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CHAPTER 2

g 4
ol JE Z e Hole F4 AT e B2 5o Fo] WA dsUTh A7) oA gl o=
Ja g
g &

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)

Z7ke] Azs S UTh A= A B AU QA 545 I 2770 wkskg U o

all (iterable)

iterable &) 2= 8 A7} o] W (E = iterable ©] H] ©]

ol o

) True & EF U tha3 S5 h

return True

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

any (iterable)
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iterable 2] R 2 & oJL FtUElE Fo]WH True & E8]F YT} iterable©] H] o] QI oM False & 8 F
Utk 23 55t

def any(iterable):
for element in iterable:
if element:
return True
return False

ascii (object)
repr() AE, AA Q] o 715 L E3El= EAL L ukEE A Uk \x U \u E= \U o] A A o] =
E A8t repr () o] 2T Al 234 H] ASCIL £ AHE o| & A| o] = an];]_ o] AL mho| A
29] repr () o] BeFE AUl 2 FAL S BELL

bin (x)
A48 06" 7} ool 2 o)A EALR MBFTh A3 £012 sl BA A x 7} who) W
int AA 7ol eH, 58 BHFE _index__() WASE GelsloF itk B /1A o] & E1:
>>> bin(3)
'Obl11"
>>> bin(-10)
-0b1010"'
ARl “0b" A AR FE, DR 92 £% Johe, b o] S AT S+ dFU
>>> format (14, '#b'), format (14, 'b'")
('0Ob1110', '1110")
>>> f'{14:4b}', £'{14:b}'
('Ob1110', '1110")

APA 8 Y82 format ()& EAM L.

class bool ( [x]
=83, 5 True B False 5 38 S8 FUTh x X8 =23 A4 24 & AHg-8te] wiskg Ut
x 7k AZ ol AU AetE M False 8 S8 s Ut 2384 o “True & S F U bool S
int (5228 —int, float, complex ZZ)2] B Ze|A~dUth AB ZHY 25 ¢ 5 5 gH5 U] o] AY
T A= False 2 True” YUTH(=E 3LE EA L)

W 37004 WA xs oA 912 AL w7 Mgy

breakpoint (*args, **kws)
ol TE X]Z“ﬂ/ﬂ AR AYsA Byt 5
I args 2 kws & IR ﬁ‘ﬂ'?ﬂq\:}. ]Ezl O F, sys.brea
Al 931 pdb.set_trace ()& TEFUYTh o ¢, o] AL A3 44-4 7% o] B pdbE A
A2 Qusar gu sl Solsby] As B =8 YR B2 dgHTh e o,
breakpointhook () 2 T2 42 dAH & O]E_, breakpoint () © 1AL AT 02 &34,
A O Ao BolZ 4 =2 T
B A 3.70] F7}.

class bytearray ([source|, encoding|, errors | | ])
MZ-E vl EvjEE EdFUTE bytearray Fe¥l&+
JUth bytes o] 7k th 129 WA =85k ofy 2 (u
AAz g o 71" 7hA Al A 2] GubE Qd WA= g

3] sys. breakpointhook () & 5=
kpointhook ( AAE 7| 3}

A A source 7N A= H 7HA th2 P o2 W& 2 7))k T

e B21Y o), ‘ﬂ-E/\] encoding V| 7] ¥ = = A F-3] oF J’l/]‘:}
bytearray () ¥ str.encode () & AF&3lo] BALE S #

—|—’A
o
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c A5, gL 13718 2, @ alelER 27]3kg Ut

o 5] (buffer) B3] o) A A BBt= AA W, ARe) 917 AL w7} vho] B W LS &7 5 e
o) AH8-E Ut

« OB 2B oW, MY 0 <= x < 256 9] AFE A FoHE o]HeBolofok s, I gHEo] wjd ]
27l WS=S2 AHg Utk

Ax7k 9o 2271 0] o] BEol FU T
vlol 8] Al A2 & — bytes, bytearray, memoryview} B}o]| E 8] 4 A X = BN L

class bytes ([source[, encoding[, errors] ] ])
A2e utol EQY AAE FAFUTL of AR 0 <= x < 256 W A B4
Uth bytes & bytearray o B8l MAQUTH 2o 2o WA =el 28 A8
ZaUth

et A QAR bytearray () £k 2ol S|4 g Ut

ol EE AA & gHE S AME S e 5 A5 U T (strings & H A 8).
vlol U 2] A| &2 & — bytes, bytearray, memoryview, BFo]| EQ A X @ nlo]E Y 3} vlo]E v A4t &
BAS

callable (object)
Return True if the object argument appears callable, F'a 1 se if not. If this returns True, it is still possible that a
call fails, but if it is False, calling object will never succeed. Note that classes are callable (calling a class returns
a new instance); instances are callable if their classhasa _ call__ () method.

W 3200 F7}: o] e Fho] 4 3.001 4 WA A A" tha shold 3.200 4 TAl =Y AE U

N £ E7F A BAE YEh & A9 BelE U o8 Sol, chr (97) S EAY
a' g chr(8364) £ At '€’ £ FFYLh ©] A2 ord() & Y.

Aol §&F W= 004 1,114,111(16 115 2 0x10FFFF) 7L X U th i 7} o] ¥$] uho] ¢1S uj
ValueError 7} A gy},

1A%

@classmethod
MAEE S WAE HBF U
Asds WA= dadot de AN, Fa S E FlaE SAA 30 A2 BG

“ 2 ©t v A = =2

Uth Sl =S ddsteid o] #4875 A duth:

class C:
@classmethod
def f(cls, argl, arg2, ...):

@classmethod F 412 &< o 78 o ] YU th— ZA SF Y -&2 functionS E A &
Ao AASE T Cor0 A Ex d2ba ) .c0 A 8 FH 22 .
RIEaLS Bl = Eal 6}1—‘?—/\1%14‘4 s Eﬁ*qltﬂﬂi?ﬂ/\“ﬂ/\itﬂ S5, 3 S
AL 0 50 3 v 9 A LI
S AN ES Cr+ B A0k A WA Eg g Uty 2258 938, staticmethod ()&
HAR
S A =) th gt o] ZHA S H HE A, types= AL SHA] K.

compile (source filename, mode, flags=0, dont_inherit=False, optimize=-1)
source 5 1= E= AST AA 2 Aotk I = AR = exec () Exeval () 2 APT 4 .
source + QU X1 E, vfo] EE == AST A & 4= s Ut AST 7“7(1]E 2+ &= o T3 A
ast g A E FR3AM L
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iV

°

a3

filename AAF= ZEE 2 3L & AlFdll of U th; ool A gA] ko™ A4 7hed e AE

o} ("<string>' o] dHlA o 7 AL EH U ThH.

mode Ab= At Adl oF 5h= = FHE A QU source 7} 32 AlF 22 FAH ] JHH
exec, dd HAA g7 P Yt 'eval', FL WY EFOE YW 'single’ o] B &
AFUTH(HHAI 2] -9 None o] €19 o g A= 284 T AHF U,

A A QAL flags £} dont_inherit = o1 73 Z 0] source o] FAsFA o] S v A AojF Ut = o}
A A e B9 (EE 5 009 49), TE=+ compile () & TEdE T HALHI Qe F4
o2 A3AdFH YUY flags AA7}F 520 A AL, dont_inherit 7} Q2.8 (2= 0) ) AH&E Aol B3 flags
AA= A=A 74 Fol A& YT dont_inherit 7+ 00] obd A= flags AAF7+ AH&-H Y T — compile

= SE3E ZE0 85 = FA4 2 FAF YL

F4 22 ojel A BRL A A7 A3 = OR B 4 At wES] 95 AFUTH Fol 7 AL

A A=Y BRSUE B future  BEY _Feature AAEA A compiler flagoE
FEZ &+ Jd54th

7} optimize = ATHA|2) A A3} +28 AT 7123k 12 -0 &40l &3] Fol2l AE|z

B H A3 S A9t HAH 52 0(F A3} §l, __debug__ °] YY), 1 (assert 7}

AAFH YU __debug__ o] ARYPUTH E=2 TH(F2EFJE A AF YT

o] T = AFYH AATFEHIER QA O W SyntaxError § Y0711, Axe) G Hlo|ETVE S0l Q=

AL valueError & 4o 71Ut

glo]lW FEEAST ZEH O 2 IA S W, ast.parse () & BEA L.

H3: 'single’ EE 'eval mode® ol  ZEE /10 EALL ATA T 0], o) = sjel A
A2 S Buof gth o AL code REAN £ EAADA FAAAE A BA a7

a17] 913k o,

AT: sholme] AST AT A oA 28 Qo] Ao oo, AST AR 2 AT ) $88) 21
B9 BAAE st A zelEt AR E DO EF wE 4+ daunt

WA 3200A W AES D W) £ S AHEE 5 S TE E3, o)Al texec moded] A Qo]
2 97 BAE Z2UA got= HUth optimize M) W5 71 27k 5 U T

W 35004 WA o] Mol source o A 'd vfo] E7} o TypeError 7 AP F YT

o -
e
N

class complex ( [real[, imag] ])
real + imag*1j 3t 713 BEASLE S F AU E34

Mt RAGol W Bas s S s u, F AR A glo] FE S o ALtk T A wAH
St A28 24D A5 YUtk 24 AAE RE (BASE EFW) 54 Fo] B 4 AUt imag 7
AeEs @ A1k 0013, A AL int 9 £loat s e A MFOT ALFHULE F A BE

AgEdE 0] E EHFUSH

Fi: BAIS S, BAEL 249 + = - AXRL F Yo 3 xS A= o H UL o &
=°], complex ('1+23"') = AZA W complex ('l + 2j') & ValueError & 4o 3 Yth
B4 gL =213 —int, float, complex 9| A A g}

HA 36004 WA ZE 2B E HH RAE LEE I3 5 AsUTH

delattr (object, name)
AL setattr() o ARMYUTh AL ARG BALAUTh B4 AA Y o= HE

8 Chapter 2. W7 st~
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kel ol Folojok Futh. o] G5t AL AL 45 BHH JEARES AA UL o &
£09],delattr(x, 'foobar') =del x.foobar 2} 55t}

class dict (**kwarg)

class dict (mapping, **kwarg)

class dict (iterable, **kwarg)
A ST E BEYTh dict AAE g e ST o] Selal B AWAE dice 2

v & — dict & HA L.
o2 A" ol AS list, set W tuple F 2 collections EES HAM K.

dir ( [object ] )

012}7]- Rod, @A A 27z Ql= o] FEY HAEE FHFUTH AR oW, s A A ol
FTESFAEYRESY B2EE SHFHILAEFUTH

AR __dir__ () FIAEZFJALHE, o] INEZF S S H =, WHEA] A EYRE BAES S8 F o

shuth o]8 A 8 A" _ _getattr_ () == _ _getattribute_ () §4E F A= AA 7t

dir() ol | EHEES WIS P S ALH el 28 5 Y5 U
AN _dir_ () L AFHA o, 5 (3H oke) AR dict o|EHELY

AR 2HE FEE +5 517 ‘A%H S t}3Uch A3 E dojR = gl AEE= T A AR = o
o, A7t ALY getattr 7%4@1 ARG o= QU

7|2 dir() WIAYSELS BE f‘féf’% AR oA th2A Fasted], 4d R E s 7P A A g
AHE B3 A E357] i &Yt

S
o
Ior

« AN BE AA Y, P 2EoE BE o= BES o] Fo] PP Yk
c AA Y EE Fes AR Y, JAE L TR o EelHE o E3} o] 29 o el HE o]
Sol AR E =FF YT
o 28] B9, B aEoE AA Y AERE o] 5, T FHL o ERRE o] F H T Fex
o Wolx FeAEY o= RE oS A2 TFTUL
A grEE dupll o2 JEPH Y o & S0F:
>>> 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']

Ha: dir() 72 UG ZELENAY MG B A9 AT A W, A5 B A
Ro T o 2 AL AT R FU 28 ol & QTS AB AL AEasl, A 52 Wi
MAE 5 QEueh o & Sol, At 22w HE 2o s o = HES A3} 2] asd ggth

divmod (a, b)
T 79 (gt ohd) £AE QAR A
572 B EuUth T Qlabe] Fol e

I B YFI|E AT Y B3 U A2 A4 H §H e
= [e) A
AL, AH}=(a // b, a % b) S T5H

%, o] & Ak& A AL lﬂm%aol ALHYTh 52
ot 5 25 H 29 A 23E (g, a $ b) 9d,¢q
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£ 2% math.floor(a / b) oA, o|HT} 1 &L F F Utk oJ® 49 Ag * b + a % bEa
o v 75Utk a $ be0o]otd v} T2 HEE 7[AH,0 <= abs(a % b) < abs(b)

7Ha g

enumerate (iterable, start=0)

dA AAE S F YL iterable & A W2, o] H o] H & o] o] AES A Y3te thE AA
Sttt enumerate () o o3 WHEHE o] #H o] E]] _ next () =
start F-¥]) £} iterable & ©)E] & o] A A FolA &= S 2= FE2S S FYULH

>>> seasons = ['Spring', 'Summer', 'Fall', 'Winter']

>>> list (enumerate (seasons))

[(O, 'Spring'), (1, 'Summer'), (2, 'Fall'), (3, 'Winter')]
>>> list (enumerate (seasons, start=1))

[(1, 'Spring'), (2, 'Summer'), (3, 'Fall'), (4, 'Winter')]

et B5 g h

def enumerate (sequence, start=0):
n = start
for elem in sequence:
yield n, elem
n += 1

eval (expression[, globals[ locals] ] )

exec (object[, globals[, locals] ]

QA= B2 9 A el A globals W localsth. Al ZH AL, globals = ) A1 8] o] oF It} Al 25 = 4
locals = ZE w53 AA 71D 4 95y

expression QA= A 9 A o] F FIHC 2 globals U locals M 2] & AH§-3Fo] ato]l 84 (7]<
Ao gy, 27 H55) 02 314 5 a1 gho] 8l U th globals AH o] A|g5] 3L 7] ‘__builtins__" 9]
%k% = A O}EEE,expressw T2 w4 8H7] A ‘41;“ E builtins® gAY o tha FxE
I 712 A3yt o= expression o] A o F FF puiltins BEO 3t EE AN A
A A TE 7o) AuE L AT locals G4 2] S A EhE 7] B A O 2 globals B A1 8] 7}
ARE-H U th —rEWLiEV} LES " S, FHA L eval () °l TEHE AN AFF ) s
A2 At md A 734011,]@ —‘Er‘?.u!‘ e ez Hugyrch o

pa

>>> x = 1

>>> eval ("x+1")

2

o] &= 4 ZE AA| (compile () BHE 213 Z2-2)E AW sk vl = AHEE 5 sy Tth
A EAE A Z= AAE AEFdUTh Z= AA 7k mode Q1A Texec'  HALH AT, eval ()
o] ¥k} 7k None YT}

SlE: A 5A ABL exec() ol o) AAFRB Yt globals ()2} locals() F= 7zt
AR AT A GA U B DI, eval () B exec () o ADFE o & ¥141:]—_

e AT £ J= S ast. literal_eval () 5 BA L.

o] T4 glol A FE 9
Qolw EA e ool
I AAH™, G5 A Y

(Eﬂﬂﬂl’\ "”“l-"z] “JJr A S HA
gl A

=
Frevd ggoz guks Aol Zldig Y
.return yield 2L exec() 4o Ag H 7=
I

o] 3lAH 8. ¥HEE 3E2 None YY)
ks, A AT Lo A IV AW H Uth globals B A5 H -, AHA
=] A

y

Foll AH&-R U th. globals 2 locals 7} F ) A A, A G} A A W0 Zhzh

Lo e Y2 2B & $8 FH U BolEo)s Ao FoA L. gdor T=EE JE= 4%, 2 9D W3 ZEE AZA
A= o 28 Y £ 328 was o gyt
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filt

clas

A E U AT L B9, locals = BE WP AA L 5 AFUTh BE SENA, A AL
22 AU 9L 79 3hA L. exec 7} globals 9 locals 2 B9 AAE WO W, L Fejs o of
298 A4Y Ay

globals 987} __builtins_ E 7|2 =S 21 YA Fod, 1 7|2 WA 2E builtins
of thet 7 Adg YTk od o= exec() o A3} Z4°ﬂ globals © o & & 2pA1 9]
__builtins__ GAYHIEAYTLEN, AYE & Z=0 ofd W AAE] AL AE AT
Sz

Na

it

3 WA globals ()2 locals () v 44 A AG L A g E S8 FEH, exec ()

2 AgE = F A g A AR Az ARg sk ol f&E Ut

Far: 718 locals = oFe &5 locals () ol A &2 2 th: 71 locals A ol T3l =7 ©]
Ales ol e UL &5 exec () 7}1:“0} S0l locals o)l ZE7FUHE A B YA Ho g
locals A1 2] & A 3] of guch

er (function, iterable)
function ©] TS B FEiterable 2] S A EZE OB H o] H & LE YT} iterable & A] A2, o] H o] A&
A Q5= Al o)y = olEH d o] & 4 YH YT function ©] None o], 5371 71 G U}, &,

A A Q iterable &] 2= 8_5:7]- A A" Yt

filter (function, iterable) <+ function©] None ©] o}d uf A& o]g FTHA A (item for
item in iterable if function (item)) I}, None ¥ W] (item for item in iterable
if item) 9} 55 ol Fo Al L.

function ©] AR EHFT = iterable 2] L AE L T8 F = AHZAQA 4= itertools.
filterfalse() & RAL

s float ( [x]

SA EE AL 2 RE 452 B0 SHF U,
; K
\l

A7t Aol W, 4R+ E TP o 33, A Moz REv)l o] e Mejdoz Fuoz 5
HAd 5 dFUh A9A REE e B A5 gFUY 1+ REE AAEE ol oprd
d P 77 51k 912 NaN (not-a-number) = % EE o] RIS Ve BAD I 5
AU B A&, dd2 g3 Ao 38 A4S AAT F v £ weteF gyt

Slgl’l = "+" ‘ w_mw

infinity = "Infinity" | "inf"

nan = "nan"

numeric_value = floatnumber | infinity | nan

numeric_string = [sign] numeric_value

o 7] A floatnumber += floating of] 28 H sto]H A4 2|5 B FAJUTh /a2 FA = T84 o&F
ob A, 91 E £, “in”, “Inf, “INFINITY” % “iNfINity™ = 2 o] 2-2bohol tho 5 85+ 4244/ oh
D87 GO, A A% L A (hol o) $5 25 AUE Yol L2 U g A A7)
wirE ] Ut o1 xp7} gho] A float Y E Hlo] U, overflowError 7} A g T}

AulA Q) gfo| W AR x & A$, float (x) =x . float _ () 2 YId3ch
AA7F FoA A o, 0.0 & B FUTH
o

11
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>>> 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+ & — iny, float, complex ©l A E = o] J54Y )
WA 36 WA TS DE Y AY £48 DEL 25T ¢ AFUT
WA 3704 WA xE oAl 914 A& w7 Hedyoh

format (value[, format_spec] )
format_spec 2] Al o] W}, value 5 “EWH” T O Z HES T format spec .4 3 A
ol of &R vk, th F2 o] WA ol sl AHSE = T 2" 2ol A5
712 format_spec & Wl A Dol W YWA O F str(value) B TEE AT TS EHE FULh
format (value, format_spec) o] T3 T = % type (value) ._ format__ (value,
format_spec) & WAEH =4, valued _ format__ () HA] AAE A ALY

E A yth WA= Ao object o &35t format spec © A, format_spec ==
Qke} gho] EAFE o] ofd 7§‘r TypeError o 2] 7} A g ).

ok
=)

=

2

32
N

52

WA 34004 H7: object () .__format__ (format_spec) = format_spec ©] W1 E2}F o] o} d ¢
TypeError & °] 2] © A1t}

class frozenset ( [iterable] )
M frozenset BAE S8 F =], AHA O 2 jerable ol A 7FA & 845 £33} frozenset 2

A=
Y& Zg AUt o] Zg 2o st AP A= frozenset I} ﬂ?j’ 3 — set, frozenserS H A Q.

o} 2 Ad ol A$ set, list, tuple Wdict I 2d collections EES HA Q.

getattr (object, name[, default] )
70171 o £ 9] object O] Ee) HEE B 5Tk name & BALQo| ofof Gtk £AAo] A7 ol =
ZHE F oo o] Fold, Ate L AERES FYYth o & £0], getattr (x, 'foobar')
€ x.foobar & FEHUL. Y A EFET} QLOH, default 7} Al 5= = 77 T gro] Hb&E 1L
O8] o AttributeError 7 AU h

globals ()
A A AE HolE= U= 92 E S5 Uth ol A2 34 @A 289 91 dUH
Clas EE%HH/\EHMW Ol EEL IAES TESE BEo| otde} 2ZE0] BoH BREYUTh

hasattr (object, name)
AA= AA 2 FAE YT TZ}°E‘°1 AA Y £ F st ol g ol A= “True o] 1L, 1E X
¢to False 7} UL} (0] AL getattr (object, name) & S&3}3 AttributeError S &
A Z|=AE B AoR FEP Y

hash (object)
A HAF= =HFUT A7 A= F). AAIF2 A
whe] v W sk o AR Ut Z2ohal v E]%f P e ds
2ol o) e AL 2 A% 135U Th.

(L o

2: A2Y _ hash_ () WAEE 7} AA| Q] A%, hash () = E
3 S At gl = Aol FoFA L. AMET YRS hash_ () 2 EA L.
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help ( [object] )
W =g Al2dS T2dUS (o] T4 3y A A AdUTh) A7 AT A ko,
APz ZEoA 3ty S22 AlL"H ol AZFE UL AR FAE ol EA4E2 285, &,
SUS, MAE, 719 E me AHA FA9 o]For 23]H I, =T A o)A 7t Z& AAE Y-
AR ke E 5o AR E, AR o] 3t =22 5 o) x| 7k BE o R oh.

help ()& BET W, 49 W W5 BEo] LA ()7 TAH @ =
Agolehe A€ o muth AT UL, 92 A8 7l Mol o8 FAQ B¢ A2 3 A

o] g site BEo] 93] WA o5 T2kl F7-g Uth

¥ 3400 4 W7 pycoc 3 inspect 8 W7 AL FE 8 ATUA7L oA B 2B H ol v U
0] 9122 o v ok

e

hex (x)
5800 HFAL B 2B 165 EALDE WA Th x 7k shol 4 int A7t bW, A2
EelFE _index_ () WA=E Foshok Uitk @ 74 of:
>>> hex (255)
'Oxff!
>>> hex (-42)
'-0x2a'
A58 UEA EE 282 16052, AFAZ AAY 1t Fel2 Ageted o e sus
Q&ﬂﬁmﬁqq
>>> ! ''$ 255, ! ''% 255, ! ''% 255
('oxff', 'ff', 'FEF'")
>>> format (255, '#x'), format (255, 'x'), format (255, 'X")
('oxff', 'ff', 'FEF'")
>>> f'{255:4x}"', f£'{255:x}', f£'{255:X}"'
('Oxff', 'ff', 'FE'")

A S WS- format ()2 XA L.

ALdg A4 162 AHEA A4 2 W85 Y int () E HAR

Far: floatol] e 1637 FAE B8-S Qo8 W, float.hex () PINEE AHESHA| 8.

=
r [

d (object)
AR 9] “obol e E" & FeErh. o A AR 57 59k R ASHT Wk A Lol B & A5y
th 490l AN A g F A AAE 2L 1)) @ A 4 AT

CPython implementation detail: This is the address of the object in memory.

input ( [prompt] )

prompt A7} S1o.W, Foll Y £AE Fo)A 9 £E T FuTh 18 The FoE Yol A
< 1, FALE A (£ 22 & vhE SAE Al A E8F Utk EOFS 9od ForError
E do Yt} o:

>>> s = input ('-—> ")

--> Monty Python's Flying Circus

>>> s

"Monty Python's Flying Circus"

o] st HRAFN2EE 75 Al

o

readline RE°] ZEH YUY, input () & IHAS AFE
F A

class int ([x])

13
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class int (x, base=10)

ZAUEALx 2 R HE A AL AAE SHFUTh AR F A A ko a% ZYrh x
7} _int_ () & 72,46}111 int (x) ©x._int_ () 2E8€&Uthx7}__ trunc ) & A5t
W, x.__trunc__ () EEHFUT A5 A% o] F5=0 Fal AFUTH

x 7F =27t °P‘4741erase 7} Fol A A, x b

= BxY, bytes, & _-_L bytearray Q2H Ao o dl=H|,
R4 base 2] 1nteger literal 2 e oF St} A ElZ
Y 5 93, GFAE T XY 5 dFUTE IA5n ZEHE 2004 n- 177}%1«1 AR %“*El o,
a oA z (£ A oA z2) 7F 109 A] 35 Apo 4 = 7Y libase 1094t &5 += g0
F2-36 94Utk TEojAM S HEHE A, A4-2, -8 H-16 e Do = AE A O 0b/0B, 00/00 E=
0x/0X HFAF B8-S 4 A5 Th baseO = EJE*J+£7‘OI sl A ghehe ool 7] wioll, AA 3
+=2,.8, 10 E=160]1, 28 A, int ('010', 0) = 2H}EA] A Tint ('010', 8) WHlolyz}t
int ('010") & 2v5 Yt}

Ao 5:—%} & — int, float, complex | A= o] JHF YT}

A base 7} int & 9 /\E*/\ﬂ- o] 21 base A 7} base.__index_ WA EE 7}A| W,
FTE Q7 A LA EE SEFYUTh oA A WA A= base.__index_ Hj4ld]
base.__int_ 7} AFRH IS YT}

HA3GANAA HA: T gEHE A A2 L& 283538 5 g5yt
WA 37004 WA xE oA 912 A v WA Th

WA 3.7.149 4] X : int string inputs and string representations can be limited to help avoid denial of ser-
vice attacks. A ValueError is raised when the limit is exceeded while converting a string x to an int or
when converting an int into a string would exceed the limit. See the integer string conversion length limitation
documentation.

Ho=, g Hd (/\]—o] of W Qo))+ T - E oo

ai

"E

isinstance (object, classinfo)

Return True if the object argument is an instance of the classinfo argument, or of a (direct, indirect or virfual)
subclass thereof. If object is not an object of the given type, the function always returns False. If classinfo is a
tuple of type objects (or recursively, other such tuples), return True if object is an instance of any of the types. If
classinfo is not a type or tuple of types and such tuples, a TypeError exception is raised.

issubclass (class, classinfo)

Return True if class is a subclass (direct, indirect or virrual) of classinfo. A class is considered a subclass of itself.
classinfo may be a tuple of class objects, in which case every entry in classinfo will be checked. In any other case,
a TypeError exception is raised.

iter (object[, sentinel] )

ol o] Bl AAE ESFUTh A WA AA= F AA AApe] EA of Fof whef v th=A s A

Utk % 9 Q27 90 W, objecr £ ol Bl o] A EEER ( iter () WAS)S AR5 A4
AR )AL ND2 T2 EZ 00 A A Zshe A5 AAE W= getitem_ () HAE)E 2 Adof

FUch olHF Z2EF F oHF AR A Y3}A ?%2“4 TypeError 7k oy gyt 7 AR QA A} sentinel
o] F=o] AW, object = &2 B olo]oF FUth o] B e A= olHA olH = __next_ () WAET}L
3 =9 wulc} oz} 0] object & T E3 T} ‘ﬂ—%% Zko] sentinel ¥ X O, StopTteration< 42
71, 2P A oW e EHF U

olE gl ¥ = HAl L.

A FEj ] iter () O AVHA FET S8 BF HTE UEE AYUH AE E0], violv =
tlol e o] & std ol A 5t d o] 2744 A & B= 7YYt

from functools import partial
with open('mydata.db', 'rb') as f:
for block in iter (partial (f.read, 64), b'"):
process_block (block)

14
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len (s)
AA e Aol (F&E PE EHFUh A= AIAL (EAE, HIolEG, 7L, 2|2E E&=range 22)
EE A (G, A EE B Y3 2e) 4 F dudoh

class list ([itemble])
Shrol 7| Bk, 2| AE QF A A —list, uple, range | £ A E AAE, list = AAZE7PA A DA
Iy

locals ()
AR A A2 HolES
T W Af AL E =Y

® L
N
=

rlr
14
Re
=
AC)

it

N

>

o

K

fift
v

in )
<
=

f—

o)

Q

Q

b~

0))

o,

o

1 >

g'l__ =
Ak, Zefs EFoA 3T s 284 Utk B

map (function, iterable, ...)
iterable 2] B.= @50l function & A& 3 T 1 A5 2T olH e oJHE e F UL F 7} iterable
AA7F AL E W, function = 1 4~ THF 2] JAALE Wolsofof 3lal BE o|E el 2o A WL R AlF5H &
g2 5o 488Ut e ol HH R 49, olHaolHE 14 AL dHG R BF 2R W ¥E
Utk & o] o) n QA EZ 2 v X H Ao, itertools.starmap () S HA L.

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

max (argl, arg2, *args[, key] )
iterable ol 4] 713 2 g5 o)L 7) o] o] 914 B Abg 2 AL B FTh
Sl 912 9127} A FH B, 22 o] E] ] 2 o] o] of FTh terableo] A 7P 2 F5-2 FelF Tk,
TN 0] A AATF AFHE, A AR F 7 E AS EHF YU
A A E-AE AT A QLU key AL List.sore () o AEHE AR B A%
A FE AR I default A A}+= A|FH iterable o] ¥] ] &= A == AAE A A FUTH
iterable ©] ¥ o] Q131 default 7} A| = A oM valueError 7} YA g o}
oe] FFo] HUglold, T+ AL ¥ FES FHF UL o] A2 sorted(iterable,
key=keyfunc, reverse=True) [0] &} heapg.nlargest (1, iterable, key=keyfunc) Z&
eriE Ad gy BE £ ABALS AT
WA 3400 F7}: default 71 =-A & Q1 A}

class memoryview (obj)
ARE JAAZFE gt “w R §” AAE e UTh AAS AEE= w22 7§ & 2A 8.

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

min (argl, arg2, *args[, key] )
iterable | A] 7} 22 FFE ol L} 7 7)) o] 9] AR F M A2 AS =EFUTH
BHLES] 9 A QA7 Al F = W, 1A o] Ef 2] & o] o] oF Fr T} iterable ol A 7} 2H2 FEZ =1
th 5 7 o] e A AR AFE W, 4] A F M A2 AL EHFYh
A 719 =18 QA7 F A A5 YT key A= 1ist.sort () o ARSEE = AT & A}
A TS A AT UL} default Q1A= A F-H iterable o] H] o] = AL 28 = AAE A AT UL
iterable ©] W] o] Q131 default 7} A& A 42 valueError 7} 2T}
o FHol Lol T-E AS Bt FEZ EelF UL o] AL sorted(iterable,
key=keyfunc) [0] 2 heapg.nsmallest (1, iterable, key=keyfunc) Z<& 2 AH oA
AREEF}IALES FAFY
WA 3.40) F7}: default 7| N =-A -G AR}

4

)
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next (iterator[, default] )
__next__ () I EE &3} iterator | A th FES
] o

Ao 2853, 38R FOW Stoplteration & 423

N,

WU th. default 7} 3] A 4, iterator 7} 112
.

°

class object
A 71F Sl AAE SelFUTh object & BE ZFU 2 Ho]Ax S AP Ut BE oA Fef2 9
Aargro] FF5AA HAEE 7HA L Y5 U o] e dAHE Bols oA syt

Fil: object & __dict__ & A A &sUth dEA, object FE|2e] AAAEH Ao ¢Jole] o]E
HRES AL F Adsyh

oct (x)
58 “00°2 2ot 85 AR BT T A3 SukE shol W @A Ytk x 7} shol A
int AA| 7} bW, B4E EHF = __index_ () WIAEE AYsfoF Tt o & =91:
>>> oct (8)
'0010"
>>> oct (-56)
'-0070"

A48 ATA007 QA Gt Pl 804 BAAE WS Y, e P HE AT 4

A&k

>>> ! ''% 10, ! "% 10

('0o12", '12")

>>> format (10, '#0'), format (10, 'o')
('"Oo12', "12")

>>> £'{10:40}', £'{10:0}"'

('"Ool1l2', "12")

2B W -&L format ()2 HA Q.

open (file, mode="r’, buffering=-1, encoding=None, errors=None, newline=None, closefd=True, opener=None)
file e A1 AF 52 47 & EAFVTh HAS @ 4 g™, 0sError H AU
file & A kS| A= (AT B2 BA Y AR ol ATAA ) S A= F AA Ak, 3 5
o A4 oty AHEH AU (3L 2T HE 7} o) A W, closefd 7} False 7} obd 3, B /0
F

o) e

i
ol
B

Mg Ao >

o 4o Mo
e

e}
FU2 A2H oA,
2E R E| A, encoding S A A

= AF Uth: @A EAL JAFZF S 7] 98 locale.
getpreferredencoding (False) 7t SEH Ut (G Hlo|EE S ¢l 28 W vloj g REE A
&3l encoding & A 8HA] ks UTh) AR 7He 3 REE The ) 25U T

16 Chapter 2. W7 st~




The Python Library Reference, = x| 8] 3.7.16

=4 9

T 1892 GUT IED

| 2718 9% gUt, H92 94 Ag

| SR Y e /18 0 2 GuUth o[ H EASE A ele AAFIE
o [ 2718 0% Guth o] EASE A5 $9 Zof SlE gt
o | Hpelu g WE

"t | 92E BE (ED

T [ AN@N A2 8o E AT FIe g

B REL r QUIHEAES 9t §O02 Guth 'ret o F2 o)), uholu gl ¢97]-27] e
5, BE tuib’ & DS QA 0ubol E2 AFUTE 'rib’ & A=A 943 319 Gy ok
5&

Overview o1 4 A R50], 3ol A€ vhol V2] o} 22 VOE 78 i th vho] U 2] BE (mode A7}
b g FFFUD E 9 AL LS 7Y glol bytes AAE BHFUL GAE R E (72
Zk, == mode Q1AL 't 7]—_‘_‘:, = EEH A=, FUo] YLo] strz ulgE =g, nlo|Edo] T HP=
3]3]4?_] ol I ol F A encoding & AENA HA UZ= HYth

588 F710) RE EA U7 lH UL o AL HE ol d AR Qlon], A H Ao BT
oJAolE= HAE REoA FUHA = d 7S A=, glo] A 3.0004 7] & 5% o] F 5y
AFA 8 W -2 newline Ml 7] H4-2] AW AE I RSHA AL

£ AAS B2 ah Aol S E5HA e oh ZE A2l shold Ao
ol 94k

buffering > W 3 ¥ B AL 473t AMEE = AHA Uk WA PE el d (Hfo] v g x|
AeE38) 05 Ao, & MY (H2E RE AT AR 7}%)% Ageteid 18, 14 37 33
HHE A HE 2 375 vl E B9 &2 AT A4 > 18 A2 T YT buffering A A7} A5 A
Ao, 7|8 W ®) L o33 Zo] e Pyt
« vlojy e st 1A A7) A2 W g FUth W] A7]& 3R R “BE 277 E 5195t
I AT AF A QA WS AR S|A MBS 3 0. DEFAULT BUFFER _SIZER Z W Ut}
B2 AlaF oA, W 3= IR O & 4096 = 819280 E A o] YT

o “Ui3}” A AE 5 (isatty () 7} True £ 85+ 392 E WAL S AU o
g~ E 52 vpol g 3tY ]‘:HOH-AOH/H A A AZ AT
encoding 2= 314& I Y3 AY AT G3= d AALSHE AT HY oY UTH HAE BTt

/\]——Q—OHO]: stUth 7|2 @Y L =Y Zo gk th= Z] W (locale.getpreferredencoding () ©]
EeiFE ), sol Aol AATE G A5 & R BT 5 YFUTE AUT £ ATY H22

==
errors = 139 Xt 7 H o2l & A &+

P AR ARA BRI, ol 2 2
£ A 5 gt ke T2 ol A2 71k A BB o Handiers A LB e, A
codecs.register_error () E SEH o|#] A g 7] o] & A AL 5 JdS5Uth EF o] 2L tHe

7 25U
- 'strict' & 939 o7} Y B valuebrror o9 S AN AU TH 71 B2k None & 22

B3E Hoh
* 'ignore' £ oY E FAIGUTE AR o2& FAISHE vl ol B 7 EAE & ol o8k 2.
=1

29 vl 67} 9= el S vhA (20 9 22) S AA U

e 'replace' & &%

. surrogateescape' = U+DC80 1| A U+DCFF77]'X]-/] FUZE A AME F99 ZE ZJAE
2 Ary H}o] L}E}\@qu} HolHE & uj surrogateescape o & A2 7] 7} AH&HE H,
o] A9l = EAESE Ao HolE 2 ¥ Bolghith, & 4+ Qb QR 51U el F )
U
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* 'xmlcharrefreplace' + 390 & o T A LG Uth AT o] A DA ghe= FA= A -
XML 2} 22 s#nnn; 2 AF Yok

* 'backslashreplace' & ZX A to|HE o] § SefA] o]aA o] = Al AL E DA o}

+ "namereplace’ (944 Qo] LW A AFUThE A DA = BAE \N(. ..} o] 2A0)=
AA2z A G e

newline & 519 A % 7 BE L 25 5 412 Alo] g h (H A= BE % 2§51 Th. None,
et et B\ Rar A 5 Sl o o 3 2ol 2 T

e 2EFA A JHE ¢S ull, newline ©] None o] W, FUHAE & @7 R=7 A Ut
Sle &2 '\n', '\r! B \r\nt 2 2 S glon, 2700 BeF7) Ao B \n' 2
g 1740]""] WA Edd R EJE}E]X] = 2 ﬁrE]X] A A=

T Z Aol Al vEgkg Ut ‘—/} 053}%}01‘5,%}‘? Fol EAE 2T U, & 22 gy

| 92 A2 TS A A S HF U

« 2EJ 285 & uf, newline ©] None o] ¥, EE '"\n' & Al2” 7|2 & FEA os.
linesep 2 HEH U} newline o] '' == '\n' o] ¥, H3}o] o] Fo] A R k5Tl newline |
o2 F823 3o, 20l = B E "\n' -‘jrz} A EALZ HEg Y

closefd 7} False ©] a1 3} Ué Al g DV\E’-%]EV}TO%N A, vt o] @8 uj 319 3t Y ty23HH
7} e QA FUth 3d ¥ o] Fo] AW closefd & True (7] 3h) oJoF FUth 218 ¢komd of g7}
A gy o}

FHES Openeri Agste] Axd 2 —LLﬂE AHEE g AdFUTh Y AR E SISt Y ta3
HE = opener £ (file, flags) &2 SZ3H A 5 UTH opener = €9 3+Y t2IHEE vE8l of ot
(opener || os.open & AE3E 212 None % Asles A vt 758 Y3 A

Mz S0l ud e Al<: Bk gt

th ol Fo A Tl elo] AThA A Qe A7) 3 os.open () B dir_fd WARSE AHEF
Ik

=

r&

N

>>> 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_f£fd) # don't leak a file descriptor

open () Tl &5 HPP}Q o AA o] P2 Heof oEdUTh open() o HHIAE RE("w', "1,
'wt', 'rt', 52 BLS = AFRE Y, i0. Text IOBase & AH F#2E %Eﬂﬁ@ﬁ]—(—?xﬂ%
O & jo.TextIOWrapper). HH P2 T7 violye] RER 3dS of & o AHREH = 47, B8E =
Z# 2= io.BufferedliOBase & AH Z#2dUth A& 2= opFgyct: ¢17] vloly g
‘:”:"ﬂ/‘i‘_, io.BufferedReader & &8 F YT} 227] vlo] g & Bl 2 0] 7] o ]Lﬂﬂ REA &,
io.Bufferediiriter & B8 F 1, J7/27] REI A&, io. BufferedRandom 2 E=8HEUth o
HY S A, FAEF, io.RawlOBase & A B F X, io0.Filelo & 8=t}

fileinput, io(open () ©] AAH ), os, os.path, tempfile, 181 shutil & -2 35t A g
EEEL HASL.

WA 33004 W7
- opener T W57 27 AT
- x BEZEAE Q5T

* T0Error & Yo AZFUTLE o|Al& 0sError & A YT

18
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AUuE7 RE('x")E o= FYdo] o|n] 2R, o|A| FileExistsError

SEEFERICEE
» THe o)A 44 B7bs BT

Deprecated since version 3.4, will be removed in version 3.9: 'U' 2 &,

H A 35004 WA

- Azd Bl A YE H T AT A 77 el 92 HAA A A O, o] G4 o)A
Interruptedirror 198 Yo7 B Al2H 55 S AN EFH T} (o] §2 PEP
475 2 B A Q).

* 'namereplace' % X877} 715 5 YT

W 3.6004 HA:
e 0s.PathLike & F&3l= AR E WolEo|=E A Qo] 71 A5 Yt}

e A= oA, 2L HHE I io.Filel0 7} o} io.RawIOBase & A B EF 27}
nkgkE 4 E U tth

ord (c)
3t Y I E FAE YEY = x}@‘ Ol FoAH oH A FUZE ZE ZJEE UEHY =
ArE 285U & E9],0rd('a") E AT 97 S N3 A ord('€Y) (FR 7]|Z)E 8364 &
QESg U T} o] A2 chr () 9 HPHP‘HD}

pow (x, y[, z])
x o yAFAFE S Uh e 7t e A x Iy AGATY BEE 8 EF Ut (pow (%, v) %
z Bt} o w2 A WQHEH T7H4 AAF P A A pow (x, y) & 74‘;%11—’& A4S A8 A
FoPUTh x *x
AAE= A 010101:%%4 3 A4 R o] e G4, o] F ke ?i/&ﬂoﬂ st Foj A f 2 o]
AGHUth int I AAAEY] A9, A= F HA A7 571 obd $h 3] AR} 22 I (oA
Fof)o] Futh THMH A7 S+ BE QA7) float 2 W 3E 17 float A7 AEdg Uth o9&
£0],10*%*2 =100 < ¥H3H3} 1@ 10**-2""£"70.01 & RERUTh & A A2 S5 Al HA)

0,

e Aekefof AUt : 7F A= B9 xRy = B3 010401:6}L y i 227} ofu o] of STk,
print (*objects, sep="", end="\n’, file=sys.stdout, flush=False)
objects & A AE ~E T file 2 |, sep B FEH L end E F ol EJ YT AJTHA, sep, end, file W
Sflush = ‘?}E/\] 719 = oz} 2 A3l oF Tk
BEH I E QAR str() o] 5ol AR WEE F AEY| 2
Holl Ut sep I end = BT ExGolo]oF FUTH None & 4% §
S AT objects 7 FOI A A kW print () = end T HUTH
file QA= write (string) WAEE 7k AR o] of gt EA)eHA] ek At None O, sys. stdout
o] AHH U AT AR HAE AL E WEE 7] W) R, prine () £ kol e] BE 59 A
2} A A = gl Uth ol & Y= Al file.write (...) B AEEYTH
=59 W g o= dUEH O = file of] Y&l AR S AT, flush 71 HE AA7F Fo|H AEHo] ZFA=

ol=dl,sep B2 TFEEH L end &
A=, 71 23S AFE st =

B 3304 A : flush 719 = QA7 374 5 U Tk

class property (fget=None, fset=None, fdel=None, doc=None)
Z2 e olEREE S8 E YT

19
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feet & AEPRE 2 A= F5JUTh frr & o EPHE ke AAFE FF YU fdel & o] E 2
RE QS AAsH FH AUt 18 T doc & ol 2 HES] FAEY L wE T
AP A AL BelH o EPHE x 8 Fo sk AYYrh
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.")
c7bC o A2~EA, c.x = A E(getter) & T &30, c.x = value = A E| (setter) & T E3}17, del
c. x—‘ﬂE]Ei(delete —‘;: =3k
Fol 2 A% doc & TR AL SN EARES] F2EGo] DT 19 Lo fee of FAEF (Y
)°l EAF U o] Z A 8t¥ property () £ ¢ ]lffﬂC'lE% 2 ARGSte] 97 A =2 A EE gA
A2 g
class Parrot:
def _ init__ (self):
self._voltage = 100000
@property
def voltage(self):
"""Get the current voltage."""
return self._voltage
Gproperty HZ#H o]E & voltage () MIANEE Z2 0|59 ¢7] A& AEGFE st “AH" =
v} 11, voltage ] T 3F =2 E B2 “Get the current voltage.” & A 7 ?J’l/} D}.

=2 9E AA & v =
Ao gee g adgoe

7T =
Uk

O] 2 A& 4= 9= getter, setter W deleter WA EE Zt=0|, 3T
HEr=E ’é@?}ii-ﬂE]J AHELS ?1‘5143}- o] AL

Az 7Hg & Ay

class C:
def  init_ (self):

self. None

_x

@property

def x(self):
H””IVm the T
return self.

r mmn

x' property.

_X

@x.setter

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

20

Chapter 2. W7 st~




The Python Library Reference, = x| 8] 3.7.16

o] =L R WA o)A} B3] BE U FAAA FLSol Ao =2 E (o] B9 09 2L
22 AHg 3ok FTh.

W3 Z 2 9 E A= AR QAo S D8l fget, fset H fdel A EZHEE 7FF YT

WA 35004 8A: o)A == HE MA L] EAEF o] 27| 753 T)

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

S48l 7| Bt} range = AAZE HY A DA S —list, tuple, range o) AHEHA 2 B AJE A ¥ <
U,
repr (object)
AR A s RS AN EALES SSFUTH B2 P, o]l g eval () ol A2 =2
4E e A AANE AT BALE AL N =G, 19 oW RAL AH el o)
NB5 3T AN 1B F2E ZYAE 2o duESdEne He AT, T
__repr__ () MIAEE AYdt o] g7t Adxdro s EeiF+ AS AT 5 dFYTh
reversed (seq)
q olHdolH & EHF U seg v _reversed_ () WA EE 7 AU AES Z2EF
(__len_ () HIAESL}0 oA Al &St B4 AAE W _ _getitem () HIAE)S A A3t 4
Ao of ot

round (number[ ndigits] )
number Z A~ 57 T2 ndigits AP EZ W23 ZS 58 S YT ndigits 7F A k= AL None o] 4,
dH 7HF 7k A4E EHF U
round () & A Q8= WP A, g2 109 -ndigits ﬂ_xﬂ“‘J 7+ 7}7}"— W2 e EH g U
- HH?ﬂ—‘ﬁ—%‘O] Mo, R H 2 A AE YT S £0], round (0.5) 2Fround(-0.5) €
EXF 0903, round(1.5) &2 JYrth. BE A2 ndigits Oﬂ -rriﬂl%f%(ok’\ == 297 ndigits
7} 2§ 2k=] At None ©] W, H}ﬁfﬁko 7‘4/\?:]‘4‘:} 237 ko 9Bt Fh2 number 2+ -2 3 YU T

2 ulA 9l ufo] A A A number & 39, round = number.__round__ °f] Y Ik

23 floatol] i3t round () o 2L AT TS 4 JdFUth: o & E9], round (2.675, 2) &
68 Aol 2.67 & AT FUTH o] 2 W 27t opd Y th: 2 4K AgTHloatZ 23] £HE
fe3]
BA

=
2. H H
T flthe A2 RE 2= 24 d YU AAE A H = tut-fp-issues £ H A Q.

class set ([iterable])
A set AAE E8FUth AE A 2= jterable ol A 7HA & 845
o] Fef o] et HHA = set D AT & — set, frozenset = B A
=

ZE5UTh set 2 WA 2R 2Pk

=

2
2 Aol A WA frozenset, list, tuple R dict F| A~ collections BES EA L.

setattr (object, name, value)

o] A& getattr () FFAYUTH AR = AA, EAE D A9 YUt BALE L 7€ A EYRE
EEMAEHFEY o]F5 AART 5 Y5 UTh 9] J—’Ft AR 7} 8188k A5 ahg JEFRE]
YgFUrch o & Eo0], setattr(x, 'foobar', 123) &x.foobar = 123 45%1143}_

class slice (stop)

class slice (start, stop[, step])
range (start, stop, step) ol Y& AAH AdA AN EE JENE= £Sefo)l 2~ AAE %angq._
start X step O]X]-./] 7]£§}g° None Yt} &gt ]_ AR = A QA ZF(E= N REIHS B
starc, stop ® step © 917] A8 Hlo|H S EREE 25UTh TE WA 5L Gath
“12] 1} Numerical Python 3} TH2 A1 212} 23o] A48 SUITh, Zebo] 2 A= 34 ol e 4 28 & 83
= WHEo] A Yt ¢ & E9]: alstart:stop:step] T+ a[start:stop, i]. O|E o HE
=HFEUAHAL itertools.islice() & RA L.

O
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sorted (iterable, *, key=None, reverse=Fulse)
iterable ©) FE2E7 A AR gl A2EZS S8 =T}

71912 A= e 2| Aol of s F Ao A A A7} gt

key & 3hte] AAE W= S E X A S, iterable?] ZF R A ZRE v 7S
Utk (& S9, key = str.lower). 7|22 None JUTH(RAE A o
=
=

reverse = =2 ZF Y UTH True 2 AA =W, Zr v 7 H 3 2 A
AR 2L cmp FTE key T4 E AESIE W functools.cmp_to_key () &
W sorted () g HA A (stable) o] HAAFUTh FE2 2ot vu s+ 849 A
WHASHA koW A AYUTH— ol oAy H AL o] FEFUTH (A& 501, F 3
Fol Sz 4L,
34 of| Al eF 7h k3t A & 255 4] & sortinghowto £ H A 2.

@staticmethod
WAEE 3H s Wag
AR WA= BA R R WA ol
Al

e
rlr
=
>
ofo
i

class C:
@staticmethod
def f(argl, arg2, ...):

@staticmethod & 4]-2 g+ ¢ & o] ¥ gt} - XA 8F U §-2 functionE B A L.

A HAEEZUd2(C.£0) AR EE=A2EA(C(O).£0) AR U] & 5 A5
vlolp o] A& W A== ARFEE= CH+ o A AR = F A vl =k v =gt oA S~ AAAE

NE=4H §83HAHS B classmethod () & BA| 8.

REdZY ol uR A &, staticmethod § A4F 4 E T2t 2 A2 oWl 4SS T &
UYL o] AL S vt oA Fro s Fx7E 863 AAHA YA ER 25 HEE = 22
534 ) DL, o A e BETE AR L

class C:
builtin_open = staticmethod (open)

A v o] T3 5 A4 AR, types & FE A

l:o

class str (object=")
class str (object=b", encoding=utf-8’, errors="strict’)
object 2] str WS EHFUT AT YRS str() = HA L.

() =
str 2 U ExE Z g2 dych Bl et dutH ol AR E=EAE Al A —ar S HA Q.

sum (iterable[, start] )
start 4 iterable &) ==
iterable &) 3}2-& AuLZA

o A
Ao

o tlo

9= LEEHo R Fotal AAE ESF YTk start o] 712320 YUtk
2x Z

super ( [type[, object—or—type] ] )
HAE S22 npe o FRUY FA S0l A st
ARod A4 A vAES AA2T o
getattr () o &8 A3 =A%k 25T
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npe o __mro_ oJEYHE: = 24 AN A5 Y83t getattr () I super () A
HEH T o O HEL FRolv] 44 AS T2 WA D Wuic o 4 o
F AR oz ke E, S E = 5 AAE A A A 93k Y t(unbound). F WA Q1 2L A A
W, isinstance (obj, type) = ZFolojof gttt F WA X7} o], issubclass (type2,
type) + FolojorgUth (o] AL A WA= {8 F .

|

L0

super o= F 717 QA A A AR 7 A5 U T BD AL Sl AS PRI, super S A 5]
PAAOE o] 52 A QoA Ghn F B 2YAE FEY 5 JonR, DES o £4 wel5] 47
S 4 EUTh o) ALg-2 ThE mz 1o ofol A super B 2% A7 wS SARR T
WA A A 54 A9 84014 FB A o 44 AAsHE 29Utk o] Adls shol Ao
TR 02 AAs & olof EE T FEw AAshE Aojol At e 5 GF YT oA
of e wlo] s Zef 27} 2 WA EE FH e o] o} E tholoj 172 A Y 4 A Ttk T
AAE BE A9 o MAES 2L 32 ATUAS RS S AAUTHEE A4S A7 Azho|
17 el Lol 3 A 7k A Az

AAH 7 dgoll, 2 A7 FA 2 AT 2o WAl A83
Aol mlg] @A A 2 FA 2H2E 2FT F JlonzE)

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

In addition to method lookups, super () also works for attribute lookups. One possible use case for this is calling
descriptors in a parent or sibling class.

super () £ super () .__getitem__ (name) ¥} 22 PA|HQ oz FTHH ANELHHE 23| & 9
St Ad Aape] dH 2 FHAH A FFAIL. o] 22 FH A thF FES AP oS Vst AR
W25 FAS7] Aol AA __getattribute () WMINEE FAFo RN T Fuch mebA,

super () £ super () [name] FZo] B0} AXAE ALE 3= FA| A 23] o O] A= o= A
ks Ut

3L QAL Qe FAS A st super () = WA S YR AT AFRBEE A 3lE A 9F=The=
Aol F3tAl . F 719 AR G242 AAE AE3HA A At HAsH F2E Byt AA7 ol
PAL ZFea Y yoll At ZAFst=d, Autd H 7 F o = FHAE SEA 7o It
HA =0 A A QA A28 o SR AR ZEE A7) &P Y

super ()& AHE3] 84 FAE DA S ol tigh 482 A A2 super() AFE SH & B
A8,

S

class tuple ( [itemble] )
ol 7| KT}, tuple & AA R 52 I A A2 3 — list, wple, range o) A3 H A Y B A|ldA
Ak

class type (object)

class type (name, bases, dict)
A2} ] B, object o] F& EHFUTH W 2 F AA W WA O R object.__class__ 7}
e A 22 AA Ay

g},

A e AAE = A M 8 AAE =85 Yh o] A2 8 class v 54 A FEf Y YT name

EALE Fe 25 o] F0 T name  oEelREZPUTH bases FELS o] FHAEL FB3 3}
T bases_ o= HE Ut dir GAU L 22 ukrlo] Ao So] Fol gl o & F1koln
dict__oEYHEAFES BE gAUee] BAg U o o, the T RFL 2L type

A% BEvh

23
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>>> class X:
a =1

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

6‘3 7“]” E.}\'",u_
WA 3.600 A E‘i%‘ type __new__ 2 AALBIA B type o HE A o)A AAQ FL A7)
A8l shue] A A= A S 5 sy Th

[object]

vars (
BE, UL, A28 EE  dict AEIREZ Y= AAY __dict_ AEIREE EY
Fuo,
25 YW A2 22 AR = U0 E 7t __dict_ oEFFEE ZEFUh 22, o
AA e __dict_ AEREN 27 AghE 7 = AFUTH (A& 501, Fela= A7 A A 94 2
AAE BR8] Y3 types.MappingProxyType & AU T)).
CIAF7F QLo ™, vars () += locals () AE 23U} locals YA U 2] o] o 31 W 7 o] T 5] 7] ulf &9
locals €] A 11 2] &= 2] 7] o] wk -8t rh= Aol 9] okl 2
zip ( *iterables)
7} iterables ] R A ES 2 0= o] & o] HE w5t
FEo olHdo S SR, i WA REL 7 42 AYH AALY o B i WA 24
EFGUT g olHE 3 &S 48 olH o] BE 2uH W §E U e g e 4
EAHSEY, 1-7E29 olHE ol HE EdFYth AA7F e d, Wl OlE%Eﬂ °olHE = FYth th23%
FEdUT
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 & AZ oA L EXHO 7 g Fot= £A7F HAAFHUTE o] 2 zip (*[iter(s)]*n) &
A8 3ko] HolE] Ael 22 Aol nl 1F 02 FeAH YT HETE P A Uk oA
22 olE# olEE n W HHESA], Zt £ FEo] o|HAEl o HEn W TS 245 Z2A FUth 948+
ZdolnQ FRoE YFre 2AE FYTh
le() of Aoj7} A 92 P EZ AFeE AL, ERFAA AEH A 31 P o 7 o]
=9 e AA “Zl %= 7é‘—°ri Algts o FUth I ghE0l TR, Al itertools.
zip_longest () & AF&3AM L
2ip ()& * A2} TA 29 2|2 E S unzip & 5t
>>> x = [1, 2, 3]
>>>y = [4, 5, 6]
>>> zipped = zip(x, )
>>> list (zipped)
[(x, 4), (2, 5), (3, 6)]
>>> x2, y2 = zip(*zip(x, y))
(TFS SATA T AZ)
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(o] A sl o] A A M A%)

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

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

Z31: o] AL importlib.import_module () T &8 dAAl glolH =2 T oA=& QA

o] 4= 1mport £ 95 TE=H Yt} import £ 9uE HASH] Y5 A 5+ A5t
(builtins BEE YEZEJ}L builtins .__ import__ o tiggdYch. 28 22 A A &
AL ZelA Austet, HE 2o 2R Ha:QM4Evmmwm%EAmJ§4%ﬂ%ﬁﬂ

[e]

=
B 7 )R AEE TR0 AEE Aojeha AR TE B EAIE Ao sA 9] WE T,
__import__ () & AH AFE 9A] H38}3 importlib. import_module () S A2 AL At

e BE name & YEE 3=, FAH 2 572 FHAA o] 5& A A3t HHS 2 sk
FolA globals &} locals & A-&HU T} fromlist = name ©] &3] o2 REZHE X E FHojofst=
AA = AH BEL o] &S AlTTYTE B FHL2 locals AAHE A3 AFR3HA] &1, import &2

_4

ﬁﬂl%ﬂ%é@%ﬂ&gmm AHE- B T
level & At) = ) YXEES ARG ZAE A FUTE 0 (71 23H S 24 2 dxES sPdthe
AL gu gt F ghlevel 2 import_ () £ EZ&3e RE U E o AtHH oz AT 449

JeE e Se) Aes el Ut (A1 2 Ul 8-S PEP 3288 WA 2).

name A7} package.module FA L u], A& O Z name o &3 HHE EEo] oYz A4S
7)1 2 (A "R B7EA Y o] F) 7 ‘ﬂ}@r%qdr ek ulo] QA -2 fromlist AAL7} 5201 A W name )
o) YHHE EEol vkEg Yth

& So], B4 inport spam T} AEE B nlolE BEE AT

spam = __import__ ('spam', globals(), locals(), [], 0)

E& import spam.ham-2 o8 T &2 o]o]FYrt}:

spam = __import__ ('spam.ham', globals(), locals(), [], 0)

A7 NN __import_ () AARY BELS EYFE Aol FE AL o] 2] inport £ o8] o] 2
o A% = A o] 7 W2 Tk

v, 2% from spam.ham import eggs, sausage as saus & °|H ZAIE FUth:

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

Fl

S = =
ETolgE

A

ftlo

0471*1 spam. ham BEo]__import__ () A WEHUTh o] AR 2 RE,
TG ol =2 tHAdFYUTh

t4d o2 o ugg X E 5t7] dstttd (FA Aoz 7 A WA A), importlib.

import_module () & /\]'-9“5]'/\1]_11-

WA 3304 A 55 level 2 B ADH A Gy (12 F = 022 WA,

25
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The Python Library Reference, = x| #] 7 3.7.16

26 Chapter 2. W7 st~



CHAPTER 3

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

bool GO Zgk True o Y& 4 Y11 SyntaxError & oA Yt
None

NoneType B9 F Y43t 3t None & 7] & QA7 ol A= A] 2 WA, gkel FAE et
O A7 A8 U T None o BT 4 Q3L syntaxirror & DA

NotImplemented
Askol the Foll sl +AH A ek sk-2S Udetl7] 9180, o] F EF vIA=(dE E01, _eq 0,
_ 1t (),_add__ (), __rsub__ () )7t FHks= SER L B2 FALE SR F ST
HAE S S0, _imul_ (), _iand_ () $)7hiEE 5 gy =agke Fdun
31: o] 3 (FE 2 8) WA =7} Not Implemented S ¥H8H3l W Qe Z 8] H & Th2 3 (&= A4tz
wet o E Zw) oA HA 3 A4S A=Yt BE A L7} Not Implemented S ¥H2H3HH, Q18 =
3o 227k e

2= A% o9 & B AU T £ 2617 Not Implemented & WH2std <
< d T =9 NotImplemented Zko] ¥HEs Ul

ZrY: NotImplementedError £ NotImplemented &= H|S23) o] 3 B A o] QA0 v}y &
GEUTH AA AL SHE=A] AA ] €21 ATHd Not ImplementedErrorE HA| Q.

Ellipsis
Ellipsis 2] 6] 2 . ..” 9} 2% Uth 2 A2t 39 Ad o] dlol el ol th3t 25 Sepol~ B}
7 AH = 55 3

__debug__

o] A% vl Aol -0 FHOE A2 A Shokrhdl ol Huith assert £E B Bast d&Uch
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Z31: None, False, True Z18]1 _ debug S TA AT F gS5UTHEIASS Y shd, AAF o] E g
BE o 02 ABHE, syntaxirror & A AUTH, DA o] ASL AR 442 257 2 4 AUk

w2 of AAFw AEoE QEE FUH L g o5
FZoll A s F7HU T t3E dEz e E Ao %%ﬂﬁ z 2 Ao A ARG A= < H Y Th
quit (code=None)
exit (code=None)

o142 wlj, “Use quit() or Ctrl-D (i.e. EOF) to exit”Z} 22 WA A& Q3ta, S o, AAH =8
FTF SystemExit & o 7|= AA.

copyright

credits
A4 eAY 52 o), A7 A4 w2 Y GAEE A4 s AA AT

license
Q12 =& uj “Type license() to see the full license text” &} Z2 HA| A& A5}, &2 uf] AA 2lojAlx
92T 0] A A4 72} 2 Al (2 Wol 3 S A) 0 % A5 2] ek,
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cHAPTER 4
AV, (repr ()
SEprint () B4R

[e]
=2

kg

s

h=4

Fehgh o)

=]
g

o

=

HF813}1 2] 9F31 None

=

=

2] E o] W

iz

str() &5 AFESA)

NA oz AU,

=

A

o}

X

Dy

=

o}

o) Az

J=d), if == while

o

A %

T o
oy
R o
™oy
Y
J) 0%
= <+
~N
bj. clo

M <

.

T

_ _bool__ ()

Eeire
gL of 7ol ARor e

pul

=

=

False

o
1 o7

pul

N7t 2 AR O e =2
or

¥ Ab4: None FFFalse.
9 %:0,0.0,09,Decimal (0),Fraction (0,

=

T =
=
=

L

3

O HAEE Aol 5}HA
o] AHFYth:
2t

>
S

len

2

=
=2

AEA o A

=
T
2 A

=, Feold 1
s =ds4h)

Aol AL 0 o] False
A4 7 S

5

y

A
3

0

o WABA g
=8 A4tor 2Fan
glo] A &3 HA 2 A A (customization) ol A 2HS 4 5 U T

o
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4.2 =2] 44 —and, or, not
OJAEL Mo wEl 2 EXo 7 AHEH =g AAEY UL
oA Ak R =B
x or y |x7FARelHy IEA] ko x 6
x and y | x*7F A A oW #, T koW y Q)
not x x7F AR o True, 18X kO H False | (3)
TE
(1) o] AL G312 Axxtolmz 3 WA AA7F AR L w2 F HA ] ghS Ut
(2) o] AL FE-3 2 Aitxtoln 2 F HA AA7F D wf vk F HA S S YT
(3) not 2 Hl=8 AAAERT 2 LA E 25Utk 18 A, not a == bEnot (a == b) &
A, a == not b Y LFIULL
4.3 9|
glo] Wofl= 8714 | A 4bo] QUL o] & RFE 22 A E /MUt (=g dAatH g =54t
HaE dojz dZ4"9 £ JdSUth g2 S0l x < v <= z =y e st vl Latts AL A9 stus
x <yandy <=z} FSHFUGGHATF AT EFx < y7h ARCE WA 2 9 e 7514
kFUTh.
1w J

SR ES

< A 43 Ak

<= 2 A 2k

> Ad43 Atk

>= AU 2ok

== Zh

1= 27 oot

is A ofo] e ]

is not | FAH AA ofo|dl g

g
95l A2 the g AASE 2T v wE A 25Utk o Yol of | gL
k] A7 7 vk uaE L v 2] FobA el Adere 2|9 <

& Sol, 3= 2 RE l < e <
<=>>=AAANEL BELALE 2 YR A A nad o, A4S HnE e vgEIdd o, o=
A7 & W] TypeError 421 & 4o yrch

FHa TR F2A2EHAEL2 T FHPATL__eq () HINEE ZYFHA e o F HE ZA ottt
vl 2 Yt}

FHA7F 1t (), le (),_gt__(),_ge_ () WHNEEES TE3 ZYA AE oA, FH:H2Y
AAEAEL 22 ZH e thE daday e o] AA e A7 A AR G Uth(Lutgoz,
o] 2] o] vl Akt & oh.

FAoguiE gttty 1t () &F__eq () Wt T FETF
s

4 Y
is 9 is not A4 EAL LA BB 4 A5UTH ES Aol F Axo] AL 4 gov o9 B
]

2o FHA FACHE #= F MY A4 in Fnot in, 2 olHHES]AY __contains__ () HIAEE
F33= oA A¥UFHY
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4.4 =2} 3 — int, float, complex

Al 7FA] o2 52 & o] A5 U th: A (integers), A5 ( ﬂoating point numbers), B2~ (complex numbers). T3}
=gy 7‘4/\4 S F3 Y Uth Zé‘F—L“ FA S AUEE 5 UL AS+E 25 CY doubled AHS-3l A
TFeEgE UL, 22 a9 o] AdE a1 Q& 7AY Hii/\ﬁ XA Aol 7 “Uﬂoﬂ #A HAHE sys.

float_infooll @& & dFUTH BAas= 44 ASFE R = AS RS R E 7HF U B4
zoA ol BRES FE3H M z.real ¥ z.imag & AFEIAHAI L. (B Bo EE{FQ Z=7}A 9 =2}
FEe 2|, fractionse FEFTE, decimal 2 AHGAZF AT = Y= AEEE #5254

ZAE e U

l

S $A Bl E Y £ W 40 A A9 BEol YUt FYgt A4 AH 21675, 875
2 EDE BLE TG SrFEE AL 22 24 AL AT E HE o 54 2 E
Dol 151 1150 B SR W A5 (AR R0 BAS) 7F Bl A L, ALk Ao HaA A5
A5t gl BASE BE S A5

Python fully supports mixed arithmetic: when a binary arithmetic operator has operands of different numeric types, the
operand with the “narrower” type is widened to that of the other, where integer is narrower than floating point, which is
narrower than complex. A comparison between numbers of different types behaves as though the exact values of those
numbers were being compared.’

The constructors int (), f1oat (),and complex () can be used to produce numbers of a specific type.

All numeric types (except complex) support the following operations (for priorities of the operations, see operator-
summary):

o1 2k 23} LE | AA EA

X +y xSyl 3

X -y x °fy 9] 2}

x *y x eyl w

x /vy x ey ol &

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

X %y x / yYuyHA 2

-x 29 x

+x x 1=

abs (x) x o AUzt EE= 37 abs ()

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

float (x) Al Hele y 4)(6) | float ()

complex (re, A e st jm 02 ZAE BEA5;. ime 7| 2320 | (6) complex ()
in) QU

c.conjugate () HAaLco Ay

divmod (x, V) B(x // v, x%Y) 2) divmod ()

pow (x, ) x oy AFAF 5) pow ()

X **y x oy AAl 6)

E:

(1) A vxAdoleta =3 23gke] go] Hint ¥ Z 8+ AT 232 3 At 2=
P FEAE FH HE FUTh:1//2 0, (-1)//2+-1,1//(-2) £-1, (-1)//(-2) £0
et

Q) Badde AR5 ALUth ART AP abs () ABTo] 452 WAL

(3) Asol A A 2e) WAL CONAH Lol L} AR AT 5 ATk 2 AT WAL 930 A
= math. floor () & math.ceil () TTE BAHAA 2.

2ANAoR, g2E [1, 2] £([1.0, 2.0] 2L AFHYL, FE= v A/HA YU Th

4.4. 522} 3 — int, float, complex 31



The Python Library Reference, = x| #] 7 3.7.16

(4) float= 3k 5217} obd (NaN) 7} o = &
APHOR ES 4 9t “inf g WolE Y ch
(5) shol e Zz el AdojSo A £3] 2@ o], Y AT pow (0, 0) 0 ** 0010 HJE %

(6) MorEel AL 22 AHDL 04 9 7HA) B BE F5F FUTEES (A 54 L 4 1 29

ES) 23

SR 43}

math. X+ Integral 2 ZPJ Ut}

trunc (x)

round (x /[, xEn A2 WS et Ant gk A2 vkt n g A eketd 71 2320
nj) Yyt

math. 7V 2 Integral <=x

floor (x)

math. 7V AL Thtegral >=x

ceil (x)
F7MA QA A A4 maths cmath BES BEAAL

ME AWS Aol sl AT w7k Utk BE e AT FHR RE NES 2E29 Hew
Ty = AAH AE YU
X HE Azte AT B A A4t G v aH otk =5 UL 43 A4~ 2 o 43 dAkE
(+ 9 ) T 2L SAEAE AR
o] FE=HE AME Ygst=d], A met LS Ao R AEH o] 5Tt

A4k EES =E

x |y |x&yo HEHEoor 4)

x Ny | x2y 9 v EE v erE or (exclusive or) | (4)

x & vy | xSy HESE and “)

x << n | xEnHENFT JZOZ AZE (H2)

x >> n [ xEnHELF LEZEOZ AZE (HA3)

~X x9/] H]E ‘ﬂ';ﬁ
EE:

[e)

)0y

(2) A left shift by n bits is equivalent to multiplication by pow (2, n).

() SYANZE =385 A il valueError &

(3) A right shift by » bits is equivalent to floor division by pow (2, n).
() PR ETUE YT AT 2L ATE oW, 929 By FHOE Fol % shte F7pA 4

B35 GFHEE AFESIY] (1 + max (x.bit_length(), y.bit_length()) °]4e &Y HE Z)
ol ALE I Aoz FEIYLL
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442 A% ol UT 27 WA=

int -2 numbers. Integral 4 djo]~ ZEia & FASUTH &3 W 7R WA =E ¢ AlF Sy}

int.bit_length ()
5ol AW 0L AL, o) A4 A4S Vel vl Be @ wE £8 SdEYTh

>>> n = -37

>>> bin(n)
-0b100101"

>>> n.bit_length()

[e)}

E o] AF3HA HalAH, x 7F00] of YW, x.bit_length() £2** (k-1) <= abs(x) < 2**k &

cfd o) A5 ﬂﬁﬂ—ic&mam ) 7HAFeA Y 2age D B

ol oW k = 1 + lnt(log(abs( x), 7}%‘»]@. x 7F0°] ¥, x.bit_length() 0 <
&

the ZES BEEh

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

A 3.10] F7}.

int.to_bytes (length, byteorder, *, signed=False)

B35 Vel vhol =9 g S S F U

>>> (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\XEA\XEF\XEf\xff\xff\xfc\x00"

>>> x = 1000

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

b'\xe8\x03"

RS lengih WO EE AL Shol RRYUTH A%t Fold wpolE S 5AT 4 gt A3 An
OverflowError & 4ozt

byteorder A A= A5 YERH & Ul AHEH = Hhol E A& 23 F byteorder 7} "big" Q1 A%,
/39 vtol E= nto]l E v H O] Aol A5 YT byreorder 7]— "little" ¢l A9, A HlolEE
HolE v o] ol JFUth TAE AT VR HloE £AE 8% O}Eﬂtﬂ ‘ﬂ} 1E =4 gtoz

BT 2

signed QA= 45 T Hst= 29 BT AFS S =AE A E YT signed 7FFalse ©|al 52 A4
7} Fo] AW, overflowError 7F Yol d Ut} signed & 7] 72 False YU Th

A 3.20] F7}.

classmethod int.from_bytes (bytes, byteorder, *, signed=False)
FolX vl E Mg 2¥H = A& sHF Y

>>> int.from_bytes (b'\x00\x10', byteorder='big'")
16
>>> int.from_bytes (b'\x00\x10', byteorder='little")

sys.byteorder &

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

4096

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

>>> int.from_bytes (b'\xfc\x00', byteorder='big', signed=False)
64512

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

16711680

17} bytes = ulo] = A 7] o] AL} v =& A4 B o] B e o] o] of Ptk

byteorder A= 58 GRS U] A5 £ vHo E €A E 2FFUTE byeorder 7} "oign A A9,
A volE Hlol E wl GO A 5ol 55U byteorder 7} "little" Q1 -7, /49 vl EE
Hlol E wj g o] Eof JFUTH TAE AIAHS] 7|2 ulolE A S L?ﬁs}aﬂtﬂ ‘ﬂ} 1E A4 3o &
sys.byteorder & AF&3II A 2.
signed A= A58 BT 2] BTk AHSH A e o,
B A 3.20 &7}

443 A%l @ FA AL

float F-2 numbers.Real F4 Wo] A Zef2~ & FAFYT E3 float+= tha3 22 F7H A EE 25

Y.
float.as_integer_ratio ()
H]-go] Yo floate} A33] 2 o] B =
£ NaN o|=a valueError & 4o 7Yt}

o%,
o

EHEUH

st oll &= OverflowError

4

float.is_integer ()

float A2BE A7 A5 7hS 71 F3to|H True &, 28X oW False & E8 5 Uth
>>> (-2.0) .is_integer()

True

>>> (3.2).is_integer ()

False

T 7R M =T 1674 A D The) W &

ﬂfﬂmm%ﬁﬂé%ﬂﬁ

16215 2ALE 2F £43
gaAmAqq

float.hex ()
RBE 2570 16304 2AY B EAF UL §8 LE 454 A9, o] AL I AW
0x 9 T p o A2 ZFF T

classmethod float.fromhex (s)
1675 22D s 2 RAH = float® BAFE o2 WA AL s & 9 FUE A1 5 g

float.hex () = AA2BEAWAE WY, Float. fromhex () = Z A A=A Fo 34 8.

1675 EAGL e e g4 ARk

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

A Al sign 2 + L} - 7} % 4= A3, integer & fraction 2 1634 FXL 0], exponent = A H
42 4% 25722 5 At A AS LT Bl A 585 900 integer L fraction 5 o} - Shifo
Aol & shte] 1671427} QMOIEEMD}. o] £ C99 £F2] 6.4.4.2 Zqoﬂ A7 B2 oo, Ak 15
ol Ao A AHEH = BHIAE v=3h £9], float.hex () & 8L C EE Au} FE oA 16759
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YEEE AR 4 9o, Co sa =W B} A}ule] Double.toHexString 7} BHEol Y=
AL & float. fromhex () 7F ¥ol=<d Ut
/\

16257k obd AR5 2 0|31, S 2boll B3 A& 29 AFAFES A BrHs ol ) 5HAIA L. o
1674 E214 0x3. a7pth$l§¢Txq A} (3 + 10./16 + T./16%%2) * 2.0%*10 Ex

3740.0 & YERY Yt

>>> float.fromhex ('0x3.a7pl10")

3740.0

3700.0 ) GWBE AFHE 2L SAE L OHE 1675 FALS AL 5 AsUn

>>> float.hex(3740.0)

'0x1.d380000000000p+11"

4.4.4 ==} 3 2] A

A x &by, AE T Folol= Ut o thsto], x == y ¥ &4 hash (x) == hash(y) ¥ Z°] 27FY
AR YRS hash () HAE AHAE BAMLR). t}%st =2} & (int, float, decimal.Decimal,

Fractions. Fraction )5 7Ae B 4T 58 G, sl 08 Sat B AN L BA% 5
51\—01] 718k 31 9131, o] 4= d9 9 -ﬂ-ﬂ—’.\—oﬂ Eﬁﬁﬂ AolE o] A int & fractions.Fraction &
EAHEA Float@ldecimal.Decimal & BE {3 AAaEH 2o AL FHUTH EAo A, o] 4= 1A
4P 9 WOH 252 P 349 (reduction modulo P) OE—,—OJ;QHE]- P9 k& sys.hash_info 2 modulus
01—31 EZ gto|o AlsH UTh

CPython implementation detail: 37}, A} 85 = A4 32-H]E Clong g 7H7 7| Aol Al =P = 2%*31 - 1
o)1, 64-H| E Clong & 7} 7| Al Al=p = 2%%61 - 1 YUtk

oo F 2ol vk A3 AR U ok

ex =m / nol9] °Pd%\“4-’?~°liln°]PEb}—ﬂzl ?%‘:E}‘H,hash(X) €m * invmod(n, P) %
P2 Aotk ] 7] invmod (n, P) £n o ZEZ P JFE FUh

Cx = m / nol %ol o FEl4eln ol P U W (BT n & UK A GO n L REZ P 458
1 S 919 A A S A8 e o) B mach i & S d oo maeh tnta.int o
Qo gk,

e x =m / nolg9 fFelF°]Hhash (x) § -hash(-x) 2 ZFUth A HA| 7} -1 0]H -2 2
wh T

e EX3l ZFsys.hash_info.inf, -sys.hash_info.inf, sys.hash_info.nan < Z}zF Z3itf, &
o] #&ttf, nan & & A H U th (2 E Al 75 nan & 2 A1 3k= 7HH U TH)

o B A (complex)z & A%, hash(z.real) + sys.hash_info.imag * hash(z.imag) & 7|

Absho] AR ol F) 4B o] A g A& s+, 2%*sys.hash_info.width & REZ 2 Y3

Al range (-2** (sys.hash_info.width - 1), 2**(sys.hash_info.width - 1)) ¥
Soj s whsuch oA 2, AT} -1 olehE 2 2 wlE T

Ao 22 B3] 8t7] 3, o 7)ol [l float, complex o] A E Al 4bet=, WA A2} 55 3t

shol W T EE A AT T}

import sys, math

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

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

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

meen

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

19l gk olElglo]d Ad S A A} o] 22 F 79 Uﬂ/ﬂ‘: S ARSI A FEE U
= XP%«] SfaTt olH Aol dS AW & AEF st dl AFFH U ofgoll A B AHA| S
A F2E FA olH e ol M =S A DY
Zholgdlo]d A2 Al Fstel ™ 7R WA =S Fold B2t dsTh:
container.__iter__ ()
olH gl olH AAE =Ttk © 7“iﬂL O}Eﬂoﬂfﬂ Yol olH el olH 2 EFS Al A oF
e eIy 7E o3 739 olg o] A= A A= -7, o H# ol F3 ol tiek o] B e olE 5 74 2
g oFte FUHHAES Xﬂ*%‘? AFULH (o2 FEjo] o]El g o] d & A °46}—L— A2 o = ]
A3 7o) 9 E‘f%‘i & RFAGste EY F2E 7 UsUth) ol WA= o] 7/C APIo| A]
gtol H AAE AT F2A9 tp_iter EX ol th3Fh

40

)

frt
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el el o8] AA AR L TS T F A WAZE A Qe ol S, ol B olEldlole] x2 =D
(iterator protocol) E ©]& U T

iterator.__iter__ ()
olE o] H A AHAlS EFUTH o]+ for & in ol AEH o]} olE Ho]H BF AMEE 5 A
st o %3?&14\3} o] A E+= F}o W/C APIo| A Thol R A& st F2A Y tp_iter X
-3 Fych

iterator.__next__ ()
Adol o) Thg FES ST O 380 9LO™ stoprteration 998 otk of HA
= o] #/C AP A] Fho] A AR E 913 7+ 2 A tp_iternext &% g th

i

At ol AY SAJ A AL G, gM e, 718 o S35k FEjol gl o]

sho] -2 o] 82 A 9157
Sl e ST o1 AA % B9 Ik, ol Aol 6] A e A oA A 2] o] et
et

At ol H@olBle] _next () WA=t StopTieration & YOAW, 1 o] o] TRl thh A= 2ol
Sasof gtk ol £4L w2 g TAL WA 08 BF g

451 Aol o

sholm o) Al el el E] & olEdolE ZEEEL FARE B
_iter__() WMAEA AU HE FAAE, _iter__ () 9 __
o8 AR (&A%, Ao e AR E A5 B2l F Tk AU
BA4 AYA A 2 5 A5

e AT Aelold A
nexe () MAZE AT oleld
olelol thet o XA g A H e A=

=

4.6 X¥ —list, tuple, range

Ao A A A e A A A ST

4.6.1 35 A F2 AL

e Eo) ANES o Rye] s 2 AU A AP ULk L8R A AA20|A o] ANES
ZntzA 237 gA 33 3L collections.abc. Sequence ABC7} A& Y.

of i Sl Bek SFAEOR AL AAES YT RN, 5 91 2L B UL,
i j K Aol x s 7 7 93 g AL BE A ool AA Y.

inFnot in AL HIEL AW S AL REUT + (o]0l Bol7) %+ (1E) ABS S 3E 54
Qa3 22 S AEAE 2T

)
>
N
o
e
23
>
Jo
oglh
flo
e
BN
20
|o
st
fu
§]
i)
>
e
=2
0
fy
<
v
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SR 4 3} LE
x in s s 8 =37t x & oW True, 18X Y OoH False (1)
x not in s s 9 ULE Z 57t x 2 Z oW False, 12X 9O W True (1)
s + t sB‘rt-J 101 o] 7] (6)(7)
s * nEE=n * s s & 2 Al n i gk A3 25Uttt )(7)
s[i] s o i WA 35, 00| A] A 2HHU o} 3)
s[i: 7] s iolA j7EAY SEfo]l A (3)4)
s[i:j:k] s iollA j7HA 28 k9 Setolx 3)(5)
len(s) s 2] 4o
min (s) s o] 7H 22 g
max (s) s 7P 2
s.index (x[, il, (A2 i T oS0, AEla j ol 53t=)s Y A HA x Y | ()
J11) ol A~
s.count (x) s F=x 5
22 PY A FAA2= I E ALPFULE 53], FE2H B 2E=- U S RS AR F o= v a gy
o] AL ot ¥ uE 7| YA =, EE FEo] B v uE 1, F A AL 3} o] 7) Zofop g 9]‘3]
U Th (A S W82 A o] &5 A 29] comparisons & FR 3 A L)
T E:

>>> llgg" in "qusll
True

(@) n 9 gkl o By How 0 o2 A FUrh(s 9 22 Ff Wl AALTF FUh. AALs 9 FREo]
BAPE ) kol Fel ok Fth 152 oje} W Fx Pk o AL FF A shold =2z uE
AEHUH o] =S LA BA R

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

[ry, 1, (11

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

(131, [31, [3]]

T go] Aol idstBHE, [[1]) £ W PAEES EPSHe ol 19 J2EQAH, (1] * 39 A GBS
BE ge B AES B2 PUTh lists o o] F52 SRS AT o] S} PAEE S
FUth A2 T2 P AESS e JAEL ol Aoz BE 45 JSUTh

= [[] for i in range(3)]
0] .append (3)

>>> lists[1].append(5)
2] .append(7)

>>> lists

t] A 3k A W -2 FAQ &5 fag-multidimensional-listol| A & 4= 15U th

3 (EE/7E4A B AL A2 B AHYULE: Len(a) ¢ 5 AFlen(s) + 3%

o [
ol
(@]
AN
Rl
_\1

) 1011/‘1]77}11«1 s Eetolasi <= k < JE NS A2k FEEZ T4 AND2E A
JgYth i £ 7t len(s) Bk 3 len(s) & AU i 7} B At} None o] 219 0

o
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AT j 7 A kS ALk None oW Len (s) & AHSFHTh i 7hj HEF A AL 20 H ¥ S ko] 27}
Fuok
(5) 28 k7 Qi ol A AR D] SOl AL 0 <= n < (§-i) /k B BESHE AYXx - i + nk
ﬂ%%%i¥@ﬂMﬂAEWJQQW14?%?%@&Ahirwiwﬂ<ﬁwk:ﬂﬂjﬂ
S BEUTHEA S B0 ZRHAE GHUTH kF SRS H 2 P9 len(s) B
Belfdrh k7h g ishj o 2 A8 den(s) o 12 oGk (e 7} AL A None
o

i)
Ljo
-

Rol me g U, k202 5 glgol 2o s 8. k

o, 1A S & gho] WU rhE
7FNone o|¥ 1 2 HFI Yt
© B0 ANLE olof Lol9 G A2 AR BAATE AL WA oo
ANAAE TS u A A|7ko] A|B22] £ ZAole] AlFof ulg st} =y} A3
dozH ot ﬂ]‘&%ﬁ}b}i A& oF gt
o str AAE ol & 0|7 E S d, E|AEE WEI AT str.join() & AAEIAY io.
StringloQI2El Ao 21 A2H v 2 A 5 A5

o]
g A

N

]

> 2
o2 M
o M

oo 2L,
o >

ol
L

1=

* bytes AAE AZA3t= B¢ HIXSA bytes. join() T io.BytesIO § A3 AU,
bytearray Z 7'4]%/\ slof A 2t of A 0101 o7& &+ UFUth bytearray AA= 744
o] &2 9 I}&F(overallocation) W AUSL 7FA 11 95

=
e tuple AAE o]o]E o] 7| & stt}hd, Al 1istE extend 3 Al L.
o ThE 3o A% #d Fea A E ZAMIAIL.

(7) AF D2 G (12 Fof range) S 54 HHL B2t G2 D2 B A D57 w2 D2 ol
Eol7)uh wr & A A5hA] g o

L

®) sollx 7k & Wl index = ValueError 8 4o Yt BE 8ol F7FAAi g j A2 A H3HA
= %}%H‘ﬂr o] 3l AAE AFRSH NP2 RES g8A 07 AMT 5 QlH Utk 271 ARE
Aote 2 e s[izj].index (x) &AM St A3 v 8], tl ol Bl & HAsHA] b ¥hhe
AP A7} Eepo] 2] AlZFo] ofd AJF A9 A2 7| F 0 2 45U Th

29 AR Fo] A 02 FATA T, 7hH A AL Fol A= FAH ) g AL W hash () o B
A QA

O] (YL tuple AAEHAR ZL BERH AN FAE dict 7|2 AFRSL set W frozenset AXAE 20 A3
+ Q=2 T
A A =27 the 2ot EW A DA E S Al SH AL 8 TypeError & 4o Uth

46.3 71H XA~

the o) AAES bl A AL Fo Aes o] ASUTH A A DA o] AHEL SHh=7

2337 g4 A st collections.abc.MutableSequence ABCZ} A& Ut

JL°1]/\18 7HA A2 P xR rola, = Y olHHE AA o, x =57 7%= B R g AT
£A7E golo] AAYUTH (G Sol, bytearray £ FATO <= x <= 255 & FHoe F49

BopEe o
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A4k R x
E

s[i] = x so &5 5 x 2 AU

s[i:j] = t ioﬂfﬂjﬂﬂﬂsga} |2~7FolH e &1 o] W8 O 2 Al g YTt

del s[i:j] sli:j] = [1 &F&synh

Sk = ¢ A gEse s s AT 0

del s[i:j:k] YAEoA s[i:5:k] o FES2 AATYTH

s.append (x) AlA=o 2ol x & F7HtUth (s [len(s) :len(s) ] = [x] & &5

Uth

s.clear () solA BE FEHS AAFUTH(del s[:] & Z5FUTH (5)

s.copy () 59 FS %/\}%%‘?}%Hﬂ-(s[:] 2} 25y th (5

s.extend(t) EE s [t UYROZsEFHAIYTH(WEE s[len(s):len(s)] = t &

it 2% Urh

57 W&ol n W MBS S5 8 AT ©

s.insert (i, x) xEs9igF ZJO‘:Q o AUt (sii:i] = [x] & 254

th

s.pop ([i]) io = FES AW FA o s ol A A A Th ()

s.remove (x) s[i] 7hx & 28 X HA FE2 s oA A ATt 3)

s.reverse () Az ol Al s o] FEE9 £AE AR-S T 4)

L—«_E

(1) 1 AT Eerol 29} Lol 7} Zofol FuT.

(@) AR A9 7R GS -1 YUTh. 1A AR A 2 kAo G o] A A WA W T

(3) x 7} s ol A LAF R k2™ remove = ValueError & 423tk

@ EABAEANE W BV AL N ceverae () AASEARLNA A LLE FFTULE 23
|07 ZE3rhE AL AR AL Al 47141 7] 7] 918 F -3 /\]?ﬂé‘é% FA g5yt

(5) clear () & copy () & Eetold A2 A A3HA] 9= (dict & set Z-2) 7HA AH 0|59 AH
o8 AR FA 7] A& 2F Ut
WA 330 7} clear () & copy () HIAE.

6) n P2 AFolAY, __index_ () & F&dE= AAAYUTE nol0 o] AY S5 AIFAE A YT
AR~ GREL BALA Gtk 25 A0S AN s+ n g AN 4B AR o2 W
Bz

46.4 BrE
AAEL AW ARAE, NACR 54 FBES R AFTE 0 ASRUG (AR FAEE 38

=229t g 4 dEyh.
class list( [itemble] )

2EF oy 7 e g vhs 5 A5yt

s ZEE ARG Sl Wl B2 EE S (]

s MBS E AHSst] HE= F5 &) [al, [a, b, c]

e 2E HAZ I AFE3}H7]: [x for x in iterable]

o  AAMAE AFRSTH7]: list () == list (iterable)
AL 2S5 7 5 A7) lterable-»]- e g A~EE W5 Ut iterable & A A2, ©E i‘ﬂ o] A4
< ZHl el ol H ol B AA 72 5 5T ierable ol ojm] B]~EetH, iterable[:] FH|RB}t

st
Al
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AR S e oA RIS YT o & §9], 1ist ('abe') E ['a', 'b', 'c'] EREEIAL List (
(1, 2, 3) )+ I[1, 2, 3] EHSAFULL QA7 FAA A oW, A= AHEL W F2ER
(1< W5yt

2 B2 AME g2rEE e, W sorted () & 18 A F gt

YAEE 35 G 7hA A AL QA4S B RS B BB o H 22 FUHHAEE
Al gt

sort (*, key=None, reverse=False)

o WA E L 85 zhe] < vl e AH§ o] B 2=E A BFUT )9t QA A %
ST w3 Aol Ahshe Al 3 Astol ANYUTH(HAEL FEACR £4E A=

oA " th.

sort () E 7| HNEER AGT = F Y AAE Lot dUth (719 =48 Q1 Ah:

key = A7 S1UHE Mol S o)t R4 AR AL, 4 HAAE QoA vl A E

AHEE U (A& 01 key=str. 1}

AR Y 22 A 2ol AEH T 7 gt None & A AE FHEol W 7ghe ANHA

44 4990 A8 v g

functools.cmp_to_key () FEE EE2x 26Y amp T4 5 key -2 ASSHE o AHE S

T ASUTH

reverse — = ZFYUTH True 2 AAT W, Zv|u 7 9AH ZAAH gl 2E Q450 AEH YT

1”1]/‘151:%/\]i’\aﬂaﬂfq1 TS S A RS B2z o

= AFUTE AL ALBAA F7A717] Aol 498 A A28 Bol7A 21T 0 4 8
= o

sort () WIAEE <+ A o] B UTh 3
E‘r ol oy WA
).

CPython implementation detail: 2| ~E 7} A @ = = S 9l g =94
st duf ), aibe B H A Utk ol CFEL 25t e

HolA &tal, A o gl xET} “47:‘3 A2S AAE 4 Jvhd valueError & 2o Uth

5 52
FEL W AE2AY, HE o]ZdA tolHY BI3S AA&se d AASHE YT (& 5o, W H
enumerate () 7t REE2-FF). FE2 5 FA dolEe EH AL Q3 FLo= AHEH YT
£ 59, set oY dict AxBE 20 AFSLA} 3= ).
class tuple ( [iterable])
22 o 4 PHoR BE & A5
e B35 E AFESt] Wl FES UE ) (O
s HE FE FESAM BAHEE 2017]1a, B (a,)
s FESHREE FE]a, b, cEE“ab, o)
e WA tuple () AFE3}H7]: tuple () =+ tuple (iterable)
}\g /Ké X]—L‘:- g—%%:ﬂ]— /\1 7]— lterab[e:ﬂ]- o —I,—Er%% = \/]q— zterable - /‘]'ﬂ/\, o] E% Eﬂ O]}‘\j‘% ]%
sk ZH o], olEl gl o] B A7 2 4 A5 Th temble o] ]Ul ‘rr Zolgtd WAEA 2 AHE
wlkstE U o 01%501 tuple('abec') & ('a', 'b', 'c¢') EWESL, tuple( [1, 2, 31 )
=1, 2, 3) & MAFYTE AR} oA A Fowl AAAE A2 W FEL O & BEUT.
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FEe e A2 AARE 27 otd R Yo FostA L. B2 FE2 7 Al &) ekl
A Aol A EHAe] 58S 93tuA 2T & 50, f(a, b, c) =349 AAE 7R
- SE)AT £((a, b, ¢)) AU JAARZ-[FES A= T T
FEL 5 A2 AE BF A TY
o] 2] o3 AN A7} Qldl ~of o3t AN AKHTHTE HES o] A A tojg] BaElHe AL, collections.
namedtuple () ©] G FZ AAETh o] AHst A8 L 5 54 th
46.6 1Y

range

e Be A Bl AAL

it
iv
o
i
i)
Hh
(@]

[

rt
[
=2
>
A
o,
Mol
-+
rd
i
r
Iz
o
rlr
n}
(ot
ol
>
ofo
oit
<
T

class range (siop)
class range(ﬂm?smp[SWp]

H AA R ] AAF= Ao oyt (WA int B index_
AA). step AA7L A=A 7123k 1 0] AHEFH YT start AR7L A =
o]0°|¥ valueError & 4o 7Ytk

M
=
N,
i
A
(@]

Fgstep & A, B r Y W82 A r[i] = start + step*i o o3 ZHF Uk oJuf i >=
o] r[i] < stop YYtTh
= step & %, BMM WL A3 A r[i] = start + step*i o] o3 AR AT A F=A
[e]
- 1

>= 0% r[i] > stope°]l FUTh
l ﬂ“zaéﬂﬁﬂﬂﬂ%ﬁﬁﬁﬂﬁﬂ%lﬂ%ﬂ@m%%%ﬂ%ﬂé
NAe] B AR ol A AT HolF A AT Ik
sys.maxsize ot & AUAZgS 2ds= WAL s &HAAT (len() F Z2) 47 7]
OverflowError & TAAI D = 5Tl

H) oA

A A B, o]

e

olr
rlo

>>> list (range (10))

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

(1, 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))

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

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

W9 o)o] Bol7)gh MEL A H 5 AW AMS BE ZATUG (S AAE 44 EL
mE s A A2 g el £ T W o)o] Bo]7)E BE 1 s HS fuksithe Ao 71 g
oh.

start

start WA =2] gk (= w7 Al S H A 42 W 0)

stop
stop W 7H 2] X

step
step I @ S=2) gk (= v A A FE A ko 1)

42
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At 1ist Y tuple o ¥]3l range ¥ 9] AL range AA &= X3t 1A 7] o]
(F2) &) w22 E ARtk A YUtk (start, stop, step # R Astal, 2.8 w2t 7l
9] WIS AL 2L Th),

W AA= collections.abc.Sequence ABCE F383ta1, £ AAL 84 el AM Lglo]A], 24
ol A X A3} 28 752 A2 th (A A2 & — list, ple, range S B A 2):

>>> 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

18

—— U 1= 2 99 AATL ZLeA AAetE NG v w gk S, F 899 AR T AR e
Uetd of 2oy Agg Ut (2o vlaE = 7 7H A9 AR AR 8 start, stop, step 9| EE
HEE M & AFol FstA L. ol § £9°], range (0) == range (2, 1, 3) Ex range(0, 3, 2)
== range (0, 4, 2).)

4
WA 32004 WA: A A2 ABCE FAFGULH int AA Y 2 AAE BE FEL o8 g o EdtE A
A% AZEo. 2 S AE Uk,

W 33004 W7 (A ofol ME Elof] 7uke T th2)) 09 AA 7 Aol st gr5e) Adae] e
N E e == 9} 1= = Aol gk,

WA 330 7} start, stop, step O EBHE.

o B
* linspace recipe A A& & &7 & Z 2o A3 R Add AL FAT= TS Ko
U}

sho] W] B2 E vl ol Bl e str, i EAFY (stings), AR gk} AP ULh BAGLe fURE T
ZAES] BW AU U 24D AL b Pgoz AYHUh

c oM E: v E BeES FE S sy

c SMSE: AL USRS B 5 AU

. /‘\:]!-%[q,%j__‘i_ lll)\ﬂ 7H-o/] Z_]_%u]_‘%j—_]f__'” """}‘ﬂ 7H_/] ﬁu],%:i"""
A SRR FA FALL 2] o ZAH S 7 ASUT - A" B o] FAE gHE 234
U},
T mAA Y dRol T 5 Aelo i u A= EAE HEE S FAHcr G EAE S HERE MY
Uth &, ("spam " "eggs") == "spam eggs".
A9 = o] aA o] Z A AL} th FI 0 o] A A o] A AL A 2] E ¥ B/ 38l r (7)) F 7ol S et

A 2l H E 9] e F A9 EHU} ZEA| B U] &L strings 2 FZFHA A 2.
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2 str ARAE MRS O E AR 2RE BEo)d £ 5 J5Uth
ol glem ETZ}“% AP A B Zol 719 £
59 A, s[0] == ] dyrch

class str (object=")

class str (object=b", encoding= utf-8’, errors="strict’)
object 2] £ A1 A WAL B F Uk object 7} A FH A gow, Wl BALE FeAFUTh YA o,
str () 9 522 encoding = errors 7} o] A=A o] upg} bR =], oh-2 7 25U th

encoding T} errors .5 0] X A ¢k O W str(object) = object.__str_ () E & =t object
o “H @A EE NAA A s EAL BRIV AL AA B 1&%T4dﬂﬂ
AUt ek object 7} __str__ () WA EE 7FA 2 YA FOHHE, str() 2 EH/‘\_] repr (object) &
=HF Yt

encoding B= = errors T Aol & 7t o] X |, object = bytes-like object (9], bytes T2+ bytearray)
o] o] of ?ﬂ'b] t}. o] A, object 7} bytes (== bytearray) A A| o] W, str (bytes, encoding,
errors) ¥ bytes.decode (encoding, errors) & =53 Yt 1 o] AL, bytes.
dmmmmiéﬁﬂMQﬁﬂﬂﬂiﬂﬂE%ﬂﬂeﬁwﬁ%m#ﬂﬂﬂW@@HLw1d
2] Al 2~ & — bytes, bytearray, memoryview2} bufferobjects S X A A] &

encoding == errors QAL Qlo] bytes AAE str () o AZ3}
A WA Aol F DU TH(Thol W W M b = HAA|

>>> str(b'Zoot!")
"b'Zoot!""

str @29t T A e E AN AR BAE U2 G sk obel o] E AL A= AL
NS, £0Y EALE 25 W fstrings B 29 AL 20 AL FEIAA L. B, € aE
A2 Au) 2 AA e YA L.

AL 55 AAs AES B 7S, ool 71¢d FAHA WASE FAGY T

A £F 1A 2ede] A TR AAFUG e 2 59 fA40 484 482 A
FII (BE str. format (), LA AL 2, A A £A4L 201D e FRAA L) e e C
printf 2B} 710 T, o 52 W99 B A2 sty Sutasl ARs7) e tha o HA T A2l
% e ASole 55 o WE T pring 2512 242 £0]2)

ghoju o] gt Ae] Auis AN e g #d FHIHE (re 89 A4 A9

EeTh ABE BE T REEE O

m

Ut
str.capitalize ()

A AR A L A 7 28 A #AD Y BAHES B F U
str.casefold()

Aols 29 8 £ALS BAFUT Aols Y B EAAL YaBEAE FAG v Fo] 489 4

A2 EIE LEAR AL AGNLAAY BAYA R E AL TLE AN AL 21}
g Sol S U SEA D £ voar FFEYUL, olo] SEAel 2 over ()
A o}
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Aol~ 9 eSS FUIE 5 AHM 313 of o] dHUth

WA 339 7}

str.center (widih|, fillchar |)
Aol width 1 FAE 9] 7h-gdloll s gh= = F U AR A fillchar (712352 ASCIL 25| o] &) &
12510 A& U widdh 7} 1en (5) B} FA 22 A4 Ao EALo] ks o}

str.count sub[ start[ end]]
9 [start, end) O A F-& FAE sub 7t FHE A @3 5ot AT EHFUTH ABF AR} start
S}end = o]~ F7|W o E | AFH Yt

str.encode (encoding="utf-8”, errors="strict”)
EAQ o EQ AR ATYH WAL SHFUD 8 ATDL rure-s AU errons £
e 2 A2 BAE A5 AN AT S A3ich erors o ARGL strice Ad, A7
Q257 QO™ UnicodeError & 4o 7|8t= = Ut thE 7153k 3H2 'ignore', 'replace’,
'xmlcharrefreplace’, 'backslashreplace 9} codecs.register_error () 5 53 SE4H
T} & o] EEJ Yt} Error HandlersS B A L. 7F53 217 Q9] BE28 X 8 A Standard Encodings A A<
SRR
WA 314 WA 71 9= AR} AP o] F7hE A5t

str.endswith (suﬁ‘ix[, start[, end] ] )
TAFE o] A FH suffix 2 U True § €853, 1384 oW False € 8 F YT suffix = 2312t
She AU AEY FEol B 4E duth A9 van 7} AT Y LA AN AAE AT
A A end & A-G5HH G A X oA vl E FHFUTH

str.expandtabs (tabsize=38)
2E W EAES A 27 F0i7 9 2710 W} bt 2 oo Aol AR AR BALe
AR S EEF U ‘?j X = tabsize F A AU TH(7] 2 gH-2 8] 31, € 0,8, 16 5ol § 91 A&
ARG, EALL 8757 A5 @A) Aol 02% AR L EALE B4 92 AT .
£447H @ (\0) o)W, 8] o] £ 8 9125} ok W) ik o) 2] 250)2 £A47} YR L ek
(8 4 A = B4 A ks th) EA7E 08 22 (\n) == 702 A 29 (\r) o] FAME 3L @A)
@202 AUBH T G2 FAL WHA YT AAAL DA 4 AN W F A B
FAE A0 SRl 14 ZAhg
>>> '01\t012\t0123\t01234"' .expandtabs ()
'01 012 0123 01234"
>>> '01\t012\t0123\t01234"' .expandtabs (4)
'01 012 0123 01234"

str.find sub[ start[ end]]
& AL sub 7k €ekol & s[start:end] Woll S8 ske 7HE 22 429 dE A 2 F U
A 2wt end = % ool oo 1802 AT b FOH 1 2 EAF o)
. find() WAEE=sub 9 YXE Golol & oW AL oF S th sub 7} & ExFY QA
speletel W in QAAEAE ALEEHAIA L
>>> 'Py' in 'Python'
True

str.format (*args, **kwargs)
A T A4 FAT T o MAES T2 = EAAL AHY HAEY FBS () 2 P2
AR AEE 2FT 5 A5UTh 4 ABDEL 92 ARl 24 A AL AAE 19 o5 L A
S AUt A A LS AT AR BAA o AV BAA ARL BTG
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str

str

str.

str.

str.

str.

str.

>>> "The sum of 1 + 2 is ".format (1+2)
'The sum of 1 + 2 is 3!

l
rlo
kel

H
A

M

£ EAGe] ARY 5 I The £9 S e 413

e 2

i)
o

>']_|‘
N
o
>
>
to

Z3: E£A(int, float, complex, decimal.Decimal®} A B E)E ngdA oz Zujg T uj
(el: "{:n}'.format (1234)), 0] &= dA|H O F L,C_CTYPE ZA| ¥S LC_NUMERIC ZAIL=E A
A 3lo] localeconv () 9 decimal_point 2} thousands_sep %53 tjZEst=d, ol 28 E 0]
ASCI 7} o}y A} 1H}e] EXR T} 431, LC_NUMERIC 27 Qo] LC_CTYPE ZA 4} b S w2t 232 A
it o] YAl WAL ThE Ad ol JFS FuITh

A37 AA: A2 ngAoz ugdu], o] 4= o] AL A A O F 1L,C_CTYPE 27
S LC_NUMERIC Z2A L= ’E@E‘HW

. format_map (mapping)

str.format (**mapping) I} B]SSFA W, dict E EALE A 9T mapping < A AU} o &
E9] mapping ©] dict A H S~ F&3 T}

>>> 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 F7}.

.index (sub[, start[, end] ] )

find () ¥ opA R RE 21 Q= AL valueError 8 407 YUrh

fifo
B
o

isalnum ()

Return True if all characters in the string are alphanumeric and there is at least one character, False otherwise.
A character c is alphanumeric if one of the following returns True: c.isalpha(), c.isdecimal (), c.
isdigit (),orc.isnumeric().

isalpha ()

Return True if all characters in the string are alphabetic and there is at least one character, False otherwise.
Alphabetic characters are those characters defined in the Unicode character database as “Letter”, i.e., those with
general category property being one of “Lm”, “Lt”, “Lu”, “Ll”, or “Lo”. Note that this is different from the
“Alphabetic” property defined in the Unicode Standard.

isascii ()

Return True if the string is empty or all characters in the string are ASCII, False otherwise. ASCII characters
have code points in the range U+0000-U+007F.

W 3.7 7%

isdecimal ()

Return True if all characters in the string are decimal characters and there is at least one character, False
otherwise. Decimal characters are those that can be used to form numbers in base 10, e.g. U+0660, ARABIC-
INDIC DIGIT ZERO. Formally a decimal character is a character in the Unicode General Category “Nd”.
isdigit ()

Return True if all characters in the string are digits and there is at least one character, False otherwise. Digits
include decimal characters and digits that need special handling, such as the compatibility superscript digits. This
covers digits which cannot be used to form numbers in base 10, like the Kharosthi numbers. Formally, a digit is a
character that has the property value Numeric_Type=Digit or Numeric_Type=Decimal.
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str.

str.

str.

str.

str.

str.

str.

str

str.

str.

str.

isidentifier ()
Return True if the string is a valid identifier according to the language definition, section identifiers.

def Uclass® 28 o F A2 AALSHE W keyword. iskeyword () & AHEEHAI A L.

islower ()
Return True if all cased characters® in the string are lowercase and there is at least one cased character, False
otherwise.

isnumeric()

Return True if all characters in the string are numeric characters, and there is at least one character, False
otherwise. Numeric characters include digit characters, and all characters that have the Unicode numeric value
property, e.g. U+2155, VULGAR FRACTION ONE FIFTH. Formally, numeric characters are those with the
property value Numeric_Type=Digit, Numeric_Type=Decimal or Numeric_Type=Numeric.

isprintable ()

Return True if all characters in the string are printable or the string is empty, False otherwise. Nonprintable
characters are those characters defined in the Unicode character database as “Other” or “Separator”, excepting the
ASCII space (0x20) which is considered printable. (Note that printable characters in this context are those which
should not be escaped when repr () is invoked on a string. It has no bearing on the handling of strings written to
sys.stdout or sys.stderr.)

isspace ()
Return True if there are only whitespace characters in the string and there is at least one character, False
otherwise.

A character is whitespace if in the Unicode character database (see unicodedat a), either its general category is
Zs (“Separator, space”), or its bidirectional class is one of WS, B, or S.

istitle ()
Return True if the string is a titlecased string and there is at least one character, for example uppercase characters
may only follow uncased characters and lowercase characters only cased ones. Return False otherwise.

isupper ()
Return True if all cased characters* in the string are uppercase and there is at least one cased character, False
otherwise.

. join (iterable)

iterable 2] AL E L o]o] B0l 2z

EHE Ut} iterable ol bytes AU 7] EF B XL o] ofd Zro|
JOoW TypeError & 42 =

1o TRAE o WA =S AT BAG AU

Y
<
=
ko
B o
>

ljust (width[,ﬁllchar])

dzow AUH 2ALL Dol widih A EAAR £l FUTh AR A fillchar (7] £ F1-E ASCIL 23] o] )
< AHE3EH A FUth width 7} len (s) Btk AU 22 F¢ A& ExFE o] vbgg Jth

lower ()

BE Aols BA A £EAR ABE AL RS BeiF U

AgE e 284 MBS L FUTE B2 A4 3130] AR o] T

1strip( [chars] )

A EAAAY 2L BALL Bl FUTh chars AR AAL BA GRS AR e B4
Q. Ak At None ol 28, chars AAHS] F1Eghe FUL AAFEE Gtk chars AR
AT A obd U th BE gk 2%l AR U

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

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

4 A o]~ Epe Auk M= 24 o] “Lu” (Letter, T 2h), “LI” (Letter, & 2-2}), “Lt” (Letter, Al 2 22}) 2 8 71291 ALY h
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static str.maketrans ( [ y[ Z]]

str.

str.

str.

str

str.

str.

str.

str.

str.

o) BA MIMEE str.translate () Al A S F = WAEE S F YL

A7} S oW fURE EAE (5) B B4 (Aol 7H A EA4)

& fUIE 2AE, EAY
(U] o)) E=None 0 2 w5k GV ofof FUth £4F 7= frUIE 2AER A}F YT

ol A} 7} = 7Hu1 Aol 7} 2 EAFolojoratm, A3 Mg A, x2] 2 EAl=ye] 22 S A9
A2 gk Al AAe) AR} e AS, EALolojof izt 2 & one &
43s —:;‘HAD}.

partition (sep)

sep 7t A& ERLFE 9101 A BAHD S e, A ol Gl i, TR A, TR 2k
Boz FAH3REL EUFUL FEAV LA A Fon, B ANF I HAE GEE F

Aol W A A 3R ES B E U

replace (old, new[ count])

BERE FXEold 7t new 2 X &E FAL Y EAMRE S EHF YT AE A AR} count 7} Fo] A H
&+ count 7} Bk Zl gk

rfind sub[ start[, end]])

2 AL sub 7F s [start:end] Woll 83t 718 2 £AHE 9 928 EFUnh A=A A
start 9k end = S2hol 2 B M2 S AF U Adeid -1 & SewTh

.rindex sub[ start[ end] ])

rfind () SRR EA R, B2 BAD sub & & 5 Qe BF valueError & 4ot

rjust (wia’th[,ﬁllchar])
LEZoR AEH FALEE Dol widh Q AL E EHF YT x] R fillchar (7] 23F-2 ASCII A~ 7
ol2) & AH& ko] A3 Uth width 7} 1en (s) Hoh AU 22 45 A AL o] vE&-g Ut

rpartition (sep)

sep 7HBHA BEO 2 U 9 A 0) A BALE T, TR Dol Qi BR, FEAAA, PR 0
SrREoE PHUIREES BF U TEAV DA gow, T e vl B3 1 HE
et Ead Aoz FH I RES FAEUD.

rsplit (sep=None, maxsplit=-1)

sep & FRA BALDE A S] EADo] 9t Dol 59 B AES el F I th maxsplit o] Fol AW 7}
T 28Xl A H o maxsplit o] R o] £FUTE sep o] AGH A ¢h A None oW, FEALE 2 E
S ZAZF ARG H U L EZ A EElote AS ALY, rsplit ()& ofefoll A AA S é:i”é%
split () A8 F&FUTh

rstrip ( [chars])

53 EA7 A AR BALY BARES EHFUC chas AR AAT £ AT AAsE 23
Atk e At None o] 1, chars 1 2ke] 7| B gEe TN AASRES T chars A
Au A ok d Ut BE 3t 2ol AlAF YT

"

>>> ! spacious '.rstrip()

! spacious'

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

split (sep=None, maxsplit=-1)

sep & A BAE R ALl EAE e Hol s B 2EE EHF YT maxsplit ©] o] AW

Z o maxsplit 18] 2ol I F Utk (WehA, | 2Es HHmaxsplit+l 7§18 248 7FAA FYh.
maxsplit ©] A A= A A AY -1 o2l B& of A|gto] g5 Ut (758 R E E& o] wrEol YT},

2
sep ©] Fo1 x| A, _’;% ?fo}tﬁ 12 3 W EAE & FESE= Aoz EdYth (& E9, 11,
;20 8pllt( S e, v, 2] EEEHFUDD. sep A Y EAE A2 5+ A5
(o:ﬂp_ = ,'1<>2<>3' spht( =L, '2r, 3T EEEHEULY). AAFE FEAE A

EAGE e ]S EAE Y.
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& E4W:
>>> '1,2,3".split (', ")
['1" '2" '3'}
>>> '1,2,3".split (', "', maxsplit=1)
[(r1y, '2,3"]
>>> '1,2,,3,".split (', ")
['1|’ '2" 'l, |3|, "]
sep ©] A BE A kAU None oW, ThE +& dgFo] ALFUch: A&5H 3 Ex= LT+
AR 2251, BAde] Aoy} Tal pule B AR AT 2o ¥l 2L L XA
AHUTh ARAoR, Wl BAPo} Fugow T4H 22A L None FEAR UrH (] & £
=4t}
dg 9
>>> '1 2 3'.split ()
['1|, '2', '3':|
>>> '1 2 3'.split (maxsplit=1)
['1|’ '2 3|:|
>>> ! 1 2 3 '.split ()
['1', '2', '3'}
str.splitlines ([keepends] )
Z BAANA e ZTAREY & B 2EE FHF YT keepends 7F OB F X A] o= A} 2| A E 0
E ¥ 2EH A g5t
ol MAEE e & AANA hrUth 53, A4 S04 E 97 2 gk
xd EE
\n £4d7
\r dEREE
\r\n N gd+E2 37
\vEE=\x0b | &4 ¥
\f E=\x0c | &= 3=
xic 59 R
\x1d I 724
\xle Y IZE FER
\x85 = = (ClL Al 31E)
\u2028 = 74
\u2029 T At
HA320 4 WA \v & \fE & FA FEFf 75Uk
& =49:
>>> 'ab c\n\nde fg\rkl\r\n'.splitlines()
['ab c', '', 'de fg', 'kl']
>>> 'ab c\n\nde fg\rkl\r\n'.splitlines (keepends=True)
['ab c\n', '\n', 'de fg\r', 'kl\r\n']
T2 Z A sep o] TR S W split () e, o] IAEE ¥ FAL ] i Wl gl AEE &Y
S, A F b2 A E2 WA s U th
>>> "" splitlines ()
[l
(TH slTo] Ao AI%)
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str.

str.

str.

str.

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

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

H 28] B, split ("\n') = o|FA Ytk

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

['']

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

startswith (preﬁx[, start[, end] ] )

EA4Ge) ARG prefix 2 A True & EAFIL, 134 FoW False & SAFUTH profix +
B3 S ATAES] FE0l £ G A8 v A 3H A 2 A QA AAE A2
Utk A8 A end & AH&8HH 3G 9 X o A vl & ST

strip( [chars ]

AT Y EALAAD BAL] BARL FAFU chars AR AAT B4 AT AR5
FAL Y T A2 71 None ol 2, chars AAE] 712342 39 A A SHE S P T chars A=
AFAL A AL obd U th BE g 23] A AF Uth:

>>> ! spacious '.strip()

'spacious’

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

'example'

7HE 2% Y] A8 = T chars A} gk 0] BAL A A AFG UTE £ A= chars o] J= A A
Slol Z8hw| x| 9Fe BExjol| T ke w7kA] Wl ol A Al AD Ut B AR A S 2ho] S8l E U]
g sw:

>>> comment_string = "#....... Section 3.2.1 Issue #32 ....... !

>>> comment_string.strip('.#! ")

'Section 3.2.1 Issue #32'

swapcase()

WEAE 2FAE, LR P72 HE 3 A9 BAMHE S E8F Ut s.swapcase () .
swapcase () == s 7} REEA] A Y3HA] FSof T 34 Al 2.

title()

ol 7} 2 AR Al AL U 2] 2A4E 2R AH RS ALY AlF Aol MAdE EHF U
A =4

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

o FRFZL Do B TAEY AL o B 7D do] SYA Ho 2 ALY o] o= o2
3ol ] AEFA R, Zok} £ 79 o} EAERI L o] AAS FABTHE AL o, o=
A5t 277t obd 2= syt

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

AL AHe ol ohEAER T o] B3l A E PP S AT 5 st

>>> import re
>>> def titlecase(s):

(TH& STOTATT AI)
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(o] A sl o] A A M A%)

"

return re.sub(r"[A-Za-z]+ (' [A-Za—-z]+)
lambda mo: mo.group (0)
0)

2
0] .upper () +
mo.group ( 1:

[

[1:].lower(),
s)

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

"They're Bill's Friends."

str.translate (table)

2t E2AE ARE AR E ARG e EALY] BEARS F2lF YT table>  getitem ()
2 53 Agde Fdote AA ook st BE v oy Al d: Ut FUZE ZAE ()
2 A9, table 7 iﬂ% = %5 StHE 3 F Asuth I 2AE St ol e e AER
mWFot7] fel rURE LAEY AL S SHFUTH 23 2ALAA 2 EAE A A7 94
None € E8ZUt}; 12 EALE 2}7) AR 0.2 w3} 7] 93 LookupError o2 S Ao 71Ut}

str.maketrans () & AH&St] ThE FA Y A EAviE o r R W& S OE + d5Urh

codecs BB FAHA L.

ALd FAE g ol s e Bt ARk A
str.upper ()

BE A FAH 7t R R WEtE EAE e EAME S B F QD} s 7H Aol & Qs #AE 298

U 23 EAbe] §URE R Lo (Letter, o)A 7k obd A9, o & 5] “L* (Letter, A1 5 7o) 2),

s.upper () .isupper () 7}False & 4 A2 Fo A L.

AgHE A AB QI FE GULE B9 A4 3130 A9 o] AU
str.z£fill (width)

Aol width O BALE WE7) A3 ASCU 01 EAE Aol ¢ BAL 42 EAFU

49 23 Gl - RE AL shol ol el H o A9 Wi Ao A H U widh 7}
len(s) Bt A AY 22 4 A £x4E€S S5 Uth

X,
rl
i
rlo

& =d:

>>> "42" zfi11(5)
'00042"

>>> "-42" z£i11(5)
-0042"

s o7l AWE £ AL ol /44 QA SR E () E ol FEF GA U S St BAlS
A B3 ) fUshE OFS ZARE ] A5 UTh A 2R 24D A thstr. formar () AF o]
o dEs 249 2 AHE o BB 0 RE AT 4 G o JFEL £ HaE Eojgo] 0%
AEsn A5 F hs g2 P AU

A A= 7HA AR U Ak 2 s Uth s AR (R ER). o] AL TAE ZH B X &
AL E Gyt format % values 7} Fo] A W (format & 2 A+E ‘?JHE‘r),format el 5 “é*ﬂ
£ 07K 0172 values o] 242 AP Ut o] &= C Aojoll A sprintf () & AHE8tE A vl Y

N

format o] st }e] JAAE 86, values = s} ¥ F& 7“1] o O]’\l/}‘ﬂr’ 1E A kO, values =

format £ 4} o] 2| 4 8H 32 0] 9} 2 W AR (o2 Fol, A1) ool oF e

e, REUe Zoigsteld 2UE FE S-S U LRSS Aok gtk

o
4
f
o
L
T
ARl
mdm
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A GAE T A ol EAE 236k ket 22 748 455 T ek, REEA] o] AT R vefof
ik

1over 24 WAl AES UER YT

2. 03 7] (A A 252 EHAA EAEY AFAE FAE YT (A& £9], (somename)).

3. A Se a2 (ME A G HE 73] Ao dFS FUH

4 H 2 BE E FE A x (ON2E P 23) 2 AR, DA FL vales FEL T 244 93

S, AR 4 AE oA FUE F o) gtk
5. AUE (A A () Theel FUEA g x (h2EE2a) 2 A, A4 s
values 72| Th& 2404 ¢, ke 2 AY = Fof 3t

6. Aol =3 (A e A

7. AgFH.
222 A YAV Y (EE TE WP F) 9 3%, BAL] Gt WE WAE WA 1w B UL ol
29Xl mig 71 & 2R SN FEHE E?}’SHOF?JIJE} H*é Zle xRS S viEer 1 AH
FU T o & Sof
>>> print (' has quote types.' %

.. {'language': "Python", "number": 2})
Python has 002 quote types.
o] 4% * AR AL AET 5 YT WA S B2o] B 5] WEIuh.
HEZY a2 A4 v 25yt

= #| =

A

X gL kol “th Al A7 (oFf ol Ao FH o A5 UTh = AR YT

0T | ASe 2A g9 A4S 00% Ag

o ([ MEE g AR08 A (g o Fo{ A 10! %ﬁu}wgqu})

T [(SHelR) RE e A8 iRl ehseld 5 el M gAR IS W 4G

oh.
ST [ RS EA s o - Al S PUG( Sd e S AFIh.

2ol £4% (n,1,1) 8 AFE S QAW sl Aol 4 B5HA 9] 2ol FAFUTH- o] & o] 51d
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EREIES =

3} E

dr ] RE de A AR #.

i FE e A AR R

o' | FE Y835 3 )

NI B ©

x| FS =167 (B AD. [©)

X[ RS e 1645 (HEAD. #)

e [ RE AFF AT FHEEAD 3

'E'| e 22 AT A (HEAD €)

£ FE e AL FA. 3)

e A IS FA. 3

9| FEATE I AFTTHAEG FAGALE ot FA] GOl 2 EA AT P A S AL, | @)
27 gow A5 A4S AR

G| FE A AL Xl#ﬂ AHTAAG Y Hoh 2] Fod A A S H AL AH e, | (4)
237 ow A5 F4LS AT

o' | AL EA AT T Lo 1A EALES A EFUTh.

'r | #AD (repr () & AHE O] sho 1_ AA S A Th. ®)

'st| A (str () 2 A8 ko] st AAS A HFL ). ®)

'a' | A (ascii () S AH8EEe] stold AA S WEF Y. ®)

e | QA WEHA R, Al 5T A EAIR U

RE:
(1) ThA A2 R WA 2 ool A% 8205 A A (1 00")E ALY T T,
@ WA B A A S Lo AF 0x' EE 10X (x' b X F3 F ol AS ALg SR ol nfe
geba Ut & 49 3
@) A FAL 1Rl A e A GHetE 34 A5 HS 2FFUTh
UL 25 A5kl 71 Eghe 61U T

o
s
o,
vy
5 P
N

7]
£ 3okl Fofl 202 Al A A FFyh

64U th

QA Qol g AT YOoBE, 5 ML ALY Lol \0" oleki 75 Uk

=
A
WA 3 1A "7 Adgho] 1e50 & F+ Aol tgh 3£ MBS &= 3g HEo 2 QA A syt

4.8 vloje] A|F A 3 —bytes, bytearray, memoryview

wol 2] dlol e & 2245)7] 918 34 DL bytes 9 bytearray QYT ol AL nemoryvien of
oo A D 2o, h2 upol i 2] AAE] o elo] AL o] Be] A M w w2 AL
array REL 32U E A5} EEETSA AT HE 254 22 R tlolg o] 581 AFS AN

et
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4.8.1 vjo|E g A

Hlol|E QG A= ¢ HPO]E%" EHAEadYTL g2 F 8 to|ve] 22 EZO]ASCIHAE QI Y&
Zlbto g2 slr g, nlo]E Y A= ASCII T 3 g o] Eii 04 ot FR 3 o8 7HA] HA =EE AlF st

Gerd e T e Y A% 99 e adel e,

class bytes( [source[ encodmg[ errors ]]]
ARz, vo|EE H Ao 2 EAE SlH B4 AL A HFAE 7 v Aol Tyt
e 2ol ¥ :b'still allows embedded "double" quotes'
e Zw}2 ¥ :b"still allows embedded 'single' quotes".
e A=w2F:b'' '3 single quotes''',b"""3 double quotes"""
HM E4 e Hol& ASCIL A% S S g Uth(HAH Ax 7= A7 G} AA GlEUTh. 127 Boh 2
o A Qe o] ~A 0| NP2 E AHgBto] uho] = e Wl g Hsf ok Tt
EAE 2lH 2 Ao A = vol EY B E E 2 o] A ol Al A B S W2/ 31s7] 98l
r ATAE AR £ E dUth A 98 £ o) a0l AALE £ 3He] vho| = eI D Theral
63 Aol o g ZpA 3 -8 strings & 2 8H Al L.
HlolEYE glH 83 1 TH S ASCII HAEE 7|80 2 1Ak Hlo| EY AR = AARE 49 E
AA2AY SAs, AA29 A FE0 <= x < 256 0] AR AVHUL (] A 9 eieln
A= valueError & 2 Urth). o] A2 g2 }ol U] & 4)0] ASCII 7|4t 8 4 & 83ty
@azﬂﬂ%aﬂ%oz%%dmzﬂ%¢al1 , 9l e] o2 vl ol Elo] YukH o2 A4
2237 918 AAUTHEIAE A e 5L BB 0 R ASCI B3o] obd Hho] 2]
g5t 7l vl ol H &40 = oloj Y.
o, ko= AR E o2 7hA BHE P o 2 WE 4 glsrvih:
Jo]o] 022 A X Hle]EQ A A bytes (10)

\

r
dﬂﬂb
> o o

]

fin)
ey
i) Iﬂgg

Ach
i)
jgé

L]
D)
o oft
i >
m\(

o
i

o] o]E]|H E 2R E: bytes (range (20))
e Y ZE2EZS T3l 7|£ vl gl dloJH B AL bytes (obj)

I

r]r

2709 16 R4~

dulA o 7 A}é%ﬁq
=% 25k
classmethod fromhex (string)
o] bytes Ze & WA E= AEZAE AAE Yz A A vl EE AAE S5 U 22
d2 HlolE F F 7|9 16% T7P£§H o] oF 5t ASCII 3> FA] g U T}

5] ShLbe] whol =ef g5
B4 Quch mebd, uhol =

ol 2ol 16+ Hiel 2] H o8& AR st
3O

7]
A He 1 FAe) o B S 9= 2be] Zef s wlA

>>> bytes.fromhex ('2Ef0 F1£f2 ")
b' A\xf0\xfl\xf2'

WA 370 A WA o)A bytes. fromhex () &= AH o] AWl ol gt ExF o] 9= 2E ASCII
TS Avg Y
ol EE AAE 1675 o2 AR3H7] 915 G d g7 A5 Uth

hex ()
QAug el HpolEnbrb2 42159 16042 RAG 24D AA S BHFUTh

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

B A 3.50] 7}
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Hol E QG AA = F4Y A2 (FEH 4D o 7] w2 o], vkl E G AR b o b H
Th Wb, b[0:1] & Ze] 12 H}olzoﬂ AA 7L BUth (] A& °1ti*oﬂr—g—a}ow BE do] 1% A4
A3t goE EAEI g zg U

HolEQ Ao 2 g EHE FA (o' ...") & AHES=H], % bytes
mEd Utk list (b) & AHESH vl EE A& 3 A5 a¢z; W&

o
T O)
~
=~
o

Far: spol 2.x ARG ARl Al s hol 2.x Al ] =M= 8-HIE A (2.x7F WA vkol v 2] Hl o] H @ o A

3= AR AL )T fUnE AL 2] Thre B A4 W ko] 585 Q15U T o) shol o] A
SUE AU AU OT fUTE GAEL o] F/hE AHLS WA 549 584 A2 A o
shol 4 3.x o AL, o] & 3 FAl A WM HE AtebA 5 I Th- -4 £ uho] U e] o] Bl fU TS B AE 7he] MHS

WhE A] A7 0] o] o Bhv] phol = 7 A Y A A A4 chrhi o] g U

4.8.2 v}o|E v g A A

bytearray BA= bytes AAL] 7FH 3 J )

class bytearray([source[ encodmg[ errors ]]])
Hpol E wlf @ A Ao ek A 2lHE 22 flon P4 AAE &5t T

o Hl AAEHA TE7]: bytearray ()

o FolR ZojoJ 0oz YA A2~E A WE7]: bytearray (10)

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

e Y ZE2EZS T3 7|£ vlolvig] o8 A} bytearray (b'Hil'")

Hho| = wj A = o] 7] wh el uho] =& ko] = wj & <14k of AW o] gl 5 o =G}
uho] = wl @ @l 4bel sl 71w Al Q1 4bE A g o,

W& bytearray = FZ3HA| &

278) 16 = A 23] shite] who] Eof tfg-8t7] w2l 1630 5& violy 2 tlo] B & A" st=
Ao AHEEE FAYUTE webA, volE wjd g2 T FA 2 HolHE g e S

HAEE Zh5yTh

classmethod fromhex (string)
ol bytearray A WA EE FoX Z2E AAE T P3N A vio| E v E AR & =HFUTH
FALL o E G 5 7)o 16757} 2 3 o] of 3] ASCH 3 - A5 L,

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

WA 3794 H o] % ]bytearray fromhex () & 2 o] AR T op g} ZAFG ol Yl BE
ASCII 349 & ﬂLﬂ‘d‘%

HholE s AAE 1675 A0 E WEe7] 98t WS &7 stk

hex()
AAE A0 Hlo]|Entr}2 A B0 16742 B3 EAYG AAE SeF U

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

WA 359 F7}
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o N
—

Hhol £ G AR £ H 5] AAL (] LEL A 0] 7] w2l vhol = ¥jG AR b ol thHA, b 0] £ A5
Futh W, b[0:1] £ do] 19 uhel= Wi AR 7L F Uk (] AL A3} Sere] 4 BE Ao] |
229 AT BAE EALT Bz E

¢

HfolE W AAe BAL vlolEd 2 E P FA (bytearray(b'...')) 2 ALd=d, 2=
bytearray ([46, 46, 46]) Bt} {58317 Wi Yt} list (b) & A} P?i Hhol= M AHZ &
AL:ﬂf* E}/kszjétﬂgq A*~o i?LJE%

4.8.3 vlo|E Y 3} njo| E vl g A%k

Hlo|E Qo ulolE mjd A= 25 DA AL A AFUTH o] ASL 22 3o 7)o Azt ul o} 2}
= bytes-like object2t 743 -&F YT o213t FAG & QA3), &7 ol e AHrEA TJL + A5
Ut ey, 239 t&%‘rf‘é% 3 kAo Ao wheh gdebd = syt

F3: vpol = Bl utol = Wi AR|e) WA =L AR BALL wobE ol A gty EAde) WA=
ulo] E QS QA2 84517 ekt A3} vk kA Gtk o Sol, thg 3} 2ol Zgs ok st

a = "abc"

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

a8

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

Q% vo| 2 W Hjo] E Wl d Q14HE ASCI B2 Hho] 2] 4]

d gl 942 7HEste R, 9o niojy e HeolB 2
2 &= FaloF Futh o) 2 & AT A2 ofefoll A thE Y T

1

O

Fa1: o] 3k ASCII 7] ¥k A 2HS A-851e] ASCIL 7] 9 3 4] 0 2 A A5 2] 9k-& ulo|uig] oo e & = 2513
dlolel 7k =44 4= AFUth

)

Hhol £ W whol = W AR th3 T WA S Gele] whol el bl o B 8 B AT 5 AU Th

bytes.count (sub[, start[, end] ] )
bytearray.count (sub[, start[, end] ]
W9 [start, end] A A A B A A2 sub 7F 5 = A kol 535 35

Stend = Eetolx RV o & AP U Th
AT B A DAE Q99 hytes-like object 2= 00| A 255 AFolS] A4 4 95U T
WA 33004 WA AR AFAZ 00| A 255 AFo] 9] A= 3§t

bytes.decode (encoding="utf-8”, errors="strict”)
bytearray .decode (encoding="utf-8”, errors="strict”

=
=

v
i\
AW

o},

A O 2} start

mlru
>

)
FolA ol Ed2 R fgIgHE FAE S S5 U 7|2 JdF G L 'utf-8" YU T errors = T
e Ag A AAs] Asl AleE = A5tk erors 9 7]%%%% strict' Qd], Q2 H
7} Ao W UnlcodeError £ 4o YU o8 753 g2 'ignore!, 'replace’
ﬂ— codecs.register_error () & 53 SEH & o| &Y Yt} Error HandlersS B M 8. 75 S
AFZ Qo BEE X Standard Encodings A A& ZZ 34 Al L

B: encoding AA1E e o] ALEE A vol 2ol ulol= w2 AN E BHE BL 9ol 2]
bytes-like object & A7 tJZ Qe 4 dF Ut
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WA 3104 | 719 = A A Qo] 71 5 Ut

bytes.endswith (suﬁ‘ix[, start[, endﬂ ])
bytearray.endswith (sujﬁx[, start|, end] ])
Hhol v g dl o] B 7t A1 A suffix 2 EUd True & S8 F 1, 131] %o tﬂ False = EJ]ZL]D]—
wfis & 3aA S AN g 9 A o

al
A /\_11 3k A ) }\}(—‘;—)% Sl 9] 9] bytes-like object ¥ 4+ AF Y Th

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

A B AR sub 7F B0l s [start:end] Woll 548ks 7H8 22 tﬂ olg e JEAE EHF YT
S 2 st ) end = % oFo] oo 1902 AT T b FOW 1 & EAF Ae)
AT B A DAE 999 hytes-like object Be= 00| A 255 AFo]S] A4 4= 5 YT
s £ind () A sub o] A& ook & 3ol Gk F T sub 7} HE EALAA
HE golsle]H in OﬂAl—Z]—E ARSI A L
>>> pb'Py' in b'Python'
True
WA 33004 | B AJF2RE 00 A 255 Ako] 8] A4 = &8y Th
bytes.index (sub[, start[, end] ] )
bytearray.index (sub[, start[, end] ])
find() FARSFATL A B AFAE F2 5§l A% valueError & 23Ut
AT B A DAE 999 hytes-like object Be= 00| A 255 AFo] 9] A4 4= g5 YT
WA 33004 |7 B AJF2=E 00 A 255 Ako] o] A= &gy Th
bytes. join (iterable)
bytearray.join (iterable)
iterable 9) ¥} 112 B0 ] A AAE L o]0} 2o]7] 3 vho] A Ei= vlo]E wjQ AH S S ST
iterable ©l st r A} 7] €} bytes-like object 7} o} ko] Yo TypeError & 4o AUt 24 E Alo]

o] LEAL o] YA EE A Zd= vlo]EE o) L} ulolE vl d AA AUt

static bytes.maketrans (from, to)

static bytearray.maketrans (from, t0)
o] A WA=+ bytes. translate () o AFEE & =
0 9 2 g1 Ao Y EAZ BT from T 10 £ B
.
WA 3100 =7}

bytes.partition (sep)
bytearray.partition (sep
smﬂﬂ%qaw%ﬂ‘
Poz THHEIFE =
et T e u wel = m Hhol £ wjd AAE A 3R

AAE LB 2= Q9] 9] bytes-like object E 5+ Y5 YT

HAEE S =), from o Y=
= bytes-like object & ok 3}a1 A o] 7} 2+

m“ Hn
—|—‘—\—'

)
[ A AR S Ve, A ol QL R, FRA A, PRA A 2
RAZLAARA o vl A9 AU se] S5

2 ez

bytes.replace (0ld, new[, count] )

bytearray.replace (old, new[, count])
BEANB A A2 old 7y new 2 XS Al A2 EAMRES EElFUTH AB A QA count 7} 0] A W,
S+9] count 7§ 7F X &g L Tk
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AAE M H A A2} 1 A EL QD29 byes-like object Y 4= Y51 T

F3: o) WA= ulo]= M WAL AR A SR hUTh- MAHA e ALE
A A7 2 Y ).

4
ot
>
>

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

bytearray.rfind (sub[, start[, end] ] )
AB A A sub 7) s[start:end] Yol S38= 7FF Z A2 29 AddAE S Z Ut AdA 9}
start @k end = €20l 7M. 2 g Utk Afstd -1 & EHFYTh

ARG A B A D 2s B9 bytes-like object TE= 0014 255 Abol o] A d o 55Ut
WA 33004 M7 A B AJFAR 00]| A 255 Abol o] A= 583t

bytes.rindex (sub[, start[, end] ])
bytearray.rindex (sub[, start[, end] ] )
rfind () & B|ZBHAIRE A B A AX sub & 32 5 e AF ValueError £ 423 Uth
o

X =2
AN A B A A2E D99 byres-like object TE= 00| A] 255 Aol 2] A4 4= 914
WA 3304 WA B A DA 00| A 255 Ako o] AT 58 th

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

sep 7t PRA 2o 2 tpebibe YA oA A AAE T, FEA ol Qe RE, FEA} AA, TEA
Hol o BEOoR PAHH3EEL B TRA/ AT A ghow, T sje] Wl wpoEd Ei
Hlol E uﬂg 7H;<1]$}:/_-,4 s g AP BEAR o g TAH 3 EZS S8 =)

A LB RL= 99 9] hytes-like object D 4+ Y5 T}

bytes.startswith (preﬁx[, start[, end] ] )
bytearray.startswith (prefix|, start[, end] ] )
ulol ] g dl o8l 7} A1 A H prefix 2 A 74'3}“1 True & 5831, 29X ¢OoWHrFralse & 8 &Yt}
prefix 3= 237} Sp= AR AHES) BEo| Dk gtk AR A s 7} ABE W A A oA AAE
ARG T A end T ALESE D 924 1 E SR
U

AAE A EAHE) = D99 bytes-like object D T A5

bytes.translate (table, delete=b")
bytearray.translate (fable, delete=b")

A2k 7453k QA A} delete 2] BE HFO]|EE A AL, U A] Bl EES Foj A AR
doltputol E uj @ AR 9] BEAMHES E8F Ut table> Z o] 25621 vl EF A

62l
bytes.maketrans () WA EE Al-&5to] HEXE 9IS 4 IS5 YT

EAE 2279k 3H= W 3ol = mble AALE None O & A A3 A] L

°

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

WA 3.6001 4 W7 o] A delete = 71 HN = AALZ A P U Th

Hho] =61 B who] = w] @ A of v & kg v A = ASCH B8k vho] Ui e] 9 410] 18- AR T AR 5 4L
AT, A2 AAE AL} Qoo whol e dlolE 9} B AT 5 ATk o] Ao ol = W
A= BT A 2be] oA ZE51A] ok A 2 A S WA Tl 2o B A L.

bytes.center width[ ﬁllbyte]

bytearray.center wzdth[ ﬁllbyte]
2ol width 1 N A2 7hzvloll AL A o] BAME S S8 F Uk A4 fillbyte (7] k2 ASCI
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25 o] ~)E AR F ] AGUTh bytes AAQ A, width 7} len (s) BT ZA Y 22 A4S A
Al A2 7F g U

A3 o WA= ulo|E M WAL AR AN SR eUith- AAH A e ASEA G4k
A A A2 B ).

bytes.ljust (width[,ﬁllbyte])

bytearray.ljust (width[,ﬁllbyte])
Adzoz AHY AA o BEALE S Zo] width A AA2Z S8 F Uttt A AH fillbyte (7] 712 ASCII
éﬂ]*)°ﬁﬁd@ﬂ Hﬂ-mﬂwﬂﬂJ %, width 7} 1len (s) Hot AV 22 ¢ A
Al 27 ek U o,

Fa: o) WA= vhol= WG WAL el A FARA AUt BAH A e FP2A G

A AAE v U o,

bytes.lstrip( [chars])

bytearray.lstrip( [chars])
43 Hle| EVF A AR A B0 BARES S8 F U chars IAFE Al A1 2 Hhol E 92 A A 8l Hle]
HeEl A2 QY- o] 52 o] MlA =71 HF ASCILE A}t A8 the AMd S REG S o). A 2Fe] Ayt
None ©] 2}, chars AAF2] 712 3k-2 ASCIL 39 & A| A== Ut chars A= A F A} obd U T
BE gzl AAD T

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

b'example.com'

A A vto]l E gho] vholu 8] Al A= A9 bytes-like object L 5

1:1>
i)
v

FHar: ol i =2 vpolE v M A2 A AL oM F&8HA] U th- WA A b= AF2AF 3

A AAE BHEY

bytes.rjust (width[,ﬁllbyte])

bytearray.rjust (width[,ﬁllbyte]
eExog AHUY AX ] EALRS Zo| width A A|A2E S8FUth XA H fillbyte (7] 272 ASCII
iﬂ1Ahz&3ﬂ@ﬂ Utk bytes AA S A%, width 7} 1en (s) Rtk A AU 22 3¢ A
AR B Uk,

i o WA= upol= WG AL AR A FAA GHUTH WA A e APEA B
A AA E v Y o,

bytes.rsplit (sep=None, maxsplit=-1)

bytearray.rsplit (sep=None, maxsplit=-1)
sep & A A2 g3t el 112 A E e Yol AR DAL Lkl mavspli o) 2
A 71 L E2Z A ZH U] maxsplit o] B8ro] =3 FH LT} sep o] XA FH A %’ﬂL]-None o] ¥, ASCII
B9 EAROE o] Foll RE AB WAL TEAYAUG. BN Balshe A8 A5,
rsplit ()& oFeoll A AAI8] AW E split () A™H F2F U

bytes.rstrip( [charsH )

chars |)

bytearray.rstrip(
AARE TP vlo| EZF A AH A FAY BEAMEE S8 FUTH chars Q1A= A/ AT vlol E H3HS A A
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sHe bhol ] Al A AUt - o] E2 o A
A eF=] A} None ©]2HW, chars QA2 7] E7)
Zbobd Utk BE gk 2ol AAFGUTH

7} B5 ASCI A8} Abg- A ths AR & Whd Y o
ASCII W& A A== Y th chars Q1 A= A u| A}

o
o
-

>>> b spacious .rstrip()
b!' spacious'
>>> b'mississippi'.rstrip(b'ipz')

b'mississ'

A AT vlo) E ko] vlol v 8] Al B A9 9 bytes-like object 4 4~ 5 T}

3 o) WA ES Hio]E wjd M2 Al AL oA St dsUtt- HAHA e B2 A T
M AAE U T

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

sep = FEA} A|AAE AL 8o Ho] Lﬂa] NBAE 22 3o A B ANAAE UFUTh maxsplit ©)
X] X*ﬂi’_ =7k obd %, At maxsplit F &) +FF U th (WA, Bl AE = H T maXSpllt+1 712l
82F 7HAA FUth. maxsplit ©] A A FgAY -1 ot & Fofl A To] glsutt O
EE 2ol w=ofdyh.

io?‘g
oot

sep o] FOIA| W, ALH FTEAE FolA S Ul A B Alﬁ_%?-—ﬁr }—t— 22 HEFUL (A E &9,
b'l,,2'.split(b', ") = [b'1l', b'', b'2'] EEHF IJE} p 9 }% HEJH[O|E A AL~
T2 5 AFUT s ‘éoi,b'1<>2<>3'.split<b ShE[Ar, 520, b13) # EAE

yth. ARZE FEAZ W A EAE YR, Ur%h AR 2] & el tﬂra} [b''] Y [bytearray (b'") ]
E EHF YT sep AR= A Q) Q) bytes-like object D 4 55U T

dE 549:

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

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

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

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

[b’lV, b'2', bVl’ bY3V, b'V]

sep ] A1 A 97] U None o W, T B8 ¢ 12 Fo0] 4P th: A% ASCI 34
TFEAZ 253, AL Aol T8 B WL 3T A b A4 Zel ¥ A
DUtk ATACR, W AALYASCH Mo 2 748 A ALE None FRAR Ur
EeE U

A=

>>> 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'1l', b'2', b'3"]

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

A3 FY vro| =7k A AD A A2 BALL FAF U dhars AR A AT who = HES A
She pel el A AUt - ol $2 o] WAZ/} 5 ASCH 2740 e e Aa e W,
2] A None ©] eHE, chars A1749] 7] £ ghe ASCIT 382 A) A SHE % Gtk chars A7 A5 A}
R u At obd Utk R E gk 23] AAR Uth:
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>>> b spacious '.strip()
b'spacious'
>>> b'www.example.com'.strip(b'cmowz.")

b'example'

A AE vlol E ko] vlol v gl Al 2+ A9 9 bytes-like object D 5+ Y5 T}

i o) WA= vio]E wjd M2 AlAFe] oA F2AeHA dsUth- HAHEA e A2 A 3
M AAE U T

Hpol £ 9 vhol = Wl Ao tha kg WA = ASCI 58 pol il & 4le] AL8-g 7Hd 5 Qele)
uho] 2] o o] Ejo] 48-3hel ok FuiTh. o] 4419 vhol= vj @ AL L B Aol A 255 ok thAl
Az AR E AT,

bytes.capitalize ()
bytearray.capitalize ()

7} ko] £ 7} ASCIT & 412 415 1 3 WA uho] B thE A2, Vo A & AEAZ BE D20 BA}
B2 Bl F U th ASCI who| =7} obd 52 WA A ghu Agg Uk

Far: ol A=) vhol= Wi M AL AR ol A A5 s T WA A ok 492
A A7 & whE U,

bytes.expandtabs (fabsize=8)

bytearray.expandtabs (tabsize=8)
HEASCH ] #4452 A9 43 Fo1X § 7)o whe} shuhvt 1 o] o] ASCH A5 o] A= %] 2hsh
Al A2 BALR S S8 FUTh § 9 X+ wabsize vlo] Entoh FAFUTH (7] 2 3E2 8241, €0, 8, 16
SOl HAAE AZFUTH. ARAAE ZA5H7] Sl A o] 002 AAHE I A|FAE vlo| E T
2 AR vl EZFASCH 8] B2} (b \t") o] 9, A do] th2 & 9 X2} Zobd w714 shit
o]/Fe] Aol FATAYF UL (F A A = BAFE A gksUTth) dA) vlo] EZF ASCIT 7H 3
B \n) E A B E 0 \r) oW HAS 1 @A DL 002 ARAH ek B dhol
W7 A g Bk 3 A A2 4 wh uho] £ 7 o] w A EAIE A of Al 14 S A ok

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

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

i o WA= upo|= WG AL AR NN FAA GHUTH WA A e AP B
A AA E v Y o,

bytes.isalnum ()

bytearray.isalnum/()
Return True if all bytes in the sequence are alphabetical ASCII characters or ASCII decimal digits and the
sequence is not empty, False otherwise. Alphabetic ASCII characters are those byte values in the sequence
b'abcdefghijklmnopgrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ'. ASCII decimal digits are
those byte values in the sequence b'0123456789".

dE =d:

>>> p'ABCabcl'.isalnum()
True

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

>>> p'ABC abcl'.isalnum()
False

bytes.isalpha ()

bytearray.isalpha/()
Return True if all bytes in the sequence are alphabetic ASCII characters and the sequence is
not empty, False otherwise.  Alphabetic ASCII characters are those byte values in the sequence
b'abcdefghijklmnopgrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ'.

A& =49

>>> p'ABCabc'.isalpha ()
True

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

bytes.isascii ()

bytearray.isascii ()
Return True if the sequence is empty or all bytes in the sequence are ASCII, False otherwise. ASCII bytes are
in the range 0-Ox7F.

B A 3.7 &7}
bytes.isdigit ()
bytearray.isdigit ()

Return True if all bytes in the sequence are ASCII decimal digits and the sequence is not empty, False otherwise.
ASCII decimal digits are those byte values in the sequence b'0123456789"'.

A& =49

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

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

bytes.islower ()

bytearray.islower ()
Return True if there is at least one lowercase ASCII character in the sequence and no uppercase ASCII characters,
False otherwise.

& EW:

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

>>> p'Hello world'.islower ()
False

ASCII &2 F A= A] 2 b'abedefghijklmnopgrstuvwxyz' o 9+ vFo]E ZEJ Yt} ASCII &
A=, Al DA b ABCDEFGHIJKLMNOPQRSTUVWXYZ ' o 9= Hlo]E ZF Yt}

bytes.isspace ()

bytearray.isspace ()
Return True if all bytes in the sequence are ASCII whitespace and the sequence is not empty, False otherwise.
ASCII whitespace characters are those byte values in the sequence b' \t\n\r\x0b\f"' (space, tab, newline,
carriage return, vertical tab, form feed).

bytes.istitle()
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bytearray.istitle ()
Return True if the sequence is ASCII titlecase and the sequence is not empty, False otherwise. See bytes.
title () for more details on the definition of “titlecase”.

SRS

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

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

bytes.isupper ()

bytearray.isupper ()
Return True if there is at least one uppercase alphabetic ASCII character in the sequence and no lowercase ASCII
characters, False otherwise.

dE E9:

>>> p'HELLO WORLD'.isupper ()
True

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

ASCII &2 F A= A2 b'abedefghijklmnopgrstuvwxyz' o] Q&= vlo]E 7Y Ut} ASCI t) &
A=, Al B2 b ' ABCDEFGHIJKLMNOPQRSTUVWXYZ ' o] )&= vlolE 7k U th

bytes.lower ()
bytearray lower ()
€ ASCH th£AFS 3l g &A= W2l A

dE E49:

o

229 BALE

=5y

o

>>> b'Hello World'.lower ()
b'hello world'

ASCII &8 A= A A A b'abedefghijklmnopgrstuvwxyz' o 9+ vlo]E zkd Ut ASCI tf &
Al=, Al B2 b' ABCDEFGHIJKLMNOPQRSTUVWXYZ ' o] 9= H}O]E 7“?:]141:}.

Fa: o] A= whol= wd WAL el A FAHA G- BAH A Gt APRA G
A A E whg U,

bytes.splitlines (keepends=False)

bytearray.splitlines (keepends=False)
ASCII & A A A Uz vtel ] Al A2 & g 2ES FHFULh ol A== ES
newlines B2 -S AH§ T T keepends 7} FHO2 Fol A A b & A e 2B B S
Fsurth

A =4

>>> 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']

T4 /\]34’\561? o] Folgg wl split () et 22, o] I EE Rl AJg2o] tisf A ¥l Bl AEE &7
Fa, v A g S vk 2 A S5 HEA sy th
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>>> 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 ()

EASCH £ 278 319 A, 1 o5 vharb] 2 A8 A @20 BARS S E U

dE 5d:

>>> pb'Hello World'.swapcase()
b'"hELLO wORLD'

ASCII A48 A= A A2~ b'abedefghijklmnopgrstuvwxyz' o 9+ vlo]E zkd Yt} ASCI o) &
Ab=, A2~ b ' ABCDEFGHIJKLMNOPQRSTUVWXYZ ' o] &= vlolE ZF Y th

str.swapcase () = E8 vlol g 8|49 3% A bin.swapcase () .swapcase () ==
o] AYFULE 949 FUIE ZJAE A dnkA o7 YA &= %A vk, ASCIof| A] Al o] &~ H 32
o1 4 2] o

i o) WAE v = i WAL Aol B A hich- AR A g A4S 2R A
A AAE BE U,

bytes.title()
bytearray.title()

©ho] 7} ASCIL tf & 2= A ZF3tal ym #] 2 1 A& Alo] 2~ W e} vio] e Al dAE
EHFUTh AlolA Qe ol E g2 FAHA 2 FHE Esyth

S =i=i]

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

ASCII & F A= A2 b'abedefghijklmnopgrstuvwxyz' o Q&= vlo]E 7FY Ut} ASCI t) &
A= Al A2 b' ABCDEFGHIJKLMNOPQRSTUVWXYZ ' ©f )+ HlolE g}%} Uth o2 EE Hlo|E e

A ol 27} U e

o) YTAFL Tol B AT A% OB WL T do] HYH 3
G5ol oA 5 o A5 o

A3k A7k obd £ Y&vth:

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

AL Aol FEAER I N PHS TAT S s

>>> 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."
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Z3: ol WA= upol = wd WAL AR e ol A el A Tt AAEA ok A9 xA A
A AAE BEL

bytes.upper ()

bytearray.upper ()
REASCH 2 E 48 P A2 Mad A B2 BARS S E U

d&5 Ed:

>>> b'Hello World'.upper ()
b'HELLO WORLD'

ASCII A28 A= A A b'abedefghijklmnopgrstuvwxyz' o 9+ vlo]E gk vt ASCII o) &
2=, Al W2 b ABCDEFGHIJKLMNOPQRSTUVWXYZ ' o] ¢l vlo] & gkl yth

Fa: o] WA= vl = wjd WAL Ael o) A B hUth- WA A e AR G
A A & g e,

bytes.z£ill (width)

bytearray.z£ill (width)
2ol 7} width 91 A1 B 25 THE7] 93] ASCILb' 0" RS Y Zof 22 A4
M%HEQTG®+m'WL$§T44“ﬂﬂHﬂﬂﬂH%%ﬁiiqﬂ%qwbﬁ%
A S 75, width 7} 1en (s) ok Z AU 2 F¢ A AFd2E SHF U

dE 5d:

>>> p"42" . zfill (5)
b'ooo4z2"

>>> p"-42"  z£i11(5)
b'-0042"

A3: o) M=) who] = WA WAL AR oA BARA Ut MAE A S ASEA A
A A7 2 B ).

4.8.4 printf AE}Y vlojye] Zujg

. 047] of AiH 29l A4k o 712 HEA QA S /FE (A& €0 FE=H 9 Y E Sul=A F A5
X]llﬁ} ) et gt FAIE S dsUth A2 Fol FEE= 9V E L A FE2E ARk
.

vpol g] Al A A AA = bR 78 g A4S Z2E JF Ut § A4 (R EE). o] A2 vlojy g &
e Ee A& ARt E YT format % values 74 o A Wl (format 2 whol U 2] AJA AP T,
format LHT.J s W3 PAM =07 o)A values o] L4 Z AH Ut} o] 7= C Aojoj A sprintf () &

AFE 5= A} v =gy o)
format ©] 3 }2] AAE 83, values = ] W {FZ A A 4 A5t 2182 k2, values =
format vFo] 2] Al d 2 A 7} A A 8= E*EJ o 22 FEoAY L ufg AR (& =], 9 )

of oF gyt
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A& Al s F A ol e BAE T tha 22 74 L a5S 238k, WEA] o] SATHE Lretof
ik
1orer A WAL AES UER YT
2. W3 7] (A8 AR 2SR YA 2AEY AEAE FAAF UG (€ £91, (somename)).
3. & ST (AE AR dF HE 739 Aol 9Fe FUTh
4 H 2 BE E FE A x (ON2E P 23) 2 AR, DA FL vales FEL T 244 93
89 A He 9E 20 468 AYE Ho] gt
5. AWE (AE A L () Tl AUEAFFUTh x () AE A3 2 AR, A AU R
values 75 2] Th& 2400 A ¢}, ST g2 AEE Foll Utk
6. Aol R A (A= AR
7. AgFH.
2% QAL YA (E Th2 0P F) 9 F9, ol el AR Aol gl W PAIE MEA] s
2R 02 Hol 2 G ele] ) 8 B2 Bl AE) = 2 el ok Ttk uF 7= Eua kS v
oz HE AEFUT o] E 5o
>>> print (b’ has quote types.' %

.. {b'language': b"Python", b"number": 2})
b Python has 002 quote types.'

(= AA ) WS B2 o] B ey ol e gy,

o) A%+ ARAE ST S 9
s
=]

%Y
WY 2o 1 B g2 2

Bl

| gk R oAl A off ol FojH o] s UTh = A YT
0" | WEe R FP 00 = AF T

- [ HEE gL dF o JAF Ut (F o FolA W 0! %ﬁu}wgqu})

rr | @) FE gle W uEe] el FF skl W wAF YT E W EAE Y
th.

Tt [ REEACH o =) PR el FAUT (" S FAFY .

>

2ol £4% (n,1,1) 8 AFE S QAW sl Aol 4 B5HA 9] 2ol FAFUTH- o] & o] 51d
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oo x =

3 =

o BE g RS AR R,

it B e A AR £

o' | BT J=8A5 7L (1

NI B ®)

x| FS =167 (B AD. [©)

X' HS Q= 1675 (HEA. (2

re' | e &5 A P A (LA, (3)

'E'| e oy A 94 (WHEAD. [6)

£ e e A 94, 3)

T EE A AAF B4 ©)

9| FEATE I AFTTHAEG FAGALE ot FA] GOl 2 EA AT P A S AL, | @)
I8 o ARAg A4S AU T

G| S asA A ATt A4R T FAA G A YT Hop 2] ko ) E X} A A2 AR S, | (4)
awx o 425 WAS AR T

‘o' | D mto]lE (4 o] 19l vioj Y g] A]AAE 583 ).

‘b | vl A A (W Z2EE S WEAY_ _bytes__ () 7} Y+ E& AA). )

"o s = b o W elal ool 23T AT A1 8 FoloF AL, ©

"a'| H}o]E 4 (repr (obj) .encode ('ascii', 'backslashreplace) & A& 35te] BE 1to] | (5)
N AAE WY h.

e e £ a9 E ol 3 SFola 2T ATE AFE ol oF ST TR, @

| A mEE A g, ATl v BRI EAE AT

rE:

(1) A FAe A AR 52 kol A3 874 A A (100" E AP FUTH

2) thAl B4 A AR =2} o]l A 10x' B 10X ("x' U X F8 F olu AL AFR sl ulhet
g uch S A9 ch

(3) A FAL I F el A7 e A drigte 4 A4S 2T
AUEE a5 olst A sleE 245 7|2 6d YTt

@) Al B 42 Aol T4 25HE 2F3 FHoll L= 02 AAFA s Th
AU 27 dHY F & ASSE A8 71232 69Ut

5) AEE7IN o2, 82 N EAE Pt

(6) b'ss' £ HAAH JFULh AT 3x Al 2] =0 A& A A A g5t

(7) b'sr' & HAASH PG UL AT 3x Al g 2o A= A A A ek Th

(8) PEP 2372 Iz 35HAM 8

i ol WA= uhol= WA AL Al F A FEUTH- WG A = A2 FA A

27 BE U

o B
PEP 461 - bytes 2} bytearray ol % X1l g 37}
B A 3.59] F7}
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4.8.5 W2 F

memoryview ARE Sol A HEI MR ZREES S A A5 AA o] R ol E o] Ba} glo] Fa

]

2~
T

9171 g e,

class memoryview (obj)

obj & FR3E memoryview & WEUTh obj £ W3 T2 EZS A YajoF FUth M3 T2 EZS
A Qal= WF AA o= bytes & bytearray 7F 95U Th

Amemoryview £ 84 2= /Nd 2 Zh=d], Dl AA obj ol &5 Ael= = A2 A w2y a9 dth
bytes 9 bytearray & & W e Y o] ¢ 2 4= stuho] vlo|EO| AW array.array 2+
derie 9o 2 e At A4 4 95t

len (view) & tolist & Ao} ¢

= .V 19yt view.ndim =
L olw ol 3ol e Ral 4ok 2o

axpge 49
Do} ZHULE itemsize o EYREL B 249 vlo]= £2 I F U
memoryview &= €epol A3 A G A Adte] HolHE =EFUth A Sgtola2s AR JRE
s YT
>>> v = memoryview (b'abcefg')
>>> v[1]
98
>>> v[-1]
103

>>> v[1:4]

<memory at 0x7£3ddc9£4350>
>>> bytes(v[1:4])

b'bce'

format o] struct RES] W EN B4 AR F e 49, A5
Y= A A v SuHE Yo R Shie) 928 =
e Es A9 ¥ gla e oA, 93]

F gtk o714 ndim & A9 S AU GAA M B BE W FER AG4T

the-2 whol £ 7} obd g 4]9] o gy Th:

o

(R
eriggg

rr bg 3
f(
fifel ot 1
ok
o>y rr
e

e
15 X

+
%0,
oy

>>> import array

>>> a = array.array('l', [-11111111, 22222222, —-33333333, 444444447)
>>> m = memoryview (a)

>>> m[0]

-11111111

>>> m[-1]

44444444

>>> m[::2].tolist ()

[-11111111, -33333333]

SHi AR 7 27 b5 S, v mE B QA9 Setol s e AAGUTh 27 WFL 85 A
ik

>>> data = bytearray (b'abcefg')
>>> v = memoryview (data)

>>> v.readonly

False

>>> v[0] = ord(b'z")

>>> data

bytearray (b'zbcefg')

>>> v[1:4] = b'123"

(F= ol AT el A%)
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(o] A sl o] A A M A%)

>>> data
bytearray (b'z123fg"')
>>> v[2:3] = b'spam'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: memoryview assignment: lvalue and rvalue have different structures
>>> v[2:6] = b'spam'
>>> data
bytearray (b'zlspam')

B, b e W49 A 71 (2171 A8) Wl QA9 w22 Fi 4] 4] 15 F Tk S1A1E hash (m)
== hash (m.tobytes ()) & ZoH Yt}:

>>> 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

A 33014 WA: o)A YA vl e] HE Setol 2T 5 uiTh o)Al F o] B, b, e 9 AR
o 2 3 oA ks e

WA 34004 AA: o]A W 2] HE X507 collections.abc.Sequence & S Ut}
WA 35004 W7 o)A Mm e i A BEE AR & dath
memoryview = B 7k A EE 7FX 1 Q5 Ut}

__eq__ (exporter)
w| i8] -9} PEP 3118 A& A} (exporter) £ Tt 22 205 W5 o vy vjluguch: 2
o] F551 3 AR 2 A BET} st ruct BPS AHES] 4D o) 2E ST gro] 2k

S|
A tolist () 7} AQP3tE struct A EALDe] HE Fgte] B¢, v.tolist () =
tolist () Wv&wx=ZHUrh:

>>> import array

>>> a = array.array('I’ [, 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

FA B2 o] struct EoA ADH A ko AA = T4 2A Gt v g UthH(J A &4t

A5} vl 3] ) § o] 2l ehE T EHU o

>>> from ctypes import BigEndianStructure, c_long
>>> class BEPoint (BigEndianStructure) :

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

_fields_ = [("x", c_long), ("v", c_long)]
>>> point = BEPoint (100, 200)
>>> a = memoryview (point)
>>> b = memoryview (point)
>>> a == point
False
>>> a == Db
False
RS 25 2R AR, W2 B AN Ay is wdWEv == wt JHHA &S
% gy
WA 33004 A o] d A e FE FAT =2 & FX2E FAISHL A 22 E v
ot
tobytes () _
Wso] HolE & uoled g S EUTh ot WRel Hol bytes AYANE TEE AT 55
gt
>>> m = memoryview (b"abc")
>>> m.tobytes ()
b'abc'
>>> bytes (m)
b'abc'

ﬂdJ At A=

2z E = E
tobytes() £ struct B THA gl A

hex ()
W3 o] e ES F le] 16142 EAA EAL AR E Sl F )

>>> m = memoryview (b"abc")
>>> m.hex ()
'616263"

WA 3.50] =7}

tolist ()
H3 Yo dolEE 8459 grER EHF T
>>> memoryview(b'abc') .tolist ()
[97, 98, 99]
>>> import array
>>> a = array.array('d', [1.1, 2.2, 3.31)

>>> m = memoryview(a)
>>> m.tolist ()
(1.1, 2.2, 3.3]

WA33A MA: tolist () £ oAl struct ZEEH ZE DU A ol E] B 43 oAb
¥ ADdYHh

release ()
Hlzel { AR o == ot M HE AT U B2 AAE 772 AR AZE o
ST 2AE FUT (S 501, bytearray © QAIF LR A7 242 FAFYHh; whebA,
release() & T E51W 7153k & W o] A F AL Al A Skl E53 ZP%Q A 5 AFYTh
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ol HIMEZLSEH &, Holl st o o] AL valueError & ozjUth (e H S & 2
T Q& release () AAILZ o & QY th:

>>> 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 2SS AYLE Be) ZREFL NS T ERE ¥ 5 Y5k

>>> 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

B A 3.20] 7}

cast(fbnnathhape])
HEZ HE NZEL Aoy RFoz AN2a"-3d YTt shape 9 71 EFS [byte_ length//
new_itemsize] ldl, 23 B} Axpelo] Hrpe o ul ek wHak e A= e v w e Hol
A)%E B3 AA = BALE A ek A 9E S AAEL 1D > C-91% 7 C- A% > DI,
EAFAL 5t ruct BHO B @ 4~ Yo]E| B Ao A e T 84
51

(B’, b, ‘) o] of of gl T}, Ao ol & Aol Ae) o] 9 Zolok
1D/long & 1D/unsigned bytes & | X~ E.:

Shib vhol= 9 4

>>> import array

>>> a = array.array('l', [1,2,31)
>>> x = memoryview(a)
>>> x.format

'll

>>> x.itemsize

8

>>> len (x)

3

>>> x.nbytes

24

>>> y = x.cast ('B'")

>>> y.format
IBI

>>> y.itemsize
1

>>> len(y)

24

>>> y.nbytes
24

1D/unsigned bytes S 1D/char & 7| 2~ E :

>>> b = bytearray(b'zyz")
>>> x = memoryview (b)

(CF= ol ATl A%)
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>>> 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] = Db'a'
>>> b

bytearray(b'ayz"')

1D/bytes & 3D/ints & 7§ 2~ E 3t & ThA] 1D/signed char & /H A~ E:

>>> import struct

>>> buf = struct.pack("i"*12, *list (range(12)))
>>> x = memoryview (buf)

>>> vy x.cast('i', shape=[2,2,3])

>>> y.tolist ()

(rro, 12, 21, 13, 4, 511, I[le, 7, 81, [9, 10, 11111
>>> y.format

lil

>>> y.itemsize

>>> len(y)

>>> y.nbytes
48

>>> z = y.cast('b")
>>> .format
lbl

>>> z.itemsize
1

>>> len(z)

48

>>> z.nbytes
48

N

Cast 1D/unsigned long to 2D/unsigned long:

>>> 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 ()

(ro, 1, 21, (3, 4, 511

B A 3309 E7}

WA 35004 A vpolE Ao HaT uf & A o] HE AT A ks Ut

2 717 &7 Ag oJEFREL AL 5 QG T
obj
w22 Fo s AA:

72
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>>> b = bytearray(b'xyz')
>>> m = memoryview (b)

>>> m.obj is b

True

WA 330 27}

nbytes
nbytes == product (shape) * itemsize
A A E vpol E £ AUtk F len(m) I Ze B2 E FUH:

== len(m.tobytes ()). Bfg o] A

I
iy
e
2

>>> import array

>>> a = array.array('i', [1,2,3,4,51)
>>> 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=[3,4])

>>> y.tolist ()

>>> len(y)

3

>>> y.nbytes
96

(.o, 1.5, 3.0, 4.51, [6.0, 7.5, 9.0, 10.5], [12.0, 13.5, 15.

0,

16.5]]

WA 3.30) 27}

readonly
227t o7 A& AA o fE el = ==l 3k
format

Hol Zy @ 4o t)3F Al (struct B E

o
1o,
o~
o
Fl

f

Fobe BAAAUTh B2 B AT

Ea
EHY 4o FA EALE B0l & YA, AR WA E(, tolist ()T DA HolEH
P

4
B 94 PAow

2 Y o

WA 3304 WA ‘B AL oA struet 2F WOl wet APy o] A2
Ho

ol v g k.

memoryview (b'abc') [0] == b'abc'[0] == 97 o]

itemsize
Mg B 72k eae] =7) (uho]E):

>>> import array, struct
>>> m = memoryview (array.array ('H', [32000, 32001, 3200271))
>>> m.itemsize

(EFS ST Ao AZ)

4.8. n}ojg] A]F A 3 —bytes, bytearray, memoryview
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2

>>> m[0]

32000

>>> struct.calcsize('H') == m.itemsize
True

ndim
v 2 2] 7L YEh = ik v D o] A9 2 YR B4

shape
N-ZHd wf A=A o] w2 2] o] Rgg 7Hel7]E, 2ol ndim Q) A2 FE=dyth

=
A 33004 WA :ndim=0 ¥ w] None Al ¥l FZ& A|F 3k

strides
Qo] 2 Aol ) 2 245 Fxshee] BRA ol £F AF e, 2ol ndin o Ao
= 3L O
FEurh
W 33004 W7 ndim=0 ¢ o] None thAl ¥l /F&& AlFFth
suboffsets
PIL 22ebed wi ol w22l 0 2 AL U ch ghe A8 AT LUt

c_contiguous

H 22 7FC-¢15 A& et = =2 3k
B A 339 E7F

f_contiguous

HZe 7l ZES A% AAE YER &= =g %k
WA 3.390 F7T.

contiguous

H 227} 1< AR & VERY
WA 3.30) 37}

rlr

=23k

4.9 23l 3 — set, frozenset

A (ser) AA = A2 o2 A 7 AA 9 €A e AdAddunh drEd 55 WA FAL AlEA
AN 52 AAS DA FAH AW, A A A 22 2o A0 AN AU (CHE Ao
HEL W& dict, 1ist, tupleiﬂ]/\‘g—l collections RES ZFZRIAA|L.)

g2 Zal A up 7l 2, J32 x in set,“len(set)”, for x in set & AYFYTLH A7 = 2
Aolmi, 0 B0 AT 49 A5 A S Ao Gel A A A, 2ol e 1ol
ARG FAT EA4E ARSA S U

AR F 7HA WFE o] JdH5 UL setd frozenset. set §-2 7ZPAY YT — W &2 add ¢ LJ-J:emove()
9} 22 WA EE ARGt WA & A5 UTH 7)Y fq]—'—"ﬂ s Al gkel glor “ﬁﬁﬂ 7] Ee UE
A Haz2 AT 5 5 UTE frozenset F-& EW oA 5| A 715 2}14‘3}—”}*01 A Zol&= ‘H%%
WHE 4 QU Th ek 9 AU e 7] i 0 e A4 AT S AU

Mo] 94 9 set (frozemset & S TH set AR b2 F2E o] AR THE U4 522
1%101/\% E’l’%zl\_ %%qq;&ﬂa 01.{ jack', 'sjoerd'}.

5 Zejag AAAE 2A FFTUH

class set(Dwnwk])
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class frozenset ( [iterable ] )

iterable X A 2. 25 3= A set === frozenset AR S S8 E Ut JT A E V=R 3] A] 75 3 oF
Utk AEY A 4&‘5}34‘1‘ ZPE = JF2 TN frozenset WA o of FUth. iterable <
ARSA Fom A W ARE EAE U

setd} frozenset o JAdAL 0T 2L A4S AZFUT:

len(s)
s A& 569 27)E EAFUG
X in s

soll sl x o A AS AARY T
X not in s
5ol N3 x o] W] WA A o
isdisjoint (other)
Ajto] other 2F 35 DAL 27 = A True & SHFUTE AT 2R 3ol - FTL o,
2831 29k A & 4 (disjoint) 2} 12 T},
issubset (other)

set <= other
Ao BE U7} other o] ZFE £ AAGU T

set < other
Zglo] other o] AFRE A SH 2] AAFg U tH =, set <= other and set != other.

issuperset (other)
set >= other

other ©] B= 914 7} Ao 23he =2 AALS T
set > other
A gro] other & A/FARATAA AAEYTH &, set >= other and set != other.

union ( *others)
set | other | .
A3} ZE othersol] Y= D4EE FAD A AFS SHE UL

intersection (*others)
set & other &
A& R E othersd] 25 AAEE TAE AN AFS SFUTH

difference (*others)
set - other -

Aol L 3% 90 othersol = E 3 X 2L A4ER 24 A AFS SHE U

symmetric_difference (other)

set * other
Agrolttotherof] 235 o] QLo & B 5o
.

f

A= G2 AAEE F4EA AN A

sy
o
il
v
i)

Far, AARI obd v A9 union(), intersection(), difference(),
symmetric_difference (), issubset (), issuperset () HAEE A2]9] o Eil_ﬂ%% o1 &}

i%@%ﬂqq-WiagiﬂﬁﬂéﬂMQEahmgﬁﬁ%%]ﬂﬂﬁﬁ AL 8%
Utk o] A2 /77287 412 set (Tabe') & 'cbs' 2 22 FAZ WAL ¢ ¢7] A=
set ('abc') .intersection('cbs') & A& )

setd frozenset B A3 7k v & A Jd Yt F HTLe 47} o2 R 3o
EFF ol Y= Aol T LT (MR OE Q] BRATAVCH, Aol ThE AT AR EL T

4.9.
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(FEAFOIAN ZA = 2 AL et A AR JEo] F Hx JFE 2 %‘4‘3}- Agol &
A AZARTF AR T AT 2R = 42 F) Y wivt LRH Ajte] & WA AFE G F UL
set Y AdAEHAE T YALE 7N O 2 Frozenset 9 AIABE A U IR YT o] & E0],set (Tabe!')
== frozenset ('abc') = True & 58 F 1 set ('abc') in set ([frozenset ('abc')]) &

a} 874 g o,

HE A3 4w = uwE= A A (total ordering) 42 Aul3lE A kS5 Ut oS Eo, vlo] U A

A F Y AEAA FAF2 A G AR BE Aol obdyth 2efA thg& B+ False &

=3 =Yt} a<b, a==b, a>b.

At B <A (—‘jr—‘?'— A AA) R Z 7] wf2oll, Ao elAEe| gt list.sort () HAES
AE Ao A o wq.

gAav g 712", J e das = A] S A] 75 S oF gy T

et ARRLS frozcnce £ EY B 1Y BUL A WA AALA B FAFU AE T

frozenset ('ab') | set (' frozenset & AA2HA~E E3 = th

% ¥+ frozenset o B A2® A= HEH A kAl set AT AR 5 = A4S UE

EN]=r

update ( *others)

set |= other |
A3HE A A, BE others2] YA E

tjo

B3y ok
intersection_update (*others)

set &= other &
A= BAMNA, 2 3t othersol]l 522 23

o
P
i
=
v
Y,
°
o

difference_update (*others)
set —= other | ..
Z e AL A, others Id=Hdars

symmetric_difference_update (other)
set “= other
AgS BAMA, F JEY o= S elnt 23d Ao

ful

o
)
)
o
<
o

oY
°
A

add (elem)

912 eleom £ A 5ol 274 b,

remove (elem)
A elem & JFAA A AZUTE elem 7} F gl 2= o] YA RO KeyError & 42Ut

discard (elem)

A2 elem o] A dtol] £3hE o] 9low A At}

pop ()
Aoz Re Qo)) Q45 AAN EHF U Aol Mlolgle B keyrrror & LU
clear ()
A3kl BE 94E A AT,
Z 1 =7, update (), intersection_update (), difference_update (),

symmetric_difference update () WA ES H AAX HAL doJo olHHES QA E vt
EENEES

212,  contains__ (), remove (),discard() WA ER Xﬂ—‘—ﬂ = elem A A =set 4 = Y5 Uth
= =3} frozenset AL X A35F7] Yal, elem 22 A A| frozenset 2 951 T}

76
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4.10 v} & —dict

v A= A 75 e del el AA ol -k v+
3] o] 01’\141’4-,9,/4141’4 (dictionary). (CF2 ZH o] &2 W

2ES zl—z -5]_/0 ;\] Q)

A ele) 7 el ool dale o ks B eke g,
(A7 oLolHElE] T4l ko= Wl E UTh & 7| = A8 3
e AuA A 42 WEUTH: F 247} 2 v i
Qs Az waehol 88 4+ Utk (1oL 2
SAZE A 2 BN AS ATHA Faich)

gMavelsdict AR ot et T 23 ol dEE T EH key: value B2 UE3iA s 5 54U
th & E0]: {'jack': 4098, 'sjoerd': 4127} EE {4098: 'jack', 4127: 'sjoerd'}.

€7k AR Qe 8 03 Shtel 5 v

list, set, tuple E8 2 W collections

class dict (**kwarg)

class dict (mapping, **kwarg)

class dict (iterable, **kwarg)
9 LA Ol F A A= AT Ao 2108 A DA E EA T
AR AA AFE A FOH W AU AL wEPULE X A AR 1 P AH A B
w3 A G 2L 77k AL e GAN R BEel Ay th 284 o 92 A ol e el
Ao ok Fruth olg el 89 7 352 11 AR = FESHA F RS AA 7L A= OlEiEi%OMOPE‘HE‘r-
Z- 5o A A AR = M EWHEH 717 = a1, = AR A= S ghol Huth 717 7 W o]
LhebLFR, 1 719) uhA Bt kol A} E A v el o] s gko] Bt
71N E QAT A FEH H, 7|9 E AL} D ol A AAZREH vhEol X gAY g F7HE Yt
F7tE & 717} olu] EA 5, 719 = QA ol A & Fhol $1 A AR AlA & gk S A Y o

AL 5°], thx olAl& ZF {"one": 1, "two": 2, "three": 3} 2t Z2YMUIIE EHFY

O

>>> 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})

>>> a == b == c == == e

True

3 A A °1]Xﬂ°ﬂ/<19}7‘°1 714 gk sfold A ARl Z)of thef Al vt sy th 1 29

EoxE= 8
FEEERFETIIEANZE T %l%ﬂﬁ‘r.
A 9P 7 Adshe dAEdUTH (T H 2R, AHEAF 9] w3 F = A3 of i thy:

list (d)
Return a list of all the keys used in the dictionary d.

len(d)
9AUE o) At FRe| £E FAFU
d[key]
7] key 1d & 52 EHFUTH key 7 v ol gl B¢ KeyError & 4o Uth
dict 9] A2 2 e A7 method__missing__ () & 9|81 key 7HEA 3R] QHETHE, d [key] A4

o
2 I key & AAXZ 3to] I WA EE TEF YT 28 tha dlkey] A4t _missing_ (key
FZo] HiEEt grolu Yo7l o9 = O E whEst Ay ot thE Aol A E=
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__missing_ () € Z&3A ¢5YTh _ missing () o] AojE o] YA ¢FOo W KeyError
E 4o Uth _missing__ () S HIAE Aok Fyh A" A HpTHE 5 gl
>>> class Counter (dict):

def _ missing__ (self, key):

. return 0
>>> ¢ = Counter ()
>>> c['red']

0

>>> c['red'] += 1
>>> c['red']

1

19 o= collections.Counter 78 4FE HAFYTh ThE __missing__ WA =7}
collections.defaultdict oA A& Ut}

d[key] = value

dlkey] & value 2 2t}
del dlkey]

d oA dikey] & AATULE key 7} ulF ol Qe A KeyError & 27t
key in d

doll 7] key 7} Y2 True &, 18 A O False E EHFYTH

key not in d
not key in d & 55t

iter(d)

gAY 7] gk olH el ol E EHF Yt o] 2& iter (d.keys () o &S rh
clear ()

gAadelel A BE 22 A ATk
copy ()

YAl e BARE EEF )

classmethod fromkeys (iterable[, value])
iterable °] A Z3t= 5L 712 23}

mlo

= 7
L

I EE TS value 2 2T A 9B E S8 FYTh
fromkeys () + ME-L 9AHEE 85+ FH2 WA= I YT value & 7] 32 None ¢
gt

get ( key[ default]
key 7 9 2lol| Q= 4
default 7} o] A R ko
9074 gt
items ()
g e FEE((key, value) BE)Y A

keys ()
AV 7159 Al RE BAFY H A0 4UA & B2 2.

pop (key[, default] )
fey 71 Aol Qo AAG T A GATUTL TG FOH defaul & ETAF I

S key ofl TS B e BEFTL, 1A O default T £ F 1T,
7123k None o] AL UTE TehA o MAEE Ak Keymrror &

£ =9

o)

Utk 3 AAle] A9 A 2 Bz L.

Ehs

default 7} 0] A A] 931 key 7k Ele Qlod keyError & 4o Yt}
popitem ()
g (key, value) & Al A3 =85 U Th %2 LIFO (last-in, first-out) <=4 2 ¥+
Ak
H
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popitem() & A L FoA FF AHEHZol YA E S st H e w °l Elg| o] 4 st
FEFUT. SRR} ool AeH popiten() B Keyrrror & Ao AU
W 3.700 4 WA o] Al LIFO <A 7F B Uth ol d WAl A=, popitem () 7k 42l 9] 71/3k
A2 A .

setdefault key[ default]
key 7H M2 o) 9o Sl 3 B HUTE 1A 9RO, defaulr 34 2 key
default 5 =& 5 Ut} default &) 7] 2352 None YUt}

update([omaq)
other 7} A 3-8 7/ A2 AR AAGUTE 712 71 o1&t None & SHEU T
update () & o2 9AM U2l AA v 71/5 (2ol 29 F2olvy e olHE E) = —Zrt 015%31

olE & B wolEdurth 7= QA AAZHWA, g el= 1 71/3 e E FAH YT
d.update (red=1, blue=2).

]

TR

values ()

YA ksl Al BE SdFYTh ¥ AAe] AU & BxsA L.

An equality comparison between one dict .values () view and another will always return False. This
also applies when comparing dict.values () to itself:

>>> d = {'a': 1}
>>> d.values () == d.values|{()
False

Dictionaries compare equal if and only if they have the same (key, wvalue) pairs (regardless of ordering).
Order comparisons (‘<’, ‘<=’, “>=’, *>’) raise TypeError.

BAYEE Y A4S SATUT 718 AR E SA ol FFE 1137 ST A o) 27hd
7]& Zoll *J?J%HD}..

>>> 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}
WA 37004 A gAY A= AYd A Yl A Yth o] 542 3.6 F CPython®] & A7
Ay,
o X1

types.MappingProxyType & dict & §7] A& F& W=+ o] AT 4+ JF YT
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4101 Y AY 3 A

dict.keys (), dlct values (), dict.items () 7} E8lF = AA= H AA) JUch g9z 9 =&
o thet 4 FE AUt =, 97 HAEHE Fe ol WA Arg= vyt

gAv g He olgeo]dE Fall 44 tlolHE A4S 5 A3, W4 AAE Addy o
len (dictview)
gAv el 9 48 58 BHFYh

iter (dictview)

gAMU el 7], 3, F5((key, value) FE2 ZHFUThHol e olH e ol E EHFYth

712} 2 Ad =AZ olHd ol d FUth o]l Wl 2ol zip ()= AFEN A (value, key) = WE S
J5UTH pairs = zip(d.values(), d.keys()). ZL g2rEEN=EE=TE W H 2 pairs =
[ (v, k) for (k, v) in d.items ()] Y4t}

gA g &5< 7t A Y AHAl st &< RS olHdl ol 8t RuntimeError 8 o7 ALt

2E G oE ol oA £ 4 Yo
WA 37004 WA AU 9] A7k AR A F ol B T
X in dictview
x7P sHE AAY e 7], 7, FEol = BF True € EHFYUT (A HY] A $x = (key, value)
FZo]olof g Th.
| B F2o] WH3 A Zbs et e Qg FAR o RE gho] 1A 7 el A (key, value) BE
o] W31 A 75 SthE, FE A AT fAF T (R e FEol A o7 15514 ¢ )
Toll At} 2ol AFH A FFuUth) A& A O A A Mol Felx collections. abe. Set
of AoH BE A A E = AU (A& 91, ==, < 7).

A B A o

N

d

>>> 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

>>> # 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'}

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

>>> keys ~ {'sausage', 'juice'}
{'juice', 'sausage', 'bacon', 'spam'}

411 AYAE B2 7} F
SFo A9 with B2 AU AE el A7} Ao & AP A AHAE YL AATU L o] B4 A= S
o, A8} ) Fel 2t ek A9 7] Aol A5, Bgel Bl BETHe

A3l A TR =

A% A7 7Y E%@AQ#“H%%G

contextmanager. ent O
AYA A 2 Eol] A3 o] AR Aok A A7 A A} FAE ThE AAE B F Uk
ol M= EHFE —-1ﬂﬂaeﬂanenﬁdtw th#2) as @] 48xte] AZF ).
AN g EHFE AGAE Bel A ot 5k A7) Y. 3 éa]% enter Oﬂﬁﬂﬂﬂﬁ%
EeF L with Be AERE ZANOR open () EAEL T UESFS
A AN E Fej R A
A=
=L uq

E
[e]
AY2EE W4T 4 YA T

ry
>
rlr
paLy
o
<
AU
)

g Z}e] o= decimal localcontext () 7]—521]
25 AYAEESE Qg AR A4 AHAEL BALE o7 A3}
23 WA with £ hriel 9 A 414

'_l
.
jop
M
o’
=
my
1o
K
[
=2
o2
o
mlo

contextmanager.__exit__ (exc_type, exc_val, exc_tb)
AR A AUZEE G BAD 9] Fofof A B Ael7)e
with £9] 1] 2 A sHs Sk o9l b g s, o] ole] 8, g8 &
A oo™, AN 7}A] Q1A 25 None QY Th
o] A = ol A %k—% =82 with Bo] 922 WP with EUlE FHol] 2= EFA A& A3

Utk 20199 A%, of MM =e) Ado] 2B Fof o2 A% AQUTE of WA= A Zol
WA S} of 9] = with B9 Bl o A @A) 8 B E o] 9] & o)A S T

A d oS HAHCR A doeANE dFYUT-tA, ol MAETH 43 A s grE o
89 A2 94 AT S m)o] ASE B ATolok Bileh oIS A W AAAE el 2E
_exit. () MAEZFAAZ ARFYEAE AA AL 5+ AsUTh
ol 2 418 28 5715, Aol BE AN A48 8], 38130 B9 H8 a4 4% BYAE
WO e 28 A 9517] 9] W A DA Bel S Bt AL e nRE2] THE
Yol FAIR A B S0al AHEA Sk B 7 Al E concexclib ZES RAAL.
glo] W o] Al E| o] ElsEF} contextlib.contextmanager B2 o]E= o] L2 EZFS T H3= AT
S Al Fg Ut Ay d o]y §4=7} context1ib.contextmanager Y T & 9] HE dlZg ol =,
vz ol = A 2 Al el ol FrF = ol H ol thalo] 237 _enter_ () 9 __exit_ ()
WASE PRI AdAE Bel AT EeF LT
510l UC APLS) 5ol 0 AN AT G AN = ol AN =EE 5] 2 S Gk 4 2

AN L. o)l & WA =E Ao SR s gL AubA ol st m M AT} 7bs 8 v A =2 A B8 of
Ytk A9 A AAEE A4S 9 oSl Ts M we T @ e Fols AN 299 enssE
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4.12 7Jel Y& Y

Aelz 2B = o8 7HA o& AAE AL Fh ol A

il

o

rlo
ol

5 74 Qabe A A,

4121 25

EEo] et F L3 538 A o EFE AA 2P YTt m.name. 7] A m & EE ©| 3L name = m ]
AE HolEo AoH o] 5ol ANAFUTH BEJEHRE-UHIST + ?1%14‘4- (import & g U3
25w 25 AR g A4kl obd U Th import foo & foo ehe ol £2] W E A 2AE AS 2 7oA
201, ol e 7kl QL& foo BH= o] 5 () Ao & 2 7P Th

EREY S oSHREL o G o AR RES Q¥ A AFHE GG
ol g E TASGAREY AEH B AAZ HAHAT, __dict_ oEFE e A i<
7MYt (m.__dict__['a']l = 1282 & F YA, m.a7F1 o] HAT, m.__dict_ = {2 &
SE QUTh.__dict__ o) 889 44 AR gL

Ql 123‘5101] ‘/HX]’Q BEEL 23 o] AU} <module 'sys' (built-in)>. oA REF,
<module 'os' from '/usr/local/lib/pythonX.Y/os.pyc'> A& 22t}

4122 Ze) A9 Ze|A QQAEA
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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'
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>>> int.__ subclasses__ ()
[<class 'bool'>]

4.14 Integer string conversion length limitation

CPython has a global limit for converting between int and str to mitigate denial of service attacks. This limit only
applies to decimal or other non-power-of-two number bases. Hexadecimal, octal, and binary conversions are unlimited.
The limit can be configured.

The int type in CPython is an arbitrary length number stored in binary form (commonly known as a “bignum”). There
exists no algorithm that can convert a string to a binary integer or a binary integer to a string in linear time, unless the base
is a power of 2. Even the best known algorithms for base 10 have sub-quadratic complexity. Converting a large value
suchas int ('1' * 500_000) can take over a second on a fast CPU.

Limiting conversion size offers a practical way to avoid CVE-2020-10735.

The limit is applied to the number of digit characters in the input or output string when a non-linear conversion algorithm
would be involved. Underscores and the sign are not counted towards the limit.

When an operation would exceed the limit, a ValueError is raised:

>>> import sys

>>> sys.set_int_max_str_digits (4300) # Illustrative, this is the default.
>>> = int ('2' * 5432)

Traceback (most recent call last):

ValueError: Exceeds the limit (4300) for integer string conversion: value has 5432.
—digits; use sys.set_int_max_str_digits() to increase the limit.

>>> 1 = int('2' * 4300)

>>> len(str(i))

4300

>>> i_squared = i*i

>>> len(str (i_squared))

Traceback (most recent call last):

ValueError: Exceeds the limit (4300) for integer string conversion: value has 8599.
—digits; use sys.set_int_max_str_digits () to increase the limit.

>>> len (hex (i_squared))

7144

>>> assert int (hex (i_squared), base=16) == i*i # Hexadecimal is unlimited.

The default limit is 4300 digits as provided in sys.int_info.default_max_str_digits. The lowest limit
that can be configured is 640 digits as provided in sys. int_info.str_digits_check_threshold.

Verification:

>>> import sys

>>> assert sys.int_info.default_max_str_digits == 4300, sys.int_info

>>> assert sys.int_info.str_digits_check_threshold == 640, sys.int_info

>>> msg = int ('578966293710682886880994035146873798396722250538762761564"
'9252925514383915483333812743580549779436104706260696366600"
'571186405732") .to_bytes (53, 'big'")

WA 3.7.14¢ 7}
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4141 Affected APIs

The limitation only applies to potentially slow conversions between int and str or bytes:
e int (string) with default base 10.
e int (string, base) for all bases that are not a power of 2.
* str (integer).
* repr (integer).

* any other string conversion to base 10, for example £" {integer}", "{}".format (integer),orb"%d"

[o)

% integer.

The limitations do not apply to functions with a linear algorithm:
e int (string, base) with base 2,4, 8, 16, or 32.
e int.from bytes () and int.to_bytes ().
e hex(),oct(),bin().
o vl T A u] ] < o] for hex, octal, and binary numbers.
e strto float.

e strtodecimal.Decimal.

4.14.2 Configuring the limit

Before Python starts up you can use an environment variable or an interpreter command line flag to configure the limit:

e PYTHONINTMAXSTRDIGITS, e.g. PYTHONINTMAXSTRDIGITS=640 python3 to set the limit to 640 or
PYTHONINTMAXSTRDIGITS=0 python3 to disable the limitation.

* —X int_max_str_digits,e.g python3 -X int_max_str_digits=640

e sys.flags.int_max_str_digits contains the value of PYTHONINTMAXSTRDIGITS or -X
int_max_str_digits. If both the env var and the —X option are set, the —X option takes precedence. A
value of -/ indicates that both were unset, thus a value of sys.int_info.default_max_str_digits
was used during initialization.

From code, you can inspect the current limit and set a new one using these sy s APIs:

e sys.get_int_max_str_digits() and sys.set_int_max_str_digits () are a getter and setter
for the interpreter-wide limit. Subinterpreters have their own limit.

Information about the default and minimum can be found in sys. int_info:
* sys.int_info.default_max_str_digits isthe compiled-in default limit.

e sys.int_info.str _digits_check_threshold isthe lowestaccepted value for the limit (other than O
which disables it).

WA 3.7.149] 7}

Z4): Setting a low limit can lead to problems. While rare, code exists that contains integer constants in decimal
in their source that exceed the minimum threshold. A consequence of setting the limit is that Python source code
containing decimal integer literals longer than the limit will encounter an error during parsing, usually at startup time
or import time or even at installation time - anytime an up to date .pyc does not already exist for the code. A
workaround for source that contains such large constants is to convert them to 0x hexadecimal form as it has no limit.
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Test your application thoroughly if you use a low limit. Ensure your tests run with the limit set early via the environment
or flag so that it applies during startup and even during any installation step that may invoke Python to precompile
. py sources to . pyc files.

4.14.3 Recommended configuration

The default sys.int_info.default_max_str_digits is expected to be reasonable for most applications. If
your application requires a different limit, set it from your main entry point using Python version agnostic code as these
APIs were added in security patch releases in versions before 3.11.

Example:

>>> import sys
>>> if hasattr(sys, "set_int_max_str_digits"):
upper_bound = 68000
lower_bound = 4004
current_limit = sys.get_int_max_str_digits()
if current_limit == 0 or current_limit > upper_bound:
sys.set_int_max_str_digits (upper_bound)
elif current_limit < lower_bound:
sys.set_int_max_str_digits (lower_bound)

If you need to disable it entirely, set it to O.
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exception TypeError
Ao} Frt R AW Gl Ao A4D wl TG AXE e P B AL ol A AR

A3t A G dh

o~

o)y

o v

o) oS Ao AwE kel AN A Fom 12 I ww G2 Lhehy/] A AHeA BT}
AN D % LU wok AA| 7L Fol A Ak A AR A QA T, ok A T AL A B
A2, Not ImplementedError S WA A 7] &= Z o] Agtsh

228 B9 AXHE ALY (71 int & AT 1istE ADHI), Typerrror & DO
=

ok SRR S 2 AAE AL (74 WS FolME A valuerrror & 40
Y.

exception UnboundLocalError
S A=A A G HeE FE2SA, sl 7 Aol ghol AdF A o T o]

NameError & A B F# 2~ Uth

exception UnicodeError
FUFE B AT w07 o2t Jojd u)

Q)

=
UnicodeError = @Yotttz y o&E AH
A

0

ok 3

7| oF

A

rlo

Ut valueError o A B ZE|AY Ut
01’

S o ERRES AT AGuUTh olE 5
err.object [err.start:err.end] = T o] A3l & H JHALS A|Fgch
encoding
o HE AN AF 2 o] FdYth
reason

fr
>
of
o,
rlr
M
R

2
8
T
v

e EREL S
object
selo] Q77w v Y SE 3 A= g A e

start
object o QlE XA dolHY HZ APt}

end
object o Qi mpA o2 FRE Hlo B o) vtz thg AH AUt}

exception UnicodeEncodeError
AFY Zof FUIZE FH o7 Do WA YT} UnicodeError & A B Z2 YUt}

exception UnicodeDecodeError

Hnd ol fURE T o7k Qo uhwl WAFUTh Unicoderrror o A2 Feh g ek

exception UnicodeTranslateError
W Foll FUZRE & o7t Dojubd DA} YT UnicodeError & A H Zea Yt
exception ValueError
Aot Bk Suhe Pol A uk A AH ke 47 A Wk
TFAAD ALz A A ke A AT

[X
>
oldh

o] IndexError A ¥ T
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exception ZeroDivisionError
Ur7l e BE R A4e] F A A0 o AT YT A 32 dAdAte) F A
UER) = B2 E Y,

The o9l ol A M A EEYS A5 F45 ek shol 4 3356l 0sError 9 WA AU

exception EnvironmentError

o

exception IOError

exception WindowsError

V=M A 5 5T

5.2.1 OS < 2]
the o] o) 0sError o A8 ejsoln, A ad o mEo theh AP T

exception BlockingIOError
H E£5 52082 A9 A (7F 27) ol EF o] 83t d4to] &35 W AP Th errno EAGAIN,
EALREADY, EWOULDBLOCK, EINPROGRESS ©l] 3 &t}

0SError @ Z Qo &, BlockingIOError = o EZHEE 3 ¢ 712 4= Jd5 Yt}

characters_written
2= 57 do] A=) 2 B2} £8 THFE A5, o] JEHEE o REA MY W
V£ 2eos e £ 5 U
exception ChildProcessError

A} Z 2 Ao Tt 2 o] Ao ol Btk errno ECHILD of o 3t

exception ConnectionError

A7 Tl Aol that wjo] A Feh 2k

AN B ZFd 2= BrokenPipeError, ConnectionAbortedError, ConnectionRefusedError &
ConnectionResetError YUt

exception BrokenPipeError
ConnectionError & A/ B FE|AZA, ThE & o] @3l gtojz o 281 st A, 27|71 T84
Ao 281 & u] AU T errno EPIPE 2F ESHUTDOWN ©f 3 &t}

exception ConnectionAbortedError
Connectionirror & AB ZE|22A, AZA AE7} Auhdbel] o3 %t (abort) 2 w4 T .
errno ECONNABORTED ©f| 3l g3 t}.

exception ConnectionRefusedError
ConnectionError & A B 22X, AZ A= 7} Foi ol &l AR (refuse) D wff A ).
errno ECONNREFUSED ©| 3| &3t}

exception ConnectionResetError
ConnectionError & A8 FejA2A, A4 o] o] sl ZA T 5 (reset) 2 wff LB h
errno ECONNRESET ©f 3] 23t}

exception FileExistsError

ov] A 5Hs shedo v U e 2] 8 BHEE 1 @ wl B FU Tk errno EEXIST o S1BF U Th

exception FileNotFoundError

ol U e 27 2 5 QAT £ A8 62wl AT T errno ENOENT of o U o

exception InterruptedError

A"l G &0 Eoj2e Aladd o3 S E o WA Yt errno EINTR ] | g3y o}
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WA 35004 WA o] Al sho] W2 A2’ T Eo] Aladol o3 S wf, Al2d A 277t o9&
o= F9E AL (o] 4= PEP 475 & =28 R), Interruptedirror & 42 7)== thAl
Nad 322 A =3 oh

exception IsADirectoryError
v g elo] 3t A (7F os. remove ())°] 2FF A& W DAY errno EISDIR of s 33
Utk

exception NotADirectoryError
ey ez obd Aol g2 A os.listdir())o] 2FFHAS wl AT YT errno
ENOTDIR o 3 g3t}

exception PermissionError
HAT H2d (OF 9t A" A glo] dabs Asteu & o DAYt errno EACCES 9}

EPERM of & BEHL T

exception ProcessLookupError
FolA T2 M7 EA A S uff FA YT errno ESRCH o 3 3 Th

exception TimeoutError
N2l Fp 7 A AE ol A A7 27 E o AU Th errno ETIMEDOUT o] 8 @3y th.

WA 3300 271 Yo RE 0sError A B ZEA7FE71E 945U Th
o ®7]:
PEP 3151-0S 210 9| 9] A& 72 A 2+

53 7%

kd

o2 o= A HFEZE AFRF YT} AA 8 A B = Warning Categories A A S B A 2.
exception Warning

Aoy Aol s Z A YU

exception UserWarning

g AR SLE O 3 BHE oI A& A3 wle] 2 Fel 2L ch

exception DeprecationWarning

Yo,

exception PendingDeprecationWarning
Ol 5 AHSHE A o4ar Zrefioll sl A1 Al A o) A e, A5 B HAHAE 2 7150l & e o]

o2 J& S5 Je A #F A dnbF o)A @7 w2, o] SaE AL AEHA =

exception SyntaxWarning
w3 Yo ta A uel Wola Faadch
exception RuntimeWarning
w5 g A Az Sl ta A e wolx Feagyth
exception FutureWarning
HAE 7150l et 4ot} wlojx A, 2 Aurt sejpo s A4 58§
A28 e 2 sk Ayt
exception ImportWarning
BE d2zE Jde g Ade Arol e B wolx S Uk

[kl
il
[
)
o
i
of\
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exception UnicodeWarning

fumEsBa" Ao o~ Ze AUt

exception BytesWarning

bytes W bytearray oF Z&H 119 wlo]x F Yt

exception ResourceWarning

A AR B E oo woja Syt 71 A3 2H | o8] FAFE YTk

B A 3.2 =7}

5.4 o9 AF F=X

Wi ee e A AS F2E 2

iy
z
i
o

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

(THE sTolATell A1)

54. JdI AZ IR
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(o1 A S o] A A Al

+—— NotImplementedError
+-— RecursionError
SyntaxError
+-— IndentationError
+—— TabError
SystemError
TypeError
ValueError
+—— UnicodeError
+-— UnicodeDecodeError
+-— UnicodeEncodeError

+-— UnicodeTranslateError

Warning

+—— DeprecationWarning

+-— PendingDeprecationWarning
+-— RuntimeWarning

+-— SyntaxWarning

+-— UserWarning

+-— FutureWarning

+-— ImportWarning

+-— UnicodeWarning

+-— BytesWarning

+-— ResourceWarning

98
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CHAPTER O

g A2 Aua

6.1 string — Qv Q] Exlg A%

A FE: Lib/string.py

ol gl Fojd dre v Zsyth

string.ascii_letters
oo L= ascii_lowercase®}t ascii_uppercase A4S o]o]E<l AJUrh o] Zt AL
o &} & o] 7] grzrUTh.

string.ascii_lowercase
&F Ak 'abedefghijklmnopgrstuvwxyz'. o] g2 2 Aol oA oA e WA A gk UTh

1w A
string.ascii_uppercase
£ A} ' ABCDEFGHIJKLMNOPQRSTUVWXYZ'. ©] Zh-& ZA Yol o] EH o] x] ¢ka1 A= A k5t
string.digits
EA+Y 10123456789,

99
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string.hexdigits
R A4Y '012345678%abcdefABCDEF .

string.octdigits
EAE 101234567 ".

string.punctuation
CEANA TF G EAR 755 ASCH EALY A4,

string.printable
o 7F53t Ao Z HFESt= ASCIH B A9 BX}Y. digits, ascii_letters, punctuation,
whitespace 2] 2 Y YTt

string.whitespace
—L‘HH OE 7]—2-6]—\__ —1—1__ ASCII _'“X}“— ——:-L——E\; ]"11;_.‘ _E'?;(}_O:] 047101] ] ]/—\-) FTB)% H]—%r 7HE]Z] ﬂ]::j)
A2 W W E TE 247 £,

6.1.2 -7} 15 EA L Lol

W3 EAE S 2= PEP 3101 o) 494 format () AN EE 3 S 14 A8 2 g S £33
T AdEeTE ;<1]+t,g}141;} string BE9 Formatter aﬂﬁi% W format () WA=} 2 IS
g ahol A A ve BALG FolE BA4L wE T ALS A AT 4 9 g
class string.Formatter
Formatter |2l b4 22 37 WA =7} lF U th
format (format_string, *args, **kwargs)
712 APLH A =JUth 290 FAA 7 9] o] 4] 9 7|9 = A Ape] ks wolsd Ytk o] A&

viormat () & &5k et ¥ d FYUTh
WA 3704 WA 29 E21Y QA= o)A £ 2 A& YUt

vformat (format_string, args, kwargs)
o] Gt A ZR AU FHFUTH *args 9 *kuargs EHL A3 GHUEE )
o Qw3 ¥ hA A Qe oAl ue] AR % S el S Adetna o

3] E=E2dUh viormat () 2 ZW EALES A H O HS A dER
st 249 e £ U h obelo] 29 E R WA =S T2

ol H3ll, Formatter = A H Fe Lo o] A8 HHoz g2 WA=

n
m&
m[o

parse jbnnatsﬂﬁg)
format_string-& —r-ﬂ S A 52 (literal_text, field_name, format_spec, conversion) 2| ©|E] & E&-&
k. o] A2 viormat () ©] —Ev—z}%‘% gHd d2EQ X3 FE 2 Ve o ARt

F29 e NdAes AEd s 17 S gt shye) N8 AEo] WA verd U
DElE UAES} Qe A (7 A NF DS AS A0 GERbE A9 AT 5 YsiTh),
literal_text = Z4 o] 7}0Q A< Ut} 23 =7} %‘i = ¢ field_name, format_spec 2 conversion
% None Yt}

get_field (field_name, args, kwargs)
parse () 7} Y33t field_name & (15 HA L) TRE AR 2 HEF YT} FZ= (obj, used_key)
S a7 2w He “O[name]” o] L} “label.title”Iﬂr Zro] PEP 3101 o) H o] H 4] 2}
G o= YUt args &} kwargs = viormat () o AEH A ZH5Uth Wkl gk used_key =
get_value () 2] key W7l W} 262 o] 7} 95U T}

get_value (key, args, kwargs)

AR BES & AAGUT key A= 2

A A2 °]‘“’\E Uetddch EAE

w3}

SEe BAAdUT A5 A, ags o Y
o =
-- =3

S A2 ek,
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args |7 A= viormat () & YA AR EECF HAT I, kwargs 7] 4= 7|9 = AR}

B3 g o ge o152 R WAl 74 820 AT EEF U T4

ql

o], 2 E 34 ‘O.name’ 2 get_value () 7tkey QA0 E TEFH EE shr}.
Exget_value () 7bibst So| W getattr () 45 T8t 23 FUTh

Qu) 2w A=A EA A G FEL FR W, Tndexirror 1} keyError 7} AT,

check_unused args (used_args, args, kwargs)
ABHE A9 AHETHA W GRS FAABHES PATILE o] Fol g A AHs ol Aol A
BEEE BE A4 719 I @A A4S 2S5, oSl AA A A), viorma
© g2 A args 2 kwargs o g Fx AU th AHEH A k2 °1ZH AL ol A TSR
A 5 JdFYUTh check_unused_args () & FAA} ’“‘Jﬂ%‘ T oA E B A=
Ao,

format_field (value, format spec)

format_field() = @<3] A9 format () W& T4

4 Q=2 WAl AFE U

convert_field (value, conversion)
(get_field() 7F W+&3h Fh(value) & (parse () PIAE7} i&st= /&
o] X W3} -5-3 (conversion) & & WIAI T} 7] E WAL ‘s (Stl‘), ’ (repr) B ¢
g4 gt

mlm

TEPUS A

|z
u(y
o
>
N
2
N
1o
ok

i
g

6.1.3 =9 Ez1g £

str.format () N ES} Formatter Zejas T
F AH FEUAE 25 A 20 A EY

B = W e 2 EE 9
e AT, Aol dol AL
FTRHEAGAN=FEZ {} 2SR AR FIE" 7t 5o dFUTH TS ol 29 A 42 22 2HE
iR Fee 445 A 4 A2 2908 BAg U PHE gase] 35S E P of s
BF FHoR olaFA ol & lFUTh: {{ 2}

A2 F=9o T2 o 25yt

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 u= <any source character except "]"> +

conversion = "r" | "s" | "a"

format_spec = <described in the next section>

g g &2, XF B+ field name 2.2 A 23
A E AAE AAZFUC field_name Tholl= A H oz =758 11 7} < %
"o v o] kol @ &= format_spec ©] FU T o] gk X2 gholl Tl 7] ko] ofd =& X]@%“/]D}.

£ A HY Aol AAS FIYA L

field_name A}A| = =AY 719 =2 arg_name S 2 A 2T £AHE §] 2] QRS YERU I, 7] = E o] £ 9]
A 71912 e deb Ut 291 499 S g mameo] 0, 1,2, - €22 A5 £ A9 (A7)
ohieh A A e 5 9O %740, 1,2, o EAUZ AHF AT Utk arg_name o] H-EH 2 225 o]

6.1. string— gulA Q]
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UA 7w Zoll, 2 Z2E oA 499 gz 71 (el & So, '10' o]} -1 EARE ¢
Uth arg_name th2 o= AT gle M5 dd 2 oJEYHE @A o] & 5 JdH Ut '.name' ¥
) REAL getartr ()2 A3 0] 29 oJEGHES Hels= vl ' [index] ' FE|Q] B Al
__getitem () S AFEHA QA A 23] E )

WA 3104 A fA AR AR A= str. format () AlA A S Qs A, {1 {1+,
format (a, b) &+ '{0} {1}'.format ( ) I 553t}

W 34004 A A AR A G A= Formatter°ﬂ/‘1 A s dsdh

2 A Zhek e 29 2R oA

pal

rlg ﬁ ofy

"First, thou shalt count to " # References first positional argument
"Bring me a " Implicitly references the first positional.

HH=

—argument
"From to " Same as "From {0} to {1}"
References keyword argument 'name'

'weight' attribute of first positional arg

"My quest is
"Weight in tons "
"Units destroyed: "

HH FH W W

First element of keyword argument 'players'

& g8 Eigs Ao @t i

AN
GUAD A oA AT O

AA Al 7FA M Szt ALg YUk Vst = @l str () & 2ESL, e 2 gl repr () & TET}
i, " la =@l ascii() E SEFYLL

2 744 of

"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
format_spec BE o= Fh& F A= W o

| st WA 7 285 o] Jd=d, 2= v, AL, A3, A AU
Sol 2dg Ut 2 3 ¥ A “x vl | vy Aoy = format_spec ] SH"J =) 3"‘ AU Th
gREE YWHEL o Dol A AHele T5 20" vy Ao & A gy ch
A format_spec D= 1 4 S HEA AF LA E 28T 5 JFULh o8 FH H AT I d
ol M SY I L W YAV 2TE S AAT H 4 FHL 585 A 5yt format_spec W 9] X3
A= = format_spec FALE ©] 3 A= 7] Aol A A A e Zul" S 5H o7 AAHTE 4 A

T A
.

B bAoAl =9 oA A8 BAA L.

H

i
0]

“EW AP 29 EAG o] L AT DE ol A ghe) B gL e Z1)
£ £ B rarings & HAS). I AEE WY fornar () Bl 4 ALY S E ALk 2 =)
] O N

2~
E'_T
SA FRAAT, AR 2R SHL 54 Fol A A AP o,

A general convention is that an empty format specification produces the same result as if you had called st = () on the
value. A non-empty format specification typically modifies the result.

£E T AGA ] ANAA FAL thgH 2EU
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format_spec
fill

align

sign

width
grouping_option
precision

type

FE 8 align gto] AR E, il 2247} ko) & 4 el 90l9] £} 4 2w, A 25l
o|A7} | B ro s A HUTE W F21Y 2 E E o 4
z_q_i(n{” o 1_. “}a’) = ﬁll _'_;(],E }\]._Q.‘B‘]- 2~ %.])\

9]t} o zﬂ?s}o format () 5ol IFS

[[filllalign][sign] [#]1[0] [width] [grouping option] [.precision] [typel
<any character>

"<" ‘ ">" | n_mn ‘ nmAmn

n + n ‘ n_nmn | n "

digit+

n n ‘ " , n

digit+

"b" ‘ "C" | "d" ‘ "e" | "E" | "f" | "F" | "g" ‘ "G" | "n" ‘ "O" | LA

_l_4

U str. format () WA= ]’ iy el
syt 28, 5 4%xl%ﬂsi #5249 B

e 3E g4 vl e 25U
g (9
A
T AT s B el G5 9% AEH R G (R AAA o] Zle] A8
gy eh.
ST S TS ® S A BEF L2 AHEE FUTHEANA o Al TERY
b,

AR ol 5 (YHA) Hell, =2 ell S == A F U Th o] 4L “4000000120° F A 0 &
L= st d AR H YT o] A4

Ao 5 Yol AR fEFE o] AL D=

Wl 2 Skl ‘0 o] 9o ™ 7] ¥ gho]
T A8 s B Aol 9= Hed

< ofm 7} gl U th

Q= U7t 4o = A ghod, B il 34 BES AL Holee g Asolng, 4 &
o

rx
rlo
o

L

| S ol S5 olE R 58 A alof §8 Uepa Ty

T [ Sr o A RS e g ook @2 Uerd U Tk (o] 2ol 71 E S AU Eh.

Z o] | Frole AW 2ol A% A8 StaL, S ol nfol s Fae AgaloF g g

- e Utk
4 FAL AT D B o) HEHEE BT, S Y Fu2 A Ao, o] fe
%, 215, % 455} Decimal Yol AW FEUULE 9] A9, oA, 815 B L 1025 0] 488
o, o) §4-& Zgkol 22 WAL 0b', 100" Eie '0x' B FAFUTH A%, B4 2 Decimal®] 29,
Wt FAL W AR 257 ok $AN UoLE B 440 BAL EHEA FUL HEL, 257
RAHe 1 5o £} 9k F9ol # W E Aol tehduith olol B3, 1gr W 1ot WEY A9 o Bt
00] Aol A Al A= A &I ek
L eAS A B TRV E0) 4EE ASFES S U 2ALL DS TEAY 49, BA 'n
A4 BN HPS AHEHAA L
WAIA WA, A4S S THPEP 378 £ B A 2).
AL HE A5 EA Y R A4S EA RY rar o el A B TR ) Eo] WES ASFES
FYUTh A5 EA 89 o', o, 'x B x o A9 WEol dx vtk A9 H Utk thE 4§39
A9, o §AE A B 3H oflel b LA Th
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WA 3604 A ' 5 AdS FIHS YT (PEP 515 = HAL).

width is a decimal integer defining the minimum total field width, including any prefixes, separators, and other formatting
characters. If not specified, then the field width will be determined by the content.

YA A o] Fo]A) 2] k& wl, width 2= Foll 10" FAE 2ol H <2 F ol =
AR syt o] 22 10" 9 fill A} =" 9 alignment + = Z+= AT T HY
precision = 'f' W 'F' 2 IUWEH RE ApA 7o A4 A o]FtEE g B zxY
#Y A27H A AR ZAE A S U= AXs AUt A7 okd 39 A
2 715 vl t- &, 2= YEolA 2 Y EAVE AR E = A dERE YT A
-85 A s Ut

EEEE

]

o7 | A G4 AN SAE EF G

o [ EA. A Aol A2 NG fFULE FAZ AFHFU T

4 | AR A% AAW O SAE E G

o7 | 84 34 8AWOE FAE S AL

[ 167 A 9B 2 2 AY AT 2EAE A8 609 o % ZAE P

X7 167 4. 95Tt 2 A A7 NEAS A8 otel 16480 = A4S 29 gyt

o[ S ol @Al EAY A S Aol AR 5A TR FAE AT A2 A
St a9 @&y th

& [ ar FEEIE

o]

2

2 0

o EA 8o B3, A5t ol HAE $5 A5 B4 902 208 5 A5UTCn 2 9
o). 2 ), ZohY Mol 58 HF £5H 27 7]
5

447 9 Decimal kol A8 4 9l EA £8L TheH 2HUTh
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| Yl

3)

re' | AF B AFE UE = 22 @’ &AMt A R7|H 02 A A3y th
712 AUE+= 6 Yt

"B | A5 RV, R ZAR U224 E S ARt S A9t e oF Ut

£ DA APH B 2SI AP AR FAFYULE 72 AUEE 6 YUt

B 2B ALA B, £ AT nan S NAN © &, inf & INF 2 W33 Th

'g'| A8 P FoIA AL E p >= 19 3], AL FE A p E A &9 sy,
A5 A7 et 1 2543 FA o A m7H o Tl

The precise rules are as follows: suppose that the result formatted with presentation type 'e'
and precision p—1 would have exponent exp. Then if -4 <= exp < p, the number is for-
matted with presentation type ' £ ' and precision p—1—-exp. Otherwise, the number is formatted
with presentation type 'e' and precision p—1. In both cases insignificant trailing zeros are re-
moved from the significand, and the decimal point is also removed if there are no remaining digits
following it, unless the ' # ' option is used.

FH =9 FE, ¥ =9 0, nans= BB =9 FHSHA 22 inf, -inf, 0, -0, nan
o ZUWH YT

09 AYE+=1Y I APt 7|2 BEE+ 6 YUrth

G W8 B ZATAT AAE B 2 ATete AS AN L g F 2
NaN o £@% B EAE #A U

| S A =AY BAS gl AT HA TE BAT A TOIE

f>
v
o
—d
ol
)

)
o]
N
o
K=
a3

'g' g 25Uk
vs [ WEE. KA 1002 FAA LA (' f) FAOE BEAF oS HES 7|52 EJ YL
o | 2 ez ol AgE uf, 253 o] stz H o & shite] 22 7} Stk A= Al 9
= | ¥ ‘g SHRFUY VR AU EE 54 2 Ul d 283 v =5 4th
AAAN B str() o 28& e TR Al e HAdd AAH th=s A
Yok
Z 9 oA

K
et

f
e
i)
i)
Iv}

o] AL str.format () =0 A2}t A A s-2uj g

>>> ! , , '.format ('a', 'b', 'c')

'a, b, c'

>>> ! , , '.format ('a', 'b', 'c'") # 3.1+ only

'a, b, ¢’

>>> ! ' ' '.format ('a', 'b', 'c")

'e, b, a'

>>> ! ’ , '.format (*'abc") # unpacking argument sequence

'c, b, a'

>>> ! '.format ('abra', 'cad') # arguments' indices can be repeated
'abracadabra'
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>>> 'Coordinates: {latitude}, {longitude}'.format (latitude='37.24N"', longitude='-115.
—81W")

'Coordinates: 37.24N, -115.81W'

>>> coord = {'latitude': '37.24N', 'longitude': '-115.81W'}

>>> 'Coordinates: {latitude}, {longitude}'.format (**coord)
'Coordinates: 37.24N, -115.81W'

A7) A EZHE AL

>>> ¢ = 3-5j
>>> ('The complex number {0} is formed from the real part {0.real} '
'and the imaginary part {0.imag}.').format (c)

'The complex number (3-5j) is formed from the real part 3.0 and the imaginary part -5.
‘—>0.‘
>>> class Point:
def _ _init__ (self, x, vy):
self.x, self.y = x, vy
def _ str_ (self):
return 'Point ({self.x}, {self.y})'.format (self=self)

>>> str(Point (4, 2))
'Point (4, 2)'

SECEE R ES

-

>>> coord = (3, 5)
>>> 'X: {0[0]}; Y. {0[1]}".format (coord)
'X: 3; Y: 5

$s 3 sr ohA:

>>> "repr () shows quotes: {/r}; str() doesn't: {!/s}".format ('testl', 'test2')
"repr () shows quotes: 'testl'; str() doesn't: test2"

grE FEa v A4

>>> ' [:<30}".format ('left aligned')
'left aligned !

>>> '/:>30}"' . format ('right aligned')
! right aligned'

>>> '/[:730}" . format ('centered")

! centered !

>>> ' /[:4730}" . format ('centered') # use '*' as a fill char
l***********centered***********'

o\

+f,%5-F,% fUAS RS XA

>>> "/:4f); {:+f}" . format (3.14, -3.14) # show it always
'+3.140000; -3.140000"

>>> "/ f}l; {: £} . format(3.14, -3.14) # show a space for positive numbers
' 3.140000; -3.140000"
>>> "[:-f); {:-f}" . format (3.14, -3.14) # show only the minus -- same as '{:f}; {:f}'

'3.140000; —-3.140000"

3x, 30 A9 ThE AW o7 3t w3k
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>>> # format also supports binary numbers

>>> "int: {0:d}; hex: {0:x}; oct: {0:0}; bin: {0:b}".format (42)
'int: 42; hex: 2a; oct: 52; bin: 101010"

>>> # with 0x, 0o, or 0Ob as prefix:

>>> "int: {0:d}; hex: {0:#x}; oct: {0:#0}; bin: {0:#b}".format (42)
'int: 42; hex: 0Ox2a; oct: 0052; bin: 0b101010"'

ARE A

&9 FEAE AR

>>> '/, )" . format (1234567890)
'1,234,567,890"

HlEs 3

>>> points = 19

>>> total = 22

>>> 'Correct answers: {:.2%}'.format (points/total)

'Correct answers: 86.36%"

CEELEREY

>>> import datetime

>>> d = datetime.datetime (2010, 7, 4, 12, 15, 58)
>>> '"{:%5Y-%Sm-%d $H:%M:%S}'.format (d)
'2010-07-04 12:15:58"
A2t T34 Bt H43 o Al
text in zip('<">', ['left', 'center', 'right']):

>>> for align,
"{0:{fill}{align}le}'.format (text,

'left <<

'AAnAfcentert AN

'>>>>>>>>>>>right’

>>>

>>> octets [192, 168, 0, 1]

>>> "/ 02X 02X 02X} {:02X}" . format (*octets)
'COA80001"
>>> int (_,
3232235521
>>>

>>> width 5

>>> for num in range(5,12):

16)

fill=align,

align=align)

for base in 'dXob':
print ('"{0:{width}{base}}"'.format (num, base=base, width=width), end=' ")
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 WE2 £Ad
WEe 2AQL PEP292 o] AW HE U H 1R BAY AR AT 92 BAL F2 A
2ABH(180) YU T o] EWolA, B 2ee £ /%2 shol e the WA £AE Euld /)5 Rt
517 471 57 W2 Tk ilsng A13] S EALL ANkow FHH 2ol Hee)e] o fuflilsn
S HEERRNES
WE 2AGL TS 75 Agste] 57 A B2 A A o

+ 555 o2 ol mYUTh o] AL Bke] 5 = A BT

e Sidentifier = W3 7] "identifier" &} X 3tE= 23 2] FAAE (AT YL) 7|BEAHo g,
"identifier" = Y&O|U ASCIl €3}l & & A Aol thAFAF 74 §le ASCH s AH(EE X3
EAQ ARG 5 £4 519 3 WA o QA EAE o] A8 EAA BALE SR T

e ${identifier} = $identifier & S5t} 8&3 A EHA} Bx17F 28] Z A A} FH ol 2 A] g,
Zbe] EAIARY] R 7ot a3 th, 71 "${noun}tification™".

TAE of| th 2 WA o2 s o] 5438 valueError 7F A FU T

string BEL o] FHE2 FA8= Template 2HAE AT UL Template & PINEE 53 25

Ytk

class string.Template (femplate)
A AL BES EAD S WobE Yy Th
substitute (mapping, **kwds)
dZ3 A2 sk, A AL S REEF U T mapping < ©E 312 AHe] A AR A A8k
715 7Hd 9o g eElF AA QU B, 719 =7 2k AR 7| E JAAE Al & 5
1% VI o mapping L kwds 7F B A FE 31 5B 0] QI A5, kwds O] AHe] A AL AT

safe_substitute (mapping, **kwds)
substitute ()2} B3R 9, mapping I kwds o AFg] EA| A7} QU= A S, KeyError 99 &
LDAA 712 ko Aef Ae] A A7 A EAD o] 2thE YEbE Ut =3 substitute ()
=28, s H AR AR H = AP valueError & 427+ Al &3] § & ks ok

THE ol 2] 7} o 8] WA S = YA R, o] mA =71 Y o]l 9 & WA 7= thA] AFE 7Hs 3 AR
2 Walate) 1 A w6 7) ] 2] “ebd (safe)” FTF R FUITE THE 9 6] A, safe_substitute ()
+oRshthn ¥ 4 95U 2 98 (dangling) T 715, 4L o F4 ob= F8T, R shol 4l
AuA7}obd A2 BAAE 2o 2T H DEAS 283 FARI) W EQUTh

Template IA®H 2= 7| H o] A ERER s AlF 3t

template
o] 22 A3 A2 template AALZ A EH AR AU TE dubH oz, WA = FHAR 7] A-§
WA 27k A A U Th

Th=2 Template AH-§ " 2] o 4y th:

>>> from string import Template

>>> s = Template ('Swho likes S$what')

>>> s.substitute (who="'tim', what='kung pao')
'tim likes kung pao'

>>> d = dict (who="tim'")

>>> Template ('Give Swho $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):

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

KeyError: 'what'
>>> Template ('Swho likes Swhat') .safe_substitute (d)
'tim likes S$what'

DA Tenplatc S B FASE SISl A2 TAG S, 2R 1T B AEL EADE
s stdl ALgE E AA AL AR B9 &5 A5 ol S H, the Fels o= HES

Aol = AdH5yTh:

. delimiter - 2] FAAE =T TEAE R P E BAL Uk 7B s AUtk FHAA
828w o) £AUel re.cscape () B EEHDE, o] BALL A7 o] ofr]ojof gtk w2,
S22 YA Foll FEAS AT 5 QSUTHE, 02 FEAE BEA AH Feag FH2 o F
F ko] A4 oF g th.

+ idparern - $HTR FHAA L2 AR EAA WL AW ARAI T AR ge Y
(?a:[_a-z][_a-z0-9]*) YT} braceidpattern ©] None <l o] o 2}
A A AE ALH Ut}

—

Z31: 714 flags 7} re . IGNORECASE ©] 7] wZof], s & [a-z] = B] ASCH&2}Fo} G 4] & 4= Ql5UTh
o wj ol Aol a Ze) 15 AHEH YT

W 3790 K WA braceidpariern & F 25 2 Aol e wol 1R S v AEHE A HHL
Aelshed AT 5 g5yt

* braceidpattern — zdpattern.»]-—rr/\}ﬁ} 2o 2235 2 A 2 EA AR 3 o 8-S AU} 7| Bk
None <1, ldpaﬂem = AHgeke ZS YUt (S, 22 ddo] IV e e e 25
AREEHUTH. o] g FH, 237 S wWe S wo] A #A A ME e HES HY &5

AFYh
WA 3.79 F7}.

o flags — A F A A ALEEH = A4S AL
IGNORECASE ?j\%\:‘r re.VERBOSE 7} &AF =&

A A& wpetof gt
WA 3.20) 71

o 482 HA4 S IYYT 7 EZLS re.
A o A

Ei, 2o o B BE patern & A4 0 3ho] A A7 A ADL AT T4 AHTh o9 = A, ghe
Ul A o] B9 AA 25l Q= AFA Aok Utk AX 2L Sol AT 733 WA Fa3HA

oro 2@ AR} 572 o B 23 T
o escaped — ©] T1F -2 o] AA O A AAE AA AU & E0] 7|2 sfHof A ss.
e named—°] 12L& 223 7} 9= 28] TA|A} o] =L AX3TUTH AR T2 LEAS £33 A= of
Huth
e braced — ©) 182 ZE3 2 B9 28] BAA}F 0] 2 AAAAYTH WA 280 FEA} EEEE
E3eiAE G HUTh
vpefubol gk,
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6.1.5 =& &

string.capwords (s, sep= None)
OV} str.split () < AH&3te] ol Ui, str. capltallze () & AH&3te] Z- ol A
EUHEAR s, o FA el Gl ES str. join() & ARS8t AU th A E A
A7} sep 7} 9L A None o], %5 3] $rhe T Adjo e vkl oksl 3 o] Al
227 9o sep 7} ol & Wk BA = ol AT U T

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 (by t e s). 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.

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.

o 17

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 g 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.
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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, so last
matches the string ' last '. (In the rest of this section, we’ll write RE’sin 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 modifier
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.

~ (Caret.) Matches the start of the string, and in MUL TILINE 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 MULTILINE mode also
matches before a newline. foo matches both ‘foo’ and ‘foobar’, while the regular expression foo$ matches only
‘foo’. More interestingly, searching for foo.$ in 'fool\nfoo2\n"' matches ‘f002’ normally, but ‘fool’ in
MULTILINE 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 O 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’.

*?2,4+?,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 from3to 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"' or
a thousand 'a' characters followed by a 'b', but not '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:
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* Characters can be listed individually, e.g. [amk] willmatch '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—]), it will match a literal '—".

¢ 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
set is '~ ', all the characters that are not 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.

* 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 3.79 A4 7 : FutureWarningisraisedif 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: [ (1, [)].

(?...) 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 fromtheset 'a', '1', '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. compi le () function. Flags
should be used first in the expression string.

(?:...) Anon-capturing version of regular parentheses. Matches whatever regular expression is inside the parenthe-
ses, 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 the set 'a', 'i', 'L', 'm', 's', 'u', 'x', optionally
followed by '—' followed by one or more letters from the '1', '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.
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(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 ASCI-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 3.69] F7}.
WA 3.7 A 7 : Theletters '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 pattern is (?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)
° \:]_

when processing match object m
* m.group ('quote")

e m.end ('quote') (etc.)

in a string passed to the repl argument of re . sub ()
¢ \g<quote>

e \g<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.

(?=...) Matches if ... matches next, but doesn’t consume any of the string. This is called a lookahead assertion.
For example, Isaac (?=Asimov) will match 'Isaac ' onlyif it’s followed by 'Asimov"'.

(?!...) Matches if ... doesn’t match next. This is a negative lookahead assertion. For example, Isaac (?!
Asimov) will match 'Isaac ' only if 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 po-
sition. 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:
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>>> m = re.search(r' (?<=-)\w+', 'spam-egg')
>>> m.group (0)
leggV

WA 3.59 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
example, (<) ? (\w+@\w+ (?2:\.\w+)+) (?(1)>[$) is a poor 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 '$'.

\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
ASCIT 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 ASCTT flag. Word boundaries are determined by the current locale if the ZLOCALE flag is used.

\d

For Unicode (str) patterns: Matches any Unicode decimal digit (that is, any character in Unicode character cat-
egory [Nd]). This includes [0-9], and also many other digit characters. If the ASCTT 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 ASCT I 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 equiva-
lentto [ \t\n\r\f\v].
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\S Matches any character which is not a whitespace character. This is the opposite of \s. If the ASCTIT 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 ASCTIT 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 equiv-
alent to [a—zA-Z0-9_]. If the LOCALE flag is used, matches characters considered alphanumeric 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.

\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
\r \t \u \U
\v \x AN\

(Note that \b is used to represent word boundaries, and means “backspace” only inside character classes.)

"\u' and '\U' 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 O, 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.

¥ A 3.30]| 4 M7 : The '\u"' and '\U" escape sequences have been added.

W A 3.69] A ¥ 7 : Unknown escapes consisting of '\ ' and an ASCII letter now are errors.

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 RegexF1lag, 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)
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re
re

re

re.

re

re.
re.

re
re

re.

re

re.

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.

Z3.: 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.

A
.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).
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).
.DEBUG
Display debug information about compiled expression. No corresponding inline flag.
I
IGNORECASE

Perform case-insensitive matching; expressions like [A-Z] will also match lowercase letters. Full Unicode match-
ing (such as U matching 1) also works unless the re.ASCTT 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 (?1).

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: ‘I (U+0130, Latin capital letter I with dot
above), ‘1’ (U+0131, Latin small letter dotless 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.

L

LOCALE
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 3.60014 W7 : re. LOCALE can be used only with bytes patterns and is not compatible with re. ASCTT.

H A 3.7 4] ¥ 7 : Compiled regular expression objects with the re . LOCALE flag no longer depend on the
locale at compile time. Only the locale at matching time affects the result of matching.

.M

MULTILINE
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) .

S

DOTALL
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).

X
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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 *?, (?: 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) .

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 sfring 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.

WA 3.40] =7}

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)
[ror, '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...")
ry, '...", '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.

6.2. re — Regular expression operations 117



The Python Library Reference, = x| #] 7 3.7.16

>>> re.split(r'\b', 'Words, words, words.')

(', 'words', ', ', 'words', ', ', 'words', '.']

>>> re.split(r'\wW*', '...words...")

[", l', Vw', ’OV, YrV, ld’, IS” l', ’lJ

>>> re.split(r' (\w*)', '...words...'")

['l’ l-..ll ll, 'l, ‘W', ll, lol’ ll, lr', ll, ldl, 'l, ‘S', L} l, |V, ll, VIJ

WA 3.19 4 ¥ 7 : Added the optional flags argument.

W A 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 3.7 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 string
is scanned left-to-right, and matches are returned in the order found. Empty matches are included in the result.

H A 3.7 A ¥ 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 re-
placement 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-2zA-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
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2 followed by the literal character ' 0'. The backreference \ g<0> substitutes in the entire substring matched by
the RE.

A 3.19 A ¥ 7 : Added the optional flags argument.
WA 3.5 4 ¥ 7 : Unmatched groups are replaced with an empty string.
A 3.6004 W

H A 3.7 A ¥ 7 : Unknown escapes in repl consisting of '\ ' and an ASCII letter now are errors.

o,

: Unknown escapes in pattern 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 3.19 A ¥ 7 : Added the optional flags argument.
A 3.5 A4 ¥ 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:

>>> 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& "\ *\+\=\ . \"_"\[\~: 1+

>>> operators = ['+', '"=', "'"*', /v, vakT]
>>> 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 3.39 A4 M7 : The '_' character is no longer escaped.

W7 3.7 A ¥ 7 : Only characters that can have special meaning in a regular expression are escaped. As a result,

LN T 1o mrw o A} l/l T .1 T.
L) s ° s s

it $t <, =, > @ and M " are no longer escaped.

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.
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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).

A 3.59] A W7 : Added additional attributes.

6.2.3 Regular Expression Objects

Compiled regular expression objects support the following methods and attributes:

Pattern.search (sn’ing[,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.

The optional parameter endpos limits how far the string will be searched; it will be as if the string is endpos
characters long, so only the characters from pos to endpos - 1 will be searched for a match. If endpos is less
than pos, no match will be found; otherwise, if 7x 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'>
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WA 340 7}

Pattern.split (string, maxsplit=0)
Identical to the sp1it () 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 param-
eters 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 pa-
rameters 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.

Pattern.pattern
The pattern string from which the pattern object was compiled.

¥ A 3.79]| A ¥ 7 : Added supportof 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 if 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 4] ¥ 7 : Unmatched groups are replaced with an empty string.

Match.group ( [group], ] )
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, group! 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 TndexError exception
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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(l, 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 identifying
groups by their group name. If a string argument is not used as a group name in the pattern, an TndexError
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'
>>> m.group (2)
'Reynolds'

If a group matches multiple times, only the last match is accessible:

>>> m = re.match(x" (..)+", "alb2c3") # Matches 3 times.
>>> m.group (1) # Returns only the last match.
IC3|

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'

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:
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>>> 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+)\.?2 (\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 to m.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, after m
= re.search('b(c?)', 'cba'),m.start(0)isl,m.end(0) is2, m.start (1) andm.end (1)
are both 2, and m. start (2) raises an TndexError exception.

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 con-
tribute 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 == 1 if applied to the string 'ab ', while
the expression (a) (b) will have lastindex == 2, if applied to the same string.
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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 3704 ¥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’1l 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

>>> displaymatch (valid.match ("akt5q")) # Valid.
"<Match: 'akt5qg', groups=()>"

>>> displaymatch (valid.match ("aktbe")) # Invalid.
>>> displaymatch(valid.match ("akt")) # Invalid.
>>> displaymatch(valid.match ("727ak")) # Valid.
"<Match: '727ak', groups=()>"

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")) # No pairs.

>>> displaymatch (pair.match ("354aa")) # Pair of aces.
"<Match: '354aa', groups=('a',)>"

To find out what card the pair consists of, one could use the group () method of the match object in the following
manner:

>>> 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):

(TH& ST Aol A1)
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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)

ra!

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

%C .

%5¢ .{5}

%d [—+]2\d+

%e, 3E, £, 39 [—+12(\d+ (\.\d*)2|\.\d+) ([eE] [-+]2\d+) ?
i [—+]1?2(0[xX] [\dA-Fa-f]+|0[0-7]*|\d+)

%0 [-+]12[0-7]+

%$s \S+

$u \d+

$x, $X [-+]1?2(0[xX])?[\dAa-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

’(\SH - (\d+) errors, (\d+) warnings

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:
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>>> 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']]

The : ? pattern matches the colon after the last name, so that it does not occur in the result list. With a maxsplit 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']]
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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)
.. 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"\wt+ly", text):
print (' - : ' % (m.start (), m.end(), m.group(0)))

07-16: carefully
40-47: quickly

Raw String Notation

Raw string notation (r "t ext ") 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"\wW(.)\1\w", "™ £f£f ™)

<re.Match object; span=(0, 4), match=' ff '>
>>> re.match ("\\W (.)\\Z\\w", " ££ ™)
<re.Match object; span=(0, 4), match=' ff '>

When one wants to match a literal backslash, it must be escaped in the regular expression. With raw string notation, this
means r"\\". Without raw string notation, one must use "\\\\", making the following lines of code functionally
identical:
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>>> 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:

import collections
import re

Token = collections.namedtuple('Token', ['type', 'value', 'line', 'column'])

def tokenize (code) :
keywords = {'IF', 'THEN', 'ENDIF', 'FOR', 'NEXT', 'GOSUB', 'RETURN'}

token_specification = [
('"NUMBER', r'\d+(\.\d*)?2"), # Integer or decimal number
("ASSIGN', r':="), # Assignment operator
("END', r';"), # Statement terminator
("ID"', r'[A-Za-z]+"), # Identifiers
('op', ' [+\=*/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>%s5)' % pair for pair in token_specification)

line_num = 1

line_start = 0

for mo in re.finditer (tok_regex, code):
kind = mo.lastgroup
value = mo.group ()

column = mo.start () - line_start
if kind == 'NUMBER':
value = float (value) if '.' in value else int (value)
elif kind == 'ID' and value in keywords:
kind = value
elif kind == 'NEWLINE':

line_start = mo.end()
line_num += 1

continue
elif kind == 'SKIP':
continue
elif kind == 'MISMATCH':
raise RuntimeError (f'{value!/r} unexpected on line {line_num}')

yield Token (kind, value, line_num, column)

statements = '''
IF gquantity THEN
total := total + price * quantity;
tax := price * 0.05;
ENDIF;

(FF= sl el Aol AI%)
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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='0OP', 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 — e} AZHS 93t =91

a2 F E: Lib/difflib.py
o mE e AT RS A FehE0 BEE AZYUT, AE Bl AL w422 5 9o,
HTML ¥4 =% (Context)ﬁr 53 (unified) diff & R X2 Th e G4 9] 2to] AEREBYTE 5 A5UTh HEH

E]ﬂ. ,L}-Ol ) l:ﬂ_u_ﬁ]-\_‘l:] , filecmp _l—‘g'a @5—6}/\\:}%]9—

class difflib.SequenceMatcher
IR AT 8275 T ol Stk R E o) ATl A2 v RE £ sl e Fele gy
t}. 7|8 &1 2] &2 1980 d o] & kof| Ratcliff 2} Obershelp 7} ‘Al 2 E 3 & vl A (ge: rn matching)’
ookt 34 ol FOo 2 WY TSI Al Sephed, i 17 H 34 E 95U
ofoltyo]=“HA” 847t gle 7P U AL A 02 Aot A B AIALE 2 Ad Yt o] 283
F» A=W Zo| 3y 2L oji uloix s Tu|E X e 2 AT (7§£L ] 8] = Ratcliff 2}
Obershelp < 31‘4’"‘-4 $FdUTh) 2™ ths 22 ool ol & %‘i]%}—t« A B Al A2 Sqﬁﬂrﬁaﬁoﬂ

A=A dL 27 A7 Aoz AU o] A o] Ha AR A FLE AFE8HA = BA T AHEl A
“13_011 Hole” A& ArEste 4 &l dsdth

Elo]™: 7] & Ratcliff-Obershelp &3 2] &2 & o] AF3(worst case) ol M A F Al 7tol 1, HF Ao 2
(expected case) Al & A YU T, SequenceMatchere 2 o] A8l Al Al 7o 1“’4, Fa Al A
Aldso 35or 23d 249 5 ] upeh E3e A o2 ek Ut 2 4] -7 (best cast) = A4 F
Al ZEd Y ot

s B3 FEl&Y: SequenceMatchers SR A VL FES AFLE AR i{a]—s}‘— R R
= AUtk A A B N G5 o] Al e YEh= S A (R AR 5 o] 59

THE FEO] AlF29 1% o dS AA AL Al A2 2] D o] 72 4 2005 ] o], o] 5&%% “E3p

6.3. difflib — e} A4S 23 T S 129



https://github.com/python/cpython/tree/3.7/Lib/difflib.py

The Python Library Reference, = x| #] 7 3.7.16

A0 FAHIAEX AE AN IR 21'”4 Huyth o] 49
o autojunk Q1AE FalseZ A A St & 4 Y54t
WA 3.290 F7}: autojunk v 7 M4

class difflib.Differ
A At 2o AAAE LT, Aol 9L 2o
(0 Diflet 261 ATAE B2, AT (A% DATE) £ 5] B4 AAAE B 2ot
SequenceMatcherg ARE$HU T

Differ WErS] Z+ 22 22 Z &2 A 23T}

)
oL
rE
rlo
n
D
Q
c
0]
o]
QO
<
)
t+
Q
=
1)
N
i
)
il

FE [ &
- AL R Yl S
"+ [ AER 20 EE
| FAERCd T e E
2 g AdR g E

2 i/«lﬂf‘f}%%s,/\l e &Y Aol frstdu AEs T, F 48 AlFd2 ot = LEREA
dsuth o]l 22 A E2 | EAV EFHE £5& £ 5 AFUTh

class difflib. HtmlDiff

o] ZYAE=HIML £ & (E+ £E 235+ ST HIML 319 3) BE= o] AHEE 5 5 Ut o
HTMLZ & 73} = HH WAS ZRIUA, d2EE Ue] & W9 2 vladte] HoFUrh &
AA Ee E‘?ﬂ Aol RER AAE 5 dFUTh

o] Fej~9 WA= ok ZH YT

__init__ (tabsize=8, wrapcolumn=None, linejunk=None, charjunk=IS_CHARACTER_JUNK)
Htm1Difro] AAH2E 27|83t}

tabsize’= ¥ 7+A S A 97 719 = Aol m 7] B2 s Yt

wrapcolumn'= F0) A5 5 97 1t @ WEE AR A9A AU, 5 45 5 U7 A

%+ Noneo] 7] 2 gk YUt

linejunk 2} charjunk= ndiff ()(HtmlDi ff7]— 23] 8 X]®l HTML 2}Fo] & W= = o A2 U th

2 AYR A9 A9 QAU QA AR gk AHL nci () ABAE BRI L
b3 2o A EA B U

make_file (fromlines, tolines, fromdesc=", todesc=", context=False, numlines=5, *, charset— utf-8’)
fromlines @} tolines(FAFE 2] B|A~2E)E W1, & 7HH S YR AAS AR3HA, Y=
Aol & Holz L“ii@d%%ﬁ@Hmm%“§“ﬂdi%%ﬂqw

fromdesc 2} todesc+= from/to 3+ & ST ZAHE S A A dh= AHA 7|9 = JAAYUTH (7] 23k
BEENEAEYYh.
context 2} numlines= 25 AR A 7]Y = QA Ut & X}Fo]E F A W contextS TrueE

I}
2l
AR L, 187 0}2‘3& 71232 AA 3L BASHE=F alse%ME‘r numlines®] 7|23k
5Y Ut context7} True & W, numlines= o] sfo]2lo| EE S| #= £ &9 =& Aoy}
context7]— Falsed numlines<= “next” 5fo] ¥ B T E AL S ul] X}o] 3to]glo|E ol EAFHE =
£ Ao I TH0© 2 4 5he “next” 5ol 3 & 27} T Aho] Sholgho] BB obd A8 £
2 9ol HepeAs] W fo] S =2 Hhich,
WA 35004 WA charser 7191 8§ QA7 2715 Sl Th HIML £49] 712 22} 3]
"IS0-8859-1"9A 'utf-8'Z WHAE UHF T
make_table (fromlines, tolines, fromdesc=", todesc="", context False, numlines=5)
fromlines 2} tolines(ZA4 2] 2| 2E)E v 2st, = 7Y S YR AR S 7Z=x3d
Aol & Kol SHIIHTML HE D= E'}I@P‘bl DP.

x

,E THE
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o] A =9 A} make_file () WA ES] Ak} T
Tools/scripts/diff.py& o] 2 W& & ZHENEY, 2 AHE o & ©2 54t
difflib.context_diff (a, b, fromfile=", tofile=", fromfiledate=", tofiledate=", n=3, lineterm="\n’)
a$t b(EATE Y B 2E)E UL dEH(LEF S & A= AV o) E 9 diff F4 o= vt
2o
EARre 9 838 £ 9 £ BACE AAA TN QAT FUYUTE 4G A2 ol
SESEREENEBEE-T E DI

Z12EA 02, diff Alo] 2 -7t 28H Z2D)2 2ol & @2 29 A YLh o] 2L jo.
IOBase.readlines ()& WEo]X Y& o] io. I0Base. wrltellnes()g} FA AFR-5H7) of] A shel
Gf S AR IES S ol 48 T Th AR, T 29 B 2ol 2 VAol 97 Witk
7

2ol & ddol fle dHold, lineterm AAE "" 2 AR A S Yol dAHA & Aol =T A A

E
A
2
oX K
i)
i)
N,
ri
2y
flo
W
hins
=
mln i)

JEFM

'(5‘]_/\1 }\]J_'
£ diff Y40 994 0.2 34 Al 92 A et ol AR EE v
fromﬁle, tofile, fromfiledate X tofiledate®l] TA L& AFR5to] A AE ¢ ASH5UTH A A|7F2 gHlz oz

1SO8601 G402 BARUTH A A5 GO, BAGE /) Bghe v BAE Yo,

>>> g1 = ['bacon\n', 'eggs\n', 'ham\n', 'guido\n']

>>> s2 = ['python\n', 'eggy\n', 'hamster\n', 'guido\n']

>>> sys.stdout.writelines (context_diff(sl, s2, fromfile='before.py', tofile=
—'after.py'))

*** before.py

-—— after.py

*hkhkkhkhkhkkhkhkkkkkkxkx
* x % 1,4 * Kk Kk Kk
! bacon
! eggs
! ham
guido
-—— 1,4 ————
! python
! eggy
! hamster
guido

oS AN 8 A= difftibe] HE = Qe o] A FRIAIAIL

difflib.get_close_matches (word, possibilities, n=3, cutoff=0.6)
e “FE3) 27 A9 PAES WMEAF UL wordE T AV ERZ S A A (I Hog
= A+Q) ™, possibilitiesi= word 2t DA A D A A2 B|AEJUTH(LRIH o2 21499 Tﬂ——).
A QLA n(7) B3k 3)L W 23 A9 H o) A4 U Th s 03Tk A o T
A e 2 A} cutoff (71 -3% 0. 6) & [0, 1] W9 9] float J U T wordhe] A A7} o] gt T} A
possibilities+= F Al g Y T},

possibilities Fo A 71 F& FHth n A 9)) X7} e2ER WoE £, FAY F4E P u
712 %A 2] WA g o

rlo

>>> 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)

(TF sTolATell A%
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[]
>>> get_close_matches ('accept', keyword.kwlist)
["except']

difflib.ndiff (a, b, linejunk=None, charjunk=IS_CHARACTER_JUNK)
a$} bEATE Y B 2E)E NPT} Difrer-2E Y DEHEE S B8t Al ol E) E Wk
.
A A 7)1 = ) 7} S linejunk 2 charjunk= D€ 3 34 (K= None) YU TH:
B3

lingjunk: Y FAE AAE WotEo)al FAG o] AW FS vbdatal, 182 oW A RS et
AUtk 7| 232 None Y UTth BE F52 “# IS_LINE_JUNK ()% Al—tﬂ HH= g 749 ok
EEAC#)E ALY ol Kol A ol &€ 2 Y YT - A T 3F: SequenceMatcher
Zgrtod Zo)l AL ow Bulz 2= 5 ’:ﬂ }%Zl FAHORE AT, o)A o] HE o] F4E ALE

"=
s AR adAd gy
u}

charjunk: S=2H(A o] 19] 248) & wolE ol i, A7 43w & whdhetar, 284 ¢fod AZS ul
et 59Ut 7 EGE BE 559 84 1S _CHARACTER_JUNK () Q1d], B E2}H(AF o] A}
5 9y BAE 23 A2 22 Aol obdyth & 28y th

Tools/scripts/ndiff.py= o] T tjst Ha & dENE Ut}

>>> diff = ndiff ('one\ntwo\nthree\n'.splitlines (keepends=True),
. 'ore\ntree\nemu\n'.splitlines (keepends=True))
>>> print (''.join(diff), end="")

- one

A

+ ore

o A

- two

- three

+ tree
+ emu

difflib.restore (sequence, which)

WebE BE T ADA F e HagUn
Differ.compare () Yy ndiff ()& 9HE o] 2 sequence”} o] XA, 5+ 1 0] 1} 2(ul 7 ¥ 4= which) ol A]
AR AFH AL &= F=513L, & HFAE AAZTYH
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
tree
emu

difflib.unified_diff (a, b, fromfile=", tofile=", fromfiledate=") tofiledate=", n=3, lineterm="\n")
0%} bEAL] ) 2E) B A g Th Aeh(Aeh £ Aok AV E)E B diff Ao
25}
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%3} (unified) diff = A A A H 3 2 S0 Fulvks
(252 o] W/o T B2 A olekel ~EFL 2 FAH
e
71202, diff Alo] S (——, +++ EEee7t2E 2H)2 Eo 2 9 4S o] o Yth o] A2
io.IOBase.readlines ()& ‘?_]'2013_] Q&o| j0.I0Base.writelines () S+ A AFL3}7] o &
TG A S S o 58T S, A2 B 2ol 2 070l 9/ qEAUT,
2ol & 9ol 9l d8 o, lineterm JAALE ""2 AANA SHof| dAHA & A0 2T A %A
6‘]—/\1}\14__

N od

—

i
ZY o
rlo rlo

29 6if I Aol DAAO2 AR 5 A7) AL QU o5 F U e AR
fromfile, tofile, fromfiledate R tofiledate®]] AL AF-&5to] A AE = dH5UTh A A S dutA o7
108601 B4 2% BT T A QA o, EAAE /RS 1 EA4L vt

>>> g1 = ['bacon\n', 'eggs\n', 'ham\n', 'guido\n']

>>> s2 = ['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

2 2| 8t G Al = difflibe] W = 2 E T o] A8 FRIIAAL.

difflib.diff_bytes (dfunc, a, b, fromfile=b", tofile=b", fromfiledate=b", tofiledate=b", n=3,
lineterm=b’\n’")
ash WOl £ AR 2| P AE)E dfunc A-83hol WU T dfunc} e G o2 D)
Z (A vtol EG) 9 A FAE A=Y dfunce FelEolojokdty, Bg unified diff () Y
context_diff ()Y th

% gAY QB gt AT HolHE ML > A FUTh 18 AN BE JGL ol
Ed A ook Yt stro] op gt EE Y@ A2 suE FEA ‘ﬂg}a‘}i, dfunc (a, b,
fromfile, tofile, fromfiledate, tofiledate, n, lineterm)Z& T &3l= Aoz Z

SHULE dfunc®] EH2 A Bl ER MBH B R, o] A& DEF E2 a2t b AFH & 5 13

A gl An YL BHUh

WA 3500 7}

difflib.IS_LINE_JUNK (l/ine)
Return True for ignorable lines. The line line is ignorable if line is blank or contains a single ' # ', otherwise it is
not ignorable. Used as a default for parameter linejunk in ndi £ () in older versions.

difflib.IS_CHARACTER_JUNK (ch)
Return True for ignorable characters. The character ch is ignorable if ch is a space or tab, otherwise it is not
ignorable. Used as a default for parameter charjunk in ndiff ().

o ®B7):

Pattern Matching: The Gestalt Approach John W. Ratcliff 2} D. E. Metzener 2] H] <=3l & 11 8]
o] AL 1988 794 Dr. Dobb’s Journalol] &35 ¢ <5 o)

3 EE,

i

ol

re
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6.3.1 SequenceMatcher 7]

SequenceMatcher 2 A& T3 22 AAPAE 25U

class difflib.SequenceMatcher (isjunk=None, a=", b=", autojunk="True)
Optional argument isjunk must be None (the default) or a one-argument function that takes a sequence element
and returns true if and only if the element is “junk” and should be ignored. Passing None for isjunk is equivalent
to passing lambda x: False;in other words, no elements are ignored. For example, pass:

lambda x: x in " \t"

2 BAL NDLE N2, Ao 20t W TA T Aow, 99 2 AL A2sE AU
YR ol}a ok bi R AAAYUTH 5 o8l Bxrdo] /1RSI T A2 R 4% vE
31 4] 7158l oF g .

A A AR} autojunk= A5 A3 FEl g S v A S o A E 5 sy
WA 3.20] 37} autojunk v 7] WS

SequenceMatcher 2 A= A 7] 2] © o] g o] E 8| HEE Zb5 U T} bjunk= isjunk7} True Q1 b 249 A3
QI T} bpopular= 52 2~ €] (M1 4 84517) Skgkeh@) ol A E3bcka Feks) = F a7t opd 8 29 g
JUth b2j= bS] YW A 245 250 YERG 91X 2]2E & mj 3 st=dict JUTh b7} set_segs ()
‘J'S@t Seq2()i;(ﬂ/~—l7<49];q]u‘|.r/].}\ﬂ 7HE! ;(H/\-]Z-]Q]%];].

WA 3.200 F7}: bjunk R bpopular A E 2| H-E
SequenceMatcher Aol & b33 22 WA =71 A5t

set_seqgs (a, b)

Hn g 7 Al g AE Ak
SequenceMatchers= S WA A| A2 3 AA S AR E A2sta 7fA st g, e Ald 2o o
3 sl AAAE M FSAY, sor_sear ()€ AHgetel AF ST AU T U AYRD,
set_seql ()& G2 NP2 4z ts)] A vtz o7 TEFA4 A L.
set_seql (a)

g 3 HA Al F2E AU Hud F A A D2 AAE A s

set_seq2 (b)
EEEE S AL ESRE LA EA R AL RS e R R iR e)

find_longest_match (alo, ahi, blo, bhi)
alalo:ahi] & b[blo:bhiloA 7} 71 9% 228 <= th

-~
isjunk 7} A} == 7] L} None ©| W, find longest_match ()= ali:i+k]7Fb[j:i+k]1 %} 22
(i, 3, k)& 933t=0, o714 alo <= i <= i+k <= ahi ©]il blo <= j <= j+k <=

bhi JUTh o] 2AZ UFAIZ| = BE (1", ', kA, F7+ 2k >= k', i <= 1!
Qi == i'WH§ <= ' & UPMME} 5, EEFHU dA EE FoNA adll A 7 B A Al &Sl
EE S W30, a0l A 7HE WA A St RE U DX EF S A boll A 71 A A FSH=
222 vk},

>>> s = SequenceMatcher (None, " abcd", "abcd abcd")
>>> s.find_longest_match (0, 5, 0, 9)
Match (a=0, b=4, size=5)

igjunk7} A 5 W, WA 1 7 4 B2o] 4719} 2ol AR A, A2 847} B Sl hehtA
Shofof iz 37} Aloto] gtk T8l T 1 B E8) oA A2 24w AHAA b5 o
A= YU 24 A% EFe Free AN} AW 2L AT 5L WS

ALl stals, Jact dAsHA s U
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o] 7]ef o) Az} 2 o7k YA ¥, 25 o] 25 FAZ HFFUCE o] FA ¥ 1 apcd! 7 F WA
ARzl o Q1 abcd' b A% DA SHA A FUTh Al Tabed' B A @ 4 o),
% wm) Ao 74 A% abed! 9 A gtk

>>> 35 = SequenceMatcher (lambda x: x==" ", " abcd", "abcd abcd")
>>> s.find_longest_match(0, 5, 0, 9)
Match (a=1, b=0, size=4)

dA st B850 gled (alo, blo, 0)E W&ok
L=

< Match(a, b, size)E WHEU T}

get_matching_blocks ()

FHBA e dAFE NEARRE VS5 E3-F29
j, n) U“‘Olﬂi ali:i+n] == b[J

AR EL AU, (len (@), len (o),
dok (4, 3, m g @, 3, o) ZhERENA A
3. EZo]oly™ i+n < j_'EF_L j+n < "YU S, AH3-FE22 %

222 ey

_>LO

>>> 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 ()

2 o2 ABFE PP A
ji j2) f‘““ﬁ‘%‘?‘r&

FEL2 (tag, i1, i2,
ST
=

| M= ile] o] H 72

ﬂEm
25
E

e e
rlo

tag = —E#Z}%‘_Om o] & oju] Q!
i =
'replace' a[il:iZ]Eb[jl 3212 X 35 of gt}
"delete’ |alil:i2)= AMAISIOFFUCE old 51 == 32 92w SFAIA <.
Tnsere’ | b(31:321% a (11:11) o AFATHNOF GFTeF ofaf 31 — 12 T FETFAA
[e)
'equal' alil:12] == b[jl1:32] ANBANBZ27F 25U,
& =49
>>> a = "gabxcd"
>>> b = "abycdf"
>>> s = SequenceMatcher (None, a, b)
>>> for tag, i1, i2, j1, j2 in s.get_opcodes():
print (' al : 1 ——> Db : ] -——> '.format (
Ce tag, 11, i2, 3j1, Jj2, alil:12], b[j1:321))
delete al0:1] ——> b[0:0] g > !
equal af[l:3] ——> b[0:2] 'ab' ——> 'ab'
replace al3:4] -——> b[2:3] 'x' ——> Ty
equal al4:6] ——> b[3:5] 'ed' ——> 'cd!
insert a[6:6] ——> b[5:6] Yo ——> T f!

get_grouped_opcodes (n=3)

Athn 2o B 2 189 A1 e o ¢
get_opcodes (o)A WHEE 1E 0% 2WEA, o] WAEE O e WA FEAHE T,

W7 Aol gl F1 89S Al A g o,

ulit
r]I
rit
%
<
T
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I52 get_opcodes () & 2 Ao & whgbg Ut

ratio ()
[0, 119] A9 float = A AX FAMS HEE EHF UL
Tﬂ%M%AA 49 & Aol Me 94X AL ), 2 £ 2.05M/ TP Th Ad27h 2o
H1.002,F /\7}3;10&10 0t

get_ matching blocks () Y get_opcodes () 7} o}&] & &5 A °}Al° A, Al 4teh= o] v]-§o]
Wol FYth ol ul, quick ratio() U real gquick ratio ()& WA A|E3}o] 433k
=T AFUH

ZF31: Caution: The result of a ratio () call may depend on the order of the arguments. For instance:

>>> SequenceMatcher (None, 'tide', 'diet').ratio()
0.25
>>> SequenceMatcher (None, 'diet', 'tide').ratio()
0.5

quick_ratio()
Hl w2 2] ratio ()2 4 &Yt

real_quick_ratio ()
ofF e ratio ()9 43S W Th

re
5 22} ol et QX ul &S MBSE A A WAEE AR THE 2 25w Ee] ThE
9} e

AHE E T
L A L =2 = T
AJE5Yth 8RR quick_ratio () eal_qulck_ratio()% A H A4S ratio () WHE £ S =Y
=

>>> s = SequenceMatcher (None, "abcd", "bcde")

>>> s.ratio()

0.75

>>> s.quick_ratio()

0.75

>>> s.real_qguick_ratio()

1.0

6.3.2 SequenceMatcher < A

ol AA M= THMg “AA" 2 T8k, F EALES AT Th

>>> s = SequenceMatcher (lambda x: x == " ",
"private Thread currentThread;",
"private volatile Thread currentThread;")

ratio ()& [0, 11 B9 9 floatE Westo], Aj@20] A S SAFUT AAH LR, ratio() 70l 0.6
o]ﬂo]uﬂ A7 ZH 8 A S th

>>> print (round(s.ratio(), 3))
0.866

i

AlF7F A8 FE ol vk #Al o] Jthd, get_matching blocks () 7F -8 @Yt

>>> for block in s.get_matching_blocks():
print ("al ] and bl ] match for elements" % block)

(TH& STToTAT ol A1)

136 Chapter 6. &/~ A 2] Au]A




The Python Library Reference, = x| 8] 3.7.16

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

al[0] 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 &3l Whhd vpx| e} 7&2 P4 Hul<l (len(a), len(b), 0)°JH, o=
TR B EZ 9 A (AXFFE 249 )71 0 9 FUd 2

5
AN A F2E F AR A P22 A A= HS &3 AT, get_opcodes () & ARSI A 2

>>> for opcode in s.get_opcodes() :

.. print (" al : ] bl : 1" % opcode)
equal af[0:8] b[0:8]

insert af[8:8] b[8:17]

equal al8:29] b[17:38]

o ®B7]:
e o] RE9 get_close_matches () &4+ SequenceMatcherE A3 7hd3st & ZHA & £ 35
$89 AU FUHE PUE Mol F LT
e SequenceMatcherZ W] 22 & =2 IS Y5k 7hhksh W d 2] =2 H.

6.3.3 Differ 2} )|

piffer7t v WEbE HAdiffebal 3R] eholl Fol st Al . Wit 2, 2 & diff & $F 1 F 34 A,
7Heet BE XA dAE A W2 gt W2 38 02 1003 o] A 7F Hol R Xl A A A7 =
SHUTH 573 A AL A AT A2 A sstE 71 ¢ 71 diff & e = Al dFo] 94 HET T
piffer Lol tha3 22 A4 s Ut

class difflib.Differ (linejunk=None, charjunk=None)
A B A 7| = w7 W= lingjunk 2} charjunk= B E &4 (= None) & H A YUY
lingjunk: ¥ # AL AL WolEol T mALo] AW FL WSE B YY)
o)m, ol o B A= VEA FSL 9 vl g ok
charjunk: F2H(ZA 0] 18] F2Q) & WotEolal, AV AT W s vhsket= Ut 71232
Noneo]H, o] o|H 2= F IR FFHA] a2 o v g th
ol#]g AT A T+ Aol S 7 A3 A HEE Fol L AHo] 7t vs Fo| U FAFE FAIBHA]
& Ut AHol AQSHA find longest_match () WA EY isjunk v 7] WHaof tjal A S ¢lo
AAe
Difrer AAE el WA EE Bo A8 H UTH(DEI S o] U Thy:

compare (a, b)

o

Lo

2 a7e EGH oL T ol B A ALE AT A
A2 readlines () Uﬂ/\iEE AS = AdS5UTE AANE e A 5L F AR writelines ()
MASE 5o 2tz A9 5 AR S £ G hoR Tyt BAdE 245,
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6.3.4 Differ o A

ol A= F /Hel H2ES HuP Yt WA GAES HAste, € 94 AR 2 e dd &
AL AR AJUT (o] A AL L F AA Y readlines () FINERE S 5

>>> 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]
-\nv
>>> text2 = ''' 1. Beautiful is better than ugly.
3. Simple is better than complex.
4. Complicated is better than complex.
5. Flat is better than nested.
""" .splitlines (keepends=True)

o5 2 & Differ A4 9] AAHAE P51 T

>>> d = Differ ()

rlr
%
-
f
2
iV
ok
4
30
o
K-y
Ho
lo
o
>
>
to

piffer AR A2HAE e w), 23 FA A 27 E 2E 8}
AN WL pifrer () AAARE F2IFAAN L.

nA e 2, % )& W m g o

>>> result = list (d.compare (textl, text2))

results EAQe) PaEolng, o2 A5 5B 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 e /\\nl’
'+ 4. Complicated is better than complex.\n',
"o +H++ A “\n',

'+ 5. Flat is better than nested.\n']

olg] Fol x4 shute] AL E W oA Yyt

>>> 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.
+ 4. Complicated is better than complex.
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(o1 A S o] A A Al

4+ A ~
5. Flat is better than nested.

+

6.3.5 difflib2] Y& & el o] A

o] o Al = difflib= A}-&3Fo] di fF9} G A& =
o Tools/scripts/diff.pyE E3HE o] JAH5HTh

#!/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.

mrn

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|()

(FF= sl el Aol AI%)
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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 ()

6.4 textwrap — Yl AE #|F 3} 3 -$7]

2 F = Lib/textwrap.py

textwrap EEL BE A4S $35t= Z 29 TextWrapper®wtolyst W 71X A 45 A=
Utk 37 e g 2E FAE S 2 3 (wrapping) 3t A U A& (filling) THH, H 2] 2 = FE) oF Pt
agA o F&E 98 Textwrapper AXEAE AFR3) oF Tyt

textwrap.wrap(text width 70, **kwargs)

ext(EALE) ol Je T BES dBaA e 5 27 AW width A7 A =5 FUh AF =
e B 4 26l s WAt
A=A 7195 QA= ol ol A E TextWrapper] A2EH2 oJEZFHE | FTYT) widh]

7183 70dYth
wrap () 2F5 ¥hA o] t) 8t ZA| 3 W82 TextWrapper.wrap () WA EE ZFZRIAAA L.

textwrap. fill(text width=70, **kwargs)
texto] Y= GY TS NBEA, B H EES 2Fo s TG FAE S UL £i11 () & T
Y 2

"\n".Jjoin (wrap (text, ...))

53], fill ()& wrap () F 2L 719 E AAE Lols Yyt

textwrap.shorten (fext, width, **kwargs)

50121 widiholl BEA) 5017 text® % oF3k ALk 25 k.
WA el gl 53 0] b Ut (8 0] B Lol AT T, A} widho] o

et Uch 222 ¢kow, U A tolflplaceholderZbwidth Yol B & S8 3} tho] 7} Zof A
AR E U o

>>> textwrap.shorten("Hello world!", width=12)

'Hello world!'

>>> textwrap.shorten("Hello world!", width=11)

'Hello [...]'

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

>>> textwrap.shorten("Hello world", width=10, placeholder="...")
'Hello...'

AeA 719 & QA= of) 01] AW E TextWrapperd QAA2HA olEHE gt €@
EV} TextWrapper fi11() @50 AEE 7] Ao 2ol XS B F ) tabsize, expand_tabs,
drop_whitespace % replace_whitespace Zt< Eﬂ%‘ St= AL o F3 7 Q1S Fo AL

B A 3.40] =7}

textwrap.dedent (fext)

text®] E FolA 22 A TS A AT U
AL AT HZREE F2 EALS &2 FE0A 3] Soj227] & FHE AN SFEA, T2 Ed
o) 9% A elol BE e ol A8 5 AUt
W3} 32 RE FW o s A, o o A ol fFHUA L " hello"sh "\thello”
Eole 35 AP Tl gle Aoz FFUrh
Lines containing only whitespace are ignored in the input and normalized to a single newline character in the output.
s =d:
def test():

# end first line with \ to avoid the empty line!

s = " l\

hello

world
print (repr(s)) # prints ' hello\n world\n !
print (repr (dedent (s))) # prints 'hello\n world\n'

textwrap.indent (fext, prefix, predicate=None)
textoll 4 A B2 Z 0] A2 5ol prefivE % 7H3H ok

=
NBA R, profivi FM Oz PAHA b BE (A% E 230l 271E YT

=i}

>>> s = 'hello\n\n \nworld'
>>> indent (s, ' ")
' hello\n\n \n world'

B A predicate QA= ol® E2 SA2 7T A] Alojote= ] AHEE 5 AdsUTh o & £, W &3

TR Qe Fol % prefixs F7kek71E A5 Hth:

>>> print (indent (s, '+ ', lambda line: True))

+ hello

+

+

+ world

WA 339 7}
wrap (), fill () D shorten ()& TextWrapper AAEHAAE UET 279 dd HAEE &3] 25
Fuieh. o) AAaEAE ANEH A 947 Wl wrap () WEE £111() & 8ol Be AAE EAAL
Aot S8 22N ¢, o2& AN Textirapper AAE WEE Ao B E&4Y 5 A5
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H2E = Fuli) slo] Zo] 9l Tho] 9 dto]Z uiE FHoA Pt A ASFUTh; Textirapper.
break_long words7F AACZ AAT o] QA o T Zout 71l o] & Bt}

class textwrap.TextWrapper (**kwargs)
rextirapper AAAE of 2 A2 AdA 719 = dAE WolEJYLh 2719 = A%

oEg|RE AFFUTH 1efA & EH

wrapper = TextWrapper (initial_indent="* ")

o)

fE

PSS

rlr

= e 2syd

wrapper = TextWrapper ()
wrapper.initial_indent = "* "

L TextWrapper AAE o
Sol 4 A€ WAT 5 A
Textirapper AZE 2 o E 2l W (s A ARl T8 A9 AR = T} 2Lt
width
(7183 70) HF A =9 H
TextWrappere width EAFE

o é“.:
™,
i
-
N
o
g2 |
o
o
b
X
o
T
v

expand_tabs
(71 E837k: True) oW, text?] & B X7} text®] expandtabs () WA EE AFR3lo] A5 o]~

= g9y
tabsize
(7123k: 8) expand_tabs7h Zol W, fext®] BE &) Bx= @A) A3} Fol A = 27 we} 07

o] o] Axoj Az B YTt
B A 3.30] F71.

replace_whitespace

(71 2%k True) Fold, & & & &3 Aoll, wrap () AINEE 2t 38 FAE @ &S9oja=
A&gdUnh A8s = 3 22 e 25uth: |, E ke A2 FL F o= g e A 2

("\t\n\v\£f\r").

#Z7: expand_ tabs7]— A A 0|1 replace _whitespaceZ} Zo|H, Zt el BExl= o Ago] A

= A g5, 9 ST oy

iL: replace_whitespaceZt AR OIH, & F7koll & uhg o] YELEA o] 443 2 T8
AxUtLh o3 o] F &, | AEE (str.splitlines ()W FA AL ]—%*BHA-])—E,—?_}QE
Eis |

3 Fo M= s oF .

Moy

drop_whitespace
(71 23k True) Fol @, BE 2] 423} o) 31 (29 o] F Sojxs] A)o] AAFH UL Feb
A# Rxe] Fule o] okl o] Fof 2@ AAs A kU Th AAEE FHo) & A E

A 517, 2 A7 7 A B U,

initial_indent

ClEgk: ') A% 8 299 3 A4 Dol 2748 BASYUTE R AA 29 o] Ao
2P ¥ AL L S0 27 gk

subsequent_indent
&) A AT A A =Y
ZF 22| 4ol Aol dH Y

Y

of #7b2 FArE AUt A WA &2 A9l g

o
ko
i
N
714
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fix sentence_endings
(718 3k False) o™, Textiirappers =39 & ZA St 7o) & 483 F 749 &
ﬂﬂAETﬂﬂiéﬁéﬁﬁﬂqq S
T, B A G S ERATIT: B
'"'14—"'"%«6‘]—1%7]——,4]3}]2_‘; z—]\;‘C_jl.._., _‘Hoﬂ
Ytk o] ¢aelE9 7HA # Al theoll = “Dr.” £

’ [...] Dr. Frankenstein's monster [...]

thaoll Y2+ “Spot.” Abo] o] Aol & HAE & glrk= AdUth

’[...] See Spot. See Spot run [...]

fix_sentence_endings—= 7|2 A o7 AR YUYt}

Since the sentence detection algorithm relies on string.lowercase for the definition of “lowercase
letter”, and a convention of using two spaces after a period to separate sentences on the same line, it is
specific to English-language texts.

break_long_words
(7)1 &7} True) Hold, widchBt} 7] E0] Y E= 37 Y3, widthE T}t 71 o] & B &3t}
AR oW, 71 ol 7} AR A ghon, YR o] widehith A 5 AU (videhE
kS H 234817 93 7] ol U E Fol HHUTh)

break_on_hyphens
(71 23k True) Zol W, i o], Jolo Ao} Fel )2, 33} B3t thol] sho] = k2 oA
YU ARolH, TS E ES AT TS G2 HFFAN, A G BB A g
o] Y3} break long wordss AR AR ok gt o
FFstolEo R AAH tho g Rl T A she Rol At

—

A WA 78 FAe

max_lines
(71-3k: None) None©] o} W, & 3-2 Z tf max_lines - E33}1L, placeholder 7} & & £l LHE}

gtk
WA 3400 7}
placeholder
12 [ ERed Y HAaEY 2o 2AE EA4FE.

H A 3.4 27}

Textirappers BE 4% U8 849§ 8 714 38 WAZE AT

wrap (fext)
(B2 D) Y& & L WEF DO AT widch A7 A ES ARk B E A
FHZ Textlirapper AT AXH A o] ERRENA 7AFUTH HFE & vhwol fle
=9 %4 g AEE WU g3 | S5l Y&o] flod vigtd glAE = vlo] Qs Yt
£ill (text)
textol] Qe B B BT, o] B e E ok B EAAL Hagh
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6.5 unicodedata — U T & ©|o]E]H|o] A

O REL RE ST Ex4 ol 4L AYdt= FUZE ZA dl o] H Wl o] 2 (UCD - Unicode
Character Database) o] T 3F AN A& A Z 8t} o] gl o] gl mo] 20 £3HE d o] E]= UCD W A 11.0.00 2
Astd

The module uses the same names and symbols as defined by Unicode Standard Annex #44, “Unicode Character Database”.
It defines the following functions:

unicodedata.lookup (name)
ooz BAE 23 FUth AFW o2 BAL BAR W, ) S5}
¥ow, KeyError7b A U th

WA 33004 WA o5 8 B R E A A 7L F Ak gk
unicodedata.name (chr[ default])

chr EApo) FFH o] 55 FADR A TE o] Fo] H =] %O W, default7} W At 2] A A
¢ro W valueError7F @A g th

unicodedata.decimal chr[ default]
chr 27kl &8 103 g2 2 vty 2123 gho] Aol = of QIA| 9509 default 7} RE&E]
A, AAQS A o valueError7b 34 Yo

unicodedata.digit ( chr[ default]
chr ZAboll @FHE AF(digit) gk A= Wy ch 283 gho]l o= o] A ko default 7}
WREE] A A A E A RO valueErrorZF @A U Tk

A BeFU A5 A

rIr
it

unicodedata.numeric chr[ default]
chr 2 A}of] & E 4= %] (numeric value) S float 2 WFEHgU ), 18] 3k gho] Aol = of QU A] ¢8O W default
7S A, A A oW valueError7F AU T

unicodedata.category (chr)
chr ZAFo]] &5 A wl M 3 (general category) S Z A4 2 W3Sk T},

unicodedata.bidirectional (chr)
chr Z2o]) &35 FH}eF Z ) A (bidirectional class) & X9 2 w33 th 28 3k Zho] A5 o] 91X
o™, vl FA4 o] vk U th

unicodedata.combining (chr)
chr B2}ol & 3E A% 23 Z 2 2 (canonical combining class) £ A4 2 w3ttt 43 Feh2A71 A
o= A ko™ 0-& g T

unicodedata.east_asian_width (chr)
B2} chrof] &E = oFA] o} = (east asian width) & E 219 & w3k o},

unicodedata.mirrored (chr)
B2} chrol]) &39 AL A £ 4 (mirrored property) < A5
(e}
=

st B2 7F ek El A E o) A <)
OAwmﬂgﬂﬁﬂﬁl Hh%ﬁllaﬂ%gﬁo s

29
Rl t}.
unicodedata.decomposition (chr)

B2} chrof] & &2} 23] v 3 (character decomposition mapping) < =A< 2 Wkshghu o} 123 v 3

o] Aojx o] QA ko Wl Ex1Y o] wkskg Ut}
unicodedata.normalize (form, unistr)

FUIZ= EAE unistrol] o) 3+ A 3} & 4] (normal form) form< WU T} forme) 5 & 3k 3H-2 ‘NFC,

‘NFKC’, ‘NFD’ 2 ‘NFKD’ ¢J 1t}

U http://www.unicode.org/Public/11.0.0/ucd/NameAliases. txt
2 http://www.unicode.org/Public/11.0.0/ucd/NamedSequences. txt
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= A % %5 A (canonical equivalence) W & 3 55 Al (compatibility equivalence) 2] % 2] &
2, fURE BAG GFY A3 A2 GG FURSCIA, o) BAE
2 33838 4 9L Ut o & S0, U+00C7 (LATIN CAPITAL LETTER C WITH CEDILLA) -& A

+0043 (LATIN CAPITAL LETTER C) U+0327 (COMBINING CEDILLA) 2% 33 4 54t}

o=, 5 719 AF3F 3 A 0] Jdsuch: AFs g4 C AF3F 4 D. A3} 8 A DINFD) =
Sleb s v, 2 BAE wel 940w Mashlch A3 B4 CNFO= 1A 2% Balg
‘W%ﬂﬂﬁﬁﬂTHE@MZQQHG
34 9%, T8 SN E NNOE FE F AR T ATFS o] gLn fFUR=AAE,
JulA o 2 t}E B9 B35 = EA Ex7F A Y9E Yl o & £, U+2160 (ROMAN NUMERAL
NE) 2 U+0049 (LATIN CAPITAL LETTER )3 AAZE 25Ut A Y 71 & BEXF J (A E &
gb2312) o] T3S F8f FrUZ = oA ALF Ut

473 94 KDNFKD) £ 58 23] 28 39Urh 5 R E 8 242 553 202 A8}
A 735} 8 A KC(NFKC) = WA 53t a2 283t ]2, 4% A3 Aag o).
Agro] W7ol Zof wol, shubt Ak e BAE 27 The

FAY fURE 2G| H7 35

31, Al
W, 2ok H s A % 5 AUk

unicodedata.unidata_version
o] RE o] AH&E FUFE o] e w0 22) WA,

unicodedata.ued_3_2_0
O] AL AA BRER 22 WANEE 7HAL U&= AA AT, FUZE dolgHu o)A WA 328 th4l
AU ol 54 WA FUSE HolEWel At Ba s $§ =213 (74 IDNA)S AT A ¢
Utk

o A :

—

>>> import unicodedata

>>> unicodedata.lookup ('LEFT CURLY BRACKET'")

E

>>> 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

>>> unicodedata.category ('A") # 'L'etter, 'u'ppercase

lLu'

>>> unicodedata.bidirectional ('\u0660') # 'A'rabic, 'N'umber
lAN'

1e
N
R

6.6 stringprep — SlEJYl %}

B

AT Lib/stringprep.py

QE o A F-A7H7 :
o] M7t AT = AT Pyl e S8 22 23 Q)
FERIEA 2R oA, ER <A T BAR R FAE A dw 6 857) 98, 752 A8 Al of

ﬁd
oi‘i
fofs
[>
m
o
all]
it
>
i
ok
E=)
I
I
2 M
v
)
>
i
2
=
k)
of
ol
B
El
o
|
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£ “Fu]” e BAE ATk BAAS Aol AP
=

RFC 3454%= oYl = & & Zof| A %14 = 7x1e
I old A43td 4 S 2= & BsYth RFCE 223142

3t7] Aoll, v EAE 3 EAE S A 23l 1

29% 5 I dol AT AL FUD 2t 22 5A L LB o o] B3} stringorep A 0@ A
Bl 4 H o) _z.i.ﬂrol YRz FosoF Tt stringprep ZE23}L Q] ot 71A] o & ZA|FH T ol
o] o AR E = nameprep?}l/]l’/]-.

stringprep 2E-2 RFC 34549] Hl o] £t =3t o]t H o] B2 YAV Y g 2rER E' }7101]
e 37 W2, RES WEHOZE FUIE ZA H o E W o] A& AFRFUTH B
mkstringprep.py 88l El € A&t A= A5

As a result, these tables are exposed as functions, not as data structures. There are two kinds of tables in the RFC: sets
and mappings. For a set, st ringprep provides the “characteristic function”, i.e. a function that returns True if the
parameter is part of the set. For mappings, it provides the mapping function: given the key, it returns the associated value.
Below is a list of all functions available in the module.

i
B
l>
g

.

stringprep.in_table_al (code)

code7} tableA. 1(F U T = 320 A A A=A 4 T = 2AE) ] =4 FEYTh
stringprep.in_table_bl (code)

code7} tableB.1(A¥HA © = o} £ AE wl B = A 91 Thell YA wEgh T,

stringprep.map_table_b2 (code)
tableB.2(NFKC 8} &7 AH§-5) = 7l o] & Z 9§ v 33) o whe} coded] v} B gh-2 whsbghuich,

stringprep.map_ table b3 (code)
tableB.3(H 11 3}7} Gl Al o)~ E 1§ v 33) ol e} code®] w33 H ZhS wESHE Y )

stringprep.in_table_cl1 (code)
code7} tableC.1.1(ASCIL A3 o] A~ E2}) o] 9l=2] a3t}

stringprep.in_table_c12 (code)

code7} tableC.1.2(8] ASCII 2~ o] 2~ B2} o] Ql&=A] s g o}
stringprep.in_table_cll_c12 (code)

code7} tableC.1(: 3 o] 2 £}, C.1.13 C.1.29] FA g ol YA HEF Ut

stringprep.in_table_c21 (code)
code7} tableC.2.1(ASCII A| o] E2}) o] 9J==] Fd st}

stringprep.in_table_c22 (code)
code7} tableC.2.2(H] ASCIL A o] &2} of] Ql&=2] FE g

stringprep.in_table_c21_c22 (code)
code7} tableC.2(A| o] &2}, C.2.13} C.2.29] g3 ghHof] A=A s gt

stringprep.in_table_c3 (code)
code7} tableC.3(7] 1 AH&) ol A=A 8 T

By

stringprep.in_table_c4 (code)
code7} tableC.4(B| A} T = Z QA E) o QJ=x] FF gt

stringprep.in_table_c5 (code)
code7} tableC.5(tf 2] =)ol =4 ThdFch.

stringprep.in_table_c6 (code)

code7} tableC.6( QR Bl A~ Eof = 2 ) of] Q=] o)
stringprep.in_table_c7 (code)

code7} tableC.7(FH & Z & o= £ 4) o &4 AT

stringprep.in_table_c8 (code)
code7} tableC.8(EA E4 W74 == s A)) o J=A FHEFYr)
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stringprep.in_table_c9 (code)
code7} tableC.9(Z A} B ) o] Q)=%] g o)

stringprep.in_table_d1 (code)
code7} tableD.1(F4 & 54 o] “R” e Lh“AL” <l £ 2h of] Q=4 g g ek

stringprep.in_table_d2 (code)
code7} tableD 2( T B4 o] “L” el B o] Q=) g T,

6.7 readline — GNU readline 2l g| o] A~

readline BE-2 3tol A ¢1E 2z 2 o] A €73 (completion) 7} 3| ~E 2] 3L 9 ¢} 7]/~ 7] 5 & ©] 1A sh+=
oNd FE AT o mEE AR ARAAL, B4 2B mE A ol A0 AL AN
rlcompleter RES T3l AT 4 JdFULE o] REE AFE3te] AA3 Y& A =g H e U3t
EEEEG U input () B ABHE ZEEEY] S FFE BT

Readine 7) 114 2715} 5198 5 TAT 2 1g 1T AA22 § EIATIole) - inputre, o) )
Ao AT FLEH = AL Readhne glol B g9l 7] =l ﬂ% 1— dutz o] A X = GNU Readline v

Readline Init File-& %3} /\] L.

Z+31: 3} Readline F/]-O] B 2] 2] API+= GNU readline t 4l 1ibedit #to] B8 2 3 E 4 951 th macOS
SN readline 2B 4@ A7kl AHg <l 2ho] He) 2 & 744 g ok

libedit® 74 3948 GNUreadline?] 74 3}d 3 thEUth 22 gy WAl o g 24 EAYE S 2EdlE
AL readline._ doc__ o A “libedit” Bl AEZE 3-Q15}o] GNU readline 3} libeditE 8 & 4~ 95U th
macOS of| A] edztlme/llbedlt readline o Ed o] A S AL 3t= A9, T t]HE o Q=273 5td e o] 22

.editrcgyrth 9= ,~/.editrc? T2 WLL i 7| ]-‘_‘%J}TAB A A2 7]31411]—

python:bind -v
python:bind "I rl_complete

6.7.1 273} 5}
e Bt 2718 519 R SR T B Ptk

readline.parse_and_bind (string)
string Aol Al FH 2718 2 A ch 34 ehol v elol A rl_parse_and_bind () & 2%
.

readline.read_init_file ([ﬁlename] )
readline % 7] 3} 7+ 2 AT T}, 7] & 59 o]
g Z oA rl_read_init_file() S T Y

e vpAvtoE A8 8 5 o 2 gtk B3 eholn

v n{m
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6.7.2 = H 3
ThS g4 ghel v s ol o) 28 h ok

readline.get_line_buffer ()
Z 059 AA N §(3HE 2ol B g9 r1_line_butfer)< WEFTh
readline.insert_text (string)
Z WA AN A X o P2EE AUt S5 ol Hejg|o) A rl_insert_text () & &AL,
HhE ghe A T o,
readline.redisplay ()
Z Mo A HES WIHES o] TAFE NS
rl_redisplay ()& .

o
rE
o,
i)

Yt} s ebo] B2 2ol A

7.3 3| A~ET 3
e B4t S 2Ee Sl el &8P ch:

readline.read_history_file ([ﬁlename])
readline 3| 2% 2] 9ld& 2811, | 2B B2 3
3HE gtol B glo A read_history () & i% Fyt.

readline.write_history_file( [ﬁlename]
S| AE P B2 readline 3| AE 2 3o A F3}ho,
history?} HE]- SHE glo] B 8] 2] ol A] wrlte_hlstory () % S ZSH .

readline.append_history_file (nelements[ ﬁlename]
32 % 2] 9] 0FA) 2} nelements 322 3h o] 74T 78 AW L -/ history ATk BHalo]
ojw] & sl of gt S} 2ho] H 2 2ol A append_history () £ 2Eyth o] g vol A o]
ol A ¥ste gholH e A or Aupdd Ffolt AT

WA 3500 7}

readline.get_history_length()

readline.set_history_length (length)
S|aE ] gl AsH7] Yok & T8 AR FAUY R write_history file()
o] k& AFR3lo], 3 Blo] B B glol A history_truncate_file() 2 S &3} 3|2E
U 5 2 Al gle sl2E e 3 2715 Yy ch

7yt 7|12 stdH & ~/ historyY Yt}

N

i)

e

filo

Ein}

2

fy

°

jop

v

N

rh:

O

oE,

L, ol r]o
\

1o o>
o r|r

6.7.4 S| AET BE

the Pt A dage 5o o) e ch
readline.clear_history ()
WA S 22l g ATk 8 ehol Hejelof A clear history () § BEFEh shold Bt
glo] o] o] & A Yst= ol B2l g Hupdd Bt 2AF Y

readline.get_current_history_ length ()
A slaE 2ol Qe T & aFUTh (1AL S| AET do) 7|5 AW £ +E sk
get_history_length ()9}1:]- Urth)

readline.get_history_item (index)
index°l| 3= 3|2 E 2] ULEA RO

A U4 HSEgUch F5 Addat 12 AZGUch 5 gleln
# 2] A history_get () 2 T=3 Y

£ mlo
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readline.remove_history_item (pos)
&~ E 2ol A 912 (pos) 2 A A 8 A% G2 A AT 9 A= 058 AZF ) s43 ghol 1
2 2] o A remove_history () & T&3 YT

readline.replace_history_item (pos, line)
A (pos) 2 A ABHA 3| AEF FEL linel & AT T 9 = 05 E A ZEUtL) s glol B g
o 4] replace_history_entry () E TE&g T}

readline.add_history (line)
U}x] 2 Zo] JdPH AAH S| 2E g WH o lines F7Hth sH gho] B & 2] oAl add_history ()

s23UTh

readline.set_auto_history (enabled)

readlineS 3 4=& ¢S u add_history () ol tid A5 & &3 =+ v &3
enabled A A= Z A uf] 215 S| 2E 2 S A4 I, AR L o AHF 7| =S H| A I st B8 A 3o

of of Zth.
B A 3.60] F7}.

CPython implementation detail: Auto history is enabled by default, and changes to this do not persist across
multiple sessions.

6.7.5 A= %

readline.set_startup_hook ( [function] )
S5 2ol B 8]9] r1_startup_hook FWMo o3 TEFH =4S H*%
o] 2174 = ¥ A} = (hook) T & AHE-F Uth A 25 A Y None o] ¥, o] 1] 4
%2 readline] 3 WA ZEZEE A7) D0l A glo] EEH U

oL

5} A} A A g T funcrion
A9 B4 7k A AR UL of

[UJ.‘

readline.set_pre_input_hook ( [function]
M glol B2l r1_pre_input_hook W 3 TEH = T+E DA AV A AZUT func-
tion®] A 7=, A} £ T2 AHSH U T A= 7 Y None o |, o] w] A& o7} A 7 g Yt ©]
%f4ﬂn4i4enﬂ4ﬂ%mmmﬂﬁa%nggnnnwna@nmnmq FZgU.

o gs ol o] o] & A st Bhol B E] Ao s Hutdd Aol AT

6.7.6 &4

02 &5 AFS A B ©o] &4 7|5 FE G A"l JlsUTh o] A2 dWtAH o2 Tab 7| 2= 25511,
Y5 ol E A o AF 0 F T LT 1840 2, Readine & T34 01E) 2 2] 61 9]
stol M AEAE A= ricompleterd A AFEIIEE AAF o 95U readline RES AHE A}
2] 94719 WA ALStel T, ohe tho] AL ATHE A As oF gl o,
readline.set_completer ( [function] )
&g s AR A AAGYIT. function©] A 7= W A & 2 AMEH U T A =3EA 1 Non
o], O] n] AXHE 4 T A AU &8 =
state®l] 3l function (text, state)E =%
oF g .
ARE S 4= o Blo] B3 2]9] rl1_completion_matches () 2 AEH entry_func ZW of &
S| SEFYUTE text EAFE 2 31 glo] B3 2]9] r1_attempted_completion_function ZFWe] A
A w7 A2 HE s Uoh

readline.get_completer ()
A4 Pk, 44 B4t A A Fgho W Noned AgUith

\I
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readline.get_completion_type ()
AE A &4 F32 7HAsUSh S 2ho]l B2l rl_completion_type M€ A= Whah gt
U,

readline.get_begidx ()

readline.get_endidx ()
2+ ¥ 9] (completion scope) 2] Al Zro] L} E AW AE ZhAF YT o] AE A FHE 2ol B g
rl_attempted_completion_function ZFW ol AEH start2} end QA AFY Yt}

readline.set_completer_delims (string)

readline.get_completer_ delims ()
AL AT dof FEAT HATAL AAGUCE o] 4SS AL 5 1 wol9] A (@A
hHE AdATTYT) o] & “ﬂ"\h ’6]——,— ol B8]89 r1_completer_word_break_characters ¥
R EatnB =3

readline.set completion_display_matches_hook([function])
Hd BA F4E AAZFAYU AAZTU funciono] AR A, 2L 44 A T2 AFSH
Ut A=A Noneol W, ol vl AAH 4 FA Fask AATUCE Sp3 ehol 1 2o A
rl_completion_display_matches_hook EME HAATAY AUt 44 BA 4= dANE
F A oF & wfjufct 3F H function (substltutlon, [matches], longest_match_length)

2 3Pt
6.7.7 <A
ts o€ readline 2§29 3|aEg 7| 27 4 E5 AR AHEAY F HEE oA .
python_historyets o] 59| S| ~E 2 JJr°‘ = X}EOE ze st A gshs W2 Hojsuth o
FE= dWA 02 AR ALS] PYTHONSTARTUP 3ol A 314 Al Foll A5 o2 At

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)

o) Bt A shol fo] thal Y BER WD W) A5 0 2 A Ut (Readline 75 FE AL
%#%%%%E%%@ﬂﬂ%wﬂiiﬂéﬁ%ﬂﬂ%ﬂﬂ%ﬂ@ﬂmmmmtWﬂ%lﬁ%ﬂ%

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:

(TH& STOTATl A1)

150 Chapter 6. &/~ A 2] Au]A



The Python Library Reference, = x| 8] 3.7.16

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

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)

the o= 3|28 AYEALS AP EE code. InteractiveConsole S 25 F4FTh

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 readlineg& ¢3l ¢+A st

A2 F X Lib/rlcompleter.py

ricompleter RES S E shol A H A9} 7| =S FATORH readline RE A3t A4 F4E
el g .

readline BRES AHEE 4 J+= FY2 %‘“;Hi‘)ﬂﬂ ol BEo] dXEH uf, Completer F 29 A2H
27V A5 0 2 WS o] A 11, complete () A =7} readline &4 7] (completer) 2 A 7 F Ut}

o A :

>>> 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 (

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

readline.__ _name___ readline.parse_and_bind(
>>> readline.

RES S AL RS HAEHAF UL FojHo] -s FHR
= 3 FAFH YT} (Readline -3 S B A L),

79 3 Completer Ze Ak o A3 A4 A o] B A0 A8

o =

rlcompleter &
A A o o, 2

2 Flo] 4l 9 EH 3
E2AF502 JXE
readline®] Yl ZHAEF A, o] ZE]

% g%tk

6.8.1 Completer 24

Completer 22| = th5 3 22 ¥l =E 7H U th:

Completer.complete (fext, state)
text )| O 3t state WA d-& WU}

WAE(C. ) ERT A B rew® BEFFW,  main |, builtins DAY E (keyword REOA
o)l A dod ol 5 o= A H UTh

oz 7EE | BOR T2, BN A4S (A E B4R
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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 standard 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.
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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 v/, 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 buffer buffer (presumably packed by pack (format, ...)) according to the format string
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, minus 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.
B & 3409 &7}

struct.calecsize (format)
Return the size of the struct (and hence of the bytes object produced by pack (format, ...)) corresponding
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:

154 Chapter 7. n}o]iig] g|o]g] Aju] A



The Python Library Reference, = X] 8] A 3.7.16

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.

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 switchable
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 stan-
dardized.
The form ' ! ' is available for those poor souls who claim they can’t remember whether network byte order is big-endian

or little-endian.
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 beginning
or the end of the encoded struct.

5 (_

(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.
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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 e))
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 2)
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 @)
d double float 8 4)
S char[] bytes

P char([] bytes

P void * integer ®))

WA 3.39 4] ¥ 7 : Added support for the 'n' and 'N' formats.
H A 3.69 A ¥ 7 : Added support for the 'e' format.
Notes:

(1) The ' 2 ' 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 7 : Use of 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 '£', '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.
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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, ' 10s ' 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.

HA 314 HZA: 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 ' ? ' 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.

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 requirements
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'")

(TF= ol ATl A%
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8
>>> calcsize('ic'")
5

The following format ' 11h01 "' specifies two pad bytes at the end, assuming longs are aligned on 4-byte boundaries:

>>> pack('11hO1"', 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 X1
Module array Packed binary storage of homogeneous data.

Module xdr1ib Packing and unpacking of XDR data.

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.

ZF31: 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 St ruct instance.

Compiled Struct objects support the following methods and attributes:

pack (vi,v2,...)
Identical to the pack () function, using the compiled format. (len (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 si ze.

unpack_£from (buffer, offset=0)

Identical to the unpack_ from () function, using the compiled format. The buffer’s size in bytes, minus
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 3409 37}

format
The format string used to construct this Struct object.

W A 3.70]| A *H 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) corre-
sponding to format.
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7.2 codecs — Codec registry and base classes

Source code: Lib/codecs.py

This module defines base classes for standard Python codecs (encoders and decoders) and provides access to the internal
Python codec registry, which manages the codec and error handling lookup process. Most standard codecs are fext
encodings, which encode text to bytes, but there are also codecs provided that encode text to text, and bytes to bytes.
Custom codecs may encode and decode between arbitrary types, but some module features are restricted to use specifically
with text encodings, or with codecs that encode to bytes.

The module defines the following functions for encoding and decoding with any codec:

codecs . encode (0bj, encoding="utf-8’, errors="strict’)
Encodes obj using the codec registered for encoding.

Errors may be given to set the desired error handling scheme. The default error handler is 'strict ' meaning
that encoding errors raise ValueError (or a more codec specific subclass, such as UnicodeEncodeError).
Refer to Codec Base Classes for more information on codec error handling.

codecs .decode (0bj, encoding= utf-8’, errors=strict’)
Decodes obj using the codec registered for encoding.

Errors may be given to set the desired error handling scheme. The default error handler is 'strict' meaning
that decoding errors raise ValueError (or a more codec specific subclass, such as UnicodeDecodeError).
Refer to Codec Base Classes for more information on codec error handling.

The full details for each codec can also be looked up directly:

codecs . lookup (encoding)
Looks up the codec info in the Python codec registry and returns a Codec Info object as defined below.

Encodings are first looked up in the registry’s cache. If not found, the list of registered search functions is scanned.
If no CodecInfo objectis found, a LookupError is raised. Otherwise, the CodecInfo object is stored in
the cache and returned to the caller.

class codecs.CodecInfo (encode, decode, streamreader=None, streamwriter=None, incrementalen-

) _ coder=None, incrementaldecoder=None, name=None) ) )
Codec details when looking up the codec registry. The constructor arguments are stored in attributes of the same

name:

name
The name of the encoding.

encode

decode
The stateless encoding and decoding functions. These must be functions or methods which have the same in-
terface as the encode () and decode () methods of Codec instances (see Codec Interface). The functions
or methods are expected to work in a stateless mode.

incrementalencoder

incrementaldecoder
Incremental encoder and decoder classes or factory functions. These have to provide the interface defined
by the base classes TncrementalEncoder and IncrementalDecoder, respectively. Incremental
codecs can maintain state.

streamwriter

streamreader
Stream writer and reader classes or factory functions. These have to provide the interface defined by the base
classes St reamiWriter and St reamReader, respectively. Stream codecs can maintain state.
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To simplify access to the various codec components, the module provides these additional functions which use 1 ookup ()
for the codec lookup:

codecs .getencoder (encoding)
Look up the codec for the given encoding and return its encoder function.

Raises a LookupError in case the encoding cannot be found.

codecs .getdecoder (encoding)
Look up the codec for the given encoding and return its decoder function.

Raises a LookupError in case the encoding cannot be found.

codecs.getincrementalencoder (encoding)
Look up the codec for the given encoding and return its incremental encoder class or factory function.

Raises a LookupError in case the encoding cannot be found or the codec doesn’t support an incremental en-
coder.

codecs.getincrementaldecoder (encoding)
Look up the codec for the given encoding and return its incremental decoder class or factory function.

Raises a LookupError in case the encoding cannot be found or the codec doesn’t support an incremental de-
coder.

codecs .getreader (encoding)
Look up the codec for the given encoding and return its St reamReader class or factory function.

Raises a LookupError in case the encoding cannot be found.

codecs.getwriter (encoding)
Look up the codec for the given encoding and return its St reamiriter class or factory function.

Raises a LookupError in case the encoding cannot be found.
Custom codecs are made available by registering a suitable codec search function:

codecs .register (search_function)
Register a codec search function. Search functions are expected to take one argument, being the encoding name in
all lower case letters, and return a CodecInfo object. In case a search function cannot find a given encoding, it
should return None.

Z31: Search function registration is not currently reversible, which may cause problems in some cases, such as
unit testing or module reloading.

While the builtin open () and the associated i o module are the recommended approach for working with encoded text
files, this module provides additional utility functions and classes that allow the use of a wider range of codecs when
working with binary files:

codecs . open (filename, mode="r’, encoding=None, errors=strict’, buffering=1)
Open an encoded file using the given mode and return an instance of St reamReaderWriter, providing trans-
parent encoding/decoding. The default file mode is ' r ', meaning to open the file in read mode.

Z3: Underlying encoded files are always opened in binary mode. No automatic conversion of ' \n"' is done on
reading and writing. The mode argument may be any binary mode acceptable to the built-in open () function; the
'b' is automatically added.

encoding specifies the encoding which is to be used for the file. Any encoding that encodes to and decodes from
bytes is allowed, and the data types supported by the file methods depend on the codec used.
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errors may be given to define the error handling. It defaults to 'strict ' which causes a ValueError to be
raised in case an encoding error occurs.

buffering has the same meaning as for the built-in open () function. It defaults to line buffered.

codecs .EncodedFile (file, data_encoding, file_encoding=None, errors=strict’)
Return a St reamRecoder instance, a wrapped version of file which provides transparent transcoding. The
original file is closed when the wrapped version is closed.

Data written to the wrapped file is decoded according to the given data_encoding and then written to the original
file as bytes using file_encoding. Bytes read from the original file are decoded according to file_encoding, and the
result is encoded using data_encoding.

If file_encoding is not given, it defaults to data_encoding.

errors may be given to define the error handling. It defaults to 'strict ', which causes ValueError to be
raised in case an encoding error occurs.

codecs.iterencode (iterator, encoding, errors=strict’, **kwargs)
Uses an incremental encoder to iteratively encode the input provided by iferator. This function is a generator. The
errors argument (as well as any other keyword argument) is passed through to the incremental encoder.

This function requires that the codec accept text st r objects to encode. Therefore it does not support bytes-to-bytes
encoders such as base64_codec.

codecs.iterdecode (iterator, encoding, errors=strict’, **kwargs)
Uses an incremental decoder to iteratively decode the input provided by iferator. This function is a generator. The
errors argument (as well as any other keyword argument) is passed through to the incremental decoder.

This function requires that the codec accept bytes objects to decode. Therefore it does not support text-to-text
encoders such as rot_ 13, although rot_ 13 may be used equivalently with i terencode ().

The module also provides the following constants which are useful for reading and writing to platform dependent files:

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
These constants define various byte sequences, being Unicode byte order marks (BOMs) for several encodings.
They are used in UTF-16 and UTF-32 data streams to indicate the byte order used, and in UTF-8 as a Unicode
signature. BOM_UTF' 16 is either BOM_UTF16_BE or BOM_UTF16_LE depending on the platform’s native byte
order, BOM is an alias for BOM_UTF16, BOM_LEfor BOM_UTF16_LEand BOM BE for BOM_UTF16_BE. The
others represent the BOM in UTF-8 and UTF-32 encodings.
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7.2.1 Codec Base Classes

The codecs module defines a set of base classes which define the interfaces for working with codec objects, and can
also be used as the basis for custom codec implementations.

Each codec has to define four interfaces to make it usable as codec in Python: stateless encoder, stateless decoder, stream
reader and stream writer. The stream reader and writers typically reuse the stateless encoder/decoder to implement the
file protocols. Codec authors also need to define how the codec will handle encoding and decoding errors.

Error Handlers

To simplify and standardize error handling, codecs may implement different error handling schemes by accepting the
errors string argument. The following string values are defined and implemented by all standard Python codecs:

Value Meaning

'strict' | Raise UnicodeError (or a subclass); this is the default. Implemented in strict_errors().

'ignore' | Ignore the malformed data and continue without further notice. Implemented in
ignore_errors ().

The following error handlers are only applicable to text encodings:

Value Meaning

'replace Replace with a suitable replacement marker; Python will use the official U+FFFD REPLACE-
MENT CHARACTER for the built-in codecs on decoding, and ‘?’ on encoding. Implemented in
replace_errors ().

'xmlcharrRepigotawith the appropriate XML character reference (only for encoding). Implemented in
xmlcharrefreplace_errors().

'backs1asReptace sath backslashed escape sequences. Implemented in backslashreplace_errors ().
'namereplaReplace with \N{...} escape sequences (only for encoding). Implemented in
namereplace_errors ().

' surrogat €@ dequding, replace byte with individual surrogate code ranging from U+DC80 to U+DCFF. This
code will then be turned back into the same byte when the ' surrogateescape' error handler is
used when encoding the data. (See PEP 383 for more.)

In addition, the following error handler is specific to the given codecs:

Value Codecs Meaning
'surrogatepds 'utf-16, utf-32, utf-16-be, | Allow encoding and decoding of surrogate codes. These codecs
utf-16-le, utf-32-be, utf-32-le normally treat the presence of surrogates as an error.

WA 3.19] 7}: The 'surrogateescape' and 'surrogatepass' error handlers.

W A 3.40] 4 M7 : The 'surrogatepass' error handlers now works with utf-16* and utf-32* codecs.
B A 3.5 3£7}: The 'namereplace’ error handler.

WA 3594 7 The 'backslashreplace' error handlers now works with decoding and translating.
The set of allowed values can be extended by registering a new named error handler:

codecs.register_error (name, error_handler)
Register the error handling function error_handler under the name name. The error_handler argument will be
called during encoding and decoding in case of an error, when name is specified as the errors parameter.
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For encoding, error_handler will be called with a UnicodeEncodeError instance, which contains information
about the location of the error. The error handler must either raise this or a different exception, or return a tuple
with a replacement for the unencodable part of the input and a position where encoding should continue. The
replacement may be either st r or bytes. If the replacement is bytes, the encoder will simply copy them into
the output buffer. If the replacement is a string, the encoder will encode the replacement. Encoding continues on
original input at the specified position. Negative position values will be treated as being relative to the end of the
input string. If the resulting position is out of bound an TndexError will be raised.

Decoding and translating works similarly, except UnicodeDecodeError or UnicodeTranslateError
will be passed to the handler and that the replacement from the error handler will be put into the output directly.

Previously registered error handlers (including the standard error handlers) can be looked up by name:

codecs.lookup_error (name)
Return the error handler previously registered under the name name.

Raises a LookupError in case the handler cannot be found.
The following standard error handlers are also made available as module level functions:

codecs.strict_errors (exception)
Implements the 'strict' error handling: each encoding or decoding error raises a UnicodeError.

codecs.replace_errors (exception)
Implements the 'replace' error handling (for fext encodings only): substitutes ' ? ' for encoding errors (to be
encoded by the codec), and '\ufffd' (the Unicode replacement character) for decoding errors.

codecs.ignore_errors (exception)
Implements the 'ignore' error handling: malformed data is ignored and encoding or decoding is continued
without further notice.

codecs.xmlcharrefreplace_errors (exception)
Implements the ' xmlcharrefreplace' error handling (for encoding with rext encodings only): the unencod-
able character is replaced by an appropriate XML character reference.

codecs .backslashreplace_errors (exception)
Implements the 'backslashreplace’ error handling (for fext encodings only): malformed data is replaced
by a backslashed escape sequence.

codecs.namereplace_errors (exception)
Implements the 'namereplace’ error handling (for encoding with rext encodings only): the unencodable char-
acter is replaced by a \N{ . . . } escape sequence.

B A 3.50] F7}.

Stateless Encoding and Decoding

The base Codec class defines these methods which also define the function interfaces of the stateless encoder and decoder:

Codec.encode (input[, errors] )
Encodes the object input and returns a tuple (output object, length consumed). For instance, text encoding converts
a string object to a bytes object using a particular character set encoding (e.g., cp1252 or iso-8859-1).

The errors argument defines the error handling to apply. It defaults to ' strict ' handling.

The method may not store state in the Codec instance. Use St reamivr i t er for codecs which have to keep state
in order to make encoding efficient.

The encoder must be able to handle zero length input and return an empty object of the output object type in this
situation.
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Codec.decode (input[, errors] )
Decodes the object input and returns a tuple (output object, length consumed). For instance, for a fext encoding,
decoding converts a bytes object encoded using a particular character set encoding to a string object.

For text encodings and bytes-to-bytes codecs, input must be a bytes object or one which provides the read-only
buffer interface — for example, buffer objects and memory mapped files.

The errors argument defines the error handling to apply. It defaults to 'strict ' handling.

The method may not store state in the Codec instance. Use St reamReader for codecs which have to keep state
in order to make decoding efficient.

The decoder must be able to handle zero length input and return an empty object of the output object type in this
situation.

Incremental Encoding and Decoding

The IncrementalEncoder and IncrementalDecoder classes provide the basic interface for incremental en-
coding and decoding. Encoding/decoding the input isn’t done with one call to the stateless encoder/decoder function,
but with multiple calls to the encode ()/decode () method of the incremental encoder/decoder. The incremental
encoder/decoder keeps track of the encoding/decoding process during method calls.

The joined output of calls to the encode ()/decode () method is the same as if all the single inputs were joined into
one, and this input was encoded/decoded with the stateless encoder/decoder.

IncrementalEncoder Objects

The TncrementalEncoder class is used for encoding an input in multiple steps. It defines the following methods
which every incremental encoder must define in order to be compatible with the Python codec registry.

class codecs.IncrementalEncoder (errors=strict’)
Constructor for an TncrementalEncoder instance.

All incremental encoders must provide this constructor interface. They are free to add additional keyword argu-
ments, but only the ones defined here are used by the Python codec registry.

The TncrementalEncoder may implement different error handling schemes by providing the errors keyword
argument. See Error Handlers for possible values.

The errors argument will be assigned to an attribute of the same name. Assigning to this attribute makes it possible
to switch between different error handling strategies during the lifetime of the TncrementalEncoder object.

encode (object[, ﬁnal])
Encodes object (taking the current state of the encoder into account) and returns the resulting encoded object.
If this is the last call to encode () final must be true (the default is false).

reset ()
Reset the encoder to the initial state. The output is discarded: call . encode (object, final=True),
passing an empty byte or text string if necessary, to reset the encoder and to get the output.

getstate()
Return the current state of the encoder which must be an integer. The implementation should make sure that
0 is the most common state. (States that are more complicated than integers can be converted into an integer
by marshaling/pickling the state and encoding the bytes of the resulting string into an integer.)

setstate (state)
Set the state of the encoder to state. state must be an encoder state returned by getstate ().
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IncrementalDecoder Objects

The IncrementalDecoder class is used for decoding an input in multiple steps. It defines the following methods
which every incremental decoder must define in order to be compatible with the Python codec registry.

class codecs.IncrementalDecoder (errors=strict’)
Constructor for an ITncrementalDecoder instance.

All incremental decoders must provide this constructor interface. They are free to add additional keyword argu-
ments, but only the ones defined here are used by the Python codec registry.

The IncrementalDecoder may implement different error handling schemes by providing the errors keyword
argument. See Error Handlers for possible values.

The errors argument will be assigned to an attribute of the same name. Assigning to this attribute makes it possible
to switch between different error handling strategies during the lifetime of the TncrementalDecoder object.

decode (object[, final ])
Decodes object (taking the current state of the decoder into account) and returns the resulting decoded object.
If this is the last call to decode () final must be true (the default is false). If final is true the decoder must
decode the input completely and must flush all buffers. If this isn’t possible (e.g. because of incomplete byte
sequences at the end of the input) it must initiate error handling just like in the stateless case (which might
raise an exception).

reset ()
Reset the decoder to the initial state.

getstate ()

Return the current state of the decoder. This must be a tuple with two items, the first must be the buffer
containing the still undecoded input. The second must be an integer and can be additional state info. (The
implementation should make sure that O is the most common additional state info.) If this additional state
info is O it must be possible to set the decoder to the state which has no input buffered and 0 as the additional
state info, so that feeding the previously buffered input to the decoder returns it to the previous state without
producing any output. (Additional state info that is more complicated than integers can be converted into an
integer by marshaling/pickling the info and encoding the bytes of the resulting string into an integer.)

setstate (state)
Set the state of the decoder to state. state must be a decoder state returned by getstate ().

Stream Encoding and Decoding

The St reamiriter and St reamReader classes provide generic working interfaces which can be used to implement
new encoding submodules very easily. See encodings.ut f_8 for an example of how this is done.

StreamWriter Objects

The St reamiriter class is a subclass of Codec and defines the following methods which every stream writer must
define in order to be compatible with the Python codec registry.

class codecs.StreamWriter (stream, errors=strict’)
Constructor for a St reamiriter instance.

All stream writers must provide this constructor interface. They are free to add additional keyword arguments, but
only the ones defined here are used by the Python codec registry.

The stream argument must be a file-like object open for writing text or binary data, as appropriate for the specific
codec.
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The St reamir it er may implement different error handling schemes by providing the errors keyword argument.
See Error Handlers for the standard error handlers the underlying stream codec may support.

The errors argument will be assigned to an attribute of the same name. Assigning to this attribute makes it possible
to switch between different error handling strategies during the lifetime of the St reamiriter object.

write (object)
Writes the object’s contents encoded to the stream.

writelines (list)
Writes the concatenated list of strings to the stream (possibly by reusing the write () method). The standard
bytes-to-bytes codecs do not support this method.

reset ()
Flushes and resets the codec buffers used for keeping state.

Calling this method should ensure that the data on the output is put into a clean state that allows appending
of new fresh data without having to rescan the whole stream to recover state.

In addition to the above methods, the St reamiwriter must also inherit all other methods and attributes from the
underlying stream.

StreamReader Objects

The St reamReader class is a subclass of Codec and defines the following methods which every stream reader must
define in order to be compatible with the Python codec registry.

class codecs.StreamReader (stream, errors=strict’)

Constructor for a St reamReader instance.

All stream readers must provide this constructor interface. They are free to add additional keyword arguments, but
only the ones defined here are used by the Python codec registry.

The stream argument must be a file-like object open for reading text or binary data, as appropriate for the specific
codec.

The St reamReade r may implement different error handling schemes by providing the errors keyword argument.
See Error Handlers for the standard error handlers the underlying stream codec may support.

The errors argument will be assigned to an attribute of the same name. Assigning to this attribute makes it possible
to switch between different error handling strategies during the lifetime of the St reamReader object.

The set of allowed values for the errors argument can be extended with register _error ().

read ( [size[, chars[, ﬁrstline] ] ] )
Decodes data from the stream and returns the resulting object.

The chars argument indicates the number of decoded code points or bytes to return. The read () method
will never return more data than requested, but it might return less, if there is not enough available.

The size argument indicates the approximate maximum number of encoded bytes or code points to read for
decoding. The decoder can modify this setting as appropriate. The default value -1 indicates to read and
decode as much as possible. This parameter is intended to prevent having to decode huge files in one step.

The firstline flag indicates that it would be sufficient to only return the first line, if there are decoding errors
on later lines.

The method should use a greedy read strategy meaning that it should read as much data as is allowed within the
definition of the encoding and the given size, e.g. if optional encoding endings or state markers are available
on the stream, these should be read too.
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readline ([size[, keepends] ] )
Read one line from the input stream and return the decoded data.

size, if given, is passed as size argument to the stream’s read () method.
If keepends is false line-endings will be stripped from the lines returned.

readlines ([sizehint[, keepends] ] )
Read all lines available on the input stream and return them as a list of lines.

Line-endings are implemented using the codec’s decode () method and are included in the list entries if
keepends is true.

sizehint, if given, is passed as the size argument to the stream’s read () method.

reset ()
Resets the codec buffers used for keeping state.

Note that no stream repositioning should take place. This method is primarily intended to be able to recover
from decoding errors.

In addition to the above methods, the St reamReader must also inherit all other methods and attributes from the
underlying stream.

StreamReaderWriter Objects

The St reamReadeririter is a convenience class that allows wrapping streams which work in both read and write
modes.

The design is such that one can use the factory functions returned by the 1 ookup () function to construct the instance.

class codecs.StreamReaderWriter (stream, Reader, Writer, errors=strict’)
Creates a St reamReadeririter instance. stream must be a file-like object. Reader and Writer must be factory
functions or classes providing the St reamReader and St reamiriter interface resp. Error handling is done
in the same way as defined for the stream readers and writers.

StreamReaderWriter instances define the combined interfaces of St reamReader and St reamWriter classes.
They inherit all other methods and attributes from the underlying stream.

StreamRecoder Objects

The St reamRecoder translates data from one encoding to another, which is sometimes useful when dealing with
different encoding environments.

The design is such that one can use the factory functions returned by the 1 ookup () function to construct the instance.

class codecs.StreamRecoder (stream, encode, decode, Reader, Writer, errors="strict’)
Creates a St reamRecoder instance which implements a two-way conversion: encode and decode work on the
frontend — the data visible to code calling read () and write (), while Reader and Writer work on the back-
end — the data in stream.

You can use these objects to do transparent transcodings, e.g., from Latin-1 to UTF-8 and back.
The stream argument must be a file-like object.

The encode and decode arguments must adhere to the Codec interface. Reader and Writer must be factory functions
or classes providing objects of the St reamReader and St reamiriter interface respectively.

Error handling is done in the same way as defined for the stream readers and writers.
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St reamRecoder instances define the combined interfaces of St reamReader and St reamiriter classes. They
inherit all other methods and attributes from the underlying stream.

7.2.2 Encodings and Unicode

Strings are stored internally as sequences of code points in range 0x0-0x10FFFF. (See PEP 393 for more details about
the implementation.) Once a string object is used outside of CPU and memory, endianness and how these arrays are stored
as bytes become an issue. As with other codecs, serialising a string into a sequence of bytes is known as encoding, and
recreating the string from the sequence of bytes is known as decoding. There are a variety of different text serialisation
codecs, which are collectivity referred to as text encodings.

The simplest text encoding (called 'latin-1" or 'iso-8859-1") maps the code points 0-255 to the bytes 0x0—
0xf £, which means that a string object that contains code points above U+00FF can’t be encoded with this codec.
Doing so will raise a UnicodeEncodeError that looks like the following (although the details of the error message
may differ): UnicodeEncodeError: 'latin-1' codec can't encode character '\ul234' in
position 3: ordinal not in range(256).

There’s another group of encodings (the so called charmap encodings) that choose a different subset of all Unicode
code points and how these code points are mapped to the bytes 0x0-0xff. To see how this is done simply open e.g.
encodings/cpl252.py (which is an encoding that is used primarily on Windows). There’s a string constant with
256 characters that shows you which character is mapped to which byte value.

All of these encodings can only encode 256 of the 1114112 code points defined in Unicode. A simple and straightfor-
ward way that can store each Unicode code point, is to store each code point as four consecutive bytes. There are two
possibilities: store the bytes in big endian or in little endian order. These two encodings are called UTF-32-BE and
UTF-32-LE respectively. Their disadvantage is that if e.g. you use UTF-32-BE on a little endian machine you will
always have to swap bytes on encoding and decoding. UTF—32 avoids this problem: bytes will always be in natural endi-
anness. When these bytes are read by a CPU with a different endianness, then bytes have to be swapped though. To be
able to detect the endianness of a UTF—-16 or UTF-32 byte sequence, there’s the so called BOM (“Byte Order Mark™).
This is the Unicode character U+FEFF. This character can be prepended to every UTF—-16 or UTF—32 byte sequence.
The byte swapped version of this character (0xFFFE) is an illegal character that may not appear in a Unicode text. So
when the first character in an UTF-16 or UTF-32 byte sequence appears to be a U+FFFE the bytes have to be swapped
on decoding. Unfortunately the character U+FEFF had a second purpose as a ZERO WIDTH NO-BREAK SPACE: a
character that has no width and doesn’t allow a word to be split. It can e.g. be used to give hints to a ligature algorithm.
With Unicode 4.0 using U+FEFF asa ZERO WIDTH NO-BREAK SPACE has been deprecated (with U+2060 (WORD
JOINER) assuming this role). Nevertheless Unicode software still must be able to handle U+FEFF in both roles: as a
BOM it’s a device to determine the storage layout of the encoded bytes, and vanishes once the byte sequence has been
decoded into a string; as a ZERO WIDTH NO-BREAK SPACE it’s a normal character that will be decoded like any
other.

There’s another encoding that is able to encoding the full range of Unicode characters: UTF-8. UTF-8 is an 8-bit
encoding, which means there are no issues with byte order in UTF-8. Each byte in a UTF-8 byte sequence consists of
two parts: marker bits (the most significant bits) and payload bits. The marker bits are a sequence of zero to four 1 bits
followed by a 0 bit. Unicode characters are encoded like this (with x being payload bits, which when concatenated give
the Unicode character):

Range Encoding

U-00000000 - U-0000007F | OXXXXXXX

U-00000080 -+ U-000007FF | 110xxxxx 10XxXxXxX

U-00000800 *-+ U-0000FFFF | 1110xxxx 10xxxxxX 10XXXXXX
U-00010000 - U-0010FFFF | 11110xxx 10xxxxxx 10xxxxxx 10XXXXXX

The least significant bit of the Unicode character is the rightmost x bit.
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As UTF-8 is an 8-bit encoding no BOM is required and any U+FEFF character in the decoded string (even if it’s the first
character) is treated as a ZERO WIDTH NO-BREAK SPACE.

Without external information it’s impossible to reliably determine which encoding was used for encoding a string. Each
charmap encoding can decode any random byte sequence. However that’s not possible with UTF-8, as UTF-8 byte
sequences have a structure that doesn’t allow arbitrary byte sequences. To increase the reliability with which a UTF-8
encoding can be detected, Microsoft invented a variant of UTF-8 (that Python 2.5 calls "ut £-8-sig") for its Notepad
program: Before any of the Unicode characters is written to the file, a UTF-8 encoded BOM (which looks like this as a
byte sequence: Oxef, Oxbb, 0xbf) is written. As it’s rather improbable that any charmap encoded file starts with these
byte values (which would e.g. map to

LATIN SMALL LETTER I WITH DIAERESIS
RIGHT-POINTING DOUBLE ANGLE QUOTATION MARK
INVERTED QUESTION MARK

in is0-8859-1), this increases the probability that a ut £-8-sig encoding can be correctly guessed from the byte se-
quence. So here the BOM is not used to be able to determine the byte order used for generating the byte sequence, but
as a signature that helps in guessing the encoding. On encoding the utf-8-sig codec will write Oxe £, Oxbb, Oxbf as the
first three bytes to the file. On decoding ut £-8-s1ig will skip those three bytes if they appear as the first three bytes in
the file. In UTF-8, the use of the BOM is discouraged and should generally be avoided.

7.2.3 Standard Encodings

Python comes with a number of codecs built-in, either implemented as C functions or with dictionaries as mapping
tables. The following table lists the codecs by name, together with a few common aliases, and the languages for which
the encoding is likely used. Neither the list of aliases nor the list of languages is meant to be exhaustive. Notice that
spelling alternatives that only differ in case or use a hyphen instead of an underscore are also valid aliases; therefore, e.g.
'ut £-8"' is a valid alias for the 'ut £_8"' codec.

CPython implementation detail: Some common encodings can bypass the codecs lookup machinery to improve per-
formance. These optimization opportunities are only recognized by CPython for a limited set of (case insensitive) aliases:
utf-8, utf8, latin-1, latinl, is0-8859-1, i1s08859-1, mbcs (Windows only), ascii, us-ascii, utf-16, utf16, utf-32, utf32, and
the same using underscores instead of dashes. Using alternative aliases for these encodings may result in slower execution.

WA 3.69]| A ¥ 7 : Optimization opportunity recognized for us-ascii.

Many of the character sets support the same languages. They vary in individual characters (e.g. whether the EURO SIGN
is supported or not), and in the assignment of characters to code positions. For the European languages in particular, the
following variants typically exist:

e an ISO 8859 codeset

* a Microsoft Windows code page, which is typically derived from an 8859 codeset, but replaces control characters
with additional graphic characters

* an IBM EBCDIC code page
¢ an IBM PC code page, which is ASCII compatible

Codec Aliases Languages
ascii 646, us-ascii English
big5 big5-tw, csbigh Traditional Chinese
bigShkscs big5-hkscs, hkscs Traditional Chinese
cp037 IBM037, IBM039 English
cp273 273, IBM273, csIBM273 German

WA 3400 7}

tha sl o] Al ol Al
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Codec Aliases Languages

cp424 EBCDIC-CP-HE, IBM424 Hebrew

cp437 437, IBM437 English

cp500 EBCDIC-CP-BE, EBCDIC-CP- | Western Europe

CH, IBM500

cp720 Arabic

cp737 Greek

cp775 IBM775 Baltic languages

cp850 850, IBM850 Western Europe

cp852 852, IBM852 Central and Eastern Europe

cp855 855, IBM855 Bulgarian, Byelorussian, Macedo-
nian, Russian, Serbian

cp856 Hebrew

cp857 857, IBM857 Turkish

cp858 858, IBMS858 Western Europe

cp860 860, IBM860 Portuguese

cp861 861, CP-IS, IBMS861 Icelandic

cp862 862, IBM862 Hebrew

cp863 863, IBM863 Canadian

cp864 IBM864 Arabic

cp865 865, IBM865 Danish, Norwegian

cp866 866, IBM866 Russian

cp869 869, CP-GR, IBM869 Greek

cp874 Thai

cp875 Greek

cp932 932, ms932, mskanji, ms-kanji Japanese

cp9%49 949, ms949, uhc Korean

cp950 950, ms950 Traditional Chinese

cpl1006 Urdu

cpl026 ibm1026 Turkish

cpl125 1125, ibm1125, cp866u, ruscii Ukrainian
W 3400 F7}

cpl140 ibm1140 Western Europe

cpl250 windows-1250 Central and Eastern Europe

cpl251 windows-1251 Bulgarian, Byelorussian, Macedo-
nian, Russian, Serbian

cpl252 windows-1252 Western Europe

cpl253 windows-1253 Greek

cpl254 windows-1254 Turkish

cpl255 windows-1255 Hebrew

cpl256 windows-1256 Arabic

cpl257 windows-1257 Baltic languages

cpl258 windows-1258 Vietnamese

cp65001 Windows only: Windows UTF-8
(CP_UTF8)
B A 330 E7}

euc_jp eucjp, ujis, u-jis Japanese

euc_jis_2004 jisx0213, eucjis2004 Japanese

euc_jisx0213 eucjisx0213 Japanese

EEE R ES
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Codec Aliases Languages
euc_kr euckr, korean, ksc5601, ks_c-5601, | Korean
ks_c-5601-1987, ksx1001, ks_x-
1001
gb2312 chinese, csis058gb231280, euc-cn, | Simplified Chinese
euccn, eucgb2312-cn, gb2312-
1980, gb2312-80, iso-ir-58
gbk 936, cp936, ms936 Unified Chinese
gb18030 gb18030-2000 Unified Chinese
hz hzgb, hz-gb, hz-gb-2312 Simplified Chinese
is02022_jp csis02022jp, 1s02022jp, iso-2022- | Japanese
Jp
1502022_jp_1 1502022jp-1, is0-2022-jp-1 Japanese

1502022_jp_2

1502022p-2, i50-2022-jp-2

Japanese, Korean, Simplified Chi-
nese, Western Europe, Greek

1502022_jp_2004 | is02022jp-2004, is0-2022-jp-2004 | Japanese
1502022_jp_3 1502022jp-3, is0-2022-jp-3 Japanese
1502022_jp_ext 1502022 jp-ext, 1s0-2022-jp-ext Japanese
1502022_Kkr csis02022kr, is02022Kkr, is0-2022- | Korean

kr
latin_1 i50-8859-1,  is08859-1, 8859, | Western Europe

cp819, latin, latinl, L1
1508859_2 150-8859-2, latin2, L2 Central and Eastern Europe
1508859_3 1s0-8859-3, latin3, L3 Esperanto, Maltese
1508859_4 150-8859-4, latind, L4 Baltic languages
1508859_5 150-8859-5, cyrillic Bulgarian, Byelorussian, Macedo-

nian, Russian, Serbian
1508859_6 180-8859-6, arabic Arabic
1508859_7 150-8859-7, greek, greek8 Greek
1508859_8 180-8859-8, hebrew Hebrew
1s08859_9 180-8859-9, 1atin5, L5 Turkish
1508859_10 1s0-8859-10, latin6, L6 Nordic languages
1508859_11 150-8859-11, thai Thai languages
1508859_13 150-8859-13, latin7, L7 Baltic languages
1508859 _14 150-8859-14, latin8, L8 Celtic languages
1508859_15 1s0-8859-15, latin9, L9 Western Europe
1508859 _16 150-8859-16, latin10, L10 South-Eastern Europe
johab cpl361, ms1361 Korean
koi8_r Russian
koi8_t Tajik
B A 359 F7}

koi8_u Ukrainian
kz1048 kz_1048, strk1048_2002, rk1048 Kazakh

WA 3590 F7F

mac_cyrillic maccyrillic Bulgarian, Byelorussian, Macedo-
nian, Russian, Serbian

mac_greek macgreek Greek

mac_iceland maciceland Icelandic

mac_latin2 maclatin2, maccentraleurope Central and Eastern Europe

mac_roman macroman, macintosh Western Europe

mac_turkish

macturkish

Turkish

EEE R ES
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Codec Aliases Languages

ptcpl54 csptepl54, ptl54, cpl54, cyrillic- | Kazakh
asian

shift_jis csshiftjis, shiftjis, sjis, s_jis Japanese

shift_jis_2004 shiftjis2004, sjis_2004, sjis2004 Japanese
shift_jisx0213 shiftjisx0213, sjisx0213, s_jisx0213 | Japanese

utf_32 U32, utf32 all languages
utf_32_be UTF-32BE all languages
utf_32 le UTF-32LE all languages
utf_16 Ul6, utf16 all languages
utf_16_be UTF-16BE all languages
utf_16_le UTF-16LE all languages
utf_7 U7, unicode-1-1-utf-7 all languages
utf_8 U8, UTF, utf8 all languages
utf_8_sig all languages

¥ A 3.40] 4] X 7 : The utf-16* and utf-32* encoders no longer allow surrogate code points (U+D800-U+DFFF) to
be encoded. The utf-32* decoders no longer decode byte sequences that correspond to surrogate code points.

7.2.4 Python Specific Encodings

A number of predefined codecs are specific to Python, so their codec names have no meaning outside Python. These
are listed in the tables below based on the expected input and output types (note that while text encodings are the most
common use case for codecs, the underlying codec infrastructure supports arbitrary data transforms rather than just text
encodings). For asymmetric codecs, the stated meaning describes the encoding direction.

Text Encodings

The following codecs provide st r to by tes encoding and bytes-like object to st r decoding, similar to the Unicode text
encodings.
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Codec Aliases Meaning

idna Implement RFC 3490, see also
encodings. idna. Only
errors='strict' is sup-
ported.

mbcs ansi, dbcs Windows only: Encode the operand
according to the ANSI codepage
(CP_ACP).

oem Windows only: Encode the operand
according to the OEM codepage
(CP_OEMCP).
WA 3.690 =71

palmos Encoding of PalmOS 3.5.

punycode Implement RFC 3492.  Stateful
codecs are not supported.

raw_unicode_escape Latin-1 encoding with \uXXXX

and \UXXXXXXXX for other code
points. Existing backslashes are not
escaped in any way. It is used in the
Python pickle protocol.

undefined Raise an exception for all conver-
sions, even empty strings. The error
handler is ignored.

unicode_escape Encoding suitable as the contents of
a Unicode literal in ASCII-encoded
Python source code, except that
quotes are not escaped. Decode
from Latin-1 source code. Beware
that Python source code actually
uses UTF-8 by default.
unicode_internal Return the internal representation of
the operand. Stateful codecs are not
supported.

W A 3.35 E 3] A]: This represen-
tation is obsoleted by PEP 393.

Binary Transforms

The following codecs provide binary transforms: bytes-like object to bytes mappings. They are not supported by
bytes.decode () (which only produces st r output).
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Codec Aliases Meaning Encoder / decoder
base64_codec” | base64, Convert the operand to multiline MIME base64 (the base64.
base_64 result always includes a trailing ' \n"). encodebytes () /
W A 3.4 A ¥ 7 : accepts any bytes-like object as base64.
input for encoding and decoding decodebytes ()
bz2_codec bz2 Compress the operand using bz2. bz2.compress () /
bz2.
decompress ()
hex_codec hex Convert the operand to hexadecimal representation, binascii.
with two digits per byte. b2a_hex () /
binascii.
aZb_hex ()
quopri_codec quopri, Convert the operand to MIME quoted printable. quopri.encode ()
quotedprint- with
able, quotetabs=True/
quoted_printable quopri.decode ()
uu_codec uu Convert the operand using uuencode. uu.encode () /
uu.decode ()
zlib_codec zip, zlib Compress the operand using gzip. zlib.compress ()
/z1ib.
decompress ()

¥ A 3.20]] 3 7}: Restoration of the binary transforms.
WA 3.49]| A ¥ 7 : Restoration of the aliases for the binary transforms.
Text Transforms

The following codec provides a text transform: a st r to st r mapping. It is not supported by st r. encode () (which
only produces byt es output).

Codec
rot_13

Aliases
rotl3

Meaning
Return the Caesar-cypher encryption of the operand.

B A 3.20]] 37}: Restoration of the rot_ 13 text transform.

¥ A 3.40]| 4] ¥ 7 : Restoration of the rot 13 alias.

7.2.5 encodings.idna — Internationalized Domain Names in Applications

This module implements RFC 3490 (Internationalized Domain Names in Applications) and RFC 3492 (Nameprep:
A Stringprep Profile for Internationalized Domain Names (IDN)). It builds upon the punycode encoding and
stringprep.

These RFCs together define a protocol to support non-ASCII characters in domain names. A domain name containing
non-ASCII characters (such as www.Alliancefrangaise.nu) is converted into an ASCII-compatible encoding
(ACE, such as www.xn—-—alliancefranaise-npb.nu). The ACE form of the domain name is then used in all
places where arbitrary characters are not allowed by the protocol, such as DNS queries, HTTP Host fields, and so on.
This conversion is carried out in the application; if possible invisible to the user: The application should transparently
convert Unicode domain labels to IDNA on the wire, and convert back ACE labels to Unicode before presenting them to
the user.

! In addition to bytes-like objects, 'base64_codec" also accepts ASCII-only instances of st r for decoding

174 Chapter 7. n}o]iig] g|o]g] Aju] A


https://tools.ietf.org/html/rfc3490.html
https://tools.ietf.org/html/rfc3492.html

The Python Library Reference, = x| 8] 3.7.16

Python supports this conversion in several ways: the idna codec performs conversion between Unicode and ACE,
separating an input string into labels based on the separator characters defined in section 3.1 of RFC 3490 and converting
each label to ACE as required, and conversely separating an input byte string into labels based on the . separator and
converting any ACE labels found into unicode. Furthermore, the socket module transparently converts Unicode host
names to ACE, so that applications need not be concerned about converting host names themselves when they pass them
to the socket module. On top of that, modules that have host names as function parameters, such as http. client and
ftplib, accept Unicode host names (http.client then also transparently sends an IDNA hostname in the Host
field if it sends that field at all).

When receiving host names from the wire (such as in reverse name lookup), no automatic conversion to Unicode is
performed: applications wishing to present such host names to the user should decode them to Unicode.

The module encodings. idna also implements the nameprep procedure, which performs certain normalizations on
host names, to achieve case-insensitivity of international domain names, and to unify similar characters. The nameprep
functions can be used directly if desired.

encodings.idna.nameprep (label)
Return the nameprepped version of label.  The implementation currently assumes query strings, so
AllowUnassigned is true.

encodings.idna.ToASCII (label)
Convert a label to ASCII, as specified in RFC 3490. UseSTD3ASCIIRules is assumed to be false.

encodings.idna.ToUnicode (label)
Convert a label to Unicode, as specified in RFC 3490.

7.2.6 encodings.mbcs — Windows ANSI codepage

This module implements the ANSI codepage (CP_ACP).
Availability: Windows only.
¥ A 3.39]| 4] ¥4 7 : Support any error handler.

WA 3200 A ¥ 7 Before 3.2, the errors argument was ignored; 'replace' was always used to encode, and
'ignore"' to decode.

7.2.7 encodings.utf_8_sig— UTF-8 codec with BOM signature

This module implements a variant of the UTF-8 codec. On encoding, a UTF-8 encoded BOM will be prepended to the
UTF-8 encoded bytes. For the stateful encoder this is only done once (on the first write to the byte stream). On decoding,
an optional UTF-8 encoded BOM at the start of the data will be skipped.
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CHAPTER 8

tl ol ¥ 3

The modules described in this chapter provide a variety of specialized data types such as dates and times, fixed-type
arrays, heap queues, double-ended queues, and enumerations.

Python also provides some built-in data types, in particular, dict, 1ist, set and frozenset, and tuple. The
st r class is used to hold Unicode strings, and the bytes and bytearray classes are used to hold binary data.

o] A AL t}e B E B3] Ayt

8.1 datetime — 7| & Ux}¢} |7} &

AA F E: Lib/datetime.py

datetime BE-E R} AIZFS st AU B3t o &7 2 2bst= Y AE Al @Uth ERe Az
o] AYRHAT 7Y 2 -2 =Y 2HA 2 AS AT EE5AA o EYRE FEdUTh #- 750l
A=, timed}t calendar REE FZRIAHAIL

sl A17E AR o= F 1A E 5 7F 92U T “Uhol 1 (naive)” 9} o] 9] of (aware)”.

o]l o] A= th2 ol fllo] A L] Al A E Bhotstr] 915 Aok A-F FoF AJF g H oF T2
A8 F5 e A2 G A A A BT FEE AN S 2F T YT o5l o] AR L Aol oz
AT 017 G 54 A 22 e 7] 915 A-g U T

Lol B A= RS EA A A4l th2 GAYAI T AR Y A ARJ] AAE s e TS BEE
Z 3R] kH Ut yo] B AR 7} UTC(Coordinated Universal Time), ] & A] 7+ EE% o2 A 7o) A7 =
or Ag et =R+ 435 22 el dsUth. 543 A7} vl E|, ntd —1—% dF S ole A=
UEh A7t 22 T8 @@ 23 vpd kA gy oh veol B 7“11] = olsliatr] L Zd k] g AR dA 9
AR S-S FAI S t7HE A4 th

ol9lo] AA 7 L3 L =2 1WE A3, datetime I} time 7“7?1] o= FA tzinfo Zd 29 AB =
E RSN Bl S Eat -l i i B ’d‘;—.“xﬁ A B H o E g F tZlnfO7} AsUTh o]H3t tzinfo
A= UTC N2 R E o 22, A7 o] 5 3 43 A oF /\]7‘1’01 Ag= Ao st S HAF

%, Aved 53s 290
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t}. datetime E’_*‘éoﬂf\‘]% QA e A tzinfo WA, timezone FI AT A ZH o T A Al L.
timezone Z 2= UTC ARA| L} B1] ESTLFEDT Al ] 9 22 UTCZ R 8 1A L ZAlS Zh= 7Hesh A
& bl 5 %175‘/]"/} o AFEAQA 29 A Z]TJL -8 Z2IH & s Uth A AA9
Al ZE 2ol th et o 22 &l A O]"/}ﬂir/lr A Aolar, A WA EH W, UTC o] 2]of] B & 58 ZEZ 130

Age wee Ut
datetime EEL U2 A4S YR YY)

datet ime .MINYEAR
datet datetime A A 385 = 7Hd 22 A= MT. MINYEARE 19Ut

datetime .MAXYEAR
dateW datetime AAAA ] LEH = A Z AT WS, MAXYEARE 9999 U Th

o B7]:
X E calendar dul g 33 4L,

BE time AIZF AM 22} HEL

8.1.1 A& 7153ty

class datetime.date
Ao aE g ge] AA Y HALH gy, dor® I Aolghe 73kl o]34 Qd yol B Ix
olEZHE: year,month @ day.

class datetime.time

54 @xtel AA o], s 7F F & 5] 24%60*60 2 & ZE=The 7Hg st o] 44 QA Al ZH (A 7)ol = “ v &7
=73 o] g5 U Th. oJEZRE: hour, minute, second, microsecond & tzinfo.

class datetime.datetime
IR} A 7Ee] 23 o E-HE: year, month, day, hour, minute, second, microsecond X
tzinfo.

class datetime.timedelta
F date, time B datetime 2B TR Apo] S who| A2 % S| A= 2 YEH = 717

class datetime. tzinfo
A2l R AR ) A4 8] o] &  VAEE datetinedt cine FALONN LA BT £
A= A2 A (AE S %Mﬂﬂ%ﬁ}/ﬁrc’a‘%@_ FAIZHE 5= 2) S AlFstr] 98 A Y th

class datetime.timezone
tzinfoFA ol Ze~E FHEE ZH2R, UTCERE Y 14 L ZAS e YT

WA 320 F7}.
olg e o Ax e EHNYULh
date 39 A+ 4 ol Byt

timeW datetime 3§ AA = 1} ]H?S]-HL]- ool 4 A5 YT datetime AR d=d.tzinfo7}
None©] oFu]3l,d.tzinfo.utcoffset (d) 7} None ¥WI3t51 2] koW o] gojgdUth d.tzinfo”7} None
o] A}, d.tzinfox= None©o] ofy Z]‘?}d.tzinfo.utcoffset d) 7} None& k& 6} d= vo] B g th
time A t=t.tzinfo 7} "None©°] o}t t.tzinfo.utcoffset (None) ©] None2 BFE51A] ¢k o

W oojgloigych 28 A ko, 1= tpol B}
Lpo] 1 9} ojsl|o] 7ke] AHo] ML ¢ imedelta AR o] AL A ek Th
AB Fex BA:
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object
timedelta
tzinfo
timezone
time
date
datetime

8.1.2 timedelta 74 A

timedelta AAE  GR A7) Ao] ol 717+ VrER U T,

class datetime.timedelta (days=0, seconds=0, microseconds=0, milliseconds=0, minutes=0, hours=0,
weeks=0)

AAb= A8 Holm 7| B2 0dUth JAA= AT U RE5 a5 sd s oy, v+
days, seconds B microseconds?t W52 0 2 A ZH U} QA= o] thy 2 M3 Ut
« U 2E1000vte] 22 ZZ HEH U T
e 126

o A 7HE 36002 2 W3E UL

T
1 t}h& days, seconds @ microseconds S TF2 X 8 A F3}5to] & o] LF3EE w5 U T}
* 0 <= microseconds < 1000000
e 0 <= seconds < 3600*24 (3}% W9 % %)
* -999999999 <= days <= 999999999

A7 oato] 2 8 ool A22A oW, TE Aol Yo ol AR2A FAATL, 2 G
SEY W A5 2 B2 Yt HAOE 14 Ahe nhel a2 2w WE A E Utk float X7 o,
W} A7 Z2AAE AU (R S5 A G,

A7 days o] EAF UAS AANE, Overclovsrrort PFIT
25 e ATFHE AL HE e 5 AU IS

>>> from datetime import timedelta

>>> d = timedelta (microseconds=-1)

>>> (d.days, d.seconds, d.microseconds)
(-1, 86399, 999999)

Zes ol REL BT 2E U
timedelta.min

M 249 timedelta AA|, timedelta (-999999999).

timedelta.max
7V F4 2 timedelta A, timedelta (days=999999999, hours=23, minutes=59,
seconds=59, microseconds=999999).

timedelta.resolution
2R AL timedelta AR 7+ 753 71 ZHE Z}o], timedelta (microseconds=1).
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A3 E A3, timedelta.max > -timedelta.minY YTl —-timedelta.max+= timedelta AAE &E

JEaRE [ @

days 2999999999 S} 999999999 AFoT, 74 A = ot
seconds 03} 86399 Alo], A A £3+
microseconds | 03999999 Alo], A A E &t

At e
tl = t2 + t3 29} 139] S} o|Z ol = t]-2 ==13 Ftl-13==027} ZFJ T} (1)
tl = t2 - t3 29} 139] o). o]Zo|l =t ==12- 3 F 2 ==11 + 37} ZJ Ut} (1)(6)
tl =t2 * i & £ | g AFE vtk olFolei 1= 0dwh, dd//i==n27} FA YTt
tl =1 * t2
AuPA 0 2 ] *i==¢t] * (i-1) + 12 FJ Yt} (1)
-tz £ E €| 95 foarE FPUL AFE 55U 452 Fe e FHAO =
tl = £ * £2 timedelta.resolution®] 7}& 7}71-& vi4- 2 =t €3 U th
f=1t2 / t3 AR 710 25 FH I B2 YF7] (3). float 7ﬂxﬂ% 2ok
tl =t2 / £fE | dEgEfoatt}int® U 3. 2= S5 o B2 utedst= 2o g
tl =t2 / i timedelta.resolution 2] 7} 7} 7}-& HH—,—E X]—ﬂ % 1412]-
tl = t2 // i Ex | floor7} Al4bE] 1 YA (JAchH) & W H YT THWH Fol&, A7 vkeks
tl = t2 // t3 Yt} (3)
tl = t2 % t3 UM A 7} t imedelta AAZ AL YT (3)
g, r = divmod(tl, | HIFUHAEALGUT:q =t1 // t2Q)Fr = t1 % t2.qe= FAFTL
t£2) 1< timedelta AA Yt
+tl 23S 2 timedelta AAE WU TE (2)
-t1 t imedelta(-tl.days, -tl.seconds, -tl.microseconds) 2} t1* -1} S-St} (1)(4)
abs (t) t.days >= 0 W+ & t.days < 0 Qw1 53T} (2)
str(t) [D day[s], ] [H]H:MM:SS[.UUUUUU] Fao] FALE-& vt o 7]
ADE g9 td W 24 ALk (5)
repr (t) THAANEYRE FZ 7N YA TEE A3t timedelta AA| Y AL
w8 L e
rE:
(1) o] AL BatAnt e &2 & 5 IdFUth
@) AL ARSI, eMER T4 A5t
3) 022 V¥ ZerobivisionError7F @A o}
(4) -timedelta.max= timedelta AAZ AT 4= g5t
(5) timedelta AA Y F2E FH-S HF T FASHA A Ut o] 22 59 timedelta 7} Th 4
o] A £ = 2= olojFAUth o & Eof:
>>> timedelta (hours=-5)
datetime.timedelta (days=-1, seconds=68400)
>>> print (_)
-1 day, 19:00:00
6) t2 — 3 XFAA 2 FA 2 + (-t3) TFA T} ZolA =], 139] timedelta.maxQ W v o £ Y
o olwl 2ol gl AL A HEAT, FHo AL eMEnE Jogrh
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ol E AR SN % ¢ imedelta AAE darestdatetine AR o] @ T3 28 A AT T (ol
FHZ3A 2).

HA 32004 HA: YA A2 divmod () S5} v A2, timedelta BAASE 2 timedelta 2
A2 A4 7] (foor division) £ A4 L& 7] (true division) 7} o] Al A1 QFB Ut timedelta AAE float
AR 2 A% 12 FAE ol A ol A A1 Uk

Cimedelts AR WAL AN ), 6 B A0S BB tinedelca ARE Y 4L Aoz
Utk £33 vazt AA) F4 710k 71 & va g oA = AL 7] fdl, timedelta A A7}
AR L} vl awd wf, vl w7} == o]} 1 =7} bW TypeError7h AU 7 A& s g zhzt
U rrued WU T}

timedelta A€ s A 7Hs(GM U2l 712 A8 7he) otal, &2 Q 9292 A 438ty, 22 d =il A

SlAE A YA E:

timedelta.total_seconds ()
717k =2 H F A ZFS X (seconds) 2 HFESFU . td / timedelta(seconds=1) & %=
St x o9 72 wHels, Byl FAL AW ASFANL (IE Sol, td /
timedelta (microseconds=1)).
]9 2 A7 A= (U RE ZHZ A 270d oA, o] P EE nto]la 2 2o AFLE oA
Uk
WA 3200 7}

ARE o

>>> from datetime import timedelta

>>> year = timedelta (days=365)

>>> another_year = timedelta (weeks=40, days=84, hours=23,

c minutes=50, seconds=600) # adds up to 365 days
>>> year.total_seconds ()

31536000.0

>>> year == another_year
True

>>> ten_years = 10 * year

>>> ten_years, ten_years.days // 365

(datetime.timedelta (days=3650), 10)

>>> nine_years = ten_years - year

>>> nine_years, nine_years.days // 365

(datetime.timedelta (days=3285), 9)

>>> three_years = nine_years // 3

>>> three_years, three_years.days // 365
(datetime.timedelta (days=1095), 3)

>>> abs (three_years - ten_years) == 2 * three_years + year
True
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8.1.3 date 7 A

date AAE WAL 27 LA S PUS PPFOE FA, o4 A LA A DA(d, U, DE 5
Aych 1919194 Hs 1 = . ©] 22 Dershowitz 2} Reingold & 2
Calendrical Calculations ©f] 1} 2 = “ AF 1.8 31 2] (proleptic Gregona —,94 4.4 o} d Xyt o] &4 E
2E A4 7] 2T B4k 28 12 2 A4 (ordinal) 9F ThE B 2 A AE ALo] o] WS 9T
darg] ol FAalA = o] M-S FREAAIL.

=
\'ﬁ

class datetime.date (year, month, day)
All arguments are required. Arguments must be integers in the following ranges:

e MINYEAR <= year <= MAXYEAR
¢ 1 <= month <= 12
e 1 <= day <= Fo]Z month& yearoAo &
o] B & Hojvbe AR F A Y, valueErrorZt EQ-/@@'L]D}.
e AR BRE S mAE

classmethod date.today ()
AR A GRS HEE YT} o] A& date. fromtimestamp (time.time () ) & S5 Yt}.

classmethod date.fromtimestamp (fimestamp)
time.time ()°l &) WrEHE 27 22 POSIX BRI ARl Zof| S Fat= A G FA-E w3t &
ez ZPE C localtime ) oA A Qo= FHEYE dojyd OverflowError7]— Els
A3}, localtime () A3 Al OSError7]— kAl gL T) o] Z o] 1970 d o A 2038 2 7 A ﬂﬂ =
A o] elupA o] o). E}ou\sn_La}‘— Ao 28 Z831= POSIX 7} ofd Al AH A E, §27}
fromtimestamp () oA FAF ol 9 4] Al &

WA 3304 WA timestamp 7} 2 ZE C localtime () oA A Ust= 3 HHYE Hojhd
ValueError A overflowErrorS WAA A UTE localtime () A3 Al VvalueError Al
OSErrorE WA AUt}

classmethod date.fromordinal (ordinal)
A a2 e 8 Ao s gets date S Y TH 1d 1€ 190 A4 19Utk 1 <= ordinal
<= date.max.toordinal ) | OMf”‘ ValueError7b HAZUTEL EE date doj 3, date.
fromordinal (d.toordinal()) == d¥Yytc}.

classmethod date.fromisoformat (date_string)
date.isoformat () & & W= & A 9] date_string®l] 3l F3}= dated WU TE FAH O =E, o] T
4L YYYY-MM-DD P49 Ex1E S 293t

24 oAL 499 IS0 8601 £AE S T BAE A2 AUFA Utk o] AL date.

isoformat ()] QA o] T AL T WML},

WA 3,790 7}
S AJEYHE

date.min
£33 7}=3F 71 o] = date, date (MINYEAR, 1, 1).

date.max
23 753 71 =2 date, date (MAXYEAR, 12, 31).

date.resolution
22 k& date AA| 7+ 7153 7 AL x}o)], timedelta (days=1).
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A2E 2 o] EFRE (817] A-8):

date.year
MINYEARS} MAXYEAR AFo|, 7 A 2.3},

date.month

13} 12 Abol, A =3t
date.day

13} 5= 0] % year 2] 5=©] 7 month 2] ‘& 5= A}ol.
A hE = Ak

o A 23}

date2 = datel + date2= datel 9| ] timedelta.days 9 o] 53 ER A YUt (1)

timedelta

date?2 = datel - date2 + timedelta == datel”} A ¥} date2 S A AFSU T}

timedelta 2)

timedelta = datel - 3)

date?

datel < date2 datel ©] date2°l] A X H date] = date2 BT} 2+ A © 7 7FE3IHU T (4)
CE:

(1) date2= timedelta.days > 0°] ¥ v @] 2, timedelta.days < 0°]¥H I AZE o] =3k
A date2 - datel == timedelta.days©] § YT} timedelta.seconds®} timedelta.
microseconds+ FA|E UL} date2.year7} MINYEARE T} 2 A WU MAXYEARK T A = & 11 31
overflowErrorZF @At}

(2) timedelta.seconds® timedelta.microseconds= FA|E Yt}

3) o] AL AEsl, L ZE T 4 g5 Yt} timedelta.seconds £} timedelta.microseconds+= 0 ©] 11, ©] & o
date2 + timedelta == datel ©] 3 U T}.

4) =, 2 A datel.toordinal() < date2.toordinal () ¥ u]Tdatel < date2Yyth vl At
ol date AA 7} ob A G ¥ A &= Typebrrorg WA I YT 22} vl Aol timetuple ()
oEZHEV oW, Al NotImplementedZ} WHEH YT o] T2 & o] dxt A A 7]._‘6:61-303
MR E 7S 713 E AU 2F A o, dare AA 7 THE fﬂ«] A 2wl g wf, ¥ 7} =
U 1=7} oUW TypeErrorZb BAFUTH F 43l s Fetd 2+ ralse Y rrued WU T

A gAY A2 AT 5 dEvth B Eel A, RE date ARE Fow 3F U
A2 HAE:
date.replace (year=self.year, month= self month, day self day)
719 QAR A Z L ghol Tl i) WeES A9 st 22 g 7H date & Wit T ol & &
o],d == date (2002, 12, 31)©°]W,d.replace (day=26) == date (2002, 12, 26)JYt}

date.timetuple ()
time.localtime ()©°] Bt&3st= A L& tlme struct_timeS BFESUTH A, B L 2= 009
I, DSTZH 2= -19 Yt d.timetuple () & time.struct_time ((d.year, d.month, d.
day, 0, 0, 0, d.weekday(), yday, -1))&E53Yrt} 7|4 yday = d.toordinal ()
- date(d.year, 1, 1).toordinal() + 12 1¥¢ 19 12 A Zdl= A dx9 Ix HE Y
=y

date.toordinal ()
Aata# P A& S5 UTh 19 19 199 e 1dUth 999 date A A dol T3l date.
fromordinal (d.toordinal()) == dYYth
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date.weekday ()
Rez Qe Hegn, 9298001 U8
weekday () R 9. isoweekday ()& ZF

26Ut A= E9], date (2002, 12, 4).
5

d
e Al Q..

date.isoweekday ()
A2 84S EdFgych 984210l 8 d27YdYth o & 9, date (2002, 12, 4).
lsoweekday() == 3,484, weekday (), isocalendar () & ZFRIHA 2.

date.isocalendar ()
-FZ (ISO A %,ISO = ¥ 3,180 8 )= W o}

ISO 282 aguglge g Alg5 = "3 dych https://www.staff.science.uu.nl/~gent0113/
calendar/isocalendar.htm o] Z A= o] QJFYth

ISO A= E5214 5370 SAS =2 AL, T+ %lél%‘oﬂ AlZbste] A g dofl gt ISO 1= 9
A WA = 139 (:'-Eﬂ"’rﬂ)d"’*oﬂfﬂ Fado] S0+ A HA —Zr%MEP oS FWIE 1o
stH, 1 52 A9 ISO A%+ Tdare] A=t Z5yth

A& 50],2004dL 220 AJZFEHEZ SO AE 20049 A =42 Y,20034 12€ 299 A
A3, 429,2004d 19 490 3 Uth 2284 date (2003, 12, 29).isocalendar() ==
(2004, 1, 1)o]3l date (2004, 1, 4).isocalendar() == (2004, 1, 7)<Yuc}

date.isoformat ()
ISO 8601 A o 2 IxE el = E2<EE vldstyt) ‘YYYY-MM-DD’. o] & £0], date (2002,
12, 4) .isoformat () == '2002-12-04".

date.__str__ ()
I3t doll &, str(d) =d.isoformat () & 53}

date.ctime ()
J72 e = E21g HPP?P‘GLL]E]- of| & 50l date (2002, 12, 4).ctime() == 'Wed Dec 4
00:00:00 2002'.d.ctime ()2 4 ]E]ECctlme() S (time.ctime () 2 S E3A T date.
ctime ()L T Z3}A] ?%Ql/]r/]—)ﬂcg_%ﬁ% St= ZPWZ oA time.ctime (time.mktime (d.

timetuple())) 25 Fch

date.strftime (format)

[m

BAIAQ T FAEE A oF =, EAE e = EAE S YT AL R EE 2 E UEHE 2
WIFEE=02S BA FUth 20 A AR AR BE-L sorftime() 3} strptime() 5 2HE RS A

date.__format__ (format)

h=)

date.strftime ().»]- 71’A\/]D} o]Ao] Y EXY Be]HI} str. format () & AT U date A
AE Yot W EXG S AAT ¢ JAEE Ut 2o g XA A} AA BE-L suftime() 2} strptimel()
EAE gRAYAL

A~

O EZFA] g2 & 5 ALt

>>> 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)

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

>>> time_to_birthday.days
202

dateZ 2 st= o).

>>> from datetime import date

>>> d = date.fromordinal (730920) # 730920th day after 1. 1. 0001
>>> d

datetime.date (2002, 3, 11)

>>> t = d.timetuple ()

>>> for i in t:

.. print (i)

2002 # year

3 # month

11 # day

0

0

0

0 # weekday (0 = Monday)
70 # 70th day in the year
-1

>>> ic = d.isocalendar ()

>>> for i in ic:

C. print (i)

2002 # ISO year

11 # ISO week number

1 # ISO day number ( 1 = Monday )
>>> d.isoformat ()

'2002-03-11"

>>> d.strftime (" /sm/sy")

'11/03/02"

>>> d.strftime ("%A . %$B %Y")

'Monday 11. March 2002'

>>> 'The is {O: }, the is {0:%B}.".format (d, "day", "month")

'The day is 11, the month is March.'

8.1.4 datetime A

datetime AR = date BAL time AR RE ARE £33t= - AAJYtTh date AA L} upzt
7VYA R, datetime AL 2 ue]dE FYFoE st 7HH T o time A A&} vk bR £,
datetimes 3h27) A8H3] 3600524 % 91 A0 2 7T

347

class datetime.datetime (year, month, day, hour=0, minute=0, second=0, microsecond=0, tz-
info=None, *, fold=0)
The year, month and day arguments are required. #zinfo may be None, or an instance of a t zinfo subclass. The
remaining arguments must be integers in the following ranges:

e MINYEAR <= year <= MAXYEAR,

e 1 <= month <= 12,

e 1 <= day <= Fo]Z month%}yearoAe & 4,
* 0 <= hour < 24,

e 0 <= minute < 60,
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e 0 <= second < 60,

e 0 <= microsecond < 1000000,

¢ fold in [0, 1].
o] 4 E Holube AAZF FoA A, valueError7b 78 ok
3 3.600 #7}F: fold A7 F7bH 5 Utk

thE AL BE Sl vAE:

classmethod datetime.today ()

tzinfo7} NoneQl & A A datetimeS WFEstUtl o] 2L datetime.fromtimestamp (time.
time ()) I =5k now(), fromtimestamp () & ZZR I A L

classmethod datetime.now (fz=None)

A4S A S @A A S W AEA AR 27k None ol ALk A A A GOH, today ()%

FAFY SHA R, 7F5 o tine. tine () B AREE 53 22 5 Yt AN H B2 AUES

AT (1§ E0l, Cgettimeotday () #48 AT FABIA 75 Feh.

inonee ohd coinco At Felae dsdlaclol of, A dAel A el el A e D
e

=yt oluj 7,:‘334-? tz.fromutc (datetime.utcnow () .replace (tzin ) &} 53 ok
today (), utcnow () & ZFZSHAIA L.

classmethod datetime.utcnow ()

tzinfo7F NoneQl @A) UTC &2} A| 7+ Hb&gUt) o] 212 now () &} B 31A 2, & A 2] UTC
IR} A 7HE Yol B datetime 7“11] 3 eyl AR o] g o] UTC datetimeS datetime.
now (timezone.utc) & EE3o] €S 5 AFYTH now () & FRIAA L.

classmethod datetime.fromtimestamp (fimestamp, tz=None)

time.time ()7} WF&3l= 213 22, POSIX timestamp ©f| 3l G3l= A 9 G &2} A| 7H-S w83y o).
e A Q1 A} 127} None o] 74‘/};‘]@5]7\] k0 timestamp Z ;W F O A IR} A|ZFO 2 H o
W3tE datet ime AR = Yol B I L]

1z7} Noneo©o| o™, tzinfo B ZFH 29 AdArgdAo]of 3, timestamp = 2 A 7+Hof
Z ASg Yt olu] A= tz.fromutce(datetime.utcfromtimestamp (timestamp) .
replace (tzinfo=tz) )} 53}

timestamp 7} Z & C localtime() °lY gmtime () oA A L3+ 3 HAE Hojyyd
fromtimestamp () 7} OverflowErrorE WAA 4 4 2,11, localtime () o]t} gmtime () ©] A3
B 0sErrorE WA Z 5= AFUTE 1970 d of| A 2038 A 7FA] 2 A $h=] = Zl o] dubd JUth Efd 2~

Hzo gz 7d —E@"]‘% H] POSIX A| 2"l A, fromtimestamp () = 425 FAIBIEE, 1 % 2}9]
e F Y 227 28 datetime AAE AESS 4 QG5 UTLH utefromtimestamp () &
BN S

WA 3304 ¥ A : timestamp 7} 2= C localtime () ©]Y gmtime () UL’\Oﬂ/ﬂ A Ysl= g HAE
WU valueError WAl overflowErrorE WAAAI YT} localtime () oY gmtime () o] A
S+ valueError Al 0SErrorE WA A Ut}

WA 3604 HA: fromtimestamp ()= fold7F12 AARAH A2HAE vI3ts 4= 9l 51 th

classmethod datetime.utcfromtimestamp (fimestamp)

tzinfoZ} None ¢l POSIX timestamp )| &) F3}+= UTC datet imeS WFEHgY t}. timestamp 7} =& C
gntime () oA A Yst= gAY E Hlojyd overflowError7F @811, gmt ime () ©] A 3 5}
il OSError7} AU T} 1970 d o A 2038 A 7FA] 2 A 3hE = A o] AukA Q).

o]9o] datetime BRAE Ao 8w, fromtimestamp () S TEIHA 2

)

datetime.fromtimestamp (timestamp, timezone.utc)

POSIX 33 ZHEA, 0} BRI S5
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datetime (1970, 1, 1, tzinfo=timezone.utc) + timedelta (seconds=timestamp)

o, FARe] A2 4 AA A= W E AL T MINYEARSE MAXYEAR MO, BA| 3

WA 3304 HA: timestamp 7} S :E C gmtime () TFolA A Y3tE 7 HAE Hojyd
ValueError EH/‘\_] overflowErrorE WA ZYTh gmtime () ©] A3j3}H valueError thAl
OSErrorE A 7Yt}

classmethod datetime.fromordinal (ordinal)
A4k 2 328 A 5> (ordinal) o] 3 B Et= datetlmee AEE gt 1d 19 1o Al 1Y Yth
1 <= ordinal <= datetime.max.toordinal () °] o} W ValueError7} AUt} 2319
hour, minute, second % microsecond= 25 00] 1, zinfo% None ¢J Ut}

classmethod datetime.combine (date, time, tzinfo=self.tzinfo)
A48 dace AAS 2 g T4 89 AAE cine AN Lo AL TP 828
datetime A& WU} winfo AX7FAZHE, I 2 239 tzinfo JJEH
31 B A B, 18 A SO B sime AR t2info ol EE R =7} ALSH T,

m]m M
I
o, =

B E datetime BA doll h38ll, d == datetime.combine(d.date(), d.time(), d.tzinfo)
7} AU date 7} datetime AAH, TAL A7 FA 849 tzinfo ] EFHETZ FAFH U

H A 3,694 WA tzinfo AAF7E 574 S5 U T

classmethod datetime.fromisoformat (date_string)
date.isoformat ()3} datetime.isoformat ()°o] 8 3t= F A & St} <l date_string ol 3l
F3t e datetimed ¥HEEU T} %Liﬂ Ho=m o] T4 YYYY-MM-DD[*HH[:MM[:SS[.
fEF[EEE]]]] [+HH:MM[:SS[.ffEfff ] Uﬂ“-/] AL S ALY o7 A xE= dojo & d
TARS €A & 4 lF Ut

Z4): This does not support parsing arbitrary ISO 8601 strings - it is only intended as the inverse operation of
datetime.isoformat (). A more full-featured ISO 8601 parser, dateutil.parser.isoparseis
available in the third-party package dateutil.

WA 379 F7}
classmethod datetime.strptime (date_string, format)
formato| Wzt FE B XAH, date_swingol| W ZFIE datetimeES: WHE T ) o] AL
datetime (* (time.strptime (date_string, format) [0:6])) 3 55 g} date_string I}
format& time.strptime () 2 7% —‘?—@,?é_} T DAY, A 7FEZo] ol ZEE WSkl valueError7b
AU T 2 8 AR AA| BZ2 strftime() 2 strptime() 5 22 23 A

gejsofEHE:

datetime.min
£33 7}53E 71 o] 2 datetime, datetime (MINYEAR, 1, 1, tzinfo=None).

datetime.max
28 7t53 M =2 datetime, datetime (MAXYEAR, 12, 31, 23, 59, 59, 999999,
tzinfo=None).

datetime.resolution
2R k8 datetime AA| 7He] 7158 1A ZHE 2}o], timedelta (microseconds=1).

2820 RE (97 48)

datetime.year
MINYEARS} MAXYEAR Abo], 7 Al 23t
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datetime.month

13} 12 Abol, BA 23

datetime.day

13} =0 7 yearo] 520 X month 2] & 4= Alo].

datetime.hour

W9 range (24).

datetime.minute

W2 range (60).

datetime.second

W9 range (60).

datetime.microsecond

W2 range (1000000).

datetime.tzinfo

datetime 73 Aol zinfo A2 Agd AA o] A, A A ¢F %2 None Ut

datetime. fold

(D

2

3)

4)

[0, 11 999Ut 5= 12759k ¥ A 7 (wall time) &) 2 & 3-8 A A= o] AFRH Utk vkE
He 7S 43 Ao Azbo]l Fd uiuh EA A 48] UTC L= Alo] AR A o] & Fol5ol AAE
=22 H (°

- =
HEd o HAFUh o) & Ag Y& 7 75 o)A (0] $) & e YT
B A 3,600 7}
CERR

A4k 234

datetime2 = datetimel + timedelta | (1)

datetime?2 datetimel - timedelta | (2)
timedelta = datetimel - datetime2 | (3)
datetimel < datetime2 datetimed} datetimeS Bl Lt} (4)

datetime2 &= datetimel of| A timedelta 7] 7F2HE o] 53k A 7Fo] ¥, timedelta.days > 0] v Z,
timedelta.days<0°]®d A Z o] 5t} A= Y datetimed} Z2 tzinfo 9 EBHEE 714
1, o] & of datetime? - datetimel == timedelta ¢ Y] T}. datetime2.year 7} MINYEARE T} 2t 7 U MAXYEARR.
D]— 7‘]?(]\3%57_ S overflowError7F AT & o] o] o] AA L w] = Ao R F o] =35 X
Lb‘l:l Oﬂ Tl‘-’] -‘5}/\1 A]—‘—

datetime?2 + timedelta == datetimel & T=-5}= datetime2 S Al AU o) QA n A7k 2, 2= 9
datetime 7} -2 tzinfo O] ER R EE 7HA ] o] ofglo] Y uf = A 7o 2 o] 3= 2] k5T
datetimed| A datetimeg Wl 22 F 3] AAA 5 Yol B A, 5 o gl & wlj vk A o] P o
th. sttt oo o] i thE syt Uo| B W, TypeError7b A Y o

Er/]rurol‘jﬁ}ﬂuriﬂroiﬂ]fﬂﬁ}i 2L tzinfoQEFHEE 7}A W, tzinfo O EgHEL B
F 17 A= datetime2 + t == datetimel o] HE = 3= timedelta AA tJ YTt oju] A7

7ol 35 A dFUh
= O A3 tzinfo AEEHEZ tf2 W, a-b+ a8 b7} WA o] H UTC datetime
o7 WA A AAYH AsdUch FH] AU W ER A dete As AYstd
A3+ (a.replace(tzinfo=None) - a.utcoffset()) - (b.replace(tzinfo=None) -
b.utcoffset ()) YUt}

datetimel ©| datetime2°l| & X1 A datetimel < datetime2 .t} 2+ A o 2 7+ T},

Shute] BlaL 3] A4k 7E ol Hekal thE Shub= o o ek, <=
A S T}, B 5 (equality) H] ol A=, Lo] B ol AE A= AL o]y

=

A 827t AN 2" W) TypeError7f
|

o Q2T 29} 24 ek,
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B3 9] AAPAR7E B ofSjofstal, B2 tzinfo | ERREE VAW, % tzinfo ) ESRET}
A AL 7)€ datetime Of W 3 F LT ] 3L 9] AxbAbo} B ojslojshal thE toinfo o BRI ES
74|, B A 3] ARAE-E WA TEQ UTC S 24 (self.utcoffset () oA dFUthe W gro=
=3k

WA 33004 M7 polBsh ol9lo] datetime AABA Zhe] BF W] HE Typerrrorg B 7R

Fs Ut

i vzt AR F4 76k 712 v W A A Z o] A= AL g] 93], datetime B = T} W]
3 A AR} 7} datetime 7“ AZF oy dWrAH 02 TypeErrors WAA A UL I8, thE ¥
3 A AR} ]| timetuple ( EZHEV QoW NotImplementedZF th4l ¥IEE Ut} o] & & &

Bol WA A £ LE FRE S AT AT, THA BOH, cocerine A 12
g AR unE wl, v 7} ==} | =7} o)W TypeErrorZ} AT YTH F A3 s g3t 2+
False Y TrueE WFESHU T},

datetime AAE= GAVE 7|2 AR = JdFUTH E]Ad BHA, BE datetime A= Fo2 7HF
ok
SlAE A YA E:

datetime.date ()
22 year, month, day 2] date A& WU T}

datetime.time ()
Z+2 hour, minute, second, microsecond ¥ fold 9] ¢ ime A S 933Ut} tzinfox NonedUTh WA
T timetz ()& ZFRIAAAL.

WA 3,600 A WA fold ZH- ¥HHE ¢ ime Ao BAFE U Th

datetime.timetz ()
22 hour, minute, second, microsecond, fold & tzinfo JEZFHE Q] time AAE vt t}l HA=
time ()&= ZAZRSA AL

WA 36004 WA fold ZH2 WBHE ¢ ime A4 o BAE T},

datetime.replace (year=self.year, month=self.month, day=self.day, hour=self.hour, minute=self.minute,
second=self.second, microsecond=self.microsecond, tzinfo=self.tzinfo, * fold=0)
7IHE AR A2 %kol Fo] o ERREE A9, 22 o]EEREE 71X datetime 2 WHEH3t
Ytk tzinfo=Noneg A5t IR} A 7 vl o Bl o] W2} §lo] o 9] o] datetime o] A} 1}-©] B datetime
2 wE 5 Y5k

WA 3.60] =7} fold AR F7HE A5 o)

datetime.astimezone (1z=None)
MZE tzinfo JEBHE & Zr= datet ime AAE WE3l=tl, 237} self 2F -2 UTC A ZFo] A gk
28] A A ko] H =5 FAe} A7 ol B & 2 A U T

AFZATHE 175 tzinfo A B ZH AL AAABI Aok 3, utcorfset ()T dst () WA EE Noned
HE2ka} 2] Qrofof S th. self 7} vpo] B, Al AE A ZFTf O] Al ZHE UERY = A o= 7 T
AR ol (B tz=Nonel ®) TZ5H W thA A= A2 " A M & Zh2 3 o) ¥ 2+ datetime
ALE 20| L tzinfo O]EZREE OSo|A &2 A o] 53 L Z A S ARG Sh= timezoned] Y&
g2 AUt
self.tzinfo7}z'H, self.astimezone (tz) = self &+ Z5Uth: SR A7 H o] B 2 A o] 43§
HA stk 187 ko A3 self oF 22 UTC A1 7He YEH = z Al 7S] A Y /\]7\}?:]‘4‘3}-
astz = dt.astimezone(tz) ¥ol,astz - astz.utcoffset()=dt - dt.utcoffset ()3}
Ze xRt A ZFd o5& ZE5 Ut
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el A7 Hlol B & 2A8A 1 A AA S datetime drol]l A ZA 87w S W, dt.
replace (tzinfo=tz) & A ]—%:0‘]— AL, G2 A7 H o] & WHEsR] ¢&Fa1 o] 9 o] datetime dt ol
Al A A A A 715]-31] A, dt . replace (tzinfo=None) & AF&3H4d Al L.

718 tzinfo. fromutc () WA E+E astimezone ()l 9 H e E Aol dFS FEF tzinfo
A B ZE oA AR T 4 dF Ut o2l 7t B sk B9E FAISHL, astimezone () & T3}
2ol A5t

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 330014 WA o)A zE A&FS = dFYth
WA 3.6004 HA: o]A astimezone () WA EE o]A Yo]|H AAEHAAH TEE 5 J=H, A|2H
Ao} 7+ ehle Aoz BEg e
datetime.utcoffset ()
tzinfo7}None©| ¥, None HF8al1, 12X 0 self.tzinfo.utcoffset (self) = ¥kE s}
3, 327} Noneo| U 35 njwte] 37| & 71A timedelta A& HEEHELA] oo™ o 9] & oA
ey
WA 3794 W7 UTC L AL & 9 2 A sh=] 2] ¢bs5 U th
datetime.dst ()

tzinfo7]— None o‘l Eﬂ, None< ®}3}
7} Noneo| U} 3} n|wte] 7] & 7}

WA 374 73 DST L2412 &

}i, 12X 9k 0™ self.tzinfo.dst (self) S Wk3tata, 2}
A timedelta AAE WHESHA] ko o 2] & kA

9= A3 A b

L

datetime.tzname ()
tzinfo7} None©o] ¥, None2 WF&3sl1, 12X 9k 0 W self.tzinfo.tzname (self) & W3ksl,
F7 7 Honeo] HEAY AAE WA Gow 5 & BN AVt

datetime.timetuple ()

time.localtime ()©°] ¥F&dl= A 2L time.struct_times WU TE d.timetuple ()
€ time.struct_time((d.year, d.month, d.day, d.hour, d.minute, d.second, d.
weekday (), yday, dst))d =5 Yt} oJ7]A] yday = d.toordinal() - date(d.year,
1, 1).toordinal() + 1 2 19 149 12 A= A dx9 Idx HEZ gt 2379
tm_isdst S 1E dst () Uﬂ/ﬂ of et dAHH Uth: tzinfoZk Noneo] ALt dst () 7} None< WF
38, tm_isdstE -12 AAFUTH 29 A) 9231 dst () 7F00] obd ZH2 Wkt W, tm_isdstE 1
EARFUT 2894 oW tm_isdst+ 022 AAFFUTh

datetime.utctimetuple ()
datetime QQAEIA d7F Vo]l H3tH, o] AL d.dst () 7}
7} A2 00] Atk AR AL SHY, d.timetuple () I 2
5 urth
d7} o]9) o] 5, d= d.utcoffset () & WA UTC Al Zto 2 AF3 = 1, AF3H A e time.
struct_timeo] ¥FEFE Ut} tm_isdst+ ZAZ 00] F Yt} d.year 7} MINYEARU MAXYEARI UTC
2ol A BAAE Fo7HH overflowError7b A & JF U T

vl 8}3l= 2] 9 AA §lo] tm_isdst
. DST+= UTC A 7Fell= & &5 A

ofy >2

<. o
= =

datetime.toordinal ()
gxte] Ak 2 ey & 3t self.date () .toordinal () I ZHYTh
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datetime.timestamp ()
datetime Q2B 20 3 @ol= POSIX Bl A~ Z & wlslshu o) W3 28 time. time () ©] WHEHS}
= AF |3 rloatYYth
ol H datetime A2H2e A AZES Yetl= 22 71550 o] A == dES 4
ZYPEZ Cmktime () Tl JEFYtLE datet imers WL Z2Z o A mktlme()i |
= A4t “H-v—"ﬂ ol MlA == W AU W vl Al Tkl T3]
92U Th

oo} datetime AANRXE] A9, Whek g2 th2-3} o] Alrbg Yt

(dt - datetime (1970, 1, 1, tzinfo=timezone.utc)).total_seconds ()

WA 3.30] F7}.

WA 36004 WA timestamp () WAEE fold o BBl RES ALg 3ol MRS & T7be) A2+
U

3 UTC Al 7HE YERY = Yol H datetime A 2B 20 A 214 POSIX EFd ~®lZ 5 d=yA=
L ST 98 e o)A o] Fel S A5 A28 A7 7t UTCE A4 o] 94 srow,
tzinfo=timezone.utcE A|F 35} POSIX EFYA~EIZE A8 4 Q)5 T

A A agEE AN 4 Ay

’timestamp = (dt - datetime (1970, 1, 1)) / timedelta (seconds=1) ‘

datetime.weekday ()
A2 o dS syt 98920013 48 Y2 6YUth self.date() .weekday () & Z5F Y
t}. isoweekday () & FFZ3HA /\]

datetime.isoweekday ()
A4z adSHrgsdiyrnh 9o g 1oz dede 79yttt self.date() .isoweekday () &
25Ut weekday (), isocalendar () & FZR3HAIA| L.

datetime.isocalendar ()
3-FEZ(ISO Y%, ISO+FHF,1S0 8 ¥) S Wegtth self.date () .isocalendar () & ZHF YT}

datetime.isoformat (sep="T’, timespec=auto’)
ISO 8601 &4l o & Jx-o} A| 7HS Ve = EA1E & vty o}, YYYY-MM-DDTHH:MM:SS i,
Xmicrosecond?}0°] ¥, YYYY-MM-DDTHH:MM:SS

utcoffset ()°] None< W&stA dow, UIC 225 AFstes vAES dEdY
T} YYYY-MM-DDTHH:MM:SS.fiffff-+HH:MM[:SS[.fiffff]], %+ microsecond?} 0°] ¥, YYYY-MM-
DDTHH:MM:SS+HH:MM[:SS[.fHff1].

A A AR sep(7| B g TS B BA FRAR, AT FAG AIZE FE Aolof AP U Th o &
Sol,

>>> from datetime import tzinfo, timedelta, datetime
>>> class TZ (tzinfo) :
def utcoffset (self, dt): return timedelta (minutes=-399)

>>> datetime (2002, 12, 25, tzinfo=TZ()) .isoformat (' ")
'2002-12-25 00:00:00-06:39"
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QA Q1A timespec® FFE A 27h T4 2.4 8 AR TG CIREL Tauco’ ULh. T
% e & gtk
e 'auto': microsecond’}00] ™ 'seconds'e T, 1ZX] &0 'microseconds' & TE
.

'hours': hourE ¥ x8] <<XtHH g 4 o &7 Z3sht}.

'minutes': hour®t minutes HH:MM &4 o 7 E3ksht},

'seconds': hour, minute ¥ secondS HH:MM:SS & Al © 7 3z 3+sh] ).
2=

'milliseconds': AA| A|7FE T3 A 0 2 vk A = oy
EEARAE)=
'microseconds': AA A7+ HH:MM:SS.fiffff 3 A o 2 3+ &3t}

L]

U t}. HH:MM:SS.sss

Fa: AP AN 74 24 HEHEA g YU

32 timespec QA= ValueErrorg WA YT

>>> 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 3.600 F7}: timespec QA 7} F7HE A H U T

datetime. tr__ ()
datetlme O)AE A dof] 3, str(d)=d.isoformat (' ") I F53Uch

datetime.ctime ()
G} A 7S e = 2L & &Y T o & £9] datetime (2002, 12, 4, 20, 30, 40).
ctime () == 'Wed Dec 4 20:30:40 2002". d.ctime )2 U olE]B C ctime () 5 (time.
ctime ()©] ZE3}AI T, datetime.ctime ()2 i%ax] FUH7IC 2FS S5t A=
Al time.ctime (time.mktime (d.timetuple () E%E [BRs

datetime.strftime (format)
A A9l 2ol Bapdol of o) Ao} = At AL e & B AL W

=
AA B2-L surftime() I} strptime() 5 2HS R A L.

rlt

. 2o A A

datetime.__format__ (format)
datetime.strftime ()3 ZSUth o]Aol =Wl Ex9 g6l str. format ()& A2 uj
datetime AAE A 2R 2ALS AR 5 =S Zu e A A AL AA| FF-2 suf-
time() 2} strptime() 522 ZAZSHHA A L.

datetime A A 2 Z 3= oA A

5

>>> from datetime import datetime, date, time

>>> # 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 () or datetime.utcnow()

>>> datetime.now ()

datetime.datetime (2007, 12, 6, 16, 29, 43, 79043) # GMT +1

(TH& SOTAT A1)
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(o1 A S o] A A Al

>>> datetime.utcnow ()

datetime.datetime (2007, 12, 6, 15, 29, 43, 79060)

>>> # 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

>>> # Date in ISO format

>>> jc = dt.isocalendar ()
>>> for it in ic:
print (it)
2006 # ISO year
47 # ISO week
2 # ISO weekday

>>> # Formatting datetime

>>> dt.strftime ("$A, $d. %B %Y $I:3%MS%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",
'The day is

"time")

21, the month is November, the time is 04:30PM.'

tzinfo 2} 7| datetime AF-&3}7]:

>>> from datetime import timedelta, datetime, tzinfo, timezone
>>> class KabulTz (tzinfo) :
# Kabul used +4 until 1945, when they moved to +4:30

UTC_]

def

def

MOVE_DATE = datetime (1944, 12, 31, 20, tzinfo=timezone.utc)
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):
# 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)

fromutc(self, dt):

# 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

(BF= sl el Aol AI%)
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# Follow same validations as in datetime.tzinfo
if not isinstance (dt, datetime) :

raise TypeError ("fromutc() requires a datetime argument")
if dt.tzinfo is not self:

raise ValueError ("dt.tzinfo is not self")

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):
return timedelta (0)

def tzname (self, dt):
if dt >= self.UTC_MOVE_DATE:
return "+04:30"
else:
return "+04"

def _ repr__ (self):
return f"{self. class_ . name__ } ()"

>>> tz1l = 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.utctimetuple () == dt3.utctimetuple ()

True

8.1.5 time 74X

time A4 54 GR9 BARE () AL JE B, c2inro AAE Bo) 24T 5 LU

class datetime.time (hour=0, minute=0, second=0, microsecond=0, tzinfo=None, *, fold=0)

All arguments are optional. fzinfo may be None, or an instance of a t zinfo subclass. The remaining arguments

must be integers in the following ranges:
* 0 <= hour < 24,
e 0 <= minute < 60,
e 0 <= second < 60,

e 0 <= microsecond < 1000000,
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e fold in [0, 1]7.
o] Y& Hojth= QA7 oA M, valueError 7 A Ut minfoo] 7] 352 None©] a1, 71 9] 9
REZIEZL oYLk
ZH 2~ JEHHE:

time.min
E38 7153 7 o] & time, time (0, 0, 0, 0).

time.max
28 7SS 7MY =2 time, time (23, 59, 59, 999999).

time.resolution
2R e time AR 7+ 7153 714 ZHL Aol timedelta (microseconds=1), A T t ime 2
Aol gk 2b=-& A 4= A sy T
Q2E2 o B2 HE (9)7] B8

time.hour
W9 range (24).

time.minute
W2 range (60).

time.second
W9 range (60).

time.microsecond
W2 range (1000000).

time.tzinfo

time A3 A | zinfo AATE AEH AA o] Ak, A= 2] F kS H None Yt}
time.fold

[0, 11 Y FYch R E 7 S ¥ ] 7k (wall time) 9] 2 & 3-8 2] At o] AF&H U th wkE
2 4F AF Ao 2w AA A9 2] UTC L =AM o] FAAQ o]-f =2 Fo]5o] AIAE
2 22 AE YW E F &2 F oA (o] %) & YEFY U Th

o time} time®] WL, o]ul] a7} boll AW a7Zb bE T} 4L Ao 7 ZhE 3t o) shube] v 3] A4k}
ol B3l thE b oglo) et d, A4 v 27 Al =2 w TypeErrorZb AUt 55 (equality)
HlaLo A=, Lol B a' s A of o] A" A9 A ghsUTh

Hl W 3] AAA 7 BE o g ojstal, 22 tzinfo JEBREE 7AW, &5 tzinfo EZH E7}
FAE ]Enmeol H]—’%]"]r/} | AR R Y o B J —‘?*011410%'5}1 2 tzinfo OJEEHE
AR H, B2 3] AAAE L WA 152 UTC L Z Al (self.utcoffset () oA &5 UthH S %}'OE

@%WD} =33 “]5’-7]' AA F4 7|0k 7|2 ¥R oA &= Ag “L7] ﬁﬁﬁ time A 7} th&
Qo AR W2 wl, W27 == o1} 127} oh W Typerrrorrt BAG T F A%l AP
27y False Y Trues WHsgh o),

WA 3304 HA: Lol Bel oJgllo] time JIAEA ZHY] 5
U,

* hash, 94142
=
=

ol

B &= TypeErrors A 7| A] oF5

12 A

ol W

A EHoAA, time AA = FH Fo 2 AFFUHh
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WA 35004 WA Tho]x 3.5 o] Hell, time AA|= UTC A S UERE

off uf 3}z of 2] 7} LAY 8} 7] 41 A SR ZhF3fo] mho] A 3500 A Al A

FRIAAA L

7 ek A 7

classmethod time.fromisoformat (time_string)
time.isoformat ()°] 8 3t= A & s}l time_stringol 3| 93= tlme—% wistehu ot A A
o7 o] 4L E=HH[:MM[:SS[.fEE[f£f]]]] [+HH:MM[:SS[.f££f£££]]] F A BExLE & A

ot

MU o BAL

W ARNe =z ZF
9 Y -8-2 bpo-13936S

Utk A4

ot -IN

ZA: o] AL 919]9] [SO 8601 EALLS FE HAGE AL X QdhA] A5 UTH- o] AL time.
isoformat ()2 A o] T A} T WMl T].

B A 3.70] F7}.
HA A=

ol

time.replace (hour=self.hour, minute=self.minute, second=self.second, microsecond=self.microsecond, tz-
info=self.tzinfo, * fold=0)
71N E JAAZ R ghol T3 JEREE ALdst, 22 e 7HA timed R h
tzinfo-Noneg %) A aH A7k vl o El2] M ek §lo] o} 9o} timeol A Lhol B £ imed WHE 5 9

gt
WA 3.60] F7}: fold AR} 271 A5 o)
time.isoformat (timespec="auto’)
I1SO 8601 F Ao 2 A 7HE Ve = ]-%ﬂ% vkl o}, HH:MM:SS fIffff, === microsecond”?}09]
H, HH:MM:SS utcoffset () ©] None S u1EEl A koW, UTC L = A& Zﬂ“‘—'dl'% EAd S "HEYY
ﬂ- HH:MM:SS.fiffff+HH:MM[:SS[ .fiffff]], = += self.microsecond 7} 0 ©] H, HH:MM:SS+HH:MM[:SS[.fiffff]].
A QA 2} timespec> S A ZH] F7F A 84 5 AAIUT (71232 Tauto YU Th. th
% s 4 Szt
e 'auto': microsecondZ}00] ¥ 'seconds'e 23, 18X &4 'microseconds' S TE
Utk
e 'hours': hourE 5 #}2] £} HH & Al o & Z3atat] ).
e 'minutes': hour® minuted HH:MM &4l o g7 3+ )

e 'seconds': hour, minute Y secondE HH:MM:SS Al o &
=

e 'milliseconds': AA A7+ T30 % vt W] = T4 & A= th. HH:MM:SS.sss
FA YU
* 'microseconds': AA| Al 7+ HH:MM:SS.fIffff 3 4] © & sk}

Fa: ALgA A G 24 HEHE A o YT

Z2-H timespec QA= ValueErrorE WA Al U Tk

>>> 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"')

(TF sTolATell A%
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'12:34:56.000000"
>>> dt.isoformat (timespec="'auto")
'12:34:56"

WA 3.69 7} timespec A7} F71E A5 U T

time.__str__ ()
time to]] Y3}, str(t) =t.isoformat () I ==k
time.strftime (format)
WA A9 o AL E A o] H &, A2
strftime() T} strptime() ‘5 22 ZZ 3 Al

Utk oY A A AR AR 552,

to flo
i
o
£
rlr
Hd
Y
e
o

o

time.__ format__ (format)
time.strftime ()_»]— 55Ut o] Alo] &
AE AT ED 2L A4 T 5 AES FUT
T4 F2IAA

Bl83 str. format () S A& ) time A
R A A AA| BF-2 suftime() 2} strptime()

2
O_“l —

time.utcoffset ()
tzinfo7}None©] ¥, NoneS ¥I31a}a1, 138 %] &40 self.tzinfo.utcoffset (None) = ¥F3}13}
i, A7} Noneo|} 315 n|wke] 27| & 74A timedelta AA S W3R $F oW o 92 UAYA

.
WA 3704 "7 UTC &

time.dst ()
tzinfo7}None©] ™, None2 W83}, 18X k0 self.tzinfo.dst (None) & ¥t&3} a1, T2}
7} None o] .} :GP—Er u ko] 371E 7}A timedelta AA|E &SR] o o 9] & WA A YT

H A 3704 HA:DST L Z AL B 9 2 A 3He A o5 o).

time.tzname ()
tzinfo7F None©o] ¥, None2 ¥l3tslr, 18X 9o self.tzinfo.tzname (None) = WHE3}1,
F Ak Noneol U £ A A4S WMEEA OB o2 E 0

Ae w2 AR A 25U,

[kl

o 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__ } ()"

>>> t = time (12, 10, 30, tzinfo=TZz1())
>>> 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 ("$H:%M:%S %2")
'12:10:30 +01:00"

(TH& ST Aol A1)
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>>> 'The is {:%H:%M}."'.format ("time", t)
'The time is 12:10."

8.1.6 tzinfo 7]

class datetime tzinfo

AL AU FALAY T, 5 o FAAE AY AXUAR VEW S A AR L 74
(concrete) A2 2 2] 28 AN D B2} I, (HO)E) of 2] B o] A& datet ine v Aol B
L FF tzinfoMlAES FHES Xﬂ*‘“OHO]E%‘/]T/} datetime REL VA3t tzinfod FA4 A H

Zt=

Z Y2 timezoned A= s=d], UTC AA| W £ 1] EST, EDTSF 22 UTCERE|Q 14 2 =A1S
AV E Leh 4 g o

tzinfol (FA A B S 29)) ArE A= datetimed time AAY WA A} AEE 4 A5 T
o] AA 52 A A EREE A G A S 2 k8, tzinfo AA& A G A 7HS] UTCE R E 9
2, A 0§ W DST $ 2 AL n% ATH DAL A AA S Ao 2 A WAZES

A= =
P QleE  dinit_ )UM
-

A B 5 Aeud |

tzinfo.utcoffset (dt)

A1 A7 UTCEFEH O] 2 =4S UTCY &0 A= W] & 3h& &= timedelta A 2 W2+
Ytk A9 A Zko] UTCE A& o] o] 32 S5 o of Pt o] 3k UTCE—?—E}-J LZAYPYTE:
A& E9, tzinfo QA 7} A2} DST 2 A S BF YEFW W, utcorfset ()< %94 A S ws
sof Yt UTC L2 AS & 4= ¢loW, Nones RERHEU T 187 9tod w3y = 3E2 HlE A
—timedelta (hours=24) Q}timedelta (hours=24) Ato|9] timedelta AA|ojofF (=
o] 7] 3HF v gko]ojok Futh). utcorfset () HFE T2 ot o] F 7HA] F g A Y
yrtt:

return CONSTANT # fixed-offset class
return CONSTANT + self.dst (dt) # daylight-aware class

utcoffset () ©] None& W33} A] ¢k O W, dst () & None WH3H3}#] oFolof gt
utcofrset ()9 7|2 F3 L& Not ImplementedErrorE WA A Uth
WA 374 HA: UTC 2 Z A2 & o9 2 A3+ A eksyth.

tzinfo.dst (dt)
AF Aok A7+ (DST) 2 AL tlmedelta AR Z, E=DST A HE 229 Nonel
7} ALE 3 QA oW, timedelta (0) & Bw‘rzmn} DST7} A& So)dH, 2 j\l% tlmedelta
AANE &2 (AA S &2 utcoffset ()2 ZFERIAAIL). HFsHH, DST 2 Z A o]
utcofrset () oA ¥1&H UTC 2 Z Ao o]n] F7}=] o] Q) 3] orvZ wa DST jE% A=d #HA o] 9l
o dst () & 3’—3"0 a7 PE U A& Eo],datetime. timetuple () L tzinfoo]EBHEZ]
dst () MIAEE $&3}] tm_isdst S 1E o E A /\q;gfyy;q‘;:' AASI, tzinfo. fromutc ()=
E W DST 732 1 st7] Aal dst () & TS FUTH

Al 7H & 7}§x]

B0 Y GFANS BF RYSABE czinfo A 229 AAH2 gE T 2L 9 v]o A
23] o] of g th:

tz.utcoffset (dt) - tz.dst (dt)
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Edt.tzinfo == tzQ B E datetimedtol al 2L A3}E vtdsfof gyt ZAAQ tzinfo
HE 2o o4, o BAAL AU “EE L ZAE A2, ol 2 FAL A o] 25
21, 4214 9 Aol gk o) 50 32 o Aol o] =aA T,
AubS AR == gyt ol & Eﬂﬁ}t AL ii:ﬂﬂ‘ﬂJ AAdJUrh tzinfo /‘1Eﬁaﬂ"7}
o] E BT 4 glow, astimezone () ATl 2uEA FFSEE tzinfo. fromute ()9 7]

L
X >,
_dﬁi

s
S
el

dst ()& 2 FA2 obvt= o] F 7HA] F st Ad Yt

def dst(self, dt):
# a fixed-offset class: doesn't account for DST
return timedelta (0)

=

rlr

def dst(self, dt):
# Code to set dston and dstoff to the time zone's DST
# transition times based on the input dt.year, and expressed
# in standard local time. Then

if dston <= dt.replace(tzinfo=None) < dstoff:
return timedelta (hours=1)

else:
return timedelta (0)

=

AU,
W 3704 M7 : DST 9 A1 B vh9] 2 2] 9] 2] ek o,

tzinfo.tzname (dt)

dst ()9 718 F+8 L Not ImplementedErrorE WA A

dateine A7 d) ALE AU o8¢ EALR WHGUT, £AY ol ol AW o Ax
datetime BEC o3] AolH A ghov], 53] ojd AL o ujalof Brie 27 Aol QU
o & S0, “GMT”, “UTC” “-5007, “-5:00”, “EDT”, “US/Eastern”, “America/New York” 2 2 5 G 83} S
Folth 2219 0|28 w2 None S WA T o AL 1AH EA o] uth s, £2
oW tzinfo AH ZU2T ALH dro] EA gholl Wk THE o] B2 W72 A8 g e AT

E3) tzinfoZalatdF AR A M 78w 22835
tzname () 8] 7|2 ZLHL Not ImplementedErrorgs WAA YT}

ol N EEL datetimett time AA A 2L o] 29 YA T gt SHOo g TEH UL datetime
AA = AL QAR AG3tT, time AA = AAE NoneS AES Utk welA] tzinfo A H 29
WA =+ Noneo| U datetime 29 dr ARE WrolEd £ 7L 5 of Qlojok ghth

Noneo] M=, X9 §F& 2R3+ 22 Fa AARANA @8 AF Uk & £, F;H27)
tzinfo LEEFo| time ZHxﬂ 7} Zol 5t A) ettty @k At None WSSt Ao A AUt &
QIS LA ThE F 3 o] Yo B =, utcoffset (None) 0] #F UTC L 2 A& Rhghsl= Zlo] B 783

+ A%k

datetime WA o] 3t S H O F datetime AR 7} AL W, dt . tzinfo= self & 22 A YUt A
LA FET tzinfoHIANES AR TE3A G 3} tzinfoHAEE o] Ao &8 4 g5t tzinfo
WA E7LdrE A G Ao 2 S A31a, T2 A Y] AAE AF T L8V YIES "5]'34% =Yt

NE A ARG 5 Qe toinfo W AT} ST g Ut

tzinfo. fromutc(a’t)
o] AL 7| B datetime.astimezone () FHAA TE2FBULH A7|oA TEFHH, dt.tzinfo= self
o] 1, dt-4 el A 2 Hl o] Bl = UTC A Zte 2 FA1E A2 FUth fromutce ()9 £4-& G2}
A ZEH o B & 2 3H, self o] A A 7FO R 55 3 datetime = HHEHSH= A U Th
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FE tzinfo B e as FA QO] 718 fromute () A AEE 5 lojop ek 14 e =2
A et 227 47 A BT A o= A E, Al utchDST A8k A Zho] thE W = U433 éﬂ‘%k
Ak A 4 Qg WE A3t 72 fromute () FEo] BE Aol vEA A HetA X

T A ALY o= (FA A o] F &2 Qe BT = dv) S8 FH2} A Tk E‘??/}(UTCEHH«])
%F om0l ZeAE AT AT HE L EMo] WAL el AR L AT F S
astimezone () 3 fromutc ()9 7182 T3 & o] Gl 2HAE A X 5 dF5 U
Nel7h AT AT A TEE WY, 718 Fronute () THL T} 2ol FATUL

def fromutc(self, dt):
# raise ValueError error 1if dt.tzinfo is not self
dtoff = dt.utcoffset ()
dtdst = dt.dst ()
# raise ValueError 1if 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 1f dtdst is None
if dtdst:
return dt + dtdst
else:
return dt

t}L tzinfo_examples.py 39 tzinfo Fd| 29 ¥ 71X o 7} ve} 5 U c):

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 1in
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)

(TH& ST Aol A1)
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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

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(l, 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 Z2am (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

S oH H H W W HH R R

(FF= sl el Aol AI%)
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# 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
self.dstname = dstname

def _ repr__ (self):
return self.reprname

def tzname (self, dt):
if self.dst(dt):
return self.dstname
else:
return self.stdname

def utcoffset (self, dt):
return self.stdoffset + self.dst(dt)

def 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

(FF= sl el Aol AI%)
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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

def 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

Eastern = USTimeZone (-5, "Eastern", "EST", "EDT")
Central = USTimeZone (-6, "Central", "csT", "CDT")
Mountain = USTimeZone (-7, "Mountain'", "MST", "MDT")
Pacific = USTimeZone (-8, "Pacific", "PST", "PDT")
DST A8 ol 4 2 Ak A A NG RE DABE c2info A0 Fehaole A dof £ 8 e
W gtol S8 ol §o A2, TA AL, 38 % A 2.9 159 EST) o} o] A e, 119 3

HA) 48 1:59 (EDT) th &oll £ v = Eastern(UTC -0500) S VAL

UuTC 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} A 28 w) (“start” Z), 2] & A A= 1:590] A 3:00 2 = OkFU] T}, ko]l = 2MM & Al o] ¥ x| b2 A
Al ou 7l QQoev g astimezone (Eastern) 2 DST7} A ZH6l= Yol hour == 29 23S AE35HA
sy HD} ol & 501,2016d 9] A3 X2 (forward transition) ol A, Th2 3 22 A5 5 Uth

>>> from datetime import datetime, timezone
>>> from tzinfo_examples import HOUR, Eastern
>>> u0 = datetime (2016, 3, 13, 5, tzinfo=timezone.utc)
>>> for i in range(4):
u = ul0 + i1i*HOUR
t = u.astimezone (Eastern)
print (u.time (), 'UTC ="', t.time(), t.tzname())

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

05:00:00 UTIC = 00:00:00 EST
06:00:00 UTC = 01:00:00 EST
07:00:00 UTIC = 03:00:00 EDT
08:00:00 UTIC = 04:00:00 EDT

DST7} 2 ol (“end” <), FA A o2 H 1%131} A7 dsUT: AG Ao r YERsHA T 5 gle Al
(hour) 7} Q15U TH: &3 A Sk AJ7He] upA 2} gk A ZE Eastern ol 4], o] 212 43 A F A HAI 7F E b= 29

5:MM UTC 3 A1 &] AJZF Yot 2] HAJ A = 1:59( L % @%7‘]7]’)01]/‘% THA] 1:00(EF AlZH 2 & & oFgh
ok MM A 9] A A 72 BE YT astimezone ()2 F 719 Q15 8 UTC Al (hour) & Z-2 A & A
(hour) 2 1]} A A A F 2+ 2HeY T} Eastern o) Al o] A, 5MM 3} 6:MM 3 A1 9] UTC Al 7HE &2

Eastern © 2 H2Hg o] LMM S & vl 4= 2| g, o] A A7 fold o E ﬂ—,‘E,'—E7}OOE/\47§Q"! o]F A 7FS |
2 ARZFUth ol & 501,2016d 7F=9] 9] A 2 ( back transition) ol A], th23 22 A5 d5Uth

>>> u0 = datetime (2016, 11, 6, 4, tzinfo=timezone.utc)
>>> for i1 in range(4):
u = u0 + i*HOUR
t = u.astimezone (Eastern)
print (u.time (), 'UTC =', t.time(), t.tzname(), t.fold)

04:00:00 UTC = 00:00:00 EDT
05:00:00 UTIC = 01:00:00 EDT
06:00:00 UTIC = 01:00:00 EST
07:00:00 UTIC = 02:00:00 EST

o = O O

fold EZRES W thE datetime AAEAEH| I A Zrha HE3h=
] RE 3

2ol ol A Al L.
HANGESAS AL T e 38 22 I2A2 BAHLRE rold o] EF <
AEX ti 7

RREEES

1o
o,
o o
N
_;

=
_?_E’ﬂl tzinfo XX

tzinfoA B Zd oneo]l} 7] €} 1 B Za) A (7}
QA EST(ALA L XA -5A]7H) FEDT(AL 7 2 32 A -4/\]@)% o= g 7HAI R et = Sl ) E A w =
w5 ao] gsUrh

o ®B7):

dateutil.tz £ o] B 2 ol= UTCERE 9 U9 14 2 AL 37| Y3} timezone SE| 229}
UTC timezone 1 A~EAZE timezone.utc?} Y5 Th

dateutil.tz 2} 0] B.#] 2] = JANA A ZHdf| ©] o] EJ ¥l o] 2 (Olson W o] Ej#| o] A8}l & FUTH E Spo|H o2
7FA g Ytk A& A

IANA timezone database A]Zttl d] o] €] ¥ o] & (£% tz, tzdata B2+ zoneinfo 2}l S th ol = A *ﬂ A o &
A Ao A F A7 S| AERE = T} U o] 7} 285 o] JlFUTh H A A 7 3
A2 A, UTC L A W L33 F ok AIZF 22 vk 7] Y8l F71 4 o2 7F2g Ytk

8.1.7 timezone A A

timezone & Etzinfod B F# Lo, ZAAHAE=UTCERE S 11
s ‘)rE‘r‘ﬁ‘%D} °] A2 AAl= 4 d F old Goll= thE L Z Al o] AR H A
Mol A o] 7T AR S Lehf ) A8 T 4 23ol AN L.
class datetime.timezone (offset, name=None)

offset AAF= A1 9 A ZF} UTC 78] Apeol & UEt = timedelta A 2 A A3 of k=

AZE E35}A] 9F=) -timedelta (hours=24) 2} timedelta (hours=24) Alo]ojof gl T3 X

orowW valueError7b A Yt}

name A A= AARAJUTH AN AE YA datetime. tzname () WA E7}HIESHE 2Fo 2 A8E BEX1Y

o] o] of g k.

<
*
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WA 3200 7}
WA 3704 W7 UTC L A2 & o9 2 A $t5 A k5 th
timezone.utcoffset (dt)

timezone A2YA7FF5E vf AFH A FS w33t dr AA= FAFE YT 98k g2 A9
A7t} UTC 7k9] Apol e e timedelta ?lé‘?ﬂé?}l%li}
WA 3704 873 UTC L Z A2 & 9 2 A st= A 5y th

timezone.tzname (dt)
timezone AW A7L F&2E uf] A1 AH DA
o, tzname dt of o3 Wt = o] &
timedelta (0) o] ¥, o] & & “UTC” O]_Tl
offset?] —,—EO]_T’_, HHE]—MM 27} o
HA 3604 HA: offset=timedelta (0) A FAAH o]F L2 o] A| ‘UTC+00:00’ ] o} g} k<=3t
‘UTC’ J Yt}

timezone.dst (dt)
7% Noneg RE&HRHY o

timezone.fromutc (dt)
dt + offset2 ¥IESIL T} drf QA= tzinfo7t selfE A A H o]9o] datetime A2HAoof
o,

e oz HE:

timezone.utec
UTC A 7H, timezone (timedelta (0)).

= W&k names 73 XM] Al sk Al 9 Sk
023} Zol offset FoZHE AR ULE offser©]
l rod FA4 ‘UTC+HHMM’?:]141:} oqym +=

8.1.8 strftime () ¥} strptime() &3}

date, datetime @ time A= BEF strftime (format) WA EE X QAsto], A A =9 —‘?—Z]—oﬂi A
od A7+ et = AL & Ut A2 ZetAH, BE A A7) timetuple () WA =S A Y3
AL ol AW d.strftime (fmt) = time REQ time.strftime (fmt, d.timetuple()) A3 25
EIash=

B 2, datetime.strptime () B2 HAEE SR} A TS YEU & 2ALH SF 20 A=
datetime AAE W5 U Tl datetime.strptime (date_string, format)-& formatel] = m g A
Holg A 7tt) o= A AH 7 239 78‘—?—‘3 A8l E= datetime (* (time.strptime (date_string,
format) [0:6])) I FFFUYTh o] AE2 datetime.strptimeo| A+ AP A W time.strptime®]
AewEH gy

time A AL, time AR o) 31D Fto] gloBZ, ¢ (year), ¥ (month) I U (day) 2] =W F = A}L3}17
Qkotof Ut o] B AHEEH, 19000 T AEE, 10] 3T L 4= thAIF Yt

date AL AL, date AA o 3l gko] gl 2 &, A (hour), £ (minute), = (second) Y ©}o] = & = (microsec-
ond) ] E W FE = AFGSHA] grotof gt 013/,‘,\% AHEEH, 00 &2 thA g U Th

datetime.strptime () S WA ES F-9, 7|32 1900-01-01T00:00:00.000 4 U th: 29N &
At g ol A G E A 42 A 8aE 712 FAA ZFA G YT
gtoj# o] ZANE CgolB el strftime () FT-EITE = ) o]
=AM 20 ZE g2 4%3'5"1] el thE U Tth o B 2 SRFAA AdH = RE XY
strftime (3) AHAE FZRAAL

219000] g do] o}y B2 datetime.strptime ('Feb 29', '$b %d') S AD3t= AL Av ok
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e S .

A AR B o E
%a S8dS ZALY F4 )
o]lEoF,
Sun, Mon, ---, Sat
(en_US);
So, Mo, -+, Sa (de_DE)
SA 84S 2A LY AA o (1
so07,
Sunday, Monday, ---,
Saturday (en_US);
Sonntag, Montag, -+,
Samstag (de_DE)
Sw Jc}-oe].% 1034_‘&) 0'% ?_:‘]. 07 1’ '"r6
S¥ol1 62 ESYY
U,
%d <= < (day of the month) | 01, 02, -+, 31 9)
S0oZ QYA 1074
=.
%b 42 EALY S o )
= EE.
Jan, Feb, -, Dec
(en_US);
Jan, Feb, ---, Dez (de_DE)
%B 42 2ALY AA o= €]
o=,
January, February, ---,
December (en_US);
Januar, Februar, ---,
Dezember (de_DE)
%m 42002 PR 107 | 01,02, -+, 12 9)
T2
T =.
Sy M 71 7F 9= & (year) S 00, 01, ---, 99 9)
o2 QYA 1031#—&
$Y A 71 7F = & (year) & | 0001, 0002, ---, 2013, | (2)
10342, 2014, ---, 9998, 9999
$H AN QAA AN E 022 | 00,01, -+, 23 )
AR AT E.
51 A(RAZHAN)E 022 | 01,02, -+, 12 )
YR ARFE.
sp 24 °‘4 o e (1, 3)
t}el= A
o @ot= A AM, PM (en_US);
am, pm (de_DE)
M T2 022 Az A | 00,01, -, 59 )
TZ
T=.
%S 25022 QY104 | 00,01, -+, 59 @), )
T2
B
% f ol a2 2 E Y& 0 | 000000, 000001, -, | (5)
o2 AYPR ARG =2 999999
%z +HHMMISS[.fI]] el | (v o] 94 2), +0000, (6)
ol UTC @ = Al (AA 7} | 0400, +1030, +063415, -
B.1. datetime — 7|2 Umdplzad Wl E4<). | 030712345216 207
%7 A ZH ol & (AA7F b | (v1o] 913), UTC, EST,
O] 1=} 6}&1 vl Bx19). CST
% A% ¥ (day of the year) 001, 002, -+, 366 9
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Cto SEFAN 27 HA G R 7 2AANA A3 2P0} AU, o) FAAAG e 8% 150

8601 &4t gholl sl Uth strftime() WA ESL} A AHSE o] BRE SR FAA AT 5 = A2
obd 1t} ISO 8601 A= 2}ISO 8601 = x]/\] x}t 19 A B WT AR} S = gE U =4d
SFAY 25 3HISO 8601 A A AR strptime () & T&3H val ueErrorﬂ WAy Sk T}
AIAL | 9 m o] =
A} E
%G ISO FEV g 2 BES ¥3et=E A5 2 UE = Al 7171 | 0001, 0002, -+, 2013, 2014, | (8)
=1S08601 I =. -+, 9998, 9999
su ISO 8601 R4S 10T, 1S 42 I Yrt. 1,2, -7
5V ISO 8601 FE 8 U3 FY A FLE st= AXFE. F01 | 01,02, -+, 53 ®),
19492 2@+ Ytk ©)

WA 3.600 7} 56, su L sv7t 2715 A5 U T

EE:

(D

2

3)

4)
&)

(6)

Zo] A 2A Lo wet pene, gk gis) 7HE S @ Fo s of gtk 2= X7 EEHA
] (o 2 Sol, “°J/o1/L4”JJr“°1/é/L4”) Yol 2ALY 712 AI PGS AHR Tt dE9E fFUIE
A7t 2T # AU (€ S0, A 2A Dol ja_Jpold, 7] AF G2 eucdp, SJIS =
utf-8 % st = dsuth @A AL AF e AW locale.getlocale ()& A8
/\1/\] 0)’

strptime () BlAEE AA|[1,9999] oA A5 S LB EAS 5 QA vk 1000H T} 2He A5 =4

Zhe] Un 7L = 5 00 2 29 oF g o}

WA 32004 WA o] A WA strtime () HIAEE=19004 o]0 2 A8t 95U th

WA 3304 WA A 3204, strftime () HAEE AEE 1000 o] A2 7 A st 5T

strptime () WA EL} A AFSE ul], sp A A A= A 7HS 727 B4 8= O] 3T AA| 22 A uj o

G A B = S FUTH

time REI B8, datetime RES G2 E A F3A EHUTh

strptime () WA E2} A AT ], $£ A A A= SFutoll Al A X 2pE] 28 L B9 0-2 =

ol dUrth sf= C 25 =W 2 Aol gk &8 d Ut (sHA 9t datetime 2 4] o] A] H =

THE BEE 4 AET F AFUTh.

Lol B AA| 9] B, 5z 2k ez TR I EE W FALR AP Uk

olgllo] AA|e AL

$z utcoffset () ©] tHHMM[SS[.fiffff]] 3 4l o] 219 2 W3 Urth o] 7] A4 HHE= UTC L Z A A 7+
(hour) &} =& YEtY = F 28] A£G o] a1, MM UTC 2 24l £ =5 Jed& F A8 &=
AL A G oW, SS+= UTC L =4 29| & e+ F Ag] A F 244 o v, fiffff = UTC & Z Al
ufo] AR Z 9] & YE = 64} %X}—EX}%“?JIJD} QAo T Eol A= = fiffff LELS A
2k o, offset ©] = o x| = H o] fIfff 2} SS FHo] 25 Agak%qu}. o| & 59, utcoffset ()

o] timedelta (hours=-3, minutes=-30)% H]'Z‘E]'?S]- ,%zE '-0330"' TAE E X2 YT

WA 37004 M7 UTC 2 2 AL & I9 2 A ghe A gk5 Ut

WA 374 HA: 5z A A A} 7} strptime () HAZ o] Al2E uf], UTC L ZAlo|= F80] A 2 =

Atolef 2 7T AR 4 U T © ‘é =01, '+01:00:00" S 1A 7He] 2 20 77 2 A

Utk =3 2 S AlEse A2 1+00: 00" 2y Th

%Z tzname () ©] NoneZ RE8Hetd, sz W £ A G E XS Ut 284 oW sz FALD o] ofoF
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calendar — General calendar-related functions

Source code: Lib/calendar.py

This module allows you to output calendars like the Unix cal program, and provides additional useful functions related to
the calendar. By default, these calendars have Monday as the first day of the week, and Sunday as the last (the European
convention). Use setfirstweekday () to set the first day of the week to Sunday (6) or to any other weekday.
Parameters that specify dates are given as integers. For related functionality, see also the datet ime and t i me modules.

The functions and classes defined in this module use an idealized calendar, the current Gregorian calendar extended
indefinitely in both directions. This matches the definition of the “proleptic Gregorian” calendar in Dershowitz and
Reingold’s book “Calendrical Calculations”, where it’s the base calendar for all computations. Zero and negative years
are interpreted as prescribed by the ISO 8601 standard. Year O is 1 BC, year -1 is 2 BC, and so on.

class calendar.Calendar (firstweekday=0)

Creates a Calendar object. firstweekday is an integer specifying the first day of the week. 0 is Monday (the
default), 6 is Sunday.

A Calendar object provides several methods that can be used for preparing the calendar data for formatting.
This class doesn’t do any formatting itself. This is the job of subclasses.

Calendar instances have the following methods:

iterweekdays ()
Return an iterator for the week day numbers that will be used for one week. The first value from the iterator
will be the same as the value of the i rstweekday property.

itermonthdates (year, month)
Return an iterator for the month month (1-12) in the year year. This iterator will return all days (as
datetime.date objects) for the month and all days before the start of the month or after the end of
the month that are required to get a complete week.

itermonthdays (year, month)
Return an iterator for the month month in the year year similar to i termonthdates (), but not restricted
by the datetime.date range. Days returned will simply be day of the month numbers. For the days
outside of the specified month, the day number is O.

itermonthdays2 (year, month)
Return an iterator for the month month in the year year similar to i termonthdates (), but not restricted
by the datet ime. date range. Days returned will be tuples consisting of a day of the month number and
a week day number.

itermonthdays3 (year, month)
Return an iterator for the month month in the year year similar to i termonthdates (), but not restricted
by the datet ime. date range. Days returned will be tuples consisting of a year, a month and a day of the
month numbers.

B A 3.70] 7}
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itermonthdays4 (year, month)
Return an iterator for the month month in the year year similar to i termonthdates (), but not restricted
by the datet ime.date range. Days returned will be tuples consisting of a year, a month, a day of the
month, and a day of the week numbers.

B A 3.79] E7F

monthdatescalendar (year, month)
Return a list of the weeks in the month month of the year as full weeks. Weeks are lists of seven datetime.
date objects.

monthdays2calendar (year, month)
Return a list of the weeks in the month month of the year as full weeks. Weeks are lists of seven tuples of
day numbers and weekday numbers.

monthdayscalendar (year, month)
Return alist of the weeks in the month month of the year as full weeks. Weeks are lists of seven day numbers.

yeardatescalendar (year, width=3)
Return the data for the specified year ready for formatting. The return value is a list of month rows. Each
month row contains up to width months (defaulting to 3). Each month contains between 4 and 6 weeks and
each week contains 1-7 days. Days are datetime. date objects.

yeardays2calendar (year, width=3)
Return the data for the specified year ready for formatting (similar to yeardatescalendar ()). Entries
in the week lists are tuples of day numbers and weekday numbers. Day numbers outside this month are zero.

yeardayscalendar (year, width=3)
Return the data for the specified year ready for formatting (similar to yeardatescalendar ()). Entries
in the week lists are day numbers. Day numbers outside this month are zero.

class calendar.TextCalendar (firstweekday=0)
This class can be used to generate plain text calendars.

TextCalendar instances have the following methods:

formatmonth (theyear, themonth, w=0, [=0)
Return a month’s calendar in a multi-line string. If w is provided, it specifies the width of the date columns,
which are centered. If / is given, it specifies the number of lines that each week will use. Depends on the first
weekday as specified in the constructor or set by the set firstweekday () method.

prmonth (theyear, themonth, w=0, [=0)
Print a month’s calendar as returned by formatmonth ().

formatyear (theyear, w=2, I=1, c=6, m=3)
Return a m-column calendar for an entire year as a multi-line string. Optional parameters w, /, and ¢ are for
date column width, lines per week, and number of spaces between month columns, respectively. Depends on
the first weekday as specified in the constructor or set by the set firstweekday () method. The earliest
year for which a calendar can be generated is platform-dependent.

pryear (theyear, w=2,1=1, c=6, m=3)
Print the calendar for an entire year as returned by formatyear ().

class calendar.HTMLCalendar (firstweekday=0)
This class can be used to generate HTML calendars.

HTMLCalendar instances have the following methods:

formatmonth (theyear, themonth, withyear="True)
Return a month’s calendar as an HTML table. If withyear is true the year will be included in the header,
otherwise just the month name will be used.
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formatyear (theyear, width=3)
Return a year’s calendar as an HTML table. width (defaulting to 3) specifies the number of months per row.

formatyearpage (theyear, width=3, css=calendar.css’, encoding=None)
Return a year’s calendar as a complete HTML page. width (defaulting to 3) specifies the number of months
per row. css is the name for the cascading style sheet to be used. None can be passed if no style sheet should
be used. encoding specifies the encoding to be used for the output (defaulting to the system default encoding).

HTMLCalendar has the following attributes you can override to customize the CSS classes used by the calendar:

cssclasses
A list of CSS classes used for each weekday. The default class list is:

’cssclasses = ["mon", "tue", "wed", "thu", "fri", "sat", "sun"]

more styles can be added for each day:

’cssclasses = ["mon text-bold", "tue", "wed", "thu", "fri", "sat", "sun red"]

Note that the length of this list must be seven items.

cssclass_noday
The CSS class for a weekday occurring in the previous or coming month.

B A 3.79] E7F

cssclasses_weekday_ head
A list of CSS classes used for weekday names in the header row. The default is the same as cssclasses.

WA 3.7 7}

cssclass_month_head
The month’s head CSS class (used by formatmonthname () ). The default value is "month™".

WA 3.7 =7}

cssclass_month
The CSS class for the whole month’s table (used by formatmonth ()). The default value is "month™".

WA 3,790 E7F

cssclass_year
The CSS class for the whole year’s table of tables (used by formatyear ()). The default value is "year".

B A 3.79] E7F

cssclass_year_head
The CSS class for the table head for the whole year (used by formatyear ()). The default value is
"year".

B A 3.79] 7}

Note that although the naming for the above described class attributes is singular (e.g. cssclass_month
cssclass_noday), one can replace the single CSS class with a space separated list of CSS classes, for ex-
ample:

"text-bold text-red"

Here is an example how HTMLCalendar can be customized:
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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)
This subclass of TextCalendar can be passed a locale name in the constructor and will return month and
weekday names in the specified locale. If this locale includes an encoding all strings containing month and weekday
names will be returned as unicode.

class calendar.LocaleHTMLCalendar (firstweekday=0, locale=None)
This subclass of HTMLCalendar can be passed a locale name in the constructor and will return month and
weekday names in the specified locale. If this locale includes an encoding all strings containing month and weekday
names will be returned as unicode.

Z3: The formatweekday () and formatmonthname () methods of these two classes temporarily change the
current locale to the given locale. Because the current locale is a process-wide setting, they are not thread-safe.

For simple text calendars this module provides the following functions.

calendar.setfirstweekday (weekday)
Sets the weekday (0 is Monday, 6 is Sunday) to start each week. The values MONDAY, TUESDAY, WEDNESDAY,
THURSDAY, FRIDAY, SATURDAY, and SUNDAY are provided for convenience. For example, to set the first
weekday to Sunday:

import calendar
calendar.setfirstweekday (calendar.SUNDAY)

calendar. firstweekday ()
Returns the current setting for the weekday to start each week.

calendar.isleap (year)
Returns True if year is a leap year, otherwise False.

calendar.leapdays (yl, y2)
Returns the number of leap years in the range from y/ to y2 (exclusive), where y/ and y2 are years.

This function works for ranges spanning a century change.

calendar .weekday (year, month, day)
Returns the day of the week (0 is Monday) for year (1970—--+), month (1-12), day (1-31).

calendar .weekheader (n)
Return a header containing abbreviated weekday names. n specifies the width in characters for one weekday.

calendar .monthrange (year, month)
Returns weekday of first day of the month and number of days in month, for the specified year and month.

calendar .monthcalendar (year, month)
Returns a matrix representing a month’s calendar. Each row represents a week; days outside of the month a
represented by zeros. Each week begins with Monday unless set by set firstweekday ().

calendar .prmonth (theyear, themonth, w=0, [=0)
Prints a month’s calendar as returned by month ().

calendar .month (theyear, themonth, w=0, [=0)
Returns a month’s calendar in a multi-line string using the formatmonth () of the TextCalendar class.
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calendar.precal (year, w=0, [=0, c=6, m=3)
Prints the calendar for an entire year as returned by calendar ().

calendar.calendar (year, w=2, =1, c=6, m=3)
Returns a 3-column calendar for an entire year as a multi-line string using the formatyear () of the
TextCalendar class.

calendar.timegm (tuple)
An unrelated but handy function that takes a time tuple such as returned by the gmt ime () function in the t ime
module, and returns the corresponding Unix timestamp value, assuming an epoch of 1970, and the POSIX encod-
ing. In fact, time.gmt ime () and t imegm () are each others’ inverse.

The calendar module exports the following data attributes:

calendar.day_name
An array that represents the days of the week in the current locale.

calendar.day_abbr
An array that represents the abbreviated days of the week in the current locale.

calendar .month_name
An array that represents the months of the year in the current locale. This follows normal convention of January
being month number 1, so it has a length of 13 and month_name [0] is the empty string.

calendar .month_abbr
An array that represents the abbreviated months of the year in the current locale. This follows normal convention
of January being month number 1, so it has a length of 13 and month_abbr [0] is the empty string.

o B
Module datetime Object-oriented interface to dates and times with similar functionality to the t ime module.

Module time Low-level time related functions.

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 con-
tainers, dict, 1ist, set,and tuple.

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 3.9: Moved Collections <=/; W o] 2~ Z 2] 2 to the
collections.abc module. For backwards compatibility, they continue to be visible in this module through Python
3.8.
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8.3.1 ChainMap objects

WA 3.30] =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 ChainMap.

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.

¥ A 3.49]| 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:

>>> baseline = {'music': 'bach', 'art': 'rembrandt'}

>>> adjustments = {'art': 'van gogh', 'opera': 'carmen'}
>>> list (ChainMap (adjustments, baseline))

['music', 'art', 'opera']

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 B
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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 1in current context

dl'x"] # Get first key in the chain of contexts

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:
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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:

mappinglkey] = 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 1in 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):

>>> ¢ = 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:
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>>> ¢ = Counter(['eggs', 'ham'])
>>> c['bacon'] # count of a missing element 1is zero
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

WA 3.1 F7}
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 arbitrary
order. If an element’s count is less than one, e lements () will ignore it.

>>> ¢ = Counter (a=4, b=2, c=0, d=-2)
>>> sorted(c.elements())
[la', laV, lal, lal’ lbl’ lbl}

most_common ( [n ] )
Return a list of the » 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 arbitrarily:

>>> Counter ('abracadabra') .most_common (3)
[(ta', 5), ('r', 2), ('b', 2)]

subtract ( [itemble-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)

>>> ¢

Counter({'a': 3, 'b': 0, 'c': -3, 'd': -6})

B A 3.20] 7}

The usual dictionary methods are available for Count e r 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.
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) # 1list unique elements
set (c) # convert to a set

(F= ol ATl A%)
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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: c[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})

>>> —C

Counter ({'b': 4})

W A 3.3 7} Added support for unary plus, unary minus, and in-place multiset operations.

ZF31: 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 classitself 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 B
¢ Bag class in Smalltalk.
* Wikipedia entry for Multisets.

e C++ multisets tutorial with examples.
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 For mathematical operations on multisets and their use cases, see Knuth, Donald. The Art of Computer Programming
Volume II, Section 4.6.3, Exercise 19.

e 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 ([itemble[, 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 ap-
proximately 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, wv) 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 corresponding
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.

B A 3.5 7}

count (x)
Count the number of deque elements equal to x.

B A 3.20] 7}

extend (iterable)
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 iterable. 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 stop). Returns the first match
or raises ValueError if not found.

WA 3.500] =7}
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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.

B A 3.50] E7}

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.

B A 3.20] 7}

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 &7}

In addition to the above, deques support iteration, pickling, len (d), reversed(d), copy.copy (d), copy.
deepcopy (d), membership testing with the in operator, and subscript references such as d [-1]. 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(['f', 'g', 'h', 'i', '"3'])
>>> d.pop () # return and remove the rightmost item
|l ] |l
>>> d.popleft () # return and remove the leftmost item
) f ]
>>> list (d) # list the contents of the deque
(TFS ATA AZ)
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>>> d[0] # peek at leftmost item

lgl

>>> d[-1] # peek at rightmost item

lil

>>> list (reversed(d)) # 1list 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', '1l'])

>>> d.rotate (1) # right rotation

>>> d

deque(['1l', 'g', 'h', 'i', '"3', 'k'])

>>> d.rotate (-1) # left rotation

>>> d

deque([lgv, 'h'I 'j_', vjv, 'k', vlv])

>>> deque (reversed(d)) # make a new deque in reverse order
deque(['l', 'kll 'j'/ 'i'I 'h'V 'g'])

>>> 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 (f, 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:

(= sief Aol AI%)

8.3. collections — Container datatypes 221




The Python Library Reference, = x| #] 7 3.7.16

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

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:

def roundrobin (*iterables) :

"roundrobin ('ABC', 'D', 'EF') -——> A D E 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 imple-
mentation 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 degue slicing, use a similar approach applying rotate () to bring a target element to the left side of
the deque. Remove old entries with popIleft (), 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 di ct 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 di ct operations:

__missing__ (key)
If the default_factory attribute is None, this raises a Ke yError exception with the key as argument.

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__ ().
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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 con-
structor, if present, or to None, if absent.

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/ 3})J

Setting the default_factoryto 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 ())
[¢ra', 4), ('m', 1), ('p'y 2), ('s', 4)]

When a letter is first encountered, it is missing from the mapping, so the default_factory function calls 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>'
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Setting the default_factory to 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})]

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 suchas [ '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 keyword
def 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'] and the defaults are (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 3.19]| 4] ¥ 7 : Added support for rename.

H A 3.6 A ¥ 7 : The verbose and rename parameters became keyword-only arguments.
WA 3.6 A A7 : Added the module parameter.

WA 3.79] 4] ¥ 7 : Remove the verbose parameter and the _source attribute.

WA 3.79 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
>>> p[0] + p[l] # indexable like the plain tuple (11, 22)

33

>>> x, y = p # unpack like a regular tuple

>>> x, y

(THE STl Aol A1)
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(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)

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 (iferable)
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 ()
|

OrderedDict ([ ('x', 11), ('y', 22)1)

¥ A 3.19] 4] ¥ 7 : Returns an OrderedDi ct instead of a regular dict.

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.
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>>> p._fields # view the field names
('x', 'y
>>> 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)

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 * * 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', 'y'])):
__slots___ = ()
@property
def hypot (self):
return (self.x ** 2 + self.y ** 2) ** 0.5
def _ str_ (self):
Ce return 'Point: x= y= hypot= ' % (self.x, self.y, self.
—hypot)

>>> for p in Point (3, 4), Point (14, 5/7):
. 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___ toan 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'

(THE sTolAToll A1)
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>>> Book.id._ do = '13-digit ISBN'
>>> Book.title. doc__ = 'Title of first printing’
>>> Book.authors. doc

= 'List of authors sorted by last name'

WA 3.59 A4 ¥ 7 : Property docstrings became writeable.

Default values can be implemented by using _replace () to customize a prototype instance:

>>> Account = namedtuple ('Account', 'owner balance transaction_count')
>>> default_account = Account ('<owner name>', 0.0, 0)

>>> johns_account = default_account._replace (owner="John'")

>>> janes_account = default_account._replace (owner="'Jane')

© H7]:

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.

* The dataclasses module provides a decorator and functions for automatically adding generated special meth-
ods to user-defined classes.

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 dict still remain:
* The regular dict was designed to be very good at mapping operations. Tracking insertion order was secondary.

* 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.

* 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.

WA 3,190 7}
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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’

W7 320 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 objects
are order-insensitive like regular dictionaries. This allows OrderedDict objects to be substituted anywhere a regular
dictionary is used.

WA 350 A M7 : The items, keys, and values views of OrderedDict now support reverse iteration using
reversed().

WA 3.69 4 ¥ 7: With the acceptance of PEP 468, order is retained for keyword arguments passed to the
OrderedDict constructor and its update () method.

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)
super () .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 _ _init__ (self, maxsize=128, *args, **kwds):
self.maxsize = maxsize
super () .__init__ (*args, **kwds)

def _ getitem__ (self, key):
value = super () .__getitem__ (key)
self.move_to_end(key)
return value

def _ _setitem__ (self, key, value):

(TH& ST Aol A1)
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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 supplanted
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 data 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, UserDict instances provide the following
attribute:

data
A real dictionary used to store the contents of the UserDict class.

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 /ist, 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, UserList instances provide the
following attribute:

data
A real 11 st object used to store the contents of the UserList class.

Subclassing requirements: Subclasses of UserLi st 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.
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8.3.9 UserString objects

The class, UserString 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, UserString instances provide the following
attribute:

data
A real st r object used to store the contents of the UserString class.

WA 3504 W7Z: New methods _ getnewargs_ , _ rmod_ , casefold, format_map,
isprintable, and maketrans.

8.4 collections.abc — AH|o|H o] FA Wo]|A YA

o] 7}: o] Holl=, o] EE9| collections BES 4R IAFYTH

33
F E: Lib/_collections_abc.py
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8.4.1 Collections 34 wj|o] A ZE| A

collections 2 &2 t}& 3}

m\l

r2 ABCE A& gYrth:
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ABC Chal =3 HAE i
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_
Collectioh__len__ __reversed_ ,index ¥ count
MutableSequence | Sequence | __getitem_ , A& H sequence WA E 2} append,
_ _setitem_ , reverse,extend,pop,remove'g
__delitem__, __iadd___
__len_ ,insert
ByteString Sequence | __getitem__, Ar&H Sequence WA E
__len_
Set Collectioh__contains__, _le ,_1t_,_ _eq_,__ne__,
__diter_,__len_ _gt_,_ge_,__and__,__or__,
__sub__,_ xor__ Hisdisjoint
MutableSet Set __contains__, Ar2E set WA E9Q} clear, pop,
__iter_,_ len_ , remove,_ _ior__,_ iand__,
add, discard _ixor. W isub
Mapping Collectioh__getitem__, __contains__, keys, items,
__iter_ ,_ len_ values,get,__eq ¥ _ ne_
MutableMapping | Mapping _ _getitem__, X222 Mapping WA E 2} pop,
__setitem_ , popitem,clear,update‘%
__delitem__, setdefault
__diter_ ,_ len_
MappingView Sized __len___
ItemsView MappingVigew, __contains__,__iter_
Set
KeysView MappingVigew, _ _contains_ ,_ _iter_
Set
ValuesView MappingView, __contains_ , iter_
Collection
Awaitable __await___
Coroutine Awaitable| send, throw close
Asynclterable __aiter_
AsyncIterator Asynclterpblanext__ __aiter_
AsyncGenerator Asyncltergtasend, athrow aclose,__aiter_ ,__anext_
class collections.abc.Container
class collections.abc.Hashable
class collections.abc.Sized
class collections.abc.Callable
Z+7y MlA| = __contains__ (), _hash__ (), _len_ () ¥ _call__ ()= AlFs= FH29Y
ABC.

class collections.abc.Iterable

8.4. collections.abc — ZH|o|] ] FA Ho|A FE|A
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_iter__ () MINEE Al s S22 ABC
isinstance (obj, Iterable)E AAISIYH IterableZ SEFHJAAY _ iter_ () WAET}
L 222 ZAFAT, _ getitem () FINEZR o]EE o E = Ze A= A 54 &yt

AA7E ol H 2] 2 AAE st F Ao A% 8 J= WL iter (ob)) & TEsE AYYTh

class collections.abc.Collection
Aol 7} Qi o & AH o] L] Zef 9] ABC.

WA 3.69] F7}.

class collections.abc.Iterator
_iter_ () ®F_next_ () A EE AFst= FEN2] ABC. o] B o] H 9] A E FR3HH A L.

class collections.abc.Reversible
__reversed_ () HIAEXE AFE3= ol E Z 29 ABC.

WA 3.60 F7}

class collections.abc.Generator
send (), throw () % close () HIXNERE olE & o|E & &sl= PEP 3420 FjH 22 EFS 7d
st Ay #l ol B Fe 2 2] ABC. Al # o] 9] A= IRt Al L.

WA 3.50] &7}

class collections.abc.Sequence
class collections.abc.MutableSequence
class collections.abc.ByteString

e} 71 A8 7hd Al 2] ABC.

38 ZF3 AE: _ iter_ (), _reversed_ () ¥ index ()%} 722 4B A0l (mixin) WA E =
SHE __getitem_ () MIMNEE WHEH o g &L Wk, __getitem () o] & AN A &
Sz TagE nao HATE 48 45 ZEUTh Le s iAo deold (Jas g aE

ANMAH), 2222 T+ FeS 7HABZ AAYH o & 4= dHFUTh
WA 3.59 4 ¥ 7 index() Wl A == stopT} start QAR B SF X QS F7 5 U TH

class collections.abc.Set
class collections.abc.MutableSet

o171 A& 7hd 5 el 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
w3, &=, 7] 9 3k 7] ABC.

class collections.abc.Awaitable
await A NA AT 5 Q= ol g0l H & AAS ABC. AFSAF Ao +H-L __await_ () WA=
£ Al Z 3 oF gy k.
FFE AA 2} coroutine ABCY SAIAEAE B o] ABCY Al AE QYT

ZF31: CPythonol| A, AV @ o] €] 7|¥t T2 El (types.coroutine () ©|WYasyncio.coroutine () 2
2 HIZH)E F A olE)2, _await_ () WAET}F flol= ol olEHE dUth o]0 o
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il
o

3l isinstance (gencoro, Awaitable) & A}R3}WH FalseZ} ¥FE Ut} o] A sk d

inspect.isawaitable ()2 AFRIIH Al 2

B A 3.50] &7}

class collections.abc.Coroutine
FFH Eﬂ Z 2]~ 2] ABC. coroutine-objects °]] Zq-/]ﬂ o2 HAEE ——yL?ﬂi}HD]— send (), throw ()
2 close (). AFRAF ALY L await_ () & F33oF @'HE} E Coroutine ‘ﬂé‘;ﬂ_é%
Awaitableﬂ oA HE Ao] 7| % st} —rEEA 734)41: Az SAA Q.

Z1: CPythonol| A, AV d o] 7wk IFE (types.coroutine () ©|Y asyncio.coroutine ()2
EHIYlE A A olE) L, __await_ () WA EZ}L flolx odllo]EHE dUtt o5 of
3l isinstance (gencoro, Coroutine) 2 AFE3}WH False”} 913 Ut o]l &L 7 A 38d
inspect.isawaitable ()& AN Al 2

B 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_ & anext_ WINEZ AlFst= S22 ABC. Hl57] o Bl o] H o] A= A
Al L.

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|Z T ABCER Fa 227 5 7sS AlgsteA € A2 3 8dUth A& E°1:

size = None
if isinstance (myvar, collections.abc.Sized):
size = len (myvar)

9 k. o &
Ad8tel ™, _contains__ (), __iter_ () R __len_ () A

ABC S 22 A0 2 8kl AElo) APLS A0S oI5 1 AU £
~gz _0x
4yt ABC= and_()ﬂisdis]oult ) & 22 U A Uﬂ*ﬂE%

EO% dxﬂ Set API& Z] ﬂﬁ'}-‘_ EEH
A SR 24 A E WA F
AlE g

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)

rrr

def _ iter_ (self):
return iter (self.elements)

def _ contains__ (self, wvalue):

(THS slolATell A1)
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return value in self.elements

def _ len_ (self):
return len(self.elements)

sl = ListBasedSet ('abcdef'")
s2 ListBasedSet ('defghi'")
overlap = sl & s2 # The __and__ () method is supported automatically

Setd} MutableSet& WAl 0 2 AFR S ufj o] Fo] AFS}:

() €dF FF A2 A2 JATS HE7] d2ol, 712 92 wHA =+ O]Eiﬁ% ZHEEH A JA2HAE
vte =g o]l 2ot A A AT className (lterable Aol S 7H- AC & 7
AUt o] 712 A2 ATE A3 93l cls (iterable) EEO]—% from_iterable ()
olgt= YR S mAERE FeH S U set Ao ThE "§“Z} AP g 2t 2ol A AR
Fm o o]lEHEE AXZEHE] A AAEHASE MG S JE=ZIYA A ER from iterable ()
= A Ao &f oF frth

() vlxE AZYstHH (Y= 2ZHJeBnR, ofufE S wjFoll), __le. ()2_ge_ ()= MY
SN, T E BE dae 450 BANUD,

() set ol F HAGE AL hash() IASE AFFULE 2o 2E AHl A4
s SAL B o)A 97 o] _hash_ ()= A5 4] BTk B Ael S ALg okl AT A
V5 AE F7 e ¥, set () &F Hashable ()—% B F A28 t}2,  hash = Set._hashE A9
S AL .

o ®B7):
o MutableSet Q& FZ3L o] A| OrderedSet = 2] .

« ABCO] )3 AHA 3 Y| &-2, abc ZE T PEP 31192 H 234 A] 2.

8.5 heapqg — 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 implementation
uses arrays for whichheap [k] <= heap[2*k+1] andheap[k] <= heap[2*k+2] forall k, 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.
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heapqg.heappop (heap)
Pop and return the smallest item from the heap, maintaining the heap invariant. If the heap is empty, TndexError
is raised. To access the smallest item without popping it, use heap [0].

heapq.heappushpop (heap, item)
Push item 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 ().

heapg.heapify (x)
Transform list x into a heap, in-place, in linear time.

heapq.heapreplace (heap, item)
Pop and return the smallest item from the heap, and also push the new ifem. 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 ap-
propriate 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 iterator 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 comparison were reversed.
To achieve behavior similar to sorted (itertools.chain (*iterables), reverse=True), allit-
erables must be sorted from largest to smallest.

H A 3.59 A ¥ 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 iterable (for example, key=str.
lower). Equivalent to: sorted (iterable, key=key, reverse=True) [:n].

heapqg.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.
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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])
[OV 1/ 2/ 37 47 5/ 6/ 77 87 9J

This is similar to sorted (iterable), butunlike sorted (), this implementation is not stable.

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 !
~ 0~

~

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:
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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):
'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 pqg:
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 whicha [k] <= a[2*k+1]anda[k] <= a[2*k+2] forall k, 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 are
k,notalk]:

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 O position, and then
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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 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. :-)

A2 F = Lib/bisect.py

) HEL AYH YLES AY Fol A 4T B2 YES AUV 5 A2 AAFUTh gy v
Aol 2 Y59 2 B2 A9, ol QA Py w3 AE AT, o mEe AuA
o2 B L EE AR WE] bicocrhu UL A2 mmE duel e AA Az 42
R8T 5 AFUT(FA 22L ov] SHFUTH)

et 22 g4 AR

bisect .bisect_left (q, x, lo=0, hi=len(a))
ALE ST FAER a0 18 AL AN E AL o) Bl Shhis TeA S of & o=

\

EREES AA = /\}%% T AFUH 712402 AA g2 E7F AR F UTh x7}aol o)W 9o,
A A= 71E FE @ E) o]l Uk vk g % 7holul A8 vt 7k vl 1ist.insert ()
o A HAY w7 W= ARSSH7] o Ay

3 e A 9 X i al g o E o) B3], 9F 2 all (val < x for val in al[lo:i]), LE2&L
all(val >= x for val in a[i:hi])°] HEZ w54th

bisect.bisect_right (a, x, lo=0, hi=len(a))

! The disk balancing algorithms which are current, nowadays, are more annoying than clever, and this is a consequence of the seeking capabilities
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 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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bisect.bisect (g, x, l0o=0, hi=len(a))
bisect_left () HIHAIRE aoll Q&= x8 71E FE F (L85 L& A9 AAE &
HESkE A A& e i E o o] R3], &L all(val <= x for val in allo:i]), 2EZE
all(val > x for val in a[i:hi])o]HEE ws5Urth

bisect.insort_left (q, x, lo=0, hi=len(a))
a°ll x5 AEHE A2 ATtk a7F olv] AEFH Yt 1A o a.insert (bisect.
bisect_left (a, x, lo, hi), x)2-FFFUTH O(ogn) A o] =7 On) 4] A ol 7Fe el
AL

bisect.insort_right (a, x, lo=0, hi=len(a))
bisect.insort (g, x, lo=0, hi=len(a))
insort_left ()2} H|REA T, aoll xE xY 7] F5 thol AUt

o B

bisect S AF-g-3lo] A A A WA= 7] g A PSS 2= dAT 7 5S #F 2 FHaE
k= = SortedCollection recipe. A Fof| B Q31 7] &4 =2 ¥ 3R 7]+ v| 8] A4 Uttt

Ao bisect () T Y AA
T AsYth o2 oAl e 3

A,

def index(a, x):
'Locate the leftmost value exactly equal to x'
i = bisect_left (a, x)
if i != len(a) and al[i] == x:
return 1
raise ValueError

def find_1lt(a, x):
'Find rightmost value less than x'
i = bisect_left (a, x)
if i:
return al[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 a[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):

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

return ali]
raise ValueError

8.6.2 T} oA

bisect () @’—jf—% =2} H] o]
Ao gt 22 55 23 st=d,

QU

| 5 dsUth o] AAlE bisect ()& AHE38H] (719) A9
A AAA Al 7Ryt 90 o] A2 A%, 800 4 89& B’

>>> 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]]
['E‘l, VA', IC', ICV, lBl, IAII lAl]

sorted () &4 &8, bisect () 4= key L reversed QA AE 2h= Z1& o2
(ﬁ?x—i‘ﬂblSCCt?} E%"] o]-Y BE 7| 23 &« A ZFYh E &3] & duth

AL s Al Z =] YA E 37 A v ALdE 7] Bl aE

>>> data = [('red', 5), ('blue', 1), ('yellow', 8), ('black', 0)]
>>> data.sort (key=lambda r: r[1])

>>> 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)

8.7 array — &8 %9l vl

G = A= R
7‘*46‘\4@ A2 A AL Fol 2| AES} v v et FEFUohel, 2o AR E AA S P ol
Al A the Aol ok Q Zh o
g A=7FAogY

i
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rlo
i
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2
Y
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FI= | CH ol HaI7(HoE) | =E
'b! signed char int 1
'B' unsigned char int 1
'u' Py_UNICODE FYUYI= EAF |2 1)
'h' signed short int 2
'H' unsigned short int 2
it signed int int 2
T unsigned int int 2
'l signed long int 4
' unsigned long int 4
'q' signed long long int 8
Q' unsigned long long | int 8
£ float float 4
'd’ double float 8
rEE:
(1) 'u' @ I== o]l 74 FUIE FAH(Py_UNICODE, ©] 21 wehar_t Yy th ol o 3ok
S Zo| wet 16 EY 32 EZE = 5 Ut
'u's WA Py_UNICODE APIS} @7 Al Ad 21 YUt

Deprecated since version 3.3, will be removed in version 4.0.
gkel A E AL 714 o} el Aol o)) (Y A 3] Bl ApE C Aol ey AAFUTh AA 27)E itensize
JEPRES B3 AMAT 5 J5yITh
B5ES the 32 APy
class array.array (typewde[, initializer])
F=-0] rypecodel] 23l A 3k=] = A ol D, A e A Ql initializer 32 E Z713}E =, ]|~ E, vl E
A2 e H A8 o] @40 tfsh o]Ef ] E o] ofoF Tt
FA2ELY BxYFo] Fo] X, initializer = AH vl € o] fromiist (), frombytes() E &
fromunicode () WA E (ol & FRSA L) AEH A wjdol 27 FES F71E Ut 19
2] 9k o™ o] B &) £ initializer 7} extend () A =of AL= Ut}

array.typecodes

B2EE3% A=
W AA = A4, Sepol 4, ool B o)/ W BAIT 2L dubAe AAx A4 AAFUL. Sepol
Qe AT ), YL e 2 @ T W WA of of FUT); THE RE Aol s, Typerrrory)
ST M AR W H AE o] A% TABH, vlo] = A5 A7 A A5 = 3ol | ol o A} AL

tloly FE WA EE A AF U

array.typecode
i 4& whe = B A1-8-3 typecode 4}

array.itemsize
W Ao A ke vl g 50 Ao (vl E).

array.append (x)
e goll tx2 A FES

array.buffer_info()
Wae e Gt A48T Moe A WEe 2% 840 2 EAG Ao B A
3= 52 (address, length) & W& s yct diolE ot
buffer_info() [1] * array.itemsize® AAE 4 95Ut} o]

g,
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array.byteswap ()

v o] BE FES “Hlo] E A9F (byteswap)” FUTH 1, 2,4 = 8ulo] E 7] 9] gholl ths A ¥k A
I Yt} o= 6"3./] ol RuntimeErrorZF WHAZIUTH wlolE A7 T2 AFE A A4 H
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array.frombytes (s)
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array.fromfile (f, n)
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Deprecated since version 3.2, will be removed in version 3.9.

array.fromunicode (s)
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array.reverse ()

UEBEER R E sl

array.tobytes ()
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Deprecated since version 3.2, will be removed in version 3.9.
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The Numerical Python Documentation Numeric Python &% (NumPy)2 T}2 8] € 3 -& & 9] §F 1] t}; Numerical
Python ol o] 3t T Z}A|8F A ® = http://www.numpy.org/ & FZ 34 AL

8.8 weakref — Weak references

Source code: Lib/weakref.py

The weak ref module allows the Python programmer to create weak references to objects.
In the following, the term referent means the object which is referred to by a weak reference.

A weak reference to an object is not enough to keep the object alive: when the only remaining references to a referent
are weak references, garbage collection is free to destroy the referent and reuse its memory for something else. However,
until the object is actually destroyed the weak reference may return the object even if there are no strong references to it.

A primary use for weak references is to implement caches or mappings holding large objects, where it’s desired that a
large object not be kept alive solely because it appears in a cache or mapping.
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For example, if you have a number of large binary image objects, you may wish to associate a name with each. If you
used a Python dictionary to map names to images, or images to names, the image objects would remain alive just because
they appeared as values or keys in the dictionaries. The WeakKeyDictionary and WeakValueDictionary
classes supplied by the weakref module are an alternative, using weak references to construct mappings that don’t
keep objects alive solely because they appear in the mapping objects. If, for example, an image object is a value in a
WeakValueDictionary, then when the last remaining references to that image object are the weak references held
by weak mappings, garbage collection can reclaim the object, and its corresponding entries in weak mappings are simply
deleted.

WeakKeyDictionaryand WeakValueDictionary use weak references in their implementation, setting up call-
back functions on the weak references that notify the weak dictionaries when a key or value has been reclaimed by
garbage collection. WeakSet implements the set interface, but keeps weak references to its elements, just like a
WeakKeyDictionary does.

finalize provides a straight forward way to register a cleanup function to be called when an object is garbage collected.
This is simpler to use than setting up a callback function on a raw weak reference, since the module automatically ensures
that the finalizer remains alive until the object is collected.

Most programs should find that using one of these weak container types or finalize is all they need — it’s not usually
necessary to create your own weak references directly. The low-level machinery is exposed by the weak re £ module for
the benefit of advanced uses.

Not all objects can be weakly referenced; those objects which can include class instances, functions written in Python (but
not in C), instance methods, sets, frozensets, some file objects, generators, type objects, sockets, arrays, deques, regular
expression pattern objects, and code objects.

W A 3.20]| A ¥ 7 : Added support for thread.lock, threading.Lock, and code objects.

Several built-in types such as 1ist and dict do not directly support weak references but can add support through
subclassing:

class Dict (dict):
pass

obj = Dict (red=1, green=2, blue=3) # this object is weak referenceable

CPython implementation detail: Other built-in types such as tuple and int do not support weak references even
when subclassed.

Extension types can easily be made to support weak references; see weakref-support.

class weakref.ref (object[, callback] )
Return a weak reference to object. The original object can be retrieved by calling the reference object if the referent
is still alive; if the referent is no longer alive, calling the reference object will cause None to be returned. If callback
is provided and not None, and the returned weakref object is still alive, the callback will be called when the object
is about to be finalized; the weak reference object will be passed as the only parameter to the callback; the referent
will no longer be available.

It is allowable for many weak references to be constructed for the same object. Callbacks registered for each weak
reference will be called from the most recently registered callback to the oldest registered callback.

Exceptions raised by the callback will be noted on the standard error output, but cannot be propagated; they are
handled in exactly the same way as exceptions raised from an object’s __del__ () method.

Weak references are hashable if the object is hashable. They will maintain their hash value even after the object
was deleted. If hash () is called the first time only after the object was deleted, the call will raise TypeError.

Weak references support tests for equality, but not ordering. If the referents are still alive, two references have the
same equality relationship as their referents (regardless of the callback). If either referent has been deleted, the
references are equal only if the reference objects are the same object.
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This is a subclassable type rather than a factory function.

__callback__
This read-only attribute returns the callback currently associated to the weakref. If there is no callback or if
the referent of the weakref is no longer alive then this attribute will have value None.

¥ 7 34004 W7 : Addedthe  callback _ attribute.

weakref.proxy (object[, callback ] )
Return a proxy to object which uses a weak reference. This supports use of the proxy in most contexts instead
of requiring the explicit dereferencing used with weak reference objects. The returned object will have a type of
either ProxyType or CallableProxyType, depending on whether object is callable. Proxy objects are not
hashable regardless of the referent; this avoids a number of problems related to their fundamentally mutable nature,
and prevent their use as dictionary keys. callback is the same as the parameter of the same name to the ref ()
function.

weakref.getweakrefcount (object)
Return the number of weak references and proxies which refer to object.

weakref .getweakrefs (object)
Return a list of all weak reference and proxy objects which refer to object.

class weakref.WeakKeyDictionary ( [dict])
Mapping class that references keys weakly. Entries in the dictionary will be discarded when there is no longer a
strong reference to the key. This can be used to associate additional data with an object owned by other parts of
an application without adding attributes to those objects. This can be especially useful with objects that override
attribute accesses.

WeakKeyDictionary objects have an additional method that exposes the internal references directly. The references
are not guaranteed to be “live” at the time they are used, so the result of calling the references needs to be checked before
being used. This can be used to avoid creating references that will cause the garbage collector to keep the keys around
longer than needed.

WeakKeyDictionary.keyrefs ()
Return an iterable of the weak references to the keys.

class weakref.WeakValueDictionary ( [dict] )
Mapping class that references values weakly. Entries in the dictionary will be discarded when no strong reference
to the value exists any more.

WeakValueDictionary objects have an additional method that has the same issues as the keyrefs () method of
WeakKeyDictionary objects.

WeakValueDictionary.valuerefs ()
Return an iterable of the weak references to the values.

class weakref.WeakSet ( [elements] )
Set class that keeps weak references to its elements. An element will be discarded when no strong reference to it
exists any more.

class weakref.WeakMethod (method)
A custom re £ subclass which simulates a weak reference to a bound method (i.e., a method defined on a class and
looked up on an instance). Since a bound method is ephemeral, a standard weak reference cannot keep hold of it.
WeakMethod has special code to recreate the bound method until either the object or the original function dies:

>>> class C:
def method(self):
print ("method called!")

>>> ¢c = C()

(THS slolATell A1)

8.8. weakref — Weak references 245



The Python Library Reference, = x| #] 7 3.7.16

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

>>> r = weakref.ref (c.method)

>>> r ()

>>> r = weakref.WeakMethod (c.method)
>>> 1 ()

<bound method C.method of <__main__.C object at 0x7£c859830220>>
>>> r() ()

method called!

>>> del c

>>> gc.collect ()

0

>>> r ()

>>>

B & 3409 Z7}.

class weakref.finalize (obj, func, *args, **kwargs)

Return a callable finalizer object which will be called when obj is garbage collected. Unlike an ordinary weak
reference, a finalizer will always survive until the reference object is collected, greatly simplifying lifecycle man-
agement.

A finalizer is considered alive until it is called (either explicitly or at garbage collection), and after that it is dead.
Calling a live finalizer returns the result of evaluating func (*arg, **kwargs), whereas calling a dead final-
izer returns None.

Exceptions raised by finalizer callbacks during garbage collection will be shown on the standard error output, but
cannot be propagated. They are handled in the same way as exceptions raised from an object’s __del__ ()
method or a weak reference’s callback.

When the program exits, each remaining live finalizer is called unless its atexit attribute has been set to false.
They are called in reverse order of creation.

A finalizer will never invoke its callback during the later part of the interpreter shutdown when module globals are
liable to have been replaced by None.

__call__ ()
If self is alive then mark it as dead and return the result of calling func (*args, **kwargs). If self is
dead then return None.

detach ()
If self is alive then mark it as dead and return the tuple (obj, func, args, kwargs). If self is dead
then return None.

peek ()
If self is alive then return the tuple (obj, func, args, kwargs). If self is dead then return None.

alive
Property which is true if the finalizer is alive, false otherwise.

atexit
A writable boolean property which by default is true. When the program exits, it calls all remaining live
finalizers for which atexit is true. They are called in reverse order of creation.

Z31: It is important to ensure that func, args and kwargs do not own any references to obj, either directly or
indirectly, since otherwise obj will never be garbage collected. In particular, func should not be a bound method
of obj.

WA 340 F71.
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weakref .ReferenceType
The type object for weak references objects.

weakref.ProxyType
The type object for proxies of objects which are not callable.

weakref.CallableProxyType
The type object for proxies of callable objects.

weakref .ProxyTypes
Sequence containing all the type objects for proxies. This can make it simpler to test if an object is a proxy without
being dependent on naming both proxy types.

o B

PEP 205 - Weak References The proposal and rationale for this feature, including links to earlier implementations and
information about similar features in other languages.

8.8.1 Weak Reference Objects

Weak reference objects have no methods and no attributes besides ref. _callback__. A weak reference object
allows the referent to be obtained, if it still exists, by calling it:

>>> import weakref
>>> class Object:

pass
>>> o0 = Object ()
>>> r = weakref.ref (0)
>>> 02 = r ()
>>> o is 02
True

If the referent no longer exists, calling the reference object returns None:

>>> del o, 02
>>> print(r())
None

Testing that a weak reference object is still live should be done using the expression ref () is not None. Normally,
application code that needs to use a reference object should follow this pattern:

# 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 ()

Using a separate test for “liveness” creates race conditions in threaded applications; another thread can cause a weak
reference to become invalidated before the weak reference is called; the idiom shown above is safe in threaded applications
as well as single-threaded applications.

Specialized versions of ref objects can be created through subclassing. This is used in the implementation of the
WeakValueDictionary toreduce the memory overhead for each entry in the mapping. This may be most useful to

8.8. weakref — Weak references 247



https://www.python.org/dev/peps/pep-0205

The Python Library Reference, = x| #] 7 3.7.16

associate additional information with a reference, but could also be used to insert additional processing on calls to retrieve
the referent.

This example shows how a subclass of ref can be used to store additional information about an object and affect the
value that’s returned when the referent is accessed:

import weakref

class ExtendedRef (weakref.ref):

def _ init_ (self, ob, callback=None, **annotations):
super (ExtendedRef, self).__init__ (ob, callback)
self.__counter = 0

for k, v in annotations.items{():
setattr(self, k, v)

def _ call_(self):
"""Return a palr containing the referent and the number of
times the reference has been called.
ob = super (ExtendedRef, self).__call__ ()
if ob is not None:
self.__ counter += 1
ob = (ob, self.__ counter)
return ob

8.8.2 Example

This simple example shows how an application can use object IDs to retrieve objects that it has seen before. The IDs of
the objects can then be used in other data structures without forcing the objects to remain alive, but the objects can still
be retrieved by ID if they do.

import weakref
_id2obj_dict = weakref.WeakValueDictionary ()

def remember (obj) :
oid = id(obj)
_id2obj_dict[oid] = obj
return oid

def id2obj (oid) :
return _id2obj_dict[oid]

8.8.3 Finalizer Objects

The main benefit of using finalize is that it makes it simple to register a callback without needing to preserve the
returned finalizer object. For instance

>>> import weakref
>>> class Object:
pass

>>> kenny = Object ()
>>> weakref.finalize (kenny, print, "You killed Kenny!")

(TH& STToTAT ol A1)
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<finalize object at ...; for 'Object' at ...>
>>> del kenny
You killed Kenny!

The finalizer can be called directly as well. However the finalizer will invoke the callback at most once.

>>> def callback(x, vy, z):
print ("CALLBACK")
return x + y + z

>>> 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

You can unregister a finalizer using its detach () method. This kills the finalizer and returns the arguments passed to
the constructor when it was created.

>>> 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

Unless you set the atexit attribute to False, a finalizer will be called when the program exits if it is still alive. For
instance

>>> obj = Object ()

>>> weakref.finalize (obj, print, "obj dead or exiting")
<finalize object at ...; for 'Object' at ...>

>>> exit ()

obj dead or exiting

8.8.4 Comparing finalizers with __del__ () methods
Suppose we want to create a class whose instances represent temporary directories. The directories should be deleted
with their contents when the first of the following events occurs:

* the object is garbage collected,

* the object’s remove () method is called, or

e the program exits.

We might try to implement the class usinga ___del__ () method as follows:

class TempDir:
def _ init__ (self):

(TH& ST Aol A1)
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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 ()

Starting with Python 3.4, _ _del__ () methods no longer prevent reference cycles from being garbage collected, and
module globals are no longer forced to None during interpreter shutdown. So this code should work without any issues
on CPython.

However, handling of __del__ () methods is notoriously implementation specific, since it depends on internal details
of the interpreter’s garbage collector implementation.

A more robust alternative can be to define a finalizer which only references the specific functions and objects that it needs,
rather than having access to the full state of the object:

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

Defined like this, our finalizer only receives a reference to the details it needs to clean up the directory appropriately. If
the object never gets garbage collected the finalizer will still be called at exit.

The other advantage of weakref based finalizers is that they can be used to register finalizers for classes where the definition
is controlled by a third party, such as running code when a module is unloaded:

import weakref, sys
def unloading_module () :

# implicit reference to the module globals from the function body
weakref.finalize (sys.modules[_ name_ ], unloading_module)

Z31: If you create a finalizer object in a daemonic thread just as the program exits then there is the possibility that the
finalizer does not get called at exit. However, in a daemonic thread atexit.register (), try: ... finally:
.andwith: ... donot guarantee that cleanup occurs either.
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class pprint.PrettyPrinter (indent=1, width=80, depth=None, stream= N()ne, *, compact=False)
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>>> import pprint

>>> stuff = ['spam', 'eggs', 'lumberjack', 'knights',
>>> stuff.insert (0, stuff[:])

>>> pp = pprint.PrettyPrinter (indent=4)

lniv]

(TH& ST Aol A1)
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>>> 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 B 7A ©& B4E AT

pprint .pformat (object, indent=1, width=80, depth=None, *, compact="False)
object®] LNE RS FALEZ W3ttt indent, width, depth R compact= E1| & w7/ M2
PrettyPrinter A Aol A Yt}
W 340014 WA compact W) 7 A 4=7F F 7= Sl U th

pprint .pprint (object, stream=None, indent=1, width=80, depth=None, *, compact=False)
object®] EWNHE T3 & vlEF-E F7HE A streamol] AT} stream©] None©] ¥, sys.stdout ©]
AgBUT 0| A& prine () B4 A B18hE ABZe B A ¢ AAshE ol A48T 5 A5t
(22 Z YA AFE3H7] Y8l print = pprint.pprintE A QS = A5 UT). indent, width,
depth X compact= X8 W) 7/| 42 PrettyPrinter A Ao AdH Yt}

¥4 3.400 X1 8 7 : compact o) 7} W47k 745 iU e,

>>> import pprint
>>> stuff = ['spam', 'eggs', 'lumberjack', 'knights', 'ni']
>>> stuff.insert (0, stuff)
>>> pprint.pprint (stuff)
[<Recursion on list with id=...>,
'spam',
'eggs',
'lumberjack’',
'knights',
'ni']

pprint.isreadable (object)
Determine if the formatted representation of object is “readable”, or can be used to reconstruct the value using
eval (). This always returns False for recursive objects.

>>> pprint.isreadable (stuff)
False

pprint.isrecursive (object)

object7} A A L 8734 T
& ko) A9 g7t ol g U
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pprint .saferepr (object)
AAA ol Fxol s B35 =, objecte] £ AHE A S WHEHU T objecre] Ed o] A A A
=314, AlA A FZERE <Recursion on typename with id=number>=Z BAIF YT} X3

o9 o] the Zule o] 485 A yTh

>>> pprint.saferepr (stuff)
"[<Recursion on list with id=...>, 'spam', 'eggs', 'lumberjack', 'knights', 'ni']"

8.11.1 PrettyPrinter 7} x|

PrettyPrinter 2o =t e A =7 g5 o

PrettyPrinter.pformat (object)
ob]ect./] U 23S ElaciacigBisy PrettyPrinter A3 Ad Z]—Oﬂ A< 3 AL 3 EcigBhey

PrettyPrinter.pprint (object)
T E 2 E o object® z WE ¥ 2 7;—;— bﬂz}q;}

o2 HAEE 22 o5 s gl o
7hglomz AAE A A o] H3 HAE

PrettyPrinter.isreadable (object)
object#] 38 S elo] <o % 1, 5 vl () & AL T R AT U AL S 9
Tk A A A ol ‘:Hﬂ False‘g WEEksho]| 72 Sl Al & PrettyPrlnter./] depth W) 7] WH4=7}
51 A A o 85 A 55, £ ook AL

PrettyPrinter.isrecursive (object)

0b]eCt7]' XH:H pd) _Ladg oq__(sl__ ] 1":]_' ‘:}_141;]_
o] Bl == AE ZE A7 A7 EALE HEE = 9pa] S 28 £ QT E = T o g ATy 7=
FHAL sarferepr () T YRS AL L)

PrettyPrinter.format (object, context, maxlevels, level)

Al 7HA g2 bbby ok 20 WA object g FAL R, A7) ¢l 5 A=A
AAZ ZFAH A= AE e E S A A A= ZAE
7-]E11/\E(16ioﬂ Oﬂﬁkg F= Ob]ect./] z];@ u] 7]_><4 aﬂ]o]q)/} QX o]
gA 2 JuUtt; ol contextol] & %ﬂxﬂﬂ s ojor g ”4‘17 A
ojoJok Ytk format () HIAZol thgt A7 T&-2 AH ool tht 7} 55 o] Mgl 7}
af of Frth Al AR QAA} maxlevelsi= A7 ol L H Ak FUTH 84 A Algto] glod

A= A Sl 4= A -2 A A= of o ok vl A A=} leve% A ==& AT
A T2 @A SEHT A2 o g AgE of of Fth

8.11.2 oA

pprint () &b uj) Ao o] § 25 o Alst7] 18, PyPlol A 22 A Eo th g FH & 7hAF A th:

>>> import json

>>> import pprint

>>> from urllib.request import urlopen

>>> with urlopen('https://pypi.org/pypi/sampleproject/Jjson') as resp:
project_info = json.load(resp)['info']

712 A FEjol A, pprint ()& AA AAE HolFUh:
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>>> 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 :: 0OSI 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'
| - S \nv
l\nl
'This is the description file for the project.\n'
n\nu

'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'
n\nu
'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,
'requires_python': None,
'summary': 'A sample Python project',
'version': '1.2.0'}

Ao S doph= ATD 5 A% UTH(E 22 8 FLRE AL UThy:

>>> pprint.pprint (project_info, depth=1)

(tF= s ef Aol A1)
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{'author': 'The Python Packaging Authority',

'author_email': 'pypa-dev@googlegroups.com',

'bugtrack_url': None,

'classifiers': [...],

'description': 'A sample Python project\n'
L —_——— e 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'"}

2 Ao EA widhE AGE 5 J5Uh D AAE S S 5 9l AR vUHlE 234tk

>>> 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
l\nl

'This is the description file for the '
'project.\n'

l\nl

'The file should use UTF-8 encoding and be '

(BF= sl el Aol AI%)
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'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 — tjQt repr () +9

A FE: Lib/reprlib.py

Lo

repriib BES AT 4D 270 Alge] it AM BB AT £ AFGUTh o] A Tlv]
Aol A A-LH B e EHo AT §-88 5 A5

) BELS Fex, A2AA Y P E AF LT

L

class reprlib.Repr
W repr ()3 FAR S48 st ol 78 2l W AR A E AlTste S AEsA U =
o WS Fotua AR FEr 27] Al el F7HE U

reprlib.aRepr
obefoll AW W repr () 2 B8 AT ol AHGE £ Repre] AU o] A Y o =P RE
2 WA repr ()3} shol A LM A A AHEE = 27] ARl FEFE FuTh

reprlib. repr (obj)
aRepr?| repr () FIAEYUTE 22 o] 52 Y ol o3 vhstd 254 vl £AHE = WhasHAl
g o 2o 7)ol ARkl YFU
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7| A =T eolx, BEL __repr__ () ol & A7 T&S AA AL Al AE] AR EAL S X3
she B e o 5 Al Ptk
@reprlib.recursive_repr (fillvalue="..")
2 2= AN A T2& FAE=__repr () HIAER G EH. A7 SE0] Olveiﬂzl
9, fillvalue7} Wkt 31, T A] koW FAFAIS __repr_ () ZE] FFHULL A E =

>>> 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'|'b'|'c'"|...]"x">

B A 3.20] =7}

8.12.1 Repr 2}

Repr ARt o2 A Yol BA B 27 ART 54 AA FL ERshE WASE AT
A48 5 Ao

Repr.maxlevel
AAA 2dY G e A= sHAL 71 EF2 6d Y th

Repr.maxdict
Repr.maxlist
Repr.maxtuple
Repr.maxset
Repr .maxfrozenset
Repr .maxdeque
Repr.maxarray
HEE Az Je T G2 T AS 7B maxdictL 4, maxarray=59°]1 1 9E=6Ygch
Repr.maxlong
A5 BA A £4 Stk £AbE A2 dol A AR U 7R3 209 o
Repr.maxstring
FAY A B2} 5 AT BAAL) FA HAo] BAF £AEH AT =
of ojaA ol Al A7 B, 2 o] Fhohd o o]
Repr .maxother
o] Al gk Repr Ao A -4 A 1 2 ¥ A
Uth maxstringd Blsedt Ml o g2 AR5

Repr . repr (obj)
A2xd o] o)) Eohe Eoh e A S WG repr ()9 55T
Repr.reprl (obj, level)

repr () oA AHEE = AAA T H. obje] B AHESte] 2T 2| WA EE AL, obj 2 level&
AUt FE A= E AAA 2o S A7 A8l repri ()& 3okt A EZ A

level Zf2 2 level - 1 ARESHU T

Repr.repr_TYPE (obj, level)
54 39 2" WAE=EE @ o5 Ztste o592 HAER FEF U HIAE o] FllA,
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TYPE & .join (type (obj) . _.Split Oy Loz AP Yt ol I ERS t AT A=
reprl () °ﬂ 4 OH A EE Y AA DO 7S EHa|of 3= ¥ WA= self.reprl (subobi,
level - 1)S S &8 oFgth

8.12.2 Repr A A B.Ze)A

Repr. repri ()9 o8 5 A T2 %)
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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

WA 3409 7}

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.

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, uniqgue (), 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
IntFlag membership. TntF1ag 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
F1ag membership.

enum.unique ()
Enum class decorator that ensures only one name is bound to any one value.
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class enum.auto
Instances are replaced with an appropriate value for Enum members. Initial value starts at 1.

W A 3.60] =7}: Flag, IntFlag, auto
8.13.2 Creating an Enum

Enumerations are created using the class 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.

ZF37: Nomenclature
e The class Color is an enumeration (or enum)

¢ The attributes Color .RED, Color.GREEN, etc., are enumeration members (or enum members) and are func-
tionally 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

>>>
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Enum members also have a property that contains just their item name:

>>> print (Color.RED.name)
RED

Enumerations support iteration, in definition order:

>>> class Shake (Enum) :
VANILLA = 7
CHOCOLATE
COOKIES = 9
MINT = 3

1
S

>>> 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
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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'

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
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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:

>>> 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()

>>> list (Ordinal)
[<Ordinal .NORTH: 'NORTH'>, <Ordinal.SOUTH: 'SOUTH'>, <Ordinal.EAST: 'EAST'>, <Ordinal.
—WEST: '"WEST'>]

Z31: The goal of the default _generate_next_value_ () methods 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.

Z3: 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:

>>> 1list (Shape)
[<Shape.SQUARE: 2>, <Shape.DIAMOND: 1>, <Shape.CIRCLE: 3>]

The special attribute __members___is an ordered dictionary mapping 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>)

(
(
(
('ALIAS_FOR_SQUARE', <Shape.SQUARE: 2>)
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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

Ordered comparisons between enumeration values are not supported. Enum members are not integers (but see IntEnum
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, IntEnum was explicitly designed to
behave differently, see below):

>>> Color.BLUE == 2
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

(TH& STOTAT ol A1)
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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_.

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
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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.

ZF31: 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 enumeration
class.

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 enumer-
ation.

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.
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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_ )

743 : 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 ___qualname___ 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', gqualname='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):

"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', 4y, ('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.

¥ A 3.59]| A] ¥ 7 : The start parameter was added.
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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

Il
1
[N

>>> Shape
False

>>> Shape.CIRCLE == 1

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:

>>> 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, TntFlag, is also based on int. The difference being TntF1ag members
can be combined using the bitwise operators (&, |, *, ~) and the result is still an TntFI1ag member. However, as the
name implies, TntFlag members also subclass int and can be used wherever an int is used. Any operation on an
IntFlag member besides the bit-wise operations will lose the TntF1ag membership.

WA 3.690 F7F

Sample TntFlag class:
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>>> from enum import IntFlag
>>> class Perm(IntFlag):

R =14
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 IntF1agand Enumis thatif no flags are set (the value is 0), its boolean evaluation
is False:

>>> 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>

Flag

The last variation is F1ag. Like TntFlag, F1ag members can be combined using the bitwise operators (&, I, *, ~).
Unlike IntF1ag, they cannot be combined with, nor compared against, any other 1 ag enumeration, nor int. While
it is possible to specify the values directly it is recommended to use aut