol il £ FA A ol AX T OB, 35 AHL A Eo] 1\0 o] ek: AR FHA
g}
IE=] .
WA 310 WA AEgke] 1650 2 Wi Skl The s WEL Bt sg WHO R BhAE A sy

4.8 HO|L42| A|RA & — bytes, bytearray, memoryview

Al 2] Hlol B8 22517] A8 B4 WARL bytes 9 bytearray AUTh O AEL memoryvien
ol o3l A 9= =, ThE whol 2] AA S o] vlmelo] Bl glo] Fa] o] M mrET & A8
Yk,

array RS 320 E A5 EEETSA AR BE 250 22 7B do|Hye] 584 A%

.

7

ftlo
e
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4.8.1 H}O| ZHA|

HolEE ARl = dd vlo]EES] EW AIIAYd YT W2 2 vlojye] Z2 EF] ASCII €A E
olFY L VMt 7 }EE, HlolEY A A= ASCII T3t o] & 2] S ufj 2t F8 3l o] g 7R A =S
Assty st ohE o2 Ex1E At Ay s AH o] JHUTh

class bytes ([source[, encoding[, errors] ] ])
A2, vkl EY Pl de] Be EAY el el W3t AL) 2A Wb FEAT 2o E T Ho] th
Ytk

e oL ¥ :b'still allows embedded "double" quotes'

e ZW2F:b"still allows embedded 'single' quotes".

e A=W FE:b'" '3 single quotes''',b"""3 double quotes"""
uho] £ 2 Poll = ASCH 21 S| S H Utk (HAd 42 7 393} BAGGU th. 127
Mo} 2 upol 2] gk A8 ol A ol A AL E ALSfol whol =) 2l el Holl 3125l of S o,
£ 2E Yo A9 oA A wol 2 B YL o] £ A o] x AR A2l v 24 3317
Al r FFAE AT 5 JdFUTh AU = o|aA o] Z A AL E E35to] Hio| EG 2]E E 9
o} et 3 A of] of & AFA| & W 8- strings & RS A L.
HlolEE 2lH 3 1 2H-2 ASCIH HAE & 7|Ht o & 342 ¢, v} ]Eoﬂ QA= AA 2= A0
EH A EAAE T4 s, AlEAY 7—}%;?%0 <= x < 256 9] HEZF AP Ut (o] Al H
Wt 3L A| =3} ValueError & 42 14‘;]') o] AL W2 uteoly g P A o] ASCI 7|¥F 845
e Qe G A GUALGO R Fg A ZAT 2+ 210 94912 o)l vl el
dntd o g AL = S Fxe7] e ﬁﬂqp}(a"ﬁle— Ae daeEE PEH S ASCI
S o] ofbd vhojj g Hlo]E] P Ao ALt T/l vl olH &A=& o]oj J Y th).
QY P4 9ol ol Ed AR E o8] 44 BE PYO R WE 5 YLk

e A" Z2o]e 027 MY R vlo]EF AR : bytes (10)

d59] ol HEZHE: bytes (range (20))
« ¥ L2 EFE 53l 7|<E vhol 2] o] H HA}: bytes (obj)

W3 bytes & ZFZ3HA L.

2709) 16215 A 23] shpe] whol =0 thg5H7] w2ol 1635 whol vl e oo 5§ A3 o
Aubg oz AL s s YA AUk thebd, nho| = § 1 P40 HolE g 9t Frhe) Fea

WA =gz o

classmethod fromhex (string)
o) bytes Zela =L Fold BAY AME T2 WHA vlol =D A E S F U
AL w0l = BT 9] 16314 7} F 85 o] of 3] ASCI 92 FAH Lo},

>>> bytes.fromhex ('2Ef0 F1£f2 ")
b' AxfO\xfl\xf2'

WA 374 HA: o|A| bytes. fromhex () & 2F o]~ ol g BEXFo =2 E
ASCII 39 & Ay g Uth

Hlol =9 AAE 1644 EA 0T WHE] A% RB 5} ABUTh

hex ( [sep[ bytes_per_ sep]]
Adxrdxo] vio]Entr} 2 2Bl 642 BT EALE AAE EHF U

>>> b'\xf0\x£f1\x£f2' .hex ()

'fOf1£2!

1675 EAGL H 97 47 e, S| TFT GY 24 e s A WSS AR T
S A% Uth 718402 2} vho] = Abolo] 4B Utk 5 WAl AW A byies_per_sep v 7} W

£ 042 AAFUTH G5 G S ERO|A, 55 AR A B 715 XS AT Th
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>>> value = b'\xf0\x£f1l\x£f2'
>>> value.hex ('-")

'fO0-f1-£f2"

>>> value.hex('_', 2)
'fO_f1f2"

>>> D'UUDDLRLRAB'.hex (' ', -4)

'55554444 4c524c52 4142"

B A 3.50] 27}
WA 3804 HA: o|A bytes. hex ()= 1675 &8 2] ulo]E Ato]o] L& 7] T & 4+ 317
A8 A A sep3} bytes_per_sep W7} A& A AT
ol EE AR = A5 AlDX(FEH F4D o] 7] i Foll, viol E
Fuoh Wb, p0:1] = Zo] 19 Hio]E A AA 7 Yt (o] A
FAE S AAsE HAE XL 2P Yh
ol EE AAY 92 gEE P4 (b'. S AHgeh=dl, $5 bytes ([46, 46, 46])
ﬂﬂﬂ%ﬁHW1mt<~%}&dﬁMﬂEdﬂﬂeﬂ“%AﬂAEi%%Q¢%%ﬂw

Far: shol A 2.x ARG A Al 3fo] 4 2.x A B] =l A = 8- H]E% A 2.x7F U7 Hlel A 2] Hl o] B @ o
Asste 7 77k 20 3 R U E FAD 7He) v et FA1 4 W #ho] 585 3l Ut o] = Jo]x o]
A 8- HE HAER AP on FUIE BAEE UFo 374 AHd e }°15]'L sk =g sl 2 A
YUt gtold 3.x oA, o] 2 3 FAI A M2 ALebH 5 U T - 8-H] E Hho] 1 2] H ol et U I E g
Zhe] W gk REEA] WA A o] o] of 3t m Hpo] EA I} 22HE A= A th=rhal Bl g Y th

4.8.2 HIO|E v ZHK|

bytearray A= bytes AR 7hH 3 Yt

class bytearray([source[ encodmg[ errors ]]

s] 1]
HpolE v d AA o st AL g E 22 glon

TG AAE &3] U
e Hl AAHATE7]: bytearray ()
o FojZ dojoj 0o g AR AAHA TE7]: bytearray (10)

o Aol ol HERZFEE: bytearray (range (20))

e Wy ZR2EZE F3 7| vlo| v g ol o] ¥ HAF: bytearray (b'Hi!'")
Hhol E v @ A A= 7hd o) 7] W oll, o] EE I wlo] E g A4k o] A o= FF vl EYE
T} upol E v @ A4t g3, 7 Al g AxtE A QF g T
WA bytearray = ZFZ A 2.
2709 16 7= A &3] ke vho|Eof th-3-3H7] 2ol 16 7=+ vlol v 2] dl o] E & A g3+ dl
At o2 AFSE = FA YUtk whebA, vho]lE a4y S T P A9 " oHE = FUte FEla

WAEE 25U

classmethod fromhex (string)
ol bytearray S A EE Fo R EXE AAE TG vlolE v E AA & =5
Yok BA4HES vho] = 9§ A)9] 16315 7F F 3 o] of 3] ASCIT 332 743 U k.

>>> bytearray.fromhex ('2Ef0 F1f2 ")
bytearray (b' . \xf0\xf1\xf2")

tﬂﬂ 370 A HA: o|A| bytearray. fromhex () = 2 o]A®ul ol 2t EXF o Y=
Amn+ﬁgﬂqﬁqw
wol= vl AR E 1645 BE 02 WA A9 U B e
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hex ( [sep[, bytes _per_sep] ] )
dzmxe] upol Enjrh2 A2l 5] 16052 BT £AD A7)

mlm

EHEUh

iz

>>> bytearray (b'\x£f0\x£f1\x£f2') .hex ()
'fOf1£2"

WA 3.5 =7}

WA 3.8oA HMA: bytes.hex ()2} B|=8HA|, oA bytearray. heX()"‘j 1634 =389
Hfo]| E /\]'O] o +& 712 E 4 dst7] A8l A& A sept bytes_per_sep "l 7} WS A A T

Hlol E Wi 8 AA| = Zo AlEA(B2ES}L FAD o] 7] wlEell, vio] E v AA| b ol thaf| A, b[0] &
A7 YT tl}%l,b[o 1] = 2ol 1 vte]E mi g AA| 7L HUth (o] A2 A4 A} &etol A B+
do] 1 22L& B st H2E A4 tixg Yth

HlolE mj g A RHL nolEYE 868 F A (bytearray(b'...")) & AL 3=, 2%
bytearray ([46, 46, 46] B}%%ﬁ}ﬂ =Gk list (b) & AFS3H vlolE g A A

) B
S FH AT H2ER HBT 9

oy

kd

U

4.8.3 HIO|EY 1} H}O|E HYY 1Ak

u}o]eoﬂg} HolE vl AA = 55 AldE Ak AGd U o] ASE 22 P9 I AR o g}
E bytes-like object2} /4% —3_— HUth o]y FA oz 93, o) ES
/\)\ Utk 22, 239 vk 2 3 AAkREe] Aol et Zebd 4 s th

F31: vol =2 Y upolE Wi AR ) WA =L AR BAHLS WolE o] ) L Th EAHA HlA
ShuboE A S AR 51854 P AT} THEAA AU T o & S, The 3 2o] A3 oF A

a = "abc"

b = a.replace("a", "f")

g3

a = b"abc"

b = a.replace(b"a", b"f")

o

A5 vlo] EY 9 vlo] E g A4 ASCH T3 vloj v 8] 4] & 7143t 2, )] nle] & tlo| Bl &
Zh] 3w = 33 oF Futh. o] E gk Al sk AFEH2 ofef ol A ThE Y T

a

Fi: o] 23 ASCH 7] %k A 4Hg A}g-31o] ASCIL 7] Wk @4 0 2 A A= 2] 9F-2 ulo| g tlo| B & 2%
ste HlolH 7 &4d & Sl Ytk

o] EG 9 vlo] E w4 A A o] tf & th WA =& 9429 violuig] dl o] B2} A AME- 4= JlF Y T
bytes.count (sub[, start[, end] ])
bytearray.count (sub[, start[, end] ]
8 9] [stars, end] AN A B A A2 sub 7t FHE A 1 5T A4E BAFU 494 A%
start SF end = <o)l A E7|H o 2 A U
ARG N H A DAE DY bytes-like object B2 00| A] 255 Atol o] A4+ 4= 5 U Th
HA 33004 WA AEAJA2Z 00 A 255 AFo] 9] A= 8§ Tth
bytes.decode (encoding="utf-8”, errors="strict”)
bytearray.decode (encoding="utf-8", errors="strict”)

Fold vl Edeve g 2ADE FAFID AR ARDL rucr-sr AT omors &
OE o7 Al WA AAe7 A8 AleE 5 ASUTh errors o] 71 2 S 'strict' |, AFT
=79 01 O UnicodeError & ?—_-127]?/}‘“ SdUth thE 753 32 'ignore!, 'replace’
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9} codecs.register_error() &
BAnge B Hejn EE A A4S

Zr31: encoding AAE str o AEsHH
014«] bytes-like object & AR AP 4 Q54

WA 3104 A 7| = AR Al o] F7HE F YT

bytes.endswith (suﬁix[, start[, end] ] )
bytearray.endswith (suﬁix[, start[, end] ] )
vhol v g "ol B 7t AR E suffix 2 ZUH True & 5831, 192 $ oW False & S8 &}
suffiv = 237 3 Au bS] FEol @ 2% 5 uUth A9 sar 7k AFH W 7 904
AAE A AT A end & A5 9

o 5l ol A
A Hu| AHE) = A9 bytes-like object B 5 Y51 T}

bytes.find (sub[, start[, end] ])

bytearray.find (sub[, start[, end] ] )
A B A A sub 7} £8Fo] A s[start:end] 1H°ﬂ %75:]'5‘}
Utk AHA 02} start 2} end = <Sgfo] A E7)H

A B A D2= 99 9] bytes-like object T 001 A] 255 AFol o] A4 4= Q15U Th

l-fU
E
ot ()¢
AN
v
©”
s
N
e,
[o
ne)
iR
ftlo
>
_V&l
N
L
v

Y32 £ind () WAL bS] A& Folok & 3ol ek ALg3 oF T sub 7 -2 EAAAA
s B9t n G A S ALE S O

>>> b'Py' in b'Python'
True

WA 33004 | B A A2 R 00 4] 255 Abo] o] Fo ke 3-8 T

bytes.index (sub[, start[, end ])
bytearray.index (sub[, start|, end] ])
find () 3 BRI A B A|FAE S = Qe A valueError 5 oYt}
= NS

bytes. join (iterable)

bytearray.join (iterable)
iterable 2] ¥}o] U 2] Hl o] H] A| AL S-S o]o] £0]7] ghuto] ED = Hio| E v g AA & EHF YT
iterable 9\ st r AR\ 7)€} bytes-like object 7} o} Fk o] O‘Efd TypeError & oYt 84 F

Apole] FEAFE o] M =S Al st Ho] EQ o]t Hlo] E vl E AA Yot

static bytes.maketrans (from, to)

static bytearray.maketrans (from, to)
o] A MM E< bytes.translate() ol AT 5 A&
BAE 109 22 YA Y BRI B G T from Fio
Zofof ek

WA 310 F7}

bytes.partition (sep)
bytearray.partition (sep)

sep 7k A & e A A A E

HERE FelF ), from o Y&
B X bytes-like object 9} oF 3} Z o] 7}

AT ral, FEA ol 9 B, TEA AA, FEA 5ol
cPRor FHEIRES EAFUL FRATUANA o d de) N DR HapEsta
LEEE S ERE S EEES SR R EE LR B

Sk o)

TE 2= A 2] 9) bytes-like object 4

oY Al fo
_x; ] r[

bytes.replace (0ld, new[, count] )
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bytearray.replace (old, new[ count]
BENEB A D2 old 7y new 2 X 3E A B2 BAE S EZ Utk A E A X} count 7F F o] A
oF ] count 7} Bk X 35 U k.

A B A A2 T A E-L A9 9] bytes-like object D T YH Y

F3: o WA= uloE W WAL Al Aelol A SHeA
g A AR S w5

bytes.rfind (sub[, start[, end] ])

bytearray.rfind sub[ start[ end]]
MB A B2 sub 7t s[start:end] Woll S335= 7H8 Z AJE 29 dQd A E
A2} start 2F end = Skl F7IH o2 s A g Yot Aofstd

-1
A A B A A= 999 bytes-like object TE= 0] A] 255 AFo] 2] A
W 33004 WA B A AR 00 A 255 Abo] o] A& &t

bytes.rindex (sub[, start[, end] ])
bytearray.rindex (sub[, start[, end] ] )
rfind () & BLIA T MBE A AN sub & 2 5 Q= A valueError & 4o Yth

A A B A A2E D29 bytes-like object T 00l A] 255 AFo] 9]
WA 33604 A A8 A4 0004 255 Apole] A% B-$ I

bytes.rpartition (sep)
bytearray.rpartition (sep)

=

sep 7} BEA BEO 2 UhebLbE S Mo A A AAE W3, T2 ol Gl 22, T8 A A, T2
Aol 2t enos 24 LRTE EAGIC. TR HAH A GO %)) W ol =g
LololE g ARG 1A E Gt Ao UL BAESE 2ARIREL EAF U

AAE LB 2}= 9] 9] hytes-like object D 5+ Y H U T

bytes.startswith (preﬁx[, start[, end] ] )
bytearray.startswith preﬁx[ start[ end]]
vlol v ] dl ol Bl 7} A A H prefix 2 A 25 True & E85 1, 1
o} prefix = FtaLAL s HFARES] FE0l 2 £5 AsUth A=A s
AAE A& GUS A B A end & AH&3HE s 3 A1 X o A Wl E T Y] D}.
o

A HFAHE) = 999 bytes-like object 4 5 5T}

bytes.translate (table, /, delete=b")
bytearray.translate (fable, /, delete=b")
A 7453 QAR delete o BE who| EE A ASLIL, Lhvl A vhe] =
Wpo] € ol L} uko] = W A9 HALE-S E2E Tk tbled 2 o] 2561
ok
bytes.maketrans () WM EE AFE3te] MR E THE 5+ ds5UTh
o J

E2}5 2] 9-7] 2 3} W 3ol = table Q1 AHS None

>>> b'read this short text'.translate (None, b'aeiou')
b'rd ths shrt txt'

W 3.6004 M7 : o)Al delete = 711 = A= A AH U Th

hol £ 8 vhol £ v} @ A P)e The vl 4= ASCH S8 ko] 2] 9 49) A58 L3t
E2e 2A 0, A4 A2 ADeol Ao wol i 2l vl o] E|9k FA A8 5 T o
wol = W W A E L B Al AL ol 4 RE 5 ek oAl A2 A E A4 goll 8l 54

bytes.center (widih[, fillbyte |)

bytearray.center wzdth[ ﬁllbyte]
2ol width A A F22] 7h-Hl ol BE T AA & BARE S S FUth AR 2 fillbyte (7] %% ASCIIL

l
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2 o)) & AFR e AFUTE bytes QA 2] A, width 7} len (s) Bt} Z AU 242 3¢
A D27 38 Ut

Bl

e

Fa: o) WAEY whol= wMd WAL AR A FA5A Gtk AAHA Gt AeRT
G4 A ARE BEY T}

bytes.ljust (width[,ﬁllbyte])

bytearray. ljust (width[,ﬁllbyte])
gzo 7 AALE AA L BAEL o] width 91 /\]-’rq/\i %Eﬂ%b}t} R A4 fillbyte (7] 3F-2 ASCII
2 H o] &) g AFR 5L S Utk bytes A A, width 7F len (s) Bt} Z AV 22 243 A
A7) wrerg U o

i ol WASY ulol= WA WAL AR A FASA hth- WARA b AS 2R
G4 A AR S BT

bytes.lstrip( [chars])

bytearray.lstrip( [chars])
415 oI E71 4] A8 AU HAES S ch chan A2 A AR W)= AGE A Yok
ol ule] ARG e o §2 o] WSk ug ASCILE bt ALg e g g e,
Ay &= A None ©] 1“/‘r H, chars QALY 7] 2352 ASCIL 59 & A A= & 5“4‘3} chars A A=
AT A7 obd U Th wE g % 8ol Al AR Uk

>>> b' spacious '.lstrip()
b'spacious !
>>> b'www.example.com'.lstrip(b'cmowz.")

b'example.com'

A A ko] gte) uhol g Al A2t 9819 byes-like object D 5 AL Tk,

B3: o WA= vl = Wi WAL ARl A F A F5UTh- WAH A o
a4 A AR 2 s

7

o
BN

rlr

bytes.rjust (width[,ﬁllbyte])
bytearray.rjust (width[,ﬁllbyte])

eeZor AUH AR FAHEES Dol widh I A D22 E¢ Z‘JD‘r A1 734 fillbyte (7] 3%
ASCI 23] o] 2) & AFg-8Fo] A5 Uth bytes A9 7%, width 7} 1en (s) ot AU 22 7%

Qo) NA27} e o)

A3: o A= npolE M WAL AR 2ol A SR kst AAE A e Sz A}
4 A A28 BEU T

bytes.rsplit (sep=None, maxsplit=-1)
bytearray.rsplit (sep=None, maxsplit=-1)
s 2 FHA A A B sfel vhol v A
o] FojA W 717 2 EZ o A Z o maxsplit A ] &
o™, ASCII &9 & X]-U]-Oi O] F oA RE XA H
A= A8, rsplit ()& oFefollA X}/‘ﬂ 5] A

bytes.rstrip( [charsH )
bytearray.rstrip (|chars|)
A= T3 ulo| E7} A AR A AAL) HARE
A sk vhel v gl AldAPUTh- o] 52 o] ¥l A
Syt A== A None ©] r’/‘rfﬂ chars 2 AH2] 7] &
Qb= HEl AL obd Ut BE gk 2ol AAH

22 ol ME Al F2E Umg Yt maxsplit
o] 4~} %‘4‘3} sep ©] A1 B A] ¢ 74‘/}None
Ary 2RAGUT 0 BEo|A] el s
split () AH &Y

mzﬂm

HEZUth chars A A= A AT vlol E A
7} B E ASCII Z 218} AF-g s AP S HEe
-2 ASCIL 39 & A| Ast =5 YT} chars

L

0.
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>>> b spacious '.rstrip()

b!' spacious'

>>> b'mississippi'.rstrip(b'ipz')
b'mississ'

A A vto)l E ke vlolvl 8] Al 2t A9 9] bytes-like object D 5+ Y5 T}

Fam: o] A= wpol= QWAL AAelo A FASA Gk AR A e A9 ER
4 A AAE BE U

bytes.split (sep=None, maxsplit=-1)
bytearray.split (sep=None, maxsplit=-1)

sep & TEA A ALE ARG S| vloj Y 2] Al FAE 22 B Y A B A AXE YUss Yt maxsplit ©)
Q=1 57 obd A, H o maxsplit ¥ o] 33 F Ut} (whehA, B]AELQEH maxsplit+1
M 245 7HAA AU th. maxsplit ©] AZ8H A %A -1 o] £ 5ol Aol glsUTh
(FF5 et B Bl WEolduiTh,

sep ©] FOJAH, A&H FEA= FolA B Wl ME A % TESE o= 7**6‘\44(011
£s°,b'L,,2".split(d', ') £ [b'L', b'', b'2'] EEHFY. sepoTX} HEnf

SJEAFE2E ZAHE F AdF5YTHE 59, b 1<>2<>3'.spllt(b <>') = [b'l', b'2",
b'3'] EEHFYDH. ARH FEARE ¥l A Jéi U, e AR Poll et (b ]
[bytearray (b'")] € SHFUTE sep A A= 499 byres- ltke object 4 4 YHUTh

=i}

>>> pb'1,2,3".split(b',")

[b'1', b'2', b'3"']

>>> b'1,2,3".split(b', "', maxsplit=1)
[b'1l', b'2,3"']

>>> pb'1,2,,3,".split(b', ")

[b'1', b'2', b'', b'3", b'']

p °l ARE A FA Y None o] ¥, thE £ &uelFo] AgHUTh: 4549 ASCIIJ;‘%‘ A=

@
C\

% A AT e, A AL RO 5 BN S el AT A4 o W A AR
EFehA] FHUnh dFA o, W AFAALYASCH 2 wko 2 74 H A AL E None TRAZ
Ged () EEF U

ANE EH:

>>> b'l 2 3'.split()

[b'1', b'2', b'3"]

>>> p'l 2 3'.split (maxsplit=1)
[b'1l', b'2 3']

>>> b 1 2 3 ".split ()
[b'1', b'2', b'3"]

bytes.strip ( [chars])
bytearray.strip( [chars] )

AP S vlo| EVF A AR A B9 BAHRE S S8 F YT chars AR = A AT vlol E S
A k= vhol i gl Al A YU t)- o] 52 o] WA =7} H-g ASCIL F A} AFE-E ths AP & e
Ul A =kE] A None o] 29, chars €1 Z]-.J 71 2 2k-& ASCH W& A| A== St t}. chars
A A= HF ARG Hu A O]"/]‘J‘:]',-r—‘_ 2ol Al AE Yt

>>> b' spacious '.strip()
b'spacious'

>>> b'www.example.com'.strip(b'cmowz.")
b'example'

n[)

A AR wol £ ghel whel 2] A A2 A9l 9] byres-ike object A 5 551 T
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Hn: o WA= vol= wid WAL ARl A BATA btk WA A e AL 2R
4 Al AR wHE ok

uhol= ¢l 9 uho] = W) AR o] th g kS w4 == ASCI S8 ulol i) o] ALE-S 7hdskn ool
uho] W 2] ol Ejo] 2§31 ok Ptk o] 4] upo|E WA WA= B ARl o] 4 AF A k3
ERPEEEE LY LSt

bytes.capitalize ()

bytearray.capitalize ()
7 v o] £ 7} ASCI £ 412 3] %) 1 3 A ol = e A
BARE EYF YT ASCH Hho] E7} obd 52 M AE A g3 A U

it
1w
i=)
N,
rlr
[
B
R
fru
rd
rln
>
)
[>
1o

F3: ol WA =9 ulolE W WAL AN A FAEA FHUTH- AT A e A4Sz
A AR e

bytes.expandtabs (fabsize=8)

bytearray.expandtabs (tabsize=8)
HEEASCH ] EA5S @AY 43 =12 5] 2 7] ek shvpu 2 o] 42 ASCI A o] A= 2] 3
A A2 BEARE S FElF Ut | $1 2 = wbsize vlo] Evith A U o (7] 282 8] 1, € 0, 8,
16 5ol )] F1 25 AAFUH. A A2E g3H7] fls @A ol 022 AAFH I AFALE vio|E
9] 2 AR T vle] EZFASCIL | F4F (o' \t ') o ¥, A Go] thZ & 9] 2] &} Zopd uff 744
St} o] Y] A o] FAZF A FH Uth (F 2 2F AAl = BAFE A ob5 U th) @A) HEo] EZFASCI
M A O \n") Es A 2 ' \r") o] EAH L I d2 002 ALDFFUh &
vl Ew A H A F3 BEALH AL AR B2 A4 wlf vpe] EV} o] B A FAIFE Aol BA el 1
W 2718 o,

>>> b'01\t012\t0123\t01234"'.expandtabs ()

b'ol 012 0123 01234"
>>> p'0I\t012\t0123\t01234"' .expandtabs (4)
b'01 012 0123 01234"

i ol WAEY vlol= WA WAL AR A FA5A itk AAHA g 4 S 2R
a4k Al A7 E BTk

bytes.isalnum ()

bytearray.isalnum()
A28 BE vto] EZL & abdl ASCII # A} =& ASCII A A o] 3L Al 27 v o] LA 9
OSW Trued EHF I 1A oW Falsed EHF UL &3yl ASCI 415, Al
b'abcdefghijklmnopgrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ' o QI+ HlolE 7k Y
T} ASCIH A A= Al B2 b'0123456789" o Y= HlolE gy th

dE 59

>>> pb'ABCabcl'.isalnum/()
True
>>> Pp'ABC abcl'.isalnum()
False

bytes.isalpha ()

bytearray.isalpha ()
N 2ze] BE nfolEsh dobwl ASCH EAo] T A A 27k wo] 1A o™ True
E 5831 28 GO ralseE s F YT €3H ASCH &3+, AlA A
b'abcdefghijklmnopgrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ' ©f 9+ H}o]E ZF Y
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>>> pb'ABCabc'.isalpha()
True

>>> p'ABCabcl'.isalpha ()
False

bytes.isascii ()
bytearray.isascii ()
A D27 o] AT A DAL RE HO]EZFASCIYE Trues S8]31, 12 R oW Falses
=
=

&2 F Y th ASCII v}o] E 8] } 9] = 0-0x7F Ut}
WA 3.7 7}

bytes.isdigit ()

bytearray.isdigit ()
A B22] 2 E 8ol EZFASCIH A A5 o]m Al F27FH]o] YA oW Trues S8 F1 1
o ralsed E8FYLLH ASCII A A4+ A A2 Db'0123456789" of 1+ vFolE gAY th.

dE 59

>>> pb'1234"' .isdigit ()
True

>>> pb'1.23'.isdigit ()
False

bytes.islower ()

bytearray.islower ()
Al 2~of Ao] % 31e] ASCI 42E2F7F 9117, ASCH | &£ 27 Yo ™ Trues, 28X o HFalse

£ EyFyrh
s =H

>>> b'hello world'.islower ()

True
>>> b'Hello world'.islower ()
False

ASCII 22 &A= A]F 2 b'abedefghijklmnopgrstuvwxyz' o 9= vlo]E kY Yt} ASCII
HE A=, Al A2 b' ABCDEFGHIJKLMNOPQRSTUVWXYZ ' of 91+ Hlo|E YU th

bytes.isspace ()

bytearray.isspace ()
N @29 BE vho| 27} ASCI 39 o] 31, A A7} v]o] YA $oW Trued Sej5 12
oW FalseE E8E UL ASCI 39 E2= AlA A b \t\n\r\x0b\f'(&H oA, & = u}2,
A 2l g, ¢4 &, F J =)o A& vtelE A Yth

bytes.istitle()

bytearray.istitle ()
A2 ASCIA % 7 0] 2231 Al A2 7} ] 917 g0 W True® 9153 194 940 ¥ Fal
S SHFU (AlF Alolx) o B ol thet AA T W82 bytes.title() g% Sk /\]

dE 59

>>> b'Hello World'.istitle ()
True

>>> b'Hello world'.istitle()
False

bytes.isupper ()

bytearray.isupper ()
Al 2o Aok 5112 ASCIH & A7 9137, ASCIL AR 7 oWl Trueds, 12X O HFalse

S EHFUh
s =9
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>>> b'HELLO WORLD'.isupper ()
True

>>> pb'Hello world'.isupper ()
False

ASCII 22 &A= A]F A b'abedefghijklmnopgrstuvwxyz' o & vlo]E ZEd Ut} ASCII
= 2}=, Al 82 b ABCDEFGHIJKLMNOPQRSTUVWXYZ ' o] 9= Hlo]E ZF Y th

bytes.lower ()
bytearray.lower ()

2 ASCH ) A2 o5 4
d& E49:

Az W Eg A

&

9] BALE

EHEUh

Mg
o

>>> b'Hello World'.lower ()
b'hello world'

ASCII A& E A= A A b'abedefghijklmnopgrstuvwxyz' o 9+ vlo] E zkd Yl ASCI
fE 2=, A A2 b ABCDEFGHIJKLMNOPQRSTUVWXYZ ' of] 9= vlo] E ZFJ )}

i ol WAEY ulol= WA WAL AR A FABA bt WARA g AS 2R
G4 A AR S BT

bytes.splitlines (keepends=False)
bytearray. splitlines (keepends=False)

ASCII & A A Ui vtol v g Ald2e] & gAaEE 85U o] == & U
universal newlines 3252 AUt} keepends 7} 70 2 Fo| | X k= 3l AT} gl AE o & vl E2

£ 4 2t

dE 59

>>> b'ab c\n\nde fg\rkl\r\n'.splitlines/()

[b'ab c¢', b''", b'de fg', b'kl']

>>> b'ab c\n\nde fg\rkl\r\n'.splitlines (keepends=True)
[b'ab c\n', b'\n', b'de fg\r', b'kl\r\n']

TR AL L ep o) FARG W sp1ic () SR, o MALE W AL A W B8
EelFa, v 2 0 A 22 BEA guth

>>> b"".split(b'\n'), b"Two lines\n".split(b'\n")
([b''], [b'Two lines', b''])

>>> b"" . splitlines (), b"One line\n".splitlines ()
([], [L'One line'])

bytes.swapcase ()
bytearray.swapcase()

BEASCH 222 G &2, 2 ¥ = upd 71 2 W38k Al @ A0 BEARS S8t

dE 59

>>> pb'Hello World'.swapcase()
b'hELLO wORLD'

ASCI 28 A+= A] A2 b'abedefghijklmnopgrstuvwxyz' o 9+ vlo] E gk Yt} ASCII
JER}+=, Al D2 b' ABCDEFGHIJKLMNOPQRSTUVWXYZ ' of 9l+= vHFolE ZEJ YTt
str.swapcase () &= &8 vlol 8 ALY A FA bin.swapcase () .swapcase () ==
bin o] YU Ao FUIE ZJEA A 02 A H}A = A 1, ASCIIO| A A o] 2
LiRasls EAR I R

62
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B3 o] WA= upolE M WAL AR A EAEA Ut BAHA b ASEA
A A A2 BE O

bytes.title ()
bytearray.title()

o] 7F ASCIL t 2 A= AJZFSHAL Ui 2] FAE 2 2F A Al 5 Al o]~ W o) vho v 2] Al dAE
EHFUC Aol Qle Hhol E g2 F A A o2 dHE syt

=i}

>>> b'Hello world'.title()
b'Hello World'

ASCII &2 E A= AP A b'abedefghijklmnopgrstuvwxyz ' o 9+ vlo]E ZEd Ut ASCI
FE2}= A WA b ABCDEFGHIJKLMNOPQRSTUVWXYZ ' o] Y= dlo]E ZH Ut & R E vjo]E
2 Aol A7t s Th

o] AN ZL Tho]2 ZAE] dLoT WL

ol & 3o /‘1 2551 A Ok, F ok A RO of X AE E 3] 7L tho] BAE FA stk A S 9 v,
ol 5k AT} obd % QEUTh:

>>> b"they're bill's friends from the UK".title()
b"They'Re Bill'S Friends From The Uk"

AL Aol A= 2 PHS THT S g

>>> import re
>>> def titlecase(s):
return re.sub(rb" [A-Za-z]+ (' [A-Za-z]+)2",
lambda mo: mo.group (0) [0:1] .upper () +
mo.group (0) [1:].lower (),
s)

>>> titlecase(b"they're bill's friends.")
b"They're Bill's Friends."

Fa: ol A=Y vlolE mjld WAL At oA T&eA] ST AR A G ALz}
Fg A AAE wEUTH

bytes.upper ()

bytearray.upper ()
REASCI 2 FAE S HEAE "33 A A2 BAMR S S8 &)

dE 59

>>> b'Hello World'.upper ()
b'HELLO WORLD'

ASCII 2E 2= A]F A b'abedefghijklmnopgrstuvwxyz' ©f &= vlo]E ZEd Ut} ASCI
&A=, A2 b' ABCDEFGHIJKLMNOPQRSTUVWXYZ ' o] &= vlolE ZF Y th

Fa: o] WA= hol= WA WAL AN A A dEUTh- WA A g A2
G4 A AR E BT

bytes.z£ill (width)
bytearray.z£ill (width)
20| 7} width 91 A| A~ S BE 7] 93] ASCIL L' 0" BAHE Ao 2|¢ A A2 BARS B35
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Yok 49 53 (o4 /b 1) ¥5 #2e] ghol ohfet 5 of ASE Ao APt
Py AN A il e () B A &5 A A AAAE &S ]

& =4

>>> b"42" . z£fi11(5)
b'00042"
>>> p"-42" . z£fi11(5)
b'-0042"

B ol WASY ulol= WA WAL AL oA FASA btk AAHA g A S 2R
G4 A AAE BEUT

4.8.4 printf AEIQ HIO|HZ| ZO{E

3 ol7lo] A9E T A4 ol /4] ANAA e RE (B B FET AV S Lup=
EASA RFE ) AU BFE BALEC AUk 4492 gol RE T gAY F
RE ger gt

Hhol v 2] Al A A= kA 2R3 W dAke 2 syt
g B A% 03*&2}3}15 Fu o 7
AU Th, formar WH-2] 5 W2k FA= 07 ok
sprinct ()2 AHEaHs A3 m)2 gy D}.
format ©] S| JAAE &S, values £ 32 ¥l F& AA A £ JFYTh

£ format wpo] 2] Al A2 AA7F A Q sk F5] 9 22 FEol AU & v 2
gA4) of oF g

A GAl= T o) 2AE 28 tha 3 22 7 8452 £k, BEA o] =AY R

etol gt}

='=n—h
N
N
_X‘di o\
N -
ol g
S
3
S.
rlo
z
)
O Lo

2] 2k © 9 values

Al (& 501,

)

Lorsr 220 gAY AT EE Ueb Ut
2. u] 7] (AE ALE): 252 SN BAEL A/ F2Z FAE YT (I & E9], (somename))
3. Mgt S (AY AR 4R WSR3 Aol S FUT
4. HA& e Z (A A rr (BB aT) B A G, AA F-2 values T tha 840 A
933, WEY At H4 PE 23 A9 g ZUE Aol Fuch
5 A3UE (A" AR ' () theoll AEEZESUTH ' (haEE2a3) B NS, AA A
S+ values T2 thg 840 A 831, HEE 2 AUE Fol FUTh
6. Zo] +A AL (A AL
7. HE .
LEZJAAZF YA Y (2= T2 wE ¥) A A9, vkel v g Ald A AR Yl WS HAIE THEA]
e w2 Ho) TEA Y Y 78 Bor S0 GER E@eloF g vl Nle EUT
HS g or R AL A& E9:
>>> print (b’ has quote types.' %

.. {b'language': b"Python", b"number": 21})
b Python has 002 quote types.

o) A% * AAAE AT 5 AHUTHEAA A WS Z5 0] B2}/ R Th.
WS 22 EAE The T 25U
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E o=

a

R gt gl (A FA) (oFeol B H o dFUTh = AT

K k2 =2} o] A 002 A3y th

Tt HEE gt dF o g AP Uth(s o FoAH 0" ASHE T A .

T aols) B gt 08 g BEold F5 Sl AE AR O (5 W 1 AT

U Th.

T REEAC o ) A AR I S AT STl ST,

Zol £42k(h, 1, L) E A5 F+ AA T, Fol oA Do 3tA 7] wjFofl FAF UL - E 9

$1d & sd o ZF Utk

Wa gL oo 2ayn

H 5= =

5} E

RS L )

BIESS SR B )

o' | B& = 8% 3k (D

| EURE Y- d ey ®

'x' | BE Q= 1675 (AFAD. (2)

X ¥ S 1685 (AEAD. @

T EE s AF A EEAD, G

T Bs 2 A7 94 0D )

ks P EEES o)

T s 25 A% 94, )

T EEaed 94 AR AART AT ALE LG T Ged ZEAAFIAL | (@)
AHES, T8 A o 415 B4 S AT T

T B a5 94 AF ARG AAG A0y A A4 FeA AEAATTAL | @
AE T, 284 pow 4 A5 A4S AT

o @ elE (4% £ Zol 1A el E A2 E ST

o vl AL (MY 22 ES S mEAY_ bytes_ () 7F A= EE AAD. ®)

's'| 's' & 'b' o A o]l 3ho| % 2/3 0 A vk AR5 of oF g T (6)

'a'| H}o]E Y (repr (obj) .encode ('ascii', 'backslashreplace) & AR 3lo] ZE | (5)
slolH AAE A3 Th.

| "r' = Ta' o HFo|aL 5to 4 23 A R AR E o] oF Tk )

T A MEE A 9w, 2l s SRR

rE.:

(1) oA P42 A AR se2; hol] A8 874 A A2 (' 00")E A FFYTH

(2) A FAL A HA 2 o] A 1ox' =E 10X ('x' U 'K §8 S o] AL AL E - LEo
we depgunh £ A dddo

(3) A FA2 2 Foll 27 e A dEEte A 20 S 2
AEE = 4a5H o3 ABFE AR 7] 232 65Ut

4) A P2 Aol g 27HAS 2T Foll L0 AAHA FUTH
AU 42501 dF &2 AT E 2Fs 7|22 64 YTh

6 AE=rtnelgtd, 282N EAE ZP Utk

(6) b'ss' = IJAAH JFYULE AT 3x Al = A Al A A FHUh

(7) b'sr' E AN AFULE A 3x Al g 2o A= A AF A U

(8) PEP 237& =34 2.
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ﬂ—r

ol A =] ulolE v @ W2 Al x| A F2HA] s Ut HAE A = A=A A

A E WEY T

o ®H7]:
PEP 461 - bytes 2} bytearray ol] % Zuj & =7}
WA 3.5 7}

485 o2zl &

memoryview A= ol M T MH 22 EE S A Qe AA ] YR olgo] BAF o] A2
2 Q1A T,

class memoryview (obj)

0bj & FZ B memoryview & WEUTH obj £ ¥ 22 E2 g A Uslob Gk My mrEZ
S A Q3= W QA ol = bytes & bytearray 7F 55Ut

A memoryview = 4 Bt= AES 2=, Y AA obj o I8 HEHE= DA A W2 o
AdYrt bytes 2 bytearray 3]— Z+e ko 7hohdl o] AL QAL b H}o] E o] %] 1},
array.array 9} 222 529 2 245 7M1 JdH5UTh

len (view) & tolist 9 Ao} Z5UTh view.ndim = 0 o] Zo]=1Y YT} view.ndim

= 10ol¥ dol= Joll Sl 849 et 25Utk 149 A9, ol Ho $HH 2laE

T3o Aol 7"\141‘/]— itemsize JEBREE T Y 84 Hlo|E & ¢HFUTH

memoryvicy = ehel 43 AN A Qstel dlolEE = EFUTh IAD SehelaE AL
e wsych

>>> v = memoryview (b'abcefg')

>>> v[1]

98

>>> v[-1]

103

>>> v[1:4]

<memory at 0x7£3ddc9f4350>

>>> bytes(v[1:4])

b'bce’

Format o] struct BEY Vel L G4 A G} 5 kel 4%, A5 Ex Are] FES A

QYA E A A o] L2 Yo spe] 84 E BelFUTh A MR Hi A4 B Skl

H4E 2 BER AU B4 AFUTh oA MR e] B A8 ndim )] A5 E B FEE

Qe YT S A5 UTh o 1A ndim & 4L S YU TH GAA WEE He W FER AGAG 5

RS

22 Hho] E 7} obd & Ale) o Auich:

>>> import array

>>> a = array.array('l', [-11111111, 22222222, -33333333, 44444444])
>>> m memoryview (a)

>>> m[0]

-11111111

>>> m[-1]

44444444

>>> m[::2].tolist ()

[-11111111, -33333333]

SH5 A 7 227] b5 5, W E e Ht AR Setol s e ARG 27 WG 5§ A
A& h:
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>>> data = bytearray(b'abcefg')

>>> v = memoryview (data)

>>> v.readonly

False

>>> v[0] = ord(b'z")

>>> data

bytearray (b'zbcefg')

>>> v[1:4] = b'123"

>>> data

bytearray (b'z123fg")

>>> v[2:3] = b'span'

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

ValueError:

>>> v[2:6]

>>> data

bytearray (b'zlspam')

memoryview assignment:
= b'spam'

lvalue and rvalue have different structures

(B), (b) (c) FA19] 3)A] 7h5 (917] Ag) He] AR vl we] B A A 5Tk A=
hash (m) == hash (m.tobytes () EEJ§° Ay}

>>> v = memoryview (b'abcefg')

>>> hash(v) == hash(b'abcefg'")

True

>>> hash(v[2:4]) == hash(b'ce')

True

>>> hash(v[::-2]) == hash(b'abcefg'[::-2])

True

WA 33004 WA o)Al YA W Re HE etel 2 5 Utk oA YAl (B), (b), (c)
Q) QX9 v w e B 3 b5 ok

WA 34004 HA: o)A W R HE= A5 O0F collections.abc.Sequence 2 SEH Yt}
WA 35004 WA oA v = Qe 48 4 gt

77 WA =5 7

memoryview = &

__eq__ (exporter)
| 2 2] B9} PEP 3118 A& A} (exporter) = T} 3} 2-&
Bofol =53l dARte] ZH A T E
Zkol Zrh.

|

A tolist () 7k AQ8le struct P4 FALY BE At 4

uf] 2ol vl W g U T
AfHdEd o E T
,v.tolist () == w

tolist () Wvew= 25U

>>> import array

>>> a = array.array('I’ (1, 2, 3, 4, 51)

>>> b = array.array('d', [1.0, 2.0, 3.0, 4.0, 5.0])
>>> ¢ = array.array('b', [5, 3, 1]

>>> x = memoryview (a)

>>> y = memoryview (b)

>>> x == a == y ==

True

>>> x.tolist () == a.tolist () == y.tolist () == b.tolist ()
True

>>> z = y[::-2]

>>> z == C

True

>>> z.tolist () == c.tolist ()

True

A ZAL o] struct REONA AL A Fod AA = F 2A &

‘%
AL} )5 g o] Zeehs TFHUTh:

o Al g Yok (4
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>>> from ctypes import BigEndianStructure, c_long
>>> class BEPoint (BigEndianStructure) :
_fields_ = [("x", c_long), ("y", c_long)]

>>> point = BEPoint (100, 200)

>>> a = memoryview (point)

>>> b = memoryview (point)

>>> a == point

False

>>> g == b

False

RE 258 A% HAAA R, W2 B AN Ay is wdWEy == w b H YA
e+ dsuth

WA 3304 WA o] d MAoAE FEF F4H =2 Wl E F2E FASL A HE S
SIS e8]t

tobytes (order=None)

rlr
pa)
i)

oo dolH g ntolEd e S F Ut ol R Rl bytes Y AE E23)
T gUh

>>> m = memoryview (b"abc")
>>> m.tobytes ()

b'abc'

>>> bytes (m)

b'abc'

Zajde) A4S A= RE 942 vlo]ER Wtele] PR B AER U= AT 25
D} “tobytes () S otruct 2E 2w gl A
C

WA 3.8 =7}: order= {(

Wl o] Yol el 7 C U RE S 22 WS %% A v R e
x@h—w}io 11318k o) 53], 13?4141% —{EAV}E Qqu} ALA oA ke 7o

A, dolEH = WA C2 HEH Yt} order=Non

%
S
1
9
33
\I
f
zfy
-
31

hex ( [sep[, bytes _per_sep] ] )

W ) 7 e 8 % o) 16742 BA 4D AAE B FUTh

>>> m = memoryview (b"abc")
>>> m.hex ()
'616263"

W 3.5 =7

WA 389 A HA: bytes.hex ()& B, ) Al memoryview. hex ()= 164 &3 9
Hlo] E Alolof| L& 7| S & 4] 3H7] 3l A B A sep3} bytes_per_sep Wl 7| 45 A Q3 Th

tolist ()

W3 Yo HolHE 8459 BlaER SYF U

>>> memoryview (b'abc') .tolist ()

[97, 98, 99]

>>> import array

>>> a = array.array('d', [1.1, 2.2, 3.3])

>>> m = memoryview (a)
>>> m.tolist ()
(1.1, 2.2, 3.3]

WHA33NA WA tolist () Al struct BE wHe ZE @d AV o EH 45}

B 9L A Dok

toreadonly ()

2] F AAe] 7] A8 HAS vkt g vz F AX e HAEA 5 Uth
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>>> m = memoryview (bytearray(b'abc'))

>>> mm = m.toreadonly ()

>>> mm.tolist ()

[89, 98, 99]

>>> mm[0] = 42

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

TypeError: cannot modify read-only memory

>>> m[0] = 43

>>> mm.tolist ()

[43, 98, 99]

v A 3.89] F7}.

release ()
Y2 5 AA o8 &9 3F WA E AT UCE B2 A= F7 2 AA ) 22
W SWEEAE P (A8 Sol, yroarray £ ANAE A7) 2D ¢ FALU B

FE}EV% release() & T &3 7153 3w o] A AFGE Al A B3 AL S ;A 5
SUth
ol M= SEH &, Holl gt o] o] AAL valueError & oYUt (o H & &

= dE= release () AL oL JUTh:

>>> m = memoryview (b'abc')
>>> m.release ()
>>> m[0]
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: operation forbidden on released memoryview object

with £ AHES AHAE #e] 2 Eg2 v 238 d £ 35Ut

>>> with memoryview (b'abc') as m:
m[0]

97

>>> m[0]

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: operation forbidden on released memoryview object

W 320 =7}

cast (format[, shape])
Hze fE A2 Yoy Rger A" F Y shape & 7] k2 [byte_length/
/new_itemsize] QIH], 23 {71 xdo] Atk v guch wES & A= v 22
FolA vk ¥ 3 A= BAE A st AYH = H2EL 1D > C-A5 #C-9<% > 1D
Ut

ER AL gyt B0 thel @ 4 Y o]El B Ao g AE Ut 84 & 3l vlo] E

F4((B), (b), (c))olo]ok G TF. Axhe] vhol = Fo| & feh 20|19 golot Fuich.
1D/long < 1D/unsigned bytes 2 7 2~

o

>>> import array

>>> a = array.array('l', [1,2,31])
>>> x = memoryview(a)

>>> x.format

lll

>>> x.itemsize

8

>>> len (x)

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

>>> x.nbytes

24

>>> y = x.cast('B")
>>> y.format

B

>>> y.itemsize

1

>>> len(y)

24

>>> y.nbytes

24

1D/unsigned bytes & 1D/char 2 7| A~ E:

>>> b = bytearray(b'zyz")
>>> x = memoryview (b)
>>> x[0] = b'a'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: memoryview: invalid value for format "B"

>>> y = x.cast('c")
>>> y[0] = b'a'
>>> Db

bytearray(b'ayz')

1D/bytes & 3D/ints & 7§ 2~ E $F 5 T}A] 1D/signed char 2 7|~ E

>>> import struct

>>> buf = struct.pack("i"*12, *list (range(12)))
>>> x = memoryview (buf)

>>> vy = x.cast('i', shape=[2,2,3])

>>> y.tolist ()

(reo, 1, 21, I3, 4, 511, [[e6, 7, 81, [9, 10, 11111
>>> y.format

'il

>>> y.itemsize

>>> len(y)

>>> y.nbytes
48

>>> z = y.cast('b'")
>>> z.format
lbl

>>> z.itemsize
1

>>> len(z)

48

>>> z.nbytes
48

1D/unsigned long = 2D/unsigned long & & | A~ E :

>>> buf = struct.pack("L"*6, *list (range(6)))
>>> x = memoryview (buf)

>>> y = x.cast('L', shape=[2,3])

>>> len(y)

2

>>> y.nbytes

48

>>> y.tolist ()

(Th& sl AT ol A%
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(o1 sl o] A A A%)

B A 330 37}
WA 3504 WA vto] E A or AR w) £ P Aol B AT A s UTh
2 7Hx] ¢)7] Ag o] EFHER AFST 5 Q5 U

obj
W m e B S AR

>>> b = bytearray(b'xyz"')
>>> m = memoryview (b)

>>> m.obj is b

True

WA 330 7}

nbytes
nbytes == product (shape) * itemsize == len(m.tobytes()).Hdo] 42

wh 317317 @ vhol £ Stk B len (m) 3 22 B2 L gETh

>>> import array

>>> a = array.array('i', [1,2,3,4,5])
>>> m = memoryview(a)
>>> len (m)

5

>>> m.nbytes

20

>>> y = m[::2]

>>> len(y)

3

>>> y.nbytes

12

>>> len(y.tobytes())
12

>>> import struct

>>> buf = struct.pack("d"*12, *[1.5*x for x in range(12)])

>>> x = memoryview (buf)

>>> y = x.cast ('d', shape=[3,41])

>>> y.tolist ()

([ro.o, 1.5, 3.0, 4.5, [6.0, 7.5, 9.0, 10.5], [12.0, 13.5, 15.0, 16.5]]
>>> len(y)

3

>>> y.nbytes

96

W 3.30f =7}

readonly
22 7h o7 AgAA o FE HEtl = =23k
format
Bol 7 gae] U@ WA (struct BE 28 < TPFE BAL AU Wz B A

SAZEE 4o Y4 FAEE TS
HolEl B B @4 & Ao 7 A skg Ut

WA 3304 |4 'B" AL o)A struct BF T Wt AUt o] AL
memoryview (b'abc') [ = b'abc'[0] == 97 °] & ou g}

(i)

T AR AR WA= (9, tolist ()= YA
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itemsize

2] FZF 240 27 (HhelE)

>>> import array, struct

>>> m = memoryview (array.array ('H', [32000, 32001, 320021))
>>> m.itemsize

2

>>> m[0]

32000

>>> struct.calcsize('H') == m.itemsize

True

ndim

w227 yebd = oAkl vl 2 9] Ak 8 vEr = A

shape
N2 A2 A9 v w o] B e bl 7, ol ndin B4 REY T

=
H A 3304 ¥4 :ndim=0 ¥ v None A ¥l ==& A F+ T}

strides
o) 2 Aol sl 2t 2 48 FRshev] Do uto] = 8 AT, 2ol ndind F5e)
FEgUch
H A 3304 ¥4 :ndim=0 ¥ v None A ¥l =& A F+T ).

suboffsets

PIL 28} wf Gofl R Ao &2 ARgg Ut 32 A E AlF-&JUrh

c_contiguous

W2 7FC-¢15% AR & U= =3k
v A 3.30] F7}.

f_contiguous

MR 7t 2E” A% AAE Y= =21k
WA 330 27}

contiguous

H R g7} A% AAE YEtY = =2 gk
WA 330 27}

49 Zlsta — set, frozenset

A (set) AA = A2 ThE sl A 7FHs AAY A4 e 2ddduth b8l =+ @A A4
ARz FRAAG WAE, FAE, AT, DD AQGH 2L 59 A4 AL AT
(2 Aol &2 WA dict, list, tuple 82 W collections RES FZIAIAI L)

o2 2 A n AR 2, F3H x in set, len(set), for x in set &

Adedolng, A A4 AU 4 <A E 71254 gsUth e A

EE 7B A A28 A F 22 Al 8hA] s Utk

AA F 7HA B o] 5 UTh setd frozenset. set B2 7PAYYUTH— W8S add () Y remove ()
o} 22 WA EE AFR o] AT 5 gl yth 7 0] 7] UHTOﬂ A ghe] glom g e 7] B o
Fote] 942 AR = ¢S5 UL frozenset 32 EWol A 75 FUt — WS A Zojl=

=
o
]

22 vE 4 gSUThH wEtA gAY g 7] B uE Ao 94 R AR S 4 g5t

vl o] LA &L set (frozenset = OFdUTH set AAAHER o2t S L ¢hofl gz A 94
B2 Yol A WS % A5Uth o8 Sol: {jack', 'sjoerd’}.

F 2 AR 2A APy

class set( [iterable] )

72 Chapter 4. L{ZIH



The Python Library Reference, £A| H{X 3.8.13

class frozenset ( [iterable ] )

iterable | A 2. 4&F F3F= Al set T frozenset A A & S8 FUth Ao 94t & A 75
Aok Ut JFe] TS 2 Y, 2T = JF2 WEA] rrozenset BA| o of Fuoh
iterable & A 3} ko Al W1 A4S S F U

Sets can be created by several means:
¢ Use a comma-separated list of elements within braces: { ' jack', 'sjoerd'}

e Use a set comprehension: {c for ¢ in 'abracadabra' if c¢ not in 'abc'}

» Use the type constructor: set (), set ('foobar'),set(['a', 'b', 'foo'l)
set¥} frozenset o A2BAE T 22 A4S AlZ U Th:
len(s)
Aets e A4 569 27)E BeFch
X in s

sofl thal x o) W AlS AAE T
x not in s

sofl ool x o} ] W el AL 2 AR o
isdisjoint (other)

A 3ro] other 2} 5% Y42 E 2R = AP True & EFF UL AT g 1T L

wf, 2832 2uf 9k A & 4 (disjoint) 232 T}

issubset (other)
set <= other
A 3hel BE A sbother o T3 £ A oh

set < other
A 8to] other o] AFE AT X] AAgU T} =, set <= other and set != other.

issuperset (other)
set >= other

other o] 25 A4 7k Aol 2= =2 AU
set > other

R 3lo] other & XA A etol x] AAFSU T &, set >= other and set != other.

union ( *others)
set | other |
A3 2 E othersol] = YAE

fu
-
o,
i)
=
)
L
o
it
)
i)
v
=

intersection (*others)
set & other &
A} EEothers®] 35 AR FAE A AT =HFYTH

difference (*others)
set - other -

Adole 2 R Yothersoll & TAH A gf2 Aoz FE4D M Ade EdFUTh

symmetric_difference (other)
set * other

Agrolttotherol] 235 o] Qo E BFo 23E A= 42 9452 FAAE A J s =9
Ut

copy ()
e o BAE S EHF YL

=z, AAAR7 obd W A 9 union(), intersection(), difference(),

symmetric_difference (), issubset (), issuperset () H|A E & 922 ol FHELS
AR WolEAUTh 2o, RS o i 0 ANELS ARt AT AL
RFFUC o AL 277 FAH AL set (‘abe) & 'ebs' 9 2 FAL WAL O
Q171 & set ('abc') .intersection('cbs') S AZ g}
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setd} frozenset

X I

g FUT

set & 2"l O YAE VWO 2 frozenset 9 A 2H A9 vlwH Yl 9
£ 5 0], set('abc') == frozenset('abc') = True & T8 F 1 set('abc') in
set ([frozenset ('abc')]) & UFH7HA] Y U Tt
B2 QYR 55 v me A A (towl ordering) $4 2 AWE A Ut o Sol, vo] A
e E 7o) N2 a9l AT 27 S AR B Qo] obdUth 1ehA] TS W False
2 =8 &Yt} a<b, a==b, a>b.
ATE B8 e A (B E AT BA) W A 5] W 2ol [} ol ol s sort () WA
So A 4o 54 Ut
gdAau g 714", A das wEA] 8 A] 715 sl oF 3y th

N

B9} frozenset & E3F 8 o] g A4S A WA 3] dAxe] & EHFUY A&
: frozenset ('ab') | set('bc') &= frozenset 9 A

% & frozenset o BW JIaE Ao = ALHA gl set AT AR = Y& AAES

0
1 dlo o » log
ro

T
]
i
T

update ( *others)
set |= other |
ATHS AASNA, BE others 2] YAES ¥ 3t}

intersection_update (*others)
set &= other &

AL ANNA, 2 A otherso] FE 02 £3E AaSE FU
difference_update (*others)

set —-= other |
A3 7418 A, others o] Y= AAES A AU TH

symmetric_difference_update (other)
set “= other

ATS AANA, F Qe o= 3 Foll vk £ ALEw FI Yok,
add (elem)

A4 elem = ol 71 ok

remove (elem)

Yk,
discard (elem)

A elem o] R F £F] o] 0¥ A AF Uk
pop ()

ARz HE 499 dAE AAN EHFYUCE AFol vl de= A KeyError 8 423

U,

clear ()
A% BE 942 AATI
Z 1 =, update (), intersection_update(), difference_update (),

symmetric_difference update () WA =2 B A4 H AL 49 o]HEHES 2=}
2 wols g}

Z1 2, contains_ (), remove (), discard () WA ER AFE = clem A A =set & = 5
Ut} 553t frozenset M= XA 3}L7] 913l, elem O = Q) A| frozenset = BH5 U Th
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410 OHE & —dict

N ARE G 7hs G AN AAA ALY AL A AN, A 29 Sk
Z g o] JdH5Ud, B A8 (dictionary). (T2 AE| o) &2 WA 1ist, set, tuple 22 H
collections 2EEES IZFAAL)

gAyv e 71+ AY 499 gAYt @Al 7Hs BHA] w}% #He, 5 B2E, 9 Y E E7H 3y
(AA otolHIE E] ThAl gho = HlE%HD}) 712 AT 5 fls Ut 7)o AR E = Pﬁ‘o%f 2t
H 2 E A3 Al #3S mFUtH F A2 v = 3 (1 F 1.0 A7) ZELS gMvg
FES A= A2 2 Esto /\}&6‘* AsUth (LY AFHE R AFH AE IHFLE
1”?5}‘3&0]74;_& gAqY g 712 AMg sk 22 AW etA] Ut
gAY e+ dict *E"éx}‘i‘?‘ﬂ ofy gt S 2% gl g EE F79 key: value B& g A vt
4 IdF5YL, dE : {'"jack': 4098, 'sjoerd': 4127} EEX {4098: 'jack', 4127:
'sjoerd'}.

class dict (**kwarg)

class dict (mapping, **kwarg)

class dict (iterable, **kwarg)
AP A 93 AR} (Mol e 4+ UE) NPE AREY AFoRRH 271348 A IA S
seE U

Dictionaries can be created by several means:

» Use a comma-separated list of key: value pairs within braces: { ' jack': 4098, 'sjoerd':
4127} or {4098: 'jack', 4127: 'sjoerd'}

e Use a dict comprehension: { }, {x: x ** 2 for x in range(10)}

e Use the type -constructor: dict (), dict([('foo', 100), ('bar', 200)1),
dict (foo=100, bar=200)

A7 A7 AT A 0B W GA N7 SO LT 917 A7 A3 3 oj AR A e,
W% A9 22 7 A S T SAU R wE e AT D87 fhow, $14 Ak o e
A1 S ol Bel o BRE 1 A e S A8 AA B o) e o] o
ok ZharEe] 3 WA AAE A Aol 7171, A A= el gtol Byt 717
% W o] g hehLb, T 719 uhx o ghol A YA U ele) 3 ghol itk

Y A AFH D, 719 = A2} A ghol 914 AT WS} A G4 2o FoE Uk,
F7h5) 5 717} o)) EASHE, A= ARl A £ ghol S1A] Aol AN £ gk A o,

fﬂ

o & Eo], t}S A= BF {"one": 1, "two": 2, "three": 3} Z2 UMY E =T
FUth:

>>> a = dict (one=1, two=2, three=3)

>>> b = {'one': 1, 'two': 2, 'three': 3}

>>> ¢ = dict(zip(['one', 'two', 'three'l, [1, 2, 31))

>>> d = dict([('two', 2), ('one', 1), ('three', 3)1)

>>> e = dict ({'three': 3, 'one': 1, 'two': 2})

>>> g == p == ¢c == d == e

True

BB v g A
o] ASL U7} A Yst= AASAUTH (23 B2, AF2AF Aol v ¥ 2 Y3 oF g th
list (d)
9Avel o) A E BE 7o) PJAES EETh
len(d)
gAY do Qe FEe) 22 SHF UL
d[key]

key Ad 9 G FAFUT key 7Bl Qi A% Keyirror & BT
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dict o] A1 B Z 2} 27} method __missing__ () % A8t key 7} A FHA =,
dlkey] d4bZ 7] key & A2 3to] I HAMEE TE2FYTE I8 o} dlkey] AAHS
_ missing__(key) &=o°] W33 g)\—o]ur o] 07] Qe a7 vEE Ay do Yt}
= Oﬂ’ﬂ'o]ur‘]ﬂ/\ ©X missing_ () €3&%A ¢5YTh _ _missing_ () ©] 7@43
o] YA FoW KeyError & Yo UTE __missing_ () 2 WA= oof fﬁ‘%‘:‘r; Ardx

‘l‘ﬂ'e‘l‘muqu}

>>> class Counter (dict):
def _ missing__ (self, key):
return 0
>>> ¢ = Counter()
>>> c['red']

>>> c['red'] += 1
>>> c['red']
1

9 o= collections.Counter 78 YR E HAFUTh o2 _missing__ WX =7}
collections.defaultdict oA A& Ut}

d[key] = value
dikey] € value 2 2t}
del dlkeyl]
d oA dlkey] & AAZGYTE key 7k wi 3B ol = 3% KeyError & 4ot
key in d
dol 71 key 7} oW True &, 12 A oW False £ EHF U
key not in d
not key in d & 553k
iter (d) ]
gAele] 7o thet ol H e olHE S F U o] A2 iter (d.keys () & @5AUTh
clear ()
YAV el A BE B2 Al AF T
copy ()
gAYele e BARe SE T
classmethod fromkeysﬁmnwk[\WMe]
iterable ©] A|F8h= Fhe= 712 AHE S & fh= value 2 QT A A E Y S U
fromkeys () £ AR YA IS BT S o HE YT valie of 7] £ 7S vone
QUTh BE ol B AAUAE FEFHE L, valuerh W) B2} 2 Ah AR = AL
01‘1“42&«1 nZE s Utk B e e, Al 9M e Azl A Md
Al L.

get (key[ default]

key 7} S ol = A key ol S35l 3= 2851, 29 A GO default & 5
=Yt} default 7}Toqz]z] o 7|2k None o] AFEH UL ZeA o] A== Hdl2
KeyError S 427X ¢+5 Ut

items ()
949 e FEE((key, value) A5 A HEBAFUC 7 A4 454 & F2s
ML

keys ()

gAave 715 A HE EdFUTh § AAe] A9 & ZxeA L.

Pop (key[, default])
key 7b LA efofl Lo A 1 G § G T T8 R defaur & F AT o

default 7} TR A %11 key 7} DAY o] Yo ™ KeyError & €2 71Ut}
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popitem ()
g oA (key, value) B2 A Ad =1t A& LIFO (last-in, first-out) <A £
Llie=RRh=
popitem() < JE GaFAA TF AHEEH Xl A E ot H 22 o]E H o] A s

o -8 ek DA el 7} wlo] 9o popicen () B keyrror & AT
W2 3.70 4 7 o] A LIFO <= A 7} B2 U th. o] A Mol A=, popitem() 7} 49 9] 71/
gk Ae wEg U o,

reversed (d)
GAUE e 7o) 3 A< o B o] E S E ULk o] AL reversed(d.keys ()
R DR

W7 3.89) =7}

setdefault hq{ dqhuh]
key 7t A gloll oW s 3k EeF U 1H A QF O, default 3k 2= key £ 4F A SH
3 default & =8 F Ut} default @ 7] 2 32 None YU Th

update ( [other ]

other 7} A 8= 7)/3E Ao 7 AL ANFUTE 71E 71 Bol& ) None & EHE YT
update () = ThE EA V2 24 U713k (R0 29l BEol L The o el ) & 2 ol
B B ol S eItk YT Ak AAE W, YA Ve 1 A/zk o = AAH T

d.update (red=1, blue=2).

values ()

g4l s A HE sdEYTh B AA 4

A=
?}dict.values()#%Q}E+E dict.values () ¥ 719 5
Uth o] A& dict.values () & A v 2w 285

>> d = {'a': 1}
>>> d.values () == d.values|()
False

gAY = (A AR 2L (key, value) BEES 7HA ufl, 283 2ol Zrhar v g
Utk A B (<), (<=), (>=), (>))+& TypeError & ¢

gAY =AY £AE FAZULE 715 BAHE A0 E FF= A A FsUTh AHA 39
F718 7= ol A d g Yt

>>> d = {"one": 1, "two": 2, "three": 3, "four": 4}

>>> d

{'one': 1, 'two': 2, 'three': 3, 'four': 4}
>>> list (d)

['one', '"two', 'three', 'four']
>>> list (d.values())

[1, 2, 3, 4]

>>> d["one"] = 42

>>> d

{'one': 42, 'two': 2, 'three': 3, 'four': 4}
>>> del d["two"]

>>> d["two"] = None
>>> d
{'one': 42, 'three': 3, 'four': 4, 'two': None}

WA3TANA B G 2AE 4 EA G0l BAF UL o] S22 365 H CPythond] 73
AR AUk

ER R R R R R A s =

>>> d = {"one": 1, "two": 2, "three": 3, "four": 4}
>>> d

(Th& sl AT ol A%)

o
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(o1 sl o] A A A%)

{'one': 1, 'two': 2, 'three': 3, 'four': 4}

>>> list (reversed(d))

['four', 'three', 'two', 'one']

>>> list (reversed(d.values()))

[4, 3, 2, 1]

>>> list (reversed(d.items()))

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

WA 3804 HA: g+ olAl FAAS T st
o X7

types.MappingProxyType & dict & 917] A& HE == g A& 4 Y5 Uth

4.10.1 ElMU2| B ZHA|

dict.keys (),dict values (), dict.items () 7} =&
5ol o 54 B8 ATtk 5, GG WA
SAY e 3 ol e ol g F3l Zhate) dlolEl g He e 4 97, WAl AAFE AT o

len(dictview)

gAde] g BB 48 S8,

iter (dictview)

d

gAYy olA 7], 3k, FE((key, value) FEE ZHFYhol st olHeE olHE =& FYth
718} g2 A *HE olg gl o] HUth o] Wil zip ()& AHEBA] (value, key) %S B
£ 4 YF5YY: pairs = zip(d.values(), d.keys()). T2 FHAEE == TjE 92
pairs = [(v, k) for (k, v) in d.items ()] ¥Yt}.

g g o FEL 2715 AL A = 59 HE olg g o] A 3tA RuntimeError & 4o 7| At
5E FES g dlold 344 R 5 stk
HA3TNA A DAY ele] S A €A 9ol R

X in dictview
7k S QAR 7, 2 5] Qe AP True  EAFUT OIS A r (xey,
value) FZo]ofoF Ft}.

reversed (dictview)
S ele) 7], gk e ol B3t &3 ol el el o e & WA Th HE Y] G0 o)
ol Eg Yt

WAL WA DAY e B oA o 9T 5 AU
7l Bt 5o BRI A M5 AFH AU BE @ol 1A A5 HA (key, value)
ol W3 T A JbsFhE, BB H AN AW FATUL (@ HE FBo] dnAos 3
314 7] Wl Azt 2ol AHA Fsuth) AW FAD R A 24 wol A Feh o
collections.abc.Set o AYH BE AAL AT 4 JEU TS Eof, ==, <, ).
YA § AL of:
>>> dishes = {'eggs': 2, 'sausage': 1, 'bacon': 1, 'spam': 500}
>>> keys = dishes.keys ()
>>> values = dishes.values|()

>>> # iteration

>> n = 0

>>> for val in values:
.. n += val

>>> print (n)

504

(TF ol Aol A
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(o1 sl o] A A A%)

>>> # keys and values are iterated over in the same order (insertion order)
>>> list (keys)

['eggs', 'sausage', 'bacon', 'spam']

>>> list (values)

[2, 1, 1, 500]

>>> # view objects are dynamic and reflect dict changes
>>> del dishes['eggs']

>>> del dishes|['sausage']

>>> list (keys)

['"bacon', 'spam']

>>> # set operations

>>> keys & {'eggs', 'bacon', 'salad'}
{'"bacon'}

>>> keys ©~ {'sausage', 'Jjuice'}
{'juice', 'sausage', 'bacon', 'spam'}

gto] MO with £ AHAE FejA7F Jost A A2 AYAE Ad S Xlt?&‘%“/}- o] & g 49
WMAEE ALg oA FHE o, A8 A ) Fel 2t £ vhel 7k s 7] Aol A5, 2ol B
o GESE A8 A7 AN AEE Bl @ 4 QA P
contextmanager.__enter__ ()
AP AL =] AL o] AR Aol Lt A A7 AYAES BAD THE AAE 5
ST o MAE} EHFE S, of AHAAE B2l A8 Aot with £9] as A2] A Ao
AZdg Yk
AN S B 2e AUAE FE| 29 o= 31 A °‘\/lDP gt AR % enter__() | A A7 AR
EelF ol with 2o AUAE BAALE open() S ASL S AT 517 AFAITh
48 AAE 3= AYAE YA o= decimal. localcontext () 7V EHFE AYY
o) o] HEAEL WA AN 45 AYLEES Ao A7 45 A 2ES BARO R AF9 T
SRS BeBTh ol AL with £ 129 TEo] YL 24 O BA wich £ Hhrlo] g&
AR A0 a5 AHAEE W4T 5 QA T
contextmanager.__exit__ (exc_type, exc_val, exc_tb)
AW A AN EES D5 BT o) 9 B Tofol A S A1E 7k el Bel 18 BeF U
with £o) it & AAsHe 59 97 BAsw, Aol o2 B, 7k L 24 AuotEFRID

2F A ko, Al 7FA] Q1A B None YUY T}

ol A=A F Fe EelFHwith #o] Y E Hl with & HFE F o &&= Z&NA A%
AARUTE 2 01919 A%, o] WA= Aeo] FrE Fol o8& A% ATk o] WA=
A3 Foll s ol 9= with £ vir] ol A W3 B of| 9] & th A o
AL A o2 S YA TA] doeAX = Y- AL, o] WA= 3o g e H e
o] & 7] Atk o v AZlS SelFolopduth o] g A 5t HEAE Fe FET}
_exit_ () MAEZFAAZ AP =AE GA Z2AE 5 A5 Uh
gho] W& A& e = 5713 sdol g the AA o) A43 B, 18] 1 B AR 45 A4E AHAE
Qe 2212 AU 9o B A AUAE Dol A4 B FUTH AHAE el 22
ul
=

T
T
o,

of FA R B Bud A 5w A Gtk R AR ol AL context 11

o Al @ ol ElsE3 contextlib.contextmanager H|Z ¥ 0]El= o] Z & =
sk & Al gy oh xﬂLﬂaﬂ o8] 47} contextlib.contextmanager B ZH o] & H Zd
=, dZd old H A ¢k Ay ole &7t vte= olHdl o e thale] BR3%t_ enter_ () £
_exit_ () MAEE 7= AY2E AYAE FHF UL

o

td
OB
ftfo

>,

>

fo
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S}o] #/C APLE] Fo] W 7 A of =
N IR Lo DAL ° LR

A BN Fich. A A7 AAAEE AR 2 Wa] =o) Mzt 2 el Sl 2] 25 0]
sl EE FA 5 Az

412 7|E} LHESH

AE Z 2B & of 2] 7HA] th2 AA & Ad@duth o] A5 /22 37 7HA] A4k A3y th
4121 2 &
Egol] thet 743 S-T AE A EHE AN 2 YTt m.name. 9] 7] X m = K5 ]l name & m
o A& HolEo] AYH o] Fo AMEF UL BRE AJEHREEHIE %1%‘45}- (import ¥
A3 Leld 2E AA o s A4to] obd Ut import foo & foo B 0] 59 EE AA VI E=AT
e 875k 9L, ojd 7kl Sl foo Bh= 0159 (91 F) A9 & 274U Th
HEREY ST AEYREE_ dict JUTH o] 22 25 A& H o &2 A%t 9«
Ut o] Y& s 3 5tH 5 A& HolEo] AAE HAHAR, __dict_ oERE o3t
25 o

th. _dict_ o AHAJN FH 2 FHA F5UTh

E2 o2y Zo] 24Ut} <module 'sys' (built-in)>. oA 2T

K
k]
il

D}(m._dlct_[ "a'] 18 72 €4+ Jd7,m.a’FL1 ol H A, m.  dict
Y ol 42

_/':
NEETEE RES

¥ <module

4.12.2 EcjA2l EelA QIARA

ol 7] of] thaf) Al = objects 2} class S 2 3HA| 2.

g AA e T Az dsolA Y g AA o e LT ANS TS AYUTH:
func (argument-1list).

B AN = UL GG B A ek A SR DGR, F
28 ARG, Felo] e b e Ae O Ad 3 0

ZFA| BF A B = function 2 H A Al £

rlo

b

S EE e ARES

4124 HIME

MASE o ERE £/1WS -
(21229 append () 2 A5) % Feh 2 A2H2HAE, G HA =L o] 2 A A5H: Fol A 259

Y}

A2EAE B3l A= (ZH 2 o5 32l B | ) ol AA2sHH, 5835 AA Q1 AZH w A
T (bound method) (1 ~F 2 WA & (instance method) F/}I’_E Ryt 245 44 Yt =949
QA7 B 2ol self AAE 2AAFUG, AR WAL F 44 S48 97 A8 A= HES A7
O‘—Hﬁ‘r m.__self  + WANE7 &AEstE AA 0|3, m.__func__ = HWAEE FH3= T
?4141‘/]— (arg-1, arg-2, ..., arg-n) S 3Est= ASn func__ (m self_ , arg-1,
arg-2, ..., arg-n) & $&3t= 2 &8 ZHUh

B4 A 2o, AR A E AL 99 A=ARSE Y= A A UG, TEN oA o=
g REE= AAR S T AR (meth. __func_)oll A= 7] w2, A2 H wA =0 HAE o] E ﬂ
HEEZ dAsI= A2 Oig-ﬂx] ot HAE ol EFHEE HAASH T 61YH AttributeError =
otk WAE o=l REE A Y, AR S G4 AR AA oF Gk

1o 4
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>>> class C:
def method(self):

pass
>>> ¢ = C()
>>> c.method.whoami = 'my name is method' # can't set on the method
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
AttributeError: 'method' object has no attribute 'whoami'
>>> c.method. func_ .whoami = 'my name is method'

>>> c.method.whoami
'my name is method'

ZIA| 3 A H = types & H A Al L

4125 [E A

FE AA = T vty e 22 (A AL ) A8 753 9o
PrENERERCE 3 = g2
St EHFT, S AASERE . code o]JEFHE
AN S

cg Eds] e FAAA
T AA= WA compile ()
TN FEL T AFUh code BER

Accessing ___code___raises an auditing event object .__getattr__ witharguments objand "__code__".

SE AR exec () B eval ) WG FE) (22 BAD GA) ALste] ARAAL FE FF 5
<k,

ZEA| B A H = types S H A Al 2

% A7) The A B8 depi oL AR B2 3 B e () 22 AHAT 5 AT Fole
St Aol 5T BF 2 E types £ EE ZF UWAEPEY o5 A FTh

g o3 2ol 29Ut} <class 'int'>

412.7 ' ZHA|

ol A= HWAALE e FHFTA & Tgol ool whEg Utk SHE A4S A AR gsUnh
AE&3HA st @ AA 7 o, o] 52 None(W 7 o] 8) Ut} type (None) () 2 22 HASES

w5,
None o] &}al A J Ut}

4.12.8 Ellipsis 24|

o] AAl= It o g &t o AL Uth slicings & FE2 A 2). 583 A4ke A FekA] gdsuTh
7§ 83 A| 3hute] Ellipsis AR 7F oW, o] 52 Fllipsis(W7 ©]5) YUTh type (Ellipsis) () +
Ellipsis B42E& WEYth

Ellipsis Y ... 2 2Y4Yrch
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4.12.9 Notimplemented ZH ]|

o] A A= Bl &} ]5&‘140] AR o Foll th e 2 B2 W ke W = F Utk AAMIE % H = compar-

=2
isons & WA Al 2. A&5HA 3] Not Implemented AR 7F 5 YT} type (Not Implemented) ()
NS ot s deut

=1
=
NotImplemented & 2 g th

41210 =2|g}

= e F A A4 AA QA False & True Utk
GIA T2 s AR = Fo g k3 9 4 gy,
/\}%%fﬂ)"ﬂ/‘%7#7#%14041;@4%%0%
BFEE e wdger dEAs = U A

Y2y False I} True & 2 YUt}

B 7] 918 A2 H Yo
o], 2+ A Ak7te] QA
. ) fpow dAg 4 Qe
AHUTHSI 9] =2t AL BE B2 A L),

v
)
RSNy
e
o rfo
fr
Mo
)
e
i

O
rlo
N
N,
)
i

O

41211 LiE 2|

o 7)o B L typesE FEFAA L. 28 me| ) AR, =¥ o] 2 AR B Leol 2 AR o B3
A ek
413 E4 0{EE|RE

, T2 R A AA 7Rl B 7HA S5 7] AE oEHREE FAAHEUH o] F
3 Gaoll )3 Has 7] eh4 Lok,
object.__dict__

AR (27] 7H5 @) o=l HES ARt o A8 G el B 7e w3 A
instance.__class__

=x PN P R L B

pul

1o
S uAaL)
rr ox

o] A
dir(

2 [UIO

uf
i

l

class.__bases___
2ela AR Wol2 2 ase) £E

definition._ name

S, g, mAE, Haa gy e Ay olg <

definition.__qualname___
Zelx, 4, A E, AT HE T Al o B AA-H A 3k o] 5.

WA 330 E7}.

class.__mro___

ol JEFREEHAME AH Tl vo]x Zef2E 2w v = SH2E F

class.mro ()

[>
(T,
[
1o
o
allf

K

Y

oy

ol MNEE A2 WMAME A =X E AHEA A7 Ael mE SR AGA T 5
AU SR Jdadas O S5 2 43 mro ol AFFH U

class.__subclasses__ ()
Zt Zejas AA B Zefaol the 3l Fxo] g AES §AF YT o] MAEE o7 Aolgle
a‘ .

EEFzd frEE EYHFUTL

=

>>> int._ subclasses__ ()
[<class 'bool'>]
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LH & of |

sho ol A, BE o] 91 Baserxcept ion o)A SHIE Fe 9] dxEsclok FULh 57 2
Ao except 4% 2E try Bol A, 2 A2 3 FA2olA 54 E L E o9 Fh 22 AT
(AT 37 of AGE L o9l Fehot A2l oA giich. A2 20
o 2ED BA ek AR S E oA ATHA &

N e 0 AR 208 5 AT oI AL os) AL E A AE e 2
o9 8 AN = 4B (22) ol 24 BuHE o ST S Uh DA A BES
B4R 2B BANIE AL B o] 9ee RSN L

o

W 2 ?41 <A A E A9 ‘}71 Al ME 2 2+ A5 YT BaseException o] ofy e}
Exception &2 1/}1 B ZEPA = oA AMEL 9 Q& FAAZ AL AATTE o9 A9
3t o We A H = ulo] A 2F5A] 9] tut-userexceptions ©f 55U

except B+ finally Ao A o8 doAu] (=i do
whoz 3 ol 2= AR ULk o A 9] 7k A elsl A ghow, 2
HF ool s 23tk

When raising a new exception (rather than using a bare raise to re-raise the exception currently being handled),
the implicit exception context can be supplemented with an explicit cause by using f rom with raise:

1),  context =&
EAR = Sool 2L

A o2 upA
O

12l of <] 2

.I-LI
kl

raise new_exc from original_exc

The expression following £ rom must be an exception or None. It willbe setas __cause___ on the raised exception.
Setting __cause___also implicitly sets the __suppress_context__ attribute to True, so that using raise
new_exc from None effectively replaces the old exception with the new one for display purposes (e.g. converting
KeyErrorto AttributeError), while leaving the old exception available in ___context___ for introspection
when debugging.

7|2 EFo)adl] FA FE = o9 AHA| Y EF o] Bt otz o]yt AZH o9 E HoF Yt
__cause__ o YA AR AdAHE o9 o FH EAFYLE __context__ o FAIH oz JdHH
o 2]%= _ cause__ 7} None ©]3l _ suppress_context__ 7} AR Q Ao vt T A F U

T A B, ol AL 3 AZH o9 Foll RAIE oA, Eglo]am o] upA et Z -2 3A4F ulx] 2o
WA S o ] & H o] F U th
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5.1 H|Oo|A A

o= o9 e T2 ohE o9l o] wo]x FH Az AP Y Th

exception BaseException

g o) 9] o] 2 Fel ik g 39 Fel 2ol o8] 4 44 = Aol otk

N,

(18 5H0% = Exceptions *PQEWL) o) 2o 29 ArE o] U3 orr () o BES U,
ArR22 Jdd A2 9] S =FUH dA gle A9l FAd = s E U
args
ol A Al Tl AAE ] F&. AR UF 194(011 osError) € 574 52 A2 7))
SHaL o] 729 8400 ST g dFeh= W, ThE A2 BE o F WA S Aleshs

o 2adze 52
with_traceback(m)

ol YAEE1h E o A EFojamioz A o AAE EF UL dutgow

he s 2 o9 Ae] B oA AHg U

try:

except SomeException:
tb = sys.exc_info () [2]
raise OtherException(...).with_traceback (tb)

exception Exception
REA2E FE A W olgle o Fehx SPYFUTH REASA S ol A% o] Fe2A
H = o] of gt

exception ArithmeticError
GFd e dErt desle A A9 wolx 2L OverflowError,

ZeroDivisionError, FloatingPointError.

exception BufferError
0w B AN £ AT 5 S W BTk
exception LookupError
g e Ao AgE ) e 2R YL o) B
IndexError, KeyError. codecs.lookup () 2 o] 9] o

5.2 FH|IH el o<

0 o9+ dutdg o g AH o7 =t AHgete ol Yt
exception AssertionError
assert o] AT wj TPt
exception AttributeError
o] E 8] HE ZZ (attribute-references S H A ) U o J o] Al g ufj AT} (AA 7 JEZHE
FEY B RE tds ool A dsHA] oW TypeError 7 E YT
exception EOFError
input () @57 dl o6& 9 R &3+ Aef of] A] EOF (end-of-file) & al
M| S io.I0Base.read () 9}10 IOBase.readline () WA= EOFE vhd

e FUh)

exception FloatingPointError
AR A= A] k5 U T

exception GeneratorExit
AFd ol == FFE o] &d o BT} generator.close () £ coroutine.close ()
£ HAANL. V&Aoo ZF o7t ol B E Exception BHAl] BaseException & A A A5

e,

[e)
ﬂ—;:
= E
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exception ImportError
import Bo] RES ZE3l=¢T
e olBS 22+ e uE AT
name# path EZ|FEE AR 719 E A& AAE AHEste] AT + dFunh 244
B A7 Y2 ESH U AL RE o] 5 o9& FET vd e 2 E eyt
#3394 M7 name} path A EZFEE 7T U

exception ModuleNotFoundError
ImportError & A B Zd A, EES S+ Y2 W import 7F Lo FAYTh sys.modules
o A None ©] &+AE uw = AT}

WA 3.600 F7F

exception IndexError

AR A2 S Mol AT T (Sekol 2 A aE HEH W ol SolAES
A5 02 FYUTh Qe 27k 57} ohd® Typerrror 74 %A R h)

exception KeyError
w33 (G 2)) 717F 71 7] A el A A= A oks ) BTy ok

exception KeyboardInterrupt

=l; .
AE Y E AAL A7) A 02 SR YT mxcept iong e TEof o8] S8 28] 4, AE =
e 7} F 8= A& BA X EF BaseException & Al EUTH

exception MemoryError
Zr ol vl 2] 7} RS8R ek, o] A S| (R AAE AASA) B2 = 9l A AU
AdE g2 olE T/ (HF) Aol =

(

=
td
Au

[

W 22 ge] o}71 8 4 (€Y malloc () B mh ol A el 87} G4 o] A4Fe A alA B7 Y
5 Qe AL obdUth 2eE SAE Yol d z2 sl Adled ASE o, 28 o] AmL
AN T 5 JE= o2 & JoPyrh,

exception NameError
A A o] 2S 2+ 9g w PP o= AT A ke o Eolvt F§FP Uk
AThE e 2L 5 gl ol B ASE o HAA YU Th
exception NotImplementedError
o] o| 9] = RuntimeError oA G U Th AFE A Ao wo| A Ze)
NS 23k 24 WA=, STt LR L £ AR P 2ok Dok IS e

UHERE wj o] of & S WY AT A of Tk

ru

Fa: A4y A =7} ol A 95 A etk A2 HE = o ARS s = hEUY -2
A= AR/ WA ES Aol atA FAL, MH Ze| AW None 22 AABIIA L.
ZF

exception OSError([mg])
exception OSError(enwo,mnvnw[hﬁknameL1vMenvﬂ;ﬁkmanw2]]])
o] oo = Al2E Tt AlIA” HE o E E8E o HA Sk, (LS 2 gl Ut (file
not found) ) W} (] A3 7} Zr5 U th(disk full) ) ofF 22 (EE AR o] th& FA Ql o 2 7t
ohd) &9 A5 e EFE ok
qe

AR F WA G AL ofeo] ABH A o= HEES AFPUT) o= HES AR HA
oFow 7| A 07 None o] FUT} o] A M AT THAL al, Al AN AR AL, args

obehe] 05 9] ol AHEHE AR, AL BB 0sprror o AR FHLE B FUTE 7
29 A8 S 2k 2 F creno ghol ek HEU T o) $4L 0smrror B AH 52 WAL 53
AT IR Do b, A S AT e 455 A Utk
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errno
CHS errno 2EHE & 2} o8] &

winerror
A=A, HolEHE Ax o8 I =
FE=EPOSIX ZE& thek s A9
A= Lo A, winerror 233 A} A7 A
A= ™ errmo A= FAIH U o
=g HES 95U

strerror
<3 A A ol A A= 5h= 3l ol 2] WA A]. POSIX 9| A= C &4 perror () E, =A==
FormatMessage () & XMW s]c}

F3Uth errno o] EgHE = o] o] H o 7

(o]
e
TSR é

-, errno | EZREE A= o] L= A

P
o]
Y Z of| A = winerror AR} 7 FA1E I winerror

+

gl

filename

filename2
(open () Ex=os.unlink () & ZL) I A28 A2 AHH oo AP, filename &
St A = 3 o] ZA YT (0s. rename () A1) T M 5t A A AZE Sulsls
Stro] A9, filename2 £ 5 AR 3 o] 5o T

B A 3.3 A M A: EnvironmentError, IOError, WindowsError, socket .error, select.
error,mmap.error 7} OSError & B 1, A= AH ZH S H3s 4~ 5}

tﬂ;(434oﬂ/\-]tﬂ7ﬂ fllename_._/ﬂo o];q] ,q.ol }\]/\E-ﬂ o]:rr/l o7 olyFg 5]741,].1;] %o]%
AL ol A2 B A 5 o] F U Tk E 3 flename2 YA QA B A E L FET FI1E G
Sh=

exception OverflowError
e A AR UE AN BEE 5 92 W TAFUTH Fol s DA U (E

71571 B oh= MemoryError E do7AE AYrh. 28y, IAAQl o] 72, w] & OverflowError
L oTE L WIS ol o] A9 WATULL. CAM E 4% A9 Helol %2817
=

Fastne, thiee] £5 25 A4S A A e ok

exception RecursionError
o] o 9 &= RuntimeError oA It F Utk JEHZHHZ A A7 Z o (sys.

getrecursionlimit () FZ)7} 23RS A o] WA ok
H A 3500 F7}: o] Mol W3 RuntimeError 7H A HF U T

exception ReferenceError

o] 8] & weakref.proxy () &
AEZHREEZ AN 23tE o AHE
BEEs HAAL

7} RHE okt 2 A7) o] 7R A =R R oA
uf] AU o) oFst o) th$t o] ARAM| S H K = weakref

/\
Rl
=]
=

exception RuntimeError
o2 W30 £o1A] o= ol 7 A2 off AU A3 g2 A ] Folo] 2y
Gehie 2 o,

exception StopIteration
ol &l o] g ol 3l A H &0l o glrks A2 ¢HF7] As, W &4 next () &} ol H e o] H 9
_next__ () WA E7F Lo rTh
NS AAE valuedhe shte] o ELHEE /44T YTk o] A EAHEL oS AT )
AALE Fo A W, 7]%%&% None YU T}
Aol e WV ZFE St B Sul], A stoplteration IAEAE DA 7] 11, Sh47F 58
Fe #= A4 *“ 3 Z}J value {7 H4 2 AR oh
Aoy T ANHABOZE Stoplteration S YO 7|4, RuntimeError & HEH Ut}
(StopIteration -2 Aj C’ﬂﬂ«] U2 (_ _cause_ Yo 2 ITAFYLH.

o}

W 33004 WA value A ERES AU o 8 7} o] e 8 FE 7s< F7HIFY

WA 3504 M from _ future_ import generator_stop & & ¢ RuntimeError H 25
EYFSUTH PEP 4798 FxeA L

32
rr
X
i
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WA 3704 WA 7| BA o g RE T A PEP 4792 A3 th: Al &l o] Bl ol A 8 3
StopIteration©o|®¥E RuntimeError & WAEE YT}

exception StopAsyncIteration
HEEA] H]E 7] o B E| o] B] A9 __anext__ () WA E7}olH # o] A& HE A T uf g A A of
.
WA 3.5 7}

exception SyntaxError
A7 EH S HFE wd o] AU import B A, WA S exec () Yeval () SE0 A,
Z7| 2aPEY(HIFor) 2E 98 2o 24T £ %%HDP.

The str () of the exception instance returns only the error message.

filename
The name of the file the syntax error occurred in.

lineno
Which line number in the file the error occurred in. This is 1-indexed: the first line in the file has a
linenoof 1.

offset
The column in the line where the error occurred. This is 1-indexed: the first character in the line has an
offset of 1

text
The source code text involved in the error.

exception IndentationError

AoE oo AEE B 79 oA ZelAadUth syntaxError o AR ZE2dUh

exception TabError
So2717F 4G e Ha vl olA AR S e A 2 I U IndentationError 9
A E=R=a ESPI R )

exception SystemError
Az E 7h i+ M%%?&?M%E%fﬂ%
AU daE g2 Folo] ZRHUEA (5

2 E7)% W Age] A7) Bol Ak e u)
S%e] §ol ) Uehle BAG Y Th

ol AZ Ftol A Az EH o A T A Ao A defof Futh Thol A QQE Z e E e WA
(sys.version; 34 gho] X Ald Y Al & REd = S8 Uth, FE3 o ] WA A (o £] 9
A#H H 2B sttt ol EHE 4o =

exception SystemExit
°] oAle] = sys.exit () FF7F QUL Exceptions e ZEO| o A3 1484 o=
E | Exception Al BaseException S A<3Ut) ol A 319 o 2] 7} Sul2 A A 3} of
JHZE 7 SEHUTE AE A e _,ero]uq JHZE 7 SEEUTH &8 Efo]ame
A5 ) GE Itk AR cye. oxit () o AR A% 2L WA AAF BoFE YT, gl
Qo] A28 S8 AEIE AAFUTHCS exit () B0l ARHUTh: None o £ 2 A=
0duth; ok i(7}‘“’3 TArE) o] A A ghol O]Jﬂﬂﬁ TEJHE 1Y YTH

sys.exit () ol T EE2 ol &l 2 W o] 5142 A2]7] (try &2 finally &) 7} A=

A8 Gk A A ABE BE D ol 2aY =g AFD - AGUE SN T

FAA s Bd FFole os. _exit () FFEALT F AFUT (S £, 0s. fork ()

TE 5 A4 Ei*ﬂéfﬂw).

code

A ) AEE = F

exception TypeError

Aarol Lt F 7t A A3 o) Anlo] A8 u) ATk ATE e F B AN ol @ Al

A ug AFsE BAL I

il

FH ol WAIA GU o (712 32 None Y Th)

o) 21 A A= Aol AU A For] T S YEE ekdA) A A 8A 2
WA D 4= 5 uTh Tk A 7 F o3 A4S A DT Y A= J AT ofF] H S A FBHA] e
A2, Not ImplementedError S WA A 7] &= ZA o] Agtshch
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1

N

29 Yo RS A
U SHA W A2 E 7
2.0 7 of gtk
exception UnboundLocalError
S Aol A HaE FERSA, g ol gro] AZAF A ko AT YT o] A2
NameError & A8 F#A2Y Yt}
exception UnicodeError
SUzeEAFgAIY =03y oy 7 oG u] BFATHU T ValueError 9 A B Z A
Utk

E 7 ste] 1istE AES}H7)), TypeError & O 7 of
£ ALt (718 AR E dodX e A valueError £

O ok

onicoderrrort AR Y o2 AL oSl HEE A T Ak o & E,
err.object [err.start.err.end] L Fdo] A T RH S A2}
encoding
e LYAZ AT o] 2Tk
reason
FAAY 29 2 78 AW s BT
object
Fdo] I EE AP F L AL ARGk
start
object o Y= ZEH to]EY HZ dd A th
end

object o Y& AT o2 Z5H v ol B9 HiE thg dl Ayt

exception UnicodeEncodeError

A3 E Foll FUZE & ol 7F Doyl BAF YT UnicodeError o AH ST 2Pt

exception UnicodeDecodeError

Hig Foll fUzE & o217 dojubd B Ytk UnicodeError & AH S Uth

exception UnicodeTranslateError

WY Foll FUZE FE o2 7F oyl BB G YT UnicodeError o AH S APt

exception ValueError
7 QAHE WAL, A&l IndexError AE H

exception ZeroDivisionError
W7l e BEE 4k 7 A 270 wf AU o, AdE 32 o Ak 3 Atk
veh s 2x1d gyt
O Al 2l & ol d Wi e] T84de sl FAE U shol 337 B = 0sError o] @YY
exception EnvironmentError

exception IOError

exception WindowsError
A=l AT AT 5 JH YT
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5.2.1 OS 02|
k&9 el 9l 0sError o AB Zejselu, A2E o @ TEof whet A g,

exception BlockingIOError
H B2 Szo 2 AAFE AX (7 2A) o BEEo] Q3 Aitoe] 35 W BT errno
EAGAIN, EALREADY, EWOULDBLOCK, EINPROGRESS ©f & Z3gF1] t}.

0SError @ Z 2o &, BlockingIOError = oEZHEE 3 ¢ 712 4= Jd54th:

characters_written
Z3te S o] o EFREE o REA 7Y

exception ChildProcessError

A4 =z Al 2ol B8 2ol A9 W) @A T exrno ECHILD of SR Th

exception ConnectionError

A Hd EA o gt wlo] 2 PP

A B Z# ¥ BrokenPipeError, ConnectionAbortedError, ConnectionRefusedError
9 ConnectionResetError YUY Th

exception BrokenPipeError
ConnectionError & A B ZPYAZA, T}E & Zo| Z3dl glo|Z o 2T I A Y, 27|71 E25H
Ao 281 & u] AUt errno EPIPE 2} ESHUTDOWN o 3 &3k t}.

exception ConnectionAbortedError
ConnectionError & A B ZPAEA], AZA A =7} Ao o8l =%t (abort) & wf 2HA8 3Fu T,
errno ECONNABORTED ©f| 3 g3 t}.

exception ConnectionRefusedError
ConnectionError &l B e A2 A, A2 A7} g ol o sl A+ (refuse) 2 wf &Y gh ot
errno ECONNREFUSED ©| 3| &3t}

exception ConnectionResetError
ConnectionError & A B FAE A, A4 o] Athuto & 7FA] £ 2 (reset) E wf LAY},
errno ECONNRESET o 3] 2t}

exception FileExistsError

oln] ZA5t= oy g E g E s & o DAYt errno EEXTIST o 3 3 o).

exception FileNotFoundError
gtdelv v e 27t R ¥H QAT 24 6HA] ¢k w] HAF U Th errno ENOENT of] 333 o

exception InterruptedError
Aol GEo] S0l Alade) & S22 of HAFUTH errno EINTR of] s &3t
WA 35004 A7 o)Al FFo] W Axdl S Eo] Aj g o5 ThE wl, Al2d A7) 7 E
doy= 7§—?—§ A L8t (o] F= PEP 475 & ZZ3IM| L), InterruptedError & 42 7)&= thAl
Ad 552 AT,

exception IsADirectoryError
e glo] 3t AL os. remove ())°] L AH A= W AT Th errno EISDIR ©f 33
ok

exception NotADirectoryError
HeEg ezt obd Aol gElH e A4 os. listdir())o] 2 3% e o T F YT errno
ENOTDIR °f 3] &gt}

exception PermissionError
AT Hd 1 st A 2" A §lo] A Ageten o APt errno EACCES
S} EPERM °f] 3 By ok

exception ProcessLookupError

FolX LM A7 EA8HA] ¢b2 wf A FU T errno ESRCH o 3 &g T
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exception TimeoutError
N2t g7k Al 28l $2 o A A7k 2342 w24 gt errno ETIMEDOUT o S F g o).

WA 330 Z7F: 99 BE 0SError A B ZH A7 FE71E 95U th
©] B.7]:
PEP 3151-0S 910 o8] A& F+x A&

53 21

oS o9 = A WEE AALF U 2 8 B X= Warning Categories A B A S HAA L.

exception Warning

A3 W5 Wolx Ze Y ch

exception UserWarning

Mg A Tl o3 BE o A x Aae] ol Feh gy

exception DeprecationWarning

A E 715l e B wlolx Fefaddd, 2 Fart e stojd AL e s st
Fduth

exception PendingDeprecationWarning
Ol = AHESE A 33 ol A2 A B o] AR A5 B AAH A= 2 7sol Bt B

Hloj S Ay

Fo® QS FE e HA #E FAae dubFol A k7] w2, o] 2UWEE AL AR H A
or& Uttt oln] A3} F R o= DeprecationWarning= A& Ut}

exception SyntaxWarning
B CE T B P2 P J8 1=

exception RuntimeWarning

w5 e A7 2o gk A1) Wol A Fe) Atk

exception FutureWarning
HAF 7150 et Ao Wo|x ZejAoy, 1 An ) Folos AYH S gz HE
AgrE gde R st A At

exception ImportWarning
BE Y2E IS 5 = Aol v Fare] wejx S Ad Y
exception UnicodeWarning

gyz=ol w43 wola ZHAAY T

exception BytesWarning
bytes W bytearray & FHH A9 vjo]A FefaYth

exception ResourceWarning

ZHA ARSI A E Al wola FEf Ayt 712 F a3 FHof o5 FAIH YT
B A 3.20] &7}

lil
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54 0|2 AS =

W oo Sl AS F2EH

o

3}

(L)
xfy
<
o

BaseException
+-— SystemExit
+—— KeyboardInterrupt
+-— GeneratorExit

+-— Exception
+-— Stoplteration
+-— StopAsynclteration
+-— ArithmeticError

| +-— FloatingPointError
| +—— OverflowError

| +—-— ZeroDivisionError

+-— AssertionError

+-— AttributeError

+-— BufferError

+—— EOFError

+-—— ImportError

| +—-— ModuleNotFoundError

+—— LookupError

| +-— IndexError

| +-— KeyError

+—— MemoryError

+-— NameError

| +—-— UnboundLocalError

+-— OSError

| +-— BlockingIOError

| +—— ChildProcessError

| +-— ConnectionError

| | +-— BrokenPipeError

| | +—— ConnectionAbortedError
| | +—— ConnectionRefusedError
| | +—-— ConnectionResetError
| +-—— FileExistsError

| +-— FileNotFoundError

| +-— InterruptedError

| +-— IsADirectoryError

| +-— NotADirectoryError

| +-— PermissionError

| +—— ProcessLookupError

| +-— TimeoutError

+-— ReferenceError

+-— RuntimeError

| +—— NotImplementedError

\ +-— RecursionError

+—— SyntaxError

| +-—- IndentationError

| +—-— TabError

+—— SystemError

+—-— TypeError

+-— ValueError

| +—— UnicodeError

| +—— UnicodeDecodeError
\ +-— UnicodeEncodeError
| +—— UnicodeTranslateError
+—— Warning

+—— DeprecationWarning

+-— PendingDeprecationWarning
+-— RuntimeWarning

+-— SyntaxWarning

(B sl ol Aol A1)

54. o2 HAIE =
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(o1 sl o] A A A%)

UserWarning
FutureWarning
ImportWarning
UnicodeWarning
BytesWarning
ResourceWarning

92
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CHAPTER O

HIAE ME| MHE[A

ol ol st REL FHAT AL 22 A4 7|8 HAE A2 MH|AE Alw

who] 1 2] o o] ) A &

o
n:-a} F:ﬂ/\E /\]ﬂé O_Sn,

6.1 string— UHIEQl 2X}A Q1A

X F E: Lib/string.py

o]l REo AYH A+ th= ZH U

string.ascii_letters
ol o] U= ascii_lowercase®} ascii_uppercase A4S o]lo]Eo AYJUrth o] gt =
Aol 2 £ 0] A] ek

string.ascii_lowercase
AF A} 'abedefghijklmnopgrstuvwxyz'. ©] k2 Z A Gol & A o] x| k1 H A R &
.

string.ascii_uppercase
o & A} ' ABCDEFGHTIJKLMNOPQRSTUVWXYZ'. ©] Zt2 Z A Lof o] &F o] X ok WA A &y

Y.

string.digits
A+ 10123456789,

string.hexdigits
EAFE '0123456789%abcde fABCDEF .

93
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string.octdigits
F2d '01234567".

string.punctuation
C2ALAN 73 AR FF5F= ASCIL Z AR A 1" #5%s" () *+, —./1;<=>2Q [\
17 {1t~

string.printable
Ay 753t Ao 7 HF3F= ASCH F 219 BA4Y. digits, ascii_letters, punctuation,
whitespace 2] 23 Urth

string.whitespace
FWO R HF8hE B ASCIL £2HE £33tE 2. o 7)ol 230, |, & vhksg, 7§ 2] A
g8, A2 WY = At 2 U

6.1.2 AI2X} X|H S2X1H ZojEl

W EAE 2ot PEP 3101 o] ABF formar () WA SE $5) Beel M 45 D gk Tl L
FTYPT £ A= 7SS AT string EEY Formatter 2 s WA format () WA EG} 22
A AE ool AN B TohY 4 WET AR A S 5 A &

class string.Formatter
Formatter &= th33 22 370 WA =71 5 Ut

format (format_string, /, *args, **kwargs)
71 APL A=Ytk 29 £ dole] 94 8 719 = Q2] P3hS WolE Ay,
Ol AL viormat () € EE3h= A H Y BYUh

WA 37004 A7 2 EAE AR oAl 914 A& Yyt

vformat (format_string, args, kwargs)

o] I AA 2 AL A UTE *args @ **kwargs BH S AFL o] 9B E
MEA QA AR A A sk & thA] s A3k thA vl g FoH A gAY e E AEstazt
e ALE Qe HEe F4g &Lk viormat () < T EX9-S 22} ¢ o] E] &}

A% B Beds FdS
olol J3l], Formatter & A B Fe o) o5 A2 HFH o2 g2 A=E FoF:

parse (format_string)
format_string &
s o ol 2
k.

FEY G2 MEF oz gl E g 2ES O FE ME £ e X3 Z =9 B E UEY
Ok g e 9AE gt A9 (7 A A8 A=A 95402 e A9 BAT 5
A5 YT, literal_text = A 0] 7F0¢] TAFE AU th X & B =7} Ql= A -5 field_name, format_spec
2 conversion 32 None U Tl

A A XN F= (literal_text, field_name, format_spec, conversion) 2| ©|H # &<
2 viormat () ©] #AE 2 BlHE G AES XS FE=E U= AT

get_field (field name, args, kwargs)
parse () 7} ¥t& 3L field name 2 (1S BA Q) THE A 2 A3}l 5= (obj, used_key)
£ YT 7182 W2 (O[name] )y o]} (label.title) 3} ZHo] PEP 3101 of] 2] H 3 4] &
G & wrotE YU th. args & kwargs = viormat () ol A2 A3} Z5Uth W3 3k used_key
T get_value () & key W7} W2} 22 u] 7k 5 th

get_value (key, args, kwargs)
A3 BE] e A GUTh key AAE A4 T EALYUTH B0l A%, args o e
917 Q17ko) Qle 2% Vheby U Th A2 9 A9, kwargs o] 91 o) 8 9l ARHE e VT,

A A4 o)
B3 BE 029 A9, o e e Gt BT o5 A WA 4 220 G R EEF U
3474 24t o= BE U A9y A4 F3 AelH
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JPA o E Eo], 2= A4 (Oname) 2 get_value () 7tkey AAX 0202 &
Ut} name A EZHEE get_value () 7} W33t T of| W& getattr () T

S E3}
Z23 3k
Adlx k= 7P =7t 2A6HA 9= F5S F2 Y, IndexError W KeyError 7F A%
Yt

check_unused_args (used_args, args, kwargs)
A 4 AE3HA e ARE AABES FATY T o] Fol Bl e ARk Tl B2
oA BEEE RE A% 719 AR (S AR A A4, o BUE AR AE EAD),

vformat 2 2 A args &} kwargs o] o) 3+ JF=Z Ut} /‘]'*o“ﬂ 2] F-2 AR F7h2 o] wiAp
HS-EZ A4S 4 QS5 Utk check_unused_args () = AAZF A3 A9 o9 & LAY

N2 A= AT

format_£field (value, format_spec)
format_field() + @3] AY format () W FFE TSFUTh AR ST A 9
g5 J=EF A ETAlTE YT

convert_f£field (value, conversion)
(get_field() 7} Q23 Fh(value) & (parse () WA E7}F
F=01 7 M3+ {53 (conversion) & 2 WU TE 7| E HAL
W 43S ATk

HkEsl= B 2o 9l A3 22)
(s) (str), (r) (repr) ¥ (a) (ascii)

6.1.3 T 2X|H 2H

The str. format () method and the Format ter class share the same syntax for format strings (although in the
case of Formatter, subclasses can define their own format string syntax). The syntax is related to that of formatted
string literals, but it is less sophisticated and, in particular, does not support arbitrary expressions.

EZW FALEAE T2E {3 ESHNA (AR ZE) 7S] Ut T2 ol 2FHA A2
AL YHE HAER Zhsin) AHA 43 a2 £ EE/\}%HE} SHE gArE 2S5
33l of

e A5 THOZ ojaAlolZ T dFUTh: {{ 91
< =

replacement_field = "{" [field name] ["!" conversion] [":" format_spec]

field_name = arg_name ("." attribute_name | "[" element_index "]

arg_name = [identifier | digit+]

attribute_name = identifier

element_index = digit+ | index_string

index_string = <any source character except "]"> +

conversion = "r"™ | "s" | "a"

format_spec = <described in the next section>
2 g4 A g2, A& BE field_name O = Al’%‘%‘? A=, grol 2UlE o] o) X3 F= oAl
AHlE A ﬂ% A ATt field name Th2oll= A Ao g w71 11 7} 9ol 2 = conversion B E 2}
ZE ' o] Yol & format_spec ©] FUTE o] Fh-2 X gholl ti3 7] 3ko] obd 2W-g A A T
ol 9 vl oo} AA g FuHAA L.
field_name ZAA| = A} 7| 91 = Q1 arg_name ©. 2 A1 Z AU Th A 9 2] JIAHE YERY AL, 7] =W
o5 o] Y+ 7N E AAE vdeb Pttt =W EAE Y % Atarg name©] 0, 1,2, -+ £ 2 VEE = 47,

~~
e

¥} opLEh A% A @5 o 220,12, ol SAHE A A H LT arg_name o] w52
2150} 94 k7] w2 o], £ EAL ol A Qo] HAYL] Al (] 2 Fol, 110" o} o)) B

A A3 4 JF5 YTk arg_name Th2-ol = A3 Q= A5 dd A o]lE R R ‘ﬂz:: xdA &+ IdFUth
'.name' FEJO I getattr() < A3k 1% 1% HNEFHEE AE3= 1, ' [index] !

M

rll

FEjo FHAL _ getitem () S AFEFA Ad A 23] E T )
WA 3104 MA: A AA AH A str. format() ol A A a2 gk el A, T(} ().
format (a, b) &+ '{0} {1}'.format(a, b) I} E5FYT}
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WA 3400 A X AR A A A= Formattero| A AEF e 4= Q1G5 Th

B 71A) ket 29 24 oA

o

"First, thou shalt count to " # References first positional argument
Implicitly references the first positional.

=

"Bring me a
—argument
"From to " Same as "From {0} to {1}"

References keyword argument 'name'

'weight' attribute of first positional arg

First element of keyword argument 'players'

"My quest is
"Weight in tons "
"Units destroyed: "

HH I W H

conversion 3= T g Ao & T oA

_ _format__ () WA= o3& £3FE Y 2
AR 20 % 24 D87} A5 Uth _format__() %i%‘}ﬂ Aol & =4
meMMWaiaﬂgﬂng

A A 7HA A Z a7t ALG Ut Tis' =g str() L &AL, et & 3ol repr() &

TEoH, la = #oll ascii () EZEFYTH

2 7HA] o

"Harold's a clever " # Calls str() on the argument first
"Bring out the holy " # Calls repr () on the argument first
"More " # Calls ascii() on the argument first

ASE WA AT A LGS} el G A0, 5 A, 4

format_spec BE | = 3t g
) = format_spec o] 3| X & B &

AT 5ol E3-9 Tk
91Ut
e WY e the Aol A AW s 5 Eujd nu Aol S AAF T

N
§§i
r]o r
0
ﬁ
ke
=)
T,
E
o
re
_SL

A format_spec BT 12t THA AF F=EE 2T £5 JdFUh oyt T A A F=o =
dr o5, S I E 2 BA 7t 23 5 QAT B 22 T2 585 A k5 U T format_spec
o] X8 B = format_spec EAE o] A 7] Aol AP Ut o] A WA e 2R S %75.23
A A 4 JA Fuh

2 712 A A= 2 oA QS BAAI L.

O A oL ¢

(ZW A v 20 Z2Ll 29 X3 Z= oA AE e A S AYst= ol AHSE YT
(2l FAE 9 FHf-strings & EAM R). o] AES WA format () T4 751@ AgE 5 JdFYch z+
2R 7P =W A E A= YHES A T 5 AdFsUth

o E ] g2 2l WA el oh2 S-S THIAI T dF 29 F AL 2 oA vk A g Ytk
AubE Q Aol Wl W YN 7L goll str() & TET AT ZL AFE e AJQUTh vlo] A e
TP E=RE 2AE ‘F’“%‘H‘;}

format_spec

fill n= <any character>

align = LRGN DU L LU

sign = nyn ‘ n_n | non

groupj_ng_option — n_" ‘ n, n

precision = digit+

type = "o MeM | oMgr | MM | MEM | MERm | mEpn o omgnowgn

g
BT align grol ARBHM, fill EA7F el U2 = = 4o 272 5 la, AgE Aole
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sslo) 27k 7| B gro 2 AR UTh T 24D PHE ML st format () AANEE AT e
e 35 (( ))E fill BAZ AT S 95U I}, FHE AP B 35S
3 e

|3+ format () Folls YF= WIAA Gyt

o|o|

T A AT B WA B 9F AEHE S GO (52 AAAA o Aol
7125y oh.

ST S Fsd B WA e S EE AAHEE GUTHGANA o Aol AEE
Y oh.

=T Ag el EE (UThE) Hel, 54 I S = ZAFITE o AL (+000000120)
Y40z =g Asshs o AgF Tk ol 4

o2& BE vu] vk 9ol (0) o] YO 7 gho]
T Y8 P55 2 el A BEE Jhe ol WA gt

g4 [ oo

T | Sauw ol $h s S5 E Ao e eI,

T [ o4l A 58 A8 eloF § 2 eI T (el Aol A1 S AU
Z 5 o] | FHole AW 20|28 AR, 5o vlol 2 252 AJEaoF §2
2 Jerd o

The ' #' option causes the (alternate form) to be used for the conversion. The alternate form is defined differently
for different types. This option is only valid for integer, float and complex types. For integers, when binary, octal, or
hexadecimal output is used, this option adds the prefix respective 'Ob"', '0o"', or '0Ox"' to the output value. For
float and complex the alternate form causes the result of the conversion to always contain a decimal-point character,
even if no digits follow it. Normally, a decimal-point character appears in the result of these conversions only if a
digit follows it. In addition, for 'g"' and 'G"' conversions, trailing zeros are not removed from the result.

L eAe AT TR AT 4EE ALHES SAYTL 2ALLS nesls TEA A%, B4l
n A4 A FHS AR L.

WA INA WA 1, §AS FHA% U THPEP 378 © HA2),

AL RE 25 BA Y D AS A RF rar o 3] A B TR S50 WSS AGHES

FYUTh A5 EA Y b, 0!, 'k L x o A9 AEol 4%t niek QP U h e B4 8¢
sl o

width = 2 4> & 2= ]S Ao st= AR A5, FFAL FEA L vhe 2o g 2As 2 239t
A3t o, B Hul ol s 249Ut

BA A B o] Fol A A & wl, width BE el 10" £AE 2ol XA Foll Hel] #EE 1230
AEE A AHEE = AFUTh ol A2 10" o fill 2A} 1= 9 alignment %= 2= AT TSI
precision = '£' B P! 2 EUE BE A8 PO AbH oSt EE g BE G B EUE BE a8
e 24d o, AR ZAT A 4 E dEhll e A YU 227 ol £ 30 A 2= A
2 7718 dehdiun - 5, 25 W&ol A 9 e FA7F AR S A UERd Y Th A% gkl precision

o] 3145 4| Yok
u}A 20 2 fype 2 Tl o] B & EAISHE B2 AR FuTh,

Mg PR EAD EA R L e 2HUTh
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ERIEL
's' | BAE 2L o] 2L EAEY 7E fFF ol A%E A5 Uh
gl | 's' G ESUL
AHE 7 e A 82 e 2yt
s | <ol
g
'b' | o]F A oA E =AE EHF Ut
o | ZAF oldel] Ao A= S o UTE ExFe Wakay Tk
d [ AR RS Ao E AE 29 E YL
‘o' | 8F P AL 8} o RAE S FYTH
x| 163 P4 9H T} Z RAFO] AP AFAE MBS 16N O 2 RAE F U h
‘x| 16X AL 9H T 2 A A F R AE AR st 16X o2 AHE S8 Th
'n' | A ol A AL AAS ARt AT A R BAE YT S
Xﬂﬂdﬂt 'd' ¢ ZFYrh
S| a2k s Th
o
1] BA Kol 3], A& okl ol AR a2 BRIz 29E = U5UT('n E I
g AL 28A Fuf, 2 Ao AFE e 25H AR A7 Y rloat () 7FAHEEY

The available presentation types for f1oat and Decimal values are:
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S [ ofm
=
'e' | Scientific notation. For a given precision p, formats the number in scientific notation with the

letter (e) separating the coefficient from the exponent. The coefficient has one digit before
and p digits after the decimal point, for a total of p + 1 significant digits. With no precision
given, uses a precision of 6 digits after the decimal point for 1 oat, and shows all coefficient
digits for Decimal. If no digits follow the decimal point, the decimal point is also removed
unless the # option is used.

'E' | Scientific notation. Same as 'e ' except it uses an upper case (E) as the separator character.
' £' | Fixed-point notation. For a given precision p, formats the number as a decimal number with
exactly p digits following the decimal point. With no precision given, uses a precision of
6 digits after the decimal point for f1oat, and uses a precision large enough to show all
coefficient digits for Decimal. If no digits follow the decimal point, the decimal point is
also removed unless the # option is used.

'F'| IA AT A Z7H. ' 9 2 AT nan 2 NAN © 2, inf 2 INF 2 H3gh o
'g"' | General format. For a given precision p >= 1, this rounds the number to p significant digits
and then formats the result in either fixed-point format or in scientific notation, depending on
its magnitude. A precision of 0 is treated as equivalent to a precision of 1.

BEAR AL e} 2HUTh: BA G o' G AYEp-1 2 ZUH A7)
A% 7 exp 23 71 BAA 2. ofm) -m <= exp < p o @ (o] 714 m floatol A
-40]31 pecimal ©o|H -6 YUTH, A= A G4 ' G ALUE p-l-exp B E
PEUD 297 god, SAL BA F9 ter G AU p1 2 EUH YD
AT FASHA 2> FH 02 BT WETX}TQI A Al A= A, 7 ol okl A
R ' FAo] ARG E A e T arHE AAF U

With no precision given, uses a precision of 6 significant digits for f1oat. For Decimal,
the coeflicient of the result is formed from the coefficient digits of the value; scientific notation
is used for values smaller than 1e—6 in absolute value and values where the place value of the
least signiﬁcant digit is larger than 1, and fixed-point notation is used otherwise.

GFt o] Fobd, ¥ 59 0, nans+= A U=} FASHA 42 inf, -inf, 0,-0, nan
o= gy

G WE A 2AN T ANE & = Al AL AL g SF L ULk
315} NaN o] & ) EA 2 upg L),

'n' | AR A 2AL A S AR Ste] A4 ER AR 2AE A d T A Al
s 'gr 9 gHYTh

S MEE. AN 100 FoIA 13 (1) BAOE EANF OIS HEE /58 29

Jr}.

3l | For float this is the same as 'g"', except that when fixed-point notation is used to format
= the result, it always includes at least one digit past the decimal point. The precision used is as
large as needed to represent the given value faithfully.
For Decimal, this is the same as either 'g' or 'G' depending on the value of context.
capitals for the current decimal context.
The overall effect is to match the output of st r () as altered by the other format modifiers.
B4 of| Al

o] AL str.format () THE o2} oA s-F & }e] v

BRo nwWol oA s-Zuj e} FAEY, () 7F 2 7bE T s Al E o] AFR P UTh o & S,
"%03.2f' = 1{:03.2f}' 2 HAF $ S5t

tha Al Aol Hol= A3} 2ol Fa ppget A= A4k

>>> ! , , '.format('a', 'b', 'c")
'a, b, c'
>>> '{}, , ' format ('a', 'b', 'c") # 3.1+ only

(F= soTA ol A
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(o] A o] A el A Al)

'a, b, ¢’

>>> '{(2}), {1}, {0}'.format('a"',
'c, b, a'

>>> '"/(2}), {1}, {0}".format (*'abc")
'c, b, a'

>>> "/[0}{1}{0}" . format ('abra',

'abracadabra'

'cad')

'b', lc')
# unpacking argument sequence

# arguments' indices can be repeated

SERETEEP P

>>> 'Coordinates:
—115.81W")

'Coordinates: 37.24N,
>>> coord = {'latitude':
>>> 'Coordinates: {latitude},
37.24N, -115.81W'

{latitude},

-115.81wW’'

'Coordinates:

{longitude}'.format (latitude='37.24N",

'37.24N",

longitude="-

'longitude’': '-115.81W'}

{longitude}'.format (**coord)

A7) A ERFHE A £

>>> ¢ = 3-5j

>>> ('The complex number

'and the imaginary part {0.

'The complex number
‘—>_5-O.|
>>> class Point:

(3-53)

def _ init_ (self, x, vy)
self.x, self.y = x,

def _ str__ (self):
return 'Point ({self.x},

>>> str(Point (4, 2))
'Point (4, 2)'

{0} is formed from the real part {0.real} '
imag}."').format (c)
is formed from the real part 3.0 and the imaginary part.

Yy

{self.y})".format (self=self)

2l

FE QA 2

=
>>> coord = (3, 5)
>>> 'X: {0[0]}; Y:
'X: 3; Y: 5

{0[1]}".format (coord)

$s I sr WA

>>> "repr () shows quotes: {/r}; str() doesn't: {!s}".format ('testl', 'test2')
"repr () shows quotes: 'testl'; str() doesn't: test2"

SRS BRI E

>>> '/:<30}"' . format ('left aligned')

'left aligned !

>>> ' {:>30}".format ('right aligned')

! right aligned'

>>> '/:730}" format ('centered')

' centered !

>>> '/ 4730} format ('centered') # use '*' as a fill char

T kkhrkxxkkhkcantered ¥ *¥x rrxxkkx !

s+f,%-f,% fUAYEST A A:
>>> "/:4f); {:+f}" . format (3.14, -3.14) # show it always
'+3.140000; -3.140000"
>>> "/ f}; {: £} . format(3.14, -3.14) # show a space for positive numbers
' 3.140000; -3.140000"
(TF= o] Aol A%)
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(o] A o] A el A Al)

>>> "/[:—f); {:-f}" . format (3.14, -3.14) # show only the minus —-- same as '{:f};

—{:f}'
'3.140000; -3.14000

0"

$x, $o A&} th2 X o= 3f w3

>>> # format also supports binary numbers

>>> "int: {0:d}; h
'int: 42; hex: 2a;
>>> # with 0x, 0o,

>>> "int: {0:d}; h
'int: 42; hex: 0x2

ex:

{0:x}; oct: {0:0}; bin: {0:b}".format (42)
oct:

52; bin: 101010

or Ob as prefix:

ex:
aj

(0:#x}; oct: {0:#0}; bin: {0:#b}".format (42)
oct: 0052; bin: 0b101010"

HEE A 99 FEAR A8

>>> '/, )" format (1234567890)

'1,234,567,890"

HOo -
HEe Ed:

>>> points = 19
>>> total = 22
>>> 'Correct answer

s: A{:

. 2%} " . format (points/total)

'Correct answers: 86.36%'

>>> import datetime

>>> d = datetime.datetime (2010, 7, 4, 12, 15, 58)
>>> '{:%5Y-%m-%d S$H:%M:%S}'.format (d)

'2010-07-04 12:15:5

g

AAF T A Hot H34ek oAl

>>> for align, text in zip('<">', ['left', 'center', 'right']):
"{O0:{fill}{align}le}'.format (text, fill=align, align=align)

'left <<
'AAAAAcenter/\A/\/\/\l
'>>>>>>>>>>>right!’
>>>

>>> octets = [192,

168,

0, 11

>>> "/ 02X 02X 02X} { 02X} . format (*octets)

'COAB80001"

>>> int (_, 16)
3232235521
>>>

>>> width = 5

>>> for num in range(5,12):
'dXob':
print ("{0:{width}{base}}"'.format (num, base=base, width=width), end=' ")

for base in

print ()
5 5 5 101
6 6 6 110
7 7 7 111
8 8 10 1000
9 9 11 1001
10 A 12 1010
11 B 13 1011
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6.1.4 HE EXIHL

HEE EALGSPEP 2929 AW 2 ¥ 0 244G AFS AFFULH HEH FAL] T2
At = ZABH18n) YU T o] EWo| A, o 7ete B3} 7] 5L stol W] thE Y EAME Zuj g
NNSHTAAE7] 4A HE7] Wl E YT il8nS 95 Bl =8 B P S sulo g 129 glo] B g
ol = fluflil8n 7| A & HA A .

HE8 BAL2 o A S AR sk s-71WE 2182 A A Th

e $s £ o)laFA o= YUt o] AL Y s 2 X Y

e Sidentifier & W3 7] "identifier" & X3t AT 2] BAAE AAFEFUG. 7]EH
07 "identifier" &= WZo|L} ASCIH ¢l o 2 A A 5= A X L8 9= ASCI o =2}
(B2 23 ALZ ATE YUk s X9 A AA ] A2} F2k= o] A AR HAE

FEIYTh

e ${identifier} = $identifier & =T} Fa 3 A H X} BXL7) 2}E] A AFFH of] 2 A1
A BAASY] dFE 7oty st 71 "${noun}ification".

AL T2 AR $ o] TS valueError 7FEA YT

string R o] FHAES FHote Template FYH2E AT FYTh Template o MIAE=EE tha34

Fda =

class string.Template (femplate)
ARAE AE 2 AL S ol AU
substitute (mapping={}, /, **kwds)
DE A S S, A E AL DG Th mapping & DE ) Ae) TN A A SHe
715 713 999 9y e F AAJUth &, 71N =7 A FAIAR] 71 E QIAE AlE
g —’,\—_Ql%l% th. mapping E kwds 7} 25 AF = 3 FH o] Q= AF, kwds & Z}E] A X7}
A
safe_substitute (mapping={}, /, **kwds)
substitute ()2} ¥ BLA R, mapping 3} kwds ol 28] A A7 Qe B, KeyError o8&
WA 7] 2] ¢k el 2] A A A3 EAE o] v 2 vEepg Utk B8 substitute ()
o=, s F AR AR H = AF valueError £ 9427+ Al &3] $ & RESHY Th
e o9t A BAY 5 AA W, o] VAL AL o 9 E LA E A ALS T
T EAE S WEste L A = 5H7] ufZoll (b (safe)) SFTRAL U Th TRE o mlof A,
safe _substitute () & <AL & 4 glE5Yth 2 94-&(dangling) & 7 &, B
A e 2L, FA2T stold AEAP7L ofd Ape] BAIAE 2ok R EH HEe 28
A 37 HE AU T
Template Q2" 2 F7) HolH o ER|FEE St AlF Ut
template
o) -2 A AL2] template 9 AH2 ARE AR YU TE Ak 0 2, WA A= oF H 2w, 2]
AE AN 27} ZA = A= FFUh

o}-5--& Template AH-& WHH 9] of Ut}

S

>>> from string import Template

>>> s = Template ('Swho likes Swhat')

>>> s.substitute (who="'tim', what='kung pao')
'tim likes kung pao'

>>> d = dict (who="tim")

>>> Template ('Give $who $100') .substitute (d)
Traceback (most recent call last):

ValueError: Invalid placeholder in string: line 1, col 11
>>> Template ('Swho likes Swhat') .substitute (d)

Traceback (most recent call last):

KeyError: 'what'

(TF Sl Aol A
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>>> Template ('Swho likes Swhat').safe_substitute (d)
'tim likes Swhat'

0F A Template 9 AH ZUAE pYStol, e BAA BN, PR AL B4 EE GEY
BADS P SH=T AT DA A AL A A T 5 AU o FA e, e Felx

JEHEES AHIT 5 A&

* delimiter — 28] EAAE =t F2AE Y= 2lHE &

]— .
FAAE BRB ) o] BADo] 1o cocape () & EEHDE, o] 4D J7FA o] of
Uk o 2es A4 ol TRAS WAT 4 Aa S, e FRAT HEA AR Zo 29
e o] 5 &7l A3 oF FTh.
idpattern - 525 2 B AA 42 2] EAAS) A DL AR AT
(?a:[_a-z][_a-z0-91*) YUYt} braceidpattern ©] None <l 3%, o] 3| &

B A Aol 7 = A2-H k.

Z31: 71 flags 7} re . IGNORECASE ©] 7] W] &of|, 3l &l [a-z] &= 8] ASCIl E2}9} I X & 4= <5

Ytk o) Wl el At Aol a Eel 18 ASBHUTH

W7 3.701 M W3 : braceidpattern 2 523 2 Ao 9l S wl 2F 1 HA] oF ul A H = BES] E S
A o] 3= /\].&tsl 4 Q5T

braceidpattem —idpattern 3} - AFSEA| W, FF 2 2 Al 42| A AR ti 3 s E 2 Ayt 7]
#-2 None Aul, idpattern & AH§3H= AL A FUTHE, 2L Aol FTT I} YL w9} 9L
0 R ALLFUTh. o] g FH, FB5 7 9L Wi} 9wl Abe] EAAS) A2 ChE HE S

Aol & 4 syt
WA 3.7 F7F.

flags — A F A4 o] A-LE = FHAL A
IGNORECASE YU T} re.VERBOSE 7} &4 =3

A A9 o 2 & whetok g T
WA 3.20] F71.

o] H8E AA S Yg Ut 715%1«'
a 7}5) EE, A& 2 A 9l idpattern & “’*ﬂ fﬂ'

EN
w

Ei, 2o o B B E paern & A A ) 5] A AT AL AT L5 AETh ol A = AL,
el el ol 9 AA 15 0) Qe AA AA ok FUTh AA 1EL S0l AR AT WA
FESA e Ae] EAA T Do A FFLTh:

+ escaped— o) F& ol A0 A ULE AAA YU A& Fol /12 AN 55

« named - ©) 1FE FHET Gt Ae] EAA o] ES AANFUTH AAH TFo) TEAZ TR

gk

. braced-©] 1FL FHTE R A2l BAA o] 52 AXNAAUTH AA 25l TEAL FBEE

[e)
Egef A= Y Th

invalid - ©) TE- 7199 TRA HA (D 02 G TR S DA A1, 7749 mpA o]
Uhebuhok g o,
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ol

6.1.5 =3 &

string.capwords (s, sep=None)

AAE str.split () & AH&Fo] o2 Ural, str.capitalize ()  AH§3to] 2 ol o] A
SAE HRAZ HEL, o] FA wEolF dolEE str. join () & AHEdH AU TE AE A
T A AR} sep 7 A U None o] W, AL H T8 FAHE Y A o] AR v I 4T FH o

AAG U 254 F o sep 7F ol & WAL A= H AR E UL

6.2 re — Regular expression operations

Source code: Lib/re.py

This module provides regular expression matching operations similar to those found in Perl.

Both patterns and strings to be searched can be Unicode strings (st r) as well as 8-bit strings (bytes). However,
Unicode strings and 8-bit strings cannot be mixed: that is, you cannot match a Unicode string with a byte pattern
or vice-versa; similarly, when asking for a substitution, the replacement string must be of the same type as both the
pattern and the search string.

Regular expressions use the backslash character (' \ ') to indicate special forms or to allow special characters to be
used without invoking their special meaning. This collides with Python’s usage of the same character for the same
purpose in string literals; for example, to match a literal backslash, one might have to write ' \\\\ ' as the pattern
string, because the regular expression must be \ \, and each backslash must be expressed as \ \ inside a regular Python
string literal. Also, please note that any invalid escape sequences in Python’s usage of the backslash in string literals
now generate a DeprecationWarning and in the future this will become a SyntaxError. This behaviour
will happen even if it is a valid escape sequence for a regular expression.

The solution is to use Python’s raw string notation for regular expression patterns; backslashes are not handled in any
special way in a string literal prefixed with ' r'. So r"\n" is a two-character string containing '\ ' and 'n"', while
"\n" is a one-character string containing a newline. Usually patterns will be expressed in Python code using this
raw string notation.

It is important to note that most regular expression operations are available as module-level functions and methods
on compiled regular expressions. The functions are shortcuts that don’t require you to compile a regex object first,
but miss some fine-tuning parameters.

] B7]:

The third-party regex module, which has an API compatible with the standard library re module, but offers additional
functionality and a more thorough Unicode support.

6.2.1 Regular Expression Syntax

A regular expression (or RE) specifies a set of strings that matches it; the functions in this module let you check if
a particular string matches a given regular expression (or if a given regular expression matches a particular string,
which comes down to the same thing).

Regular expressions can be concatenated to form new regular expressions; if A and B are both regular expressions,
then AB is also a regular expression. In general, if a string p matches A and another string ¢ matches B, the string
pg will match AB. This holds unless A or B contain low precedence operations; boundary conditions between A and
B; or have numbered group references. Thus, complex expressions can easily be constructed from simpler primitive
expressions like the ones described here. For details of the theory and implementation of regular expressions, consult
the Friedl book [Frie09], or almost any textbook about compiler construction.

A brief explanation of the format of regular expressions follows. For further information and a gentler presentation,
consult the regex-howto.

Regular expressions can contain both special and ordinary characters. Most ordinary characters, like 'A', 'a"', or
' 0", are the simplest regular expressions; they simply match themselves. You can concatenate ordinary characters,
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so last matches the string ' last '. (In the rest of this section, we’ll write RE’s in this special style,
usually without quotes, and strings to be matched 'in single quotes'.)

Some characters, like ' | ' or ' (', are special. Special characters either stand for classes of ordinary characters, or
affect how the regular expressions around them are interpreted.

Repetition qualifiers (*, +, ?, {m, n}, etc) cannot be directly nested. This avoids ambiguity with the non-greedy mod-
ifier suffix ?, and with other modifiers in other implementations. To apply a second repetition to an inner repetition,
parentheses may be used. For example, the expression (?:a{6}) * matches any multiple of six 'a"' characters.

The special characters are:

. (Dot.) In the default mode, this matches any character except a newline. If the DOTALT flag has been specified,
this matches any character including a newline.

A (Caret.) Matches the start of the string, and in MULTILINE mode also matches immediately after each newline.

$ Matches the end of the string or just before the newline at the end of the string, and in MUL TI L INE mode also
matches before a newline. £ oo matches both (foo) and (foobar ), while the regular expression £ oo $ matches
only (foo). More interestingly, searching for foo.$ in ' fool\nfoo2\n' matches (foo2) normally, but
(fool) in MUL TTLINE mode; searching for a single $ in ' foo\n"' will find two (empty) matches: one just
before the newline, and one at the end of the string.

* Causes the resulting RE to match 0 or more repetitions of the preceding RE, as many repetitions as are possible.
ab* will match (a), (ab), or (a) followed by any number of (b’s.

+ Causes the resulting RE to match 1 or more repetitions of the preceding RE. ab+ will match (a) followed by any
non-zero number of (b’s; it will not match just (a).

? Causes the resulting RE to match O or 1 repetitions of the preceding RE. ab? will match either (a) or (ab).

*2,42,?2? The '*', '+',and ' ? "' qualifiers are all greedy; they match as much text as possible. Sometimes this
behaviour isn’t desired; if the RE <. *> is matched against '<a> b <c>', it will match the entire string,
and not just ' <a>"'. Adding ? after the qualifier makes it perform the match in non-greedy or minimal fashion;
as few characters as possible will be matched. Using the RE <. * 2> will match only '<a>".

{m} Specifies that exactly m copies of the previous RE should be matched; fewer matches cause the entire RE not
to match. For example, a { 6 } will match exactly six 'a ' characters, but not five.

{m, n} Causes the resulting RE to match from m to n repetitions of the preceding RE, attempting to match as many
repetitions as possible. For example, a{3, 5} will match from 3 to 5 'a' characters. Omitting m specifies
a lower bound of zero, and omitting n specifies an infinite upper bound. As an example, a{4, }b will match
'aaaab' orathousand 'a' characters followed bya 'b', butnot 'aaab'. The comma may not be omitted
or the modifier would be confused with the previously described form.

{m, n}? Causes the resulting RE to match from m to n repetitions of the preceding RE, attempting to match as few
repetitions as possible. This is the non-greedy version of the previous qualifier. For example, on the 6-character
string 'aaaaaa',a{3,5} willmatch 5 'a' characters, while a{ 3, 5} ? will only match 3 characters.

\ Either escapes special characters (permitting you to match characters like ' *', ' 2 ', and so forth), or signals a
special sequence; special sequences are discussed below.

If you’re not using a raw string to express the pattern, remember that Python also uses the backslash as an
escape sequence in string literals; if the escape sequence isn’t recognized by Python’s parser, the backslash
and subsequent character are included in the resulting string. However, if Python would recognize the resulting
sequence, the backslash should be repeated twice. This is complicated and hard to understand, so it’s highly
recommended that you use raw strings for all but the simplest expressions.

[1 Used to indicate a set of characters. In a set:
¢ Characters can be listed individually, e.g. [amk] will match 'a"', 'm',or 'k'.

» Ranges of characters can be indicated by giving two characters and separating them by a ' - ', for example

[a—z] will match any lowercase ASCII letter, [0—-5] [ 0—9] will match all the two-digits numbers from

00 to 59, and [0-9A-Fa-£f] will match any hexadecimal digit. If - is escaped (e.g. [a\-z]) or if
it’s placed as the first or last character (e.g. [-a] or [a-1]), it will match a literal '-".
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» Special characters lose their special meaning inside sets. For example, [ (+*) ] will match any of the
literal characters ' (', "+', "*',or ') ".

 Character classes such as \w or \ S (defined below) are also accepted inside a set, although the characters
they match depends on whether ASCT T or LOCALE mode is in force.

* Characters that are not within a range can be matched by complementing the set. If the first character of
the setis '~ ', all the characters that are nor in the set will be matched. For example, [~5] will match
any character except '5"', and [~ "] will match any character except '~ '. ~ has no special meaning if
it’s not the first character in the set.

e To match a literal '] ' inside a set, precede it with a backslash, or place it at the beginning of the set.
For example, both [ () [\1{}] and [] () [{}] will both match a parenthesis.

* Support of nested sets and set operations as in Unicode Technical Standard #18 might be added in the
future. This would change the syntax, so to facilitate this change a FutureWarning will be raised in
ambiguous cases for the time being. That includes sets starting with a literal ' [ ' or containing literal
character sequences '—-"', '&&', '~~",and ' | | '. To avoid a warning escape them with a backslash.

WA 37 M FuturelWarning is raised if a character set contains constructs that will change
semantically in the future.

| A|B, where A and B can be arbitrary REs, creates a regular expression that will match either A or B. An arbitrary
number of REs can be separated by the ' | ' in this way. This can be used inside groups (see below) as well.
As the target string is scanned, REs separated by ' | ' are tried from left to right. When one pattern completely
matches, that branch is accepted. This means that once A matches, B will not be tested further, even if it would
produce a longer overall match. In other words, the ' | ' operator is never greedy. To match a literal ' | ', use
\ |, or enclose it inside a character class, asin [ | ].

(...) Matches whatever regular expression is inside the parentheses, and indicates the start and end of a group;
the contents of a group can be retrieved after a match has been performed, and can be matched later in the
string with the \number special sequence, described below. To match the literals ' (' or ') ', use \ ( or
\) , or enclose them inside a character class: [ (], [) ].

(?...) This is an extension notation (a '?"' following a ' (' is not meaningful otherwise). The first character
after the ' ? ' determines what the meaning and further syntax of the construct is. Extensions usually do not
create a new group; (?P<name>. . .) is the only exception to this rule. Following are the currently supported
extensions.

(?ailmsux) (One or more letters from the set 'a', 'i', 'L', 'm', 's', '"u', 'x'.) The group matches

the empty string; the letters set the corresponding flags: re. A (ASCII-only matching), re. I (ignore case),
re. L (locale dependent), re. M (multi-line), re. S (dot matches all), re . U (Unicode matching), and re.
X (verbose), for the entire regular expression. (The flags are described in Module Contents.) This is useful
if you wish to include the flags as part of the regular expression, instead of passing a flag argument to the
re.compile () function. Flags should be used first in the expression string.

(?:...) Anon-capturing version of regular parentheses. Matches whatever regular expression is inside the paren-
theses, but the substring matched by the group cannot be retrieved after performing a match or referenced later
in the pattern.

(?ailmsux—-imsx:...) (Zero or more letters from theset 'a', 'i', 'L', 'm', 's"', 'u', 'x"', optionally
followed by '—"' followed by one or more letters from the 'i', 'm', 's"', 'x'.) The letters set or remove
the corresponding flags: re.A (ASCII-only matching), re. I (ignore case), re. L (locale dependent), re.
M (multi-line), re. S (dot matches all), re . U (Unicode matching), and re. X (verbose), for the part of the
expression. (The flags are described in Module Contents.)

The letters 'a', 'L"' and 'u' are mutually exclusive when used as inline flags, so they can’t be combined
or follow '—"'. Instead, when one of them appears in an inline group, it overrides the matching mode in the
enclosing group. In Unicode patterns (?a: .. .) switches to ASCII-only matching, and (?u: .. .) switches
to Unicode matching (default). In byte pattern (?L:...) switches to locale depending matching, and (?
a:...) switches to ASCII-only matching (default). This override is only in effect for the narrow inline group,
and the original matching mode is restored outside of the group.

WA 3.60] F7}
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WA 3794 A7 : The letters 'a', 'L' and 'u"' also can be used in a group.

(?P<name>. . .) Similar to regular parentheses, but the substring matched by the group is accessible via the
symbolic group name name. Group names must be valid Python identifiers, and each group name must be
defined only once within a regular expression. A symbolic group is also a numbered group, just as if the group
were not named.

Named groups can be referenced in three contexts. If the patternis (?P<quote>['"]) .*? (?P=quote)
(i.e. matching a string quoted with either single or double quotes):

Context of reference to group {quote) Ways to reference it
in the same pattern itself

e (?P=quote) (as shown)
. \1

when processing match object m
* m.group ('quote')

e m.end ('quote"') (etc.)

in a string passed to the repl argument of re.

sub () e \g<quote>

e \g<1>
. \1

(?P=name) A backreference to a named group; it matches whatever text was matched by the earlier group named

name.
(?#...) A comment; the contents of the parentheses are simply ignored.
(?=...) Matchesif . .. matches next, but doesn’t consume any of the string. This is called a lookahead assertion.

For example, Isaac (?=Asimov) will match 'Isaac ' only if it’s followed by 'Asimov’'.

(?!...) Matchesif ... doesn’t match next. This is a negative lookahead assertion. For example, Isaac (?!
Asimov) will match 'Isaac ' onlyif it’s not followed by 'Asimov'.

(?<=...) Matches if the current position in the string is preceded by a match for . . . that ends at the current
position. This is called a positive lookbehind assertion. (?<=abc) def will find a match in 'abcdef ', since
the lookbehind will back up 3 characters and check if the contained pattern matches. The contained pattern
must only match strings of some fixed length, meaning that abc or a |b are allowed, but a* and a{3, 4}
are not. Note that patterns which start with positive lookbehind assertions will not match at the beginning of
the string being searched; you will most likely want to use the search () function rather than the match ()
function:

>>> import re

>>> m = re.search (' (?<=abc)def', 'abcdef')
>>> m.group (0)
'def'

This example looks for a word following a hyphen:

>>> m = re.search(r' (?<=-)\wt+', 'spam-egg')
>>> m.group (0)
leng

WA 3.50 4] ¥ 7 : Added support for group references of fixed length.

(?<!...) Matches if the current position in the string is not preceded by a match for . . .. This is called a negative
lookbehind assertion. Similar to positive lookbehind assertions, the contained pattern must only match strings
of some fixed length. Patterns which start with negative lookbehind assertions may match at the beginning of
the string being searched.

(? (id/name) yes—pattern|no—-pattern) Will try to match with yes-pattern if the group with given
id or name exists, and with no-pattern if it doesn’t. no—pattern is optional and can be omitted. For
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example, (<) ? (\w+@\w+ (?2:\.\w+)+) (2 (1)>|$) isapoor email matching pattern, which will match
with '<user@host.com>"' as well as 'user@host.com', but not with '<user@host.com' nor
'user@host.com>".

The special sequences consist of '\ ' and a character from the list below. If the ordinary character is not an ASCII

digit or an ASCII letter, then the resulting RE will match the second character. For example, \ $ matches the character

] $ |l .

\number Matches the contents of the group of the same number. Groups are numbered starting from 1. For
example, (.+) \1matches 'the the'or'55 55',butnot 'thethe' (note the space after the group).
This special sequence can only be used to match one of the first 99 groups. If the first digit of number is 0, or
number is 3 octal digits long, it will not be interpreted as a group match, but as the character with octal value
number. Inside the ' [ ' and '] ' of a character class, all numeric escapes are treated as characters.

\A Matches only at the start of the string.

\b Matches the empty string, but only at the beginning or end of a word. A word is defined as a sequence of
word characters. Note that formally, \b is defined as the boundary between a \w and a \W character (or vice
versa), or between \w and the beginning/end of the string. This means that r ' \bfoo\b"' matches ' foo"',
'foo.', ' (foo) "', 'bar foo baz' butnot 'foobar"' or 'foo3".

By default Unicode alphanumerics are the ones used in Unicode patterns, but this can be changed by using
the ASCTT flag. Word boundaries are determined by the current locale if the LOCALE flag is used. Inside a
character range, \b represents the backspace character, for compatibility with Python’s string literals.

\B Matches the empty string, but only when it is not at the beginning or end of a word. This means that r ' py \B"'
matches 'python', 'py3', 'py2', butnot 'py', 'py."',or 'py!'. \Bis just the opposite of \b,
so word characters in Unicode patterns are Unicode alphanumerics or the underscore, although this can be
changed by using the ASCT T flag. Word boundaries are determined by the current locale if the LOCALE flag
is used.

\d

For Unicode (str) patterns: Matches any Unicode decimal digit (that is, any character in Unicode character
category [Nd]). This includes [0—-9], and also many other digit characters. If the ASCIT flag is used
only [0-9] is matched.

For 8-bit (bytes) patterns: Matches any decimal digit; this is equivalent to [0-9].

\D Matches any character which is not a decimal digit. This is the opposite of \d. If the ASCTT flag is used this
becomes the equivalent of [~0-9].

\s

For Unicode (str) patterns: Matches Unicode whitespace characters (which includes [ \t\n\r\f\v],
and also many other characters, for example the non-breaking spaces mandated by typography rules in
many languages). If the ASCIT flagis used, only [ \t\n\r\£f\v] is matched.

For 8-bit (bytes) patterns: Matches characters considered whitespace in the ASCII character set; this is
equivalent to [ \t\n\r\f\v].

\S Matches any character which is not a whitespace character. This is the opposite of \ s. If the ASCT T flag is used
this becomes the equivalent of [~ \t\n\r\f\v].

\w

For Unicode (str) patterns: Matches Unicode word characters; this includes most characters that can be part
of a word in any language, as well as numbers and the underscore. If the ASCTT flag is used, only
[a-zA-Z0-9_] is matched.

For 8-bit (bytes) patterns: Matches characters considered alphanumeric in the ASCII character set; this is
equivalent to [a—-zA-Z0-9_]. If the LOCALE flag is used, matches characters considered alphanu-
meric in the current locale and the underscore.

\W Matches any character which is not a word character. This is the opposite of \w. If the ASCTT flag is used
this becomes the equivalent of [ ~a-zA-70-9_]. If the LOCALE flag is used, matches characters which are
neither alphanumeric in the current locale nor the underscore.
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\Z Matches only at the end of the string.

Most of the standard escapes supported by Python string literals are also accepted by the regular expression parser:

\a \b \f \n
\N \r \t \u
\U \v \x AR

(Note that \b is used to represent word boundaries, and means ( backspace ) only inside character classes.)

"\u', "\U',and "\N"' escape sequences are only recognized in Unicode patterns. In bytes patterns they are errors.
Unknown escapes of ASCII letters are reserved for future use and treated as errors.

Octal escapes are included in a limited form. If the first digit is a 0, or if there are three octal digits, it is considered
an octal escape. Otherwise, it is a group reference. As for string literals, octal escapes are always at most three digits
in length.

WA 33004 M7 :The '\u' and '\U"' escape sequences have been added.
¥ A 3.69 A ¥ 7 : Unknown escapes consisting of '\ ' and an ASCII letter now are errors.

WA 3.891 4 W7 : The '\N{name} ' escape sequence has been added. As in string literals, it expands to the
named Unicode character (e.g. ' \N{EM DASH}").

6.2.2 Module Contents

The module defines several functions, constants, and an exception. Some of the functions are simplified versions of
the full featured methods for compiled regular expressions. Most non-trivial applications always use the compiled
form.

H A 3.69]| A ¥ 7 : Flag constants are now instances of RegexF1ag, which is a subclass of enum. IntFlag.

re.compile (pattern, flags=0)
Compile a regular expression pattern into a regular expression object, which can be used for matching using its
match (), search () and other methods, described below.

The expression’s behaviour can be modified by specifying a flags value. Values can be any of the following
variables, combined using bitwise OR (the | operator).

The sequence

prog = re.compile (pattern)
result = prog.match(string)

is equivalent to

result = re.match(pattern, string)

but using re. compile () and saving the resulting regular expression object for reuse is more efficient when
the expression will be used several times in a single program.

Z31: The compiled versions of the most recent patterns passed to re. compile () and the module-level
matching functions are cached, so programs that use only a few regular expressions at a time needn’t worry
about compiling regular expressions.

re.A

re.ASCII
Make \w, \W, \b, \B, \d, \D, \'s and \ S perform ASCII-only matching instead of full Unicode matching.
This is only meaningful for Unicode patterns, and is ignored for byte patterns. Corresponds to the inline flag
(?a).
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Note that for backward compatibility, the re . U flag still exists (as well as its synonym re . UNICODE and its
embedded counterpart (?u) ), but these are redundant in Python 3 since matches are Unicode by default for
strings (and Unicode matching isn’t allowed for bytes).

re .DEBUG

re.I

Display debug information about compiled expression. No corresponding inline flag.

re . IGNORECASE

re.L

Perform case-insensitive matching; expressions like [A-Z] will also match lowercase letters. Full Unicode
matching (such as U matching i) also works unless the re. ASCIT flag is used to disable non-ASCII matches.
The current locale does not change the effect of this flag unless the re . LOCALE flag is also used. Corresponds
to the inline flag (21).

Note that when the Unicode patterns [a—z] or [A-Z] are used in combination with the TGNORECASE flag,
they will match the 52 ASCII letters and 4 additional non-ASCII letters: (Iy (U+0130, Latin capital letter I
with dot above), (1) (U+0131, Latin small letter dotless i), (I) (U+017F, Latin small letter long s) and (K)
(U+212A, Kelvin sign). If the ASCTT flag is used, only letters (a) to (z) and (A) to (Z) are matched.

re.LOCALE

re.

Make \w, \W, \b, \B and case-insensitive matching dependent on the current locale. This flag can be used
only with bytes patterns. The use of this flag is discouraged as the locale mechanism is very unreliable, it only
handles one (culture) at a time, and it only works with 8-bit locales. Unicode matching is already enabled by
default in Python 3 for Unicode (str) patterns, and it is able to handle different locales/languages. Corresponds
to the inline flag (?L).

WA 3.694 M7 re. LOCALE can be used only with bytes patterns and is not compatible with re. ASCTT.

¥ A 3.79]| 4] ¥ 7 : Compiled regular expression objects with the re . LOCALFE flag no longer depend on the
locale at compile time. Only the locale at matching time affects the result of matching.

re .MULTILINE

re.

When specified, the pattern character ' ~ ' matches at the beginning of the string and at the beginning of each
line (immediately following each newline); and the pattern character ' $ ' matches at the end of the string and
at the end of each line (immediately preceding each newline). By default, ' ~ ' matches only at the beginning
of the string, and ' $' only at the end of the string and immediately before the newline (if any) at the end of
the string. Corresponds to the inline flag (?m) .

re.DOTALL

re.

Make the ' . ' special character match any character at all, including a newline; without this flag, ' . ' will
match anything except a newline. Corresponds to the inline flag (?s).

re .VERBOSE

This flag allows you to write regular expressions that look nicer and are more readable by allowing you to
visually separate logical sections of the pattern and add comments. Whitespace within the pattern is ignored,
except when in a character class, or when preceded by an unescaped backslash, or within tokens like * 2, (?2:
or (?P<...>. When a line contains a # that is not in a character class and is not preceded by an unescaped
backslash, all characters from the leftmost such # through the end of the line are ignored.

This means that the two following regular expression objects that match a decimal number are functionally
equal:

a = re.compile(r"""\d + # the integral part
\. # the decimal point
\d * # some fractional digits""", re.X)

b = re.compile (r"\d+\.\d*")

Corresponds to the inline flag (?x) .
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re.search (pattern, string, flags=0)
Scan through string looking for the first location where the regular expression pattern produces a match, and
return a corresponding match object. Return None if no position in the string matches the pattern; note that
this is different from finding a zero-length match at some point in the string.

re .match (pattern, string, flags=0)
If zero or more characters at the beginning of string match the regular expression pattern, return a corresponding
match object. Return None if the string does not match the pattern; note that this is different from a zero-length
match.

Note that even in MULTILINE mode, re.match () will only match at the beginning of the string and not
at the beginning of each line.

If you want to locate a match anywhere in string, use search () instead (see also search() vs. match()).

re . fullmatch (pattern, string, flags=0)
If the whole string matches the regular expression pattern, return a corresponding match object. Return None
if the string does not match the pattern; note that this is different from a zero-length match.

W 3.40] =71

re.split (pattern, string, maxsplit=0, flags=0)
Split string by the occurrences of pattern. If capturing parentheses are used in pattern, then the text of all
groups in the pattern are also returned as part of the resulting list. If maxsplit is nonzero, at most maxsplit splits
occur, and the remainder of the string is returned as the final element of the list.

>>> re.split (r'\W+', 'Words, words, words.')
['"Words', 'words', 'words', '']

>>> re.split(r' (\W+)', 'Words, words, words.')
['Words', ', ', 'words', ', ', 'words', '.', '']

>>> re.split(r'\W+', 'Words, words, words.',6 1)
["Words', 'words, words.']

>>> re.split('[a-f]+', '0a3B9', flags=re.IGNORECASE)
[ro', '3', '9']

If there are capturing groups in the separator and it matches at the start of the string, the result will start with
an empty string. The same holds for the end of the string:

>>> re.split(r' (\W+)', '...words, words...")
ey, '...'", 'words', ', ', 'words', '...', '']

That way, separator components are always found at the same relative indices within the result list.

Empty matches for the pattern split the string only when not adjacent to a previous empty match.

>>> re.split(r'\b', 'Words, words, words.')
(', 'Words', ', ', 'words', ', ', 'words', '.']

>>> re.split(r'\wW*', '...words...")

['l’ l', ‘W', 'O', lr|, ldl’ lsl’ l', l|:|

>>> re.split(r' (\W*)', '...words...")

['l, l"‘Y, l" Vl, 'W', 'l, lol, l" er’ l" 'd" Vl, 'S', "“I, |V, l" VIJ

H A 3.1 4 ¥ 7 : Added the optional flags argument.
WA 3.7 A ¥ 7 : Added support of splitting on a pattern that could match an empty string.

re.findall (pattern, string, flags=0)
Return all non-overlapping matches of pattern in string, as a list of strings. The string is scanned left-to-right,
and matches are returned in the order found. If one or more groups are present in the pattern, return a list of
groups; this will be a list of tuples if the pattern has more than one group. Empty matches are included in the
result.

H A 3.79]| A ¥ 7 : Non-empty matches can now start just after a previous empty match.

re.finditer (pattern, string, flags=0)
Return an iterator yielding match objects over all non-overlapping matches for the RE pattern in string. The
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string is scanned left-to-right, and matches are returned in the order found. Empty matches are included in the
result.

WA 3.7 A4 ¥ 7 : Non-empty matches can now start just after a previous empty match.

re. sub (pattern, repl, string, count=0, flags=0)
Return the string obtained by replacing the leftmost non-overlapping occurrences of pattern in string by the
replacement repl. If the pattern isn’t found, string is returned unchanged. repl can be a string or a function; if
it is a string, any backslash escapes in it are processed. That is, \n is converted to a single newline character,
\r is converted to a carriage return, and so forth. Unknown escapes of ASCII letters are reserved for future
use and treated as errors. Other unknown escapes such as \ & are left alone. Backreferences, such as \ 6, are
replaced with the substring matched by group 6 in the pattern. For example:

>>> re.sub(r'def\s+([a—-zA-Z_][a-zA-Z_0-9]1*)\s*\ (\s*\):"',
r'static PyObject*\npy_\1(void)\n{"',

C. 'def myfunc():")

'static PyObject*\npy_myfunc (void) \n{'

If repl is a function, it is called for every non-overlapping occurrence of pattern. The function takes a single
match object argument, and returns the replacement string. For example:

>>> def dashrepl (matchobj) :

if matchobj.group(0) == '-': return ' '
. else: return '-'
>>> re.sub('-{1,2}', dashrepl, 'pro-———--gram-files')

'pro-—gram files'
>>> re.sub(r'\sAND\s', ' & ', 'Baked Beans And Spam', flags=re.IGNORECASE)
'Baked Beans & Spam'

The pattern may be a string or a pattern object.

The optional argument count is the maximum number of pattern occurrences to be replaced; count must be
a non-negative integer. If omitted or zero, all occurrences will be replaced. Empty matches for the pattern
are replaced only when not adjacent to a previous empty match, so sub ('x*', '-', 'abxd') returns
'—a-b--d-'.

In string-type repl arguments, in addition to the character escapes and backreferences described above, \
g<name> will use the substring matched by the group named name, as defined by the (?P<name>...)
syntax. \g<number> uses the corresponding group number; \g<2> is therefore equivalent to \ 2, but isn’
t ambiguous in a replacement such as \g<2>0. \20 would be interpreted as a reference to group 20, not a
reference to group 2 followed by the literal character ' 0 '. The backreference \ g<0> substitutes in the entire
substring matched by the RE.

H A 3.1 4 ¥ 7 : Added the optional flags argument.

WA 3.59| 4] ¥ 7 : Unmatched groups are replaced with an empty string.

WA 3.6 A4 ¥ 7 : Unknown escapes in pattern consisting of '\ ' and an ASCII letter now are errors.

H A 3.7 A ¥ 7 : Unknown escapes in repl consisting of '\ ' and an ASCII letter now are errors.

WA 3.7 A ¥ 7 : Empty matches for the pattern are replaced when adjacent to a previous non-empty match.

re. subn (pattern, repl, string, count=0, flags=0)
Perform the same operation as sub (), but return a tuple (new_string, number_of_subs_made).

A 3.1 4 ¥ 7 : Added the optional flags argument.
¥ A 3.5 4] ¥ 7 : Unmatched groups are replaced with an empty string.

re.escape (pattern)
Escape special characters in pattern. This is useful if you want to match an arbitrary literal string that may have
regular expression metacharacters in it. For example:
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>>> print (re.escape('http://www.python.org'))
http://www\.python\.org

>>> legal_chars = string.ascii_lowercase + string.digits + "!#S%S&"'*+—."_ " [~:"
>>> print ('[ ]+" % re.escape(legal_chars))
[abcdefghijklmnopgrstuvwxyz0123456789 I\#\SSN& "\ F\+\=\ . \"_"\[\~: 1+

>>> operators = ['+', '"-=', "'"*', /v, vEHT]

>>> print ('|'.Jjoin (map (re.escape, sorted(operators, reverse=True))))

ZIN=INHINFAF A

This function must not be used for the replacement string in sub () and subn (), only backslashes should be
escaped. For example:

>>> digits_re = r'\d+'

>>> sample = '/usr/sbin/sendmail - 0 errors, 12 warnings'

>>> print (re.sub(digits_re, digits_re.replace('\\', r'\\'"), sample))
/usr/sbin/sendmail - \d+ errors, \d+ warnings

WA 3.3 4 W7 : The '_" character is no longer escaped.

WA 3.7 A ¥ 7 : Only characters that can have special meaning in a regular expression are escaped. As a
result’ ] ! ', '"l’ l%', "l'l’ '[ " |/|, ] . ', l,. l, '<', lzl’ '>" l@l’and nyn arenolongerescaped'

re.purge ()
Clear the regular expression cache.

exception re.error (msg, pattern=None, pos=None)
Exception raised when a string passed to one of the functions here is not a valid regular expression (for example,
it might contain unmatched parentheses) or when some other error occurs during compilation or matching. It
is never an error if a string contains no match for a pattern. The error instance has the following additional
attributes:

msg
The unformatted error message.

pattern
The regular expression pattern.

pos
The index in pattern where compilation failed (may be None).

lineno
The line corresponding to pos (may be None).

colno
The column corresponding to pos (may be None).

v A 3.5 4] ¥ 7 : Added additional attributes.

6.2.3 Regular Expression Objects

Compiled regular expression objects support the following methods and attributes:

Pattern.search (string[, pos[, endpos] ] )
Scan through string looking for the first location where this regular expression produces a match, and return
a corresponding match object. Return None if no position in the string matches the pattern; note that this is
different from finding a zero-length match at some point in the string.

The optional second parameter pos gives an index in the string where the search is to start; it defaults to 0.
This is not completely equivalent to slicing the string; the ' ~ ' pattern character matches at the real beginning
of the string and at positions just after a newline, but not necessarily at the index where the search is to start.
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The optional parameter endpos limits how far the string will be searched; it will be as if the string is endpos char-
acters long, so only the characters from posto endpos - 1 will be searched for a match. If endpos is less than
pos, no match will be found; otherwise, if rx is a compiled regular expression object, rx . search (string,

0, 50) isequivalentto rx.search (string[:50], 0).

>>> pattern = re.compile("d")

>>> pattern.search ("dog") # Match at index 0

<re.Match object; span=(0, 1), match='d'>

>>> pattern.search ("dog", 1) # No match; search doesn't include the "d"

Pattern.match (string[, pos[, endpos] ] )
If zero or more characters at the beginning of string match this regular expression, return a corresponding match
object. Return None if the string does not match the pattern; note that this is different from a zero-length match.

The optional pos and endpos parameters have the same meaning as for the search () method.

>>> pattern = re.compile("o")
>>> pattern.match ("dog") # No match as "o" is not at the start of "dog".
>>> pattern.match ("dog", 1) # Match as "o" is the 2nd character of "dog".

<re.Match object; span=(1, 2), match='o'>

If you want to locate a match anywhere in string, use search () instead (see also search() vs. match()).

Pattern.fullmatch (string[, pos[, endpos] ] )
If the whole string matches this regular expression, return a corresponding match object. Return None if the
string does not match the pattern; note that this is different from a zero-length match.

The optional pos and endpos parameters have the same meaning as for the search () method.

>>> pattern = re.compile("o[gh]")

>>> pattern.fullmatch ("dog") # No match as "o" is not at the start of "dog
>>> pattern.fullmatch ("ogre™) # No match as not the full string matches.
>>> pattern.fullmatch ("doggie", 1, 3) # Matches within given limits.
<re.Match object; span=(1, 3), match='og'>

WA 3.40 F7}

Pattern.split (string, maxsplit=0)
Identical to the split () function, using the compiled pattern.

Pattern.findall (string[, pos[, endpos] ] )
Similar to the findall () function, using the compiled pattern, but also accepts optional pos and endpos
parameters that limit the search region like for search ().

Pattern.finditer (string[, pos[, endpos] ] )
Similar to the finditer () function, using the compiled pattern, but also accepts optional pos and endpos
parameters that limit the search region like for search ().

Pattern.sub (repl, string, count=0)
Identical to the sub () function, using the compiled pattern.

Pattern.subn (repl, string, count=0)
Identical to the subn () function, using the compiled pattern.

Pattern.flags
The regex matching flags. This is a combination of the flags given to compile (), any (?...) inline flags
in the pattern, and implicit flags such as UNICODE if the pattern is a Unicode string.

Pattern.groups
The number of capturing groups in the pattern.

Pattern.groupindex
A dictionary mapping any symbolic group names defined by (?P<id>) to group numbers. The dictionary is
empty if no symbolic groups were used in the pattern.
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Pattern.pattern
The pattern string from which the pattern object was compiled.

WA 3.7 4 *H 7 : Added support of copy. copy () and copy.deepcopy (). Compiled regular expression
objects are considered atomic.

6.2.4 Match Objects

Match objects always have a boolean value of True. Since match () and search () return None when there is
no match, you can test whether there was a match with a simple i f statement:

match re.search (pattern, string)
if match:

process (match)

Match objects support the following methods and attributes:

Match.expand (femplate)
Return the string obtained by doing backslash substitution on the template string template, as done by the
sub () method. Escapes such as \n are converted to the appropriate characters, and numeric backreferences
(\1, \2) and named backreferences (\g<1>, \g<name>) are replaced by the contents of the corresponding
group.
WA 3.5 A4 ¥ 7 : Unmatched groups are replaced with an empty string.

Match.group ( [graupl, ] )

Returns one or more subgroups of the match. If there is a single argument, the result is a single string; if
there are multiple arguments, the result is a tuple with one item per argument. Without arguments, groupl
defaults to zero (the whole match is returned). If a groupN argument is zero, the corresponding return value
is the entire matching string; if it is in the inclusive range [1..99], it is the string matching the corresponding
parenthesized group. If a group number is negative or larger than the number of groups defined in the pattern,
an IndexError exception is raised. If a group is contained in a part of the pattern that did not match, the
corresponding result is None. If a group is contained in a part of the pattern that matched multiple times, the
last match is returned.

>>> m = re.match(r" (\w+) (\w+)", "Isaac Newton, physicist")
>>> m.group (0) # The entire match

'Isaac Newton'

>>> m.group (1) # The first parenthesized subgroup.
'Isaac’

>>> m.group (2) # The second parenthesized subgroup.
'Newton'

>>> m.group (1, 2) # Multiple arguments give us a tuple.
('Isaac', 'Newton')

If the regular expression uses the (?P<name>. . .) syntax, the groupN arguments may also be strings iden-
tifying groups by their group name. If a string argument is not used as a group name in the pattern, an
IndexError exception is raised.

A moderately complicated example:

>>> m = re.match (r" (?P<first_name>\w+) (?P<last_name>\w+)", "Malcolm Reynolds")
>>> m.group ('first_name')
'Malcolm'

>>> m.group ('last_name")
'Reynolds"’

Named groups can also be referred to by their index:

>>> m.group (1)
'Malcolm'

(Th& sl AT ol A%)
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>>> m.group (2)
'Reynolds"’

If a group matches multiple times, only the last match is accessible:

>>> m = re.match(r" (..)+", "alb2c3") # Matches 3 times.
>>> m.group (1) # Returns only the last match.
YC3'

Match.__getitem__ (g)
This is identical to m. group (g) . This allows easier access to an individual group from a match:

>>> m = re.match (r" (\w+) (\w+)", "Isaac Newton, physicist")
>>> m[0] # The entire match

'Isaac Newton'

>>> m[1] # The first parenthesized subgroup.

'Isaac’

>>> m[2] # The second parenthesized subgroup.
'Newton'

B A 3.60 &7}

Match .groups (default=None)

Return a tuple containing all the subgroups of the match, from 1 up to however many groups are in the pattern.
The default argument is used for groups that did not participate in the match; it defaults to None.

For example:

>>> m = re.match (r" (\d+)\. (\d+)", "24.1632")
>>> m.groups ()
('24', '1632")

If we make the decimal place and everything after it optional, not all groups might participate in the match.
These groups will default to None unless the default argument is given:

>>> m = re.match (r" (\d+)\.? (\d+)?2", "24")

>>> m.groups () # Second group defaults to None.

('24', None)

>>> m.groups ('0") # Now, the second group defaults to '0'.
('24', '0")

Match.groupdict (default=None)

Return a dictionary containing all the named subgroups of the match, keyed by the subgroup name. The default
argument is used for groups that did not participate in the match; it defaults to None. For example:

>>> m = re.match (r" (?P<first_name>\w+) (?P<last_name>\w+)", "Malcolm Reynolds")
>>> m.groupdict ()
{'first_name': 'Malcolm', 'last_name': 'Reynolds'}

Match.start ( [group] )

Match.end( [group] )
Return the indices of the start and end of the substring matched by group; group defaults to zero (meaning the
whole matched substring). Return -1 if group exists but did not contribute to the match. For a match object m,

and a group g that did contribute to the match, the substring matched by group g (equivalent tom. group (g) )
is

m.string[m.start (g) :m.end(g) ]

Note that m. start (group) will equal m.end (group) if group matched a null string. For example,
afterm = re.search('b(c?)', 'cba'),m.start (0) isl,m.end(0) is2, m.start (1) and
m.end (1) are both 2, and m. start (2) raises an IndexError exception.
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An example that will remove remove_this from email addresses:

>>> email = "tony@tiremove_thisger.net"
>>> m = re.search("remove_this", email)
>>> email[:m.start ()] + email[m.end() :]

'tony@tiger.net'

Match.span ( [group] )
For a match m, return the 2-tuple (m.start (group), m.end(group)). Note that if group did not
contribute to the match, thisis (-1, -1). group defaults to zero, the entire match.

Match.pos
The value of pos which was passed to the search () or match () method of a regex object. This is the index
into the string at which the RE engine started looking for a match.

Match.endpos
The value of endpos which was passed to the search () or match () method of a regex object. This is the
index into the string beyond which the RE engine will not go.

Match.lastindex
The integer index of the last matched capturing group, or None if no group was matched at all. For example,
the expressions (a) b, ((a) (b)),and ( (ab)) willhave lastindex == 1ifappliedtothestring 'ab"',
while the expression (a) (b) will have lastindex == 2, if applied to the same string.

Match.lastgroup
The name of the last matched capturing group, or None if the group didn’t have a name, or if no group was
matched at all.

Match.re
The regular expression object whose match () or search () method produced this match instance.

Match.string
The string passed to match () or search ().

WA 3.79 A4 ¥ 7 : Added support of copy . copy () and copy.deepcopy (). Match objects are considered
atomic.

6.2.5 Regular Expression Examples
Checking for a Pair

In this example, we’ll use the following helper function to display match objects a little more gracefully:

def displaymatch (match) :
if match is None:
return None
return '<Match: , groups=%r>' % (match.group (), match.groups())

Suppose you are writing a poker program where a player’s hand is represented as a 5-character string with each
character representing a card, {a) for ace, (k) for king, {q) for queen, (j) for jack, (t) for 10, and (2)
through (9) representing the card with that value.

To see if a given string is a valid hand, one could do the following:

>>> valid = re.compile(r""[a2-9tjgk] S™M)

>>> displaymatch (valid.match ("akt5gq")) # Valid.
"<Match: 'akt5qg', groups=()>"

>>> displaymatch (valid.match ("akt5e")) # Invalid.
>>> displaymatch (valid.match ("akt")) # Invalid.
>>> displaymatch (valid.match("727ak")) # Valid.
"<Match: '727ak', groups=()>"
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That last hand, " 727ak", contained a pair, or two of the same valued cards. To match this with a regular expression,
one could use backreferences as such:

>>> pair = re.compile(r".*(.).*\1")
>>> displaymatch (pair.match ("717ak")) # Pair of 7s.
"<Match: '717', groups=('7"',)>"

>>> displaymatch (pair.match("718ak™)
>>> displaymatch (pair.match ("354aa")
"<Match: '354aa', groups=('a',)>"

# No pairs.
# Pair of aces.

)
)

To find out what card the pair consists of, one could use the group () method of the match object in the following
manner:

>>> pair = re.compile (r".*(.).*\1")

>>> pair.match("717ak") .group (1)

|7|

# Error because re.match() returns None, which doesn't have a group() method:

>>> pair.match("718ak") .group (1)
Traceback (most recent call last):
File "<pyshell#23>", line 1, in <module>
re.match(r".*(.).*\1", "718ak") .group (1)
AttributeError: 'NoneType' object has no attribute 'group'

>>> pair.match("354aa") .group (1)
lal

Simulating scanf()

Python does not currently have an equivalent to scanf (). Regular expressions are generally more powerful, though
also more verbose, than scanf () format strings. The table below offers some more-or-less equivalent mappings
between scanf () format tokens and regular expressions.

scanf () Token | Regular Expression

%cC .

%5¢c {5}

sd [—+]2\d+

%e, 3E, 3£, 39 [-+12 (\d+ (\.\d*) 2 [\.\d+) ([eE] [-+]?\d+) ?
%3 [—+12(0[xX] [\dA-Fa—f]1+|0[0-7]*[\d+)

%0 [-+]12[0-71+

%s \S+

$u \d+

%%, X [-+]1?2(0[xX])?[\dA-Fa-f]+

To extract the filename and numbers from a string like

’/usr/sbin/sendmail - 0 errors, 4 warnings

you would use a scanf () format like

%s — %d errors, %d warnings

The equivalent regular expression would be

’(\S+) - (\d+) errors, (\d+) warnings
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search() vs. match()

Python offers two different primitive operations based on regular expressions: re.match () checks for a match
only at the beginning of the string, while re. search () checks for a match anywhere in the string (this is what
Perl does by default).

For example:

>>> re.match ("c", "abcdef") # No match
>>> re.search("c", "abcdef™) # Match
<re.Match object; span=(2, 3), match='c'>

Regular expressions beginning with ' ~ ' can be used with search () to restrict the match at the beginning of the
string:

>>> re.match("c", "abcdef™) # No match
>>> re.search(""c", "abcdef") # No match
>>> re.search(""a", "abcdef™) # Match

<re.Match object; span=(0, 1), match='a'>

Note however that in MULTILINE mode match () only matches at the beginning of the string, whereas using
search () with a regular expression beginning with '~ ' will match at the beginning of each line.

>>> re.match('X', 'A\nB\nX', re.MULTILINE) # No match
>>> re.search('"X', 'A\nB\nX', re.MULTILINE) # Match
<re.Match object; span=(4, 5), match='X"'>

Making a Phonebook

split () splits a string into a list delimited by the passed pattern. The method is invaluable for converting textual
data into data structures that can be easily read and modified by Python as demonstrated in the following example
that creates a phonebook.

First, here is the input. Normally it may come from a file, here we are using triple-quoted string syntax

>>> text = """Ross McFluff: 834.345.1254 155 Elm Street

Ronald Heathmore: 892.345.3428 436 Finley Avenue
Frank Burger: 925.541.7625 662 South Dogwood Way

Heather Albrecht: 548.326.4584 919 Park Place"""

The entries are separated by one or more newlines. Now we convert the string into a list with each nonempty line
having its own entry:

>>> entries = re.split ("\n+", text)

>>> entries

['Ross McFluff: 834.345.1254 155 Elm Street',
'Ronald Heathmore: 892.345.3428 436 Finley Avenue',
'Frank Burger: 925.541.7625 662 South Dogwood Way',
'Heather Albrecht: 548.326.4584 919 Park Place']

Finally, split each entry into a list with first name, last name, telephone number, and address. We use the maxsplit
parameter of split () because the address has spaces, our splitting pattern, in it:

>>> [re.split(":? ", entry, 3) for entry in entries]
[['"Ross', 'McFluff', '834.345.1254', '155 Elm Street'],
['"Ronald', 'Heathmore', '892.345.3428', '436 Finley Avenue'],
['"Frank', 'Burger', '925.541.7625', '662 South Dogwood Way'],
["Heather', 'Albrecht', '548.326.4584', '919 Park Place']]
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The : ? pattern matches the colon after the last name, so that it does not occur in the result list. With amaxsplit
of 4, we could separate the house number from the street name:

>>> [re.split(":? ", entry, 4) for entry in entries]

[['"Ross', 'McFluff', '834.345.1254', '155', 'Elm Street'],
['"Ronald', 'Heathmore', '892.345.3428', '436', 'Finley Avenue'],
['"Frank', 'Burger', '925.541.7625', '662', 'South Dogwood Way'],
["Heather', 'Albrecht', '548.326.4584', '919', 'Park Place']]

Text Munging

sub () replaces every occurrence of a pattern with a string or the result of a function. This example demonstrates
using sub () with a function to { munge ) text, or randomize the order of all the characters in each word of a sentence
except for the first and last characters:

>>> def repl (m):
inner_word = list (m.group(2))
random.shuffle (inner_word)
C return m.group (1) + "".join (inner_word) + m.group (3)
>>> text = "Professor Abdolmalek, please report your absences promptly."
>>> re.sub (r" (\w) (\w+) (\w)", repl, text)
'Poefsrosr Aealmlobdk, pslaee reorpt your abnseces plmrptoy.'
>>> re.sub (r" (\w) (\w+) (\w)", repl, text)
'Pofsroser Aodlambelk, plasee reoprt yuor asnebces potlmrpy.'

Finding all Adverbs

findall () matches all occurrences of a pattern, not just the first one as search () does. For example, if a writer
wanted to find all of the adverbs in some text, they might use findall () in the following manner:

>>> text = "He was carefully disguised but captured quickly by police."
>>> re.findall (r"\w+ly", text)
['carefully', 'quickly']

Finding all Adverbs and their Positions

If one wants more information about all matches of a pattern than the matched text, finditer () is useful as it
provides match objects instead of strings. Continuing with the previous example, if a writer wanted to find all of the
adverbs and their positions in some text, they would use finditer () in the following manner:

>>> text = "He was carefully disguised but captured quickly by police."
>>> for m in re.finditer (r"\w+ly", text):
print (' - : ' % (m.start (), m.end(), m.group(0)))

07-16: carefully
40-47: quickly
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Raw String Notation

Raw string notation (r"text") keeps regular expressions sane. Without it, every backslash (' \ ') in a regular
expression would have to be prefixed with another one to escape it. For example, the two following lines of code are
functionally identical:

>>> re.match (r"\W(.)
<re.Match object;
>>> re.match ("\\W (
<re.Match object;

\I\W", " £f ")

span=(0, 4), match=' ff '>
)\NIN\w", " ff M)
span=(0, 4), match=' ff '>

When one wants to match a literal backslash, it must be escaped in the regular expression. With raw string nota-
tion, this means r"\\". Without raw string notation, one must use "\ \ \\ ", making the following lines of code
functionally identical:

>>> re.match (r"\\", r"\\")
<re.Match object; span=(0, 1), match="\\'>
>>> re.match ("\\\\", r"\\")

<re.Match object; span=(0, 1), match="\\"'>

Writing a Tokenizer
A tokenizer or scanner analyzes a string to categorize groups of characters. This is a useful first step in writing a
compiler or interpreter.

The text categories are specified with regular expressions. The technique is to combine those into a single master
regular expression and to loop over successive matches:

from typing import NamedTuple
import re

class Token (NamedTuple) :
type: str
value: str
line: int
column: int

def tokenize (code) :

keywords = {'IF', 'THEN', 'ENDIF', 'FOR', 'NEXT', 'GOSUB', 'RETURN'}
token_specification = [
("NUMBER', r'\d+(\.\d*)?"), # Integer or decimal number
("ASSIGN', r':="), # Assignment operator
('END', r'; "), # Statement terminator
("ID"', r'[A-Za-z]+"), # Identifiers
('op', r'[+\-*/1") # Arithmetic operators
('"NEWLINE', r'\n'"), # Line endings
('SKIP', r'[ \tl+"), # Skip over spaces and tabs
("MISMATCH', r'."), # Any other character
]
tok_regex = '|'.join(' (?P<%s5>%s)' % pair for pair in token_specification)
line_num = 1
line_start = 0

for mo in re.finditer (tok_regex,
kind = mo.lastgroup
value = mo.group ()

column = mo.start () - line_start

code) :

if kind == 'NUMBER':
value = float (value) if '.' in value else int (value)
elif kind == 'ID' and value in keywords:
kind = value
(THZ oA el A%
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elif kind == 'NEWLINE':
line_start = mo.end()
line_num += 1

continue
elif kind == 'SKIP':
continue
elif kin == 'MISMATCH':
raise RuntimeError (f'{value unexpected on line {line_num}")

yield Token (kind, value, line_num, column)

statements = '"'
IF quantity THEN
total := total + price * guantity;
tax := price * 0.05;
ENDIF;

for token in tokenize (statements) :
print (token)

The tokenizer produces the following output:

Token (type="IF', value='IF', line=2, column=4)

Token (type="'ID', value='quantity', line=2, column=7)
Token (type="'THEN', value='THEN', line=2, column=16)
Token (type="'ID', value='total', line=3, column=38)

(

(

(

(
Token (type="ASSIGN', wvalue=':=', line=3, column=14)
Token (type="ID', value='total', line=3, column=17)
Token (type='OP', value='+', line=3, column=23)
Token (type="'ID', value='price', line=3, column=25)
Token (type='0OP', value='*', line=3, column=31)
Token (type="'ID', value='quantity', line=3, column=33)
Token (type="END', value=';', line=3, column=41)
Token (type="'ID', value='tax', line=4, column=8)
Token (type="ASSIGN', wvalue=':=', line=4, column=12)
Token (type="'ID', value='price', line=4, column=15)
Token (type='0P', value='*', line=4, column=21)
Token (type="'NUMBER', wvalue=0.05, line=4, column=23)
Token (type="END', value=';', line=4, column=27)
Token (type="ENDIF', value='ENDIF', line=5, column=4)
Token (type="END', value=';', line=5, column=9)

6.3 difflib — HE} A4S 2T =< 0]

22 F: Lib/difflib.py
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9 8 2ol 2 Ho]F= SAF HTML ¥ 5 FA9 & vhshsh o},
o] A E 9] QA= make file() PIAE2] olx}9} 24U t).
Tools/scripts/diff.py= o] 82 HaE 2 dEJd T, =2 A8 o E Y 5Tt
difflib.context_diff (a, b, fromfile=", tofile=", fromfiledate=", tofiledate=", n=3, lineterm="\n")
a2t h(EAE 9] Bl AE)E v e (DEF 2 S A= AL ol e)E B2l diff P20z

ul g3 o,

Pl difs 9X WAE 27 @ 20 2w Y.
ol A/0) % 2 et 2 EAF U B o] 51 ol &3] AR v} 712 2 3 e,
7 =

o

io.I0OBase.readlines ()& W=o]R Q&o] io.T0Base.writelines ()2 A AFL3F

A dif & AP FEF ot dl FEFUTh sy, b3 28 BT 2ol & d 4o
w9 U ok

Zo & dgo] Sl A old, lineterm JAALE "" 2 AAZNA S0l dAEHA =& ol 23
A AL

N diff 3] Ao QA o7 std W A A 7kol| o &t

o 1=
= fromfile, tofile, fromfiledate 2 tofiledate®l] A4S A& *}OC]
140 2 1508601 34102 AR UTE AFelA erowl, BAAE] 7wk W B A

=

>>> s1 = ['bacon\n', 'eggs\n', 'ham\n', 'guido\n']
>>> 52 = ['python\n', 'eggy\n', 'hamster\n', 'guido\n']

—'after.py'))
*** before.py
-—— after.py

khkkhkkhkAkhkkhkkhkhkhkkkhkkxk
* %k 1,4 * x * K
! bacon
! eggs
! ham
guido
-— 1,4 ———
! python
! eggy
! hamster
guido

>>> sys.stdout.writelines (context_diff(sl, s2, fromfile='before.py', tofile=

S AR ol Al diffibe] W = 9lE] 5] o] 2% FR A L.
difflib.get_close_matches (word, possibilities, n=3, cutoff=0.6)

HAAY (8 £2) A FAEE S UTH worde 2 A7 EEE 3F= A

wlA o 7 B21d) o, possibilities= word2} XA 4 A A 29 g AEYUTH(LRIA o7

YrE

AR QA n(7) gk 3) L MG 2 AX 9] Hoh AS AU Th ak 02 ok Ak P

)

r{u
N

Fal
s

1o o,
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A B A A2 cutoff (712 %% 0. 6) & [0, 1] 91 2] float YU th. word9}2] F-AHE A7} o] ghEth

possibilities = A U o}

possibilities Z-oll Al 7} 2 (Hth n 7)) A7} 2| AE 2 WhabE =], A A= 4 E

L 717 AR A o] WA e

A o
b R

5

2

>>> get_close_matches('appel', ['ape', 'apple', 'peach', 'puppy'l])
['apple', 'ape']

>>> import keyword

>>> get_close_matches ('wheel', keyword.kwlist)

['"while']

>>> get_close_matches ('pineapple', keyword.kwlist)

[]
>>> get_close_matches ('accept', keyword.kwlist)
["except']

difflib.ndiff (a, b, linejunk=None, charjunk=IS_CHARACTER_JUNK)

aft b(EAL] glAE)E N uPdUth; piffer-28LD dEH(DE ES FATHE Al o) S

Ll iR =
A A 7)1 = ) 7} A4 linejunk 2 charjunk= D E] 3 34 (= None) YUt}

linejunk: &L FAHE AAHE WofEolal FAFE o] AW - vhststal, 184 o H A
u3lEl = UV\?:]\AE} 71 B NonedUth B E 459 &4 15 LINE JUNK () & =1
2R T FA(#)E AL A woll Hol= A gle €5 2 yuth-sHA

[e)
3]‘—3‘

, H

3

Sequencedatcher 2UAE oM Fo| Lo Burg A% SHe=A 4o BAaw,

o] Ao BE o] §4E el AR EIA YU

charjunk: F-AFH(A 0] 19] FAH) & otz o], A7 B3 g wbghstar, 219 A gkoH A
HESksl= S Ut 7| B3k B E 459 &4 IS CHARACTER_JUNK () Q1H)], ZW B 2}(

QAQ% Zuﬂﬂxgzﬂ R

iy < .

L

%%%@7—}01 olgdyth & A&k
Tools/scripts/ndiff.py= o] o tdyay & zHEQE YJyth

>>> diff = ndiff ('one\ntwo\nthree\n'.splitlines (keepends=True),
. 'ore\ntree\nemu\n'.splitlines (keepends=True))
>>> print (''.join(diff), end="")

- one

o A

+ ore

- two
- three

+ tree
+ emu

difflib.restore (sequence, which)

delE e F A2 5 5UE wEEEh th

Differ.compare () WU ndiff ()& W&o X sequenceZ} o] A4, 5+Q 1 0]y 2() 7} B which)

AN AR AFH UL S5 FE0+L, € HFAE AAGU

o
>>> diff = ndiff ('one\ntwo\nthree\n'.splitlines (keepends=True),
. 'ore\ntree\nemu\n'.splitlines (keepends=True))
>>> diff = list(diff) # materialize the generated delta into a list
>>> print (''.join(restore(diff, 1)), end="")
one
two
three
>>> print (''.join(restore(diff, 2)), end="")
ore
(TS eI AZ)
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(o1 sl o] A A A%)

tree
emu

difflib.unified_diff (a, b, fromfile=", tofile=", fromfiledate=") tofiledate=", n=3, lineterm="\n")
aShb(F AR ¥ 2E) B WP Th Weh(Det E& A S AV el o E) & B dif Yo
sk o

S % (unified) diff = EA A 3 2 9 2HwhE Hell A ZAISHE AT TH AU WA
A2 (RS o] /o] E5 Tl ekl 28 2 EAF U 8 £ S nl & AA =W

712339 Ytk
72RO R, diff Alo] E(——, +++ B ee7IEZTH Z2D)2 2ol 29474 S 2o HEAAFHYTH
Olﬂé%io.IOBase.readlines()EQDPCCH%]%ﬁﬂo]'o IOBase. wrltelines(}g}éiﬂlﬁk%
Sl AR dif S AT S e B FEUUG AubehE, 48D 2 T 2o & 7ol
9171 T <)k

2ol 2 0700l g A o), lineterm A2 172 AAAA B ABE A W] E8H A
A A1 2

W diff YAl AuA o AT 57 Aol A AUk ol F F AR
B = fromfile, tofile, fromfiledate X tofiledate®]| *u—?(}‘ﬁ% /\}%— st A AE 4~ JS5Uth £=F A
A 021808601 P40z AP UL A QA gfod, AL S 7282 W 24k

d

o, r{n

>>> s1 = ['bacon\n', 'eggs\n', 'ham\n', 'guido\n']
>>> 52 = ['python\n', 'eggy\n', 'hamster\n', 'guido\n']
>>> sys.stdout.writelines (unified_diff(sl, s2, fromfile='before.py', tofile=
—'after.py'))
—-—— before.py
+++ after.py
@@ -1,4 +1,4 Q@
-bacon
-eggs
—ham
+python
+teggy
+hamster
guido

H8 A B oA diffibe] B % AE s o] A8 BEFAA L
difflib.diff_bytes (dfunc, a, b, fromfile=b", tofile=b", fromfiledate=b", tofiledate=b", n=3,
lineterm=b’\n")
as}t b(uto| EH AA &) 2| ~E) & dfuncE A-&3Ho] Bl P U T dfunc7t e P A0 2 dE)
Z (A vie| EQ) Y Al A~ E AFZ T dfunce Z8lEolojobdtn, BF unified diff ()t}
context_diff () YUTh

A AY LB gl A2 DY HolHE v E 5 A FUth nE Al
=9 24 olof gthswol btk BE A A9)) S s FEA WS
fromfile, tofile, fromfiledate, tofiledate, n, lineterm)Z&
A5 FUTh dfunce] 28-S ThAl Hlo| E2 MY BE, o o] At At &
QAT gt AT YL BHUh

B A 3.50] &7}

difflib.IS_LINE_JUNK (line)
FAE 4 Qs Z0)d TrueE WU T lineo] ¥ Zo] AU stue] '#' & X831, = lined
A 51: ;J\A‘/]D},j-axl HOoH A g s Uth o)A WAL ndiff () oAl A w7 A5 linejunk
o] 7| Ao 2 AR H ST

difflib.IS_CHARACTER_JUNK (ch)
FAE g A= A Trued SR TH ch7t 29 o] 24 Bl o] | £ 2} che FAIE 4= 5 U th
232 ol FAF ¢ YEUTE ndiff () oAA W RS charjunk®] 71230 2 A8 U th

jl
=
o4
.
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] B

Pattern Matching: The Gestalt Approach John W. Ratcliff 2} D. E. Metzener 2] 8] <23l & 11 8] Zof 3#31
EE. o)A 19884 7¥Y Dr. Dobb’s Journaldl] &35 95Ut}

6.3.1 SequenceMatcher 24|

SequenceMatcher & =ty Ze AAAE 25U T

class difflib.SequenceMatcher (isjunk=None, a=", b=", autojunk=True)
A8 9 2} isjunk+= None(7] 2 ZH) o] AU, A|D 2 LA E WolA 24 7F (AHA) o3, FA|Foof
She Aol v 22 Wk Shite] 7 3 ¢q¢ﬁﬂﬂww%ﬂNme°ﬂ“ﬂ%ﬁ%dmwm
x: False® Aol A% 2aUTh 3, % 4% FASA F5UTL o8 Sol.:

lambda x: x in " \t"

E= TAY A ALE ¥ WL, AT o] A9 §E FAstaL Al o, 919 22 AS st Ut
AEA Q2L a 9 b= T A FAYYTH 5 o Rl FAE o] 712 g dUTh FAELY 84+
BF S Al 7 sl oF gy th

ARHA A2} autojunk= A5 F A FE| A8 v 23 e = Ul AR E 5 s Ut

WA 3.290 F7}: autojunk v 7] HSE.

SequenceMatcher A A= A 7]2] o] ¥ ol EB| HEE Zt5 U T}: bjunks isjunk 7} True Q1 b 24 9]
A AUT}; bpopular= Fl € (R &4 3)s1A] Ggthd) oA 3ttt o = A 37 ofd
849 AP UL b2j= be] UM A 8 4F TE°] UYEPG Y X9 g|A2E R 1 3F 3} dict Y Y T
b7} set_seqgs () Y set_seq2 ()2 AHAAH = uﬂu]-l;]-/q] 7N 2% A A A= Yk

WA 3.200 F7}: bjunk 2 bpopular o) E 2| HE
SequenceMatcher AA| o= th23} 28 w A =71 95U T

set_seqgs (a, b)

WL F AALE AR,
SequenceMatcherv F AR A| @20 o St Z]"\ﬂ St AR E A XS FNA] SRR, W2 Al 20
i3l ] A EAE v '}34 , set_seq2 ()& AHE3 AFF AFSE = Al EAE W A4S

i, set_seqgl ()& HHE Al A& 7‘7—.‘01] e 3t R Ao 7 T4 AL.

set_seql (a)
e A A\ Al FA2E AUt vad & WA Al g2 dAH A s

set_seq2 (b)
e F i Al dAE AU vad A A Al g2 A A FsyTh

find_longest_match (alo, ahi, blo, bhi)
alalo:ahi] & b[blo:bhi]olA 7} 71 44 55 g5t

isjunk 7} A =F= A L} None ©| W, find longest_match()E ali:i+k]7}b[j:5+k]1 2} 2
2 (i, 3, k)EHESE=, 047]/\1 alo <= i <= 1+k <= ahio]ilblo <= j <= j+k
<= bhi Ut} o] 2AZ AFA 7= BE (i, j', yol thsll, #7F 2 k >= k', i
<= 1i'2i == i"'"¥Hj <= ' =% U]'—‘"G]"/}r/} = B -’JEH A g%zoﬂ/ﬂ al A 7+
HA A&t B yadl M 7HE WA Al Fshe BE Y 44 25 FollA bl A
744 WA A2t

>>> s = SequenceMatcher (None, " abcd", "abcd abcd")
>>> s.find_longest_match(0, 5, 0, 9)
Match (a=0, b=4, size=5)

isjunk 7} Al &S, WA 74 7 A BFo] A7)9F Zo] AAHA T, AA 847t E
LFEFLA] Fobof Btk 7} A okl Q15
UANA 75 s T A2 SRPIT 22
A7 SATuE ALY, AT AXF
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o17]0] o] A3} 2 o7} YA B, 20| A FAZ BEF UL 0| DA ¥+ abcd' 7} F
W) AR 29 2o g abcd' 9 A AA5HA WA AUk B4 Tabed’ B A F 4
o] o
90

w, = WA A A2 A 713 A% rabed’ 9 LA T o

>>> s.find_longest_match(0, 5, 0, 9)
Match (a=1, b=0, size=4)

>>> 35 = SequenceMatcher (lambda x: x==" ", " abcd", "abcd abcd")

get_matching_blocks ()

FTAHSHA e LAt A EANF2E 7IEcte 3-/F32 2l2EE vkt A4 3-F&2

(1, 3, n) A, ali:i+n] == b[I:3+n] & XFUTh 3-F=2 ighjol tsf &=

Z71g Ut

HRAEF3-RE-& HuE| o), (len(a), len(b), 0) & 7HUthn == 0 FIA3-F=

duth (i, 3, m) (4 j', n') 7 g 2B A A 3-FEolaL, F AR |~ EL]

BB 3 e S e < L B e < 3" IUTh 2 O A RES B4 A4

U Z2 ESS e yrth

>>> s = SequenceMatcher (None, "abxcd", "abcd")

>>> s.get_matching_blocks ()

[Match (a=0, b=0, size=2), Match(a=3, b=2, size=2), Match(a=5, b=4, size=0)]
get_opcodes ()

ag b2 WEel= S AW ote 5-FEo g2ES WUt 4 &L (tag, i1, i2,

i1, 32) AAUE R WA FEL 11 == j1 == 0 o] 1, YA FEel AL il o] A

T2 29} 231, bR A 2 12 o] A j29} 25U th

ZF EC
A
'replace'| a[il: i2]%b[jl 2] Ei]ﬂ-éﬂ%ﬁl—b]r/}_
'"delete' alil:i2]1 = AN YUTE ojnf 51 == j2 94 S A L.
nseret (D132 S (31:10) o FUAF G A 11 o= 12 9% AR
Al L
'equal' alil:i2] == b[j1:32] (B AIA27} S5 T).
g =9
>>> a = "gabxcd"
>>> b = "abycdf"
>>> s = SequenceMatcher (None, a, b)
>>> for tag, il, i2, j1, j2 in s.get_opcodes():
print (' al : 1 —> bl : ] -——> '.format (
Ce tag, 11, i2, 31, Jj2, alil:12], bl[jl1:321))
delete af[0:1] ——> b[0:0] 'q' > !
equal af[l:3] ——> b[0:2] 'ab' ——> 'ab'
replace al[3:4] ——> b[2:3] x> Ty
equal afd4:6] ——> b[3:5] 'ed' ——> 'cd!
insert a[(6:6] ——> b[5:6] TYo——> !

get_grouped_opcodes (n=3)
A n =Y 9L 2te 259 Alv e ol 5 & vk th

get_opcodes () oA ukghe 2F 02 s, o] WA= T 22w
WA el fle S HAE AAF U

IF2 get_opcodes () & 22 A o0& vkgbg Ut

3 EHSHE YR,
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ratio()
[0,1]19] M 9] floatE A| A2 GAMA AT 2 Ze=U)
T7h S Ad2e 229 & A50|2, M IX) A5 u, A== 2.0*M/ Ttk Ad27}

Zow LOO]T%%L/VP glow .09yt

get_matching blocks () Y get_opcodes ()7} o}A T &5 A] gkgf o, A ASH= ¢ H]
Lol Wo]l SYrt} o] ull, quick_ratio() YWreal_quick_ratio()E HA A|Z3lo] AF
IS A2 A5

F3: 39 ratio) B35 Avhe Axte) w4 o upe Febd £ glH U o & Sol:
>>> SequenceMatcher (None, 'tide', 'diet').ratio()

0.25

>>> SequenceMatcher (None, 'diet', 'tide').ratio()

0.5

quick_ratio ()
v A 2] ratio ()] gk vhEHE YT

real_quick_ratio ()
o} g ratio ()2 ASHE vEs o)

T EA ol ti g G4 Hl&E RESkehE Al ZHA HA EE AR T2 S5 2R R O AgE £
T g5 Utk SR Yk quick_ratio () $real_quick_ratio() & G4 H A3 ratio() WHE 2 S
=Ytk
>>> s = SequenceMatcher (None, "abcd", "bcde")
>>> s.ratio()
0.75
>>> s.quick_ratio()
0.75
>>> s.real_quick_ratio()
1.0
6.3.2 SequenceMatcher Ol A|
of Al ME FWE (F) 2 HF ], F EALS W w T
>>> s = SequenceMatcher (lambda x: x == " ",
"private Thread currentThread;",
"private volatile Thread currentThread;")
ratio ()& [0, 1] 8919 floats WE3te], N B2 fAS S FTh R R, ratio() ol

O <10, 1]
0.6 o] Fo 8 AP 27k 2PBHA A TS FFh

>>> print (round(s.ratio(), 3))
0.866

Al A 27 AR 6F= BEo 0 #Al o] It ™, get_matching blocks () 7} #8334 o}

>>> for block in s.get_matching_blocks() :

.. print ("al 1 and b ] match for elements" % block)
al0] and b[0] match for 8 elements

al[8] and b[17] match for 21 elements

al29] and b[38] match for 0 elements

get matching_blocks O ol o3 9 v e F 22 F4 vl (len(a), len(b), 0)olH,
ol A Y FZE @A (LA 849 ) 710 A Fde ALYtk

A A A F2E F AR Al D22 HA 5 S ¢al Athd, get_opcodes () & AR Al £

=]
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>>> for opcode in s.get_opcodes():

.. print (" al : 1 bl : 1" % opcode)
equal af[0:8] b[0:8]

insert af[8:8] b[8:17]

equal al[8:29] b[17:38]

= et_close_matches () &4+ SequenceMatcherE AFR3 71hsl T & AHA] S £ 35
$29 YL FAHE BUS BT

i
1o
Q

6.3.3 Differ Z4X|

Difrer7t WE MUK AL AMER T4 gl AT Wl E, AL AT £ U A2
A, 7 gt BE oA A& FAsH WUt W2 A 0 2 1005 o] 2] 7F H o] 1 Lo Al A A
A7) 7= ?J‘%E}. T AFE A-ST A Z A g 712 ¢ D diff § B Al 459 A9 S
B39
Differ Fe20le The T 2-& AR A Th:
class difflib.Differ (linejunk=None, charjunk=None)
AMe A 719 = vf 7] HS: lingjunk £} charjunk+= B E T4 (= None) E 93 A J Yt
lingiunk: T #A AAHE o5 ol 1 EAI o] AAT S WS BTk 71 EZE None
ojn, ol oW 2% AI 7 F51A] $SS o
charjunk: BA1(20] 19) #2490 & Whol S o) 3, ¥ A7} AW 2 sl B 71 Bge
Noneo B, o] &= o BALE 422 5517 9322 v gk
=

ojglgt A= AW T AolHS F7] AT LA FEE EolA Ao 7t e EolUY wAE
FASHA] kUt Aol B3 rind longest_match () WA XE2] isjunk vl 7] W <S=of T sk

[e)
A5g godine

Differ AAL B AN EE B3 ALEH U tH(RE B AU th

ek,

6.3.4 Differ Oi|X|

o AL AL AE B HmFUL WA GAES RSy, F 0 BAR s E vd B
AR AA2YUTH (el 8 A A2t AT AAY readlines ) MAEZE 28 5 A& 1Th:

>>> textl = '''" 1. Beautiful is better than ugly.
2. Explicit is better than implicit.
3. Simple is better than complex.
4. Complex is better than complicated.

. """ .splitlines (keepends=True)

>>> len (textl)

4

>>> textl1[0][-1]

l\nv

>>> text2 = ''' 1. Beautiful is better than ugly.
3. Simple is better than complex.

(Th& sl AT ol A%)
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(o] A o] A el A Al)

4. Complicated is better than complex.
5. Flat is better than nested.
""" .splitlines (keepends=True)

o} © & Differ 24 9] d A8 AE iYL}

>>> d = Differ ()

piffer AA|o dxdag W], EF A (A T) £ LH st F-EALD 5 =l 7oA
AL AR W& Differ () AHAE FERIAIL

A ute 2, F )8 v m e o

i)

>>> result = list (d.compare (textl, text2))

resulte EAEY] gaEo|BR, o ¥ A E 37 AT}

>>> from pprint import pprint

>>> pprint (result)

[ 1. Beautiful is better than ugly.\n'

! 2. Explicit is better than implicit.\n',

' 3. Simple is better than complex.\n'
3

'+ Simple is better than complex.\n',

' ++\n',

' - 4. Complex is better than complicated.\n',
'? A PR /\\nl,

'+ 4. Complicated is better than complex.\n',
'? ++++ N “\n',

'y 5. Flat is better than nested.\n']

ol ol x4 st AL E W ol FA gtk

>>> import sys
>>> sys.stdout.writelines (result)
1. Beautiful is better than ugly.
2. Explicit is better than implicit.
- 3. Simple is better than complex.
3

+ Simple is better than complex.

? ++

- 4. Complex is better than complicated.
2 el A
+ 4. Complicated is better than complex.
? ++++ N ~
+ 5. Flat is better than nested.

6.3.5 difflib2| HH = QE{H0|A

o Al Al & difflibE AH-§-3to] dif£ 9} ARG FEBEE e WS HolFUth o] A2 go| i &

W Z o] Tools/scripts/diff.pyE E o

Aﬂ
2
30,
ofy
<

#!/usr/bin/env python3
""" Command line interface to difflib.py providing diffs in four formats:

* ndiff: lists every line and highlights interline changes.

* context: highlights clusters of changes in a before/after format.
* unified: highlights clusters of changes in an inline format.

* html: generates side by side comparison with change highlights.

mn

(T sl el Aol A%)
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(o1 sl o] A A A%)

import sys, os, difflib, argparse
from datetime import datetime, timezone

def file_mtime (path) :
t = datetime.fromtimestamp (os.stat (path) .st_mtime,
timezone.utc)
return t.astimezone () .isoformat ()

def main () :

parser = argparse.ArgumentParser ()
parser.add_argument ('-c', action='store_true', default=False,
help='Produce a context format diff (default)"')
parser.add_argument ('-u', action='store_true', default=False,
help='Produce a unified format diff')
parser.add_argument ('-m', action='store_true', default=False,
help='Produce HTML side by side diff '
'(can use -c and -1 in conjunction) ')
parser.add_argument ('-n', action='store_true', default=False,
help='Produce a ndiff format diff'")
parser.add_argument ('-1', '—--lines', type=int, default=3,
help='Set number of context lines (default 3)"')
parser.add_argument ('fromfile')
parser.add_argument ('tofile')
options = parser.parse_args()

n = options.lines
fromfile = options.fromfile
tofile = options.tofile

fromdate = file_mtime (fromfile)
todate = file mtime (tofile)
with open (fromfile) as ff:
fromlines = ff.readlines()
with open(tofile) as tf:
tolines = tf.readlines()

if options.u:
diff = difflib.unified_diff (fromlines, tolines, fromfile, tofile, fromdate,
— todate, n=n)
elif options.n:
diff = difflib.ndiff (fromlines, tolines)
elif options.m:
diff = difflib.HtmlDiff () .make_file (fromlines,tolines, fromfile,tofile,
—context=options.c,numlines=n)
else:
diff = difflib.context_diff (fromlines, tolines, fromfile, tofile, fromdate,
— todate, n=n)

sys.stdout.writelines (diff)

if name_ == "'__main___
main ()
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6.4 textwrap — EHIAE &} X2 7|

2 F & Lib/textwrap.py

textwrap EEL BE ZA L $35t= A 29 TextWrapper® vl oly E]— 4 7}x] H Fﬂ S5 A
THUTH o S HAE FAE 5 ¥ g (wrapping) 5} A U Al 2 (filling) THH, A e R E 5 F S oF
Ut 28R FOoH B8-S 6 TextWrapper AABEAE AFE-3] oF U]"/]‘_/}-

%

textwrap. wrap(text width=70, **kwargs)
rexi(F 2]y o] 9= T BTk H Pl A BE S Pol 7} Aok widih A H =S FUTh HE 5
a0l gl %faﬂ Z 9o Bl2ES wagU L
AR 719 = AA= oo AP H TextWrapper] ALEA JEZHE
o 7182 709 Yth

wrap () 2HE WAlof| tf 8F XA 3 8L TextWrapper.wrap () HIAES ZFR A L.

of 3l gt} width

=

textwrap.£ill (fext, width=70, **kwargs)
texto] =D FhS A, g H BAS 23t dd ExG S e yn) fi11 ()2

e 29 mAYUH

"\n".Jjoin (wrap (text, ...))

53], £i11 ()& wrap ()3 Z& 7191 E QA& Aol gyt

textwrap.shorten (fext, width, **kwargs)
o} 2 widiholl BA| 712 textE %5t A L AEU T
WA ool 9= B o] P UL (LE T o) B 25| a2 X FFUTH. A7 widiho
o ukeg Y} 1%“1 ?5}2%1, U A ©oj et placeholderZt width Yol Bte & F2 3
tho] 7} Zol A ALAF U T

>>> textwrap.shorten("Hello world!", width=12)

'Hello world!'

>>> textwrap.shorten("Hello world!", width=11)

'Hello [...]"

>>> textwrap.shorten("Hello world", width=10, placeholder="...")
'Hello...'

A8 A 7)1 = QARp= ofef ol ’“tﬂﬂ TextWrapper?] ?_]i% JEZRHE FFTYct A
E 7} TextWrapper flll () Stol AT 7] Aof] Mol =FE B2 tabsize, expand tabs,
drop_whitespace ¥ replace_whitespace 3= ‘ﬂﬁ St AL ol g7t 9 -89 G2 5HA
Al L.

WA 340 F7}

textwrap.dedent (frext)
textd] LE Zol| A 22 A8 g A Aok

AL AF GGRE B EALL 25 DEA o] F] BolxT] W FE2 AN AN, T 2Z
lolo] 9% AgAtelo] it ol AT 5 AH U

W} BT FH 0T A A u o] 5ol 27 ehgol SN " hello"sh"\thello”

2ot 25 AW Tl gt Aow FFUT

— s
& =4
def test():
# end first line with \ to avoid the empty line!
s = lvv\
hello

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

world
print (repr(s)) # prints ' hello\n world\n !
print (repr (dedent (s))) # prints 'hello\n world\n'

textwrap.indent (fext, prefix, predicate=None)
textol| A AR & 2] A2 H2 o prefixg F7FU o
text.splitlines (True) & S &3t &
ANRA LR, prefivie B LR T A g BE S (R E £ 27hH

oE =4

>>> s = 'hello\n\n \nworld'
>>> indent (s, ' ")
' hello\n\n \n world'

A A predicate A A= o]H S5 S22 78 A] Alof sk o] AHEE = FUTH o & 50, ¥ &3
SR = Eol = prefin s F71eH71 = 5 th

>>> print (indent (s, '+ ', lambda line: True))

+ hello

+

+

+ world

B A 3.30] 7}

wrap (), £i11 () W shorten ()& TextWrapper AAEAE WEDT 749 dd HAEE
ZHEdUth o] A"l A= QA E A 7] W, wrap () R/EE £il1l ()& AHEsto] B2 H
FALE Ae)dhe S8 2P L, o2& A9 Textirapper A E WEE Zol o A &4 Y
S 9%
M A

YaEt 33} sho Eo] gl tolo] SholE uhz o)Al B S AL AB I Th Textirapper.
break_long_words7t AR S &2 A= o] Q1A ¢kow I Fojut 7] thol & £ T
class textwrap.TextWrapper (**kwargs)

Textirapper AL ol e A9] AWA 7|91 A4S WolE U th 7 71912 Sl Abe Al AE A

JEFFE fFFUTH LA o E EH

wrapper = TextWrapper (initial_indent="* ")

£ ke gen

wrapper = TextWrapper ()
wrapper.initial_indent = "* "

2L TextWrapper AAE o] A
W] SAE WA 5 Ak

Textirapper A2 2 o B HE (2 A4 A & A9 = AR £ 2T 2Tk

width
(7183 70) @2 F =9 Ao deo]. 49 H

o widthE Tt 71 71 ol 7} gl & 3,
TextWrappere width ZAETH 7 & o

~E
Y&e B3

1%
N
)

expand_tabs
(712 Zk: True) 2o W, texto] BE B E2}17} fexto] expandtabs () WA EE AR5}l A5
0|2 S .

tabsize
(7182 3k: 8) expand_tabs7} ol W, textd] BE ¥ T4t
A ol4Fe] 2so] 2% B UL

rr
e

A D Fol X | 27100 w0
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WA 3.3 =7}

replace_whitespace
(712 %k True) Fold, | 4 & 2=
Z AU AgE e 3 A
2l ("\t\n\v\f\r").

Z3: expand tabsZ} AR o]
olxz A ghEu, § Sate gk

H
)
3
—~
Q
QO
‘(D
5
[
-y
)
)
3
Q
(9]
)
N
N,
ok
)
EE
K
iy
el
N
)
rr
rf
ne
[>
i)

F3: replace whitespaceZ} AR oW, & F 7ol & vl o] LEFLEA o] A3t A3}
WA E 4 Q1T o] 3t o] § 2 BlAE = (str.splitlines () U -SAFSE AL AFL-3]A))
roow Bee Do Wr g o Faof gt

drop_whitespace
(712 3k: True) Fold, € £ A5 29 &9 (H o] & S0j227] A) o] 2A1H Yt
FoAF RO Fule Fulo] ofd Zo] Ho] £¥ AA|H A HUTh AAH L o] &
AAE A2 8H4, & A A 7} AHA1E Y o

initial_indent
7123k )

% ) & kol 748 EAGIUTh A A B2 2] Aol
EFHUCH W EALE o 24 ghvoh

rid
i
1%
lo
2

>,->‘4_Al
)
)
(N
o
=
4>n
N

subsequent_indent
123 ') A S AT 43
A 213 72k £¢] Do) At 23
fix_sentence_endings
(718 3k: False) oW, Textirappers #7498 &5 AA 8t B3] 4 43| F+ 719
s3lo] 22 BelH w5 s 1 gtk 0|2

7Pyt o] &g Ee BIHA A€ vl e

’ [...] Dr. Frankenstein's monster [...]

kol 42+ (Spot.) Abole] Aol & FA S 4 jlvk= AYutt

N

’[...] See Spot. See Spot run [...]

fix_sentence_endings—= 7| 2A o072 AR YUYt}

break_long_words
(712 7k True) oW, widthB T} 71 Eo] YT = 317 Y3, widthBE o} 7] ©o] & B3g}
Utk AR ol®, 71 thol 7} AR A ghow], YR Fo] widenrt A 5 AHYTh (widthE
23l G H4ske] 9 1 Bol 98 Sl YSUh)

break_on_hyphens
(71 2%k True) Fol ™, g o], Folol A Belthz, T} 53} dhof o] dfo] & vz 7 o A
DG YT ARlold, 3 E a2 A $2 F42 A, AT B A ob=
T E Y3t} break_long wordsE AROZE AAFoFgUt) o)A WAL 7 E F2-L
FAotolEor A4H Dol & 28 T 5 A = Aol s Th

max_lines

(712 %k None) None©] o}, &3 L )| max_lines &S E3+5}3L, placeholder 7} =2 Lo

JeRdU T
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W 340 =7}

placeholder
&g [N Esed 28 2B Zofl AIE FAFL.
WA 3.40] F7}

TextWrappere & TF W] &2 A 2 7HA] 3§ WA =E Al @t

wrap (fext)

(AL O Y B ERE R E 29 ol ARY viain A2 AU RE 4

SHAL TextWrapper A2A2EH A QIAHA o] E | HE o A 7]'@—0“4‘:]‘ HF EvE Y=

2959 g 2E 8 BB 08 H 290] U 80] 9O H BEY gl Ae L v YU
£ill (text)

texto]] = FY FHE A, A H RS 286 @Y FAE S wEgh o}

6.5 unicodedata — SL|TE H|0|E{H|0|A

O RE2 EE FYUIE FAof st A £ B dt= FUZE A} dl o] H W] ] 2 (UCD - Unicode
Character Database) o] t] 3+ M| A~ E A3 T} o] g o] E] ¥ o] 2] 285 d o]l = UCD M A 12.1.00.3
At

EES FUIE 2F 75X #44, (U= Zakdlol o]z o Hd AR} 22 o5 7SS
AgFUTH T 2L R4S Ao Th
unicodedata.lookup (name)
o]0 % FAE 23 Itk ARH oS A/ BAN W, ) S5 BA SAF UL B
=R ko, keyError7F A gyl

B 33004 47 015 0 By ARL 7R gl

unicodedata.name (chr[ default]
chr #7o] FFA o] F& FALZ WBYUTE o Fol Ho)H A 20 W, defauti 7 W E= Ak,
A AT A o™ ValueErrorﬂ- WAy Sk T}

unicodedata.decimal chr[ default]
chr BAo] HRE 1005 e A4 2 HBFUTL 228 ko] B olH o) AR 92 W defautr 7}
WS E A A A F O valueError7F A g T}

unicodedata.digit (chr[, default]
chr Aol @FH =2} (digit) = A2 WHUTE 223 gho] o o] YA ¢k W default7}
HEE A A E A R e valueError7F A U T

unicodedata.numeric (chr[, default])
chr & 2}o]] &% 4= ] (numeric value) & float 2 Y13 U ). 283k gho] Ao EH o] YA o
default7} 3= A, A A A koW valueErrorZF AU T

unicodedata.category (chr)
chr E2te]l EFE Lk W3 (general category) & EAHA 2 HHF o

unicodedata.bidirectional (chr)
chr B2}l &= okH}3F 2 o)) A~ (bidirectional class) & FAFE 2 wkskskuoh. 18] 8 gho] Ao F o
9] ¢kow ul _,_x]-oﬂ o] ¥l&= Ut}

unicodedata. comblnlng(ch r)
chr E2}o) 38 A Z A3 Z 2 2 (canonical combining class) & F 4 & w3ttt 43 F A7)
gol=] 7] koW 0 Wk Th

! http://www.unicode.org/Public/12.1.0/ucd/NameAliases. txt
2 http://www.unicode.org/Public/12.1.0/ucd/NamedSequences.txt
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unicodedata.east_asian_width (chr)
= At chroll & 5 OFA] oF 3 (east asian width) & # A2 & RE&Hghy o}

unicodedata.mirrored (chr)
F 2} chrol] 9 72 4F 44 (mirrored property) 2 7@,-’%& ul3}
(A=) A= Qﬂaﬂﬂ‘l‘ 13 ekt 28 A oko ks

unicodedata.decomposition (chr)
B2} chrol] & E F 2} #3] vl 3 (character decomposition mapping) 2 # A€ 2 ¥kt c} 123k
g o] Hojx o] QIA] ko vl A o] vkEhg Ut

unicodedata.normalize (form, unistr)
FUIZE FAE unistroll W st 2 53} & 4] (normal form) form-g WU T forme] F &S 3h-2
(NFC), (NFKC), (NFD) ¥ (NFKD) ¢4t}

FTUIE 32 H < 5573 (canonical equivalence) B & 2 5573 (compatibility equivalence) 2] 7 2] &
Aoz, gURE EARe) chare Bsh BAS Al F T fUT =M, 6] EAE T
oz 2UY S s o] 2 S o], U+00C7 (LATIN CAPITAL LETTER C WITH CEDILLA)
2 Al 2 U+0043 (LATIN CAPITAL LETTER C) U+0327 (COMBINING CEDILLA) 2% ¥ & 4

9l vt

7 2ol =, T RS ATt G Alo] 95U th: A8 94 C9 373} 94 D. 773} 94 DINFD)
£ AZ oA s, 2 242 B P40 Wy ch A5 34 CNFO & WA 32
Loe 449 0he, ve) AR A oA 2P Th

o

ol F FH o=, 8 SIS 7o _]"C“T‘ 7HA 7t Bt sk F Aol s Utk RUIE
ol M=, %‘%Zﬂﬁi 2 RAst BRE L 54 247 AQF UL o & Sol, U+2160 (ROMAN
NUMERAL ONE) & U+0049 (LAT N CAPITAL LETTER I) 7} A Al & Z5Uth a4A ul, 7] & 22}
AE (& =01, gb2312) 342) T4

333 3 KDONFKD) & 2 24 o Ao B
2% KONTKO) & 04 5 DS A 01 1, 3% A58 A8 a0
% Aje] fURE BRG] FFoE I, Aol W7o 2o} Mol E, Shist AW BAE 23 ThE

unicodedata.is_normalized (form, unistr)
FUZE FALE unistro] 3 G2 formA A S U T forme] 28 gE2 (NFC), (NFKC),
(NFD) ¥ (NFKD) 94t}

W 3.8 =7}
T O] EES U 4T E =¥ Uth

unicodedata.unidata_version

o] RE| AL H G FE H o] e H o] A WA,

unicodedata.ued_3_2
O] AL A REY
A F T o] 54 WA FUIE HolE
AU,

A A

AR o] A 7k, FUZE t o] EfH o] 2~ ¥ 3.2E T4l
HlolAa7l B3 S8 =213 (718 IDNA) S 93t

L |
=
rlo
=,
>,
[
i
N
N,
K
i&
__ r[r

>>> import unicodedata

>>> unicodedata.lookup ('LEFT CURLY BRACKET')

l{l

>>> unicodedata.name('/")

'SOLIDUS'

>>> unicodedata.decimal ('9")

9

>>> unicodedata.decimal ('a')

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

ValueError: not a decimal

(F= soTAT ol AS)
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(o1 sl o] A A A%)

>>> unicodedata.category ('A") # 'L'etter, 'u'ppercase

lLul

>>> unicodedata.bidirectional ('\u0660') # 'A'rabic, 'N'umber
IAN'

6.6 stringprep — QIE{Ul EXIH FH]|

A2AF Lib/stringprep.py

A YA FATL(HE & STAE Ol%)
A5UTH o] vt A s = %

/AEAES FESIE=2] 22 A]
A S Ao & = A5y
RFC 3454= gyl =2 EF 9
Ast7] Ao, 0l A5 F
—LE_-’}O]EQHQ‘/F 211“5‘
HApo] o] Az Ko

S A3t = < o] Foll AH8-H ameprep‘ﬂ‘%‘?}-

stringprep BE-S RFC 34549 €l o] B w2 gt} olej @ Hlo| B dA e elaEg EHe)
Zle - 27w 2oll, RE2 YR A2 FUIE A Hl o B o]~ g A F UL BE A0 F
A4 = mkstringprep.py 18 FJE] 22131 AAE A5 YT

AR Ao 7 o]z 3l H ol tﬂ ]E{ TZ7Fold &4 E =& Ytk RFCol+ F

S’A%H of: At v, el 29 strlngprep% (54 &), S 7l i

WS FE AFFUL 0B A9, v F4E AFFUh Fo12 7
VAU 08 BRI AT 5 Qi ZE Boo B,

stringprep.in_table_al (code)
code7} tableA. 1(F U T E 320 A A AHE A ¢S I = 2AE) ) =4 TEFYT)

&3
r]o
xF

FE FALS (FH]) o= A5 BYFUh £AE S Al
Z}ﬁ = A2l ol F3td FA e 2= F Ytk RFC=
Aoyt 4 22342 AH§-3h= Bl o] &3} stringprep
H 0]z 7<L46H<>]: Ut} stringprep L2 3} 9] 3t 714 o=

-7 JT)

mﬂm$
O, ol
mlo

[k 2,
fu o
&

rlr

l

stringprep.in_table_bl (code)
code7} tableB.1(YWHA 0 2 o} 7 A& wfsq 5 2] ok th ol A=A Hd T

stringprep.map_table_b2 (code)
tableB.2(NFKC S} 31| AR&-5] = 7] o] 2= 54 v ) ol mhe} code®] w3 B 7h-2 whahgh o,

stringprep.map_table_b3 (code)
tableB.3(H 1+ 3} 71 gl Al o] 2~ & vl ) of] whek code] i3 H S vHEF U T

stringprep.in_table_cl1 (code)
code7} tableC.1.1(ASCII 2 5] o] A& B 2}) o] 9l=%] a3 o)

IJ
=

stringprep.in_table_c12 (code)
code7} tableC.1.2(¥] ASCII A5 o] A E2}) o] 9=A] 83t

stringprep.in_table_cll_c12 (code)
code7} tableC.1(2d o] 2~ £} C.1.17 C.1.29 §35gh o) =] =

%

ELeelch
stringprep.in_table_c21 (code)
code7} tableC.2.1(ASCII A o] £2}) of] J==] FE s}

stringprep.in_table_c22 (code)
code7} tableC.2.2(8] ASCII A o] &2} o] Q=%] sd s}

stringprep.in_table_c21_c22 (code)
code7} tableC.2(A| o] £, C.2.13 €229 AT ol YA FE Iyt

stringprep.in_table_c3 (code)
code7} tableC.3(7] 21 AF-&) ol Q=4 FE gt
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stringprep.in_table_c4 (code)
code7} tableC.4(H]| &2} F & A E) ] 9= gt}

stringprep.in_table_c5 (code)
code7} tableC.5(t] 8] Z.=) o =] FE 3

oy

stringprep.in_table_c6 (code)
code7} tableC.6( G HAE o= £A H)of Ql=A] Itk

stringprep.in_table_c7 (code)
code7} tableC.7(-+H 2 &= F & E)of Jd=A] FE I}

stringprep.in_table_c8 (code)
code7} tableC.8(FZEA] 54 W74 T+ H X))ol =4 I ch

stringprep.in_table_c9 (code)
code7} tableC.9(Z A} B} ) o] J+=X] #HE gt

stringprep.in_table_d1l (code)
code7} tableD.1(FF T 573 0] (R) o]t} (AL) 2 #2h ol =4 BEFch

stringprep.in_table_d2 (code)
code7} tableD.2(FH3F SAJ o] (L) o ExPoll =] AT )

6.7 readline — GNU readline QIE{m{|0|A

readline BE-2 3to| A A E Z g B of| A &7 (completion) 3} 3| ~E 2] 319 ¢17]/22 7] & & o] 5HA
Ste o T4 E 73-46“/]1’/} o] RE-2 AR A3 AL, th3}hA] JEJEOﬂH JJrOW A 2} 23S A
A= ricompleter BEg 53l /‘}ﬁﬂLA AFUth o] BEZ AMEste] A st W82 e =z g9
ehA ZEZES WA input () ST AT 8k i%iEA ERNET TR Nk

Readline 7] v} Q-2 27|53} 5tYd S T3 +AT = AdsUth ¢Wtd o2 F g E Y .inputre.
o] 5} o] A3} 585 = A H Readline 2}9] 2 ulA o] A H = GNU Readline
1] 5+ < 2] Readline Init File2 X3 A 2

]11
)
=
Lo
N
ofr
21
-
r°“

Z31: S} Readline 2}o] B 2] 8] API&= GNU readline T4l 1ibedit 2tolBH 2 T E 4 A5t
macOS o A readline REL A3 A7) A} =0 glo]l B S 2R U],

libedit.J :r’-/‘q 9} L GNU readlined] 74 3143 tfE Ut 28y Ao g 114 Exd9
2 X dE= F$ readline._ _doc__ ol A] (libedit) BN AEE 3913} GNU readhne»}hbedlt = :r"‘tﬂtﬂ'
T dFUTh

macOS || A editline/1ibedit readline AEH)HES AFE3E A E HAHF Y A= 27|35 9L 9
o]2L editrcYUth & E0],~/.editrc? TS YWLL vi 7] HFA W I TAB &AL AUt

python:bind -v
python:bind "I rl_complete
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PN'
W
s
e
>
op
Y
Sy
o
[
i
e
o
30,
ofy
°
Iy

3}
=4

4
rr

o}

o

TEgYTh

readline.read_init_file( [ﬁlename] )

readline %713} 1 91¢ AP ek 712 5 o] S vpA o 2 A3 5 ol F YLk
glolB e glo| A r1_read_init_file ()< &3t}
6.7.2 = b1
ohS g4 2ol W oo tia) 283 o)
readline.get_line_buffer ()
Z W A WL (3R gtol B 29 r1_line_buffer)< ¥t}
readline.insert_text (string)
- 2523

£ W39 AX YJA ol HAEE AFYFUTE sHE gho]l B 2ol A rl_insert_text ()
2], Whek gHe F Al o,
readline.redisplay ()
z Moo A 82 NYSHES Huio] EAHE RS AAFU S5 ol me ol A

1:
rl_redisplay () & T&% 1:]—

|2E2| mtd
the @t slaE e el gs) &g g ch
readline.read_history file( [ﬁlename]

readline 3|2~ E 2] Jd& T3, 3| 2B BEo 3
t}. 35 glol B 2] 8|9 A read_history () & &%

readline.write_history_file( [ﬁlename]
S|~ E 2] B53 readline S|~ E 2] 5t ol A5k, 7]|E L=
history?j \JD]- SHE glol B ol A write_history () & T &%t}

ol
[>

6.7.3

%

74Ut 712 std 2 ~/ . history Y4y
g},

readline.append_history_ file (nelements[ ﬁlename]
S| AE 29 ulA 2 nelements B2 3td o] 71Ut V) E gy e
do] oju] EAsf o Fyth. s 2ho] H 2 g]o) A append_history () £ &
gtolyio] o] & A ¥t gholHY g W o r Hutdd vt A g ok

B A 3.50] &7}

readline.get_history_length()

readline.set_history_length (length)
S|~ gtdo] AgsH7] Yot & 5 AP AU R write _history file() g
TE °] = AF&Sto], SH gho] B 2f g o A history_truncate_file () & T &3} ]/\Eﬂ

St e AU &4 Fe AT Qe A AR 7 278 v et
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6.7.4 S|AER| 2
0e S Ao slame] B2 o) 283t

readline.clear_history ()
A s|2E T E AF Yt sHF ghel B el 2ol A clear_history () E ZEFUth o] =
ghol o] o] & APt gholHel g Mo r Hatdd F-polld At
readline.get_current history_length()
A sl~E ol A T FE AU (o1 A2 BT 9ol 7|52 Y € & W¥ete
get_history_length() ﬂ— oS54t}

readline.get_history_item (index)
indexol 9IE 31 ~E 2] B20) 84 S VAU B3 A AL 128 AP o
gto] B glo A history_get () & & th

readline.remove_history_item (pos)
S 2= 2014 917 (pos) £ A G H S AR 2] FEE AAGUTL A2 0RE AT TL S
glol B8] g ol A remove_history () & E&3 1t}

readline.replace_history_item (pos, line)
92 (pos) & A AH 3| 2E g FE2L lineo 2 AA T ¢ X 05E A AU c) 3HE glo] B g
2] Al replace_history_entry () & Z&3 Yt}

readline.add_history (line)
WA 2ol AHH AAY S 2w Mol lned FAAFUCE SR o] B el ol A
add_history () & T&@ T

readline.set_auto_history (enabled)

readline S &3l YHS ¢1S Wl add_history () o U3t A5 &S A =+ v &S YT
enabled A= L wf AHF 3 2E 8 E &3 s, AR Y wf] 5 7SS v &4 3stE 28

Frolojof
WA 3.60 =7}

CPython implementation detail: Auto history is enabled by default, and changes to this do not persist across
multiple sessions.

6.75 A &

readline.set_startup_hook [function]

B 2ol H 82 e r1_startup_hook T 3] S EFH = Td+-E A A AAT YL
function©] A= A A Z (hook) T2 A LT A =k A Y None ] A, oln] A9 7t
A AF Ut} o] L readlineo] A HA ZEZEE 2257 F A AAF o] T&=H YT}

readline.set_pre_input_hook ( [function]
aH ghol el 2]9) r1_pre_input_hook ZWo| &3] 3 EF & #48 A A YA AT
function®] A 3= A, A & = ARSEE Ut A= Ay None o™, ojw] A F7H Al A g Y
T} o] £ A WA ZExES} A T readlineo] Y BAE 7] A&7 2 Aol A7 gl
S UL o Rt ko] Ho] o A e shol Helel WAL T AoAH A-5olw ZA T
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6.7.6 2+

= ST AR A Do &4 s TS A
d8e = %01 S A otal AHE o2 AT 5 s
L5 ol W A HAE S B= ricompleterd] A
AHE 2 o] 2 719 A ARG |, ThE Tl

o] 9t} o] 212 WA © & Tab 7] & 2535},
© 2, Readline 2 t) 3}4] QB2 B &
E AAF JdHFYTE readline R ES
2 ARl oF gt}
readline.set_completer ( [function] )
&4 Y4 A AL A AT funciono) A5 8 A 24 B A8 ek e
Noneol ®, ol u] A XH ¢4 F47H A AR UL 84 G5t EALDo] obd g WHT WA o,
1,259 stateoﬂ i3l function (text, state)® ZEFFPUYTh rerE A& 3= Thg 2 2 7153
S = wkeksf of Pt

AXE G4 s au ﬂ—O] B 29 r1_completion_matches () 2 AZH entry_func 23 o
o] TEFH YT} text FALE L SR glo] B89 r1_attempted_completion_function &

W] A vl W2 e Sy,

readline.get_completer ()
4 el G Fr7t A A A e Nones @

zly

Y.

readline.get_completion_type ()
NE F9 94 382 AR U 3 gholBefel o r1_completion_type W54 E FFE
whekehy o

readline.get_begidx ()

readline.get_endidx ()
S %91 (completion scope) o] A1 %ol L} 2 €18 28 /A ST o] Q8|4 33 2ho] 52
rl_attempted_completion_function Z¥ o AEH start} end AXY Yt

readline.set_completer_delims (string)
readline.get_completer_delims ()
AL 93 tho] FRAE ARFAY A GULE o] A5 AL ) 12 whol o) A= (94
WS AATU T o] 4= HE glo]H# 8]9) r1_completer_word_break_characters
5% Mg
!l = — 9 .

readline.set_completion_display matches_hook ( [function] )
G4 BN B5E ARFAY AATIT. funcion] ARHW, A2 e B4 BA B4
AR AR AY Noneo W, ol v AAH %A EA Foo} AARYT R
olB g g oAl r1_completion_ dlsplay matches_hook —'—‘Cﬂi S AATAY AU th
A EANTGTE AAE ZAGOF & wjult) 3 ¥ function (substitution, [matches],
longest_match_length) 2 T&H Y}

)

=
a}
&

6.7.7 Ol

O o= readline 289 3|2k ¢ 7|9 27 T4 E AFEt A XY &t A .
python_ historya}“ o] 59 JAED Y AFToE EE 3Fal A et o ‘?3:% HoF Ytk of
f ZEe dubd o g A8 2}2] PYTHONSTARTUP 3 ol A th 341 A o Z}%QE A=y

import atexit
import os
import readline

histfile = os.path.join(os.path.expanduser("~"), ".python_history")
try:
readline.read_history_file(histfile)
# default history len is -1 (infinite), which may grow unruly
readline.set_history_length(1000)
except FileNotFoundError:
pass

atexit.register (readline.write_history_file, histfile)
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ol A== AAZ FJolHol Y35}y R AYPH uf] A5 2 AP P T} (Readline 773 & FRIAAIL).
02 e 225X E GAIA LA S| 2E-E GlE 0] 7] 9 3 A 5 A A < (concurrent) T3} 3 M A&

import atexit

import os

import readline

histfile = os.path.join(os.path.expanduser ("~"), ".python_history")

try:

readline.read_history_file(histfile)

h_len = readline.get_current_history_length()
except FileNotFoundError:

open (histfile, 'wb').close()

h_len = 0

def save (prev_h_len, histfile):
new_h_len = readline.get_current_history_length()
readline.set_history_length(1000)
readline.append_history_file(new_h_len - prev_h_len, histfile)
atexit.register(save, h_len, histfile)

e =3 AEF AHEBEYE NYIEE code. InteractiveConsole 22

m[m
dob
ol
e
A
T

import atexit
import code
import os
import readline

class HistoryConsole (code.InteractiveConsole):

def _ init_ (self, locals=None, filename="<console>",
histfile=os.path.expanduser ("~/.console-history")):
code.InteractiveConsole._ _init_ (self, locals, filename)

self.init_history(histfile)

def init_history(self, histfile):
readline.parse_and_bind("tab: complete™)
if hasattr(readline, "read_ history_file"):
try:
readline.read_history_file(histfile)
except FileNotFoundError:
pass
atexit.register(self.save_history, histfile)

def save_history(self, histfile):
readline.set_history_length (1000)
readline.write_history_file(histfile)

6.8 rlcompleter — GNU readline2 {8t 2t gt

A2 F X Lib/rlcompleter.py

rlcompleter RE-L G& 3 gto] A A2} 7| Y =8 AAT O R readline REO A3 &4
g gelghh,

readline B 5= A8+ Y+ F4 %Eﬂiﬁoﬂf\ﬂ ol EEo| dXEH v, Completer 29 A~
HA7 25 0 2 ghEo X]J—i, complete () WA E7} readline &4 7] (completer) 2 A A Ut}

o A :
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>>> import rlcompleter

>>> import readline

>>> readline.parse_and_bind("tab: complete™)
>>> readline. <TAB PRESSED>

readline._ _doc_ readline.get_line_buffer( readline.read_init_file(
readline._ file_ readline.insert_text ( readline.set_completer (
readline.__ _name___ readline.parse_and_bind(

>>> readline.

& sho ) Y51y B G A TS 2
= E2 508 9% EE] 1 FAE YTt (Readline

readline©] Qi SAFAA, o] BE°] F 3= Completer &
NEF

A 5 U

_\'ﬂ
2

rlcompleter B2 &
A 2] e 3 2

;“.: -LJ

rlr Nlm

9 B
EE

6.8.1 Completer ZH x|

Completer 242 = th5 7 22 WA =& 7Hg Uth:
Completer.complete (text, state)

textol| o) 3k state AR L&A wr&gU o}

TRAZ(C .Y ESHRA] R textZ TEH A, main_ ,builtins QA Z|YE (keyword EEl
R EEE R E RS ERe P el

HoR Fad o] o8 535t, et F48 (P B7HE A AW __getattr () ot
555 0S5 AS1h 916] P A Aol 1 A A, A e ) 942 B
4] P% = 5 Ut 84S FUbete ¢ 2 stE BE o9 = sl AL, A Nones
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7.1 struct — Interpret bytes as packed binary data

Source code: Lib/struct.py

This module performs conversions between Python values and C structs represented as Python byt es objects. This
can be used in handling binary data stored in files or from network connections, among other sources. It uses Format
Strings as compact descriptions of the layout of the C structs and the intended conversion to/from Python values.

Z31: By default, the result of packing a given C struct includes pad bytes in order to maintain proper alignment
for the C types involved; similarly, alignment is taken into account when unpacking. This behavior is chosen so that
the bytes of a packed struct correspond exactly to the layout in memory of the corresponding C struct. To handle
platform-independent data formats or omit implicit pad bytes, use st andard size and alignment instead of native
size and alignment: see Byte Order, Size, and Alignment for details.

Several st ruct functions (and methods of St ruct) take a buffer argument. This refers to objects that implement
the bufferobjects and provide either a readable or read-writable buffer. The most common types used for that purpose
are bytes and bytearray, but many other types that can be viewed as an array of bytes implement the buffer
protocol, so that they can be read/filled without additional copying from a byt es object.

145


https://github.com/python/cpython/tree/3.8/Lib/struct.py

The Python Library Reference, £A| H{X 3.8.13

7.1.1 Functions and Exceptions

The module defines the following exception and functions:

exception struct.error
Exception raised on various occasions; argument is a string describing what is wrong.

struct .pack (format, vi, v2, ...)
Return a bytes object containing the values vI, v2, --- packed according to the format string format. The
arguments must match the values required by the format exactly.

struct .pack_into (format, buffer, offset, vi, v2, ...)
Pack the values v/, v2, --- according to the format string format and write the packed bytes into the writable
buffer buffer starting at position offset. Note that offset is a required argument.

struct .unpack (format, buffer)
Unpack from the bufter buffer (presumably packed by pack (format, ...))according to the formatstring
format. The result is a tuple even if it contains exactly one item. The buffer’s size in bytes must match the size
required by the format, as reflected by calcsize ().

struct .unpack_£from (format, buffer, offset=0)
Unpack from buffer starting at position offset, according to the format string format. The result is a tuple even
if it contains exactly one item. The buffer’s size in bytes, starting at position offset, must be at least the size
required by the format, as reflected by calcsize ().

struct.iter_unpack (format, buffer)
Iteratively unpack from the buffer buffer according to the format string format. This function returns an iterator
which will read equally-sized chunks from the buffer until all its contents have been consumed. The buffer’s
size in bytes must be a multiple of the size required by the format, as reflected by calcsize ().

Each iteration yields a tuple as specified by the format string.
W7 3.4 =7}

struct.calecsize (format)
Return the size of the struct (and hence of the bytes object produced by pack (format, ...)) corre-
sponding to the format string format.

7.1.2 Format Strings

Format strings are the mechanism used to specify the expected layout when packing and unpacking data. They are
built up from Format Characters, which specify the type of data being packed/unpacked. In addition, there are special
characters for controlling the Byte Order, Size, and Alignment.

Byte Order, Size, and Alignment
By default, C types are represented in the machine’s native format and byte order, and properly aligned by skipping
pad bytes if necessary (according to the rules used by the C compiler).

Alternatively, the first character of the format string can be used to indicate the byte order, size and alignment of the
packed data, according to the following table:

Character | Byte order Size Alignment
@ native native native

= native standard | none

< little-endian standard | none

> big-endian standard | none

! network (= big-endian) | standard | none

If the first character is not one of these, '@ "' is assumed.
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Native byte order is big-endian or little-endian, depending on the host system. For example, Intel x86 and AMD64
(x86-64) are little-endian; Motorola 68000 and PowerPC G5 are big-endian; ARM and Intel Itanium feature switch-
able endianness (bi-endian). Use sys.byteorder to check the endianness of your system.

Native size and alignment are determined using the C compiler’s sizeof expression. This is always combined with
native byte order.

Standard size depends only on the format character; see the table in the Format Characters section.

Note the difference between '@' and '=": both use native byte order, but the size and alignment of the latter is
standardized.

The form ' ! ' represents the network byte order which is always big-endian as defined in IETF RFC 1700.
There is no way to indicate non-native byte order (force byte-swapping); use the appropriate choice of '<' or '>"'.
Notes:

(1) Padding is only automatically added between successive structure members. No padding is added at the be-
ginning or the end of the encoded struct.

(2) No padding is added when using non-native size and alignment, e.g. with (<), (>), (=), and (!).

(3) To align the end of a structure to the alignment requirement of a particular type, end the format with the code
for that type with a repeat count of zero. See Examples.

Format Characters

Format characters have the following meaning; the conversion between C and Python values should be obvious given
their types. The (Standard size) column refers to the size of the packed value in bytes when using standard size; that
is, when the format string starts with one of '<', '>", ' !'' or '=". When using native size, the size of the packed
value is platform-dependent.

Format | C Type Python type Standard size | Notes
X pad byte no value

c char bytes of length 1 | 1

b signed char integer 1 D), (2)
B unsigned char integer 1 2)
? _Bool bool 1 (1)
h short integer 2 2)
H unsigned short integer 2 )
i int integer 4 2)
I unsigned int integer 4 2)
1 long integer 4 2)
L unsigned long integer 4 )
q long long integer 8 2
Q unsigned long long | integer 8 2)
n ssize_t integer 3)
N size_t integer 3)
e ©6) float 2 “)
f float float 4 “4)
d double float 8 @)
s char([] bytes

o) char[] bytes

P void * integer )

A 3.30]| A ¥ 7 : Added support for the 'n' and 'N' formats.
A 3.6 A ¥ 7 : Added support for the 'e ' format.

Notes:
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(1) The '?"' conversion code corresponds to the _Bool type defined by C99. If this type is not available, it is
simulated using a char. In standard mode, it is always represented by one byte.

(2) When attempting to pack a non-integer using any of the integer conversion codes, if the non-integer has a
__index__ () method then that method is called to convert the argument to an integer before packing.

WA 32004 M7 : Useof the __index__ () method for non-integers is new in 3.2.

(3) The 'n"' and 'N' conversion codes are only available for the native size (selected as the default or with the
'@"' byte order character). For the standard size, you can use whichever of the other integer formats fits your
application.

(4) Forthe 'f£', 'd' and 'e' conversion codes, the packed representation uses the IEEE 754 binary32, binary64
or binary16 format (for '£', 'd' or 'e' respectively), regardless of the floating-point format used by the
platform.

(5) The 'P' format character is only available for the native byte ordering (selected as the default or with the '@’
byte order character). The byte order character ' =" chooses to use little- or big-endian ordering based on the
host system. The struct module does not interpret this as native ordering, so the 'P ' format is not available.

(6) The IEEE 754 binary16 ¢ half precision) type was introduced in the 2008 revision of the IEEE 754 standard. It
has a sign bit, a 5-bit exponent and 11-bit precision (with 10 bits explicitly stored), and can represent numbers
between approximately 6.1e-05 and 6.5e+04 at full precision. This type is not widely supported by C
compilers: on a typical machine, an unsigned short can be used for storage, but not for math operations. See
the Wikipedia page on the half-precision floating-point format for more information.

A format character may be preceded by an integral repeat count. For example, the format string ' 4h ' means exactly
the same as 'hhhh'.

Whitespace characters between formats are ignored; a count and its format must not contain whitespace though.

For the 's ' format character, the count is interpreted as the length of the bytes, not a repeat count like for the other
format characters; for example, ' 1 0s ' means a single 10-byte string, while ' 10c ' means 10 characters. If a count
is not given, it defaults to 1. For packing, the string is truncated or padded with null bytes as appropriate to make
it fit. For unpacking, the resulting bytes object always has exactly the specified number of bytes. As a special case,
'0s ' means a single, empty string (while ' Oc ' means O characters).

When packing a value x using one of the integer formats ('b', 'B', 'h', 'H', 'i','I"'",'1','L"', 'q', 'Q"),
if x is outside the valid range for that format then st ruct . error is raised.

WA 3194 HA: In 3.0, some of the integer formats wrapped out-of-range values and raised
DeprecationWarning instead of st ruct.error.

The 'p' format character encodes a (Pascal string ) , meaning a short variable-length string stored in a fixed number
of bytes, given by the count. The first byte stored is the length of the string, or 255, whichever is smaller. The bytes
of the string follow. If the string passed in to pack () is too long (longer than the count minus 1), only the leading
count—1 bytes of the string are stored. If the string is shorter than count -1, it is padded with null bytes so that
exactly count bytes in all are used. Note that for unpack (), the 'p' format character consumes count bytes, but
that the string returned can never contain more than 255 bytes.

For the ' 2 ' format character, the return value is either True or False. When packing, the truth value of the
argument object is used. Either O or 1 in the native or standard bool representation will be packed, and any non-zero
value will be True when unpacking.

148 Chapter 7. H}O|L{2| C|O|E{ MH|A


https://en.wikipedia.org/wiki/IEEE_floating_point#IEEE_754-2008
https://en.wikipedia.org/wiki/Half-precision_floating-point_format

The Python Library Reference, £A| H{X 3.8.13

Examples

ZF31: All examples assume a native byte order, size, and alignment with a big-endian machine.

A basic example of packing/unpacking three integers:

>>> from struct import *

>>> pack('hhl', 1, 2, 3)
b'\x00\x01\x00\x02\x00\x00\x00\x03"

>>> unpack ('hhl', b'\x00\x01\x00\x02\x00\x00\x00\x03")
(1, 2, 3)

>>> calcsize('hhl")

8

Unpacked fields can be named by assigning them to variables or by wrapping the result in a named tuple:

>>> record = b'raymond \x32\x12\x08\x01\x08"'
>>> name, serialnum, school, gradelevel = unpack('<10sHHb', record)

>>> from collections import namedtuple

>>> Student = namedtuple ('Student', 'name serialnum school gradelevel')
>>> Student._make (unpack ('<10sHHb', record))
Student (name=b'raymond ', serialnum=4658, school=264, gradelevel=8)

The ordering of format characters may have an impact on size since the padding needed to satisfy alignment require-
ments is different:

>>> pack('ci', b'*', 0x12131415)
b'*\x00\x00\x00\x12\x13\x14\x15"
>>> pack('ic', 0x12131415, b'*")
b'\x12\x13\x14\x15*"'

>>> calcsize('ci'")

8

>>> calcsize('ic')

5

The following format ' 11h01 ' specifies two pad bytes at the end, assuming longs are aligned on 4-byte boundaries:

>>> pack ('11h01', 1, 2, 3)
b'\x00\x00\x00\x01\x00\x00\x00\x02\x00\x03\x00\x00"

This only works when native size and alignment are in effect; standard size and alignment does not enforce any
alignment.

o B
Module array Packed binary storage of homogeneous data.

Module xdrl1ib Packing and unpacking of XDR data.
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7.1.3 Classes

The st ruct module also defines the following type:

class struct.Struct (format)
Return a new Struct object which writes and reads binary data according to the format string format. Creating
a Struct object once and calling its methods is more efficient than calling the st ruct functions with the same
format since the format string only needs to be compiled once.

Zr31: The compiled versions of the most recent format strings passed to St ruct and the module-level

functions are cached, so programs that use only a few format strings needn’t worry about reusing a single
Struct instance.

Compiled Struct objects support the following methods and attributes:

pack (vl, v2,...)
Identical to the pack () function, using the compiled format. (1len (result) will equal size.)
pack_into (buffer, offset, vi, v2, ...)
Identical to the pack_into () function, using the compiled format.
unpack (buffer)
Identical to the unpack () function, using the compiled format. The buffer’s size in bytes must equal
size.
unpack_from (buffer, offset=0)
Identical to the unpack_from () function, using the compiled format. The buffer’s size in bytes,
starting at position offset, must be at least size.
iter_unpack (buffer)
Identical to the i ter_unpack () function, using the compiled format. The buffer’s size in bytes must
be a multiple of size.

WA 3400 27},

format
The format string used to construct this Struct object.

WA 3.7 A ¥ 7 : The format string type is now st r instead of bytes.
size

The calculated size of the struct (and hence of the bytes object produced by the pack () method) cor-
responding to format.

7.2 codecs — TH! Y X|AEZ|2} H|O]|A EaliA

B>

2 F E: Lib/codecs.py

o] HEL BF sholdl mEl (ATl g t) ) wlo A Fej g Aol stn, e o) He) 23 Z2 A
g BBk Y shol Al 7 B A 2= 2o tf 3 A 2 AT ) R RS BE TE L aES
HolEE 2 A FY3t= HAaE o Fgo|Auh HHAES HAER QT Y3 Hlo]EL S HlolEE R
Qs e 2eE AFHUTH AHEA Aol 2L el W o] AR YT DAY B4 AW, A 2 E
e YaE I olYbytes® A Y shE TE I A AHS SRS SE] AltE Ut

o] BEL Qoo mHo R Jdng Hn st 0 F4E ook

codecs . encode (0bj, encoding= utf-8’, errors=strict’)
encodingS 93 S 9 & AHE-31] ohjE AT P T T

Aok olel A2 P42 AR A3l errors7h F01 2+ AT 712 ol e A7l strice
olm Q7Y o 7} valueError(¥:+¥ UnicodeEncodeError 9 22 ¢ W2
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codecs .decode (0bj, encoding= utf-8’, errors=strict’)
encoding< 913 559 ZH & AH&-8te] ohjE TZ P Yt
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codecs . lookup (encoding)
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class codecs.CodecInfo (encode, decode, streamreader=None, streamwriter=None, incrementalen-

coder=None, incrementaldecoder=None, name=None)
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codecs .getdecoder (encoding)
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codecs .getreader (encoding)

Fol JAF QG I8 FrotA| streamReader S HAE 2 F4E WHAF Ut
TS 2S5 Y= A LookupErrors LA R YT

J ZrolX Streamiriter el AE 2] SH4-E vHE
3 5 Y& A9 LookupError® TANYUT
\}

o
=
4G 29 A4 G4 FEoo] 484 9 DHS ST S =T Pk

o
i
iv)

codecs.register (search_function)
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As U

codecs . open (filename, mode="r’, encoding=None, errors=strict’, buffering=-1)
o4 mode® g3 JTYH HY2 Ju FPF ARG L A
StreamReaderiiriter & AA2HEAE WIESHUTh 7|2 gd Rl rpe

g A= Y9 ynh

z: 9% dn9d AAe Gy el me s QYUY A7l s A 0ol A o
a5 A 9k Utk mode AH= W open () 4ol 318
b1 AE 02 Fob U,

rr

encoding> 3t Lol AFEE A7 G A AU TH vlo]E LA <l i%‘s I HlEEE YA Y8
BEQFG o] &5, 3td WA =7t A At ol B -2 A-H o whf thE Y T

ol A el & Zost7] A3l errors7t Al 52 = AU 7|32 'strict'o]al A3 d o7}
WS valueError7F A g o}

buffering>- W7 open () Foll A et e o n Ut 71232 -101H 7|8 W3 277} A
ol g,

codecs .EncodedFile (file, data_encoding, file_encoding=None, errors="strict’)
S EWNATYE A F = filed] & H WA St reamRecoder A2H2AE HEEgH o}, 23
%ﬂﬁﬂ%@ﬂ%%ﬂ%ﬂ%@ﬂw
23 A gt 7159 ol H = A data_encoding®l w2} t] 2
Slele e 0 590 715G o). 1 el e ole
v, A3} data_encodingS /\]—%— o] QTP H Uk
file_encoding©] A|-&= A oW, 7| B 2k2 data_encoding ) | TF.

o] A2l & Fost7] el errors7h Al 52 4 Ut 7123 'strict' o]y, AT o 27}
WA E valueError7F S U T},

codecs.iterencode (iterator, encoding, errors=strict’, **kwargs)
S8 AFYE ALE3Y iteratoro| A Al&8tE dE S WEAH o7 Qg g Tt o
Vel G T errors AAH(THE 71912 AAPRT opeh £ S8 A7 2 A2E ]
o YHE g AN ADYY AE oer AAE 3§30}
base64_codeci} 2+ Hlo|E G -Hlo|E 03 SRS R X]‘dﬁ}z] 5yt

=

ru[o

9 Tt} file_encodingS AH-&-31
2 file_encoding®l| W} t] T H =

9
fex]
=2

T A

3]

¢ Fo

Ut whebA
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codecs.iterdecode (iterator, encoding, errors=strict’, **kwargs)
32 U208 AHg kel ieraroro] A AFFHE QP B A 02 T SY L) o] B4t A4 4
o E| It errors AXH(THE 719 = AR ol eh £ S8 Tlmel= gy,
o] 2 A&t W T I Y bytes AAE &8 oF Ut wetA rot_139]
iterencode () 2 FE A AHEE & YA, rot_133 Z2 HAE-HXAE QI H= A YA

dsyrh

o) BEL EE 2

[>

51 ol
=

o]
21

il

=
<)

A
£l

o

2= F&d vs drEATEUH:

kd

codecs .BOM

codecs .BOM_BE

codecs .BOM_LE

codecs .BOM_UTF8

codecs .BOM_UTF16

codecs.BOM_UTF16_BE

codecs.BOM_UTF16_LE

codecs.BOM_UTF32

codecs.BOM_UTF32_BE

codecs.BOM_UTF32_LE
o] e 2] AT oA FUFTE vlo] E 54 3 A (BOM) QI Th3E HEo] E A A2 E A o g o)
UTF-163} UTF-32 t] o] E] 2 E & of| A AL&-H nlo] E A & YEp &= d] AFSE v, UTF-89| A U =
=AY o g ARF UL BoM _UTFI 62 S &2 Yo E] B v} E Ao whe} BoM_UTF16_BEL
BOM _UTF16_LE°|™, BOML BOM UTF162] ¥, BOM_LE+ BOM UTF16_LES] ¥ %, BOM BE+=
BOM_UTF16_BES] @A YY) t}E AL UTF-83} UTF-32 91 7 H o]l Al BOM2 Y EY Y Th

7.2.1 Zd H|o|A EelA

codecs BEL2 Id AAZ ZYP3sl7] st A H o) AE Ho 3= wl o]~ Zex JTS H o,
AFS2 e Fd A V22 AME 5 s

Zt 392 gto| Mo A T o7 AL = T E Y 7R AEH o]~ Ao oF Tt A fle
A3, A e UIY, 2EYH 57| D 2ERH V|57 2EY #5719 7|57+ dubg o2 A
F=AFZY/MHIEE ARSI 3 22 EZS Pt Td 2= ZH oA JdZ G v R Y
o HE A g3l WHE A oF Fth.
ollz{ XMzl7|
o] 22 & v<ststa 231517 93, TE2 errors BALE AALE WolE o] T} E o] X g AAE
T3S ¢ AFUTh oS EA G e R E R F vho] W Fulo A AoE 1 F3F Y}

Zt o|o|

'strict' | UnicodeError(+ AH Z2)E TAAA A YLE o] Zlo] 7| E g At
strict_errors ()X £d=EJd5Yh
"ignore' | X H HlolHE FAIetAL 71 B A §lo] AL AF I YT ignore_errors ()X

T ME U

o= olgl A7l HaE dad vt A Yt
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@k o|0|

"replace'd F S WA VA Z AAFUTE Sho]H-2
MENT CHARACTERE, Q13 Y A] (?) & AR ST replace _errors () oA 3=
AsYrh

SmlchairdiA@ oL EA FEE aATUT @=Zga T 99T I
xmlcharrefreplace_errors () oA A% A5 Th

'backslastrgadldat@| A A o] Z A|FAAZ WA ST} backslashreplace_errors ()olA +&
A5

amereiTmier. 7 S EANE AFEE ARG @I ga T AT,
namereplace_errors () oA F+d5F Y5 Yt

'surrogatelcB&hpe B EE U+DC809I A U+DCFF 9 9] 7I'H A Z Al o] E 3 & (surrogate code) 2
BELUTE o] =+ U0 B 959 @ 1] ' surrogateescape’ I8 )77 A8 W
22 vto] ER thA] g Uth (RS W82 PEP 3835 X 4] A L)

R o olle AE7le AR " 2yt A8 g YUt

77 = o[a]

HA -

'surrogatewiadsutf-16, utf-32, utf-16- | AZA|0]E FT o AF YA} I YL 523} o] I
be, utf-16-le, utf-32-be, utf- | E& HlA o0 2 AZ A 0|EQ Z2A & o8| 2 HFTYtt

32-le

WA 3.19] 7} 'surrogateescape'®} 'surrogatepass' o X g 7.

WA 3404 M7 'surrogatepass' o & A & 7] = o] A utf-16* &} utf-32* Tl o] A 25 T}
WA 3.50] 7}: 'namereplace’ o A2 ”7].

W A 3504 M7 : 'backslashreplace' o & 2] 7] oA t] 7 9 7} ¥ 3} (translating) o A] Z+5 3
Utk

Aol ELE o A7 E S5 JEH e @ Ade ST+ Asyrh
codecs.register_error (name, error_handler)

o8] A& &4 error_handlerE name©) 2= 9|
UH7H -’F—ixlzqgtq% QTP Yidg 5 101131 7o sSSP Y
U.

9ol A%, e A Ao e FRot w3
o handlr o+ 525 5 e A o 5] o

5 gl e Al gt AT e A% 91

s WA, Aele o
FEs el B Al 4L s

U bytesd 5 uich Al ghol Mol = Aol ®, dl T o] B Bhed] £ Moo EAF
Wﬂ?‘olﬂk’él AT E oAl e AZ P AF D AN Qe Yo g A7 o)
As gtk &5 A Agke 9o 2ALel B2 AF oz AH Utk 2751479918 Rol )
IndeXError7} WAy S T

UnicodeDecodeError Y UnicodeTranslateError 7F 28] 7|2 A& 11 o] A 8] 71 2] thA)
%2 20l A4 Yok A2 A, 0797 0 8 (anslating) & W] %5 AET o,

ol S=2 oY A7 (FF ol AN E 2T £ olELE 23T S JdFUHh:

codecs.lookup_error (name)
name©|2h= o] 52 & o] T5H ol A7) E W

28718 & 4 9le W LookupErrorgE WA A YT
OE3 22 2F o Ae7I7t s o 2 AsE

codecs.strict_errors (exception)
'strict' Y A& FEYUL: ZAdIYgolV Ay ol 8= UnicodeErrorg A YT

codecs.replace_errors (exception)
'replace' o2 H2l& FEIUDG (F2E QAT H AR): AZ G oS 2" & hA L (ZE e
293gdgUth, gZY 2] S "\ufffd" (FUZE A £2h & A g

ro
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codecs.ignore_errors (exception)
‘ignore' ol #] A2 E FATUC: TRH P49 vlojEl: FAH 2 271 FA glo] Az o}
yzgol ALy

codecs.xmlcharrefreplace_errors (exception)

'smlcharrefreplace' o8] A& FHFYUH(EIAE QT o7 AIFYF= Aol 7k a2
AREF 5 g EAE 498 XML EA F22 A

u:&ﬂ,
A
_Er

codecs .backslashreplace_errors (exception)
'backslashreplace’ o2 H2& FAFUTH(HAE 959 A4): Z2H F42 dojel: o

SefA] o]aA ol Z A AR HAIFH U Th

codecs.namereplace_errors (exception)
'namereplace’' &} A& FHAFUTG (A AEQIH O R AFAY3E AT sid): A=
T Qe EAE\N{...} o)Az AFAE AP YTk

WA 3.50] =7}

Al 9

rr

olacinlc|ag

m]m

718 Codec S 2t v 22 WA =& Aot AEl gl QAT I 34 AEH o] A~

o5t = gt

Codec.encode (input[, errors] )
AA inpurs AT P31 FZ(EY ]
EF BAFATAIH (A& =91, CP1252‘+ iso- 8859 1) 2 *P*"“O o & Poé 2 A
AR = W& .

errors A= A8 o8] A 2] & AYFUth 7|2 FL 'strict' A JYTh

o MAEL Codec 2B A0 AHE AFHA e+ ATk ATY EES ol )
AEE F A oF 3= Z Y& StreamiiriterE A3 A L.
He

AT o740 YL HAelshm o] APl AL 28 A Fo| N AR S BT 5 glofo}
ot

Codec.decode (input[, errors] )
AR inpur VRS0 FE (2 AR, 2019 Do) & VAP 98 Fof, GiE Az
2%, 029 53 EA AR QTG AHgstel AT H ntol = AN & AL A2 AEF
U,
gaE Ay npolEd-ulol = TH 9] 3L, inpur kol Y AR o] Avt 9 7] A4 w5
A o]~ E A3t AA| o of Pttt - & %01 W3 A<} H 2 "éiﬂﬂr‘)‘-
errors QA= AL o8] A& AYFUth 7232 'strict' A YUYt

]} O
=

ol Ml E = Codec AxB o] FElE AFoHA @ = xUrh HIY B2 Fol7] 93
A E G A & of 5= Z Ul A= StreamReaderE AFL3HA AL
A E9

It 2017109 d=8H& At o] Ao 28 AA Fo 91 AAE v 4= 9lojof
ot
2 3 c|ad
IncrementalEncoder®} IncrementalDecoder 2= Z 2 AIYFH} I YL 23 7| & 9 H
Hol~E AlgdUth dE8& AIG/HIY3t= Ao AH e JdFH/HIAY & S &=
Zol olyeh S8 A I H/Y AT Y encode ()/decode () “1]1\15% o H &3t =g Utk S8
AFE/YUIHEYAME & Fof| AIY/HIYG Z2AH2E AT L]
encode ()ldecode () MIAZo Yot &2 JdAH 2892 RE dY 48 3=z 2gslo] 4H gl

JdIY/MIYE AFY/MIYEE A 2HUTh
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IncrementalEncoder ZHA]|

IncrementalEncoder ZdlaE o8] P42 4HL AFY3E= g AAEFH YT Ttojd Zd gAAE
P9t EANES BE S8 ARt 7 Aol dlok ok g WA =T el g,
class codecs.IncrementalEncoder (errors=strict’)

IncrementalEncoder Q2B 0] AR},
Q7L of AR AL ol 28 AFH FUTh 27} 7|9 RS Af-EA R4
, o716 BejH 719 = < Z}“}J} ol T g #HAAE oA AHEH YT
IncrementalEncoder<= errors 7| Y E QA XE A Z3t] th2 o & A AAS TLIAT 5 95y
O b e g ol ] A7 & AEAA L,

errors A A= 2 o] 59 AEHFE gy
TIncrementalEncoder 2|2 1 St T2 o8] 2 2] A

EESE
A~
T %A

@ﬁ

2 HEo o gty
Zrel AEE 4 Y& 1IT,

encode (object[, final ])
objectE (21561 ¢] AA) JE)E e sho]) AP 33 A A TYH AR S WAFLITh o] o]
encode () o] 8t npA| 2t S = o)W final> FFo]of of It (7] 2 32> A A).

reset ()
JAIYE 27| AEHZ AU 22 WP Ut JIATE NI =89S 4oy
a3t vl dfo]Egol Y HAE BEXYE-E AE5lo], .encode (object, final=True)

getstate ()
Q29| AR e S
@uw«@¢ﬂwﬁﬁv
Aol A5z W %@¢ﬂ§uqo

setstate (state)
AT AENE state R A A S Tth state= getstate () 7F 9F3H3F Q1 A ] AbEj o] of Ut}

rolv r‘?—:‘
>.
°-|-'
ok
£
o
o f
g
i
o
=)
>~
rr‘
o
K
Y -
ol
ok
kir
.
i)
M
B
ne
O
jus)
=)
s
m

IncrementalDecoder ZHA|

IncrementalDecoder 2| A= o8] GAZ JHL YIS = o AFRFH YT Jloj T e G AAE
2ot SHE LS B E S8 Oarol A Ao o i O WA =S Aol Fuih,
class codecs.IncrementalDecoder (errors=strict’)

IncrementalDecoder A2E A2 WA}

RE S8 HTE o) 447 e ol 28 A B o} LT 27719 E AAE AR 2
4 AT, ol 7o) e A9 Ak shol Ml w2 A= 2 o) 4 A4 o

IncrementalDecoder errors 7| 9 = AAE A|F35te] o} 2 o8] A8 AAE 7+ 5 54
T EEEPEE S
errors A A= T o] 59 EEH:%E"H a8y
IncrementalDecoder Z4A9] 9 T A b2 ol Az A
decode (object[, final ])
object’2 YA QP (V2 Y AA FEiE 1L esto]) 23 v 2 H AAE vkt o] A o]
decode () ol gt v} Bt T Z o 2 . finalo] Z+o] ™
3 5 7

g
B
S
)
rlo
ks
o
2
(]
)
i
<
o
o

ISR ?Jf’aﬂ é 443 gz s of ety BE W HE ZA] doF Tt o] A o] 7Hs3HA
o (A& A8 2o EAATE nio]lE A|AAZ 93, AH = FA2 Zo] oy
A2l g Al sl 01: Ut (AL 72 A E = dFUTh.

reset ()
tze e 27 e A4 Rk

getstate ()
tgage @4 A& vy ch 7 &) gle FEolojokstm, A WAl & oA gAY
= 2] & dﬂi% 2ot W ook Ut F A= A oofst S el AE YD
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T 27146 B85 Aok ek o 7749 Ao
e AR k09 e O BE & AAE % ol A, o o] M7
5}_1] ok 71 o];q /\]-EHE_ 5]5:10].71— 2~ o]o]o]: ‘?j—l,]ﬂ—

9= 87
= ARE nlrey/u 285ty 27 BRG] vlo|EE A7

setstate (state)

UI T ] G & stateZ AU state= getstate () 7k RE2RE T T AFE] of oF gyt

[>
[m

SRIERE e

StreamiWriter®} StreamReader S 2= NME LS AFIY AB BZES v PGA F3 3= v AR
S gle W g A AE sl A8 AFAUL o8 a3 wH ol the ol & encodings.ute 52

GELRAE

_{

StreamWriter ZHA]|

StreamiWriter 282 Codecd] A H Ze|rolH sfo]H U HRAAEZ} ITIHTERE AEFY
715717k A o of SHe The WA =2 o e,
class codecs.StreamWriter (stream, errors=/strict’)
StreamiWriter Q2B 2] AR},
BE2EY )E7)E o) AAA AL |28 A Bk FUT 271 ANE AAE AFEA
748 4 QA o 7]0l o)A 7| Y= AAek sho]l M T g A 2 E g ol A AHEH YT
stream A A= 57 FZd o) A= & G AELvto|y g ol E 27| Al €8l 3L/ AA| o of
o),
Streamiriter<s errors 7)Y E QA A A 25t T2 o8] A8 AAS +IA L 5 d5 U s
~Ed Fdo] (AT 4 Y& BF o2 A7)0 tal AL ol e A2 78 BRI L.

errors AAbE 2 o] 59 o] EFRE| thYH Uth o] AEZRE hYstH streamiriter
A7) +9 S THE ole] Al Aek ol BT 5 A%k

write (object)
e Am

i
)
i_z
o
=
ofo
o
off
i
v

writelines (list)
ool £ ¢
E4

g 2Ego] FUT (vrite () MAEE AR T 5 A5 UTH. BE
aho] = -vo] e )

A A3HA FH Y th
reset ()
BEE A S Ul AHEE = Y ¥ FE SH Al A A o
ol HIMEE ZE3HE S 42 HolB 7 ARG B 7L o FEE B8] Al Al 2E-S
Al 27034 ks 28 HAl dolHE 3718 4= I == gy
fo WA= Qe%, streamiiritere SHE AEHM & ThE RE A=}t oJERHEES A& o

.
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StreamReader ZHA]|

StreamReader 2@ 2= Codecd] A H Zgjrolw gfojH T HAAEZI TSI EE R
25717} 4ol ofof i kg WA =8 Aol guch
class codecs.StreamReader (stream, errors=strict’)

StreamReader QUAE A9 A A R}

BEAEY FEI)E o] YA A o] AT AFHE FUE F7 NS ARE ARF

278 % AT, o1 7]0] A H 719 = QAbw shol W 29 o A 22 ol A AL&H U o,

stream JAE 574 L9 ol AsHA g2 vpoly ] HolHE ¢} 7] Aol @9 st 7 AA of of

.

St reamReader< errors 7| & 21
2~EY 0] AT 5 9= HE

_4—|—‘

2l A7l thal Al ol 2] A 2] 7] & Fxstd A L.

A5 Agsto] thE ol E A2 AAS ?ifié_ T Jssyth s

errors Q2= 22 o] 5 A EGRE hYFH UL} o] EGRE] Y3t StreamReader

AA 7 T e olle] A2 Akt A&T 5 5 Th
errors QA Ao 3] €5 = ZF AL register _error ()2 E3FE 4 IS5 YtTh

read ( [size[, chars[, ﬁrstline] ])
2ERA HolHE YR sta 23 AA
chars ol zt=wlgls f] I Y H FE 3
2749 AHTH B2 v o] B & w3t A] kA vk A 7HE g Alo] B
H]—g}bﬂ- S ov\l/]r,}

Aduch

firsine S 1= 01 % Fol Tl T o2 7} oW R WA B WA T SRS Py o

AANASE G 22 E ety 97 Ak AEAE BT 5 Ang g 2o
WE B ol E 2 gofol gtk & So] A= R A8 7

9.2, o A% 2o} oF T,

readline ( [size[, keepends] ] )
Jg 2EYo) N F 2 S T U FYH vlo e & wEF

FO) A, size= 2EHO| read () WA Eo] size AAE AEH YTt
keepends7} AR o] & £ R 7} WEtE S A Al AE YL
readlines ([sizehint[, keepends] ])

AT SEUCA AR P BE B AT 2 AAE2 MBI

£ F5+E 799 decode () MINEE AHE3Lo] FH = W keepends7) FFol W 2]

z3g Uk

Z2o) A A, sizehint= ~E H 9] read () WA E size AAZ AL Ut}

reset ()

e E fASE O LSS 2 W E AL T

£E g 917 WA o] WARA obot Tl R FAA L. o WAEE Z2 7 of

2794 QwE a7 98 Aduth
Ao WA E QA% StreamReadert S AEHA THE RE WA ES A ERREE
S

E UEtH YT read() WA EE
E3HA ko o AA

E &5
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StreamReaderWriter ZHA|

StreamReaderiiriter = Q7| 2 7] RE REFoA ZAEd= ~AEHES Y HSEE 3= A Fd o
.
lookup () 47} &3t A E 8] 45 AHE-3F

2
‘

A28 TR 5 AEE AAH A5

class codecs.StreamReaderWriter (stream, Reader, Writer, errors=strict’)
StreamReadeririter QAABAE WtEUTh streamS 3+ = Zﬂiﬂ of oF 3+ t}. Reader®} Writer+=
Z}7} st reamReader®} St reamiiriter QE]H O] A A FotE= HE | T} S 2o oF St
ol el 2EYH #5718 71570 Fojd A T2 WA g

StreamReadeririter A2EAE StreamReader®} Streamiriter 28|27 283 QA o] A~ E

Ao G S5 A=A A TE LE WA =9} o2 RES A4 YT

StreamRecoder ZHA|

Hy

StreamRecoder% StolFgoA thE I Yo E Ho|H & HEst=d, ol = 2 o} 2 A3 37

© 0% o §83h ot

lookup () ¥ 47} IHekel A E 2] g5 ALE Sl dAa”HAE AT

o=

i
-
397
hy
J
i
2,
)
37
rfy
AW
k)

class codecs.StreamRecoder (stream, encode, decode, Reader, Writer, errors=strict’)
OFu}sF WM 3t2 L3 St StreamRecoder AAHEHAE WS U T encodeS) decode= ZHE ol & o
A5 UT - read () Swrite () & TE3E =71 B+ o o] €], Wb of| Reader £} Writer=
A= of 25 th - stream®] H| o] H.

ol H T AA|E AHEto] T} ERATY
i 2N E.
stream A A= 3F L F A A of oF Frujth

encode 2} decode 21 A+ Codec ¢l E% H o] AE F23|oF Uty  Reader & Writer= 7+ 7}
StreamReader®}t StreamiWriter 1 E H 9] /\.4 AAE AFst= HEF T4 Zeaoo

N
=

ok
4

Ad&EYth ol £0], Latin-1 | A UTF-8 &

tlo

-

719} 71270 Aol R A 2L WA om FAP T

g =7
j= b

StreamRecoder A 2B A= StreamReader®} Streamiriter 227 283 QB H o] 2~E A Y
=

UL} SR 2= A e R E WA= o 2P HES A5 o)

N
N
N
ro
m
on
=
10
r
l-.u

ﬁ&

AL 0x0-0x10FFFF W9 TE FAE AAAE YRA o2 AFFUT (@] o8 24 2 )
PEP 3938 2251414 2.) Qe 221 A7) 7} CPUS} vl 2 2] 9] 5] x] A18-5] 1, A T] 2 (endianness)
1919 9 Qo] el E g A = o] 27} Dy e ohe 2E v e, EAAE ol
o

oo
o rlo

Al A~2 Z Eﬂﬁ}o}“ AS AFgolgtal 3, ufo] E AlF Ao A FAE S Al Bt = A2 HAd
ol2bm Fich. hpal BaE {83} 7eo] gon, o8 ARALE HAE o7 ol2ky Fhulch

At AE QI Y ("latin-1' EEE 'iso-8859-1'o|gtx S th & ;E FOAE (02555
Hlo] B 0x0-0xffZ Pl o] 2L U+00FF 9o T = T EE 23l Exd A= o) 7 d
oz oFYgs 4 ges =yt 184 s th23 A3 UnlcodeEncodeError 7} HL/\gzﬁ'qr/}
(o & WA A9 A B AFL TS 4 95U th: UnicodeEncodeError: 'latin-1' codec can't

encode character '\

c

1234' in position 3: ordinal not in range (256).

EERUI=E FE ZAEQ & BE &3} o] 3t T = EAEV} HFO]E 0x0-0xffof WP =
WA S At = o2 7Y 15 (29 charmap ‘di%‘)°1 AFUTLE o] F= Tbﬁ 3= WS
B2l 53] o & E0] encodings/cpl252 . py(JESoNA FE AR = AT HY)E ol HAA L.
o] Ex}7} o] vlo] E Zholl j AH =2 JEY = 256719 EAE FAH EXYG A4 d5 U

oFI REOFIYL SUTEZ HAH 1114112 TE ZAE Z 2567w 7Y & 2~ A5tk z+
FUIE IE 2JAEE AT S J= DL AT P2 4 IE £JAEZ 479 A5 nlojER
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Aot AJUTh F 7HA] 7hs A o] sy th: Hlo] EE M <t Qtelut 2l E AT b A = A T
o] F 7HA] 179 27t UTF-32-BES} UTF-32-LE2} 1L ZME}. G2, dE 50 gl E Yt 71 A
oA UTF-32-BEE AHESH AT YA TF Y A G4 vlo] ES Aefmafof hrh= 2 YU T UTF-32
T ol FAIE A FUth: vlo] E= 4 AH4A ?‘lﬁl"“"\/]ﬂ o] ko]

=, vkl EE A9tz e of Fth UTF-16°] 4 UTF-32 H}o] Hoks 2R 5 AR S,
BOM( (Byte Order Mark — B}o]| E <=4 w3 y) o] JH5 UL} 9] } U+FEFF Y Ut} 9]
B A= B E UTF- 160]L‘rUTF 32 HlolE /\]%i o B £ dFYth o] A9 H}O]E 29txd
WA (0XFFFE) S fFUIZE HAE] e = Qe Y Al UT

Hlo|E Al A A9 3 A 27} u+FFFEC] W, lﬂi‘% Al W OIE% 2 eb sl of T £ 1+U+FEFF
® A= ZERO WIDTH NO-BREAK SPACEZ}E F WA 52L& 7HA 2 A AF5UT

s e S ke BAY UL A& = ﬂx}(hgature) g Fol SIEE F7] 95 /\}%% T 21
ot FUFE 400X = U+FEFF S ZERO WIDTH NO-BREAK SPACEZ AlE-3h= Zlo] H A= U5
(U+2060(WORD JOINER)©| o] & 5 UThH. I-UE FUIE AZES o]+ 2
EFRZ U+FEFFE A& 5 oo gyt I3 vlo]ES AE A WA &
Hlo|E Al AT EAE 2 YA YW AetA = BOM S| A&, o8 A E H 39
WIDTH NO-BREAK SPACES] H&

FUZE Fol Ao WS E A9 ¢ e e Aol Atk UTFS, UIESE 8=

Q1519 4 th. UTR-8] A= viho] = 424 o] 23t € 9 V) o). UTFS uo] = A A2 7}
SOl £ RO LT A WS M) o o] 2 S, 61 M= 00 7)) 5
MESE TR0 0u =} o= AR YTE $URE EAE 083} 2ol ATFH UL = sz
W= o], o]o] ol | f L= EA7 B Thy

TH2 CPU A o1&

I~

E 9] ol
U-00000000 *-+ U-0000007F | OXXXXXXX

U-00000080 *-+ U-000007FF | 110xxxxx 10XxXXXX

U-00000800 *-*+ U-0000FFFF | 1110xxxx 10xxxxxX 10XXXXXX
U-00010000 *-+ U-0010FFFF | 11110xxx 10xxxxxx 10xxxxxx 10XXXXXX

FUIE B2 Hh9) vl EE b e 256 9 x v E YU Th
U

TE-8-& SHlE dxgdolgtx BOMo] B384 o tA g H ZAE S B E U+FEFF = AH(A HA
SPACEE A &gt}

K
AFYL AHA QYA 2AsE AL B/} 2 charmap

B2E Qe 94 ‘ﬂ} TE /\]3‘4’\3 U3y & 4 Jdsuyth 28y UTF-8l A &= 184 95Ut}
UTF-8 v}o]| E Al A A= Q99 ulo]|E A|AXAE 38314 %= —_r’—Z £ 27l &Yttt UTF-8 9131
ZA Y A= A4-E =0l 7] 93, Microsoft+= ‘ﬂ]E%‘(Notepad) 2S935 UTF-89] ¥y ‘:‘E“%‘ A5
o (o] % 2.5 A "utf-8-sig" gt REFYTH: FUIZE FAE -L}‘”Oﬂ ’*7] Hof, UTF-8 1z =
BOM(t}&3} 222 vlo|E Al P2 E ZEAFH YT} Oxef, 0xbb, 0xbf) o] 7| & 1413]- X E charmap 91 &
FE stdo] o]t utol E Fro g A2t A2 tha 8715517 w2l ("ﬂ is0-8859-1 of A]
|2 = A S e UH*’JQ‘J‘:}

LATIN SMALL LETTER I WITH DIAERESIS

RIGHT-POINTING DOUBLE ANGLE QUOTATION MARK

INVERTED QUESTION MARK
), HFO| E A 2o A utf-8-sig AT S ZAEsHA 5T 5+ A+ 7H§*" = =Yt metA o 714
BOM-2 H}o] E A AAE A 3= Ul AFR= = Hlo| E & =l A= A= A T,
J_\_‘% ; —zrzb‘} Eﬂ] T2 0] ﬂ = iAoz /\} %‘b]l’/} Ji Q’HH utf—8-sig FdL Oxef, Oxbb Oxbf

L [e]

2 2}%)+E ZERO WIDTH NO-BREA
o

=il
=il

EI
L
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723 2= Q13E

Spo| el C B2 T A AL S 2] B B0l &2 ALS S B o] gH of YT
O B 8 7P 25 947 928 o] A8 = Qlojok g ol SR e L g 87 BEouy
90| % o] 25 AANAL ek vl EAW 22 UE A S0l £2 A B el A4 Hleke
FEIEA Y R AIL; WEkA], oS So] 'utf-8'2 'utf_8' T FEI FAYY
CPython implementation detail: {5 %5 ?_1'—1'%‘% 39 23 JAYUSZE I3t e FHE &+
A5 U Th ol ek H %3} 7] 8] = CPython o A uk Al ehdl (4 £AHS 2 3ke) B Aol oisi A
ol Al =l U t}: utf-8, utf8, latin-1, latin1, is0-8859-1, is08859-1, mbcs (Y = A -8), ascii, us-ascii, utf-16, utf16,
w32, uif32 2 A o4 WES AR T AS. ol e Aol oA her A H L AT A S 2
=5d + dsUth

H A 3.6 4 W7 us-ascii ol A H A3} 718 7F A A H Utk

W2 A Aol 22 Aol E A °4?JHD} ME ZAHCNE =

o] EURO SIGN x| 9l o] &) 9} 5 & 9] %] o]

EAE W YGote 2ol gFUth 53] 74 Aol A9, drd e tha 22 Wy o] lsuth:
« 1SO 8859 = A3
* Microsoft 4 E=-¢ = 0] 2], uka o 7 8859 F = 3ol A s} |2k, A o] EALS F7F 129
EAE AUt
« IBM EBCDIC F E 5| ] %]
« IBM PC T ¥ 0] %], ASCII ¢} & 3+ T}
] 23 2401
ascii 646, us-ascii o o]
big5 big5-tw, csbig5 =] WA
bigShkscs big5-hkscs, hkscs Z=ro] WA
cp037 IBM037, IBM039 %3 °
cp273 273, IBM273, csIBM273 =<YUo]
WA 340 27}
cp424 EBCDIC-CP-HE, IBM424 SEEES
cp437 437, IBM437 g o]
cp500 EBCDIC-CP-BE, EBCDIC-CP- | A9 ©]
CH, IBM500
cp720 obgto]
cp737 RS
cp775 IBM775 9L E of
cp850 850, IBM850 A3 0]
cp852 852, IBM852 STHetERH 01
cp855 855, IBMS855 & 72| ofo], Wl = 2 A]ofo], m}
A = ofof, fH /\1 ofol, Al 2 1]
ofe]
cp856 EERE
cp857 857, IBM857 §] 7] o]
cp858 858, IBM858 A5 o
cp860 860, IBM860 X2 E 7o
cp861 861, CP-IS, IBM861 ofol = o]
cp862 862, IBM862 SEEES
cp863 863, IBM863 Z] L cro]
cp864 IBM864 ofgto]
cp865 865, IBM865 gk o, = =9 o] of
cp866 866, IBM866 2] A] o} o]
cp869 869, CP-GR, IBM869 T2 9]
cp874 B =]
cp875 2|0

Ct= H O|X[ol] Al=

7.2. codecs — T H! Y X|AE2|2} H|O|A EciA
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H 1-0|™ mf|o|X[of| M AHlH

= e 04
cp932 932, ms932, mskanji, ms-kanji d Hol
cp949 949, ms949, uhc k=t o]
cp950 950, ms950 =] WA
cp1006 =50
cpl026 ibm1026 E] 7] o]
cpl125 1125, ibm1125, cp866u, ruscii L3 g}o| o]
WA 349 F7}
cpl140 ibm1140 A5 o]
cpl250 windows-1250 S
cpl251 windows-1251 E 7] ofo], Wl & £ A] ofo], u}
A= okel, 2 Al ofol, Al 2]
ool
cpl252 windows-1252 A9 o]
cpl253 windows-1253 18| 20
cpl254 windows-1254 E] 7] o]
cpl255 windows-1255 5] H 2] o]
cpl256 windows-1256 olgto]
cpl257 windows-1257 HHE o]
cpl258 windows-1258 H E o]
euc_jp eucjp, ujis, u-jis U Hof
euc_jis_2004 7isx0213, eucjis2004 U Hof
euc_jisx0213 eucjisx0213 U Hof
euc_kr euckr, korean, ksc5601, ks_c- | 3F=-9]
5601, ks_c-5601-1987, ksx1001,
ks_x-1001
gb2312 chinese, csis058gb231280, euc- | &) 7HA
cn, euccn, eucgb2312-cn, gb2312-
1980, gb2312-80, iso-ir-58
gbk 936, cp936, ms936 T F=0
ab18030 2b18030-2000 S ==
hz hzgb, hz-gb, hz-gb-2312 == 71
1502022_jp ¢sis02022jp, 1s02022jp, is0-2022- | LE o]
Jp
i502022_jp_1 i502022jp-1, i50-2022-jp-1 A of
1502022_jp_2 i502022jp-2, is0-2022-jp-2 dHol, gh=ro], F=o THAl, A
F310], 2220
1502022_jp_2004 | is02022jp-2004,  i50-2022-jp- | A= o]
2004
i502022_jp_3 i502022jp-3, i50-2022-jp-3 A of
1$02022_jp_ext 1802022 jp-ext, is0-2022- jp-ext U Hof
1502022_kr csis02022kr, 1502022kr, is0-2022- | 3o
kr
latin_1 is0-8859-1, is08859-1, 8859, | A4 o]
cp819, latin, latinl, L1
1508859_2 150-8859-2, latin2, 1.2 ZHol =93 o]
1508859_3 is0-8859-3, latin3, L3 o2~ d SE o, ZE}o]
is08859_4 is0-8859-4, latin4, L4 i E of
is08859_5 is0-8859-5, cyrillic E7}g] o}o], Wl & F A]ofo], u}
A Z= 1 oke], # Al oko], Al 2 1]
ool
i508859_6 is0-8859-6, arabic o}&o]
is08859_7 i80-8859-7, greek, greek8 182~
is08859_8 i$0-8859-8, hebrew 3] B 2] o]
1508859_9 150-8859-9, latin53, L5 B 7] o]

Ch= ol o X[of] Al =
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H 1-0|™ mf|o|X[of| M AHlH

EE B 0]

is08859_10 i50-8859-10, latin6, L6 L

is08859_11 is0-8859-11, thai Eff =2 o]

1508859_13 1s0-8859-13, latin7, L7 HIE o]

i508859_14 i50-8859-14, latin8, L8 EEE

is08859_15 i50-8859-15, latin9, L9 A o]

is08859_16 is0-8859-16, latin10, L10 1 o]

johab cpl1361, ms1361 gk o

Kkoi8_r 2] A] of o]

koi8_t EREL
WA 359 F7}.

Kkoi8_u +2 kol o]

kz1048 kz_1048, strk1048_2002, rk1048 | 7} A} & o]
WA 3.500] 71

mac_cyrillic maccyrillic Z7}g]o}o], Wl 2 F A] ofof, u}
A &= obe], B Al oko], Al 2 1]
ofol

mac_greek macgreek 2|20

mac_iceland maciceland ofo] & 2= of

mac_latin2 maclatin2, maccentraleurope ZHe} 5799

mac_roman macroman, macintosh Al o

mac_turkish macturkish E] 7] o]

ptcpl54 csptepl54, pt154, cpl54, cyrillic- | FFAFE o]

asian

shift_jis csshiftjis, shiftjis, sjis, s_jis o

shift_jis_2004 shiftjis2004, sjis_2004, sjis2004 dE

shift_jisx0213 shiftjisx0213, §jisx0213, | GE o]

s_jisx0213

utf_32 U32, utf32 BE Ao

utf_32_be UTF-32BE 2E Ao

utf_32_le UTF-32LE HE o

utf_16 Ul6, utf16 EE Ao

utf_16_be UTF-16BE HE o

utf_16_le UTF-16LE 2E <o

utf_7 U7, unicode-1-1-utf-7 2E A9

utf_8 U8, UTF, utf8, cp65001 BE o

utf_8_sig 2E Ao

WA 3404 WA utf-16* T utf-32* Q1 F T = Bj= A EA 0]E FE E Q) E (U+D800-U+DFFF)E ¢3¢
T 4 S UTH utf-32% T A= T A ZA 0 E I & ZRJAE 3| F ol vlo]| E A A2 E YA Y BHA]

syt
B A 3.8 4 HA: cp65001-L o)A utf_82 HA YLt}
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7.24 1lo|M ™ 213

AP )8 e T o] sho] Wol v 3 ako, 7¥] o &2 Sho] W 9] Rol A vk fr Ll ok o AE =
S1%15} 3¢l 3lol o} ofol ol o of ¢ ﬁuu«ﬂAEﬂi%%EWLMW4QMﬂM}%Aﬁﬂ
N L L EECEEERERERE R R L ERE
A, AdFE guj= A= H&%%{gjﬂgg\%\:}.
HMAE QIAY
O 39 FUIE HAE AT G {FASHI, strol| A bytes29] QAT vlo] EAF 2] A of] A
str29 gigdg ATtk
A= H 3l o|o
idna o -
RFC 3490S 7 & & 4 ok
encodings.idna® % s}
A A Q. errors="strict'%t
A9 k.
mbcs ansi, dbcs =S AL ANSI Z & ¥ 9]

7] (CP_ACP) ol w2} 5] o1 41 2}
2 dzg Yy

oem AEL AL:0EM ZE H o] A
(CP_OEMCP) of| w2} 5] < Ak}
£ JdFZFFYTh

WA 3.69 F71.

palmos PalmOS 3.59] 9134

punycode

RFC 34925 +d gt AH
RE FH 2 2 G= A 5yt
raw_unicode_escape 02 3= 2AEE 93\
UXXXX 2} \UXXXXXXXXE A&
3= Latin-1 913 9. 7|& 49 &
HPA = ojEl A 0B & o] A
ol =] 7] oFF Ut} uto] A 3
Z 22 EZNA AHSE YT
undefined BEE S O o] & A
AUt 9 FAEZ2 A} oy
A gl 7= FAE YT
unicode_escape Lq‘%i_i 7h o] A A o] Z = A] ¢k=

2 A 2] 5}, ASCIIE <17 Y
-4’0155 A FEM FYA
ZEE WE&o= Aot da
. Latin-1 &2 F = A )37
Sk gfol M AA FT =
| A2 7] HH o2 UTF8S
At

n.l>’ oﬂ, ol [ rlﬂ

¥ & 3.80]| A M A : (unicode_internal) T o] A A% 95U th
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ohe 3E 2 vho vzl MBS BT Th: vlol 215 AA oA byresw el v, (str 28T A IE)
bytes.decode () A A £ AQH A FsyTh

B EE o] EENEER
base64_codec! | basebd, 3] AR E o] 2] = MIME base64 2 H3F3HU TF base64.
base_64 (A3} o= A 53] '\n'o] E&HUT}. encodebytes () /
WA 34004 1A AI3GA YUIG S A8 BE | basesd.
Hlo| ELF AA S g o7 dtol=<Q vt} decodebytes ()
bz2_codec bz2 b2 & /\}%6}0% 9 AA RS =St} bz2.compress ()
[ bz2.
decompress ()
hex_codec hex vlo| E o & 2pg] =AHE AR5, 3 AXRE binascii.

167 238 ° 2 W3gh ). b2a_hex () /
binascii.
a’b_hex ()

quopri_codec quopri, 3] o 2F2}-E MIME quoted printable 2 ¥ 2FstU T} | quotetabs=True
quoted- £ A}g-3
printable, quopri.
quoted_printable encode () /
quopri.
decode ()
uu_codec uu uuencode = AF2-5Fo] 3] AALAE WU T} uu.encode () /
uu.decode ()
zlib_codec zip, zlib gzip= AFE51e] 3] A4RFE =T o) z1ib.
compress () /
z1lib.
decompress ()

WA 320 F7}: vpoluf 2] Wgke] £,
WA 34004 WA ulolu g M3l ts W Ao B,

e gge Fﬂ]/\};:'_ WS A ZFUTH: strol A str2 9 w3, (bytes Y A 3h+E) str.

rot_13 | rot13 | 3 AAFALS] A]A] 9+ 3 (Caesar-cypher) &5 312 ukskg ] o),

WA 320 =7} rot_13 9 AE HE 24,

WA 34004 AA: rot13 WA 2.
[e=}

I 'base64_codec'E= Hlo|E
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7.2.5 encodings.idna — S8 T2 0|A{2] FA|EtE =02l O|&

o] 252 RFC 3490(Internationalized Domain Names in Applications) ¥} RFC 3492(Nameprep: A Strlngprep
Profile for Internationalized Domain Names (IDN)) & =3 gt} punycode QA FZ R 3} st ringpreps 7|4k
o= gy

If you need the IDNA 2008 standard from RFC 5891 and RFC 5895, use the third-party idna module
<https://pypi.org/projectfidna/>_.

°] RFC+ &7 =H|Ql o] Foll A ¥] ASCII = A& A W3t ZE2EEZS FY Tt v ASCI &2t

(7} www.Alliancefrancaise.nu) & Xst= =1 2 o] 52 ASCI 3 2 7Y (ACE, 7} www.

xn--alliancefranaise-npb.nu) 22 HWIFH Ul 13 t}2 =1 <l o]E2] ACE & 412 DNS %3],
] =

HTTP Host BE 53} Zo] ZE T Fof o3 0‘44 A7 S8 A ok BE Al A AR E YT €]
w8 EEZEMW THH YT 7ottt AR AL Al ol A kF Ut & ZRIWL AE
Al FUZRE 2o H o] &S F P57 IDNA R W 33}111, AF§-2pol 7] 32 A]317] Z ol ACE #l o] &5
Al U I =2 HEs) oF

vlol 2 o & 742 Hial o & o] MBS X AT} idna T2 FUIZESFACE 7He] ¥ighE -84 3},
RFC 34904 A A 3. 101] Aod T E EZAE 7oz Y EXE S Hol 82 sty Hoof wet 7
glo]lE5 ACER Wgtslal, Rt 2 Y vlo|E £Ad S . FE 7S &5 7|Rte g go] 87 Felstal e
ACE Eﬂ olBS SUFER WU T £} socket RES FUIE TAE o]2L £931A ACER
Eﬂ%ﬁ}‘ji SE ZZ2ON) FTAEOES AN RER AL 0] TAE o] E AAE AT AoV}

FUyth ool B3ll, http.clientst ftplibst T2, T /] HEZ TAE o] 50 & BRELS
%HEE FT2rE O F& WolEd Ut (http.clientE G BEE AH5 St E Host =9 IDNA

E2E 08L& FYIH A5,

I ANA TAE o] FE FAT w (71 o o] 5 23] (reverse name lookup) ol A}), U ZEZ 215 W 3E 2|
RsUTH o|HT TAE o] 55 /\}ﬁx}oﬂ A AA S E & 22N FUIER I8l oF T

EIRE encodlngs idna’s nameprep A S LI T o] ZA| =l o] 2] tha EE LR
SFA] AL AR T A T 5] Ao TAE o] 5ol thell 54 A 3E + 3t Y gt nameprep
R | 7(—1 AL S 4 /‘)\ Ut}

encodings.idna.nameprep (label)
label®] nameprep H ¥ A2 w13ttt 22 A F 2 FAYS 714 S22, AllowUnassigned
= 2y,

encodings.idna.ToASCII (label)
RFC 3490 2| A & & o] &5 ASCIIE H 33t UseSTD3ASCIIRulestE AR S E 714
oy,

encodings.idna.ToUnicode (label)
RFC 34900] A48 = ¢l o] 22 funs= Wagurh

7.2.6 encodings.mbcs — 1= ANSI | 0| X|
o] 252 ANSI 7 & 7| o] 2] (CP_ACP) & 38 F Ut}

_(])_
WA 33004 A RE o2 Hg 7S ALYt
A W7

:3.2 o] Aol errors AAZF FAIH 5 U A F ol 4 'replace' 7FAREH L,
Hadole B4 ' ignore' 7 AHEH A5 U ok

=z
2}
w
)
é
_\_4

166 Chapter 7. H}O|L{2| C|O|E{ MH|A


https://tools.ietf.org/html/rfc3490.html
https://tools.ietf.org/html/rfc3492.html
https://tools.ietf.org/html/rfc5891.html
https://tools.ietf.org/html/rfc5895.html
https://tools.ietf.org/html/rfc3490.html#section-3.1
https://tools.ietf.org/html/rfc3490.html
https://tools.ietf.org/html/rfc3490.html

The Python Library Reference, £A| H{X 3.8.13

=
o] REL UTF-8 ZuWlo ¥ LTt 237 Y A, UTF-8 & ¢1F Y E BOM2 UTF-8 & o3 Y=
o] EE Shof] YUt e = AdZHe A o] A2 At FyF YT (Hlo]E 2E - o o &
A AR 227] AD). Y Z Y Al w0l ¥ Al Zef| @l A 2 UTF-8 129 H BOMS AV H Yt
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CHAPTER 8

o 0| E4 3

o] %

A B9se BES 3Re AL 14 WG, Y7, 03, GAGH LS BB S5 oL
A EH
KN

o}
T3 AR YA Holg ¥, £3] dict, 1ist, setT frozenset, tupled AlZF Ut} str
fr 2L & Aok vl AR H AL, bytes®t bytearray Fel & violy el HolHE

8.1 datetime — 7|2 I} A|ZF A

A2 F . Lib/datetime.py

datetime BEL R} A 7HE 2438t FHAE AFFUG

o} A7 Ao A A AT 2d 27 28 Ty 2L e EE A o EYHE 259
Ytk

o ®17):

B E calendar 4yt & 33 Id+E.
BE time AIZF AN 29} HE

9] 7] A] dateutil A

=~
fu)
o
4
Hd
Mo
£
B
e
e
dob
ol
i}
2
i
R
i)
e
|z
)
=

169
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8.1.1 O{Sl|0{2} Lol ZHK|

A b et L3 A A F RO} 22 A8 7 Gl A XA A7 2 A ol T st 25 A A2 FE,
9o AL THE oj ol AR 2ke] AFTh Q) 9 E Hore 4 AU olflol AR L Ao Aoz
A ol 4] gl 5 A2 L T

ol B A= BREA] A ARG th2 SR A A A A A& 3 5 = TRt AEE
X3R5y th vo] B A A 7} UTC(Coordinated Universal Time), A & A ZF == TF 2 A ZFel 9] Al 2
F o= A2 YA £05] 22 a9 2o AUtk 5S4 vE, oY Ei A% F ol
As et =7 22 386 @3 A7 b7 g uth ol B A= o3l 8t 7] ¢ 1 24 s17) g A=,
Ao AN ZUL TASE 0S4 Fu

ojdlo] AA 7} 2R3 SR =202 93, datetime I time AA| o= FA tzinfo A9 A B

Sejsdndaz 498 4 gle Ad A AR R o=l Ed tzinfort Y& UTh o8B tzinto
A= UTC A7z R el o] @24, A7he) o] & 2 A% Aok Al7ho] 485 A of the B HE 2o

Yok,

fo

datetime REINAE 2 A )] FA tzinfo Z 2, timezone Z 2T A FH o] F A A L.
timezone Z#)2= UTC AHA| U H1] ESTSEDT Al 7H 9} 28 UTCZ R E 14 @ ZAlS 7h= 7hdh
ANZHE YERd = JF5Uth U AR A A 59 A A9 S8 2330 &8 5 Uth
A AL A 2o thsh 4 22 FrejFoletr| Kt A x| A o) a1, AAF WA E 1, UTC o] 2ol BE &
2o A3 xFL glsyth

ofo (X, 1o

8.1.2 Aty

datetime BELS U A& WE YUt

datetime .MINYEAR
dateW datetime AA|NA dEH = 7HF 22 A5 HE, MINYEARE 19T

datet ime .MAXYEAR
datet datetime AN A &&= = 7H¢ & A% W&, MAXYEARE 99990 Y Th

813 A2 78t H

class datetime.date
AAle) 2el el o] AR A g o)k, o 2E 38 Aolehi A sl o] 4 ol 1
IR JEBHE: year, month ¥ day.

class datetime.time
=8 dRjol g5l o], 1%7] 4 98] 24560602 & 2T 718 310] o] 419l A7k, (o] 7ol =
(gxygt= 3o 95Uttt o E-HE: hour, minute, second, microsecond W tzinfo.

class datetime.datetime
G} A 7He] 23 ol E R E: year, month, day, hour, minute, second, microsecond ¥
tzinfo.

class datetime.timedelta

I date, time = datetime AAE A 7He] Apo]| & wlo] a2 2 2 SIAE ZE YEFY = 7] 7H
class datetime.tzinfo

A A E AA o] FF Wo]x Fea. o] AEL datetimed} time FE A AFEAF H o T
# Qe A7 24 N (18 Sol, Aot A3 B AL TR ) S B 9 A4S

g,

R

it o

1

=
=

o,
il

A 3hehe

»
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class datetime.timezone

tzinfo Aol s 2YAE FRAE 24, UTCRZRE S 14 22 4E 1}

B A 3.29 —%7}
olg st Fo AA= EHI YT
ABE ZFes BA:

object
timedelta
tzinfo
timezone
time
date
datetime

d

Ok

=
S

I

date, datetime, time B timezone §- 33 2L 5 7|52 27U t:
CoEE Y AR BT
colelB B AL A AU DA A2 AT 5 YTk E
COHR Y AR okl BES FR EEA 2L ALYk

HAX| 7} O1S410{SHX| LIO|ESHR| EHCESEHT|

date @2 A= F4 vol Byt
timeol|W datetime B AA|= oY) & £& o]l BE £ & 951U T]
datetime A d= 2 2 A

o
=
1. d.tzinfo7} None©] op gy}

A koW, dv vol Bt
time AR 1= thS 2 AL BF &1 o] o] 3t}

1. t.tzinfo7} None©] o}l d Ut}

2. t.tzinfo.utcoffset (None) ©] None ¥F33}x] k5t
A o, = o] Bt

o] g o] &} tho] B 7kl xpo] AL timedelta AA| o= ALE ] k&)

8.1.4 timedelta ZHA|

timedelta AA= = IR} A 7Ee] 2o] ol 71 7+S b UL

class datetime.timedelta (days=0, seconds=0, microseconds=0, milliseconds=0, minutes=0,

hours=0, weeks=0)
AAE Au Aol e ge 0tk Ak FFRE 45 £

days, seconds D microsecondsT Y5 A o 7 A= LT} QA= o] By 2 W EE Ut}
=]
H

e g 2= 1000ute] T2 22 WY L)
6

8.1. datetime — 7|2 M} A|ZHSH
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N CET Y
¥ Tt} days, seconds & microseconds & T} % 8 A F3}slo] o] ALH{FI==E WH U
* 0 <= microseconds < 1000000
e 0 <= seconds < 3600*24 (8}% W9 % %)
* -999999999 <= days <= 999999999

th2 ol days, seconds R microseconds ©) 2] 2] QA7 AEA () Ho] Al 7S] AH} o] ERRER
AtstE =R E HoF Ut

>>> from datetime import timedelta
>>> delta = timedelta (

days=50,

seconds=27,

microseconds=10,

milliseconds=29000,

minutes=5,

hours=8,

weeks=2

)

>>> # Only days, seconds, and microseconds remain
>>> delta
datetime.timedelta (days=64, seconds=29156, microseconds=10)

1717} floato] 31 B3 vho] 22 27} 9low, RE Qo] & HE vpo| 3227} AR L, T HE
FEA 0 452 NS YSHe A 02 /g ke ol 32 2 2 WS P F Lk float AX} gl W,
ME} 38 22 A2 FEFIT (P EA AR A WU,

37549 days Zhol EAE WS Rl U, Overflowsrror7h AR TH
S5 ) AR AL HE Here & AU o2 Sol:

>>> from datetime import timedelta

>>> d = timedelta (microseconds=-1)

>>> (d.days, d.seconds, d.microseconds)
(=1, 86399, 999999)

=X ENULER Y

timedelta.min
7V 249 timedelta AA|, timedelta (-999999999).

timedelta.max
7Y F4 9l timedelta A A, timedelta (days=999999999, hours=23, minutes=59,
seconds=59, microseconds=999999).

timedelta.resolution
A 9FL timedelta AA 74 7153 714 2L A}o], timedelta (microseconds=1).

A3 =Z A3, timedelta.max>-timedelta.minY YTt} -timedelta.maxs= timedelta AAZ
£ 5 g

A2E 2 o EFRE (817] A8

oEERE [ %
days -999999999 2} 999999999 A}o], 7 Al Z T
seconds 03 86399 Alo], AA Z3F
microseconds | 03999999 Alo], A A =3+

SRERS

re
-
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oAt Z1t
tl = t2 + t3 28}139] o} o] Z ol = t]-12 ==13 Htl-13 =27} Itk (1)
tl = t2 - t3 129} 139] Aol o]l o=l =12 -3 2==t] + 137} I YT} (1)(6)
tl -tz 1% £ | Ao A5 gAUTh olFel=1 1= 0o, /7i==127F FYE
tl =1 * t2
AUA O Z 4] *i==1] * (i-1) + 1< FJ UL} (1)
tl =t2 * £ = & | deo floatE FdUth 2= EL ol A2 WS dete AR
tl = £ * t2 timedelta.resolution®] 7}% 7}71-& w42 28] 23 F Yt
£ =t2 / t3 AA AN 2E 7 DA 822 We7] (3). float AAE W&yt
tl =t2 / £ 5 & | dAegEfoatt}intE YE . 2d=SEAd 0 /52 vl2ds=wtAog
tl =t2 / i timedelta.resolution ] 7}% 7} 71-$ HH—,—E X}E] g HYc}
1 = t2 // 1 E& | foor/F AR S i A (GIohe) B MR U ok = Al eols, A% /e

tl = t2 // t3 HUrct (3)

tl = t2 % t3 U A7} t imedelta AA = AL UTh (3)

q, r = Ed UHAE AUt g = t1 // t203)Fr = t1 % t2.qEFF

divmod (t1, t2) Ire timedelta AR YU}

+tl 2o 7S Zt= timedelta AA|E ¥EES U T (2)

-t1 timedelta(-tl.days, -tl.seconds, -tl.microseconds) 2} tI* -13} 55 31}
(H4)

abs (t) t.days >= 0 d W+ & t.days < 0 QW - =53 h (2)

str(t) [D day[s], ][H]JH:MM:SS[.UUUUUU] FAS] Ex4EE w3kt o
71 DE =Y t8w S5dUth (5)

repr (t) THAAESHE S /A AR T2 2 2T timedelta AAL] &
ZHE 298 wEg Yo

T E

(1) o] A2 A&sA 9 LHEZ g = JdF Yt

(2) oA AZ&Fsta, LHERE T 5 5Tt

3) 022 V¥ ZeroDivisionError7F Ay}

(4) -timedelta.max= timedelta AAZ AT 4 JFUh

() tinedelta AA ) TAY EDL VR EAT GAA AFHHUch 0 AL &2 timedelia 7}

Tha o 4 oA EAE L Az olol ALtk of & Fol:

>>> timedelta (hours=-5)

datetime.timedelta (days=-1, seconds=68400)
>>> print (_)

-1 day, 19:00:00

(6) t2 - t3XHAL A2 (-t3) AT} Zolx =1, 3] timedelta.maxQd w2 o2 ¢
ek ol S S A ASE BEA ] AL AS o HESE deg o

2l UrOﬂ% AAX Qo 5, timedelta AA = date} datet ime AA|}2] o] H 3} &£ A Ayt
(ol & XA 2).

A 3. 201]/“] H 7 UM R QA divimod () 52 vA AR, timedelta BAS U2 timedelta
AA 2 A4 Y 7] (floor division) & A4 Y33+ 7] (true division) 7} o] A A DH Ut} timedelta AAE
float AAZ A4 Ur712 FAE oA oA AL Ut

timedelta A2 vl 7} A Q=] A 9k, Zo] & A o] Yt
W ==} =2 ¥ H = Zﬂf(ﬂ?/] '533"’4—33—7:“%0] A} bools ulsl3 o}

my, +

rl

>>> from datetime import timedelta

>>> deltal = timedelta (seconds=57)
>>> delta?2 = timedelta (hours=25, seconds=2)
>>> delta2 != deltal

(F= soTAT ol AS)
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(o1 sl o] A A A%)

True
>>> delta2 == 5
False

B EE v A (78 <% >), timedelta AA 7 b F o] AA| ¢} vl g W, TypeError7}

Sk

>>> delta2 > deltal
True
>>> delta2 > 5
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: '>' not supported between instances of 'datetime.timedelta' and 'int'

B2 d EMo| A timedelta DA = timedelta (0) & ZA] & wfjut Fo g HFEShch
2" HAE:

9l

timedelta.total_seconds ()
71 7Fol] 2 H & Al 7HS X (seconds) 2 ¥F3S Ut} td / timedelta (seconds=1) 2} &
SHUD. £ ol 77 Belds, ksl BAL AY ARFAAL (o F Fol, td /

timedelta (microseconds=1)).

WS = A7k TR A (EE S E o] A 270 o] AD), o] AL vfo] AR 20| ABEE o7
gyt

B A 3.20] &7}

A2 0] timedelta

A58He) 27kl

>>> # Components of another_year add up to exactly 365 days
>>> from datetime import timedelta

>>> year = timedelta (days=365)

>>> another_year = timedelta (weeks=40, days=84, hours=23,
C minutes=50, seconds=600)

>>> year == another_year

True
>>> year.total_seconds ()
31536000.0

timedelta AH&2] o :

>>> from datetime import timedelta
>>> year = timedelta (days=365)

>>> ten_years = 10 * year

>>> ten_years

datetime.timedelta (days=3650)

>>> ten_years.days // 365

10

>>> nine_years = ten_years - year
>>> nine_years

datetime.timedelta (days=3285)

>>> three_years = nine_years // 3
>>> three_years, three_years.days // 365
(datetime.timedelta (days=1095), 3)
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8.1.5 date ZHA|
date A= @A 2l gg 733 FPFor ST, o] A oA IR/ (d, 4, DE
LR Y o
131919 ds L 1d 19295 G2t 2y, od 4oz ALy yrt?
class datetime.date (year, month, day)
EE Q27 AUt AR v i el = Aolofof dhyth:
e MINYEAR <= year <= MAXYEAR
e 1 <= month <= 12
e 1 <= day <= F T month<f year<lNg o #
o] HY & vBlojyE ARV F AR, valueError7F A S o}
o AL BRE FHavA s

classmethod date.today ()
Ax) Ao IAE wkEg o

o] AL date.fromtimestamp (time.time () ) I S5}

OI

classmethod date.fromtimestamp (fimestamp)
time.time ()] 23] ¥rEE A7} 22 POSIX E}Y A8 = of | F3l= A G EnE whshgh o

EFAd 2~z 7} Z Y2 Clocaltime () TFoA] A Qo= 7 HYE oy overflowErrorZ}t
‘51"\§ Sl1, localtime () A3 Al OSError7]— th gt o] Z o] 1970 o] A 2038 1 . 2 A 3tE] =
Aol AukA T}, E}ou\eu el o] 922 Z3Hsls POSIX 7} o} Wl Al A Bl o A, &% 7}

fromtimestamp () A FA B G2 A L

S LER I

WA 33004 A timestamp 7} ZHAE C localtime () oA A Hdt=
) Ao} Al valueError JAl

ValueError ﬂ] /‘\l OverflowErrorS WA AUk localt ime (
OSErrorS A A Yt}

classmethod date.fromordinal (ordinal)
Ax g e g Aol st date S WU TH 1d 1€ 199 A 1994
1 <= ordinal <= date.max.toordinal () ©] o}U W valueError7} @At} 2 E date
doll th3ll, date. fromordinal (d.toordinal ()) == ddyth

classmethod date.fromisoformat (date_string)
YYYY-MM-DD @A 0 & A FH date_stringol] 3] Bot= dated WHEH T}

>>> from datetime import date
>>> date.fromisoformat ('2019-12-04")
datetime.date (2019, 12, 4)

O| AL date.isoformat ()& dAAA YT &4 yyyy-MM-DDYF X4 &t}
B A 3.70] &7}

classmethod date.fromisocalendar (year, week, day)
g, 22 dg A SO 28 IR 8 Bets date Bkt Uk o] AL 2 gare.
isocalendar ()9 A YYrch.

B A 3.80] &7}
FxJEYHE:

date.min
23 7153 71 o] & date, date (MINYEAR, 1, 1).

Dershowitz 2} Reingold 2] 3 Calendrical Calculationsoll W2 = ( & AF 213 11 2] (proleptic Gregorian)) &3 2] 7
SRS R E AN 2 STk A4 el el H A4 ordina) 9 CE B2 D A28 Ao]9]
AL o] AL BRI L
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date.max

23 7} 3 7MY =2 date, date (MAXYEAR, 12, 31).

date.resolution

ESC PSSR

[eX e

ZA) o2 date 2 A 7+e] 7hs 3t 7 Z-2 Alo], timedelta (days=1).

E (7] A8)

date.year

date

MINYEARS} MAXYEAR Abo], 7 A 23},

.month
| =&

13} 12 Abol, B A

date.day

13} 013 year 2] 01X month &] & = Abel.

A L= = A4k

A4t Z1t

date2 = datel + date2= datel 9| 4] timedelta.days 4 o] 53 ERA A YTt (1)

timedelta

date2 = datel - date2 + timedelta == datel7} A4 ¥ 3dtE date2 S A A

timedelta t}. (2)

timedelta = datel - 3)

date?2

datel < date2 datel ©] date2°l] 2 X & datel = date2 Btk 2+ A o 2 7F=3H )
4

EE:

(1) date2=

timedelta.days > 0°|WH |2 &, timedelta.days < 0°0]|H A A= o]Eg Yt} 2
= date2 - datel == timedelta.days©®] §UYt}. timedelta.seconds®} timedelta.
microseconds®E FAH YT} date2.year”7} MINYEARK T} 2FA U MAXYEARK T 3 A & 12

St overflowError7F A3y ol
2

(3) A
of date2 + timedelta == datel ©] ¥ 1] T}

timedelta.seconds® timedelta.microseconds=

4)

Z, 2 A datel.toordinal ()
o thAo] date AR 7} of U G ¥ W= TypeErrors
timetuple (

AR 2F v g o, vl w7} ==

False Y TrueE Wiy}
EeAd EHoNA, BE date AA| = O
Fal

HA A=

g,

o

f

date.replace (year=self.year, month=self.month, day self day)

g

oF 0 ™

1w — 1

L =7} b ™ TypeError7b IR Th 7 Al s gt

A E U

L A&, QWHER T 4 ¢l Ut} timedelta.seconds £} timedelta.microseconds = 0 ©] 11

o %

< date2.toordinal () € w9t datel < date2gut}. H]
AU 2, Bla g el
) JEZHEV Qo H, A NotImplementedZ} WEEFE Ut} o] &
L @‘ﬂ]ﬂ@%ﬁé HZE 3T 7|8 E ATt 212X

= oE

date A A 7} T} =

el
ol

77}

L 7S 71A date & WU O

71 E QAR AR E gho] Fol X w7 HpE2 Al sk, &
A A

>>> from datetime import date

>>> d = date (2002, 12, 31)

>>> d.replace (day=26)

datetime.date (2002, 12, 26)

date.timetuple ()

time.localtime ()°] W& 3t= A L time. struct_timed

=
,DST Zg 2= -19 Yt}

AR 2003

kg o)

176
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d.timetuple () & t}23 =53 t}:

time.struct_time((d.year, d.month, d.day, 0, 0, 0, d.weekday(), yday, -1))

o] 7|4l yday = d.toordinal() - date(d.year, 1, 1).toordinal() + 121¥ 149
1Z A&t A4 A= GA iz Yuoh

date.toordinal ()
Asxtag e g A4+E EHF U 1”‘ 14 1‘”-4 Aee 19Ut 499 date AA dof| o 3
date.fromordinal (d.toordinal()) == dJUyth

date.weekday ()
Az AL My 92 UL golx 6dUth & 9], date (2002, 12,

1£l
=
4) .weekday () 2,52 4. isoweekday ()_,_ 7;;}_ SFAI A 2

date.isoweekday ()
A4 E 298 93t

th ded2 o d8AdL7dYth o & £0], date (2002, 12,
4) . 1soweekd ay () 3

, 58 Y. weekday (), isocalendar () & ZFZRIHA L.

date.isocalendar ()
-EZ(ISO d%,ISO & %, 1SO 8.Y) & w3k},
mo%aega4%ﬂ%zwzaﬁ4@@ﬂuqﬁ

ISO A= & 521 53709 S 2 FAHL, T Lo g A &ste] 42 de Edyth
AJHJRH Lzﬂfl(lzﬂ"fa])ﬂﬁww Eodo] EolglE A WA YUt o] A
HE jo]gtn 3ty, 1 228U IS0 d5 = 18 1 A5 245U rh
A=

A2 So], 200402 £ Qoo A2 B [SO 20049 A =929 20039 12€ 29 o
}\]Z}o]-_T’_ Y8 Y,20049 19 40l Edrt:

>>> from datetime import date
>>> date (2003, 12, 29).isocalendar ()

(2004, 1, 1)
>>> date (2004, 1, 4).isocalendar ()
(2004, 1, 7)

date.isoformat ()
ISO 8601 4] o 2 IxE el &= EA1<E-S wH3kghy o}, YYYY-MM-DD:

>>> from datetime import date
>>> date (2002, 12, 4).isoformat ()
'2002-12-04"

O] AL date. fromisoformat ()¢ I YUt}

date.__str__ ()
Imdol thal], str(d) =d.isoformat () & S5t}

date.ctime ()

9AE el BAES BB th

>>> from datetime import date
>>> date (2002, 12, 4).ctime()
'Wed Dec 4 00:00:00 2002"

d.ctime () 2 t}23}:

time.ctime (time.mktime (d.timetuple()))

ylolEl B Cctime() 4 (time.ctime () & S E3A W date. ctime () & S E3HA] FH5UThH
ACEEE 5o FABAA FSHUD,

3 R. H. van Gent 9] ISO 8601 2] ¢] 43} 2] F Al o]] & A H 5 o] 9l Th
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date.strftime (format)
YA A 2 FAE E Aloj5 =, @& et = FAES w3y th A £ & 25 e &=
FR I =032 BA FUt 2ol 8 AR AA BFL2, strftime() T} strptime() 525 23}
MALL

date.__format__ (format)
date. strftlme{)¢}7¥”w4t+ o]
AAE 3 2R BADL AR
strptime() 525 AR A A L.

2ol T 2L 2lH 8} str. format ()& AHEE W date
T AEE FUth 2" AN A DA F =2 strfime()

A2 0f: date

O EZFA] g2 & = ALt o

>>> import time
>>> from datetime import date
>>> today = date.today ()
>>> today
datetime.date (2007, 12, 5)
>>> today == date.fromtimestamp (time.time ())
True
>>> my_birthday = date(today.year, 6, 24)
>>> if my_birthday < today:
. my_birthday = my_birthday.replace(year=today.year + 1)
>>> my_birthday
datetime.date (2008, 6, 24)
>>> time_to_birthday = abs (my_birthday - today)
>>> time_to_birthday.days
202

date® st F7} of:

>>> from datetime import date

>>> d = date.fromordinal (730920) # 730920th day after 1. 1. 0001
>>> d

datetime.date (2002, 3, 11)

>>> # Methods related to formatting string output
>>> d.isoformat ()

'2002-03-11"

>>> d.strftime ("%d/%m/%y")
'11/03/02"

>>> d.strftime ("%A Sd. %B $Y")

'Monday 11. March 2002'

>>> d.ctime ()

'Mon Mar 11 00:00:00 2002"'

>>> 'The {1} is {0:%d}, the {2} is {0:%B}.'.format (d, "day", "month")
'The day is 11, the month is March.'

>>> # Methods for to extracting 'components' under different calendars

>>> t = d.timetuple ()

>>> for i in t:

Ce . print (i)

2002 # year

3 # month

11 # day

0

0

0

0 # weekday (0 = Monday)
70 # 70th day in the year

(Th& sl AT ol A%)
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(o1 sl o] A A A%)

-1
>>> ic = d.isocalendar ()
>>> for i in ic:

.. print (i)

2002 # ISO year

11 # ISO week number

1 # ISO day number ( 1 = Monday )

>>> # A date object is immutable; all operations produce a new object
>>> d.replace (year=2005)
datetime.date (2005, 3, 11)

8.1.6 datetime ZHA]|

datetime BA= date BAL time AAL] RE AR E 35 A A ‘?31413]—

h=4 =2
date A} wpATIA R, datetime AA 2] T g FFFoz 4
ﬁﬂﬂﬂ%ﬂﬂidmmmm%ﬂEﬂ@Qﬂ3@%%%%ﬁ&iﬂ@&ﬁ

2B A}

o o

class datetime.datetime (year, month, day, hour=0, minute=0, second=0, microsecond=0, tz-
info=None, *, fold=0)
year, month, day QA= B4+ AYUTh tinfos Noneo| Ay tzinfo A B Ed29 a8 Ad 5

U Th Lol A] A1 o1 891 2] H0]o]of gt
e MINYEAR <= year <= MAXYEAR,
e 1 <= month <= 12,
e 1 <= day <= %° 7% month< year°l™g < %,
<= hour < 24,

minute < 60,

L]

L]

o o o
A
Il

<= second < 60,
e 0 <= microsecond < 1000000,
e fold in [0, 1].
o] M9 & Hlojul= AR/} Fo) AW, ValueError7h A S T}
WA 3.60) F7}: fold AAZE 71 5 Utk
tE AR BE SUa mAE:

classmethod datetime.today ()
tzinfo7FNone®l & A X datetime & ¥+3-3 Tt}

e 5 e

datetime.fromtimestamp (time.time ())

now(), fromtimestamp () & ZZ3IAHA L.

O MANEE7SAOE now ()} SS5FA T tz w7 W= ¢Syt
classmethod datetime.now (1z=None)

A Y A o @rro} A ZFS B T

B A AR} 1z7k None o] Ayt A Q= A kO W, today () 2F FAHF YT 3HA T 715 8HH time.
time() Y2 ZE T3 IS F A= AL o =2 ALUEE Zﬂ#ﬂﬂﬂ}(@ﬂ% =9, C
gettimeofday () &5 AlFst= A FAA 7HeFuoh.
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7} None o] oUW, tzinfo A Ze)20] AAB A of 3], BA) EAke} A Zho] 9] A7t =
ELENE

o] 4 today () & utcnow () AT A ZFH Uth

classmethod datetime.utcnow ()

tzinfoZ7FNoneQl @A UTC E#}e} A 7+ ¥istshy o).

Ol A& now () 2F HI3HA Th, A A 2] UTC A2} A 7H-E Yol H datetime A 2 9t A
o] 9| o] UTC datetime2 datetime.now (timezone.utc) S T&5to] 4L 5 JSUTH now () &
F2A L.

A : o]H datetime AA = BL datetime WA E o] &l N D Ao 2 HFHEZE,
UTC=E Al 7HS YERY &= o §)l o datetime & AF&-3h= 2l o] £5UTH whebA UTCE A A1 7H&
el = AAE vt = A& WH L datetime.now (timezone.ute) & &= A YU}

classmethod datetime.fromtimestamp (fimestamp, tz=None)

time.time ()7} 9= A} 22, POSIX timestamp ol 31 33H= X & @A-2} A 7S whekgt
A el A 12} 1z7F None o] At A1 Q=] A] ¢ W timestamp= S A F9] A G#tel Ao 2 W
vl s datetime AA = o] B T

1z7} None©] o} W, tzinfo A B Ze| 22l A AE Ao of 31, timestamp= 1z Al ZH Z HEH

et

timestamp 7} Z A ZE C localtime () °]Y gmtime () oA A U3tE= 2 HYE Hojyd
fromtimestamp ()7} OverflowErrorS WA A Z 4 1, localtime () ©] Y gmtime () ]
At 0SErrorE AL 5 JFUTH 1970 Al A 2038 A 7FA &2 A 3hs = Zl o] durd 9
Uth g2t zo] §2 M3S £33 v POSIX A/ 2”0 A, fromtimestamp ()& 425
FAIEE, 12 Ao 7 e F WY A2 27 22 datetime BAE A2 5 5 Th ©
HWFH L utcfromtimestamp () Btk A S H Yt

WA 3304 ¥ 7 timestamp 7} Z 2 E C localtime () ©|thgmtime () TFo|A] X QA= gL
E HloJUd valueError WAl overflowErrorE WA ZYTh localtime () ]y gmtime ()
o] A3} valueError YAl OSErrorE WA AUt}

WA 3.60A WA fromtimestamp ()= fold7F1E AAH AAHAE uIEE 4= 95Ut

classmethod datetime.utcfromtimestamp (fimestamp)

tzinfo7} None <l POSIX timestamp ol 3l F3}+= UTC datetime WUt (A3 A A= o]
B3t}

timestamp 7} A= C gntime () oA X Q3= FHYE WU overflowErrorZp vk
A3FaL, gmtime () ©] AHIH 0SError7h EAATUTE 19703 o A 2038 A 71X 2 A $HE] = F 9]
vk Ut

oo} datetime AAE o8 W, fromtimestamp () & TEIAAL:

s

’ datetime.fromtimestamp (timestamp, timezone.utc)

POSIX & &t S &0 A, th= 2@ 43} TS5y

’datetime(l970, 1, 1, tzinfo=timezone.utc) + timedelta (seconds=timestamp)

o 2] A2 g A A= B E YU MINYEARS} MAXYEAR Abo), 7 Al 23t

A3 : YolH datetime AA = WL datetime WA E Q3] A F A7tz FHIFHE
2. UTCE AZ-2 Lheh) = o] o] datetime 2 AHS-3H A o] 4 th mhebs] UTCE =74
timestamp S UYEIY &= AA & Wt = A WHL datetime. fromtimestamp (timestamp,
tz=timezone.utc) S T =35t A Y Yt

180

Chapter 8. C|O|E{&



The Python Library Reference, £A| H{X 3.8.13

WA 330 A W7 timestamp 7} Z A E C gmtime () oA A A3te 3 B E HoAUd
valueError WAl overflowErrorE WA AR UTH gmtime () o] A S valueError T
Al 0SErrorE WA P U th

classmethod datetime.fromordinal (ordinal)
4k 23 31 8] 2 A<= (ordinal) o] S Gl datetimes HRFUTE 1 1D 1Lo] A 1YYt 1
<= ordinal <= datetime.max.toordinal ()] o} valueError7} AUt 439
hour, minute, second 2 microsecond+= 25 00| 1, t zinfo+= None Y YTt

classmethod datetime.combine (date, time, tzinfo=self.tzinfo)
ARE date AA S 2L IR T 229 AW time AAYG Z AL TH 248 2= A
datetime AAE T minfo QA7 AFHE, 1 g2 239 tzinfo EFHEE AH
3 ol AHS S B, 1A OB sime A t2info o] BB RE L AHGH T

2 E datetime A A do] 3, d == datetime.combine (d.date(), d.time (), d.
tzinfo) 7F A ¥ & Ytt date 7} datetime AA|H, ZAL] A FA 848 tzinfo JEZR
57]'"?‘/\]%‘4‘3]’-

WA 3.600 4 ¥ A rinfo QA7 F7HE A5t

classmethod datetime.fromisoformat (date_string)
date.isoformat ()3} datetime.isoformat () ©] 8 3}t= &2 = 32 dare_string©l| 3l &
= datet imeg WSS T}

TAA LR, o) ot TheT 2 A9 EALS A AP

YYYY-MM-DD[*HH[ :MM[:SS[.£f££[f££]]]] [+HH:MM[:SS[.f££f£f£f£f]]1]

o714 +& Qele] B EA1e A T 5 &I

24 o]212 49 1S0 8601 AL S FE TAsE AS AYetA dFyrh- o] AL
datetime.isoformat ()2 9 A Aol 1A} T Q) ﬂ
A

T B A 7)ol dateutil.parser.isoparse=

Ao o
o
2,
. ok
N,
olr
o
>1?‘~
r{w
wnn
@]
o0
(@)
=

S A

>>> from datetime import datetime

>>> datetime.fromisoformat ('2011-11-04")

datetime.datetime (2011, 11, 4, 0, 0)

>>> datetime.fromisoformat ('2011-11-04T00:05:23")

datetime.datetime (2011, 11, 4, 0, 5, 23)

>>> datetime.fromisoformat ('2011-11-04 00:05:23.283")

datetime.datetime (2011, 11, 4, 0, 5, 23, 283000)

>>> datetime.fromisoformat ('2011-11-04 00:05:23.283+00:00")

datetime.datetime (2011, 11, 4, 0, 5, 23, 283000, tzinfo=datetime.timezone.utc)

>>> datetime.fromisoformat ('2011-11-04T00:05:23+04:00")

datetime.datetime (2011, 11, 4, 0, 5, 23,
tzinfo=datetime.timezone (datetime.timedelta (seconds=14400)))

B A 3.70] &7}

classmethod datetime.fromisocalendar (year, week, day)
W, % % A2 A2 IS0 2 Aol 5 et daterined AT duetimee] 7} obd
T4 84+ dAA 7|27 2 AU o] A& T datetime. isocalendar ()9 94
Y.
B A 3.80 &7}

classmethod datetime.strptime (date_string, format)
formarol| kel L& B A H, date_stringol] 3| BdF= datet imes ¥FEHgU T}

AL e T S
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datetime (* (time.strptime (date_string, format) [0:6]))

date_string %} format& time.strptime () & & BT = QAL A 7F FZ o] ofd 3h2 w13}
W ValueError7b AUt Tl g A R}e] AR B2 surftime() I} strptime() 5 2SR EHA
Al L.

Sz oEYRE:

datetime.min
A 753 71 o] & datetime, datetime (MINYEAR, 1, 1, tzinfo=None).

datetime.max
£33 753 /M =& datetime, datetime (MAXYEAR, 12, 31, 23, 59, 59, 999999,
tzinfo=None).

datetime.resolution
A 9L datetime BA| 749 7F5 38t 71 22 X}o], timedelta (microseconds=1).
A2V ERRE (917] A8

datetime.year
MINYEARS} MAXYEAR AFo|, Al Z 3}

datetime.month
17412 Abel, A £
datetime.day
19} 30} 2 year ] 0] 7l month ] & 4= Apol.

datetime.hour
W9 range (24).

datetime.minute
W9 range (60).

datetime.second
W2 range (60).

datetime.microsecond
W2 range (1000000).

datetime.tzinfo

datetime 3 A tinfo A A2 AEE AA o] A}, AZE A] ¢Fk o™ None YU Tth

datetime.fold
(0, 11 WAJTE ¥EE & 7259 Akl time) 9] ® 532 A ASH: o A Ut
NS L 7S A Aok Al 7ke] B wlLt AR 499 UTC 2 mAlo] J X2 3l o] § 2 Fo] Eof
ANAEHEE o AT YH 302 22 | A S YEHE 7 <3 F oA (o)1) = e
U,
B A 3.60] &7}

A e = Ak

i g1t

datetime2 = datetimel + timedelta | (1)

datetime2 = datetimel - timedelta | (2)

timedelta = datetimel - datetime2 | (3)

datetimel < datetime2 datetimed} datetimes vl YtTh (4)

(1) datetime2= datetimel o] A] timedelta 7] ZF9+= o] 53+ A 7Fo| M, timedelta.days > 00 H 0| g £,
timedelta.days <0°]|¥ JARE o] F gt A+ Y datetimed} 22 tzinfo JEEHE
£ 7}A] 31, o] 3] datetime?2 - datetimel == timedelta ¥} U T}. datetime2.year 7} MINYEARK t} 2+ A}
MAXYEARBE T} AR 8] 11 8} OverflowError7} AT tH o] ojgo] AA L uj = A7)
Z Aol = A ol FY Al L.
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(2) datetime2 + timedelta == datetimel & W3} datetime2 & A AHgHU o} QAT up 7R 2, A=
¥ datetime 7 2 tzinfo | ESFREE 7HA 1 o] ojgjo]d wj = A7) 27 o] 3 F ]
HaciRie

(3) datetimeo| X datetimeg W& 2L F 3 AL BF o] Bt AL, 5 of 9 o] & uf gk
F Uk shot ofglof o] L thE sk thol M, Typekrror7h SR ok,
= Th ol B AL E thoj ol 3k 3 2 toinfo o ERHES /AW, trinfo o ERREE ¥
AlE 11 A= datetime?2 + t == datetimel o] HEE S} timedelta ARttt o]uf
At 274 o] = A gkt
E o} oY odta tzinfo JEZHHE} EHY, a-b= a8l b7} WA L}o] B UTC datetime
oz WA HMEA AAY FFEdUth FHo] A LW ER oA geve A Agetd
A3+ (a.replace(tzinfo=None) - a.utcoffset()) - (b.replace (tzinfo=None)
- b.utcoffset ()) Yt}

(4) datetimel ©| datetime2°l &A1 datetimel -2 datetime2 X T} 2+
SpLbe) w5 47} Lho] B8 THE SR o] o] 8k, 4 ¥l
ST o -5 (equality) W] o A £, Lol B QA8 At AT ofdlo] 98 A%} 2 gt
v 3] AAA7F BF o9flofdtal, 2 tzinfo O ERREE 7HA W, F% tzinfo S ESRET}L
FA1H 31 7] datetime ©] W] 2 H U TH F ¥ 3] AR T B o 9llo] kAl ThE tzinfo O E g
EE 7HAHE, vl 9 A AE WA 252 UTC 224 (self.utcoffset () oA dFUTh=
W oz 2480
WA 33004 HAG: o] o]et Yo]H datetime A2EH2 TH
71 A] k& Uth.

o,

9/]

rlo
Y,
[o
fru
o
N
!
A
v

Lo

5% Ui TypeErrorgs WA

3 vazt AR F4 719 7|2 ujn A AR B A= AL 7] 93, datetime ¥ 2= TFE
v 3] Q427  datetime AR 7} oA YA S R Typerrrors WA R UL 184, thE
H] W ¥ A AR} timetuple () Q] E B HE 7} 9 2 W Not Implemented”} th Al ¥F3HE Ut} o]
2 o2 3o Ix A A o 1@(‘3 HaE 78T 713 E AFFUth 283 ¢Fo W, datetime
A7 o2 B AA e vlawg o, v 7} == 1} | =7} obU W TypeError7b A FUTH F 430
AFstd 2+ False U Trued vkEH U T}

ime.date ()
Z+-2 year, month, day 2] date 214 & ¥1&-g .

datetime.time ()
Z+-& hour, minute, second, microsecond X! fold®] time A A E ¥FE ST} tzinfot None Y U Th
HAE timetz ()& FRIAFAL

W2 3,600 A1 WA fold g2 WHEHE ¢ ime AA ol HARE Uth

datetime.timetz ()
2+ hour, minute, second, microsecond, fold 2 tzinfo O] E 2] HE 9] time AA|E W3t} fiA =
time ()& ZFRIAAL

WA 3.600 A WA fold ZHe WHEHE ¢ ime A o] BAPE U th

datetime.replace (year=self.year, month=self.month, day=self.day, hour=self.hour,
minute=self.minute,  second=self.second,  microsecond=self.microsecond, tz-
info=self.tzinfo, *, fold=0)
719 E QA2 A 2E gto] 2ol M o E REE A2 51, 2L JELRES 713 datetime 2 W
S T) tzinfo-Noned A A1 R 9} A7 o] ¥l o] W glo] of 2o} datetime o] A 1] &

datetime & WS 4= 95U th

WA 3.60] F7}: fold A7 F7HE 5 U T

datetime.astimezone (1z=None)
MEZE tzinfo EZHE & 2t datetime AAE W35, 237} self &F 22 UTC Al 7+
o] A gk 1z8] A A|7bo] H EE ‘a"ﬂ}i‘r*lz}tﬂ o5& 2 Fth
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AZHAH 1z= tzinfo B FH A B Aok &, utcoffset ()T dst () WA EENone
= Wh2ahA] erotof U Th self 7F vho] BEHH, Al E A ZHH O] A ZbS UERY = A0 & Z7H P Tk

AA} glo] (= tz=None 2 &) TE5 W th 4 A ZH) &= Al | A ZH) 2 2k 3y o) ¥ 21 datetime
A~E~9] tzinfo OJEFYHEE OSNA A2 A7) o] 53 S Z A& AM§-3h= timezoned
ArdExz AAFUh

self.tzinfo7} 1z¥, self.astimezone (tz) = self & 25Ut B Al ZFH o] B & A 9]
s GUth 18K GO W AIE selfh 2L UTC A 7S Lheh & 1o Al 7He] o] 2] 9
A ZFYdYth: astz = dt.astimezone (tz) £ol,astz - astz.utcoffset()=dt - dt.
utcoffset () I 22 ExRe} A7 o] H & Zh5 U th

FRol A 7F o) o] B & 2 A A & A7 AR S datetime drol] A A 3}F7) v &8 W, dt.
replace (tzinfo=tz) & A& 3AA 2. IR A ZF U o] E]| & W3R ¢F31 o] 9J] o] datetime
dtol| A A - AAE A ASFe W, dt . replace (tzinfo=None) & AF&3} Al 2.

71ER tzinfo. fromutc () WA EXE astimezone ()l &3l ¥vIsH ZAo] JFL FE = tzinfo
A B ZE oA ARG T 5 FUth o2l 7 B stE F9E FAISL, ast imezone ()& Thg

7} o] g}

def astimezone (self, tz):
if self.tzinfo is tz:
return self
# Convert self to UIC, and attach the new time zone object.
utc = (self - self.utcoffset()).replace(tzinfo=tz)
# Convert from UTC to tz's local time.
return tz.fromutc (utc)

WA 33004 WA ol A 22 A 5 gl Th
WA 3604 HA: o]A astimezone () WA EE oA Yo]H AAHAA T&2E 4 =1,
N2el Ao A7He e Ao 2 g

datetime.utcoffset ()
tzinfo7}None©| ¥, Nonew WH&stal, 142 ¢k O ¥ self.tzinfo.utcoffset (self) & ¥k
33l 31, 217} Noneo| L} 315 v uke] A7) & 74 A timedelta AAE W335l A o o9&
LA G Y o
WA 3794 M7 UTC L =AML B ko) 2 A8 2] 9t

datetime.dst ()
tzinfo7} None©| W, Nones WFeatal, 19X ¢ O W self.tzinfo.dst (self) & WHEHE}IaL,
5 217} Noneo| U &% ko] 7] 7}A timedelta AA|E Bk 5] ¢k o o 2] & vk A ]
k.
WA 374 MA:DST L TAL B ok & A8k 2] k)

I

datetime.tzname ()
tzinfo7}None©] ¥, None< Wstal 1, 12 %] 9FOo W self.tzinfo.tzname (self) & W33}
i1, A7k None o] U EAHE A& HE3HelA] ko™ o9 & WA A Yt
datetime.timetuple ()
time.localtime ()©] ¥t&3}= 23 2+ time. struct_times W T}

Ytk

%

d.timetuple () 2 0234 5%

time.struct_time ((d.year, d.month, d.day,
d.hour, d.minute, d.second,

d.weekday (), yday, dst))
o] 71X yday = d.toordinal() - date(d.year, 1, 1).toordinal() + 121¥€1d9
12 A Aok BA] Awe] WA W S AU Th A7) e dsdst BT dot () A Z o] et 44

HUt}: tzinfo7FNone©] Ayt dst () 7FNoneS W33, tm_isdstE-12 AFFUth 2184
o1 dst () 7F09] o}d ZS WS, tm_isdst= 12 AAE YT 28X O tm_isdste
0oz AAEYrh
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datetime.utctimetuple ()
datetime QQ2® 2 d7} o] HaHH, o] 212 d.dst () 7F 71 W= A 9 FA glo] tm_isdst
7} ZAAZ 00] A= AR A LS, d.timetuple () F 25 Yt DSTE UTC Al ZHoll &= A -85 %]
ks rth
d7} o)l oJ 8, d= d.utcoffset () = WA UTC A|ZFo 2 315 31, FF34d Al 7He] time.
struct_time°] WFEHH YT} tm_isdst= ZAZ 0°] E Ut} d.year 7} MINYEARY MAXYEAR YL
UTC 24 o] A% AAE doj7lH overflowError7F S 4= Q5 Th

A3 : Yo|H datetime AA = B datetime WA T o& A G A 7tow HFH
22, UTCE A+ YE U £ o 9 o datetime & AL 83l+= Z o] ETH5YT; 2380 =F,
utcfromtimetuple & AF23ld Z2H AFE 28T 4 95 Uth UTCE YJEY = Lo
H datetime©] 9J oW, datetime.replace (tzinfo=timezone.utc) & A& 3}o] o] 9o
Z MEAMNAL, o|A datetime.timetuple ()& AHEE = AHF YT

datetime.toordinal ()
o] A g 18 H A4S Uy} self.date () .toordinal () I Z5Uth

datetime.timestamp ()
datetime Q1B 2 0f 3 F&}= POSIX B} Y 28 2 = wista o) ¥l 3k8 time. time () ©)
Wehsks A BT float YU Tk
ol B datetime ?_]/'\Eq’\“ A AIZEE Y= 212 2 7h35kH o] WA == WEks 3 '3]'7]
Y5 Z:;ME Cmktime () o Q&L datetimers B ZHWZ A mktime () BT H H
© W olol Z+S x5} cq]_,—oﬂ, ol A== A H AL A v o] A 74| sl overflowErrors
BN D 5 95U Th
ojflo] datetime QAR 79, Wk 3h2 th3-3} Zo] AAbg Uth:

17

(dt - datetime (1970, 1, 1, tzinfo=timezone.utc)).total_seconds ()

B A 3.30] &7}
WA 360X HA: timestamp () HIAELE fold O EBFEE AMEoF] dHE 5 &= 7319 A HS

FEFUT
Fi: UTC AIZbE Uehilt the] 8 datetine A28 20) 4 2 4 POSIX Bl 2828 9t
WA EE 9. 4 Z2 1ol of FelE AEe11 Al ATl 7L UTCE 235 of 95

7}
oW, tzinfo=timezone.utcE A| &3} POSIX E}Y2RIZ & A& 4 dHYT}:

’timestamp = dt.replace(tzinfo=timezone.utc) .timestamp ()

15

44 By g

[
fr

AN Juinh:

’timestamp = (dt - datetime (1970, 1, 1)) / timedelta (seconds=1)

rlr

datetime.weekday ()
A4z 298 H9dgUth dede 007 dade6yyrt self.date() .weekday () &
SFEA

55Ut} isoweekday () & R A L.

)

datetime.isoweekday ()
Aez 2dgvstshlch 9292101 A& 7YYttt self.date () .isoweekday () &

24Ut} weekday (), isocalendar () & 73} S Al L.
datetime isocalendar ()
Z (ISO A%, IS0 & W%, 180 2 Y)S ¥H3tg Ut} self.date () .isocalendar () &+ 2
qw

datetime.isoformat (sep="T’, timespec=auto’)
ISO 8601 & A o 2 d#e} A7k et = 2AHE & whehey ot

)
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e YYYY-MM-DDTHH:MM:SS.ffffff, microsecond’}0o] o}y ™
e YYYY-MM-DDTHH:MM:SS, microsecond”}0o] @

utcoffset () ©] Noned ¥ta3}x] ko UTC L Z A S Al 2l EAE L iUt}

e YYYY-MM-DDTHH:MM:SS.ffffff+HH:MM[:SS[.ffffff]], microsecond’}0o] o}y &

e YYYY-MM-DDTHH:MM:SS+HH:MM[:SS[.ffffff]], microsecond?}0o] ™
A A

>>> from datetime import datetime, timezone

>>> datetime (2019, 5, 18, 15, 17, 8, 132263).isoformat ()
'2019-05-18T15:17:08.132263"

>>> datetime (2019, 5, 18, 15, 17, tzinfo=timezone.utc) .isoformat ()
'2019-05-18T15:17:00+00:00"

A AR sep7 gk 1T 2R FEAZ, Aol WA} A7 51 Afolo WA H T o &
Sol:

>>> from datetime import tzinfo, timedelta, datetime
>>> class TZ (tzinfo) :
"""A time zone with an arbitrary, constant —-06:39 offset.
def utcoffset (self, dt):
return timedelta (hours=-6, minutes=-39)

mrn

>>> datetime (2002, 12, 25, tzinfo=TZ()) .isoformat (' ')

'2002-12-25 00:00:00-06:39"
>>> datetime (2009, 11, 27, microsecond=100, tzinfo=TZ()) .isoformat ()

'2009-11-27T00:00:00.000100-06:39"

F el 5 st

e 'auto': microsecond’} 0] 'seconds'e} T,

24Uk,

e 'hours': hourg F A}8] £ALHH A o 2 23 h
[e]

M

e 'minutes': hour@ minutes HH:MM 3 2]

e 'seconds': hour,minute @ secondS HH:MM:SS Al o 7 Z3+st]r},

oA QA simepec® EYY A FEFA 24 58 AT (1L ES Tauto’ U,

g% 9o ™ "microseconds' %}t

e 'milliseconds': AA| A/ &A1 = v w2 W) X G & A5 Y} HH:MM: SS.

sss A YU

e 'microseconds': AA| A|7F2 HH:MM:SS.ffffff §A o7 3k}

Fa: AGA AN 74 2as HEHEA G ZH U

2 timespec % O A}= ValueErrorE WA A] AYtt:

>>> from datetime import datetime

>>> datetime.now () .isoformat (timespec="minutes"')
'2002-12-25T00:00"

>>> dt = datetime (2015, 1, 1, 12, 30, 59, 0)

>>> dt.isoformat (timespec="microseconds")
'2015-01-01T12:30:59.000000"

WA 3.690 F7}: timespec AA7} 3715 A5 U T

datetime.__str__ ()
datetime JAABE A do )&, str(d) = d.isoformat (' ') F53Y}.
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datetime.ctime ()

dApoh Al 7He Eh) £ EAFR S wE e ok

>>> from datetime import datetime
>>> datetime (2002, 12, 4, 20, 30, 40).ctime ()
'Wed Dec 4 20:30:40 2002"

2 BALL Aol ol 201914 thol el Ak BAR 0l A7l A
d.ctime () & t}23}:

r
bl
i
ok
N
§&
)y
°
T

time.ctime (time.mktime (d.timetuple()))

Ho]E]|E Cctime () T (time. ctime () o] EF3A W, datetime. ctime () & TEFA &5

Jth7hC 28 Z245hs BB A S5

datetime.strftime (format)
ERENETESE L EEEERE DRy
A ALl AA| B2 strftime() 2} strptime() 5 & FZ I A L.

datetime._ format__ (format)
datetime.strftime ()JJr 25Ut ol Aol Wl BAQ e @3 str. format () & AHEE
datetime AAE 98 T EAAL AT 4 JE 2 stk Zug A A AH 2=
strftime() I strptime() 522 FZ A A L.

A2 0f|: datetime

datetime AAZ 2 st oAl

>>> from datetime import datetime, date, time, timezone

>>> # Using datetime.combine ()

>>> d = date (2005, 7, 14)

>>> t = time (12, 30)

>>> datetime.combine (d, t)
datetime.datetime (2005, 7, 14, 12, 30)

>>> # Using datetime.now ()

>>> datetime.now ()

datetime.datetime (2007, 12, 6, 16, 29, 43, 79043) # GMT +1

>>> datetime.now (timezone.utc)

datetime.datetime (2007, 12, 6, 15, 29, 43, 79060, tzinfo=datetime.timezone.utc)

>>> # Using datetime.strptime ()

>>> dt = datetime.strptime("21/11/06 16:30", "2d/%m/%y SH:%M")
>>> dt

datetime.datetime (2006, 11, 21, 16, 30)

>>> # Using datetime.timetuple() to get tuple of all attributes
>>> tt = dt.timetuple()
>>> for it in tt:

print (it)
2006 # year
11 # month
21 # day
16 # hour
30 # minute
0 # second
1 # weekday (0 = Monday)
325 # number of days since 1lst January
-1 # dst - method tzinfo.dst () returned None

(Th& sl AT ol AS)
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(o] A o] A el A Al)

>>> # Date in ISO format
>>> ic = dt.isocalendar ()
>>> for it in ic:

print (it)
2006 # ISO year
477 # ISO week
2 # ISO weekday

>>> # Formatting a datetime

>>> dt.strftime ("%A, 2¢d. %$B %Y $I:%M%p")

'Tuesday, 21. November 2006 04:30PM'

>>> 'The {1} is {0:%d}, the {2} is {0:%B}, the {3} is {0:%I:%M%p}."'.format (dt, "day
<", "month", "time")

'The day is 21, the month is November, the time is 04:30PM.'

ol ol Al 1945714 +4 UTCE A& 3 5 +4:30 UTCE W 3 3 oz /b A6k 742 0] A7) AR E

AA 8= tzinfo A B F2E Ao FYrh:

from datetime import timedelta, datetime, tzinfo, timezone

class KabulTz (tzinfo):
# Kabul used +4 until 1945, when they moved to +4:30
UTC_MOVE_DATE = datetime (1944, 12, 31, 20, tzinfo=timezone.utc)

def utcoffset (self, dt):
if dt.year < 1945:
return timedelta (hours=4)
elif (1945, 1, 1, 0, 0) <= dt.timetuple() [:5] < (1945, 1, 1, 0, 30):
# An ambiguous ("imaginary") half-hour range representing
# a 'fold' in time due to the shift from +4 to +4:30.
# If dt falls in the imaginary range, use fold to decide how
# to resolve. See PEP495.
return timedelta (hours=4, minutes= (30 if dt.fold else 0))
else:
return timedelta (hours=4, minutes=30)

def fromutc(self, dt):
# Follow same validations as 1in datetime.tzinfo
if not isinstance(dt, datetime) :
raise TypeError ("fromutc() requires a datetime argument")
if dt.tzinfo is not self:
raise ValueError ("dt.tzinfo 1s not self")

# A custom implementation is required for fromutc as

# the input to this function is a datetime with utc values

# but with a tzinfo set to self.

# See datetime.astimezone or fromtimestamp.

if dt.replace(tzinfo=timezone.utc) >= self.UTC_MOVE_DATE:
return dt + timedelta (hours=4, minutes=30)

else:
return dt + timedelta (hours=4)

def dst (self, dt):
# Kabul does not observe daylight saving time.
return timedelta (0)

def tzname (self, dt):
if dt >= self.UTC_MOVE_DATE:
return "+04:30"

(T sllel Aol A%)
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(o1 sl o] A A A%)

return "+04"

2 2] KabulTz AF2-Y:

>>> tzl = KabulTz ()

>>> # Datetime before the change

>>> dtl = datetime (1900, 11, 21, 16, 30, tzinfo=tzl)
>>> print (dtl.utcoffset())

4:00:00

>>> # Datetime after the change

>>> dt2 = datetime (2006, 6, 14, 13, 0, tzinfo=tzl)
>>> print (dt2.utcoffset())

4:30:00

>>> # Convert datetime to another time zone

>>> dt3 = dt2.astimezone (timezone.utc)

>>> dt3

datetime.datetime (2006, 6, 14, 8, 30, tzinfo=datetime.timezone.utc)
>>> dt2

datetime.datetime (2006, 6, 14, 13, 0, tzinfo=KabulTz())

>>> dt2 == dt3

True

8.1.7 time ZHH|

e} A 9Lk the w919 g4 o] of of gt
. <= hour < 24,

<= minute < 60,

second < 60,

o o o o
A
Il

<= microsecond < 1000000,

time.min
X3 7153 7 o] & time, time (0, 0, 0, 0).

time.max
EH 7SS M =L time, time (23, 59, 59, 999999).

time.resolution
A 9FL time AA 7+ 7V53 7 ZE A}o], timedelta (microseconds=1), 3tA T t ime
AAE2 ol =Ll HE (217] B

time.hour
W9 range (24).
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time.minute
W2 range (60).

time.second
W9 range (60).

time.microsecond
W2 range (1000000).

time.tzinfo
time 2B A ol| tzinfo AAE AEH AA o] Ak, AL A] 3o ™ None Ut}

time.fold
[0, 1] B dYch REEH = 731520 A ZH(wall time) & 253 A Ak o] AR U T
R ke g Aot Akl T w2 99l UTC ¢x 0] 4Rl ol & 2 20|50
AAEHEE o T 20 22 H A LS el F < F o)A (0] %) & YEY
Ut
WA 3.600 F7T.

time A& timed}t time®] ¥ E AAFUTE ojuf a7t boll A H a7} bETE 212 2102 ThE3H]
o} 3] Wi 3] A 4R} Lol Hﬁ}i CHE Shube of 9ol st i, ¢ A Bl 7 Al 22 wf TypeError7t
U th F5 (equality) Bl ol A=, Lho] B IAE A= Ao of o] ' A9} 22 k5T

vl 3] A4k 7 BE ofglo}stal, B tzinfo A EE|HEE 7HAH, FF tzinfo O EBRET FAH
3 7] time o] W] P YT} F ¥ 3] AR _‘,:_o].rﬂo]s]-jr_ T2 tzinfo Ol ERHEE 7HA W, v
YAAAREL HA] 152 UTC L Z A (self.utcoffset () oA dH5Uth S Wl gto g ZXJQ\JD]—.
E3E vut AA F4 7wk 7R v R ol A= A ”}71 A, cime AA 7} b2 P AA L}
vl E o, Bl 7} == o]} 1=7} ob YW TypeError7b AR UTH 7 Aol s D etH 2+7 False o
Trued WY o}

WA 3304 WA oo of Yol B time AXT A 78] F5 W€ TypeErrors YA 71 A &5

Jeh.

UTC A4S bl of 7 .
ol 135514 A A9 2201 o A -2

2
r
2
o 2
_,,
:Ii
ﬁ&
E
e, ¢
03':,
o
N
£
Mo
>§
I-HJ
)
N
S
_& H

classmethod time.fromisoformat (fime_string)
date.isoformat ()©°] 28 3t= A F 3 time_stringl| 3 G ot timeS WY o) £ A

Hog, o) 4t thed 2L BAle BALL ATk

HH[:MM[:SS[.f££f[f£f£f]]]] [+HH:MM[:SS[.f£f£f£f£ff]]]

Z A o] AL A9 [SO 8601 EAH LS T2 BAFE AL A A5hA] LU Th o] AL time.
isoformat ()2 Qo Ako] 1A} T Ml ).

o A :

>>> from datetime import time

>>> time.fromisoformat ('04:23:01")

datetime.time (4, 23, 1)

>>> time.fromisoformat ('04:23:01.000384")

datetime.time (4, 23, 1, 384)

>>> time.fromisoformat ('04:23:01+04:00")

datetime.time (4, 23, 1, tzinfo=datetime.timezone (datetime.
—timedelta (seconds=14400)))

B A 3.70] &7}
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SAlrEA HAE:

time.replace (hour=self.hour, minute=self.minute, second=self.second, microsecond=self.microsecond,
zinfo=self.tzinfo, *, fold=0)
AHE ARz A2 e gho] Fol2l BB HES AT, 2L L A cimed WAF o)
tzinfo-Noned A 4 5HE A7k o] e 2] Mk glo] o] flo] ¢ imeol A Lho] B ¢ imeg BE % st
U,
W 3.60] F7}: fold AAZF F74E AH U
time.isoformat (fimespec="auto’)
ISO 8601 F A o2 A 7h& UE = A2 < iUt th= 5 7AYo
e HH:MM:SS.ffffff, microsecond’}0o] o}y
e HH:MM:SS, microsecond’F0°]&d
* HH:MM:SS.ffffff+HH:MM[:SS[.f£££££]], utcoffset () ©] None& ¥H33}x] o™

e HH:MM:SS+HH:MM[:SS[.ffffff]], microsecond’}00]3 utcoffset ()°] Noneg ¥l
SolA] o™

A B A AR} timespec-> E TS A 7HY] F=7F A FEARZTUT (7122 "auto Y.
08 F B 4 AU
e 'auto': microsecond?} 00l 'seconds'2 23, 1E A 9O ¥ "microseconds' 2}
25Ut
=] .

e 'hours': hourE F AF8] At HH Al o 2 F 33}
e 'minutes': hour® minutes HH:MM 3 2]

e 'seconds': hour,minute @ secondS HH:MM:SS Al o 7 Z3tsti]r},

'milliseconds': AR A7+ 51 A 2 & v vk Al X W9 2 A5 U TH HH:MM: SS.

sss A YU Th

e 'microseconds': AA A|7F2 HH:MM:SS.ffffff A o2 3t}

3 A AT L4 e UE A G ZYuTh

ZRE timespec AA = ValueErrors SAAA Y Th

o A :

>>> from datetime import time

>>> time (hour=12, minute=34, second=56, microsecond=123456) .isoformat (timespec=
—'minutes')

'12:34"

>>> dt = time (hour=12, minute=34, second=56, microsecond=0)

>>> dt.isoformat (timespec="'microseconds"')

'12:34:56.000000"

>>> dt.isoformat (timespec="'auto")

'12:34:56"

WA 3.6 F7}: timespec AA7F 3 74= 15 Y Th
time.__str__ ()

time to] THal], str(t) = t.isoformat () I 53t}

time.strftime (format)
WAHQ m o BALE Ao)H i, AL GehlE EALS ABTUTH T8 2 AR 1)
B-22, sorftime() T} strptime() 522 FZ A A L.

time._ format_  (format)
time.strftime ()3 5 Ut o]Ao] T BX1E Ble|B3} str. format () S A 0l time
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AANE AT 2R FALES AAT 5 JEF FUth. 2uje] AR AR 552 sirfrime() 7}
strptime() 5 2& FHZ A A L.

time.utcoffset ()
tzinfo7} None©]®¥, None& &3}, 12 X &4 0™ self.tzinfo.utcoffset (None) &
835111, 327} Noneo| U 315 u|wke] G371 & 7}A timedelta AA S ¥l3ta}2] 9o ™ o 9
WA ek,
HA 3704 M3 UTC L= AL &

time.dst ()
tzinfo7} None©] ¥, None2 ¥8+sl 1, 18 X k0™ self.tzinfo.dst (None) &
3217} None o] L} 3% w|wte] 37| & 7}A timedelta AR S W3elA] 2O o 9] & 4

Yt}
WA 370 A HA:DSTLL=ZAL &

i

L

A= AR A sk

§hgke) L,
%!

L

9= A3 ) ek,

time.tzname ()

tzinfo7}None©]H, None< vt8+3}l 11, 12X ¥ oW self.tzinfo.tzname (None) = w33}
1, F A7} Noneol U} EAbd AR 8 WEEA] 910 B o9 A A LIk

A2 0Ol: time

time AA R ZQJ 3= A A:

>>> from datetime import time, tzinfo, timedelta
>>> class TZ1l (tzinfo):
def utcoffset(self, dt):
return timedelta (hours=1)
def dst(self, dt):
return timedelta (0)
def tzname (self,dt):
return "+01:00"
def _ repr__ (self):
return f"{self. class . name__ o"

>>> t = time (12, 10, 30, tzinfo=TZ1())
>>> t

datetime.time (12, 10, 30, tzinfo=Tz1())
>>> t.isoformat ()

'12:10:30+01:00"

>>> t.dst ()

datetime.timedelta (0)

>>> t.tzname ()

'+01:00"

>>> t.strftime ("$SH:%M:%S %2")

'12:10:30 +01:00"

>>> 'The is {:%H:%M}."'.format ("time", t)
'The time is 12:10."

8.1.8 tzinfo ZHX]|

class datetime.tzinfo
o) AL Z o) 2 Ze AUtk 5, 0] FH2E M Axd 2 SR G FHYch 54 Al
et ZRE HAE Y tzinfod] AH FeH2E Y3

tzinfo¥ (—7—"1' ANB ZH29) AdArE A= datet imeD time AR AR o AEE 4 IJH5Y
th. o] AA 52 A4l o] EF R E % A Ao & 8, tzinfo AR+ A F AlZke] UTC
ZREHY Eiéﬂ,/\]ﬂtﬁ o] Y DST L ZAS BF AGE AL A7 AAof] A d oz A=

AEES ALg U
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o] HE-2 74 (concrete) A H Fe 25 FHPIAZ 2 7F T, (Folx) A& o] ARES= datet ime

HATo Q% BE tzinfo HAES £HE xﬂ“‘OH of Yt datetime RE-L 3t
tzinfol] +4 MH Z#; A timezoned A&, UTC Z}A| Y & 7] EST, EDT £} -2 UTC
2HE0 1A ©ZAS = A 7S LERY S 9GSyt
YZ2HE YN EHI QF ALY tzinfo B ZFAaE=QAA Qo] ST 5 A= init_ ()
WSS A of Stk 184 0B 32 P 2 AT, ThA o 912 B S Yaith o AL
71ed aFAGC R, nef o &3kE o dF U T
tzinfo® FA AH Z 2 S HAEE LS = AFYUT HE3] o]JH Y A=}
8 DAL olA0] caret ne ANE ALS ST B Wl B UL HAGA GO, 12T
T A L.

tzinfo.utcoffset (dt)
A A UTCERE Y =24
S T 2] o A] 2kl UTCE] A

oA UICEFES] £ 2208 T o § =
F UEetUE, utcoffset ()& 1€ FAE w3 ’BHO]E ?J‘%E‘r UTC 2 ié\]%%-’u\—
_Eﬂ, None% wigkstuch 232 % ko Hisly = 7FE HlE A] —timedelta (hours=
timedelta (hours=24) A}o ].4 timedelta AA| oYt (L Z A 7 7]|= 3% vt
FUTh, utcorroet ()9 BLE FAL ofuls o] ¥ 747 3 S1td Ak

return CONSTANT # fixed-offset class
return CONSTANT + self.dst(dt) # daylight-aware class

utcoffset () ©] None& W3} A] ¢k O W, dst () & NoneS WH3Ha}#] oFolof gl
utcoffset ()9 7|2 T &L Not ImplementedErrors A A Yt}
WA 37004 M7 UTC L ZA12 & o9 2 A 3= #) k5t

tzinfo.dst (dt)
dF A A ZH(DST) 2 S timedelta AAZ, E=DSTAHARE Z=d
o) & DST 7}

DST7} A L5 3 QA ¥Oo™W, timedelta ( ,}ﬁkz}qu}
timedelta AAZ 9T} (X}A] S lﬂ%L offset ()& ZTZx3}
Q 3z Alo] utcorfset ()l A ¥rE=E UTC 2 Eéﬂ oﬂ olm] &7tElo]l 9lom g wWE DST AHE
A= Ao gttd dst () E AT L7 gEUTLh o & E0], datetime.timetuple ()2
tzinfool EBJHES dst () WA EE T8t tm_isdst SIS o)L H?@ﬂx] = Z2A35t,
tzinfo. fromutc ()& NS 7IE2 XS v DST § 42 2837 Y&l dst () & T3}

B2 QY AFADS BE BYBShE coinfo AE B AABArE ThE T 2L oo
A Q=] o of g ok

tz.utcoffset (dt) - tz.dst (dt)

=dt.tzinfo == tzQA BEEdatetimedtol ] T2 235w ﬁ}*ﬂokz}qn}. AAAOl tzinfo
A B Fe2ofA, o] FHA X AN (HFE 22 A) 1}% =, o] 22 R A e 9
EotA) ¢k, A2l A A Aol vE S Eal of FU T datetime.astimezone () —TL?E% o] & el
S ESA T Ak AT = e ol & HAs= A Ao = iilaﬂ‘ﬂJ AAdJUrth tzinfo
AH ZPgartol8 RAg T4 Qo Eﬂ, astimezone ( 54-”&%101 ZHEA ZAFO =S tzinfo.
fromutc ()9 718 FHE AA T 5 S5 YT

dst ()& tiFE FA2 oput= o] F 742 F st APt

None< Whl

= v A o
AL FolH, LZ NS
AN 2).

ru]o

I

def dst (self, dt):
# a fixed-offset class: doesn't account for DST
return timedelta (0)

=

Fll‘

def dst(self, dt):
# Code to set dston and dstoff to the time zone's DST

(Th& sl AT ol A%)

8.1. datetime — 7|E U} A|ZH S 193



The Python Library Reference, £A| H{X 3.8.13

(o1 sl o] A A A%)

# transition times based on the input dt.year, and expressed
# in standard local time.

if dston <= dt.replace(tzinfo=None) < dstoff:
return timedelta (hours=1)

else:
return timedelta (0)

dst ()9 718 3L Not ImplementedErrors WA Al 7 U Th
WA 374 M7 : DST L T A2 & 9] 2 A 3h= 2] k5 th

tzinfo.tzname (df)
datetime A dtol] | F3t= A7 o] 52 AL E WUt FALE o] Foll A3t ojH A=
datetine LEol o3 AolH A groml, 53] oW AL o vja|of ArhE 27 Aol fl Y]
& E9], (GMT), (UTC)Y, (-500), ¢(-5:00), (EDT), (US/Eastern), ( America/New York ) 2
#39 SHYUL BAY IS RS Noned WAL, oI AE 2AA 2
A=, £& oW tzinfo B FH 27 ALH dre] 54 Fholl me} th2 o] 52 9HEst7]
A WEAVTE 59 czinco Fehart 9B A A0S R ) 2951

tzname () 8] 7|2 AL Not ImplementedErrorE WA Yt}

O M EES datetimethtime ARl A 2L o] 2] Wl o] et SHOoE FEHUTh datet ine
AA = A= JAAE A3, time BA= JAALE Nonew A FUTH et tzinfo Al B Fe 29
WA=+ Noneo| U datetime Ea| 29 df QAE TolE YU 4] 7} 5 o] ofof g ch

Noneo| AEH W, A9 SHE 2H st AL U AR ANA 2 st A& S0, 2027t
tzinfo TR EZF| time A A| 7} o 8} A] k=t ¢t At Noneg ¥HeHel= 2 o] A A ot
EFE LZAS UAGE=THE 73 0] 9o B 7 utcoffset (None) 0] & UTC 2 Z AL Hk33l= 2 o]
EET PPN

datetime WA Z o st SHO=E da ime AR 7} AEE W, dt . tzinfox self & 2+ AR J Yt
ALSA FET} tzinfo MIAEE A H i% StA] 9= 8 tzinfo M= o] Ao o ET 5 JdFUTH
tzinfo MINEZbLdtg A G Ao &2 A s, th2 At e AAE 4AT 287 =S 3o+

g =k
Au o2 A48 5 9 czinfo WA S St B Tk

tzinfo.fromutc (dt)
o] AL 7| & datetime.astimezone () FAANA TEZH UL A7|dA =54, dt.tzinfo
%Self 132, dro] EApe} A7 H o] Bl &= UTC A1 Zto. 2 B A19 Ao 2 BUth fromutce ()9 582
U9l A 7E o o] B] 2 2 A 8o, self ] A9 Al 7+0. 2 =53} datetime 2 WFHEFa= A U )

YREE tzinfo A B Feias FA Rl 715 fromutc () FTEE 44T 5 QlojopFUrh 14 ¢
ZA AN} FE2T AF AFANS B "’Eﬂﬁ}t/\l{”ﬁa,“HUPD}DSTZWW\VPOl s =
UF FFATE AT = S THF %‘Q?}L}D}. VB Fromute () FHo] BE 7L Luf=7)
A etA] £ A= A o= (A A o] -F 2 Qs t‘“ﬁ‘“‘ A=) 573 E"’R}E} Al Zkel] 2}
(UTCE—‘ﬂrE%«l)l% ez Aol dep = AdUth 27 & L 2 A l WA = et AA =
A7+ % 3L wl, astimezone () 3 fromutce () 9] 7|18 FHL o & o] Yot AHE A A3sHA

28+ d5Uh

oei7t s 4SS A RES Aekad, )R rromute () FHE TS} o] ST

def fromutc(self, dt):
# raise ValueError error 1if dt.tzinfo is not self
dtoff = dt.utcoffset ()
dtdst = dt.dst ()
# raise ValueError 1f dtoff is None or dtdst is None
delta = dtoff - dtdst # this is self's standard offset
if delta:
dt += delta # convert to standard local time
dtdst = dt.dst ()
# raise ValueError 1if dtdst is None

(Th& sl AT ol AS)
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if dtdst:

return dt + dtdst
else:

return dt

t}LS tzinfo_examples.py 39 tzinfo FE|29 ¥ 71X o 7F ye} Q15U o)

from datetime import tzinfo, timedelta, datetime

ZERO = timedelta (0)
HOUR = timedelta (hours=1)
SECOND = timedelta (seconds=1)

# A class capturing the platform's idea of local time.
# (May result in wrong values on historical times in

# timezones where UTC offset and/or the DST rules had
# changed in the past.)

import time as _time

STDOFFSET = timedelta(seconds = —_time.timezone)
if _time.daylight:

DSTOFFSET = timedelta (seconds = —_time.altzone)
else:

DSTOFFSET = STDOFFSET
DSTDIFF = DSTOFFSET - STDOFFSET
class LocalTimezone (tzinfo) :

def fromutc(self, dt):
assert dt.tzinfo is self
stamp = (dt - datetime (1970, 1, 1, tzinfo=self)) // SECOND
args = _time.localtime (stamp) [:6]
dst_diff = DSTDIFF // SECOND
# Detect fold
fold = (args == _time.localtime(stamp - dst_diff))
return datetime (*args, microsecond=dt.microsecond,
tzinfo=self, fold=fold)

def utcoffset (self, dt):
if self._isdst (dt):
return DSTOFFSET
else:
return STDOFFSET

def dst (self, dt):
if self._isdst (dt):
return DSTDIFF
else:
return ZERO

def tzname (self, dt):
return _time.tzname[self._ isdst (dt) ]

def _isdst(self, dt):

tt = (dt.year, dt.month, dt.day,
dt .hour, dt.minute, dt.second,
dt .weekday (), 0, 0)

stamp = _time.mktime (tt)

tt = _time.localtime (stamp)

return tt.tm_isdst > 0

(Th& sl AT ol A%)
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Local = LocalTimezone ()

# A complete implementation of current DST rules for major US time zones.

def first_sunday_on_or_after (dt):
days_to_go = 6 - dt.weekday ()
if days_to_go:
dt += timedelta (days_to_go)
return dt

US DST Rules

#

#

# This is a simplified (i.e., wrong for a few cases) set of rules for US

# DST start and end times. For a complete and up-to-date set of DST rules
# and timezone definitions, visit the Olson Database (or try pytz):

# http://www.twinsun.com/tz/tz-1ink.htm

# http://sourceforge.net/projects/pytz/ (might not be up-to-date)

#

#

#

In the US, since 2007, DST starts at 2am (standard time) on the second
Sunday in March, which is the first Sunday on or after Mar 8.
DSTSTART_2007 = datetime (1, 3, 8, 2)
# and ends at 2am (DST time) on the first Sunday of Nov.
DSTEND_2007 = datetime(1, 11, 1, 2)
# From 1987 to 2006, DST used to start at 2am (standard time) on the first
# Sunday in April and to end at 2am (DST time) on the last
# Sunday of October, which is the first Sunday on or after Oct 25.
DSTSTART_1987_2006 = datetime(1, 4, 1, 2)
DSTEND_1987_2006 = datetime (1, 10, 25, 2)
# From 1967 to 1986, DST used to start at Z2am (standard time) on the last
# Sunday in April (the one on or after April 24) and to end at 2am (DST time)
# on the last Sunday of October, which is the first Sunday
# on or after Oct 25.
DSTSTART_1967_1986 = datetime (1, 4, 24, 2)
DSTEND_1967_1986 = DSTEND_1987_2006

def us_dst_range (year) :

# Find start and end times for US DST. For years before 1967, return
# start = end for no DST.
if 2006 < year:

dststart, dstend = DSTSTART_2007, DSTEND_2007
elif 1986 < year < 2007:

dststart, dstend = DSTSTART_1987_2006, DSTEND_1987_2006
elif 1966 < year < 1987:

dststart, dstend = DSTSTART_1967_1986, DSTEND_1967_1986
else:

return (datetime (year, 1, 1), ) * 2

start = first_sunday_on_or_after (dststart.replace (year=year))

end = first_sunday_on_or_after (dstend.replace (year=year))
return start, end

class USTimeZone (tzinfo) :

def __init__(self, hours, reprname, stdname, dstname) :
self.stdoffset = timedelta (hours=hours)
self.reprname = reprname
self.stdname = stdname

(B sl ol Aol A1)
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def

def

def

def

def

Eastern
Central
Mountain
Pacific

self.dstname = dstname

__repr__(self):

return self.reprname

tzname (self, dt):
if self.dst (dt):

return self.dstname
else:

return self.stdname

utcoffset (self, dt):
return self.stdoffset + self.dst (dt)

dst (self, dt):
if dt is None or dt.tzinfo is None:
# An exception may be sensible here, in one or both cases.
# It depends on how you want to treat them. The default
# fromutc () implementation (called by the default astimezone ()
# implementation) passes a datetime with dt.tzinfo is self.
return ZERO
assert dt.tzinfo is self
start, end = us_dst_range (dt.year)
# Can't compare naive to aware objects, so strip the timezone from
# dt first.
dt = dt.replace(tzinfo=None)
if start + HOUR <= dt < end - HOUR:
# DST is in effect.
return HOUR
if end - HOUR <= dt < end:
# Fold (an ambiguous hour): use dt.fold to disambiguate.
return ZERO if dt.fold else HOUR
if start <= dt < start + HOUR:
# Gap (a non-existent hour): reverse the fold rule.
return HOUR if dt.fold else ZERO
# DST is off.
return ZERO

fromutc(self, dt):
assert dt.tzinfo is self
start, end = us_dst_range (dt.year)
start = start.replace(tzinfo=self)
end = end.replace(tzinfo=self)
std_time = dt + self.stdoffset
dst_time = std_time + HOUR
if end <= dst_time < end + HOUR:
# Repeated hour
return std_time.replace(fold=1)
if std_time < start or dst_time >= end:
# Standard time
return std_time
if start <= std_time < end - HOUR:
# Daylight saving time
return dst_time

= USTimeZone (-5, "Eastern", "EST", "EDT")
= USTimeZone (-6, "Central", "CST", "CDT")
= USTimeZone (-7, "Mountain", "MST", "MDT")
= USTimeZone (-8, "Pacific", "PST", "PDT")

DST A%

HollM 2 AT dF A A NS BF ATk tzinfo A H Sefxols & do + 9
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o

E7H gt | B o] Qo oAl 2. FAIH SR, 3D F HA 48 P9 1:59 (EST) th 2ol Al &HetaL,
114 A WA 429 1:59 (EDT) th oll 4= 1= Eastern(UTC -0500) = 112 814 Al &

UuTcC 3:MM 4:MM 5:MM 6:MM 7:MM 8:MM
EST 22:MM 23:MM O:MM 1:MM 2:MM 3:MM
EDT 23:MM O:MM 1:MM 2:MM 3:MM 4:MM
start 22:MM 23:MM O:MM 1:MM 3:MM 4:MM

end 23:MM O:MM 1:MM 1:MM 2:MM 3:MM

DST 7} Al 2Hak of] ((start) <), A1 HA A= 1:599 4 3:002 = eFghy . 2o+ 22MM & 49 o
AZE AdA on|7F 9O HE R astimezone (Eastern) & DST7F A Z6k= Yof hour == 29 Z
FE ADstA syt o S01,2016d 9 A3 A2 (forward transition) o] A, Th3 7 22 A}E
5T

1=}

>>> from datetime import datetime, timezone
>>> from tzinfo_examples import HOUR, Eastern
>>> ul datetime (2016, 3, 13, 5, tzinfo=timezone.utc)
>>> for i1 in range(4):
u = u0 + i*HOUR
t = u.astimezone (Eastern)
print (u.time (), 'UTC ="', t.time(), t.tzname())

05:00:00 UTC = 00:00:00 EST
06:00:00 UTC = 01:00:00 EST
07:00:00 UTIC = 03:00:00 EDT
08:00:00 UTC = 04:00:00 EDT

DST7F 22 o ((end) &), A A= ¢ &8 A7 5t AG Ao 2 HEstA 2 ¢ gl
Al (hour) 7} A5 U th: 43 Aok A1 7He] upA] e} & A 7h Easternoﬂ/ﬂ o] A2 4F FF A AL Et=
o] 5:MM UTC & 4] 9 /\]7]'?:]‘43]' A HAA = 1:59(L 3 2o /‘] ]')Oﬂfﬂ Al 100(EE AIhH o=
T okt MM g A9 X A 7+E 2 E 3T astimezone ( = 7R 213 UTC A (hour) &
22 A9 Al (hour) 2 wfj 33 &} o] x] A A A &S 2R T Eastern "ﬂxﬂ o A, 5MM-‘+6MM 3 Al 9
UTC A 7+& 2% Eastern © 2 H3HE o] MM O & | HE X4, o] A A L fold o]EZHEVI0CRE

AR T o] N 7he |2 /ﬂx%%l/]l:]- & E0],2016d 7+ & A3 ( back transition) | A, TF-S 3}
e A%E Ak
>>> ul datetime (2016, 11, 6, 4, tzinfo=timezone.utc)

>>> for i in range(4):
u = ul0 + i1i*HOUR
t = u.astimezone (Eastern)
print (u.time(), 'UTC =', t.time(), t.tzname(), t.fold)

04:00:00 UTIC = 00:00:00 EDT
05:00:00 UTIC = 01:00:00 EDT
06:00:00 UTC = 01:00:00 EST
07:00:00 UTIC = 02:00:00 EST

o = O O

Aol £2] 3141 2.
17 shol He)=

fold BB HES W b2 datetime A2E AL Bl WA Zoial HE3H=
A )

HANRTAS 07 foldo]EEHE ZF

kIMO

tzinfo Al B EE-EHL\_% AFE-5}A] QFolof © J’Jﬂ—, tlmezoneO]Ur 7N} A L ZA tzinfo A B E
(7} LA EST(AL 7 LA -5A1ZH & EDT(AL 7 LA -4X 7 F o= st 7FA v et = S8 ) &
A m s W gl g oh

] B

dateutil.tz datetime REO|= (UTCEZHE L] g2l 1A e ZAS A 2|3t7] §3h) 7| £ A9l t imezone
Z 28} timezone. utc o] E B HE (UTC timezone Q1 A~E ) 7 91 & U T}
dateutil.tz 2F0] B 2] = IANA A 7 d] o] Bl H]l o] 2 (Olson ©| o] E] W o] A~} & U th & sfo]H o
= AASUTh 8-S AT
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IANA timezone database A]ZF d] o] B] ] o] & (£% tz, tzdata == zoneinfo 2} 12 T T} o = A A A of 2]
Aol A A A7 B A~EEE 4@’3}% -1:’—‘:9]'[1]‘3]‘:47]' x3E o] stk HX A7 H A
SkAIZH A A, UTC & = A1 9@ 43 A A ZF 22 vkgs7] &l =718 o2 Ag YTt

8.1.9 timezone ZHA|

timezone & = tzinfo] B F#|roln, ZHJAAEHAEUTCEREY 1 2z Ao 7 Ao

AAE per

o] Ze 0] AR A W % o] @ ol ThE 2z Alo] ALEH AL} RIZE A Zke] S ALH 0% Mol A o9
A7) A HE Cehp e A E 4 gt

class datetime.timezone (offset, name=None)
offset A A= A A A7k} UTC 7] 2po] & Ve = timedelta A2 A A3 oF gl o 23]
(BAE 3R] &+) -timedelta (hours=24) 2 timedelta (hours=24) A}o]oof gt}
38R ko valueError7F A St}

name A A= AH A QUTH A AT W datetime. tzname () WA E7FHI3351= gto g AL H
£ o]0 o Ty

H A 3.20] F7}

WA 37004 WA UTC L Z A2 F 9 2 Al ehe 7] eh5yth

timezone.utcoffset (dr)
timezone QAR ATV} F=

dr AR}z FAFH YT whek g2 A 9
HZA 3704 HA: UTC 2= Al

il
R=)
X,
o
)
=
Y
)
o
2
riet
s
v
:L

1743} UTC 748 #}o] &} 28 timedelta A2EAYYTh

rIo
M
(AU
do
Hu
N
)
il
X,
52
I
<
g

timezone.tzname (df)
timezone QB A7 L4 o

t}2 3} Z+o] offset
A e B4

273
name< A A Aol Al F5FA] E% O W, tzname (dt
O) ) C )
132, HH2} MM 2 Z} 7} offset .hours2}

FozXE AAFH YT ofseto] timedelta (
| UTCiHH.MM?gqu} o] 7] A £ offset 9] £33
offset.minutes?] F A& =AY Y}

B A 3.600A4 HA: offset=timedelta (0) oAl WA H o]= & o]A| 'UTC+00:00"' o] o} &}
=3t (UTC) YU th.

timezone.dst (dt)
Ak None S WHakghu o).

timezone.fromute (df)
dt + offset2 WSSt df Q1A= tzinfo b self2 AAH o] o] datetime A2El Aok
ek

S olERRE:

timezone.utc
UTC A7, timezone (timedelta (0) ).
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8.1.10 strftime () I} strptime () S&t
date, datetime W time A& B strftime (format) WA EE A A3}o], GA| A =W Bx}g &
Alold A el = EA Y& v th

WM 2, datetime. strptime () FN2 A EE @R} A1 S e = ZAE S G 29 EX1E =
datetime AA S w5 th

strftime strptime

+= Fojxl zWllo| et AAE ZAE | Fol G WO R FALEE datetime A
Z " AR+ 248U

HA =9 3 AAEA H = A mAE

HAE7L A | date; datetime; t ime datetime

e X

A strftime (format) strptime (date_string, format)

strftime () I} strptime () E

2

ac

THeL 1980 C EFo] 875 BE EW IS BEon], £ C W] gt BE BAFNN A5
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KIAIRE (o] o E
%a 84S 2ALY FF (D
20
dolges Sun, Mon, ---, Sat
(en_US);
So, Mo, -+, Sa (de_DE)
SA 89S ZALY AA (1)
o]0 F,
Sunday, Monday, ---,
Saturday (en_US);
Sonntag, Montag, -+,
Samstag (de_DE)
Sw 249510342, 02(0,1,,6
dedo|u 62 LY
I ch
sd 4 % o (day of the | 01,02, -+, 31 )
month)—% 0°o=z YA
10?<1
&b iaﬂ DEREDE ©
=2 0
1 == Jan, Feb, ++-, Dec
(en_US);
Jan, Feb, ---, Dez
(de_DE)
$B 42 Z2ALY AA o (1)
sEo07,
January, February, ---,
December (en_US);
Januar, Februar, -+,
Dezember (de_DE)
%$m 2002 AR 107 | 01,02, -+, 12 9)
T=.
Sy A7 9= 6]] (year) & | 00,01, -+, 99 9)
022 (YR 1034-=.
oy A 717} 9= 3l (year) & | 0001, 0002, -+, 2013, | (2)
10342, 2014, -+, 9998, 9999
%H A QRAANZFANE 02 | 00,01, -+, 23 9
MY R AR,
31 AT (12 A) 7&%1]) E£02% [01,02, -, 12 )
AN RS,
5p 2ALY - & (1, (3)
5 ol = 9
Fol s gets A AM, PM (en_US):
am, pm (de_DE)
M T2 02 AR AR | 00,01, -+, 59 9)
T=2.
%S ZE022 YR 1034 | 00,01, -+, 59 (4), (9)
T=E.
$f ulo]| 3 2 25 Y& 0 | 000000, 000001, -, | (5)
o® QYA AITE. | 999999
%z +HHMM [ SS [ (8] o] 4 =), +0000, - | (6)
fEEEE£E1] & B} 9 | 0400, +1030, +063415, -
UTC 2 = Al (A A 7} | 030712.345216
Lol HatH vl ZA14).
%% A o] 5 (AA 7 v | (19 ), UTC, EST,
8.1. datetime — 7|& L"‘ﬂ}ﬂ-d’l@'i““x}d) CST 201
%7 ¢l (day of the year) | 001, 002, -+, 366 ©)]
% OQE AR AR
=.
~ o A == =2 331 = A1 A A D) Ny A1 S~ P
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C89 EFol A 2787 9 B /b4 F7F A A7 Bel 4 £3 o] T o] hebulEEL BT ISO
8601 4 grol s .

Al | 2ol of [

Al E

At

%G | ISOF (V)9 H & H&2 X3st= A= S YEd <= Al 7] | 0001,0002, -+,2013,2014, | (8)
7} 91 =1S0 8601 A =. -+, 9998. 9999

su | 1SO8601 YL 10752, 1S 92 It 1,2, 7

sV | 1808601 +& R dS F Alfo g st AXls 2. 5 | 01,02, -+, 53 ®),
01218445 3= FdYth )

strftime () HIAEQ} A AFEE o] RE ZRHZ oA AR 5 = AL o d Yt} ISO 8601 A& ¢}
ISO 8601 = AA| A= 9] AE ¢ F HS XA A} w8He 4= glsyth B2 8 A U E 5 3HISO 8601
A A AR strptime () & kA

H

kA o] 7] ) £, A
A& @A TR FE QL FehEol met kU Th of R BABIA AYHE REZY TS

7™ ME AL
A 2 2otAtd, 25 AR 7} timetuple () FIAEE A Y3t A2 obYA|¥h d.strftime (fmt) &
time REY time.strftime (fmt, d.timetuple())HH =g}

datetime.strptime () Sef2 WA EY ¢, 7] 23k 1900-01-01T00:00:00.000 4 t}: A
EAG ol AR E A 932 FA 84 E 7B GelA PR g U

datetime.strptime (date_string, format)2 U3 5534 t}:

datetime (* (time.strptime (date_string, format) [0:6]))

formate]] & v qke] E oy At L =4 FR7F 2FH A& A JUth o] AEL datetime.
strptimeo| A= A QH A time.strptimeo A= ¥ & F Uk

Cime AA] A9, ine AR NG gro] §.0B 2, o (year), Y (month) L A (day) o E TE L ALE
SFA] Qkotof Ut o B AHEE W, 19000 T AERE, 10] s F L 4= thAFH Ut

date AAQ AS, date AA o 3l ZFo] 922 2, A] (hour), ¥ (minute), X (second) X wlo] T & %
(microsecond) &] E W T E = AR 8HA] oFotok Pt o BE AFEE W, 02 2 thA FH YT
2o 0%z, WA 2AYY BA AR RE RAL S PE FUDE TE TAEE TR 2
Q5] A2 2 ool ek CHEU T 3 FABOI AL 0|2 @ TE EAC A} I) % S HER AT,
T2 Lo A= strftime©] UnicodeErrors WA 7] A Al ¥1 X1 L vlsak 4~ 9l o)

T E:

() 9ol A 2A Lol et th2ng, S8 gis) 718 T uw FYsfoF gy 2

EHoE Z2ALY 7R AFPGS A
=9, dA A Lol ja_gpolH,
A =2A L

IQPE FYIZ=E X7 2TEE 5 9l =1
o AdFYP L AATHY locale.

S =

E=) =
eucdP, SJIS E=utf-8 & 3t 4 95U,
getlocale ()< A& Al Q).

(2) strptime () HIAEE AAI[1,9999] BN A=E 72 ZHL 5 AR 1000E T 22 A==

4218] YN 7L =5 00 2 2 ¢ oF i Th
A 3204 WA o)A WAA stritime () WATE 1900 o] AFo g A 3ks 95U T
WA 33004 M WA 32004, stritime () MAEE AEE 1000 o] 42 & A 335Ut

419000] g do] o} B datetime.strptime ('Feb 29', '$b %d') S AZ3t= AL Aot

202 Chapter 8. IO|EH



The Python Library Reference, £A| H{X 3.8.13

(3) strptime () HAES} @’ A A o, sp AA R = A1 7S FF B8 Ul 51 A A ES AHSE
AU 24 A B FHE T
4) time BEI 28, datetime BEEL FXE X LA 5T}
Al

(5) strptime () WA=} A AL
ol E It 45 C e o £ A el A o el (oA 2 e AAAA B
;@Q A=N=4 ‘6}/\1— }\]._9.31—

(6) VJolB AAY ALY sz 8 sz Tl I w EXIE x3g Ut)
olgo] 1A Q] B¢

%z utcoffset () ©] tHHMM[SS[.ffffff]] F A9 Exd =& HIFH Ut} o] 714 HEE UTC
Eﬁﬂﬂmwmﬂ$%4ﬂ<%$ﬂﬂr4tﬂﬁﬂ1wM%mtiEﬂ%°#34%
%ﬂﬂ%ﬂ%ﬂ%ﬂﬂﬁ%ﬂﬂcgzﬂéﬂ#%4&W%$ﬂﬂ%ﬂ%ﬂ@ﬂ%

_1
i&
oy
AW
Y

to

I

il

fEEEFFE UTC 2 24 U} l = £ Uetll= 6] A 2 YUt L=z Alo] =
oA &= 2 W fEfFfff B2 "gﬂﬂ‘ﬂ offsetol o Ho] A = Fo| A £LEE£E 9 SS F 0]
25 *)J%k%qu} o] & £, utcoffset () 9] timedelta (hours=-3, minutes=-30)%
e, sz '-0330" FAIEE z]%wn}.

WA 374 M7 UTC L A & 9] & A ghe A] ok5 U Tth

W 3704 W7 %z A A A7} strptime () WA =] Al5E of, UTC L ZA o= F&0] A, &

9 X Aol R VZE }%%—’Fﬁl%ﬁr/} o[£ 0], '+01:00:00"'Z 1A 7FS] L ZA o7

T MY Y B3, 12 S Alw ek 212 1+00:00" 3 AH YT

$Z tzname () ©] None< W&3}, sz W BALE &P Uk 28X ¢gow sz FAHE 9]

of o 3F= W3 gro = X Eg Yt

WA 32004 W7 %z A A A7 strptime () 7 ﬂEC’ﬂ A2D ], o] datetime AR 7} A
AUttt 239 tzinfox timezone A2HAZE AAFH YT

(7) strptime () PIAES} 370 A2 W, 50 9 2w £ A7 D A% (3v) 7 A A 912 v v A o
A8 Uk,
) 40 Shswst ¥ 237, sv £ YISO AT (50) 7 strptine ) T EAHLol 435 1€ W

Aitel AHE U TE E3k 569t 5YE 4T wd :
(9) strptime () WA EL} A AHEE o], A3 02 %4, $m, $H, $1, %M, %S, %7, $U, $W L 5V W of| A
A A dUth 29 syl A 0] Z 2t}

8.2 calendar — Il =& A3 Sk

A2 F E: Lib/calendar.py

Bl Y9 o Felae o] Ad 2 AU FUFo R 7oy SgE A 191

. ©°] 7}4\% rshow1tz9]— Reingold @] A] 4] ( Calendrical Calculations ) o] W 2= ( 9 AF 19 11 2] (proleptic

Gregorian)) 2¥ 9] o) o} AR 58], RE A 4ke] 7] & el U} 03} 29 AL L IS0 8601 E o

TR = amgulu}. 0deBCId,-1d2BC2d SYYth

class calendar.Calendar (firstweekday=0)

Calendar AAE WHE UL} firstweekday= £ A WA G A A= APtk 02 98¢

(187D oI, 68 A2 AT,

Catenaa: AN THGE 9 99 IS S 14T S A
= TP A A

2t ol

ol
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Calendar A2BE 2= O3 22 WA =71 5 Ut

iterweekdays ()
FFFHAEE 8Y MY oHdolHE AT U olHdlH A WA ke
firstweekday ZZ ¥ E] Zr3 254t

itermonthdates (year, month)
year A=.2] month & (1-12) 59F2] o]EH o] H & Ht&ghu ). o] o|H# o|H = 3 <
F(datetime.date AAZ)F} SA 5 A7) Y 2ostad Ao AZY Aoy 3l
29 $2Y 0T BE T VAT

itermonthdays (year, month)
itermonthdates () &} FAVSHA year A X & month 4 =219
datetime.date W& A ste A 55U th vEHE F-2 @9
oo Jde=dY A, d S 0dYth

itermonthdays2 (year, month )

e
lo
{s [.g

itermonthdates ()&} FAFSHA year A X Q] month B 5 <t2] o] E g o] E] & ¥I33} A v,
datetime.date YAZ ATFH A FFUTh W G2 d S d ot e d e FA4H

REqyrh

itermonthdays3 (year, month)
itermonthdates () 2 G AFSHA| year AE 2] month ¥ Fot9] o] d o] & ¥ 3} A] 1l
datetime.date HYZ AT A S Uth idEm doe dey, 919 d 2 Jd s g

FEYYTh
WA 3.7 27}
itermonthdays4 (year, month)
e e A St e e G, 9 9 d s
TAE FEYUTH
WA 3,79 71

monthdatescalendar (year, month)
year®] month Yol Y= F2 J2EE AA| = vkgd Ut F=709 datetime.date
A7) & e YTk

monthdays2calendar (year, month)
year®] month | Q= F2| F2EE AA FZ U Uth =3 HE g d W
N H2EJY Tt

monthdayscalendar (year, month)

year®] month Lol Q= 30 PAES WA F2 WP e D

yeardatescalendar (year, width=3)

}01.
m]m

FE

57709 B AE Tt

Eojg £ AAD A= POl HE NAFUE WH S 4 P PrEYUh 7 Y
AL 2] widih A (712 E 3O ERA UL 4 A& 4658 £, 4 FE 1722

FasU T Y& datetime.date AR YTt

yeardays2calendar (year, width=3)
g Eu)H A A" AE 9 HolHE wEstUt) (yeardatescalendar () & S AU o).
FerEe YRS I WS 2 Y MBS FEYUL oY el @ MEE 09tk

yeardayscalendar (year, width=3)
B N EEE EEEEE R
FelaEe $Re dATYUTh oD e

class calendar.TextCalendar (firstweekday=0)
ol ZF#ae FE HAE GH S A3t Ul AR & FUTH

TextCalendar 2" 2= th3 3 28 A =7 95Ut

Ut} (veardatescalendar () 2F AU Th.
dHTE0d YT

formatmonth (theyear, themonth, w=0, I=0)
o g g ole & AL BRI wi ATHY, b FLH =GR 2o v
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& AZFUh [o] AlFE W, 24t 27 AEE = 5 AR U ARl A= A
setfirstweekday () MIANEZ A4E A AA 8 dof wra} ohE U

prmonth (theyear, themonth, w=0, [=0)
formatmonth () oA ¥FE3SE Yo &g gt

formatyear (theyear, w=2, I=

=~
S
I
S
3
I
(9%

AA A= m-Qd 28L& oy & Fxdz gy AdZ o) He w1 D e 2
Zdm @ v, 23 =5 249 g Aol Aol gtk A A A EH A Y
setfirstweekday () WA EZ AAE 3 Ax U et ttEYch @85S YT 5
Qe /g mE AL s ZAF B} g

pryear (theyear, w=2, l=1, c=6, m=3)
formatyear () A WHeF A o] 2L o4 g T

class calendar.HTMLCalendar (firstweekday=0)
o] Ze) 2t HIML 28$ 443t ol AH 3 5 gl ch

HTMLCalendar S1AEl Ao= of2- 3} 28 vl A =7} 95U T

formatmonth (theyear, themonth, withyear="True)
99| 2 HTML ¥ o B 2 MBI th widyear7t o] 8 A5 7 S elo] 235 31, 194
Fowl 4 o) F v A E U

formatyear (theyear, width=3)
A= @& HTML H o] E & B3 th widh(7]1 252 3) =3 37

==/
==
i
-
i
By
o
s
<
v

formatyearpage (theyear, width=3, css=calendar.css’, encoding=None)

A=) 2L oA g HTML 3] A 2 W o widih(7) 2412 3) = 3 3 AL 48 A4
FUth et ST A2 oY 28HI A9 o] S Utk 2B N EE A FA gow
Noned AGT 5 A% U Th encoding® 2ol AHEB AT Y2 A AT RS A28

7 AFE YU .
HTMLCalendaro|s @& oA AJ&3l= CSS ZHA2E AL A Aol 37 Y5 AATT &~ Jg=
S 2L o ERRET} JHU T

cssclasses
Zk @ dol| AFRE = CSS ZHl A g 2E. 72 2 g aEE o 25U

cssclasses = ["mon", "tue", "wed", "thu", "fri", "sat", "sun"]

7 gl o B

2 %o 28l g F48 5 A%tk

rlo

cssclasses = ["mon text-bold", "tue", "wed", "thu", "fri", "sat", "sun red

<—>"J

ol elaEe] Aol 771 FE Y] Fo AL

cssclass_noday
Agdolu thE 2ol 55k 2 429 CSS Fef .

WA 3.7 =7}

cssclasses_weekday_ head
S ol A= 8 o] 5ol AFEHE=CSS ZA: 2 |2 E. 7| B2 cssclasses$t ZFUTh

v A 3.7 F7}.

cssclass_month_head
4 3= CSS F 2~ (formatmonthname () oA AFEIYTH. 71 2 ZES "month" YU T}

WA 3.7 7}

cssclass_month
A A g ol B CSS Z A (formatmonth () oAlA AFHEHUTH. 7] 22 "month" ¢ Ut}

WA 3.7 37}
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cssclass_year
AA £ CSS FHW A (formatyear () AA AFRF Y. 712 ZELS "year" YUt}

B A 3.7 F7}.

cssclass_year_head
AL AAY "ol E =9 CSS ZH A (formatyear ()M AFR-FH Y. 7|2 ZEL "year"
SIEI=N

WA 3.7 7}

Aol At FQ2 oJEZGRESY ]2 G5 %%01 cssclass_month
cssclass noday) g CSS = olAE THE CSS ZPA BEOF HIE 4 9

CS
Yt} ol 59 0L 7 2 Ut

"text-bold text-red"

Th&2 HTMLCalendar S AR AL A o 8F= ol th g ol Yot

class CustomHTMLCal (calendar.HTMLCalendar) :
cssclasses = [style + " text-nowrap" for style in
calendar.HTMLCalendar.cssclasses]
cssclass_month_head = "text-center month-head"
cssclass_month = "text-center month"
cssclass_year = "text-italic lead"

class calendar.LocaleTextCalendar (firstweekday=0, locale=None)
TextCalendar® o] B Z| A= AR Z2A)D o] EL ALGT = 9 om XN AH 2 A Lol A
23} 2.9 o) B2 VAP o] 2ALY] AnFo] £ W A} 29 o] B EPSE R E
FAgol fUTZER wEhg Ut

class calendar.LocaleHTMLCalendar (firstweekday=0, locale=None)
HIMLCalendar®] o] B S 2xe AR o] 2A A ol 52 WD 5 glov A AA =A ol A
A3}t 29 o] 5L M FUTE o 2ALe] ATHYo] TP =
FArg ol fUIZ =R wEhg Ut

i)
ko
ne
o
bl
tlo

formatweekday () & formatmonthname () WA EE A 2AIL Fo|X
th 82 EALE Z2 A2 AA AR o|B g, A E A BHA] k5T

2l

e g AE g e 98 o] REL The $4E AlF I Th

calendar.setfirstweekday (weekday)
W F A2 Y-S weekday(02 €2, 62 ded)2 AAg Yt A E $ 3l MONDAY, TUESDAY,
WEDNESDAY, THURSDAY, FRIDAY, SATURDAY I SUNDAY Zro] Al &g Uth o & Sof, 32 3 WA
g8 dede AAsH M
=22 832 =2 0 .

import calendar
calendar.setfirstweekday (calendar.SUNDAY)

calendar. firstweekday ()

728 A5t 299 AR 4L BB

¥

calendar.isleap (year)
year7tb g 0|l Trueg, 182 oW ralsed ¥ Th

calendar.leapdays (y/, y2)
yIolA y2(+-5 BA A Q) A el A &d o] 5 vy, o714 yidt y2= A=Yt
o] g A7 (century) o] W75 23Hsh= 5

calendar .weekday (year, month, day)
year (1970—--), month (1-12), day (1-31) 9] 24 (02 €8 d)& wrashct
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calendar .weekheader (n)

b4 2.9 o] Bo] ZE A HE VAFUTh nS B 59 VB £ 42 AR

calendar.monthrange (year, month)
A1 E year2t monthol] Tl Eo] A AR o] 8 Ay} Lo F & RS T

calendar .monthcalendar (year, month)
st2ol 98 g e dES iUtk 4 g2 3 5 YeErdUth € v E2 022
EA4 145} setflrstweekday()i a7 O}X] Fe =L gl ARFY

calendar .prmonth (theyear, themonth, w=0, I=0)
month () 7} WH8telE 4o 28-S At

calendar .month (theyear, themonth, w=0, [=0)
TextCalendar 2@ 9 formatmonth () & AF&St, S 29 @83 o8] & FAEE gt
U,

calendar.preal (year, w=0, [=0, c=6, m=3)
calendar ()o|A 818 3 A& A &=HE A4}

calendar.calendar (year, w=2, l=1, c=6, m=
TextCalendar S22 formatyear (

- W

e

calendar.timegm (tuple)
time BE9 gmtime () TF7F M3t 23 22 A FEE A8k, 1970 d 9 Al ZH3} POSIX
Am9e e AR FH2 Basgn g8 wHe 240 QAT BT B A,
time.gmtime ()2} timegm ()2 A2 9 FdF4+-Yth

calendar RE-2 Th3 tlolE A EGHEE YE Y U}:

calendar.day_name

A 2ALe] 84S e = vl &,
calendar.day_abbr
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8.3 collections — Container datatypes

Source code: Lib/collections/__init__.py

This module implements specialized container datatypes providing alternatives to Python’s general purpose built-in
containers, dict, 1ist, set,and tuple.

8.3. collections — Container datatypes 207


https://github.com/python/cpython/tree/3.8/Lib/collections/__init__.py

The Python Library Reference, £A| H{X 3.8.13

namedtuple () | factory function for creating tuple subclasses with named fields
deque list-like container with fast appends and pops on either end
ChainMap dict-like class for creating a single view of multiple mappings
Counter dict subclass for counting hashable objects

OrderedDict dict subclass that remembers the order entries were added
defaultdict dict subclass that calls a factory function to supply missing values
UserDict wrapper around dictionary objects for easier dict subclassing
UserList wrapper around list objects for easier list subclassing
UserString wrapper around string objects for easier string subclassing

Deprecated since version 3.3, will be removed in version 3.10: Moved Collections 5=/ ]| ©] 2~ Z 2] 2 to the
collections.abc module. For backwards compatibility, they continue to be visible in this module through
Python 3.9.

8.3.1 chainMap objects

W 330 =7}

A ChainMap class is provided for quickly linking a number of mappings so they can be treated as a single unit. It
is often much faster than creating a new dictionary and running multiple update () calls.

The class can be used to simulate nested scopes and is useful in templating.

class collections.ChainMap (*maps)

A ChainMap groups multiple dicts or other mappings together to create a single, updateable view. If no maps
are specified, a single empty dictionary is provided so that a new chain always has at least one mapping.

The underlying mappings are stored in a list. That list is public and can be accessed or updated using the maps
attribute. There is no other state.

Lookups search the underlying mappings successively until a key is found. In contrast, writes, updates, and
deletions only operate on the first mapping.

A ChainMap incorporates the underlying mappings by reference. So, if one of the underlying mappings gets
updated, those changes will be reflected in Cha inMap.

All of the usual dictionary methods are supported. In addition, there is a maps attribute, a method for creating
new subcontexts, and a property for accessing all but the first mapping:

maps
A user updateable list of mappings. The list is ordered from first-searched to last-searched. It is the only
stored state and can be modified to change which mappings are searched. The list should always contain
at least one mapping.

new_child (m=None)
Returns a new ChainMap containing a new map followed by all of the maps in the current instance. If
m is specified, it becomes the new map at the front of the list of mappings; if not specified, an empty
dict is used, so that a call to d.new_child () is equivalent to: ChainMap ({}, *d.maps). This
method is used for creating subcontexts that can be updated without altering values in any of the parent
mappings.

W A 3.40) A ¥ 7 : The optional m parameter was added.

parents
Property returning a new ChainMap containing all of the maps in the current instance except the first
one. This is useful for skipping the first map in the search. Use cases are similar to those for the
nonlocal keyword used in nested scopes. The use cases also parallel those for the built-in super ()
function. A reference to d.parents is equivalent to: ChainMap (*d.maps[1:]).

Note, the iteration order of a ChainMap () is determined by scanning the mappings last to first:
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>>> baseline = {'music': 'bach', 'art': 'rembrandt'}

>>> adjustments = {'art': 'van gogh', 'opera': 'carmen'}
>>> list (ChainMap (adjustments, baseline))

['music', 'art', 'opera'l]

This gives the same ordering as a series of dict.update () calls starting with the last mapping:

>>> combined = baseline.copy ()
>>> combined.update (adjustments)
>>> list (combined)

['music', 'art', 'opera']

o ®H7|:

e The MultiContext class in the Enthought CodeTools package has options to support writing to any mapping in
the chain.

* Django’s Context class for templating is a read-only chain of mappings. It also features pushing and popping
of contexts similar to the new_child () method and the parent s property.

* The Nested Contexts recipe has options to control whether writes and other mutations apply only to the first
mapping or to any mapping in the chain.

* A greatly simplified read-only version of Chainmap.
ChainMap Examples and Recipes

This section shows various approaches to working with chained maps.

Example of simulating Python’s internal lookup chain:

import builtins
pylookup = ChainMap (locals (), globals (), vars(builtins))

Example of letting user specified command-line arguments take precedence over environment variables which in turn
take precedence over default values:

import os, argparse
defaults = {'color': 'red', 'user': 'guest'}

parser = argparse.ArgumentParser ()

parser.add_argument ('-u', '—-user')

parser.add_argument ('-c', '—-color")

namespace = parser.parse_args ()

command_line_args = {k: v for k, v in vars(namespace) .items() if v is not None}

combined = ChainMap (command_line_args, os.environ, defaults)
print (combined['color'])
print (combined['user'])

Example patterns for using the ChainMap class to simulate nested contexts:

c = ChainMap () # Create root context

d = c.new_child() # Create nested child context

e = c.new_child{() # Child of ¢, independent from d

e.maps[0] # Current context dictionary -- like Python's locals()
e.maps[-1] # Root context —- like Python's globals ()

e.parents # Enclosing context chain —-- like Python's nonlocals
dl'x"] =1 # Set value in current context

dl'x"] # Get first key in the chain of contexts

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

del d['x"'] # Delete from current context

list (d) # All nested values

k in d # Check all nested values

len (d) # Number of nested values

d.items () # All nested items

dict (d) # Flatten into a regular dictionary

The ChainMap class only makes updates (writes and deletions) to the first mapping in the chain while lookups will
search the full chain. However, if deep writes and deletions are desired, it is easy to make a subclass that updates
keys found deeper in the chain:

class DeepChainMap (ChainMap) :
'Variant of ChainMap that allows direct updates to inner scopes'

def __ _setitem__ (self, key, value):
for mapping in self.maps:
if key in mapping:

mapping[key] = value
return
self.maps([0] [key] = value

def _ delitem__ (self, key):
for mapping in self.maps:
if key in mapping:
del mappinglkey]
return
raise KeyError (key)

>>> d = DeepChainMap ({'zebra': 'black'}, {'elephant': 'blue'}, {'lion': 'yellow'})
>>> d['lion'] = 'orange' # update an existing key two levels down

>>> d['snake'] = 'red' # new keys get added to the topmost dict

>>> del d['elephant'] # remove an existing key one level down

>>> d # display result

DeepChainMap ({'zebra': 'black', 'snake': 'red'}, {}, {'lion': 'orange'})

8.3.2 Counter objects

A counter tool is provided to support convenient and rapid tallies. For example:

>>> # Tally occurrences of words in a list

>>> cnt = Counter()

>>> for word in ['red', 'blue', 'red', 'green', 'blue', 'blue'l]:
cnt [word] += 1

>>> cnt

Counter ({'blue': 3, 'red': 2, 'green': 1})

>>> # Find the ten most common words in Hamlet

>>> import re

>>> words = re.findall(r'\w+', open('hamlet.txt').read().lower())

>>> Counter (words) .most_common (10)

[("the', 1143), ('and', 966), ('to', 762), ('of', 669), ('i', 631),
('you', 554), ('a', 546), ('my', 514), ('hamlet', 471), ('in', 451)]

class collections.Counter ( [iterable—or—mapping] )
A Counter is a dict subclass for counting hashable objects. It is a collection where elements are stored
as dictionary keys and their counts are stored as dictionary values. Counts are allowed to be any integer value
including zero or negative counts. The Counter class is similar to bags or multisets in other languages.

Elements are counted from an iterable or initialized from another mapping (or counter):
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>>> ¢ = Counter () # a new, empty counter

>>> ¢ = Counter('gallahad") # a new counter from an iterable
>>> ¢ = Counter({'red': 4, 'blue': 2}) # a new counter from a mapping
>>> ¢ = Counter (cats=4, dogs=8) # a new counter from keyword args

Counter objects have a dictionary interface except that they return a zero count for missing items instead of
raising a KeyError:

>>> ¢ = Counter(['eggs', 'ham'])

>>> c['bacon'] # count of a missing element 1is.
—ZEero

0

Setting a count to zero does not remove an element from a counter. Use del to remove it entirely:

>>> c['sausage'] = 0 # counter entry with a zero count
>>> del c|['sausage'] # del actually removes the entry

B A 310 &7}

WA 3704 Y7 : As a dict subclass, Counter Inherited the capability to remember insertion order.
Math operations on Counter objects also preserve order. Results are ordered according to when an element is
first encountered in the left operand and then by the order encountered in the right operand.

Counter objects support three methods beyond those available for all dictionaries:

elements ()
Return an iterator over elements repeating each as many times as its count. Elements are returned in the
order first encountered. If an element’s count is less than one, e lement s () will ignore it.

>>> ¢ = Counter (a=4, b=2, c=0, d=-2)
>>> sorted(c.elements())
[lal, ’aV, lal, lal’ lbl, lbl]

most_common ( [n ] )
Return a list of the n most common elements and their counts from the most common to the least. If n
is omitted or None, most_ common () returns all elements in the counter. Elements with equal counts
are ordered in the order first encountered:

>>> Counter ('abracadabra') .most_common (3)
[(ta', 5), ('b', 2), ('r', 2)]

subtract ( [iterable—or—mapping ] )
Elements are subtracted from an iterable or from another mapping (or counter). Like dict . update ()
but subtracts counts instead of replacing them. Both inputs and outputs may be zero or negative.

>>> ¢ = Counter (a=4, b=2, c=0, d=-2)

>>> d = Counter (a=1, b=2, c=3, d=4)

>>> c.subtract (d)

>>> C

Counter({'a': 3, 'b': 0, 'c': =3, 'd': -6})

B A 320 F7}.

The usual dictionary methods are available for Counter objects except for two which work differently for
counters.

fromkeys (iterable)
This class method is not implemented for Counter objects.

update ( [iterable-or-mapping] )
Elements are counted from an iferable or added-in from another mapping (or counter). Like dict.
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update () but adds counts instead of replacing them. Also, the iferable is expected to be a sequence of
elements, not a sequence of (key, wvalue) pairs.

Common patterns for working with Counter objects:

sum(c.values ()) # total of all counts

c.clear () # reset all counts

list (c) # list unique elements

set (c) # convert to a set

dict (c) # convert to a regular dictionary

c.items () # convert to a list of (elem, cnt) pairs
Counter (dict (list_of_pairs)) # convert from a list of (elem, cnt) pairs
c.most_common () [:—n—-1:-1] # n least common elements

+c # remove zero and negative counts

Several mathematical operations are provided for combining Counter objects to produce multisets (counters that
have counts greater than zero). Addition and subtraction combine counters by adding or subtracting the counts of
corresponding elements. Intersection and union return the minimum and maximum of corresponding counts. Each
operation can accept inputs with signed counts, but the output will exclude results with counts of zero or less.

>>> ¢ = Counter (a=3, b=1

>>> d = Counter (a=1, b=2

>>> ¢ + d # add two counters together: cl[x] + d[x]
Counter({'a': 4, 'b': 3})

>>> ¢ - d # subtract (keeping only positive counts)
Counter({'a': 2})

>>> ¢ & d # intersection: min(c[x], d[x])
Counter({'a': 1, 'b': 1})

>>> ¢ | d # union: max(c[x], d[x])

Counter({'a': 3, 'b': 2})

Unary addition and subtraction are shortcuts for adding an empty counter or subtracting from an empty counter.

>>> ¢ = Counter (a=2, b=-4)
>>> +C

Counter({'a': 2})

>>> —¢

Counter ({'b': 4})

¥ A 3.39]] 37} Added support for unary plus, unary minus, and in-place multiset operations.

Z31: Counters were primarily designed to work with positive integers to represent running counts; however, care
was taken to not unnecessarily preclude use cases needing other types or negative values. To help with those use
cases, this section documents the minimum range and type restrictions.

e The Counter class itself is a dictionary subclass with no restrictions on its keys and values. The values are
intended to be numbers representing counts, but you could store anything in the value field.

e The most_common () method requires only that the values be orderable.

 For in-place operations such as c [key] += 1, the value type need only support addition and subtraction.
So fractions, floats, and decimals would work and negative values are supported. The same is also true for
update () and subtract () which allow negative and zero values for both inputs and outputs.

¢ The multiset methods are designed only for use cases with positive values. The inputs may be negative or zero,
but only outputs with positive values are created. There are no type restrictions, but the value type needs to
support addition, subtraction, and comparison.

e The elements () method requires integer counts. It ignores zero and negative counts.

o B7):

* Bag class in Smalltalk.
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Wikipedia entry for Multisets.
C++ multisets tutorial with examples.

For mathematical operations on multisets and their use cases, see Knuth, Donald. The Art of Computer Pro-
gramming Volume II, Section 4.6.3, Exercise 19.

To enumerate all distinct multisets of a given size over a given set of elements, see itertools.
combinations_with_replacement ():

map (Counter, combinations_with_replacement ('ABC', 2)) # —--> AA AB AC BB BC CC

8.3.3 deque objects

class collections.deque ([iterable[, maxlen] ] )

Returns a new deque object initialized left-to-right (using append ()) with data from iterable. If iterable is
not specified, the new deque is empty.

Deques are a generalization of stacks and queues (the name is pronounced {deck) and is short for {double-
ended queue ) ). Deques support thread-safe, memory efficient appends and pops from either side of the deque
with approximately the same O(1) performance in either direction.

Though 11 st objects support similar operations, they are optimized for fast fixed-length operations and incur
O(n) memory movement costs for pop (0) and insert (0, v) operations which change both the size and
position of the underlying data representation.

If maxlen is not specified or is None, deques may grow to an arbitrary length. Otherwise, the deque is bounded
to the specified maximum length. Once a bounded length deque is full, when new items are added, a corre-
sponding number of items are discarded from the opposite end. Bounded length deques provide functionality
similar to the tail filter in Unix. They are also useful for tracking transactions and other pools of data where
only the most recent activity is of interest.

Deque objects support the following methods:

append (x)
Add x to the right side of the deque.

appendleft (x)
Add x to the left side of the deque.

clear ()
Remove all elements from the deque leaving it with length 0.

copy ()
Create a shallow copy of the deque.

WA 3.5 =7}

count (x)
Count the number of deque elements equal to x.

WA 3.20] F7}
extend (iferable)

Extend the right side of the deque by appending elements from the iterable argument.

extendleft (iterable)
Extend the left side of the deque by appending elements from iferable. Note, the series of left appends
results in reversing the order of elements in the iterable argument.

index (x[, start[, stop] ] )
Return the position of x in the deque (at or after index start and before index sfop). Returns the first
match or raises ValueError if not found.

WA 3.5 F71.
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insert (i, x)
Insert x into the deque at position i.

If the insertion would cause a bounded deque to grow beyond maxlen, an ITndexError is raised.

v A 3.50] F7}.

pop ()
Remove and return an element from the right side of the deque. If no elements are present, raises an
IndexError.

popleft ()
Remove and return an element from the left side of the deque. If no elements are present, raises an
IndexError

remove (value)
Remove the first occurrence of value. If not found, raises a ValueError.

reverse ()
Reverse the elements of the deque in-place and then return None.

v A 3.20] F7}.

rotate (n=1)
Rotate the deque n steps to the right. If n is negative, rotate to the left.

When the deque is not empty, rotating one step to the right is equivalent to d.appendleft (d.
pop () ), and rotating one step to the left is equivalent to d . append (d.popleft () ).

Deque objects also provide one read-only attribute:

maxlen
Maximum size of a deque or None if unbounded.

B A 3.1 F7}.

In addition to the above, deques support iteration, pickling, 1en (d), reversed (d), copy.copy (d), copy .
deepcopy (d), membership testing with the in operator, and subscript references such as d[0] to access the
first element. Indexed access is O(1) at both ends but slows to O(n) in the middle. For fast random access, use lists
instead.

Starting in version 3.5, deques support __add__ (), __mul__ (),and __imul__ ().

Example:
>>> from collections import deque
>>> d = deque('ghi') # make a new deque with three items
>>> for elem in d: # iterate over the deque's elements
.. print (elem.upper())
G
H
I
>>> d.append('J") # add a new entry to the right side
>>> d.appendleft ('f'") # add a new entry to the left side
>>> d # show the representation of the deque
deque([lfll lgl, 'hl, 'il, 'j'])
>>> d.pop () # return and remove the rightmost item
ljl
>>> d.popleft () # return and remove the leftmost item
'fl
>>> list (d) # list the contents of the deque
[vgv, 'h', lil]
>>> d[0] # peek at leftmost item
lgl
>>> d[-1] # peek at rightmost item
(g STeTA o A%)
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>>> list (reversed(d)) # list the contents of a deque in reverse
['i', 'h', 'g']

>>> 'h' in d # search the deque

True

>>> d.extend (' Jk1l") # add multiple elements at once
>>> d

deque(['g', 'h', 'i', '3', 'k', '1'])

>>> d.rotate (1) # right rotation

>>> d

deque(['l', 'g', 'h', 'i', '3', 'k'])

>>> d.rotate(-1) # left rotation

>>> d

deque(['g', lhll 'i'l 'j'l 'k|l 'l'])

>>> deque (reversed (d)) # make a new deque in reverse order
deque([llll lkl, ljl, lil, lhl, lgl])

>>> d.clear () # empty the deque

>>> d.pop () # cannot pop from an empty deque

Traceback (most recent call last):
File "<pyshell#6>", line 1, in -toplevel-
d.pop ()
IndexError: pop from an empty deque

>>> d.extendleft ('abc') # extendleft () reverses the input order
>>> d
deque (['c', 'b', 'a'l)

deque Recipes

This section shows various approaches to working with deques.

Bounded length deques provide functionality similar to the tail filter in Unix:

def tail (filename, n=10):
'Return the last n lines of a file'
with open(filename) as f:
return deque (£, n)

Another approach to using deques is to maintain a sequence of recently added elements by appending to the right and
popping to the left:

def moving_average (iterable, n=3):
# moving_average ([40, 30, 50, 46, 39, 44]) —-—-> 40.0 42.0 45.0 43.0
# http://en.wikipedia.org/wiki/Moving average
it = iter (iterable)
d = deque(itertools.islice(it, n-1))
d.appendleft (0)
s = sum(d)
for elem in it:
s += elem - d.popleft ()
d.append (elem)
yield s / n

A round-robin scheduler can be implemented with input iterators stored in a deque. Values are yielded from the
active iterator in position zero. If that iterator is exhausted, it can be removed with popleft (); otherwise, it can
be cycled back to the end with the rotate () method:

8.3. collections — Container datatypes 215



https://en.wikipedia.org/wiki/Round-robin_scheduling

The Python Library Reference, £A| H{X 3.8.13

def roundrobin (*iterables) :

"roundrobin ('ABC', 'D', 'EF') -—-> ADE B F C"
iterators = deque(map(iter, iterables))
while iterators:

try:

while True:
yield next (iterators([0])
iterators.rotate (-1)
except Stoplteration:
# Remove an exhausted iterator.
iterators.popleft ()

The rotate () method provides a way to implement deqgue slicing and deletion. For example, a pure Python
implementation of del d[n] relies on the rotate () method to position elements to be popped:

def delete_nth(d, n):
d.rotate (—n)
d.popleft ()
d.rotate (n)

To implement deqgue slicing, use a similar approach applying rotate () to bring a target element to the left side of
the deque. Remove old entries with popleft (), add new entries with extend (), and then reverse the rotation.
With minor variations on that approach, it is easy to implement Forth style stack manipulations such as dup, drop,
swap, over, pick, rot,and roll.

8.3.4 defaultdict objects

class collections.defaultdict ( [defaultjactory[, ] ] )
Returns a new dictionary-like object. defaultdict is a subclass of the built-in dict class. It overrides
one method and adds one writable instance variable. The remaining functionality is the same as for the dict
class and is not documented here.

The first argument provides the initial value for the default_factory attribute; it defaults to None. All
remaining arguments are treated the same as if they were passed to the dict constructor, including keyword
arguments.

defaultdict objects support the following method in addition to the standard dict operations:

__missing__ (key)
If the default_factory attribute is None, this raises a KeyError exception with the key as ar-
gument.

If default_factory is not None, it is called without arguments to provide a default value for the
given key, this value is inserted in the dictionary for the key, and returned.

If calling default_factory raises an exception this exception is propagated unchanged.

This method is called by the __getitem__ () method of the dict class when the requested key is
not found; whatever it returns or raises is then returned or raised by __getitem__ ().

Note that _ _missing__ () is not called for any operations besides __ _getitem__ (). This
means that get () will, like normal dictionaries, return None as a default rather than using
default_factory.

defaultdict objects support the following instance variable:

default_factory
This attribute is used by the __missing () method; it is initialized from the first argument to the
constructor, if present, or to None, if absent.
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defaultdict Examples

Using 1ist asthe default_factory,itis easy to group a sequence of key-value pairs into a dictionary of lists:

>>> s = [('yellow', 1), ('blue', 2), ('yellow', 3), ('blue', 4), ('red', 1)]
>>> d = defaultdict (list)
>>> for k, v in s:

d[k] .append(v)

>>> sorted(d.items ())
[("blue', [2, 4]), ('red', [1]), ('yellow', [1, 3])]

When each key is encountered for the first time, it is not already in the mapping; so an entry is automatically created
using the default_factory function which returns an empty 1ist. The 1ist.append () operation then
attaches the value to the new list. When keys are encountered again, the look-up proceeds normally (returning the
list for that key) and the 1ist .append () operation adds another value to the list. This technique is simpler and
faster than an equivalent technique using dict.setdefault ():

>>> d = {}
>>> for k, v in s:
d.setdefault (k, []).append(v)

>>> sorted(d.items())
[('blue', [2, 4]), ('red', [1]), ('yellow', [1, 31)]

Setting the default_factory to int makes the defaultdict useful for counting (like a bag or multiset in
other languages):

>>> s = 'mississippi’
>>> d = defaultdict (int)
>>> for k in s:

d[k] += 1

>>> sorted(d.items())
[¢rit, 4), ('m', 1), ('p', 2), ('s', 4)]

When a letter is first encountered, it is missing from the mapping, so the default_factory functioncalls int ()
to supply a default count of zero. The increment operation then builds up the count for each letter.

The function int () which always returns zero is just a special case of constant functions. A faster and more flexible
way to create constant functions is to use a lambda function which can supply any constant value (not just zero):

>>> def constant_factory(value) :
return lambda: value
>>> d = defaultdict (constant_factory ('<missing>"))
>>> d.update (name='John', action='ran')
>>> ! to "% d
'John ran to <missing>'

Setting the default_factoryto set makes the defaultdict useful for building a dictionary of sets:

>>> s = [('red', 1), ('blue', 2), ('red', 3), ('blue', 4), ('red', 1), ('blue', 4)]
>>> d defaultdict (set)
>>> for k, v in s:

d[k].add (v)

>>> sorted(d.items ())
[('blue', {2, 4}), ('red', {1, 3})]
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8.3.5 namedtuple () Factory Function for Tuples with Named Fields

Named tuples assign meaning to each position in a tuple and allow for more readable, self-documenting code. They
can be used wherever regular tuples are used, and they add the ability to access fields by name instead of position
index.

collections.namedtuple (typename, field_names, *, rename=False, defaults=None, module=None)
Returns a new tuple subclass named typename. The new subclass is used to create tuple-like objects that have
fields accessible by attribute lookup as well as being indexable and iterable. Instances of the subclass also have
a helpful docstring (with typename and field_names) and a helpful __repr__ () method which lists the tuple
contents in a name=value format.

The field_names are a sequence of strings such as ['x', 'y']. Alternatively, field_names can be a single
string with each fieldname separated by whitespace and/or commas, for example 'x y'or 'x, y'.

Any valid Python identifier may be used for a fieldname except for names starting with an underscore. Valid
identifiers consist of letters, digits, and underscores but do not start with a digit or underscore and cannot be a
keyword such as class, for, return, global, pass, or raise.

If rename is true, invalid fieldnames are automatically replaced with positional names. For example, [ 'abc',
'def', 'ghi', 'abc'] isconvertedto ['abc', '_1', 'ghi', '_3'], eliminating the key-
word de f and the duplicate fieldname abc.

defaults can be None or an iterable of default values. Since fields with a default value must come after any
fields without a default, the defaults are applied to the rightmost parameters. For example, if the fieldnames
are ['x', 'y', 'z'] andthedefaultsare (1, 2),then x will be a required argument, y will default to
1, and z will default to 2.

If module is defined, the __module___ attribute of the named tuple is set to that value.

Named tuple instances do not have per-instance dictionaries, so they are lightweight and require no more
memory than regular tuples.

A 3.1 4 ¥ 7 : Added support for rename.

W A 3.6 A ¥ 7 : The verbose and rename parameters became keyword-only arguments.
WA 3.6 4 X7 : Added the module parameter.

H A 3.79]| A ¥ 7 : Removed the verbose parameter and the _source attribute.

WA 379 A ¥ 7 : Added the defaults parameter and the _field_defaults attribute.

>>> # Basic example

>>> Point = namedtuple ('Point', ['x', 'y'])

>>> p = Point (11, y=22) # instantiate with positional or keyword arguments
>>> pl[0] + pl[l] # indexable like the plain tuple (11, 22)

33

>>> x, y =p # unpack like a regular tuple

>>> x, vy

(11, 22)

>>> p.x + p.y # fields also accessible by name

33

>>> p # readable __repr.__ with a name=value style

Point (x=11, y=22)

Named tuples are especially useful for assigning field names to result tuples returned by the csv or sglite3
modules:

EmployeeRecord = namedtuple ('EmployeeRecord', 'name, age, title, department, .
—paygrade')

import csv
for emp in map (EmployeeRecord._make, csv.reader (open("employees.csv", "rb"))):
print (emp.name, emp.title)

(TF ol Aol A
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(o1 sl o] A A A%)

import sqglite3
conn = sqglite3.connect ('/companydata')
cursor = conn.cursor ()
cursor.execute ('SELECT name, age, title, department, paygrade FROM employees')
for emp in map (EmployeeRecord._make, cursor.fetchall()):
print (emp.name, emp.title)

In addition to the methods inherited from tuples, named tuples support three additional methods and two attributes.
To prevent conflicts with field names, the method and attribute names start with an underscore.

classmethod somenamedtuple._make (iterable)
Class method that makes a new instance from an existing sequence or iterable.

>>> t = [11, 22]
>>> Point._make (t)
Point (x=11, y=22)

somenamedtuple._asdict ()
Return a new dict which maps field names to their corresponding values:

>>> p = Point (x=11, y=22)
>>> p._asdict ()
{'x': 11, 'y': 22}

WA 3.190 4 ¥ 7 : Returns an OrderedDict instead of a regular dict.

A 3.8 A ¥ 7 : Returns a regular dict instead of an OrderedDict. As of Python 3.7, regular dicts
are guaranteed to be ordered. If the extra features of OrderedDict are required, the suggested remediation
is to cast the result to the desired type: OrderedDict (nt._asdict ()).

somenamedtuple._replace (**kwargs)
Return a new instance of the named tuple replacing specified fields with new values:

>>> p = Point (x=11, y=22)
>>> p._replace (x=33)
Point (x=33, y=22)

>>> for partnum, record in inventory.items():
.. inventory[partnum] = record._replace (price=newprices[partnum], .
—timestamp=time.now())

somenamedtuple._fields
Tuple of strings listing the field names. Useful for introspection and for creating new named tuple types from
existing named tuples.

>>> p._fields # view the field names
(le, lyl)

>>> Color = namedtuple('Color', 'red green blue')

>>> Pixel = namedtuple('Pixel', Point._fields + Color._fields)
>>> Pixel (11, 22, 128, 255, 0)

Pixel (x=11, y=22, red=128, green=255, blue=0)

somenamedtuple._field_defaults
Dictionary mapping field names to default values.

>>> Account = namedtuple('Account', ['type', 'balance'], defaults=[0])
>>> Account._field_defaults

{'"balance': 0}

>>> Account ('premium')

Account (type="premium', balance=0)
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To retrieve a field whose name is stored in a string, use the getattr () function:

>>> getattr(p, 'x'")
11

To convert a dictionary to a named tuple, use the double-star-operator (as described in tut-unpacking-arguments):

>> d = {'x': 11, 'y': 22}
>>> Point (**d)
Point (x=11, y=22)

Since a named tuple is a regular Python class, it is easy to add or change functionality with a subclass. Here is how
to add a calculated field and a fixed-width print format:

>>> class Point (namedtuple ('Point', ['x', 'yv'])):
_ slots_ ()
@property
def hypot (self):
return (self.x ** 2 + self.y ** 2) ** 0.5
def _ str_ (self):
return 'Point: x= y= hypot= ' % (self.x, self.y, self.

—hypot)

>>> for p in Point (3, 4), Point (14, 5/7):
Ce . print (p)

Point: x= 3.000 vy= 4.000 hypot= 5.000
Point: x=14.000 vy= 0.714 hypot=14.018

The subclass shown above sets ___slots__ to an empty tuple. This helps keep memory requirements low by
preventing the creation of instance dictionaries.

Subclassing is not useful for adding new, stored fields. Instead, simply create a new named tuple type from the
__fields attribute:

>>> Point3D = namedtuple('Point3D', Point._fields + ('z',))

Docstrings can be customized by making direct assignments to the __doc___fields:

>>> Book = namedtuple('Book', ['id', 'title', 'authors'])

>>> Book. doc += ': Hardcover book in active collection'

>>> Book.id._ doc_ = '"13-digit ISBN'

>>> Book.title._ doc__ = 'Title of first printing’

>>> Book.authors. d = 'List of authors sorted by last name'

A 3.59]| A ¥ 7 : Property docstrings became writeable.
o X7

e See typing.NamedTuple for a way to add type hints for named tuples. It also provides an elegant notation
using the class keyword:

class Component (NamedTuple) :
part_number: int
weight: float
description: Optional[str] = None

e See types.SimpleNamespace () for a mutable namespace based on an underlying dictionary instead of
a tuple.

e The dataclasses module provides a decorator and functions for automatically adding generated special
methods to user-defined classes.
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8.3.6 OrderedDict objects

Ordered dictionaries are just like regular dictionaries but have some extra capabilities relating to ordering operations.
They have become less important now that the built-in dict class gained the ability to remember insertion order
(this new behavior became guaranteed in Python 3.7).

Some differences from di ct still remain:

e The regular dict was designed to be very good at mapping operations. Tracking insertion order was sec-
ondary.

e The OrderedDict was designed to be good at reordering operations. Space efficiency, iteration speed, and
the performance of update operations were secondary.

¢ Algorithmically, OrderedDict can handle frequent reordering operations better than dict. This makes it
suitable for tracking recent accesses (for example in an LRU cache).

* The equality operation for OrderedDict checks for matching order.

e The popitem () method of OrderedDict has a different signature. It accepts an optional argument to
specify which item is popped.
e OrderedDict hasamove_to_end () method to efficiently reposition an element to an endpoint.

e Until Python 3.8, dict lackeda __reversed__ () method.

class collections.OrderedDict ( [items] )
Return an instance of a dict subclass that has methods specialized for rearranging dictionary order.

B A 3.10] =7},

popitem (last=True)
The popitem () method for ordered dictionaries returns and removes a (key, value) pair. The pairs are
returned in LIFO order if last is true or FIFO (first-in, first-out) order if false.

move_to_end (key, last=True)
Move an existing key to either end of an ordered dictionary. The item is moved to the right end if /ast is
true (the default) or to the beginning if /ast is false. Raises KeyError if the key does not exist:

>>> d = OrderedDict.fromkeys ('abcde')
>>> d.move_to_end('b")

>>> ''" . join(d.keys ())

'acdeb'

>>> d.move_to_end('b', last=False)
>>> ''" . join(d.keys ())

'bacde’

v A 3.20] F7}.
In addition to the usual mapping methods, ordered dictionaries also support reverse iteration using reversed ().

Equality tests between OrderedDict objects are order-sensitive and are implemented as list (odl.
items () )==1ist (od2.items () ). Equality tests between OrderedDict objects and other Mapping ob-
jects are order-insensitive like regular dictionaries. This allows OrderedDict objects to be substituted anywhere
a regular dictionary is used.

W A 359 4] ¥ 7 : The items, keys, and values views of OrderedDict now support reverse iteration using
reversed().

H A 3.6 4] ¥ : With the acceptance of PEP 468, order is retained for keyword arguments passed to the
OrderedDict constructor and its update () method.
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OrderedDict Examples and Recipes

It is straightforward to create an ordered dictionary variant that remembers the order the keys were last inserted. If
a new entry overwrites an existing entry, the original insertion position is changed and moved to the end:

class LastUpdatedOrderedDict (OrderedDict) :
'Store items in the order the keys were last added'

def

__setitem__ (self, key, value):
super () .__setitem__ (key, value)
self.move_to_end(key)

An OrderedDict would also be useful for implementing variants of functools.lru_cache ():

class LRU (OrderedDict) :
'Limit size, evicting the least recently looked-up key when full'

def

def

def

__init__(self, maxsize=128, /, *args, **kwds):
self.maxsize = maxsize

super().__init__ (*args, **kwds)

__getitem__ (self, key):

value = super().__getitem__ (key)
self.move_to_end(key)
return value

__setitem__ (self, key, value):

if key in self:
self.move_to_end(key)

super () .__setitem__ (key, value)

if len(self) > self.maxsize:
oldest next (iter (self))
del selfloldest]

8.3.7 UserDict objects

The class, UserDict acts as a wrapper around dictionary objects. The need for this class has been partially sup-
planted by the ability to subclass directly from dict; however, this class can be easier to work with because the
underlying dictionary is accessible as an attribute.

class collections.UserDict ( [initialdata] )

Class that simulates a dictionary. The instance’s contents are kept in a regular dictionary, which is accessible
via the dat a attribute of UserDict instances. If initialdata is provided, dat a is initialized with its contents;
note that a reference to initialdata will not be kept, allowing it be used for other purposes.

In addition to supporting the methods and operations of mappings, UserDi ct instances provide the following
attribute:

data

A real dictionary used to store the contents of the UserDict class.
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8.3.8 UserList objects

This class acts as a wrapper around list objects. It is a useful base class for your own list-like classes which can inherit
from them and override existing methods or add new ones. In this way, one can add new behaviors to lists.

The need for this class has been partially supplanted by the ability to subclass directly from 1 i st; however, this class
can be easier to work with because the underlying list is accessible as an attribute.

class collections.UserList ([list])
Class that simulates a list. The instance’s contents are kept in a regular list, which is accessible via the data
attribute of UserList instances. The instance’s contents are initially set to a copy of list, defaulting to the
empty list []. list can be any iterable, for example a real Python list or a UserLi st object.

In addition to supporting the methods and operations of mutable sequences, UserLi st instances provide the
following attribute:

data
A real 11 st object used to store the contents of the UserList class.

Subclassing requirements: Subclasses of UserlList are expected to offer a constructor which can be called with
either no arguments or one argument. List operations which return a new sequence attempt to create an instance of
the actual implementation class. To do so, it assumes that the constructor can be called with a single parameter, which
is a sequence object used as a data source.

If a derived class does not wish to comply with this requirement, all of the special methods supported by this class
will need to be overridden; please consult the sources for information about the methods which need to be provided
in that case.

8.3.9 Userstring objects

The class, UserSt ring acts as a wrapper around string objects. The need for this class has been partially supplanted
by the ability to subclass directly from st r; however, this class can be easier to work with because the underlying
string is accessible as an attribute.

class collections.UserString (seq)
Class that simulates a string object. The instance’s content is kept in a regular string object, which is accessible
via the data attribute of UserSt ring instances. The instance’s contents are initially set to a copy of seq.
The seq argument can be any object which can be converted into a string using the built-in st r () function.

In addition to supporting the methods and operations of strings, UserSt r1ing instances provide the following
attribute:

data
A real st r object used to store the contents of the UserSt ring class.

B A 350 A ¥ 7 : New methods _ getnewargs
isprintable, and maketrans.

__rmod__, casefold, format_map,

_

8.4 collections.abc — ZIH|O|LH2| FAH H|0|A EciA

W 3300 F7F: o] dell=, o] BEo] collections REY dF A5t
A2 F X Lib/_collections_abc.py
o) BEL ZeAT B4 AE ) AT AFTIHEAS AL 0 AR TS YE o)A ZH AT
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8.4.1 Collections A H|0|A ZciA

collections 2 &L t}2 3} 222 ABCE A| &3t}

ABC HE FHONE BRI
Container _ _contains_
Hashable __hash___
Iterable _ iter_
Iterator Iterable | _ _next_ __iter
Reversible Iterable | __reversed_
Generator Iterator | send, throw close,__iter_ ,_  next_
Sized __len_
Callable __call
Collection Sized, __contains__,
Iterable,| _ _iter_ ,_ len_
Container
Sequence Reversible, getitem__, __contains_ ,__iter_
Collectidn__len_ __reversed_ ,index % count
MutableSequence | Sequence | __getitem_ , Ar2H sequence WA E 9} append
__setitem__, reverse,extend,pop,remove‘Q
__delitem_ , __dadd__
__len_ ,insert
ByteString Sequence | __getitem__, Ar2E Sequence WA E
__len_
Set Collectign__contains__, _le_, 1t , eq_ ,__ne_ ,
__iter_ ,__len_ _gt_ ,__ge_ ,__and__,
__or_, sub_, xor Y
isdisjoint
MutableSet Set _ _contains__, Ar&E set WA EQ} clear, pop,
_ iter_ ,_ len_ , remove,__ _ior_ ,__iand__,
add, discard __ixor %W isub
Mapping Collectign__getitem_ , __contains__, keys, items,
__iter_,__len_ values,get,__eq___%l__ne__
MutableMapping | Mapping | __getitem__, Ar&E Mapping WA =2} pop,
__setitem_ popitem, clear, update ¥
__delitem_ , setdefault
_ _iter_ ,  len_
MappingView Sized __len___
ItemsView MappingVilew, _ _contains_ ,__iter_
Set
KeysView MappingView, __contains_ , _iter
Set
ValuesView MappingView, __contains_ ,_ _iter_
Collectign
Awaitable __await___
Coroutine Awaitabldg send, throw close
AsynclIterable __aiter_
AsyncIterator Asyncltenablenext_ __aiter_
AsyncGenerator Asyncltenaasend, athrow aclose,__aiter_ ,__anext___

class collections.abc.Container
__contains__ () HIAEE AlFstE S8 22 ABC.

class collections.abc.Hashable
__hash__ () WAEE AlF3st= F22] ABC.

class collections.abc.Sized
_len_ () IANE=E Al53t= Fe22] ABC.

224 Chapter 8. IO|EH



The Python Library Reference, £A| H{X 3.8.13

class collections.abc.Callable

_call__ () WINEE AlFs= S 29 ABC.

class collections.abc.Iterable
__iter_ () WA EE AFt= S22 ABC.
isinstance (obj , Iterable) }‘/\]-‘6]-11] IterableEZ2 SEEHYAY __iter_ () WIAEZ}
Je ZHEE FASA T, __getitem () WA EZR o] Ei Yol E st Fe o FASHA 94
Syoh AA 7} O] H e ER1A & &Qlst+= Tor%l SHAl Al1Z 4 A= W2 iter (obj) B EE3+=
Advi

class collections.abc.Collection
Zol7} & ol & A" o]y S22 ABC.

WA 3.60 F71.

class collections.abc.Iterator
_iter ()& __next_ () MINEE AF3d= Fe 29 ABC. o[ o]H Y Hg= x4
AlL.

class collections.abc.Reversible
__reversed_ () HIAEXE AFE3= ol E Z 29 ABC.

B A 3.60 &7}

class collections.abc.Generator
send (), throw() ¥ close () WA =2 o|E & o] B & &3} PEP 3420 5 =2 EZ S
TFdsh= Al dolE S22 ABC. Al U # o] H Y Ho & FRBHAHAIL

WA 350 =7

class collections.abc.Sequence
class collections.abc.MutableSequence

class collections.abc.ByteString
e} 71 A8 7hd Al 2] ABC.

T ZT A diter_ (),__reversed__ () @ index ()&} 2L IH Y2l (mixin) HA =

SHE__getitem () MIAEE WHE AR T3] E}EW __getitem ()01”*%“11_
L2 FHEHH YA M E= Y A5E 25U 28U R A= A old (Fas
ﬂ/\E"ﬂfﬂﬂa)” A2 243 452 7HAEE AR Y oF & 4~ 5 th

H A 3.500 A 8 7 ¢ index() Pl A == stopFt start ARl T S A1 €S 7SS U

class collections.abc.Set
class collections.abc.MutableSet

e 71 A&+ 7hd 3 3] ABC.

class collections.abc.Mapping

class collections.abc.MutableMapping
97] 2087} 7} 1 4 9] ABC.

class collections.abc.MappingView

class collections.abc.ItemsView

class collections.abc.KeysView

class collections.abc.ValuesView
v, &5, 7] 2 g H<] ABC.

class collections.abc.Awaitable
await EHA A AT 4 Sl ofglolHE AAS ABC. AH&AF B FH2 __await__ ()
A = Algal oF T

FZE AAL coroutine ABCY AAHAE BE o] ABCY A~ AT
1 CPython o]l A, A \] & o] ] 7] W I F ® (types.coroutine ()] Y} asyncio.
coroutine ()2 U A oE H A o), __await__() WA ET} gloj= ol o] HE
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Ut o] &9 thal] isinstance (gencoro, Awaitable) /\]-—%6‘]—?]; False”Z} BF8hE Ut}
ES A YA inspect.isawaitable ()& AFESHI Al L

B A 3.50] &7}

class collections.abc.Coroutine
FFH 33 F 22 ABC. coroutine-objects ol 4] H th WM =& FHF Yt send (), throw ()
D close (). AFRAF AL AL await () E F3sof Ut BE Coroutine AAEH A=
Awaitablel] A2E Aol 7| Ut FFREIQ Ao r ZAXFAAL.

3 CPython o]l A, #| ] & o] ] 7] W I £ € (types.coroutine ()] Y} asyncio.
coroutine ()2 HZH O E A AVH o)L, await_ () HIAET}L Yol = oJgolgE
AUrch o]Eo 3l isinstance (gencoro, Coroutine) & AF&3}H FalseZ} HFEHg Ut
ol 5& AASH Y inspect.isawaitable ()& AFEIII Al 2

A 3.50] 7.

class collections.abc.AsyncIterable
__aiter_ WINEEZE AFste 222 ABC. H5 7] o] B H =2 B E FEFAUAL.

B A 3.50] &7}

class collections.abc.AsyncIterator
__aiter_ 9k __anext_ WA EE AFshE 29 ABC. v]57] o]H e o] H B E Fx
ERRES

B A 3.50] &7}

class collections.abc.AsyncGenerator
PEP 5259} PEP 4920) o H =22 EF-S T3+ v]5 7] Ay @ ol g 29 ABC.

WA 3.60 =7}

o|ZT ABCELS o JA2HA7L 5 Vs AlsdteA 2 A2

i)

S & S0l

size = None
if isinstance (myvar, collections.abc.Sized):
size = len (myvar)

ABC & dF & 2oz §835to] AH oY APIE A dst= S 2E 947 LT 5 A 4

o oS 5o, WAl set APIE A U3t Fe2 S A3, __contains_ (), _iter () %
_len_ ()Y Al 7HA R FA HAE T 11]*’—‘6]-“] HYoh ABCL _and__ ()%} isdisjoint ()<}
Zo A WA= E A BT

class ListBasedSet (collections.abc.Set):

""" Alternate set implementation favoring space over speed

and not requiring the set elements to be hashable. '''
def _ init_ (self, iterable):

self.elements = 1lst = []

for value in iterable:

if value not in 1lst:
lst.append(value)

def _ iter_ (self):
return iter (self.elements)

def _ contains__ (self, wvalue):
return value in self.elements

def len_ (self):

return len(self.elements)

(Th& ST AT ol A%)
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(o1 sl o] A A A%)

sl = ListBasedSet ('abcdef'")
s2 = ListBasedSet ('defghi'")
overlap = sl & s2 # The __and__ () method is supported automatically

o= AT g 7o A
& ATS BT wEol, 712 g HAHEE oJHHEZFEEH A] A
%i% UJ'E% Ho“ﬂ ol ZadUt) Fd 2 WA ClassName (iterable) & /‘14 9L 7
A Aeg 7HZ Ut o Vé% MEL AL A7) Yl cls (iterable) & TEd=

FI

_from_iterable () o]E}= ZHgx2vAER BEEFH YIS YT set P a0lo] E]-% g,Wx}
AEE zte ’fﬂ%écﬂw /\}ﬁﬂi Ao, HHE JAAZRE A A2EHAE YT 5 Y+
ZP A MAER from_iterable ()= A ALY s oF sttt

(2) ¥E B3t H (Yr]= 1% EEE le_ ()% _ge_ OE
ARG HA L, I8 T2 Adxe A5 oz ‘3%%%‘4‘413}.

(3) set Yl Aol FHAFES ﬁl*Pﬁ}%_hash HAEE ATTEULH 28U BE 7ol A
7}ﬂ?3}7%‘+%tﬂ°]ﬂ = R7|wF _hash_ () E % Aﬂxl AsUth HA9dE AFEEe] J
A s A S 7}o}at5_,5et()3}Hashab1e()% #ﬂ-qu,_hash_ = Set._hash
£ BYHAIL

o B7):

e MutableSetQ & F=3F o A OrderedSet = 2] ¥
« ABCO] t 3t Ak 8 U2, abc 257} PEP 31195 HZ 314 A L.

8.5 heapq — Heap queue algorithm

Source code: Lib/heapq.py

This module provides an implementation of the heap queue algorithm, also known as the priority queue algorithm.

Heaps are binary trees for which every parent node has a value less than or equal to any of its children. This im-
plementation uses arrays for which heap [k] <= heap[2*k+1] and heap[k] <= heap[2*k+2] forallk,
counting elements from zero. For the sake of comparison, non-existing elements are considered to be infinite. The
interesting property of a heap is that its smallest element is always the root, heap [0].

The API below differs from textbook heap algorithms in two aspects: (a) We use zero-based indexing. This makes
the relationship between the index for a node and the indexes for its children slightly less obvious, but is more suitable
since Python uses zero-based indexing. (b) Our pop method returns the smallest item, not the largest (called a { min
heap ) in textbooks; a {max heap) is more common in texts because of its suitability for in-place sorting).

These two make it possible to view the heap as a regular Python list without surprises: heap [ 0] is the smallest item,
and heap.sort () maintains the heap invariant!

To create a heap, use a list initialized to [], or you can transform a populated list into a heap via function
heapify().

The following functions are provided:

heapqg.heappush (heap, item)
Push the value item onto the heap, maintaining the heap invariant.

heapqg.heappop (heap)
Pop and return the smallest item from the heap, maintaining the heap invariant. If the heap is empty,
IndexError is raised. To access the smallest item without popping it, use heap [0].

heapqg.heappushpop (heap, item)
Push ifem on the heap, then pop and return the smallest item from the heap. The combined action runs more
efficiently than heappush () followed by a separate call to heappop ().
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heapg.heapify (x)
Transform list x into a heap, in-place, in linear time.

heapqg.heapreplace (heap, item)
Pop and return the smallest item from the heap, and also push the new item. The heap size doesn’t change. If
the heap is empty, TndexError is raised.

This one step operation is more efficient than a heappop () followed by heappush () and can be more
appropriate when using a fixed-size heap. The pop/push combination always returns an element from the heap
and replaces it with item.

The value returned may be larger than the item added. If that isn’t desired, consider using heappushpop ()
instead. Its push/pop combination returns the smaller of the two values, leaving the larger value on the heap.

The module also offers three general purpose functions based on heaps.

heapqg.merge ( *iterables, key=None, reverse=False)
Merge multiple sorted inputs into a single sorted output (for example, merge timestamped entries from multiple
log files). Returns an iferator over the sorted values.

Similar to sorted (itertools.chain (*iterables)) butreturns an iterable, does not pull the data
into memory all at once, and assumes that each of the input streams is already sorted (smallest to largest).

Has two optional arguments which must be specified as keyword arguments.

key specifies a key function of one argument that is used to extract a comparison key from each input element.
The default value is None (compare the elements directly).

reverse is a boolean value. If set to True, then the input elements are merged as if each compari-
son were reversed. To achieve behavior similar to sorted (itertools.chain (*iterables),
reverse=True), all iterables must be sorted from largest to smallest.

WA 3.5 A4 ¥ 7 : Added the optional key and reverse parameters.

heapqg.nlargest (n, iterable, key=None)
Return a list with the n largest elements from the dataset defined by iterable. key, if provided, specifies a
function of one argument that is used to extract a comparison key from each element in iferable (for example,
key=str.lower). Equivalent to: sorted (iterable, key=key, reverse=True) [:n].

heapg.nsmallest (n, iterable, key=None)
Return a list with the n smallest elements from the dataset defined by iterable. key, if provided, specifies a
function of one argument that is used to extract a comparison key from each element in iterable (for example,
key=str.lower). Equivalent to: sorted (iterable, key=key) [:n].

The latter two functions perform best for smaller values of n. For larger values, it is more efficient to use the
sorted () function. Also, when n==1, it is more efficient to use the built-in min () and max () functions. If
repeated usage of these functions is required, consider turning the iterable into an actual heap.

8.5.1 Basic Examples

A heapsort can be implemented by pushing all values onto a heap and then popping off the smallest values one at a
time:

>>> def heapsort (iterable):
h = []
for value in iterable:
heappush (h, value)
return [heappop (h) for i in range(len(h))]

>>> heapsort ([1, 3, 5, 7, 9, 2, 4, 6, 8, 01)
|:O’ 1’ 2’ 3’ 4’ 5’ 6’ 7’ 8’ 9}

This is similar to sorted (iterable), but unlike sorted (), this implementation is not stable.
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Heap elements can be tuples. This is useful for assigning comparison values (such as task priorities) alongside the
main record being tracked:

>>> h = []
>>> heappush (h,
>>> heappush (h,
>>> heappush (h
>>> heappush (h,
>>> heappop (h)
(1, 'write spec')

'write code'))
'release product'))
'write spec'))
'create tests'))

~

14

~

w = 3 u;
~

~

8.5.2 Priority Queue Implementation Notes

A priority queue is common use for a heap, and it presents several implementation challenges:

* Sort stability: how do you get two tasks with equal priorities to be returned in the order they were originally
added?

 Tuple comparison breaks for (priority, task) pairs if the priorities are equal and the tasks do not have a default
comparison order.

« If the priority of a task changes, how do you move it to a new position in the heap?
¢ Or if a pending task needs to be deleted, how do you find it and remove it from the queue?

A solution to the first two challenges is to store entries as 3-element list including the priority, an entry count, and
the task. The entry count serves as a tie-breaker so that two tasks with the same priority are returned in the order
they were added. And since no two entry counts are the same, the tuple comparison will never attempt to directly
compare two tasks.

Another solution to the problem of non-comparable tasks is to create a wrapper class that ignores the task item and
only compares the priority field:

from dataclasses import dataclass, field
from typing import Any

@dataclass (order=True)
class PrioritizedItem:
priority: int
item: Any=field (compare=False)

The remaining challenges revolve around finding a pending task and making changes to its priority or removing it
entirely. Finding a task can be done with a dictionary pointing to an entry in the queue.

Removing the entry or changing its priority is more difficult because it would break the heap structure invariants. So,
a possible solution is to mark the entry as removed and add a new entry with the revised priority:

pg = [] # list of entries arranged in a heap
entry_finder = {} # mapping of tasks to entries
REMOVED = '<removed-task>" # placeholder for a removed task
counter = itertools.count () # unique sequence count

def add_task (task, priority=0):
'Add a new task or update the priority of an existing task'
if task in entry_finder:
remove_task (task)

count = next (counter)
entry = [priority, count, task]
entry_finder[task] = entry

heappush (pg, entry)

def remove_task (task):

(F= soTAT ol AS)
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(o1 sl o] A A A%)

'Mark an existing task as REMOVED. Raise KeyError if not found.'
entry = entry_finder.pop (task)
entry[-1] = REMOVED

def pop_task():
'Remove and return the lowest priority task. Raise KeyError if empty.'
while pg:
priority, count, task = heappop (pqg)
if task is not REMOVED:
del entry_finder[task]
return task
raise KeyError ('pop from an empty priority queue')

8.5.3 Theory

Heaps are arrays for which a [k] <= a[2*k+1] and a[k] <= a[2*k+2] for all £, counting elements from
0. For the sake of comparison, non-existing elements are considered to be infinite. The interesting property of a heap
is that a [0] is always its smallest element.

The strange invariant above is meant to be an efficient memory representation for a tournament. The numbers below
arek,notal[k]:

7 8 9 10 11 12 13 14

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

In the tree above, each cell k is topping 2*k+1 and 2*k+2. In a usual binary tournament we see in sports, each
cell is the winner over the two cells it tops, and we can trace the winner down the tree to see all opponents s/he had.
However, in many computer applications of such tournaments, we do not need to trace the history of a winner. To
be more memory efficient, when a winner is promoted, we try to replace it by something else at a lower level, and the
rule becomes that a cell and the two cells it tops contain three different items, but the top cell {wins) over the two
topped cells.

If this heap invariant is protected at all time, index O is clearly the overall winner. The simplest algorithmic way
to remove it and find the (next) winner is to move some loser (let’s say cell 30 in the diagram above) into the 0
position, and then percolate this new O down the tree, exchanging values, until the invariant is re-established. This is
clearly logarithmic on the total number of items in the tree. By iterating over all items, you get an O(n log n) sort.

A nice feature of this sort is that you can efficiently insert new items while the sort is going on, provided that the
inserted items are not (better) than the last 0’th element you extracted. This is especially useful in simulation
contexts, where the tree holds all incoming events, and the {(win) condition means the smallest scheduled time.
When an event schedules other events for execution, they are scheduled into the future, so they can easily go into the
heap. So, a heap is a good structure for implementing schedulers (this is what I used for my MIDI sequencer :-).

Various structures for implementing schedulers have been extensively studied, and heaps are good for this, as they
are reasonably speedy, the speed is almost constant, and the worst case is not much different than the average case.
However, there are other representations which are more efficient overall, yet the worst cases might be terrible.

Heaps are also very useful in big disk sorts. You most probably all know that a big sort implies producing { runs})
(which are pre-sorted sequences, whose size is usually related to the amount of CPU memory), followed by a merging
passes for these runs, which merging is often very cleverly organised'. It is very important that the initial sort produces

! The disk balancing algorithms which are current, nowadays, are more annoying than clever, and this is a consequence of the seeking capa-
bilities of the disks. On devices which cannot seek, like big tape drives, the story was quite different, and one had to be very clever to ensure (far
in advance) that each tape movement will be the most effective possible (that is, will best participate at ( progressing) the merge). Some tapes
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the longest runs possible. Tournaments are a good way to achieve that. If, using all the memory available to hold a
tournament, you replace and percolate items that happen to fit the current run, you’ll produce runs which are twice
the size of the memory for random input, and much better for input fuzzily ordered.

Moreover, if you output the 0’ th item on disk and get an input which may not fit in the current tournament (because
the value (wins) over the last output value), it cannot fit in the heap, so the size of the heap decreases. The freed
memory could be cleverly reused immediately for progressively building a second heap, which grows at exactly the
same rate the first heap is melting. When the first heap completely vanishes, you switch heaps and start a new run.
Clever and quite effective!

In a word, heaps are useful memory structures to know. I use them in a few applications, and I think it is good to
keep a (heap) module around. :-)

8.6 bisect — HiY O|XI &t 242 |E

22X F E: Lib/bisect.py

o) BEL AYR JAES Y Fol T AU T D2 YES BT 4+ Y5 A h gulua
Q4re] £ G50l 71 P22 49, o] AukA el Bo] wa) AMH AYUTh o] BEL 7| LA
o7 B )5 AGIA] Wl bisecretm YU 42 DEE daeFe] A4 A=A 7
FET 5 YFUT(AA 2AL o1 SHUTH)

et 2L B AFP I

ALH AT FAES a0l B AT NS BT vl B4 o 9 hit Dok T B A
Eo REAFS A Qe o A8 & YFUTh B A0 T AA 2 227 S H U x7kaof
olu] glo®, 44 91X & /1E F= H(AF) o] FuIth W gL a7} oln] AP Yrkn AR T )
List.insert ()9 3 WA WA W52 ALg3E71o) 2 g o

bisect.bisect_right (a, x, lo=0, hi=len(a))
bisect .bisect (q, x, lo=0, hi=len(a))
bisect_left () HEAIRE a0l QlE=x9] 712 5 H(LE8F) o L& 4 A& vk

ke A A i G aE o] Eto], 9K all (val <= x
29 311 (val > x for val in a[i:hi])o] HEZE wr5Yth

bisect.insort_left (q, x, lo=0, hi=len(a))
a’l x & BEA SAZ ASFUSE a7t olv] AEHJAHA 7HH S of a.insert (bisect.
bisect_left(a, x, lo, hi), x)& &5FUTLE O(logn) A o] = Om) 4 TA -l 7t
SECEL R ALY

bisect.insort_right (a, x, lo=0, hi=len(a))
bisect.insort (q, x, lo=0, hi=len(a))
insort_left ()&} BIREA| B al xE x9] 7]E& 35 thaol A4 dych

o X7

bisect & AFE3F] FH A QA A A =9} 7] 4 A PE 28 AT Vs #AE AIH FHAE
W= = SortedCollection recipe. A Fof B2 Q31 7] & &2 931 A 7]+ n| 8] A4FE Utk

were even able to read backwards, and this was also used to avoid the rewinding time. Believe me, real good tape sorts were quite spectacular to
watch! From all times, sorting has always been a Great Art! :-)
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8.6.1 MEE Z|AE ZHAMS]Y|

99 bisect () FE Y ANE 2E o FEFHAT, ANAA 24 o) 485177 7HTHE AL
NN & A5 UTH Oh ThA Tt AL o Ao U@ BE 23] 2 AE PHS HolFuh:

def index(a, x):
'Locate the leftmost value exactly equal to x'
i = bisect_left(a, x)
if 1 != len(a) and al[i] == x:
return i
raise ValueError

def find_lt(a, x):
'Find rightmost value less than x'
i = bisect_left(a, x)
if 1i:
return a[i-1]
raise ValueError

def find_le(a, x):
'Find rightmost value less than or equal to x'
i = bisect_right(a, x)
if i:
return af[i-1]
raise ValueError

def find_gt(a, x):
'Find leftmost value greater than x'
i = bisect_right(a, x)
if i != len(a):
return a[i]
raise ValueError

def find_ge(a, x):
'Find leftmost item greater than or equal to x'
i = bisect_left (a, x)
if i != len(a):
return ali]
raise ValueError

8.6.2 CIZ of| Al

bisect () &gt ZALH Ol & 23 o F8E 5 AF UL o] A= bisect () & AHE3to] (71) Al E
Aol Ush B2 53 S 233, AEE A AAA Aol 71kt 90 o] 42 (A), 8001 4] 89

>>> def grade(score, breakpoints=[60, 70, 80, 90], grades='FDCBA'):
i = bisect (breakpoints, score)
return grades[i]

>>> [grade (score) for score in [33, 99, 77, 70, 89, 90, 100]]
[IF', VA', IC', lC', lBl, lAl’ IAIJ

—_

sorted () &42} %B],b' ect () 4= key U reversed AAE zt= 22 9m
AA (A5 A Q bisect - TZ 0] o] M BE 7] 23| (719) 3HA] XU

AL S Al o] e 2 g 2] A3 vle] AN 7] A= AASE Aol F

7 gl M EE A
S ER sl

U

oy mlm
oy P

o

>>> data = [('red', 5), ('blue', 1), ('yellow', 8), ('black', 0)]
>>> data.sort (key=lambda r: r[1])

(F= soTA ol AS)
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>>> keys = [r[l] for r in data] # precomputed list of keys
>>> datal[bisect_left (keys, 0)]

("black', 0)

>>> data([bisect_left (keys, 1)]

('blue', 1)

>>> datal[bisect_left (keys, 5)]

('red', 5)

>>> datal[bisect_left (keys, 8)]

('yellow', 8)

o] REL AL AT, FF 2T A 22 7EAA g e A 2l T F A= AA B2

F

APk WD A B2 Folu] 2l 2Es} u)S v5 A FE T THEE, T30 A3 = AR Fol
Aeraehe Aol thgyth 3 AA A4 Aol B FAHel B TE (iype code) S AH&3ke] 24P Uk,
= 3 Z=7H g Yt
3= | CH ofo|M & 2 A FI7|(HPOIE) | =E
'b! signed char int 1
'B' unsigned char int 1
'u' Py_UNICODE FUI= EA} | 2 (1)
'h' signed short int 2
'H! unsigned short int 2
i’ signed int int 2
T unsigned int int 2
' signed long int 4
'L unsigned long int 4
g signed long long int 8
Q' unsigned long long | int 8
T£! float float 4
'd’ double float 8
rEE:
() 'u' @ =& sho] Mo T4 fUIE F2H(Py_UNICODE, ©] 2-& wehar_t YU th ofl g o,
g% wel, 162032027} 2 4 5T
u'+E U A Py_UNICODE APIS} 37 Al AE AYYth

Deprecated since version 3.3, will be removed in version 4.0.

e AA 282 71 A o7l E Aol ol (P A3 DoA™ C FH osf) 2P Uk AA 27+
itemsize JEE|REE F3] M2 5 A5 UL
BEL e 2 3 gy
class array.array (typecode[, initializer] )
0] typecodel| 213l Al SHE] = A v &, A DA QA initializer o2 273} = =], g AE, Hlo|E
A5 A4 me A A Bl 240 vt ol Bl 2] Eo] o] of BTk,
g AE Y ExYEo] Fo] A W, initializer = A ¥ 9 fromlist (), frombytes () E =
fromunicode () UME(O}?H FRIA ) AGE o gl 27] F5S F7MFUTh 1
2 2] 9k o o] ¥ & & initializer 7} extend () WA o] Aggch

typecode, initializer QAA}ZE ZHAF o| ¥l E (auditing event) array .__new__ = A A YT},
8.7. array — 2% Q| X} i 233
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array.typecodes
Mg ER RE Y TES e 2R,

W A= Qe A, Sefol 4

S AR, o A5 ghe 22 @ T Wi AR of of gt} thE ,

AU D AR = W3 A o)aE FHSH, vho] E AR A7 A A5 £ ol oy ol At

A48 4 gt

TS tlo e g5 HA =R AAg Ut

array.typecode
i 9& whe = B A8 typecode 4.

array. itemsize

H x| A shte] vl E G2 do] (HholE).

array.append (x)

Mg 2ol g2 A F=E FrHEh
array.buffer_info ()

Mo B Pt ol A48E s AA me Fa9 840 £2 BAW Ao B A

3l+= %<& (address, length)%— w33ty Tl vlolE o

buffer_info() [1] * array.itemsize® A4t& = JHFUTh o] A

Frevre 2271 B2 ALE (YL 2EA 2

Wl 25 f8 Tk M Sae el ST 2] WA dio] 4834 gt

3 CUCra 48 25 (] ARE AEA 02 AT FUT I o4 W ANE 42T
EEESEE AW re A ARSI S A G
132 98 A= A FEo| A= AR 9Folok U th ¥ F < E] F) o] A= bufferobjects o]
= o

Jo
fll
F

i fol 2 o

i)l
248 95
w5 of gt

array.byteswap ()
o BE FES (HEO|E A0}z (byteswap)) FU T 1,2, 4 E= 80| E F7] 2]
Adg Uk oh2 F 9 ghol ¥ RuntimeErrorZb A ot H} °|E A7} ot
248 sredol A Hlol e & ¢S W f-§ U Th
array.count (x)
W ol A a7k 55 8158 wrE g o
array .extend (iferable)
iterable®] 52 v B 2| Foll F7FFUth. iterable©] thE Wi ol ¥, B &3] T2 P ZES THA oF
Ut 184 FOW, Typerrror7h Y G iterableo] v o] ohH, o] B £ o] o] of 3]
Sat WA F748 LuhE Golojof Fth
array.frombytes (s)
Exdo A FELS 273Uk EAL S 7] 7 g (machine value) 2] B8] 4 2 3 A &t} (v}
fromfile () WA EE AH&-81o] 1t E‘OM 9L AAH).
WA 3.200 F7}: fromstring ()2 WESHA 818 1 frombytes () o] &S vlE 5 YT}
array.fromfile (f,n

Read n items (as machine values) from the file object f and append them to the end of the array. If less than n
items are available, EOFError is raised, but the items that were available are still inserted into the array.

array.fromlist (list)
ZAEA FEZ F7H YT o] 22§ ol g7 o v d o] WA E A gh=th= ARk AL s
for x in list: a.append(x)% 35534

array.fromstring /()
frombytes ()9 A A H &A.
Deprecated since version 3.2, will be removed in version 3.9.

array.fromunicode (s)

Zol fURE EAQe doB 2 o ML SAFU MIL ur o) w2 olo] of T

flo
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o 287 o valuenrrorh RATY . BE o] wldol o= colel g 3745
array.frombytes (unicodestring.encode (enc) A

O

rulm
>,
ofo
ol
>

array.index (x)
i7b Wl Dol A x7t A& UEtvE QP27 H =5 M FHe s ey ok

array.insert (i, x)
i 2] kol ghol x<Ql A} 3

1

2 v Qo] 4TI Th 24 ke Wl 2o A4 9l o Ael gy
array.pop ([i])
W QoA Qe o] gl BB
1B 0% ubA o B o] A A% 1 ey Uk

Y
N
ol
]
o,
i
)
it
i)
v
kv
r_u

AE A olzle] 7| B gFe —10]B 2,

array.remove (x)

wf Aol A A A xE Al AT Tk

array.reverse ()
o] gm =AE ARFY

array.tobytes()
MEe 71 A LR HEeta HtolEY R (tofile () HAER 30 7129 ulo]|E A|AA9}
@*HEP) < RESHE T

M A 320 F7h: tostring ()2 BESHA S AL tobytes () 2 ol &= v UTh

array.tofile (f)
BEEFES AgeR) 3td A4 foll Ut

array.tolist ()

Mg 2o guol g dut Pasr AT

30,
rlr
mO
z:°1'

array.tostring()
tobytes () H A A EH.
Deprecated since version 3.2, will be removed in version 3.9.

array. tounicode()

ES FUIZE FAEE HEsYth @2 'u' Fo wjdolojop yth; 187 ko
W vValueError7Z} ‘Q’*},‘?_&WD} o2 Jo ud2HE FUTZE BXEE do8d array.
tobytes () .decode (enc) & A& IH A L.

W AA 7} A= AU ExEE H3E v, array (typecode, initializer) 2@ &
o] v o] 9J © W inifializer 7} A &= 1, ZE‘Z] o fypecode7} 'u' 9 A EAL o Ha, g XA ¢fo™

S U SEA UL EADL cval ()2 AHEIO] 22 W3 e e A A MEE 5 Y80l
BAHEYULL & from array import arrayE AFE3}e] array |48 AXE Shofa 7R o

o :

array ('1l")

array('u', 'hello \u2641"')

array ('1', [1, 2, 3, 4, 51)
array('d', [1.0, 2.0, 3.141])
o ®H7]:

X2 E struct ©] & A <l (heterogeneous) B}o] 1 E] ©] o] E] 2] = ] 3} &1 =)} 7).

=
B E xdrlib 45 973 Z2Z A A & A|2H oA A= = XDR(External Data Representation) ] ©] €] 2]

EEERE B

The Numerical Python Documentation Numeric Python &7 (NumPy) 2 o} 2 v € 3 & A 2] gy t}; Nu-
merical Python o] th 3+ ©] x}A] 3+ A W = http://www.numpy.org/ 2 234 A 2.
8.7. array — 2% Q| X} i 235
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8.8 weakref — 2F5} A X

A2 F E: Lib/weakref.py

weakref RE-2 gto|H Z 2 v 7} A A o] o) &1 oF3t ZZ (weak references)E W 4 Y E = ST}
ST, £ 329 Yo & 4 B2 AAE o v g

A e ot B Rt AN E S stk FRA ) S A AT G Fx7t
CFE 229, A0 A AR A 2R l

f
L
PN
)
r

31
Kyl I AN D

Selu AR A 2 9 E W) oFR R s 48 B2} gelE AN E waE 5 deUn
e F29) X8 §EL 2 ANE BESE AN P L TSR AQUTh 2 AAE AN LB

SRR ol § 0 o} %A obo Ttk

o =9, Zutel g oju| 2] AR 7L oA 7] IS ul, o] 52 ZF AA| 2t A A= = s UTh Ffolx g
A8 E /\}*"“3}@] o] 5= ol m x| of ujF 3} A L o] W A E ]% of| w3 &1 d, o] w2 A= —.’qﬂﬂ"ﬂ%k
oy} 7| 2 S35} 7] uf Eoil Alds Aol Al Ut weakref BE O A Zﬂ*‘—‘cﬂ-t WeakKeyDictionary$%}
WeakValueDictionary @ t)oto|n, oFst A2 & ]'% Fol vl 33 -& 5317] wl ol v g A A ol

SRVTE ol §UOE AN E 2T A YRIe). A8 £0] 0|5 AA 7} reakvaluenice ionary
o] grolw, s o v 4] AA|o] thal vhA T 3L B} oFal ol So] Yk ok Fz oW, A

SAL AANE 5T 5 0w, oFa v D9 T FEL k] A Uk
WeakKeyDictionary®} WeakValueDictionaryw 3o &l JF2E /‘]' glo, 748] A 4= A o] A
7]1/]—71—01 329, e}@ gAuel gl ofd Fxol e 29 g2 AP weakSet2 set

Qe H o] A~E FHSIA| U, WeakKeyDictionary A H Q4o thd &3t I 2 E 7% gyt
finalizew A7} 7HA AL o T&E F] 45 S50t WS AFdUTE o] 5L
%M%@%éﬂ%ﬁ@?%@%ﬂ%diﬂ&ﬁﬂﬂﬂﬂﬁ%ﬂﬂmE~%ﬁﬂﬂTﬂ9ﬂ%ﬂ
s o g sroldeto]l A7t &4 Al E fFAHES 57 W& YT

S SEAPL AT HT Al Yol cinaliecE ABIE AL FEPT - A0
SR AHFE 2R IR HAXEAY s o= YUtk AFE A= 173 8§55 A8l weakrer
2ol BT,

BE AAE A FEY 4 YE AL PIUEh FFe R AR Gl AL, Sl o 49
B (CE 98 BEE ol ulch, AA0A MAE, AT, B W e, A5 51 2, 414
ol e, @ AA|, &7, sl G, vl 2 (deque), B4 SHE A H 7= 7“iﬂ7}§i§}%143}-

W A 3.2 A ¥ 7 : thread.lock, threading.Lock @ T = 21 A of] tff 3t 2] A o] F7}1= A5 T}

ListShdictsh 22 ol AP ofd H2E AH ANHA FA A0 FA YL B3 AAS TS

%+ Utk

class Dict (dict):
pass

obj = Dict (red=1, green=2, blue=3) # this object is weak referenceable

CPython implementation detail: tupled} intQ} 22 2 YAFH 2 AE ZH4 @ = <3t F2E
A A7) 45Uk

B39 e 97 e F2E A

=R =1

o
B
N
o

>,
>
to

== 7 E 4 A5 Y t}; weakref-support

¢!
class weakref.ref object[ callback]
ob]ectoﬂ o8t k3t 2z & ukslshy ol ZAz Ao
Ede T O‘AHE} XLZEH*‘Ol o= EASHA o
None©| o}Y callback©] Al &%) 11, wkE= oFsl 2+
olzHH duf o] EEH UL e Fx AAle W F LT i) Mz AEH U
FzUYL HEAST S AT

e Al O3 olel S ok FEE 7L L AGY T 2 ok Fxo) S5 B E
2 2o 559 2ol N 7bg LA 558 B 208 D
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o] of s LA o
o

Holl EAIF AW, Askd = JFUth AA S _del ()
) A = ol A Ay T SR=A

7h o A PSR 3 Al Zbs IV objeat 7k AR B0l A HS F A T o
2 object7} ARD Foll hash ()8 A& TEAM, T2L Typerrror® WAN YU

RS L 55 AAHE AN, 4= AASHA @5 Th Fxo ol ol A3 Aol ek,
¥ REE (callback} BA glo]) BRI 2L 55 BAE REUTh FRTh el A ow,
2z M

__callback___
o] 9}7] Ag o= HE

WA340 A callback oJEFHEE 27195y

weakref .proxy (object[, callback] )
object 2. 9] o3t 72 2 AL8FH = TN S WBF T}
o FEE 8 Pohe U4 R el Bulo] A Zeka o Ag2 A QT WA AA = objea7h
Z]E Ao Wl ProxyType©l Y CallableProxyType &S 2% .
thadoll FA glo] s A] 7He kAl 55Ut ol A2 2159 ZEA /A EAG #AE o 7HA
£A1E 93ha, 9V e 7 2 A8 3 AL BAGUT callback rer () 5] 22 ol E2] v
MZg} 2T

RS el

weakref.getweakrefcount (object)
object FZ3hE kg F2 9k meAle) /|48 whagh o,

weakref.getweakrefs (object)
objectE TR o= BE oFS IR o} LA AA| Y B AEE vk

class weakref.WeakKeyDictionary ( [dict

)
78 oFalA| Bx s oY Sl v o) e 4R FEsk gow SAv e uo] A
Utk 022 S5 22 IR e $ o] £ 7% AR o Ee|RES F7H5hA) i F7}
dolHE Adshe ol AHEE & ABUTh A=A RE AN A AR e Ao 53 f 8T S

sk

WeakKeyDictionary AAdlE= WHE ZFZ2E IAH = 2
Aol (Aotgltkar) HAAE A ghobA, FxE &3 AHE A7) Aol &
ZANFIE D o0 T DA SAFEE I AZRE WER AT E F= 4

WeakKeyDictionary.keyrefs ()
7)ol T gk oFgt Fx 9 ol B2 W
class weakref.WeakValueDictionary(Lﬁd])
g oFshA Ra st vl Zel. goll te e F2o o EASA 2w gAY ele] FEol
APAIE U Tk
= H .

WeakValueDictionary A oll= WeakKeyDictionary A9 keyrefs () WA EQ} 2L A7}
A= F7HHA =7 S5 UTh

WeakValueDictionary.valuerefs ()
gholl T gk ofst Frx 9] ojE 2 &2 W
class weakref.WeakSet ([elements])
daof et kst FRE F A= AT S,
A7 A E Y ok,

class weakref.WeakMethod (method)
SEERPIEECPEE BEER PP PR EEREE LT =
Bt AFS AL A ref A B FElA AAH A EE A FolBE, 5 I3 Fx= AT S
RFUTH weakMethodoll&= AA U A& 7SS di7HA] A2 A EE OA| = 5SS
F=7F AU

o

axof ti ek A F27t g EA A e
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>>> class C:
def method(self):
print ("method called!")

>>>

c =C()
>>> r = weakref.ref (c.method)
>>> 1 ()
>>> r = weakref.WeakMethod (c.method)
>>> r ()

<bound method C.method of <__main__.C object at 0x7£c859830220>>
>>> v () ()

method called!

>>> del c

>>> gc.collect ()

0

>>> 1 ()

>>>

WA 340 F7}

class weakref.finalize (obj, func, *args, **kwargs)

obj7} 7P 5 ] 3 %54 Sl sholdeto) A AA T WAL, A 4 A2
g, gtoldetol A+ 2 A7 2 wi7tA FF AEste g, £ F7] A7t 2 A h4 3
g,
stold 2ho] A = (H 1 J o 2} 7| 2] AN A) TEF wf 7hA] Ao
Ut} Aolgl= glo)ldEtol A E ©& 51 func (*arg, **kwargs
2 goldetol A& T None"] Hhghg Y o
7Ha 2] A Foll YL‘rO] SE Vi Z ol A P S of| 9] = EF ol %Eﬂoﬂ E/\]QZ]“P Z4V I
REUTH AAY __del () WA= okt Fxo] Fulo A T 9
A2 g Yk
E2 Yol FRE W, atexit o ELREA ARCZ ART A L B 7 - Aolgle o]
o)A 7t TEP Utk s At <A E SEH U
5 Qo] None L2 WAY A% ez e)e] 5o T Fetolt ol Qo)A TUE 5 E
37 ke o
__call_ ()
self 7} Aol Q1 oM o] & & A2 & F A8}l func (*args, **kwargs) $F Z3E WS
Stk self 7F 5 912 Noneg WFEHEU )
detach ()
self 7} o} 1.7 o
Tk self 7F 502

peek ()
self7} O} Jdod F= (obj, func, args, kwargs) S P& U} self 7} S0 oW

- -
32
V)
=
o
N
o
£

alive
stoldeo] A 7k kot gl 0w o], T@A o ARl =2 e
atexit
7)1 zkol #el, 27]) 7hsdt B d =29 H. 3
olgl st detol A g BEE AU TAEL BBl eA i A2 52F Ut

[kl
fr
q
n®
o
of
i
o
£
)
et
o)
X
[
o
N
N
rO
ot
rlo
td
i

FL: func, args B kwargs7h 213 o] F 2HH A 2 2 objol] T3 =
Suxgon obj= 7HA A T7451 A]

WA 3.40 F7}
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weakref .ReferenceType
oFet z A9 P AA.

weakref.ProxyType
Zej o] opd AR Y ZHAE 93 A A,
weakref.CallableProxyType
ZeE A9 =GN E 93 F AA.
weakref .ProxyTypes
ZeAS BE Y ANE 2GS Mﬂaﬂﬁ%%g%ﬂ%a#ﬂﬂ%ﬂ@wﬂéan%z
AR 7} Z A AR AAE
©] B7):

PEP 205 - o3 2 o|d Tl that J A8 thE oo A 75l A =
“412‘5}%1] 2 A.

]
Fl
%
ok
i
£
N
off
=2

>>> import weakref
>>> class Object:

pass
>>> o0 = Object ()
>>> r = weakref.ref (0)
>>> 02 = r()
>>> o is 02
True

Fzoidol vl EAEHA =, = AAE TE38Hd None=

rE
e
oo
v
£

>>> del o, 02
>>> print(r())
None

# r is a weak reference object
o =r1r()
if o is None:
# referent has been garbage collected
print ("Object has been deallocated; can't frobnicate.")
else:
print ("Object is still live!")
o.do_something_useful ()

(RBE)y ol sl Hxo] AAE ARSI ~H = S8 22 oA FA 2 o] dAF YT okt 7
257 20| 02 2=l okt 28 R a3} B 5 A5k o] EAE BEPs g Ags
Zz2agPgtoll gt thg 2YE $§ 2219 .

AB ZeAE B3N rer AAY ST WMAE TS 5 A5 UTh ol WeakvValueDictionary F@ 9
AbgE o wfg o] Zh &l et vR e e =EE EYUTh o FHARE TR} AR 7 & Ul
58 B QAT FEOAS AN AG B B0 27h A e S A5 o] AHEE S5 dgU Tk

AEE Asta g del dA T o

0110
g;
oo [N

o .

o
K3
é
rr
N
D
i,
o
>
[
Ll
o)
[>
it
>,
ofo
o
2
=3
i_:"
=2
0 e
g
Rl
N
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import weakref

class ExtendedRef (weakref.ref):

def _ init_ (self, ob, callback=None, /, **annotations):
super () .__init__ (ob, callback)
self.__ _counter = 0

for k, v in annotations.items() :
setattr(self, k, wv)

def = call (self):
"""Return a palr containing the referent and the number of
times the reference has been called.

mrin

ob = super().__call__ ()

if ob is not None:
self.__counter += 1
ob = (ob, self.__counter)

return ob

28 Z2a%0] A7 IDE AL§3te] o] ol B AAE 23 3 P e B F Tk
AR Ao TS 514 FOWA ThE AR TxA AH Y DE LT 5 AA o

import weakref
_id2obj_dict = weakref.WeakValueDictionary ()

def remember (obj) :
oid = id(obj)
_id20obj_dict[oid] = obj
return oid

def id2obj (oid) :
return _id2obj_dict[oid]

8.8.3 mlo|Zelo|™ ZHA|

Finalize® ASAA D& 5 9 72 o] AL e sholdefol A AAE HET A glo] 2L

e 522 5 Yoke AU o & Sol

>>> import weakref
>>> class Object:
pass

>>> kenny = Object ()

>>> weakref.finalize (kenny, print, "You killed Kenny!")
<finalize object at ...; for 'Object' at ...>

>>> del kenny

You killed Kenny!

ol dEtolAE A £ & AF U I sle]deol A= S Y W YT

B

>>> def callback(x, vy, z):
print ("CALLBACK")
return x + y + z

(Th& sl AT ol AS)
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(o1 sl o] A A A%)

>>> obj = Object ()
>>> f = weakref.finalize(obj, callback, 1, 2, z=3)
>>> assert f.alive

>>> assert f() == 6

CALLBACK

>>> assert not f.alive

>>> f() # callback not called because finalizer dead
>>> del obj # callback not called because finalizer dead

detach () I EE AME31Y] sholdglolA & 52 H 4T 5 55Utk 28 vlo]ldelo| A& Folat
TS o] A ) g Rpoll AEE AR} kS ot

>>> obj = Object ()

>>> f = weakref.finalize(obj, callback, 1, 2, z=3)
>>> f.detach ()
(<...0Object object ...>, <function callback ...>, (1, 2), {'z': 3})

>>> newobj, func, args, kwargs =
>>> assert not f.alive

>>> assert newob]j is obj

>>> assert func(*args, **kwargs) == 6
CALLBACK

atexit OJEZREE False® AASHA ke T, goldetol A 7} Aot =2 a3lo] F8d uf

TEF UL A€ =9

>>> obj = Object ()

>>> weakref.finalize (obj, print, "obj dead or exiting")
<finalize object at ...; for 'Object' at ...>

>>> exit ()

obj dead or exiting

o
©

4
Q227 AN AR E Yehle 2042 951 Athn AN L. TE o HE 5 2 WA
=]

e AR A 2 AD
AA ] remove () HIAE7FSESH UTLH B+
C mzadel SR,

e ol _del () MINEE A3l SAAE FARALAEY S 9

i)
iy
o

class TempDir:
def _ init_ (self):
self.name = tempfile.mkdtemp ()

def remove (self):
if self.name is not None:
shutil.rmtree (self.name)
self.name = None

@property
def removed(self) :
return self.name is None

def @ del_ (self):
self.remove ()
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"014@.34‘:"51 _del () MIAEEHe Fx o 7HIA £ A E AL 9A o, AF 2z
T = F J_Ez4°ﬂ°]ﬂ—Noneii FA S A 5 Utk wEkA o] =+ CPython o A ob & A4l

0] <5 of g ok
e, _del_ () WIA=e) A ARz elE e 7h A 577 TR o)
oo T A whe bz 2 oby 4y th

oS o3 ThQre A o WA Aehol AA| 25 KTt DL 5 G AR T Bx 5 sho] detol

A Aelets AL 5 AL

U AR ARG ) £57]

class TempDir:
def _ init_ (self):
self.name = tempfile.mkdtemp ()
self._finalizer = weakref.finalize(self, shutil.rmtree, self.name)

def remove (self):
self. finalizer ()

@property
def removed(self):
return not self._finalizer.alive

ol H Ao d vtoldetol A= YA 2 S A E3| F2 st ol AR A R Al gk FEwk gyt
AA 7} 7AW A AR A ¢f o T35 Al JJr 1'd2tol A= A3 EEg Ut

Fe 2z 7] sl Qo el ohe AL AR Bl & Aol e
=3 o A2 4 ATk AU 78 BEol ARE 9w 2= A9e):

dﬂJo

import weakref, sys
def unloading_module () :
# implicit reference to the module globals from the function body

weakref.finalize (sys.modules[_ name ], unloading_module)

R 2290 25w o2 28 =of A sto] dekol ) A& NHEW B Ao st detol A}t 55

A e 7]—h/‘40] 9\1%145} J8 W Ul A8 E atexit.register ()olA,try: ... finally:
Slwith: ... &= AP ST B AR ks Ut

Bt i) ib/types.py

O RESMEL F TABES AUt e H T E AT

2Z shol W AE L e AR A, int o AY WFO R wBH A G A% AF Yo o B
4ol gk,

Rl ero 2, A 7ol F25] 712 A ol A b2 B VA F71 4 #d wEEE Fd e FrE AT S

U,
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8.9.1 S & Ay

types.new_class (name, bases=(), kwds=None, exec_body=None)
A e SHAE ] A0 B A AR WEULH

A AN A= Fela A Y E P 245G UTH S8 o] &, Wojx

H=2), 719 = A2 (717 metaclass).

f(y

EENCX

The exec_body argument is a callback that is used to populate the freshly created class namespace. It should
accept the class namespace as its sole argument and update the namespace directly with the class contents. If
no callback is provided, it has the same effect as passing in lambda ns: None.

B A 3.30] &7}

types.prepare_class (name, bases=(), kwds=None)
A A% vie 2ol 28 ANST 22 0§ B0 HEYUTh

A= SA2 AY EEE PSS L4sdUTH: 22 ol F vlols S (AU ER) B
719 & Q1 A} (7}3 metaclass).

W 72 3-5 =Y Ut metaclass, namespace, kwds

metaclass= % A 3t W E} S 2] 2~ 0] 1, namespace= 8] H S 2 o] & F 7o) W kwdsE 'metaclass’
gE o] A AE A kwds QA BAIE AR QU TH kwds QA7 A L= A koW, vl 9 2] 7
Yyt

=]

WA 330 E7}.

WA 36004 WA v %o amespace 849 7|2 go] HAE 5T oA vlg S~
o __prepare_ Uﬂ 15 ZF oW A oA HE o] A E YT
¢ B.7]:

metaclasses ©] $h=5 o] XY 3l= Sl AA 2ol Ul sl AFAM gk Y| &
PEP 3115 - 3}o] % 30002 We} Ze)~ _ prepare_ o5 34 S =S5

types.resolve_bases (bases)
PEP 5602] Ao w2} MRO FE< S0z A4t

o] e typed] AW AT obd FE52 basesol| A 2Hal,  mro_entries_ WM ETF Q= 7
A7t ol M= 352 A7 H 22 hAH FZ2 3 th bases FEo] typed] ¢ /‘%1
2o0]AY, _ mro_entries_ WA EZIQOoW 3 EZo WAL R &L AR TH YT

A 3.70]] 7}
o B7]:
PEP 560 - typing 2 &7} Al & ol th st T o] X

892 EZF QEHZZ|H ¥

o) RES ol AT ze)El S TAGE o B8 BE Y9 o 2L AFFUL listiterator B3}
@ol Az] Foll $-e18] PATE AR B2 e 0w TFaA Shakeyct

o] 3t o] 52 UutAQ 85 = isinstance ()W issubclass () AAFY Y TH

olF T F= A2 3wl A o] sho]d MAnn thE = ol ol sl oF It

b3 22 FEol el 2 ol Eo] Ao H ok

types.FunctionType
types.LambdaType
ARG AF A o] 9t lambda A A o] T

Wi
ol

] =
—‘—9] O
Raises an auditing event function.__new___ with argument code.

The audit event only occurs for direct instantiation of function objects, and is not raised for normal compilation.

8.9. types — X & Hdu LHEY 0 243

il


https://www.python.org/dev/peps/pep-3115
https://www.python.org/dev/peps/pep-0560
https://www.python.org/dev/peps/pep-0560

The Python Library Reference, £A| H{X 3.8.13

types.GeneratorType
Al el o8 F4 7} wE, Al g o) e-o] el el o] & A A 9] .

types.CoroutineType
async def &7 glE I AR 9 3.

B A 3.50] 7.

types.AsyncGeneratorType
Hl5 7] Al el ol 8 g7t whE, Hls 7] Alvf el ol Bl-o] Bl El o] B A A .

B A 3.60 &7}

class types.CodeType (**kwargs)
compile()o] Wtgel= A 2o I AA Q] 3.

ol 2} code, filename, name, argcount, posonlyargcount, kwonlyargcount, nlocals,
stacksize, flags® ZHAF o|WlE code.  new & @AYA U Th

Note that the audited arguments may not match the names or positions required by the initializer. The audit
event only occurs for direct instantiation of code objects, and is not raised for normal compilation.

replace (**kwargs)
A74E BEo MEL 2 7HAE 2= AA S AHE S W3 T

v A 3.89] F7}.

types.CellType
A AR Y 3 o)y st AR = 342 A-F W4 (free variables) o] T 3F 7B o] & A2 U Th

W 3.8 7}

types.MethodType
}\]..9_2].}4_,] -_"a]/\ o] A~ El =) A 9] ]/\-]1: 63

types.BuiltinFunctionType

types.BuiltinMethodType
len()olt sys.exit () & 22 WG T W 29 WA= &, (o714, (W) olgh=
gol& (C2 A4 H) & oyt

types.WrapperDescriptorType
object.__init_ () Yobject. 1t () o 22, F WH tlolB F wlojx S22 v
EECE )
B A 3.70] 7}

types.MethodWrapperType
A5 W ol Bl F Wl o]~ el 20 A2 (bound) I E2] &, ol & 5] object () .__str__
o] Pk

B A 3.70] &7}

types.MethodDescriptorType
str.join() @ 2 AR WA HolHFP o lA=9] §.

WA 3.7 7}

types.ClassMethodDescriptorType
dict.__dict_ ['fromkeys']e} 22 IF W tlolBl o] AA= A &2 (unbound) 22 2

RIEG =SS B
WA 370 F7}.

class types.ModuleType (name, doc=None)
The type of modules. The constructor takes the name of the module to be created and optionally its docstring.

23 t} 3 AdXE Ao olEgl HREE HAASHW importlib.util.
module from_spec ()2 AFE3I] Al RES WEA A L.
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BEY =~E7, 7|EZFL None.

B2ES 23 2. 7|2 ZFE None.

This attribute is to match importlib.machinery.ModuleSpec.loader as stored in the
attr:__spec___ object.

ZF31: A future version of Python may stop setting this attribute by default. To guard against this
potential change, preferrably read from the ___spec___ attribute instead or use getattr (module,
"__loader__", None) if you explicitly need to use this attribute.

WA 34004 M7 7] 232 None. o] Hol= o] ESREZF A A o] 5T

__name_
The name of the module. Expected to match importlib.machinery.ModuleSpec.name.

package___
mEol 58 7|4, BEo| A4 $E0|W (%, 54 77149 LA opH) o £ HES
"2 s ok sk, 282 9o si7]A] o] F o2 A of Pt (R E o] 3 7] A ApA| o] H
__name__ ¥4 4 JEHYTH. 71 EZEL2 None.

This attribute is to match importlib.machinery.ModuleSpec.parent as stored in the
attr:__spec__ object.

Z31: A future version of Python may stop setting this attribute by default. To guard against this
potential change, preferrably read from the ___spec___ attribute instead or use getattr (module,
"__package__", None) if you explicitly need to use this attribute.

—_

WA 3404 M7 7] 232 None. o] dol= o] ESFEZF B A o] 5T

—_Spec__
A record of the the module’s import-system-related state. Expected to be an instance of importlib.
machinery.ModuleSpec.

WA 340 7}

class types.TracebackType (tb_next, th_frame, th_lasti, th_lineno)
sys.exc_info () [2] oA HAE & A} T2 Edojxu] AR 9] 3.

g s e ol E el HES) 4kl Tk AR AV Y A 0% Eefo] 2w hE Aol HjE A H e
o] AR ALE FRAAS

types.FrameType
to7t Edo]am AA A W] th.tb_frameol X A& 2 22z d AA 9 F.

g 71w o 2 HEo} A4ko] 3 AAF L Aol el H AT BRI L.

types.GetSetDescriptorType
FrameType.f_localsYarray.array.typecode®} 22 PyGetSetDef7} Y= &3 R E9
A B E AAY] Q. o] F& A oERHEN S 2T HHZ AL F UL property F 34
2o BAS 2AW, g BEo| Fo) Y Zeh o] AgH Ut
types.MemberDescriptorType

datetime.timedelta.days®} 2, PyMemberDef7} Q&= B3 R 5o A Ao H AA 9 . o
Yo wE WD BT AL 1R CHolE AW AT E 2 ASBUTH property 33

o T L

22 5AHE Z2A B A FHAE AT AY YTk

CPython implementation detail: 3} o] %1 2] t}2 L& of| A, o] 2 GetSetDescriptorTyped &
o 2 92t}

= T » 18 .
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class types.MappingProxyType (mapping)
el 97 18 e v Fuol the 4 HE AT, ol WY o Hoh ol

W AFSHE W 3FS o\ gy T} -
WA 3.30 7L

key in proxy
Bl Fof] 7] key7} QoW Trued, T2 A F oW Falsed HESHEH T

proxy [key]
7 keyS Ap-g3ko] SF5 v o] FE-G WU Th key7}t SHE v oll oW KeyErrors
D PAEAB=Y

iter (proxy)
S5 v o] 7ol B g o e el o) B & WBFUTE o] 2L iter (proxy.keys () ¢
FAAYTH

len (proxy)
a2 e FE 52 A,

copy ()
S v o] e AR uhegh o)

get (key[, default])
key7} SR ul F of] Q1 © X keyQ] ZE2, T H X & O defaultS VS T}, defaultS A A 1A
Hod, 7| R A 0% NoneL B AAFBE, o] MIX == AU KeyErrors YA 7 A G5

Joh

items ()
BHF 34 o] &5 (items)( (key, value) ) A 7

it

ukgkgh o,

keys ()
St o) 9] 7] (keys) & M 22 HE vt&g).

values ()
SHF v} 33 9 3k (values) & A F-E R ok

8.93 F7| REZ|El AL} B

class types.SimpleNamespace
o] F Fxtoll et A E R E WA 28} & n] Q& repra AlF
object®} &8, SimpleNamespaceE AR 3lH o] EZHE
SimpleNamespace AR 7} 71¥ & QA2 2 7|3 H W, 3} o
Yoo mEs g SR

class SimpleNamespace:
def __init__ (self, /, **kwargs):
self. dict__ .update (kwargs)

& 27hn AT S 2l

def _ repr_ (self):
keys = sorted(self._ _dict_ )
items = ("{}= ".format (k, self. dict_[k]) for k in keys)

return " ({})".format (type (self) . name_ , , ".join(items))

def _ _eg (self, other):
if isinstance(self, SimpleNamespace) and isinstance (other, .
—~SimpleNamespace) :
return self. dict == other. dict
return NotImplemented

SimpleNamespace+ class NS passd A ZEo g2 8 5 5yt A 2349
A FZEFY ol = namedtuple ()& A AFE A Al
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B A 330 E7}.

types.DynamicClassAttribute (fger=None, fset=None, fdel=None, doc=None)

S22 AETHE IN2E _ getattr 2 H WUt}

YAI AR, ARH A FTASE 5o} AAAT A G 2A AFFE o] Sel = FoIdE
i A EUTh AAHA AN AL AAAOR GAH AT, FHAE 5 ELRE A AL
%ﬂéJ_@mm_WHEEEﬁWG,] AttributeError £ A8 A TQQWG

o1& B3l AAT A4 BHASE T2 E AL Aol 20l A 2L ol EL A1 A
EHES 17 4 AT (A E Enum & A2 2),

W 3.40f 7}

8.9.4 [ REI REIZIE| B

types.coroutine (gen_func)

o gt AU e ol H B5E AUl E Z 0 B R AL sty nwd 352 ATFUTh AL
Aol g SR g el Al elele] eleldelclel 48 758 AR oot ol el
Stk 28, BEA H g

_await__ () MNES TET R E U
gen_func7} A7 2

o] T
gen_func7} A o] 8] &7} o} W, @l F T} collections.abc.Generator?d AAEHA
g BaoY, daat o 0 Y neA AAE B9 Buh e 2E 99 AAE 10z
N,

WA 3.5 7}

2 @ﬂﬂﬂ@wm@ﬂﬁré%HW

8.10 copy — U2 2AI2} ZI2 SA} ¢t

AN
a2t =

F E: Lib/copy.py

shol 1ol K 222 AAE S R, T} A Apo]of whel G2 e Lk 7 (muable) 3
3

EOPA T R

£ 7h (mutable) FEES £ e He] 7 M7 8HA) ki AHES W]
Ql ¥} % _2
= E'.

AFEh (oFe) 29 )

NEEEENCE S

Ccopy . copy (x)

x./] oro /\]_ Bno

n:

32k gh o

rU

copy .deepcopy (x[, memo] )

v} 2& A2 wag T,

exception copy. Error

B 5% olele] 29 24P,

X Bl 718 Hate] ol H B AR (BAE e A AAEAEN 22 08 AA S £33
AA) ol v F =2 o
¢ O B 2 B AXS uS,(7F5s WA QB AR sbE) v ARE B S
3 AA o AT
Ay
72 BEAF Ak e B AL At = Qi F 7HA BA 7 dF Ut
« A AN RARR E= PR AN Y3 F2E TS B A= =3 =2 Plo
g+ dsyth
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EAe R E

‘\%_l L
RE AT U AAAE.

pas
o
¥
>
o
N
2
S
-
XN
v
N
)
o,

f

S
>
]
4
30,
ofy
°
kv
N
N
ot
e
>
e
)
2

deepcopy () T¥TE a3 22 WHO=E o] FAlE= T
o AR BEAF & Fof o] u] BALE A A 2] memo YA L g 2|3l
o AMEAF AL ZE AT EAF AL EE BAME A4 TS AR Y= E T
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8.11 pprint — Ol| 2 O|0|E{ Ql2} 7|

A2 F = Lib/pprint.py

porint REL 910)9) hold HlolE T2 E dEzelEe) dHdor AT 5 Yt e (dm7
A4y B 4 Qe 75 AT ERE T2 72 shold Fol ofd A} BIH W, RAL
2= 32 4 daUrh 5h, 274 EE Felag) 2 AA R oh 2 ol W HH YR AT 5
Qe veue Az 28 499U

299 EHS B AN AANE B ol § A5 439 Holol 2 GO ofF F2 I,

e o

o) A @ 2ok B prettyprinter AAE FAHOR WEAA S
o) & A4tel7] Aol 7= AL H UL,

mEL St FelAaE BT

class pprint.PrettyPrinter (indent=1, width=80, depth=None, stream=None, *, compact=False,
sort_dicts=True)
preteyprinter AATRAS eI, of BAAE o AN WA AL AU 2
S e B A B A% 5 e AT AR b 9 A
FYd Zz2EZ9 yrite() WAEJUTH A ASA & O W, PrettyPrinters sys.stdoute
ArggUch 2 A7 S F0 q]:ﬂ o278 FL indent 2 A A FU T 7| Eh-2 1 JHD} o
ghe 2ol b2 ol e BY 5 AT T3 A7 Fold 5 Yk A 5 e pEe
£ depth2 Ao G TF; A5 S lo]8] 227 UR Z o, thgo] 2gE SES . imﬂﬂ
O a0, mus s Al 2ololt Agte] §& it Aok 29 -2 widdh o7 A
Aot Al S U T 7] k-2 80 Ak Y Utk Al ghE W] oA 2 & & gled 4”«1
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W A 3.8 A W7 : sort_diets W) 7N W7} 374 A5 T

>>> import pprint
>>> stuff = ['spam', 'eggs', 'lumberjack', 'knights', 'ni']
>>> stuff.insert (0, stuff[:])
>>> pp = pprint.PrettyPrinter (indent=4)
>>> pp.pprint (stuff)
[ ["spam', 'eggs', 'lumberjack', 'knights', 'ni'],
'spam',
'eggs',
'lumberjack’',
'knights',
'ni']
>>> pp = pprint.PrettyPrinter (width=41, compact=True)
>>> pp.pprint (stuff)

[["spam', 'eggs', 'lumberjack',
'knights', 'ni'],
'spam', 'eggs', 'lumberjack', 'knights',
'ni']
>>> tup = ('spam', ('eggs', ('lumberjack', ('knights', ('ni', ('dead',
('"parrot', ('fresh fruit',))))))))

>>> pp = pprint.PrettyPrinter (depth=6)
>>> pp.pprint (tup)
("spam', ('eggs', ('lumberjack', ('knights', ('ni', ('dead', (...)))))))

pprint BES @ 74 9 4% Aok
pprint .pformat (object, indent=1, width=80, depth=None, *, compact="False, sort_dicts=True)
object®] X E %3-S EXLZ W3St} indent, width, depth, compact 2 sort_dicts= 1) & 1] 7]]
W Z prettyPrinter A Aol A YTt
W 34004 A7 compact W7 A7F S 7 5 U TH
2 3.8 X WA : sort_dicts W) 7} A 7F 574 5 U T
pprint .pp (object, *args, sort_dicts=False, **kwargs)
object®] EH XH S Astal & GBS F AU Th sort_dicts7t AR (712 3h) ol ™, - 2l =
717 At EAF U Th 18 oho i AV el 717k 3 D Ve args) kwargs vl
Wi} M5 pprint ()2 ALE UL
A 3.80] 7}

pprint.pprint (object, stream=None, indent=1I1, width=80, depth=None, *, compact=False,

sort_dicts=True) .
object®] EWNH ZH | £ vlEF-E& F 713 A streamol] A g T} stream©] None©| ™, sys . stdout 9]

AR YTH o] AL print () 4 A t3HE A E ZE E A gS AASHE Ol AR E 5 5 Y
H(AFZZ Yo A AFR5H7] Y3l print = pprint.pprintE Al Y % AS YT}, indent,
width, depth, compact 2 sort_dicts+= EW ¥ v 7/l A4 & PrettyPrinter A A o] AL}

W 34004 A7 compact W7 A7F S 7 5 U TH

H A 3.8 A WA : sort_dicts W) 7N W=7 71 5 U -

s

>>> import pprint
>>> stuff = ['spam', 'eggs', 'lumberjack', 'knights',
>>> stuff.insert (0, stuff)
>>> pprint.pprint (stuff)
[<Recursion on list with id=...>,
'spam',
'eggs',
'lumberjack’',
'knights',
'ni']

lniv]

pprint.isreadable (object)
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object®] XRH FHO] (S F A+v) A, F eval ()& AHEsHA g2 A7 A= ol AHEE
A=A AU AA A AR o A= B/ FalseE ?}%EM 22

>>> pprint.isreadable (stuff)
False

pprint.isrecursive (object)
object7} A7 A A S =4 AEF T
& shte) A4 47t o g U
pprint .saferepr (object)
A A g o] ¥ Lzl 3] BEE L, objecte] A £ 3-S vk T objectd] F3 o] A A T

2S5 =&3%, Al & IR = <Recursion on typename with id=number>Z *L/\]%\/]E]-

£t ol 9] the Erig o] 2857 Bgvich

>>> pprint.saferepr (stuff)
"[<Recursion on list with id=...>, 'spam', 'eggs', 'lumberjack', 'knights', 'ni

:‘}l]"

8.11.1 PrettyPrinter Z4 x|

PrettyPrinter QIAEI 2o E T2 3 22 yl A =71 Q&5 o)

PrettyPrinter.pformat (object)
object®] W A5 MHAFUTh prettyPrinter A o] Aed F4S 22 dyth

PrettyPrinter.pprint (object
FAH 2~ E o object2]
o

3z =
g A E T2 o5 g D¢°ﬂ et RS AFFUTh MER PrettyPrinter AAE ¥
dorlglonz AAadnoi o] # 3t HA =& ARl Zlo] &k H &4 Yy th

PrettyPrinter.isreadable (object)
object®] ZHH EHo] (U2 4 ) A, F eval ()& AHEFHe] e AT YSHE B AHS
J=x Sedstuch A AA o el FalseE WEgto] §9 344 A L. PrettyPrinterd
W WA AR T A HEE ARG 208, False® WEH

4
depth

PrettyPrinter.isrecursive (object)

object 7} A7 & EH L 2 73X A rh
ol MAEE AH ZeAT A EADR ABE = B4 AT 5 YRR s Tow ATHYT
7NE FTHE saferepr () +3Y WHE AL Th

PrettyPrinter.format (object, context, maxlevels, level)
AHA e WAL TAE WA e E EALR, A} A€+ AAE e
Fe25 A7 405 9170 & UERE Fel 2 3w A AR AR g ae
A58 g (ol 9E FEohers] 449 T WA AXA A 0008
712 E5he 94U 2 AU o] ] contexro] %ﬁﬂﬂ*ﬁﬂﬂ%ﬁ‘ 221 glem, A WA
HE8E ZE-2 Trueol ook FUth format () HlA o tht A7 &2 AH o] o st F71 F5S
o] g gl F71a of %‘HD} Al WA 2} maxlevels= A7 ol 23 A A TS FUT}; gxga
Algko] glom oguet. o] 2 }”ﬂﬂigﬂ¢ﬂﬂﬂ°“Wﬂﬂ“ﬂﬂ¢ﬂQHWﬂmﬂ
level > A & # 1*5“413},741%’1 TEL AN S HT AL gro® AL F o of Fth

‘\—‘
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8.11.2 Oi|A|

pprint () gt ) W] of 2] §EE SAISH7] f18l, PyPlol A 22 A Eof v 3t JHE 7hA 3 A o

>>> import json

>>> import pprint

>>> from urllib.request import urlopen

>>> with urlopen('https://pypi.org/pypi/sampleproject/json') as resp:
project_info = json.load(resp)['info']

71 2A A el A, pprint ()& DA AAE HoFUth:

>>> pprint.pprint (project_info)

{'author': 'The Python Packaging Authority',
'author_email': 'pypa-dev@googlegroups.com',
'bugtrack_url': None,
'classifiers': ['Development Status :: 3 - Alpha',
'Intended Audience :: Developers',
'License :: OSI Approved :: MIT License',
'Programming Language :: Python :: 2',
'Programming Language :: Python :: 2.6"',
'Programming Language :: Python :: 2.7',
'Programming Language :: Python :: 3',
'Programming Language :: Python :: 3.2°',
'Programming Language :: Python :: 3.3"',
'Programming Language :: Python :: 3.4"',
'Topic :: Software Development :: Build Tools'],
'description': 'A sample Python project\n'
L \nl
V\nl
'This is the description file for the project.\n'
l\nl

'The file should use UTF-8 encoding and be written using '
'ReStructured Text. It\n'
'will be used to generate the project webpage on PyPI, and '
'should be written for\n'
'that purpose.\n'
l\nl
'Typical contents for this file would include an overview of '
'the project, basic\n'
'usage examples, etc. Generally, including the project '
'changelog in here is not\n'
'a good idea, although a simple "What\'s New" section for the '
'most recent version\n'
'may be appropriate.’',

'description_content_type': None,

'docs_url': None,
'download_url': 'UNKNOWN',
'downloads': {'last_day': -1, 'last_month': -1, 'last_week': -1},
'home_page': 'https://github.com/pypa/sampleproject’',
'keywords': 'sample setuptools development',
'license': 'MIT',
'maintainer': None,
'maintainer_email': None,
'name': 'sampleproject',
'package_url': 'https://pypi.org/project/sampleproject/"',
'platform': 'UNKNOWN',
'project_url': 'https://pypi.org/project/sampleproject/"',
'project_urls': {'Download': 'UNKNOWN',

'Homepage': 'https://github.com/pypa/sampleproject'},
'release_url': 'https://pypi.org/project/sampleproject/1.2.0/',
'requires_dist': None,

(T slel Aol A%)
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(o] A o] A el A Al)

'requires_python': None,
'summary': 'A sample Python project',
'version': '1.2.0'}

A 57 depih2 ARE 5 A5 UTHE 22 5o

rlr

29 AR

>>> pprint.pprint (project_info, depth=1)

{'author': 'The Python Packaging Authority',

'author_email': 'pypa-dev@googlegroups.com',

'bugtrack_url': None,

'classifiers': [...],

'description': 'A sample Python project\n'
L —_——— e \nl
V\nl
'This is the description file for the project.\n'
l\nl

'The file should use UTF-8 encoding and be written using '
'ReStructured Text. It\n'
'will be used to generate the project webpage on PyPI, and '
'should be written for\n'
'that purpose.\n'
l\nl
'Typical contents for this file would include an overview of '
'the project, basic\n'
'usage examples, etc. Generally, including the project '
'changelog in here is not\n'
'a good idea, although a simple "What\'s New" section for the '
'most recent version\n'
'may be appropriate.’',

'description_content_type': None,

'docs_url': None,

'download_url': 'UNKNOWN',

'downloads': {...},

'home_page': 'https://github.com/pypa/sampleproject’',

'keywords': 'sample setuptools development',

'license': 'MIT',

'maintainer': None,

'maintainer_email': None,

'name': 'sampleproject',

'package_url': 'https://pypi.org/project/sampleproject/"',

'platform': 'UNKNOWN',

'project_url': 'https://pypi.org/project/sampleproject/"',

'project_urls': {...},

'release_url': 'https://pypi.org/project/sampleproject/1.2.0/",

'requires_dist': None,

'requires_python': None,

'summary': 'A sample Python project',

'version': '1.2.0'}

w3 2 ) A widhE A AT 5 Qg D ANE LT T4 QoW AFE VB 2ok

>>> pprint.pprint (project_info, depth=1, width=60)

{'author': 'The Python Packaging Authority',
'author_email': 'pypa-dev@googlegroups.com',
'bugtrack_url': None,

'classifiers': [...],

'description': 'A sample Python project\n'
" \nl
V\nl

'This is the description file for the '
'project.\n'

(TF= el Aol A%
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(o1 sl o] A A A%)

’\nl
'The file should use UTF-8 encoding and be '
'written using ReStructured Text. It\n'
'will be used to generate the project '
'webpage on PyPI, and should be written '
'for\n'
'that purpose.\n'
l\nl
'Typical contents for this file would '
'include an overview of the project, '
'basic\n'
'usage examples, etc. Generally, including '
'the project changelog in here is not\n'
'a good idea, although a simple "What\'s '
'New" section for the most recent version\n'
'may be appropriate.’,
'description_content_type': None,
'docs_url': None,
'download_url': 'UNKNOWN',
'downloads': {...},
'home_page': 'https://github.com/pypa/sampleproject',
'keywords': 'sample setuptools development',
'license': 'MIT',
'maintainer': None,
'maintainer_email': None,
'name': 'sampleproject',
'package_url': 'https://pypi.org/project/sampleproject/"',
'platform': 'UNKNOWN',
'project_url': 'https://pypi.org/project/sampleproject/"',
'project_urls': {...},
'release_url': 'https://pypi.org/project/sampleproject/1.2.0/",
'requires_dist': None,
'requires_python': None,
'summary': 'A sample Python project',
'version': '1.2.0'}

8.12 reprlib — CHOt repr () &

A2 F L Lib/reprlib.py

repriib RES AT EAL A7)0 AFro] Y= A FPL AT S0 A BTk THol 4
O Ao A AL E B T2 Eao] A 83 5 L

o BELS Fes, AL W PSS AF I

class reprlib.Repr
W repr ()7 FAR G5 FASE o 583 EojE A
EL DR R AﬂLNﬂﬂdﬁiﬂﬂﬂdﬂé}%Hw

m

reprlib.aRepr
ofefoll A H repr () 2 F4E AF e Ul AHEH = Repr] A2 YT ©]
RES WA repr ()3} skl A Tl Aol A AHEE & 27] Aldte] A Stk
reprlib.repr (obj)
aRepr® repr () MAE=QYnh 22 o] 52| WA <ol o vhakd A v 2Ad S v
SEA RE, ) 0] 2 7)ol = Al jke] A5t
A7) AT EF Jolx, BES__repr_ () ol AT A7 &2 FA st Al #AF2] AR EAE =
A &sk= dZH ol HE Ale gy

A7 9] o) 2]
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@reprlib.recursive_repr ﬁllvalue—” ”)
22 2= UolA e Al 2E& FASHE _repr_ () HIMES Tl
35179 bl R 2, 18 208 FAAS] repe () 5ol S WH 0 AE Fol

hJ
e
E
nﬂxv
T

>>> from reprlib import recursive_repr
>>> class MyList (list):
@recursive_repr ()
def _ repr__ (self):
return '<' + '|'.join(map(repr, self)) + '>'

>>> m = MyList ('abc'")
>>> m.append (m)

>>> m.append('x")

>>> print (m)
<'a'l'b'|'c'"|...|'x"'">

B A 3.20] &7}

8.12.1 Repr ZiA]|

Repr 2B ALE ol2) A B Bdo] 3t 27] A9} EH AX FE FUGE WA =2 ABetd)
A28 4 duh

Repr.maxlevel

A7 A EA ) Aol e A= B 7 Rgke 69T

Repr.maxdict

Repr.maxlist

Repr.maxtuple

Repr .maxset

Repr.maxfrozenset

Repr .maxdeque

Repr.maxarray
HHE A dS T} FE = A 7 B2 maxdictS 4, maxarray= 59|31 1 =6
Ayt

Repr.maxlong

A5 B8 Hoh £A4 S QU Th 245 ZHeEd A AAE UL 71 2 409 ek,

Repr.maxstring

FAY EAL B2 AT LA (54 ED] A £22A A4 T A0 F30 T4 8
T @] o] ~A 0]z AlALIL BRSHH, B o] ot ) ol Zlo] WAL 5 AU Th 1B e 30
QJuct.

Repr.maxother
o] Al gt Repr AA| oA FA AN 2A WAEE AT 5 ¢l
A8 \JD‘r maxstringd Wl WA AGHUTh 7|23

Repr. repr (obj)
Aol o)) H3hE Eo) Y& ALGSE WG repr () 955 I TH

Repr.reprl (obj, level)
repr()OHH AEE = AAA T obio] B At 25T X H “ﬂ/ﬂE% 4 3+aL, obj 2}
fevel & ARFTL T WA EE A7 A T DS $A5 S ok s,
AN SZAA] level 3FOE level — 12 AF23Hth

£ AA Bl 2718 Alofsie o
2094tk

o
=
N
D
'S
S
~
mlo
ﬂf{N‘

Repr.repr_TYPE (obj, level)
SR FY zfd WA == @ ol 5ol 7I¥teteE o] 5 MIAERE FEF UL WA E o] Fof
A, TYPE £ '_' . Join(type (0bj) .__name_ .split ()) 22 X&FH Ut} o] HiAE=Z29 ]
WAL repri (o A AAF UG AA AT ke EAHNoF e B AAEE selr.
reprl (subobj, level - 1) TZ&dfoFgrch
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Repr.repri () o] 9% 53 TN A AGL Repre] AN FeAA 2N AA Fo R ADL
74 A o H] A9 = P A E 24T 5 Q=T FUth o] AL 3 AR h3t 532
A o] oA 749 4 A Bl FUTH

import reprlib
import sys

class MyRepr (reprlib.Repr) :

def repr_TextIOWrapper (self, obj, level):
if obj.name in {'<stdin>', '<stdout>', '<stderr>'}:
return obj.name
return repr (obj)

aRepr = MyRepr ()
print (aRepr.repr (sys.stdin)) # prints '<stdin>'

8.13 enum — Support for enumerations

W 3.40] =71

Source code: Lib/enum.py

An enumeration is a set of symbolic names (members) bound to unique, constant values. Within an enumeration, the
members can be compared by identity, and the enumeration itself can be iterated over.

ZF31: Case of Enum Members

Because Enums are used to represent constants we recommend using UPPER_CASE names for enum members, and
will be using that style in our examples.

8.13.1 Module Contents

This module defines four enumeration classes that can be used to define unique sets of names and values: Enum,
IntEnum, Flag,and IntFlag. It also defines one decorator, unigue (), and one helper, auto.

class enum.Enum
Base class for creating enumerated constants. See section Functional API for an alternate construction syntax.

class enum.IntEnum
Base class for creating enumerated constants that are also subclasses of int.

class enum.IntFlag
Base class for creating enumerated constants that can be combined using the bitwise operators without losing
their TntF1ag membership. IntF1ag members are also subclasses of int.

class enum.Flag
Base class for creating enumerated constants that can be combined using the bitwise operations without losing
their 71 ag membership.

enum.unique ()
Enum class decorator that ensures only one name is bound to any one value.

class enum.auto
Instances are replaced with an appropriate value for Enum members. Initial value starts at 1.
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WA 3.60) F£7}: Flag, IntFlag, auto

8.13.2 Creating an Enum

Enumerations are created using the c1ass syntax, which makes them easy to read and write. An alternative creation
method is described in Functional API. To define an enumeration, subclass Enum as follows:

>>> from enum import Enum
>>> class Color (Enum) :
RED = 1
GREEN = 2
BLUE = 3

ZF37: Enum member values

Member values can be anything: int, str, etc.. If the exact value is unimportant you may use aut o instances and
an appropriate value will be chosen for you. Care must be taken if you mix aut o with other values.

ZF31: Nomenclature
e The class Color is an enumeration (or enum)

e The attributes Color .RED, Color.GREEN, etc., are enumeration members (or enum members) and are
functionally constants.

¢ The enum members have names and values (the name of Color .RED is RED, the value of Color .BLUE is
3, etc.)

ZF31: Even though we use the class syntax to create Enums, Enums are not normal Python classes. See How are
Enums different? for more details.

Enumeration members have human readable string representations:

>>> print (Color.RED)
Color.RED

---while their repr has more information:

>>> print (repr (Color.RED))
<Color.RED: 1>

The type of an enumeration member is the enumeration it belongs to:

>>> type (Color.RED)

<enum 'Color'>

>>> isinstance (Color.GREEN, Color)
True

>>>

Enum members also have a property that contains just their item name:

>>> print (Color.RED.name)
RED

Enumerations support iteration, in definition order:
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>>> class Shake (Enum) :
VANILLA = 7
CHOCOLATE = 4
COOKIES = 9
MINT = 3

>>> for shake in Shake:
print (shake)

Shake.VANILLA
Shake.CHOCOLATE
Shake.COOKIES
Shake .MINT

Enumeration members are hashable, so they can be used in dictionaries and sets:

>>> apples = {}

>>> apples[Color.RED] = 'red delicious'

>>> apples[Color.GREEN] = 'granny smith'

>>> apples == {Color.RED: 'red delicious', Color.GREEN: 'granny smith'}
True

8.13.3 Programmatic access to enumeration members and their attributes

Sometimes it’s useful to access members in enumerations programmatically (i.e. situations where Color .RED won’
t do because the exact color is not known at program-writing time). Enum allows such access:

>>> Color (1)
<Color.RED: 1>
>>> Color (3)
<Color.BLUE: 3>

If you want to access enum members by name, use item access:

>>> Color['RED']
<Color.RED: 1>
>>> Color['GREEN']
<Color.GREEN: 2>

If you have an enum member and need its name or value:

>>> member = Color.RED
>>> member.name

'RED"'

>>> member.value

1

8.13.4 Duplicating enum members and values

Having two enum members with the same name is invalid:

>>> class Shape (Enum) :
SQUARE = 2
SQUARE = 3

Traceback (most recent call last):

TypeError: Attempted to reuse key: 'SQUARE'
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However, two enum members are allowed to have the same value. Given two members A and B with the same value
(and A defined first), B is an alias to A. By-value lookup of the value of A and B will return A. By-name lookup of
B will also return A:

>>> class Shape (Enum) :

SQUARE = 2
DIAMOND = 1
CIRCLE = 3

ALIAS_FOR_SQUARE = 2

>>> Shape.SQUARE
<Shape.SQUARE: 2>

>>> Shape.ALIAS_FOR_SQUARE
<Shape.SQUARE: 2>

>>> Shape (2)
<Shape.SQUARE: 2>

ZF31:  Attempting to create a member with the same name as an already defined attribute (another member, a
method, etc.) or attempting to create an attribute with the same name as a member is not allowed.

8.13.5 Ensuring unique enumeration values

By default, enumerations allow multiple names as aliases for the same value. When this behavior isn’t desired, the
following decorator can be used to ensure each value is used only once in the enumeration:

@enum.unique

A class decorator specifically for enumerations. It searches an enumeration’s __members___ gathering any
aliases it finds; if any are found ValueError is raised with the details:

>>> from enum import Enum, unique
>>> @unique
class Mistake (Enum) :

ONE = 1
TWO = 2
THREE = 3
FOUR = 3

Traceback (most recent call last):

ValueError: duplicate values found in <enum 'Mistake'>: FOUR -> THREE

8.13.6 Using automatic values

If the exact value is unimportant you can use aut o:

>>> from enum import Enum, auto
>>> class Color (Enum) :

RED = auto ()

BLUE = auto ()

GREEN = auto ()

>>> list (Color)
[<Color.RED: 1>, <Color.BLUE: 2>, <Color.GREEN: 3>]

The values are chosen by _generate_next_value_ (), which can be overridden:
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>>> class AutoName (Enum) :
def _generate_next_value_ (name, start, count, last_values):
return name

>>> class Ordinal (AutoName) :
NORTH = auto ()
SOUTH = auto ()
EAST auto ()
WEST = auto()

>>> 1list (Ordinal)
[<Ordinal .NORTH: 'NORTH'>, <Ordinal.SOUTH: 'SOUTH'>, <Ordinal.EAST: 'EAST'>,
—<0rdinal .WEST: 'WEST'>]

ZF31: The goal of the default _generate_next_value_ () method is to provide the next int in sequence
with the last i nt provided, but the way it does this is an implementation detail and may change.

Z}31: The _generate_next_value_ () method must be defined before any members.

8.13.7 lteration

Iterating over the members of an enum does not provide the aliases:

>>> list (Shape)
[<Shape.SQUARE: 2>, <Shape.DIAMOND: 1>, <Shape.CIRCLE: 3>]

The special attribute __members___ is a read-only ordered mapping of names to members. It includes all names
defined in the enumeration, including the aliases:

>>> for name, member in Shape._ _members__.items () :
name, member

("SQUARE', <Shape.SQUARE: 2>)
("DIAMOND', <Shape.DIAMOND: 1>)
("CIRCLE', <Shape.CIRCLE: 3>)
("ALTIAS_FOR_SQUARE', <Shape.SQUARE: 2>)

The __members___ attribute can be used for detailed programmatic access to the enumeration members. For
example, finding all the aliases:

>>> [name for name, member in Shape.__members__.items () if member.name != name]
["ALIAS_FOR_SQUARE"']

8.13.8 Comparisons

Enumeration members are compared by identity:

>>> Color.RED is Color.RED

True

>>> Color.RED is Color.BLUE
False

>>> Color.RED is not Color.BLUE
True
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Ordered comparisons between enumeration values are not supported. Enum members are not integers (but see /n-
tEnum below):

>>> Color.RED < Color.BLUE
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: '<' not supported between instances of 'Color' and 'Color'

Equality comparisons are defined though:

>>> Color.BLUE == Color.RED
False

>>> Color.BLUE != Color.RED
True

>>> Color.BLUE == Color.BLUE
True

Comparisons against non-enumeration values will always compare not equal (again, Int Enumwas explicitly designed
to behave differently, see below):

>>> Color.BLUE ==
False

8.13.9 Allowed members and attributes of enumerations

The examples above use integers for enumeration values. Using integers is short and handy (and provided by default
by the Functional API), but not strictly enforced. In the vast majority of use-cases, one doesn’t care what the actual
value of an enumeration is. But if the value is important, enumerations can have arbitrary values.

Enumerations are Python classes, and can have methods and special methods as usual. If we have this enumeration:

>>> class Mood (Enum) :
FUNKY = 1
HAPPY = 3

def describe(self):
# self is the member here
return self.name, self.value

def  str_ (self):
return 'my custom str! '.format (self.value)

@classmethod

def favorite_mood(cls):
# cls here is the enumeration
return cls.HAPPY

Then:

>>> Mood.favorite_mood ()
<Mood.HAPPY: 3>

>>> Mood.HAPPY.describe ()
("HAPPY', 3)

>>> str (Mood.FUNKY)

'my custom str! 1°'

The rules for what is allowed are as follows: names that start and end with a single underscore are reserved by enum
and cannot be used; all other attributes defined within an enumeration will become members of this enumeration,
with the exception of special methods (__str__ (),__add__ (), etc.), descriptors (methods are also descriptors),
and variable names listed in _ignore_.
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Note: if your enumeration defines __new__ () and/or __init__ () then whatever value(s) were given to the
enum member will be passed into those methods. See Planet for an example.

8.13.10 Restricted Enum subclassing

A new Enum class must have one base Enum class, up to one concrete data type, and as many ob ject-based mixin
classes as needed. The order of these base classes is:

class EnumName ([mix-in, ...,] [data-type,] base-enum):
pass

Also, subclassing an enumeration is allowed only if the enumeration does not define any members. So this is forbidden:

>>> class MoreColor (Color) :
PINK = 17

Traceback (most recent call last):

TypeError: Cannot extend enumerations

But this is allowed:

>>> class Foo (Enum) :
def some_behavior (self):
pass

>>> class Bar (Foo) :
HAPPY = 1
SAD = 2

Allowing subclassing of enums that define members would lead to a violation of some important invariants of types
and instances. On the other hand, it makes sense to allow sharing some common behavior between a group of
enumerations. (See OrderedEnum for an example.)

8.13.11 Pickling

Enumerations can be pickled and unpickled:

>>> from test.test_enum import Fruit

>>> from pickle import dumps, loads

>>> Fruit.TOMATO is loads (dumps (Fruit.TOMATO))
True

The usual restrictions for pickling apply: picklable enums must be defined in the top level of a module, since unpickling
requires them to be importable from that module.

Z31: With pickle protocol version 4 it is possible to easily pickle enums nested in other classes.

It is possible to modify how Enum members are pickled/unpickled by defining _ reduce_ex__ () in the enu-
meration class.
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8.13.12 Functional API

The Enum class is callable, providing the following functional API:

>>> Animal = Enum('Animal', 'ANT BEE CAT DOG'")

>>> Animal

<enum 'Animal'>

>>> Animal.ANT

<Animal.ANT: 1>

>>> Animal.ANT.value

1

>>> list (Animal)

[<Animal.ANT: 1>, <Animal.BEE: 2>, <Animal.CAT: 3>, <Animal.DOG: 4>]

The semantics of this API resemble namedtuple. The first argument of the call to Enum is the name of the
enumeration.

The second argument is the source of enumeration member names. It can be a whitespace-separated string of names,
a sequence of names, a sequence of 2-tuples with key/value pairs, or a mapping (e.g. dictionary) of names to values.
The last two options enable assigning arbitrary values to enumerations; the others auto-assign increasing integers
starting with 1 (use the start parameter to specify a different starting value). A new class derived from Enum is
returned. In other words, the above assignment to Animal is equivalent to:

>>> class Animal (Enum) :

ANT = 1
BEE = 2
CAT = 3
DOG = 4

The reason for defaulting to 1 as the starting number and not 0 is that 0 is False in a boolean sense, but enum
members all evaluate to True.

Pickling enums created with the functional API can be tricky as frame stack implementation details are used to try
and figure out which module the enumeration is being created in (e.g. it will fail if you use a utility function in separate
module, and also may not work on IronPython or Jython). The solution is to specify the module name explicitly as
follows:

>>> Animal = Enum('Animal', 'ANT BEE CAT DOG', module=_ name__ )

7 3: If module is not supplied, and Enum cannot determine what it is, the new Enum members will not be
unpicklable; to keep errors closer to the source, pickling will be disabled.

The new pickle protocol 4 also, in some circumstances, relies on ___gqualname__ being set to the location where
pickle will be able to find the class. For example, if the class was made available in class SomeData in the global
scope:

>>> Animal = Enum('Animal', 'ANT BEE CAT DOG', qgqualname='SomeData.Animal')

The complete signature is:

Enum (value="'NewEnumName', names=<...>, *, module='...', qualname='...', type=
—<mixed-in class>, start=1)

value What the new Enum class will record as its name.

names The Enum members. This can be a whitespace or comma separated string (values will start at
1 unless otherwise specified):
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"RED GREEN BLUE' | 'RED,GREEN,BLUE' | 'RED, GREEN, BLUE'

or an iterator of names:

’ ['RED', 'GREEN', 'BLUE']

or an iterator of (name, value) pairs:

’[('CYAN', 4), ('MAGENTA', 5), ('YELLOW', 6)]

or a mapping:

’{'CHARTREUSE': 7, 'SEA_GREEN': 11, 'ROSEMARY': 42}

module name of module where new Enum class can be found.
qualname where in module new Enum class can be found.
type type to mix in to new Enum class.

start number to start counting at if only names are passed in.

WA 3.5 A ¥ 7 : The start parameter was added.

8.13.13 Derived Enumerations

IntEnum

The first variation of Enum that is provided is also a subclass of int. Members of an TntEnum can be compared

to integers; by extension, integer enumerations of different types can also be compared to each other:

>>> from enum import IntEnum
>>> class Shape (IntEnum) :
CIRCLE = 1
SQUARE 2

>>> class Request (IntEnum) :
POST = 1
GET = 2

>>> Shape == 1

False

>>> Shape.CIRCLE ==

True

>>> Shape.CIRCLE == Request.POST
True

However, they still can’t be compared to standard Fnum enumerations:

>>> class Shape (IntEnum) :
CIRCLE = 1
SQUARE 2

>>> class Color (Enum) :
RED = 1
GREEN = 2

>>> Shape.CIRCLE == Color.RED
False

IntEnum values behave like integers in other ways you’d expect:
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>>> int (Shape.CIRCLE)

1

>>> ['a', 'b', 'c'][Shape.CIRCLE]
lbl

>>> [1 for i in range (Shape.SQUARE) ]
[0, 1]

IntFlag

The next variation of Enum provided, IntF1lag, is also based on int. The difference being IntF1ag members
can be combined using the bitwise operators (&, |, *, ~) and the result is still an TntF1ag member. However, as the
name implies, TntF1ag members also subclass int and can be used wherever an int is used. Any operation on
an IntF1ag member besides the bit-wise operations will lose the TntF1ag membership.

WA 3.6 37}

Sample IntFlag class:

>>> from enum import IntFlag
>>> class Perm(IntFlag):

R =4
W = 2
X =1
>>> Perm.R | Perm.W

<Perm.R|W: 6>

>>> Perm.R + Perm.W

6

>>> RW = Perm.R | Perm.W
>>> Perm.R in RW

True

It is also possible to name the combinations:

>>> class Perm(IntFlag):

R =14
W = 2
X =1
RWX = 7

>>> Perm.RWX

<Perm.RWX: 7>
>>> ~Perm.RWX
<Perm.-8: —-8>

Another important difference between IntFlag and Enum is that if no flags are set (the value is 0), its boolean
evaluation is F'alse:

>>> Perm.R & Perm.X
<Perm.0: 0>

>>> bool (Perm.R & Perm.X)
False

Because TntF1ag members are also subclasses of int they can be combined with them:

>>> Perm.X | 8
<Perm.8|X: 9>

264 Chapter 8. IO|EH




The Python Library Reference, £A| H{X 3.8.13

Flag

The last variation is F1ag. Like TntFlag, F1ag members can be combined using the bitwise operators (&, |, #,
~). Unlike TntF1ag, they cannot be combined with, nor compared against, any other F'1 ag enumeration, nor int.
While it is possible to specify the values directly it is recommended to use aut o as the value and let 71 ag select an
appropriate value.

WA 3.6 =7}

Like IntF1ag, if a combination of F1ag members results in no flags being set, the boolean evaluation is False:

>>> from enum import Flag, auto
>>> class Color (Flag):

RED = auto ()

BLUE = auto()

GREEN = auto ()

>>> Color.RED & Color.GREEN
<Color.0: 0>

>>> bool (Color.RED & Color.GREEN)
False

Individual flags should have values that are powers of two (1, 2, 4, 8, ---), while combinations of flags won’t:

>>> class Color (Flag):
RED = auto()
BLUE = auto()
GREEN = auto ()
WHITE = RED | BLUE | GREEN

>>> Color.WHITE
<Color.WHITE: 7>

Giving a name to the (no flags set) condition does not change its boolean value:

>>> class Color (Flag):
BLACK = 0
RED = auto ()
BLUE = auto ()
GREEN = auto ()

>>> Color.BLACK
<Color.BLACK: 0>

>>> bool (Color.BLACK)
False

ZF31: For the majority of new code, Enum and F'1ag are strongly recommended, since TntEnumand TntFlag
break some semantic promises of an enumeration (by being comparable to integers, and thus by transitivity to other
unrelated enumerations). TntEnum and IntF1lag should be used only in cases where Enum and F'1ag will not
do; for example, when integer constants are replaced with enumerations, or for interoperability with other systems.
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Others

While TntEnumis part of the enum module, it would be very simple to implement independently:

class IntEnum(int, Enum) :
pass

This demonstrates how similar derived enumerations can be defined; for example a St rEnum that mixes in str
instead of int.

Some rules:

1. When subclassing Enum, mix-in types must appear before Enum itself in the sequence of bases, as in the
IntEnum example above.

2. While Enum can have members of any type, once you mix in an additional type, all the members must have
values of that type, e.g. int above. This restriction does not apply to mix-ins which only add methods and
don’t specify another data type such as int or str.

3. When another data type is mixed in, the value attribute is not the same as the enum member itself, although
it is equivalent and will compare equal.

4. %-style formatting: %s and %r call the Enum class’s __str__ () and __repr__ () respectively; other
codes (such as %i or %h for IntEnum) treat the enum member as its mixed-in type.

5. Formatted string literals, st . format (), and format () will use the mixed-in type’s __format__ ()
unless __str__ () or___format__ () is overridden in the subclass, in which case the overridden methods
or Enum methods will be used. Use the !s and !r format codes to force usage of the Enumclass’s__str__ ()
and ___repr__ () methods.

8.13.14 Whentouse _ new__ () vs. __init__ ()

__new___ () must be used whenever you want to customize the actual value of the Enum member. Any other
modifications may go in either __new__ () or__init__ (),with__init__ () being preferred.

For example, if you want to pass several items to the constructor, but only want one of them to be the value:

>>> class Coordinate (bytes, Enum) :

mrin

Coordinate with binary codes that can be indexed by the int code.
def _ new__ (cls, value, label, unit):

obj = bytes.__new__ (cls, [valuel])

obj._value_ = value

obj.label = label

obj.unit = unit
return obj
PX = (0, '"P.X', 'km")
PY = (1, 'P.Y', 'km'")
VX = (2, 'V.X', 'km/s")
VY = (3, 'V.Y', 'km/s")

>>> print (Coordinate['PY'])
Coordinate.PY

>>> print (Coordinate (3))
Coordinate.VY
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8.13.15 Interesting examples

While Enum, IntEnum, IntFlag, and F1ag are expected to cover the majority of use-cases, they cannot cover
them all. Here are recipes for some different types of enumerations that can be used directly, or as examples for
creating one’s own.

Omitting values
In many use-cases one doesn’t care what the actual value of an enumeration is. There are several ways to define this
type of simple enumeration:

* use instances of auto for the value

¢ use instances of object as the value

* use a descriptive string as the value

* use a tuple as the value and a custom __new___ () to replace the tuple with an int value

Using any of these methods signifies to the user that these values are not important, and also enables one to add,
remove, or reorder members without having to renumber the remaining members.

Whichever method you choose, you should provide a repz () that also hides the (unimportant) value:

>>> class NoValue (Enum) :
def _ _repr__ (self):
return '< . >'" % (self._ class . name_ , self.name)

Using auto

Using aut o would look like:

>>> class Color (NoValue) :
RED = auto ()
BLUE = auto ()
GREEN = auto ()

>>> Color.GREEN
<Color.GREEN>

Using object

Using object would look like:

>>> class Color (NoValue) :
RED = object ()
GREEN = object ()
BLUE = object ()

>>> Color.GREEN
<Color.GREEN>
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Using a descriptive string

Using a string as the value would look like:

>>> class Color (NoValue) :

RED = 'stop'
GREEN = 'go'
BLUE = 'too fast!'

>>> Color.GREEN
<Color.GREEN>
>>> Color.GREEN.value

'gO'

Using a custom __new__ ()

Using an auto-numbering ___new___ () would look like:

>>> class AutoNumber (NoValue) :
def _ new__ (cls):

value = len(cls._ _members__ ) + 1
obj = object.__new__ (cls)
obj._value_ = value

return obj

>>> class Color (AutoNumber) :
RED = ()
GREEN = ()
BLUE = ()

>>> Color.GREEN
<Color.GREEN>

>>> Color.GREEN.value
2

To make a more general purpose Aut oNumber, add *args to the signature:

>>> class AutoNumber (NoValue) :

def _ new__ (cls, *args): # this is the only change from above
value = len(cls._ _members_ ) + 1
obj = object.__new__ (cls)
obj._value_ = value

return obj

Then when you inherit from Aut oNumber you can write your own __init__ to handle any extra arguments:

>>> class Swatch (AutoNumber) :

def _ init__ (self, pantone='unknown'):
self.pantone = pantone
AUBURN = '3497"'
SEA_GREEN = '1246'
BLEACHED_CORAL = () # New color, no Pantone code yet!

>>> Swatch.SEA_GREEN
<Swatch.SEA_GREEN: 2>

>>> Swatch.SEA_GREEN.pantone
'1246"

>>> Swatch.BLEACHED_CORAL.pantone
'unknown'
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Z3: The _ new
Enum’s __ _new___

___ () method, if defined, is used during creation of the Enum members; it is then replaced by
() which is used after class creation for lookup of existing members.

OrderedEnum

An ordered enumeration that is not based on IntEnum and so maintains the normal Enum invariants (such as not
being comparable to other enumerations):

>>> class

def

def

def

def

>>> class
A

Mo QW

>>> Grade.

True

OrderedEnum (Enum) :
__ge__(self, other):
if self. class_ is other. class

return self.value >= other.value
return NotImplemented

__gt__ _(self, other):

if self. class__ is other._ class_

return self.value > other.value
return NotImplemented

__le_ (self, other):

if self. class__ is other._ class_

return self.value <= other.value
return NotImplemented

_ 1t (self, other):

if self. class  is other. class

return self.value < other.value
return NotImplemented

Grade (OrderedEnum) :
=5

|
e S TN

C < Grade.A

DuplicateFreeEnum

Raises an error if a duplicate member name is found instead of creating an alias:

>>> class

DuplicateFreeEnum (Enum) :

def _ _init_ (self, *args):
cls = self._ class_
if any(self.value == e.value for e in cls):
a = self.name
e = cls(self.value) .name

>>> class

raise ValueError (
"aliases not allowed in DuplicateFreeEnum:
5 (a, e))

Color (DuplicateFreeEnum) :

RED = 1

GREEN = 2
BLUE = 3
GRENE = 2

Traceback

(most recent call last):

(Th& sl AT ol A%)
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(o1 sl o] A A A%)

ValueError: aliases not allowed in DuplicateFreeEnum: 'GRENE' --> 'GREEN'

Z+31: This is a useful example for subclassing Enum to add or change other behaviors as well as disallowing aliases.
If the only desired change is disallowing aliases, the unigue () decorator can be used instead.

Planet

If _new__ () or__init__ () isdefined the value of the enum member will be passed to those methods:

>>> class Planet (Enum) :

MERCURY = (3.303e+23, 2.4397e6)

VENUS = (4.869e+24, 6.0518e6)

EARTH = (5.976e+24, 6.37814e6)

MARS = (6.421e+23, 3.3972e06)

JUPITER = (1.9e+27, 7.1492e7)

SATURN = (5.688e+26, 6.0268e7)

URANUS = (8.686e+25, 2.5559e7)

NEPTUNE = (1.024e+26, 2.4746e7)

def _ init_ (self, mass, radius):
self.mass = mass # in kilograms
self.radius = radius # in meters

@property

def surface_gravity(self):
# universal gravitational constant (m3 kg-1 s-2)
G = 6.67300E-11
return G * self.mass / (self.radius * self.radius)

>>> Planet.EARTH.value
(5.976e+24, 6378140.0)

>>> Planet.EARTH.surface_gravity
9.802652743337129

TimePeriod

An example to show the _ignore__ attribute in use:

>>> from datetime import timedelta
>>> class Period(timedelta, Enum) :
"different lengths of time"
_ignore_ = 'Period i'
Period = vars()
for i in range (367):
Period['day_2d' % 1] = i

>>> list (Period) [:2]

[<Period.day_0: datetime.timedelta (0)>, <Period.day_1: datetime.timedelta (days=1)>]
>>> list (Period) [-2:]

[<Period.day_365: datetime.timedelta (days=365)>, <Period.day_366: datetime.
—timedelta (days=366) >]

270 Chapter 8. C|0|E{&




The Python Library Reference, £A| H{X 3.8.13

8.13.16 How are Enums different?

Enums have a custom metaclass that affects many aspects of both derived Enum classes and their instances (members).

Enum Classes

The EnumMet a metaclass is responsible for providing the __contains__(),__dir__ (),__iter_ () and
other methods that allow one to do things with an Enum class that fail on a typical class, such as list(Color) or
some_enum_var in Color. EnumMet a is responsible for ensuring that various other methods on the final Enum class
are correct (suchas _ _new__ (), getnewargs__ (),__str__ () and __repr__ ()).

Enum Members (aka instances)

The most interesting thing about Enum members is that they are singletons. EnumMeta creates them all while it
is creating the Enum class itself, and then puts a custom __new___ () in place to ensure that no new ones are ever
instantiated by returning only the existing member instances.

Finer Points

Supported __dunder__ names

__members___isaread-only ordered mapping of member_name:member items. It is only available on the class.

__new___ (), if specified, must create and return the enum members; it is also a very good idea to set the member’
s _value_ appropriately. Once all the members are created it is no longer used.

Supported _sunder_ names

e _name_ — name of the member
e _value_ —value of the member; can be set / modified in __new___
e _missing_ — alookup function used when a value is not found; may be overridden

e _ignore_ —alist of names, eitheras a 1ist () ora str (), that will not be transformed into members,
and will be removed from the final class

* _order_ —used in Python 2/3 code to ensure member order is consistent (class attribute, removed during
class creation)

* _generate_next_value_ —used by the Functional APl and by aut o to get an appropriate value for an
enum member; may be overridden

WA 3.69 7} _missing_,_order_,_generate_next_value_
WA 3.70]] 7}: _ignore_

To help keep Python 2 / Python 3 code in sync an _order_ attribute can be provided. It will be checked against
the actual order of the enumeration and raise an error if the two do not match:

>>> class Color (Enum) :
_order_ = 'RED GREEN BLUE'
RED = 1
BLUE = 3
GREEN = 2

Traceback (most recent call last):

TypeError: member order does not match _order_
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ZF31: In Python 2 code the _order_ attribute is necessary as definition order is lost before it can be recorded.

Enum member type

Enum members are instances of their Enum class, and are normally accessed as EnumClass .member. Under
certain circumstances they can also be accessed as EnumClass .member .member, but you should never do this
as that lookup may fail or, worse, return something besides the Znum member you are looking for (this is another
good reason to use all-uppercase names for members):

>>> class FieldTypes (Enum) :

name = 0
value = 1
size = 2

>>> FieldTypes.value.size
<FieldTypes.size: 2>

>>> FieldTypes.size.value
2

H A 35004 WA,

Boolean value of Enum classes and members

Enummembers that are mixed with non-Enum types (such as int, st r, etc.) are evaluated according to the mixed-
in type’s rules; otherwise, all members evaluate as True. To make your own Enum’s boolean evaluation depend on
the member’s value add the following to your class:

def _ bool__ (self):
return bool (self.value)

Enum classes always evaluate as True.

Enum classes with methods

If you give your Enum subclass extra methods, like the Planet class above, those methods will show upina dir ()
of the member, but not of the class:

>>> dir (Planet)

['"EARTH', 'JUPITER', 'MARS', 'MERCURY', 'NEPTUNE', 'SATURN', 'URANUS', 'VENUS', '__
—~class__ ', '__doc__'", '__members_ ', '_ _module_ ']

>>> dir (Planet.EARTH)

['"__class__', '__doc__', '_module__', 'name', 'surface_gravity', 'value']

Combining members of Flag

If a combination of Flag members is not named, the repr () will include all named flags and all named combinations
of flags that are in the value:

>>> class Color (Flag):
RED = auto()
GREEN = auto ()
BLUE = auto()
MAGENTA = RED | BLUE

(O AT A%
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(o1 sl o] A A A%)

YELLOW =
CYAN =

RED |
GREEN |

GREEN
BLUE

>>> Color (3) # named combination
<Color.YELLOW: 3>

>>> Color (7) # not named combination

<Color.CYAN|MAGENTA |BLUE | YELLOW | GREEN | RED :

7>
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9.1 numbers — <X} T4 H|0O|A EiA

X : Lib/numbers.py

nunbers B (PEP 314D & Sl oe 3 vlol 2 222 9] A% 728 A9 Uil A 327
Qo4 % o e Q4be] Ao H o Ygvith o] BE] 4o BE JL dAHAR BE 4 ST

class numbers.Number
22 AZY AAY ZH AU YT o AATQlo] oAby 7F 22101 2] FlstH W isinstance (x,
Number) & AFRSIA 8.

9.1.1 =X} AS

class numbers.Complex
ol B Felar HA4E 2L WA complex & Oﬂ AL T = dAe 83Ut of 7)
complex 2} bool L2 W& real, imag, +, -, *, /, abs (), conjugate (), ==, ! = 9]

Fuoh -9 =& Zilﬂ stals 25 A Uth

M2

ook r|r

o
o
7]
o
R
W
0

method conjugate ()
]/\15. A BE44E uddyh o/ & £0] (1+37) .conjugate () == (1-373) ¢

A\
g
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class numbers.Real
Real e Complex e 2o A5 Aite 7

893 HA float 29 WE I math.trunc(), round(), math.floor (), math.ceil (),
dlvmod(), //,%, <, <= > >=7F 3H Ut}
o] Felat TS complex (), real, imag, conjugate () & 3 7| B ZE& Al T )
class numbers.Rational
Real 9] 319 @ 0|1 numerator & denominator T2 HE| 7} 27 Ut} o] ZZ HE]&= 7] oF
w9 grolojo Ut S rloat () F4E S 7| EF o2 A H UTH
numerator
2 HE (FAHAE)
denominator
ZEIE(FEHAE)
class numbers.Integral

Rational & 3}9 & o]l int 2 W3 7|50 7vE Yty float (), numerator,
denominator & —.4?} 7187 AlFFdULh x+x E Y3 HAEd v E A <<, >>, 8, 0
2 213U

’|’

FAAE EAY S LA AFH D 2L o2 AAEES S0k FU. B FRA GE 459
o ) o]
A

fractions.Fraction 282 hash ()

def _ hash__ (self):

if self.denominator ==
# Get integers right.
return hash (self.numerator)

# Expensive check, but definitely correct.

if self == float (self):
return hash (float (self))

else:
# Use tuple's hash to avoid a high collision rate on
# simple fractions.
return hash ((self.numerator, self.denominator))
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o B

Ot
ro

K} F2Ho]A E2HA (ABC) F7¢

B2 A2 Y3 ABCE F713t= Aol Zbsdynh 234 gkow o g A< ASol 1A AUt
Complex 8} Real Abolofl th5-3} o] MyFoo & 7+ 4 § :

class MyFoo (Complex) :
MyFoo.register (Real)

O Fof o gk A2 F oxto] Fof| #3 41 Y= AL TEAY F AAE 7P v U A
O 7 WEdt AXMSE S A AAS LHE= 2ol THULE Integral el 319 L Ao
_add__ () &__radd_ () WA =L TS o] Ao ofof g2 o u| gt

class MyIntegral (Integral) :

def _ add__ (self, other):
if isinstance (other, MyIntegral):
return do_my_adding_stuff (self, other)
elif isinstance (other, OtherTypeIKnowAbout) :
return do_my_other_adding_stuff (self, other)
else:
return NotImplemented

def _ radd__ (self, other):
if isinstance (other, MyIntegral):
return do_my_adding_stuff (other, self)
elif isinstance (other, OtherTypeIKnowAbout) :
return do_my_other_adding_stuff (other, self)
elif isinstance (other, Integral):
return int (other) + int (self)
elif isinstance (other, Real):
return float (other) + float (self)
elif isinstance (other, Complex):
return complex (other) + complex(self)
else:
return NotImplemented

Complex Fej 2o AEZH 2ol T 7HA Y A2 o8 EFF Aito] dsUth A9 ZEofA
MyIntegral & OtherTypelKnowAbout & A&t YW A& 7| EFL 22} 31FULE a = Complex
93 A ALY AA2EHAYYTHE a : A <: Complex YYTH. ¥]=dA b : B <: Complex
QuUtha + b A9 A2 BAS U

1. kA 7o & W __add_ () HIAEE Y YUTHHE ZE Z o] EAIgle] A g Ut

2227712 IER A ‘}1 _add__ () 2 § ¥ old g& viEsry B vt Egdﬂl
ost _radd__ () MINEE ¥d F dFUTh o & I3t V| EF R __add__ W
NotImplemented & W& oF YT (EEA7F_add__ () WA E=EE Ag +38 5]‘7‘] %S

S5 U

3. A= B9 _radd () WAEZLZIFE 5 o] MIAETLa E8e  JHE ZE A 9]
A %lel A=lguth
de

45 of g eh.

5. @ebe <; avpe sl a._add_ WA= Aol B.__radd & A=k A 54
43 B 7t TAH Y] W2 o] BB BAQEUTH whebA complex o 9 437 Ao o]

MAHAEﬂﬂﬂ m%

4 NETZ IER BoleTd B A Ed] B 5 s/ glong JRACR 3T 7
o

Y
ukok ol AL FF5HA] G=A <: Complex 2B <: Real 2t A @3 FF A P(sharedoperatlon) 2
W complex Fefjel] AdH AdUth FFo __radd__ () WA =7} o7 HFEFER atb ==
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bra 7} F ok
752 Fo] 7 of ™ Fof tff F A4 v 9 H| 322, F o] X ALERF] A W& (forward) Q1 EH A2} oI u)af
(reverse) AANBEAE A F= Ao T8 Hodl= o] F8FUth ol& E9] fractions.Fraction

Sej ot The 3t ol AL P Th:

def _operator_fallbacks (monomorphic_operator, fallback_operator):
def forward(a, b):

if isinstance (b, (int, Fraction)):
return monomorphic_operator (a, b)

elif isinstance (b, float):
return fallback_operator (float(a), b)

elif isinstance (b, complex):
return fallback_operator (complex(a), b)

else:
return NotImplemented
forward. name = '__ ' + fallback_operator. name_  + ' '
forward. doc = = monomorphic_operator. doc

def reverse(b, a):
if isinstance(a, Rational):
# Includes ints.
return monomorphic_operator (a, b)
elif isinstance (a, numbers.Real):
return fallback_operator (float (a), float (b))
elif isinstance(a, numbers.Complex) :

return fallback_operator (complex(a), complex (b))
else:
return NotImplemented
reverse. name = '__r' 4+ fallback_operator. name  + ' '
reverse.__doc__ = monomorphic_operator._ _doc_

return forward, reverse

def _add(a, b):
"tnig + prnre
return Fraction (a.numerator * b.denominator +
b.numerator * a.denominator,
a.denominator * b.denominator)

add

J— —

__radd__ = _operator_fallbacks(_add, operator.add)

#

9.2 math — Mathematical functions

This module provides access to the mathematical functions defined by the C standard.

These functions cannot be used with complex numbers; use the functions of the same name from the cmath module
if you require support for complex numbers. The distinction between functions which support complex numbers and
those which don’t is made since most users do not want to learn quite as much mathematics as required to understand
complex numbers. Receiving an exception instead of a complex result allows earlier detection of the unexpected
complex number used as a parameter, so that the programmer can determine how and why it was generated in the
first place.

The following functions are provided by this module. Except when explicitly noted otherwise, all return values are
floats.
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9.2.1 Number-theoretic and representation functions

math.ceil (x)
Return the ceiling of x, the smallest integer greater than or equal to x. If x is not a float, delegates to x.
__ceil__ (), which should return an Tntegral value.

math.comb (n, k)
Return the number of ways to choose k items from #n items without repetition and without order.

Evaluateston! / (k! * (n — k)!) whenk <= n and evaluates to zero whenk > n.

Also called the binomial coefficient because it is equivalent to the coefficient of k-th term in polynomial ex-
pansion of the expression (1 + x) ** n.

Raises TypeError if either of the arguments are not integers. Raises ValueError if either of the argu-
ments are negative.

W 3.8 F7}

math.copysign (x, y)
Return a float with the magnitude (absolute value) of x but the sign of y. On platforms that support signed
zeros, copysign (1.0, -0.0) returns -1.0.

math. fabs (x)
Return the absolute value of x.

math.factorial (x)
Return x factorial as an integer. Raises Va lueError if x is not integral or is negative.

math. floor (x)
Return the floor of x, the largest integer less than or equal to x. If x is not a float, delegates to x.
_ floo