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CHAPTER 2

Python fifRed N EL TARZ sBCHIEAL, 0] ATEARATI R GE AT, LA R R RERIUT S e AT

all (iterable)

W iterable YA TR NE (BEENZS), &I True . M

REEES]
abs () dict () help () min () setattr ()
all() dir() hex () next () slice()
any () divmod () id () object () sorted()
ascii() enumerate () | input () oct () staticmethod ()
bin{() eval () int () open () str()
bool () exec () isinstance () | ord() sum ()
bytearray () filter() issubclass () | pow() super ()
bytes () float () iter() print () tuple ()
callable () format () len() property () | type()
chr () frozenset () 1ist () range () vars ()
classmethod/() getattr() locals () repr () zip ()
compile () globals () map () reversed () | __import__ ()
complex () hasattr () max () round ()
delattr () hash () memoryview() | set ()
abs (x)
R — N EAEE . LS AR BREEGE S RS R R, REIE R

def all (iterable):

for element in iterable:

if not element:
return False
return True

any (iterable)

R iterable (I AE—TCZ HENBERE] True, WIEREALSRZS, 1R[E] False, ZEMT
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def any(iterable):
for element in iterable:
if element:
return True
return False

ascii (object)
Srepr () 2K, REI—MIEX R FR W FEAR, (B2 \x. \uFfl\UXfrepr ()
1R Bl A ER R ASCIT gl i) A7 18% Lo A2 R0 P47 E2 A Python 2 ) repr () & [l &5 SR AL .
bin (x)
PF— DRI — AR “0b” R EAF R . 45002 — D E1ER Python ik, W2k x A2
Python ffjint X%, IPEFEE X __index__ () F¥ERE—AHEE, —Lf]¥:

>>> bin(3)
'Obl11"

>>> bin (-10)
'-0b1010"'

WARA—EHEAIZE “0b”, ABn] AGH AT T3k

>>> format (14, '#b'), format (14, 'b')

('0b1110", '1110")
>>> f'{14:4b}', £'{14:b}'
('0Ob1110', '1110")

W format () FRPHEZE E..

class bool ([x])
RPl—A/RME, True B0 False. x fEHARMERY LA X L2 R4, WR x 2R ECE AR,
A False; HAMF IR True, bool Fi2int BT (W5 £ —int, float, complex) , HiAfth
RABEMRHTE. BEHRA False fll True PIANSEH] (S04 27 148).

class bytearray ( [source[, encoding[, errors] ] ] )
iR [ul—ANHr Y bytes H4l. bytearray FE2—A AP, WETHIY 0 <=x <256 HyHEEL. EAH]
RPN 8 DL T, WLoT 22 20 7 ffilad s AR by tes KRR TTIk, S hbytes 4=

bytearray 3£1F .
3B S source W LAFIANIR] i 75 2RA) ha A S 4 -

o WRZE—A string, R HAEML encoding ZHL (errors ZHATYZ W BEW) 5 bytearray () £{fi
M str.encode () Ji¥EFNs string F575 Jif, bytes.

o IR E—A> integer, SWIIRACK/INIZECTHIBAL, FHAH null FAETE.
o W —NFFE buffer FIARIXTS, 12500 H ik buffer 2 FRAIRIL FAT 54 .

o AR JE—A> iterable \IIARNR, EMITRMTERELIZ 0 <= x < 256 BWEE, EXPINEL
HMHIIRNE -

WMAREH LS, WEIEIR/INH 0 %A,
=1t #) 5 2 KA —bytes, bytearray, memoryview Fbytearray 3t % .

class bytes( [source[, encoding[, errors] ] ] )
R — AN “bytes” X, R—ARAAETFH, WEWER 0 <= x < 256 MBH. bytes
Rbytearray MARTARA - EAHARUAERFAIR I EARFRNZS] . G .

WL, MERAESNbytearray () M.
FAMREA A FHEQIE, £ strings.
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5 =3t 5 5] £ B —bytes, bytearray, memoryview, bytes 3t % Flbytes o bytearray #1E .

callable (object)
Return True if the object argument appears callable, False 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.

3.2 FrhRYige: XA pEE—IF 45 7E Python 3.0 85k T, {H7E Python 3.2 B &M

chr (i)
i& 1] Unicode 3 WAL | ) FAFRI TR M. B, chr (97) RBIFRFE 'a', chr(8364) ikH]
FAFER e Xidord () WIREL.
LB EEIEEE 03] 1,114,111 (16 #4278 /& Ox10FFFF), 44 i @8 X ANl , &k valueError
S o

@eclassmethod
AT R R Y
—ANEHFFERLEEACHENE DS, R — LB BRG] H RS — 1S, EHA T
eI Tk

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

The @classmethod form is a function decorator —see the description of function definitions in function for
details.

It can be called either on the class (such as C. £ () ) or on an instance (such as C () . £ () ). The instance is ignored
except for its class. If a class method is called for a derived class, the derived class object is passed as the implied
first argument.

Class methods are different than C++ or Java static methods. If you want those, see staticmethod () in this
section.

For more information on class methods, consult the documentation on the standard type hierarchy in types.

compile (source, filename, mode, flags=0, dont_inherit=False, optimize=-1)
Ff source i WAL AST X452, RAGX R P exec () dieval () AT, source n] DAJEH HLHIF4F
B FATEAH, B0E AST X% . S Wast BRSO TR 6 AST X4,

filename SZZ 5 BRI BEHR Y SO 44 5 MR AN T BEASCHF P el AT AR A— S8 TR (£
WM " <string>').

mode SESHGE T Hik IS B . MR source ZiHAITFH], AIPARZ 'exec'; QIR —FRIK
X, AR 'eval's WIARRAANLZHAIEN, WP "single'. (FERJE—MENL T, WRESA
PATEERAZ None R g THIH kK. )

%S H flags Tl dont_inherit 35 A5 4715 source I35 T 2| WHEA future 184, WHIRPTEECRIEMAE (BiE0
HE) WS HE T compile () BTG AR future I54A) K Hi D . WIERL T flags ZE0H
H dont_inherit (52825 W) flags ZHUITH 22 1 DA IR LE TC 18 Q] #54 %401) future &AM H . g
dont_inherit Jj—PIEFREEL, W flags ZH0AEV I AMEA 307 future 154 K9 205 .

Future 4] i A LR AL R 38 8, 2 AN 1540 v] DI & #e 07 5R 6 . B AR R 19 B e 47 ] DAIE
i future_ P _Feature KIYSEHIN compiler flag J@IERKE

optimize L8 E IIFELR AL ] BOAME -1 B85 RN -0 BEIUM R e gl BaXg s h
0 (&AEMM; __debug_ AHE). 1 (KBrEwiMibk, __debug_ W) 3k 2 (SCRYFEFFHRBEMIER).
AR GRS A AR, RS itk syntaxError 4 MR IR A null 257, 00 2 fil

K ValueError 3%,
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R AL A Python AR AST /R, & [dast . parse (),

Ef#: 1E 'single’ 5 'eval' MAHMIFZATML TR, B ADT AR D —NRITIFE . X
fili code FREHLH 2R Fy A I T A i) 72 BE A

B TR RIS KECE RS A FATH g AST XF4HT, Python fifff#i A w] LATK g Python AST
Gt F A 140 R A R A T 352

TE 3.2 M A Windows fil Mac (A T4, 7E 'exec' BN ZAMATAFE . T

optimize 2% .
1E 3.5 MUE L Z Bl source FALE null FATHITE MK TypeError J .

class complex ( [real[, imag] ])
RIEE real +imag*1j ML, SCRFPATHR B PRV MRS MBS R TS, WEg
RN — AR, R BRI BB S . B DS AR FATH . LS AR
MR (RIERED) . WEREN T imag, WEGAMENZE, WK Bint Miloat —HE
FTRER . WERPIA LS A, R[E] 05,

R UNTAFREARRS, FPAFERAE + 3 - R BELLAURNGER 2% . Bl complex (11+23") RHIA

H), {H complex ('l + 23') &fiikvalueError JH,

Fe g £ —int, float, complex F5iR T HEKAL,
TE 3.6 R Bl FmT AGE A T R 2R AU SCE A B E 3 A T4 4
delattr (object, name)

setattr () MXMERE . LSZ—NDXWEM—DFRR . REFRDIUE R . RS
AV, ZEREBCEMGTE EENE. il delattr (x, 'foobar') T del x.foobar,

class dict (**kwarg)
class dict (mapping, **kwarg)
class dict (iterable, **kwarg)
A F T dict MGR—ATMSE, Zdict Mukdt L2 —dicr THENI,

HABKARA, S WNER 1ist, set flltuple 2, PAfrcollections fHk,

dir ([object ])
WA LS, R Y H AR o/ ISR 2 RS2 . IR LS, B asaRiR mE S A R UE
.

WRN A AN H __dir_ () WA, BAZFERSSRE, IF S A6R B — @ E. X
VFSEELE E L __getattr_ () B __getattribute_ () PREUNXTREEN HE Ldir () KRG E
I JE e

WERMEARRME  dir (), XIPEBLERAMNREE X dict BHMERNRIERE.
SERBIFIH A DR, WRNRA AEN __getattr__ (), IGRATEEAMER .

BN air () HLEIRARZER S RATIALE B S il B R ] A A2 4 i R

o MRS GRBIBR G, WS Rt SR SR AR -

o QSRRSO RBERXTS, WIRGEEMNRBIEATR, H B4R A 2L E .

o B, FIRCUENRIBIEATR, ERREMEATR, I HBHA R ERER A B E .
R [ p Fe i TR . il
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>>> 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):

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

R Phdir () FERNTETELEXNEN, B AE SR ELR AN VESGHER 4 76, A
ST B SRR S R A M — B, B R RAAT A W] BEAE AR A Z R . B0, 458302 —A>
e, metaclass [ J&PEANEL S TELE RS R

divmod (a, b)
BRI (AERED) BFEERNES, R BR R R B — X R AR X TIRGEAEREA, &
FMHBEARIZERFIIN . XHFEE, 458 (a // b, a $ b) —&. MNTEHAH, 4RE (9, a
% b) , qiliH @& math.floor(a / b) HAIGESE /N, TEARMMEL T, g * b + a % b filadE
KA W a % bIEF, BRSO, IFH 0 <= abs(a % b) < abs(b) .

enumerate (iterable, start=0)
Rl — AR G2 o iterable W@ —ANFH, Siterator, S{HAWZRFERAIN S . enumerate () IR[H
FIERERI__next_ () JEREl—AIcd, BmES—MHEUE (N start FE06, BRIAH 0) AEL
AR iterable FASFHIME .

>>> 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')]

EMT
def enumerate (sequence, start=0):
n = start

for elem in sequence:
yield n, elem
n +=1

eval (expression, globals=None, locals=None)
L —NFAE, DAY globals Fl locals. globals 552 hije—A~F . locals AT DA AE AT LT
POE

expression ZHLLAE N —A> Python Kk (AR EBUR—DAAFFI2R) BUENTHRAE, (1) globals 71
locals - iLAE 4 Jr Ml ey 24 25 8] UI2R globals “FYUAFAE HABLE DA __builtins__ JREMAY(E, W
RAERRHT expression 2 FiIE A AL SER R N BRI bui 1t ins BTG . X EIRE expression il
HA MR DU 1t 1ns BIRY5E AU AR HLAZ RGPS POl UIRAT W locals 5 S HERIA
{EHN globals 73t . QERPHAF I AN, Kb adEeval () SIS P PAT. IRIEHE A
FORMERESR . TERERE N R e s . Bl
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>>> x = 1
>>> eval ('x+1")
2

AT DU ST RIS G: (Wlcompi Te () QIR . SRS, SHRIAMAE, i
RRFHFR . MRRFETRI) mode 5542  exec' Hieval () B None .

PR exec () MECRFEIASIATIEN. globals () Mllocals () U BRI HTH) 4 RAI A HL T
s, FERT AR ERIE B eval () Blexec () KA.
BTN SR ast . 1iteral_eval (), BEEATAESITUEL A CTFIORBR RS

exec (object[, globals[, locals] ] )
XA BRRCHFE S IAT Python fUfY . object WhN 2 FAFHREE AU XTI G2 . WIRZFATHR, IR AL TATER
AT R — Z 5 Python IFAFFHAT (FRAERETEESTIR) . MG &, B EIIT. T
TRFOLY, BT SRR RS A — R AR (W25 T 2T S AR =TT ) o i
B  exec () BREAISAY LR 3CH, return fil yield iR ARELEREUE L2 SME -
%R EGR [F{E 2 None .

TCIEHRARIE DL, A EE TR RS, ISR Y RIS N AT . AL T globals 4L, WL JE
FHEAL, T BN ES R RIA AR B . QSRR T globals F1 locals B4, CAT4y BIMNESR
FAMAS T WIERILAL T locals Z80, WIE W DUREMIBLE RN 4 . W ICAAERIEURSL, &R
AR R T . ANSR exec B AN globals 11 locals %14, ARG ATER E X —FET .
R globals “FHAALF __builtins__ BE, WK HIZEHAN WHbu 1t ins FHFHTE H
I, FERFPATI IS E S exec () Z T, WLAEMRFHCOM __builtins__ FHUH A S| globals H13k
Je 1 T DA FH IR 2 AR

H:fi: WEglobals () fllocals () BRES HIR Y HIA 4 R AR, K] LK E A% %
Zhexec () BB AR =A5ES,

W BAIAEOLT, locals AT MR Locals () BREARBH—HE: AL RS BRI locals -4,
R G Eexec () BREOR [N HIE AL X locals H7AEZ), i ERfLE % locals 7L,

filter (function, iterable)
F iterable H R function IR M| ELAABLE TR, M HTRIER SR iterable W] DUE—ANFH, — A
RS, B3R WER function /& None , WX T Z— S k%L, R iterable ™ iy
AR MR TCE SRR

W E, filter (function, iterable) YT — A Mg FEiA, Y4 function 2 None [}
%R (item for item in iterable if function (item)) ; function j& None JJHMEHN (item
for item in iterable if item) .

S litertools. filterfalse () T, HA function JR 7] false i A WEHL iterable W G E 4P FEER

class float([x])
1R ] B B A B x A BT A
WERL SR PR, WELSRE S TRHIE WA S, FAFRaa T AA S, ZRAT LA =
Fo AIEEMIFFSA "+ A= s XHOUEER A P, LSWATUZ NaN (FE5F) . IEfUESF
KRS MY, BREERNZSEE, WMADTENEA T B

U fRATRS RS2 Unid MASIOATE AT QARG SO IR, T PR A TAF RS 2 4 Windows B Mac MUAR 4 T4F .
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Sign L — "+" | m_nmn

infinity = "Infinity" | "inf"

nan = "nan"

numeric_value = floatnumber | infinity | nan
numeric_string = [sign] numeric_value

X B, floatnumber ;& Python % & £t F4F L X, £ 0L floating, ¢ K/NGHE AT PA, i
01, “inf”. “Inf”. “INFINITY”. “iNfINity” #§u] L7 I 55K .

7, WSS R RREGE A, AR AR AAEE (FE Python 2 SRS EEYEREI ) TR AL,
SRSEZAE Python 1 SRS TG4, W& fihk OverflowError,

T —f 1Y Python %4 x , float (x) $8IR% x._ _float__ () .
WA S, WERIE 0.0 .
TR

>>> float ('+1.23")

1.23

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

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

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

>>> float ('-Infinity")
—-inf

Fog A —int, float, complex FHIR T I A,
TE 3.6 JRCHE B AT AT R 2o AU SO T B b T 7 4
format ( value[, format_spec] )

¥f value §e4§:5y format_spec 5l “A%3U4k” FoR. format_spec INIEREIALT value SLZ A, (Hig
REBN B I AR ER AL TR A5 XAUAE R 1RIE 2

BRINK) format_spec Je— 274, BlHEAN ST st r (value) MFEIRISER.

8 ] format (value, format_spec) < % i J, type(value)._ format__ (value,
format_spec) , FrPASEH FHM B _ format_ () HIERA WM. W R bR
Flobject FH format_spec N F=A, B AR format_spec R MMEANZFAFR, Wik TypeError
S

e 3.4 E M 24 format_spec K& %S F/FE N, object () . format_ (format_spec) & filt
K TypeError,

class frozenset ([iterable])
Rl —ASF frozenset X4, B EAESE iterable 1IICHR . frozenset #—NHNEMNE. F
KB A, ESF frozenset FIE L £ —set, frozenset,

ESHNE set, list, tuple fldict 2§, PAMcollections Bk THREBHEA

o

getattr (object, name[, default] )
RIS Gt 4 JBYERIE . name AR FAFER . MR ZFERA R 2N ENEEZ —, LR ENZEERIE.
BN, getattr(x, 'foobar') %[FT x.foobar. WIRIREMEBMEAIFLE, HIRHULT defaulr {H,
NEREE, BNtk AttributeError,

globals ()
R R IR M4 RS R T X R Y ETR e (TR EO v, SR R e R,
e 8 SLE R .

11
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hasattr (object, name)
RES R — PR EI—AF . WERERFREXNRWENEZ —AFR, WERE True, 75M5& M
False. (MIhfERi@ V8 getattr (object, name) HBREGHAttributeError KL
)

hash (object)
RIEHZ R G AE (WEREHE ). WA EREEE . BT IR TTHE I Ak R ML 4
FAFR /DR AR G A (RIEEEATREUARTE, 401 F1 1.0).

W WX R T HOM __hash__ () F¥, HHER, hash () RIEHLE T RN R [FIE.
i ZH __hash_ ().

help ( [object] )
RN E RS (MWRECE B B ) . ARIEH LS, PR G B msh g B
BIRS . RLS DA, WERSH, mE. 28, k. X R @Rz 58, JfF
R G EATER IR B QPRES R HAME RS, WA SOz 2B it
R EGE I s 1 £ e B SN N B i 24 2]
T 3.4 E: pydoc Flinspect WS AR AU AT RG24 (5 B A m A —2.

hex (x)
R REFOAR LA “OX” N ETZRIN/ING BRI F A7 . W2R x & Python int XF4, NIWAZiE SR [H]
BRI __index__ () Jryk. —2efi:

>>> hex (255)
'Oxff!
>>> hex (-42)
'-0x2a'’

R B BB N K S SUNG I Rl AT, R TE “0x” BiZE, AT DAGE A T 5k

>>> ! ' % 255, ''% 255, ! ' % 255

('Ooxff', 'f£f', 'FEF')

>>> format (255, '#x'), format (255, 'x'), format (255, 'X")
('oxff', 'ff', 'FEF'")

>>> f£'{255:4#x}', £'{255:x}"', f£'{255:X}"'

('oxff', '"f£f', 'FEF')

W format () FKEHEZAE B .
RS int () FTSHERIFLFER R A A 16 3B AL

Hefirg: AREARBGE RO IR PR, W £ loat . hex () Triks

id (object)
RMIXTRE BRI RIERE— A, RSO R A i 0 Sk 2 e — HAE E 1 . AN At
EEIE R A MR 1d () {H,

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

input ( [prompt] )
WUERAEAE prompt 522, WINF HG ASRUERT ), REANTIRATAF. 8k, R BN A P i—17,
R HLA AR (R T ARRBIIRITA) FFiRIE . 43H8] EOF i}, Wfiik EoFError, Bl
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>>> s = input ('-—> ")
--> Monty Python's Flying Circus
>>> s

"Monty Python's Flying Circus"

WM T readline BBk, input () FFEEHERIRIIZ AT oA T ST RITRE

class int (x=0)

class int (x, base=10)
IR [l —AN BB x AR BN 52, B LSRR ER ] 0 MR x E LT __int__ (),
int(x) & x.__int_ () . WRxEXLT __trunc__ (), BiRF x.__trunc__ () . XFFM
B, BEmEHA.

W x NREFE, BEH base B, x WARFIFH . bytes, Fnitiflh base (1) B 5 1h{H
Mbytearray ifil. ZICFH A LAA + 3k - (PEABEAZEHK) , BiETAE S H. —iEdh
n fBFEEE 08 n-1 8, Hba®lz (Safz) FR 10535, BRIAAY base 10, FeifFhy kil
H 0. 2-36, 2. 8. 16 PEHIECE T DAZEIVEL ] 0b/0B . 00/00 . 0x/0X FiZk . Jhdlh 0 45%
TR TR R RS AR, SIS a2 2, 8, 10, 16 #EHIi—~. FrbA int ('010', 0) &
JE¥ER, {Hint (1010") Ml int ('010", 8) AWM.

BRI E S 5T £ 2 int, float, complex o

TE 3.4 WCE G WIER base ASJgint BSEHB, H base X544 base.__index_ Kk, WSTHMZ G ER
KBS . PARTBY IR S ] base.__int_ i A4Z base.__index_ ,

TE 3.6 JCE I BT DARE T F R 2 HRS SO B A T4 4L

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 virtual) 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] )
R B —A~iterator 35, MR RBEAETER _NLS, F-NLSHBREEIETE AR . WREESE
ANS2Z: | object W X FREAINY (fF __iter__ () H¥E) WESGXWS, sbF S HEAIML (F
__getitem__ () F¥, HEFSHM 0 F1R) . WREA LRI, Sk TypeError, i
HEEAES sentinel, H4 object WAV XSG XAMEN AL, SRERFEHE
M__next__ () FERERS AN LS HU H object; WAL IR M 1) 45 5 J& sentinel Wi %2 St opIteration,
75 D3R B 45 4

HESRERE L,

One useful application of the second form of iter () is to read lines of a file until a certain line is reached. The
following example reads a file until the readline () method returns an empty string:

with open('mydata.txt') as fp:
for line in iter (fp.readline, '"'"):
process_line(line)

len (s)
BRI GEEAS) . B ATDURIFA (4 string. bytes, twple. list 2§ range %) i8fr (4
dictionary. set BY frozen set £¢).

13
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class list([iterable])
BRI RREL, 1ist SEPr b —Mm AR P d2RaL, PEEIES 52 & fF-2) %A list, ple, range.

locals ()
Update and return a dictionary representing the current local symbol table. Free variables are returned by
locals () when it is called in function blocks, but not in class blocks.

T ABEE RO T IL N A RO S AR RS BT Y R A el AR R

map (function, iterable, ...)
B [F]—ANKF function [ 1T iterable WRE—350 4t A5 SR AN . WHERAG A T RN iterable %5,
function W75 ¥ 52K [FIAE00 52 2985 B B T AT AT AR S AT IR B 0. 24 24 Al s A
S0, B E AN RSN EAME R N TREWMACZESHEocHEN, §S
litertools.starmap ().

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

max (argl, arg2, *args[, key] )
R AT ERN R P iR RIeE, B R EIWAS & A LSS i R .
MR HR L T —MIE S, B dESierable, JRPIATEAS R P ERRICE WERGEAE T A
KM PAERIOLESE, R E SR ESEL.
AW HBEH RIS . key LS EHITREUIISEL, WfE4s1ist . sort () 1. default 55
2 MR G A BRI A (E . QR AT o2, I HIRE 4 default , Wik valueError,
WMRBZANHKICE, WA BCRFHR 156 — R EI . XA HALE EHEF TH A sorted (iterable,
key=keyfunc, reverse=True) [0] fl heapg.nlargest (1, iterable, key=keyfunc) {#
Fr—2
3.4 F N fE: keyword-only S22 default .

memoryview (obj)
R 25 SES AN AR X%, B XRFHER, EHSRN G0E .

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

min (argl, arg2, *args[, key])
R AT E AR G i N IT R, BEE RIS K A S S H is INP
QR R T — N B S, Babdiiterable, R [EITIEAXT R P R/ MY ICER s QRS EE TR & PA
FRIAIESE, WER /NS4
BB HBEH AL S . key LS HET REURMISEL, e 1ist . sort () B, default 5%
S MR G AS BRI (E . QR AT IE TS o2, I B 4 default , Wik valueError,

WRA Z A /NoE, IR ORI [ 55— 4RSI . X AR e HE P TH A0 sorted (iterable,
key=keyfunc) [0] fil heapg.nsmallest (1, iterable, key=keyfunc) {£fF—%.

3.4 i fE: keyword-only 552 default .

next (iterator[, default] )
WAL A iterator 1)__next () TFIERIE =008 . WERIEAFET, WIHR WL E /Y default, W15
S BINENfh A StopTteration,

class object
R P —MNEAAFAERFNR . object RATAREIE. ERAPTA Python ASLBIRYE k. XA
B AEAT S 2

Hff: hiTobject WhH__dict_, HIICIERHL RIS object BISLH,
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oct (x)
FF— BB — RIS “00” BINHEHIFAFER . 5552 — NG5 Python ik, WA x A2
Python () int X4, HETFREE L __index__ () FiEREl—AHEH, —LfF]5:

>>> oct (8)
'0010"

>>> oct (-56)
'-0070"

UNR BRI R Ry \DE R AT, JE R TE “00” FIZR, WIMTDAGE TR Jr ik

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

('"Ool1l2', "12")

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

>>> f'{10:40}', £'{10:0}"'

('"Ool2', "12")

AW format () FEHEZAE R

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

FIIT file FAR [BIXF R F file object. ANARILSCAFARESTIT, WA 0SError.

file J&—"path-like object, FrRFFEAT I SCAFM IR (X EEAR B0 410 TAE H SR ), o]
DA B B A R HICR AR . (AR SO R AT, BB IR Bl /O X4 I 0,
A closefd #i% 5 False .)

mode J&— R BEFAFER , T8 EF I X, BOIAMER 'r' , XEWE T ASCARET I 352
B HAehm WAH: BA 'w' (BBIC SR SUE); HFerEale ' 5 i85 'a' (FF —2 Unix
ARG L, TS HI SR ETEA AN E, PR BARSSBIME XA ) » #E XA, IR encoding
WHEIRE, WIRIEFE KB A S ff] locale.getpreferredencoding (False) 3k
ARG S . (BB AT, 6 R AR EAE E encoding. ) W A

| AX

U] EEC (BRIA)

N T e

v HEE R, W SR E AR E N R
" B, SR SUEAAAE NI AR B

IR 5N
AR (BOA)
BRI (O S A)

universal newlines mode (deprecated)

FOARIBEAR "o (FDOPFEBOCA, [ 't )o XTHHISA, wib ' BEFTIFIL SOOI
JH O T Trrbt WA AT

IEGAE e R, Python X 4F “HEHIAISCA VO, DA BERIBITIFH U (G248 mode Z4h )
'b' ) RIENEN bytes  HE, THRTEMBH. EXAEAT (BRIAFAT, HFHE *modex
ZHFRE U ) W, SUFNRRIE st EEMRER encoding (WIR%E) SE NG
NNIDI USSR T T R

1Ef#: Python AT Z AR RGN SO SCIFIS: BrA AL BEAS R Python A G52, LS5
Ko
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buffering J&—NRIVEAYEEEL, HT R E Zohdeng . & 0 DA gioh M (X Feife — bR ), 1
PTG (AESCAREUR AT ), 9 H >1 BB A /R [ 8 R/ nf R AR/ (PAFET R B
B)o WREA A buffering 245, WIERIN G g ) TAE =00
o TE SO AR E /N HBEA T R s i R SO SRR R R b X KD, 2R KR R
W “Hek/N B io. DEFAULT BUFFER_SIZE. TEVFZ R%0 L, SEvh XK BEE %k 4096 B
8192 744,

o “HR AR (isatty () RIE True WISCHE) AT FoflSoA SO T sems
F b S

encoding 52 JH T ff s 5k Zm b SCIF I Rt i 44 5 . X WA RAE SO . BRIA RS 2408 T 5 10
(R locale.getpreferredencoding () R[EIA{E), {HA] A FIFEAT Python 42 Hjtext encoding
AR IF ISR, WS codecs fik.
errors ;e— MR FEAFRSE, HTHE € WL PR gm S RIS EY 52 - XA RBE IS A . wT
PAGE A& AR A IR b BRRR Jy (B eSS R 72 5 5 ), [HR il codecs. register_error () M}
PRI HT BRACHAA PR A0 o Wil 24 PRt

o URAEAEGIGEE IR, 'strict' &5k VvalueError B . BRIME None B A M R HIRICE .

» 'ignore' ZBSENIR. VLR, ZBSHALETIRTEES REEHE R K.

* 'replace' ¥FFHARC (BN "2 ) HHAA EIREURE R HL T o

* 'surrogateescape' Y R IR LA IEH B F 15 EH Unicode % A1 IX A i ARG A5, S5 AL

U+DC80 %] U+DCFF, 475 ARHE I ] surrogateescape #f A BALF I, X LEFLA
PR R ) A [ ) 7 P o SRS T AL R S 2 5 1) SCPEARAT D

o FUHAES AT A S8 xmlcharrefreplace’ o HSR LHFATAHBEIOURIAY XML -
75| M s#nnn; .

* 'backslashreplace' ff] Python i a5 X FE5 2 Huag A 1R B o

* 'namereplace' (WHRERMEHIZRE) H \N{. ..} 5 UFPFIEHA LT

newline ¥ filuniversal newlines BEzX AT A5 (‘B AL FHF S04 . BRI PAJE None, "', "\n', "\r'
A '\r\n'. ERLIEFRR:

o MG B AR, QISR newline 2y None , WS il A TR S A RIFTRILALA "\n ", "\
g \r\n' iR, AT \n' AEREINFIE ZHT. AT 0, DS A AR
A, (HATEERAFIR [ R AR R AR E AL AR AR, W AT DU 4 E TAT s 4
1k, BATEERARF R ] 45 AR AT A

o Pri B ARES, W3 newline kj None, WH ARMEAM '\n' FLFERIG 0 h R G BONTT 0 bR
ffos.linesep, WIHR newline & '' 8y '\n', WIARHITEIRE, UWIHE newline 24T (] HAth &35 1H,
WE AR " \n' FRPRFBEAC N 248 78 A7
ISR closefd & False - HEAA W T SCHRGAFFTIAS & XHE4 . HRA 24T KR, IS 2 SO AT 7
FRTIPIRAS . SRt SC 44 W closefd W2k True  (BRIAME) , & WRFS L H IR,

AT AT % 35 AT VR FH ) opener SAf ] H & XIFE#% . SRGE S5 (file, flags ) W opener 3545
SCHXT I SERI PR . opener A AUE I —MTIFRYSHHIATE (Hflos . open as opener i} 5%
1% None PR o

AN SR T oT 4k AR ad
NHERRBIEHos . open () BEIdir_fd BES, WA ERH 59 AT BB ARFTH S0

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

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

open () EREITIR K] file object ZERVB YT BT ALK . 4 flopen () PASCARIL ("w', "', "wt ',
"rt ' ) TR, BRI io. Text TOBase (Biflli2io. Text TOWrapper) H—A~T25. 4{f
Gzt DA BE IR T SCHER), IR IBI 2RI io. BufferediOBase —A13. BIKMESHZ
T H S bR, ¥R io. Buf feredReader; TEBA THEHIALEM —HEHER R, T8
RElio.Bufferediiriter, MIE/SEENT, B¥iRElio.BufferedRandom, 425 F Z&npin;, M)
LR FELER, Blio. RawIOBase f—A~FHio.FileTO,

BRSSP Bl fileinput. io (FEB T open () ).os.0s.path, tempfile flshutil,
1F 3.3 JRE M
* WY opener JE2:.
o BTk AR
o dEM A T0Error, MAEROSError 144 .
o WERSCHEAAEMAME N THEe WA ('x' ), BlESMAFileExistsError,

TE 3.4 WUHE L
o SUFIAEEEIRARK.

Deprecated since version 3.4, will be removed in version 4.0: 'U"' &z,
TE 3.5 JRCE L

o WARRGFH P, BESOHRTF A ST, RBPESEIXARS A,
AR InterruptedError i (JRHEN PEP 475),

o MWNIT 'namereplace’ FHRAGTHEED,

1E 3.6 i
o BASEEL T os. PathLike XP4I S HE

e £ Windows I, ] — MR G ZE X EFiR M io. RawIOBase BT, MAZio.
FileIO,

ord (c)

% 3277 A Unicode ZE4F 1 F4FER , 3R 814t 32T Unicode 5 5 388, il ord ('a') R [/ #&%k 97,
ord('€") (BRICAFS) iR[E| 8364 . X Echr () WHiEEL.

pow (x, y[, z])

R x 1)y R AR 2 A7AE, XS z B (FEE#E pow (x, v) % z WWEEERD). MBS E0ERN
pow (x, y) FMTREEEM: x**y,

SRR B . X TR A AR R AL, WS ] — e AR AT I R AR N . X T 1int
BRSSP SERAEBIA R R (Felin ), BRAESE S ECHTE FERXRMELT, FIrA 25
FERPRAIN T i O S R PR 2R . Biln, 10%+2 3% [0 100, {H 10**-2 3&[H] 0.01. HIRH A
SRCNE, W =ASHLEN . WRAFAE 2, W x My AU BEERA, H y AU AR AL

print (*objects, sep="", end="\n’, file=sys.stdout, flush="False)

Xf objects FTENE file 152 W SCANHL, VA sep 3 FRFHAEAR NN _E end.. sep, end, file Fl flush WIRAFAE, EA]
WA R TSR A i o

17
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Fi AR F S BRSBTS, BRIIT T str () —#, HIWBE AR, PAsep HAER
RN L end. sep FI end Fb WA FAFER; BEATHRA AR None, X EMRE M HEINE. WEREA S
objects, Wprint () ¥FHE A end.

file ZH IR —AHA write (string) FEMXTS: WRSEALFAET N None, WX Hsys.
stdout. MTEFTEIMS AR N AR TR, Witkprint () AREMT ZBERIBEH SCUERTR .
TR TG, WM file.write (.. .),

i RO WEAFEEYIGET file, {HANR flush KBFSECHEAE, AR H -

e 3.3 CEHC 3 T flush KEETZHL

class property (fget=None, fset=None, fdel=None, doc=None)

& [a] property J&VE .

feet ZARPUBTEERTREL fset 2T IESBYE(ERIREL. fdel 2T MERIEIEER KL T H. doc Ky
JEPER GRS AT

— A TR R E T R x:

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.")

WMH c 2 CHSERH], c.x ¥ getter, c.x = value ¥fUHH setter, del c.x ¥ deleter,

RS, doc 5% property JEYER) SCRI P4 H: . 75 3% property 4545 DI feer i) SCRYFATH (WI2R
). XM property () A Adecorator B8 A SERRFE B I T AR 25 5 M5 B

class Parrot:
def _ init_ (self):
self._voltage = 100000

@property

def voltage(self):
"""Get the current voltage."""
return self._voltage

DAL @property Zifigi o f voltage () iR — N HAHE AT H BN “getter”, 4
voltage M) SCRYFAFER X E N “Get the current voltage.”

FALBIEM G AA getter, setter AN deleter J5ik, BNl IR e K BRI B VL Hl
A FERERE LA ) BR KA TR A Y R R X R — TR R

class C:
def _ init_ (self):
self._x = None

@property

(FIUgksE)

18
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(£ 50

def x(self):
”"IVm the VXY property. mrrn
return self._x

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

@x.deleter
def x(self):
del self._x

EIRHESH A0 TR 5 M. R TG IO R S A YRR AL s A (] 5 24 R (EAB Py

Xo )
IR ] RRAE JE A AT 52 AR A S A28 S BN B ) JE 1 fget, £set fil fdel.
TE 3.5 MUE P FRAE @ X SR SR EAF R BE R W B 1 .

range (stop)

range (start, stop[, step] )
EIRWAR N REL, Hrange L bl — AR, 2 WAErange 3§ % 57 2] 52— list, wple,
range F ) SCRGBER o

repr (object)
R P — DRI FRIE A PR . W TR 2 RAORUE, ZR S SR M P A e &
HEMNgWL S eval () WA RIS EATARIE R, Tﬁﬁﬁl‘*ﬁ?%@ﬁﬂif e — M ETERTE
SR TEATER, A SR R R A 44 B A N R A PR B AR R ST DA I E X
__repr__ () JRRFEH MR ECH B R S T IR 18] ) N2 .

reversed (seq)
IR 0] —A B[] Witerator o seq W@ —A~HA __reversed_ () HIEMIX G B E & SLRFL )T 5 R
(HAM 0 TFHAR BB SHN __len_ () IEM __getitem () Hik).

round (number[ ndigits |) ]

L@gmm B NEVINSUSUT ndigits BORBEROE. A1 ndigits BTSN None , W3R IR S 4 A (A
f 8

WY Hfround () BIREIE, EHEWH AR RIZELR 10 B 17 ndigis WREMEG RS PAREE
R B AR S, A (B, round (0.5) Fl round (-0.5) ¥4 0 i round (1.5) K 2). {LAf]
FEREAR AT AE A 507 ndigits (ERL. Fo 5350 . W ndigits Y4 None NR MR, &
MR [EY number 2R [A] o

X F—JI&H Python X% number, round ¥ZEFE4 number.___round___

T R EEP AT round () AT ATTRES A A B, round(2.675, 2) ¥4t 2.67 WA
IR 2. 68, XAFEREFAR: X450 2T REE-VER/NEELER LA GE PATE S AR i b
FIR. HS tut-fp-issues TREHEZE R .

class set ( [iterable] )
R —NF set W5, FTLAEERAT A M iterable FRILHI TG . set 2 —NWERA, HEhEGset Mk
& kA —set, frozenser FREL KT IX AR SCAY .

HrHMAEWMTESENEN frozenset, 1ist, tuple fildict 2, PAJkcollections fHlk,

setattr (object, name, value)

B EC S getattr () PIAHRTRL . HBHCH— ARG — TR —MER(E. FAFh e — N IAE
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Mo R E . RS RHER A % EE, HEX S X fAE. B, setattr(x, 'foobar',
123) ZMT x. foobar = 123,

class slice (stop)

class slice (start, stop[, step])
R Bl — 13/~ range (start, stop, step) I8 ERT|HE W slice X5, Hp start F step 5§
2RI K None. PR WG HA NSRBI Y SHE (SCHEIAME) 19 N8B start, stop M
step. EAEAHARLM EAIGE; ANdEANT28 NumPy DL HARSE = H 9 R EH. U x5
WeIEE Y BRI EEN YA . Flin: alstart:stop:step] B a[start:stop, il. HS
fitertools.islice () T fEREIEMARH—FPRAURA .

sorted (iterable, *, key=None, reverse=False)

Tk iterable H TR [l —ASHT I B HEF 51 46
HAWANTESE, EIIATE e XTS5

key 45 7 1A A SR AL, T M iterable 1R ICER R BUN T LAY 8 (B key=str. lower).,
BN None (BHLIZHLEILR).

reverse Jij— MR /RME. MR A True, WEAIIFRITE R 07 LR IEFTHER o
ffifl functools.cmp_to_key () AIXFERE cmp BB A key PREL

WE I sorted () HRRERER . WER—DHEFHIERA U0 RS R A5 Y TC 3 A AR I iR
NRER XA AT IATZEHE (B Hr] . FEHSHT) -

A KHEF S BIF EEEHEF HRE , 7S 15 sortinghowto .
@staticmethod

RTINS TTE
ST AR — SR 2SI, R

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

The @staticmethod form is a function decorator —see the description of function definitions in function for
details.

It can be called either on the class (such as C. £ () ) or on an instance (such as C () . £ () ). The instance is ignored
except for its class.

Python H1 #7155 Java 8¢ C ++ FIERS L. RS R classmethod (), HTAIE&SHE
A 3 PR B 1A

BT s —FE, WAl VR F R B — R staticmethod , HXPHARMITHLE B, AR
VR AR A ) RO EL S 1 B O S v . TRk, B P I

class C:

builtin_open = staticmethod (open)

For more information on static methods, consult the documentation on the standard type hierarchy in types.

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

R [E—A~str A object « A KIFEE, HSHstr() .
str @IWEF/FHclass . BL X THFRIEEER AT EL s,

(ltemble[ start]
M start FFUG B 2210 4% iterable WA SUR AR B THE . start BRINHK 0. iterable [WWHE F NET:, FF
TRIENIR SRV AR
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X2 B B ok UL, A AfEsum() BEGENR. BEFHFERFINEGERFZHAH .
join (sequence) . ARG XHIF AMEKA, WS Wmath. fsum (). BEPEE— R YT EARXT
%, HEEMHitertools.chain(),

super ( [type[, object-ar—type] ] )
R A= B, B IET N RIS tpe $8ERSCRBULHE . B0 T U7 M C7ER P )
YAEITERA M. BRINF SHoetattr () FrEMBIHR, Hig rype $58E R FBUA T 2 pibkid .

type fH__mro__ JEMHIH T getattr () Msuper () B BT IEMATNY . SRR, AIRA
AEL R 2 4 P ST ) I BT R L

WARESE A, WREWEENZ SR EN. WRBE DS DXL, W
isinstance (obj, type) W -NEH. WHEE NS N—DLKAL, N issubclass (type2,
type) WACHEME GXEMNTHEIE).

super PN B . 72 BA BRI RIZHEE T, super FTRIES | KM B A4 & BT
HFR, AT Sy 44 . X Fh VA S HAR G ARG S super 1 VAR AL
AP SPATIREE P SCRrIMEZ K. BRIk Python i, #EffSgmitis 5 8L
R TE F RN . XEE S SHRET BUATTRE, FEX BT 2RSS IR R  J
Vo SFRBTTSR I BRX RO AR 0L N R R I 24 (B8 & A T I i 1,
R R L B3 N SR G AR R, TR R R 7 ] R A S s A T Z BT AR AT LB 28)

X PAE AN B, 2 A 2R R R A X R R

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

W Bsuper () RERMBERMEEEERWI B —FBo KL, F W super ().
__getitem__ (name). EMEX— S @K EH O __getattribute_ () ¥k, XFERLRELA
T RS, I R MEL EYK. XPWHL, super () TEf super () [name] XFEMI1E
ARV ERF AT R FR T AR E s

BEFEERR, BT ENSHEIBLACAS, super () FARTAETTENTEA . WASEHIE XTI
TRESHOFATHI AT TSR DE N T 288 AT, G i A R B A 41y
PAIE SRS R B E LI0E, b T5 Bk 7 ¥R 5 17 24 1 S 91«

XHFA R super () SRAMTBPMERI ST, 258 {11 super() (945 F -

tuple ([iterable])
BIRPFNREL, Heuple 265 FR— AR FHIRE, S WAETA 57 2) k2 ist, wple, range
HH Y SO

class type (object)

class type (name, bases, dict)
BAN—DSHT, 18] object ()RAY . IR PIMESE— type X4, i Hobject. _class__ PRI
XS A]

fEFEi ] isinstance () WEREORAMIGRE, FIVERHE TR,

BAZASE, R type 5. IXTEA T I class iR —FhahSIE X name F4FHR
A9 HEech_ name J@Vk; bases JLAHM B2 FH HE W bases_ Jg@k; T dict 4Ny
B E R EERE Lt 2 B B2 68— MR sy dice J@PE. Blan, FHEpi&iEm)
SAEMFI € ype X4

>>> class X:
a =1

>>> X = type('X', (object,), dict(a=1))
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FIESR R £,
TE 3.6 BUEE: type T RURAHEE type. __new_, FEAFREMEH—DSEAIBARIRBOT 511
A,

vars ([object] )
R, K. LHIEUETHERA_ dict_ BRI R__dict_ J@fk.
BRI S B AW dice_ J@MEs Ha, HEXNRW__dict_ JBHETRESWN
FREIEA (i, KA types. MappingProxyType K Ik B H 7).
A S, vars () BT HERIIocals (). HHER, locals FIAK T BEBGEIEA], P A%t locals =7
ML) B 2 4 22

zip ( *iterables)
BIE—ANRE Tk BEADTTERX R PR TR LR
Rl AT ERE, HPrss i Do sk AN ST ST ERXT R B i TR S
AR R i i — AR R, B RHEIEE . 4 1A — AR RS H, ERR R
— A ERITHPENRE . NS, B S B ST

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)

PR B S PR UE T IE AN e 4 M A B WP Rk (. AT DA zip (* [iter (s) ]1*n) XFERYHH
WA — RV EIRIN K n 504, ORISR B AFa9 kAR n R, PAEEA HA Td B 26
n W ZERAFIEE R . BRVERBCRSER AR KB n S

PR OB T ERXS R R BARVCE AER, Wzip ) RUEHKEAHEER AR . anR8
HEHMED, WM itertools. zip_longest ().

zip () 5 * BEAFME G AT VAR R — 513

>>> x = [1, 2, 3]

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

>>> zipped = zip(x, V)

>>> list (zipped)

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

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

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

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

{Eff: Himportlib. import_module () AN, Xig—>H & Python Fifs o AT 2 M I w2 ek
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&ix

This function is invoked by the import statement. It can be replaced (by importing the bui It ins module
and assigning to builtins.__import__ ) in order to change semantics of the import statement, but doing
so is strongly discouraged as it is usually simpler to use import hooks (see PEP 302) to attain the same goals
and does not cause issues with code which assumes the default import implementation is in use. Direct use of
__import__ () is also discouraged in favor of importlib.import_module ().

%R 2 T name B, F5 0] B 45 %€ W globals F1 locals et s WA FEAL ) bR SCH #5244 R
fromlist 45 1 T %M name 5 78 IR G AT Rk FARER K 44 FR . BRifESE P 58 4 ANl H: locals 2
B, WAL globals ZHORHE import 1A TH .

level 45 € J& (i 45X SR AR A o 0 GRRIAMED BWE AT A . level i IEBEFNMIXT THLH
JAM__impore_ () MH, MERRLCHRZ GEES L PEP 328),

24 name B E N package .module I, BHFIFEIR B ZHNE B S Z LK),
M & DA name a4 R . (B2, S48 H TSN fromlist Z806F, TR 8] DA name iy 4 (FRRER

BIan, %) import spam BYZEAARF S LA AU 1E A ] 647 3 i

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

B4 import spam.ham HYZERAF AT IH A

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

|

TR import () RUMALRBITUZEEREY, RO ZEid import TEAIHIEEE B4 E 4 Fx
UPOE

B—J5m, &4 from spam.ham import eggs, sausage as saus WZEFR¥E N

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

XL, spam.ham RS M import () R[], FF ARG MR G PR IBOT IR 25 E AT TN
IVAIbE

WRE A AR ALIR (TR ), W import1ib. import_module ()
F£ 3.3 MUHE PR Negative values for level are no longer supported (which also changes the default value to 0).
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AORNE BT NE AR, B2

False
bool KM, % False IMERIEENH A5k SyntaxError,

True
bool KRAMHEAH. % True WMERIFEMIH 5Kk SyntaxError,
None

NoneType ERME—{H. None LN THRRHIME, HENENSHCREBLT KA . 45 None IK
HEIEERNHEF K SyntaxError,

NotImplemented
TR RO A PR B RRR I (BI, _eq O 1t (. _add __ (). __rsub_ () %)
SRR AE AT RS TSEBE  THIRIAG F A, AT DA sk R R (BT, _imul
O+ _ rightnd__() %) &, BREZHEENH.

TR 2 k] (St ) Jr kiR ] “NotImplemented i , ARREASIF S5 100 75 — R AL (B LA —2E[m] 7R
PAE, BURTIZEAT ) W SR - MR IT A 25001 1] “NotImplemented*, NI REASF5 | A8 24 1Y 52
i GR A1) “NotImplemented 54z S M4 1¢iH B 2R 7] 2] Python fU% ) “NotImplemented (i .

O, I I ASE S N,

{Ef#: NotImplementedError fll NotImplemented ANA] HH:, BIFEENTEMLLIRAMEE. B
KA EHELIE R, S FNot ImplementedError,

Ellipsis
MG SCF T <L A RRIRE TS P SO AR A U IR IR A S

__debug__
IR Python A DA —0 T j=sl, WikHEENEME. HiE Il assert 154A].
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H:fi: AR None, False, True fl __ debug__ THEEHIRME (RMESAEA], EE2ENHA, K5l
ksyntaxiError ), FILAEATH DABEAKHZ “EHIEM” #EL.

3.1 f site ERBRMBYEE

site B (FERZIMIE A3, B —s fr ATk al) FLH AR MBI N E G4 =0 . BN
HKAPRESS shell A, I HANAERRF -

quit (code=None)

exit (code=None)
ST HIRERET, 2HTHH 4058, Hl41 “Use quit() or Cul-D (ie. EOF) to exit”, 247 il it 5,
P g R AR KT | & SystemExit,

copyright

credits
FTE BT FH AR5 50 5 T B OB B A2 1 SO

license

MITEN T, SFTEI—454 8 “Type license() to see the full license text”, 4 H M XF 42}, FFLA
Iy TUE R B R SERE AT SCAS (B s — Bt ) .
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cHAPTER 4

REFKR

PATR Rl TR rh A B AR S
FENERBAET . T, B 2. SLBIFIRE.

ALZTHUERE AN . ENTHTE . BRI AT, HA R BRI, 4EXA
IR [ B TERSLHI H B2k 5] None.

A LB Z MO RIS STRF; Fralit, Shs ERrA X SRR AR LR . AR, DA N 545 55
(fifrepr () RBEA 227K str () KD o Ja— P EREURER Ghiprint () o8 %k R bR
i

4.1 ZiE{EEN

%ﬁi@“%ﬁﬁﬁf PAMEAT IR AOAS I, DAEAE 1f 3 while fENAAFEUR NN T SCHTR M /Kiz S M SRR ROk
P

— X RAEBINN LT IR BLAE, B AR 24 2% SO0 IR I8 28 5E LT __pool () Tk Hag M
False g X T __len () JykHIRMIZE. FHIEASEHMI T T 2P0 BRIER N B4R

o WliE CHBME ) H & None fll False.
o [T KRR 0,0.0, 09, Decimal (0), Fraction (0, 1)
o SHFFIMEZTILE: T, (), [1, {}, set (), range (0)

P RAES R A IZFAN N E R ORI ] 0 B False MEMMBRME, 1 o True fiENEME, BRIEAITUN. (E
FRIAN: Ai/RIZH or Al and R [ H A — AN ERIERL )

U 25X SO Ty VR B AAME B TT 5% Python 2% 45 (customization).
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4.2 Boolean Operations —and, or, not

XLJE TR, IR TP HES:

ZE ZR: R
X Or y if x is false, then y, else x (D)
x and vy | if xis false, then x, else y 2)
not x if x is false, then True, else False | (3)

MR
(1) SERAIHESRT, RS S HO BN 4 245 A B HOR(E.
() ERAFHIESRT, RIS — S EOVE N A A5 A BHOR(E.

(3) not WM ILIEM/RZIHMAFIR, Hiknot a == b 2WfFEHN not (a == b) MMla == not b &
G RIEIRA R

4.3 LLBEH

7£ Python Hg \Fh LGB ENRMESHR (A/RBEMIEHRRE) . WRBHEATDMERSRIE; 7
W, x <y <= z%NTx <y andy <=z, WHENARZATIET y RPORIE—K (EAEPIRME DL H 2
x <y GiFRBIERT 2 ER ORI .

HERAHL A T RGBS
EE [ &Y
< PR T
= [ ITHEET
> T
= [T
— [ &TF
= AT
is X5 b
£s not | ARG

B T ORI RBUDASS , NIRRT G LRI a0 AR A4 T HL, JELe2 A (B ANk Bt 52 ) Uik
HRIEA, RIMEMPI S ZR RN Qb E AR . <, <=, > Hil >= BEATELA K5k TypeError
i YIERERCG B A NERCT RN, PR A TOR R R AN R 2, B E SORF Y
HAAT BT

HAA AN FAR RS SE 0 L 4 Rl A, BRAEREN T __eq () HiE.

— AL AN BE 5 ] 2 ) oAt S ) e A 2R AL g b e AT HE R, BRARIZ S E LT BB E O, U
_ 1t (),_le_ (),_gt__ () PAM __ge_ () (MARRESLEEHE L LW R EE, @y HEg
_ 1t () M __eq_ () BLRIPAT).

is Ml is not BREAFLEHEE XL HEH BN AN A TAEE AR RMIA ST &35 .

WA WA EA MR EH N ZE in Ml not in, Bf1#fiterable s{5PL T _ _contains_ () JFEM2E
B
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4.4 IR —int, float, complex

FAE =R R B 28 280 B4, 35w 80F B4k, BbAh, 1 /R(EJE T8 8 T8 8. B R A TR Ak
. FSEGEFE M C P double XKL A KARMIFR BT ITAEALAS 177 25 BORS BE R YRR v ]
fEsys.float_info WK . A FIRMEER, 2AA—MFEREFR. BN H z hiRBOX P
ANHRG, W z.real Ml z.imag. (ARMEAELEMIMBOETF A, MFRAHEH) fractions PAKPAT
JE NG R A decimal,)

@ B I E SN B RS IZ AT SRR . AP A R (38 ab ] k]
BRI KA. 8/ MUTECRE BT BT PR 2 A OF R TR TR L 5
oI AR (SSRON MR, RAT AR5 R A O SRS 2 EL A SRR R S

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. Comparisons between numbers of mixed type use the same rule.” The constructors int (),
float (),and complex () can be used to produce numbers of a specific type.

All numeric types (except complex) support the following operations, sorted by ascending priority (all numeric operations
have a higher priority than comparison operations):

iZE ZR: B | EEXE
X +y x Ay BA
X -y x My 2
X *y x Flly iy
x /'y x Ay W
x // y x 1y IRTEL (1)
X %y x /vy R (2
-x x BUx
+x x A
abs (x) x LR EER /) abs ()
int (x) K x OB (3)6) | int ()
float (x) R x gl i R 4)(6) | f1oat ()
complex (re, im) | —ANHALEE re FIEEHE im B EL. im BRIAH 0. | (6) complex ()
c.conjugate () B e
divmod (x, V) (x // v, X % V) 2) divmod ()
pow (x, y) x 1Y)y KA 6) pow ()
X ** y x 1Y y KA 5)

LR

(1) WFRAEERERE . S5RER— N, HERPREA—E 2 int, BEEER L R AIEHF H R A
1//2°K0, (=1)//2K-1,1//(=2) R =170 (=1)//(=2) H 0,

(2) ANRHFZEL MIALE LA abs () FelfegiF s

(3) MIF ASEUEA A B 20l i ABURIRAE Cil s h— R W W S Mmath. floor () flmath.ceil ()
PR BE B A S B s

(4) float WHEAZFAFER “nan” FUMPAR W IERTZ “+7 B¢ “-7 (9 “inf” 43 HIFIR AR (NaN) DUIESL 71 055 .
(5) Python ¥f pow (0, 0) 0 ** 0N 1, XESHBEE T M.
(6) FZ MBI H AR END 0 B 9 BUTLATERLT) Unicode F4F (A Nd FHEJEMER RS ) .

See http://www.unicode.org/Public/9.0.0/ucd/extracted/DerivedNumericType.txt for a complete list of code
points with the Nd property.

2 fEhgER, B (1, 21 5 (1.0,

2.0) 2R, JCARRFIL M.
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P numbers.Real 258 (int flfloat) Mg FAiaHA:

jey -] #R:

math.trunc (x) | x BWr N Integral

round (x[, n]) [ x AR n f/NE, PEIESHAZMEE. WA n, WIEGAH 0,
math.floor (x) | <=x Wik KIntegral

math.ceil (x) >=x W/ NIntegral

A KEZE RS fmach Hlemath B

4.4.1 ERRBNRNIEH
%méﬁﬂm%ﬁﬁﬁﬂoﬁﬁ@ﬁ@%mﬁ%,ﬁﬁ%%ﬁm%%zﬁzﬁﬂﬁ%ﬁm:MH@&ﬁﬁ

U RIE S AR A T RCTIE S, G T B —ItEH - B I e AREH ¢
and ) M52

WA R AL SR T PP i iz Ha1 2

=8 #ZR: ER
x |y | xFly ALK 4)
x Ny | x Ay AL FR | 4
x &y | xHy#EfL 4)
x << n | x £ n i (1)(2)
x >> n | x A% n{i (H(3)
~x x BNLHLUR

VR
(D) RAERIEER, 255k valueError,
(2) A left shift by n bits is equivalent to multiplication by pow (2, n) without overflow check.

(3) A right shift by n bits is equivalent to division by pow (2, n) without overflow check.

@ FRAWEEL - DFMGET RAMARDS R LERS CERMEERN 1 + max(x.
bit_length(), y.bit_length()) EPA L) FHATIX LT B ML 2 PASRASH 4 T4 LA 75100
FF ) [ R4

4.4.2 BIABRIMITE

int 2BISCH T numbers. Integral abstract base class. A, Blfeft 7 H AR5

int.bit_length()
A& [ DA i s — RO TR SR, AN AR S LA R T Y 2

>>> n = —-37

>>> bin (n)
'-0b100101"

>>> n.bit_length ()
6
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EHERRALYL, W x JEE, MW x.bit_length () &ffiff 2** (k-1) <= abs(x) < 2**k HME—
IR k. [AREHL, 24 abs (x) /NEEPAEA IERF S AR, Wk = 1 + int (log(abs (x),
2)). WHR x A, M x.bit_length () iR 0,

EMT

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

3.1 FhiE.

int.to_bytes (length, byteorder, *, signed=False)
I 1] TR — B T R

>>> (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\xFE\XE\XEA\XEF\XEL\XEf\xEf\xfc\x00"'

>>> x = 1000

>>> x.to_bytes((x.bit_length() + 7) // 8, byteorder='little')
b'\xe8\x03"'

M length DFIRFOR . WERBHCAREM 4R T T RORFR M &5 K overflowError,

byteorder ZKH € TR BB FATT . Q05 byteorder i "big", W 5 5 O F 1 8L
F3ko QS byteorder g "L1ittle™, W 7 1HET WK R . EREHLAS L R4S
W, M sys. byteorder VENFATITE.

signed ZHJUH E AT B AU AMD AR FIR B, WK signed hj False I HE4T B B AL, WM&5|
K OverflowError, signed WWERINE N False,

3.2 B RE.

classmethod int.from_bytes (bytes, byteorder, *, signed=False)
A% 0] ph 5 R I N Y B

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

16

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

4096

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

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

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

16711680

bytes ZHLULIN N —~bytes-like object B 7T ] AR G2 o

byteorder Z 5t i T ™A FATWUF o Q1R byteorder Jy "big™, Wk 3 35 BCEF T 541
F3ko MR byteorder Jy "1ittle™, W SN FHETTTHRANKE. TiERFIRSE LW EAT
My, WEHH sys . byteorder fENFATIFE .

signed ZHHGWIIR A5 —AHMY AR BEL
3.2 BRI HE.
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4.4.3 FREBBMIMINFGE

float ZEBUSLT T numbers . Real abstract base class, float iR HAG DAR A

float.as_integer_ratio()
R[] — X R, HHARIE S5 T IR S B0 A B IERL. 95 Rans] ki over flowError i NaN I

&8 % ValueError,

float.is_integer ()

A2 float ST A IR AL EE R MR ] True, HIRE] False:

>>> (-2.0).is_integer()
True
>>> (3.2).is_integer()

False

WA YA SRS S BRI B AT R 2 R R 4. 1T Python 3 sUBCTE N FIAAG ol — BRI 8k, R I ik
5 i34 BOEAF B 2 B AR 2 P ERU NS A IR TS 3E B A 5 A AR VRS R R R A
TR XAEA TR EUE TAER R A
float .hex ()
PAT 7S B AAF R B 2R Il — A7 s ER0R o X T A BRIE AL, XM FRR R SR A R 0x Al
FERAR p INHEEL
classmethod float.fromhex (s)
R PAT NG EAFER s SR B2 A s iR A BT SRR R 254

R float . hex () LB ¥E, Mifloat. fromhex () 2RI,

N AR R AR

[sign] ['Ox'] integer ['.' fraction] ['p' exponent]

AIBER) sign AIPAE + B -, integer Ml fraction @& /N HEHIARD AL I P47 H: , exponent @i Al ik
B FAFA  HE R KNG A S, 7E integer 1§, fraction HHA 2/ DAF — A F 7S ES . IEiEvAER LT
C99 FRUER 6.4.4.2 /N R TR A TEY: , 2 Java 1.5 DAL I FHIEYE . BRI, floac. hex () WysHT]
PAAAE C 8 Java ACHG g+ 7S R s 807 e, Mk C 11 $a #7458k Java i) Double . toHexString
A B S R AT o Float . fromhex () FifEsZ .

T YEE exponent J& - HEHIZM AR TN B8, B4 M E S REHEFER 2 MR, B, NIRRT E
0x3.a7pl0 F/RTFESE (3 + 10./16 + 7./16%*2) * 2.0**10 [l 3740.0:

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

Xt 3740.0 B B I e e A 1) 5 — AN R R (B 7Nk ey 44 o

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

X AREAA KB RCT = My, ZOR x == y WIAJE hash (x) == hash(y) (FHZN _hash__ ()
TERSCRD . A TIETIES BT IR (ufEint, float, decimal.Decimal flfractions.Fraction)
SRR UERL ., Python XA 2RI IG Friz R B T AR A BB UE LG — s sk, Hitiziz &
Stint Mlfractions.Fraction ATERSEH], DAk float fldecimal.Decimal HATAFRLHI W H .
MATT FU, RS I A e gk P R T P RIS Y. P AY(EAE Python 1 R[PAsys. hash_info
) modulus JEMEMIEA T
CPython implementation detail: H i ffT i REERE, 1€ Clong i 32 fifgblgs L P = 2**31 - 1 fjfEC
long & 64 (VHLEE E P = 2**61 - 1,
TELANALIN 4N piridk:

s QR x = m / n @ NIERREEEH n RRTRE P BERR, W X hash (x) Am * invmod(n, P)

$ P, HA invmod (n, P) &% n P B2,

s R x = m / n@2—NERPAEEH n 7THE P R ((Hm ANRE) W n REEXT PR, DA_EAENIAR
EH S NE X hash (x) HHEEME sys.hash_info.inf,

s R x = m / n @2 —PHRHEBEE L hash (x) N ~hash (-x) . WERZERMBAE N -1 WPRFH
Bl -2.

o ¥ H sys.hash_info.inf, -sys.hash_info.inf fll sys.hash_info.nan #{A{EIE LS. T
TEATRIZEHL (TS IAIAG) WAL, (AT 750 A EL 0 A .

o N+ —Pcomplex {f z, &L i hash(z.real) + sys.hash_info.imag * hash(z.
imag) 52 HFN R F 0 S Ay (45 G, H AT 2% *sys.hash_info.width PAMEH AL T
range (-2** (sys.hash_info.width - 1), 2**(sys.hash_info.width - 1)) JEEZ N-
[FIREHD, QPRGN -1 WPR R 2.

N W] SRR, X A — S TN B A R Python USR], W TR BEEL. float
5 complex WM A {H:

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)).

mmn

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

(Qi¥iE3)
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(£ 50

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 EHKZEART

Python SCRFEZS AR A TR A AOME S . IRl AN B VR SE B s BB T v i A e 3k

PR SRR TR T SCPHEAIRNR Y P81 SR SCRrk 7 k.

A GERPEIR SR, WATE L—Irik:

container.__iter__ ()
IR —ASEAARR R o ARG EE SR T SO IR IR AL WERAS A SR R AR AR AL, R] A
PRULE MY R L T I SRR RSBk R . (SRR Pk O R G2 1 B4 TR B S
JEN SRR BE O 538 DI R4 . ) 7Y% T Python/C APT 1 Python X R 2 BULEH (K tp_iter

A
AR A B HE SRR AT IAITR, BRI T &R E st
iterator.__iter__ ()

REERAS AL . X2 [E R A S A SRS for Al in HA)EEH Frab A . My VAN T
Python/C API H Python X} 5 R ZER (KR tp_iter FE{.

iterator.__next__ ()
AR BN — T, QR E SR AR I, W5l kstopTteration i My EEXT BT
Python/C API 1 Python X} G KAULEF A1) tp_iternext ffi.

Python 7 L7 JLAEACARRT G ASTRR— AN e 1282 . AR SRR R s T A B T AR
ARSI, R AL A HA P O IR A B DR 2

—HBERERH__next_ () IIRGIK T StopIteration, BN —HXEZIA MG ZFFER R . AL
BEAT AR S IR TR IE H G
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451 HpigE3ERy

Python [¥Jgenerator FEAL T —FsC BLIE A AR PP DO SR 2. WIARAAIN SR __iter_ () HIEHSEH N —
MRS, B ERE— MRS (AR ERE— s 4) , AR iter_ (O M
_next__ () F{k. A FREMIIVTELAE B ASH yield Fik=UaY S0,

4.6 YR —1ist, tuple, range

A =RPEAESIIA : list, tuple A1 range X5 o JARBR = 2 HI A FISUA T AT iR Y P 41 A
SAEL TR/ A

4.6.1 @ARFIIIRIE

REBFH R, AFER] AR R BIFUN AR IR 3 PR P HEANE, collections. abe. Sequence ABC
AR UL R TEAE 2 HAE B 8 752680 FIE AL Bl Se 44

PRSP TH I TP s A . Tektg, s Ml R BAMIEIZEAUN TS, n, i, j 1k 2 BA x 2 AR
T s BT HLE S B AI(E IR A AR X 42

in ﬂlgnot in #AERA S WEAREMFEIN L e, + BFHE) F1 » (ER) BAERA 50 R RS SR [F] 4 1
FeR

jy -] ZR: Exed
X in s WA s RIS T x WSS True, K False (1)

x not in s NS s PRYEINEET x MR N False, BN True (1)

s tt s 5t fPHE ©6)(7)
s *ni{n * s MU T s 5 H BT n KPFHE 1)
s[i] s H5E i L, LG 0 3)
s[i:j] NE N 3)4)
s[i:]:k] N NENEZ S LA (3)(5)
len (s) s WKJE

min (s) s [ /NI

max (s) s PR KA

s.index(x[, il[, j11) | x7Es PEHKBHIINRGS (RIS E SIEHAE ) Z0) | ®)
s.count (x) X 7E s H PG R R

AH IR A P 2 SRR AR . R, tuple 1 List 1) B2 il i O BN R JC 2 7 BN . X B A2 T
BEERMAE, M ITR RS R VAR, H HA P KELAMEE. (EEATIESHAESSEN
comparisons #R4) . )
HRE:
(D) BER in flnot in #RAELEEE R OLT RN T8 BRSO RGN, BEse ML) (st r, bytes
Mbytearray) WHHEANTHATFF AN

>>> llgg" in "eggsll
True

(2) /NT 0 1 n fHA PSR 0 RALPE CEIN—5 s RIS FE) . EHHERFS s R S 0s L
EMSWZRII X4 H 2% Python ZiALH T REINIL; Hln:

SEAMLAINI, AT O DA ik S R 2 AL
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>>> lists = [[]] * 3
>>> lists

[ry, 1, (11

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

[e31, 31, [311]

HARMERET (1] P& T MEFRMAITTRIIE, BFred (111 * 3 4R PR =AInE
AT —EEFIRMGI . B 1ists LM —DICRE s EARXTX — 2SR B . ARATA
AT 7 ANBIHE AR RIS 2 TR 151 2%

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

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

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

>>> lists

(31, s1, [711]

H— AR DAYE FAQ 2% H fag-multidimensional-list H &% .

(3) Wi 5/ oA TAfE, WRTIF AN T s BRE: RIS 280N len(s) + id{len(s) +
Jo HEGER -0 738878 0.

@) s i %A BE CAHFTAEE 1 <= k < JIURSS kA7 ik isk j KT len(s),
M A len (s) o IR i B MEECH None, WIEH 0. 415 j B IEE N None, WIEH len(s). Ul
i RTEHTj, WY R=.

(5) s i8] j KN kMYIRBOESCHITARL 0 <= n < (3-1) /k ERFIS x = 1 + n*k IR
WP . BATEdl, RE15 R 1, i+k, 1+2%k, 1+3*k, PABCEHE, M4ik%] j BHEEIE (H—EANEEE ).
2k CHIEERT, i fj SR EARKT len(s) . Xk HHAMER, i flj SPMEARNKT len(s) - 1.
W i 5 PSSO None, BTSN “&b” (H GEWF—imr Z OB E BT L A5 HHEE,
k RAHZE . WIER k ok None, WI4/E 1 40P,

(6) PHEEARTAS P M S A BB AR 52 o 33X 0 R 2 T e B0 B SR A R s A TP 2 T 471
MK . ARGV B T TR, PR RO B2 —:

o WP scr X AR A — AR RGH st r. join () BB A—A4~1i0.StringIo
SR HEAE 25 R I R BT (A
s MARPFEbytes MR, MRATARPIHEE Hbytes. join () Bio.BytesIo, B Rl PAfE
Hbytearray WEHFTIEHPHE. bytearray MEEWARR), H HEA w0 = EHLH
o WP tuple X5, WHUMCHY R Iist 2
o XFTFHE R EAH MY SR
(7) FALFEH| KA (N range) (O FEEE R E R TP, RIS SZ R P8 P R .
(8) M x 7E s R AEIN} index &5k valueError. NEFTA KA SCHHEABINSE i Ml j. P2

BAVRRIRRF I TIPS, ARSI EA S THM s [1:3] . index (x), HREAR
K HMEATEE, I HLR ARG AT PP SISk im0 7 9Tk -
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4.6.2 A ZEFFIISE

R T AR 1) 2 28833 S BT 17745 7 91 28 K S BRI — 4R X hash () 1 BRI S0 H%
XA SRR AV RA, Bliituple LB Edict B, DARFF#ifEset Mlfrozenset S,
SR S AT (10 R T AS PR T R A & R TypeBr ror.

4.6.3 ORISR
PAR s P A E BAE T AR [ 31288 58 Y. collections.abe.MutableSequence ABC #32ML H sk
B2 Gy AR F A SO FI 2T FE A SE i S 1

B s S22 PSS LB, ¢ RAL RN IEACXT G, W x AT s B R AU 5 (R A R AT AT X R
(BN, bytearray {EZWE 0 <= x <= 255 {HIRFHIHEELD.

B8 ZR: Eag
s[i] = x R s IS | TRl x

s[i:j] =t R s M B j )R B o A 2R

del s[i:7] T s[i:3] = []

s[i:j:k] =t Ffs(i:7:k] PITEBFHN 1 0K (D
del s[i:j:k] MINEPEER s[i:3:k] LR

s.append (x) B x s r ol R (8T s[len(s) :len(s)] = [x])
s.clear () M s PEEBR A I (S5 []T del s[:]) (5)
s.copy () A s kI (EH T s:]1) (5)
s.extend(t) B(s += t | HtWMARY Es EAFR LEEFT sllen(s):len(s)] = t)

s *= n B s N EE n YO T 58 (6)
s.insert (i, x) TEH A HRGIER x A s (FRIT s[i:1] = [x])

s.pop ([i]) PEUTE @ 8 EIT, FFREE s g (2)
s.remove (x) remove the first item from s where s [1] == x 3)
s.reverse () WEHLRR A1) R TR . (4)

HEE
(1) ¢+ A5 B Fr U] B A A K
(2) AIESEL BRI -1, BRGSO T 2R BRI R [l i fg — I
(3) 47E s FF AR x I} remove EVEST| K ValueError,

(4) MR RAFFHE reverse () ik BHUE B0 T H MRIES M2 5. 3R P E e 2 iE
WA IATH), BRI LSRR .

(5) GFE clear () Ml copy () &N T EALRYI R BAER AT AEZS 28 (BN di ot Flset) W IAREE—2L
3.3 FrhiFfe: clear () Ml copy () HiE.

6) n{HN—1HEE, 808 BT __index () KIMGR. n (HNFSOHRHEETH. FPH1HRTA
2B I ENSWZ KGN, IEAE A 720 3 0F A K s+ n UL,
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4.6.4 F|FK

SIFZAAERFS, B TAAREIH G LR B AR DR BERHAR I B T T AS 4L )
class list ([iterable])

A PAF 2oy A 51 5% -
o [ XS R TR A K (]
s S, HPhWmhE S (al, [a, b, c]
o [ EMESR: [x for x in iterable]
o [EFRAIME RS 1ist () B 1list (iterable)

1 38 25 R F 3 — A %, A Iy drerable v i 35 B A A R ) WI(E 5 T o iterable W] DASE )T 51
FEER RS e B AR S. WR iterable B 4 52— N3, KA IR B HAIA, BT
iterable[:]., B, list ('abc') iR ['a', 'b', 'c'lfjlist( (1, 2, 3) ) &ME [1,
2, 31. WREAGHSE, WG9 1.
HEZEERAT 4R, Wifsorted () FEREL
PIRSLBLT By —A% FeT 2 R8I 3E. P FREEIMEL T AT ik
sort (*, key=None, reverse=False)
W BRI R IR HE Y, RAEH < SR TR IR I . RE AR A
AR, BAHPBAERF R (M52 7T BB S A0 TR B MRS ) -

sort () FHEZWALURA K IR AR SR (R 5 540

key $8E WA — NS ENRE, MTNEANPIZICR PRI G (B key=str. lower), XfLY
TOR AR TR SO, RSB fH . BOAE None FUREHIFIH
TUHER AT 5 — A~ B i B

W PAF ] functools. cmp_to_key () ¥ 2.x KAGH) cmp BREEER A key BREN .
reverse F— A /RH. QSRR True, WIEENFFTC R 4 Sy LR IEA THE T -

A R RS B Bt D £ S A TR 91 DA BRAIE 2 [ 28 B o AR P S A a3 e [
%r;r@iﬁﬁa@, EHALREHIFEIFS] (B sorted () SRR RSB CHIFS %58
).

sort () JIIEHIERIERENT o IR D HERF B OR A 2 28 FURE S5 SRAR <5 1) TG 2 AT I A H
ARER— XA AT HATZEA (BISEHRr] . PR HT) .

CPython implementation detail: ¥£— 51 ZHERAE], 2 ialeloas £ A8 IR 4Gt 22 7 IR SE S
52N . Python 1Y) C SEBLAEHEF MRS R AR s, 2R & B8 SR A HE P Rl i A e 22 5|

K ValueError,

4.6.5 jT4H

JCAURAAE S, Tl T A BRI 2 05 (BltNd enumerate () NEREI LR —Ic4l). JC
WY T IHEF R TP (Bl RvFEiES] set Bidict BYSEHI) .

class tuple ( [iterable] )

AR ZFpor XA -
o [ —XFRIFES R TR TTH: O
o H—NERWIE S RFREICL: a, B (a,)
s HAE SR Z AT a, b, cor (a, b, c)
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s [HFHNER tuple (): tuple () B{ tuple (iterable)
M #R M — oo, HAiui s iterable W) I A AR E (B -5 0¥ o iterable V] DA 751, X
FrER Ao A vl B XS, W iterable & 42— J0dl, SAMBCZE Kz Bl #Fla0,
tuple ('abc') i&[H ('a', 'b', 'c') Wituple( [1, 2, 31 )i&ME (1, 2, 3). WREES
WEH, MrEdsaE— Tl O
R A ST S 2 S AR RG-S . RG-S 2y, A s o sk 7 2kt e i vk by
X LERS . Bln, £(a, b, o) ETEVHREE I =124, M £((a, b, <)) MELEMH
PR BT — A~ = Je 4 .
JTCASEEL T T — A% P8 A
XT38 5 44 FR U TR B A 2R 5 5 A S I A B 2 8, collections.namedtuple () WIRERH
fT BTG LN 5 0 R Al I

4.6.6 range %5

range REFIRAAERBCFFH, @H A TAE for PRI E ML

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

range 4 3EAF S HA AU BEEL (FTLARWER int BUTTEEEL T __index_ FRIRERIXTS ). Q1R
B step ZEL, HERWERN 10 MR start Z85, HERAMEN 0, Q2R step HFZNW X5 K valueError,
MR step K IEAE, HiE range r WEMARX N r(i] = start + step*i Hfr i >= 0 H r[i] <
stop.

WA step JAME, HiE range AR AKIIRA r[1] = start + step*i, HIRHIFMFLCH 1 >=
0Hr(i] > stop.

WA (0] AFFEERYEREIZRIE, W% range XTR N2, range XPRIGIAFNRT], (Hid SR H AR
A MIEZR T T € ) P S AR R IF IR R -

TR AN H K Tsys.maxsize § range X G e # SRR Y, ERLEHEIE (Bl filen () AT HET

ZiOVerflowErroro

— 2 range XFR BT

>>> list (range (10))

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

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

[o, 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(l, 0))

L]

range X R T — A% PSR TG HRIE, HPHEMER RSN (X2 H T range X5 HEERR AT G/ AR5
KRS, T E AR AP HE AR 2 i B AR AR o
start

start JZ{E AARZIE SR 0)
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stop
stop TR HIMH
step

step TR HIH (WERIZFESARFEHEN D 1)

range FRMHHEMList Ktuple BIRBIET — P range XTGEIE f I BEBER) (B WF, NeH
g%ﬁé@?ﬁ[ﬂﬁ%ﬁ (FEAERRAF T start, stop il step fH, FFoARYETEEIT B A BRI 17 i 1Y

range X Z LI T collections. abe. Sequence ABC, N &R, STTERTIEK. VA&, I
TR (B0 5 7 2 B —list, wple, range):

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

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

>>> 10 in r
True

>>> r.index (10)
5

>>> r[5]

10

>>> r[:5]

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

18

] == A1 | = K range X} 4 2 A AHSE B HAE P2k Ui o a2, SR> range X5 FmAH R A {E
FAEA R EANT 2R . (HHERE LRSS A AW range MR RES B A AR start, stop fllstep
J&:, Bl range (0) == range (2, 1, 3) Ifif range (0, 3, 2) == range(0, 4, 2).)

1E 3.2 JUE R 523 Sequence ABC. SCHFUIRFIGBIRS] . (] 0t X G E I 18] P AEAT 0BG, TTAS
reid— LA I

TE 33 BUEHE: & X == Fl “!=" DAMRYE range XFZ T E LAE PSR IAT IR (A RARIEXT R AARIR) .
3.3 HhRINBE: start, stop fllstep J@IE.
S

* linspace recipe {7 T QS B—NE R SRAEMRAS 1 18 G i S EUY HI Y range XFR .

4.7 XHRFINHKE —str

7 Python FHALBISCARZ M st r MR, WAKN F4F % o F4FH 2 Unicode f (A MU A I AE 5-7) o °F
PR IEA 2 AN R S

C HHIE A¥ELE" R0 55
R AEEEH R FE
C SEGE 0 ZEEFE 0 ZERE G
0 1) = B T DA R T —— b A 02 1 R 6 7 R e T
Ity ALY, 2 [ 2 AN R0 2 R o T BB MO A R T

#ieYt, ("spam " "eggs") == "spam eggs",
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THZ I strings A A KA FAFR P ENESER, QTSGR SOFS, AR © ( “raw” ) FiZH
HEE IR e SO S AL B

FAFHRA AT DAE R s ¢ - A4 3 At G G ) 7

HTANEIERME) R KA, AR MR RER K E R 1B Wi, 4
= FFE s, s[0] == s[0:1].

A SR AT RA, (Higstr. join () Bio. StringIO WA ARMRIEZS A Brm Ber il a5
(kiR

1E 3.3 B 24 75 Python 2 IR ) N A, HRR AT FIEEM N u iiZ. EXF 5478 7 {Hr)
G XBAm, IFHARS © BRI

class str (object=")

class str (object=b", encoding=utf-8’, errors=strict’)
W& [8] object )5 4 A AR ARIEME object W [l 25 FAFER . AEHAMTE I T str O AT NIRRT
encoding &Y, errors = HA L, BAAEILT.

W encoding 5% errors YR, str(object) Ik[H object.__str_ (), iX/& object i) “JEIEZ”
A R R FR . W THEFRENS, XRRFFRAL . W object A __str__ () Jik,
NWstr () ¥ELE iR E repr (object) ,

W H encoding B errors ZE /L4y Hodh 2 —, W object [ % 2 — A bytes-like object (] Wibytes
B bytearray), TEIIEN T, UHE object &— A bytes (Bibytearray) ¥4, N str (bytes,
encoding, errors) &y Thytes.decode (encoding, errors). &NMEHE, SR P bytes.
decode () Z HIREUGE M XX 4 R 211 bytes X4 o 55 7] — 2t 4 /5 7)) 2 2 —bytes, bytearray, memoryview
5 bufferobjects T fifAT Kb KT R AIME R -

Ff—"Abytes WRE Astr () MALH encoding B errors ZRUNHRAEIE T2 — AL, FFR AR
MFAFEREoR (531551 Python 1) —b fyAT3EI0) . BilAN:

>>> str(b'Zoot!")
"b'Zoot! "™

K str BRHINVENEZER, WS NER AT 2 KT sor FIF 4T 09 7 % /N B Rg
FAFE, THS 5 f-strings FAE X T 7 B 5 5 AN BANEW DAS R SUA AL T2 R 5 /1T .

4.71 FHEBNREE

FAFRLI T A — A% FPANEAE, BOMEAL T DU F1 i — e Pty .
PR IR LR AT RS AR, —FP R AL TR KRR BB RIS R W] H M (B str. format (), #
NFAF B8 E f g 2 LT $ A1) M —F2 & T Corint £ ARG, BT AR EALERR %,
I HEEXELAES R, AEX T8 v B SRR S SR B (printf A6 54 5 44 KAL)
BRI R I S AL T2 IR 5 F s T2 A, SRAL KRR SCASHE 6 TH (AN & T re B g e 2
KAL) .
str.capitalize ()
RPEFRFRREIA, e N FRRE, HRA/NE,
str.casefold ()
R EFAFER R NG R RIAS . BRI NG AR ER ] T 206/ NG Y PERC .
HBR I NERMTE /NG, (HEEMMIE L, FhESBRFEAFRTNITE KNEZBHER.
B, fEENGER R YT "ss". HTECER/NET, lower () AaXl ' fAE oAz
Mcasefold () ME&KHELSH "ss,

TR R/NGRIERA 2 UL Unicode AR1ER) 3.13 7.
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str.

str

str.

str

str

str.

str

3.3 BRI HE.

center (width[, ﬁllchar] )
R width ()RR, P AFERTESCE A . (EIHRE R fillchar SEFEPAMZE (A (BRIAGEH] ASCIL
ZEREAT) o QR width /INTEET Len (s) R IR AFHR R AR o

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

R [B]FEAF R sub TE [start, end] Yo B NAEE & B BRI EL. RIS HL start 5 end S8R R 3m
encode (encoding="utf-8”, errors="strict”)

IR 0] A R i i AT R X R A RAS . BRI GRS tut£-8" . W RAZA Y errors R E N [R] )
R TR errors INERINMEN "strict', RRIMBHIREST| KUnicodeError, HALW 1)
{84 'ignore', 'replace', 'xmlcharrefreplace’', 'backslashreplace' DA M AT o] H {thiE
idcodecs. register_error () WHHHE, S #4275 £ /N, BEETHANMLINZE, &
ZAT e 4 L NS o

T 3.1 B AT K ST SR S

.endswith (suﬁix[, start[, end] ] )

W FAFER DASE E 1Y suffix £590GR 1] True, MR False. suffic AT DA i Z2 A H A J5 2844 L
e . ASRA AT start, KFFTHEE CLETT IR A . WSRA AT end , REAEITR E (1845 11 UL

.expandtabs (tabsize=8)

R FRFEREIEIA, P B BRI & — s AR i, BB T 2 9 (LB A4S E Y
FRFICRE o F tabsize NFARFBCA—DHIZRAL (BOAE 8 I BEE R HIFRAAES 0, 8, 16 RICHHE) . T
AT, HEPRBC B I G PR PR TAT . SRR HIRAT (\b), W SAESE R
HIFA— NS ZEHAF, HERUHIISET TR (FREARGALPE S ) WERTFR
A5 (\n) BURIEAF (\r), EXWEHIHFUFIIERAE . ALAHALTAT PSS H 424
HIZUI—, AR TAFFERAT BN S AT S

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

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

find (sub[, start[, end] ])
R FFAFH sub fE s [start tend] I WRHRBIN B/ NRG] . RS EL start 5 end 29#EE I F
FORE . WA sub REHFN MR M -1,

g £ind () TR RAEIRTEERIE sub FIEQ B o ZAG A sub Je 54 T FFAFER, I in
PRAEAT:

>>> 'Py' in 'Python'
True

. format (*args, **kwargs)

PATFAF MR P B R 0 AT e T A S A5 Ep M ECE DAES = () 38R B4
S AEERHIET DA M E SR F RG], B D R TSRO AR B BT R A
R AR S BN X Y S B AT H

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

BB X T A5 F 05k T KT DAER A AT HR PR A A e T g 5 R
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str

str.

str.

str.

str.

str

str.

str.

TR M n 2868 (4N '{:n}'.format (1234)) W RAETF (int, float, complex,
decimal.Decimal MEHFR) MR, Z%EES G LC_CTYPE RIHik 8 i LC_NUMERIC [X
W PAMRES localeconv () B decimal_point il thousands_sep FE, WIHRET2IE ASCI F4£F
KBS 1 523536, IF H LC_NUMERIC XIf<s 5 LC_CTYPE IHA—E. XA 5 ol 2 5 i H
fh AR

TE 3.6.5 MU 24 ] n SEAURAAEL T, R ETE R LU 0L T 2 Im IR LC_CTYPE IR &
"N LC_NUMERIC X3,

. format_map (mapping)

KT str.format (**mapping), ANEZATET mapping S HIZEM A AR HE]—1dict,
TEEAE R — A T2 24 mapping oA dict AR L :

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

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

3.2 BRI HE.

index (sub[, start[, end] ] )
EMTFrind (), HEHRARFEREE| A VvalueError,

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” , “LI” ,or “Lo” . Note that this is different from the
“Alphabetic” property defined in the Unicode Standard.

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.

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

Wl keyword. iskeyword () RKMPEEAREAF, FlU def Al class.,

islower ()
Return true if all cased characters* in the string are lowercase and there is at least one cased character, false
otherwise.

A RAAKNBIFERE I B — R Bl@ PR “Lu” (Letter, uppercase), “L1” (Letter, lowercase)  “Lt” (Letter, titlecase) 2 —HF4F
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str.

str.

str.

str.

str.

str.

str

str.

str.

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.
Whitespace characters are those characters defined in the Unicode character database as “Other” or “Separator”
and those with bidirectional property being 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)
R [8]—A~H iterable W FAFERBERE T B AT ER o Q2R iterable "PAFAEATAT AR AT R (E A by tes Xt
KNG Kk TypeError. WHIZITERI TR RAE N TCR Z [RIHY 70 B o

.1ljust (width[,ﬁllchar])

R EE N width W FAFER, R FAFERTEH TR REAX 55 . AR ERY fillchar SEFEA3 A CERIAGE T ASCIT
ZAEAT) o QIR width /NT45T 1en (s) IR [E] R FAF R A R AS o

lower ()

RIFEFRERARIA, B R KNG FR 55 NE

Jit et/ N SRR A 1 2 L Unicode ARifERY 3.13

1strip( [chars] )

R FAF R RIA, BBE PR TA . chars BECNTE E BB BTN TR HRE KA
None, W chars ZECRINERZE E4TF. b5 b chars ZHOF ARG E BT MR BRSEEN T

HE

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

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

static str.maketrans (x[, y[, Z] ])

A TR ] — T ks r . eranslate () SOMAGEEHOH IR,
HISE US4, IS RBAUR 4% Unicode TS (EH0) SCFAF (KB | IO545H) Beyf)
Unicode RS (L 5. (IEREKCREN) FREHISE None (075, R LS 2 Bp WO (5 2

WERATNSE, WENDAUE PN RBEMSER TR, I AAELER L, x PRSP POt
By AR CCER FAT . WA R =S, BRIR— PR, AP TR SR g 2

None,
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str.

str.

str.

str.

str.

str.

str.

str

str

partition (sep)

e sep H U PO B FAFE, &k El—A 3 o], KSR minisor. RaASs, K
SRRAFZ IR IRy o RN FRATARIRE], WRIEY 3 JoLH rp & A AR AR B DA SIS S P4
replace (old, new[, count] )

R A PR EIA, HA B T TR old BRI new. WIRZE T IR SHL count, M
BT count B

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

IR TR E sub TETFAFER NGER BB () R, 3EXHE sub R ETE s [startend] 2,
RS H start 55 end 2FENVIRFRIE . WERRELEINR ] -1,

rindex (sub[, start[, end] ])
BT riind (), HETTFLH sub KIZkBIN &5k valueError,

rjust (width|, fillchar )

WK FE R width WFAFE, JRFAFRTEH hEEa X 55, (AR R fillchar SE7E73 07 GERINEF ASCIT
ZHAERT) o QAL width /NT45T Len (s) TR R FAFHR A I AR o

rpartition (sep)

AE sep figJa— K BB BAR > F4FER, R IB—A 3 Jodl, Hh &0 WA mifiiias . o MrsAa s,
PARAr BT Z GBI o MRS FRAF AR AR R, LR 3 SeH S A2 AR A ERF R A &
rsplit (sep=None, maxsplit=-1)

R[] —AS B AT R Y BT S S R, T sep AR N R FATH . WIAREE S T maxsplie, Wi 23647
maxsplit WHF53, M A& 2F R QR sep RAGEBCH None, AR FAFRE WA FAT. B
TIEBFESR G, rsplit () WHAATHESAAT TSk split (),

.rstrip ( [chars] )

R AR RNA, B PR E TR . chars ZHONTRE BB ZM . AURE RSN
None, W chars ZEERNERA AT LB chars ZEOT IR E A GH: MR SRS EEN TG

HéE

>>> ! spacious '.rstrip()
spacious'

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

'mississ’

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

AR [l A fF AT R A B AL SR, B sep AE N2 BRFAFE . ARG T maxsplit, Wi % 047
maxsplit Wrsy (L, SRR Z A maxsplit+1 ANICEK ). WIR maxsplit RIGESN -1, WA
PrUA (HEAT I A wTRERITR 20 ) o

WAR L T sep, W TEZERY 2 B AF A 2 WAL A7 — R R B B S AR ER (e,

27 . split (', ") ¥FIRME [TLv, ', '2')). sep BETREH Z AN FAA (N 1 1<>2<>3 1.
split ("<>") KRl [r1v, r2v, '3']). HHLEEN SRR S EAFRRRRE ],

fian

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

[lll, 12|, '3'1

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

[lll, 12,3|}

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

[111’ 121’ lY, l3l, IV]

U2 sep RAGE BN None, WM 75— Rl 5k SRS SBA LA RRRTF, HEPREA
WEIFRBORBR 2 AR, R TSRO E A SHEUEREMATE. Hik, (1] None #f7r 2= 745 H
B S AR AT R ] (]

4.7. XEXFEH|HER—str 45




The Python Library Reference, k4% 3.6.15

str

Bilan

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

[lll, 12 3!1
>>> ! 1 2 3 '.split ()
[lll, 121’ '3']

.splitlines ([keepends] )

IR ] R AFER S ATH R SR, AT RN EYR . SRR A EITAR, BRIEGHRT
keepends H N EH.

WIRES A TIATIA R TR o o Fi5h, A7 Runiversal newlines fl—~i#%E .

R 1k

\n 17
\r EES
\r\n M2 + $0f 7

\v B \x0b | f7 745
\f &8 \x0c | FLgei

\xlc AEA BT

\x1d il s

\xle SR BT

\x85 T—47 (C1 #=354)
\u2028 1oy BRAT

\u2029 B Fais

TE 3.2 JRE M \v F \ £ BEES B T R 2
Fn

>>> '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']

RRFoplic (), ST BT sop 1, MF2FHFR R EALRE A 250K, A RIS
TR &4 SR RSN 1T

>>> "" splitlines{()

[]

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

ERMEEE, split ("\n') HYZEHN:

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

['']

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

str.startswith (preﬁx[, start[, end] ] )

R TR AR E 1 prefix THIRIIR ] True, HWRE] False, prefic AT DA i 2 AL 4R Y AT 2K
PR TCE o ANSRAT AT start, Rf TR E O BT IRKS AL . WIRAT I EIT end , FFAE T4 E (7 B 1
FUE
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str.strip( [chars] )
RPE AR RAS, BRI TR RRETA . chars ZHUNTRE BB BRTFA AR . WA
8°h None, W chars ZHIRINFE IS FARF. SLbR L chars 2801 AR € AR BG4 MRESBEGRS
AW A 4G

>>> ! spacious '.strip()
'spacious’

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

RAMURI TP AR E chars ZHAERH N FAF R R R ER . JF K3 v AT A BR B 2] — RS T
chars T8 E FAFAR TAFIE 1L BRI B ES m Ac . A

>>> comment_string = "#....... Section 3.2.1 Issue #32 ....... !
>>> comment_string.strip('.#! ")
'Section 3.2.1 Issue #32'

str.swapcase ()
BRI R R EIA, i KREPMER /NG, RZINA. 51 s. swapcase () . swapcase ()
== s I AR—ENEMH.

str.title()
R FAFER R ERRA, HPh R — TR RE, RPN,

fian

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

PR — R B 1B S TR E XL, RES ) FRA AW R . %8 LAEZ RS PR
2, HERERE R GE S A RS 8Oy B 5, Xl i 20N B A 2

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

A RAGE A I I Sk AR B RS 1) S0 A B

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

return re.sub(r"[A-Za-z]+ (' [A-Za-z]+)?2",
lambda mo: mo.group(0) [0] .upper () +
mo.group (0) [1:].lower (),

s)

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

str.translate (table)
R A FEAF R B A, H o g S F AT A 8 W R R AT B B R g — A
__getitem__ () REIMRGIBAERKNS, #H Hmapping Hsequence, *4PA Unicode (i J75 (%
) KRGS, FARFAT R DM LA ML F#AE 2z (8] Unicode [F 5 BiF A7, RFFAFmL h—4>
gﬁg/l\?%‘“; B[] None, FFFEFMEERFRFR MR 851K LookupError 4, RFERFMLg R

YRATLAME] st r. maket rans () FEFARFEMAH) 053] FAFBE R A — DML R
S R codecs BHRPAT M Hil AT IS B R 75 05 2
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str.upper ()
R JFEFEAFER RIS, Hop i K KNG AR 5o RS . IR s B AR KNG
P 4 B 3 T SR 4 SR A4 1) Unicode 25 I AN J& “Lu” (Letter, uppercase) Jfij ;& “Lt” (Letter, titlecase) )i
s.upper () .isupper () HA[fE N False,
It A5 K 5 B0 5AR 72 L Unicode FrUERY 3.13 5.

str.z£ill (width)
IR A EAF R A EIAS, FEZCI3AFE ASCIT ' 0 U (i LK BEAR N width, TEGERIZE (' +'/' =) AL
TR IE AT S Z BT AREZ /il AR width /NT55T Len (s) MR A5 FAFER Y EIA .

n

>>> "42" z£i11(5)
'00042"
>>> "—42" z£fi11 (5)
'-0042"

4.7.2 printf B FIFRHER L

{1:ff: The formatting operations described here exhibit a variety of quirks that lead to a number of common errors (such
as failing to display tuples and dictionaries correctly). Using the newer formatted string literals or the st r. format ()
interface helps avoid these errors. These alternatives also provide more powerful, flexible and extensible approaches to
formatting text.

FAFER A —FRRRIR N EERAE: B & D) 54T . XMW PRI A& XALE BB/ T
format % values (FH format H—PFFFER), TE format FHY S FEHARFRICAPRFEE I 24 8L 214 values
2H . HECRBUFAE CEF P sprintf ().

WS format FR—AFPISEL, W values W PAH—ANARTCHXT G BT, values Wo/i sk 22— 5 T
Heag AR R e AR AT RO R A T4, BT R — D g & (BN i) .

FHARMCAT R S BCE 2 PP BA DA T AR, FLA 508 AR AIL E A L -
Lover 47, T Ric s e .
2. BT (PTHE), Ao S A TR SR (B (somename) ),
3. Bty (RTHE), T S R R S5

4. BUNFBOCE (F3E). WERAEER ' (T), MSLFRWERM values TCHR) F—ICR IR, Bi4%
AR G N Ay fe /N7 B S BRI AT e AR SR TE R

S.REEE (FIRE), DAFE ' ' (9) Z IR ISR G . AREEN '+ (B5), MISLERkEEES M
values JTCALIK) R —JCE L, AR R NE L SRt E .

6. KEEBMFF (7).
7. FERT,

VHASEC—AD 7 (SO i, A7 A oo R S B S e 6, XhR s
FREZ G T A BT, RS ERERS MBRIRS rh s HOEAR AL (e il :

>>> print (' has quote types.' %
. {'language': "Python", "number": 2})
Python has 002 quote types.

> SRR A TCH, AR R BITTAL, HOME P TE R R S S T
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TELLTE DL T HGUHRREI L * FRiCAF (R E— RIS HOIK) .

AR -
s | &Y
Y ERECE T R UL (B SR 30) .
10" | FHCR OB EETE AT
| BB RN (AR A 0 B, WSEEEH).
U SR AP R A IR (B T ATHY) IR B AR
RS C 4 B ) MR THSRECRIITEL (S E ST B

FTDA K BE B M (0, 1 8 L), (BN, DA Python BENEAAAE FTDA 51d 4T 2d.
R EC

BB | &% TR
q AR T IR

it AT 1 LR

‘o' AT\ M
'u' LI RAZEHT Td ()
'x' R R mwaYin. t M UNCIE 2
‘X! i Rcanay 1.t SONCIE (@)
‘e’ e Rl (NG, A3)
'E' B gl (RS ). €)
£ el A i e W €)
'F' B R €)
'g' PERARIC ASRIERUINT -4 s/ NIRRT /NG $ % a0, A - e A | @)
'G' PRSI QRSB T -4 s/ INTRGEE N i RS a8, A b fis . | @)
'c' AT (R BN PAF I AR ) -

'r' T (I repr () BT Python X4 ®)
's' FAER (B str () FeHAEAT Python X4 ). ®)
'a TR (ffifascii () ¥ Python X4 ). ®)
'S’ AERZH, ARG R R — " AT

MR

(1) BB I AR A H 2 A7 /A E LA B8 00 ),

(@) BBRI AR —HIBZ A *0x' 500X B (ROLTRUN 0 B %" fi).

(3) BRI SR R A AE  f— NI, BRI .
BRI BI G E , B 6.

(@) BB R AR R i — NI, KA B R AT TR
AN RIS (BT , BRAH 6.

(5) WAL N, FHHHIIEH N7

(6) 2, PEP 237,

{1 Python AFR BRI CIE, &5 BEHOREAE T \0" B FAFR 04K

1 3.0 MK 4ORHEA 1050 ) 5 EHUR S THIEBRHON 5o BEAL.
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4.8 —iH#HIFEFIZKEE—Dbytes, bytearray, memoryview

BV —IERBAR R D N ER B R by tes fllbytearray. Bflfimemoryview SR, XM RMA Zib
DXHFSCRT  HA — BERIXT AL NAT, AT Z QR R REIA.

array BERSCR R RONAT i EAKIREAL, filn 32 (7 HKOR TEEETS54 UG 7 RifHL -

4.8.1 bytes ¥%

bytes X G2 i AT MM AN AT AE 4. T2 T8 bR P SCA BT ASCIL SUAR Y, [H I bytes Xif
Gt T — LA B ASCIT AR AR il i, HF HAEVF 245 B 555 R QLA R T ik

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

L, # bytes TR 57 FIEN KSR, FUREM T b Hi2:
s HE T A#AKHAT R FE .
WG bt F#AKHA B 3.
P SEGISp T ZEEIE b ZERG

bytes “FIRI{EH R AL ASCILFAF (TCiB VAR P BB A AT ) AT AP 1 127 1 — Bk o 20 (8 )
FHRL E 5 LA TE AN bytes FTHI{E .

BT I{E—FE, bytes FHI{E BT LA r BIZOREH SO SB35 217 strings T A K45
Fi bytes FHIEEAMTEN, CLIE T SCRAHE SUFS1 .

AR bytes FHM{EMZ/RIAZHT ASCIL SUARY, fH bytes XFRAYAT N L br B BRI AR Ay 41
Feo R R AMER R/ MR E R 0 <= x < 256 (WIRELIREIRF5| K valueError), XA

BT PASEIAA N 352, BRI —hfiIR A & 5T ASCIL BICER, W] LA 1 K48 T ) SCAS
AR BT TR, RS OUXT TR — BRI RO R U 3 AT AR e (F H MR SCAS AL BRAR B
T ASCIL iy — 2t il Bk AR EEARBIR ) -

B T, bytes XF 4R n] DA A H A LR =tk )
o $E KB DAZHIE ST bytes X4 bytes (10)
o BT EXT SR bytes (range (20) )
o S G X PSR I BA 1Y I EidE: bytes (ob3)

F S fbytes WEIAL,

T A 7N BRI R RE B0 Y. — A2, R /N BRI H0R 1 ik R BE i Ak AV,
bytes AU HAT A A% X B BB (4 BRI 2607 3 -
classmethod fromhex (string)
bytes BRI — BTG LS & FAFER Y bytes X5 . FAFER NI HFRE DT 175
HEGIB A R, o i) ASCI %5 I 7 23 9k 2200

>>> bytes.fromhex ('2Ef0 F1f2 ")
b' A\xfO\xf1\xf2"

FEAE— N B R, T DAY bytes XS idedte Rt W i+ /s B 25 .
hex ()
Rl AFRFERRTS, G LB R AT AT A oS 2R

>>> b'\x£f0\x£f1\x£f2' .hex ()
'fOf1£2"
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3.5 N EE.
i T bytes X 52 B BN 751 (AT ICdl) , BBEX T4 bytes X[ 42 b, b[0] R h— 8%, Wi
b[0:1] ¥ A— MK 1) bytes X[ 5. (X5 UARFFFEARR, R4 a2 KERN 1
HIFAFER ) o
bytes Xf & M F RN FHAEER G ... "), FVEEHEEELE bytes (46, 46, 46]) XFEMMKRE
WH . PREZTTPABEH 1ist (b) FF bytes XG4y —A> b B0 B 5136 o

EMf: F1xF Python 2.x IR : 7E Python 2.x BRI, FvF 8 (L7P4FH (2.x Fridfbiyficiiils N E — it
BRI 5:) & Unicode FAFHREAT AR X020 7B T AR AEMIE, DALY, Python
B H SR 8 ST Unicode SCANE 5 2R A BUIMAX —25 52 . 7 Python 3.x w1, X BB U C g
8 L R EHi 5 Unicode SCA IR e A B AHIHEA T, bytes 5P AR AT G LRSS RORF SU2 AR A5

4.8.2 bytearray Y%

bytearray X% iebytes X4 ZE % WA

class bytearray ( [source[, encoding[, errors] ]
1)

bytearray X5 %A L @ FREIE, Bf
o fllE—2LHl: bytearray ()
o BlE—MEE KB A EIE AR LM bytearray (10)
o JH I EBEBEH R A bytearray (range (20))
o St G DX ERSCE HI B B BRI EE: bytearray (b'Hi! ")
FH T~ bytearray X} G2 A4S, XTGBT bytes 4o bytearray #:4F iR bytes Fil bytearray A7 #24F
ZHAN, WEFET R A HEE.
T3S Wbytearray P E A
25 2 i VNG 1 - G 2 1 DO VAt s e I . s VAN 13 = 1 B S 5 1 37 3 SO R A o WO 5 VA L8
bytearray 281 HA M A% = B2 RO BY I N 2R 0734 -
classmethod fromhex (siring)
bytearray VAR —AEIE E FAFHR ) bytearray X5 FAFER AT TR AT M
AR BRSA AL, g ASCIT 28 FIfF 28k 20

1
o A R P o R ) e

>>> bytearray.fromhex ('2Ef0 F1£f2 ")
bytearray (b' . \xf0\xf1\xf2")

FFHE— A SRR H, T DAY bytearray Jof SR N Xof B A 7N il o

hex ()
Rl —AFRFERRTS, A LB AN AT A TS IR

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

3.5 B HE.
H1T* bytearray X 52t AR B MU P51 (RIUT514) . PIBEXT T bytearray %52 b, b[0] Foh— %
B, Mo [0:1]) Fh—AKAEA 1B bytearray W5, (X5 CATFAFHARR, RKIIRYL P AR —
RPN T IFARER) .

4.8. —#$IFFHEE—Dbytes, bytearray, memoryview 51



The Python Library Reference, k4% 3.6.15

bytearray X} % Y 3 7~ ff Fl bytes XF % & 1 {6 #% X (bytearray (b'...")), NE AR B
bytearray ([46, 46, 46]) XHEMMAXELG M. IREZFT A 1ist (b) ¥ bytearray Xf 4 5% {4
—A B L 51 3

4.8.3 bytes f0 bytearray 1£{E

bytes il bytearray XI AR S Fpd A FFAIRME. EAINMUBE SRR RIERL, BAE- S AL bytes-like object
FrEBME. BTN RGN, BT AR B R A A S SESE R (B2, BAESRIR {2
BT R TR VR R

Efi#:  bytes Fll bytearray M RIGITIENERZ FAFRENHSEL, SR TAFRIIITIAAN R bytes XA N HZ
e B, ARBAUE AT Hik:

a = "abc"

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

a = b"abc"

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

HL4E bytes Hil bytearray #A1:{BE il Hezw ASCIL i — BEA% =, PRIMAE AL FRAT 58— R RO IRl 7 2445 G (1
LERR A AR R SO B

TEAR: (X SR T ASCIT f AR AL R DAL T ASCIT fds X AEA i — 3SR B T e 2 S B F

bytes Fl bytearray XF 5 ) 517535 n] DA FAL 5 b2 -

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

R I8l F 51 sub TE [start, end] JE RN AEE & B IR EL . WS EL start 5 end 8RRV R RRE .
BRI T A 0] UL R bytes-like object B2 0 & 255 JFE PN IAEEEL
TE 3.3 MU 2 0 & 255 J5 N B 80 T 4

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

bytearray.decode (encoding="utf-8”, errors="strict”)
IR 0] 25 5 bytes IS SR FAFE . BRIAGRID A "ut £-8" . W DALY errors SR B A R A AS AL 3
2=, errors INBINMEH 'strict ', FnRgmibiEiRET| K UnicodeError, HAMR] AM{E N 'ignore!,
'replace' PARAR ] HABM S codecs . register _error () WHIZFR, TS R4EZELTEH E N
o EEGEWNNRLINER, ESFREZR D N,

1Efif: XF encoding ZHNE 4 st r SUVF EARMIS AT A bytes-like object, T/ BRI bytes m¥ bytearray Xf
R

T 3.1 CEHC AT R KB S0 S8

bytes.endswith (suﬁix[, start[, end] ])

bytearray.endswith (suﬂix[, start[, end] ] )
A2 R DA 2 B suffix S5RGR ] True, RNGR[E] False. suffic n] DA th Z AR IS
%*@gﬂ@fcéﬂo UIRAT NI start, KT E CLETIARE AL . ANRAT AT EIT end, KEAEFTHEE (L5
1EHEEE .
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BRI G R ] PARAL Z bytes-like object

bytes.find (sub[, start[, endﬂ ])
bytearray.find (sub[, start|, end] ] )
R[5 sub TR PR B o VR, sub A THIR s [start:end] Z W, AESH start 5
end 2XPPRBEN VI FIRIE . WER sub RYARFIMR ] -1,

FRRI T 75 7] ARAT B bytes-like object B2 0 % 255 JEH NI EEL.

A 0 () JPERL S I S sub BB . SR A sub S5 T, WO i
s

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

1 3.3 CEHC: W52 0 2 255 JuF NI B EUE N T3 .

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

FUTF rind (), (HAERAEFFIIN &G K VvalueError,
BRI T ¥ 9] LARAT B bytes-like object B2 0 3 255 i il WIS
AE 3.3 MOE T tEF 0 5 255 J N I EUE N T .

bytes. join (iterable)

bytearray.join (iterable)
R [B]—A~ ] iterable WYy A T 8 BEEE I BUY) bytes B bytearray X542, IR irerable W A7AE AR AR
BT A 2 I E st r MREN L5 K TypeError, $2ZI7IAN) bytes 5 bytearray Xf 42 i) N %5
FHER TR Z BB 55

static bytes.maketrans (from, to)
static bytearray.maketrans (from, t0)

WES TR Bl — A ] Thytes. translate () BFEHXTIREER, ERHE from PR FAFBU A
to HAHIRI LB LR FHF; from 5 to AbJ5UR e 5 7 e xt 2 9F HRAMFEIR K E .

3.1 B fE.

bytes.partition (sep)

bytearray.partition (sep)
1 sep WU IO ESF 375, IR El—A> 3 e, Hop & 0 AT Z R . 0 BT As B 5
bytearray HIAS, DAL BT Z G MRS FRFFARHRE], WREIAY 3 Jod il & I 51 A KA
23 [ bytes By, bytearray Xf4 .

TR BT ] LARAL R bytes-like object .

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

bytearray.replace (old, new[, count] )
R FPAN RIS, Hod B BT 175 old FREPOE N new. WIERZ T AT IESEL count, W) B
Wewi count YHLIE .

BRI T8 SR 7 51 0] LASR AT B bytes-like object

MR HEJTIREY bytearray HUAS Hf A LA E—— BB E NS, RIERCA ATk 2L .

bytes.rfind (sub[, start[, end] ] )
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bytearray.rfind (sub[, start[, end] ])
RPN sub FE) 75 WK BN IR (Bch) &G, iXFF sub RALETE s [start:end] 241, W]k
ZAY start 5 end 2AEIRVEAY) T FoRTE . WERAI BN M) -1,

FHRRI 175 0] ARAL R bytes-like object B2 0 5 255 JEHH NI HEEL.
16 3.3 MRHE A W 0 & 255 YU AR EUE I T8

bytes.rindex (sub[, start[, endE ])
bytearray.rindex (sub[, start|, end] ] )

R Friind (), HAETFI sub RILFIN &5 K valueError,
TR TS ] LARAT B bytes-like object B 0 & 255 i [l N A EEAL .
15 3.3 CE N W 0 2 255 Jul N AU N 751 .

bytes.rpartition (sep)

bytearray.rpartition (sep)
Split the sequence at the last occurrence of sep, and return a 3-tuple containing the part before the separator, the
separator itself or its bytearray copy, and the part after the separator. If the separator is not found, return a 3-tuple
containing a copy of the original sequence, followed by two empty bytes or bytearray objects.

SRR BT 1] LARAL R bytes-like object .

bytes.startswith (preﬁx[, start[, end] ])

bytearray.startswith (preﬁx[, start[, end] ] )
QSR B EE ASE 2 1 prefix FF LR [] True, EHIMERE] False. prefix 0] DK 2 A LA 0T
{ﬁﬁ%ﬁ@%é@ﬁéﬂo WRAG AR start, R ITHE E AL EFF IR AT . WA WIEIT end , REAE T4 & L E
1 AR

B R BRI ] DA AT B bytes-like object .

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

S5 [5]J5% bytes 5 bytearray SR AEIAS . Fok HLoh A 16T B4 delete iU bytes, FiA bytes ¥
A BB T, R AN TR K FE o 256 1] bytes X4

YRATAE by tes . maket rans () JFERAEFHE.
XTFAUHE R R PR A, 154 rable 2850 None:

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

e 3.6 B BUAESCRRRY delete 1520 KT SHL

AR bytes #ll bytearray X5 i 77 YA HIBRIAAT Jy & (BUE (114 ASCIL i —#EdilA% X, (il AGE 2419240
f}]%?f?ﬁfﬂ% AL bR . A/ NI R BT Y bytearray J7 iR R JFHIATHRAE, R S AR
POE

bytes.center (width[, fillbyte |)

bytearray.center (width[, ﬁllbyte] )
R TR R A, TR FER width (75 N, 48 2 1) fillbyte S 58P 2360 (BRIAGE T
ASCI ZAE4F) o X Fhytes X4, AN width /INFAET Len (s) WER[EEFHIEIAS .

HEfF: BLITIEM) bytearray iRAS Ff A OB ——BERE A SR, BIERAMUT TS .

bytes.1ljust (widih|, fillbyte ])
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bytearray.ljust (width[, ﬁllbyte])
R BRI EIAS, FER B width ()75 SRR 5. BRI @ W fillbyre SEFTE A0 (BRINGE ASCIT
ZHERF) . X T hytes X4, R width /INTAET Len (s) NLREIFFHIRIEIA .

TR BTV bytearray BUA 5 4 JFUBEAE—— B R AE—DBER, RIS MUETSL .

bytes.lstrip( [charse )
bytearray.lstrip ( chars])
R FFIREIA, BBIEENET ST . chars ZECHTE € B BT EHE AN —HEH T8 —X A
A FRFRI I A 2 T ASCH 4. WIRABEECH None, W chars ZHCBRIAFE IR ASCH 25 14§ .
chars ZH0F AR E BAFIZ: ESBHRSEEN TG HE:

>>> b spacious " lstrip()
b'spacious

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

SRS 0 3 7 51 W] LU AT R bytes-like object

A JET7EH) bytearray HUA JF JF A

EREE—NINER, BMERA BT

bytes.rjust (width[,ﬁllbyte])

bytearray.rjust (width[, ﬁllbyte])
WX R RIS, FEA LR width (P9 SRR T 4R E ) fillbyte SHFEASAL (BRINGE ASCIT
ZHERF) . W T bytes W5, WA width /NT4T Len (s) MERIE TR RIA

TEfiF: BLITIEM bytearray iRAS F 3 OB ——BERE A DS, BIERAMUT TS .

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

bytearray.rsplit (sep=None, maxsplit=-1)
K e AR AR R 2R B TR 5, I sep AR ArBRAT. MRS T maxsplit, Wi 2% 647
maxsplit KI5, M A& 2TFR. WER sep RIGEECH None, AT A4l ASCIL %5 AT 1151 #f 2
PAER AT B T NARTFHIGTRI>, rsplit () BYHAAT HERERLT Xk split ().

bytes.rstrip( [chars] )

bytearray.rstrip( [chars] )
R EF P AR EIA, BRI ERRETTT . chars ZHCHIEE BB IRTIEE A ot ) —xX 4
AR Ty IR 2 T ASCIL 4. AR WS B None, W chars ZHCERINE R ASCIL 25 A4
chars ZHOFAEFEE A IRE MRIBBRSEERN TG 44

>>> b spacious '.rstrip()

b!' spacious'

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

RSB Bl 7 5 T LURAE R bytes-like object

A WLJTIRRY bytearray JiUAS St AF AT

EREE R, AMEBCA AL

bytes.split (sep=None, maxsplit=-1)
bytearray.split (sep=None, maxsplit=-1)
K¢ BRI RSB 50, B sep A0 BRAT. WSREH T maxsplit HARGA(E, WiHxZ
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HEAT maxsplit Y3745 (L, 3R RZSH maxsplit+l NITEK) . W maxsplit KFgEsh -1, W
ANBRFIHFREC (FEAT A AT RERITRAY) -

WIRGEH T sep, WIESWHRARSBASHE RN SR 0B E FFH @Glinb 1, ,2".
split (b', ") BHREE [b'1', b'', b'2'1). sep BHEOTREN—DLZFFH (B b 1<>2<>3" .
split (b'<>") $fiR[E [b'1', b'2', b'3'1). MHIEER SRS 2 FHEHRE (b ] 5K
[bytearray (b'") ], HAKBURTHEIFRSRZRIIZEL. sep BT ARAL B bytes-like object .,

g

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

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

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

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

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

UK sep RAGE BN None, WM F—FfpHIE: HELN ASCH 2 AFF LB A BT, H
SRS TFIIL BRI AT, I, FEATRE D FRAF R OL TR 25 Fp 81 sl i 3 ASCIT =5
A S IEA TR R ] [T

B

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

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

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

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

bytes.strip(Lﬁam])
bytearray.strip(hﬁam])

R RS RIS, B8 2 IR IR R 7. chars S8R 18 & EH G WS G/ — e H F )
XA ZPRRI VA 2T ASCILFE4F . WEREIEECA None, W chars ZEERIAFE R ASCII
SEFRF. chars ZHOFAEERANBIHREBES: MR2SBRSEIERN A b

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

b'example'

R BR B 7 5 T LU AR R bytes-like object .

TEff: IEJTIRY bytearray HUAS Hf A LA E—— B R E NS, RIESRCA ATk 2e .

PATR bytes il bytearray X 42 (75 35 2 B0UE (A2 ASCIL ) —BERIAS 30, A 4900 TR —dE il 4 .
THEEA/ NPT bytearray J7VA#R A& EHIPATHAE, T2 27 AR FTIIN 4 .

bytes.capitalize ()

bytearray.capitalize ()
RS FFA R EIA, H AR AR R B — A~ ASCIL 545, I HAR — N W A K E MK
RI/NG o ASCIL P A5 {ELRFARAF AL

MR IEJTIRY bytearray HUAS Hf A LA E—— BB E NS, RIESCA ATk 2 .

bytes.expandtabs (fabsize=8)
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bytearray.expandtabs (tabsize=8)
REEHIREIAS, Hrh BT ) ASCH il 2452 th— a2 4> ASCH 234, AR E T 2 i o 8
LG E W TIRAFIEE . B tabsize DNFATBN— RO CBRIMA 8 BHAE I IR AAES) 0, 8, 16 R
W) o ZRIFIFA), SHiHNALE R BB — R S R T . AR ASCIT i R 4F
(L'\t"), MPFEGIRPIHA DB DEHEAE, BEYHET DR (RRGAS ALY
Sl ) WERMEFATR ASCHHATAF (o' \n ") BUA AT (0" \r"), BELWEGHIFH-FF YL H ERNE.
FEAR HAD T A B B SE HIF R4 RIS IN— , NIRRT EAER T B Al SR

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

b'01l 012 0123 01234"
>>> b'01\t012\t0123\t01234"' .expandtabs (4)
b'0l1 012 0123 01234"

MR BLT7IAR) bytearray fiAS S AR ERAE—— B R E R, BMEBCA BT AT .

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 se-
quence b'abcdefghijklmnopgrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ'. ASCII decimal dig-
its are those byte values in the sequence b' 0123456789".

#ian

>>> pb'ABCabcl'.isalnum/()
True

>>> Pp'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"'.

Bilan

>>> b'ABCabc'.isalpha()

True

>>> p'ABCabcl'.isalpha ()

False

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"'.

Bi4n

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

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

bytes.islower ()
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bytearray.islower ()

Return true if there is at least one lowercase ASCII character in the sequence and no uppercase ASCII characters,
false otherwise.

il

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

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

/NG ASCH FEHF il HE 5774 b abecdefghijklmnopgrstuvwxyz ' FHFERF. K5 ASCII
FE R HA S FE)F ] b ABCDEFGHI JKLMNOPQRSTUVWXYZ ' F 4T .

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()
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” .

#ian

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

>>> b'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.

g

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

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

/NG ASCH Z& il HE 5774 b abecdefghijklmnopgrstuvwxyz ' HFHFESF. K5 ASCII
FRE T EA S E)F 4 b ABCDEFGHIJKLMNOPQRSTUVWXYZ ' I FEF.

bytes.lower ()
bytearray.lower ()

R PR REIAS, HTA KRS ASCIL PR XT /NG
Bl

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

/NG ASCIL P F i EA S 7E)F5] b 'abcdefghi jklmnopgrstuvwxyz ' HIFRF. K5 ASCII
F R E A S HE)T 4 b ABCDEFGHIJKLMNOPQRSTUVWXYZ ' HHF4F.

58

Chapter 4. ;JEH




The Python Library Reference, 4% 3.6.15

TEff: M7 YRRY bytearray A S JF LB E—— B BUR P E— DN S, RIESCA BTk .

bytes.splitlines (keepends=False)
bytearray.splitlines (keepends=False)

1R 0] R R A A A TSR PN R, FE ASCIL AT AR B EAFR 4o BE O YA Funiversal newlines
HRR T GERINEPRNETEATR, BRIEA T keepends H HEAHE.

il
>>> 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']

AR T split (), BT 0ERAT sep 0, MW T2 FAFHBITIRFFR R 2555, MR RAHRITA
RGP N T:

>>> b"" . split(b'\n'), b"Two lines\n".split(b'\n")
([b'"'], [b'Two lines', b''])
>>> b"" . splitlines(), b"One line\n".splitlines ()

([1, [b'One line'])

bytes.swapcase ()
bytearray.swapcase ()

R MFEPAMEIA, HEr /NG ASCH 55 R KRG, Z IR
g

>>> p'Hello World'.swapcase ()
b'hELLO wORLD'

/NG ASCH &l EE 5774 b abedefghijklmnopgrstuvwxyz ' FHFE&. KE ASCII
FR R FE B EASAE/FY) b' ABCDEFGHI JKLMNOPQRSTUVWXYZ ' I F44F -

KNETFstr.swapcase (), FELE " #HHRAT bin. swapcase () .swapcase () == bin MEWr.
KNG HAAE ASCIT H@ X FRE, RIS HXS T4E 7% Unicode R {37 e AN B BT

TEfif: BLI7YEE bytearray BA 5 4 BB E— B B8R A —DBER, RIS MUETSAL .

bytes.title()
bytearray.title()

AR ] AP AREUR A, A A DA AN K E ASCILFAFEATT, HARFREA/NE . AIX
ARG I TR PR ER IR AL -

g

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

/NG ASCIL Pl F i A 775 b 'abcdefghi jklmnopgrstuvwxyz ' HIFRF. KE ASCII
TR T EE S FE 75 b ABCDEFGHIJKLMNOPQRSTUVWXYZ ' HHF4F. A Hoth F A5 (HEA
R KNG,

BRI RN B SIE T TR IE L, RS TR A R %08 IEZ RO TR A
2, HEMERE RS S A RIS Oy i, Xl S 2N 4R

4.8.

ZiFIFEIIEE —Dbytes, bytearray, memoryview 59




The Python Library Reference, k4% 3.6.15

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

A RAGE A I U ks SO A B RS 1) St A B

>>> 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."

TEff: BEITIRM bytearray iRAS FAF OB —— BB A B SR, BIERAMUETA .

bytes.upper ()
bytearray.upper ()

R E AR, /NG ASCI FAF 64 T i K S,
B

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

/NG ASCH Z 4l B EHE 574 b abedefghijklmnopgrstuvwxyz ' HFHFM. K5 ASCII
= B

PR R EA SHE)F Y] b ABCDEFGHIJKLMNOPQRSTUVWXYZ ' 4T .

MR EJTRIY bytearray HUAS Hf 3 LA —— B R E NS, RIMESRCA ATk 2L .

bytes.z£ill (width)

bytearray.z£ill (width)
R JE P EIA, /TS b 0 B P 5K B width, IE{EFIZE (o' +'/ b =) WAL FE )55
RTEIETATS Z BHEAMAAEZ Hl . X T bytes ME, WL width /NT45T 1en (seq) MR EFFH .

Bl

>>> p"42" . z£1i11(5)
b'ooo042"
>>> p"-42" . zf1i11 (5)
b'-0042"

TEfif: BLT7IAR) bytearray fiAS S AF ERAE—— B R E R, BMERCA BT AT .
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4.8.4 printf REHFTRHEAL

TR NS R AT 2SR, PTRESBOFZH IR (BIANToik B 6 s S 7 i) .
IR TR T RE S B i, R A e

TR (bytes/bytearray) BA—FRIRRI NERAE: B © OB 2R, XWPFRN TR 1
AR B FAF. W T format % values (HHt format Jg—AFHTHRR), TE format H1) % Heihric
PR TA B E A values 26 H o HACREMTAE CilF A sprintf (),

NS format FER—ASEPSEL, W values W] DR —ANFETCAHR S S BNRIE, values Wi Bl 52 & — M0 5 3
BGRB8 E AT IO R o4, sl 2 — R e XS 5 (Banoca) .

PO S AN BOE 2 PRI HAT AN, HAD AR AL L 5E Y -
Lovs fF, T RGBT IR .
2. WehreE (RIEk), e MIESES R FAF T S48 (B (somename) ).
3. BEAsEAR (W), TS LR R S5

4. BUNFBOLEE (Wik). WERAEER '+ (D), MSLFRIIEZLM values TTHRY F—ICR PR, B4%
AR G N A f /N7 B S BRI AT e AR 2 IR TE 2R

5.8 (k) , PATE ' (55 ZJENEEEERERG . WRiEE R '+ (B5), WISEhREE M
values TN —ICE PEEL, BRI E MRS 2 FITE .

6. KB (AIik).
7. BEHIER,

UHAKSEO AT I (SCHAMBE) i, oy G A o o2 000 & 0[5 -5 imApTE , of J
'SP R T IR A T RSB ARG R e B AR (. B

>>> print (b’ has quote types.' %
Ce. {b'language': b"Python", b"number": 21})
b'Python has 002 quote types.'

TESCIFOL PAR R B B ~ ARiCAF (R FIIRNSHBIE) .

LSO RVk
e | X
Y ERECRE T B OB (BE O RS0) .
0" | BB IR T AT
| RRAER AT (WERIER AR 0 ek, WIS EE).
U SR RS R A IR R (BT ARRES) IR B AR
ST O B ) RS TRREAPREITL (S AT ).

FTAG K ERE 7 (b, 1 8 1), {FLZHZ20E, (A Python A L T-FTDA $1d 40 F s
FEHORT
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%% &Y 7
F =
'd’ ArEs kbR
it LR T8
'o! B /\EH 1)
'u' A RA- ST d 8)
'x! AR AR NS ). (2)
X! AT TREEREC (K5). 2)
e Eaidesos (UhNE). €)
'E’ e (RE). 3)
£ IR 3)
'F' P A% 3)
'g' PEREAEE. WRAREUNT -4 SO/ D TR N A NG fe 8ok =X, R kg, | @)
'G! g WRAREUNT -4 SO/ DT RN AR S f8uks =X, B Fiffiis=. | @)
'c! AT (B BHER NN E) .
'p' T (EATE0E g X EE HAT __bytes__ () IR ). (5)
's' 's' e b A%, HCYTESET Python2/3 AL AT . (6)
ES FAER (ffi ] repr (obj) .encode ('ascii', 'backslashreplace) #4(F{i] Python | (5)
XE)
' 'r' g ta' A, K UAERLT Python2/3 B H S @)
'S AR, SRR 8 R

MR

(1) WA S5 B AR AT ( 00 ).

(@) WHRTGR ST T2 ARA " 0x 50X A% (BRETRU "= B2 X' His).

(3) W RIG RRSAELERP 85—/ NI, VBRI 2T
NSRRI B RS, BRAN 6.

(4) B RTB R AR 55—V, R A (L R R AL O T ABRERERS B
NGO I IR AR R A R B 6.

(5) MHHHN N, MUY N 54

(©) brwst I, B 3x RIPHR LWL,

() brart BIH, L 3x RIS R AR

(8) =, PEP 237,

TEff: TR bytearray JUAS 5 JF JIEHLEAE—— B AU AE— DN S, RIESCA U Tk .

B
PEP 461 - > bytes fil bytearray ¥5/il1% #&=4k
3.5 B ge.
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4.8.5 AEHNE
memoryview YR fLVF Python fUR DT — SR I NFEREC, N BHRR G Geh RSN Jo iz 2795 DL

class memoryview (obj)
BIE—A5IH obj Wimemoryview, obj WS FRGetp KM SCRFG I PML B N EXF R UG by tes
Mbytearray.

memoryview BAG L EMME, BVl EIEXTS obj Frab B A AR IC. X T 2 /i B2 B4
Mbytes Mbytearray Kifl, —PrtRile 71, HeHMrRAGIMNarray. array W REAE
KITTE.

len(view) Htolist K JEME, WHE view.ndim = 0, WMEKEFH 1. WHE view.ndim =
1, WHEKESET view U EEE. M TEEPLERE, HKEST IR view FiRESRWK .
itemsize JEMERA] MRS H AN TR T T4

memoryview XFHEMYI R MEGVIRHEITER . 4 4R — T IA:

>>> v = memoryview (b'abcefg')
>>> v[1]

98

>>> v[-1]

103

>>> v[1l:4]

<memory at 0x7£3ddc9f4350>
>>> bytes(v[1:4])

b'bce'

W format Jg—A 3 H T struct BOAYEEMULIIRT, D0 SO B Rl o B 80 i o4l
PATRT], FHREIEA EFRIR A TR — eI AT AGE ] — AR Ry — A BB il e
MAFTERT] . ZUENTFILEI T AGE ] f A 47 ndim AR TCRAATRE], ndim BIILHERE . EHEN
PRI AT PAGE ) 25 e A TR

X B — AN AR T AR S

>>> import array

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

>>> m[0]

-11111111

>>> m[-1]

44444444

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

[-11111111, -33333333]

WERTZXRRE TG, WAL SR —AET R IR SO R/ NI e

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

>>> v.readonly

False

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

>>> data

bytearray (b'zbcefg')

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

>>> data

bytearray (b'z123fg"')

(QE9)
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(8 E70)
>>> 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'spamn'

>>> data
bytearray(b'zlspam')

AR B, ‘b’ 5 ‘¢’ WNIAA () BB —4E N AF L IE R R & T a2 o ey
% X °H hash (m) == hash (m.tobytes()):

>>> 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

£ 3.3 JCE L — NP BIE AT AT . A4S BT, b B o7 M ZENAT LRI B
=Ll ternibp

TE 3.4 OB WAEMERIIE & HEhd M hcollections. abe. Sequence
e 3.5 e WAL BAE T B s A T R
memoryview HAPNF—)5HE:

__eq__ (exporter)
memoryview 5 PEP 3118 rPi) S th g ixX Wi & AR ARA ), HF HAR S st ruct 1BVEAMRER
YRR AH AR X ACRD I B A %ok 7 (LR ARTRD , DU AT T2 SN Y

XFtolist () MBI SRR st ruct AAXFHRFH T, R v.tolist () == w.tolist ()
M~ 1w A4

>>> import array

>>> a = array.array('1', [1, 2, 3, 4, 5])

>>> b = array.array('d', [1.0, 2.0, 3.0, 4.0, 5.01])

>>> ¢ = array.array('b', [5, 3, 1]

>>> x = memoryview(a)

>>> y = memoryview (b)

>>> x == g ==y == Db

True

>>> x.tolist () == a.tolist () == y.tolist () == b.tolist()
True

>>> z = y[::-2]

>>> 7z == C

True

>>> z.tolist () == c.tolist ()

True

R PR R AR R st ruce BEBFTSCRE, WM G R EPR R A (IR
FrepFIgerh XN ZEARIA )

>>> from ctypes import BigEndianStructure, c_long
>>> class BEPoint (BigEndianStructure) :
_fields_ = [("x", c_long), ("y", c_long)]

(Rt
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(22 30
>>> point = BEPoint (100, 200)
>>> a = memoryview (point)
>>> b = memoryview (point)
>>> a == point
False
>>> g == b
False

R, SEABEL R, T HNFREXSRKR, v is will FRERE v == w.
T 3.3 WOE R 2 BRI RAS LA IR A I 2 22 2% H BRI AR 454

tobytes ()
R geh D R o 7 ARk [l o A TAE AR I ETR T byt e s MR

>>> m = memoryview (b"abc")
>>> m.tobytes ()

b'abc'

>>> bytes (m)

b'abc!

M ARESAL, GiRGE TR RsIR, L BrA JCs oy 7 s . tobytes () 3CFF
PrAtg XA R, AT st ruct BEHURRRPIR L ALFRAE N -

hex ()
Rl —ASFRFERRTG, H 2 BIDAIAS TS BRI 3R g op X L BT

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

'616263"
3.5 B e,
tolist ()
FrGenh XN S PA— A Ie RPN RITE AR [E
>>> 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]

TE 3.3 BUEH: tolist () BUES st ruct BHEEIR P I 745 AR A R Z 4Em T2
e

release ()
FERCE WAL XS R T AT RIIRZ 00 X . VP2 X e 0 B T IR B R 2 SR BURe iR S (Biln,
bytearray Yot IEREER/N) 5 B, T release() ] ATy MR R A BRIX SRR H (IR
A Z A R ) -

TEMTTEWR )G AT AR Rt — B B 5 &K valueError (release () ARBERSN, EW]
PABEZ UG F):

>>> m = memoryview (b'abc')
>>> m.release ()
>>> m[0]

(Rt
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(£ 50

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: operation forbidden on released memoryview object

S with 4], AT RAGELE EF SCE PGB SR ROR:

>>> 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

3.2 B fE.

cast ( format[, shape ] )

e AR S AL R B RS NEEAR . shape BRIAH [byte_length//new_itemsize], XEIR
EHCRER e — 4B . IR IME S — SR NAFRRIE, HEM XA AR S SRS

1D -> C-contiguous Fl C-contiguous -> 1D,

HEMEART st ruce AT HIBR—ICR AR HA—Fg Ay 73548 ( 'B”, ‘b’
o ‘e’ o GERAY TR LS G A

- 1D/long %54}y 1D/unsigned bytes:

>>> import array

>>> a = array.array('l', [1,2,3])
>>> x = memoryview(a)

>>> x.format

B

>>> x.itemsize

8

>>> len (X)

3

>>> x.nbytes

24

>>> y = x.cast('B")
>>> y.format

B

>>> y.itemsize

1

>>> len(y)

24

>>> y.nbytes

24

} 1D/unsigned bytes ¥4t °4 1D/char:

>>> b = bytearray(b'zyz")
>>> x = memoryview (b)
>>> x[0] = b'a'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: memoryview: invalid value for format "B"
>>> y = x.cast('c")

(Qi¥i#3)
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(£ 50

>>> y[0] = b'a'
>>> b
bytearray (b'ayz')

- 1D/bytes ¥4 3D/ints F4E40 >k 1D/signed char:

>>> import struct

buf = struct.pack("i"*12,
x = memoryview (buf)
x.cast ('i', shape=[2,2,31])
>>> y.tolist ()
(reo, 1, 21, I3, 4,
>>> y.format

v

>>>
>>>
>>>y =

511,

i )
>>> y.itemsize

>>> len(y)
>>>
48
>>> z = y.cast('b")
>>> z.format

b

>>> z.itemsize

y.nbytes

>>>
48
>>>

48

len(z)

z .nbytes

(e, 7, 81, 19,

*1list (range (12)))

10, 11]7]

Cast 1D/unsigned char to 2D/unsigned long:

>>> buf = struct.pack ("L"*6,
x = memoryview (buf)
y = x.cast('L', shape=[2,3])

len(y)

>>>
>>>
>>>
2
>>>
48
>>> y.tolist ()

(o, 1, 21, (3, 4, 511

y.nbytes

*list (range (6)))

3.3 B fE.

7E 3.5 WUREG: ML T RN, TSR TR

ST AE—SET] T L
obj
NAFILEI B T2 X R

>>> b = bytearray(b'xyz')
>>> m = memoryview (b)

>>> m.obj is b

True

3.3 B fE.

. TS B —Dbytes, bytearray, memoryview
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nbytes
nbytes == product (shape) * itemsize == len(m.tobytes()). XEiHFEELSHE
NEPRES S S BB EA—EST len (m):

>>> import array

>>> a = array.array('i', [1,2,3,4,5])
>>> m = memoryview(a)
>>> len (m)

5

>>> m.nbytes

20

>>> y = m[::2]

>>> len(y)

3

>>> y.nbytes

12

>>> len(y.tobytes())
12

Z YA

>>> 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 ()

([ro.o, 1.5, 3.0, 4.5, [6.0, 7.5, 9.0, 10.5], [12.0, 13.5, 15.0, 16.5]]
>>> len(y)

3

>>> y.nbytes

96

3.3 Bk HIhE.
readonly
— RN AR RS R
format
— TR, AERE PN ITRIEA (FOR N st ruct BIHER) . WAFILET AR
AT R g R, EIELINE (Blintolist () BRTIHEA M BITRK.

TE 33 BOEHC #55K B IUHE S # I struct AHUEE RAL B X B memoryview (b'abe') [0]
== b'abc'[0] == 97.

itemsize
memoryview HFIEEANTCE PAF T RN KN

>>> import array, struct

>>> m = memoryview(array.array('H', [32000, 32001, 320021))
>>> m.itemsize

2

>>> m[0]

32000

>>> struct.calcsize('H') == m.itemsize

True

ndim

— R, IR N IR Z 4 R 2 DA
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shape
— BT, W ndim B EE(ES L NAERNGERI N 4B TEAR .

1E 3.3 BE L 24 ndim = 0 BWHE A28 JCAL M AN F-H None,

strides
—AMEEHOTH , B ndim KL B AT RIRI KN, PAE RS AR RS T
1 3.3 HROE R 24 ndim = 0 FHE 25 TCAH I AT None,

suboffsets

Bt PIL AR RN RO . ZE DU NS EFE.

c_contiguous

—NFEIHWNERTE N C-contiguous FITT/R(E
3.3 Bl e

f_contiguous

— AN NAF275 K Fortran contiguous fA5 /R .

3.3 FiihsE.

contiguous
— AN NI~ contiguous FRIT JRAE .
3.3 B hne.

49 HEE5FA)—set, frozenset

set X5t HA ME— M hashable X5 Fir LI TO 7 2 W4 3 W0 A A 36 U R . T8 Hh B B
SIABBCEE T EAIOTE, BlnscE. L. EEGMELESGS. (X THMER/NRIESEdict,
list Htuple ZENEI, PWcollections filt,)

HHAbZ L, F£EAMHTH x in set, len(set) Ml for x in set. {EN—FIEFNLTIE, £H
HALSRITCRN B BSAHAMT « AHNVHL, AR IRRG] . Y S5 2054k

HEIE PN EELEGHRA, set flfrozenset, set RALZAASH—HNE R PAEH add () Fl remove ()
AL R . TR AR SRR A M AE, HA R EF i f el HAh BE G IC R . frozenset
PR AR ARH: H oW hashable —H: N ZEAE AN 2 G A REFFEAS s TR e mT ARSIV 7 i p it el HLAth 82 A9 T
%,

BT R DA set MrERE, JEZSHY set (N2 frozenset) 34 AT DA i K DA 543 BR A I E SN R LS THIES 2
kB, N {'jack', 'sjoerd'},
A8 1 g EA FH R A4 O =X

class set ([itemble])
class frozenset ( [ilerable] )
3R [\ — A1 set BY frozenset X%, HICER AT iterable. S ICE NI Fhashable, B RHEL
X%%Wﬁi%%é, FIRMINZEG LA frozenset MG, WERAKIGE iterable, WKF A —AF S
o

set flfrozenset RYSEFIRMEDA T HAE:

len(s)
RS s T RS (RF s 1A .
X in s

Rl x A0 s I .
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X not in s
Rz x 2 AE s ARG .

isdisjoint (other)
TR EATEAE S other AT TCENIRE] True. Y4 HAUCYI M ESTAZE N aEGHT, HHEH
A LA

issubset (other)
set <= other
R @ 15 4R A P RS JC R AT other 22 T,

set < other
KM S 1K other WE T4, Bl set <= other and set != other,

issuperset (other)
set >= other
K 2T other HIEEA TCRARMER A Z

set > other
MG BT K other INEABE, Bl set >= other and set != other,

union ( *others)
set | other | ...

R ARG, HAP R B IERE G DAL others $5E R T A£G HHYICEK .

intersection (*others)
set & other & ...

RE—ASHEE S, HA &R A VA others $8 & T £ ILAEIITR.

difference (*others)
set - other - ...

RN, HP e AR A PTE others 15 B HHAE & HATAAERI TR

symmetric_difference (other)
set * other

R ARG, PR CREUR TIREG DS T other HE R MRS, (HARERINE T M

copy ()
Return a new set with a shallow copy of s.

W o o=, dE 2 B FF M A Wunion(), intersection(), difference(), PA
K symmetric difference (), issubset () Mlissuperset () FESEZIFEZ ] EAL XL
YERSE. MEZT, B N B R NSRS HONE G . Xt HER T4 5 B S g
LB set (Tabe') & 'cbs', MEEFERELEFEIRG set ("abe') .intersection('cbs'),
set fifrozenset WXFFEAHEGHHE . WNMEEY BACY BN EGTHEN TRYUE TS
—ANEGZ N (BSR4 BHMESE. —MEGYHICYH S — AN EGHETE (RNE
B THEEPERE) WHWNFRS NG, —MEAGYHICYH A S N EANERE (BN )G
FWEBEEPE AMEE) BT — 1 EA.

set LBl Hrrozenset WGl 2 B & T B 189 & 5L # 17 L. fil 41 set (Tabe') ==
frozenset ('abc') IR[H True, set ('abc') in set ([frozenset ('abc')]) H—FF,

TR G R I AR A EH T gL B, (EEWAES HAM WA G A B EA A
HTHE, FMPAT A iR False: a<b, a==b, or a>b.

HTRAGIUE L THMER (TEXR), FHHEAGHRINIIRList. sort () Ik L IFEE Lo
EARILR, STMAYEAER., WA Nhashable.,

B A Tset Ll S5rrozenset i 3l 42 BRI W1 5 58 — A B AEBCH R A 2 84, i e
frozenset ('ab') | set ('be') ¥kl frozenset LH .,
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TERINVH TR Fset MABEHTFAR AR frozenset SEFIRIHRAIE:

update ( *others)
set |= other | ...

OB A, ISR A others HFFTAICE.

intersection_update (*others)
set &= other & ...

WS, HAREHPFERTA others FULAFFEM TTEK

difference_update (*others)
set —= other | ...

RS, BRHEBWAAAET others FIITE.

symmetric_difference_update (other)
set #= other

B, RAREETEAN— IR FAAAER TR

add (elem)
RICE elem MBI EAH .

remove (elem)

MEEGTHREIRICER elem., QISR elem NFAET G TN &T]| K KeyError,

discard (elem)

URICER elem AFAETH A MR HAZ R .

pop ()
MEG IR UL E —NICR. WREG SN ST K KeyError,

clear ()

MEGHHREERPT A IR -

HHE, EzE KR A Wupdate (), intersection_update (), difference_update ()
Msymmetric_difference_update () JERHERALE BT ZIENSEL

WA, _ contains__ (), remove () fldiscard () JFYER] elem 0] fef2—1> set. Bk —
ANE I frozenset AT R, ARG elem IO E — MBI 4 .

410 BREFE—dict

mapping X423 ¥fhashable (EBGFEUE RIS . BLGHE T 28X % . H AT {CH —FIdnEBug sy s, (X T
HAMMA N RIESE 1ist, set Htuple ZENEI, PAfrcollections Filk,)

FHAHE LT AR . dkhashable f(E, B S8R, FHEHA PSRRI (M REETET
FEXFRARRIEATHORE) R AT RS . KOS A SR AR A LUy — oI - A SR B AR 5 (Bl
1A L. 0) M AT AR R R Al —F & H . (HREER, d P AN 77 S SRy,
DRI e JHE P A B R W 1)

FHL AT DU A DA S R S E XS RE S TS Z R EIE, flan: {'jack': 4098,
"sjoerd': 4127} B{ {4098: 'Jack', 4127: 'sjoerd'}, WRIPAEIT i ct MG EA) R,

class dict (**kwarg)

class dict (mapping, **kwarg)

class dict (iterable, **kwarg)
AR Bl —ASET R T, BT AR A E SO T RE D S i KB T SRR R e .
WEREA S B ESE, Rl RGOS SHOT HIHE TR g, frald—
A FAT S B GAH R S 1) 7 . WIRIE, (LB SR — A iterable X5 . Z AR G
R — AR B AU — S WIS S PN TC R I AT IR AR R o T P 8 55— X Gk A 7 ) —
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AV, A RIE RO HXT A (E . AR B AR, IR R R MER O HAE
SR A E

WERAGH T RETFSE, WRE TSR HAES PN BT (L ESAE0 7 . AR EAR
CAFFE, R H KRBTSR ER Ok A (VB8 SHE.

fENER, AN RBIERER T Y% T {"one": 1, "two": 2, "three": 3}

>>> 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 == d == e

True

15— AU T ISR 5 7 S 0ty X LB A0 Python BRI . Fof s 200 T 6 4T

(EEEEV i N

X B SRR (BT 2 SO B S SE  2 S ) -

len (d)
gL A SR

d[key]
Rl d DA key SRR . QRIS AL key W 5| K KeyError,
WRFIY) A LTI _missing_ () H H key RFETE, W dlkey] #AERE %7
FfAT 3 key 1N 240 d [key] BEEFRRIMIEG % __missing_ (key) VM FTiR M5 | KA AEAT
MERE S WA HABRAFEO RS AR __missing. (). AARREX _missing (),

M5l kKeyError. __missing_ () e —P Ik EAER LI E:

>>> class Counter (dict):
def _ _missing__ (self, key):
.. return 0
>>> ¢ = Counter ()
>>> c['red']

>>> c['red'] += 1
>>> c['red']
1

LT R T col oot ions. Counter SBUMHAERS. E4 54K _nissing_
FERdicollections. defaultdict B,

d[key] = value
¥t dlkey] &N value,

del dlkey]
Ff dikey] M d R, QERBL AL key M5 K KeyError,
key in d

WA d PAEAERE key MR W] True, fHIRME False.
key not in d

ZMT not key in d.

iter(d)
IR AF MR R kAR . X2 iter (d.keys () BYPFES .
clear ()

BB S BT IR

72

Chapter 4. ;JEH



The Python Library Reference, 4% 3.6.15

copy ()
R[] JE B P8 DL

classmethod fromkeys (seq[, value])
Create a new dictionary with keys from seq and values set to value.

fromkeys () J@TERITIL, ZIREI—AH7F M. value BRI\ None.

get (key[, default])
TR key FFAET 8 F MR 0] key WOE, 75 0)IR 0] default, TSR default K25 H BRI K None,
M4 AL | kK KeyError,

:|.tems ()
R HI ((3, 8 XD A — AR . S ILALE A %A,
keys ()
R[] f M2 ) — TR . S AL 2 S AS

pPop ( key[, default] )
W key AEAE T 7 M A PR AL BR IR AR 0] HAK, 75 W 0] default. 412 default K45 H H. key N AF
T, W5l kReyError,

popitem ()
Remove and return an arbitrary (key, wvalue) pair from the dictionary.

popitem () &M TXFWMIATIMAEMERIEN, RIELEGTERTFEFRMN . WRFMhz,

Hpopitem() %%%IEKeyError

setdefault key[ default]
QR FIAFAERE key , IRIBIERIME . WRAETE, AN default 15 key , IR 0] default . default
‘ijkj»j None,

update ( [other]
TR other HBEMEXT HURT 7 4L, A 8. 1 None.

update () %5 —NFMI S, SF MO HEAEXT (DU D 0 o4 sl H At mT 2% A%
ZFoR) MBI L. ARG T XREFSH W2 DU BT 5 2 i S8 6 38 87 7 8 d.
update (red=1, blue=2),

values ()
1R[] A R — DT . S AL 3 %34S

Dictionaries compare equal if and only if they have the same (key, wvalue) pairs. Order comparisons ( ‘<’ ,

< )

‘<=’ |, ‘>=’, ‘>’ )raise TypeError.
S UL:
types.MappingProxyType WY HREBIH—Idict B RBEMA.

4.10.1 FHRPEIR

Hdict.keys (), dict.values () Midict.items () FriREIMINTGE LB 2T £ SRR MEFHAE B
~AmuME SRS SR o8 ) Gl S R VA

UL P ] AR A LA™ A2 5 HOX I A Kt #B'Z%ﬁiﬁﬁfﬂlﬂi

len (dlctv:l.ew)

AR o] LY 2% H AL

iter (dictview)

b g . EE (DA (52, ) WnRMITAHFR) MRS
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Keys and values are iterated over in an arbitrary order which is non-random, varies across Python implementations,
and depends on the dictionary’ s history of insertions and deletions. If keys, values and items views are iterated
over with no intervening modifications to the dictionary, the order of items will directly correspond. This allows the
creation of (value, key) pairsusing zip (): pairs = zip(d.values(), d.keys()). Another
way to create the same listis pairs = [(v, k) for (k, v) in d.items()].

TEVS 0 2 5 St g 2% F B TR L P AT IR T RES | K Runt imeError M8 Lk 5t 4 U A 4%
He

X in dictview

TSR x B XN P AEE R B (T (e G — RO x BOA—AS (88, {H) Jodl) WEiRE True,
BOEELTES, WAHAHANESZ A . WRITAEEZ TS, Bl 8, @) SEAESEH
AR, IRALHREBSEMUTES. (EAERUAGR LT ES, HHELAHEFEHEAEEEN.)
XMFRUUTFEAGVME, Mg collections. abe. Set g XHETBEAEAS @A 3 (BN ==, < 8¢
/\)o

— AN AR A s

>>> 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
>>> list (keys)

['eggs', 'bacon', 'sausage',6 'spam']

>>> list (values)

[2, 1, 1, 500]

>>> # view objects are dynamic and reflect dict changes
>>> del dishes['eggs']

>>> del dishes|['sausage']

>>> list (keys)

['spam', 'bacon']

>>> # set operations

>>> keys & {'eggs', 'bacon', 'salad'}
{'"bacon'}

>>> keys ©~ {'sausage', 'Jjuice'}
{'juice', 'sausage', 'bacon', 'spam'}
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4.11 ETFXEEEXRE

Python ff) with iB4A)SZRpE LT R SCE BN E LR T B SGX— M. BEXRpg s 17X L]
g%,ﬁﬁﬁ?ﬁi%%%%%ﬁﬁﬁt?i7E%@Wﬁ%ﬁﬁﬁAﬁiTi,#E%ﬁﬁﬁ%*ﬁﬁﬁ
iz R

contextmanager.__enter__ ()
Enter the runtime context and return either this object or another object related to the runtime context. The value
returned by this method is bound to the identifier in the as clause of with statements using this context manager.

— AN IR A B R SCE PR AR 19 01 T2 file object. SCFXT GRS __enter__ () IRFIHH &, PATY
Yropen () B MAE with B4R LR SckBR.

An example of a context manager that returns a related object is the one returned by decimal.
localcontext (). These managers set the active decimal context to a copy of the original decimal context
and then return the copy. This allows changes to be made to the current decimal context in the body of the with
statement without affecting code outside the with statement.

contextmanager.__exit__ (exc_type, exc_val, exc_tb)
IR IBATI bR SO IR [ — A1 R AR S e I T S A AR AR S SR A5 B 2 A R . A RAESRAT with
ERTER AR AR T N, WS RS AL, EARIWIER . EHART LN =124
¥J°5 None.,

Returning a true value from this method will cause the with statement to suppress the exception and continue
execution with the statement immediately following the with statement. Otherwise the exception continues prop-
agating after this method has finished executing. Exceptions that occur during execution of this method will replace
any exception that occurred in the body of the with statement.

B AN S5 A AN B B R T 5 | A S, VA R 2 3R [l — MR (B AR A E ) 58
W A A B | R R S . X AVr BRSO S A exit () EREMEDE
@

Python & X 7 —#8 R SCE B R R SRR O AR P . SCUFBCHAA A PR 5P, DA S (A 16
I HREREAR BRSBTS E TR SCE B ASL , AR BN LR 2 context 1ib 1
BRAF KA

Python ffjgenerator flcontextlib.contextmanager 3£ g 2 AL 7 52 I X Le P i i) (8 48 7 . 22
{j*;)iﬁcontextlib.contextmanager %Tﬁ%&%%fﬁiﬁﬁ\iﬁk%&@ﬁa BRI ] — AN SE LT
Eﬂtﬂ_ﬁam_ﬁmp_ﬁﬁ%%LTi%ﬂ%7W%ﬁ%ﬁ*%%%%%ﬁ%@ﬁ%ﬁi%%
TYEE, Python/C API H1 Python %42 (1) 2 BS54 h - A S XX 2807 YA & T TR . RS SGX 2Ry
JE BN CR AT N8 1Y) Python ] 17 [F) I VAR . S EBATIN LR SCRYTFEEHA L, B2l
HWITFES AT AZIEASTT

4.12 HitHEXRE

AR SR BE AP AT G o K BERT G RIS R — PR A
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4121 iE

BEHME— B RR R B A 2 BTG 1 m.name, X HL m Jy— IR name 151752 AL m MFF SR FH—1%4
Mo BEHRIEPERT ABIRE . (R import HA)/ HORBLULZ MBI R —FiffE; import foo A%E
SRAFAE—A44N foo IIREBRXTS , T BERAFAE—DXIT 444 foo RIBIHET GRAME) € 3Ls)

WA — MR dict . SR ARSI IR U S O B
%, (RTHEEEA dict R (RIS m._dict_ ['a'] = 1, X&fim.a BN 1, A
fEGm._dict_ - (). REMPHEBEN  dice .

WET RSP RBR S HIXAE: <module 'sys' (built-in)>, URGEM—DICIEME, WEE

<module 'os' from '/usr/local/lib/pythonX.Y/os.pyc'>,

4.12.2 % 5%HI

KT X BEAATE 2[5 objects Al class.,

412.3 T

PRAICH G il 1) R A SCB ) o X R BN S ) ME—#AE 2 B - func (argument-list),

SEPR FAFAEPFPASF B R BN S N E BRECR P E 8 SR B TR SCRFRIFEREE (VA e %l) , (HsEst
FAANF, FHHXGRETBAFE .

¥ 25 Hi5 2 7 function.

4124 B

I RN R W R R eI INE D (BINS R append () ) FIZESEH )
e WEITER RPN ZEAORA.

WRARE T — AN SL BRI v (BE CHEZR G A BN ERED) , RS — I 5 982 7 ik (5
PR 7 ik) M. LA, BESR self SERMBISES £, 908 kKA WA FRRN H g b
m.__self_ #AFZHEMXG, Mn.__func_ @Iz ER KL WA m(arg-1, arg-2, ...,
arg-n) BEEM T m.__func_ (m.__self , arg-1, arg-2, ..., arg-n),

SREBSEELL, BEHENSEOIRRBUEEES. B2, BT HFEBELE LRET TIZ0 R
XEH (meth.__func_ ), HILCARARFRENC HEWITEBEE. 2R E T ENREERS S35
KAttributeError, MERENERE, VRUGHHETZRREON S b B2 b s e

>>> 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'

W25 EE S types.
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4.12.5 EDIR

ARG ARSI R R “Dhéiid” 4T Python A, BAN—ANeREUAR . EATAE T RRE 4
HENTAEE X H 2 RPATIHREERNE I H . AAEXS R B NER compile () REGERM], I 0] K BEEOT S
__code__ BN HiES 5 code Bk,

A PAE R S (RIS AT ) dhexec () Bleval () WHEBRBORITECRE.
25 E 155 types.

4.12.6 HEIFER
FRAN G FRE PR AR, X RA B E L P E R Cype () RIREL. BB H R IREAE . FRifE R
Heypes & LT Fra bRt BB 2 FR .

KA B FER: <class 'int'>,

4.12.7 =&

Bt 2 A B IR [ R AR ] BN SRR R I B . 25X 5 U — B None (X 21N E:
#FR). type (None) () & iR —/ EAf,

ZXR IG5 N None,

4.12.8 HEEFFHEK

AR EYH T YR (B slicings). B A CAFATAIERR I EAE . BN S HA —FEEL 1ipsis (X2
WEAFR). type (Ellipsis) () &M EIIipsis Hf,

PR EE N ELLipsis 5 . ...

412.9 RTTHR

WG A Ry HBEFN — TCiz SR T AT A SCRp 2R B I R [FI{F . 7% 227 comparisons T fif 5 2 1%
B RELHX%5 HAB—FME Not Implemented, type (NotImplemented) () &4 REXAHH.
ZN R GV R Not Implemented,

4.12.10 f/R{E

/RERMADHE AR False Ml True. EAIRIIRF R BB (A Foth fE o] 2 E B E el
{H) o TERCFRM TSk (BB ERARZEAFN SO ), ENIRATAD BI2EITHE O fl L. NER
Rpool () WIRHARSHT BAEFAN IR, RESRE T PRI — 2 (S W2 AL 4 e 3
)

XSG G Y5433 h False #ll True,
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41211 PIERIIER
A KRBTGS types. HA A THWOIGE . IR AKX R4

4.13 FH%REH

T H LB A GRB S IN T — SRk LS E I, ENRA & BN .. b —8IE A& air () N
ERBIS .
object.__dict__

— M ECHA R R, TR (FT5) Bk,
instance.__class__

KB RINZE
class.__bases___

HI 2N G B 2R BT ) T4
definition.__name___

CSNIECE | OBV NNIE (132, 0 Ra SV & e U R
definition.__qualname_

xL O REL s WREREUAE R L B qualified name.

3.3 B fE.
class.__mro___

A oo S DA pved S (W R Lt TS - S RS S K e A
class.mro ()

W ET A TCASR B, DA HSCHI & Sl B AT . B e RS FIE g A, g R Ak
F__mro__ ZHi,

class.__subclasses__ ()
A A Bt TR B TR 595 LRI TI 3 . 7 AR I — A i R AR 1O A K5 4
IHIF) K. B

>>> int._ subclasses__ ()
[<class 'bool'>]

&iF
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F£ Python Ht, Ty S # b 25N — MR H BaseExcept ion IRMSEHI. FEHA R K — e except
THR try iIHRH, G TRESAPEATIRAE B Ix KRR ER (EALH ¢ FriRE i RmEdR) . i 7L
P BIB BT AR KR IR R AN SF R, BB EATRAMIER 25

TS R T AR N B RO A . B AES AU, EATERAS B — R S B A
JEAR “RBIE” . XA — DR 2 ME BT (Fa— RS A— AR IR T4 ) AL
el KIS B B 5 75 s .

PRI AT DAG | & B S . XA R TR S i AL PR P B R A R A, bR TR S A T M)
SER R DU (HRIETR, WA ERBLRIBER (AR S | NS 4 R R

WOE S KA LA T R A DA T S s AR Y L M Exception RECE WA TR A Z
MBaseException IREFH W RHE. T EXRENTELE E 1] PATE Python ZFERY tut-userexceptions
W EE .

U7 except B Finally FAIPTIR (HEHTIR) S, _context _ &AL AFMINIIR
—ANFE AR AR AR T, I 2 S R B [ A R R B S R 1 S A S ) S

YRR (MR R raise SREHTI R LHIEAEN F#) 1, B RE L30T
PR A raise ) from RANTE— XA IR A:

raise new_exc from original_exc

IRTE from 2 JGIR KRB — N F B None, B BHEMS KM SH FoidE N _ cause_ . WE
_ _cause__ &AM _ suppress_context_ BN True, XHAI raise new_exc from
None ] DAA SCHIRFH 5538 B 40 S ok Sn L H W (Bl ik ke yError oAt t ributeError), [FR}
IEIHFETE __context_ HFe ] AR AELE AT 21 T N4 -

BT SE A S I DASN BN A 2 R X SEER IR ) S . __cause_ I S ER I S WRATAE
¥ EER, _ context_ WA B ZESENAE _ cause_ HNone I H _ suppress_context_
HRAE T R o

ANEFEMFPE LT, A RASTEEM R ERE 2 GEN, DMERNEG TR 2R RmIs ke —

ke
MRE
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5.1 FH3k

T A HAR R R
exception BaseException
A N E SRR ESE . BORNIZBUN 7 B SR EARIAR (X FIF LI T Except ion). WIRTEIZE
WSEBl EJ M st (), MEREISEBIMSERIR, B LA SHO R =755
args
B4 R E AT S HOTA . FN'E R (BIAN0SEr ror) 2R E BEM S 80T IR T itocdl
FITCERRIRIN & 3L, A 30 5 e — 2 A RS B B 4
with_traceback (1b)
W VEAR b SR S R B B R [EHZ R X 4 o Bl RS AT (9 T U7 S o A B 7 v 4l
H:

try:

except SomeException:
tbh = sys.exc_info () [2]
raise OtherException(...).with_traceback (tb)

exception Exception

P WE R AR RSB 12 R HEIRAE A M. B I B E SRR R 24 IRAE A LK

exception ArithmeticError

B E BT IRAEH XS MERBAERTME AW NEFE: OverflowError, ZeroDivisionError,

FloatingPointError,

exception BufferError
M5 Gk DA K B B TR A TIN5 [
exception LookupError

WL IR AR 214 e St Bl 5] T i A B B R B | IR 5 | K B % TndexError, KeyError, jXAJ
PAE it codecs. Tookup () SREZFI K.

5.2 RiFRw

PAR SR T AR R 5 .
exception AssertionError

24 assert BHARIBEPRIBEE] A .

exception AttributeError
MJEPET|H (3 attribute-references) BE I G HG 1 % . (U DREGARAA SR @S| U
IRAE T K5 | % TypeError.)

exception EOFError
Yinput () KR BERETEICE Ik B SCPFEE AR 1F (EOF) PR3 % . (738, 10. TOBase . read ()
Mio.TOBase. readline () Jy{AEE %] BOF NIKHR [ —AN2 FA4FER )

exception FloatingPointError
Raised when a floating point operation fails. This exception is always defined, but can only be raised when Python
is configured with the ——with-fpectl option, or the WANT_SIGFPE_HANDLER symbol is defined in the
pyconfig.h file.
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exception GeneratorExit
Y —A~generator B coroutine ¥ T A5 % 3 201 generator.close () fll coroutine.close ().
EHEEMKHBaseException MAEException, FEMMEAR FRUEHFAZ MR,

exception ImportError
2 import RSB PGB B RS RES % . HH2Y from ... import ) “from list” fF7E
TEFH BN AR 2T %
name 5 path J@ ]l i XA AR (U T BRORBGE . BE G BN AR Pl T A M
BB b A S AT T SO IR R A o

1E 3.3 BCEHC: %3N T name 5 path J&@E.

exception ModuleNotFoundError
ImportError BT, M—MRIHICEGUE M FF i import 5%k, MfEsys.modules HHKE|
None BB H5 K

3.6 B fE.

exception IndexError
24 5 S A IO Y B RS A (DR R G SR B 2 R R pi B R E RS A R B AL
W TypeError 2251 %.)

exception KeyError
MTEPA A PR E R () BRI

exception KeyboardInterrupt
MR T I GEHA Control-C B Delete) WRFHGI K. FEPATHIN, &N+ Wi {55 .
%R MK H BaseException AR WAL HlExcept ion AR R AMIEFR, DXFERT DA 6 iR
FRRE S o

exception MemoryError
BN ERAEFER NGO AT GBI MR —2Ex ) BEATIRBOR RS | . RIRE AR — 75
EHLRIER () BAEFEIR TN, ER I TIREMNAAE L (CHymalloc () K%L, fFRE
A VF A B BB XA 0L T 58 WA (HEERSE R AG I e —A S SRR RET B Ak Il ) 15
B DA S B R AR

exception NameError
MR AR R A PR AR BN R T o R CUT T AR E A AR RIRAY(ER — SRR R,
LS RIEEN AR

exception NotImplementedError
MR EIRAE H Runt imeError, EWF'QEXE@%%E{“, Tﬂﬂ%ﬁﬁ@ﬁ:‘lﬁ,ﬂ;g*@?{ﬁiﬁiﬁTZﬁﬁa
BORAEH BRI A iS5 R BARSEEL I RRAS I 5| A e

MR BN RN — NI BAF S AMRA N BRSO AE I 0L T Y b 12 54T 1 ik Ry
RAES, BEEAETRARHI N None,

{:fif: NotImplementedError fll Not Implemented AN H#e, BIEEATE ML HE. &
ZfNot Tmplemented T fifA XA i BATRI R B o

exception OSError([mg])

exception OSError(ennasﬂ€ﬂvﬂ;ﬁkmanw[,whwnvﬂsﬁkmameZ]]])
BES AR — A R GE R AOR 0] R GEAH KA B DRI R5 | %, IR IR 3 VO BRAERIpIan “SCit R4k
B B CRAEH % OMEFRAREASEC BB E A TR R -
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Py e i 25 —AE A RT BB TR R I B . SRR X LR I MBI i vone. ST BEN] T 3
7, WREAT =S, Wargs @RS i RIS SRS S8R 2 o4l

TR L PR ol AL )R OSError IRRAST-2E, MR 3OS exceptions HH P HliA ) . BLAR M T2RIURT
AW errno . WATAE BB B4 R OSError WA, 3 HAE T IR S H4bK.

errno

kHT CAEE errno MEUFH IR .

winerror
1E Windows I, MSHCRH45 1 542 1Y) Windows 45105 . T errno JEHRHE A RIS 7E POSIX
P& IR R A

1E Windows |, IR winerror F1E 25 S50 — 8, Werrno JEMESRHE Windows #5785 KA
E, T errno ZEEW 2N, IEHMFEE L, winerror ZESWi 20, FHwinerror B AE
T

strerror

BAVE RGP IR R A R 05 B - EXE POSIX V-5 1 C B % perror () AAgA{L, #£ Windows

FRZH FormatMessage () .

filename

filename2
XF5 S RGE AR % (Blillopen () Bos.unlink () W5H, filename &4 MKEHI
Hﬁﬁ giz%&%ﬁﬁc#%%%%%@& (Blilos . rename ()), filename2 X§2fL45 RIS

¥E 3.3 JRE M EnvironmentError, IOError, WindowsError, socket.error, select.error

5 mmap. error Y EHE0sError, Wikl fEIR EIHH—4~T2E.

1E 3.4 BUE: £1lename [RIEIAERHR M4 MBI R SCITS , AR 20 S Pl T 301 R G
AT 2SS A FR . BEAMEHSINT filename2 #4185 432 XM &1 -

exception OverflowError
BB EWEER KT TERFIR T . XA BEBORUIAATRE AL (TR 5 K MemoryError #1
AFFER) . TN, AR ST BRI 2ZORVEE 0L T 51 % OverflowError. [
TE C i/ DRHE SR AL B R EAL , REHOF B R A

exception RecursionError
I 5 7 IR 4B HRuntimeError. B & fE MR & A W & B i R ORISR IR E (S Wsys.
getrecursionlimit ()) W#E5] %

3.5 Frhfe: FEHZ B H5| K Runt imeError,

exception ReferenceError
P RHAE M F weakref . proxy () BREUITRIEI 555 FIR TR | AR E R Bk mic ) J&
PEmIBEE 1 K. ARSI EZEEHS M weakref Bk,

exception RuntimeError
ARG B — AV B TAE AR 5 D5 1 K. RIRRI(E R — eI TE 3 K4k T A4 Y
T

exception StopIteration

HINE R E next () Miterator [)__next__ () FEMGIR, HRFRZERIFAGE LTI,
RS A AR value, EIEMMERRMIENSEAE, BOAE Y None,

24 —A~generator B coroutine FEGRRBIN, K5 & — P StopIteration SL4, PRETR B HIER 4 H
VERBEERRT value JES,

If a generator function defined in the presence of a from __ future__ import generator_stop direc-
tive raises StopIteration, it will be converted into a Runt imeError (retaining the StopIteration as

82 Chapter5. HBR%



The Python Library Reference, 4% 3.6.15

the new exception’ s cause).

TE 3.3 UHEE: IINT value JEPE I DA BAR pREH FER BB DI RE .
¥E 3.5 fiHE 4 Introduced the RuntimeError transformation.

exception StopAsyncIteration

Wil —asynchronous iterator SF4 __anext_ () JF¥ERT| &AM IECEAE.
3.5 Bl Tge.

exception SyntaxError
LETER B TERERI G K o X PAKAETE import 14T, XTNE K exec () Beval () K
SRR A SRR A (BEEACER) .

ZRI LB S JENE filename, lineno, of fset Ml text T @RI T EHEE . 9
SR st () AR R E SRR .

exception IndentationError

AR 4 R R AR ER I . KR syntaxError II—PT K.
exception TabError
DG BT R SR — B IR 51 k. X0 TndentationError l—T2K,
exception SystemError
MRRERS A BN BB R, (ELIR LR R ) o™ o B B A A BRI S | . RERH(E R — M W]
RIET A ARSI (RN IRBRFS) .

PRIV 2405 I AR 25 /< I ) Python fRRER A VEF sl 4E4P N B, IR A5 Python fFRREAR I A5
(sys.version; BWATEAH K Python S3ETFUGIHAT EIHER), FAARIRRIEE (58 BT RERAY(H)
DAL A B fh A2 A DR YA

exception SystemExit
B H Hsys.exit () BREGI K. BYK HBaseException M AJgException AFIRA 2 HAL
MException RADESMETR . X AVFITH EMHL T FERHRTSEURRERR L . DR E R,
W Python AFFRERLRFB 5 A SFTHMEATE I (5 5. M2 i S SR8 S sys . exit ()
AIREIE] . AR — R, W E SR RGR RSN (2F184 C R exit O %) WIRZEN
None, NERHVIRASTNZ; WASZECN AR (BINFAFER) . WSTTEIXF S A EFHRFE RS
Bk
Xfsys.exit () B 2B —A 7 8 DASE REAT I BRAL BRAR /P (try WA £inally T4)),
I A # AT DASIAT — BRI AR T AN 6 B R R AZ B XU o SR8 %) 1 S F5 2 BIGR (1 4
FMos. fork () ZJaWFHERET) MATfEfos. _exit ().

code

R ES IR AR EHRE R (BRIAH None.,)

exception TypeError

2R B R BB ] TR BN E M RIS G K. RIRBOME R — D77 E, 4 A LA
PEBCHY TN -
SeSE AT LA PSS [, PASRBH S0 JE X R AT AR 52 SCRPBR Y 24 32 S50 RIS
BRI SRS E AR E R R BERE M A SE B, BT 5 R HIE 24 5+ 5 W Not Tmp lement edError,
e ASEI R R (BIAFERER int NG AT 1ist) W24 3B TypeError, (A ASHUWEST D
(Gt N BRI Z AMPEE) W)Y 24 S8 (valueError,

exception UnboundLocalError
T PR BT VR R AN R T A B EAT I, (R AR B OR S8 AR AT R 5] K. R

HENameError l— 412,

exception UnicodeError

%4 5 Unicode # 5% B4 P Bl AR I A RIS 1 A . ISR E Va lueError B—A> 12K,
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UnicodeError B —WHIAR L ek R0 E1E. Bl err.object [err.start:err.end]
225 th - B RS 25 2R WU R TCRUTA o

encoding

T A BRI 2 5 44 FK o
reason

TR 8 I AR A B R A AT R
object

S PR e ] o B AR RS O R R
start

object F IR UG BRG]

end
object MILHEIRIA R ERT] ().
exception UnicodeEncodeError
MTE SR A % A2 5 Unicode # KRB RINIFREG | K. BLRHE R UnicodeError I—P 1K,
exception UnicodeDecodeError
MTEAERD IR %42 5 Unicode # R AUBEIRINIFREG K BSRH R UnicodeError I— 12K,

exception UnicodeTranslateError

TEREH I AR P % 2B 5 Unicode AH R AYHHRIFHT o BRH R UnicodeError B—A13K,

exception ValueError
2 4 AF Bk B U ) B IR R BB A E A R S8, I B OO BE R TEORS i Y R O
W IndexError FHERBPEHE] % .

exception ZeroDivisionError

AR EEE N SECIBRRE . RIRIER — DR, SRR S 2 AL
IR R B AS Z I RCAHIARAS s A Python 3.3 JHR, EfT#KEOSError 514
exception EnvironmentError
exception IOError

exception WindowsError

FRAE Windows HH ] .

52.1 OS ®&&

PHIFRH I N osError T3, ENTHRIE RS R IUHEHE] %

exception BlockingIOError

B DALY B E N ERERN G (PINEET) B ZEN RG] %, X T errno

EAGAIN, EALREADY, EWOULDBLOCK %H EINPROGRESS,
T oSError EHAWIEYE, BlockingIOError ibg—/NEisMNgEM::

characters_written
— AN FORTERIHIERTE B A SRR TAE MR B Lo BB Zrh VO S Ittt mT
Ao

exception ChildProcessError

BT R ER I 955 | %« XFY.F errno ECHILD.,

exception ConnectionError

ST KRR
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T 2% HBrokenPipeError, ConnectionAbortedError, ConnectionRefusedError

>N

M ConnectionResetError,

exception BrokenPipeError
ConnectionError W2, HiXEB AN —imC# XA EE, 2K EAD XNBEANERTY
BREE | & . SN T errno EPIPE Al ESHUTDOWN,

exception ConnectionAbortedError

ConnectionError T2, MiEesatyontinh IERgE5] % . XV errno ECONNABORTED.,

exception ConnectionRefusedError

ConnectionError ¥, R g imiE 4 {951 % . X T errno ECONNREFUSED,

exception ConnectionResetError

ConnectionError BT38, MBERyXtuGEE M EgiE| % . XWT errno ECONNRESET,

exception FileExistsError

Bl E A E A EAAER B H SRR % . XY T errno EEXIST,

exception FileNotFoundError

TSR A SCPF B FSRATFAERS 5 % . X errno ENOENT,

exception InterruptedError

YRZ G W AMG S PR E5 | % o XTMWT errno EINTR,

TE 3.5 MUk 24 RGNS S h e, Python M7ES TR AG WA, BRIFZE S IR T
KT HERE (RHES I PEP 475) MiARS| &k InterruptedError,

exception IsADirectoryError

235 SR KF—A H AT SCHEEAE (Bltos . remove () R85 % . %W T errno EISDIR,

exception NotADirectoryError

g Rt —AN AR H S 4T B R38R (Bllllos . 1istdir () B85 % . X T errno ENOTDIR,

exception PermissionError
MAERA BB AEAUR A1 00T 1B PAT B R IR 5 | A—— Bl i DSk RGEALUR . b T

errno EACCES ] EPERM,

exception ProcessLookupError

L5 E MEREATFAE R85 | % . X T errno ESRCH.

exception TimeoutError

B DRGRERAE RGP IO P51 & . XV T errno ETIMEDOUT,
3.3 FEEE: W T A BT osError 1Tk
W
PEP 3151 - 15 OS #1 10 512K 451

5.3

I

- =
=

The following exceptions are used as warning categories; see the wa rnings module for more information.
exception Warning

IR
exception UserWarning

F AR B A R YRR

exception DeprecationWarning
Base class for warnings about deprecated features.

5.3.
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exception PendingDeprecationWarning
Base class for warnings about features which will be deprecated in the future.

exception SyntaxWarning
SR TETA A RSB SR B
exception RuntimeWarning

GBI BIE T I AT A A A R

exception FutureWarning

Base class for warnings about constructs that will change semantically in the future.

exception ImportWarning

SHERLHETA A R] REAY B DA A A R B

exception UnicodeWarning

5 Unicode #4845 19 FEE

exception BytesWarning
Hbytes Mbytearray MHRIVELHIESE.

exception ResourceWarning
Base class for warnings related to resource usage.

3.2 B

5.4 FEBREGH

NE S E R R R IT

BaseException
+-— SystemExit
+—— KeyboardInterrupt
+-— GeneratorExit
+-— Exception
+-— StopIteration
+-— StopAsynclteration
+-— ArithmeticError
| +-— FloatingPointError

| +—— OverflowError
| +—-— ZeroDivisionError
+-— AssertionError

+-— AttributeError
+-—— BufferError
+-— EOFError

+—— ImportError

| +—— ModuleNotFoundError
+—— LookupError

| +—-— IndexError

| +—— KeyError

+—-— MemoryError

+—— NameError

\ +—- UnboundLocalError
+-— OSError

\ +-— BlockingIOError

\
\
\

+—— ChildProcessError
+-— ConnectionError
| +-— BrokenPipeError

(Rt
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(8 7))
| | +—— ConnectionAbortedError
| | +—-— ConnectionRefusedError
| | +—— ConnectionResetError
| +-— FileExistsError
| +-— FileNotFoundError
| +—— InterruptedError
| +-— IsADirectoryError
| +—— NotADirectoryError
| +-— PermissionError
| +—-— ProcessLookupError
| +-— TimeoutError
+-—— ReferenceError
+-— RuntimeError
| +—— NotImplementedError
| +—— RecursionError
+-— SyntaxError
| +-— IndentationError
| +-— TabError
+-— SystemError
+-— TypeError
+—-— ValueError
| +-— UnicodeError
\ +-— UnicodeDecodeError
| +—— UnicodeEncodeError
| +—— UnicodeTranslateError
+-— Warning

+-— DeprecationWarning
+-— PendingDeprecationWarning
+-— RuntimeWarning
+-— SyntaxWarning
+-— UserWarning
+-— FutureWarning
+-— ImportWarning
+-— UnicodeWarning
+-— BytesWarning
+-- ResourceWarning
54. REBXREN 87




The Python Library Reference, k4% 3.6.15

88 Chapter5. HBR%



CHAPTER O

AL ERAR S

AF ARG AL T2 B AT A A AL SOA AL B 55

TE— 35| 2B IR 55 2 N codecs BRI 5O MBI BER ¢ BUAMILT 27 Python PN EL 745 282
FR SO SR 7 A st

6.1 string —RILMFFFRIRIE

PARES:  Lib/string.py

W

JUR
SR KA —sir
FHR BT R

6.1.1 FHBEFEE

AR b S
string.ascii_letters

FXfrikascii_lowercase fllascii_uppercase HHaMIBHE. ZEAMKET1E S Xk,
string.ascii_lowercase

/NEFH 'abedefghijklmnopgrstuvwxyz' o REAMKBTIEE K, AokAdiE.
string.ascii_uppercase

KEF+#} ' ABCDEFGHIJKLMNOPQRSTUVWXYZ ' o {EAMMITIHF X, Ao kA s,
string.digits

FAFER 10123456789,

89
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string.hexdigits
PR '0123456789%abcdefABCDEF ',

string.octdigits
FAFER 101234567,

string.punctuation
HITE C 155 I AR S AT 51 ASCIT F AP T4 5

string.printable
M T 4T BN 5 19 ASCH F4F A I F AR . X 2digits, ascii_letters, punctuation
Mwhitespace 1,

string.whitespace

MR 25 AT 1 ASCIL P AFALSI P AT ef o o st il HedT. 1% dEATRIZ ) 4 -

6.1.2 HE XL FHFHEEIAL

P ) A R SRR T AL (] PEP 3101 iR format () Jr i1 Ze s B A E S 2k M g 7 .
string B Format ter RAVIMRMEN 5N E format () JrEMHE SR ETEI & HIUR B S FAF
gL T R .
class string.Formatter
Formatter REE NIVAFIE:
format (format_string, *args, **kwargs)
HEW APL ik, EEZ IR FEHFREIEE -HAERM X BT SH. ERE 1k
Hlvformat () B3,

3.5 {5 E.#84:: Passing a format string as keyword argument format_string has been deprecated.

vformat (format_string, args, kwargs)
U R B AT S B AR S B A . BB AT N — A B e B, T RR A A— N HiUE Lk
TERNSHL, MARMN *args Ml **kwargs iR F IR 2 B SHOF EFTRRH L.
viormat () SERCRHE SRR IR AT AR AV S 5 B AR . B UEAR SOINR LR
CIp R

AN, Formatter g LT —L BFER T RBHA ik

parse (format_string)
&35k 7 format_string F 1% 0] — /> iy B] 2E A0 XF R 4 K JC A (literal_text, field_name, format_spec,
conversion). S vEormat () JRAKFFRF AN SR BT B

TCLH H EAEAR S bR — Be T SCA I b — AR B QR T AR (AR ESE B
M Bt e BAEXFPIE L) . W literal_text $j&— KB BINFAF . R EH BT B,
W field_name, format_spec Fl conversion W{H¥F A None .

get_field (field_name, args, kwargs)
Y5 7E field_name {ERparse () (WL 30 B EHE, FFHE G ZAK LA S & Bl—A~ o4
(obj, used_key). BRIAMRASESZHE PEP 3101 T XA BTG, Flan “Olname]” B “label.title”.,
args Fl kwargs 51& 45 vormat () W—HFE. 1R[EMH used_key 5get_value () I key 25 E A HH[H
15 Lo

get_value (key, args, kwargs)
PR E R FBA . key ZECRFMBEBE F A7 . WERRREEL, BN args PALESEIRE] W
HRFLTER, BN kwargs DI XL BFESHA .

args WS RPN viormat () WMALESEINER, 1l kwargs IS 2ABN H KBTS AL 7

ZNo
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M TREETFBAR, NN TFBATRKE DA X LR FEA Mt m MR
ElE (Sl p sl

BB 2 6 ok ud, FBr# A ‘Oname’ 1§ 5 B Hoet_value () W7 key Z 5{H 0.
fEget_value () BFWHMNER getattr () REGREGRF2EHK nane JE1HE.

WERFETG SR BTN T —DAAERI, W5 % IndexError iKeyError,

check_unused_args (used_args, args, kwargs)
TEAL B SO AR SR TR . R B SRR A U AT R SR T | BT S R0
ety (BUGORMIBEZSH, TRHRFRRAHRSE) . ARBES vormat 1) args Tl kwargs 195 Ji] -
REHSBREA T DMRE X LTE S B k. MR R W check_unused_args () W&
GRS

format_£field (value, format_spec)

format_field () TR HNE 2RIEE format (). MZTER N Tk TRV EE

[

convert_f£field (value, conversion)
i 4R B 2R A Gk A parse () FEFHREIMICH) Kk (hoet_rield() FriRlEf)
fHo BRARCASCHE ‘87 (str), ‘r’ (repr) Fll ‘a’ (ascii) SF4LRATY,

6.1.3 BXFHFREFE
str.format () JFEMFormatter IR MR FAF P EYE (BT Formatter FePh, HT250]
PAE SCEATH R AR IR ) o HREE S LA AL, (H e 5,

APPSR VMERE S {(} FERR “BiTBC . AEER 5 Z W NS FRSCR , 2 IME
A N s ARARS SR T SR S AR S AT, nTPAE S B R S ({ and } ),

B BUnTER I :

replacement_field = "{" [field name] ["!" conversion] [":" format_spec] "}"
field_name = arg_name ("." attribute_name | "[" element_index "]")*
arg_name = [identifier | digit+]

attribute_name = identifier

element_index = digit+ | index_string

index_string = <any source character except "]"> +

conversion = "r" | "s" | "a"

format_spec <described in the next section>

FAAKIERIARTFRAE IR, BB KT A —A field_name $5 & X EIATHE AL BUR B 0 57 9k 4
AN SRS . field_name 2 J5A45 A5 conversion B, BB 1 Il—A> format_spec, Ff:
PA—ANES e Tk, aXSEFEHH TR JEERARS K.

TGS XA ERIE S T,

field_name 7= B DA— A0TSR T arg_name 3Tk . QRECT, WIS —DALESEL, 0a0R o K i
7, e — N KRR TSR AR AR YR arg_names 5 0, 1, 2, - BRI, EATTH] PA4EER
A (MAERR ), 07 0, 1, 2, - FFART HEBA . di T arg_name NEM G100, HILTCIALER
XFAFER PR EAL R 7 I (B A7ER 110" B " :=1"). arg_name Z J5n] A EAT BRI R SUR
A, " name ' BB FBAX LM getattr () WA EIE, ' [index] ' BARRRAX L
__getitem__ () PATEHTIEHK.

TE 3.1 BCEHG MBS Tstr. format () AIPAEHE, L '{} {}'.format(a, b) FHT
'{0} {1}'.format (a, b).

6.1. string —E REIFFFRIEE 91
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TE 3.4 BUE M A BB HAASF X T Format ter Bl DA W o
— BB B A AT R R

"First, thou shalt count to " # References first positional argument

"Bring me a " # Implicitly references the first positional.
—argument

"From to " Same as "From {0} to {1}"

"My quest is
"Weight in tons "
"Units destroyed: "

References keyword argument 'name'
'weight' attribute of first positional arg
First element of keyword argument 'players'.

HH I W H

i conversion F-BAEAS A 2 B AT AR HildL 4 . W%, MU E TAERMEA SR __format_ ()
VR GERL . (HI2, FEREBEIE LT St o i 2R ARG Ao — AT e, B s AR B ks ke o @t AE T
il __format__ () ZHPRHMESB N TFAFER, PTAGEH IE# kg L2 .

H B SRR A = A " s XMER B scr (), "o WM repr () M "ta' WiHMHascii ().
JUAMI:

"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 “FE AL SN AT R BRI MRS SA , BAn-FBLTERE . X5 . ST, /N ST F B . R
FAPAE LW MG 800 formar_spec (773

REBNE ISR RIS AR A T, BARA I T —7.

Jormat_spec BT PATEH TR & IRER B 7 B X IR E MR 7 BOT BB WG TR . AR A
AR R, (AT AFERZHIHE . format_spec NEBH BT BLSAEMR L format_spec 745 Z i
TR DR RS S R (E A% 3

B X ) B R

BABERIRES

A" RS T AR T & R B AR, 1T SCRAME N AT 2 B (2 W AS X 5 45 02 7% A
f-strings), EfTH A DARCE L NER) format () BREL AR RIRE AL RIS TUHR AT DA B 47 SCANr 3 A% X
PR REA T

R BN BRI MR LI T R, At A% s a2 2 P S H

A general convention is that an empty format string (" ") produces the same result as if you had called str () on the
value. A non-empty format string typically modifies the result.

Ao i XL AF I — OB T

format_spec

fill = <any character>

align = LEL NI PN EUR RS

Sigl’l = nyn | n_mn | non

width = digit+

grouping_option = n_u | n, n

precision = digit+

type — "b n | n c n | n d" | n e n ‘ n E n | n f n ‘ "F n | n g" | n G n | n n n

WERARSE T — AR align (86, WW ATEZERTEIN— fill F4F, ERDCERETARE, RN A
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ST AR AT R P REETEf st r. format () JriAMR FOIEM AR &5 Wm{E ( “{7 or “}7)
YER fill FFRY. HE, M iR 7 BOd AT S MZ i AR . XN REFIA S0 format () pREL.

RIS I o S

% &Y
T
BT (R T AT

S EE R AL (& B A .

RO S () 2o hcs 2 . X TDL “+0000001207 JEdT
%?&Q%N%ﬁﬁaﬁﬁﬁiﬂﬁﬁo%WV%ﬁﬁ?&ﬁﬁzmw,ﬁﬁﬁﬁ%
BB ST

>

TR, BRIEE X T RNTBOE, BN TB R IR A S E iR R MAR, RIAERX MO, Xt
ST S

sign IR RIA R, ATARATZ —

‘o | &Y

| BRI SR T IR RO A

- | R S UR T R (X2 EAMTA ) .

space | Fn WAL AL LM A2, AE R BRI -

v IR DAL B AUE R BT TR BB AR RIS A S S BRI R L B
HOM Decimal 8450 0P FROBCRAY, U6 —gbhl . \BERI - ot il iy, R 2 Sk H ER AN
HIBZE "0b', " 00" B "0x' HIZH. X TiF kL. A Decimal 878, FAUEA S MRHEMEIREREE
ANEURATS, RVEEEOAA /N Tl RAA TR A/ NI OL T, R 45 R h A 2 U NS5 . i
Sh, XTF g MG Bl REMEASMGER AR

' RIERR I AR T AT o X TR KRB R AT, O o BN AL,

FE 3.1 BCHHG: BT 1, ' I (A2 5 PEP 378).

ISR RNE RN KRB RROR KT A TN RIEAE N T A X T REERR R b,
o', "x AKX, KENEE A NRRHEA TR R HA R SR R B TR S S R

TE 3.6 CEHC: I T ' I (3121 PEP 515),

width is a decimal integer defining the minimum field width. If not specified, then the field width will be determined by
the content.

B X T, FE widih FEEI—AE (1 01) FEOE AT RS HERMIE USSR X
MY TE fill 458 10" H alignment 25888 =",

precision j2— At PEHIECT, FAXTLA £ and ' F AR ALHE SAUEHEA R/ NIUR S R 2 DA, B
FXTLA g 86 MR RBE B NS RS R R 2 DAL T ARBCE R, R T BN

R TFBON— WA E il 2 2 DAk A FBINE AT X RBUE WA i) precision .
i, type BiE TR NN
I AR RN AL

XB | AX

's' | TR, XORTFAHRIERAREL, WA .
None | #1 's' —FE,

AR R REOR AR
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' | RIS R DA 2 SRR

‘o' | . AT BN B R A AE Y. unicode SEAF .

'd | R S DA 10 A EE R .

vo' | NHERIAS . DA 8 S REEE B .

'x' | PNEERIASEC. F A 16 IR R, BT/ ERER R 9 DL ERIEY .

"X SRR DA 16 N EEELT, RS EREEER 9 DA RS .

'n' | HEFE. X5 A ML, AEZAATETE S 240 DO R A 4 R ) e
Fo

None | £ 'd" A,

T LR RN R S, BB n] DA 8 937 R R BORAR L (B T 'n' Al None). 43X FEART,
SAEM A Z T f1oat () FHEEEUE AT S EL.

7 IR/ INEEL T I 2R 262804

i)
el | HEBCRR . DMEITEE Ce’ RARR IR B M ECEAT BV . BOARIRSEE N 6.
'E' | IR, 5 e ML, ARZAETEMTKE TR E N

VP ERETR . R RN — A SR BOARIRSREN 6.

'F' ERFR. 5 MR, HEHR nan 0 NAN FEIF inf $ON INF.

g | EAE. XITAERRE D >= 1, RLRBIEE AR p AR, FRREPRAE
FAFAER AT ERR A TRE U, RRIBO T AR R RN

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.

IEGJESF, IR nan 270 5IEAMN inf, —inf, 0, -0 Ml nan, JLiCRGEANTE
7E o

KB O SN AF R THEE 1. BRAKIEEN 6.

"G EALRS. BT Tgt, ARIZAMET BEEARE KIS U TET . J6%55 NaN

XFERAREGIEA.
B, X5 g N, R TS 2 B A R B N G R
7.

"' A RRECFARPA 100 R E A () A%, R — A

Nonel KT 'g', ARZAAET HHESFRIER, MU 2R — 0. BOARE
SENGEEIT RN E R BWRCR N5 H A BT TR R st r () SR
2.
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- E w7 L)

ARG str. format () HIRIIARBIA KSR & Hbm L.

ZIBFEERZHER T S5IHAR & #2002, F@m T {3y Al - SRt &0 Bilan, , '%03.2£" ATRARY
WEH '{:03.28} ",

RS ATERIE SCRPBS AN [0, REAEDA /R Bt B o

VAR S 3

>>> '"/0}, {1}, {2}" . format('a', 'b', 'c'")

'a, b, c'

>>> '/}, ()}, {}" . format ('a', 'b', 'c") # 3.1+ only

'a, b, ¢’

>>> '/2), {1}, {0} format('a', 'b', 'c')

'c, b, a'

>>> '"/2), {1}, {0}".format (*'abc'") # unpacking argument sequence

'c, b, a'

>>> '"[0}{1}{0}".format ('abra', 'cad'") # arguments' indices can be repeated
'abracadabra'

HAFRVTR S4LC

>>> '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'

VIS E JE

>>> ¢ = 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 (3-57j) is formed from the real part 3.0 and the imaginary part -5.
;)0 . '
>>> class Point:
def _ _init__ (self, x, y):
self.x, self.y = x, y
def _ str_ (self):
return 'Point ({self.x}, {self.y})'.format (self=self)

>>> str(Point (4, 2))
'Point (4, 2)'

ViR SA i
>>> coord = (3, 5)
>>> 'X: {0[0]}; Y: {0[1]}".format (coord)

'X: 3; Y: 5

B 25 S

>>> "repr () shows quotes: {/r}; str() doesn't: {!/s}".format ('testl', 'test2')
"repr () shows quotes: 'testl'; str() doesn't: test2"

XFFFSCAR LA B A 7 TE
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>>> ' {:<30}" . format ('left aligned')
'left aligned !

>>> '/:>30}"' . format ('right aligned"')
! right aligned'

>>> '/[:730}" . format ('centered")

! centered !

>>> '{:#730}"' . format ('centered") # use '*' as a fill char
'***********Centered***********'

Bl o+ f, s-f Ml s £ AKIEEIEE:

>>> "/:4f); {:+f}" format (3.14, -3.14) # show it always
'+3.140000; -3.140000"

>>> "/ f}; {: £} . format(3.14, -3.14) # show a space for positive numbers
' 3.140000; -3.140000"
>>> '"/[:-f); {:-f})" . format (3.14, -3.14) # show only the minus -- same as '{:f}; {:f}"'

'3.140000; -3.140000"

B ox Tl S0 DA BB A [ (7 i A4

>>> # 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 0b as prefix:

>>> "int: {0:d}; hex: {0:#x}; oct: {0:#0}; bin: {0:#b}".format (42)
'int: 42; hex: 0x2a; oct: 0052; bin: 0b101010"

MEHZ S TR B

>>> '/, )" . format (1234567890)
'1,234,567,890"

PR T

>>> points = 19

>>> total = 22

>>> 'Correct answers: {:.2%}'.format (points/total)
'Correct answers: 86.36%"

(o PR A R 2 e S A

>>> import datetime

>>> d = datetime.datetime (2010, 7, 4, 12, 15, 58)
>>> '"{:%Y-%Sm-%d SH:%M:%S}'.format (d)

'2010-07-04 12:15:58"

RES RS IR

>>> for align, text in zip('<">', ['left', 'center', 'right']):
'"{0:{fill}{align}l6}"'.format (text, fill=align, align=align)

'left<<<<<<<<<<!

'ANAANcenter AT

'>>>>>>>>>>>right’

>>>

>>> octets = [192, 168, 0, 1]

>>> " [ 02X} 02X} { 02X} {:02X]}" . format (*octets)

[@iEE3)
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(£ LT
'COAB80001"
>>> int(_, 106)
3232235521
>>>

>>> width = 5
>>> for num in range(5,12):
for base in 'dXob':

print ('{0: }'.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

6.1.4 BT

BT H PEIL T i PEP 292 Jrfii i i 5 fa (3 19 A7 ep B 07 Ko B PR Ep 1 — A 2 B B SOARE b
6 (18n), HMAEBLIASET , ST FRATEIA AN D B GCEAT SO R I A LU ) Python (8 HCA A B 747 R A% 504k
THRENIFE . VT HAR P AT LASEEL 1180 YRR — Bl 25 fuflilén 41,

PR FAFER SRR T S R, R DA AL

© 8 WENFFS BB RN S,

* Sidentifier JE ¥ HOFF, BRILE — &K "identifier" WBLGEE. FEBIATE LR,
"identifier" PRl MAEE ASCH FHET (B FRIL) HBRWFERFS, RRHKNG, AT
RILE ASCI FHH 3k o FE $ FAFZ IS — N EHEAR AR AR R R I 5O 445

* ${identifier} T sidentifier. M4 5{fF J5 BIRE A R E SRR 5 AT — 4 AR s
PFEAFT B, Bl "${noun}ification",

E?’?@% B’J,ﬁ\ﬁﬂﬁﬁﬁ IJI_L[ $ 4%‘@@&%]72ValueErroro
string FEHRAL TSP BN Template 38, Template 5 NI E:

class string.Template (femplate)
GG SR — BRI TR

substitute (mapping, **kwds)
PATBANE A, IR ] — A AT HR . mapping AT RTINS, b iy SR DERCATAR 1) 5 B2
E AR AT DASR L S T SR, R i R T RIS I S AT o 24 [ 45 HH mapping 1 kwds H
HAFEESE W, MDA kwds i) 5 A A5G -

safe_substitute (mapping, **kwds)
R Fsubstitute (), ANEZARUPAH & OLFFKRIE mapping F kwds 3£ 3], A2 5]
KReyError s, MR ER G AT MBSO 2R E 4 R P AT R . ) — S substitute ()
M2 AT E A DU LR § KEfR] Bk [o] § 1A JE5] A valueError,
BEITIEREN e, P BRI T RE A A HoAth e, (HVE R sl [l v] Y B A H A 2
5k —NFE. MA—FHKR, safe_substitute () HWAJRBMRARZA L4224, R ERHERER
2 AT AR B, BN S 2RI BT AR BT 5 BN 2 A% Python ARIRATHY
(DS

Template WSEHIBERME—A A Elim k-
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template
XA R AR template ZRAENIIXTR . — BRI, IRAMIZBECE, (HHFAGREHZR A
BEVTI o

AR S iy i AL ) 75 81 -

>>> from string import Template

>>> s = Template ('Swho likes S$Swhat')

>>> s.substitute (who="'tim', what='kung pao')
'tim likes kung pao'

>>> d = dict (who="tim")

>>> Template ('Give $who $100') .substitute (d)
Traceback (most recent call last):

ValueError: Invalid placeholder in string: line 1, col 11
>>> Template ('Swho likes Swhat') .substitute (d)
Traceback (most recent call last):

KeyError: 'what'
>>> Template ('Swho likes Swhat') .safe_substitute (d)
'tim likes S$Swhat'

BEBT L ARATDAIRAE Template B2 B E S MATIETR . 20 FAT, BN TR 747 55 (R4~ I
Fiko NILHRY, AR AR EGX LR
¢ delimiter —This is the literal string describing a placeholder introducing delimiter. The default value is $. Note that

this should not be a regular expression, as the implementation will call re. escape () on this string as needed.

* idpattern -This is the regular expression describing the pattern for non-braced placeholders (the
braces will be added automatically as appropriate). = The default value is the regular expression (?
-i:[_a-zA-Z][_a-zA-720-9]%*).

W fi:  Since default flags is re . IGNORECASE, pattern [a—z] can match with some non-ASCII characters.
That” s why we use local -1 flag here.

While flags is kept to re.IGNORECASE for backward compatibility, you can override it to 0 or re.
IGNORECASE | re.ASCII when subclassing.

* flags —FAES R TR BT N A0 I W SRk O ) I W SRk sged « BRIME M re . IGNORECASE,
THTERL re. VERBOSE FU2 X WMCAIES, PRI & XY idpattern (Wh75 LG A 1E W2k A 49 7E

3.2 B .

PR 5 — ik Iit, RA] LA BRI L pattern RPN IE M FGR A WIRARIAEM, P EALH N —
A BA T i AR IE W FRR A G o X B R BT BT 225 H AN, DA JCR G A )

* escaped —IXANHVLHHE 5, AEBRARGCHRD 85,

* named —XA-HICECAHIESE S 10 HOIFFARR B 2460 B R i 4 I A .

o braced —X AU VCEIAHT A HHES 1 ST AR BN 40 SR AL 1 4 B AT 88 G

* invalid XA HVCFATATHAL S RAFREC GEA DB RAF) , I HE 24 e E N R R R
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6.1.5 FHBhF %Y

string.capwords (s, sep=None)
fiflstr.split () S8R, fifllstr.capitalize () FFRTEFARFIEX, Efllstcr.
Join () MREGHYERFIETHE . MR AT —DSL sep BAEMEECN None, MIELER) S P2
PR BA ST HIFRAUR B 2 TR QWA ER, 50 sep ST ARAR 2> FIPEE FF] .

6.2 re —IENMFTENIRIE

JEACRS: Lib/re.py

RXAMELERFE L 75 Perl 15 2 IR 28 VT Bl -

BEARPHE R 1 AR IE AT A Unicode “PATH (str) , alPAE 8 7 47H3 (bytes). {H)&, Unicode P4
Hi5 8 AP ATHANAEIR AL b2l VRARE Dy B A PLAE Unicode “FATHY , 2R MLl
MPATRARAERS BT H 0 SR A 2T 5 i ] BRI R A AR ) e — L

IEM A BRI ("\ ") SRFRFFIRIE A, B ARk T A ORGSRl 745 . T SORHELAE S 1 1 Python
FAFER BELAA MR VE R, BrOARD™ A T b o8, B, BEPUHE— BRI SORAT, IR Sk AT
AER NN PO IE A CHLEEE — AN SR 0@ \\ |, T4 SRR G /Y Python 5437 £f HLAT
FHWAN .

fp R It X 1 IE Mk U Ui Python ISR FATHRFORTE: AR " o MM PAFRFIIET, K
BHLAVAEATRIRAL B . I e \n" Rt "\ B "o IR FAFER, T " \n" WZFoR s —
AIATRF A7 AF3ULE Python AUTH rhl AR & B X PSR P AR ER RN R F0R

2 KR IE M FR A BAEAR SR M BER R BN T35, AE20 78 B0 ik X X HUe —MER, AT e
BN IENR S, (BRI T2 S HL

S
B =R regex , AL T SHRUEFE re BIHRIEZAY APL 4 11, [A] B IR HR AL T &5 41N T BE A BE 421 1Y Unicode 57

o

6.2.1 IEMRAXEZE

—AIEMZAA (B RE) #8785 Z VCER TR LN & BT DAEARES 57 R 2 R B 4y
SERYIEMIZEA AR (S — IR NSk B ICRCE]— A, KPRk SRR ) -

IEM R DABEEE ;. a2k A il BERZIEMIRIA, B4 AB @2 IEM KX, @H, WERFAFE p ILHE A
H B —DF45H g ULIL B, B4 pg AT PAVLHE AB. [l A 5035 B W ERILERERE, A T B AFAE R 550
EmMAHGI . A, E2RRA T MRS Ak LA ) 7 R Fak U . T 2 1B W SRE
FEHSLIL, 2% the Friedl book [Frie09] , B35 HABIR R4 B 1055 .

PAR @ IRk As U TR U . SR (5 B AR, 7% regex-howto,

TE Bk AT AR &5 il B AR AT o A RER A, bean A, rar, BiEE 0, HR AR R IE
MZAK . BNTEICEL & ARPTAPHE S E FAF, oA last PLECFAFER "last . (FEiX—5 i HABT
4y, FATRFH this special style XFFAFIRIENFRLX, @EHEAWFLS, BILERYFFFHEH "in
single quotes' , HH|EEK.)

HYEFAF, e B35 O, RTRIRTA . R AT AR E R A S, BRI AR 5 R IE
Dk 2 R
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BB (5, +, 2, {m, n}, %) RREBEEMRE . XFER T AR08 528 2 BIRT, A SCI s e e
KL e BN —ANZEEERE, aAMEHES. n, £xX (2:a{6) * LA 64 'a' FRELE
TERIRE

PRIk AT 2

- OR) FEBGAR S, PEECER T AT AT IR E THARZEDOTALL | BN ILE AL IG BT A AT R A%
A (FEAFFS) ICECFEAF SRR, I HAEMuL 110 INE Bl Vel T e B e .

$ VLRLFAF R RECETE AP R A TR B BT — D4, FEMULTILINE R 2y VR T4F 2 BT SCAR
foo PLfC ‘foo’ Hl ‘foobar’, {HIEN|ZFEIAF foos HIULHL ‘foo’, WAHMAYE, TF 'fool\nfoo2\n'
R foo. s, ML ‘foo2’, HAEMULTTLINE N A PAVLHELE] ‘fool’; FE 'foo\n' HiZ
s RFIA (BH) PR —ANERATFZ BT, — MEFRERERRRE.

* e R AR CPCEE 0 BME R ER, REZHILEFAH. ab* KPLR 'a', 'ab', #¥ 'a' J5H
BREEALEAS "o

+ NPT 1 AL ERER . ab+s RPLE 'a JSIHEREE 1 A ERMEREAD "o, EAXITE

'a'o

2 WPE R E L ILAL 0 ) 1 R E . ab? AVLE 'a’ 5 'ab'.

*2, 42,22 "X 4 Ml BIATENE RAReY; EATETFFR TR REZ A VCEL . A EHEI AT T
AT R WRIEN <. +> HEHEF] '<a> b <c>', BHSVLEBANFRAE, MAE '<a>'. 5B
WifFZ JEasm 2 REREC DA 3F 740 9 X H dfn: o TS RE VAR 2 CEe.
FIENE <.o*x 2> RESAUNPERL ' <a>' s

“my”  XEZ BT IEN T ERE m ANEE DT m S S BRI, e, a{6} FFILHEL 6 >
ra' HEANEERE 5

“m, n}y”  XFIENHEFT m 3] n WICHD, £ m fln Z [BPUEZLZ . I, a{3,5} KFEE3E S ra', Z
W& m 3 NTEE NN 0, ZBE n $878 FICNTERRK . el a4, o ¥ ILHL 'aaaab' @i 1000 4~ 'a"
ERi—A 'b', [HRFEILAL 'aaab' . 25 ANEEME, 750 oL SIS AT N 1% Z 0 WE A~ AL .

{m, n}? HI—MEMWFFIEDT AR, HICES S/ DA A tban, X+ 'aaaaaa’, a{3,5} VL5
A ra', 1fia{3,5r? HILEZ 34 'a',

\ B SURFRTAF (FUVRRDERED >, 20, s bbb ), s Fom — MR T8 Bk 2 Ja it iTtie.
WERAREA M FEIAE TR (o raw' ) SRFEBFHERX, 40 Python W H SURHLAE MEE T4 40
R SUF A, Python [0 IR0, SUBHFLAI AR A g h AE A7 ER . 402K Python W] AR Fii% A
5, IBARFBHIEEN X EE IR . XK FEER RN, BroAm B, A SRR ES, I
B R ARFAFER

[1 HTRR—NERFES. E—IEGT:

o FAFAIDARMA S, HAN [amk] PURE 'a', 'm', #{E 'k'.

o WPAFEIRTFAFEHE, Wl - WA TFAERK. W [a-z] FFUCEATAT /NG ASCI F45F,
[0-5] [0-9] KFULECA 00 B 59 WPIIET, [0-9A-Fa—£] KFPLFECAEMT+ Nt %, an -
AT TH L (Bt [a\-2z]) BEEWMEEEMNEERRE (W [-a) 5 [a-]), BHHFERYE

WERF -

o BERTFAAEEAT, RETIEIRS L. W [ (+%) 1 RAVTER LA SCEFRF (1, T+, e,
or')',

o TFAFN \w B \s (MR E ) FEEGNTTAEZ, B PAVLE R FAFHASCIT B{# LOCALE
PP TE

« RAESEATEIH N AT DAL TR AT IR, IRIEA BT ~ , FFA FAESE A AN
FEALLBIR, WA (5] HIRIATR, BT 151, (] HIRFEFE, BT~
R ALESE AL, WA X
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o TERGWEILHE—AFAF 11, AWM, EAMEEZan EREHT, EAMEERaEs
B0 e, [OINT{H A 110 [{}] &R PALEHES .

| A1B, ARl B PARITREIEN AR, Bl ENZEER, VTR A 83 B ATEAIE MR A ' 1
W, BWLAEAS (WWTA) WEH. HBERERFRE, 1 2R E A 2 845 3547
VERL. 24— RERSEATTENT, XA SO 2. =EmE, —H A VCERED, B st AFEE T ICHE,
R B RE A — AR VCHEL . BB U6, " AR AN DT AE . WSRBEVCHD 1 A, MR N, BUE
U SEFEFER, (1)

(...) (HE), IWEFESHEEIENEE, AR BAEHITERALGE R . SRS, HEmNET A
BAREL, HRTLAEZ JG H \number & P HHEA TR ICED, 2 )G dEf 7R ind . BEUCE 74T ' (' 5
FOLHENCE ), A SEFEAESE: 1, D],

() RRMYERCEE (—A 2 BB OIFTEE ). 2 RS A TRE TR MIESR A
ARERTETE . R R I A B A A (2P<name>. . .) EME—HIBIS. PAT I H BT HE
V.

(?ailmsux) ('a’','i','L','m",'s', "u’, 'x' PE—AWED) BAGATCR— ST 7
FIE M Fk A B A TR e . 2 (ATEAL ASCIUF ), re . T (BK/NG), re. L GBS, re. 1 (£
L), re. 5 (4 dot FLRLAFTAP), re. U (Unicode TTRR), and re . x (LK), (RIEFHTLEH
G ) AR AR K BRI A E kst AR, S T re. compile ()
it flag B, ARICR e RIS TAFR 6 2

() IRNES P ARHERARAS . PCECAESS S AT IR 26k, (EiZ 4B DLy T 75 8 R AErESAAT
DUE o oK B e 2 2 e R g | A

(?imsx—imsx:...) (Zero or more letters fromtheset '1i', 'm', 's', 'x"', optionally followed by '—"' followed
by one or more letters from the same set.) The letters set or removes the corresponding flags: re. I (ignore case),
re .M (multi-line), re. S (dot matches all), and re. X (verbose), for the part of the expression. (The flags are
described in #2344 2.)

3.6 BRI HE.

(?P<name>--) (MAHE) RLIEMALE, (HR2VTH ST T8 AAEANT R E T & LY name FKBUY . 41
E 4 IR R Python ARRAF, - HAAALE 4 RAEA — M IENFRAE 3, Hige L—k. —4>
AR N BTFAE, XA A G A4,

A EGTAE=F LR ch s . AR R (?P<quote>['"]) . *? (?P=quote) (L2,
DCRL B |5 5 W5 | S 3R R ) AR ) -

S5|H4ES "quote” HYLETX 5| HAE
M SN

e (?P=quote) (ﬁﬂi?)
. \1

AEFRPEECXT SR m

* m.group ('quote')
e m.end ('quote') (%)

&%) re.sub () B repl ZKh . \g<quote>

e \g<1>
° \j_

(?P=name) [[5|—A A G; EVCEETHEARA MY name {644 2 H DERCE] ) AR AR 7
(%) ERE RPN EXWZN.
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(?=-) VOHD - RO, (BEHARE A NE XN lookahead assertion, LA, Isaac (2=Asimov)
PLRC 'Isaac ' AATEGTHZ 'Asimov' M.

(?'-) VGER - REFERYIE DL « XS0 negative lookahead assertion (FIALEURL ). HLANYE, Isaac (2 !Asimov)
HAERI &2 'Asimov' WEMEAPLRL ' Isaac ' .

(?<=-) VLECFEAFERI ML EIME, BRI UL - MNE Y FI E . XY :dfn:positive lookbehind assertion
(IERJEMWE) . (2<=abc)def XFE 'abedef' HHRE|I—NITHE, B HEMSHERE 3 N PRI
TEHUEICRMAER. GEWITEAESaRE KR, BEME abe 8 alb 2 AT, HE a* fil
a{3,4} AA[PA. DA positive lookbehind assertions JFEAHIREZ, U1 (?<=abc)def , HAEM a JF
HER, MM dEREN. WARRENESEMHHsearch () Wi, MAZmatch () HEL:

>>> import re

>>> m = re.search (' (?<=abc)def', 'abcdef')
>>> m.group (0)

'def!

XA AR R AR FEAETE T4 )5 14 4] -

>>> m = re.search(r' (?<=-)\w+', 'spam-egg')
>>> m.group (0)
YeggV

TE 3.5 MCHE e I e KA A5 SR .

(?<!-) VUM EZ HIAE - EER . XY dfnnegative lookbehind assertion  (J5 W EBE) « 2
e EAEE, BE IR IE i AT E K1Y . 1 negative lookbehind assertion F46 HAF: A AT A F4F
IR RIF R AL E HEA T VTR .

(? (id/name) yes—pattern|no-pattern) IR EN id 5% name 174, 222 VLA yes-pattern
, s ILC no-pattern, no-pattern Wk, WAIPAREZNS . M, (<) 2 O\w+@\w+ (2:\.
\w+) +) (2 (1)>18) &—> email #FEzVCHE, HFPVLHC ' <user@host.com>' B 'userfhost.com' ,
{HALPUEE '<userfhost.com' , HASPLHL 'user@host .com>"',

o N RN FRFALUR IR SIFELA R S o AR T AF A2 ASCIL sl ASCIL 7+, AR A IEN
FELCRFILREEE AN Hetm, \s ILREFAF 5.

\number PLECEFHRMAS. HMESZE—NAE, AEN LIRSS . il (.+) \LJLH "the the'
o 155 55" {HAKXILAL 'thethe' (ERAGFHIIZHE). X AHFFIRFSIA BB TICACHTIR 99 4>
o QR number (EE—NIALZ 0, B number 2 =AN\BEHIEL, ERASWHEER NG, 1
e /NHERI RO A2 O A0 ) AR A I, AR SRR R 77T

\A HIEE PRI o

\b VUg 724558, (H eI AR sk 45 R B . — AN SRl SO — N P 791 . R, 8% \b
FE SR \w FIN\W ERFZ 0], 8035 \w FIESFER IR La/4s R, BEHE r ' \bfoo\b" L 'foo',
"foo.', ' (foo) ', 'bar foo baz' HAPLHL 'foobar' B(FH 'foo3',

PRIAE LR, Unicode FHEFIEF & FE Unicode #£30 (HAY, HZRTPAHASCIT ARid SRS,
R LOCALE ARiCHEIE B 036, 1AM A2 d Y i i = R Bk E 1Y, \b FRBEKRFR, UWHES
Python P4 52 SUARFZ

\B VUil 2z 458, H REEfEMI ki & 4. mEmE r'py\B' LR 'python', 'py3', 'py2', (HA
PLHE 'py', 'py. ', B "py!". \B & \b BHIE, FrbA Unicode #2111 2 B Unicode 7, i
BN RIZRM R, BARTT AR ASCT T bRk eAs . WM H T LoCALE bRa, WA S \iiEE
Ik & .

\d

*%}T Unicode (str) #£3;: 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 ASCIT flag is used only
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[0-9] is matched (but the flag affects the entire regular expression, so in such cases using an explicit [0-9]
may be a better choice).

T 8 i (bytes) #£X:  PUERALAT-HaEdl %L, wifg 10-971.

\D Matches any character which is not a decimal digit. This is the opposite of \d. If the ASCTIT flag is used this
becomes the equivalent of [~0-9] (but the flag affects the entire regular expression, so in such cases using an
explicit [~0-9] may be a better choice).

\s

%}-J* Unicode (str) #£3X,: 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 ASCTT flag is used, only [ \t\n\r\£f\v] is matched (but the flag affects the entire
regular expression, so in such cases using an explicit [ \t\n\r\f\v] may be a better choice).

T 8 i (bytes) #EA: VL ASCH HFRYZS 14T, w2 [ \t\n\r\f\v] .

\S Matches any character which is not a whitespace character. This is the opposite of \s. If the ASCIT flag is used
this becomes the equivalent of [~ \t\n\r\f\v] (but the flag affects the entire regular expression, so in such
cases using an explicit [~ \t\n\r\f\v] may be a better choice).

\w

%}J* Unicode (str) #£3X,: 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 ASCIT flag is used, only
[a—zA-Z0-9_] is matched (but the flag affects the entire regular expression, so in such cases using an
explicit [a—zA-Z0-9_] may be a better choice).

ST 8 i (bytes) #£X.: VLR ASCI FAFH B FAIFRER I R4, g [a-zA-20-9_1 . WIRBEE
T LOCALE FRict, WLVCHCE 24 FiiE 5 DI B f = BRI R R 46

\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-20-9_] (but the flag affects the entire regular expression, so in such cases
using an explicit [*a-zA-Z0-9_] may be a better choice). If the LOCALE flag is used, matches characters
considered alphanumeric in the current locale and the underscore.

z QLR .
7 RT3 Python RARIUERE SCFAFIAAE WA 48 3 H5 -

\a \b \f \n
\r \t \u \U
\v \x AN\

(R \b R TFORAIEMA S, ERETAFEAGNIIREBR, i (\b] )

"\u' and '\U"' escape sequences are only recognized in Unicode patterns. In bytes patterns they are errors.

INHEEE AL R — A BRIE . AR Ay e 0, siEA = A \IEHIRL, IR2mt e\t il 5L
HAbTE oL, WEERAG I X Para 3o, Nl U2 A = MK

5 3.3 BOEEC: BT " \ut F AU B R
TE 3.6 JOER: '\ " Fl—A> ASCIL FAF 4L AR S LR I R -
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6.2.2 IHIRAR

REHE LT ILA R, Wi, M—DBi5h. A28 e8I 413 5 1 IE Wk XA R RIS (T — 285
Pe) o AR EBMA, BRI IEMZEX G, 2 JGTEE T 8AE.

TE 3.6 WU M ARG EIFE & RegexFlag KIYSEH], XA Renum. IntFlag W3,

re.

re

re.

re.

re.
. IGNORECASE

re

re
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.

AR AT AT DA 98 E AR SRS . (ET AR A MR A &, AT DAL (071 OR #Eok
gy (1 BAERF).

52l

prog = re.compile (pattern)
result = prog.match(string)

ST

result = re.match(pattern, string)

R BL WA XA IENFRIEXIE, il re. compile () FRAFXDNIEMXIRAESZ AL, ATPALL
PP SR8

1Efif: ilidre. compile () HFIGAIRER, RIBRG IR B S PEAT, AR I W Sk i e
T SRR IR

LA

ASCII
il \w, \W, \b, \B, \d, \D, \'s #1 \'s HPLH ASCII, i A& Unicode, iX H X} Unicode FEZAH XL, S
byte FEZUZME . AL T RITEE R NERE (2a)

HE, NTHRIGHRE, re. URHCHIRTTAE (BAMKFE X re.UNICODE AR AJER (?2u) ), H
JEIXSEAE Python 3 2 TUANY, RNERINFAFHREL 42 Unicode T (9 H. Unicode VTR A fo i byte Hi#H).

DEBUG
RIRGHIEIIEY debug {55, B WERERIC.

I

AT Z B R /NE VLS Fb [(A-2] A VLH/NS F4F. Unicode PURE (FL4n U VUEE ) [RIFEA
, BARKE T re. ASCIT Fric K25 dE ASCIL PUT . 4 E7iE S XA S WA XA bR, BIRkE
T re.LOCALE kit XMHYSATNEFRIC (21) .

Note that when the Unicode patterns [a-z] or [A-Z] are used in combination with the TGNORECASE flag, they
will match the 52 ASCII letters and 4 additional non-ASCII letters: ‘I’ (U+0130, Latin capital letter I with dot
above), ‘1’ (U+0131, Latin small letter dotless i), ‘f’ (U+017F, Latin small letter long s) and ‘K’ (U+212A,
Kelvin sign). If the ASCT T flag is used, only letters ‘a’ to ‘z’ and ‘A’ to ‘Z’ are matched (but the flag affects
the entire regular expression, so in such cases using an explicit (?—-1i: [a—zA-Z]) may be a better choice).

.L
.LOCALE

1Y B & I HRE \w, \W, \b, \B AIR/NEEUEITAL . X MRiC HBERXS byte FEA AL X AARICAE
A, PESTE S REHUHEIRATEE, E—U BB —A4> <287, 1 H X 8 235474, Unicode
PEPCAE Python 3 BUERIAE M, FFRIMEBEARIE S . X DXTNBARIL (?1) .
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re
re

re.
re.

re.
.VERBOSE

re

re.

re

re.

re.

1E 3.6 BUE M re. LOCALE HEEHIT byte KR, T HAGEF re. AscTT —EH].

.M
.MULTILINE

BCEPAG, FEUFAF 0 ILECPAFERIOITAG, Fds—FTi T (BT 40 o SR AFS ) 5 #EaUT A
'St LA, M —TIIS R (BATRFRTTIAIR AT S ) . BOAREOL R, ~ LR PRk, s
PP FAFER R . RFRY NBRARIE (2m) o

s

DOTALL

ik R IC R AT AT, WAREATAT WEPRBCE XA, . IR PR T AT AT A AT R
TAEo RENEARL (28) .

X

AR SOV 4 5 3R] SR S AP R IE ke @i 2y BRI INE RS . S BT 5 202, B

AEHE— ARG Y P ECE BRI X, BEETE <2, (20 or (2P<> PAIZ N B—MTHE # A
TEFRHEREL SUFH, A EZ G TR 2 R

T AU T T T DU I A A b R i — A R

a = re.compile(r"""\d + # the integral part
\. # the decimal point
\d * # some fractional digits""", re.X)

b = re.compile (r"\d+\.\d*")

XN NERFRIE (2x) .

search (pattern, string, flags=0)
RS F 45 S B VLR S — M, Rl — AR I Bexd 20 QAR RS, k(e —
A~ None ; JFERXAE—AFK VLA AR

.match (pattern, string, flags=0)

U2 string TG O 2E ZASFAFICELE] 7 IE WSk ke, SR Il — R IR dexd 2 o AR
PLfE, mbik[e] None ; JEEERFREZICHZAFL.

R BIERMULTILINE 247X, re.match () W ICEEFFRGFLGOIE, MAVCECEEA TG .
WRARABE AL string WATATAIE, i search () KA (WA ZFsearch() vs. match() )

fullmatch (pattern, string, flags=0)
TERAEA string DEPie 2 IE kR, Sk [l — AR Y 12 fexd 2 o AR e —A> None ;5 HERX
RS NESURIRP ¥ Nl

3.4 BRI HE.

split (pattern, string, maxsplit=0, flags=0)
W pattern 53T string . WRAE pattern WHEZREHES, IS APA A B SC A B S0 S1ES R 2R
maxsplit \F%&, 2 WEAT maxsplit Wo3FE, R R FAF 4R ] 215 F i i fs— 0

>>> re.split(r'\W+', 'Words, words, words.')
['"Words', 'words', 'words', '']

>>> re.split(r' (\W+)', 'Words, words, words.')
['Words', ', ', 'words', ', ', 'words', '.', '']

>>> re.split (r'\W+', 'Words, words, words.',6 1)
['"Words', 'words, words.']

>>> re.split('[a-f]+"', '0a3B9', flags=re.IGNORECASE)
[ro', 'as', '9']

ﬁiﬂ%%ﬁf?iﬁﬁﬁéﬁé, HHICRCE PRI, IR AR R AP TR IR X T 4R
et
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>>> re.split(r' (\W+)', '...words, words...")
v, '...'", 'words', ', ', 'words', '...', '']

DRI, 73 B4R 2 Hh BUAESER D 2 o R A (07 2

{Eff#: split () doesn’ tcurrently split a string on an empty pattern match. For example:

>>> re.split('x*', 'axbc')
[vav’ 'bC']

¢ ) < )

Even though 'x* ' also matches 0 ‘x’ before ‘a’ ,between ‘b’ and ‘c’ ,andafter ‘c’ , currently these
matches are ignored. The correct behavior (i.e. splitting on empty matches too and returning [' ', 'a', 'b',
'c', ''])will be implemented in future versions of Python, but since this is a backward incompatible change,
a FutureWarning will be raised in the meanwhile.

Patterns that can only match empty strings currently never split the string. Since this doesn’ t match the expected
behavior, a ValueError will be raised starting from Python 3.5:

>>> re.split (""$", "foo\n\nbar\n", flags=re.M)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>

ValueError: split() requires a non-empty pattern match.

TE 3.1 BUCE R B8 T AR S5

JE 3.5 it BB P4 Splitting on a pattern that could match an empty string now raises a warning. Patterns that can only
match empty strings are now rejected.

re.findall (pattern, string, flags=0)

Xt string 3R [l — ALY pattern WVEELHIF , string WAL A HEATIIE, DEPRCIZARE] B3R 0] . 0
REEABAE—B 2, SRR — AR e —PudnsR (XA BEE— 1 Ha
W) . 2 ILRC S S AEA R L.

{Ef#: Due to the limitation of the current implementation the character following an empty match is not included in
a next match, so findall (r'”~|\w+', 'two words') returns ['', 'wo', 'words'] (note missed
“t” ). This is changed in Python 3.7.

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. See
also the note about findall ().

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 such as \ & are left alone. Backreferences, such as
\ 6, are replaced with the substring matched by group 6 in the pattern. For example:

>>> re.sub(r'def\s+([a-zA-Z_][a-zA-Z_0-9]1*)\s*\ (\s*\):',
r'static PyObject*\npy_\1(void)\n{"',

C. 'def myfunc():")

'static PyObject*\npy_myfunc (void) \n{'
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WIS repl Z—ANREL, IRE AN IEER W pattern FIFOUR I o X BRBULBER — et 2 B8,
TRl — RS AR Han

>>> 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'

BT AR — A FAFR B — M T 2
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 match, so sub ('x*', '-', ‘'abc') returns '-a-b-c-"'.

T?ﬁ%*iﬂé’} repl ZHCHL, A0 EPTIARYRE SCRIE S 5L , \g<name> 2l fin 4 4 & nane, (¢
(?P<name>-+) IBEHEHE L) \g<number> & HETFH;: \g<2> i \2, [HE#GE T XM, W
\g<2>0. \20 ?Jt BRI 20, AR 2 JE R — AT 0. WJE5IH \g<0> 8 partern 1
A HIATE

5 3.1 JUCEE S BT w] EARIC S 4L
1E 3.5 CEHC: AVLREH G 2 P AR
e 3.6 BUE W pattern FHEARAEL SC (1 '\ FI—A> ASCILFAFN) Bt s i

Deprecated since version 3.5, will be removed in version 3.7: Unknown escapes in repl consisting of '\ ' and an
ASCII letter now raise a deprecation warning and will be forbidden in Python 3.7.

re . subn (pattern, repl, string, count=0, flags=0)

Frhtgsub () FRE, ERERE—ATTH (FHE, BRAL.
T 3.1 BN B T REARIC S 4.
TE 3.5 UM AVCRCH) A - = A

re.escape (pattern)
Escape all the characters in pattern except ASCII letters, numbers and ' _'. 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 ('python.exe'))
python\.exe

>>> legal_chars = string.ascii_lowercase + string.digits + "!#S%&'*+—."_"[~:"
>>> print ('[ ]+' % re.escape(legal_chars))
[abcdefghijklmnopqrstuvwxyz0123456789\ I \#\S\SE\&\ "\ AN\ =N\ NV \~\ s ]+

>>> OperatOIS o [|+Y, |7|, '*l, l/l, l**’]
>>> print ('|'.Jjoin(map (re.escape, sorted(operators, reverse=True))))

VAR AR AN

This functions 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
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5 3.3 O " AR

re.purge ()

TR IE 2R AT

exception re.error (msg, pattern=None, pos=None)

raise —PMlSh. MEIEBREIGFAF R AR — A ROENFEX R (i, & — 4 RITER
$545 ) BUE HABES R AE g i B DT R A o AR AT RN G SRR, @A PN IR . &Y
RSB DA B e 42k -
msg
AR HRTE S -
pattern
TEMZR IR AR
pos
I partern W7 B ZRE| (W PAJE None ).
lineno
XL pos (W] PAJ& None) 9175 .
colno

XTI pos (AT PAJ& None) H31%5 .
AE 3.5 JRCE B I8 T B JE A .

6.2.3 EMFiEXMR (EMHR)
SRR T T 2 e 2 R DA T A

regex.search (string[, pos[, endpos] ] )

FUEEEA string FHA—ANVCECHIALE, FaR Bl — MY B 2o AERBEA VLR, Hiik [ None ;
HEREMEREITR AR

A —AB R pos Gy T AT HITIRIE RO E RS BOAH 0, EAREFEM T FAFHYI
CRERUTAT LI AT HAE ROk . MATAT IS IS — AT, AR ICEERS I E TR AL .

A[IES L endpos BRE T FAFER I RIEE R EEE AR EER] endpos , FTPARA M pos | endpos
- 1 T SIULHL . Q2R endpos /NT pos, BEASAVCE =4 H4A6, WA re @& E ) IE N
%%, rx.search(string, 0, 50) ZHT rx.search(string[:50], 0).

>>> pattern = re.compile ("d")

>>> pattern.search ("dog") # Match at index 0

<_sre.SRE_Match object; span=(0, 1), match='d'>

>>> pattern.search("dog", 1) # No match; search doesn't include the "d"

regex.match (string[, pos[, endpos] ])

TSR string 1) FF46 15 E BEAS B A IEWRE AR RN TERD, AR (Al — AR Y 2 Ao ad 2. QROR T
B, Wikl None ; HEESEREILRZEAFA.

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".

<_sre.SRE_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()).
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regex.fullmatch (string[, pos[, endpos] ] )
QEREEA string PURCIX AN IEMZRIAS, Wik Bl —AMH A I fesd 2 o BIER E None 5 HERRERKE
VERL AR .

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.
<_sre.SRE_Match object; span=(1, 3), match='og'>

3.4 BRI HE.

regex.split (string, maxsplit=0)
EMTsplit () WE, R T HiFEEmMHE.
regex.findall (string[,pos[, endpos] ])

FAURE rindall () , M TR ERE, HE R A% S5 pos Fil endpos , BRHIERIEH, wt
% search ().

regex.finditer (string[,pos[, endpos] ])

%;M@%ﬁ finiter () , i THIFEFE, [EHRATLARITESEL pos Fl endpos , W R, #
B search ().,

regex . sub (repl, string, count=0)

ShTsub () BEL BT AR AR

regex. subn (repl, string, count=0)

EthTFsubn () R, R T HRFERFE

regex.flags

IENPCEARIE . X A2 R PAME B 25 compile () WIS, AL (2-) WEbRE, FREAric il UNICODE

UL

regex.groups
EHEINAIR IR 16
regex.groupindex

W (?P<id>) & XM AT A AT AR T, WREARZH, IFie =,

regex.pattern
The pattern string from which the RE object was compiled.

6.2.4 PEECTS

Match objects always have a boolean value of True. Since match () and search () return None when there is no
match, you can test whether there was a match with a simple i f statement:

match = re.search(pattern, string)
if match:
process (match)

DEPEXH SR SCRF LA Jr v R o -

match.expand (femplate)
Return the string obtained by doing backslash substitution on the template string femplate, 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.
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15 3.5 U0 AVCRCH) 4 A - 2= A

match.group ( [group], ] )
R —A el EH ZA LR T AR A — S8, G0 — P, RG2S, S50
eIt (FADSEER—AI), REASE, 41 B0 ('4@%%%L@)ﬂ%=A@
N ZHUEH 0, AH AR PIE 2 B VCRC AR AR E R — I (1.99], 45 R 2 M i~
TR MRS R, B TR E SO AL, *AD@xﬂﬂw?W?m%rmwo
MR —ADHAESTERE R —5, FFRICEEZ R, SR I 5 — A PLRL.

>>> 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')

AERIENFRIRAME T (2P<name>-+) HIK, groupN St REZ ar S HAW AT WR—DTHF
%ﬁ%ﬁf$$—tqjikxEXjﬂéﬂAZ é/\IndeXError ,‘j’j[j raise,

— MRS IR BT

>>> m = re.match (r" (?P<first_name>\w+) (?P<last_name>\w+)", "Malcolm Reynolds")
>>> m.group ('first_name')
'Malcolm'

>>> m.group ('last_name')
'Reynolds'

iy A A R A RS H 5]

>>> m.group (1)
'Malcolm'
>>> m.group (2)
'Reynolds'

LUE Seghe S NUNTWEREIE 2V WS Y TR 9 S UM

>>> m = re.match(r" (..)+", "alb2c3") # Matches 3 times.
>>> m.group (1) # Returns only the last match.
IC3'

match.__getitem__ (g)
AT m.group (g) o EAVFE RG] H—AVLAC

>>> 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'

3.6 F T fE

match .groups (default=None)
Rl AT, WEPTA R T4, FERET I 1 BB Z A . default ZEHTASS
VERCHIIR oL, ERIACH None,
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#ian

>>> m = re.match (r" (\d+)\. (\d+)", "24.1632")
>>> m.groups ()

('24', '1632")

AERFAVEE NG TR, IARN R AR S S SRR Y . XA AEIA SR —4 None |, [k
EAGRE T default 5L

>>> m = re.match (r" (\d+)\.? (\d+)?2", "24™)

>>> m.groups () # Second group defaults to None.

('24', None)

>>> m.groups ('0") # Now, the second group defaults to '0'.
('24V, IOV)

match.groupdict (default=None)
I T, AT & TAL ey RRALK. default BT TRE SIURAGALE: BINK
None. filf

>>> 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])
AR [1] group VERECE] 7 HR H T A AN EE AT 5. group BRIND O (GE U2 AR T8 ) o AR group
FAE, EORPAEDCHS, R E -1 o XFF—ILEXR m, M—PRS5ILERNHs , He FEHT
m.group (g)) FHERIIERACE

’m.string[m.start(g):m.end(g)}

R m.start (group) K5 T m.end (group) , AR group VEFL— A2 FAFERRYTE. L, 7E
m = re.search('b(c?)', 'cba') ZJi, m.start (0) N 1, m.end (0) 4 2, m.start (1) Fl
m.end (1) #E 2, m.start (2) raise —4~IndexError 4,

XA T2 M email Hidik F 25 remove_this

>>> email = "tony@tiremove_thisger.net"
>>> m = re.search("remove_this", email)
>>> email[:m.start ()] + email[m.end() :]

'tony@tiger.net'

match.span ( [group] )
XHF—ACHE m , JE[]—/—JE4] (m.start (group), m.end(group)) . FERNISE group WHTE
XANVEELH, BEREl (-1, -1) . group BRIAH O, Bh2EEANUUEL.

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
FARAN B G — A VCE AR 5 MEH, 33 None QIR EA VLEL =B M6 . o, T4 rab,
Fik3 (a)b, ((a) (b)), ((ab)) F535| lastindex == 1, i (a) (b) &753%| lastindex ==
2,
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match.lastgroup

RGN ICRCHI i 447, B None ISR EAT AL PLRCHIIN .

match.re
The regular expression object whose match () or search () method produced this match instance.

match.string
The string passed to match () or search ().

6.2.5 IEMIZFRERABIF
BeEXF
FERX AT B, AT DA i Bl R BOR B S /s PR X 4% -

def displaymatch (match) :
if match is None:
return None
return '<Match: , groups=%r>' % (match.group (), match.groups())

BBARAEE — MRy, — DA —F RN FRNE, BOTRER—K, 7 a7 g2 A, “k”
K, “q” Q, ujn J, utn yg 10’ 44277 %U “977 %‘%/j—:\‘zéu 90

WRBEN TR REAR, FATTAL AT 3R

>>> valid = re.compile(r""[a2-9tjgk] sm)

>>> displaymatch(valid.match ("akt5g")) # Valid.
"<Match: 'aktb5qg', groups=()>"

>>> displaymatch(valid.match ("aktb5e")) # Invalid.
>>> displaymatch (valid.match("akt")) Invalid.
>>> displaymatch(valid.match ("727ak")) # Valid.
"<Match: '727ak', groups=()>"

$

iG—FM, "727ak" , WET AT, SCEPIKEFBMERN . EHIENZGRX LR, Wi m
IEEILE IR

>>> 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)
l7|

# Error because re.match() returns None, which doesn't have a group() method:
>>> pair.match("718ak") .group (1)
Traceback (most recent call last):
File "<pyshell#23>", line 1, in <module>
re.match (r".*(.) . *\1", "718ak") .group (1)
AttributeError: 'NoneType' object has no attribute 'group'

CF ks
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(8 E70)
>>> pair.match("354aa") .group (1)
L} a L}
24 scanf()

Python H RIS — 1R ¢ AL scant () WM. IEMEFRIAAGER H scant () MaUFAFHR BEHE38E K —
L AR EZ R E. FHFERIRIE T scant () MaURFAIIE 2k 2O SO R LS .

scanf () HFF J-.Em‘]]i'éijj:_tt

%5¢ {

5}
[-+]2\d+
5e, 3E, 51, 89 [-+12( \d+ \ \d*) 2 [\.\d+) ([eE] [-+]12\d+)?
[-+]
+]

2 (0 [\dA-Fa-f]+|0[0-7]*|\d+)
2 [0 ]+

%0 [—

$s \S+
$u \d+
%X, $X [-+]1?(0[xX])?[\dA-Fa-f1+

MR AP SR U AT

’/usr/sbin/sendmail - 0 errors, 4 warnings

PRATPAEH scant () #4k

’%s - %d errors, %d warnings

SFHrIE AR

’(\S+) - (\d+) errors, (\d+) warnings

search() vs. match()

Python 2t TPIFCA IR B BT re match () ETHHIT L, S re. search () ATAHFHMER
i (BRIA Perl HFEIET N )

Bl
>>> re.match("c", "abcdef™) # No match
>>> re.search("c", "abcdef") # Match

<_sre.SRE_Match object; span=(2, 3), match='c'>

fEsearch () W, FLAHL "~ AR ITAR A BRI P BCE] 740 AR 1 o

>>> re.match("c", "abcdef™) # No match
>>> re.search(""c", "abcdef™) # No match
>>> re.search(""a", "abcdef") # Match

<_sre.SRE_Match object; span=(0, 1), match='a'>

HRMULTILINE ZA7 X s imatch () RILECEAFR LG, BEHsearch () FPA "~ FFARIIEN
Fik & VLB AT TF 4R
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>>> re.match('X', 'A\nB\nX', re.MULTILINE) # No match
>>> re.search('"X', 'A\nB\nX', re.MULTILINE) # Match
<_sre.SRE_Match object; span=(4, 5), match='X"'>

BI—THRIER

split () FFPqra IS BALE AR I o XA IT IR T e SO 21 31 FLA 5 1B ) Bim 454
AR, AR B TIER .
T, XHEREA . d@ER A, XEBITH =515 TR

>>> 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"""

FHM—ABEZ AT I BHERAN R PRI — 5%, A IEEATEA — % H:

>>> 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']

R, SR AN AT R R SRR AR T AR split () Wi T maxsplic
W%, PAHIE P a1 o B 2

>>> [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']]

2 FSRPLRUEIR IR 5, AR SAEAER A, IR maxop1ic BFLH 4, RATE0T DA AL
HEHRE i 5

>>> [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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NFEE

sub () B PR B IR A — AN B . XA FIER T sub () SREEFESCE, s AL
FROE, BT e AR R

>>> def repl(m):
inner_word = list (m.group(2))
random.shuffle (inner_word)

C return m.group (1) + "".join (inner_word) + m.group (3)
>>> text "Professor Abdolmalek, please report your absences promptly."
>>> re.sub(r" (\w) (\w+) (\w)", repl, text)

'Poefsrosr Aealmlobdk, pslaee reorpt your abnseces plmrptoy.'
>>> re.sub(r" (\w) (\w+) (\w) ", repl, text)
'Pofsroser Aodlambelk, plasee reoprt yuor asnebces potlmrpy.'

HEIFTEENA

findall () VCighEst AP AL, AMUEHsearch () FHIE—AILEL. Hoan, WHE—AEERLEIRT X
FHR AR, T RESH A N B findall ()

>>> text "He was carefully disguised but captured quickly by police."
>>> re.findall (r"\w+ly", text)
['carefully', 'quickly']

HEIFR R E

WERTFLEICEH A HELZEE, finditer () AIDGERIEN, EROET i 2 R EE, AR TFAF
B gRSE BT, WR—AMEE A BRI BRI M E R OE, WLMEIR R IAM finditer ()

>>> text = "He was carefully disguised but captured quickly by police."
>>> for m in re.finditer (r"\w+ly", text):
print ('202d-202d: %s' % (m.start (), m.end(), m.group(0)))

07-16: carefully
40-47: quickly

RIEFFHCE

AFRFERITIE (c"text ™) RFENAER . 0, A5 E MR HIR AL O\ 1) BAA IS — R
R TR R v

>>> re.match (r"\W(.)\1\w", " ££f ")

<_sre.SRE_Match object; span=(0, 4), match=' ff '>
>>> re.match ("\\wW(.)\\1\\w", " ££ ")
<_sre.SRE_Match object; span=(0, 4), match=' ff '>

U E YU TR, EAAEE A X, AR AR, AR £ \\ ", AU
NN\ SRFORFIFER R

>>> re.match (r"\\", r"\\")
<_sre.SRE_Match object; span=(0, 1), match="\\"'>
>>> re.match ("\\\\", r"\\")
<_sre.SRE_Match object; span=(0, 1), match="\\'>
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B—MAEsies

— A VAR A AT AT AT, R R, R RS BRI S
ST HSRR MIEMZEA AR E W . XA AR E X SR G H oA EIE W, HF BAERIE AR LB

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*)?"), # Integer or decimal number
("ASSIGN', r':="), # Assignment operator
('"END', ')y # Statement terminator
("ID"', r'[A-Za-z]+"), # Identifiers
('op', r'[+\=-*/1"), # Arithmetic operators
("NEWLINE', «r'\n'"), # Line endings
('SKIP', r'[ \tl+"), # Skip over spaces and tabs
("MISMATCH', r'."), # Any other character

]

tok_regex = '|'.join(' (?P<%s5>%s)' % pair for pair in token_specification)

line_num = 1

line_start = 0

for mo in re.finditer (tok_regex, 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 quantity THEN
total := total + price * quantity;
tax := price * 0.05;
ENDIF;

for token in tokenize (statements):
print (token)

RXANTAEAR A DA i

Token (type="IF"', value='IF', line=2, column=4)
Token (type="ID', value='quantity', line=2, column=7)

(T WU 4kZE)
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(£ 50

Token (type="'THEN', value='THEN', line=2, column=16)
Token (type="'ID', value='total', line=3, column=38)

Token (type="ASSIGN', value=':=', line=3, column=14)
Token (type="ID', value='total', line=3, column=17)

Token (type='0OP', value='+",

line=3, column=23)

Token (type="'ID', value='price', line=3, column=25)

Token (type='0P"', value='*",

line=3, column=31)

Token (type="'ID', value='quantity', line=3, column=33)

Token (type='ID', value='tax',
:="', line=4, column=12)

Token (type="ASSIGN', value='

line=3, column=41)
line=4, column=8)

Token (type="'ID', value='price', line=4, column=15)

Token (type='0P"', value='*",

line=4, column=21)

Token (type="'NUMBER', wvalue=0.05, line=4, column=23)

Token (type="END', value=';"',

line=4, column=27)

Token (type="ENDIF', wvalue='ENDIF', line=5, column=4)

(
(
(
(
(
(
(
(
Token (type="END', value=';"',
(
(
(
(
(
(
(
(

Token (type="END', value=';"',

line=5, column=9)

6.3 difflib —itHZFMHEI T A

PEARRS: Lib/difflib.py

BUBEHUR AU T A PSRRI . B, &R AT HB e, Fal A A S A s A R 5 B,

HTML RHIE R SCA RS8N 22 57 . A K HSRASCAE ELRE, S WL £1 1ecmp B,

class difflib.SequenceMatcher

R AT, T R AR 5, REEFIICE Hhashable 55 . HHAIEERT
] Ratcliff I Obershelp T~ 1980 4EftA I % T A “HaXIEBIRITHL” (9% WA PR & IEE, I L
AL, HEBERT RS Rk TR R KIESEIT TR Big Bk Z R
B A, BIANZE AT 2 AT . (A BIBRIE 2 %t Ratcliff F1 Obershelp B 51— J& . )
98 I [ RE ) S U M 7 T DC I B 22 A 0 B o SRR AR S N 91, (L 52 RE T
HEAE AR “IEH” HUCHD.

FEWE:  J A Ratcliff-Obershelp 5 32 7 B¢ 35 1% 00 T 4 37 J7 B (8] 10 A€ — M4 80 F 8 °F J5 B 1A
SequenceMatcher IR LN 1 J7 B} (8] T AE — B &0 T W4T R 2 81 7 50 iy 2 M R e %
X — RS AR DL W 2tk i) .

A bRk Rk 5 sequenceMat cher SCRHE R & TR A SRR 7P 91 000 B3k . ik
BRI RS HEEA EMILE S R BRI IR (T2 J5) R ER B
I FER) 1% - BJP 5 BE 2 /04 200 300, IR0 Bibmic 0717 A7 5 PCED A i i . X
B &G E R PUBASAEA] i SequenceMat cher I autojunk SN False KX,

3.2 BN BE: autojunk TE2 .

class difflib.Differ

XA AR 2 PO ol SCARAT AL P91, 7 Rl N B 1A 22 S w0 R Bl Differ 48—
M sequenceMat cher RSEMATFFHNM LA KA, (HIEVTAL) 17N IRT AT oI HLEL

Differ SRR —ATHI AT UHETT % :
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WFEHREG | &X
- el 1 Tl

'+ A9 2 il
r FTAEPT 5 AR
I IAFAE T HE—R A5

DA 2 TR IS BTSN R R0 TE i AFEFUR 2 5. USRI 0 2 M
FIThE S & MBEIE R

class difflib.HtmlDiff

XA T2 HTML %A% (a6 &3R80 5838 HTML SCF) POTFHERbZA T /R SCAR g, 471R1S

AN EMCR g R o BERAS T AR T 58 A5 b T 3022 o AR il

XA 15 R R

__init__ (tabsize=8, wrapcolumn=None, linejunk=None, charjunk=IS_CHARACTER_JUNK)
Witk HEm1Di £1 P50,
tabsize J&—NAIIE KRBT SE, Faa HIRAHIENE, BIAER 8.
wrapcolumn Jjg— VBT SE, FaEdT 0 B IHTWIH AT 90 E, BRIAEA None FUR
ENERIE T
linejunk F1 charjunk ¥, 0% X T SE, 2MEAndifs () BiHtmlDifr kA BT HE R R
HTML %57). S ndiff () XY T AESEEAME K ILUi .

LR AT

make_file (fromlines, tolines, fromdesc=", todesc=", context=False, numlines=5, *, charset="utf-8’)
FAL fromlines Fil tolines (FAF ) HiRk bl —DNFRFER, Fon— 1588 HTML SCfF, Hp &4
TSR, TR ST SRR R .
fm)mdesc Al todesc ¥ /2 ] FAEFBH, 58 BV B ARSI SIFR BT (BRIN NS AT
).
context | numlines ¥ 32 W ¥ XS4 24 BRI R FF SCZE R IR context 38k True, N
BME False NERTEA:. numlines BRINN 5. 24 context > True W} numlines ¥5-355 | Bl 5558
R ZE FI A B SCATEL. XY context iy False B numlines ¥ HIFEMT T “next” MEEERZR] 5
R ZE RIS Z BT BRI (BN S S8 “next” BEEEE T — 1 BRZERT
AN YA T, ANE AT S R 30 .
TE 3.5 WP $EIN T charset REEF-Z40. HTML SCRY TN FAFEEA ' 1S0-8859-1" HHHH
'utf-8"',

make_table (fromlines, tolines, fromdesc=", todesc=", context=False, numlines=5)
FA fromlines Fil tolines (FAF 5 3) IR Bl —NFERFER, FR—MIEHITER TR HTML %
¥, TR S TN ECR R H R .

WHERNSE S make_rile () JrERMHIRA .
Tools/scripts/diff.py X PMRMMATEIN, HPEE MR B

difflib.context_diff (a, b, fromfile=", tofile=", fromfiledate="", tofiledate=", n=3, lineterm="\n")

B a F1 b (CERFERSFR) s kIl B CE RIS R R (A A i T generator) .

g B CER R R BRI AT R LA BT ST BB IR RN A 2 I Z S R
Ko BRI n e, BUAK=AT.

BRONTEOLT , 2254586147 (PA *** or —— FUR) @l RKEIRITIAOREIEN . XEMIY b2 Mio.
IOBase.readlines () BN AEREH T io. 10Base.writelines () IWERER., F
AR R R R A TAT -
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XHFBAARRRHATATRA . A lineterm ZHc0h ", AR H A AHIATAT .

BRI AR Gl F A — MO SRS A R O T ARk o LA S0 A B R] DAGE ] AT
fromfile, tofile, fromfiledate Rl tofiledate AR E . U A H LA 1SO 8601 A5, ARASTE, XL
R N K

>>> s1 = ['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

KAk k Ak hkkAkhk kK Kk kk*K

* K * 1,4 * Kk kK
! bacon

! eggs
! ham

! eggy
! hamster
guido

WS difflib o 4 44735 0 FRECETEA R B
difflib.get_close_matches (word, possibilities, n=3, cutoff=0.6)

AR ] phy e “HTABL” DURCAR I 51 2 o word S—AN455E H AL AV RCHY P81 G N FATH ), possibilities
A=A T LR word (Y FFIIR IS GEH A TAFHSIER) .

S GRINH 3) $87E I 2 iR 1] 2 AN AP RS s n AR T 0.

FESHY cutoff (BRINH 0. 6) J2—A> [0, 1] JEHE N HYIFE L. 5 word MDLEERS 7 RIS FZ A Y ML T
PC R 2

eV (R n4>) B AEIERCR A ZIB 2GR ], AR RERF M HE , e RS HEAE S i A o

>>> get_close_matches ('appel', ['ape', 'apple', 'peach', 'puppy'l])
["apple', 'ape']

>>> import keyword

>>> get_close_matches ('wheel', keyword.kwlist)

["while"']

>>> get_close_matches ('pineapple', keyword.kwlist)

[]
>>> get_close_matches ('accept', keyword.kwlist)
["except']

difflib.ndiff (a, b, linejunk=None, charjunk=IS_CHARACTER_JUNK)
FOAE a Fl b (FAFERANER); R IIDi frer IR RAEE (— N B 84T W generator)

R TIES linejunk R charjunk 3374 138 PREX (B4 None):

linejunk: WY PRBUIEZ A FAFEE SR, AR HONSI A 9 R [0l B, A5 ER [BE{E. BRAK None.
WANEA — AR Z R IR TS _LINE _JUNK (), "B i A v W4T, Bapzirdim m s
Z— NS5 (#) AR FER SequenceMat cher LB HTIFELFT Y B S 3] JE DATE J Mk
T, RO S A R B SO BT

charjunk: WCHREHEZ —DFRF (KR 1 IFRE), R H AR 45 WER [0 B, 75 R FHERAE .
BRI\ AR 2 K PR EL 1S_CHARACTER_JUNK (), B2t B IFAF (SAEAFah =47 (HE e
APy =X ey -4 D
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Tools/scripts/ndiff.py ZiX N ERENI 47 Hi T o

>>> diff = ndiff ('one\ntwo\nthree\n'.splitlines (keepends=True),
L. 'ore\ntree\nemu\n'.splitlines (keepends=True))
>>> print (''.join(diff), end="")

- one

s A

+ ore

s A

- two

three

tree

+ 4+ v

emu

difflib.restore (sequence, which)

AR [ A ) o A B R R —

Hii—AWpiffer.compare () Bindiff () AR 21, FEBUGRR A S 1 82 (which TEZ) 94T,
KERATHI -

vk

>>> diff = ndiff ('one\ntwo\nthree\n'.splitlines (keepends=True),
C. 'ore\ntree\nemu\n'.splitlines (keepends=True))
>>> diff = list(diff) # materialize the generated delta into a 1list
>>> 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")

B a Fl b (CEFFERANFR); RIS —Z R EF R (— A E T generator).

JTPAGE— 25 53— U R S AT FEIULAS B U B e s elon s S BRI AR (T
AR B/ JGSCARY) o BN SCAT8h noikE, BRI =AT.

ERONTEOL T, ZREHAT A ——, +++ 5 e F£In) il R BIATIFRAVEN . XA AL 2
Mio.IOBase.readlines () G # ABEREH Tio. I0Base.writelines () HERER,
BRI A i AFR i 1 #  AR RARA TA

WA R EBATIFVEIA  BORF lineterm 4050 " ", XA NG — AW 747

F RS ERAE R GE A —AIE SRS B ST R ARk o 3K 2EAE 2 AR 43 B A R DARE F A
fromfile, tofile, fromfiledate 1 tofiledate S48 7E . 1SR 5 DA 1SO 8601 % Fn. WRKIEE, X
FAFER BN A ZS .

>>> s1 = ['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 @@

—-bacon

(Qi¥iE3)
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(£ 50

-eggs
—ham
+python
+teggy
+hamster
guido

TSR difflib o A AT FRBCEEAIR RG] .

difflib.diff_bytes (dfunc, a, b, fromfile=b", tofile=b", fromfiledate=b", tofiledate=b", n=3,
lineterm=b’\n’)

i dfunc F%E a F1 b (?%‘%5@%5]%@) FEAE DA dfunc PR A RN FAT8)R (WRFEATH) .
dfunc VTS, @H - Nunified diff () Bcontext_diff ().

VPR R i i AR SO — B8l . B n Z S8 Br B S AR AL AT R R R A7 5. /EH
T TR A A (B n Z50) Helfedy 478, IFA dfunc(a, b, fromfile, tofile,
fromfiledate, tofiledate, n, lineterm). dfunc [ 2w Bl RGBT, XRARAT
REIIGEATREA S a F b MR AR AN —B Y .

3.5 B fE
difflib.IS_LINE_JUNK (line)

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 ff () 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 ().

S

BEAPCAL: k&A% 17 John W. Ratcliff 1 D. E. Metzener % T —Fh 2SI EERHE . 0T 1988 45 7 H k3
F Dr. Dobb’ s Journal,

6.3.1 SequenceMatcher X5

SequenceMat cher K AGIXFEHI &G #E:

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: O0;in other words, no elements are ignored. For example, pass:

lambda x: x in " \t"

WERARAF R IR 2T HAT IR, HANA B X A3 2SR A7 BB 1) 22455

WESEL a F1 b HEEBTFH: PEBRINHEFAE R . T TR AR AN hashable .
S E autojunk W] T 5 H B E kA

3.2 N fg: autojunk 2.

SequenceMatcher ¥ R332 =N EAEEE: bjunk J2 b 24+ zSJunk N True WJCELES; bpopular ZWE K
L (CURILARBEEE ) AR ek 4Ei¢iﬁ75?§% ; b2j 2R b Y *TJ%E?@@T@J*’I\EW
AL E SR F I TR A EARE AL biliid set_seqgs () Hiset_seq2 () HERHHEE.

3.2 BRI fE: bjunk F1 bpopular J&1E .
SequenceMatcher WHEF VAT HE:
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set_seqgs (a, b)

BCE BRI A1 .

SequenceMatcher TWHIFZAFA X8 _ANFHIWIFEAE S, XFEWMRREER —NF5 524
P HEAT RS, Wl set_seq2 () — R E A 9 O 21 A 0 S H A 20 45 R
WKset_seql (),

set_seql (a)

WEELE DT BHRINE _DP AR UL,
set_seq2 (b)

WEE RIS 7. BRE - DTFIALNRE.

find_longest_match (alo, ahi, blo, bhi)
i alalo:ahi] flb[blo:bhi] HfHK VL.

MR isjunk HEE WGBS None, find longest_match () ¥fi&E (i, 3, k) {#fF ali:i+k]
T blj:j+k], HHr alo <= i <= i+k <= ahi HHblo <= j <= j+k <= bhi. ¥T
AR XR AR (1, 3, k'), MR L == 1,3 <= 3 WPE, WISk >=
k', i <= i'. WATEUL, WTUTA RS CECE, RIIFE o S e B —AS, X THE a X4
HiR e B A B PEECE, WLREIFE b 24 e B —As

>>> s = SequenceMatcher (None, " abcd", "abcd abcd")
>>> s.find_longest_match(0, 5, 0, 9)
Match (a=0, b=4, size=5)

WERGROE T disjunk, P54 EIR RN 2 55— D DUFCER , (ENIE I SR Ve Ay B3R e 3R Y
PR AJERRE () PRSP A SR TR AR T REHLY %R . X RRAE A0 A & VTR B
Wk, BRAEFRER B OCR L5478 R PLFECA 4R .

o2 5 Z AT, BRSO R . XRFPT IR ' abed" IS TAFIIREM
" abcd' MHPLEL. 1 HATPAPLEL "abed ', H HRVLHEEH —ANFIliR A AR abed!

>>> s = SequenceMatcher (lambda x: x==" ", " abcd", "abcd abcd")
>>> s.find_longest_match(0, 5, 0, 9)
Match (a=1, b=0, size=4)

IR F TR, 7R Ml (alo, blo, 0).
W VERR B —Anamed tuple Match (a, b, size).

get_matching_blocks ()
BEFAEESICE AP = dHA R, A= dHWIERXR (4, 3, n), HELH
ali:i+n] == bl[j:i+nl. XLE=TOHF i M j FRBIGHES .
E— M=l AT 506, H{EHN (len(a), len(b), 0). BEMi—n == 0M=Jc4l. W
R, 3, n) M@, 3", n") SEINRPHEW=0H, HEEARII RPN RE 1=
JEd, W i+n < 1' B J+n < v HAEHUL, FHARM =oAL B AR e SRR A SR .

o

>>> 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 ()
R AR AR o 2250 b K S JTTHI R, HAAITCHRIEAN (tag, 11, i2, 31, 32). 7E%
—AJeH 11 == 31 == 0, MAEHARMITA S il ST R—ocdliy 2, JF H jI T a—4
JEEY j2.

tag (EMFAFH, HA AT
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& ax
'replace' | a[il 1 WH bli1:32] B,
'delete' | alil:i2] W#iHkR. WHESTERELT 1 == j2.
'insert' blj1:92] WiEAR alil:i1]. WHHEEENREIT 11 == 12,
'equal' [ a[il:i2] == b[31:32] Bl TIFHUARD.
iy
>>> a = "gabxcd"
>>> b = "abycdf"
>>> s = SequenceMatcher (None, a, b)
>>> for tag, i1, i2, j1, j2 in s.get_opcodes():
print (' al : 1 ——> Db : ] -——> '.format (
. tag, 11, i2, 31, j2, alil:i2], b[jl:321))
delete af[0:1] ——> b[0:0] 'q' > !
equal al[l:3] ——> b[0:2] 'ab' ——> 'ab'
replace al[3:4] ——> b[2:3] x> Ty
equal afd4:6] ——> b[3:5] 'ed' ——> 'cd!
insert a[6:6] ——> b[5:6] B

get_grouped_opcodes (n=3)
Rl — A & Z n 47 1N S5 E R generator

Maet_opcodes () FriR BTG, 28743 B/ ING S SR04 TR B 13 A o e ) 1) oy DX 3
XA PN S get_opcodes () FH[R AR [H]

ratio ()

AR [ —AEUEFE R [0, 1) A3 B0 h e A LL I B

Horp T RSP TR SRR, MOZILECRYEc, B 2.0¥M/ T. i EENER P72 58 441
[ Z(EA 1.0, WERPESEAFNN 0.0,

W get_matching blocks () Biget_opcodes () MAMIEHH NI ¥z EMER K, fEIL
T R BERR B e quick_ratio () Breal quick_ratio () RPRE—A L5,

quick_ ratio()
FEXP PR B — A ratio () B LS.

real_quick_ratio()

e PO IR [ —ratio () B ERE.
X = AN IR [\ DU 20 o A B0 ZR 0 vE AT BE B TR A T L B A R —RERG g R, H 2

quick_ratio () fl real_quick_ratio() MESZE/VEH ratio () —FEK:
>>> s = SequenceMatcher (None, "abcd", "bcde")

>>> s.ratio()

0.75

>>> s.quick_ratio()

0.75

>>> s.real_quick_ratio()

1.0
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6.3.2 SequenceMatcher B %l

PAT /RGBS AT, IR “hg

>>> s = SequenceMatcher (lambda x: x == " ",
"private Thread currentThread;",
"private volatile Thread currentThread;")

ratio () A [0, 1) FE RSB N FA IR B B . IR, ratio O (I 0.6 BV
W B AT (APC R

>>> print (round(s.ratio(), 3))
0.866

AR P SIAHIEBC A A2 B4R, W) get _matching_blocks () BRI f#:

>>> for block in s.get_matching blocks():
. print ("al ] and bl ] match for elements" % block)
al0] and b[0] match for 8 elements
al[8] and b[17] match for 21 elements
[29] and Db[38] match for 0 elements

o))

HF R get_matching_blocks () RFEIfHE—PNHBE R HF 50/ (len(a), len(b), 0), X
WREICHAEITTE (P ICEEE) b o i,

QRARARZERIE U5 25— AP 5B R A7 81, WTDAREI get_opcodes ():

>>> for opcode in s.get_opcodes():
.. print (" al : 1 bl : 1" % opcode)
equal af[0:8] b[0:8]

insert a[8:8] b[8:17]

equal al[8:29] b[17:38]

UL

o WA get_close_matches () BMEUER T W ET SequenceMat cher ¥4 ] B A AL SR R
A FRThEE.

* ffifl sequenceMat cher MIE/INEIN I i 2 A7 i 7 22 .

6.3.3 Differ Y%

HEREDL ffer AN EIFARILRE /bR . i, /N ERMAERERERER, PEVEMNSFEESE
T REAYH Yy, A B R R AN AEAREE 100 TURVERAL . KF [R5 SR B EELE VLB OR B TS Jm il e, X
/R R E R ZE R AU .
Di fer REATKRENIHIET:
class difflib.Differ (linejunk=None, charjunk=None)
KT S linejunk F1 charjunk 33 453 3§ PR (B None):
lingjunk: FEELHAFAERAERSHOOBM, WRIOEIL T AR WEREL. WA None, RV
B AT T 2 A BIRAT -
charjunk: FFRAFHE (KIEH 1 FHER) MERSHIORE, WIS HEF EAL. Bk
9 None , BRI (ERI S/ £ B LK T4
XA I pR RO bR A 2= R VE I L, I B & 5 BUE A 22 R AT 8O AT B 2 . T B
#tfind_longest_match () J¥ERY isjunk TES A T N
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Differ XWHZE AR FRMEH (A E) 1:

compare (a, b)
A AT )78, AR E (— AT sr) 7).«
BT W AL — A DA ATAF 45 2 1 SR AT EAF . X RE Y )T 5 AT DAGE 3 SO 5
Wreadlines () JriRaREL. BT AL B3 & [RAE th A AT AR 45 R 1 F A7 R A Ak, vl DATE
N G writelines () JEREEFTEIH K .

6.3.4 Differ ;x4

PRI B BOCA . TR TS SUA N AR A TR 45 R ) BAA T AT R A B S 91 (AR PP 91 o ] DA it
A ) readlines () R :

>>> textl = '"'' 1. Beautiful is better than ugly.
2. Explicit is better than implicit.
3. Simple is better than complex.
4. Complex is better than complicated.
. """ .splitlines (keepends=True)
>>> len (textl)
4
>>> textl1[0][-1]
l\n'
>>> 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)

HR ORI B —A> Differ X4 :

>>> d = Differ ()

THERAELILDL £ fer XPRIFRATAI AL AR BORE IR “BR” 7T 4F. FIESIDiffer () MG
el
i, BATHEPIAA:

>>> result = list (d.compare (textl, text2))

result @—PFERFERFER, LRI HESEMFTE ok

>>> 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

v _

'+ Simple is better than complex.\n',

' ++\n"',

' 4. Complex is better than complicated.\n',
' A -———— ™\n"',

'+ 4. Complicated is better than complex.\n',
1o +H++ A “\n',

'+ 5. Flat is better than nested.\n']

TR B 2247 P AR A Sl DR U A
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>>> import sys

>>> gys.stdout.writelines (result)

1. Beautiful is better than ugly.

2. Explicit is better than implicit.
3. Simple is better than complex.
3

+ Simple is better than complex.

? ++

- 4. Complex is better than complicated.
2 el A
+ 4. Complicated is better than complex.
? ++++ ~
+ 5. Flat is better than nested.

6.3.5 difflib g9&4 17O

XASEBIER T A6 difflib SRAIE—DRMIT diff Y TH. ERFEMETE Python iR At H, I

%K Tools/scripts/diff.py.

#!/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.

min

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

(h

Z
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(£ 50

fromfile = options.fromfile
tofile = options.tofile

fromdate = file_mtime (fromfile)
todate = file_mtime (tofile)
with open(fromfile) as ff:
fromlines = ff.readlines()
with open(tofile) as tf:
tolines = tf.readlines|()

if options.u:
diff = difflib.unified_diff (fromlines, tolines, fromfile, tofile, fromdate, .
—todate, n=n)
elif options.n:
diff = difflib.ndiff (fromlines, tolines)
elif options.m:
diff = difflib.HtmlDiff () .make_file(fromlines,tolines, fromfile,tofile,
—context=options.c,numlines=n)
else:
diff = difflib.context_diff (fromlines, tolines, fromfile, tofile, fromdate, .
—~todate, n=n)

sys.stdout.writelines (diff)

if name_ == '__main_ ':

main ()

6.4 textwrap —XAH@IRITSER

PRARAS: Lib/textwrap.py

textwrap FLHFRAL T —SOHebEpR %L, PAK T ASE T TAER K Text wrapper. AR H & X —HA
AT AT A SR TEE S, PUERBNARE H T BT, VRMAZE Text wrapper B SR
BRAACE.
textwrap .wrap (fext, width=70, **kwargs)
X} text (CSEAFER) B BV SR T AR AT K R 2 N width ASEAF . IR ] i AT S A1 3R
T RANHIATAT -
AR KB FSHOS T Text Wrapper BSEHIEM:, ARSI . width BRIAH 70,
WS Textirapper.wrap () J7{E T A Kwrap () 17 HHAEE

textwrap.£ill (fext, width=70, **kwargs)
ﬁ%}%iﬂ@%ﬂ&%ﬁ@ﬁﬁ, FaR Bl — NS B A T B I B A R . £111 () A NIERI
0; =

"\n".Jjoin (wrap (text, ...))

Rl BRI, £i11 () e Hwrap () SEAMEIR K TS

textwrap.shorten (fext, width, **kwargs)
Pr& IR Lh 21 text DASFE25 E 1 width.
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HIRHT & rext R (T RS SR A28 ) o WIERGRBEE & width W

FFEFT B RERIAR R I DA AR AR SR B placeholder fEiE & width:

HoR MW, A5 0

>>> textwrap.shorten("Hello world!", width=12)

'Hello world!'

>>> textwrap.shorten("Hello world!", width=11)

'"Hello [...]"

>>> textwrap.shorten("Hello world", width=10, placeholder="...")
'Hello...'

Al e ) K S B N T Textirapper B9 5K bR JE M, H &R W R ¢ W B SUARFE
Wi & NTextWrapper Wfill() RE Z B S I 2, WMk Btabsize, expand_tabs,

drop_whitespace fMlreplace_whitespace WHEIGFEA TR
3.4 Frhihe

textwrap.dedent (fext)

Pl text Hdg—ATRYALATAR ] Hu%%l El%‘o
X ATPARIRIE B = F5 5 P AP AT M, 5 SRAE VRS H S8 i A% 2

TR ff%ﬁ‘%‘[ﬂ%ﬁ’f}dﬂzz/ﬁélﬁ, HENIFAMAE: DARMAT " hello" il "\thello" A

SR BA AR T 2825 FA

#ian
def test():
# end first line with \ to avoid the empty line!
s = lvl\
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)

K prefix A text HIEEFTHIIF K

HAPH I text .splitlines (True) EXATHTIRS .

BINTEOLR , prefix SR MBI FTA A R A5 (FEEMATERAF) HRTT.
Bin

>>> s = 'hello\n\n \nworld'
>>> indent (s, ' ")
' hello\n\n \n world'

Ak predicate ZHT] )R Az B LEATE A 0E . BUAN, W] DAMRZS 5 #b ok 2547 80UV 28 AR AT IS N
prefix:

>>> print (indent (s, '+ ', lambda line: True))

+ hello

+

+

+ world

3.3 Frhi e
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wrap (), £i11 () flshorten () WAER T X NBIE—A TextWrapper SLHIFAERL BB RA L. %
SLHIR R, T2 Hwrap () FI/ECFI11 () SRRV Z SCARFAF RN HEUL, BIERE T
I TextWrapper MR RES HEARCR

SR F U A FAFALE H AT, SEIE W IEFA RN EFAA )G KRR BB 2R, B
JETextWrapper.break_long_words #E NIRIE

class textwrap.TextWrapper (**kwargs)

Textirapper MIEAHEZ Z AR KBTS B RBTFSEIN—%0ENE, i

wrapper = TextWrapper (initial_indent="* ")
WA T

wrapper = TextWrapper ()
wrapper.initial_indent = "* "

PRATLAZ B M I Textwrapper X4, F HARMTT ATEE 1393 [) 6 o 104 1v) S5 51 Jag 1k R A A
B AT AR

TextWrapper WSEBIEYE (PARMGESR I KT SH) WFPR:

width
(ERIN: 70) BB TR RATIRE . HEM A SRR A K Twidth FHASHIE, TextWrapper
FRRBORIE AT K T wi dt h NP RAT

expand_tabs
(BRI True) WA N EUE, W texe o BT B 245156 rext 1Y) expandtabs () FEY R AZHE
e

tabsize
(ERIN: 8) Wi expand _tabs HEAE, M rext A W HIRIFRY BB EZAN 2, HARIL
PR 2 B A RN RE A R TERE

3.3 B HE.

replace_whitespace
(default: True) QRN EAE, TEHIEY 2 G BEHRITZH, wrap () Jr g RHEEEA 250 A7
Bl A 2% QPRI S VAR < 3%, AT, IR, BRI 4 (N e\n\v\ £\ "),

Eff: WRexpand_tabs NRHHreplace_whitespace NEAH, BEAHIZATRHPEHN H
A, XEHRGTRE R

HEfif#: WK replace_whitespace NRIE, fE—FTHY A EA AT HE H BHATAFH- S 2R R A0
B, SCARRNY (Ef]str.splitlines () BEUITER) PR BRI BT B ShietT .

drop_whitespace
(BRIA: True) WERHEAE, B—ATILARBRZ A7 (TERRZ G, gt n) SmEsH. 2
e BORIT S 2 B AR AR S AR AR B P AT WA ST WS A2 B P o
T—EAT, WZEBATRHIEF.

initial_indent
GBRIA: ) B INBIRE A St T N AR SR — TR PR . HRESPOT AR — 1T K.
ST ARG
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subsequent_indent
(default: " ") AR B E S0 AT 80 N AR — 1T MO Ir AT P/ . HRES BT AR
TN TR R .

fix_sentence_endings
(BRIN: False) MR NEME, Textwrapper RFis it 545 RIFH R4 5 H) B2 AR 2
FEAF I B o R 45 S8 R B SO R UL AR 2O ke . (HUE, ) PRI A ek Bl
SR TLERRE—ANGFRIITAE 0 B2 A, SRR AT s B
A=A AR EE R WRAR ML — 2 B TIA R 7 AR SCAR Y “Dr.”

’[...] Dr. Frankenstein's monster [...]

FIPAR A “Spot.”

’[...] See Spot. See Spot run [...]

fix_sentence_endings BRIANIRIE.

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
(BRIA: True) AR FAE, WK BRI widt h i BIERF 0 TF MR IEA TR K EEAR S d wideh,
WA R, B PIRAS I, BT K ET RS width, (R IR A
A7, AR width B, )

break_on_hyphens
CRRIA: True) MK L, HFHUESSER BN AL 22 AN S A LA 2R 1 347
FNBAE, WA 2 AR EE TS T2 B, (EARARER LA 7 Bt 30 T 1 ] )
Wiifsbreak _long words BWHR(H. ZHIABIERIN T B2 AU 20 FFair A JE AT B R o

max_lines
(ERA: None) WK None, W H AR 2 A0 & max_lines 17, F1 placeholder H BIAE i
WK .
3.4 Frh e

placeholder
GERIN: ' Do ) ) I SUASRAE S SO BB Bt IRAE SCA R 2
3.4 Bl Re.

TextWrapper gt T —2 G, RAUTHREUZ R EHER 2L

wrap (fext)
X} text (EAFER) H BBV B AT AR T K B R 2 A wideh DN FARF . TR B 3k Tk
RPEH Textwrapper LR SEH @M. &M R BATHRPZN R, TTRATHATRF. R A3
et SR BAAETN S, R e 551K

£ill (text)
X} text W BB Y B B0 TR [ S8k 1 S T BT I BRI AR R
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6.5 unicodedata —Unicode #iEE

This module provides access to the Unicode Character Database (UCD) which defines character properties for all Unicode
characters. The data contained in this database is compiled from the UCD version 9.0.0.

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)
%ﬁgﬁ?ﬁ?ﬁo MR HAT G E AR TAE, WHREA R PR WREAHRE], WreyError
W51 %
1E 3.3 BUE G I AR 54" R4 P57 1SR

unicodedata.name ( chr[ default]

SR 43 24 A chr 104 B A R AR e L AR i S B TSR AL defaudr | 058 AT 1,
NvalueError #5851 % .

unicodedata.decimal chr[ default]
AR [l 7 REA AT chr B+ BEHMEAR B AR SOXRRE, LRI default , QREA L,
MvalueError #5|% .

unicodedata.digit ( chr[ default]
& [ 73 W25 FAF chr WOBCPAEAE B 2R S SOXARRIMEL, MR ] default , WRBA 4,
WvalueError #5% .

unicodedata.numeric chr[ default]

S I8 3 L R chr (OB FE R SR R0 5 SORBERG (L, AR ] defauds | 015 AT 45 1
NWvalueError #5|% .

unicodedata category (chr)
BB ECA AT chr R IR RN EAF R
unicodedata bidirectional (chr)

AR B G BLLE AT chr (RUE A FATE o AR E SCHIAE, R [ 25 545 e

uni code data.combining (chr)

[ FELFAF chr BOIEA G 2NN BREL. WRBA E LA A2, MR 0

unicodedata east_asian_width (chr)

R IHELRFAF chr IARIESE AR N AT R

unicodedata.mirrored (chr)
RIS BEL AT chr WEIR SRR R R FEAFERU R SCAR R R 5 “Bet8” 4%, WhRE 1, &
JUBY e

unicodedata decomposition (chr)
R B ECEE AT chr WP AF 2 TR P A ER o SRR S8 LIRS, IR 0] 23 4 R
unicodedata.normalize (form, unistr)
1% [B] Unicode FE4FER unistr 1 IEHTEE form . form ARE N ‘NFC’, ‘NFKC’, ‘NFD’ #1 ‘NFKD’,

Unicode A7 32T B0 58 R A 25 1 S5 3500 5 SCE LT Unicode “AAFHR 945 FELTE AL TE X . 7 Unicode
Hr ) AT PARAE RO 3R 2 A4 . B0, F4F U+00C7 (454 CEDILLA [1) LATIN CAPITAL LETTER
C) L PAZ275 K)F51 U+0043 (LATIN CAPITAL LETTER C ) U+0327 (COMBINING CEDILLA ).

! http://www.unicode.org/Public/9.0.0/ucd/NameAliases. txt
2 http://www.unicode.org/Public/9.0.0/ucd/NamedSequences. txt
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KFHAFRF, AWREREX: EREX CRIEMREA D .. IEMERX D (NFD) WA AL #E,
TRV HARIZR . EARR C (NFC) PR IR, RIGFRALATALAFHF
B TRXAPIE 2 Ah, B AT AR A SR A AE A . FE Unicode Hr, SCHpHREMEFEAF, X L8
SRR S HAN TS —, I, U+2160 (ROMAN NUMERAL ONE) 5 U+0049 (LATIN CAPITAL
LETTER 1) 564, /2, Unicode S FFE SHATFHM (M1 eb2312) HUFALE.

IEAEA KD (NFKD) 57 AeA i, BT AN B0 A A 5. IR KC (NFKC)
BN AREE AR

B4~ unicode “FAFERPTE AT HABEFARAM A, MR —DNRAHEFRM D —DEA, W
ENTA R

BEAh, BB G T AR R &

unicodedata.unidata_version

SRR A 1 Unicode i 22 (1 i 4s -

unicodedata.ued_3_2_0
G RABHEAAMFEIERRTS, BT HE MR E A Unicode $dfa i (411 IDNA ) 1
MR, U] Unicode % AR iA 3.2 .

Yk

>>> import unicodedata
>>> unicodedata.lookup ('LEFT CURLY BRACKET")
l{l
>>> unicodedata.name('/")
'SOLIDUS'
>>> unicodedata.decimal ('9")
9
>>> unicodedata.decimal ('a')
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: not a decimal
>>> unicodedata.category('A') # 'L'etter, 'u'ppercase
lLu'
>>> unicodedata.bidirectional ('\u0660') # 'A'rabic, 'N'umber
IAN'

i
6.6 stringprep —EMFHFRINEZ

PACHS: Lib/stringprep.py

TERRRIARR M _ERYSEY) (BlanF0I4 ), BFHRIERRX MRS (M%) . XA BRI R AT T RESR L
LJE?E“\LH%EJZE’JKEL BIAZER X R/NG S, A I n] RETFFE R AR “RlHTEY 54541

RFC 3454 7 3L TAERFFF ML Unicode FATHRRY “Hilse” 1. fEXFFATHELEmZ, ENaaiii
P REHEA T AL PR, 2 S AR RAT R E AR HE . % RFC & L7 —R5IFA%, EANTR AR & e T
B BAECEMAUE TR, stringprep AR HAL AT EI IR FLE AN/ . stringprep
BB — B¢ nameprep, BEHMH T EEr LA~ .

Wit st ringprep (U TR H RFC 3454 (1) 344, BT 2840 SR8 AN 2R 27 b - sl 51 5 2w T
K, AL B H Unicode TR . AR GRS 2 H mkstringprep.py THEAMA .
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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.

stringprep.in_table_al (code)
i 7E code 275 BT tableA.1 (Unicode 3.2 WA AR A ECRSA) o

stringprep.in_table_bl (code)
Wi code ;2@ T tableB.1 (Gl H ML A2 H)

stringprep.map_table_b2 (code)
R[] code fK A tableB.2 (AL NFKC i I R/ NG REAS L) Bk Sh (A -

stringprep.map_table_b3 (code)
R[] code fiHh tableB.3 (A FfF i IEARAL B R/ NG I B WL BB (A -

stringprep.in_table_c11 (code)
5 code 1275 & T tableC.1.1 (ASCII 25 FIF4F)

stringprep.in_table_c12 (code)
i code 275 )& T tableC.1.2 (¢ ASCII 25 HFEHF) .

stringprep.in_table_cll_c12 (code)
i code 275 )@ T tableC.1 (55 HF4F, C.1.1 fil C.1.2 g3f4E).

stringprep.in_table_c21 (code)
TfiE code 275 )& T tableC.2.1 (ASCI #1745

stringprep.in_table_c22 (code)
5 code 275 )& T tableC.2.2 (FE ASCII # ] F45) .

stringprep.in_table_c21_c22 (code)
i7E code 15 & T tableC.2 (35 #1747, C2.1 #1 C.2.2 BIFF4E).

stringprep.in_table_c3 (code)
52 code 7245 & T tableC.3 (FAHH ).

stringprep.in_table_c4 (code)
i€ code ;275 & T tableC.4 (AEFLFRSAL)

stringprep.in_table_c5 (code)
i€ code 2@ T tableC.5 ().

stringprep.in_table_c6 (code)

€ code 277 & T tableC.6 (NI M T3

stringprep.in_table_c7 (code)
Wi code 2R JET tableC.7 O H THERR)

stringprep.in_table_c8 (code)
i5E code 215 @ T tableC.8 (7% /R JEIEE 7).

stringprep.in_table_c9 (code)
i€ code ;2 & T tableC.9 (FRILFAF)-

stringprep.in_table_d1l (code)
i5E code 5275/ T tableD.1 A MA &M “R” 2 “AL” HIF4F).

stringprep.in_table_d2 (code)
Wi/E code 275 &7 tableD.2 GG AL @Y “L” 4.
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6.7 readline —GNU readline 0

readline BLBE LT VFZ J5 M Python f#REA: 5 BRI LU B AT S SCIFAY pR . EORCER W] AR
oGl I SRR H SRR AT T 58 Python ARIRATHY r 1 completer MU o f AT IMABLHIEAT Y B E 2 [R5
Wi AR AR B A HAR R AR N B i nput () eRARIEAHR AT«

{Eff:  The underlying Readline library API may be implemented by the 1ibedit library instead of GNU readline.
On MacOS X the readline module detects which library is being used at run time.

libedit B HAYECESCHFS GNU readline ([ UIRAVREAER T BB E FAFH AR AT LAZE readline.
__doc__ FEINSCA “libedit” #[X 4> GNU readline #l libedit.

Readline keybindings may be configured via an initialization file, typically . inputrc in your home directory. See
Readline Init File in the GNU Readline manual for information about the format and allowable constructs of that file, and
the capabilities of the Readline library in general.

6.7.1 #MIsfL3CH
T R ECS W R AL ST P A K

readline.parse_and_bind (string)

PATTE string ZRCHRBRIIRIAT . HRSTAMIRZFEH Y rl_parse_and bind (),

readline.read_init_file( [ﬁlename] )

AT —A> readline ) 4f AL SCPF. BRIA SCIR 44 O fieale B B 09 SCF 440 8 R 0 & T D IR 22 26 P Y

rl read_init_file ().,

6.7.2 TTEHE
A RE A TS X BB

readline.get_line_buffer ()

R AT K21 B A A ORJZEHHY r1_line_buffer),

readline.insert_text (string)
RSO AATZ M X S B AR E . ZRBSTAIREE PR r1_insert_text (), HRZMH
IR .

readline.redisplay ()

PR A ) S DA S RAT ZE i DX R M TN RS TR IR P £l _redisplay () .

6.7.3 HEIH
R ECSAE T SO R

readline.read_history file ( [ﬁlename] )
A readline JJj S0, RGNS D7 050 BAASCHE# S ~/ .history. HERESTHRKZ
AW read_history ().

readline.write_history_ file ( [ﬁlename] )
K51 529 R ARAF A readline JJy 52301, B RG AR AT S BOASCHE4 N ~/ . history. MRS
JREFE T write_history ().
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readline.append_history_ file (nelements[, ﬁlename])
P 29N R e I nelements SRS INE 7 52 50 BRIASCHA# M ~/ .history. SUHRUCAFAE. HRR
B IRZEEH) append_history () o MEREX 2 Python Zisk A SO I BE Y P RRCAN IR 4
DAFAE .

3.5 B

readline.get_history_length()

readline.set_history_length (length)
T H Bl R ] 5 AR AR B T S SO B AT R, write history file () SRS iR A )E PR dh v
history_truncate_file () PAGEIZERBIRL S SCHF. B RRE AR D s SO R/

6.7.4 HEFIFE
PATR BB AR 2R T 2513 4

readline.clear_history ()
TR . PR BT HI IR Z R clear_history () o I Python pR%U{X 24 Python 4if iy ¢
FrIL DI RERY PERRAS I A AP AE

readline.get_current_history_length ()
AR E T AN R H . (WEREOR R T oet_history length (), JG# iR BIRHE AL 301
B RATEL )

readline.get_history_item (index)

R WP index T LA HM U EINE. ZEBFSN—IFH. HRBSWAKRZESHH
history_get ().,

readline.remove_history_item (pos)

MPrse sl R e & B & He ZHAMAEMNZIT 0. ok B R Z P i

remove_history (),

readline.replace_history_item (pos, line)
45 2 OB P A H OB O line. A% H LN FIT IR oK K0S W T R ZE E PR

replace_history_entry ().,

readline.add_history (line)

Kf line PPN 2 Genb X, MY TRERITHAR —47. RS MRZAEH R add_history ().

readline.set_auto_history (enabled)
JE  BEE ] 2438 i readline MU AR B B3I add_history (). enabled ZHN R—NA/RME, X4
FONEEM R A, 2 HERE A B3 L.

3.6 B fE.

CPython implementation detail: Auto history is enabled by default, and changes to this do not persist across
multiple sessions.
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6.7.5 BzhEF

readline.set_startup_hook ( [function] )
WCE B IRIR)Z R r1_startup_hook [P A& HY R &L WIRIEE T function, EFFHPINAE
BT TR AR IO None, ARAE 2R AR BCRF RS R . #4T BRECRFAE readline T FIER—
PR B Z BN S Bt -

readline.set_pre_input_hook ( [function])
WE N IRIRZ R r1_pre_input_hook [BIYH BT A YR AL, UIRAEE T function, EAFH]
VERTBE TR WA IS Bl None, AR 2R i BRACR R IR o 3 1 BRBSCIRFAEST BN — MR R (R
B2 5. readline JFAG U A AT Z BIA N SHBR I o e Bfl24 Python ik (aly A7 SCH5 L0 fiE
FR R RRAR I A AP A

6.7.6 Completion

PATF BRECS 5 SRR A A R B SE R C . X Tab SEIEITHERE, BEASHRRIT H BAb A IEAE
AR B BIAE LT, Readline % N rlcompleter kb B MREAFHY Python FRIAT. 4Nl
Hreadline BHERELA H & AN RBORMERT , TG B8 B AN A B3] 4 PR AT
readline.set_completer ( [fzmction] )
WEB RN R WRIEE T function, TR HVERIANEREG WA BEECH None, fEfIEL
RN PO R . AR B FIE A function (text, state), HHtsware 24 0,1, 2,
oo, HRHRE AN EFA R B4R ETR AP text TR MR N EY
OB AN A PR ECRT FR AL R 25 K2 E T r1_completion_matches () B entry_func [A]9 pR %R A
VAR . text TR H TIREFET r1_attempted_completion_function [HJEREHIE—MES.

readline.get_completer ()

IRBCRN R AR, MR B BB AN 2 s BONR 5] None.

readline.get_completion_type ()
PPUEAE AR IR IFIR)Z Y r1_completion_type AZEHAER—EEELRIA

readline.get_begidx ()

readline.get_endidx ()
OB AN & W R oI Mg Ry S, X RS RS R EEF
rl_attempted_completion_function [WJEEREN start F1 end S5,

readline.set_completer_delims (string)

readline.get_completer_delims ()
BB BRI I 4 B AT A BRI E T 258 RN BRI IR AN G AL B (R 4aedal) o X2t
RS TiNREFER r1_completer _word_break_characters A&,

readline.set_completion_display_matches_hook ( [function] )
HEBEBEENE TR K. WRAEE T function, T ¥ 9 A VE B 094 B oR R EG 0 R
B W B A None, R ZHMHH 2B REBFHEE K. RS REXGEHRIKZEEN
rl_completion_display_matches_hook [ R4, M4 5 R~ bR & 7F 6 YR 75 52 1 7 VC g
BfPA function (substitution, [matches], longest_match_length) PR EEIEH .
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6.7.7 =Bl

PAR /R B8R T WA (i F readline fHRE Py S BEUE B RECE B ah MBS ARG P EHE RSN .
python_history BI04, PATN ARG & B 247832 B2 3% A B AMUFI FY %) PYTHONSTARTUP (/4 H #l#k

1o

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)

BTSSP b2 AE Python iz 47T X H AL H BNE1T (B WReadline (% %) B H).
PATT/RBISEEL T IR F A, AR e RS s b s i 0y 2Ok SR A i 2 EL il

import atexit

import os

import readline

histfile = os.path.join(os.path.expanduser ("~"), ".python_history")

try:

readline.read_history_file(histfile)

h_len = readline.get_current_history_length ()
except FileNotFoundError:

open (histfile, 'wb').close()

h_len = 0

def save(prev_h_len, histfile):

new_h_len = readline.get_current_history_length ()
readline.set_history_length(1000)
readline.append_history_file(new_h_len - prev_h_len, histfile)

atexit.register(save, h_len, histfile)

PAR /RGP BT code. InteractiveConsole ZEPAST I R ARIF/IRE .

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"):

(Rt

6.7. readline —GNU readline 0
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(£ 50

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 readline g4%p2 5%,

JEARRS: Lib/rlcompleter.py

rlcompeleter Ml #MEA R Python FRiRAFRI S8 7 ST —ANE M T readl ine BIBRIHM 4 pR AL

AR YA B ] I readl ine B Unix -S43 A, —1> Completer SEBIR-9E H sh & & H HEW
complete () F¥EWIXE Nreadl ine BANERS.

Pl

>>> import rlcompleter

>>> import readline

>>> readline.parse_and_bind("tab: complete™)
>>> readline. <TAB PRESSED>

readline._ _doc_ readline.get_line_buffer( readline.read_init_file(
readline._ file_ readline.insert_text ( readline.set_completer (
readline.__ _name_ readline.parse_and_bind(

>>> readline.

rlcompleter BiHUEA T Python i) AL BRI B ITHY. FiIE Python @i id —s YEIIEAT, X AMEH A
e A SIPEE A HBCE (B WReadline (% %) B%).

TERA readline BPF-6, BUBHUE LY Completer FABIRT LA T A & X474

6.8.1 Completer {5k
Completer X} 5 B AT AR 7k

Completer.complete (fext, state)
K text IR ] 55 state TAM 4,
WUERFEE W text AL E A EFARF (L), BERFARIE Y H__main
Treyword fish) Frw LA PRI THME o
WA R A A S AR PATI B R 2 55— 35 R IR TR = A B 5 . (BREIOR
SHORAE, (HERTAERST __getattr_ () W), IHiliddir () RBORICE RIS FEXTHR
RFCRAEIR G | R PR S A ik . FERE IR M None.

, builtins FI{RE KT (B X
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CHAPTER /

— B HIHIEAR S

AREN BRI 7 — Lo — UE AR EA IR S B A Kk R RR A AR, RS SO
AR ZE B KAHRAE, FAEM KT 4

Tﬁ%ﬁ%j&$i$%ﬁ%%mﬂﬁﬁmAWH%§%:#ﬂ%ﬁ(%wm)ﬁ%ﬁ:#ﬂﬁ%(%
WMdifflib ),

Ak, 2% Python 1P — I B AL A SO = 4] /5 7 & A bytes, bytearray, memoryview .

7.1 struct —EFTHBRMFZHITEH ZHFEIE

PACHS:  Lib/struct.py

AR H AT PASAET Python {1 DA Python by tes X R FRRMT C G518 Z A FEH . 3% W] DA I of b BRAEAif HE SC
A B AN I 2% 1 1 S LR R AR I — R e . B AL T A AR C S5 RRE R IR DA K S
Python (B[R A ] FE 46 o

g BOARLT, FTEAE C 4IRS WS T I AR i C JEBUARFFIERR X 5F 5 2
o, XIFFAEMP OB ESBNATLTE . PEREIFT A H AR R RET RE N 7T B SR C 45 H7E A7
WA R 58 4 — 2. BLARBEF- 6 S A B A X sl e U e 7Y, 381 standard K/NVRIXEFF A
& native R/NIXIFF: BB W F 7T, Ko Fert 7 X

Flbstruct EREL (PAMStruct IT7R) %A buffer 2. XGRS T bufferobjects F-4 L H 1
dOR MBS SRS . HT I H R BRE WRE N bytes Mlbytearray, HiFZ HAT RN 71744
ARSI T Genb il ML EATTCHRAIMA by tes MR il B Al s i 7e .
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711 BHANEE

WASTHE SCT R4 S AR 4
exception struct.error

SAEZ TG E TGRSR HSHO— R S B TR
struct.pack (fmt, vi, v2,...)

Return a bytes object containing the values v/, v2, ---packed according to the format string fimz. The arguments
must match the values required by the format exactly.

»

struct .pack_into (fmt, buffer, offset, vi, v2, ...)
Pack the values vI, v2, ---according to the format string fimt and write the packed bytes into the writable buffer
buffer starting at position offset. Note that offset is a required argument.

struct .unpack (fmt, buffer)
Unpack from the buffer buffer (presumably packed by pack (fmt, ...)) according to the format string fmt.
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 (fmt, buffer, offset=0)
Unpack from buffer starting at position offset, according to the format string finz. 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 (fmt, buffer)
Iteratively unpack from the buffer buffer according to the format string fmt. 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 ().

FRUCE AR A — DU U A B BT 2 e 4L
3.4 BRI HE.

struct.calecsize (fnt)
Return the size of the struct (and hence of the bytes object produced by pack (fmt, ...)) corresponding to
the format string fmz.

71.2 A FHE

W R AT R CLBCHR N U R OB R 62 BT 0/ A 1 X
i TR, BOOh, A SRR TR ROREER S TR . Kot o Ko

FHNERF, XK/NXFHER

BOATOLT , C BV ER AR M T 208, HAE B Wk Fe 5 i db AT IR RS 57 (Hds
C Ziian S AR ) o

L 3 I W O P S B e 7S AR €7 oy 1 V5 RPN N D B e

FH | FrRIRF K/ XIFAR
e ) HIETY | R
= Y Fiof o
< /1N hrifi o
> Ky hrifi T
! Wz (= Kii) | Awife o
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WRHE—DFRHARH P Z—, MfEER e,

AL 07 AT B A K B2 /N, B T EVLR G AR . FlI40, Intel x86 A1 AMDG64 (x86-64) & /[Ny
i%; Motorola 68000 Fl PowerPC G5 &K iffif); ARM FI Intel Itanium H A ] Y4 i )T (W) » 358
sys.byteorder BRI RFEFITT -

AHUR/NHIRSFFI7 2R C HiiAR1 sizeof FaRFORMIEN . KRS TR T E -
PRFERAMUB TR FAT; S 5046 X F 45 T4 iy Rk
TR @ F = ZIR RG] AR AL TN, (R BN 5T SR AR ALY o
R L AR ERR AN TIC A 45 5T M R K i /N B T e A
B 207 XBERE AT TUT (SR 70 ) s W IR 1< 5>
HRE:

(1) BFERSTERLLEH G 2 B B 3. BOEAR LB B C g a5 LRI R .

) 4 AAEAYA N F IR <, >7, ‘=7 and VT BPASEIMETIE T,
(3) HRFEERI AR BT FF BT AR BB 5 oK, i AR I EE R S E g5, &
WA
BXFH

A FRFRAT AT L C Al Python {EL 27 [] 4% HAi i JEIU I S 2 2 RS IR AY . BnifE RN 91241
BRI NS AT R M EAT R/ AR AR A <, >, b B0 = 2 IRk
Do MFNAYURNEE, EFTERE NIRRT BARF5

g | C R Python &Y BREXD | ER

X HIETFY B

c char KEN T | ]

b signed char R 1 (D,(3)
B unsigned char BB 1 3)

? _Bool bool 1 (D)

h short R 2 (3)

H unsigned short HE 2 (3)

i int B 4 3)

I unsigned int B 4 3)

1 long R 4 (3)

L unsigned long R 4 3)

q long long R 8 (2), 3
0 unsigned long long | Z&¥{ 8 2), (3)
n ssize_t AL “4)

N size_t B 4)

e (7 ¥ AL 2 (5)

£ float et 4 ®)

d double AL 8 ®)

S char[] T

p char(] T

P void * R (6)

TE 3.3 BCE S B X "ot R TN AR SR
T 3.6 JOEHC: B30T X e A% SCH T
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W
(1) 2 FEHTIRER T C99 2 3L _Bool HT. AIMAURATA, MG char HHEHl. FERRIERIT,
ERRA—FHHR.

(2) The "g"' and 'Q"' conversion codes are available in native mode only if the platform C compiler supports C Long
long, or, on Windows, __int 64. They are always available in standard modes.

3) AR AL BRI T O — IR BNT, WPRIZARBBIA __index_ () Jrik, WATEITHE
LRI IZ T IR SR — AL

TE 3.2 BOE S AAEREEU __index_ () 2 3.2 UK B

@) "n' Hl N EEGAD SO AU CGEBECABOASE e FAIUTFAF) o XTARERN, ARAT
PASE FSE A A B2 A AT At B ok X

(5) A 120, rdr Bl ve BT, TR IEEE 754 binary32, binary64 5 binary16 F (43
WREF e QB e ), it P A AT kL.

(6) "P' A FAF O AN AT R GBS e FWIF74F) . FWIF TR =" it
FEOH T EYLRGER /D sl sHE T« struct BLRA 5 RSO APLIHER, L 2 AT
A

(7) IEEE 754 binaryl6 “PA5RE” JRALZFE IEEE 754 BrifE 1 2008 (21T Uh 5 A EEE— M50, 5
AFEEALAT 11 ASKERENL (BAAFAE 10 f7), RTPASE IR R REGERIFE 6. 1e-05 fil 6.5e+04 2
[T . WERBOF R C gaiday) 1z 508 fE— S HMBRHLER B, WA unsigned short 17174
EARSH T HE S, 25 F4ER | R U half-precision floating-point format | fi#14% »

WX Z BTA] AR A AR S T pln, A%sUFAFER T4nt (98 5 "hhhh SEAAE.
R Z MR 2 AT 2 20 (R RO A A A R 28 54

X st MATRF, ST TR, AR R AAR S E AR B B, 10!
FOR—A 10 PRI, T 1 10e FOR 10 NPT, ARG TR WEOAEDS 1. T aRE, 7
T HR T YT SR RS Y ARF A EOR . TR, AR TR RS R A R E R T
o AEMFRIAEIL, 10s' FR— AT (M 0c' FR 0N FAF )

MR- (b, B, th, THY, YA, T, T, LY, g, Q) ATRE x B, R x PR
E‘Jﬁ&i?ﬁ[ﬂZ%muj{%glﬁstruct .error,

TE 3.1 R AE 3.0 b, BREef e T AR Y BIME R Eks e 5| K DeprecationWarning M ANEstruct.

error,

‘o' M TAFH T “Pascal FAFH” , RIFFRAFE f VTR 2 1Y B KT 7 Ay ] AR KR AT AR . BT
FEREBIER — D N FAFER R 255 FPRYBUIME. Z SR TFAFHR VKT WRE Apack () BITFAFER
R GBI 1), WA FAFEHRE count-1 DMFI R WRFAHRET count-1, N&IA
FAEFHAERHE LB T count AN54Y o IERN Funpack (), o' BT &HFE count A5y, H
IR [l B AT R AN 2 E R 255 ST

XT 2 gEFAE, REER True Siralse, TETEMS RS HRIGHBEL. DAHLERE bool %
BIRHY O 5 1T, FERAES ARG True.
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Bl¥

MR AR BIERECE B — & R Las B AL T Y . K/ IVHDR 557 5.

TT U/ A =R SR At 7 81

>>> 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

AR B BOT Il IR E AT TR 20 B BR A R e o — R A oDk 44

>>> 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)

AT AF I T RERS KN A0, R R 57 BRI a5 R T R AN (A 14

>>> pack('ci', b'*', 0x12131415)
b'*\x00\x00\x00\x12\x13\x14\x15"
>>> pack('ic', 0x12131415, b'*"
b'\x12\x13\x14\x15*"'

>>> calcsize('ci')

8

>>> calcsize('ic')

5

PATA%C " 11001 " $REFER AP METETY, BUE long JEHUHE 4 AL x5

>>> pack('l1lhO1l"', 1, 2, 3)
b'\x00\x00\x00\x01\x00\x00\x00\x02\x00\x03\x00\x00"'

TRAL G AHL RN 55 7 AR A S8 5 AR RN 55 07 20 H AN S5 il EA AT AT X 55
S

Bitkarray TR —dE AR R B4 .

Bithkxdriib TRAIfEA XDR 5.

71. struct —RFNRBIRATEHZEFIEIE
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7.1.3 %

struct BEHGAE LT DA AL

class struct.Struct (format)
iR [l — 4B Struct 5, BRI FAFER formar K5 AN IEHI LG . —RPEHA)E Struct
X I DT A LA R AR AR X T st ruct BB, Bk M s A E L SR i i
—K.
EL4iFAY Struct X4 SCRFPAR 7 vAFIE M-

pack (vl,v2,...)
EMTFpack () B BHTEHRFWEN. (len (result) $fEEFsize, )

pack_into (buffer, offset, vi, v2, ...)
G Tpack_into () REL, T CgmiEmIE.

unpack (buffer)
ST unpack () KEL T E R, RIS T size.
unpack_£from (buffer, offset=0)
i Funpack_from () B, MM T EHmIFEMFNX. Gt KR FT R/AINRZE offser w2 2 /D
Nsize,

iter_unpack (buffer)
ST iter unpack () WEL, (AT EagERAER. PR/ NN size IREEAS .

3.4 B HE.

format

FHTF A I Struct X4 i X F A5
size

WM R T format LR/ (IRRlpack () TPk R AT BRI -

7.2 codecs —YRfFME23EMFNIERE3E

PR Lib/codecs.py

RXAMBEE LT ARIE Python Jaf#h s (b MI#aDE:) AOEEE, FFERMbE 1 RD7 I AR Python 4 fi#
AR, MR T B A AL AR A A IR AL B A A A . R BB ES A de s T LA 2 20, B
ITATRS SCAR GRS Ry 74T ef (BRIt — e i a8 vl R SCAR SR o SOAS , VAR AT i 7o eh . HE
Xéﬂg%@%ﬁﬂ PATEAL TR S R BEA T A B AL AR, (R RE SR BRI (U 1 S0 A 2 2 BRI B R 7 37 e
(RETTEEE

GAEHLE SCT VAR T P ATArT 2 8 B g A 2 D PR L 1 R

codecs . encode (0bj, encoding= utf-8’, errors="strict’)
1k encoding YN iR s X obj BEAT 4L o
I DAZE A& Errors AV BT S A IR AE PR 52 0 BN B IRAL BE T 3 "strict " FIRGmADEE 45
K ValueError (B BEE IS EAH 2B T35, FlilUunicodeEncodeError), 1574 g ah 23 L &
TR KO AL A R AL TR R 215

codecs .decode (0bj, encoding= utf-8’, errors=strict’)

B H encoding TE M} 4 S48 X obj HEATHRNY o
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A PAZE % Errors DA BT 35 ZERO BT IRAG PR 7 28 BRI ARG T 5 ' strict ' BRI RFF T
ZviVal ueError (B E MBI X125, HlilunicodeDecodeError), iS04 it il 52 L £
TR KRR SR A R A FE Y T 205

B g PR s 1Y) S B A Yt n] DA B A R

codecs . lookup (encoding)

7t Python Zif i aS L rp AR AR AR R, FFaR [l —>CodecTnfo MR, HiE I T3

HARHSETMRZA DT EREG, WRKREKD, WSHMEMNERRES] R WREEK
Fl|codecInfo %1%, WG|k LookupError, W], CodecInfo ¥4 ¥ 417 A FAFH 1% B 25148 H
o

class codecs.CodecInfo (encode, decode, streamreader=None, streamwriter=None, incrementalen-
coder=None, incrementaldecoder=None, name=None)

FERR A BV 2 I B0 A AR SR T L A3 B8 B (A H% o J

name
Yt 24 PR

encode

decode

TERSHI DAL R EAIWIEEA S Codec fencode () fldecode () JAHRIE LY
PRSI (B W Codec 457 ) . X EEpR IR M 24 TAET IRIRSAE K .

incrementalencoder
incrementaldecoder

AR g AR 2R S T gl X SEpR B B  F e Tnerement alEncoder
%HIncrementalDecoder B LD, eI DR ERIRES.

streamwriter
streamreader

WX H AR B g 2 T B B aX B ok B ) R A i B RSt reamiriter
fistreamreader i LIHE T o G fRAd o n] U\{%#F’H(/u

N T RS R AR AL F BT, AR L T AR B A, BN Lookup () RAATHmERD e A
&

codecs .getencoder (encoding)

B R O AR 25 1% SR A 8K
TR TEE B3| & LookupError,

codecs .getdecoder (encoding)

T H A 2R 25 B 3 ] AR 5
A T B S| & LookupError,

codecs.getincrementalencoder (encoding)

FEARES TE S D B 2 B s R 1] e e s B e 28l T B 4
TEG A ToVE R 2 S ARG as A SR R RS AR 5| K LookupError.,

codecs.getincrementaldecoder (encoding)

AR E G B 1) e PR a8 A ] Hog B AR A e 28 B ) R
TEH RS TEAEAR B SO D AR A SCRAH R U g5 | & LookupError,

codecs .getreader (encoding)

B R R SR 3 ¢ reanreade r Ko T B,
TR TEER B3| & LookupError,
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codecs.getwriter (encoding)

ARG E A ) GRS R R M St reamiri ter JEEU T ML
TEG IS ToE AR BN 55| K LookupError,
7 SO AR 1) e P 8 5 M 24 1) R 48 2R ek

codecs.register (search_function)
WM — A A R R BRRBTUZI— 2%, VNS ERFRRmB AT, HiR
[]—/~CodecInfo X5 . FEBREETERBN S E MBI T, BN Y4i[E None,

TR R KEHEN H R ARERY, XAERLEREOU T AT R B, BN F e i e A

BN E R open () FIAH KA 1 o BLHUR BRAE T i SCA SCH R 3, (EABS IRt THIIMNY TR
PRECFNZE, FOVFAESRAE — 1l SO IR B8 2 45 2R i e f i i -
codecs . open (filename, mode="r’, encoding=None, errors=strict’, buffering=1)
i 45 72 1) mode FT I EL g 1 SCAF IR Bl — > St reamReaderwriter [FSEH, $HAMLE BH ) i/ ff
e BRI "o, FoR AU T S0

M TZBE M SRR AT IR R T IR FEBEECRI S A A2 BBIIT " \n" (540, mode
SR AR N B open () BEITHZFER —HERIBGG o 24 A S,

encoding 4 7 SCIF I S ) A% 3o FRVPATAT 2 B o 74 B O 51 H AR RO PR A A% 5, T ST
TR ORI R 2 B e e i 1D ) A R

A PARSE errors e ERMEIR T 5. BROME "strict ' RRTEH IR RN G| K valueError,
buffering (1) L5 N & open () TR . BRIAHITZE N
codecs .EncodedFile (file, data_encoding, file_encoding=None, errors=strict’)
o] —A~St reamrRecoder SEBIl, EHRBET file H)FE WAL REIRAS . 24 405 A O A I I 0 S A
R EIEIR
B A CAR SR BE 2 RIE L E W) data_encoding RS, IR J5 A file_encoding 1“7 T\ H AR
UESCA o ANIEIR ST SEIRU) 51 B3 FARYE file_encoding ffiHy, HESHRAKFME data_encoding BEAT 4t -
s file_encoding K455, WERIA K data_encoding .
I PAFRIE errors s ERAEIR T 58« BRAME " strict ' FRTEH IR RN G| K valueError,
codecs.iterencode (iterator, encoding, errors=strict’, **kwargs)
o 3 B G i e 2k AR b o irerator FITERAILIEI A o WeREUE T generator . errors Z41 (PAJAT:
AL TS H) Sl st UmiDes .
I R BT BRI A28 3 2 s £ 0 MBI SCR BT fid . BRI B SR B i s, Bl

base64_codec,

codecs.iterdecode (iterator, encoding, errors=strict’, **kwargs)
i 1 3 B AR AD AR 1 % AOR FEID - iterator FTERHETIETA . BLREUE T generator. errors Z85 (PAIAT:
A TS L) PG an i Ui as .

B RR B EOR dn R i e i 2 by tes MR AT . R E A L SCAR S| SCAR K i ag, B8 rot_13,
{H/2 rot_13 ] RAEA [FIFERUR ) i cerencode () R
AREHGARAE T AN # R, TS ARBTG5 5 S

codecs .BOM
codecs .BOM_BE
codecs .BOM_LE
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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
XUE R LT 2T, B2 g iE g X% Unicode 745 ¥ ARic (BOM) . B fi17E UTE-16
A1 UTE-32 %4 3t gk A AFRBH BT 35 007, 94 UTFE-8 g 4 Unicode %544 . BOM_UTF16
2 BOM _UTF16_BE B{BOM UTF16_LE, BARBGRT G HANFET)T, BOM £BOM_UTF16 1514,
BOM_LE J&BOM _UTF16_LE WR|44, BOM _BE J&BOM _UTF16_BE [R44 . HAth)F5 M3 UTF-8 Fl
UTF-32 #rt 5 = ) BOM.

7.2.1 fmfREDER A
codecs B ST — RIS I UL 2 SRR A AT R IEAT TARAOHE 11, 5 FLA AT JH 1 Tl A 25 9
e TR

BERD 2 IR AD AL A SCPUS2 E LAE A Python R Swfifids : TR it . TORSMI AR . SR
TE AL TIPS AGHE R S5 TCRES S F 8RS a8 R SE B SO A S a8 VR i 75 2 E
S PR e 5 T i A 0 4 B R AR D B 2

EiRANE

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:

& aX

'strict' | Raise UnicodeError (or a subclass); this is the default. Implemented in st rict_errors ().

'ignore' | Ignore the malformed data and continue without further notice. Implemented in
ignore_errors ().

PATR i A By G ALIE T ST 26 2

& ax

'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 ().

'xmlcharrRepigotawitl the appropriate XML character reference (only for encoding). Implemented in
xmlcharrefreplace_errors().

'backslashEdPlalRGIF L AL LA T . fEbackslashreplace_errors () FHEEH .
'namereplaReplace with \N{...} escape sequences (only for encoding). Implemented in
namereplace_errors ().

' surrogat €@ degoeing, 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.)

BEAh, DA A RAL BT SR T 90 E M AR L 45

[ IRIRRIES axX
'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.
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3.1 FhRINEE: 'surrogateescape' fll 'surrogatepass' FEIRGTHTE,

1E 3.4 UHEL: "surrogatepass ' fERACI T RIAEE T utf-16% 1 utf-32* JRfRid4s .
3.5 FRIEE: 'namereplace' fE{RAE TR,

TE 3.5 MU : 'backslashreplace' 4% iRANE 22 PRTELE Fl T-RRD FIEE
FEVFAMEL SR G T DA I i 44 B B iR AL FH T Sk 9 e -

codecs.register_error (name, error_handler)

TER TR name 2 N EMHE RAC IR KLY error_handler, 24 name $48 € NS RE S0, error_handler Z5fr
6 1 BORT G R TE S B RN AR 30 1) e A AR I 00 R AT

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.

RIS AN L O RAR L, A2 AME T ¥ UnicodeDecodeError B UnicodeTranslateError
A HAE R, I Bk B ARALPERR 7 RO X G o B I A S

ZERENT B R AL T 58 (ELAERRHESE DRAL PR 58) W I A4 R A T AR

codecs.lookup_error (name)

MR [E] 2 HIAEAL FR name 2N YENY SR AE TR T %
TEAL IR RICIEAR BN 5 | K LookupError,

PATR AR e Ak B 5 th i e AR 2 2 o K O R -

codecs.strict_errors (exception)

SCEL 'strict!' BRRANEE TR BRI SRS AR &Y K UnicodeError,

codecs.replace_errors (exception)

P 'replace FEIRALPEITR (AT A% a0): gl s iR Er il ' 2 OF M 4nfRidasgnis), fes
iR, " \uff£d" (Unicode B F4F),

codecs.ignore_errors (exception)

P ' ignore' HRACEETISE : ZMAE RAE AR A Nt 2@ AU ARSI T

codecs.xmlcharrefreplace_errors (exception)

SEP 'xmlcharrefreplace' SR E (U T A% A 1S i) . RA] 9% 1 F 45— PATE
211 XML F455 | #7840

codecs .backslashreplace_errors (exception)

SCP 'backslashreplace' FRANEE 2 ((UHF S0 AZn i) A% A B DAY IR A 3% X
5

codecs.namereplace_errors (exception)

5P 'namereplace ' FEERALIE TS (U TSR 20 45 [ nfidid 7). AT Jafi i FAFRFDA \N{ .

LG S biZ R

3.5 HihHae
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TR dm D FOREED
B Codec K5 SUTXETTVE, RN IBE ST TOARAS G i s AL 25 ) BRI BSCHE 1 -

Codec.encode (input[, errors] )
Gt input 3FGIHFIRE—ATCAL CGarth Xt e, JFER D) . BN, text encoding 2 45 RE ) T 45 A A%
K (BN cp1252 B 1s0-8859-1) PRI A TR XTI
errors ZHUE SCT ER AR BRI BT € BRIAH ' strict' AbPETTSE.
BT —E XFE Codec SEBIFHARIFIRES. Wl A RAFARZS I St reamir i t e r A 2 flAD A7 A
o o A T 2 B
Gt B A0 2T REAS A PR B A AR LR L 2% [ iy L 0 RIS U R

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.

X1 SCAR GBS AN 735 B AT G R, inpur WAIUR — A AT R SRR ik 1 I B G vh DX 45 1k
GBI, Genp XA RN B A7 SO

errors ZHE SCT E IV R BT 2. BRIACH "strict' ALHITE.

BT —E RAE Codec SLBIHRIFIRES . WA RAFIRES 1 St reamReader VA 2 iR &5 DA
B R RO TR

AR s AN REAS A BE 2K A AT AEBE I 0 3R [ i 0 R A A 25X R

1% B M Im D FIRRED

IncrementalEncoder flIncrementalDecoder KA T E X WU MM W R ARKE O, X
AW Gt B/ A AN 2 38 3k % TG R A G B SRR S AR A — U R, Tl o ) 1 i o g 1 R R
fflencode ()/decode () FEMZ WM . 3R AT aS/ MBI A8 A8 7 VA8 FH I 8] R A/ R A A
WH encode ()/decode () J7 G4BT A 24 T/ BT A 8 2t JoIR S S 5 2/ MRS 48 254 T 4R 05/ A i B
W ATERAE R IR 2 s

IncrementalEncoder 38

IncrementalEncoder ZEFIRX— M AT B LT AT, SIS E i anilohine
SGE BT VRVAE S Python i LA AR .
class codecs.IncrementalEncoder (errors=strict’)

IncrementalEncoder SEBIHTERS .

G A g L AR BE I M S 253 1 . BT AE B ds s K28, HEEXEE
S SHCE 2% Python J i MR FT 6 -
TncrementalEncoder W] DRI errors J M T S HOR LIRS IR 22 W HIETT S
)45 AL 72 7y 52
errors ZACRFOIIRAE LS — MR 4 AR . S 3 IR PR R T ATE Tneremental Encoder X I\A:
i PTEAS [F] () G LR AL PR SREE Z [R) R T U048k o
encode (object[, ﬁnal])
Gt object (25 Gl a1 24 BEARESHATE JE) HF R [0 B g i 4R A R . R g Xt encode ()
s AN final AU REAE (BRAAHIRE) -

7.2. codecs —YRfRID2E EMFOIE KRS 149



The Python Library Reference, k4% 3.6.15

reset ()
R as =B A WIIRIRAS . Wi E 5 ] . encode (object, final=True), TEALELR}
A=A AR, B DA B

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)

R 2R RSN state. state IR getstate () Frak Bl — AR .
IncrementalDecoder 35

IncrementalDecoder X — M AMAT LG . B ST AT I, B R E L AUE
SGX TR LASE S Python iR A AR T AR AEZ -

class codecs.IncrementalDecoder (errors=strict’)
IncrementalDecoder SEBIHTE RS

Ji AT 4 R AR R 2 o A B M S 42 11 o AT RT DA | i eI K B 7 20, (B A TE R L E
SIS HF 29 Python Z it e R B G -

IncrementalDecoder B DA TR errors S S HOR LA F R B . o] HIEIE S
FIEEREE S

errors ZHCREIRAE LG — A4 BB ME o 8 B 7T PATE Tnerement alDecoder MTHA
il N TEAN[R] 1 i R AL PR SR 2 [) AT U4

decode (object[, ﬁnal])
fi object (25 RS4RI 4 BRRES WAL ) HHIR 0 RIS IS5 R G2 WRX X} decode ()
A A I final LB EAE (BRIAABRAE) o AR final BRI ARRS & O 000 i A E AT 58 4 it
R LA T BT B X o WPRIX TR (B0l TAER A SR I R oA e ) e
WAGAETCARZS NG B T AR A AL R AL B (X T RES | 2 — 53 -

reset ()

RS A8 H BN IRRES .

getstate ()
IR [ RS ER I S HPRAS . XU — A, BT UR & MR IR AL A A R X, 5
IR — AR, W AR IR R B (LB SRR 0 A W IRASE R ) 0
FUCHIIRESAF B A 0 M A a] DURHR I 88 A I 2 nh i AFE LA 0 VERISIIIRESF S, PA
TS ST 8 2 i 1 i A A% B0 R A 28 0l AR [ 38 S v R IR A AN P A AT AT i i o (LB A O
ﬁ’gggg%tig BT DA i o AR PRIR AR B S5 R A H 1 1 R S A S B BOR e iy —
T3 °

setstate (state)
Set the state of the encoder to state. state must be a decoder state returned by getstate ().
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mIHY RS FORRED

Streamiiriter flSt reamReader RELML T —2Ly7 B TAERE T, ATl A SR Ak 7 (B HO S BB A0 g i 4% =X 1
Wi, 12 encodings.ut £_8 HRHGI T QA E] X — 5 .

StreamWriter {5

streamriter Jfg Codec M) T, BREXT TR, HAWAT ABIBAE Lk sy A Y
Python fFAENFAIHEA

class codecs.StreamWriter (stream, errors=strict’)
StreamiWriter SLBIMIH TGS .

BrA NS A g R A AR e 101 . BT LA B R s s i 28, AR BLE
ISR 29 Python Ji i asFE M2 BT 66 1] .

stream SRR —AFETFEE S AT T T 5 A SCR S IR B SO &

streamiriter W DAEILFEME errors KT BHORLIA MRS WSmRAZHT X T
T 2 Bt X G AR 25 P SRR R B VR S AL I 5%

errors ZHCRHIRAEZS — R A B @M. 8 @ MRSk 7T DAYE St reamiri ter XA E N
TEA R BB R AL B 2 TR A T U] o

write (object)

Froit N RN A S AZ -

writelines (list)
Eﬁ?ﬁgﬂ@?ﬁ%ﬂ%ﬁ/\ﬂﬁ (FTReMA EHwrite () ). FRUERFAT T mME A
ROV

reset ()

W N T RIS 1 i AR s G X

A BTV U A ORAE T RS T O S s, DA VR LI )~ e 1 e 2 e i 1
BRI .

BT EBRIR, Streamiriter iIARERAR B 2RI HAh 7 kAR T

StreamReader %5

streamreader ¥4t Codec M T2, B X T AT Ik, AR BB AL AT E UK H7 i A 15
Python 4T ENRAIIES

class codecs.StreamReader (stream, errors=strict’)
StreamReader SLHIAF TGRS,

BrA s B L R S T AR e 11 . ENTRI LA B s s o i 28, AR BLE
ISR 24 Python Ji i asFE MR BT 6] .

stream SN —AFET 1 G AR TIT N T BB s IR B i SO &

streamReader W DAIEILFR{E errors KT SRR LI M REBITT S WSmRAEZST R T
iR 2 1) It X G AR 25 T SR P B R B AR I 5%

errors ZECF BRI L8 — A7) 2 B JE e . Sk YR PR 7] ATE S € reamReade r XYL ATIHIN
TEANTF] A B LR AL PR 2 [ EA T TR o

errors R AV EE AT A register_error () k¥ .
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read ( [size[, chars[, ﬁrstline] ] ])
AR AR [ 5 R X 4R

chars ZES G WK Bl RS S TS A 5 8 . read () Jy VRGN 23 [ 8 L 37 SR AR 1 A0
EAR AT AR AN 2, BT BB ] AT SR A Edh <

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.

firstline TEARAE I ANRAE S5 ST 2 AL MRS U2, M OGR 155 —F TRk 216 1.

BB “oras” SRBURME, X EWRE N 24 7E g % 20 SO & K/NIT v oL~
R REZ MO UE G, BN, WERAER DA T e SR i 25 R BUIRASARIL, X S8 Py 28t I 24 352
B

readline ([size[, keepends] ] )
M AL AT R [ 6 S i Kl

WERESE T size, WIAFHAEN size ZRAL LR read () Tk,
U2 keepends S MRAEL, WATETAHATRR MR o] 977 25 % o

readlines ([sizehint[, keepends] ] )
M AL A T HR5 HA N — T8GR (]

Line-endings are implemented using the codec’ s decoder method and are included in the list entries if
keepends is true.

NSRRI T sizehint, WPRFHAE N size ZEE BRI read () 1k

reset ()

N T ORFPIRES I g Al ds G X

Note that no stream repositioning should take place. This method is primarily intended to be able to recover
from decoding errors.

BT ik s, StreamReader iNAkAECK B F 2RI T HAL A EREME
StreamReaderWriter %5

StreamReadeririter ;g— P HEIZE, FARFXFFRIE TAET BRI S A T2,

HF TR ZE T PAMEH Lookup () BREIRR I 1) BRECR A 1E 5L

class codecs.StreamReaderWriter (stream, Reader, Writer, errors=strict’)
Bl 7@#—/~StreamReadeririter SEH. stream Wi —" AN L . Reader F1 Writer Wi Ry 43 |
LT St reamReader flStreamiriter AWM L] BREEZE. HiRAHE ST SR ERESE A
TR SCRAR R =0k 5E 1

StreamReaderiiriter SEfE X T St reamReader fllSt reamiriter RIHEGED . BATAYR THRH

N2 A HAD T B R
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StreamRecoder X5

StreamRecoder M — PR A AR N 5 — b, SO0 T A BEAS R G A PRBE RO 75 LAY I AR
HH S IF A E AT A Lookup () BRI 81 T BREOR M 1551

class codecs.StreamRecoder (stream, encode, decode, Reader, Writer, errors="strict’)
QAL T WA St reamRecoder 52 encode 1 decode TAET i sig— %t ACAD BT L) B
YA read () flwrite (), 1M Reader FI Writer TAET )5 i—stream R .

You can use these objects to do transparent transcodings from e.g. Latin-1 to UTF-8 and back.
stream BB — A H R 4

encode F1 decode %W/ 1§ Codec ¥ 1. Reader FII Writer 1575 K4y B3k T st reamReader
Mstreamriter XS T REE,

FETRAC P ) 5 i S R S AR I AR R D7 Ok SE AL
StreamRecoder SLfl5E LT St reamReader MlStreamriter RHEGE D .. CATAYEK THRE T ERK
B BT A A

7.2.2 fHEZIER, 5 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.

e fR] BB SCA S i A% 2 (BR M " latin-1" B{ 'is0-8859-1") AL L 0-255 Wi SN 5 A 0x0-
Oxff, X EWRE M & U+00FF DA b A L i 5% 47 53 %) 4 Jo v 1 1) Ut 9 /g A 2 F 47 4 . X
FE AR B 5] KUnicodeEncodeError, HIE XA RXM TFTHXFH SMITFEHMHBEREETRSA
Eﬁ}ﬂﬂ): UnicodeEncodeError: 'latin-1' codec can't encode character '\ul234' in
position 3: ordinal not in range (256),

WA I A —H Gk (I AL i ) 2 BERE4H8 Unicode 537 Y /R 1] -4 150 2 QI 3k 2L A5 137
WS R H 0x0-0x £ £ . BAF XS AT SLINR, K5 H AT HA IR B4 encodings/cp1252.py
(XJ2— D FZAE Windows FHNHIDHE0 . HbhafF D5 256 MM FAT R &, SRS NFAF
ST SR A

A X e g i A% = BEXT Unicode Ui S 1114112 NS4 HF) 256 DA T40S . —FPEEDS 744> Unicode
TS P 6 BT L B () IR R R R LA A DU AN TE SRR T o AFAEPFPOR R A mTREME : DA FE A7 ik
PA/DN P At . X A R i A% =00 S PR UTF-32-BE fl UTF-32-LE. Ef1A9HS AT AZS B UL - ansf
PRAE—& /N7 BALEs LR UTE-32-BE WIARRFDATE Zr S A AR RS B A% 7717 . UTE -32 A 1 a4~ ) i -
AT HIHESRE R AR o 245X S B R [R E 0 ) CPU 2y, A2 R4 T2 45 Bl %
AT BRIEATI UTE-16 B¢ UTE-32 S5 P FI K /N, T AGE I riE i BOM ( “EA5 PRIt ) ik Xt
[T Unicode 4 U+FEFF. HWFERF AT INE|GEA UTF-16 8% UTF-32 E )P HIAF L. SO 21 Bl
A (OxFFFE) & — AT HELT Unicode SCAR A IEESFSF. RIS K —4> UTF-16 8 UTF-32 S35 )7
I EAFAF /2 U+FFFE B, gUUAEMRS I T Bl . RSB FAF U+FEFE I8 5 % X ZERO
WIDTH NO-BREAK SPACE: HIFE 8 H I HAS f i FH SRR/ BT (K 47 . B 1T AR F SR B & i k4
327K . AF Unicode 4.0 H1 J§ U+FEFF 378 ZERO WIDTH NO-BREAK SPACE E#FH (P U+2060 (WORD
JOINER) i IAT45) . SR Unicode #4348 A RENS AL BT U+FEFF AP X 10 BOM B4 F R ffi 2
O RS AT R, e TP AN B RS A R IR R A& B /BB ZERO WIDTH NO-BREAK SPACE
B MEEER, RHRHAD TR R R

A I — B B s U RE RS X i A 1Y) Unicode “FAF B 4745 : UTF-8, UTF-8 J2—Ff 8 (i, X EIRHEAE
UTF-8 Hlc A 7 57 8. UTF-8 5345 e 1 i A7 4 P - U8 ARG (e B n) AN AL
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PR e hE B PUAMED 1B eSO —AME 0 # —BEHI AR P81 . Unicode “FAF & 4% AT 3k
Fromtth CHH x NG, B — R4 X RZEY Unicode 747 ) :

SeHE Ymhg

U-00000000 ---U-0000007F | OXXXXXXX

U-00000080 ---U-000007FF | 110xxxxx 10XXXXXX

U-00000800 ---U-0000FFFF | 1110xxxx 10xxxxxx 10XXXXXX
U-00010000 ---U-0010FFFF | 11110xxx 10xxxxxx 10xxxxxXx 10XXXXXX

Unicode 744 5 AN E B (1 — il dre A 3 — 0t 67 x.

T UTF-8 & —Fh 8 (i ZaidtgX, Atk BOM @& ANER), H HE BT T U+FEFF 47 (BPfE
BAENE—NFLT) #HESPM A ZERO WIDTH NO-BREAK SPACE.

FEBA MR RAIE LT, A T BEZE JoRE SO e — AT RO T TR A% 3 BERP AU S s
ACHR AT AR AT R BEAL 15 3241 o SR UTE-8 SReiplak Al Al ERYg, [ UTE-8 #4551 BAT A FLiHE:
BT VPPIR RS . T $eTh UTE-8 i Al i nl 54, Microsoft % W] T —Fh UTF-8 A2 fA /22X (Python
25 Bz g "ut£-8-sig") LT H Notepad 2/ : {EALAT Unicode FAFAERE AL AT, SEHA—
> UTF-8 4 i) BOM (EFRER XA FA7F5: Oxef, 0xbb, 0xbf). 1 TLATFAFILR 2 % 5 9 S
PEASA KT RELAIR L8 P AT Tk (BIANE &b

LATIN SMALL LETTER I WITH DIAERESIS

RIGHT-POINTING DOUBLE ANGLE QUOTATION MARK

INVERTED QUESTION MARK

in i50-8859-1), this increases the probability that a ut f-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-sig 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 ¥RAEmIS

Python Filf T V2 WER Afig4s, ENIR0EleE el C gy, s Sl B, PAT RS2 AR
HEF I g il as 9132, IF3R 0L T —28% WA DA S Zm A% Ul HE A X IE = . ISR S PRI TS
B TR KNG KOs AU IR PF S B2 A 24 Hig, 'utf-8' g
"ut£_8" GRS A RN .

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, latin1, is0-8859-1, is08859-1, 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.

E 3.6 BOE U AR BIETXT us-ascii AYILALILZ .

VP PR SRR IR 5 o EATED BT (Bl 15 3 Ff EURO SIGN 28) DAKZE 45 i 73 B A TS 152
JTRAFAEZE S RN TIRONTE F R UL, R AFAE LA T LR 1A

o HA-1SO 8859 Rt 4E

o A Microsoft Windows it 01, i # 2 IRAE H KA~ 8859 dmfihe, {Ho FI N ag BT 247 ok B g il
e

« %4~ IBM EBCDIC %t i

* BN IBMPC i i, (@ H 2% ASCIH
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] GIES BE
ascii 646, us-ascii ik
big5 big5-tw, csbig3 F UiiDS
big5hkscs big5-hkscs, hkscs R
cp037 IBMO037, IBM039 e
cp273 273, IBM273, csIBM273 VT
3.4 FiiIRE.
cp424 EBCDIC-CP-HE, IBM424 AR
cp437 437, IBMA437 g
cp500 EBCDIC-CP-BE, EBCDIC-CP- | JlK
CH, IBM500
cp720 [ETR(ER
cp737 A v
cp775 IBM775 WP e S
cp850 850, IBM850 PHRK
cp852 852, IBM852 HORR A AR R
cp855 855, IBM855 BMANETE, BEP e, S
WiE, MRif, JERYEIE
cp856 REESE
cp857 857, IBM857 T HHE
cp858 858, IBM858 PHRK
cp860 860, IBM860 B
cp861 861, CP-IS, IBM861 VK E
cp862 862, IBM862 S
cp863 863, IBM863 JESSE
cp864 IBM864 [EERERS
cp865 865, IBM865 PIEZ BRI
cp866 866, IBM866 ik
cp869 869, CP-GR, IBM869 A
cp874 E3
cp875 A i
cp932 932, ms932, mskanji, ms-kanji Hi&
cp949 949, ms949, uhc whiiE
cp950 950, ms950 ik
cpl006 YR
cp1026 ibm1026 +HHE
cpl125 1125, ibm1125, cp866u, ruscii [
3.4 FriIRE.
cpl140 ibm1140 PHRK
cp1250 windows-1250 HHRICRT AR K
cpl251 windows-1251 RmANL, BRP Wi, S
WiE, Mif, JERYEIE
cpl252 windows-1252 PHRER
cpl253 windows-1253 A
cpl254 windows-1254 T HHE
cpl255 windows-1255 REESE
cpl1256 windows-1256 [EDRENE
cpl257 windows-1257 BE S
cp1258 windows-1258 N T

7.2. codecs —4mfiFiDEREMFNMERES
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F1-8FW
YmAg B ES
cp65001 fZ Windows: Windows UTF-8
(CP_UTF3)
3.3 Bl fie.
euc_jp eucjp, ujis, u-jis H i
euc_jis_2004 jisx0213, eucjis2004 H i
euc_jisx0213 eucjisx0213 H &
euc_kr euckr, korean, ksc5601, ks_c-5601, | ¥iiE
ks_c-5601-1987, ksx1001, ks_x-
1001
gb2312 chinese, csis058gb231280, euc-cn, | faj{A& s
euccn, eucgb2312-cn, gb2312-
1980, gb2312-80, iso-ir-58
gbk 936, cp936, ms936 gt — I
gb18030 gb18030-2000 % —I 5
hz hzgb, hz-gb, hz-gb-2312 R
is02022_jp csis02022jp, is02022jp, is0-2022- | Hif
JP
is02022_jp_1 i502022jp-1, is0-2022-jp-1 H i

1502022_jp_2

1502022jp-2, is0-2022-jp-2

Hifr, Bhif, ffAdse, PHkK,

>
i

1502022_jp_2004 | is02022jp-2004, is0-2022-jp-2004 | Hif
i502022_jp_3 i502022jp-3, i50-2022-jp-3 H i
is02022_jp_ext 1502022 jp-ext, is0-2022-jp-ext HiE
1502022_kr csis02022kr, is02022kr, is0-2022- | i1
kr
latin_1 i50-8859-1,  is08859-1, 8859, | West Europe
cp819, latin, latinl, L1
1508859_2 130-8859-2, latin2, L2 HHIRICRIZR IR
is08839_3 is0-88359-3, latin3, L3 HEE ) DHAE
is08859_4 i50-8859-4, latin4, L4 WP e S
is08859_5 is0-8859-5, cyrillic LA WIE, BRPHE, SH
s, MRk, ZERY4EWE
is08859_6 i50-8859-6, arabic [CER R
is08859_7 is0-8859-7, greek, greek8 T Ve
is08859_8 is0-8859-8, hebrew i K iE
is08859_9 i50-8859-9, latin3, L5 +HHIE
is08859_10 is0-8859-10, latin6, L6 JEMuE =
is08859_11 i0-8859-11, thai TRiE
i508859_13 is0-8859-13, latin7, L7 WS e
is08859_14 is0-8859-14, 1ating, L8 HLR S
is08859_15 is0-8859-15, latin9, L9 FE R
1508859_16 130-8859-16, latin10, L10 RN
johab cpl1361, ms1361 EH1E
koi8_r i
Kkoi8_t B
3.5 FrhRYIGe.
koi8_u [N
kz1048 kz_1048, strk1048_2002, rk1048 Y
3.5 BRI E.

TRBE
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F1-8FW
YmAg B ES
mac_cyrillic maccyrillic PRmANL, BRP Wi, S
WiE, ol FERYEE
mac_greek macgreek Al
mac_iceland maciceland VK15
mac_latin2 maclatin2, maccentraleurope H R A< KR
mac_roman macroman, macintosh PR
mac_turkish macturkish +HHiE
ptcpl54 csptepl54, ptl54, cpl34, cyrillic- | MGRETTIE
asian
shift_jis csshiftjis, shiftjis, sjis, s_jis HiE
shift_jis_2004 shiftjis2004, sjis_2004, sjis2004 Hig
shift_jisx0213 shiftjisx0213, sjisx0213, s_jisx0213 | Hi&
utf_32 U32, utf32 TGS
utf_32_be UTF-32BE AE S
utf_32_le UTF-32LE rAEE
utf_16 U16, utf16 e
utf_16_be UTF-16BE rAEE
utf_16_le UTF-16LE MBS
utf_7 U7, unicode-1-1-utf-7 TS
utf_8 U8, UTF, utf8 mEIES
utf_8_sig e

E 3.4 JRHE B utf-16* and utf-32* 24 545K A A4 i AU FEAD {37 (U+D800-U+DFFF). utf-32* R A
TS 5 AR A B 75 4

7.2.4 Python EREHHRBIEX

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 purpose describes the encoding direction.

N FmEG
PA NSRRI A LML T st r Bbytes B bytes-like object B| st r IfEN, 2T Unicode SUAZRIY
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mAg FIEA Purpose

idna Implements RFC 3490, see
also encodings.idna. Only
errors='strict' is sup-
ported.

mbcs ansi, dbcs Windows only: Encode operand
according to the ANSI codepage
(CP_ACP)

oem Windows only: Encode operand
according to the OEM codepage
(CP_OEMCP)
3.6 FRINGE.

palmos Encoding of PalmOS 3.5

punycode Implements RFC 3492. Stateful
codecs are not supported.

raw_unicode_escape Latin-1 g #& =y % HABRD {37

PA \uXxXX Fll \UXXXXXXXX #E
oo A RAHFLA 2 DAMEAT
77 X#E L. B T Python [y

pickle 13,

undefined AR5 | R e, B R
TR WA GISN. HHRAE I T
RAPBNE

unicode_escape Encoding suitable as the contents of

a Unicode literal in ASCII-encoded
Python source code, except that
quotes are not escaped. Decodes
from Latin-1 source code. Beware
that Python source code actually
uses UTF-8 by default.
unicode_internal R AR R N RN . A SRR
ARSI G A 45 -
33U E MR RN E P PEP
393 K F .

— R

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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EAE] CIE Purpose YRAD R/ AR RS
base64_codec! | base64, Convert operand to multiline MIME base64 (the base64.
base_64 result always includes a trailing ' \n ") encodebytes () /
I 3.4 MR 3252 AF B bytes-like object YE- NI A | base64.
FHT gm s F AL decodebytes ()
bz2_codec bz2 Compress the operand using bz2 bz2.compress () /
bz2.decompress ()
hex_codec hex Convert operand to hexadecimal representation, with | binascii.
two digits per byte b2a_hex () /
binascii.
a’b_hex ()
quopri_codec quopri, quot- | Convert operand to MIME quoted printable quopri.encode ()
edprintable, H
quoted_printable quotetabs=True/
quopri.decode ()
uu_codec uu Convert the operand using uuencode uu.encode () /
uu.decode ()
zlib_codec 7Zip, zlib Compress the operand using gzip z1lib.compress () /
z1lib.
decompress ()

3.2 BRI fE: KA bl
TE 3.4 B PO — 2Bl 345 -

FER

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 by tes output).

A | 32 | Purpose

rot_13 | rotl3 | Returns the Caesar-cypher encryption of the operand

3.2 BN EE: R rot_13 SUARKH,
TE 3.4 FRE M WA rot13 B4,

7.2.5 encodings.idna — N AEEFPHEFRLEZ

BERIHLSEEL T REFC 3490 (B 2 Fe o Y [ B Ak 35 44) Al RFC 3492 (Nameprep: ] T [ Fr Ak 3544 (IDN) £
Stringprep FCE ). EJEfE punycode ikl st ringprep HEA_EMET .

%X 48 RFC L [m] @ LT —DNAE 4 b S FFdE ASCIL = £F 1) #h . — 3 & 9F ASCIL = £7F 1y 4 44
(Bl 4N www.Alliancefrancaise.nu) g 5 e 2 38 2 ASCI 4 g i 4% =X (fRi 8 ACE, {3l Ul www.
xn--alliancefranaise-npb.nu). P J5tik4 9 ACE JEX 0T DA T i i T4 P sm A i (il
MEBEFFNY G, Bl DNS #if], HTTP Host “FEAFSE. B RAE N it Tiy s Wi T aerext i -
ATOL N 24375 B R Unicode 844 AR 25 563 48 %) IDNA, H4E ACE B89k S BLZ8 H P 2 T Re LA 4
[H] Unicode,

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

VERT 59 £ %, 'base64_codec' WIEZAL A ASCII st r ST T-#HD
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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 ht tp. 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.

encodings. idna BRIASCIL T nameprep 1A%, KRR X EALY MATHE M MTEALERAE, PASCRLE Brl
H I RING A BUSRHE S EFH AP FAF . QR T 20T DA B (1] nameprep K%Y .

encodings.idna.nameprep (label)

AR [0] label Zeid A FRALBEBAEI A . %L B H BT & F47H, K AllowUnassigned HHEAH.

encodings.idna.ToASCII (label)
VPR ) ASCIL, P05 XL RFC 3490, UseSTD3ASCIIRules Fiik MR H.

encodings.idna.ToUnicode (label)
FihR% 6454 Unicode, #EIN5E UL RFC 3490,

7.2.6 encodings.mbcs —Windows ANSI {311

Encode operand according to the ANSI codepage (CP_ACP).
Auvailability: Windows only.
e 3.3 MU G SCRMEA A R ALY

15 3.2 BUE I A2 3.2 MZ Y, errors ZH WA BRAMM 'replace’ #4741, MM 'ignore’
AT .

7.2.7 encodings.utf_8_ sig —i BOM E2Z#) UTF-8 4xfi#foz:

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). For decoding
an optional UTF-8 encoded BOM at the start of the data will be skipped.
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CHAPTER 8

The modules described in this chapter provide a variety of specialized data types such as dates and times, fixed-type
arrays, heap queues, synchronized queues, and sets.

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 by tes class is used to hold binary data.

AREEAL 5 DA A SO -

8.1 datetime —& ZAHY H EiF0HFE)3EHY

PACHS:  Lib/datetime.py

datetime BIHARML T AT DAE L 2 Fhoy X HAE H BRI A28 78 SR H I ET R es s Ay e, SeEl
(1) 56 Y S 3G T W] BE A S A O A AT HL T 1 T R XA R AR AR AR AR TN RE T DA S [t ime
Mcalendar filt,

A PRI AR TR AR G <Rz “Fn” BOmA <

JENZN GAT 2 T DA SCRF— S8 I ) 2 T SRR A [ R 2 T ()R B R L, Ui XA &), ik 5 2 AN
b BB G DT R o RIS 2 S8 TR B A X ARSI T o I D 6L

] BRI R B 75 AL 08 2 B4R R BT E 35 Z A K 1Y date/time X A7 BN G iy (1 2t SR ofE b
B] (UTC), 4l (a] sl 2 e i R Rl g Bk ARy, R — R r R AR Rk Je el iR 5e
BT T, R R DA T —LEBLSL I DU A N A5 & 2 5 BRARRIGE )

ST T BRI R, datetime RNt ime XFEAH — A AT RIS X5 BB IE tzinfo , XANE
PR LA E S ez info R TREB. XLt zinfo WEIHHR KT HIX T A FRMER ] (UTC) fW#s. B
XA FHMESRRERAREFFEL, FEEENZ, A1 REtzinfo 2K, Aifidatetime BIERGRAL
ftimezone K. timezone JEAIPMFAXS T FARUER ] (UTC) [&]5E Moy sy X, H it Fbpofk
iR (UTC) B e LS AR TP R B E AR TR 0T o ORI DR PR AR BT 1 o A g s ] 94

U R B AR AT A R A
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HPLMAR LB M BOATE, SWSAE., WA —MET A RERE (UTC) MitmEEraa T
AR

The datet ime module exports the following constants:

datetime .MINYEAR
date B{F datetime WEARGHIER/NEN . FHEMINYEARE 1,

datetime .MAXYEAR
date B{datet ime W% AR KIVES . HEMAXYEAR 2 9999 ,

S
Bitkcalendar H PR
Bt ime B[R] B A FI G4

8.1.1 HiHR
class datetime.date

— AL RIRA H I, ERESS A e AR AR KIS AR, JEME: vear, month, and day.
class datetime.time

— AL, M TTEATRE R HY, R R — I 24%60%60 Fh (IXHLEAT” D (9

&). B hour, minute, second, microsecond, fllt zinfo,

class datetime.datetime
H AR E 456 . @i vear, month, day, hour, minute, second, microsecond, and tzinfo.

class datetime.timedelta
FIRM N date MR time MR, 83K datet ime MR A BRI FE , RS 0R D

class datetime.tzinfo
— AR XAE B R RS T datet ime 251t ime JHRHEH 2 IS RIVHRARES (BN, 7
T R A ) o

class datetime.timezone

—ASEIT tzinfo IIRERH T, TR T AR MER T (UTC) Kfwts .
3.2 BRI HE.

X LEIA AR AR IS A T AL

date FEBIRN G2 ) B ALY

An object of type t ime or datet ime may be naive or aware. A datet ime object d is aware if d.tzinfo is not
Noneandd.tzinfo.utcoffset (d) doesnotreturn None. If d.tzinfoisNone,orif d.tzinfoisnotNone
butd.tzinfo.utcoffset (d) returns None, d is naive. A t ime object ¢ is aware if t . tzinfo is not None and
t.tzinfo.utcoffset (None) does not return None. Otherwise, ¢ is naive.

fej BT R B 2 (R 22 BTG Tt imedelta X4 .
THER

object
timedelta
tzinfo
timezone
time
date
datetime
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8.1.2 timedelta FIR
timedelta XWHRFRPIA date B time f4) B ][] B

class datetime.timedelta (days=0, seconds=0, microseconds=0, milliseconds=0, minutes=0, hours=0,
weeks=0)

I A B SRR 2 Tk BBRIA R 00 X SES RO AR BRI 8, ol DA IE R T

HA days,*seconds* Fl microseconds S1EAEXENER, Bl python NEBPA days,*seconds* Fl microseconds =4~
BANAE AAEABI E AR BT . SRR FI R

o 1 ZRPLHEA 1000 FFD
o 1 Bh 5l 60 75,
o 1 /NI &R 3600 F1
o 1 BIISHAAL T K.
days, seconds, microseconds 7~ @ FRHEILRY, PACRIEFRIE T XA nE—k, fi:
* 0 <= microseconds < 1000000
+ 0 <= seconds < 3600%24 (—RIFED
© 999999999 <= days <= 999999999

PEAALATIE R B SR SR A/ NI TS UL, BT/ INEIOS 2 2 IR i i e S B 1) — 2%,
(L round—I;alf—to—even T EEX R AT I . BAF MBS R OL T, Ry R R wny (%
AIREER).

WA EAL S 1 days BO(EMEE T HEETER], HafbtioverflowError {H .
TEERERE, ABME SR AR SRR IZ—5. B,

>>> from datetime import timedelta

>>> d = timedelta (microseconds=-1)

>>> (d.days, d.seconds, d.microseconds)
(=1, 86399, 999999)

FJE
timedelta.min

The most negative t imedelta object, timedelta (-999999999).

timedelta.max
The most positive t imedelta object, timedelta (days=999999999, hours=23, minutes=59,
seconds=59, microseconds=999999).

timedelta.resolution
PN ASHISER) t imede ]l ta 2SR B/ MAEIG N timedelta (microseconds=1)

EEHENE, R NRERZN, timedelta.max>-timedelta.min, -timedelta.max ARJPAFE
~— M timedelta N4,

SpjErE (Hi%k):

Bt =]

days -999999999 % 999999999 , & 999999999
seconds 0 % 86399, 17 86399

microseconds | 0 & 999999, 75 999999

SR
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prey | ZR:
tl = t2 + t3 2 3R, B85 t1-2 ==13 and t1-13 == 2 U R EH. (1)
tl = t2 - t3 2B MNE, B8t =2-13and 2 ==t + 3 V" NEAH. (1)(6)

tl = t2 * i or t1 = | AP e i = 0 W ¢l //i==12 ¥ HEE.

i * t2

In general, ¢1 *i== tl * (i-1) + t1 is true. (1)
tl = t2 * f or t1 = | LA—AVEREL, S5 RSPH A S| timedelta e e O REERS . R R 8 DU &
fox t2 TABAZTTAAFIN

f=1t2 / t3 Division (3) of #2 by t3. Returns a £1oat object.

tl = t2 / f or t1 = | BRPA—DVRAEEEEL. S50 AR timedelta f 42230 YRR AR . RS FE i

t2 /i DY AR A AT AN

tl = t2 // i or tl = | BUERK, REGTS RA R R 5. S MR T, REl—18%

t2 // t3 . 3)

tl = t2 % t3 B —Atimedelta X% . (3)

g, r = divmod(t1, Wal:ig =tl // t2@)andr = t1 $ 2 TTBEHHASRE. q 2—1E&

£2) B, rR—"Ptimedelta W4,

+t1 IR Al — N FH R BB t imedelta ST,

-t1 ZMT £ imedelta(-tl.days, -tl.seconds, -tl.microseconds), 1 t1* -1. (1)(4)

abs (t) Wt .days >= 0" HETF +\ *t*, Y ““t.days < OHf-t., (2

str(t) R[El—/NE [D dayls], ][H]JH:MM:SS[.UUUUUU] BFAFER, 4tk
FEIE, DN S)

repr (t) Returns a string in the form datetime.timedelta (D[, S[, U]]), where

D is negative for negative t. (5)

PR
(1) R RES U i
(2) ¥t HA R
(3) BRPAO Kq&titi S#9% ZeroDivisionError .
(4) -timedelta.max IN2—~timedelta FEXTH,

(5) String representations of t imedelta objects are normalized similarly to their internal representation. This leads
to somewhat unusual results for negative timedeltas. For example:

>>> timedelta (hours=-5)
datetime.timedelta (-1, 68400)
>>> print (_)

-1 day, 19:00:00

(6) %%i_iﬁ t2 - t3MWHEE t2 + (-t3) 2EMHY, BRIE B %FT timedelta.max; FEX MG N HIE
REGESR M EE AR H

F‘%T;:ﬁﬁ]ﬁﬂ’ﬁ%fﬁu\ﬁl\tmedel ta MEIEIFE S date fldatet ime XTI TREE A IMAMEEEH (0L
B

TE 32 BN BAEC X Hftimedelta MR 55 —Atimedelta X R MRS, W KRpEH
Midivmod () BRE. MFEW Tt imedelta SR W float XN EGE I,

timedelta MR 5t imedelta XK SRR AL R KRB/ ] 221 timedelta X RAUHE/ME. R
T B IR G KB R BT X SR BN LR, 2t imedelta MG GARFRB RS R LET, 5
X5 K TypeError, BRAFHELEFATR == B 1= {5 ML MR BRI False B True.

timedelta X4t &hashable 2P H) (AT ME A F M BT, LHRFRROREL TEAR /R L R0, timedelta X
SREZECE D NENE, (EARET timedelta (0) .
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LBk
timedelta.total_seconds ()
Return the total number of seconds contained in the duration. Equivalenttotd / timedelta (seconds=1).

TR, IR BN, XTI AR PRI HAE SR CRZHCEFA BT 270 4R8N
— AN B A]TA] B ) o

3.2 B fE.
i NGk

>>> 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 (3650), 10)

>>> nine_years = ten_years - year

>>> nine_years, nine_years.days // 365
(datetime.timedelta (3285), 9)

>>> three_years = nine_years // 3;

>>> three_years, three_years.days // 365
(datetime.timedelta (1095), 3)

>>> abs (three_years - ten_years) == 2 * three_years + year
True

8.1.3 date Y&

date MRAR— DB R (4. AFIH ), BI255 B9k i A 1) B S PIJ7 6) TERRAE A . 2>
TTIFE1TAITHES1IH, AJC14E1 H2 HESH 2 H, #KIK2EHE . X5 Dershowitz 5 Reingold fiff3 Calendrical
Calculations " “FRUIAR SIS F]” PRk E L—2, Bl T irA s Bk, W& asnH T
TEFUIASS e A 1 91 -5 1 22 FLA VA R GE 2 TR EA TG ) Sk
class datetime.date (year, month, day)

All arguments are required. Arguments may be integers, in the following ranges:

* MINYEAR <= year <= MAXYEAR
* 1 <= month <= 12
* 1 <= B <= BRFAGEHREK
WERSHONTEIX LT N, WL valueError 4.
Hetdgds, Framdnk:
classmethod date.today ()
R[S S ET H . 5 “date fromtimestamp(time. time())“ZE )

classmethod date.fromtimestamp (tfimestamp)
IR [ T POSIX BB AN e ime . t ime () JRIEHERYAHL H . XATREG| K OverflowError, 1
R TR B EE R H T 7E T & C localtime () PR SZRFEREIMIE, HF&HE localtime () HESHT
gl osError. WEIZEUES PRI 1970 4F F 2038 4F 2 [A]. i 2010 I 6] SR & 40 2 1 AD 1t 3
POSIX &4t b, [HM&SHifromtimestamp () i Zm&.
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IE 3.3 WE M 3| KoverflowError T AN EValueError, WHEN HBIEE L EFE
C localtime () PR SZ+F7E B 093, I & HE localtime () 4% W 5] KoSError T AN

B valueError,

classmethod date.fromordinal (ordinal)
R E N T S AP e S, HR A 141 A1 HMFS AL BRiIEL <= F5 <=
date.max.toordinal () M & 5| K VvalueError, X T/AEHM d, date.fromordinal (d.
toordinal ()) ==
a1
date.min
/MY HB date (MINYEAR, 1, 1) .
date.max
KRB HB, date (MAXYEAR, 12, 31),
date.resolution
P H X R /DA, timedelta (days=1).
SEplEME (HE):
date.year
FEMINYEAR MIMAXYEAR ], &5,
date.month
1E12 ()
date.day
IRl 105 A H B RER B4
R 0P

8 #ZR:

date2 = datel + timedelta | date2 ZT M datel Ji7: t imedelta.days K. (1)

date2 = datel - timedelta | 11& date2 FIEMS date2 + timedelta == datel. (2)
timedelta = datel - date2 | (3)

datel < date2 R datel WIBHEIAE date2 2 HiWIACH datel /NT date2 . (4)

P
(1) W H timedelta.days > 0 W) date2 FE W} [E] 2 b wy #F, W3R timedelta.days < 0 W J5
B. PfE7E)5 date2 — datel == timedelta.days., timedelta.seconds fil timedelta.

microseconds £r #f Z W, Ul H date2.year ¥ /N FMINYEAR B{ K FMAXYEAR | £ 5|
ZiOverflowErroro .

(2) timedelta.seconds fll timedelta.microseconds &4 Z %,

) K HAS . $RE5E UG timedelta.seconds #/1 timedelta.microseconds ¥4 0, Jf H. date2 + timedelta
== datel,

4) ¥AaTEPE, M HAYY datel.toordinal () < date2.toordinal () Bfdatel < date2. HllLL
BEF| K TypeError, MRLEHIRA A date WL ANidtdn] gLk M Not Implemented, HlI
R HARHA timetuple () JEBMEITE . XA T4 THAM H X R EA IR SR B RIS .
B, YMdate MR GRERBEPRRILENGET| K TypeError, RIE==38( = WK, FHREN

¥R False B True,
H AR DM 3L B . AR /R RS0, P date XA E .
S Ty
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date.replace (year=self.year, month=self.month, day=self.day)
& 8] — B AR B, BRARE T R S8 T RIE S W HE. fl, R a ==
date (2002, 12, 31), Ml d.replace(day=26) == date (2002, 12, 26).
date.timetuple ()
B —Atime.struct_time, Bl 5 time. localtime () IR [HZEEIFH[A] . hours, minutes £ seconds
{84 0, H DST #pE{E N -1, d.timetuple () ZT time.struct_time ((d.year, d.month,
d.day, 0, 0, 0, d.weekday(), yday, -1)), HH'yday = d.toordinal() - date (d.
year, 1, 1).toordinal () + 1.&H¥ EY4RIFEMPRTS, BiFS 185101 H,
date.toordinal ()

R BRIk s A S, P Aot AR L L HEYFS 8 Lo MR date X5 d, date.

fromordinal (d.toordinal()) == d

date.weekday ()

R AR EIL, BI-—R0, BIKHK 6. fillll, date (2002, 12, 4).weekday() ==
2, BRI EEY=., Zfisoweekday ().

date.isoweekday ()

RE—NEHRERESIL, Bl—h 1, BN T. Bl date (2002, 12, 4).isoweekday ()
== 3, FREW=., ZWlweekday (), isocalendar ().

date.isocalendar ()
Rk m—A~=J5I04H, (SO year, ISO week number, ISO weekday) .

ISO H i =— ) 2B A . B PAM https://www.staff.science.uu.nl/~gent0113/calendar/isocalendar.
htm |2 52 B B .

ISO 4y 52 i 53 Mg BN, BABHITHATEY 4R TEMH . — 4 ISO 4FR— 2
g (FIE ) PREme—Fh— g EYNe 2. Xehch 15 28], Horh 250 prEs
ISO 4R 5 HFTTERIME S w8 M AF A o

B, 2004 4R — K2 B, F ik ISO 2004 4511 8 — B4 T 2003 4 12 H 29 H E
—, ZERT 200441 H4 HEWH, WL date (2003, 12, 29).isocalendar() == (2004,
1, 1) anddate (2004, 1, 4) .isocalendar() == (2004, 1, 7).

date.isoformat ()
& Bl —A4~ 1SO 8601 1 FAFe:, ‘YYYY-MM-DD’ . fifill date (2002, 12, 4).isoformat ()
== '2002-12-04",

date.__str__ ()
SHFHBN 2 d, str (d) T d.isoformat ()

date.ctime ()
B A H AR, B date (2002, 12, 4) .ctime() == 'Wed Dec 4 00:00:00
2002', fFJFEA Cctime () BB (time. ctime () KB ZEE, Hdate. ctime () MIAL) &
& CHEREE |, d.octime () M T time.ctime (time.mktime (d.timetuple ())).

date.strftime (format)
IR A=A i B A AR R Irfs PR AR H I A0 e o FORET . 2SR A AR (ERF R 00 BEERERL
¥ I LW SR FRAGE S [Fstrftime() Fo strptime() 8947 77

date.__format__ (format)

YHdate.strftime () MlAl. WM N date X538 & DA &AL P47 58 T IREFE R 1A% AL 2455
FARMH str. format () MATREXMLBCH W RE. BARPUE XI5 2 5235 3%, 15 S Wsirfiime() F=
strptime() 894F 4 o

TR BRSO R Bl
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>>> import time

>>> from datetime import date

>>> today = date.today ()

>>> today

datetime.date (2007, 12, 5)

>>> today == date.fromtimestamp (time.time ())
True

>>> my_birthday = date(today.year, 6, 24)

>>> if my_birthday < today:

. my_birthday = my_birthday.replace(year=today.year + 1)
>>> my_birthday

datetime.date (2008, 6, 24)

>>> time_to_birthday = abs (my_birthday - today)
>>> time_to_birthday.days

202

i date BIBIT-

>>> 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 (1)

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:

. print (1)

2002 # ISO year

11 # ISO week number

1 # ISO day number ( 1 = Monday )
>>> d.isoformat ()

'2002-03-11"

>>> d.strftime ("%d/%m/%y")

'11/03/02"

>>> d.strftime ("SA 2d. SB SY")

'Monday 11. March 2002'

>>> 'The {1} is {0:%d}, the {2} is {0:%B}.'.format (d, "day", "month")
'The day is 11, the month is March.'
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8.1.4 datetime W&

datetime R E—PNHWA T K Hdate X R Meime MW RFAHFELEM R —XF. Hdate X5 —F,
datetime {8244 A& 5 AT ) FT G A5 ] JGRREEA; 5 time X —Ff, datetime ER—K
15154 3600%24 b,
M52 -
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 z1info subclass. The
remaining arguments may be integers, in the following ranges:

e MINYEAR <= year <= MAXYEAR,
e 1 <= month <= 12,
* 1 <= day <= HEFAHRE,
e 0 <= hour < 24,
e 0 <= minute < 60,
e 0 <= second < 60,
e 0 <= microsecond < 1000000,
¢ fold in [0, 1].
WARSHATEXLEEE N, WG valueError .
3.6 B TIRE: 3T fold B4,
Hewikds, FramRik:
classmethod datetime.today ()

I% [8] 24 Hi @4 A Hb datetime, tzinfo {H A None., XZ i T datetime.fromtimestamp (time.
time (). HiEZ@now (), fromtimestamp ()

classmethod datetime.now (1z=None)
i 0] 24 {i Y A date I time. IR WS4 2 4 None BURTEE, XKML T today (), HEiZIy
EAAETTRER G O PR AL Bt ime . time () WFIAVER FT RIS A SE S RS B (i, e T C
gettimeofday () EREH -G Bk il BEMIE) .

Wk 1z R None, B @t zinfo FARI—ANEH, I H 2410 H BRI R 30 R o i X H 1
HIEHE] . FEXFE P45 RN T tz. fromutce (datetime.utcnow () .replace (tzinfo=tz)),
HiEZHtoday (), utcnow ().

classmethod datetime.utcnow ()
R4 F UTC H A E], Hezinfo ly None, xRl F now (), {HiR[E K245 UTC H YA a2
— A HWldatet ime 3%, BIWEHR S E UTC H R8T E L8 ] datetime.now (timezone.
utc) KHFMG. HESHnow ().

classmethod datetime.fromtimestamp (fimestamp, tz=None)
AR )Xk Y POSIX I [HJ BB At ime . t ime () HYIR HERY AL HIHANR ). AR AT 240 1z 2 None
HORTRE, IR B S BT & A HBANI ], R IA datet ime W GORHRER .
Wk z A4 None, Bl @tzinfo FIMY— LB, I H S 0] BORF B 2] 2 58 € 1Y

X, TEXPE N TSRS T tz. fromutc (datetime.utcfromtimestamp (timestamp) .
replace (tzinfo=tz)),

fromtimestamp () AIfEG| Kk OverflowError, WIS E]BEUEM X eSS C localtime () By
gmtime () PRELH CRFEREITE, JFSTE localtime () B gmtime () HA4EHG| K 0SError, HH %
BUE 2R HIAE 1970 4F 22 2038 4F 2 0], 1B AR RS A S EHrAE POSIX &% |, Hb&
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Wifromtimestamp () AN, L5 AIREFEON A ZE AR R B EM A dat et ime X5, 75

S futcfromtimestamp () .

JE 33 IR 5| koverflowError T AN @ValueError, WRBEEBIMEBZ L FEFE C
localtime () X gmtime () MRELHY ZFFE TG H2HE localtime () B gmtime () 4T
5|k O0SError fiifNjgvValueError,

TE 3.6 MUE: fromtimestamp () AIREIRE] Fold {HEN 1 SLHl .

classmethod datetime.utcfromtimestamp (fimestamp)
iR [B] %f 3 F POSIX Bita[# ) UTC datetime, HHitzinfo i None, XAJfEG| Kk OverflowError,
A 2R I () B RIC(ELE Hh BT TE - 5 C gmtime () BREUH SCRRE R BTG, JF2TE gmtime () HAFHS S
K OSError. MEIZHMEITSRHITE 1970 4F 2 2038 4F 2 Jh],

AR AR datet ime X4, WEM fromtimestamp ():

’datetime.fromtimestamp(timestamp, timezone.utc)

1 POSIX AeAI -6 F, BEEMTRATRAN:

’datetime(i970, 1, 1, tzinfo=timezone.utc) + timedelta (seconds=timestamp)

ANEZAAET JG—ME B SR S AR il : MMINYEAR B|MAXYEAR [ FFIX[H] .

FE33REW: §| K OverflowError A& ValueError, {NSB R B EVEAR 1 FrEF 4 C gmt ime ()
PREL SRS 16 . T FE gmtime () H4EIS 5| K OSError MA@ ValueError,

classmethod datetime.fromordinal (ordinal)

IR 156 BT U A% S = R T RS i datetime, Hopr A s LA T H 1 HWFS R 1. RIE1L <=
ordinal <= datetime.max.toordinal () HME&T| Kk ValueError, £55 1 hour, minute, second

F1 microsecond {H¥J°/ 0, FfHtzinfo{H N None,

classmethod datetime.combine (date, time, tzinfo=self.tzinfo)
R = datet ime XF4, WM HINEESE T4 e date XL MEUE, BHEHESTHE
()t ime MEPEUE . IR zinfo %85, HAESB AR EGIRL N czinfo [k, BN EH] time
ZEczinfo Jgks
ST B datetime X4 d,d == datetime.combine (d.date(), d.time(), d.tzinfo) .yl
S date @—A~datetime X5, BEMRTREEMCz1info J@MEH 20 .

T 3.6 JREEH: 38N T tzinfo 5.

classmethod datetime.strptime (date_string, format)

& [l R 4G formar R AT 5 date_swing F X} W Bdatetime, iX % fff T datetime (* (time.
strptime (date_string, format) [0:6]1)), I R date_string F1 format J5 ¥£ #icime.

strptime () fREHTEUE R Bl — A0 E T WE, W5 kvalueError, AR B A AL $g
A SEHE G F S Wl strftime() Feo strptime() 8947 H1 .

ReJm

datetime.min

EM$FE/Rdatet ime, datetime (MINYEAR, 1, 1, tzinfo=None),

datetime.max
&% Me B 7B F JRdatetime, datetime (MAXYEAR, 12, 31, 23, 59, 59, 999999,
tzinfo=None),

datetime.resolution
WM AFE R datet ime %P2 2 [8]A] GEHY B/ NE] i, timedelta (microseconds=1),

SlErE (Hik):

170 Chapter 8. Hiig3¢®



The Python Library Reference, 4% 3.6.15

datetime.year

TEMINYEAR FIMAXYEAR 2 |A], L& 015.

datetime.month

1% 12 (%)
datetime.day

IR 1 EI A H )RR T
datetime.hour

BUETEH 2 range (24) .

datetime.minute
BUETEEZ range (60) .

datetime.second
BUETEHE 2 range (60) .

datetime.microsecond
BUETEEZ range (1000000)

datetime.tzinfo

YA tzinfo ZAifE s datet ime MG ARIIXTR , WIREA 2 AHNN None,

datetime.fold

BUEEEDE (0, 1. JHTEES A A1BE P s S ] S, (2454 iy 5 [ 8] e i iy
TR R R BCY RN XY UTC 2280/ & BB A I ] B ) R O (1) FORMAD I 2 2T (B T)

FIr AR [] — 3 e Ta] o
3.6 HIIgE.
BES by -

iZ8

ZR:

datetime?2 = datetimel + timedelta | (1)
datetime2 = datetimel - timedelta | (2)
timedelta datetimel - datetime2 | (3)
datetimel datetime?2 WH#idatet ime Hdatetime, (4)

A

(1) datetime2 =2 M 1 45 1) —E% timedelta 4558, WHR timedelta.days >0 WEXERE] 2 _ERidE,
R timedelta.days <0 M5B, SR HA 5 AN datetime M [F ) czinfo |1, I HEME%E
A% )5 datetime?2 - datetimel == timedelta, M datetime2.year Rf/NFMINYEAR B KT MAXYEAR N £:5]|
KoverflowError. MR AR R —MEFARXR, ZIEWA LTI X

(2) 114 datetime2 fifif5: datetime2 + timedelta == datetimel. SFHHNIRIE—FE, S50 HA 5 AN datetime £
W tzinfo J@Mk, BIim AR —MERBIXTS, % EMA S TR X .

(3) M—Adatetime JfH—"1datet ime O HRAELIE A i BR AL B R BN BTG 8 Lo AR —A>
SRR — R R A, W5k TypeError,
WA B ERCER 2 R 2, SRR BB H G MR tzinfo @M, tzinfo BYERZANE, 4
B—/{#if8 datetime2 + t == datetimel [Jtimedelta XtE t. FEHIHFIL FASHETHTIXJE,

MR A AR B 2 BN B H A A RFMtzinfo J&1E, a-b BAEMAT AN a F1 b 9 ¥ Se i
W NI EAAL UTC HHImtE] . 455852 (a.replace (tzinfo=None) - a.utcoffset()) - (b.
replace (tzinfo=None) - b.utcoffset ()) [RIAFEMARSEZINLT AL H .

(4) 24 datetimel W [AILE datetime2 2 FHi WA K datetimel /NT- datetime2 ,

AR A ) — T e i AR T 5 — 5 A, WA 2R ST U B 5| & TypeError, XFAH4E
POt ] B IR S B R AN 2 T B 2 S BB o
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MR R AR RGN, HEGMIER czinfo @M, MRIATt zinfo RS ZRG IR H 1)
I AE AT A . AR AN LR B2 AL H A AR c zinfo J@1E, WA F i 6 o Je il i s
KU UTC 218 (i self.utcoffset () KH) RIFATHEE,

1 3.3 R A B AR R da t et ime SEHIZ [AIRYAH S5 LBEA 51 & TypeError.

Wi T 07k F R e 1 E S BRAA ) X S bt Fu A T %6, datetime FLEGE & 5| & TypeError,
R B AERE N datet ime X435 A Al fE £k 8] Not Implemented {14 HLB H A3
HA timetuple () JEMERE. XN T4 THAD HI SRR G X B RIS, N,
Ydatetime WG GAFEREBMRT G WRRIRF25] K TypeError, BRAE == = W&, JGPFMHE

Ko liR A False B True,

datetime MR AMVETULIHE . FEAG BN, Frf datet ime MREPA N HIH.
SBIITIER:

datetime.date ()

1% [ B [A]#f year, month 1 day {Hdate XT4 .,

datetime.time ()
3% [1] ELA5 [6] £ hour, minute, second, microsecond F1 fold B[/ t ime X% . tzinfo A None, BiE& N
Htimetz (),

7E 3.6 JEEL: fold {2 Y Hil 4R Ml FY) £ ime IR .

datetime.timetz ()

3% [8] EL A5 [5] B¢ hour, minute, second, microsecond, fold FI tzinfo J& ¥ {H Mtime ¥ %. BiES W
Ytime (),

1 3.6 BUHE L fold (WA il 4R Il £ ime XA

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)
Rl —ASBAT [FREE P RY datetime, BRAFEAEAT P SHEEE T mMAE . TR AE L
E tzinfo=None M—MEHIZY datetime B — M LAY datetime Jij Ao fe H AT AN -

3.6 BHCIAE: HIN T fold B4

datetime.astimezone (1z=None)
REl—NEAH tzinfo J@ME i datet ime X5, i H WA FicE (4545 50 B ) UTC
IFIE] 5 self AHIF], AE2A tz B DR AR HIL R[] o

MR MM AUZE—Atzinfo TRGEBI, HHHutcoffset () Mdst () JFEA AR ] None,
WA self A AL, B RWARE BT RGU KRR IR TH .

R A AS 8 (8% A tz=None) MIAHEE H AR X RGERY AR X . Fe4ftf5 datetime 5¢
BIRY . tzinfo JRMERFHBIN—At imezone SLBll, WX FRANIS ZE(ERF M R GEHIL -

R self.tzinfo K1z, self.astimezone (tz) T self: N&%t H Wk ihE) SR dFr %, &
W ZES Rz B XA A s E], AR UTC iR 5 self #HIR]: #E astz = dt.astimezone (tz) ZJF,
astz - astz.utcoffset () ¥fHAE dt - dt.utcoffset () FIEIRY H AR TEEHE .

AR AR I — AN X X 42 1z 25— datetime X252 dr T A VE2E H A0 [8) B8, 568 A ac.
replace (tzinfo=tz) ., QSRR —AEHIZY datetime X4 dr £ R OG5 WASEE 4 H RIS
[a)$dE, i dt.replace (tzinfo=None) .

HHEEI AW tzinfo. fromute () FEFtzinfo TR Pal AW EZ, Mg ast imezone ()
FAR I LS . MR ZMS BB IE DL, astimezone () AT AELZEMIT
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def astimezone (self, tz):
if self.tzinfo is tz:
return self
# Convert self to UTIC, 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)

e 3.3 L tz BUAE R AR s o
1E 3.6 BUHH: astimezone () Jriknl AR AT ERZSSEBIR I , o0 RF B2 R A HbI ] o

datetime.utcoffset ()
If tzinfoisNone, returns None, else returns self.tzinfo.utcoffset (self), and raises an exception
if the latter doesn’ t return None, or a t i mede 1 t a object representing a whole number of minutes with magnitude
less than one day.

datetime.dst ()
If tzinfo is None, returns None, else returns self.tzinfo.dst (self), and raises an exception if the
latter doesn’ t return None, or a t imedelta object representing a whole number of minutes with magnitude
less than one day.

datetime.tzname ()
M czinfo k) None, NIR[E None, FHNik[FE self.tzinfo.tzname (self), WRIGHE AR
None ﬁ%ﬁﬁ?ﬁ%ﬁ%ﬂ”%%lﬁﬁ% .
datetime.timetuple ()
RE|—Atime.struct_time, Bl 5time.localtime () WJREZRAEAHF . d.timetuple () £
i F time.struct_time((d.year, d.month, d.day, d.hour, d.minute, d.second,
d.weekday (), yday, dst)), H # yday = d.toordinal() - date(d.year, 1, 1).
toordinal () + 1/&HWFELRIERGTMTS, BEHFS 1FRR1H 1 H, 45580 tm_isdst Jfx
WX ESWKYtdst () ¥ R tzinfo A None 8{dst () iR[A] None, M| tm_isdst ¥i%KH -1; 15
MR dst () RE—ANIEFME, W em_isdst FFih 15 B tm_isdst KR 0.
datetime.utctimetuple ()
Wdatetime LBl d HFEHEA, XELIT d.timetuple (), AFEZAN tm_isdst &IRBEN 0, TG
£ d.dst () BEMFALER . DST 4T UTC A KGE TR
W d REEL, d 282 d.utcoffset () #ibRiEfL R UTC Ba], I3 [\ AR v Ak B[] X6 57

Mjtime.struct_ tlmeo tm_isdst &N 00 B U d.year 2 MINYEAR B MAXYEAR F H.
UTC ﬁ%{ﬁtﬂ @EI’J EWIJT EJ'IZ%OVGIJ_CIOWEII‘OI‘O

datetime.toordinal ()

WA H I FHAE S S AP . 5 self.date () .toordinal () AH[.

datetime.timestamp ()

R T datet ime LB POSIX WA . REEZStime. time () U Float,

Al B dat et ime SLHI B AR FAHBIE], IF HICHEMKBT 750 Cmktime () BRECERIITHE
¥e. HTHEHZ TG Fdatet ime XRGMETERIEE mktime () B, WP HGE *E’J F R KR
WHERRES| K overflowError,

TR dat et ime S, IR IEHERTHE X8

(dt - datetime (1970, 1, 1, tzinfo=timezone.utc)).total_seconds ()

3.3 B fE
1E 3.6 BUEW: timestamp () JFIRH £ola TR M B EE A 0] B A ] 15 S o
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i WA — N INEREE MR A dat et ime SEHIFRHL POSIX [ Bk A UTC IpfH] . Q5RARY
I 8 A 310 20 FLARIY R eI XA 2 3 UTC, AR A e fit tzinfo=timezone.utc 3
FHL POSIX Hif [a]#:

’timestamp = dt.replace(tzinfo=timezone.utc) .timestamp ()

B I R S )

’timestamp = (dt - datetime (1970, 1, 1)) / timedelta (seconds=1)

datetime.weekday ()

RE—NREHAREWIL, BB —R0, BEW KK 6. YT self.date () .weekday (). HIES
5isoweekday ().

datetime.isoweekday ()

R —ANEEAC R EYIL, B —R 1, BHIRNT. #H2Y4T self.date() .isoweekday (). HiF
Z [ weekday (), isocalendar ().

datetime.isocalendar ()

IR [Bl—A~ 3 JL4H ISO 44y, ISO 75, ISO F H ). 4T self.date() .isocalendar ().

datetime.isoformat (sep="T", timespec="auto’)

Return a string representing the date and time in ISO 8601 format, YYYY-MM-DDTHH:MM:SS.mmmmmm or,
if microsecondis 0, YYYY-MM-DDTHH:MM:SS

If utcoffset () does not return None, a 6-character string is appended, giving the UTC offset in (signed)
hours and minutes: YYYY-MM-DDTHH:MM:SS. mmmmmm+HH:MM or, if microsecondis0 YYYY-MM-
DDTHH:MM:SS+HH:MM

S H sep GRINH " T1) NIRRT, SOORES R H AT P> 2 (). fiin

>>> 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"

NS timespec BALE AN TR HE (BUAHN Tauto ). ERM[LZAFEZ —:
e 'auto': Y microsecond j 0 M5 'seconds' #[E, M5 'microseconds' MfH-.
* 'hours': AR HH A% & hour.
e 'minutes': DA HH:MM #4308 hour fiminute,
e 'seconds': A HH:MM:SS #&=Cf 8 hour, minute flsecond.
e 'milliseconds': W ESEHEIA], (HXFFMER/INEGE W 250F0 . #4080 HH:MM:SS.sss,

¢ 'microseconds': Include full time in HH:MM:SS.mmmmmm format.

TEAFR: HERR A IR RE T, MR A

ST TRLI timespec 05| K ValueError,
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>>> 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"

3.6 BT INAE: T timespec Z4L.

datetime.__str__ ()
StFdatetime LM d, str(d) Z4T d.isoformat (' '),

datetime.ctime ()
B A —AN A H R 2458, Bl datetime (2002, 12, 4, 20, 30, 40).ctime() ==
'"Wed Dec 4 20:30:40 2002', FEJHEA: C ctime () PREL (time.ctime () £ KBV HIZ B LT,
fHdatetime.ctime () WIAL) EPE C HriENFEE L, d.ctime () M T time.ctime (time.
mktime (d.timetuple())).

datetime.strftime (format)
I [l — A 52 A 2 A7 5 T e B 0 AQ 3R BRI [B) A E 45 B, BERBUE 4R & 1 e B 5 Rl &
[strftime() #= strptime() 8947 A o

datetime.__ format__ (format)
Hdatetime.stritime () MFE. W EMG Hdatet ime XFGAE & DA W% A 545 B F T 08
WAL FAFER ARG st . format () BATAE AL AT RE. BERBUEAFE SR EBINK, ES
[Fstrftime() #o strptime() 8947 A o

{8 ] datetime X5 F) 1) 1

>>> 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
>>> 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

(Qi¥i#3)
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(& k)
>>> # Date in ISO format
>>> ic = 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:%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", "time")
'The day is 21, the month is November, the time is 04:30PM.'
{#i ] datetime F:Pff#7 tzinfo:
>>> from datetime import timedelta, datetime, tzinfo
>>> class GMT1 (tzinfo) :
def utcoffset(self, dt):
return timedelta (hours=1) + self.dst (dt)
def dst(self, dt):
# DST starts last Sunday in March
d = datetime (dt.year, 4, 1) # ends last Sunday in October
self.dston = d - timedelta(days=d.weekday () + 1)
d = datetime (dt.year, 11, 1)
self.dstoff = d - timedelta(days=d.weekday () + 1)
if self.dston <= dt.replace(tzinfo=None) < self.dstoff:
return timedelta (hours=1)
else:
return timedelta (0)
def tzname (self,dt):
return "GMT +1"
>>> class GMT2 (tzinfo) :
def utcoffset (self, dt):
return timedelta (hours=2) + self.dst (dt)
def dst (self, dt):
d = datetime (dt.year, 4, 1)
self.dston = d - timedelta(days=d.weekday () + 1)
d = datetime(dt.year, 11, 1)
self.dstoff = d - timedelta (days=d.weekday () + 1)
if self.dston <= dt.replace(tzinfo=None) < self.dstoff:
return timedelta (hours=1)
else:
return timedelta (0)
def tzname (self,dt):
return "GMT +2"
>>> gmtl = GMTL1 ()
>>> # Daylight Saving Time
>>> dtl = datetime (2006, 11, 21, 16, 30, tzinfo=gmtl)
>>> dtl.dst ()
datetime.timedelta (0)
>>> dtl.utcoffset ()
datetime.timedelta (0, 3600)
CF o akEs)
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>>> dt2 = datetime (2006, 6, 14, 13, 0, tzinfo=gmtl)

>>> dt2.dst ()

datetime.timedelta (0, 3600)

>>> dt2.utcoffset ()

datetime.timedelta (0, 7200)

>>> # Convert datetime to another time zone

>>> dt3 = dt2.astimezone (GMT2 ())

>>> dt3

datetime.datetime (2006, 6, 14, 14, 0, tzinfo=<GMT2 object at Ox...>)
>>> dt2

datetime.datetime (2006, 6, 14, 13, 0, tzinfo=<GMT1l object at 0x...>)
>>> dt2.utctimetuple () == dt3.utctimetuple ()

True

8.1.5 time W&

—A> time XFRAFIEAHIIAR () BE, BRSLTAEMRE A, H il czinfo XGORIEE,

class datetime.time (hour=0, minute=0, second=0, microsecond=0, tzinfo=None, *, fold=0)
All arguments are optional. #zinfo may be None, or an instance of a t zinfo subclass. The remaining arguments
may be integers, in the following ranges:

e 0 <= hour < 24,
e 0 <= minute < 60,
e 0 <= second < 60,
e 0 <= microsecond < 1000000,
e fold in [0, 17.
MRAH— I E PAAN 2480, W5 kvalueError. i SEEEINHN 0, BT winfo A

N None,
FKJE
time.min
B[ R/Rtime, time (0, 0, 0, 0).

time.max
R E/Rtime, time (23, 59, 59, 999999),

time.resolution
W AAHEE R £ ime ST R 2 [ Al e B /NE B, timedelta (microseconds=1), {HEiEFEtime
MR HFEARIZE.

SpEE (Hik):

time.hour

BUEJEF /& range (24) .

time.minute
BUEVE & range (60) .

time.second
BUEEEZ range (60) .

time.microsecond
BUETER 2 range (1000000)
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time.tzinfo
YER tzinfo ZEME L4 £ ime MITEZFIIRTSE, WREA % AMENH None,

time.fold
BUETEREZ (0, 10 FTFEE S A A B) B rh i s SR e () s S (224 524 B 45 o o [ 8] s sl B
TR IE R Y RIS XA UTC B 22t o i i Rl Bz, ) BV 0 (1) R Er 2181 (B T)
BT AR A ] — 21 S A]

3.6 BN fE.
SCRFIEH
« Wi time A —Atime, 2 a WAL b ZHINE, WA a /N bo MR HA I —T7 2 f B2 i 5 —

Jo RGN AL AR AT LB 5| K TypeError. W TAHZE RS, (i BT SLO 4 7K AN S T
SRS

WER A LR AR A, HRAMFM czinro @M, MIRKcz1inro J@PEo g 20X AR it )
AT . RIS LR B BN H A AR tzinfo J@YE, WA’ el i 2 e
I UTC {5 (ffiH] self.utcoffset () KE) RBATIEE . J T B7 IERFIR A B R R R 3T
NP HHERERIA FL AL, 24t ime TG SR EIZRA R LN, BTk TypeError, BIEHKIZHE
i == '=. FEfG— RO R AR E False B True.,

e 3.3 R ] AR 2 £ i me SEH 2 BIRIAHSE LA 5| K TypeError,
o WAy, DAV e
KB
HEARIBRT, time XN B

1E 3.5 {76 Python 3.5 Z i, HAISR—A>t ime WRNAHE UTC FEER M SPHABE. AT APINAE
o KNREAER IR, LA Python 3.5 EEH AR . FHEIHS M bpo-13936.

STk
time.replace (hour=self.hour, minute=self.minute, second=self.second, microsecond=self.microsecond, tz-
info=self.tzinfo, * fold=0)
R El—ABA FREEEER € ime, BRAREIMEM RTS8 TR LRI, WS T A E
tzinfo=None M— MR ¢ ime GfE— MR AL € ime T A WFERIN [R](E .

3.6 BRI EE: BT fold 4.

time.isoformat (fimespec="auto’)
Return a string representing the time in ISO 8601 format, HH:MM:SS.mmmmmm or, if microsecond is 0,
HH:MM:SS If utcoffset () does not return None, a 6-character string is appended, giving the UTC offset in
(signed) hours and minutes: HH:MM:SS.mmmmmm+HH:MM or, if self.microsecond is 0, HH:MM:SS+HH:MM

A E S timespec AL ERIBIM T AHHE (BRIAK "auto"). BRI MEZ —:
e 'auto': Yimicrosecond H 0 N5 'seconds' #ifA], FHME 'microseconds' .
* "hours': PAMERD Y HH A% G & hour.
e 'minutes': DA HH:MM #% & hour fllminute,
e 'seconds': YL HH:MM:SS #&3 40 hour, minute fllsecond,
e 'milliseconds': f&SEHEENIR], (EAFAMER /NG W 250F0 . #4380 HH:MM:SS sss,

e 'microseconds': Include full time in HH:MM:SS.mmmmmm format.

TSR HERR 4 R TR] S RERERT, AR A
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ST TR timespec ZE05| K ValueError,

>>> from datetime import time

>>> time (hour=12, minute=34, second=56, microsecond=123456) .isoformat (timespec=
—'minutes')

'12:34"

>>> dt = time (hour=12, minute=34, second=56, microsecond=0)

>>> dt.isoformat (timespec="microseconds")

'12:34:56.000000"

>>> dt.isoformat (timespec="auto')

'12:34:56"

3.6 BHIfE: HINT timespec Z%L

time.__str__ ()

STFBE NS 1, str(t) 4T t.isoformat ().

time.strftime (format)
A ] —A~ dy S O AT R T g I B A SR TR B P A R o ORI X9 -1 52 B8 22375 2 [l srftime )
Fe strptime() 6947 A .

time.__format__ (format)
Htime.strftime () M. HHEMERAEime W54 ﬁiUﬂF%JWc AR RN R4
BPAKME R st r. format () AT RALCA AT RE. BERBUKUHE 2 02 B8R, W S [snrftime() 4=
strptime() 6947 H7 o

time.utcoffset ()
If tzinfois None, returns None, else returns self.tzinfo.utcoffset (None), and raises an exception
if the latter doesn’ t return None or a t i mede 1 t a object representing a whole number of minutes with magnitude
less than one day.

time.dst ()
If tzinfo is None, returns None, else returns self.tzinfo.dst (None), and raises an exception if the
latter doesn’ t return None, or a t imedelta object representing a whole number of minutes with magnitude
less than one day.

time.tzname ()
M tzinfo k) None, NIR[E| None, &R [FA] self.tzinfo.tzname (None), WIRJGHARMHE
None ok #— P AF R AT S| % S

NVIE

>>> from datetime import time, tzinfo, timedelta
>>> class GMT1 (tzinfo) :
def utcoffset (self, dt):
return timedelta (hours=1)
def dst (self, dt):
return timedelta (0)
def tzname (self,dt):
return "Europe/Prague"

>>> t = time (12, 10, 30, tzinfo=GMT1())

>>> t

datetime.time (12, 10, 30, tzinfo=<GMT1 object at 0x...>)
>>> gmt = GMT1 ()

>>> t.isoformat ()

'12:10:30+01:00"

>>> t.dst ()

datetime.timedelta (0)

(Qi¥i#3)
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>>> t.tzname ()

'Europe/Prague’

>>> t.strftime ("$H:%M:%S %2")

'12:10:30 Europe/Prague'’

>>> 'The is {:%H:%M}."'.format ("time", t)
'The time is 12:10."'

8.1.6 tzinfo Y&

class datetime.tzinfo

R —MGRES, BN BB . ARSI IZRIRE — DSk 138, IFH (=) i
PR datet ime T[EMARMEC zinfo ITIRHSEI, datetime BIHHRHBL T tzinfo f—AMfaj Bk
KTk, timezone, BRELAS UTC By E ZER IR AKX, #iin UTC 4= B sl AL 3L EST Fil
EDT.

tzinfoll) (RASHAT) WIS DIt datet ine Fitime XQIGHED . BRI R LR EN]
B TR MR R AR, 9 ELe 2 1 0 o X5 3 IR AHbIN ] 5 UTC B925(H. X 4 FRLAK, DST
BRI, SR 5 AT AT 0ok ] 0 5 R

TR . At 2info TRUAHTRMSEONNNG _inic_ O ik, #E
EARTTABEEE, ELOTRETETE PR R ARPETR , Ak ] e 2 BT -

—Avtzinfo WS TRTTRER I T ik, FARTE BBy I T A E dat ot ime X4
AT . ATRATRENT, T DAfR] B AAR ST

tzinfo.utcoffset (dt)

Return offset of local time from UTC, in minutes east of UTC. If local time is west of UTC, this should be negative.
Note that this is intended to be the total offset from UTC; for example, if a t zinfo object represents both time
zone and DST adjustments, ut cof fset () should return their sum. If the UTC offsetisn’ t known, return None.
Else the value returned must be a t imede 1t a object specifying a whole number of minutes in the range -1439
to 1439 inclusive (1440 = 24*60; the magnitude of the offset must be less than one day). Most implementations of
utcofrfset () will probably look like one of these two:

return CONSTANT # fixed-offset class
return CONSTANT + self.dst (dt) # daylight-aware class

M utcoffset () IREEA KN None, Nldst () AR IR [E] None,
BiAfJutcoffset () SLMET| K Not ImplementedError,

tzinfo.dst (dt)

Return the daylight saving time (DST) adjustment, in minutes east of UTC, or None if DST information isn’ t
known. Return timedelta (0) if DST is not in effect. If DST is in effect, return the offset as a t imedelta
object (see utcoffset () for details). Note that DST offset, if applicable, has already been added to the UTC
offset returned by utcoffset (), sothere’ sno need to consult dst () unless you’ re interested in obtaining
DST info separately. For example, datetime.timetuple () callsits tzinfo attribute’ s dst () method
to determine how the tm_isdst flagshould be set,and t zinfo. fromutc () calls dst () to account for DST
changes when crossing time zones.

— AT DA AL AR E R T S B £ z i nfo TR SEHI 2 ATHE LI TE e — 3
tz.utcoffset (dt) - tz.dst (dt)
ARG MRt zinfo F254] dt .tzinfo == tz A ~datetime XI5 dr iR B[R FE S5 R

BEFER AR X ARy 22", BN ELA H s ], T &, datetime.
astimezone () WSCHHOBULTTE, (HICTER IS FORMIBIREOL; BARAF SRR T R THE.
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W—Atzinfo FERNBEHIEX—&, WIFNZERczinfo. fromute () HERIA LI DAEAEAT T
B RY5 astimezone () Fl&IEH .

REBdst () BWELHATRES WA T PIFHZ—:

def dst (self, dt):
# a fixed-offset class: doesn't account for DST
return timedelta (0)

B

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
# 1in standard local time. Then

if dston <= dt.replace(tzinfo=None) < dstoff:
return timedelta (hours=1)

else:
return timedelta (0)

BN dst () L4 & Not ImplementedError,

tzinfo.tzname (dt)
FEXF . T datet ime X4 dr B IX A FAE R FAFERIR M. datet ime B E AT FEA4F 5 42478
HEMNE, WARZRGRA M ES L. Flan,” GMT” , “UTC” , “-500” , “-5:00” , “EDT”,
“US/Eastern” , “America/New York” # AR AE . WRFIFRLFHRAINR[E None, HHEIX
T NIENA R — AR E AR, X R R AR 20 fo TR RERR BRIEIL ANERE dt
R FPIANFEPIZFR, FroldXczinfo RERMTTAIEE S mHE .

BNt zname () LML K Not ImplementedError,

RUTESidatet ime Bt ime MG, APRX W ENTNFEA IR, datetime MREKFHBMENEA
SR, Wit ime MR None MEREASEL KXbEczinfo TIRMTTIEN UIER I 2 df ZHMEN None

& datetime RAYLH,

W N\ None B}, |24l RARTTHE g e W . Flan, &1E None i H T XS HL/R I DA 5
Az Htzinfo hpilibIH. il utcoffset (None) iR[EIFRME UTC B ZEWF A FIAL, Q1R %A HALH T
KIFFHERT 2ZE 29 5E

Wi A—"datetime XH M N datet ime JFYER, dt.tzinfo 5 self BR—XI%. tzinfo JFIEATLA
HE— 0, BRAEM PRI ERERMN T czinfo k. WAT I H Rt 210 fo J7¥ENF di ffEh A
[, TR BEAH O A DX A KRR

NN czinfo ¥k, BRI AEENTE:
tzinfo.fromutec (df)
WhHESHEIA datet ime. astimezone () SEMKTH . YuiE AR, dt.tzinfo & self, FfH

dt 19 H IR ) B gl o (0 UTC I fE]. fromutce () 9 HARRIREE H RIS E &, ik ol —A4>
SR datetime SRR self FAHII[A] .

REHtzinfo TR IXRENS 2 T0 1M AR R BRINE) £ romute () SEBL. B R & DAKE PR A E 22
{ELRA IR DDA B[] P 57 S A ey A1 L I B X, 0 T 5 B IR REAL B DST S445 i [R)FE & AR5 A
BTG —ERINfromutc () SCBURTRETCVEAE A TS 0L N IERALBRAY Bl 72 (45 UTC #Yy) i
ZEAA R T B e ad (e € HOIANINE ), SRR 00 T BE T B0A IR 8. BRIAR) astimezone ()
M fromute () SEIATBETCIRA URA B AA, WRSX SSRGS T B 1 e 22 (8 K A eAAE g ik
224 H A/ NRHELY 7

MG R IRIE DL ACRD , BRIA fromute () SEBLRIAT R AT
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def fromutc(self, dt):
# raise ValueError error if 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 1if dtdst is None
if dtdst:
return dt + dtdst
else:
return dt

Example t zinfo classes:

from datetime import tzinfo, timedelta, datetime, timezone

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)

def utcoffset (self, dt):
if self._isdst (dt):
return DSTOFFSET
else:
return STDOFFSET

def dst (self, dt):
if self._isdst (dt):

Q3
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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.
and timezone definitions,

For a complete and up-to-date set of DST rules
visit the Olson Database (or try pytz):

http://www.twinsun.com/tz/tz-1ink.htm
http://sourceforge.net/projects/pytz/ (might not be up-to-date)
In the US, since 2007, DST starts at 2am (standard time) on the second
Sunday in March, which is the first Sunday on or after Mar 8.

DSTSTART_2007 datetime (1, 3, 8, 2)

# and ends at 2am (DST time) on the first Sunday of Nov.

DSTEND_2007 datetime (1, 11, 1, 2)

# From 1987 to 2006, DST used to start at Z2am (standard time) on the first

# Sunday in April and to end at Z2am (DST time) on the last

# Sunday of October, which is the first Sunday on or after Oct 25.
DSTSTART_1987_2006 = datetime (1, 4, 1, 2)

DSTEND_1987_2006 datetime (1, 10, 25, 2)

# From 1967 to 1986, DST used to start at Z2am (standard time) on the last

# Sunday in April (the one on or after April 24) and to end at 2am (DST time)
# on the last Sunday of October, which is the first Sunday

# on or after Oct 25.

DSTSTART_1967_1986
DSTEND_1967_1986

#
#
#
#
#
#
#
#
#
#

datetime (1, 4,
DSTEND_1987_2006

24, 2)

def us_dst_range (year) :
# Find start and end times for US DST. For years before 1967,
# start end for no DST.
if 2006 < year:

return

[ 23]
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(& k)
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
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
CFoiaks:)
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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")

TR I A STARIE I AN Y € 2 1nfo TRAEERAFPIUAY DST Fedfe s b 2 R TSR O RO AT,
RIS, % ESEE AR IX (UTC -0500), B EDT M= —ANEMK 1:59 (EST) 25— 401 h, IF
fEt— AR EHIR 1:59 (EDT) Z J5— 7 #h45R:

UTC 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

24 DST FFUGH (L “start” £7), ZSHBEHPA 1:59 BEE] 3:00. JEH 2:MM [ EELEAR— K2 %A 5 X,
A ILAE DST FFGIIFAR—K astimezone (Eastern) AL hour == 2 Z5E. BN, 7£ 2016 4
B R, TR

>>> u0 = datetime (2016, 3, 13, 5, tzinfo=timezone.utc)
>>> for i in range (4):

u = u0 + i*HOUR

t = u.astimezone (Eastern)

print (u.time(), 'UTC =', t.time(), t.tzname())

05:00:00 UTC = 00:00:00 EST
06:00:00 UTC = 01:00:00 EST
07:00:00 UTC = 03:00:00 EDT
08:00:00 UTC = 04:00:00 EDT

2 DST 455 (W “end” 47), A EORSEEROTEAE FIRE: AU E AP — A/ N2 AR T RESA B L) &
WY E—/ N o BIDASE E AR AR A] R 24 KW E5 AN TE A S:MM UTC B[] . ASHURF )AL 1:59
(A FRRBEIEE] 1:00 BRiER). TEX Ty MM AU R 0E A 5 8. B astimezone () Jgifiid
FEPASFIERT) UTC /NS 2 44 (7] PR AR N A D A I B R AT 35 AR TR ) s 19 o
3 S:MM Hil 6:MM 1) UTC ISR 8 oAy 5 [ R S0 ) IR AR DR AT 2] MM, HET— N e & Fo 1d
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JEPEBN O M J5— AN SR oy Lo B, AE 2016 AEFKZEM B [ R B m), FATFHE

>>> u0 = datetime (2016, 11, 6, 4, tzinfo=timezone.utc)
>>> for i1 in range(4):
u = ul0 + i1i*HOUR
t = u.astimezone (Eastern)
print (u.time (), 'UTC =', t.time(), t.tzname(), t.fold)

04:00:00 UIC
05:00:00 UIC
06:00:00 UTIC
07:00:00 UIC

00:00:00 EDT
01:00:00 EDT
01:00:00 EST
02:00:00 EST

o = O O

AR datet ime SEBIGEIE fold JEYEERMPAR S, EAHE B RSB H4E .

AN FUVF IR R AR B SO Y T 7 B S A fo 1 o JRPERY(E, s RGN czinfo T35 X4
i £ imezone BEALATHAL [ 5 Z2H A £ zinfo FRBIMILRIR EST (JEZME -5 /D) 8{LK7R EDT
(72 22 {H -4 /D) BRIH@ A A 5 Y o

S

dateutil.tz ZFRVEER B t imezone 25 AT UTC Mt imezone. utc IFEFEEZ(E A N UTC
By PR S A3

dateutil.tz JiE 2 TANA BF X 3048 e (X 44 Olson 42 /%) 5| A Python F-4## 8 1

TANA I X Bl e it B PR GRS FRM tz, tzdata 5% zoneinfo) A& K s AR FIEHE R Fm 2B 26
AR A 5 ) AR b B TR 7 S A B B R AT T DA S W% B A S AR KR I B . UTC 2l A0
S A IR BT

8.1.7 timezone Y&

timezone gt zinfo W— T3, ERRANLBINER I d5 UTC 1y E 26 SR IX . THTERE
RIS R TP AR F LR T I RSB, GIAIAE— 4R IR ] BB A 228, s0RAED 3 b
Xk ER PR TR AT 7 R R Py A

class datetime.timezone (offset, name=None)
The offset argument must be specified as a t imedelta object representing the difference between the local
time and UTC. It must be strictly between —timedelta (hours=24) and timedelta (hours=24) and
represent a whole number of minutes, otherwise ValueError is raised.

name S AT E) o WIRFE 2 MDA —ASFRF8, BR g AEdatet ime. t zname () JyiERIIR ]
1A,
3.2 FrhR e

timezone.utcoffset (dr)
REFEA 3 € ime zone SERIRTHE & Bl . dt SEAE AN . RMER— D timedelta L], HAE
PN A] 5 UTC 2 8 A 25 .

timezone.tzname (dt)
R [FIFER 3 t imezone SERIRTE E B E (. R A SRR AL name, W] tzname (dt) Friz[a]
IR FRIFARIE of fset {EHHE AT MM A L. AR offser 2 timedelta (0), MAFRA “UTC”, # N
NFEMAE CUTCHHH:MM' |, Hip + 5 offset {HWIES, HH fl MM 43 5I"h /R of fset .hours Fl
offset.minutes WP ES.

TE3.6 UM  of fset=timedelta (0) AWM MIMAESCHFE HA UTC’ i A2 ‘UTC+00:00,

timezone.dst (dt)
2R None
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timezone.fromute (df)
IRE] dt + offset, dt ZE I H— AN HIFE datet ime 5L, Hp tzinfo (HIX AN self,

Hom:

timezone.utc
UTC BfX, timezone (timedelta (0)).,

8.1.8 strftime () 1 strptime () BIITH

date, datetime Mltime MHRE L FF strftime (format) F¥E, A A E—HIF e FE4E
BEHI R R A S . SRS, d.strftime (fmt) FITtime BiHH time.strftime (fmt,
d.timetuple ()) {HEIFIEFTA X RE L timetuple () k.

M, datetime.strptime () ZE77 VKW ARYE — 4> F 7R B 1] A9 S 45 5 ARG 7 19 s =X < 45 o A1) 2 ok
—Adatetime X4, datetime.strptime (date_string, format) ZH# T datetime (* (time.
strptime (date_string, format) [0:6])), Z=HHET Y4 format 5/ NTF R ER 8 E I X Z(HE
BEHHME, X8 EBH datetime. strptime fF X FHHSHE t ime . strptime fFEF,

T Cime xtg, 4. F HEORSURT RN, Y time XGRS, MR ITRERT, 400
Bk 1900 T H AT S HBROR 1.

T date X4, B 4. ARBRbHORSSUICELR BB, P Rcla te W AT, AISE B
AT 0.

Xt SRS S (S0 SR R F & AT BT 25, (% Python BRI FIET-6 C JEM) strftime () HsL,
TR P2 02 SRR WL . BA A URBT I P BT S 5 ke st I, i3I strftime (3) SOBY.

PATRSIREAR T CAnifE (1989 i) FresRit) s, ENEata C SC a6 L. i
TETRL 1999 M C ARifE LA 7oA SRS .
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ks aXx NG| R
%a 2 TAE HHES . 9]
Sun, Mon, ---, Sat (E[H);
So, Mo, -+, Sa (&%)
SA 2 TAE H 24 . (1)
Sunday, Monday, ---,
Saturday (35 [H);
Sonntag, Montag, ---,
Samstag ([
Sw UﬂLl_%J*JIE/?E’JIYE 0,1,-,6
H, HioF&xEHH,
6 K EIN,
%d #HEJE, AR | 01,02, -, 31
NI A — K.
%b 25 H A 4R - ¢))
Jan, Feb, ---, Dec (GE[H);
Jan, Feb, ---, Dez ({£[F])
%B kb 44 6]
January, February, ---,
December (ZE[H);
Januar, Februar, ---,
Dezember (f£[E)
sm wWE)E, LA TR | 01,02, -, 12
AR H G
5y #EJE, A #EfIEER | 00,01, -, 99
I, A AR
3y TR E R 2 | 0001, 0002, -, 2013, | (2)
AR o 2014, -+, 9998, 9999
%8 DA i T BB | 00,01, -, 23
IR/ (24 7N o
51 PARNE S 2R AR | 01,02, -, 12
RIS (12 7)) o
5p AHALE) AM B PM . (D, 3)
AM, PM (ZE[H);
am, pm (f&[H)
%M #EJE, AH#EfIERE | 00,01, -+, 59
AN
%S #EJE, PATEd &R | 00,01, -, 59 “4)
ANIOER
st DA G5 R R RS, | 000000, 000001, -, | (5)
LM . 999999
%z UTC offset in the form | (empty), +0000, -0400, | (6)
+HHMM or -HHMM | +1030
(empty string if the object
is naive).
>3 RS G S s UTCL ST CST
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L34k C89 ARl BT K B A AhHig 42 R 7 (BT A o X 28T 24K 15 1SO 8601 H I EAHXT 1.
ENTREARRTET A& F# AT strftime () M. 1SO 8601 4£43 41 1SO 8601 & M4 4 I N hE
5 B PAEGFET S e M ER K. A strptime () BHE AR TR 84 B LY 1SO 8601 45445

K ValueError,

¥ | 88X w1 i*

%G | WA AR ISO 8601 4EMy, Fom Bl a KA 1SO B 1 (5v) B94E | 0001, 0002, -, 2013,2014, | (8)
15 o -+, 9998, 9999

su | PATEERIECE R ISO 8601 g H fps, Hip 1 R EW | 1,2, .7

sV | PATEERIECE R B 1SO 8601 B, AR —1EAE RIS —K. | 01,02, -, 53 ®)
501 NS 1 H 4 HE.

3.6 FRINEE: WhnT %G, su fl &V,
R
(1) H Do MO T 214 1 DRI a8 B, TR e LAy o (1 24 AR R VR N . - B & & AR s (31
U “month/day/year” 5 “day/month/year” ), H-H A Hi n R84S A DXISSE S FIr g < i BRI 2 s =X

Unicode “F4F (BIanani Y 5 X% ja_op, NERIAGRISH& AT HEN eucdp, STIS B ut£-8 H1ff—
A5 il locale.getlocale () RIHfE 24w K% B AIGAER) .

(2) strptime () JI{ARERSMANTIEA [1, 99991 YuIHl ARI4F1r, H <1000 Y4 (b AU FIHFEH 4 (807 T2
JE.

TE 3.2 UM FEZ HI A, strftime () J7¥E HBRT >= 1900 (144 .

TE 3.3 MG FERUAR 3.2 W, strftime () H¥EHRFRT years >= 1000,
(3) M5 strptime () HE—RMEAE, WEREH o1 8 RMIT/ DI, sp $82 HEmk /N5 B
4) Htime BRAFME, datetime BIHRASEFEFD.

(5) 2415 strptime () JERHARG, €354 AHR 5 M0 RN EEGE . 5€ BAF C FRer
Rt R I (fFLEA A datetime PG c il BILE BT ).

(6) MRS, %z and $2 HUCH PN 2 F A7
R A 42T 7
%z utcoffset () is transformed into a 5-character string of the form +HHMM or -HHMM, where HH is a
2-digit string giving the number of UTC offset hours, and MM is a 2-digit string giving the number of UTC

offset minutes. For example, if utcoffset () returns timedelta (hours=-3, minutes=-30),
%z is replaced with the string '-0330".

%2 I tzname () IR [ None, %2 @A —NESF0H . FEHAMBL T s2 S8R AR HE,
BT — A FAFE

TE 3.2 U St sz $894 strptime () FERS, R E— BB datet ime X5, S50
tzinfo B N—timezone S,

(7) 2445 strptime () JrEk— &M, UM sw (U THEE R WILA H FEG (5Y) BT

(8) T sU M 2w, eV AUHTIE strotine () #CFRER PaE EBILRIISO 40y (30) T . B
W Gl $Y BAAATH
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&

8.2

calendar —H HEXEE

PCHS:  Lib/calendar.py

AL VR AT DA R Unix cal AREER H D7, B2t T HE S H PJrkH 058 R BRUAREOLT , ixX 28 H
Pt RS R K, B A EG—K BRGNS . iTeAfif set firstweekday ()
TERE— RS- NEMNXR 6) st HEERE— K. ABREE N E HINWSE. B2 KR,
Z M datetime fltime Fid,

Most of these functions and classes rely on the da t et i me module which uses an idealized calendar, the current Gregorian
calendar extended 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.

class calendar.Calendar (firstweekday=0)

fjE—A~Calendar MR, firstweekday &—NHE, HTIEE—FMNE K. 0 2EM— (BRINE), 6
EEPXR.

Calendar WRARM T — g THER H RIS AL ik XA FEAR ARSI TAEATAR AR A
RS G E S VAL R REPI S

Calendar KWSEHIA TH

iterweekdays ()
RM—A RS, RN A — IR . EREAEE —MES firstweekday JRIERIH
—&,

itermonthdates (year, month)
R AR, BAEREINE year 4F month ] (1-12) §9 H M. X AR AUARR 0124 F Ay H
W (datetime.dateXtR), HEIWE TAHLREMTAUNGEH—H1H .

itermonthdays2 (year, month)
Return an iterator for the month month in the year year similar to i termonthdates (). Days returned
will be tuples consisting of a day number and a week day number.

itermonthdays (year, month)
Return an iterator for the month month in the year year similar to i termonthdates (). Days returned
will simply be day numbers.

monthdatescalendar (year, month)

Bl — IR EF TSR, SR RE i datet ime. date WRAN.

monthdays2calendar (year, month)
B —ASFRTEE A H S JEE 3 B R B BB R R B LB A s — oot
2.

monthdayscalendar (year, month)

Rl FIRAEE AR R SR A AU H IR Ber 48

yeardatescalendar (year, width=3)
B[] AT DA R AS AR 48 2 4 H B . B IRIE R —A51 3R, 1R A smiT. &—
TS T iIk% widih A~H BN 3). BAHBES&T 486 H, HAAS 17 K, §—Kf
Hdatetime.date %4,

yeardays2calendar (year, width=3)
3B [ A] DA SRR A B 46 2 4 H W8 (S veardatescalendar () K{). FIRIITEEH
Fo H B RIZR B LR A el . AEXHH T8 0,
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yeardayscalendar (year, width=3)
A 8] AT DA RASE AR B 98 E 4F H i8S (S yeardatescalendar () J). MFIRIITTRESR
~ I ECE . AEX D HBH T4 0.

class calendar.TextCalendar (firstweekday=0)

A DA XA 28 A Al SCAS H g
TextCalendar SEBIA DA .

formatmonth (theyear, themonth, w=0, [=0)
RN ZATFRF R R ERIGEFE A H T wh B9, (BRZRFr H . i8E T4
S HPATEL. DA X B TS AR B set firstweekday () AR E M E R —RKE
WE—K.

prmonth (theyear, themonth, w=0, [=0)
5 formatmonth () JyE—FE, RE—NHBHDT,

formatyear (theyear, w=2, I=1, c=6, m=3)
R —DNZATFERFH, XA m P H . AESE w, LA e 43301308 HIWGE, A
T8, A Z IR . AR, DA XSmO T A B set Firstweekday () $8EM—K
R R K. HIIS—F R E R T E .

pryear (theyear, w=2, =1, c=6, m=3)

Hformatyear () Jiih—FE, RE—REHH .

class calendar.HTMLCalendar (firstweekday=0)
AT DA X AN A B HTML H 7

HTMLCalendar instances have the following methods:

formatmonth (theyear, themonth, withyear="True)
W& [0l —4~ HTML FA8 1 48 E4EH I H . withyear “HE., WA EER), B HER
Ao

formatyear (theyear, width=3)
3R [ —A HTML FR8AE R4S EAE0 0 H T . width (BRACH 3) I FHLE a7 %R A OmsoE.
formatyearpage (theyear, width=3, css= calendar.css’, encoding=None)
1B [F]—ANSE#E ) HTML 00 RE R 48 @ AR I H DT . width*(BKikH 3) A FTHEZH—IT 2789 A 1
HZ. Foss HEBFARNLT . WRAEHEMZESHEAFR, T HNone o encoding i
TS CRIAH RGER BRI ARID) .
class calendar.LocaleTextCalendar (firstweekday=0, locale=None)
AT TextCalendar A PATEA S BREC TG — MBE T IREE 24 PR, I HAg [ H 43 A E LI 2 FREE
FEETEET . WRNET A E g, WS A TAE H AP T A FAF R FFEA unicode 12
i

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.

W XM formatweekday () fll formatmonthname () JyyEIEHT B PR dang 24 /i K8 £ 25 7€ locale
o T YT RIS AR I, BTN RSN .

X R SCAR H By, X ARG T LA TR Tk
calendar.setfirstweekday (weekday)

WER—ERIE (0 FREM—, 6 FREWK). calendar IAHEfit T MONDAY, TUESDAY, WEDNESDAY,
THURSDAY, FRIDAY, SATURDAY F1 SUNDAY JULANH & M. Hlan, &EEENE—RNERR
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import calendar
calendar.setfirstweekday (calendar.SUNDAY)

calendar. firstweekday ()

AR [11] 24 A g A ) B — R (L
calendar.isleap (year)

WA year EFEAENR ] True , HWRE False,

calendar.leapdays (yl, y2)
REIFEFEE y1 2 y2 (8 yl M y2 ) ZRIEERELL, Hp vl f1y2 240 .

W BR R 5 R T 2D AR T

calendar .weekday (year, month, day)

WA K (0 2R—) PAE (1970—+), H (1-12), H (1-31) Mgl
calendar .weekheader (n)

R El =AML E RPN G410k n 38E BRI L4 S FAF 9 .
calendar .monthrange (year, month)

IR [l 8 AR R E A AR S — R BRI AN A i R EL.
calendar .monthcalendar (year, month)

R R —H B H AR . AT REE— s AN H FhERR. BRME-—FiG, BRiE
ffiflset firstweekday () AN,

calendar .prmonth (theyear, themonth, w=0, [=0)

FTEI i month () RIEA—AH I H .

calendar .month (theyear, themonth, w=0, [=0)
ffif TextCalendar 24f formatmonth () PAZATFERFERIEAGR I H M4 H .

calendar.precal (year, w=0, [=0, c=6, m=3)

Tt calendar () iR BIHEEAER H T .

calendar.calendar (year, w=2, =1, c=6, m=3)

ffiffl TextCalendar 25f) formatyear () 1R BIEEAER =51 H FAZ AT FAF R TER .

calendar.timegm (tuple)
— AR ARG R B, B — DI T Bt i me BER P gme ime () B IR 8] I 3% 1]
FANZY Unix INfEJEK, EE 1970 4R IH4RITRL, POSIX 4. EPr kb, time.gmtime () Mtimegm () &
AR B o

calendar BT AN B Ja o :

calendar.day_name

TE LI F IS 2R BIL.

calendar.day_abbr
TE BT & I T om B L S5 r0 % .

calendar .month_name
TEL A F I T Rm A A Or Al X EE— A H S8 | s, FroAemRKEs 13 B
month_name [0] B&F T,

calendar .month_abbr

TEHIE S G T 2m A SR8, XBEE—H A28 1 RE e, FreAeEmKESy 13 H

month_abbr[0] B&FHH.
UL

=

Biledatetime S H IR FR LS € 1 me BEHONMELL) BE R I X 542 1
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Bidetime JRRJZEIFAIA KR AL

8.3 collections —EFEEHIFHRT

Source code: Lib/collections/__init__.py

XA TRE HAR A, AR Python ARifE N @ A dRdict |, 1ist, set, Mtuple MRFAILFE.

namedtuple () | Bl CH PRI T HREL

degque RS (ist) %5y, SEBL LD S PRSI (append) IS H} (pop)
ChainMap KT (dict) FRARR, F2 T A 21— A Hi
Counter FUE TR, RO TSR R

Orderedbict | FHUK T, GRAF T AATHA I N
defaultdict | FUTR, AT ATT wREG Oyl e g EOAME

UserDict RN L N NS S
UserList %T%Tﬁu%%ﬁf%, ﬁ1‘hT§Ui§%%1ﬁ

UserString B TG, S T R

T 3.3 U Moved 7 22 44 % 3 £ tothe collections.abcmodule. For backwards compatibility, they continue
to be visible in this module as well.

8.3.1 ChainMap M5

3.3 B fE.

—/~ChainMap JE2N T HZ AWM RE R E]—&, ZAENTH M — DRI, Bl elE
—MHTFIMAMZ R update () BRRZ .

AR A TR S 1R, H ELAERR LAY Ik FLAAT T

class collections.ChainMap (*maps)
—ChainMap FLANFMEH HAMPUHAGTE—E, Q@ Emp T8 LE . e maps
B, R BOAR S, XA R A — R

JRIZMSHRAF e XAIFRZATT, WAL maps JE AT R . B HABRIRAS
WRAMCEMGS, HE M. AR, 5, SO IS RS — .
—AChainMap BT HAFHIRZEBGT . BToA, MR — N RZ B R T, Xl & SR E] ChainMap

XTI I INEH A maps J&TE (attribute), — AN TR SCH T (method), —A>
FHECEATE AW JE M (property):

maps
— AT PASEB R 5112 . XA S HR IS — R R B )5 — IR BRI F AR . BRI
MIFEREIRES, PTRARIE M. B R DA — i)

new_child (m=None)
RPl—ASE ChainMap 28, A5 T —AHL (map), 5T R FE 24 552 Bl 4 5L (map). A
R mPdeE, BRBCHARREFRES], SURTEITA BN m, AR EA R e, i b4
FM, XFERIE— d.new_child () %M T ChainMap ({}, *d.maps) . XPHEMT
g ERSC, ASEE AT AR SRS RAEL

5 3.4 U EC B80S m Al S
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parents
JEMEAR Bl —AN 1 Cha i nMap 435 A 24\ SE BB, BR T 86— iXFETT ATEIE R HHE
Bk B — A i 137 5 R U Enested scopes 1 EAE I nonlocal XK. B
ATPAZE N R B super () « —4> d.parents 5 HEZHT ChainMap (*d.maps[1:1) .

» MultiContext class ¥£ Enthought CodeTools package 7 37 457 5 WL 5t it 156 70

* 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_chi1d () method and the parents () property.

* Nested Contexts recipe FEAL T /2 A8 — AWl S B ARG R 75 AL AAS B e 100
o —AN WA 2R Chainmap.

ChainMap Il FF0%5 7%

X it T 2 A AT S0
F54Ll Python P lookup #EFH) 31

import builtins
pylookup = ChainMap (locals (), globals (), vars(builtins))

I P E R T SR TR B, e TROAMERIBI T

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}

combined = ChainMap (command_line_args, os.environ, defaults)
print (combined['color'])
print (combined['user'])

Jil ChainMap FEEHUIRE N SRy B+

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"] # Get first key in the chain of contexts

d[l'x"'"] =1 # Set value in current context

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
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Chainitap K FHHEER IS BLSE, {5 lookup 249 ZANGE . AT, WIALEEVERES RN, il DA
B T A TR

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 W&
— AT TSR U R T4k e

>>> # Tally occurrences of words in a list

>>> cnt = Counter ()

>>> for word in ['red', 'blue', 'red', 'green', 'blue', 'blue'l]:

.. cnt [word] += 1

>>> cnt

Counter ({'blue': 3, 'red': 2, 'green': 1})

>>> # Find the ten most common words in Hamlet

>>> import re

>>> words = re.findall(r'\w+', open('hamlet.txt').read().lower())

>>> Counter (words) .most_common (10)

[("the', 1143), ('and', 966), ('to', 762), ('of', 669), ('i', 631),
('you', 554), ('a', 546), ('my', 514), ('hamlet', 471), ('in', 451)]

class collections.Counter ( [iterable-or-mapping ] )
A Counteris a dict subclass for counting hashable objects. It is an unordered 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.

JLEM—A> iterable 1B HoA ) mapping (or counter) #4514k, :

>>> ¢ = 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
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Counter XA — DT, WERT B EBCAEMCE, gk bl—4 0, mAZHIE—1KeyError

>>> ¢ = Counter(['eggs', 'ham'])
>>> c['bacon'] # count of a missing element is zero
0

WE—ECON 0 RS M H R E— oK. (i del SRMERE:

>>> c['sausage'] = 0 # counter entry with a zero count
>>> del c|['sausage'] # del actually removes the entry
3.1 Fih e

THER R TR DASY i3 T = AN Al 7 i

elements ()
R ERRE, BN ITCREEIEIAE. TR 2R . R DT ROTTEUNT 1,
elements () MiEZAMEE .

>>> ¢ = Counter (a=4, b
>>> sorted(c.elements (

2, c=0, d=-2)
)
[vav, lal, la|, lal’ 1

)
b', 'b']

most__common ( [n ] )
Return a list of the n most common elements and their counts from the most common to the least. If n is
omitted or None, most_common () returns all elements in the counter. Elements with equal counts are
ordered arbitrarily:

>>> Counter ('abracadabra') .most_common (3)
[((ta', 5), ('r', 2), ('b', 2)]

subtract ( [iterable-or-mapping] )
M ERAT ZE AT AT R EICR . Rdict . update () (HRRRIZE, TALES. AR HHR
FPASE O i 54

>>> ¢ = Counter (
>>> d = Counter (
>>> c.subtract (d
>>> ¢

Counter({'a': 3, 'b': 0, 'c': -3, 'd': -6})

a=4, b=2, c=0, d=-2)
a=1, b=2, c=3, d=4)
)

3.2 Hih e
WEFIERAT T counter X4, BT AW ELAET XS FIFH M .
fromkeys (iterable)

BEAEIEBAECounter HSLH.
update ( [iterable-or-mapping] )

M AR ZATROTREE AT —A> w Aoy & (W34S W Bdict . update () H2RME,
AR 7351, #RA ZWZEFIILER, AR (key, value) Xf.

Counter X4 25
sum(c.values ()) # total of all counts
c.clear () # reset all counts
list (c) # list unique elements
set (c) # convert to a set
Qi¥i%3)
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(£ LT
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

RALT I ECAEAE, PTASS G Counter X4, DAL multisets (TR HRT 0 97T ) o AN, 4561t
Heaw, ladn EECE R ICRAA R SCAEMIFF IR B TR0 e/ DR AR AR W] PARE 2
WS IR, (HR N S M A RN T/ N TR

>>> ¢ = Counter (a=3, b=1)

>>> d = Counter (a=1, b=2)

>>> ¢ + d # add two counters together: cl[x] + d[x]
Counter({'a': 4, 'b': 3})

>>> ¢ - d # subtract (keeping only positive counts)
Counter({'a': 2})

>>> ¢ & d # intersection: min(c[x], d[x])
Counter({'a': 1, 'b': 1})

>>> ¢ | d # union: max(c[x], d[x])

Counter({'a': 3, 'b': 2})

FREIAN (—ICERIERF) BRI TR e .

>>> ¢ = Counter (a=2, b=-4)
>>> +c

Counter ({'a': 2})

>>> —C

Counter ({'b': 4})

3.3 B IIE: WA T IO, — ORI B A B S

TR TR EER N TRINBIT R PRI BT (e, ANVDA IR (R At O T
B4 I, Xl 1 d N FE AN SRR .

Counter JER—FMAY TR, NRGIEAME. FHTIREL, BEIRSES_E T AL R AT AR

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.

Multiset £ 46 75 3& HONIEMER SRS BL BT B AT AR el o, (B T 8O IERI(E. 30A
RAUERM, (EE ST RSFI, IR FL B AR

The elements () method requires integer counts. It ignores zero and negative counts.

 Bag class 7£ Smalltalk
» Wikipedia 442 Multisets.
o C++ multisets ZFEFBI T

B e mEZ 45 6, 2% Knuth, Donald. The Art of Computer Programming Volume II, Section 4.6.3,
Exercise 19
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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 Y&

class collections.deque ([iterable[, maxlen] ] )

1R B —ASE AR AT 52, IWAEBI A RIMEAE (F ikappend () , M iterable (GEACXT5) Bidaan s,
U iterable WAHFGE , HiBAIRES .

Deque BAF 2l 8 queue PAF A Bl (& 542 “deck”,” double-ended queue” [AfEi#%). Deque %
LA A, NAFRAGA N (append) AL (pop), MPImAER AT DA, PN 5 o] i KA IT £ R 2 O(1) S A4E

EIR 1T st MRMFFRMIBENE, AL BOUE T2 KEAEM pop (0) Ml insert (0, v) W, B
I151E Om) WAFREEN AT, SRR Z s LB R ML E .

. maxlen Y7 HiE 0 A2 None . deques T AR SIE LK. 701, deque B 15 ok &
e, — FURUER IR deque 5 7 ST AR, W) BEECRAOIAEAL TS — ity WK deque 34t
(bl Unix filter tail FITHEE. © A1 FRETT A 538 B i < W b B 1 2

HUIBAFY (deque) X 4 3 AT J7 ¥ :

append (x)
A x 20 A7 .

appendleft (x)
asim x 2 A

clear ()

MBRITA LR, fEHRER 0.

copy ()
B 5 DL

3.5 B HE.

count (x)

T deque HICEAET x (AL
3.2 B fE.

extend (iterable)

PR deque (A, AN iterable ST ICER

extendleft (iterable)
P )& deque [WZ:M, BTSN iterable S0P HIICEK . R, ZLUSINES, FEL5R iterable S 1
5L 4454 S e s

index (x[, start[, stop] ] )

A2 [0] x 75 deque HAYALE (TEFRT| start 25, FR5| stop ZHi) o BREIH—AVCECIL, AR

5| %k ValueError,
3.5 B e,

insert (i, x)

TENEIHFA X
WRAEA S FEAPRK deque 8 H K maxlen 1915, 5| & —~IndexError,
3.5 Bl k.
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Pop ()
29t Hak o —4JeE , deque s A IAYAR—A>. WIRBATITCRIIG, 5| K —A> IndexError,

popleft ()
It Hak ol —A~J0K, deque s ZEMAHR—A. WEREAITCRINIE, W51k IndexError,

remove (value)

FBRAR BN S —A> value. WRBARITEIG| K valueError,

reverse ()

FF deque 3PS 3R [ None ,
3.2 FrR IR

rotate (n=1)

ARFEES n 2. AR n 2 08, WU 2 0B ER

R deque AR, WA RIS — 2 HF 1T d. appendleft (d.pop ()) , RIZ(HEHR—2
MM T d.append (d.popleft ()) .

Deque X G [ FER AL T — 4 R m ik

maxlen
Deque [ KRS, WA FRE 5 82 None .
3.1 Bl e

T PAL, deque IR FREA, TEWE, len(d), reversed(d), copy.copy (d), copy.deepcopy (d), i
B in BAERE, RIFARGIH dl-11 » RIFFBFEM IR E 222 O(), ZEHEME L Om) KK,
FLPGEAFI, (A list RFFRAC,

Deque M4 3.5 JF43HF __add__ (), _mul__ (), fll _imul__ () .
il
>>> 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([lfl, lgl, 'hl, 'il, 'j'])
>>> d.pop () # return and remove the rightmost item
ljl
>>> d.popleft () # return and remove the leftmost item
'fl
>>> list (d) # list the contents of the deque
['g', Vh', li']
>>> d[0] # peek at leftmost item
lgl
>>> d[-1] # peek at rightmost item
'il
>>> list (reversed(d)) # list the contents of a deque in reverse
['i', 'h', ng]
(T TUARED)
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(£ LT
>>> 'h' in d # search the deque
True
>>> d.extend ('Jkl") # add multiple elements at once
>>> d
deque(I'g', 'h', 'i', '3', 'k', '1'])
>>> d.rotate (1) # right rotation
>>> d
deque(['l', 'g', 'h', 'i', '3', 'k'])
>>> d.rotate (-1) # left rotation
>>> d

deque (['g', 'h', 'i', '3', 'k', '1'])

>>> deque (reversed(d)) # make a new deque in reverse order
deque(['1l', 'k', '3', 'i', 'h', '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 RiE

X A/R T deque HZ T I
PRI deque $244L T2 Unix tail sdygofe

def tail (filename, n=10):
'Return the last n lines of a file'
with open(filename) as f:
return deque (f, n)

73— AR YE— NI IR TS, @ WAL I AI A 2105

def moving_average (iterable, n=3):
# moving_average ([40, 30, 50, 46, 39, 44]) ——> 40.0 42.0 45.0 43.0
# http://en.wikipedia.org/wiki/Moving_average
it = iter (iterable)
d = deque (itertools.islice(it, n-1))
d.appendleft (0)
s = sum(d)
for elem in it:
s += elem - d.popleft ()
d.append (elem)
yield s / n

The rotate () method provides a way to implement degue 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)

(T IUakss)
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d.popleft ()
d.rotate (n)

To implement deqgue slicing, use a similar approach applying rotate () to bring a target element to the left side of
the deque. Remove old entries with popleft (), add new entries with extend (), and then reverse the rotation. With
minor variations on that approach, it is easy to implement Forth style stack manipulations such as dup, drop, swap,
over, pick, rot,and roll.

8.3.4 defaultdict &R

class collections.defaultdict ([defaultjactory[, ]])
R — PR RTINS R . defaultdict ENEdict BRI TR, EEE T —DIEHFHEMT—
NSO HARMIhAE S dict Z540[R, AR FFER .

$—SHderault_ractory fflt T—AHIGRIE. EEINH None . AR MBS EERER S dict
AR P ZEOT R, AR R SR

defaultdict MG T Fdict WHME, &R N R ITEME Y E:

__missing__ (key)
WRdefault_factory J&MEA None, WIHA A KeyError 54, MIAFSEL key.

Wdefault_factory AN None , EMAXWIM, AFSE, 4 key FME—EOAE, X
AMEA key FER—DXPARAF LA, IR E].

WP defavlt_factory Wil T, XMRHESFEE A INEELE.

ETER BT FREER, N ESHdict B __getitem_ () HERM. TLIRAFERE T
fEiR R T 7H, #RaP __getitem () f&i.

WHE__missing () REP __getitem () PAAMWHAM A . BEME get () &HIE
Y dict IPEEIR Bl None , AR fldefault_factory .

defaultdict SHDATLH A

default_factory
XA missing () RGN ENESGIE NS ERIGL, IR TS, &
32 None .

defaultdict f§]¥F

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 ():
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>>> d = {}
>>> for k, v in s:
d.setdefault (k, []).append(v)

>>> sorted(d.items())
[('blue', [2, 4]), ('red', [1]), ('yellow', [1, 31)]

Setting the default_factory to int makes the defaultdict useful for counting (like a bag or multiset in other
languages):

>>> s = 'mississippi’
>>> d = defaultdict (int)
>>> for k in s:

d[k] += 1

>>> sorted(d.items ())
[¢ra'y, 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.

BREI e () BOZIRE 0, SRR B RRIR T OL. — S SEHOHLR TG A T7 1202 BT lambda pR%, T DASR AT
fay e H O HG2 O):

>>> def constant_factory(value) :
return lambda: value
>>> d = defaultdict (constant_factory('<missing>"))
>>> d.update (name='John', action='ran')
>>> ! to '35 d
'John ran to <missing>'

Q.

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 () SRZITTAHM I HE

A TCHIR TR B — N X, PRAERT SR B SO . BT A TAREE e, I T 4
RBUERRE ST, iR G EW 2 AR
collections.namedtuple (typename, field_names, *, verbose=False, rename=~False, module=None)
BB —ASHI T T2, 248 typename o XASHTHF A TAIEIEITARIXT S, W RAE A4 K 3R
JEYEME, R DUEE RS IAERIKBUE. T2REOREEA A (BB MEL) Hoh—1Fa
MM _repr__ () ¥, PAname=value I T el N%s .
field_names j2—AMG [ ‘x’ , ‘v’ 1 —FMFRHRITH. T35 field_names W] L@ —A8iF 455, A
DHBGES R TERS, W 'k vy BE ', v

AT AT %0 Python ARiRAFER AT A4 , BR T R RIZTIFLAARLE . ARGRIRAF 7 8:, £, T
LU, HEFEAREETE N IL, JMRERE KR keyword AN class, for, return, global, pass,

BY raise .
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ISR rename "NE, TRIEA S HBhEB NI E 4. il ["abe', 'def', 'ghi', 'abc'] #HAL
['abc', '_1', 'ghi', '_3'1, JHEXEIE def MIELEEY abe .

If verbose is true, the class definition is printed after it is built. This option is outdated; instead, it is simpler to print
the _source attribute.

MR module (A 7E L, fA4TCd __module  JETEEMBIE .
i U SO T, BT eI R, I H 5 N
TE 3.1 JRE R SN T X} rename 1) 3R

FE 3.6 IRFE K verbose I rename S:HU R IR 5 42 5 A3k

TE 3.6 HUEHC USINT module %5,

>>> # 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

(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)

LA T (Eesv sqlite3 BGR ) oA

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 = sglite3.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)

%T%ﬂﬁﬁ%ﬁ%,ﬁ%ﬁﬁﬁiﬁz¢ﬁ%%ﬁ%ﬂﬁﬁﬁﬁo%T%Eﬁ%@%,ﬁ%ﬁﬁﬁ%Tﬂ
STt
classmethod somenamedtuple._make (iterable)

RITIENAFAER P 51 B8ORS B 8 — A B L i

>>> t = [11, 22]
>>> Point._make (t)
Point (x=11, y=22)

somenamedtuple._asdict ()
Return a new OrderedDict which maps field names to their corresponding values:
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>>> p._asdict (

>>> p = Point (x=11, y=22)
)
OrderedDict ([ ("

x', 11), ('y', 22)1)

¥E 3.1 BCE R iR [Bl—ANOrderedDict MAEdict .

somenamedtuple._replace (**kwargs)

AR [N a2 JCALSE B, R R A BT 1 (E

>>> 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._source
A string with the pure Python source code used to create the named tuple class. The source makes the named tuple
self-documenting. It can be printed, executed using exec (), or saved to a file and imported.

3.3 HgE.

somenamedtuple._£fields

TFAFER IS T4 . TR B T B — R Ay 44 JT 4 2R L.

>>> p._fields # view the field names
('X', vyv)
>>> 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)

BORBUX N FIRAME, [ getater () AL

>>> getattr(p, 'x'")
11

To convert a dictionary to a named tuple, use the double-star-operator (as described in tut-unpacking-arguments):

>>> d = {'x': 11, 'y': 22}
>>> Point (**d)
Point (x=11, y=22)

P fir 4 o4l — AN IE R Python 28, BRI AMRZE 5 il 7RI, X B2 anfar s im— 4~ 5
SelkoA s i R AT B R G

>>> class Point (namedtuple ('Point', ['x', 'yv'])):
__slots__ = ()
@property
def hypot (self):
return (self.x ** 2 + self.y ** 2) ** 0.5
def str__ (self):

[}

R return 'Point: x= y= hypot= ' % (self.x, self.y, self.
—hypot)

>>> for p in Point (3, 4), Point (14, 5/7):

(Rt
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print (p)
Point: x= 3.000 y= 4.000 hypot= 5.000
Point: x=14.000 vy= 0.714 hypot=14.018

W TREE _ slots_ h—AaSIdl. G PH A ESE B SRR TR AT

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',))

SRR AT A E S, il H RS _doc_ T

>>> Book = namedtuple('Book', ['id', 'title', 'authors'])
>>> Book. doc_ += ': Hardcover book in active collection'
>>> Book.id. doc_ = '"13-digit ISBN'

>>> Book.title. doc = 'Title of first printing'

>>> Book.authors.__doc__ = 'List of authors sorted by last name'

T 3.5 BOEB: SO A7 B IEAL T 5

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')

S0

¢ Recipe for named tuple abstract base class with a metaclass mix-in by Jan Kaliszewski. Besides providing an
abstract base class for named tuples, it also supports an alternate metaclass-based constructor that is convenient for
use cases where named tuples are being subclassed.

o XFPAFHARZW A, 5% types. SimpleNamespace () o
e See typing.NamedTuple () for a way to add type hints for named tuples.

8.3.6 OrderedDict H&HR

Ordered dictionaries are just like regular dictionaries but they remember the order that items were inserted. When iterating
over an ordered dictionary, the items are returned in the order their keys were first added.

class collections.OrderedDict ( [items] )
Return an instance of a dict subclass, supporting the usual di ct methods. An OrderedDict is a dict that remembers
the order that keys were first inserted. If a new entry overwrites an existing entry, the original insertion position is
left unchanged. Deleting an entry and reinserting it will move it to the end.

3.1 FriR e
popitem (last=True)
H S pop i tem () JrHERSIRIEIEI A (key, value) BE(ENS. M last (4 EL, MHE LIFO

(last-in, first-out) Ji5 i 5 H 5 32 B0, 75 W hi4% FIFO (first-in, first-out) S&3 56 H i I3 1%
[l FERAELX

move_to_end (key, last=True)
FEBUAT key BB B M BOAE—Si . AR last A (BOA) WIRITRBZARE: IR last 1R
ENF TR BT R . WER key AAAEN A KeyError:
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>>> d = OrderedDict.fromkeys ('abcde')
>>> d.move_to_end('b")

>>> ''" . join(d.keys())

'acdeb'

>>> d.move_to_end('b', last=False)
>>> '' . jJoin(d.keys())

'bacde’

3.2 B EIRE.

XA B ES T, A T HEE T MR TR U 38, il reversed () .

OrderedDict 2 [a] WAH 25 32 2 0 P 5 80, SEPA 1ist (odl.items ())==1ist (od2.items()) .
OrderedDict MEMHEAMHI Mapping PAHSFMNL, S0P HUSRM FHNL. X ARiforderedpict Bl
A Au) - AT DA FH 1) 37 i

TE 3.5 WUEL: OrderedDict [T (item), 4 (key) FI{H (value) 118 PLAE LB B, i reversed() .

{2 3.6 WU PEP 468 SEAK X H SO RE, AL S 0 dereapi ot WHEAAEN update
.

OrderedDict 5| FF1HiE

Since an ordered dictionary remembers its insertion order, it can be used in conjunction with sorting to make a sorted
dictionary:

>>> # regular unsorted dictionary
>>> d = {'banana': 3, 'apple': 4, 'pear': 1, 'orange': 2}

>>> # dictionary sorted by key
>>> OrderedDict (sorted(d.items (), key=lambda t: t[0]))
OrderedDict ([ ('apple', 4), ('banana', 3), ('orange', 2), ('pear', 1)])

>>> # dictionary sorted by value
>>> OrderedDict (sorted(d.items (), key=lambda t: t[1]))
OrderedDict ([ ('pear', 1), ('orange', 2), ('banana', 3), ('apple', 4)])

>>> # dictionary sorted by length of the key string
>>> OrderedDict (sorted(d.items (), key=lambda t: len(t[0])))
OrderedDict ([ ('pear', 1), ('apple', 4), ('orange', 2), ('banana', 3)])

The new sorted dictionaries maintain their sort order when entries are deleted. But when new keys are added, the keys
are appended to the end and the sort is not maintained.

It is also straight-forward 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):
if key in self:
del self[key]
OrderedDict.__setitem__ (self, key, value)

An ordered dictionary can be combined with the Counter class so that the counter remembers the order elements are
first encountered:

206 Chapter 8. Hiig3¢®



https://www.python.org/dev/peps/pep-0468

The Python Library Reference, 4% 3.6.15

class OrderedCounter (Counter, OrderedDict):
'Counter that remembers the order elements are first encountered’

def _ repr_ (self):

return ' ( )' % (self._ class_ . name_ , OrderedDict (self))
def _ reduce_ (self):
return self. class_, (OrderedDict (self),)

8.3.7 UserDict Y&

UserDict HRMIEFIARIIMILE , AHXARKITR T Mo E BRI E G ot (T2 AEFFEEAL:
i, XNRHEREZ S, FANREN A DA BRI .
class collections.UserDict([MﬂMMMm])
B — AT XA LHI N ERAER— DN IEFE T, WAl UserDict SR data JRHEAFEL
W T initialdata {f, data FEVIIGCHE NG THEE—A> itialdata 15| AR SSHOR R VR R L
At 345 o
UserDict SEBIFEHE T DR BV AT T EMERE R SCRE:

data
—NESEFM, TR UserDict RINNE

8.3.8 UserList W&

IAFERR TR G R MIERZE, XTI & XSRS, nTABR A& 25 A 1Y
TiiE, AT AGS I TE o X REFRATT AT AR 9 SR AR AT o
XX KR TR C ot B RA# List i TRINBEFTEAG A, X NRMBEARER S, FENRZER
ST DAY SR AT
class collections.UserList([ﬁw])

BN — % D LHI BRI — A IEE I L, @il Useriist fdata BIEFE. SLHINE

BRI AR —A list 1Y) copy, BRINN [1 5%, list W DA B4, Foan—A> Python 71|36, B —
ANUserList X4,

UserList $&fft 7 DL B PEVEA W] 28 FP 8 i T A B i i e

data
— AN 1ist WMEMA Tk UserList NE.

TRALMBER: Useriist (TR R0, TATSHIAN, B — SR & B—45
FeAI RIS R BT O — DSRS0 . BBUE TS T AL — SRR, XS 80e— 1
PURFER, VEREARIR

R ERRAR BRI TR, P R R T E S S IR BT
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8.3.9 UserString &

UserString J MAEFAFERXIRIYIMILE . WX ARAFTRE AR th BRI st - i TRAYTIREFT A

Aid, EAFAEIEREL T, PR B TR 0] DA R B R 1 .

class collections.UserString([wquawe])
Class that simulates a string or a Unicode string object. The instance’ s content is kept in a regular string object,
which is accessible via the data attribute of UserString instances. The instance’ s contents are initially set
to a copy of sequence. The sequence can be an instance of bytes, str, UserString (or a subclass) or an
arbitrary sequence which can be converted into a string using the built-in st r () function.

FE 3.5 BlREM: ik _ _getnewargs_ , _ _rmod__, casefold, format_map, isprintable, fl
maketrans,

8.4 collections.abc —F2EMYIMS E 3

3.3 B e g R col lect ions A AR .
JEfRAS:  Lib/_collections_abc.py

pug)

RHUE LY — g 2L BT TR R ARSER R A A RE R D B, XA
Fir, SCHRTR WU,

8.4.1 FaRHREHK

X FGRHRAL T AN ABCs:
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MR ER 4K H Wx 7 iE Mixin 77i%
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_
Collection__len_ __reversed__, index, and count
MutableSequence | Sequence | __getitem__, MK H Sequence Y, PAK
__setitem_ , append, reverse, extend, pop,
__delitem__, remove, M _ _iadd___
__len_ ,insert
ByteString Sequence | __getitem_ , MK H Sequence W TE
__len_
Set Collectioph___contains__, _le_, 1t , eq__, ne__,
__diter_ ,_ len_ _gt__, ge_ ,__and__,__or__,
__sub__,_  xor__,and isdisjoint
MutableSet Set __contains__, Mok H Set LA K clear, pop,
__diter_ ,_ len_ , remove, __ior__ ,_iand__,
add, discard _ixor__ , Ml __isub__
Mapping Collection__getitem__, __contains__, keys, items,
__diter_,__len_ values,get,__eq ,and_ _ne_
MutableMapping | Mapping _ _getitem__, K H Mapping BIJTVEPA M pop,
__setitem_ , popitem, clear, update, i
__delitem__, setdefault
__diter_ ,_ len_
MappingView Sized __len___
ItemsView MappingView, __contains__,__iter___
Set
KeysView MappingVigew, _ _contains_ ,_ iter_
Set
ValuesView MappingView __contains_ ,_ _iter
Awaitable __await_
Coroutine Awaitable| send, throw close
AsynclIterable __aiter_
AsynclIterator Asynclterpblanext_ __aiter_
AsyncGenerator Asyncltergasend, athrow aclose,__aiter_ ,__anext_
class collections.abc.Container
class collections.abc.Hashable
class collections.abc.Sized
class collections.abc.Callable
SR T __contains__ (), _hash__(),__len__ () fl_call__ () HEMMFEERE.

class collections.abc.Iterable

BT __dter_ () HIEMHHSE.
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ffif] isinstance (obj, Iterable) AIPAKEI — PR EHEECLREMNME| T Iterable 8iE LM T
_diter_ () R%L, HRERILERNX MRS ERIEMA __getitem () HFESHITER B—A%F
Rt sgiterable [ME—TRIERRY A2 MM iter (obj) .

class collections.abc.Collection

£47T Sized Fil Iterable 2R 2%,
3.6 Bl Hie.

class collections.abc.Iterator

BT dter () Fl__next__ () FEMIIMGEZE, & Wieraior )5E Lo

class collections.abc.Reversible

A ERIRL T _ reversed_ () HiEMHGREZ,
3.6 FiIRE.

class collections.abc.Generator
ANARZE, SEBLT PEP 342 g gL, dRARFF YR T EAAE, Rt T send (), throw ()
close () ik, & Wgenerator BE L.

3.5 B RE.

class collections.abc.Sequence
class collections.abc.MutableSequence
class collections.abc.ByteString

H AR 78l sequences fRAIGEEES .

SCHAEID: SR A (Maxin) F¥EGAN __diter (), __reversed_ () Fl index () &EEIHHIE
B __getitem_ () k. B, WERSEHM __getitem () @ EEMUTMEE, ABLAHMATE
ANFTESH —DEYERRI: R, WRIKZE RS (Flandsk ), IBARA T ERS 2P
HFRM, XEVFRFEWELT .

TE 3.5 ik index() 55 S FF stop F start 25k,

class collections.abc.Set
class collections.abc.MutableSet

PSeRERI e iUE S i HE B =N

class collections.abc.Mapping
class collections.abc.MutableMapping

S H T AR i S mappings WAME 2L

class collections.abc.MappingView
class collections.abc.ItemsView
class collections.abc.KeysView
class collections.abc.ValuesView

WS R BRI O B views ORI 32
class collections.abc.Awaitable

N EREX Rawaitable FALHIZE, WDABUN T await Rk B BB __await_ () J5ik.
HMERS R Coroutine Ml Corout ine GBI LB & X MG LA .

T#f#: 7F CPython B, BT 4 s ihiE (it ypes. coroutine () B{asyncio.coroutine () £
A EY) # R T F A L, RIS __await__ () A, fifH isinstance (gencoro,
Awaitable) R MABATILRE] False, B inspect.isawaitable () FXriftf].

3.5 Hrse.

210 Chapter 8. Hiig3¢®


https://www.python.org/dev/peps/pep-0342

The Python Library Reference, 4% 3.6.15

class collections.abc.Coroutine
AT RS H3E. LB T W N € XAE coroutine-objects: HLf{) /7% send (), throw()
fl close (). WH LA PLFELIN __await_ () Fik. Fifcoroutine SLBIHE L
HAwaitable S, 2 Wcoroutine 15 XL o

TEf#: AF CPython B, ET A #s e (il t ypes. coroutine () B{asyncio.coroutine ()
A RAY) # R T F A %, BIEMATA SR __await__ () Kk, i}l isinstance (gencoro,
Coroutine) MM T4k False, EfHi inspect.isawaitable () R MABAT.

3.5 BRI HE.

class collections.abc.AsyncIterable

BAET _ aiter  HYEMMISREZL. & Wasynchronous iterable f)5E Lo
3.5 B e

class collections.abc.AsyncIterator
BMT _ aiter Ml __anext_ HYEMHIZLEZE. & Wasynchronous iterator 1 5E .

3.5 B fE.

class collections.abc.AsyncGenerator

Hy S H ARSI G KT T XA PEP 525 Al PEP 492 FF L.
3.6 HALIfE.
KB e B R T DAl R B S R,

size = None
if isinstance (myvar, collections.abc.Sized):
size = len (myvar)

AU G R UHFEIRAZS (mixin) , 33X 0] DU ZE 2 T & SCRAE A8 APLIWZS. i, 25— S0 F55e
Bset API 2K, HETERMTmHX =/ _ _contains__ (),__iter_ () fl_len_ (). #%HE
Heooth e EHAMITE, Bl __and_ () Ml isdisjoint ():

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:
1st.append(value)

def _ iter_ (self):
return iter (self.elements)

def _ contains_ (self, wvalue):
return value in self.elements

def len_ (self):

return len(self.elements)

sl = ListBasedSet ('abcdef'")
s2 = ListBasedSet ('defghi'")
overlap = sl & s2 # The __and__ () method is supported automatically

M setr filMutableSet FIVEIR AR FRH R
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(1) HTHEESEESQIENES, BOAKIRA T TR B AT 5O 5 AT L 010 73 o RN
KM TG R4 TEAN ClassName (iterable) , MESEH—WNEBIZE N _from_iterable (),
HHFMHT cls (iterable) RAEK—NHER. WRXASet IRASFELR PR, (I EREL
I/ HRAFRIE, IBARMFEER _from_iterable () Fik, HHEEN —NEHE, I
HEREE M AT B R SHOP S — 526

(2) B ICRAFII (2 h THUE, POAHGE SRR E ), HFREEEN e () fl_ge_ ()
PREL, REHAMMEAES B SR,

3) IRALE G et T —4 _hash () HENEGTTEWRAE, A, __hash__ () REENAE
X, AR A EGE WA BTN . b T HRAISNESGTRINSARE S, v AR B
K Set () fMlHashable () 25, RJGE X __hash__ = Set._hash,

W
=

e OrderedSet recipe 2 FT MutableSet HEI—PRPl .
o XTTHIZRES, S Wabe BHH PEP 3119,

8.5 heapg —MHEPAFIE X

JEf: Lib/heapq.py

DAL T HEBA I B IR S B, WA AL SE B E .

Wl R, BRI EREE R ST ETIE %A (W) . B TEEREH: M
FIGHITEL, MTRAR k, &0 heap[k] <= heap[2*k+1] fllheap[k] <= heap[2*k+2], N Tf#
THEB, NMEERITCEGIANR IR K. e @B TR/ NI TR B FERSE M heap[0].

XA~ APT S Eb HERTAR SCIUAR—E, TP (a) FAVEA TR TEIFRIRG] . X EGT A
R TR 2 BRI RARKEN, F2 T Python Ml T NEIFIRINRT |, FreARXFBEE M AE. (b)
FATHY pop TR 18] T/ MWICE, MARIRAR) (RAEEO UM /N5 T oK™ AERAS R
L, PN EEIE AT R ) .

T X5, fUHER ALY Python list 15+ 2% B heap (0] ZRE/MAICE , [ heap. sort ()
e T SR AL
FLAE e, ATRAMEH list RAIIRAES 11, sl IRAT DAE N A s heapify (), B> list g,
i
E ST AR e
heapq.heappush (heap, item)

K dtem BN heap i, ARFFHER A AEE

heapqg.heappop (heap)
R IR ] heap WER/PRITER , DRIFHERIALS M . WPRMEAZS, Yl TndexError . ffiJfl heap(0]
A R Vi e/ MY TR AR B

heapqg.heappushpop (heap, item)
K dtem AN, SRS W IR ] heap WY dR/NICER . A G A LSS M heappush () FFIH
M heappop () IBITHEREARER,

heapg.heapify (x)
HF listx P riisfe, Jrith, ZRAPERFRIA .
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heapqg.heapreplace (heap, item)
IR ] heap /N —I0, [RIBHEABTY item . HER)R/NARAS . ARG K TndexError,
A FP BN heappop () fllheappush () T &R0, 7 HARSE 1 & RN i) B84 38 H. . pop/push
HE R MR BT IR HE N item.
IR [l E T BE 2 FE RN B item BE R, QNS RABANIL, W% B heappushpop () » B K push/pop
HAEZBRPIHAE PR —, R EEAERE .

AR PR PRHE T = AN J T 3k 38 DI RE R AL

heapq.merge ( *iterables, key=None, reverse=False)

F2ACHF A G — e (B, &IFkA 2 BB s B & H ) . &
[m EHEFE R irerator

RUF sorted(itertools.chain(*iterables)) {HiR[E[—ANATEMRXTLR, o MEHRFEE
EFANAE, HERESE M AR 2 CHT (MWNEIR) .

HAWAESEH, EAIEUATE & R TS5

key & A RS key function, T WA ATCE R IR . BRIMEN None (HE: T
%),

reverse is a boolean value. If set to True, then the input elements are merged as if each comparison were reversed.

TE 3.5 JRCE M AN T Rk key Fl reverse JEZ

heapqg.nlargest (n, iterable, key=None)
M iterable Jit & SCH)EESE FOR BT n DM RRIICER . WERARHL T key WL 5 7€ — MRS BN R AL,
JHT M that is used to extract a comparison key from each element in iterable [{)5 702 PR BB 8 (B0
key=str.lower), Z{fiT: sorted(iterable, key=key, reverse=True) [:n],

heapg.nsmallest (n, iterable, key=None)
M iterable it i SCAEREE HR BT n A/ NTERARIINZE  ARSEAE T key WL 5 € — A 2501
K%L, T M iterable ()84S0 2 TERBUELE B (U key=str. lower), Z/iT: sorted (iterable,
key=key) [:n],

JE P BRELTE n (RO RB SR AF . XF T RMME, fiflsorted () MESHEARICE. AP, X4 n==1 i},

%E;V‘]E%min () Flmax () RESHEARE, WRTFEEE M X LR, 55 R RN SR EHIE

8.5.1 EARRBH
HEHEFY T PATEAERE A (BT A o SR M5 B U8 — I/ IMELOR 52 B

>>> def heapsort (iterable):
h =[]
for value in iterable:
heappush (h, value)
return [heappop (h) for i in range(len (h))]

>>> heapsort([1l, 3, 5, 7, 9, 2, 4, 6, 8, 01])
[OV 1/ 2/ 37 47 5/ 6/ 77 87 9J

X TF sorted(iterable), {H5sorted () ANEIIEXNEMEARER .
HeooZ DU TeH . XIS TR R (BIAES e ) S5REN Il st TR a7 &
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>>> h = []
, 'write code'))
'release product'))
'write spec'))

, 'create tests'))

>>> heappush (h, (
>>> heappush (h, (
>>> heappush (h, (
>>> heappush (h, (
>>> heappop (h)

(1, 'write spec')

~ 0~

w = 3 W,

8.5.2 iiSEhAFISEEL e

TLiciAs) R A, I HERSERAE T2k
o HEFPRRENE: AR R IR L 5B i P 55 45 E AT IR BOINAIRTFR IFF 3 [1] 2
o ARAL SR AL 55 B4 BOA LU, W (priority, task) X ) SCAL LRERF & H T .
o WRARFSCPR A AL, ARILANTRF AL 2 e p i (087
o BEEUR A HER ML 55 T ERMER ARz a2 eI AR B

BN T PTIBE S — P A T SRR A B AR I & e . AR HVTECRMESS MR 3 e isIR. AHAT
BT RITBAT 5, XA EA RSB AAL S R e TRAS R ] o B T3 WA~ 2% BT 8o2
HARE, JCH BRI A & HRE B M55

HR PR T E AR B HR AT 55 B O L e R B s R B . $08]—MESS n] G — g i BASY
2 H 7 SRS B

PR A% H s A AR Se R R Ve SE BRSO e, UM E SRS A . (AL, — Rl BEr g Ty
ERFFAACHEBER, FEN— 8 TR mf&H:

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 (pg)
if task is not REMOVED:
del entry_finder[task]
return task
raise KeyError ('pop from an empty priority queue')
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8.5.3 Hig

Wl i ARSI, HAPRICE N O THIR TR, WA I kARG alk] <= al2*k+1] Halk] <=
al2*k+2]. N THETHR, AMAERITEEI NI K. B A BREET a (0] SR hITE.

AR AL BRI SRAE N — I H AR TR R AN AR . RTRIIECT 2 k AN a (k]

0

7 8 9 10 11 12 13 14

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

TE TR o, B & BT T 27 k+1 fll 2*k+2 Z b WFIEgh A T2 LB "o Beria, 4
HEE BOCEM T R AN ICZ B, I BT DA E AT B ) N B e s 2R e i . (B2, EiFE
R ML PR SR RS I RE P, FRATIHF A5 LB ) 7 5o S T A5 g ) A A A0
Y APEEE RN, RANSRARZRA T K FRENE, HIRNASY B EZ TP HI0E
HEAARZH, BRI T TR I,

IR BHER AR RAR A2 B Ry, WIS 0 AN FJS AR . MIEREIRE R A" B s AL
TR FHAME (LRAEGE 2 EE TR 30 SHI0) B2 0 S E, KRNI 0 SHM 7, A
WA TR A, HBIALRERE Y. XEBRRR A H SRR @A &H, IR EE—
/> O(n log n) SZRIEHIHET -

BEHEP A — MR IR AR AT DAESE R AT R s i AR 2 H AP Rl A R 4% H A LRl B
0 5I0E “HAF". AR LR SORERIA T, FEXAE DL S IRATF I R T e A, “BEHY (2
S /NI R] 2—DFERE AR S HEA DT, eI PR ) [ ARy K, AR AT AT
HAHE. PIBE, L ARE R R SE IR LAy, FRi MIDI & fras i Bix 4-).

TSP AR ) S AL ARS8 T e ik se, R AER BB A, POVENTRE S, HHILT
SefEERY, BRIRHINE LGP DA KR . BRI A S AT 5 i S B 5K, (R RIR Y
T OLAT T REAEFEREAL o

WEAE KRR P BARE A M. IRROZE 2 TRERMEBSIF S A 24 afrii” (BHHEE P, oK
/NS CPU WAFZA A K ), BRI R 2 AAIEIE, SR AHFIELEEARR I . JER RS
(1 — AR HE Y B A R BE R BB AT . AR B U F PRI e ik ASRARGIE ) 4504
FERDEATHRTE , B AN ZHE G & S AN TR IR A H ARl DA BB L A BRI T A7 RN
IBATRUC, M TROHE Y 5 A A A IIRCR .

T3Ah, ACRARE RGOSR 0 NIk B ISR — T REAE A 4 RS AR SR B (B HAESE ikt b—
A , ETREB AT, R RO R4S . DR A7 AT ARG bt 57 BIVEE ) DA A0 A T 5
e, RS S R A B TR A o 45— TS R, ARTT AYIHSHT I IR B
IBATRIR . AR I S R

B2, RS TRA N . RAEE—SW TR R TEN, HFHICHRE— ‘heap’ HHUZMRA
I—%E:XE(JG :_)

Ui R AR TSR S HU RTINS RS, 3R R S AE ) SR AR . FETCERTAL Y 154 1 A R AL A L
b, BEOUWAHMRIE, FFAE AR I (A SR ETM) B PR Rl e SRR T e R (B2 DLRBAS e s A B9 <k
ﬁé% F). ﬁ;ﬁ;ﬁ?éﬁ%kiﬁﬁ%ﬁﬁﬁﬂi, XA TR T AR . FAET, EIEF WA B R AR IR, 7 —
a#ie—I] NEAR! =)
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=iF
8.6 bisect — ¥ H-HEIXE X

PSS Lib/bisect.py

AP PP R AR ME T SR, BT ATERR AT EAR I AR A ) . W TSR, R E TR
) HCBARAE 2 B SHITE X T ARS8 W AR EGE . XA b i sect (R HAT I T BA ) — 50
(bisection) k. WML AT DAFE AR BRG] (0 AWty i ! )
R LT AT A
bisect .bisect_left (a, x, lo=0, hi=len(a))
T a TR E x GIEMBA S ARG T . S8 lo Al hi AR T TR 2% A T4 BUATE LT
AN RIS . WER x CETE a BAFAE, IAMARSECHAETEZH (W 4d). ik a
HNFR (list) HIE, REMER AT ABGITE 1ist . insert () MEE—DSE.

RN A S, § ] DRRFECA a 20 PR 4« ZEMlig all (val < x for val in allo:i]) , fifilj2

all(val >= x for val in a[i:hi]) o

bisect.bisect_right (a, x, lo=0, hi=len(a))
bisect.bisect (a, x, lo=0, hi=len(a))

KM TFbisect_left (), HZRFIHASLZ a PEFAEICE x AN .
R FE A S, | T AR a 43 B or . 2@ all (val <= x for val in a[lo:il]), £l

£ all(val > x for val in a[i:hi]) for the right side.

bisect.insort_left (q, x, lo=0, hi=len(a))
Fx /AR —NEF)ITH a B, HAERHEA)Y. R o HIFWE, XS T a.insert (bisect.
bisect_left (a, x, lo, hi), x). FyEEEZEE O(logn) 1Y, fHAAZE OMm) .

bisect.insort_right (a, x, lo=0, hi=len(a))
bisect.insort (a, x, lo=0, hi=len(a))

KM Finsort_left (), HEE x HAFR a PEFLEITCE x HIA.
S

SortedCollection recipe i Jf] bisect #4i& T —NIIREFE M AR, FLOE T EIRAR BRI EARN A THRRA key
IR SRR I T RRNEA S BT AR, DABE TR RN X key Jr ik AL B -

8.6.1 #RFFIIR

Fiifpisect () MBS THRERA LA R, (BFE—BER LS T A A, T S ek
T T IR LA A P 51 2 R A R AR

def index(a, Xx):
'Locate the leftmost value exactly equal to x'
i = bisect_left (a, x)
if 1 != len(a) and al[i] == x:
return i
raise ValueError

def find_lt(a, x):
'Find rightmost value less than x'
i = bisect_left (a, x)

(R
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if i:
return af[i-1]
raise ValueError

def find_le(a, x):
'Find rightmost value less than or equal to x'
i = bisect_right(a, x)
if 1i:
return a[i-1]
raise ValueError

def find_gt(a, x):
'Find leftmost value greater than x'
i = bisect_right(a, x)
if 1 != len(a):
return a[i]
raise ValueError

def find_ge(a, x):
'Find leftmost item greater than or equal to x'
i = bisect_left (a, x)
if i != len(a):
return a[i]
raise ValueError

8.6.2 HfthrBl

Bbisect () BAIDA TP RANR . XD TRHEMbisect () MN—MEEREINSEE A,

NEFECER, BRI VAR 90 4 KA B ‘A7, 80 3892 ‘B, DAMEHE

i —

>>> def grade(score, breakpoints=[60, 70, 80, 90], grades='FDCBA'):
i = bisect (breakpoints, score)
return grades[i]

>>> [grade (score) for score in [33, 99, 77, 70, 89, 90, 100]]
[IF', VA', IC', lC', lBl, lAl’ IAlJ

Hsorted () BEAR, XfTbisect () BRECRUL, key B0 reversed ZHI A 25 L. F X eS80k

TR (FEZeA 1 bisect BRALIN, AL 0" W XERSHIHL).
AR, ARV R ARSI, RERMRIC RN RG] .

>>> data = [('red', 5), ('blue', 1), ('yellow', 8), ('black', 0)]
>>> data.sort (key=lambda r: r[1])

>>> keys = [r[l] for r in data] # precomputed 1list of keys
>>> data([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)

8.6. bisect — ¥t nEKREE
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8.7 array —HMIE{EEA

BEAEHE ST — RS, W DA FOR AR RO B : 45, BB s . BAE TSI
B, HAT R SPIRAFEMCL, AR ZAAET H AL SR RR 2 R . SRR G ANEIN G B 747
1 KR RIGE . T KRB ANE -

KRG | CXE Python & | DIFWRITH&E/NRT | i8R
'b' signed char int 1

'B' unsigned char int 1

'u' Py_UNICODE Unicode F#4F | 2 1)
'h' signed short int 2

'H' unsigned short int 2

Tit signed int int 2

T unsigned int int 2

"1’ signed long int 4

'L unsigned long int 4

'q' signed long long int 8 2)
Q' unsigned long long | int 8 2)
" float float 4

4’ double float 8

R
(1) "u' 2R T Python H1EL L Y unicode “F4F (Py_UNICODE Bl wehar_t). HIRRLT-GHAR,
EWRER 16 {78 32 fii.
"u' B S5HE Py_UNICODE API —E#i#8 1% .
Deprecated since version 3.3, will be removed in version 4.0.

(2) The 'g"' and 'Q" type codes are available only if the platform C compiler used to build Python supports C Long
long, or, on Windows, ___int64.

3.3 Frihfe.
HAY PR R 2 LRI Bk g e (P As Ui 2 it C SEBip e ) . SEPs K/NiT il T itemsize JEMERIREL.
XA E LT PA N A
class array.array (typecode[, initializer] )

— M typecode FRHZEIUI 2% H AL, I th ] 11 inifializer (HIEATHIAGAL, R(ELATUN —A
JIFe. bytes-like object Bt & LR TR A B AR5
WG E— A F el F A8, % initializer & 95 1% 4 BB W fromlist (), frombytes ()

o fromunicode () ¥ (WF3C) PAYFOILA S H A M BN B o 15 00 20 77 12 AR X 42 /E 2 initial-
izer f¥extend () .

array.typecodes

— L A 2B AT

BN R SRS E A PSRN RS U, PHEFIEZ S, MU IRER, BrilpEeach AR R
R RLAIRS 5 X A HAbAE SRR IE 5| K TypeError, RN RS T &b X1, WA T 3¢
g p 220 2 6.

LA BT Ay AR 52 2 S
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array.typecode
TR R AR 4T
array.itemsize

TEW IR A NI 1 K

array.append (x)

ASIM—AME x B HT IR AR -

array.buffer _info()
R —AICH (address, length) PAZEH T AFECECAL N 25 B9 28 o IX T 25 19 24 1 PN 7 bk A<
B, DNFWTERRPNEGE PR K /N[ array .buffer_info () [1] * array.itemsize it
B XTEM N R E AL RE S (RS %4 ) VO NS MRA M, Flanktet ioctl () #HfE.
HEECEHAEAE I B B B K B R4, R BB 2 A 30

TR 47E C 5 C++ B RS B it (X2 A R 285 B mE—r =), 4
XA LR G K NG B B YRR R 2, Wk fE s b i . b X%
H ) SRS 2 I bufferobjects.

array.byteswap ()
ST B RO, BT YR R SRR N 1, 2, 4 B8 FATR X T A 2 A
K RuntimeError. bﬁi)ﬂ?%}%H?%F?M%%Bﬂ%ﬁi%iﬁ*iiﬂ%ﬁ?ﬁ%‘%ﬁo

array.count (x)
1R[] x ZERCEH i R
array .extend (iterable)
Fik H iterable WIS MBI B A . W iterable J& 7 — 14U, BUMER T AMIERIEEM; &

W5 % TypeError, QIR iterable AN j2— A4, B AR W] & AR G HHITR AU R
PR A IE 2 A

array.frombytes (s)
ﬁ?ﬂ%ﬁ%ﬁ%ﬁ’ﬂﬁ FFFAFER R AL RS TR fromfile () Jyrd SO e UL
i

3.2 i IEE: fromstring () B4 N frombytes () PAHHEE SCHE T

array.fromfile (f, n)
Mfile object f HEEHCn T (FRECAPLEHE) FHRFENBRMBIELURE . QR T BB 0T n 500
W5l KEOFError, BARBITARSWHEALLL. f DI —ANELHNE NS R SCfng
read () HEHHEXNR.

array.fromlist (list)
IR [ list (3. X MF for x in list: a.append(x), KBIFETUIHE &4 JIAERE $A
SN TG

array.fromstring /()

e frombytes () B4 .

array.fromunicode (s)

I >k B 43 % Unicode 747 £f (9 B AL P A KO b 02 R0 'w B9 5 5 5

ZviValueError #H i array.frombytes (unicodestring.encode (enc)) ¥ Unicode $(iE
T2 HA 27 A A

array.index (x)
IR/ NG 84S £ R x FEERAL P O B TS
array.insert (i, x)

R x VR R T A BN @ A8 A S AR TR AR R I 7
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array.pop ([i])
MBS TR RS0 (T AR I AT SAEIRIAY —1, BB R BRI Il K R

array.remove (x)

MBI RS B U B

array.reverse ()

B R A T I o

array.tobytes ()
4%%%%%@%—4‘&%%@%&%%5&Eﬁ?%é‘%m (RPAY Hiid corite () FEG AR ST
1

3.2 FriRYigE: tostring () YiEMA Ntobytes () PMHHE SCH G .

array.tofile (f)
R AT (TERPLEE) 5 AR file object f .

array.tolist ()

RERCERL A Ay B 5 AR ) T 1) 25

array.tostring()

tobytes () KEFH A4

array.tounicode ()
FFEAH 5540 —A> Unicode FAFH . SR AURRAR "u W BNPRE| K valueError, HHf#
Jfl array.tobytes () .decode (enc) M IHAMZER R A 1% Unicode FE4FER .

W A R B B 0 A R TZ%%%/T%J array (typecode, initializer). WIREZHN

23 ) mmallzer SN, WU typecode Fy 'u' W'E R —AFAFE, BWER—MEFEIER. ifleval ()
PRIUE BERF A5 E 40 o) A AH R R A A, R ¥ array RE @ from array import array #
CINE WJilI]

array ('1l")

array ('u', 'hello \u2641")
array('lt', [1, 2, 3, 4, 5])
array ('d’ [1.0, 2.0, 3.1417)
S

Biestruct FTHFMR G SAL — HEHI A .
Bithxdrlib fTEAME R THE L 2409 External Data Representation (XDR) {4/ .

The Numerical Python Documentation Numeric Python " (NumPy) & X T 23 —Fh 8 4H 2585 535 1 htep:
[Iwww.numpy.org/ T 4 5% Numerical Python f T £ 15 5.

8.8 weakref —555|H

PiS:  Lib/weakref.py

weakref Bl i Python F2 7 i BIZE N5 H) weak references .
R, ARif referent Fon 5595 | H5 R FIXS .

KRG S5 AN BEPRUEXT AT UXHMR5 I RFES5 I, garbage collection W] AFHERT | HIF-FH A AF
EHTIAMAE . B2, 7ELPRHB R, RMEAWREIN, 551 — BRI R .

220 Chapter 8. ¥iE3eH!



https://docs.scipy.org/doc/
http://www.numpy.org/
http://www.numpy.org/
https://github.com/python/cpython/tree/3.6/Lib/weakref.py

The Python Library Reference, 4% 3.6.15

555 | 1A 22 g SEBURAT RO G e G A7 T, (H SO A B ORGSR oA B i e A
UIBHIIEZSEXER T

Fan, GuAREE 2 KRB R ERN S, AT Re A B A AR S TR 5 B . 2R (1 H Python S i
PR B MR, SR BRBL B A AR, G SRR R PR, BN E AT E S b R A (sl
weakref MR WweakKeyDict ionary MlWeakValueDictionary 250 DA Python 78, (#1155
SRR I, X eI N 2 (AL R A B AT S BRAE B0 S A I X R AR R . fln, R —AE G
WG @ weakValueDictionary WME, IBAYGXHZEEXT G A R 451 2 55 WA 5 ir e A 1 555 | B,
B3 DS AT DA IDSZ R G 05 A E 55 SR G HhAH 7 10 2% H IR

WeakKeyDictionary flWeakValueDictionary FEENIMISEI R 5551, 725551 & & )4 K
B, A E IR U BRI T weakSet LT set $1, {HRWeakKeyDictionary —Ff,
HEpf Hou K555 1 1 .

finalize FEAETEM—ANXERPELINCER 20 A IE B RR K0 7 3 X OISR 555 | ) E I o o
TR, RS B Zf DR G IS h A 22— BRI

XA RER Y —HFK finalize iR REBRFITFEN - BHEATEEEWEE CWBEL .
weakref fRHLEREE TIRBHLH], PAET S E.

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.

TE 3.2 AR M 70 7% thread.lock , threading.Lock FIAC RS XF 42 1) 3 4
JUAWEEBN I ist fldict AEBSCRES5IH, BT A A =2 5

class Dict (dict):
pass

obj = Dict(red=1, green=2, blue=3) # this object is weak referenceable

Other built-in types such as tuple and int do not support weak references even when subclassed (This is an imple-
mentation detail and may be different across various Python implementations.).

Extension types can easily be made to support weak references; see weakref-support.

class weakref.ref (object[, callback])
RN 2 2555 H . QRN R A A, W] DA A 5 XSOk R IR iR kg A
B SR E T SN TIAEAE , IR S X588 None o WAL T = iA T HAEA 2 None | 3 Hag Bl
S5 XA, WIAEXT 52 B L S5 ipREJR H 11085 555 | X GRE R [mE v vE— S8 & i R
PIFFAFRT .
V2 555 A ARV X AR RIS SR A . A~ 55 5 | %) Tl R RE 4 AN el 3 i g [ o) 380) e SRy A
{47 T ] 8 UL %] P
WEETS | W) SR TAREA R, (BREERE: e SR __del () R
KW SE AR R AR B
SR object W WAy, W555| W Khashable, BIELE object ¢ M6k 2 J5 B AR AR R WG A (B 0
Hhash () ¥ object YR G A BRI, W AR5 & TypeError,

55| SRR, (HARSCRpHERY BB ASRBES I RAVRAFAE, P51 BA S ENMEEII
MR —ERMGERFR (I callback ZAAHIE ) o QR TAE RGNS, WTERASI R A
[7] — R A AR

R — A TR B AE— AT R4

__callback__

XA H B fE 2R B 2 i BRI 555 | A R . W R AEAE 555 | RS | R AR,
Mt JEYERIE A None,
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FE 34 BCEY: IS T __callback  J@k.

weakref.proxy (object[, callback] )
AR [0] object B —AE 5| TR . LR B RFE R 280 1R SCh (AR, AN ZER 2 oo B
FRE 5| XS RARERT o AR R XT SRR ProxyType B( CallableProxyType, HAKHRURT
object 2T Y] o Proxy WA J&hashable %15, TLIEHE5 | FIA GG W WAy s XTS5 B AT EA
FASPEROR R Z AP, AT IR EATRONE T M . callback Sref () RIS TES & ST .

weakref.getweakrefcount (object)

AR [l 45 1] object 1555 | A CRE ) B o

weakref.getweakrefs (object)

AR [l A ) object A FITAT 555 A AL Y 1) 26 o

class weakref.WeakKeyDictionary ( [dict])
555 | ARG S . SN FEAT AR Y 58 5 | N b 0 % H R B 3. K mT R R RIS M o B 2
— B R AR 3 B X R T T AR AE AR LERS G A I 1k o S LA TR D M AR SR
Rl o

{:f#: Caution: Because a WeakKeyDict ionary is built on top of a Python dictionary, it must not change size
when iterating over it. This can be difficult to ensure for a WeakKeyDict ionary because actions performed by
the program during iteration may cause items in the dictionary to vanish “by magic” (as a side effect of garbage
collection).

WeakKeyDictionary MEHA—NEINTERT AEZ AT NG H . 3% 285 | N RUETE B AT 18 65 FH T
IROREE ARG, BRI 285 | FH IR 45 3 55 B0 e Rl o iy v T Tl o B i 2 S B
ARF LR B B SR PR TR B 5 L

WeakKeyDictionary.keyrefs ()

AR [ 4 X R Y 55 5 | B TR AR R

class weakref.WeakValueDictionary ( [dict ] )

S5 UTMELAIMUR SR NP R SR 505 | 7 S b i 2% AR 557

{Eff#: Caution: Because a WeakValueDictionary is built on top of a Python dictionary, it must not change
size when iterating over it. This can be difficult to ensure for a WeakValueDictionary because actions per-
formed by the program during iteration may cause items in the dictionary to vanish “by magic” (as a side effect
of garbage collection).

WeakValueDictionary %R B A/ — N8 A ¥, W hH ¥ HFEAE SweakkeyDictionary % 2 W
keyrefs () Jy A )&
WeakValueDictionary.valuerefs ()
A ER NSO EEEA I O BIBES AW
class weakref.WeakSet ([elements])
PREF IR T IR AT UATA XA TCRE T | H TR G L5
class weakref.WeakMethod (method)
— AT S Ak (BIFER o SOFTESR G P &R ) 785 M E E X rer T35, HTH
EHERIERTER, FEMESE | TR . weakMet hod A&7 A RS Fl SR S B 040 5 e, T
) %55 G2 B U R ESCR B 5

>>> class C:
def method(self):
print ("method called!")

(N IUakRED)
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(£ LT
>>> ¢ = C()
>>> r = weakref.ref (c.method)
>>> r ()
>>> r = weakref.WeakMethod (c.method)
>>> 1 ()
<bound method C.method of <__main__.C object at 0x7£fc859830220>>
>>> r() ()

method called!
>>> del c

>>> gc.collect ()
0

>>> r ()

>>>

3.4 HIHE.

class weakref.finalize (obj, func, *args, **kwargs)
A ] — AT R R SSRGS obj VRN BIR I B . SEm a5 AR, A58
R BB AT, EEIGIRIRRPL, AR A T AR A A R
BEEG RN A EF e (U STE s IR M X ), R Z R el 2.
G A SR RR ] func (arg, **kwargs) WSRIEZER, ML AL SRR None.,
BRI )t A S5 8 IR BT 5 | K S 1 F S TARMESE R ), (B TCYARLHE . BT SRR
_del () JPyRECE SIS | A S A ) A 07 SR At B
MFRFIRHI, FRIETE ARV, BRAFEMNWatexit BEHCHBRCNRE. B2k 508
P AH B8 I B 1
e @ e interpreter shurdown 1) J5 248 N 23 SR P L LR pR A, GRS B 4 oy A8 AR T BB 2 gl B e

“NNone,

__call_ ()
AR self JAr o RAS R JARIE M ELJET S, IFREI func (rargs, **kwargs) HUZEE. 1l
%self ESET- R B None,

detach ()
TSR self FAFEIRSNRF HARIC A ESET:, HFRIIEA (obj, func, args, kwargs). IR
self B AET MR None,

peek ()
WA self AR NERIJCA (obj, func, args, kwargs) . Q1M self EAETZNR B None,
alive
TR A LS AR NZ R E B B, B RIE.
atexit
— NG RBEHE BN, BOAhEE. YRR, EESRAIEatexit HEEMR 4
TEGRGESS . EA1EH 500 A B a0 ¥ wE -

TR REER— SRR func, args T kwargs NNA LN obj BIGIH, ToiB /2 HIZHIEUR AR,
AT obf FF7KIEA SN A BRI, R, func AR5 obj (—A48E Tk

3.4 B fE.

weakref .ReferenceType

BEGIDEDOE JESURTE 38
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weakref.ProxyType
AT B R AR SN 4R
weakref.CallableProxyType
CIREDiEROE ek e Sithi e S
weakref.ProxyTypes
5 BT A B R B R 741 XA DA T35 S I — DX G e AU, TS AT 7
RBEXF LR K -

exception weakref.ReferenceError
Exception raised when a proxy object is used but the underlying object has been collected. This is the same as the
standard Re ferenceError exception.

S
PEP 205 - 5550 PCEFPERFEBCRIBE R, 0FE 5300 52 B0 A0 12 A A 5 P 2R U R A A R

8.8.1 555IFM&

FGIAXGEA ref.__callback  PAMNATFERIUEME. — 555 IR QARAAE, Savrddi#m ek
ARG :

>>> import weakref
>>> class Object:

pass
>>> o0 = Object ()
>>> r = weakref.ref (0)
>>> 02 = r ()
>>> o is 02
True

WERFIHEAAE, WA G RAFR F None:

>>> del o, 02
>>> print(r())
None

Rell— /355 | AT SR A S8 P AE R M 453K ref () is not None. JEHE, FE M3 XTI
IR 7 S0 P B

# 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 ()

(A B AP M A2 AR N ST 2o 0 AR W] RE BS99 | A% 555 1 B
HRAL: _FIRH GIRAEZ SR I A B AR Y ) o e 4 o

AR re £ XA VAEIE T RARANE . FEWeakValueDictionary WSEBLAFELEE I T XAl 07 50k
WU AN 2% Y AAE TR A o SO TRFBRIN AR SRR 5 R B DL iG], (B n] AR TR 4
NBHMEPARAR G -

A FHE R T AR re £ i— A2 T AT AR BB NG RIFAET LB [0 I 52 i B iz [m] )
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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, wv)

def = call (self):
"""Return a palr containing the referent and the number of
times the reference has been called.

mrin

ob = super (ExtendedRef, self).__call__ ()
if ob is not None:

self.__counter += 1

ob = (ob, self.__counter)

return ob

8.8.2 Rl

RXANRTEA TR 1A AR X 5 1D SRAR B2 B B X 52 . SRJE AR 14 ID Al AR Kt
SRR, T TEA R B RO FAER  EAE T ARSI ST A AT A L 1D SRR I

import weakref
_id2obj_dict = weakref.WeakValueDictionary ()

def remember (obj) :
oid = id(obj)
_id20obj_dict[oid] = obj
return oid

def id2obj (oid):
return _id2obj_dict[oid]

8.8.3 LALZRIK

i) £inalize W) EBHFALAET & AE S R (EHBAE R VA R, M0 TC20 PR B 1R [ R R £ 8 Xk 5. ol

>>> import weakref
>>> class Object:
pass

>>> kenny = Object ()

>>> weakref.finalize (kenny, print, "You killed Kenny!")
<finalize object at ...; for 'Object' at ...>

>>> del kenny

You killed Kenny!

LEEAB T AR LB o (R A S5 a8 22 HLREXT [l 8] e B A — R
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>>> def callback(x, y, z):
print ("CALLBACK")
return x + y + z

>>> obj = Object ()
>>> f = weakref.finalize(obj, callback, 1, 2, z=3)
>>> assert f.alive
>>> assert f() ==

CALLBACK

>>> assert not f.alive

>>> f () # callback not called because finalizer dead
>>> del obj # callback not called because finalizer dead

YRATLABE ] detach () TiERAER— AL E . %R R B LS SR I A G & g g 24

>>> obj = Object ()

>>> f = weakref.finalize(obj, callback, 1, 2, z=3)

>>> f.detach ()

(<__main__ .Object 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

BrARR R atexic @RI False, WA LSRR PR R QR A Tt g il . fin

>>> obj = Object ()

>>> weakref.finalize (obj, print, "obj dead or exiting")
<finalize object at ...; for 'Object' at ...>

>>> exit ()

obj dead or exiting

8.8.4 [LBARLERS __del_ () K&
B FATEQE— 2K, HEREBDRAERImNH . LT FEPRE SR, XAH V24 55N
AP R -
o RGBSR
o WEH remove () HEHEAA, 5
« PR
FATAT AN __del () FrskscBlix 2, Wh fn:

class TempDir:
def _ init__ (self):
self.name = tempfile.mkdtemp ()

def remove (self):
if self.name is not None:
shutil.rmtree (self.name)
self.name = None

@property
def removed(self):

(Rt
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return self.name is None

def @ del_ (self):
self.remove ()

M Python 3.4 JF4f, __del () iR A THILILIGERG B BIR I, BASH 42 528 & AEinterpreter
shutdown JIBJ AN ARl B None . I BUAURSAE CPython BN %2 IE#Ia 4T 1M A 2 H BT A )8

SR, __del () JrikfALBES ™ EH 2 B FARSCIURSE R, R R BT AR i i [ i s B 5 =X H A
TR o

AL AR T AR E A G, HE IR E T 2R E BRI A2 RO AR GRS
(A7 AL

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

BOXFEE SR, AT A5 3R 52— 0 H 5 R BE B H A S TR 4y i s I . IR R —H AR
PER BRI, A EEEA AR I 1 .

ET 55 A LEEEA 7 — WS, wd e g N & R =7 il iR & 4hds, Blans—
AR EI BN B TR E AU

import weakref, sys
def unloading_module () :

# implicit reference to the module globals from the function body
weakref.finalize (sys.modules[__name_ ], unloading_module)

TR AU TR H RIS e SF P R R TP A @ A L 20T 4, WA T REIZ A ESim A SRR M A . H
B, fF—srpgfihatexit. register (), try: ... finally: ... flwith: ... [EFAEESIE
PATIEEL

8.9 types —EIERBSIBTAERE IR

PARHES: Lib/types.py

This module defines utility function to assist in dynamic creation of new types.

RN RRRUE LT AR, XA FRdbRifE Python fEREAS IR, HIF RN ER ine Bistr AR
XA ATT o

B, ERBOMRHL T — S A AR A R DA N B R B T B AR 4L
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8.9.1 FARAHIBIE
types.new_class (name, bases=(), kwds=None, exec_body=None)
{5 FH 38 24 1 o2 Bl S H A i — AN R 4
B =SB EIEE SCLBEB e 2R, EHIE FHFH), XEFSH (BlQ netaclass).

exec_body ZH2— AR R, HTHEISH RN ML S0 BN Y3824 SR HME—1
SR RN T B MA L WERRRAEEEE S, eSS4 A lambda ns: ns.

3.3 B fE

types.prepare_class (name, bases=(), kwds=None)

A 24 1 To R 2 44 25 1] .
SEUR I SRR 208, BE FHIFH) DA T-SE (il netaclass).
R EMEE— 3 JTEH: metaclass, namespace, kwds

metaclass &3 24 W) JCHE, namespace & T 45 1 10 25 fiy %% S5 [0l T kwds 2 BT & A kwds 288 1504
‘metaclass' Z&HIGIICTHAIA. WRAIEA bvds BE, b H— 25,

3.3 B fE

TE 3.6 iU : The default value for the namespace element of the returned tuple has changed. Now an
insertion-order-preserving mapping is used when the metaclass does not have a __prepare__ method,

S UL:
metaclasses X 8% 0T A S0 I R Y SE B 4R Y
PEP 3115 - Python 3000 i 558 5| A __prepare_ iy =S[A4 T

8.9.2 F AR
PEAEER A V7 22 B AL 1 S Python fERERS BTSSRI S PR . B 20 HIRES: 160 & S L8 (T EAL PR A P (9%
HEAI2EAL, i listiterator %Y,

PR A BRI BN i sinstance () B issubclass () Kl

DA R B AR I B 24 PR

types.FunctionType
types.LambdaType
F B E SCRR A Bl Tambda kU6 sk £ 262 .

types.GeneratorType

generator SEACARXT RO, A e B KB

types.CoroutineType
coroutine WRWIZKEAL B async def LIz,

3.5 B fE

types.AsyncGeneratorType

asynchronous generator JEACEENT R BV, B 7 ilas R A0 2 .
3.6 HiHhE

types.CodeType
ORGSR 028 2 Bl compile () MR IEIE .

types.MethodType
P B e RSB TR 2R AL
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types.BuiltinFunctionType

types.BuiltinMethodType
WE BB 1en () Bisys.exit () ARNEFIEMREL, GXEFTUR “HNE” 24 “PACIEF
B )

class types.ModuleType (name, doc=None)

T BRI . MR 2 A R IR 44 B S HLA R Tk W docstring .

Wi MR RFERESMESEABERNEN, B importlib.util.module_from spec ()
e B E—A s,

__doc__

BRI docstring, BRAAH None,

__loader__

T maEs e fyloader . BRINH None.,
AE 3.4 BUH I BRACH None. 2 %)@ ME ] 10 ,

__name___

BRI 2 7

__package___
— T IE ) package. MRS N B ZHA (B ZAEATRE WRIA Y ) W% B IER i
Hr, BB BN E B A TR AIRBLRA B g — A AR AN __name_ ). BRIAH

None,
AE 3.4 HUEM: BRIACKH None. Z HIiZJEME AT ET .

types.TracebackType
Bl R LA, BN sys.exc_info () [2] HAIXISR.

types.FrameType

WO RARE, G0 tb. tb_frame HXTS, H th &—EHXI4.

types.GetSetDescriptorType
{fi ] PyGetSetDef FEP B E LN 2 WM KAL, Ul FrameType.f_locals B{ array.
array.typecode. MERPHIEXNZIEENRIALR: EWHM Spropercy KAMME, HE]
FERAEY JRbi e e L2k,

types.MemberDescriptorType
ffiff] PyMemberDef ¥EH R E XX R AL, filll datetime.timedelta.days. A
B VEA FH AT R 4 R 850 17 B C B i A iR s BB M Sproperty BN, HELTTEX)
TEP B b E k.
CPython implementation detail: 7F Python {3 & S8, H2RMWHE S Get SetDescriptorType 58
M

class types.MappingProxyType (mapping)
— AW RS B T B & H RS SR, X M K R R, B S ROEX

LRGN
3.3 B

key in proxy

W R Z WL AR key MR [E] True, FHNRE] False,

proxy [key]
IR JZ AR DA key SSRGS 2RI POREEAE SR key WG| K ReyError.
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iter (proxy)

AR [ BU  ETC R AIA AR . X iter (proxy.keys () BIPEET .

len (proxy)

R[] S BRI
copy ()

IR IR B DL

get (key[, default])
TR key TE4E T 1 2SS Hp 3R 1] key BO4E, 150 [0] default, TSR default F%5 H ERIA A None,
M ARG AT K KeyError,

items ()

IR N R MU (5, B X B — TR
keys ()

3B [a] B T J2 R ) S 2E S — AT A
values ()

AR [ R R 2 W (A ) — S

8.9.3 FimMT BEAEFFE

class types.SimpleNamespace

—AMREobject T2, M T UM A A SR ESE, PAK— A repr.

KNlFTFobject, %tTF SimpleNamespace MRE]AUSIIAIZ K EIE. WHE—1 SimpleNamespace X
S KRBTSR, XSRS E AT EG4 20,

BEIAUR ARG T LA T AU

class SimpleNamespace:
def _ _init__ (self, **kwargs):
self. dict_ .update(kwargs)

def _ _repr_ (self):

keys = sorted(self. dict_ )
items = ("{}= ".format (k, self. dict__[k]) for k in keys)
return " ({})".format (type(self). name , ", ".joiln(items))

def __eqg (self, other):
return self. dict == other. dict

SimpleNamespace H] #f I T # f{ class NS: pass. fH&, XF T 45H# 1k ic 5% 25 24 ) B o
FHnamedtuple ().,

3.3 B fE.

types.DynamicClassAttribute (fger=None, fset=None, fdel=None, doc=None)

e b iRl __getattr_ A% B R

R — AR, I TE SGE SR 5 8 ST R A AR AT B R . 24 ST I I PR IR AT
N, AHZET A JE PR 280 __getattr_ J5R: X2 ilid 5| & AttributeError ASE Y -

XAV AE S B ERAE AL R R, R SCHTER B[R 2 B UR M (— X R Bl 72 Enum)
3.4 BRI HE.
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8.9.4 Ihiz TREH

types.coroutine (gen_func)
I BR BSOR] K generator BREREEAS A 3R 1] BT LB AR O VM ¥ coroutine function. BT 42 IAF I REI 8@
F-generator iterator , B[R] X BT HEAR K coroutine $if 4 Fawaitable, N3, BEERAGMIESLH _ await_ ()
T
R gen_func Z2— A RAS R, BERREEHIZ .
SR gen_func ANig— AN R, WE S ad . iR EiREl-—collections.abc.Generator
BB, RSB ALBAE—A awaitable FCIRXT G . FrAT HAXT G 2 AR 4 AR [m]

3.5 B .

8.10 copy —i%/= (shallow) f1i 2 (deep) EHIIR{E

PSS Lib/copy.py

Python FRIR{ETR AU AT IR G, il i A HARFIG R 2 8] € 48 5E (bindings) J & . XFF H &l Az sl 5 n]
IR IR, T REA W S H 2 A ORI T e, SEmik e e i 4. A peufe fit 7 My
RIRE IR BB (AT i) .

EEEE

Ccopy . copy (x)
ARl x B JZ S

copy . deepcopy (x[, memo] )
IR [m] x R IE S 1 o

exception copy.error

BB E B RT  K
2 AT Z I W Z T X S R AR g (R & HABRT R ARG, g SR sl 2 iy sL i) # %
o = REEMSMEDIE AN, R (TETRERTEE M) KFED S B 71 R A
s =N REEMSMEBE—HNEGNR, RIFEITHR AR H TR B BRI &) A A
RS R Ead AT AE A T, 1T P2 A MR B AN AR X 2 ) A
o BIEINR (EIEBIRHE R X B S5 R X5 i FEUEIHE.
s MITWREERSEHIA NS, BRI ZEZH] (BN BRI A 2 (8 32 HE) -
The deepcopy () function avoids these problems by:
o PRETELHIZHIE T CE RN RE) “FESR” (memo) T
o SOV PE R E B HlRE U R A

GHHURE R, Jrik. HBER (stack trace) . FRMil (stack frame). SCfF, BHEF . 1. B KATfE
IR, Bl A B HGR [] JFa X gk (RIZERZH) “EH1” sRERZE: X 5pickle A HEIX
R 5 2 ALY o

HIVEFHPRZE R T AE A dict . copy () ik, MHIES R EIZE G A DUE R A R0 758
A, BildN, copied_list = original_list[:].

0] DAE 5 45 0 FE 904k (pickling)  # 40 RH [ B9 2 01 e 35 il & 1 34, X TR ENHRGEEE S
Fpickle fid, Lhr b, copy B HITIERM copyreg Bl 1) pickle PR%L .

X

K
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TG — A28 B H CRYPE DURAESCBL, nTVAl I & SCRAIATT IR __copy__ () Ml __deepcopy__ () -
FHIE VASEBUR RS WA, ZImEA I NSNS TG A BLZ 78 DURAE BV AR A— S8
Bl memo 7k, #IR __deepcopy_ () SEIFHEAIE—MNAMRHRZE I, BRI M deepcopy () BR%L
FELAZAU AR — NS4, MK memo F AN — NS4

S
Bitkpickle HE T LR SLR SR AWK E FIRF5E 15

8.11 pprint —#iEE{LEH

PRSI Lib/pprint.py

pprint BHHRALT “SALITH” L7 Python BRLSMAIIIGEE, XAPSALIEA ] FAERARRE R A . d2R
SIS L5 AR RS Python ZRIUAGXTR , MIH LALLM RETCIAWOM B . (& 3C1F . BT H RS
4, VARAFZ HABAGE ] Python “F I fELR /R X SLAf AT AT B BUXFERI S5 o

AL ERIE N SAE T RERY T L T DARA TR FR X4, HFAETCVATE AUVT S8 B N AN S s O TR A 2

7o MNRARTE B 58 FE BRI 0 B S Mk i Pret t yPrinter 4.

Dictionaries are sorted by key before the display is computed. % H7E %% 580 Hi 18 o B HEF

pprint BEHUE LT —E:

class pprint.PrettyPrinter (indent=1, width=80, depth=None, stream=None, *, compact=False)
WiE—A~PrettyPrinter L, MWAEREZ LN REFIE S . {1 stream I B 1] L& f i
TEFLXT G LA A ME— 5 @ SO write () J5vk. WISRRIGE B KT, WprettyPrinter
2P sys . stdout. BN BIHZERNGIH T H indent 1552 ERIME A —. HAME T S8 H B Rk
AR, ENEHRE G 5 X 0. W B2 depth #5165 A0SR BB 451 (1) )2 4T
AT, e & —ERSEh .o FEERANEOLT, X 202 PR B A B
il o A A H HE SE RE v B width T2 SRR BRINE R 80 ANFARF. W —ANZEH TOYAETE IR & e BE
gL, MM R v BB . AR compact AIRAE (BRIN) 720 B — SRR X Ak A B
1T. WIS compact HEAH, MAEALRAE width W 224085 DL 8RR GE 2 i T A5 B AT .

TE 3.4 JE PR A *compact® %5,

>>> import pprint
>>> stuff = ['spam', 'eggs', 'lumberjack', 'knights', 'ni']
>>> stuff.insert (0, stuff[:])
>>> pp = pprint.PrettyPrinter (indent=4)
>>> pp.pprint (stuff)
[ ["spam', 'eggs', 'lumberjack', 'knights', 'ni'],
'spam',
'eggs',
'lumberjack’',
'knights',
'ni']
>>> pp = pprint.PrettyPrinter (width=41, compact=True)
>>> pp.pprint (stuff)
[['"spam', 'eggs', 'lumberjack',
'knights', 'ni'],

'spam', 'eggs', 'lumberjack', 'knights',
'ni']

>>> tup = ('spam', ('eggs', ('lumberjack', ('knights', ('ni', ('dead',
. ('parrot', ('fresh fruit',))))))))

(T Uakss)
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>>> pp = pprint.PrettyPrinter (depth=6)
>>> pp.pprint (tup)
('spam', ('eggs', ('lumberjack', ('knights', ('ni', ('dead', (...)))))))

pprint BEHGAFRHE T — LUl ph %k

pprint .pformat (object, indent=1, width=80, depth=None, *, compact=False)
FF object 1 X AL R R AE R FAFH AR 18] indent, width, depth I compact ¥ 1E J#& XAk ¥ S 1%
APrettyPrinter Fi5Ea.,

TE 3.4 JER: A *compact® %5,

pprint .pprint (object, stream=None, indent=1, width=80, depth=None, *, compact=False)
At stream _EFTE) object BIRGHALZR , FHHIAT— M RATHF o U1K stream 2 None, MIEA] sys . stdout.
XA AR print () BRETEAC B AR TH T A A (UREE 20 APAT E BT IRAE print =
pprint.pprint AYERFENE P @T) o indent, width, depth FI compact ¢AF Hy s AL TE S 9%

YPrettyPrinter GRS,

TE 3.4 MU A *compact® %5 .

>>> 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)
TisE object &5 T EIBIAFRIR «

WEANEE SCT —A SRR %L

pprint .saferepr (object)
MR [H] object WFAFER RN, I BIHEER G A RT . WIR object MFRIEAXAFF T —MBHEH,
ZBIHT| &8 # /8N <Recursion on typename with id=number>. iZFE/sHMASHITH
BRI,

>>> pprint.saferepr (stuff)
"[<Recursion on list with id=...>, 'spam', 'eggs', 'lumberjack', 'knights', 'ni']"
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8.11.1 PrettyPrinter J{%
PrettyPrinter WSLBIEAG FH| ik:

PrettyPrinter.pformat (object)
R[] object ¥ FIR . KRl Pret tyPrinter MR AT TE .

PrettyPrinter.pprint (object)

TEFTECE AR _LFT B object BAEALZFIR, IEREIN— AN RFT4F

RO T 5 1 B RE 095 B 6950 Sy A A T, R A 01 3
HjPrettyPrinter X4,

PrettyPrinter.isreadable (object)
X R G TR 2 N, SE R A A eval () EEXIRME. HER VAR T
ZRpiR [ False., QR E T PrettyPrinter I depth T2 HXIT UM H Vs, o dor
&[] False,

PrettyPrinter.isrecursive (object)

BN R EBIARR .

WIHENER— T3, AT FREUCRE R A ER RN BN sarerepr () SCHL

WER =

PrettyPrinter.format (object, context, maxlevels, level)
R =AM PR B object CARALIRAS , FEHEEH B W R AR, DASCHE B2 AR 21 28 05
MTERR . BN SECR BTN SR . B ARG 1 d () T, XEEXTREUEFRR R
() —B5 (5500 object FnMH B AS ) WARFEEN DT RALE context HFIRIIRTS, WE
ZANREUEI 24K True, X format () JriERIBIHTE Y 24K 2528 B 2% B B 2 s gterp, 55 =
B maxlevels 45 1,7 XA R R H] Q0 SREA KBR G EAER A 00 SESHOVY A AIHE
BBV SBPUANSEL level 25 1T 2471)290; AL 443 S BUE Y. 24 /T 24 iR A R .

8.11.2 ;xfl

N T iERpprint () BRERHIESHILANE, iEFATA PyPLERBUCTRATTH 5 R

>>> import Jjson

>>> import pprint

>>> from urllib.request import urlopen

>>> with urlopen('https://pypi.org/pypi/sampleproject/json') as resp:
project_info = json.load(resp)['info']

pprint () PAHEAE AR TEAXLR:

>>> pprint.pprint (project_info)

{'author': 'The Python Packaging Authority"',
'author_email': 'pypa-dev@googlegroups.com',
'bugtrack_url': None,

'classifiers': ['Development Status :: 3 - Alpha',
'Intended Audience :: Developers',
'License :: OSI Approved :: MIT License',
'Programming Language :: Python :: 2°',
'Programming Language :: Python :: 2.6',
'Programming Language :: Python :: 2.7',
'Programming Language :: Python :: 3',
'Programming Language :: Python :: 3.2°',
'Programming Language :: Python :: 3.3"',

(Q9)

234 Chapter 8. Hiig3¢®



https://pypi.org

The Python Library Reference, %% 3.6.15

(2 E30)
'Programming Language :: Python :: 3.4"',
'Topic :: Software Development :: Build Tools'],
'description': 'A sample Python project\n'
L - \nv
l\nl
'This is the description file for the project.\n'
v\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'
"\n'
'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'}
SERTT AR 25 E 1Y depth (2 N 2R 08 1 4 -5):
>>> pprint.pprint (project_info, depth=1)
{'author': 'The Python Packaging Authority"',
'author_email': 'pypa-dev@googlegroups.com',
'bugtrack_url': None,
'classifiers': [...],
'description': 'A sample Python project\n'
" \n [
l\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 '
(Foigkss)
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'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'"}

%

UEAh, IRT AR BB A width, QAR— R ICERR A, TR e e 8

>>> 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'
L —_——— e \nl
Y\nl

'This is the description file for the '
'project.\n'

V\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'

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 '

Qi¥iE3)
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'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://pypil.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 —F—#h repr () SEI

PEACHD: Lib/reprlib.py

reprlib HPRAL T — R R IR AT, B EIRFAER IR/ NIEFT IR . %07 U T Python
T, WE TR A

BEREHR R T — 2 — D SLIFI— R

class reprlib.Repr

IR TSR S5 M TS W E repr (O MAR T HAP I T BT XA [0 5 2R 2 )N
R, DA S A GBI F R

reprlib.aRepr
RKigRepr W—ASLBI, HTARHBENT g repr () MBS XTI RE B2 E W repr () M
Python iz I {8 ] AR/ MR il o

reprlib.repr (obj)
X2 aRepr W repr () Jrik. ERIRMIE 4 NEREINR PR PR 5458, BITET T
WEZ el R

%Ejt/J\FE%JIEMﬁI\ ARG T — Mgy, AT AIXS __repr_ O BYBBIHEM IS — S 6L

eSS
@reprlib.recursive_ repr (fillvalue="..")

TR __repr__ () Jrykke i []— A% PO i I o () B g o AR PAT TRRIFR A, T 23R 1]
fillvalue , 5414 IEI%EI’J __repr__ () WH. fFl:

>>> class MyList (list):
@recursive_repr ()
def _ _repr__ (self):

(N IUERED)
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return '<' + '|'.join(map(repr, self)) + '>'

>>> m = MyList ('abc'")
>>> m.append (m)

>>> m.append('x")

>>> print (m)
<fa'|'b'|'c'[...|'x"'>

3.2 B fE.

8.12.1 Repr &

Repr SRR GAL & — L J@m ] AT 0 R SRR Fn S RN, b A0 & — 2807 ] AR s Ay
TERIXT R AT,

Repr.maxlevel

QIEB PR R R . ERIAK 6.

Repr.maxdict

Repr.maxlist

Repr.maxtuple

Repr.maxset

Repr.maxfrozenset

Repr.maxdeque

Repr.maxarray
FIR AR I 2% H B IR B . X Fmaxdict BEHAEN 4, XTmaxarray 5, X5 HAdN
N6,

Repr.maxlong
FORBR R PR . B 2 MR BOAE 40,

Repr.maxstring
FORTAPRI TR RS EER ARSI AR CIEE” FonB IRFR RN E
e, g R ENTA RESBIIR . BOAE 30,

Repr .maxother
U BRI ) T 45 i fERepr X BB R E BAR AL R T N R LB RN, ELPASE
Umaxstring WAV BRIMER 20.

Repr . repr (obj)

W repr () BEEMTENX, BHEMSH &R,

Repr.reprl (obj, level)
ferepr () HHABIEIHSEE . B EM I obj 2B & 20 MBS b i, HH& A obj il level
KUL R EN LM reprt () RPATEIAM KL, FERIFTEHHTEHH level - 1 1ER level 1)
{8

Repr.repr_TYPE (obj, level)
TR BRI A R SR LI B TR A PR A . AT, TYPE 9k
'_'.join(type (obj) ._ _name__ .split ()). XX HERSIRS Hrepr? () KA., FEX}
HHFA TR A R BLR JE R 24T self.reprl (subobj, level - 1),
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8.12.2 F33{t Repr %

WidRepr. repri () MHZIE IR Repr BT IUNIIXTEANN EXTRITUN SCFF, SO SO E SCRfE
RUAAEEE o XA T WAT ISR SO X R AR IR SO

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 —H[EHEEITIF

3.4 F e
PACHS:  Lib/enum.py

MR —HAF AR (M) MG, MG %R ME— . ARRARR . EAET, AT AR A AT
THAELLRL, JH HMEEAR G2 R

8.13.1 HEIRAE

WA E ST UM, BT ok & XA FRAMER AR B A Enum, TntEnum, Flag MlIntFlag,
WANEE LT — it unique () Al—fiBhZauco.,

class enum.Enum
TSR B B . 1S bl Functional APL /NS T fif o — R ARG B TR
class enum.IntEnum
AT AN FERLE 1 nt 17 R BEE AR BN AL
class enum.IntFlag
B T A ] i s AT T H G M A S R R IneFlag A FRGHZE R, IntFlag
BRI i nt 112K,
class enum.Flag
ISR TR s i S r] (0 s AT TH G M AR Rl ag A TSI F & .
enum.unique ()

1t Enum ZEE A7 nlH O R — DA R SRR — M-

class enum.auto
Instances are replaced with an appropriate value for Enum members.

3.6 FiRIEE: Flag, IntFlag, auto
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8.13.2 BIE—* " Enum

Mz 2 class iBVERAIEY), XMSEN S TS, 5—FEARR1E BRI W Funcional API,
B —AHMEE, AT Enum TR 1972k

>>> from enum import Enum
>>> class Color (Enum) :
RED = 1
GREEN = 2
BLUE = 3

H:fi: Enum 9 A 7 E

IR AR VOAE R RAL: int, str 555, WPRAMRMEAEZ, RATAEHauto LB, KR IRESRE 241
{Ho HUPRIRIR M aut o 5HAE NG 2O ER.

g sk
e 2K Color s&— enumeration (B{F}. enum)
o JEM: Color.RED, Color.GREEN %5245 2 MO R (SR enum m, %) I H g FHVER & .
« MR RA S ARAT A (B8N Color .RED 44 FFA RED, Color.BLUE N 3 %4)

M BRI class 1H7REIE Enum, {H Enum F A2 E-E R Python 28, A5 2 [ How are

Enums different?,

Moz I R ATE A AR Fom e

>>> print (Color.RED)
Color.RED

- MEATH repr A& H 2 AE H:

>>> print (repr (Color.RED))
<Color.RED: 1>

— LG type 2 E BT A HURCEE:

>>> type (Color.RED)

<enum 'Color'>

>>> isinstance (Color.GREEN, Color)
True

>>>

Enum [ 5 58 A — M H AR H A AR R

>>> print (Color.RED.name)
RED

M2 SR I SO B A TR AX:
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>>> class Shake (Enum) :
VANILLA = 7
CHOCOLATE = 4
COOKIES = 9
MINT = 3

>>> for shake in Shake:
print (shake)

Shake.VANILLA
Shake.CHOCOLATE
Shake.COOKIES
Shake .MINT

MO IR o RTIEAY , PIE TR M A AR & ol

>>> apples = {}

>>> apples[Color.RED] = 'red delicious'

>>> apples[Color.GREEN] = 'granny smith'

>>> apples == {Color.RED: 'red delicious', Color.GREEN: 'granny smith'}
True

8.13.3 MHF A RHRHEMEFILTHIE

A IFRIRCEE P BT AL R R AR Y (BIANTESE 2837 & R BT Color . RED FUNTESMAR A H A
A BARE RYIENG) . Enum SRVRX R

>>> Color (1)
<Color.RED: 1>
>>> Color (3)
<Color.BLUE: 3>

R ARA AL name SRV MG, AT A% H U

>>> Color['RED']
<Color.RED: 1>
>>> Color['GREEN']
<Color.GREEN: 2>

WRARE — B I B EUE ) name 5f value:

>>> member = Color.RED
>>> member.name

'RED'

>>> member.value

1
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8.13.4 FHI# M ATIE
AFLVFA R4 BMCE BB

>>> class Shape (Enum) :
SQUARE = 2
SQUARE = 3
Traceback (most recent call last):

TypeError: Attempted to reuse key: 'SQUARE'

H2, FRVFm e A AR A . (B P A R B A HIRIROE (H A SewioE ), W B s A i)—
A% . FEAEAE R A R B BU(ERFIR ] Ao $EAFREAR B tFfaz ] 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>

WA XE AR SHACE XRBIE (55— RSE) AR 4 PRI A s il B8 B AT R ] 44
FREYJEE R A SV -

8.13.5 HfRIE—BIBEHE

BONTHOL T, M2 VA 2 A PR A FE R 4% . AR SEXARRYAT A, T RAGE T DA e i g ok
B PR A EAE AR S p g fel ) — ke

@enum.unique

L TR class #ifidh. BERER—MMEN __members__ LKL M 314 HER BT
2 251 K valueError M A1 {5 B

>>> from enum import Enum, unique
>>> Q@Qunique
. 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 {EFHEaNETEIE
WAV MEAEZ, (R AfffHauco:

>>> 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>]

{E¥H _generate_next_value_ () KiEFE, ZRBAT DAY E 2

>>> 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.
—SWEST: "WEST'>]

. BRIA _generate_next_value_ () HiEM B EEEEIS E NG —ine FIEFHH T —
Aint, (HXFFT R 208 T SN I BT RE & A i As

8.13.7 &
XA I A IR AU S 45 )44

>>> list (Shape)
[<Shape.SQUARE: 2>, <Shape.DIAMOND: 1>, <Shape.CIRCLE: 3>]

FRRBIE __members_ @ NREA RGN A P 7. BAEEHEETE XMIrE AR, B4

>>> for name, member in Shape._ _members__.items () :
name, member

("SQUARE', <Shape.SQUARE: 2>)
("DIAMOND', <Shape.DIAMOND: 1>)
("CIRCLE', <Shape.CIRCLE: 3>)
("ALTIAS_FOR_SQUARE', <Shape.SQUARE: 2>)

__members__ B PIN T XS A AT AR PTG, $m B B4

>>> [name for name, member in Shape.__members__ .items () if member.name != name]
["ALIAS_FOR_SQUARE']
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8.13.8 kB H

M2 i B HAR RS AT HUAR

>>> Color.RED is Color.RED

True

>>> Color.RED is Color.BLUE
False

>>> Color.RED is not Color.BLUE
True

MOAEZ R HEF LU R AR SCRF . Enum B AU 8 T4 G SN SCH IntEnum):

>>> Color.RED < Color.BLUE
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: '<' not supported between instances of 'Color' and 'Color'
FHAT HEBEY E SCANR:
>>> Color.BLUE == Color.RED
False
>>> Color.BLUE != Color.RED
True
>>> Color.BLUE == Color.BLUE
True

FAEMEER R SR AMEE (R, IntEnum YR ABOTHRFEIMTT N, Z2ITFX0) -

>>> Color.BLUE == 2
False

8.13.9 RIFHIMER TR

DAL TR GIE BB (. B BB 2 i 7 B8 (9F el Funcrional APL BOASRBE) , AEFFANGE i 2R (8
Mo ARG BT, TFRERMIOMZER LR ER A (HIRYE # 5K E, WM al DA AL (.-

M2t J@ T Python B9, I AT HA @ T AR AT 5 o QAR FRA A XA Hes:

>>> class Mood (Enum) :
FUNKY = 1
HAPPY = 3

def describe(self):
# self is the member here
return self.name, self.value

def _ str_ (self):
return 'my custom str! '.format (self.value)

@classmethod

def favorite_mood(cls):
# cls here is the enumeration
return cls.HAPPY
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>>> 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.) and descriptors (methods are also descriptors).

HE: WRRHEEXT _new_ () AI/E __init_ () HBATEEHHEE R BT AEER S X it
F. iSRG Planet .,

8.13.10 Restricted subclassing of enumerations

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

HZ ARV FRI B A

>>> class Foo (Enum) :
def some_behavior (self) :
pass

>>> class Bar (Foo):
HAPPY = 1
SAD = 2

FVF TR E LT IR AL R 2 T 8l0E SO 5 LB LS R AN T AZ RN FE 53— 7T, SRVEE—4l
Mozt 2 LRl AT AR A B . (SR G| OrderedEnum )

8.13.11 $%
MO AT AR 17 LA

>>> from test.test_enum import Fruit

>>> from pickle import dumps, loads

>>> Fruit.TOMATO is loads (dumps (Fruit.TOMATO))
True

BIPIH RUR BRG] : nl B A AT E RS Y 2 € 3L, PRUOA MR R SR E AT AT AR LR
FA

figg: [ pickle PRSURA 4 W] DATS (U7 i B AR HAD S A

WML E L reduce_ex_ () WRAXE Enum B BHE/ ST St T B2
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8.13.12 T API

Enum K@ TS, B4R T N AR APL

>>> 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>]

% APL I R T namedtuple. P Enum B —NSEEBEER L FR.

BASHOEMEE WAL IR KRR ERLR— NS RSP . SRR SEAEXT 2 T4l
Fo, sE ARREMEAMS (BN o S5 e IR IS AT DA MR R ME ;. LAl 2 B 3 DA 1
TR R BRI (B start S ERFBGELGE) . REER—AIRE A Enum BT, Hh)ih
Bi, PAEXS Animal BOMRMERLSE (T

>>> class Animal (Enum) :

ANT = 1
BEE = 2
CAT = 3
DOG = 4

ARIALA 11T RA 0 MR EE A IR INAE T 0 BUTE/R(EN False, HETAME AN BCRIEN True.

B Dt APL QEAYALAE 1] RE A RURRAT, DR DA 0 TS 14 5 BR324 e A2 )2 A R A
RS AIE Y (BN, YRGS R BOE T2 s B ] i kK, 7E TronPython 5 Jython AR W] fE A
BOR) . fRoedpide AR e B AR, R R

’>>> Animal = Enum('Animal', 'ANT BEE CAT DOG', module=_name_ )

it WARARIEM module, H Enum JEiRAfE 2P, B Enum BUOUREANTIRRES S b TiEAR R
SRRk, BPRFREEA

B pickle MBURA 4 FERELCIENL R FAEKI T qualname R RFRE (7 8 DA pickle BEf% 48 2 AH M
B2, B, RKBEAAHET 2 RERER) SomeData 2EH:

>>> Animal = Enum('Animal', 'ANT BEE CAT DOG', qualname='SomeData.Animal')
SEREI 244 R:
Enum (value="'NewEnumName', names=<...>, *, module='...', qualname='...', type=<mixed-

—in class>, start=1)

fi FFB0ET Enum JERF0 R HA PRIV .
names Enum ({857 . XA AR EAREGE S0 TR GRIGIEF N 1, BRARSATHEE):

'RED GREEN BLUE' | 'RED,GREEN,BLUE' | 'RED, GREEN, BLUE'

i — A PRI S A G
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’['RED', '"GREEN', 'BLUE'] ‘

Bt~ (R, {5 MR

’[('CYAN', 4), ('MAGENTA', 5), ('YELLOW', 6)] ‘

BB

’{'CHARTREUSE': 7, 'SEA_GREEN': 11, 'ROSEMARY': 42} ‘

module 3 Enum & Fr{EARi i 4 #5 .

qualname i Enum AR i) AR E.

type ZHIAHT Enum S22

start 24 H & A\ 4 FRES B R a2 -
FE 3.5 ROEM: 3T start Te2,

8.13.13 RAERIHHE

IntEnum

JAR LR 55— AP Enum [ i nt 19— ANF2K. TntEnum RGP S BEGHTIVE: @Y R, AN
I RO T DA B AT UG

>>> from enum import IntEnum
>>> class Shape (IntEnum) :
CIRCLE = 1
SQUARE = 2

>>> class Request (IntEnum) :
POST = 1
GET = 2

>>> Shape =

False

>>> Shape.CIRCLE == 1

True

>>> Shape.CIRCLE == Request.POST
True

B, EAWSRR AT GHRIE Enum B HEAT LR

>>> class Shape (IntEnum) :
CIRCLE = 1
SQUARE 2

>>> class Color (Enum) :
RED = 1
GREEN = 2

>>> Shape.CIRCLE == Color.RED
False

Tnt Enum {EAEHAB T AT AAR AT —FE ST 4 2
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>>> int (Shape.CIRCLE)

1

>>> ['a', 'b', 'c'][Shape.CIRCLE]
lbl

>>> [1 for i in range (Shape.SQUARE) ]
[0, 1]

IntFlag

P N —AEnum AR M IncFlag FfRET int B9, RREIZAAET Incrlag R AT #5072 54T
(&, 1IN ~) T EHF HERAA N Intrlag Wi . WER, IEMAFRIrERMN, IntFlag MR FAEHEint
BT, HBELEAEMIE ] int B3 SR . TntFlag 5 AT IG5 A5 2 DA A G HAhIZ B 300 S 3% 4k
KIntFlag WA

3.6 FrhR e
Al IntFlag 25:

>>> from enum import IntFlag
>>> class Perm(IntFlag):

R =4
W = 2
X =1
>>> Perm.R | Perm.W

<Perm.R|W: 6>

>>> Perm.R + Perm.W

6

>>> RW = Perm.R | Perm.W
>>> Perm.R in RW

True

X AL R RE ] AUEA T A4

>>> class Perm(IntFlag):

R =14
W = 2
X =1
RWX = 7

>>> Perm.RWX

<Perm.RWX: 7>
>>> ~Perm.RWX
<Perm.-8: —-8>

IntFlag MlEnum {5 —AEEX GHETUREA R ELATER ([E00), WHA/REFalse:

>>> Perm.R & Perm.X
<Perm.0: 0>

>>> bool (Perm.R & Perm.X)
False

T Incrlag WHRREINWIE int B972, HILENTR A EAHG:

>>> Perm.X | 8
<Perm.8|X: 9>
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¥wi

G

WG — N EFlag. SIntFlag B, Flag WG HEALHE BT (&, 1, ~) #HTHE, SIntFlag
AR EMAT SEMEEriag B¢ ine #TH SR .. BRWAEEIEEM, HEEMHauto
VERE PAELE 1 ag VeI 24 1MH .

3.6 FHIHE.
HIntFlag ZHU, WRFIag WA RARA G SEECA R EMINR, WHA/RENFalse:

>>> from enum import Flag, auto
>>> class Color (Flag):

RED = auto()

BLUE = auto()

GREEN = auto /()

>>> Color.RED & Color.GREEN
<Color.0: 0>

>>> bool (Color.RED & Color.GREEN)
False

FANIEAREOELR. 240 3Ty (1,2, 4,8, -++), TECRR A AL A 000 TG U RR -

>>> class Color (Flag):
RED = auto()
BLUE = auto()
GREEN auto ()
WHITE = RED | BLUE | GREEN

>>> Color.WHITE
<Color.WHITE: 7>

X “no flags set” Z&fFHEE — 44 PR AN S AR HA AR MR

>>> class Color (Flag):
BLACK 0
RED = auto ()
BLUE = auto ()
GREEN = auto ()

>>> Color.BLACK
<Color.BLACK: 0>

>>> bool (Color.BLACK)
False

Wi P RSB, WA Enun MFlag, FNIntEnum MlIntFlag FTRE T MR HEEE1E X
215 (BIAn] DA BOEAT A, RO S AT IRl L i 44 HAL TE A28 ) o ITntEnum Ml IntFlag )
i B B 24 AR T Enum Ml Flag M AR E; B0, 46 A2 s srs 2, i 5 MR g T2
HAERT .
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HApZE1m

IR Int Enum Zenum BERAY—R7y, (HEMSL KBB4 755

class IntEnum(int, Enum) :
pass

RHLHR 7 SCARIRA S BIn-—MEA T str AR int B StrEnum,

JLZEAN:
L A F 3 Enum i, FEEZRFHI P AIR G I AU BT Enum A B2 i, WIPA L Int Enum {951 B
i

2. BREnum ATV RRBM G, Al — BARIRG THNER, WIEA SR AR Y 2 B,
WA BTG By int . BCRREBIANTE T OCAS T iR R 8 7 — B R8N i nt Sistr B A

ES
3. BIRA T A —BIERANS, value JBMES RR FHEM G B S, HENIREFEN IR ESR WS .
4. %-style formatting: %s Fl %or 2273 BN Enum 80y __str_ () Ml _repr_ ()5 HABA (BIa£R

IntEnum ) %i 5 %oh) S R0 AR 0 B H TR AT 2R 28

5. MR F A B FEWAE, str. format () flformat () FFEHIREGLXTHN _ format_ (). WHEZE
FEnum B str () Brepr (), HHEH s 58 r #0400,

8.13.14 HiBYRHI

HAREnum, IntEnum, IntFlag MlFlag WA G RSBV A, HENCEERSW. SEA A
IR S, ENTAT AR E M, 80RAE 0 BT RIS E R .

H{E

TEVEZ Y30 57 F ANATTERAS S DA ) S PR AT 240 A LA I 5URT RAE SCIERR S TR ] B2 -
s [ifflauto MSEBIVER{E
» fiflobject SEHIVENE
o TSR P AR AN (E
o (i ICAVEAEIT A E X __new__ () PA—A int EREMCIZICHA

%Hﬂ M§%1ﬂ~ﬁﬁ‘}%i@ﬂﬁﬂﬁ)ﬂ?‘éﬁﬁﬁﬁxﬁﬁ, FEELENRERSUSIN . R8I ol e HE e B 57 A e B A

TERARVEFEATFIIT i, ARHRR A f it repr () IF HERHERE (FAELR) (A

>>> class NoValue (Enum) :
def _ _repr__ (self):
return '< . >' % (self. class_ . name_ , self.name)
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{FH auto

i aut o AR X H:

>>> class Color (NoValue) :
RED = auto()
BLUE = auto()
GREEN = auto ()

>>> Color.GREEN
<Color.GREEN>

{#f object

i object M AT:

>>> class Color (NoValue) :
RED = object ()
GREEN = object ()
BLUE = object ()

>>> Color.GREEN
<Color.GREEN>

fiE Rk 14 > FF R

T FAF RV ERE T

>>> class Color (NoValue) :

RED = 'stop'
GREEN = 'go'
BLUE = 'too fast!'

>>> Color.GREEN
<Color.GREEN>

>>> Color.GREEN.value
'gol

ERBENE __new__()

R B S __new__ () WIERWIT:

>>> class AutoNumber (NovValue) :
def _ new__ (cls):

value = len(cls._ _members_ )
obj = object.__new__ (cls)
obj._value_ = value

return obj

>>> class Color (AutoNumber) :

+

1

RED = ()
GREEN = ()
Qi¥i%3)
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(£ 50

BLUE = ()

>>> Color.GREEN
<Color.GREEN>

>>> Color.GREEN.value
2

A WRENT __new__ () WESFERE Enum 5B IARGEH  BEJGE¥9 Enum /) __new__ () fr
B, SRS IS0 R R P L

OrderedEnum

—EFAE, EARRET IntEnum, HILGREF T IER I Enum AR (BT 5 AR EAT LA )

>>> class OrderedEnum (Enum) :
def _ _ge_ (self, other):
if self. class_ is other. class
return self.value >= other.value
return NotImplemented
def _ gt_ (self, other):
if self. class__ is other._ class_
return self.value > other.value
return NotImplemented
def _ le_ (self, other):
if self. class__ is other._ class_
return self.value <= other.value
return NotImplemented
def _ 1t_ (self, other):
if self. class_ is other. class
return self.value < other.value
return NotImplemented

>>> class Grade (OrderedEnum) :

A =5
B =

c =3
D =2
F =1

>>> Grade.C < Grade.A
True
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DuplicateFreeEnum

AR S B EE O 4 R 4 PR R 5 | e AN 2 i 44 -

>>> class DuplicateFreeEnum (Enum) :

def __init__ (self, *args):
cls = self. class_
if any(self.value == e.value for e in cls):
a = self.name
e = cls(self.value) .name
raise ValueError (
"aliases not allowed in DuplicateFreeEnum: $%r —-> 3r"
% (a, e))

>>> class Color (DuplicateFreeEnum) :

RED = 1

GREEN = 2
BLUE = 3
GRENE = 2

Traceback (most recent call last):

ValueError:

aliases not allowed in DuplicateFreeEnum: 'GRENE' --> 'GREEN'

MR XA THE T 17244k Enum S 08008k 38 55 1 1144 DA

AT . AR B AR HOR R 514

W] AR unique () 200 4%.

Planet

WERESLT __new__

O B __init_ () WIAG2E R G BOER B 4k 07

>>> class Planet (Enum) :

MERCURY = (3.303e+23, 2.4397e6)

VENUS = (4.869e+24, 6.0518e6)

EARTH = (5.976e+24, 6.37814e6)

MARS = (6.421e+23, 3.3972e06)

JUPITER = (1.9e+27, 7.1492e7)

SATURN = (5.688e+26, 6.0268e7)

URANUS = (8.686e+25, 2.5559e7)

NEPTUNE = (1.024e+26, 2.4746e7)

def _ init_ (self, mass, radius):
self.mass = mass # in kilograms
self.radius = radius # in meters

@property

def surface_gravity(self):
# universal gravitational constant
G = 6.67300E-11

(m3 kg-1 s-2)

return G * self.mass / (self.radius * self.radius)

>>> Planet .EARTH.value
(5.976e+24, 6378140.0)

>>> Planet.EARTH.surface_gravity
9.802652743337129
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8.13.15 FHPHEFAEXH ?
M A A 2 LITCE, BRI 6l (R) & T .

B

The EnumMeta metaclass is responsible for providing the __contains__ (), __dir__ (), iter_ () and

other methods that allow one to do things with an Enum class that fail on a typical class, such as list(Color) or some_var

in Color. EnumMet a is responsible for ensuring that various other methods on the final Enum class are correct (such as
new__ (), getnewargs__ (),__str__ () and __repr__ ()).

B (Bscf)

A M2 A A R R AN IER BRI 4 . EnunMeta SFEBIEEEnum AR B IPEFE T4 B 5E AL,
RIGHER S — A B E X __new__ (), @1 HaR B B B RO SE B R A ORAN 2 S BIALBT X 5%

HAHER
%45 __dunder__ Z¥R

_ members__ &—{> OrderedDict, Hf member_namemember FFHAN. B HREL ERH.

WERAEE T __new__ (), EWAAQIEFFR B2 S G ; AHNHBE MG _value_ g —MREFIIE.
— BT AR S E A S

XM _sunder_ BR

* _name_ —MHAIAFR

+ _value_ —WGIMME; FIDAE __new_ Wik /&I

» _missing_ 4R EHIEAER I ERREG FTHE R

* _order_ I Python 2/3 AT AR LRIN SUBUT 0 (RJEE, eI RIS BRIR)

e _generate_next_value_ — [ T Functional APl 31t aut o S B FORBGE 4 IME ; g E %k
3.6 PRINEE: _missing_, _order_, _generate_next_value_

FISH7 1) Python 2 / Python 3 U (R A _order_ JRME. BHF 5 HCREMISRIIF AT A IR, QISR
P AL 225 ] B

>>> class Color (Enum) :
_order_ = 'RED GREEN BLUE'
RED = 1
BLUE = 3
GREEN = 2

Traceback (most recent call last):

TypeError: member order does not match _order_

1Efif: AE Python 2 UG _order_ JEMRZ WA, E XFAEBGL R Z e £k .
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Enum FRGIZEE

Enum G EHEnum 255061, —M%iE ) EnumClass . member WAV . ZERRE R OL T B A1 AT
il EnumClass .member .member FIEASRYTH, (HARL XA VXA, FAAFR T REAC I, o34 SAE AL
R AR T R K Enum B PAAMGRT S (X2 5 5 8 F 2 KRS AR 5 — Al ) -

>>> class FieldTypes (Enum) :

name = 0
value = 1
size = 2

>>> FieldTypes.value.size
<FieldTypes.size: 2>
>>> FieldTypes.size.value

2
1E 3.5 JUHE L
Enum XK EIHRE

RA T AEEnum KB (BIfNint, str %) BEnum WA SR ARBMNBORE; EHMAEFILT, g
IR RHERIFBORAE N True, FARY E E X Enum f7R/RERET MR IIE, THAEVRRZEHEs A A

def _ bool_ (self):
return bool (self.value)

Enum REZXYORIE N True,

HH A ER Enum 3

URAR AR Enum TSI T BN ITIE, WA _EIRH) Planet 2—H¢, XTI R RHAER A AT A1 e () I
BRHR, EXZEPATRINA 2 B

>>> dir (Planet)

['EARTH', 'JUPITER', 'MARS', 'MERCURY', 'NEPTUNE', 'SATURN', 'URANUS', 'VENUS', '_
—~class_ ', '__doc__', '__members_ ', '_ _module_ ']

>>> dir (Planet.EARTH)

['"__class__ ', '__doc__', '_module__', 'name', 'surface_gravity', 'value']

HE Flag BRA

W2 Flag AR AE G AR M4, Wrepr () KA1 BT B 44 BOBARAIE P BN A B fy 24 AR &

>>> class Color (Flag):
RED = auto ()
GREEN = auto ()
BLUE = auto ()
MAGENTA = RED | BLUE
YELLOW = RED | GREEN
CYAN = GREEN | BLUE

>>> Color (3) # named combination

(FItakss)
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<Color.YELLOW: 3>
>>> Color (7) # not named combination
<Color.CYAN |MAGENTA |BLUE | YELLOW | GREEN |RED:

7>
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CHAPTER 9

HF B F IR

AT AP AL 5 H N EA A 0 R BRIV EARE 2R 8L . numbers BiuE SCT R RS )2 IR &5
ma*;h Flcmat h WL & 77 s BRI B0 & FhBA R L. decimal M SRR A AT 2R BE SR i 2k il 4
RSN o

AREE AL DA A SO -

9.1 numbers — ¥ K3

PCHRS:  Lib/numbers.py

numbers fEHL (PEP 3141) 5€ L T840 28 % BEREEN , HAPRgoE LT EZH/E. g ir g Ly
RAARR AT RSB
class numbers.Number

BUFH 2 IR G EERE o WRAR HARRIA S8 x BARECF A 3O HZRA ) M isinstance (x,

Number) .

9.1.1 YFHERX

class numbers.Complex
WETER B complex BT RIR TR EMERZHERME. XEEER: BfhFEcomplex flbool,
real, imag. +. —. *. /. abs (). conjugate (). ==fl =, JTAHIFH, - fl '=, A2MEHN.

real

CHE SN EER P2 E R G T
imag

EiiE NG TN 3 E e b)s 3 S

abstractmethod conjugate ()
AR, REIPEEE. I (1+37) .conjugate () == (1-33).
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class numbers.Real

HXTF Complex, Real AT A SLHA REHEATHI#HAE

HBARUL, BN1E: ¥ikE float, math.trunc (). round(). math.floor (), math.ceil (),
divmod (). //. %. <, <=, >, fll >=,

SERRIRE BN K complex (). real. imag fllconjugate ().

class numbers.Rational

FHBReal M Anumerator flldenominator PWFHEYE, XWFIEMEN ZJE T &AW . A
i, XERAZFrloat (),

numerator

R

denominator

HHESIUR

class numbers.Integral
FHARational il F¥ALEint, BRIA X FFfloat (). numerator fldenominator, FE ** F
MNMBITERMCRR AR IR << >>0 60~ |~

9.1.2 EBEOIE.

SEHE T B R A S B AR S T A I RE DR . 24X PN R R 9 s e, X i 22 7 2 R
Wb . BN, ffractions.Fraction SEi¥lhash () UWIR:

def _ hash_ (self):

if self.denominator == 1:
# Get integers right.
return hash (self.numerator)

# Expensive check, but definitely correct.

if self == float (self):
return hash (float (self))

else:
# Use tuple's hash to avoid a high collision rate on
# simple fractions.
return hash ((self.numerator, self.denominator))

MAES# =8 ABC

R, XA Z SRR ABC, MR AL, gl D2 R ARTT AR AR 7 ¥ HE Complex
MReal HliI A MyFoo:

class MyFoo (Complex) :
MyFoo.register (Real)
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IRERER

TMNFELBITE, Wik, BEFEREE 20— AMEEFESHEEAR LI, B84 748 ORI i) Y
BRBEAEXNPATENE. W T Integral, XEWE __add__ () fl_radd__ () WHHW TN X E
X

class MyIntegral (Integral):

def _ add__ (self, other):
if isinstance (other, MyIntegral):
return do_my_adding_stuff (self, other)
elif isinstance (other, OtherTypeIKnowAbout) :
return do_my_other_adding_stuff (self, other)
else:
return NotImplemented

def _ radd__ (self, other):
if isinstance (other, MyIntegral):
return do_my_adding_stuff (other, self)
elif isinstance (other, OtherTypeIKnowAbout) :
return do_my_other_adding_stuff (other, self)
elif isinstance (other, Integral):
return int (other) + int (self)
elif isinstance (other, Real):
return float (other) + float (self)
elif isinstance (other, Complex):
return complex (other) + complex(self)
else:
return NotImplemented

Complex £ 5 AR IR A IEBLWEAE. ARG B2 2 0 r A RS /ER “Bit” FRIE MyIntegral
OtherTypeIKnowAbout, a EComplex W F2E A W55 H] (a : A <: Complex), [dlf b : B <:
Complex, ¥ EITHE a + bt

LR A e SUR—A&KIA b B __add__ (), —YJERRA R,
20 W A FER Y B R, ERRE—ANET __add__ () BME, FRAIFEE R B E X T —EM
BHeR _radd__ (), HIAERFTERE—ANET _add__() Not Implemented . (53 A WHE

SEAARSLI __add__ () o)
3. A BIW __radd__ () . WRERINa, —UIABAFE.
4. GREA B R B, A B2 A T DAE 2, TR s BRSO A SE PR
5. W% B <: A, Pythonff A.__add__ ZHi#iX B.__radd__ . XEAF7H9, @it A fikiH e
1, PRIGX AT PAFERZ 25 Comp 1 ex AbFR 7 AL FEIX LL 54
WHR A <: Complex flB <: Real WA LTALMIWEIR, HBATE LAY ILZBMEN RN EK complex , I H.
SRS __radd_ () , HIta+b == b+a.
H T XA — E 2R B A I BV E 2 T AR, BT DASE AN B e g, BI—AN2E i 22 sl B ) SE 1)
i gs. BN, {#if fractions.Fraction fII'R:

def _operator_fallbacks (monomorphic_operator, fallback_operator):
def forward(a, b):
if isinstance (b, (int, Fraction)):
return monomorphic_operator (a, b)
elif isinstance (b, float):
return fallback_operator (float(a), b)
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(£ 50

elif isinstance (b, complex):
return fallback_operator (complex(a), b)

else:
return NotImplemented
forward. name = '__ ' + fallback_operator. name_  + ' '
forward. doc = = monomorphic_operator. doc

def reverse(b, a):
if isinstance(a, Rational):
# Includes ints.
return monomorphic_operator (a, b)
elif isinstance (a, numbers.Real):
return fallback_operator (float(a), float (b))
elif isinstance(a, numbers.Complex) :

return fallback_operator (complex(a), complex (b))
else:
return NotImplemented
reverse. name_ = '__r' 4+ fallback_operator. name  + ' '
reverse.__doc__ = monomorphic_operator._ _doc_

return forward, reverse

def _add(a, b):
"nng 4+ prnre
return Fraction (a.numerator * b.denominator +
b.numerator * a.denominator,
a.denominator * b.denominator)

_add__, __radd__ = _operator_fallbacks(_add, operator.add)

9.2 math — ¥ SR

This module is always available. It provides access to the mathematical functions defined by the C standard.

DR HONIE I TREG WRARTR I B R, Wi cmath *%ﬁ%qjlﬁ’] 7] 2% R R SRR SRR R KX
DIFIEE, kA TREZBOT REHAEREREES KRR 2o ) S . 58— R — e
B AEAG T o REAS T I 00 30 1 136 2 T 26 R K S5 *@Q’E@I, T I = A B

R T DU R s BRAES A IR, 5 00 B A iR [ A 7 s

9.2.1 HILERTEH

math.ceil (x)
R x ) ERR, BIRTECE ST x fH/NEE. R x R ANF AR, MZEFE <. __ceil_ (), iR
—AIntegral Z5M{H.

math.copysign (x, y)
1_IEI~/\%?XEI’39@XJ‘E%HyEI@ﬁ%EI‘JH&&& P9 EH 5 E, copysign (1.0, -0.0)
iR\l -1.0.
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math. fabs (x)
R[] x 25

math.factorial (x)
Return x factorial. Raises ValueError if x is not integral or is negative.

math.floor (x)
IR x )RR, ANTEEET x RS 2R x RIS, ML x.__floor__ () , BN
R\ Integral {H.

math. fmod (x, y)
R[] fmod (%, y) , HI°FG& C P Lo VR, Python A x & v ATREAIREIAHEIILE R . CHR
WM HE fmod (x, v) 584 (b BIERKEE) F1 x - nxy WFREMEE n , SRR
HYH x MRS R/NT abs (y) MR, Python iy x & v REITA y fF5MEEE, H HATREARRESE
AV EE ESE. BTN, fmod(-1e-100, 1e100) 2 -1e-100, {H Python ) -1e-100 % 1e100
PZERIE 1€100-1e-100 , BEANBRTEFIRAITFERL, HHEEE RS NEFR) 1100 o TR
B, BRErmod () FEME VRSB 2 1 1E, 1 Python [ x & v FEM IR AT /& 1 1k

math. frexp (x)
PA (m, e) XTPTEZGRIE x 1 RECFIFEEL. m 2—FRE, e B2— L, BIFE x == m * 2%*e
o WA x A, WERME (0.0, 0) , IR 0.5 <= abs(m) < 1. XM TLARBAE T 0B
T RBI NERRIR o

math . £sum (iterable)

AR [ ARSI A AL BRER 2 T TR 2 M Al A R 45 K

>>> sum([.1, .1, .1, .1, .1, .1, .1, .1, .1, .11)
0.9999999999999999

>>> fsum([.1, .1, .1, .1, .1, .1, .1, .1, .1, .1])
1.0

AR MEF PRI T TEEE-754 FORGRUEAN & AL LA SLRE O . e 24l Windows JiiAs i,
JR)Z C R R EEAS I, I HA W AT RE S M RIFINGY , S ECEAE AR R K.

B RIS THEAW AR, 20 ASPN cookbook recipes for accurate floating point summation

math.ged (qa, b)
R VEEH a Tl b BIERRALE. W a5 b2 —AEF, W ged(a, b) KFMERZRERIITEERR a Al b HEHK
IE#E. ged (0, 0) &[0,

3.5 B fE.

math.isclose (a, b, *, rel_tol=1e-09, abs_tol=0.0)
#a F b E LR NLR E] True, HMERF] False,

R T O 24 X AT X 28 22 P ME R S 0N A2 Bl

rel_tol JE X2 25—E /& a 1 b Z B SRiF B i RZE(E, AIXTT a 30 b iR R A XHE . BN, BRE
5%M%E2, Witk rel_tol=0.05 . BRIARZERN 1e-09, FRPMEFER L 9 7SR ECF M A
rel_tol WK T2,

abs_tol Jef/NEXERIE— XTI B LLEARG M . abs_tol W /DR,

W B A AR R, 45 B abs (a-b) <= max(rel_tol * max(abs(a), abs(b)),
abs_tol) .

IEEE 754 $5RfH NaN , inf il —inf $FR4E [EEE JUWALEE. HAAORYE, NaN APEA S H i
fE, f4FNaN . inf il -inf ABOAHHEIEAC.

3.5 Bl Tge.
S
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PEP 485 —— I {LURH 4 1 R 4K

math.isfinite (x)
WA x BEA R TG9F KAZ NaN, R[] True , RGRE False o (VEE 0.0 BHAHh R AHRK.)
3.2 B ae

math.isinf (x)

AR x BIES ATk, WERE True , FHNR[E] False

math.isnan (x)
WA x /2 NaN (OR250F), WERE True , FHWER[E] False .

math.ldexp (x, i)

B x *(2xxi) o RIEAR FRREE frexp () B SCREL
math.modf (x)

IR x B INIANEEEER 43 o BN EERERATA x AT B2 i k.

math.trunc (x)

R Real {H x #Wr N Integral (EEEEH). I x.__trunc_ ().
W frexp () Mlmodf () BHAG5EANW C S0 BB F R A AR B EATRHBASEOF& H—XHE,
MAEEN HHES REEME AR B S50 (Python A XFEAIZARTE) .

tFceil (), floor () Fimodf () BEEL, WEHE ﬁﬁﬁ&%ﬁtﬂﬁ@ B R RS R Python FEBCETE A
HAAE 53 MAERE (P-4 C double BAUAH] ) , FEXFPIEOLR, fRA07% M x 15 abs (x) >= 2**52 MRE
/N

9.2.2 FERBSHBRLN

math.exp (x)
Return e * *x.

math.expml (x)
Returne**x — 1. For small floats x, the subtraction in exp (x) - 1 canresultin asignificant loss of precision;
the expm1 () function provides a way to compute this quantity to full precision:

>>> from math import exp, expml

>>> exp(le-5) - 1 # gives result accurate to 11 places
1.0000050000069649e-05
>>> expml (1e-5) # result accurate to full precision

1.0000050000166668e—-05

3.2 B hfE

math.log (x[, base] )
EH— 24, IEIxE’JE%XT@I (EHe).

iR
EAWASE, RIEIGER base WIXEL x , K Log (x) /1log (base) .
math.loglp (x)
IR B 1+x 1) H AR (DA e M) o PAXTFHEEZER x A5 =0T B LR .
math.log2 (x)
Rl x PA 2 MEHIAE. XGEE L log (x, 2) HHER.

3.3 Bl g
S U
int.bit_length () REIFR BTG, MIEFSAHSE.

262 Chapter 9. B ER


https://www.python.org/dev/peps/pep-0485
https://en.wikipedia.org/wiki/Loss_of_significance

The Python Library Reference, 4% 3.6.15

math.loglO (x)
IR[E] x A 10 AONTEL. XL Log (x, 10) HEHER.

math.pow (x, y)
SR % 1y R RN U T RERAE COO FRMERIMIS B . 4531, pow (1.0, x) Fil pow (x,
0.0) ZIRMI 1.0 , BV x BT NaN. Q1 = Al y HOEAHI, x I, v FREHIBZ pow (x,
v) BREXH, FFHF| A VvalueError ,
HWER ~* RN, math.pow () FFHBEHFAH N float KA, M ** HNERMpow () BKEL
SR SR SRR

math.sqrt (x)

R[] x FREI AR

9.23 =ZAEH

math.acos (x)

PAGIEE N FRAAR [B] x (1) S A 5% A

math.asin (x)
PASIREE A B AR 8] x 11 2 1 5%

math.atan (x)
PASIVEE Ay Bz 1] x B ROE UE

math.atan2 (y, x)
PATIEE A BBl atan (y / x) o ZERETE -pi Ml pi ZH. WESELE (x, v) PP EEZ
FAESIE X SE. atan2 () WSRPASEAAFS A CAR, B E nT AT E A B IEf S
f. fil4n, atan (1) flatan2(1, 1) #dpi/4, fHatan2 (-1, -1) & -3*pi/4d.

math.cos (x)

AR 0] x HREE R AR -

math.hypot (x, y)
RN LA, sart (x*x + y*y) « XEMESEE (x, v) WREKE.

math.sin (x)

AR [0 x HIEE IS AL -

math.tan (x)

1R [5] x SREE ) IEYIE.

9.24 AE®RIR
math.degrees (x)
R0 x AIREERAS R BEE

math.radians (x)

KA x IEERRAR N U
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9.2.5 WHHEF
AOUHH R Y ke 22 XU st £ A 58 A k= A bR A T AL

math.acosh (x)

AR [ x i BB A A

math.asinh (x)

AR 0] x {4 SO IE S AR o

math.atanh (x)

AR ] x i BOBUHE IE YA

math.cosh (x)

AR 8] x FPRUH ARG -

math.sinh (x)

AR 18] x BN IE 5% A

math.tanh (x)
R[] x AU EYME

9.2.6 ¥5FkEHE

math.erf (x)
3R [8] x 4bfF) error function

ert () WETHTIHRAEEGT %L, W 2 PRS0

def phi (x):
'"Cumulative distribution function for the standard normal distribution'’
return (1.0 + erf(x / sqrt(2.0))) / 2.0

3.2 Bl iE.

math.erfec (x)
R x AP EAMRZZREL . HAMTIRREL SN 1.0 — erf(x) . BT xWKRME, MIHFREE—4
S FECABAEAR K
3.2 FriR e

math.gamma (x)

A TR I ORISR S £
3.2 B RE.

math.lgamma (x)

IR B Gamma FRELE x 46 HE Y H SRXTE .
3.2 B IHE.
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027 HE

math.pi
The mathematical constant 7t = 3.141592---, to available precision.

math.e
The mathematical constant e = 2.718281 -+, to available precision.

math.tau
The mathematical constant T = 6.283185 -+, to available precision. Tau is a circle constant equal to 27, the ratio of
acircle’ s circumference to its radius. To learn more about Tau, check out Vi Hart’ s video Pi is (still) Wrong,
and start celebrating Tau day by eating twice as much pie!

3.6 HiIHE.
math.inf

FRIETG TR O FRIESTR, M -math.inf o) H24F “foat( ‘inf’ )* Fyki .

3.5 FrihfE.
math.nan

VRS “dE$E” (NaN) ff. 24T float ('nan') Wkt .

3.5 FrihRE.
CPython implementation detail: math 5 3 2460 5 FIL6-T- 5 C FU R R ] PR ALe R . RRoR T 00 T AT
HAETE 21 DL T AR CO9 FRUERYIN K Fo MU HTRYSLBLRE S| & va lueError JIT TERERAE, W sqrt (-1.0) B
log (0.0) (L CO9 Mt F UK i oA 5 S EIR), RloverflowError T i A4 A (Biin,
exp (1000.0) )o B~ ASEUE NaN, BN ER TR EGR ] NaN; fESRHESL T, K

ZHCRECRF IR A NaN, H2 (FRUGETE C9 FH F) X MNA —Lef1 55, f41 pow (float ('nan'),
0.0) B hypot (float ('nan'), float ('inf')) ,

IR, Python A2 250 NaN S5EHER NaN X431k, I 25 NaN ffm AR I . L8R4 7 A 2 5 Bir
A NaN A EERAY o

%W

=

cmath B X EARZ R ZHURCA .

9.3 cmath — X FEHMRFERE

This module is always available. It provides access to mathematical functions for complex numbers. The functions in
this module accept integers, floating-point numbers or complex numbers as arguments. They will also accept any Python
object that has eithera __complex__ () ora__float__ () method: these methods are used to convert the object
to a complex or floating-point number, respectively, and the function is then applied to the result of the conversion.

TR RGN T AT TR RRR SR TG L, WSS B R B SRR 7 HR e 8 -
THIFFT AR ASCRIL R — MRS — M. TEASHFARFZHFEE, S8 LR 3.
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9.3.1 FRALERFIMIBRAIREFEIR

T 4B A AR & F R ALARTE N ERAE K Python B4 z. IX5ELBURT B/ £3% z.real Fl JE3F z. imag.
AT i

z == z.real + z.imag*1lj

AAFRPE T 57— R TR Tk TERA R, — R 2 B r FIMIALA phi R L. B r 2 M 2
B ASARIE RO BE RS, TIARGLA phi @ UATREE BRI, WA, AIE X BB RSN A 2 BBl A Y
.

I T BRSO T B A A ARAR S AR AR R AT LA

cmath.phase (x)
Return the phase of x (also known as the argument of x), as a float. phase (x) isequivalenttomath.atan2 (x
imag, x.real). The resultliesin the range [-m, ], and the branch cut for this operation lies along the negative
real axis, continuous from above. On systems with support for signed zeros (which includes most systems in current
use), this means that the sign of the result is the same as the sign of x . imag, even when x . imag is zero:

>>> phase (complex (-1.0, 0.0))
3.141592653589793
>>> phase (complex (-1.0, -0.0))
-3.141592653589793

gjﬁ — IR x R (i) AT RAE T N B R abs () V. BA B cmat h B R AU TiE A

cmath.polar (x)
T*&J;ﬁﬂlji_lilx HZFRIBTT o R —DERE (v, phi), rix L, phisg x AL . polar (x)
24T (abs(x), phase(x)).

cmath rect (r, phi)
SE I HRABKRIA r A1 phi IR E x. FH4T r * (math.cos (phi) + math.sin(phi)*17).

9.3.2 FERBSHBRLN

cmath.exp (x)
Return the exponential value e * *x.

cmath.log (x [ base])
R 7E base [ x (UXTEL. WIRBLALE base, 1R[] x 1 H AL M 0 ] -0 F7HE— 28 HILK,
ez FIELE.

cmath logl0 (x)
REEECH 10 B x X, ERA S 109 () I SCHIZ .

cmath.sqgrt (x)

R x TR ERA S Log () MIFIRSCHIZ.
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9.3.3 =RAEREHK

cmath.acos (x)
R[] x PR ARG XHEAAWRSCHIL: —RIFE S 1 AR co, W FHEZSEM. 73oh—5
W LN -1 2 ) -co, M _RRTIESEAEA .

cmath.asin (x)

R x MIFTZ. BSacos () GHIER L HE 2.

cmath.atan (x)
R x ROEY) . BREAMRCHIL: —RKITE MM 15 PR o, ARSI, 5 —F2nE
JEHIAN 15 FEAE] —ooF | [ AREEEAEA

cmath.cos (x)

R [E] x BAR% .

cmath.sin (x)

IR 18] x [RIERZ

cmath.tan (x)

& [H x IEY].

9.3.4 WHIFE

cmath.acosh (x)

AR x B AR 5% . B — A SCHIENTE SR 1 B oo 2T, A ETTRFEERES

cmath.asinh (x)
R x RO IESL . EAWASCHIZ: —KIE RN 15 mAREEME] oj. J)—42 U5 Bl
M =173 [ ZEREERRE I F] —oo

cmath.atanh (x)
R[] x W ROMHIIEY] . BAPIASCHIZ: —4R N E SN 1 EREEH o, WTRHTFFZER. J5—5&2
W S —1 FEJR R oo, M b THIFFLLAE

cmath.cosh (x)

AR 1] x R AR .

cmath.sinh (x)

AR x B IE5ZAE -

cmath.tanh (x)

A& ] x AR HH IE D) (E .

9.3.5 FFE

cmath.isfinite (x)
R x PSR 2 A BRAY, WERE] True, HWR[E False,
3.2 FriR e

cmath.isinf (x)

WA x SR ECE TR TCOT R, MRl True, fRIR[] False,

cmath.isnan (x)

TSR x By E E RS2 NaN, W3R o] True , FHiRE] False,
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cmath.isclose (a, b, *, rel_tol=1e-09, abs_tol=0.0)
27 a A b PE IR NER F] True, HERFE] False,

R 2 7 1A 28 XA O 2200 5 AN LR B OA A e B Y

rel_tol JZ RN 725 2= B a fl b Z B AR 2ZEME, FHXT a 80 0 R KRYGEXHE. Filan, ZiEE
5%H72%, Witkis rel_tol=0.05. BRIAKZEN 1e-09, HHLRPIMETERL 9 i -TREHIEF PAHT
rel_tol WK T2,

abs_tol Jefr/NEX AR FE—XTHGEFH LLEARG M« abs_tol WM B/ NZE .,

WMREAEIRKEAE, R abs(a-b) <= max(rel_tol * max(abs(a), abs(b)),
abs_tol) .

IEEE 754 $$J&fH NaN , inf il -inf fAR#s [EEE JMNALEE . BARAE, NaN AgOAH H ALl H Al
{H, f93F NaN . inf Ml -inf ABCHEGEHT.

3.5 Hrse.
Z UL
PEP 485 — T LA {DURH 45 1) R 4L

936 B=

cmath.pi

Bermlon , A — R
cmath.e

Berwe , YEA—APF AL
cmath.tau

Bermioe, E— DR

3.6 F A fE.

cmath.inf

PERIETEI K. HIMT float ("inf').
3.6 B RE.

cmath.infj

HAFESIFIE LS % . HH24TF complex (0.0, float ('inf')).
3.6 FIIgE.

cmath.nan

A B (NaN) {H. FH24TF float ('nan').
3.6 Bl TIgE.

cmath.nanj

FA A NaN R . #1247 complex (0.0, float('nan')).
3.6 B IIRE.

THER, BB S ma t b AP SRR AL, (EA TS . PIA ML R 2 R A7 28
WA BOGE, EERAAEENT R 4. BT nath. sqre (-1) 51574, BMABRE—E
B FUER, Wiomath & L RBIRA SR Il — AR, BB R AR R A58 (FEXFREOLT
R Ghl 2 T R
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KT LHILRERE: ENVRNrESERBUCRESRI M . BN 2 BN W ERFAE . (B el 2L
WA KBTI, B T BRI S SR LT I X TRASRE CREA) ik
JEE . XA IE AT RE H R SRR R, RS HUT:

S U

Kahan, W: Branch cuts for complex elementary functions; or, Much ado about nothing’ s sign bit. In Iserles, A., and
Powell, M. (eds.), The state of the art in numerical analysis. Clarendon Press (1987) pp165-211.

9.4 decimal —t+#HFIERIFERIGE

Pig:  Lib/decimal.py

decimal BEHC PR LR & AR UERIFE RS R SR . BRI T £ loat BRI LASNKI LM R:

* Decimal JRHUAY “BLREET 5 BT BHIF R, FF H P BLEA AR S 185 s 00— 53041
WAL NATHE AR T2 > B R AR — B3R fii F decimal FARMFEIIA

* Decimal {71 Zn 2AFHIN . A2, 1.1 M 2. 2 SRR ARSA ) — 2B 3 R . &M
PREARE 1.1 + 2.2 BFEPRSUER M “0E P2 o I 752 3.3000000000000003,

o Rt L B FARLEAE T . X T decimal F55%k, 0.1 + 0.1 + 0.1 - 0.3 &HiAHLETE.
T T R AL, S5 5.5511151231257827e-017 . BABEE T, (HHPHIRE4Y)
SRR SRR, HiRZER S AW R, I, decimal BiE A HA PASHHSE AR MEECR I &1
FKMWH .

o decimal BIHALE THRMAES, (1% 1.30 + 1.20 2 2.50 . (REREHZBAERRAER. X255
MR AW FRRE . T, “BRHR” R T a S, Biln, 1.3 * 1.24;
HB1.5670M1.30 * 1.20?ﬁﬁj1.56000

o SERCTRE () —HEHRE SR, decimal BiHEAG H PRI SRS BE (BRIACK 28 4i7), RTRASZAE I
TR —FER

>>> from decimal import *

>>> getcontext () .prec = 6

>>> Decimal (1) / Decimal (7)

Decimal ('0.142857")

>>> getcontext () .prec = 28

>>> Decimal (1) / Decimal (7)

Decimal ('0.1428571428571428571428571429")

o HEHIA decimal ¥ p BRI C AT HESC IR . AR E TR RS AT HINRER —/ NI
{H decimal FEHATF T HRHER) BT AL T5 7B oo TETFEIS, FEF AT ASE e il AR S48, X A4R
AT 3 {88 S5 A A FEL LA A AN G B R A SR SR A T RS A S AR A T3

* decimal B BTEXHF “Tolize, MEHHILEARNTEERIEAR AR E REEAR) FIA & AR S
FAR”. ——i A decimal SARBILHL -

R B A= MRS ol decimal $fE, SR EFSCRIfES.

decimal {{E AT XS . BHAFS , BRI B T RFEE L, RENASE T AR EZE . decimal
BEWASERREGIW Infinity , ~Infinity il NaN . ZARHELK S -0 Fl +0 .

FARM BTN SCRFEEREEE . SARN . SRS Fam B SRR DA R 2 £ 2 Ak S 3 1 B B
BT, & AR A FEROUND_CEILING . ROUND_DOWN , ROUND_FLOOR ., ROUND_HALF_DOWN,
ROUND_HALF EVEN . ROUND_HALF UP . ROUND_UP DA} ROUND_05UP
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FoREITESEP A REAMH, RIEYARTFHFE, F5 RSN, SR EER, 58
MR SR, PR {ES A Clamped . InvalidOperation ., DivisionByZero ., Inexact .
Rounded . Subnormal . Overflow . Underflow VA\KFloatOperation,

XTHMES, #A—MREM—DEINEE . BEE SR, HARGRE N 1, N5, WEREEPEE a8
BN L, WS KA. AR, P P f A s A i A

S
o IBM 1938 ] B AR IR I A The General Decimal Arithmetic Specification

9.4.1 BREANIHTE

W decimal 17 A2 e AR, @il getcontext () BREYALETI, HAELERAFE . A
B A B S T f:

>>> from decimal import *
>>> getcontext ()
Context (prec=28, rounding=ROUND_HALF_EVEN, Emin=-999999, Emax=999999,

capitals=1, clamp=0, flags=[], traps=[Overflow, DivisionByZero,
InvalidOperation])
>>> getcontext () .prec = 7 # Set a new precision

A PAEE TR FAFER . TR B A i Decimal S BT RE R B 5 RO 1 R T R B S
K . Decimal U IEERERI G0 NaN FR “JE0F”, IEMFIAN Infinity Fl -0

>>> getcontext () .prec = 28

>>> Decimal (10)

Decimal ('10")

>>> Decimal ('3.14")

Decimal ('3.14")

>>> Decimal (3.14)

Decimal ('3.140000000000000124344978758017532527446746826171875")
>>> Decimal ((0, (3, 1, 4), -2))

Decimal ('3.14")

>>> Decimal (str (2.0 ** 0.5))

Decimal ('1.4142135623730951")

>>> Decimal (2) ** Decimal('0.5")

Decimal ('1.414213562373095048801688724")
>>> Decimal ('NaN'")

Decimal ('NaN"')

>>> Decimal ('-Infinity")

Decimal ('-Infinity")

R Floatoperation {5 S Wik, M R AL M/ INECRITE OB RONR G 8y R &5 | K e i

>>> ¢ = getcontext ()

>>> c.traps[FloatOperation] = True
>>> Decimal (3.14)

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
decimal.FloatOperation: [<class 'decimal.FloatOperation'>]
>>> Decimal ('3.5") < 3.7
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
decimal.FloatOperation: [<class 'decimal.FloatOperation'>]

(Rt
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[CAWY)
>>> Decimal ('3.5') == 3.5
True
3.3 BRI HE.
it Decimal f)H 2L (i i AR DR AE - 1T SORSEERI 3 AAHE SR Az S0 ) B H2E0
>>> getcontext () .prec = 6

>>> Decimal ('3.0")

Decimal ('3.0")

>>> Decimal ('3.1415926535")

Decimal ('3.1415926535")

>>> Decimal ('3.1415926535") + Decimal('2.7182818285")
Decimal ('5.85987")

>>> getcontext () .rounding = ROUND_UP

>>> Decimal ('3.1415926535") + Decimal('2.7182818285")
Decimal ('5.85988")

WAGE T C AR BB, WA iE—A~ decimal 5| % TnvalidOoperation

>>> Decimal ("1e€9999999999999999999™")
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
decimal.InvalidOperation: [<class 'decimal.InvalidOperation'>]

1E 3.3 L.
Decimal 47 fEfR4FHE5 Python B AT H.. PATT &—AIVIY decimal 37 i R AT HhXk ] :

>>> data = list (map(Decimal, '1.34 1.87 3.45 2.35 1.00 0.03 9.25".split()))
>>> max (data)

Decimal ('9.25")

>>> min (data)

Decimal ('0.03")

>>> sorted(data)

[Decimal ('0.03'"), Decimal('1.00'), Decimal('1.34"),
Decimal ('2.35'), Decimal('3.45'), Decimal('9.25")]
>>> sum(data)

Decimal ('19.29")

>>> a,b,c = datal[:3]

>>> str(a)

'1.34"

>>> float (a)

1.34

>>> round(a, 1)

Decimal ('1.3")
>>> int (a)

1

>>> a * 5
Decimal ('6.70")
>>> a * b
Decimal ('2.5058")
>>> c % a
Decimal ('0.77")

Decimal ('1.87"),

Decimal 1] DAGE FH — 264502 pr 4 -
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>>> getcontext () .prec = 28

>>> Decimal (2) .sqgrt ()

Decimal ('1.414213562373095048801688724")
>>> Decimal (1) .exp ()

Decimal ('2.718281828459045235360287471")
>>> Decimal ('10") .1n ()

Decimal ('2.302585092994045684017991455")
>>> Decimal ('10") .1ogl0 ()

Decimal('1l"'")

;qguantize O TrER RO & A EE SRR M7 VR0 TR 48 R i A B 1812 14 57 S04 B 0 2 A A P AR o
H:

>>> Decimal ('7.325") .quantize (Decimal ('.01"'), rounding=ROUND_DOWN)
Decimal ('7.32")

>>> Decimal ('7.325") .quantize (Decimal('1."), rounding=ROUND_UP)
Decimal ('8")

LR, getcontext () BREVTMAEI_E T SOF AV ERIRCE . XI5 IAM 2R H R K .

YT gy TAE, ffi A Context() #% b 2O &2 H LR SCol e R A M. B & &30, W
W setcontext () PR

RIEFRUE, decimal BEIPRAE T WAIR AR LT X BasicContext flExtendedContext . HiE %
WERRIAE R, 2R E S

>>> myothercontext = Context (prec=60, rounding=ROUND_HALF_DOWN)

>>> setcontext (myothercontext)

>>> Decimal (1) / Decimal (7)

Decimal ('0.142857142857142857142857142857142857142857142857142857142857")

>>> ExtendedContext

Context (prec=9, rounding=ROUND_HALF_EVEN, Emin=-999999, Emax=999999,
capitals=1, clamp=0, flags=[], traps=I[])

>>> setcontext (ExtendedContext)

>>> Decimal (1) / Decimal (7)

Decimal ('0.142857143")

>>> Decimal (42) / Decimal (0)

Decimal ('Infinity")

>>> setcontext (BasicContext)
>>> Decimal (42) / Decimal (0)
Traceback (most recent call last):
File "<pyshell#143>", line 1, in -toplevel-
Decimal (42) / Decimal (0)
DivisionByZero: x / 0

R SGE BA AT O R A R ) e R DU SRS . RS RO B R IR B, D
M clear_flags () JFikiFkEAZ AT R Z BARE.

>>> setcontext (ExtendedContext)

>>> getcontext () .clear_flags ()

>>> Decimal (355) / Decimal (113)

Decimal ('3.14159292")

>>> getcontext ()

Context (prec=9, rounding=ROUND_HALF_EVEN, Emin=-999999, Emax=999999,
capitals=1, clamp=0, flags=[Inexact, Rounded], traps=[])
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flags 2 H Brsxt 1 AT BUEIE P A GBI BRSO EEECF gl ) I AR 2R (—EEF1
BFANE).
(LR 30 traps P B LA E BN B

>>> setcontext (ExtendedContext)

>>> Decimal (1) / Decimal (0)

Decimal ('Infinity")

>>> getcontext () .traps[DivisionByZero] = 1

>>> Decimal (1) / Decimal (0)

Traceback (most recent call last):

File "<pyshell#112>", line 1, in -toplevel-

Decimal (1) / Decimal (0)

DivisionByZero: x / O

REWAEF OAERE I IR 4 [T B R 3C— ke IR H., FEFZ WIRR b, AEAEfa 2R o B ol il e it
Hypecimal o JELOIE BTN SCHRAVING, R R ERE -5 HA Python By AU BAT X 51 .

9.4.2 Decimal 35

class decimal.Decimal (value="0", context=None)

T4 value 13— Decimal X5 .

value W DLERERL, FAFE, JUdl, float , B{J—A-Decimal X%, WHRKA %W value, W [H]
Decimal ('0") . 1M value J&—A~F4FH, B NLHE T FHRBHEZS A% 45 AL T RIZ W R 2 54
E T B AR R

sign A A L

digit HE O A L B O L 2 L B L
indicator = 'e' | 'E!

digits ::= digit [digit]...

decimal-part ::= digits '.' [digits] ["."] digits

exponent-part ::= indicator [sign] digits

infinity ::=  'Infinity' | 'Inf'

nan ::=  'NaN' [digits] | 'sNaN' [digits]

numeric-value ::= decimal-part [exponent-part] | infinity

numeric-string ::= [sign] numeric-value | [sign] nan

M B digit Wb ARvF A BERIRS . P R A AR HARIE F ARG BRI (AN
FLAH-EPHBTE R RIFCSCHI RS ) AR 2588500 " \uf£10" F| '\uff19',

W value Z—A~tuple , BNIZA “ANAMF, DS (0 FRiERNK 1 #Ra8) , —MEF
W tuple FIECEFEH. BN, Decimal ((0, (1, 4, 1, 4), -3)) R[] Decimal ('1.414"),

W R value Erioat , W BE ] IF A ME TG 40 L 4 O HORS B 00 T BE RS R (. b 5%
o W B S3 B CE 2 AR . il @1, Decimal (float ('1.1')) %54 A “Decimal(
“1.100000000000000088817841970012523233890533447265625 )*,

context ¥ EN TG L. X 5E4H value R KR E . B0, Decimal ('3.00000") s
i HAE, B L SOEERA=.

context Z B W) H W) J& i E value J& K% =X 8 R A H R % E 4. R B SCHE
Bt Invalidoperation, W5 k5 AN, & REGR F—H71) Decimal, HAHH NaN.

WESEUE , Decimal XEIEANAAER].
1E 3.2 iR BAE ARV BB SO £ Loat 5L,
1E 3.3 R float ZHAEREFloatOperation [EBFNGI AR . BOATEOLT, FEBFE M.
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TE 3.6 MU AAVF RIS T AL, B AR R BRI 5

T RE SRS HAD N EREE I Z R, Blinfloat Mlint o PrAH HEAIZ BRI
TEERER] . [FRE, HRERIR AT AL pickle. FTED. MIfEFHLEE. IEEAICR. WK, HFM
S S — R AL (BN loat Biint ).

SRR - S GRS AR BERAE RO — 2/ N 2250 YR BUE AT % BT Decimal 340,
GERMIAF T2 IR TS, AR BB

>>> (=7) % 4

1

>>> Decimal (-7) % Decimal (4)
Decimal ('-3")

BRRVAZ AT /7 AT R, REER LTS (BRCAE) A BN FEEE, PUEREE
WX == (x // y) * v + x % y:

>>> -7 // 4

-2
>>> Decimal (-7) // Decimal (4)
Decimal ("-1")

s // BHEAFEIT remainder fl divide-integer #/E (4-31), WEH ATk,
TR G RN SR S fractions. Fraction SIBIEHARBE PG Fla, 29
fjpecimal B float , 5|k TypeError. {HZ, W PAME Python [ A EHAF K LR Decimal
T = A —AEF v o XFET DA AE XA [ B B A T AH 45 LR TRV 25 0
TE 3.2 BUE K BAESE &S RiDecimal LG AEFIA 2 (IR A B .
B TARMEM BT R, TR SR R 2 & 1
adjusted ()
TR R B A 2 5 R B S 45, B3 AR R R4 Decimal ('321e+5") .
adjusted () 1R\ 7 o FITHAE B A AU AR T/ INSUS I 67

as_integer_ratio()

BME—XF (n, d) BE, FRGEMDecimal SEHIER D mfE AT HA I 1

>>> Decimal ('-3.14") .as_integer_ratio()
(=157, 50)

R RSB . 7 Infinity 5| % OverflowError , 7£ NaN | 5|#t ValueError .
3.6 FriR e

as_tuple()
iR [B]l—A~named tuple FEREF: DecimalTuple (sign, digits, exponent),

canonical ()
BRESEHVERIY . BET, —Decimal SLHIMRMIRLZITER, BIGZEER B SECN
Az,

compare (other, context=None)
HBE AN Decimal SEFIE . compare () iR[Al—A> Decimal 5L, QIARAE—#A/ESGE NaN | HF4

42 NaN

a or b is a NaN ==> Decimal ('NaN'")
a <b ==> Decimal('—-1")
a == Db ==> Decimal ('0")
a>b ==> Decimal('1l")
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compare_signal (other, context=None)
B T A NaN {55258, MifES compare () JriEMHE. WMat@2ul, WERM M RIEREA 215
4 NaN, HBAATATHHERT) NaN #AELFR B 5 4 NaN,

compare_total (other, context=None)
BN R RR AR BB LB PN EAEE. KBl T compare () Ik, HERE
T — N EHFDecimal SEBl. WiDecimal SEBIHEA A FREAEHEA R R BT T
H FL RO AR S -

>>> Decimal ('12.0") .compare_total (Decimal ('12"))
Decimal ('-1")

FHAN & AR5 1) NaN aFE/E B e XRS5 R )2 Decimal (1 0") QR HAEEL
BAMFEMFIR, B0 Decimal ('-1") WK —MHRAEE0 SR FALT 5 A8, 5028
Decimal ('1") WURH—MNMEERAEEIUT s T8 AR AXESHFHEGER, WS
B AR o
WHEAEARSZ ERSCGEm R RN SUEMIERE BRI TE A MERBISL, QR TvA e 05
TANEAERL, W) C AW BE£x 5] % InvalidOperation.,

compare_total_mag (other, context=None)
PR A AR BT R TR A 2 ENMIME, Wcompare_total (), {HZAMEA
PEB S 5. x.compare_total_mag(y) M4 F x.copy_abs () .compare_total (y.
copy_abs()).,

PLHREAR 2 BRSO R RN SUE ARG EARPATE A FERBIAL, AR Foyk w4 ss
TR, W) C AW BE£x 5] & InvalidOperation.,

conjugate ()
Hig [ self, XA ¥E 2456 Decimal #1705 .
copy_abs ()

RIS EALERME . BERAEASZ EFSCE I H2 s Soa Edhns EA T & A

copy_negate ()
BIESEINRE . WHAEAZ RGP mIt 2w A EAITE A

copy_sign (other, context=None)

R M — DN ERAEE R A, AT SBCEN 5 5  MRA R AR S AR . il

>>> Decimal ('2.3") .copy_sign(Decimal ('-1.5"))
Decimal ('-2.3")

HEAVEARZ FF SCE HEk: NESUT AR EASIT& A AE MBS, A0 I TR e 0 5
TANEAERL, W C iRARTTRES 5| & InvalidOperation,

exp (context=None)

RIS ERTFH) (BER) F8EpR %L “ex“ByfH. &5 rRoUND_HALF EVEN €5 AR IERIEA

>>> Decimal (1) .exp ()

Decimal ('2.718281828459045235360287471")

>>> Decimal (321) .exp ()

Decimal ('2.561702493119680037517373933E+139")

from_float (f)
PR S Ik T R 2R
W&, Decimal.from_float(0.1) 5 Decimal( ‘0.1’ ) A6, BT 0.1 #F — 3§l 3% S R BEAE 1
FR, WA E A I B2 0 W] R E, B 0x1.999999999999ap-4 . I i il 1) 55 34 (H /2
‘0.1000000000000000055511151231257827021181583404541015625¢,
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{Ef#: M Python 3.2 J745, Decimal SEBIA]PABEIEM Float FTE .,

>>> Decimal.from_float (0.1)

Decimal ('0.1000000000000000055511151231257827021181583404541015625")
>>> Decimal.from_float (float ('nan'))

Decimal ('NaN"')

>>> Decimal.from_float (float ('inf'))

Decimal ('Infinity")

>>> Decimal.from_float (float ('—inf'"))

Decimal ('-Infinity")

3.1 BihhfE

fma (other third, context=None)

BAEFePINyE. 1z self*other+third , H[E]3RFH self*other ¥4 PU 4 T .

>>> Decimal (2) .fma (3, 5)
Decimal ('11")

is_canonical ()
RS HERT, WARE True, {WhFalse . HAEJ, Decimal SLHLESEITER, FrPAX
MNEERSRIR I True .
is_finite ()
WMRSEIR DA RE, WEREA True ; WRSHCHTEF K NaN |, WER A False,
is_infinite()
WERSHCNIEGRTETT K, WREN True , KW HFalse o

is_nan()

WRSHCN NaN - (TR, WRECY True , BWNFalse

is_normal (context=None)

WERSHOE — DA RIEAEL, &7 True, WERSHOE 0. WIEMEL. Jo95 KEUE NaN, R [FlFalse,

is_gnan()

R SHCHEE NaN, &[] True, FWREFalse,

is_signed ()

WRBHCFE 7S, WREIy True, HWREFalse, R, 0F1 NaN #uli A 4F5

is_snan ()

MR SECHE NaN, NWER[E True, FNEREFalse,

is_subnormal (context=None)

WRSECHRIERE, WERE True, HMEREFalse,

is_zero()
WMRSHE 0 (IEGER]), NERE True, HNREIFalse,

1n (COntext None)

IR AR B ARXTEL (DA e M)« &S558 HFROUND_HALF_EVEN €5 AU IERG Y& H A o

10g10 (context=None)

IR ERVER DA NI XS 8L 852l RoUND_HALF_EVEN £ AU IER P04 HA .

logb (context=None)
R AR, B GRS I F R Decinal 5. WEFHCH EAEEN
Decimal ('-Infinity') FH Hp74: the DivisionByZero fpiE. W EEEE IR KR ]

Decimal ('Infinity"')
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logical_and (other, context=None)
logical_and () @RFEWA ZHE FRNEREZE (SHF 2R ). G5B B
ié%:ﬁﬁ/g “ﬂ:ﬂ”o

logical_invert (context=None)
logical_invert () jg—NEZHia . G5Bz HE.

logical_or (other, context=None)
logical_or () i BWA logical operands WZHHzHE (ES R 48 F ). REW MNMEHE
B AL or o

logical_xor (other, context=None)
logical_xor () RWEWA ZHEHMNEEIZE (SHZHRIFL ). GRS W
BEB FE0ER .

max (other, context=None)
B max (self, other) —#f, BRTHERFIZHINH _F T SCE AFH: H G50 A5 28 NaN
i (BT E R SCPA e AMF 5 2% ) -

max_mag (other, context=None)

Hmax () T, AR BRI A X EEA T HUAR

min (other, context=None)
% min (self, other) —#f, B THEIRIEZEINH BT 3CE AN B HE S8 HE5 2 NaN
H (BT LI CAKRENREG SR 2L ) .

min_mag (other, context=None)
Emin () FEML, (E2 4V ER 0 4 0BT I

next_minus (context=None)
RN VR TR e Al ORI OB (B S ATy TR e T SRR RSk
FUREFHE LT ).

next_plus (context=None)
IR T2 5 AR R Serh el ROR B/ MY (B 4 AT AR 0 TR SCrh i vl SRR B/ NER
FUREH G E LT3,

next_toward (other, context=None)
WERPEEHONESE, IR BIESE A B 1) B s — MR ERBUN . R R R
{8 FAZE, RIS N 558 AN BB R A — S R Il

normalize (context=None)
25 I R R T S5 RS T Decimal ('0") [WE5{b R Decimal ('0e0") KR
WEF . HT SR B AE RS, A, Decimal ('32.100") Fl Decimal ('0.
321000e+2") HgbRHEIL AAH ] HME Decimal ('32.1") .

number_class (context=None)

R[] —AFAFER RIS class o FRIEMEZ VAR SRR i —A
* "-Infinity" , $EREBIEECNIIEIT K,
* "-Normal" , FE/RZBAFECRAIERET .
* "—Subnormal" , FE/RIZHAFHCR A UIEALEL.
e "—Zero" , FRNIZEAEEZENE.
* "-Zero" , FNZEAEEUZIES.
e "+Subnormal" , F{/NIAERVEECE IEMIRIEREL.
* "+Normal" , FH/NIZBAFECE A IEMEL.
« "+Infinity" , $ORZEBHARIETT.
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* "NaN" , FERZIZHEHCZUURAY NaN - (R5T) .
* "sNaN" , ff/RiZiaFAUR (S NaN .

quantize (exp, rounding=None, context=None)

AR [ R FEL AT DU 8y LR 35— s RO LA 3 MR 4R 4L

>>> Decimal ('1.41421356") .quantize (Decimal ("1.000"))
Decimal ('1.414")

SHAEE AR, WREAIEE S RMKRIERTRE, BAaxkil—4Invalidoperation
i XL TERARE — RO, RARBUESET A T B
SHAZHAR, BUKAET N, MESRARIER AR

WARE —ANE R EOC T2 — e BRI AR RO SOA TR 2 S A . FERXRREOL T, AR
X% E rounding ZHpkiE, HARKMAE context ZHUE; WERSHERGE, HHY
HI AR R S AR

BEUEERAYAREONT Emax 8/ Etiny ek AR

radix ()
& Decimal (10), RiDecimal EMFTHIARARIZEITHEN (B .. X2 AR SHE
R Z AR -

remainder_near (other, context=None)
R[] self BRVA other 440, iX 5 self % other (X HIFET Frse i R AL HA XHE R ME .
EHERHIE, REMEN self - n * other H n RiIET self / other MSERR{EMEEAL,
- FLANSR AR S B ) 26 AH 45 ) e B P R A8

RGN BN HAF SR self (775

>>> Decimal (18) .remainder_near (Decimal (10))
Decimal ('-2")

>>> Decimal (25) .remainder_near (Decimal (10))
Decimal ('5")

>>> Decimal (35) .remainder_near (Decimal (10))
Decimal ('-5")

rotate (other, context=None)
AR R 5 — R RO RO 45 55 MR RUIT E B A TR AR I 45 R . S MR R AT
-precision % precision ¥ U FEl WY REE . S5 MRAER 2B 0ELS AR R R 2 . AR A
BAEBCH IE(EM I 250 5 B A i . A 28R — AR RS E A MIH FE R DAL )
precision JT#E K E . 55— MRERIAT S AR A

same_quantum (other, context=None)

Kl 9 55 other Jg 1 HA M AR U@ 7752 NaN,

WCEAEARSZ B Scgm B . AN UUE RS A PITE A VERBIS, QR TovA R S 45 55
TAMEAERL, W) C AT §E4 5| & InvalidOperation,

scaleb (other, context=None)
AR [ 55— A BEAE RO 25 A PR RO S B AT R R 45 R . S A TR BB — AN HRAE RO DA
10**other &R 8 AN EAEEULIUN B
shift (other, context=None)
3R (] B — PR R BORD 4 5 — A AR RO 48 E B AT R AL S5 2R . 5 AN B R R AT,
-precision % precision i Fil N UBEEL. 55 AMMRAE RO A B 25 T 2RSSR ARER — AN RAE
gg%jmmu WAL B ARAL. BARBIWERS AE . H— MBI S IR A

1\0
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sqrt (context=None)
IR SHR) P 7 HORG 1 3 S BEAg i
to_eng_string (context=None)
AR AT, R TR EER AN A TR AR
TR IEECE 3 AR X TR ZEDAE 22 3 N0, e gskinm—2
W REZ.
fHian, S Decimal ('123E+1") Ffih Decimal ('1.23E+3"),

to_integral (rounding=None, context=None)

Sto_integral_value () J¥EME . 48 to_integral LN T SIHRATEE.

to_integral_exact (rounding=None, context=None)
BB RREE, R ES Inexact B AR AL HE AN VK {55 Rounded, W2
Zth rounding B W HAf @ & AR, B HZER context R, WIREA L E LT
TS M 811 24 57 LR SCH) 5 AR

to_integral_value (rounding=None, context=None)
BB BRI RN A Kt Tnexact B{Rounded {55 . WIREH rounding W 2 [ I HL T 1672
i ARG A TS E Y context B4 LR SCHY & AT

ZERIER

logical_and (), logical_invert (), logical_or () Ml logical_xor () FEWEHHESECH Z48iE
B4k, BRI FTEN SRS T Decimal L6, HH HHEEFEAIY N 0 8% 1.

9.4.3 Context Y%

FERSCRRAARBRAER RS . ENTERAGE . BEE AN, RS e, RS R

BALAAA H O YAE LT3, Afifflgetcontext () Mlsetcontext () BRECRIEREIE:

decimal.getcontext ()

A [ 35 B AR 24 7R S

decimal.setcontext (¢)

RGBSR 2 1T LR SCBEN oo

PRUTTLAGE ] with ifAJFl Localcontext () BREORIGIN A TE ) EF 3.

decimal.localcontext (ctx=None)

R A~ BRSO B, ERFAEDEA with TRATIREE B AR 1 4 15 LR SCRON oo 1A RTAHAER
H with TR Z BT B R SC. RORARE LR 3C, WIS 248 B RS — AR

Bian, DA ACRD F5 24 BT decimal K§REBCN 42 i, $AT— i, A5 SRR Z /iy EF 3G

from decimal import localcontext

with localcontext () as ctx:
ctx.prec = 42 # Perform a high precision calculation
s = calculate_something()
s = +s # Round the final result back to the default precision

B LR SCH R R Context MR A, Mo, BiuRiRHt T =R B
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class decimal .BasicContext
T 2 A TR SR AR BRI B SO AR IE R S RN L. S AR ROUND_HALF_UP. KR
AT B ITE AR (M55 ), B Inexact, Rounded flSubnormal g4k,
TR TEZEEE, s BT SGE TR

class decimal .ExtendedContext
T 2 p A 1 AR B R A I SORIARIE R S BRI L. B AN ROUND_HALF_EVEN,
HRICA R A B R REE (AT R A &5 R RE) .
BT TRARE, TR SGEH TAESR(EHN NaN 3 Infinity MIARE I KFHEN M. XAV
FAAE B0 24 A LT 2 o B RE P I SR BT BE SE BB A T

class decimal.DefaultContext
P EF S Context AR AERT R SO JRA . AR — AN B (FIAE ) IR R A Context
T 1 25 TR HT B SO A .
I B Rl T2 LB . ELBEIF R R HARES2 REBINMEN R . AL
LFEITIR G B, X S BRERE R At e 5 4 25 1
TEHRRERREEH, BAFSEANE B BR3¢, M pa i g e bR s, BRI k.

BRI\ {H N prec=28, rounding=ROUND_HALF_EVEN, Jf HOverflow, InvalidOperation
MpDivisionByZero R HME.

TECHRMH =Fh BT 32 5h, B AR Context MG & BRI LR 30,

class decimal.Context (prec=None, rounding=None, Emin=None, FEmax=None, capitals=None,
clamp=None, flags=None, traps=None)

A — AN LR S0 AR AT BRI E B i None, WM Defaultcontext P ULBIAE. I flags
FBARAREB yNone, T2 P lths .

prec H—A> [1, MAX_PREC] JuE N HREEL, HITIREZ BRSO EARSHEAR L.
rounding 30 N K Rounding Modes /N5 WA I H B 2Z —
raps I flags B M ER B IEMIES . W5, B L TF S0V 24 5 traps MMk flags H75.

Emin I Emax B 25 %€ $8 B0 A VF 9 40 B R . Emin WoZ54E [MIN_EMIN, O] yu N, Emax 7E [0,
MAX_EMAX] JEREIHN .

capitals ‘7B 0 B 1 GRINMED . WIRBCH 1, FEECHIAFITEIR S B HARTE LR/ NS ) e

Decimal ('6.02e+23"),

clamp B R 0 BRAED B8 1. WA 1, WDecimal SLHIRIFEEL e MIFRIERBITEIL L F SO R 4%

FR#l°H Emin - prec + 1 <= e <= Emax - prec + 1. IR clamp > 0 NKEIE F 8 55 10 44

Decimal SEHIAEE S FREUERKAE N Emax. XY clamp 2y 1 B, — AR E B KR W] BRI 0L

;gg%ﬁﬁ%%gﬁ%%%ﬂﬂ*ﬁ&ﬁiﬂ‘J%, PATEAF S FEEE PR 5 X AT PABRFR B EH & E R AL
THIEE. Bl

>>> Context (prec=6, Emax=999, clamp=1).create_decimal ('1.23e999")
Decimal ('1.23000E+999")

clamp {54 1 B EP S0 576 IEEE 754 iR () [ 5 B2 -k i A2 3 as U A2

Context 25 U7 U 7 ¥A A S K BB AR 45 08 BT SO T ARIB I . Besh, X Lk
WA FDecimal ¥k (RIfE adjusted () Ml as_tuple () F¥E) #A MMM Context ik,
BN, SHF—AContext WZLH C flDecimal LH] x, C.exp (x) IZEMNT x.exp (context=C) ,
A context JyEHREEsZ—A> Python B4k (Hint AYSEH]) FEAT{R[452 Decimal F4 S5 i i

clear_flags ()
P A EAREE A 0.
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clear_traps ()

KA PR E N E 0.
3.3 B fE.

copy ()
S [ ol W T R 1 2 N

copy_decimal (num)
1% [7] Decimal 524 num fH— B4,

create_decimal (num)
FT num B E—A-81 Decimal SEGIME A self /2 EF3C. HDecimal Mg AR, % B30
KRS AT EARFIE BB 8 T i A
WHERARAL, HhEEEEEA T E TN HIFRRE. 55— MEAAE TS B T8 AT RA

T Bl H 24 A B A RS BT SE EANECR . FE R R B, S R & AR5 A B R A LA
HHS I SRS

>>> getcontext () .prec = 3

>>> Decimal ('3.4445") + Decimal('1.0023")

Decimal ('4.45")

>>> Decimal ('3.4445') + Decimal (0) + Decimal('1.0023")
Decimal ('4.44")

W ESEILT IBM HUAS A B B 8 . RSB FAFER,, WA RFAHLEUR 2
SR ECT R
create_decimal_from_float (f)

BT A f B8 — PTG Decimal 526, (B self 1 £ R SORSATEA . HDecimal.
from_float () FIIEAR, ETRICHIRGEE. SATTIE. BERHMIBEBF 2 B 2 St

>>> context = Context (prec=5, rounding=ROUND_DOWN)
>>> context.create_decimal_from_float (math.pi)
Decimal ('3.1415")

>>> context = Context (prec=5, traps=[Inexact])

>>> context.create_decimal_from_float (math.pi)
Traceback (most recent call last):

decimal.Inexact: None

3.1 H e,

Etiny ()
B —AEET Emin - prec + 1 BYHRIUIERALES R A/ MERUE . 44w i, 5
B NECiny.

Etop ()

R —NEETF Emax - prec + 1 fH{H.
i decimal fIE# 7 22B# Decimal SEFIAR X HW B ARIZIA, X P55 K A AR 1G S R RE A 24 1
ERsehe R AT R TR SO TR R R SO A TR X R T Decimal
R YE, SR AL B 51 H
abs (x)

R[] x B LR .

add (x, y)
R x 5y 1yF.
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canonical (x)

1% [B] 48 6] ¥) Decimal %4 x.

compare (X, y)

Xfx 5y SATRUE L .

compare_signal (x, y)

XA AR A TR LA

compare_total (x, y)

XA BRAERE A R BN BT HUR

compare_total_mag (x, y)

XA R A R FOR AT IR, BT

copy_abs (x)

R x WEIAS, F553E0h 0.

copy_negate (x)

R x BREIAS, AU .

copy_sign (x,y)

My # IS 5 xs

divide (x, y)

IR 1A] x BRPA y B4R .

divide_int (x,y)

Bl x BREA y BUEER, B AL

divmod (x, y)

P ECT R BRI 3R 17 45 R A BB 70

exp (x)

1R[] e ** x,

fma (x, y, 2)

R[] x DA y FHAN 2 4G

is_canonical (x)

SR x BHVERNERE] True; HRE] False,

is_finite (x)

T x A RBOWR ] “True; HR M False,

is_infinite (x)

SR x B ICRRNERE] True; FHRE] False,

is_nan (x)

A x & gqNaN = sNaN Nz [\ True; R M False,

is_normal (x)

R x BIFFHEOERE True; HNERE] False,

is_gnan (x)

R x 2 EHER NaN N3z ] True; FNR[E False,

is signed( X)

BRI True; FHNRE] False,

is_snan (x)

R x 2 NaN W3R [ True; FNR[E False,

282
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is_subnormal (x)

MR x RIRARERR F] True; FHMERFE] False,
is_zero (x)

AR x S ENR ] True; HNR[E] False,
1n (x)

R[E] x 1 ARXTEC (DA e M)

1ogl0 (x)

B[] x B LA 10 S JRATRTEL .
logb (x)

IR AR MSD S HE 4K
logical_and (x, y)

TEARAER B R ) I 12 2 55 and .
logical_invert (x)

B x T T L
logical_or (x,y)

FEBRVER) B B R N B HRIE 5 or
logical_xor (x,y)

TEARVER) A S BZ ) B 1 BHZ 5. xor
max (x, y)

Xof WA LI TR PR 3% [ o ) e R AR
max_mag (x, y)

X AME AT 208 1E S R LA
min (x, y)

XS P AMERA TR FER TR [ e P ) e /DM
min_mag (x, y)

X AP T 20 IE 575 O 507 LU

minus (x)

Xt Python A i B H UGS AT AT I B B

multiply (x,y)
Rl x Ay AR
next_minus (x)
REVNT x BRRE TR
next_plus (x)
IR[ERT x s NI RN TE
next_toward (x, y)
R[] x Ty B R .
normalize (x)
x5 R E .

number_class (x)

R x RN .

plus (x)
XF R Python w1 i) B H AT IBOEZ AT A THOE AR . MERVER A B R SOR BRI A, Ik e
E XN RS
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power (x, y, modulo=None)

R [E] = 1Ky W5, ARSI modulo MIBUHLAREL.

AN SEOTHE x**y o WA < MOEN y U0 EE BraAE v R HLE5 5 A FRAE 7T
1E ‘precision’ (v PIKEHHZERTE WSE R RS ANRER . LR SRS ARSI A . 45544 Python
i R A I LA A

{E 3.3 WM C At Epower () NS HEIEW& Aexp () flln() K. G45REZELUTR
T X, BAURT LTS ERhar A7,

WHZASHE, THHE (x**y) % modulo. X T=ASEMIER, SECRF2 NPT R :
o EANSHULITER 2R
oy WA AE AL
c x#y BVHPMANE
e modulo WA NEHELA ‘precision’ fif

K} H Context.power (x, y, modulo) MZERMEET MM LRI EITHE (x**y) % modulo
FrAREIMME, (HIHTEERE SR 459RMIEECAE, Lk x, v flmodulo MIEEUEZ D . 454
BB SR 5EEAEHY .

quantize (x, y)

RIS T x (AR, HHIRECH v,

radix ()

1R E] 10, [K2AiX 2 Decimal X142:)

remainder (x, y)

AR [ RE S BT A I B A
GURMFTS, WERACHE, SRR A AT .

remainder_near (x, y)

ﬁ?xfy*n,ﬁ$n%%%ﬁx/yi%ﬁ%%ﬁ(%%ﬁ%OWﬁﬁ%ﬁﬁx%ﬁ%m
Ifl) .

rotate (x, y)

R[] x B y IKHYRIAS

same_quantum (x, y)

AR PR A H R B 45 EOUR 9] True.

scaleb (x, y)

3R [ 55— A A RO 8 —ANER IS BUR 255

shift (x,y)

Az [e] x AR y KHYRIA .

sgrt (x)

FEGBEET BT SOR IR

subtract (x, y)

R x Ay B 22

to_eng_string (x)

AN AR, AR BHR RO S 6 TR .

TAEFR AR IR 3 MR XAE TR AR 22 3 MY, I RRERIFI— 2
PITREE,

to_integral_exact (x)

AR REL
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to_sci_string (x)

TR T BRI e i AT R

944 '

Ll

AR RS CRBUH . BT S ESE Python A DAPRESARAME

32 i 64 fi

. 425000000 999999999999999999
decimal .MAX_PREC

. 425000000 999999999999999999
decimal .MAX_EMAX

, —-425000000 -999999999999999999
decimal .MIN_EMIN

, -849999999 -1999999999999999997
decimal .MIN_ETINY

decimal . HAVE_THREADS

The default value is True. If Python is compiled without threads, the C version automatically disables the expensive
thread local context machinery. In this case, the value is False.

9.4.5 SAER

decimal .ROUND_CEILING
# AJH Infinity.
decimal . ROUND_DOWN
HATTHE .,
decimal .ROUND_FLOOR
& AT AN -Infinity,
decimal .ROUND_HALF_DOWN
BABIRBGLIEL, ARG & AT 0% .
decimal .ROUND_HALF_EVEN
BB EAT R, [FRERET ) ¢ A 2 e ) A4
decimal .ROUND_HALF_UP
BB AR, [FIREE I & AR T SO )
decimal .ROUND_UP
HABIE BT ) .
decimal .ROUND_O5UP
RS — (LB 5 T A5 0 80 S W AZIZ|R B )5 S AJr k% .
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9.4.6 {52

F RIS 5 | R 5 F . B M SRR — A B R SUBARA—A> B SCRE B T -

TR SCHEARRE IS B AR . FESEROT RS, R T IAHE BRI RS (a0 TR
Fatf) . FERTIEEAR S, WEBRERAETT IR T — T E R T A AR .

WA NESBOE T B SCBEBHE A, WS S B R Python Sy k. 2Bk, WEREE
TDivisionByZero [EBE, WIX4BE| A E| K DivisionByZero F .,

class decimal.Clamped

R RRART & R R -

WH, AR —EEGE LN S0 Emin Ml Emax BRI &4 . ZERTRERIIE LT, &iEid 4 2508
TINZEACRF R Bl A R A o

class decimal .DecimalException
HAWESHEZ, HHWEArithmeticError B—7PT2.

class decimal.DivisionByZero

JETCRRE B Z BRI 55
AIFERRYE . B AL B — AN BOR BORRI & AE . QR S S R B Fa B ZR, WHRME Infinity 8§
~Infinity H H AR E IERATS.
class decimal.Inexact
FHEAETHEANHGRER .
FAEBENAE S AR Z T ME S . SAGRIGPERI . 55 AR S B T4 25 R AR B
L.
class decimal.InvalidOperation
PATT — AT ERAE
TR T — R AR AR FE B AR IR [B] NaN. W] B i A 3

Infinity - Infinity
0 * Infinity
Infinity / Infinity
x %0

Infinity % x

sqgrt (-x) and x > 0
0 ** 0

X ** (non—-integer)
x ** Infinity

class decimal.Overflow
BE R
FRITE RSB AZ GIEECRT Emax. QUERRBEFABHRR, MZERRILTH AL, SCE 1 T EA
R R FORABREL, B E&/ACH Infinity. TRIRWBAIENL, #KF5]1% Tnexact flRounded
fi5

class decimal.Rounded

KAETEHEAN, BHFIFEAFEEERK.

—H&HAZF TEOOR S MRS M EF AR (BIRF 5.00 AN 5.0). WERAYL
FEBHmE, WAZB R IR . U550 B £ 5%

class decimal.Subnormal

E‘%AZWT&@M&? Emin,
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MEAELER SRR (RIREGL/N) B I E S AR ARBEEBHGR, MR ZEBGT IR 45
R
class decimal.Underflow
ﬁ?ﬁ?ﬁ&%ﬁﬁ%ﬁAﬂ?
Y RO MERES Rl & NS T2 R MBS . [AIRERF5 % Tnexact flsubnormal 5%
class decimal.FloatOperation
> float F1 Decimal f41R£3 J5 B A% 1 1

WERAF T AR (BN, WHEDecimal Wikigs. create_decimal () MM LGS H LT float
1 Decimal IR fr. B Al CBCHR @ 58 ARy . K 2R AR TR G iz SRRl i e BT SOBERR s

EiFloatOperatlonEﬁﬁi%ﬁﬁﬁaﬁ%oiﬁfifromﬁfloat{)Eicreateﬁd901malffrom7float() Btis
A7 S AR AN 2 A

FEHAMAEOLT (RMESREHER) |, R S ERIET AR 45 1 B AN SR aCoe e i LA IR B as ST 5

K FloatOperation,

PATT RGBS TR 5 B Z R

exceptions.ArithmeticError (exceptions.Exception)
DecimalException
Clamped
DivisionByZero (DecimalException, exceptions.ZeroDivisionError)
Inexact
Overflow (Inexact, Rounded)
Underflow (Inexact, Rounded, Subnormal)
InvalidOperation
Rounded
Subnormal
FloatOperation (DecimalException, exceptions.TypeError)

9.4.7 ik
BERFAREREBENRE

() - A T AT B Tt R it i (BIRERS e AR Ros 0. 1 XRS5 SRTAT, EeBiz e
i’fﬁlﬂfﬂj? SE RGBT 7] RE 2 B0y A B iR

o A DR 2 W) AT B PR B SE A EL AR B I B0 SR AT BB R A Rz . Knuth $20E T PGSR B,
Horr B TR BEA R SR, S EONRE M S A B T

# Examples from Seminumerical Algorithms, Section 4.2.2.
>>> from decimal import Decimal, getcontext
>>> getcontext () .prec = 8

>>> u, v, w = Decimal(11111113), Decimal (-11111111), Decimal('7.51111111")
>>> (u + v) + w

Decimal ('9.5111111")

>>> u + (v + w)

Decimal ('10")

>>> u, v, w = Decimal (20000), Decimal (-6), Decimal ('6.0000003")
>>> (u*v) + (u*w)

Decimal ('0.01")

>>> u * (vtw)

Decimal ('0.0060000")
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decimal FEHIN AT ATE L 7853 Hb FRERS R A e e A5 R 252K -

>>> getcontext () .prec = 20

>>> u, v, w = Decimal(11111113), Decimal(-11111111), Decimal('7.51111111")
>>> (u + v) + w

Decimal ('9.51111111")

>>> u + (v + w)

Decimal ('9.51111111")

>>>

>>> u, v, w = Decimal (20000), Decimal (-6), Decimal ('6.0000003")
>>> (u*v) + (u*w)

Decimal ('0.0060000")

>>> u * (vtw)

Decimal ('0.0060000")

FEI{E

decimal FBHRIETF RGP T —2URFR(E, 55 NaN, sNaN, -Infinity, Infinity DAKPIFIZE(E +0
-0,

JeF KA PAH A Decimal ("Infinity") RAHE. BAIWA AEARF DI visionBy Zero {5 53R 1
IRRPAT R E . B, MAIKROver flow (F 51, WA PAIE L & AR H Ho KT 2R BB il =X
FEHETGTF KIS o

T REAFFZH) (i) R HTREARZE, ENSPAERILE R E R 7R, filln, F55K
n—AH R R N TR

FBEATFAEA WA RIIZ TR 2R 0] NaN, S AR T TnvalidOoperation {55 WM& K455 .
B, 0/0 2iR[] NaN FOREHR “ANe— DT, AR NaN @830 ER, I BAE " EZ FE 5 e
N EUE 2138 NaN BEER . SRR N T I i D A B 2 T SRR A — & SRV R R E A R
LA TR R LT R4k EIZ AT

H— AR sNaN, BIERUGET R S A N E S TR IR 200 T ToAEE A B b 5 AT
R B, X — MR IR [

Python 1 lAZ B AT AT NFEP I NaN B e N AUF . AHSE R I AE B Va4 b o Bk AL a5 5 1Y
NaN B} B2 ikl False (B /2 $14T Decimal ('NaN') ==Decimal ('NaN')), TIASFHANEE kR
[l True. B2 HH <, <=, > 3 >= BEAHIAET—A R P Decimal {H, Wz HEHA Nan 1)
F51 %k Invalidoperationfgs, WEHRMAES REAHFNFHR B False, R T EHE ALK
HUE HIE AT XY & NaN [ LR LSk B F IEEE 854 #RifE (MLAE 5.7 53k 3). B #8157 & in
e, M compare () fl compare-signal () F .

AT ZEAT DA M) it s A . EANMREA S &8 T ks A LR ATE Sk e i . T e
KWK, IEFMAELSHN S, HEMNUAFSBEAER.

XA FEEAM SN AT TZ 20, AT ZBARERER, EIT0R BN R A .
ﬁ?g@%g%ﬁﬂm%ﬁﬁﬁiﬁﬁjo XTI T AR SR W IRES kUl , DA R EETEWETFA 2R
M 2 LAY -

>>> 1 / Decimal ('Infinity")
Decimal ('0OE-1000026")
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9.4.8 %R

getcontext () RS NENERBEVTR AR Context X5, HARMARE LT CEREXET MBS
N3 (Bl getcontext () .prec=10) MAFZIHAMLLFE.

Kl setcontext () 224 H1 LN CH H AR H shR(E .

WMRAEPH setcontext () ZHIWH T getcontext (), Wgetcontext () ¥ HNANE—AH R CHE
VTR AP

B TR SCF Ul B A4 M DefauliContext ) JFE 7Y SC. B il BRIAME DA AR SRR B 3517 30 8] 6 A
ARFIME, TTPAEFZAE M DefaultContext X5 . X W M4 TEATAT LR 7 8l Z AT 5¢ LA ] get context ()
MR [ RS sa g 2. filan:

# Set applicationwide defaults for all threads about to be launched
DefaultContext.prec = 12

DefaultContext.rounding = ROUND_DOWN

DefaultContext.traps = ExtendedContext.traps.copy ()
DefaultContext.traps[InvalidOperation] = 1

setcontext (DefaultContext)

# Afterwards, the threads can be started
tl.start ()
t2.start ()
t3.start ()

9.4.9 fiiz
PAT R — S8 PR THeR B GRS, BTN T Decimal Jeiy 24 FiTr:

def moneyfmt (value, places=2, curr='', sep=',', dp='.",
pos='"', neg='-', trailneg='"):
"""Convert Decimal to a money formatted string.

places: required number of places after the decimal point
curr: optional currency symbol before the sign (may be blank)
sep: optional grouping separator (comma, period, space, or blank)
dp: decimal point indicator (comma or period)
only specify as blank when places is zero
pos: optional sign for positive numbers: '+', space or blank
neg: optional sign for negative numbers: '-', '(', space or blank
trailneg:optional trailing minus indicator: '-', )", space or blank

>>> d = Decimal ('-1234567.8901")

>>> moneyfmt (d, curr='S")

'-51,234,567.89"

>>> moneyfmt (d, places=0, sep='.', dp='"', neg='"', trailneg='-")
'1.234.568-"

>>> moneyfmt (d, curr='S$', neg='(', trailneg=')")
'(81,234,567.89) "'

>>> moneyfmt (Decimal (123456789), sep='" ")

'123 456 789.00"

>>> moneyfmt (Decimal ('-0.02"'), neg='<', trailneg='>")
'<0.02>"

(R oaks:)
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mn

g = Decimal (10) ** -places # 2 places —--> '0.01"'
sign, digits, exp = value.quantize(q) .as_tuple()
result = []
digits = list (map(str, digits))
build, next = result.append, digits.pop
if sign:

build(trailnegqg)
for i in range (places):

build(next () if digits else '0")
if places:

build(dp)
if not digits:

build('0")
i=0
while digits:

build (next ())

i+=1

if i == 3 and digits:

i=0
build(sep)

build (curr)
build(neg if sign else pos)
return ''.join (reversed(result))

def pi():
"""Compute Pi to the current precision.

>>> print (pi())
3.141592653589793238462643383

men

getcontext () .prec += 2 # extra digits for intermediate steps
three = Decimal (3) # substitute "three=3.0" for regular floats
lasts, t, s, n, na, d, da = 0, three, 3, 1, 0, 0, 24
while s != lasts:

lasts = s

n, na = nt+na, nat+3

d, da = d+da, da+32

t = (t *n /d

s += t
getcontext () .prec —= 2
return +s # unary plus applies the new precision

def exp (x):
"""Return e raised to the power of x. Result type matches input type.

>>> print (exp (Decimal (1)))
2.718281828459045235360287471
>>> print (exp (Decimal (2)))
7.389056098930650227230427461
>>> print (exp(2.0))
7.38905609893

>>> print (exp (2+07))
(7.38905609893+07)
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mn

getcontext () .prec += 2
i, lasts, s, fact, num = 0, O, 1, 1, 1
while s != lasts:
lasts = s
i +=1
fact *= i
num *= x
s += num / fact
getcontext () .prec —= 2
return +s

def cos(x):
"""Return the cosine of x as measured in radians.

The Taylor series approximation works best for a small value of x.

o

For larger values, first compute x = x % (2 * pi).

>>> print (cos (Decimal ('0.5")))
0.8775825618903727161162815826
>>> print (cos(0.5))
0.87758256189

>>> print (cos (0.5+07))
(0.87758256189+037)

mn

getcontext () .prec += 2
i, lasts, s, fact, num, sign = 0, O, 1, 1, 1, 1
while s != lasts:

lasts = s

i 4= 2

fact *= 1 * (i-1)

num *= x * x

sign *= -1

s += num / fact * sign
getcontext () .prec —= 2
return +s

def sin(x):
"""Return the sine of x as measured in radians.

The Taylor series approximation works best for a small value of x.

o

For larger values, first compute x = x % (2 * pi).

>>> print (sin(Decimal ('0.5")))
0.4794255386042030002732879352
>>> print (sin(0.5))
0.479425538604

>>> print (sin(0.5+07))
(0.479425538604+07)

mn

getcontext () .prec += 2
i, lasts, s, fact, num, sign =1, 0, x, 1, x, 1
while s != lasts:

lasts = s

CFoiaks:)
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i 4= 2
fact *= 1 * (i-1)
num *= x * x

sign *= -1
s += num / fact * sign
getcontext () .prec —= 2

return +s

9.4.10 Decimal FAQ

Q. BJgHi A decimal.Decimal ('1234.5") @ mul T4 FEM A2 B RS A %A M A=
Jral?

A ATEE T P A IR B AN

>>> D = decimal.Decimal
>>> D('1.23") + D('3.45")
Decimal ('4.68")

Q. A A AT IEHI AL E B, A ANMERA S0, FEEEA. 75— LBOANBGZ R
B, 5 SUEA . MO AT AJTIR?

Al quantize () JrikE ARIEELCER T HERI O, ARCE T Tnexact FEPF, BAHIE M T 5k R

>>> TWOPLACES = Decimal (10) ** -2 # same as Decimal ('0.01")

>>> # Round to two places
>>> Decimal ('3.214") .quantize (TWOPLACES)
Decimal ('3.21")

>>> # Validate that a number does not exceed two places
>>> Decimal ('3.21") .quantize (TWOPLACES, context=Context (traps=[Inexact]))
Decimal ('3.21")

>>> Decimal ('3.214") .quantize (TWOPLACES, context=Context (traps=[Inexact]))
Traceback (most recent call last):

Inexact: None

Q. HFA I PI A RIS, FEANAAE— R AP ORFA RAAAE?

AL FESGEE G S IN AR TR 2 B sh AR B 15 i/ N . HAtZ S5, 5 QAR B AN A B KorH ofe
DUPRF 2 e A8 N B, TR BN quantize () AbHAEE:

>>> a = Decimal('102.72") # Initial fixed-point values

>>> b = Decimal ('3.17")

>>> a + b # Addition preserves fixed-point

Decimal ('105.89")

>>> a - b

Decimal ('99.55")

>>> a * 42 # So does integer multiplication

Decimal ('4314.24")

>>> (a * b).quantize (TWOPLACES) # Must quantize non-integer multiplication
Decimal ('325.62")

(T IUakZE)
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>>> (b / a).quantize (TWOPLACES) # And quantize division
Decimal ('0.03")

TETF R SE Y I, BT (R R0 E AL HE quantize () PYRHRREL:

>>> def mul (x, y, fp=TWOPLACES) :

C. return (x * y).quantize (fp)

>>> def div(x, y, fp=TWOPLACES) :
return (x / y).quantize (fp)

>>> mul (a, b) # Automatically preserve fixed-point
Decimal ('325.62")

>>> div(b, a)

Decimal ('0.03")

Q. FRFA—MEAVFZ . $(5 200,200.000, 2E2 Il 02E+4 AN FEA KT EEARIR . & A IMER
EATEAR R — A TR R ?

A.normalize () JF{ERPRUTA M FEIREMS A5 —FREA:

>>> values = map (Decimal, '200 200.000 2E2 .02E+4'.split())
>>> [v.normalize () for v in values]
[Decimal ('2E+2'), Decimal ('2E+2'), Decimal ('2E+2'), Decimal ('2E+2"'")]

Q. A+ HIELERHAT AR EE R B ROA AR B — DR R B

AT REEERYE, 180N B e Fom RECH AR IME—INE. BN, F 5. 0E+3 7R 5000 ATPALE
(HARFHERE , (FRR TR AR W (A RO -

R AR AR K DIBEARAL, WA DR B IR R A AR R, Z A AR PR A -

>>> def remove_exponent (d) :
return d.quantize (Decimal(l)) if d == d.to_integral() else d.normalize ()

>>> remove_exponent (Decimal ('5E+3"))
Decimal ('5000")

Q. BEAINERF— ATl i By Decimal?
AL SRR AT A bR S R AT DO AR/ S Decimal {6, {EDRS B YA ] fIE RS 28 LU 508 BEAE S i) A

=

>>> Decimal (math.pi)
Decimal ('3.141592653589793115997963468544185161590576171875")

Q. 76 AMLZLHIT T, FR SR BEARER 2758 RS BE R R A AR 7 S Bt I
A. {5 decimal SEHERT DL 53 MR DAL . P 0 P S PR AR G A MBSk T b 742
USROS AR IATERT BRI 8 ARSI AR 6 A PR A SR A5 R B2 B

Q. Fe I T SO RO ) LB S ST G5 LT ARSI 7T A 0 R TS R (A5 14 7 B0 B
ng

AR SO LA A A AR, ZEscsel LIRS BRI, RASREAWaA. X T

ARV AL 2 “Prim ARDATAS” . TR N2 RAR S T AR A, SR ERR TSRS
Al:%:
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>>> getcontext () .prec = 3

>>> Decimal ('3.104'") + Decimal('2.104")

Decimal ('5.21")

>>> Decimal ('3.104"') + Decimal('0.000") + Decimal('2.104")
Decimal ('5.20")

FfR DAY SR B R MG RE B ) B I A SR i AR5t ol 8 A

>>> getcontext () .prec = 3
>>> +Decimal ('1.23456789") # unary plus triggers rounding
Decimal ('1.23")

AN, WA A Context . create decimal () JyIEAERIE ARHATRA

>>> Context (prec=5, rounding=ROUND_DOWN) .create_decimal ('1.2345678")
Decimal ('1.2345")

9.5 fractions — ¥

JRAREYS Lib/fractions.py

Fract ions BUSEIHMHGER.

SPEUSEBIAT DA — X EEE, — N8, BOE — AN R AT

class fractions.Fraction (numerator=0, denominator=1)

class fractions.Fraction (other_fraction)

class fractions.Fraction (float)

class fractions.Fraction (decimal)

class fractions.Fraction (string)
B— M RRASELR numerator Fl denominator ‘2numbers.Rational WZEH], FiREl—E Fraction
sefhl, HAE M numerator/denominator. IR denominator ) 0 ¥445| % ZeroDivisionError,
5 AR ELR other_fraction Enumbers.Rational WJSEHI, HiREl—AFraction LB H 51 A
HFZ ., FWNIRAEESZ float Bidecimal.Decimal WSER], FFiR—DFraction L6 H 5 A
ﬁmé*ﬁfr TR T R S GE %TEZEE"JIE@ il (;’%Ju tut-fp-issues), Fraction (1.1) IS

FHARSHKAET 11710, FHIE Fraction (1.1) M R&RM P FAEM Fraction (11, 10). (i

S F X 1imit_denominator () JERISCRY. ) *@%%%E@%E*’l‘ﬂﬁﬁ%%ﬁ*’l‘?ﬁ%ﬁ unicode
S, S E TR O

[sign] numerator ['/' denominator]

HA gm0 sign oJPAK ‘47 8¢ ‘- ‘If H numerator fll denominator (UIRAFFE) & T Hil 5
HIFAFER o BLAN, float MR Z AT ER — A BRIEM EAF R WA Fract ion M ias i
Zo ANEHBAE I f A AT B AR T DAY A BT/ 8 SR SR . X B2 — SR

>>> from fractions import Fraction
>>> Fraction (16, -10)

Fraction (-8, 5)

>>> Fraction (123)

Fraction (123, 1)

>>> Fraction ()
Fraction (0, 1)

CFItakEs)
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(& L)
>>> Fraction('3/7")
Fraction (3, 7)
>>> Fraction(' -3/7 ")

Fraction (-3, 7)

>>> Fraction('1.414213 \t\n')
Fraction (1414213, 1000000)

>>> Fraction('—-.125")

Fraction (-1, 8)

>>> Fraction('7e-6")
Fraction (7, 1000000)

>>> Fraction(2.25)

Fraction (9, 4)

>>> Fraction(1.1)
Fraction(2476979795053773, 2251799813685248)
>>> from decimal import Decimal
>>> Fraction(Decimal('1.1"))
Fraction (11, 10)

Fraction 84K AR K numbers. Rational, FHEM TiZBW TG T EMEEVE, Fraction 5C
Bl PTG AI), R 24T AT S . BUoh, Fraction iHAPURIEMER -

YE 32 MU Fraction MG e IIAER:Z float fldecimal.Decimal SEf,

numerator

S 4 [11a3 | WO F e i
denominator

e fH BB 4B
from_float (fit)

ﬁk*ﬁf‘f—fﬁl_g/\fﬂractlon kFIR fir WAETRE, RSHUME—Prloat, WHER
Fraction.from_float (0.3) WMEFHAEZET Fraction (3, 10).

{Ef#: M Python 3.2 Jf4G, FefiiFraction SERBINAI DABE I float.

from_decimal (dec)
W EAE— N Fraction Kz dec ASHIE, ZSEWME—decimal.Decimal 5L
(P

TEf#: M Python 3.2 Jf4G, frifitiFraction SERIRAI DA #E(# fl decimal . Decimal SEH.

limit_denominator (max_denominator=1000000)
K3 FR IE] #/\Fra ction FEHAE BT self I HABA KT max_denominator, [ 5325
TR 25 8 I R O A PR (R -

>>> from fractions import Fraction
>>> Fraction('3.1415926535897932") .1imit_denominator (1000)
Fraction (355, 113)

o e RN R o — I R A A B

>>> from math import pi, cos
>>> Fraction (cos (pi/3))
Fraction (4503599627370497, 9007199254740992)

(FoUakEE)
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>>> Fraction(cos(pi/3)) .limit_denominator ()
Fraction (1, 2)

>>> Fraction(l.1).limit_denominator ()
Fraction (11, 10)

__floor__ ()

BRI KEint <= self, WHEWMA @ math. floor () BRECRITR:

>>> from math import floor
>>> floor (Fraction (355, 113))
3

__ceil__ ()

RN int >= self, WHEHRAEdnath. ceil () RECRITIA.

__round__ ()
__round___ (ndigits)
F— AR B —A int @R HAERIET self, MEH 02— HXHEEd A. 5 A
20 self S AFEEL Fraction (1, 10**ndigits) BIREEL (W ndigits RHENHKE
BB, R sz — IR RS A OB ANEE round () EEORVI.
fractions.ged (a, b)

R [TEEH a F b R R AL IR a b 2 —ARF, W gcd(a, b) ALAEXHEZARERINBERR a A1 b (1Y
RKEEE. 77 b ARE, W ged(a,b) Fb[ET; HMREMES a 5. ged (0, 0) &[H 0,

3.5 UGERE: Hmath. ged () BURE.
Z Y.
numbers B ¥ RECT B PG g L2

9.6 random —4 R {AREHL %L

JPi:  Lib/random.py

BRSO RE DL 1 -

XEFRAL, BRI A1t . ST, AAERPLCRISE i TR R REHLHES Y s %
AR I BEALAIARE 11 075 B 40 1) R

SR, IS, A (R . APEGERS . SORC. VTSR DUS AR, T A1
B DA A von Mises 4377 o

JLT- G Ak pR SRR A T AR bR 8k random (), EFELFFRLXE [0.0,1.0) P39 2) 4 BRENLIF 5% Python
fii | Mersenne Twister /A% AE Wi . B 774 53 (ORS BEVE 8L, AU 2%%19937-1 , HAE C Wi iRJE K
PRBE e LR 4 . Mersenne Twister 2 P72 A BENIE R A g 2 —. B2, B2 fEr, BN
EHTHAHK, FHEEREEINSEH.

XA UL B ESE B |2 random. Random ZERY BRI ) 95 5€ Jr ¥k, ARmT PASEBIME B C 1) Random
LB LASRIBOA I RS A2 Ji Al -

WERARAEAE T B S Bt WA F Bl AR s, 28 Random WA DAMMER 138 FEXAMELL T, HH random () |
seed () . getstate () PAN setstate () H¥E. AIEH, FrAd sl AR getrandbits () H¥E——
XSV randrange () FEARRR BT A 1% 4%

random LRSI Sy st emRandom 26, "B BRGS0 . urandom () MEAERGHRBERTERA BUEEHLEL -
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el RN RE AL PO REN LA s I T2 B . A XLEESnE gk, HEisecrets ik,

S

M. Matsumoto and T. Nishimura, “Mersenne Twister: A 623-dimensionally equidistributed uniform pseudorandom
number generator” , ACM Transactions on Modeling and Computer Simulation Vol. 8, No. 1, January pp.3-30 1998.

Complementary-Multiply-with-Carry recipe ] FAeARIBACREILE A e, BoA I JRIIAIAR X fa] B A ST R4

9.6.1 HiCThik
random. seed (a=None, version=2)
WAL REAL A B -
W a YAAWEECN None |, W 4 {1 RGEHTE] . WEREAE RGPLAERENLIR, WM ENNAZ RS
e (0] PER RIS R, WS ios . urandom () ML) .
W a 52 int 88, I E G .
XTHA 2 (BRINW), str . bytes Bbytearray XN int FFEHTEHTAE L.
XA T (T MIHBRAE) Python FILBENLT S ), M T str Mbytes BREWEABUEA R FIERE .
TE 32 UEE: DR RIRA 2 HE, & REHFR R ra .
random.getstate ()
IR AR AR AR S BT RIS S . XK AT MG RS set state () RIKEIRTS.
random.setstate (state)
state [V % /& M Z HI ] Hlogetstate () RGW, I Hsetstate () 1§42 B8 1 N HOIR S &
Flgetstate () HMAAFHPRA.

random.getrandbits (k)
IR B kALY Python 3885, It 7 ¥4 MersenneTwister 4 il gn—c 2 ik, HAth— b4 )i as i m] DA
R HAE N APT ]kl orfit. WRWH, getrandbits () Ml randrange () SRALBEEEIGEH .

9.6.2 ERAERI

random.randrange (sfop)

random.randrange (start, stop[, step] )
M range (start, stop, step) RE—PHENEFEWILE. XM T choice (range (start,
stop, step)) , (HSEPR B A E— range X4,

PESHIAIL L range () o AW RBTSE RS R BT RELAR MK 7 s EAT.

TE 32 UK randrange () TR ZIAE T TR AR 2. PARTEMH T4 “int(random()*n)“i%
FERTE, BWRA=AE RN S8 40 1F
random.randint (a, b)

RPIGENLIEEL N e a <= N <= b, 24T randrange (a, b+1),

9.6. random —4 R {AMEYLE 297


https://code.activestate.com/recipes/576707/

The Python Library Reference, k4% 3.6.15

9.6.3 FFYIAEAE

random.choice (seq)

ﬁAﬂE%?@J seq ﬁ@*&ﬁﬁ*ﬂﬁio ﬁﬂ% seq ﬂﬂ?ﬁ, )E"J%'[EIndeXErroro

random. choices (population, weights=None, *, cum_weights=None, k=1)

M *population® HEPERE R, IR /NHK k (FICESF . UK population %5, WE| K IndexError,

WERAGE T weight J75), WARPEAXIBCE A TIERE . B0, WIERGH cum_weights J7 51, MR HE B FAL
# (ARl itertools.accumulate () T15) #ATHEE. GlA0, MXECE “[10, 5, 30, 5S]M24 T 5
BB “[10, 15, 45, 501, FEWFER, FHXTBCEFESA TR B 2 AI o RBRGE, RSt R AR T
PATTE LAE=E

USRI ARTE & weight WARFEE cum_weights | WIDIAHSERINER A TRERE . QR4 0L TRUEFS), WE S
5 population FEH K EME] . — 4 TypeError 385E T weights Fll *cum_weights* .,

weights B, cum_weights W] DAM# I ATA7] 5 random () iR[Ef float (B HIBVERMBUERE (GFFE, 7
BN BB FE B 6N

3.6 BRI HE.

random.shuffle (x[, random ] )

R 51 x BERLETRLALE
S H random J2—A> 0 ZHeREL, 75 (0.0, 1.0) Hai [ FEALIE 80 BOARE LT, X2 s%random ()

BERAE — AN AR ) 5 3R [ —ASET T ELS 2%, 3 A “sample(x, k=len(x)),

TR, RIMERXST/NE Len (x) , x BIHESLE R AT PAPREIG R , KT R ZBEENIRCE g im0 . X
BWRE RFIIR R ZHHSRIEA 774 BN, K22 2080 (77512 AT PAYE Mersenne Twister ffif/lL
AGRE DI EEIE RS b NG

random. sample (population, k)
A ] A B R B B A R R ME— TR Y & RIS T IO E A AL .
IR SR H AR TR RS R, R R G SA S . G52R8 R AR FEIUFHES , R 1
VIR R AR BEIUREAS . X AV (FEAR) Bl RN — ke (7O1R ).
SRR BN b @& hashable 5§ unique . QI RARE S ER, WIERR H BUES A Pl BRI IEEE .

BN —RINVEBEHO T FRREA, E M range () XERAERSEL XTI EABEHREE, X7 2455
e HA548 2S[8) 1 sample (range (10000000) , k=60) ,

WERAEAKRNKTF BAA RN, W5k valueError .

9.6.4 SL{ES 1A

DA BRI R B SR AT o T P 5 S e b B 68 ) BRI AE, BR BB BOA i R A I S B 44 K
2Bk B AR AT DATEARAT e 2430 4k 21
random.random ()

i [1] [0.0, 1.0) i [ N AY R — A EEBLPE K%L

random.uniform (a, b)

REl—NFEVREEECN , M a <= bifa <= N <=b, 4b < alifb <= N <= a,
Pt a + (b-a) * random() PHTESAH/A, a1 b A MEIEECA SRR L A -

random.triangular (low, high, mode)
Rl —AFEHLIFE BN, 15 low <= N <= high }FER LG F 2 (B FHEE M mode . low FI high
HAERIN N BRI — . mode ZEUEIN NN A 2 [ S, 45 HXFFRA R -
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random.betavariate (alpha, beta)

Beta /31, S804 2 alpha > 0 fllbeta > 0. REMEMTEEAT 0 F1 1 Z [0,

random.expovariate (lambd)
88U lambd 2 1.0 [RUABTREESE, BERZEIEEN. (RSEARN A4 “lambda”, [HiX/2
Python HLREAF . ) AR lambd JAy1E, WREMERITEREY 0 B IETCEF R Q2R lambd Hyfi, TR [EHE
MIATEGTRE 0.

random.gammavariate (alpha, beta)
Gamma 317, (% gamma RE!) S MFE alpha > 0 fll beta > 0.

x ** (alpha - 1) * math.exp(-x / beta)

math.gamma (alpha) * beta ** alpha

random.gauss (mu, sigma)

BT . mu BFEE, sigma BAREZ ., XHTHE X normalvariate () B,

random.lognormvariate (mu, sigma)
MPBOERS T WARARR XA 0 H AR, ARRSE— MBS0, FIER mu FIFRHEZE R
sigma o mu W] DURBATAT(E, sigma WK T2,

random.normalvariate (mu, sigma)
BT mu ZPEE, sigma JEAREZE .

random.vonmisesvariate (mu, kappa)

- RIEW AT mu 2 I FRIE, DAIVEZOR, /T 0 71 2%pi Z (8], kappa RWRESHL, WHKT 5K
STE. WK kappa SFT%, WZMAGAE 0 F 2% pi (TS NI/ N2 2 REHLA L .

random.paretovariate (alpha)

WHERFLM A alpha 2RSS

random.weibullvariate (alpha, beta)

AT /R I3 o alpha ZHBIZEL, beta J2TERSEL

9.6.5 ERERE

class random.SystemRandom ( [seed] )
ffiflos. urandom () REIZE, FIMNEIERGARBEIEA RBENLEL . XIFARE A TIrE 24 WAK
BT HAPIRE, PR EI. B, seed () IERABCRMGE AN . getstate () Flsetstate ()
FEMRGE WG| & Not ImplementedError,

9.6.6 XFHIMEAIBRA
A I RERS T ON AT LB AR 2 R P S A Y . Gl ER AT, R AR ST, MR
FEA ] LAFEPR IR AN [ 1877 2 (8] BB .
R 2 BRI SRR 1 B AR 2 7E Python fRASH R A4Sk, ELRUERA D T S BCAE
o ARASIN T BHFER O, MR B S AR A IR L
o UFE BRSO T A R BRIy, AR random () 7R 4RSS AR o
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9.6.7 fl-¥F0ECT5
FARBI:

>>> random ()
0.37444887175646646

>>> uniform (2.5, 10.0)
3.1800146073117523

>>> expovariate(l / 5)
—seconds

5.148957571865031

>>> randrange (10)
7

>>> randrange (0, 101, 2)

26

>>> choice(['win', 'lose', 'draw'])
'draw'

>>> deck = 'ace two three four'.split()

>>> shuffle (deck)
>>> deck
['four', 'two', 'ace', 'three']

>>> sample([10, 20, 30, 40, 501, k=4)
[40, 10, 50, 30]

Random float: 0.0 <= x < 1.0

Random float: 2.5 <= x < 10.0

Interval between arrivals averaging 5.

Integer from 0 to 9 inclusive

Even integer from 0 to 100 inclusive

Single random element from a sequence

Shuffle a 1ist

Four samples without replacement

Ll

>>> # Six roulette wheel spins (weighted sampling with replacement)

>>> choices(['red', 'black', 'green'],

['red', 'green', 'black', 'black', 'red',

18, 2], k=6)

'black']

>>> # Deal 20 cards without replacement from a deck of 52 playing cards
>>> # and determine the proportion of cards with a ten-value

>>> # (a ten, jack, queen, or king).
>>> deck = collections.Counter (tens=16,

>>> seen = sample (list (deck.elements()),

>>> seen.count ('tens') / 20
0.15

low_cards=36)
k=20)

>>> # Estimate the probability of getting 5 or more heads from 7 spins
>>> # of a biased coin that settles on heads 60% of the time.
>>> trial = lambda: choices ('HT', cum_weights=(0.60, 1.00), k=7).count('H') >= 5

>>> sum(trial () for i in range (10000))
0.4169

/ 10000

>>> # Probability of the median of 5 samples being in middle two quartiles

>>> trial = lambda
>>> sum(trial () for i in range (10000))
0.7958

2500 <= sorted(choices (range (10000), k=5))[2]
/ 10000

< 7500

statistical bootstrapping {4 FH FRAEFIER A A TR/ N FL AT REAR B S ELAY L XA AR 7 -
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# http://statistics.about.com/od/Applications/a/Example-Of-Bootstrapping.htm
from statistics import mean
from random import choices

data = 1, 2, 4, 4, 10

means = sorted(mean (choices (data, k=5)) for i in range(20))
print (f'The sample mean of {mean(data):.1f} has a 90% confidence '
f'interval from {means[l]:.1f} to {means[-2]:.1f}")

S FHTRAEHRS L R GE T2 M BCE G p-(F SRLES 259 55 2R A 2 ) 22 S i 7 8

# Example from "Statistics is FEasy" by Dennis Shasha and Manda Wilson
from statistics import mean
from random import shuffle

drug = [54, 73, 53, 70, 73, 68, 52, 65, 65]
placebo = [54, 51, 58, 44, 55, 52, 42, 47, 58, 406]
observed_diff = mean(drug) - mean (placebo)

n = 10000

count = 0

combined = drug + placebo

for i in range(n):
shuffle (combined)
new_diff = mean (combined[:len(drug)]) - mean(combined[len (drug):])
count += (new_diff >= observed_diff)

print (f'{n} label reshufflings produced only {count} instances with a difference')
print (f'at least as extreme as the observed difference of {observed_diff:.1f}.")
print (f'The one-sided p-value of {count / n:.4f} leads us to reject the null')

(

print (f'hypothesis that there is no difference between the drug and the placebo.')

B BRI 55 BB o B B R I R0 AR 55 52 £k

from random import expovariate, gauss
from statistics import mean, median, stdev
average_arrival_interval = 5.6
average_service_time = 5.0
stdev_service_time = 0.5
num_waiting = 0
arrivals = []
starts = []
arrival = service_end = 0.0
for i in range(20000) :
if arrival <= service_end:
num_waiting += 1
arrival += expovariate(1.0 / average_arrival_interval)
arrivals.append(arrival)

else:
num_waiting —= 1
service_start = service_end if num_waiting else arrival
service_time = gauss (average_service_time, stdev_service_time)
service_end = service_start + service_time

starts.append(service_start)
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CAND)
waits = [start - arrival for arrival, start in zip(arrivals, starts)]
print (f'Mean wait: {mean(waits) :.1f}. Stdev wait: stdev (waits) :.1£}.")
print (f'Median wait: {median(waits):.1f}. Max wait: {max(waits): :.1f}.")
W

Statistics for Hackers Jake Vanderplas 85 SRR, (] — L8 HAMSIEA T 0T, SRR, ke, B
YRR SUBAIE

Economics Simulation Peter Norvig 4 5 R TIAREAY, B T ZEHH B VFL THAM AN (R
¥J5). FEAS. beta it pEFE. =AAIBEHLILHEE).

A Concrete Introduction to Probability (using Python) Peter Norvig 385 [#He, 3% TARRISIANEHE, W] 4
G, DASAAT (A Python #E4 T804 /4T -

9.7 statistics —¥Z24it R

3.4 HiPi6e.
PACHY: Lib/statistics. py

BHERIE T T RECY Real (H) Bl BOSETTE R AL

R BRIRmER:, XY int, float, decimal.Decimal fMlfractions.Fraction, *4HIA
SCREFILAER ORISR ETERFHET) WATh. IRAREE A S L HB YT BARSEI . QAR A
IRERBA R, RN IZBER M Hmap () SRR —H45 R, Bl map (float, input_data).

9.7.1 FH{ELI R I PGB
DR RN TR R B AR (P S (Ll 2

mean () TR A TR (TR0
harmonic_mean () B BRI,

median () Fomny rh g (hiE{E)
median_low () P L VGREE 4

median_high () Bl i 4
median_grouped () | ZrHEFEIHAE, HIZE 50 ASEH 0 M.
mode () Mode (most common value) of discrete data.
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9.7.2 35 BiE EEY T
S BRSO TR PR R A 5 SR P (i B AR

pstdev () Bl ) S AR E 2
pvariance () | BARE) KT E
stdev () Bl AR IE 22
variance () BARrHEA Ty 72

9.7.3 EHMT

R X LR BN TR AL BN BR I THE Y - (02, AT Or R, REEBI TR 2EHIF
Fesl.

statistics.mean (data)

iR [8] data FIREATEASFI%L, B2 — s sk A .

ARSI SRR SRR . AR PR, R ERRIES AT —.
po i 6L SN IA RS

15 data =S, B&e5|kStatisticsError,

— LR -

>>> mean([1, 2, 3, 4, 41)

2.8

>>> mean([-1.0, 2.5, 3.25, 5.75])
2.625

>>> from fractions import Fraction as F
>>> mean ([F (3, 7), F(1, 21), F(5, 3), F(1, 3)1)
Fraction (13, 21)

>>> from decimal import Decimal as D
>>> mean ([D("0.5"), D("0.75"), D("0.625"), D("0.375")1)
Decimal ('0.5625")

{Ef#: The mean is strongly affected by outliers and is not a robust estimator for central location: the mean is
not necessarily a typical example of the data points. For more robust, although less efficient, measures of cen-
tral location, see median () and mode (). (In this case, “efficient” refers to statistical efficiency rather than
computational efficiency.)

The sample mean gives an unbiased estimate of the true population mean, which means that, taken on average over
all the possible samples, mean (sample) converges on the true mean of the entire population. If data represents
the entire population rather than a sample, then mean (data) is equivalent to calculating the true population mean
.

statistics.harmonic_mean (data)

iR [0] data FIVHRI(E, Lol DA FPo sl SRyt A de

TEAIE, WA SO, A B BIEIN BRI Eimean () WEEL. W, #dia, b, ¢y
WHIIMESET 3/ (1/a + 1/b + 1/c)

The harmonic mean is a type of average, a measure of the central location of the data. It is often appropriate when
averaging quantities which are rates or ratios, for example speeds. For example:

9.7.
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Bt — A AR EAE = KA TSI TG AR, PA2.5, 3, 10 (1 P/E B9/ ) K. BREH%
REpibR RSNt 2

>>> harmonic_mean([2.5, 3, 101]) # For an equal investment portfolio.
3.6

Using the arithmetic mean would give an average of about 5.167, which is too high.
W data R RFEALAT—NICRIENTZ, K5lkstatisticsError,
3.6 BRI HE.

statistics.median (data)

R IR “BOR R ECEIIE” ik, RIS g (REME) o AR daa =, WE)
K StatisticsError . data W] DAETHBOE RS,

The median is a robust measure of central location, and is less affected by the presence of outliers in your data.
When the number of data points is odd, the middle data point is returned:

>>> median([1, 3, 5])
3

R RS R, CLECRE A X A R TR (RS A TR (A 4 -

>>> median([1, 3, 5, 71)
4.0

I T U AR 2 B, HARA AT O 2 S B i A 1 2 -

If your data is ordinal (supports order operations) but not numeric (doesn’ t support addition), you should use
median_low () or median_high () instead.

S U

median_low (), median_high (), median_grouped/ )

statistics.median_low (data)

Return the low median of numeric data. If data is empty, StatisticsErrorisraised. data can be a sequence
or iterator.

& R — e R BRI A o MR R BB AT R, SRR el a2 HO RN, R [
RN B NI A o

>>> median_low ([1, 3, 5])

3

>>> median_low ([1, 3, 5, 7])
3

RIS e B, HARS B L0 — S B e M AR (EL4 SR vl DA AR o (S48

statistics.median_high (data)

Return the high median of data. If data is empty, StatisticsError is raised. data can be a sequence or
iterator.

R RN AR B . SRR BB AT RN, R el a4 HO RN, R [
RN R IR A o

>>> median_high([1, 3, 5])

3

>>> median_high([1, 3, 5, 7])
5
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ARE RS e B, ARS8 L0 — S B et o T AR (e SR vl DA g o (S8

statistics.median_grouped (data, interval=1)
Return the median of grouped continuous data, calculated as the 50th percentile, using interpolation. If data is
empty, StatisticsError israised. data can be a sequence or iterator.

>>> median_grouped([52, 52, 53, 54])
52.5

TE R R B, BinC @A, XaEMEAAER AW A P E] L, BN 12 0.5-1.5 7328y
Bl 202 1L.5-2.5 7028l 3 %2 2.5-3.5 MY APE) 505 . ARG ERI RS, HIRIEL % 1k 3.5-4.5
TRZN, IR R AR A TR

>>> median_grouped([1, 2, 2, 3, 4, 4, 4, 4, 4, 5])
3.7

TSR interval FrRpJEMING, BOAEDY 1. S8 70 LIRS B 2R S mTEEE R :

>>> median_grouped([1, 3, 3, 5, 7], interval=l)
3.25

>>> median_grouped([1, 3, 3, 5, 7], interval=2)
3.5

BERR B A AL K s 2 ()2 75 2 DA B interval FIHEES .

CPython implementation detail: 7EF-28E N, median_grouped () W DAL 5 i 5 i 5540 1%
A WAT HAER A T RE S KA

UL

 “Statistics for the Behavioral Sciences” , Frederick J Gravetter and Larry B Wallnau (8th Edition).
¢ Calculating the median.
* Gnome Gnumeric H, T H ) SSMEDIAN pR&L, 5 X imiie.

statistics.mode (data)

Return the most common data point from discrete or nominal data. The mode (when it exists) is the most typical
value, and is a robust measure of central location.

If data is empty, or if there is not exactly one most common value, StatisticsError is raised.

mode assumes discrete data, and returns a single value. This is the standard treatment of the mode as commonly
taught in schools:

>>> mode ([1, 1, 2, 3, 3, 3, 3, 41)
3

The mode is unique in that it is the only statistic which also applies to nominal (non-numeric) data:

>>> mode ( ["red", "blue", "blue", "red", "green", "red", "red"} )
'red'

statistics.pstdev (data, mu=None)

RS AR (BT ZMFIIR) . WEHpvariance () TH#SERIHALLT .,

>>> pstdev([1.5, 2.5, 2.5, 2.75, 3.25, 4.75])
0.986893273527251
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statistics.pvariance (data, mu=None)
Return the population variance of data, a non-empty iterable of real-valued numbers. Variance, or second moment
about the mean, is a measure of the variability (spread or dispersion) of data. A large variance indicates that the
data is spread out; a small variance indicates it is clustered closely around the mean.

If the optional second argument mu is given, it should be the mean of data. If it is missing or None (the default),
the mean is automatically calculated.

{01 S R ST AR T A BB T 3 T 22 . BRI — MREASRIE RO 22, % variance () MBURHEYf

eSS

W data WSS W S5 kStatisticsError,

ik

>>> data = [0.0, 0.25, 0.25, 1.25, 1.5, 1.75, 2.75, 3.25]
>>> pvariance (data)

1.25

WERAR T BAE R I, T AR AR AT i 55 — NS4 mu i A DA B A T

>>> mu = mean (data)
>>> pvariance (data, mu)
1.25

This function does not attempt to verify that you have passed the actual mean as mu. Using arbitrary values for mu
may lead to invalid or impossible results.

[]REH, 37 #4545 F] Decimal F1 Fraction i :

>>> from decimal import Decimal as D
>>> pvariance ([D("27.5"), D("30.25"), D("30.25"), D("34.5"), D("41.75")1)
Decimal ('24.815")

>>> from fractions import Fraction as F
>>> pvariance ([F (1, 4), F(5, 4), F(1, 2)1)
Fraction (13, 72)

T 248 P e A S R 0 B R RIR , BORRAS R AR 25 0% T4 R I HUEE R — AR, R
SR ERA T 22 87, WERR A N AN E d B 22
If you somehow know the true population mean |, you may use this function to calculate the variance of a sam-

ple, giving the known population mean as the second argument. Provided the data points are representative (e.g.
independent and identically distributed), the result will be an unbiased estimate of the population variance.

statistics.stdev (data, xbar=None)

REFEARREZE (FEAR T ZHER) . iESFvariance () TESEENHALGAT .

>>> stdev ([1.5, 2.5, 2.5, 2.75, 3.25, 4.75])
1.0810874155219827

statistics.variance (data, xbar=None)
1R AL 2 DA SEEUE I WA 5 data (WAREAR T 25 . Ty ZEBURRAEAT T B e, X8
1ol (EREESEUE) MR, FEERRKEHEIRNBHE R hEER/DNEHTE BEER
LT EIEMT .

WERE T AR A S H xbar, B2 data F¥IE. WPRESEEIEECN None GBUIAME), W4
H B AT RT3
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AR RO B T R R AR O G T B e . ER IR A BRI E T £, WS

W pvariance ().
R data B35 EHDTF AN ESE| K StatisticsError,
INGE

>>> data = [2.75, 1.75, 1.25, 0.25, 0.5, 1.25, 3.5]
>>> variance (data)
1.3720238095238095

IR E T S BAa i I, AT DARF AR AT i) 56— AN S 8 xbar £ N DAE G AT T

>>> m = mean (data)
>>> variance (data, m)
1.3720238095238095

UK B AR PR BRI 1 A xbar Je 15 A ELSS P MEL. (AL RAE AR xbar VT HE S EUICREA 1]
RERY 4,

[ FEH 7 4354 F Decimal A1 Fraction {H :

>>> from decimal import Decimal as D
>>> variance ([D("27.5"), D("30.25"), D("30.25"), D("34.5"), D("41.75")1])
Decimal ('31.01875")

>>> from fractions import Fraction as F
>>> variance ([F (1, 6), F(1, 2), F(5, 3)1)
Fraction (67, 108)

T SR DI RIE REA )y 22 8%, RO A N-1 [ i BER 7 22 o (BRI s oA R (D
ST BTG AT ), TSR 2 @R AR T R TT it

AR i H Ay S URE T RS S A E w M 48 i pvariance () BBOFRARENES mu B2
MRS — R T 22

0.7.4 B

7/

7/

T

exception statistics.StatisticsError

ValueError T2, FRGIIHH RN .
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cHAPTER 10

PR E K AR AR R

A B A RO BIR PR TR BOIE , DASCHF R RGN R KRS RIE v 8] X R e ) 81
AEAL DA SR A SO -

10.1 itertools —ABMITEIAM EIRE N IR L

ARSI — R G iterator |, X EEEMFRZ ] APL, Haskell fil SML )% . kT3 A T Python, B fi1#RH #
5.

ABEAREL T — Pl SRR A0 THAE, XU THAGSRAGHBRAH. EMN—EEET
“CERAFREC, X EEAESE Python oy ] BEANEE &7V =Ry & H LA

BN, SMLA—A R TH: tabulate (f), ER[*E—AFH) £(0), £(1), .... 7E Python T PAZ
Hmap () Mcount () SEP: map (£, count ().

k2N T H R AR AT 5 operat or SRR ELTL A AEH o BIan, FRATAT AR BG4 i) 1) s AR
W5 3 e P ia B AF: sum (map (operator.mul, vectorl, vector2)) .

o535 EARES
A x5 &R Pl
count () | start, start, start+step, start+2*step, - count (10) --> 10 11 12 13 14 ...
[step]
cycle() | p pO0, pl1, ---plast, pO, p1, -+ cycle('ABCD') -——> A B CDABC
D ...
repeat ()| elem [,n] | elem, elem, elem, --- B TLPRIKEL | repeat (10, 3) --> 10 10 10
n K

A e e AP S B A 1k RS
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SR x5 %R NG|
accumulate () | p [,func] PO, pO+p1, pO+pl+p2, - accumulate([1,2,3,4,5]) ——> 1
3 6 10 15
chain () pq pO0, pl, ---plast, qO, q1, - chain('ABC', 'DEF') -—> A B C
D EF
chain. iterable —®] | pO, p1, ---plast, q0, q1, - chain.from_iterable (['ABC',
from_iterable @EMN4 'DEF']) —-> ABCDETF
compress () data, selec- | (d[0]if s[O]), (d[1]ifs[1]), - | compress ('ABCDEF', [1,0,1,0,1,
tors 1]) -——> A C E F
dropwhile () pred, seq seq[n], seq[n+1], -+ M pred | dropwhile (lambda x: x<5, [1,4,
TR B R WO 6 6,4,11) ——> 6 4 1
filterfalse () pred, seq seq ¥ pred(x) NIR{EHWIIC | filterfalse (lambda x: x%2,
£, x & seq PHILE. range (10)) --> 0 2 4 6 8
groupby () iterable[, A key(v) {853 21 A
key] i
islice() seq, [start,] | seq[start:stop:step] FHIYILE | islice ('ABCDEFG', 2, None) -->
stop [, step] CDETFG
starmap () func, seq func(*seq[0]), func(*seq[1]), | starmap (pow, [(2,5), (3,2),
(10,3)1) ——> 32 9 1000
takewhile () pred, seq seq[0], seq[1], -, FL.#| pred | takewhile (lambda x: x<5, [1,4,
B2 6,4,11) ——> 1 4
tee () it, n itl, it2, - itn RF— B RY
Prorh n NEAER
zip_longest () p,q, (plO1, q[OD), (p[1], q[1D), - zip_longest ('ABCD', 'xy',
fillvalue='-"') --> Ax By C-
D_
HEBIALE 35102
EK =S x5 #ZR
product () p. g lre- | R, M THRER for JHIR
peat=1]
permutations () pL, 1] KB roedl, ra el eenHEy], LERILHR
combinations () p. T KErc, )y, TEEILE
combinations_with_replacement () p,r KErood, Ay, JLErERE
product ('ABCD', repeat=2) AA AB AC AD BA BB BC BD CA CB CC
CD DA DB DC DD
permutations ('ABCD', 2) AB AC AD BA BC BD CA CB CD DA DB
DC
combinations ('ABCD', 2) AB AC AD BC BD CD
combinations_with_replacement (|'"ABCD', AA AB AC AD BB BC BD CC CD DD
2)
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10.1.1 ltertool F#

AL R B QIR A g A LIRS IR G R, B CAE AT ST BRI AL B R ARk

TEER AP

itertools.accumulate(#aubkaWw])

O, R ZENATECHAL IR B R AR Gl RIS func 1578 ) . WIRARHLT func
, ENGE 2 NSRRI EL. FA iterable TCRIERUN L fune RESCFFHEREIAL. (B0, XFEAR M
AR, TR VR —SCRIMTARI AL, fffDecimal BiFraction ). ARAIERRXIGHH AN

REAY T

def accumulate (iterable, func=operator.add):
'Return running totals'
# accumulate([1,2,3,4,5]) ——> 1 3 6 10 15
# accumulate([1,2,3,4,5], operator.mul) —--> 1 2 6 24 120
it = iter (iterable)
try:
total = next (it)
except Stoplteration:
return
yield total
for element in it:
total = func(total, element)
yield total

fune ZHRCATURARE . EW LA A min () BR8N R/ME, S W hmax () 2458wk
{8, Bt hoperator.mul () HZGE PR, HraRnl b 2 mALEHSCAFIEE] . 45 iterable
BCEANIGEI AREBEL fune B ZMEET AR — B 120715 7 B

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

>>> list (accumulate (data, operator.mul)) # running product
[3, 12, 72, 144, 144, 1296, 0, 0, 0, O]

>>> list (accumulate (data, max)) # running maximum

(3, 4, 6, 6, 6, 9, 9, 9, 9, 9]

# Amortize a 5% loan of 1000 with 4 annual payments of 90

>>> cashflows = [1000, -90, -90, -90, -90]

>>> list (accumulate (cashflows, lambda bal, pmt: bal*1.05 + pmt))
[1000, 960.0, 918.0, 873.9000000000001, 827.5950000000001]

# Chaotic recurrence relation https://en.wikipedia.org/wiki/Logistic_map

>>> logistic_map = lambda x, _: r * x * (1 - Xx)

>>> r = 3.8

>>> x0 = 0.4

>>> inputs = repeat (x0, 36) # only the initial value is used
>>> [format(x, '.2f') for x in accumulate (inputs, logistic_map) ]

[‘o.40', 'o.912', 'o.30"', 'o.s81', '0.60', '0.92', '0.29', '0.79', '0.63",
‘o.88', '0.39', '0.90', '0.33', '0.84', '0.52', '0.95', '0.18', '0.57',
'‘o.93', 'o0.25', '0.72', '0.79', '0.63', '0.88', '0.39', '0.91', '0.32",
'0.83', '0.54', '0.95', '0.20', '0.60', '0.92', '0.30', '0.80', '0.60"']

S —ANRUEE functools. reduce () , 'BRIRE—HAZEH
3.2 FriRUige.
TE 3.3 UE kAR S func .
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itertools.chain (*iterables)
BlE—AERE, BE RS - ERNE A TR, BERR T —NEAN R P Ira IR,
HEFER AT ERNZ TR IcE. 2P EATS] . KEAHYS T

def chain(*iterables):
# chain('ABC', 'DEF') -——> A B C D E F
for it in iterables:
for element in it:
yield element

classmethod chain.from_iterable (iterable)
tEE M chain () HEAIRE T — AR N—DERI T ERSEP R EE A, ZSHCE R
I, REMHYST:

def from_iterable (iterables):
# chain.from iterable(['ABC', 'DEF']) --> A B C D E F
for it in iterables:
for element in it:
yield element

itertools.combinations (iferable, r)

R H A iterable HIOCEA K E N r T F5) .
G FIR M . BT PAUIERS A iterable 245 1), AEMAIA G CHM 26 F1.

BIESCRMEATE, ARG ITCR BB RAF R WRITTRA BN, AN A G RAE

REAL T

def combinations(iterable, r):

# combinations ('ABCD', 2) —--> AB AC AD BC BD CD
# combinations (range(4), 3) —-—> 012 013 023 123
pool = tuple(iterable)
n = len(pool)
if r > n:

return
indices = list (range(r))
yield tuple(pool[i] for i in indices)
while True:

for i in reversed(range(r)):

if indices[i] != i + n - r:
break

else:
return
indices[i] += 1
for j in range(i+l, r):
indices[j] = indices[j-1] + 1
yield tuple(pool[i] for i in indices)

combinations () WIS Npermutations () IEJEHITFH, (HXFIOEEHmA TR
HE) TCEANEETFN.

def combinations (iterable, r):
pool = tuple(iterable)

n = len(pool)
for indices in permutations(range(n), r):
if sorted(indices) == list (indices):

yield tuple(pool[i] for i in indices)
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W0 <= r <= nff, BRETHMERZ ! / £t / (n-r) 5 B > nif, REHANECH O,

itertools.combinations_with_replacement (iterable, r)

R[] A iterable HICERALSI N r (9 FIF41, SRiFRAocR T R
AT MR B CAISREA iterable 2ATFPRY, A2 A G oCA B2 PR .

ANFRCER TR RAFR, BIEEATAEAMRE . R AP oT R R AR RS, IR IER 4G+
TR B

REAY T

def combinations_with_replacement (iterable, r):
# combinations_with_replacement ('"ABC', 2) —--> AA AB AC BB BC CC
pool = tuple(iterable)
n = len(pool)
if not n and r:
return
indices = [0] * ¢
yield tuple(pool[i] for i in indices)
while True:
for i in reversed(range(r)):

if indices[i] != n — 1:
break
else:
return
indices[i:] = [indices[i] + 1] * (r - 1)

yield tuple(pool[i] for i in indices)

combinations_with_replacement () WIS N production () WM TS, (H
XFICERER A FRINIE) TTEANRH T,

def combinations_with_replacement (iterable, r):
pool = tuple(iterable)

n = len(pool)
for indices in product (range(n), repeat=r):
if sorted(indices) == list (indices):

yield tuple(pool[i] for i in indices)

Mn > 0, REWANECH (n4r-1)! / ! / (n-1)!.
3.1 BT RIIHE.

itertools.compress (data, selectors)

BIE— N ERA, BRI data H1 2 selectors EAEMA True BICE . BAESHE N E BRI B A5
1Eo REAHY T
def compress (data, selectors):

# compress ('ABCDEF', [1,0,1,0,1,1]) —-——> A C E F
return (d for d, s in zip(data, selectors) if s)

3.1 Fihi i e.
itertools.count (start=0, step=1)
Bl —ERER, M start (HIFEG, RIS SIRBERE. 5 Tmap () HSES AR RTEES R EHRE .
WA, BT zip () REMTFINS . KREAHHST:
def count (start=0, step=1):

# count (10) —--> 10 11 12 13 14 ...
# count (2.5, 0.5) -> 2.5 3.0 3.5 ...

(Rt
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(8 E70)
n = start
while True:
yield n

n += step

WX SRR, BBl Tk RS AT AR &, BIAN: (start + step * i for i in

count ()) o
TE 3.1 ek BE IS4 step , FUIFARREEL.

itertools.ecycle (iterable)
Nk, AR iterable T T JCEFIRIT— I HRIA . HHUE iterable A ICER , IRl &A1)
FrfitR. TiRER. KREMST:

def cycle(iterable):

# cycle('ABCD') ——> A BCDABCDABCD ...
saved = []
for element in iterable:

yield element

saved.append (element)
while saved:

for element in saved:

yield element

W, SRR RETR N KRBz H) (T iterable B KJE) o

itertools.dropwhile (predicate, iterable)
g —ANEAER, WIER predicate Jy true, EAAFEFXLEICR, AFREEMITR. FE, EBASE
predicate A false Z B EART4E, FrAP RERG BE— KR R BhE ] . KRB T

def dropwhile (predicate, iterable):
# dropwhile (lambda x: x<5, [1,4,6,4,1]) ——> 6 4 1
iterable = iter (iterable)
for x in iterable:
if not predicate (x):
yield x
break
for x in iterable:
yield x

itertools.filterfalse (predicate, iterable)
BEE—AEACES, Hak [ iterable /1 predicate “h False [JG2 . WIS predicate /& None, 32 [0] EL{E MR,
S false FICE . KEHHYST:

def filterfalse(predicate, iterable):
# filterfalse(lambda x: x%2, range(10)) —-—-> 0 2 4 6 8
if predicate is None:
predicate = bool
for x in iterable:
if not predicate (x):
yield x

itertools.groupby (iterable, key=None)
Bl AN, 1R iterable HEELLHIEFIZ . key &2 —AMTTHICRE(ERE. WR KT E DA None,
key 48 F1EAF K%L (identity function), IRFITTRAAL . —MORUL, iterable 35 [7]—(E B ECTSGHE
J¥
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groupby () HFAERLIT Unix F11) uniqe M4EK key BT M EESERT, EAES 20 HBUE R —
AT (X2 A 2 38 5 75l R — A R B B A THEY ) . X A7 85 SQL ¥ GROUP
BY #:/EAN[E], SQL [ AE 2 Zms i A 315 AH [ S e R e Rl 2

R A G2 — A EARE, B Sogroupby () EIRZEM AT ERX L. B EE L=,
Y groupby () MW JEEARR, Bl —NHRFEK. FIWREEEFTERBEIGER, 7T N
=

groups = []

uniquekeys = []

data = sorted(data, key=keyfunc)

for k, g in groupby (data, keyfunc):
groups.append (list (g)) # Store group iterator as a list
uniquekeys.append (k)

groupby () KEHFYSTF:

class groupby:

# [k for k, g in groupby ('AAAABBBCCDAABBB')] --> A B C D A B
# [list (g) for k, g in groupby ('AAAABBBCCD')] --> AAAA BBB CC D
def _ _init__ (self, iterable, key=None) :

if key is None:

key = lambda x: x

self.keyfunc = key

self.it = iter (iterable)

self.tgtkey = self.currkey = self.currvalue = object ()
def _ iter_ (self):

return self
def _ next_ (self):

while self.currkey == self.tgtkey:
self.currvalue = next (self.it) # Exit on StopIteration
self.currkey = self.keyfunc(self.currvalue)

self.tgtkey = self.currkey
return (self.currkey, self._grouper (self.tgtkey))
def _grouper (self, tgtkey):
while self.currkey == tgtkey:
yield self.currvalue
try:
self.currvalue = next (self.it)
except Stoplteration:
return
self.currkey = self.keyfunc(self.currvalue)

itertools.islice (iterable, stop)

itertools.islice(ﬂaubk,ﬂan,ﬂqusmp])
BIE—ANERER, R iterable Bk IeER . QIR start N2 0, kit iterable i) cE, HEIF|K
start XE . ZIFERARELIRIITTR, BRAE step WEMER & FEBBL . AR stop hy None, 1%
REFBEmIE: B0, R g8iEil. 5¥EEMYI AR, islice () ANLFFRF start | stop , B
step BER A . 7T R A IR 2540 1 i it R 3R UM R - B (Bln—A 24740, BEmAFRT
B BE R =T ) o KBNS T

def islice(iterable, *args):
# islice('ABCDEFG', 2) --> A B
# islice('ABCDEFG', 2, 4) —--> C D
# islice('ABCDEFG', 2, None) —-—-> C D E F G
# islice('ABCDEFG', 0, None, 2) —-—> A C E G
s = slice(*args)

(Qi¥iE3)
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start, stop, step = s.start or 0, s.stop or sys.maxsize, s.step or 1
it = iter (range(start, stop, step))
try:
nexti = next (it)

except Stoplteration:
# Consume *iterable* up to the *start* position.
for i, element in zip(range(start), iterable):
pass
return
try:
for i, element in enumerate (iterable) :
if i == nexti:
yield element
nexti = next (it)
except Stoplteration:
# Consume to *stop*.
for i, element in zip(range(i + 1, stop), iterable):
pass

U2 start j None, ZEAUA O FF4f. URSR step oy None , R ERE N 1.

itertools.permutations (iterable, r=None)

TESLR A iterable TUE A KR r B9HES .

W r KIGES N None , r BRINIKE N iterable B, XFREDLR, AR &K HES) .
HAMK 7 & . L, Q15 ierable 2B HEFH, HEF CALRA = H .

B C R A EAE R, ANEA B TTE BN EARNFER . R ITCREEAR, FNHES R TR EA
SHEE,

KEH ST

def permutations(iterable, r=None) :
# permutations('ABCD', 2) —--> AB AC AD BA BC BD CA CB CD DA DB DC
# permutations (range (3)) —--> 012 021 102 120 201 210
pool = tuple(iterable)
n = len(pool)
r = n if r is None else r
if r > n:

return
indices = list (range (n))
cycles = list(range(n, n-r, -1))
yield tuple(pool[i] for i in indices|[:r])
while n:
for i in reversed(range(r)):
cycles[i] -= 1
if cycles[i] == 0:
indices[1:] = indices[i+1:] + indices[i:1+1]
cycles[i] = n - i
else:
J = cycles|[i]
indices[i], indices[-J] = indices[-]j], indices[i]
yield tuple(pool[i] for i in indices[:r])
break
else:
return

permutations () MARISWA PG Hproduct () MTPH, RERSHEZITR CkAMATR
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def permutations(iterable, r=None) :
pool = tuple(iterable)

n = len(pool)

r = n if r is None else r

for indices in product (range(n), repeat=r):
if len(set (indices)) == r:

yield tuple(pool[i] for i in indices)

WO <=1 <=n, BEFNECHR! / (n-r) !5 B r > n, RETEANECH O,

itertools.product (*iterables, repeat=1)

A R AR R LR

KEH Y T A S F B P i EMEER. B, product (A, B) fll ((x,y) for x in A for y
in B) iRMIGEHR—FE,

IRENEI G RAERIBFEIG AR S, BEGE IR M TR 524 . XTI R T — A,
B R AT ERXT S R EHEF R, B R /ARBUCARIRF K .

AT AR R B SRR, KRS8 repear WE BT RS i, product (A,
repeat=4) fll product (A, A, A, A) B2—F1.

R BCREAN ST R AR, AR LR A SAE AT A SR

def product (*args, repeat=1):
# product ('ABCD', 'xy') —--> Ax Ay Bx By Cx Cy Dx Dy
# product (range (2), repeat=3) --> 000 001 010 011 100 101 110 111

pools = [tuple(pool) for pool in args] * repeat
result = [[]]
for pool in pools:

result = [x+[y] for x in result for y in pool]

for prod in result:
yield tuple (prod)

itertools.repeat (object[, times])
Bl ERER, AWTEE object . RAERESEL times , {MIGTIRER . AT H Tmap () WEH S
B, R A REOTAR R — N AESE. WATH T zip () MSEATETCHIE S TR — A ZE )

REAH T

def repeat (object, times=None) :
# repeat (10, 3) —-—-> 10 10 10
if times is None:
while True:
yield object
else:
for i in range(times) :
yield object

repeat T T JLIK) FTIEWUEAE map B zip $efi— R

>>> list (map(pow, range(l10), repeat(2)))
(o, 1, 4, 9, 16, 25, 36, 49, 64, 81]

itertools.starmap (function, iterable)
AR, BRSSP R SEOR T IR 4 SH00 I TE 2 A — A i)
LR G e n (BlRC g X)W R g map () map () Sstarmap () Z Al
XHIATPAZEE function (a,b) 5 function (*c) MIXH. KEHHYT:
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def starmap (function, iterable):
# starmap (pow, [(2,5), (3,2), (10,3)]) ——> 32 9 1000
for args in iterable:
yield function(*args)

itertools.takewhile (predicate, iterable)

AR, R 2 predicate Y FAEM FTE A R AR IICER . KREHY T

def takewhile (predicate, iterable):
# takewhile (lambda x: x<5, [1,4,6,4,1]) —> 1 4
for x in iterable:
if predicate(x):
yield x
else:
break

itertools.tee (iterable, n=2)

M ARG AR 8] n AT IR -

Tﬁlilﬁ Python fUHSREHE BIARRE tee i T fH2 (RAFLIRA LB, M HALEA T—YKJZ [ FIFO
B

REAY T

def tee(iterable, n=2):
it = iter (iterable)
deques = [collections.deque () for i in range (n)]
def gen (mydeque) :
while True:

if not mydeque: # when the local deque is empty
try:
newval = next (it) # fetch a new value and
except Stoplteration:
return
for d in deques: # load it to all the deques

d.append (newval)
yield mydeque.popleft ()
return tuple(gen(d) for d in deques)

—Htee () SEHE T3, AR iterable NN PR ; 750 tee X4 ILIEASH iterable W REE. 7] 5
5K

ZIER TR AT REFR ZAM L R B A s ) G T 2R 2 DI N R ) . 0, eR— kAU
TE7 —MER TR Z B A R el e, M 1ist () Stbree () B,

itertools.zip_longest (*iterables, fillvalue=None)

Qg — R, AR AIEAXTR AP TTR . HER ARG R BEERXITE, KRS fillvalue 358
BRIAE . IRAIFSERIFR R K A PN R KREUH Y T

class ZipExhausted (Exception) :
pass

def zip_longest (*args, **kwds):

# zip_longest ('ABCD', 'xy', fillvalue='-'"') —--> Ax By C—- D-
fillvalue = kwds.get ('fillvalue')
counter = len(args) — 1

def sentinel () :
nonlocal counter

CFItaRED)
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if not counter:
raise ZipExhausted
counter —= 1
yield fillvalue
fillers = repeat(fillvalue)
iterators = [chain(it, sentinel(), fillers) for it in args]
try:
while iterators:
yield tuple (map (next, iterators))
except ZipExhausted:
pass

W H A — AT ER R E LRKE, zip longest () PR 327 FR HIE B 39 50 b (6
fislice () Btakewhile ()). [&IE¥SE, fillvalue B\ M None .

10.1.2 ltertools &iit

AT R QAT G BT 1Y itertools VRGP ELRFA PR BIEY MY THAE.

PR TSR T 5%z TREMRBIN SR /e TN AR, B0, iR
FE RS PR SR A7 . AU RARFFRRDN, PARRBGU USRI 28 T B AE ik, A B I BRI
AR, SHPERIRAR DR, PR TR “ OB H PR U RS IT B K 14 for iR Mlgenerator .

def take(n, iterable):
"Return first n items of the iterable as a list"
return list (islice(iterable, n))

def prepend(value, iterator):
"Prepend a single value in front of an iterator"
# prepend (1, [2, 3, 4]) -> 1 2 3 4
return chain([value], iterator)

def tabulate (function, start=0):
"Return function(0), function(l), ..."
return map (function, count (start))

def tail(n, iterable):
"Return an iterator over the last n items"
# tail (3, 'ABCDEFG') —--> E F G
return iter (collections.deque (iterable, maxlen=n))

def consume (iterator, n=None) :
"Advance the iterator n-steps ahead. If n is None, consume entirely."
# Use functions that consume iterators at C speed.
if n is None:
# feed the entire iterator into a zero-length deque
collections.deque (iterator, maxlen=0)
else:
# advance to the empty slice starting at position n
next (islice (iterator, n, n), None)

def nth(iterable, n, default=None) :
"Returns the nth item or a default value"
return next (islice(iterable, n, None), default)
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def

def

def

def

def

def

def

def

def

def

all_equal (iterable) :

"Returns True if all the elements are equal to each other"
g = groupby (iterable)

return next (g, True) and not next (g, False)

quantify (iterable, pred=bool):
"Count how many times the predicate is true"

return sum(map (pred, iterable))

padnone (iterable) :

"""Returns the sequence elements and then returns None indefinitely.

Useful for emulating the behavior of the built-in map() function.

mrn

return chain(iterable, repeat (None))

ncycles (iterable, n):
"Returns the sequence elements n times"
return chain.from_iterable (repeat (tuple (iterable), n))

dotproduct (vecl, vec2):
return sum(map (operator.mul, vecl, vec2))

flatten (listOfLists) :
"Flatten one level of nesting"
return chain.from_iterable (listOfLists)

repeatfunc (func, times=None, *args):
""'"Repeat calls to func with specified arguments.

Example: repeatfunc (random.random)
mrn
if times is None:
return starmap (func, repeat (args))
return starmap (func, repeat (args, times))

pairwise (iterable) :

"s -> (s0,s1), (sl1,s2), (s2, s3), ..."
a, b = tee(iterable)

next (b, None)

return zip(a, b)

grouper (iterable, n, fillvalue=None) :

"Collect data into fixed-length chunks or blocks"
# grouper ('ABCDEFG', 3, 'x') —--> ABC DEF Gxx"
args = [iter(iterable)] * n

return zip_longest (*args, fillvalue=fillvalue)

roundrobin (*iterables) :
"roundrobin ('ABC', 'D', 'EF') -——> A D E B F C"
# Recipe credited to George Sakkis
num_active = len(iterables)
nexts = cycle(iter(it).__next__ for it in iterables)
while num_active:
try:
for next in nexts:

Ch

e

S

n

23]
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yield next ()
except Stoplteration:
# Remove the iterator we just exhausted from the cycle.
num_active —= 1
nexts = cycle(islice (nexts, num_active))
def partition(pred, iterable):
'Use a predicate to partition entries into false entries and true entries'
# partition(is_odd, range(10)) --> 0 2 4 6 8 and 1 3 5 7 9
tl, t2 = tee(iterable)
return filterfalse(pred, tl), filter (pred, t2)
def powerset (iterable) :
"powerset ([1,2,3]) ——> () (1,) (2,) (3,) (1,2) (1,3) (2,3) (1,2,3)"
s = list (iterable)
return chain.from_iterable (combinations (s, r) for r in range(len(s)+1))
def unique_everseen (iterable, key=None) :
"List unique elements, preserving order. Remember all elements ever seen."
# unique_everseen ('AAAABBBCCDAABBB') —--> A B C D
# unique_everseen ('ABBCcAD', str.lower) --> A B C D
seen = set ()
seen_add = seen.add
if key is None:
for element in filterfalse(seen._ contains_ , iterable):
seen_add (element)
yield element
else:
for element in iterable:
k = key(element)
if k not in seen:
seen_add (k)
yield element
def unique_justseen (iterable, key=None) :
"List unique elements, preserving order. Remember only the element Jjust seen."
# unique_justseen ('AAAABBBCCDAABBB') --> A B C D A B
# unique_justseen ('ABBCcAD', str.lower) --> A B C A D
return map (next, map(itemgetter (1), groupby(iterable, key)))
def iter_except (func, exception, first=None) :
mnmnoCcall a function repeatedly until an exception is raised.
Converts a call-until-exception interface to an iterator interface.
Like builtins.iter (func, sentinel) but uses an exception instead
of a sentinel to end the loop.
Examples:
iter_except (functools.partial (heappop, h), IndexError) # priority queue.
—iterator
iter_except (d.popitem, KeyError) # non-blocking dict.
—~iterator
iter_except (d.popleft, IndexError) # non-blocking deque.
—iterator
iter_except (g.get_nowait, Queue.Empty) # loop over a.
—producer Queue
(3]
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iter_except (s.pop, KeyError)

—iterator

mn

try:

if first is not None:

# non-blocking set.

yield first () # For database APIs needing an initial cast to.

—db. first ()

def

def

def

def

def

def

while True:
yield func()
except exception:
pass

first_true(iterable, default=False, pred=None) :
"""Returns the first true value in the iterable.

If no true value 1is found, returns *default*

If *pred* is not None, returns the first item
for which pred(item) is true.

mn

# first_true([a,b,c], x) —-—> a or b or ¢ or x

# first_true(la,b], x, f) —-—> a if f(a) else b if f(b) else x

return next (filter (pred, iterable), default)

random_product (*args, repeat=1):

"Random selection from itertools.product (*args,
pools = [tuple(pool) for pool in args] * repeat
return tuple (random.choice (pool) for pool in pools)

random_permutation (iterable, r=None) :

**kwds) "

"Random selection from itertools.permutations (iterable, r)"

pool = tuple(iterable)
r = len(pool) if r is None else r
return tuple (random.sample (pool, r))

random_combination (iterable, r):

"Random selection from itertools.combinations (iterable, r)"

pool = tuple(iterable)

n = len(pool)

indices = sorted(random.sample (range(n), r))
return tuple(pool[i] for i in indices)

random_combination_with_replacement (iterable,

pool = tuple(iterable)
n = len(pool)

r):
"Random selection from itertools.combinations_with_replacement (iterable, r)"

indices = sorted(random.randrange (n) for i in range(r))

return tuple(pool[i] for i in indices)

nth_combination (iterable, r, index):

'Equivalent to list (combinations (iterable, r)) [index]'

pool = tuple(iterable)
n = len(pool)
if r < 0 or r > n:

CFoiaks:)
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raise ValueError
e} 1
k min(r, n-r)
for i in range (1, k+1):
c=c¢c* (n-k +1i) // i
if index < 0:
index += c
if index < 0 or index >= c:
raise IndexError

result = []
while r:
¢, n, r = c*r//n, n-1, r-1
while index >= c:
index —-= c
c, n = c*(n-r)//n, n-1

result.append(pool[-1-n])
return tuple (result)

R, W R BN R R B, BT AR Z AT AR AR . B, domproduct BTy
FPARXHES :

def dotproduct (vecl, vec2, sum=sum, map=map, mul=operator.mul) :
return sum(map (mul, vecl, vec2))

10.2 functools —FrFREF0IEBITR _EHIIRIE

PACHS: Lib/functools.py

functools BN H TR FreE%, Bl
REIE H T Fra nl JH B A4

functools BEHLE T AT AL

functools.cmp_to_key (func)
B (HX B LB R B 4 R g X ikey function . FER T sorted () , min() , max() , heapgq.
nlargest () , heapqg.nsmallest () , itertools.groupby () ZFREH) key ZE . LA
BB RAERF Python 2 B8 7 464 2B A 0 TR, DAPREREXT LURE R B A2

FOAR R BRI TR X5, S %2 IS HOF e, SR/ N IR el — >k, #1458
R[] 2E, KT IR o] —ANIE%. key function W2— M52 — 24, HaR a2 — 4> AHEF IO {ELY
CIR)iERoE

TR

SR (F0) 3R BE FAh R RO B Gl R L, SRR )

sorted(iterable, key=cmp_to_key(locale.strcoll)) # locale-aware sort order

A KHEF A GIAN 2 P #0RE , 3521 sortinghowto .
3.2 B fE.

@functools.lru_cache (maxsize=128, typed=False)
— AN R AR L E DI BRI SE TS , ZRAF maxsize AL ANSEL, 15 R IR AR S0 B Bk b E—
WSS . AT R IS 1 /O eREIIE F s ]

MO T SRR ST, BT DA BRSO [ 5 2 ORI S 5 S A e T IR A Y

10.2. functools —EH FEFOTTARAM R _EHIIRE 323


https://github.com/python/cpython/tree/3.6/Lib/functools.py

The Python Library Reference, k4% 3.6.15

R maxsize %58 None , LRU HIRERFHESE I B A8 TC FRR . maxsize W R 2 RIS W] 3R 155
R RE

2R typed U E N true, N[EIZRBU RES BORIBE - A7 B0, £(3) Fl £(3.0) RFGAAFH M
3B

T MR R AR S AR RS maxsize TS, WU RECHT A —4> cache_info () %k, 418 H
cache_info () pRE, RE—AHZICH, WEGHRE hits, Ky IRE misses , T KEFEE
maxsize M4 I RAT KN currsize. TELZLFEIRIE T, My ElS Ky P USR8 HERIIT) .
AR AR T — AN FIE B A7 RSB %L cache_clear () o

JRARH A 2200 pR AT DAL _ wrapped_ EHEVIA. BRI AR TR . 6%, AR
B SR AT TR 1 D B R B

SRR (LRU) 2847 AE “Selfr i 2 BRI 3R i3 1 0 s E il B 7 iR (He
A, B A 55 g b S UG Y SO T R ) o “GAF VIR SEPRIEG A A S AE K I RZ
AT AR IEAR B ATt 90t i 55 b T BR A3 0 5 B AR/

R UL, LRU Zefe RS RIS BT Z TR GOR ISR o UL, 18 e FA sl 1 e 4
o LAEAE U R QU] . By AL X G2 i Bl 1440 time () 5 random () Z 2B SE R B2 3067
X

S Web NZ5H LRU ZA 7R

@lru_cache (maxsize=32)
def get_pep (num) :
'Retrieve text of a Python Enhancement Proposal'
resource = 'http://www.python.org/dev/peps/pep- /' % num
try:
with urllib.request.urlopen(resource) as s:
return s.read()
except urllib.error . HTTPError:
return 'Not Found'

>>> for n in 8, 290, 308, 320, 8, 218, 320, 279, 289, 320, 9991:

pep = get_pep (n)
print (n, len (pep))

>>> get_pep.cache_info ()
CacheInfo(hits=3, misses=8, maxsize=32, currsize=8)

PATN A i 275 T EBOIRRE ) M.

@lru_cache (maxsize=None)
def fib(n):
if n < 2:
return n
return fib(n-1) + fib(n-2)

>>> [fib(n) for n in range(16)]
o, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, 233, 377, 610]

>>> fib.cache_info ()
CacheInfo (hits=28, misses=16, maxsize=None, currsize=16)

3.2 BRI fE
e 3.3 i A5 typed 55
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@functools.total_ordering
HE—NDEYH—AD AR RIS, XA IR M SRR T X T 1€ B vl
RERY 42 FUAC AR T AR

WRBFOEATFEZ— 1t ()« _le (). _gt__ ()8 __ge_ (. B, WERLFF
Fr__eq () I
&

@Qtotal_ordering
class Student:
def _is_valid_operand(self, other):
return (hasattr (other, "lastname") and
hasattr (other, "firstname"))
def __eqg (self, other):
if not self._is_valid_operand(other):
return NotImplemented
return ((self.lastname.lower (), self.firstname.lower()) ==
(other.lastname.lower (), other.firstname.lower()))
def _ 1t_ (self, other):
if not self._is_valid_operand (other) :
return NotImplemented
return ((self.lastname.lower (), self.firstname.lower()) <
(other.lastname.lower (), other.firstname.lower()))

T EOR MRS R B RTINS A P RAARER A S, HE %5 AITHEIE
SEGAGFIYRA HOA 7 VA I A [ ) S 52 2 R AU A o B SR B Rk o 0 X 2 ISk J A I RSB T
WA SE AR AN & OB T IR A% S BRI

32 HRE.

1 3.4 BUE e AT SR AR ZE ALY T 2 HUBE s £l [8] NotImplemented 57
functools.partial (func, *args, **keywords)

R AN SR 5w 2, PR TN HAT A IRAAT func B LS4 args F K57 S 4L keywords HH]

Mo AR NARHE TEZMSE, ENSWINE args. ARIERL THSMY XEFSH, BN

JEFHFE keywords, KEFEHN T

def partial (func, *args, **keywords):
def newfunc(*fargs, **fkeywords):
newkeywords = keywords.copy ()
newkeywords.update (fkeywords)

return func(*args, *fargs, **newkeywords)

newfunc. func = func
newfunc.args = args
newfunc.keywords = keywords

return newfunc

partial () &8 “UREE T —H5r RES BRSO B3 R B0y T, A4S 2 — AN HA
RSB S B, parcial () WHREIE—AMTANIRMT int () BER RS, H
base ZH BRI\ N

>>> from functools import partial
>>> basetwo = partial (int, base=2)

>>> basetwo.__doc__ = 'Convert base 2 string to an int.'
>>> basetwo ('10010")
18
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class functools.partialmethod (func, *args, **keywords)

R =i part ialmethod Mikdy, HATHEMpartial HEGBRITHET A N AEE R

AR

func Wh7§E—descriptor ST IR ([7] J8 1 A% G 1 1o i

M fune JE— AR R g (B 40 @ Python bR 4L,
abstractmethod () B{HAthpartialmethod E’J*Tﬁ) mf, % __get_

flikas, e ﬁﬁ]*/l\ﬁé‘lﬁﬁ*l‘ o rt FAENGS

KPCUEHIAS AL HE) .

classmethod (), staticmethod(),

R 2 W2 AT R TR )2 1Y

24 func & — AR ZR TR X R, WS ah 35008 —ANE 40905 ik 24 AR it HAT M2
5 Python BREY: KF& 1A self ZHUHENE LB SE, KB ESA TR partialmet hod

Y35 281 args 1 keywords 22 i »
R

>>> class Cell (object):

def _ init__ (self):
self._alive = False

@property

def alive(self):
return self._alive

def set_state(self, state):
self._alive = bool (state)

>>> ¢ = Cell()
>>> c.alive
False

>>> c.set_alive ()
>>> c.alive

True

set_alive = partialmethod(set_state, True)
set_dead = partialmethod(set_state, False)

3.4 Briifie

functools.reduce (function, iterable[, initializer ] )

PR SEY) function 75247 B FR LY. F 2| sequence (P25 H |
reduce (lambda x, y: x+y, [1, 2, 3, 4, 51) 2% (

U\@ﬁ Tuﬁﬂfﬁﬂﬁﬁ fi. flan,
(1+2)+3) ) B{E. AR

SR xR RZRUEMA A SEL y WK H sequence BT {H ﬁﬂ%ﬁ?’fﬂiﬁ’l zmtlallzer, ERBIHES
SRR I A H Z 80, HAEFSIR GO WA EOME. WRBA LR initializer 3 H. sequence {1

f—AKE, WHHER ST
REAALT

it = iter (iterable)
if initializer is None:
value = next (it)
else:
value = initializer
for element in it:
value = function(value, element)
return value

def reduce (function, iterable, initializer=None) :

@functools.singledispatch

YE—A R B S -k generic function.,

BOE Mz R B, WA @singledispatch REfigeitfT M. WHEEMIRZMEMTH 1B

ST, AN Y B AR R e L
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>>> from functools import singledispatch
>>> @singledispatch
def fun(arg, verbose=False):
if verbose:
print ("Let me just say,", end=" ")
print (arg)

To add overloaded implementations to the function, use the register () attribute of the generic function. It is
a decorator, taking a type parameter and decorating a function implementing the operation for that type:

>>> @fun.register (int)
def _ (arg, verbose=False) :
if verbose:
print ("Strength in numbers, eh?", end=" ")
print (arg)

>>> @fun.register (list)
def _ (arg, verbose=False):
if verbose:
print ("Enumerate this:")
for i, elem in enumerate (arqg):
print (i, elem)

A HEMF lambda FIBLA AL, ATPABE I BREOE R register () JEM:

>>> def nothing(arg, verbose=False):
print ("Nothing.")

>>> fun.register (type (None), nothing)

register () JRYERFR WS TR MR . BAFROAIMRREL, I B AL i B A BT

>>> @fun.register (float)
@fun.register (Decimal)
def fun_num(arg, verbose=False):
if verbose:
print ("Half of your number:", end=" ")
print (arg / 2)

>>> fun_num is fun
False

A, B R SRS 4R

>>> fun("Hello, world.")
Hello, world.

>>> fun("test.", verbose=True)
Let me just say, test.

>>> fun (42, verbose=True)
Strength in numbers, eh? 42
>>> fun(['spam', 'spam', 'eggs', 'spam'], verbose=True)
Enumerate this:

0 spam

1 spam

2 eggs

3 spam

>>> fun (None)

(N IUERED)
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(8 E70)
Nothing.
>>> fun(1.23)
0.615

ERA B THERANE EM LB T, WJAﬁﬂﬂﬁfi&ﬁ%ﬁﬁllﬁf“%éTJZELH%E’b&IA PA
@singledispatch AN IR IG R ECR A RN object FRBIFITHMN, XEWEERFERARE
U4 2 0 B ol

TG AT TR BORE A 40 E R B IR N S B, G5 dispateh () JEE:

>>> fun.dispatch (float)

<function fun_num at 0x1035a2840>

>>> fun.dispatch (dict) # note: default implementation
<function fun at 0x103fe0000>

BRI B, i L) registry JEME:

>>> fun.registry.keys ()

dict_keys ([<class 'NoneType'>, <class 'int'>, <class 'object'>,
<class 'decimal.Decimal'>, <class 'list'>,
<class 'float'>])

>>> fun.registry[float]

<function fun_num at 0x1035a2840>

>>> fun.registry[object]

<function fun at 0x103fe0000>

3.4 B fE

functools.update_wrapper (wrapper, wrapped, assigned=WRAPPER_ASSIGNMENTS, up-
dated=WRAPPER_UPDATES)
S — A wrapper # B AE LSBT wrapped s, PT35S ECR Hig W BR H00 VIR 46 J P 2 Rk
VR AE 45 wrapper bR 0 VL BL S ME R JC 2, I HaX 22 wrapper oR %1 T 1 RF 58 A D6 eR 0000 6 B g
KFEH. XLESHBOINE R H B WRAPPER_ASSIGNMENTS (B Ff K {H 45 wrapper bR %11
_ module_ , __name_ , _ qualname_ ,__annotations__ fl _ doc__ BIXHYFHFE) A K&
WRAPPER_UPDATES (‘B ¥ 7 wrapper PRAL) _ dict_ HPsZfls2H),

AT AL T A AR B DT R AR R (BltnSgtid 1 ru_cache () Z R EFEEMRE), RS
QKJD@ wrapper S I— A48 M P2 R E __wrapped_ JEME.

PR T B H W2 FE decorator REH S A 26 15 2% 1 ) R B0 T IR 1] &%é%ﬁ PUESOEF AT & S
%ﬁ T 31 (1] bR 50 TSR S i 2 o SN S SR AR B BOE L, XaB w35 4 R Ak

update_wrapper () W DA R SME AT X G — [ . 7E assigned 55 updated iy 45 A4 )&
PEASRAAFAE TR X M 2 208 (RHZ R A S E U A L EEA) . AR sess
PR H B8 HE updated 44 B AEAT @RISR S| KAt tributeError,

3.2 FiiEhEe: A __wrapped__ J@tE.
3.2 Frhhe: BIAFE D __annotations__ JEME.
TE 3.2 MUBE M AEEN B A B XAttt ributeError,

TE 3.4 UL _ wrapped_ JETEIAE BB IR R R REL, RIHZMECE X T __wrapped_ J&
Y. (30, bpo-17482)

@functools.wraps (wrapped, assigned= WRAPPER_ASSIGNMENTS, updated=WRAPPER_UPDATES)
X2 — A E R R, T R e R B AR W Hupdate_wrapper () A N B KL
i, BEM T partial (update_wrapper, wrapped=wrapped, assigned=assigned,
updated=updated) . fil:
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>>> from functools import wraps
>>> def my_decorator (f) :
@wraps (f)
def wrapper (*args, **kwds):
print ('Calling decorated function')
return f (*args, **kwds)
return wrapper

>>> @my_decorator
. def example():
"""Docstring"""
print ('Called example function')

>>> example ()
Calling decorated function
Called example function

>>> example._ name_
'example'

>>> example. doc_
'Docstring’

URAN X2 s T B, I example pRERAY A FRIFASN " wrapper ', HfH example () J5A
M SR PR R R

10.2.1 partial Y&

partial X Gigdpartial () BIEAATARXIR . EITEA =R BEEML:

partial. func

— AR S REGR AL Xtpartial XAREGIE RS K% func HHATHTISEBN KT .

partial.args

AEIA I B SR EAE SR b S pa rt i al XFRI MM ACE SHCZ 1.

partial.keywords

i partial MEMFESRAN TS

partial WR5 function MRIEMZAAET EATEZEATRM . w555 R RHA TG EIE. (ERE
WA — LB B DG GIANRTE A BB name_ Ml __doc__ J@fh. MiH., #E2EHE X fpartial
PRI R T ST, H BASAEL O R A P R 9 Tk -

10.3 operator —#R/EGEFERF L

JRACHES: Lib/operator.py

operator WAL T —£ 5 Python (¥ PN B 1z BT WY S SCR K. B, operator.add(x, y) 5
Fha x+y M. U2 REE SER TR ME, REBRANTRIL. N THEREN, WRE TE2 e
BN RN AL AT RBTERE, U B DU K2R R 2

R TR MR HE ., BHBRE. BFBRUKITIEE.
X G U R BT T T A IR, BB IRIE BN TR I BGE AT a4 -

operator.1lt (a, b)
operator.le (a, b)
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operator.eq(a,
operator.ne (
operator.ge (
operator.gt (a,
operator.__1 (a, b)
operator.__le__(a,b)
operator.__eq__(a,b)
operator.__ne__(a,b)
operator.__ge__(a,b)
operator.__gt__ (a,b)

TE a Ml b Z AT R . BIER), 1t (a, b) Ha < bME, le(a, b) Ha <= b M, eq(a,

b) H§a == b#ldl, ne(a, b) Ha != bMF, gt(a, b) Ha > b#MF, ge(a, b)'°F ""a

>= b Al VEEIXSRET DUREUEMME, TIRE RS UER/RE. X TRIRWEZELES%

comparisons ,
EHREFEEWE N TIAXS, HF BSGFEERI . bR G R s

operator.not_ (obj)

operator.__not__ (obj)
R[] not obj BYLER. (HHEEXGRIBIHEA__not_ () Ik RAMMBIZOE L. 45
L% _bool () M _len_ () HiEH.)

operator.truth (obj)
B obj HEUENER [ True, HNREFalse, XM T bool fiEes.

operator.is_ (a, b)
B e is b PG,

operator.is_not (a, b)

RME a is not b. MHXXTEFRIA.
Berig s R ISE R 21

operator.abs (obj)
operator.__abs__ (obj)

AR ] obj HILERSAE -

operator.add (a, b)
operator.__add__(a,b)

XMFT a b, BlEla + b,

operator.and_ (a, b)
operator.__and__(a,b)

W m x My 5

operator.floordiv (a, b)
operator.___floordiv__ (a, b)

Rlala // b.

operator.index (a)
operator.__index__ (a)

R[] a Fef BRI AR . SEMT a._index_ ().

operator.inv (obj)
operator.invert (obj)
operator.__inv__ (obj)
operator.__invert__ (obj)

R T oby AU AR . XS T ~obT.
operator.lshift (a, b)
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operator.__1lshift__ (a,b)
&8l a 2e8% b iR .

operator.mod (a, b)
operator._ mod__ (a,b)
&\l a $ b.

operator.mul (a, b)
operator.__mul__ (a,b)

XFEF af b, R a * b,

operator.matmul (a, b)
operator.__matmul__ (a,b)
[ a @ b.

3.5 B fE.

operator.neg (obj)
operator.__neg__ (obj)

1R8] obj I AME (—0b3).

operator.or_ (a,b)
operator.__or__ (a,b)

A TN R VA RIDEE

operator.pos (obj)
operator.__pos___ (obj)
R[] obj BUERYZESR (+0b3).

operator.pow (a, b)
operator.__pow__ (a,b)
XTECF a fl b, &IA a ** b,

operator.rshift (a, b)
operator.__rshift__ (a,b)

Rl a 4578 b FIEER .

operator.sub (a, b)
operator.__sub__ (a,b)

&k a - b.
operator.truediv (q, b)
operator.__truediv__ (a, b)

B a /b BN 2/3 F5EET66 MAR 0. EXWHAA “H” BRik.

operator.xor (a, b)
operator.__xor__ (a,b)

R a Fl b AL AR .
TR e — Lo il J Tt ) (4

operator.concat (a, b)
operator.__concat__ (a, b)

T4 a #1 b, &l a + b,

operator.contains (a, b)
operator.__contains__ (a, b)

BE b in a kISR EEEBRIESR BUTIY .

operator.countOf (q, b)

R[] b FE a g H BLRAL
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operator.delitem (a, b)
operator.__delitem__ (a,b)

Wolk a HZRF15 0 b H{HE-

operator.getitem (a, b)
operator.__getitem__ (a,b)

R[] a RGN b HIfE.

operator.indexOf (q, b)

B bAE a FE R BEN RG] S .

operator.setitem (a, b, c)
operator.__setitem__ (a, b, )

¥ a HERTITH b EBCA ¢

operator.length_hint (obj, default=0)

RS G o AT G R ISR K, FHHH object.__length_hint_ () #Hiifli

THE, SRR IR .
3.4 BRI RE.

operator A E LT —HH THMEHEAKH &R TH. X T HIE A H RS Pl 7 Bt B 1
Amap (), sorted (), itertools.groupby () BIHANTTEAH I bR ES BT R E S 4L

operator.attrgetter (air)
operator.attrgetter (*artrs)

3 []— A ] ARV E RO IR armr B RTIRIAS G2 o ARG SR T —APA L IE, Wk Bl —ANE o4l J&

PR AR5 5. BN

e JE £ = attrgetter('name') ZJ5, M £ (b) FiR[H b.name,

e Jf f = attrgetter('name’,

e JE f = attrgetter ('name.first"',

first, b.name.last).

ST

'date') ZJ5, M £ (b) K& (b.name, b.date),
'name.last') ZJ5, WH £(b) ik (b.name.

def attrgetter (*items) :

if len(items) == 1:
attr = items([0]
def g (obj):

else:
def g (obj):

return g

def resolve_attr (obj, attr):
for name in attr.split("."):
obj = getattr (obj, name)
return obj

if any(not isinstance(item, str) for item in items):

raise TypeError ('attribute name must be a string')

return resolve_attr (obj, attr)

return tuple(resolve_attr (obj, attr)

for attr in items)

operator.itemgetter (item)
operator.itemgetter (*items)

AR o] — BRI __getitem () JTIRMERVERR R item (AT XTSR . WRARE T 245

H, LR [e— AR e cdl. fln:

* J£ £ = itemgetter (2) ZJ5, WM £ (r) KR r[2].
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* f£g = itemgetter(2, 5, 3) ZJm, ¥M g(r) &M (r(2], r(5], r(3]).
T

def itemgetter (*items) :
if len(items) ==
item = items[0]
def g (obj):
return obj[item]
else:
def g (obj):
return tuple (obj[item] for item in items)
return g

AR 2 H T DU AR getitem () BT T2k a, Fl AT M ifE. 5%,
TR FAFER 237 index BY, slice Xf 4

>>> itemgetter (1) ('ABCDEFG")

IB’

>>> itemgetter (1, 3,5) ('ABCDEFG'")

('B', 'D', 'F')

>>> itemgetter (slice(2,None)) ('ABCDEFG")
'CDEFG'

ffiffl i temgetter () MITHLIIC S PR BURR & T B i1 -

>>> inventory = [('apple', 3), ('banana', 2), ('pear', 5), ('orange', 1)]
>>> getcount = itemgetter (1)

>>> list (map (getcount, inventory))

[3, 2, 5, 1]

>>> sorted(inventory, key=getcount)

[('orange', 1), ('banana', 2), ('apple', 3), ('pear', 5)]

operator.methodcaller (name[, args... ] )
R [l — N FEREAEE B name J7 iAW TH XIS ARG HAAMN S EOR/ S R BT 250, BIITHR
Wit 4z Tk .
e JE £ = methodcaller ('name') ZJ5, WA £ (b) ¥ikE b.name () .
e JE f = methodcaller('name', 'foo', bar=1) 2Z )5, W M £m) ¥ & [H b.

name ('foo', bar=1),

T

def methodcaller (name, *args, **kwargs):
def caller (obj):
return getattr (obj, name) (*args, **kwargs)
return caller
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10.3.1 @ HATHRA 2 &
DA 36kt SR T GBS A T Python T EGIEFAT M ope rat or BIBLHAYERI .

& &% R &Y

IS a + b add (a, b)
TP seql + seqg2 concat (seql, seg2)
TRERIIREN obj in seq contains (seq, obj)
R a /Db truediv(a, b)

FRIA a // b floordiv (a, b)

i VA a &b and_(a, b)

A SF Bk a ™ b xor (a, b)

AL ~ a invert (a)

QA=) a | b or_(a, b)

PR a ** b pow (a, b)

—2 a is b is_(a, b)

—2 a is not b is_not (a, b)
ECINE objlk] = v setitem(obj, k, v)
EGINIES del obj[k] delitem(obij, k)

E I obj[k] getitem(obj, k)
Voo, 3 a << b lshift (a, b)

U a % b mod (a, b)

Te a * b mul (a, b)

H e v a @b matmul (a, b)

T E (%17&) — a neg(a)

g (BH) | not a not_ (a)

1E5L + a pos (a)

HF% a > b rshift (a, b)

Y RAE seq[i:j] = values | setitem(seq, slice(i, j), values)
Y g del seq[i:j] delitem(seq, slice(i, Jj))
Y BUAE seqli:j] getitem(seq, slice (i, 3J))
FrrEEkEfk | s & obj mod (s, obj)

Wk a - b sub(a, b)

EVERIEES obj truth (obj)

HA a <b 1t (a, b)

E33 a <=b le(a, b)

FHE a==> eq(a, Db)

ANE a !'=b ne (a, b)

Hﬁiﬁ? a > >b ge (a, Db)

ML a>b gt (a, b)

10.3.2 Inplace Operators

WZIBREHEA “PRH” B . AR H 4R A R bz AR Ol 3 BRI 2 U5 1R A R, Bl istatement
x += y 4T x = operator.iadd(x, vy). #—FFFHHE z = operator.iadd(x, y) &
7z 4=

TiEfk z = x;

TERXBEB] T, TR R — AR VAR, IR 2 S P RO AT R o T A 4 D e

Yo

HARATH— 2 BRI 7 ik . 265 AP IRAE WA A B
XFFANRIAZR AR 74 8 BerMocdl, BORRES 0T, HASBF IR ES A &
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>>> a = 'hello'

>>> iadd(a, ' world")
'hello world'

>>> a

'hello'

For mutable targets such as lists and dictionaries, the inplace method will perform the update, so no subsequent assignment
is necessary:

>>> s = ['h', 'e', 'l', '1', 'o']

>>> iadd(s, [' ', 'w', 'o', 'r', '1l', 'd'])

['h', 'e', '1', '1', 'o', ' ', 'w', 'o', 'r', 'l', 'd']
>>> s

['h', 'e', '1', 'l', 'o', ' ', 'w', 'o', 'r', '1', 'd']

operator.iadd (a, b)
operator.__iadd__ (a b)
a = iadd( ) N T a += b,

operator.iand (a, b)
operator.__iand__ (a b)

a = iand( ) T a &= b,

operator.iconcat (a, b)
operator.__iconcat__ (a b)

a = iconcat( b) EMT a += b Hda 1 b NFH.

operator.ifloordiv (a, b)
operator.__ifloordiv__ (a b)

a = ifloordiv( ) EMTa //= b

operator.ilshift (a, b)
operator.__ilshift___ (a b)
a = ilshift( b) EHT a <<= b,

operator.imod (a, b)
operator.__imod__ (a, b)
a = imod(a, b) HMHT

operator.imul (a, b)
operator.__imul___ (a b)
a = imul ( ) M T a *= b,

operator.imatmul (q, b)
operator.__imatmul__ (a b)

@
o\
Il
o

o

a = imatmul ( b) T a @=b
3.5 FrhiYihe
operator.ior (a, b)
operator.__ior__ (a b)
a = ior( b) EHT a |= b,

operator.ipow (a, b)
operator. ipow (a b)
a = ipow( ) WM T a **= b,

operator.irshift (a, b)
operator.__irshift___ (a b)
a = irshift( ) EM T a >>= b,
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operator.isub (a, b)
operator.__isub__ (a, b)
a = isub(a, b) EMTa -= b,

operator.itruediv (a, b)
operator.__itruediv__ (a, b)
a = itruediv(a, b) E#T a /= b,

operator.ixor (a, b)
operator.__ixor__ (a,b)
a = ixor(a, b) T a "= b,
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XHFBFE

AT PR B BRRER SCUF A H s . BIAN, A —SeBER T BB Jd b, DARTRS AR 7 s i A
DA BTG SCIF . AT SEREBLR S F AT -

11.1 pathlib —HREIMRIXHFREEE

3.4 B RE.
JRACHS Lib/pathlib.py

BLRGRILR S R G AR IS, B SCE M TA R M BAE RS BRSO NP A SRR A i oAy
VO (st iz, VARG ARARR IR EAR L VO Bty F kst iz,

337


https://github.com/python/cpython/tree/3.6/Lib/pathlib.py

The Python Library Reference, k4% 3.6.15

" Pure Eath B EE—
A
PurePosixPath PureWindowsPath
. A
" Path e
PosixPath WindowsPath

|

ANSRAR A A 3 ATl A e e H P R — DR IERRRY, W Path BURIRTEERY. E1E
ST & _ESEBHEA— A AR5 42,

TE—LE MBI P A AR T, Bl

L. AR AR ZEAE Unix %45 _F#4E Windows 48 (S 1) AR AE Unix _ESEFIL—A~windowsPath,
B BARAT PASEGIAb Purewi ndowsPath,

2. PR R RIS AR S PR U M B E R S FEXMEOLS, SEBlfb— a2 A A, ROV B
A AT RV E RS R

S

PEP 428 pathlib FH ] [0 X 52 B SCHF RS (AR

S U

X TIREM BT EAE, IRETTAH os . path R,

(o
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11.1.1 EGlisER

SFAFRE:

’>>> from pathlib import Path

ST H R

>>> p = Path('.")

>>> [x for x in p.iterdir() if x.is_dir()]
[PosixPath('.hg'), PosixPath('docs'), PosixPath('dist'),
PosixPath('__pycache__ '), PosixPath('build')]

A1) 24 1T H ST 9B A Python JEACHS SO

>>> list (p.glob('**/*.py"))

[PosixPath ('test_pathlib.py'), PosixPath ('setup.py'),
PosixPath ('pathlib.py'), PosixPath('docs/conf.py'),
PosixPath ('build/lib/pathlib.py"')]

e H S P RS 3

>>> p = Path('/etc')

>>> g =p / 'init.d' / 'reboot'
>>> q
PosixPath('/etc/init.d/reboot"')
>>> g.resolve ()
PosixPath('/etc/rc.d/init.d/halt")

R

>>> g.exists()
True
>>> g.is_dir ()
False

I A3

>>> with g.open() as f: f.readline()

"#!/bin/bash\n'

11.1.2 4ifgE
AUFRARRT SR TSR U SO R SR BAR AL PRERAE . AT = P05 SORVI X 82, @A IR XA -

class pathlib.PurePath (*pathsegments)
— BRI, Y RRNBEBERE (LHIk hPurePosixPath B# PureindowsPath) :

>>> PurePath ('setup.py") # Running on a Unix machine
PurePosixPath ('setup.py"')

B — A pathsegments W) JUE 7] fE e — MR B F AR, —DREIFA R LI Tos.
pathLike #AMXIG, B A —HAENER:
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>>> PurePath('foo', 'some/path', 'bar')
PurePosixPath ('foo/some/path/bar"')

>>> PurePath (Path('foo'), Path('bar'))
PurePosixPath ('foo/bar')

Y pathsegments 7S [REHEE, BRE R 2411 H 5k

>>> PurePath ()
PurePosixPath('.")

YIS R, IRE LR ER (Biflios. path. join () BIFTH)

>>> PurePath('/etc', '/usr', 'lib64"')
PurePosixPath ('/usr/1ib64")

>>> PureWindowsPath ('c:/Windows', 'd:bar'")
PureWindowsPath ('d:bar')

fH2, 7E Windows ##fer, BRI H SR A& 25 2 B AT A B E:

>>> PureWindowsPath('c:/Windows', '/Program Files"')
PureWindowsPath ('c:/Program Files"')

M B ) SR N, RN (C..7) A2, AR R 5 L

>>> PurePath('foo//bar"')
PurePosixPath ('foo/bar")
>>> PurePath('foo/./bar")
PurePosixPath ('foo/bar')
>>> PurePath('foo/../bar")
PurePosixPath ('foo/../bar'")

(A BARAELE PurePosixPath (' foo/. . /bar') % [T PurePosixPath ('bar') , #BA you are too
young, too simple, sometimes naive! U1 foo J&— 5 A A H SRMFF S84, ARHE0H Bk, )

SRR RSIN T os. PathLike ¥ 10, FUIFEANTAEALMI 32 0042 10 (¥ (8 A .
YE 3.6 UM IR T os.PathLike ¥ 1 ¥,

class pathlib.PurePosixPath (*pathsegments)

— M pPurePath 1K, BRENAEART Windows SCIFRSE:

>>> PurePosixPath('/etc')
PurePosixPath ('/etc'")

pathsegments ZHW 8 EMPurerPath fH[H] .

class pathlib.PureWindowsPath ( *pathsegments)

PurePath —/NF3, A XAE N Windows SUIF R 40 544

>>> PureWindowsPath ('c:/Program Files/")
PureWindowsPath ('c:/Program Files"')

pathsegments Z 38 EMPurerath fH[H].
TRRIEIBI AT ARG, VRES AT ASEBIALIX 3SR EATHRAE A BV EA T AR RS0 -
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i R
BRI AR AT A 1 o R[] AURS (4 8 A T DAY 5 O o JsC S it b oz XA P R/ N e s S

>>> PurePosixPath('foo') == PurePosixPath ('FOO")

False

>>> PureWindowsPath('foo') == PureWindowsPath ('FOO")
True

>>> PureWindowsPath ('FOO') in { PureWindowsPath('foo') }
True

>>> PureWindowsPath ('C:') < PureWindowsPath('d:'")

True

N ) XA B B 22 U BN 2 B 45 R HLTG VAR T

>>> PureWindowsPath ('foo') == PurePosixPath('foo'")
False
>>> PureWindowsPath ('foo') < PurePosixPath('foo')

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: '<' not supported between instances of 'PureWindowsPath' and 'PurePosixPath

'
—

EHH
L/ SRR I TR TR, #hRos. path. join () —H

>>> p = PurePath('/etc")

>>> p

PurePosixPath ('/etc")

>>> p / 'init.d' / 'apache2'
PurePosixPath ('/etc/init.d/apache2")
>>> g = PurePath('bin'")

>>> '"/usr' / g

PurePosixPath ('/usr/bin'")

SR G AL 05 . Pathii ke 2 ASSBURIHLTT

>>> import os

>>> p = PurePath('/etc')
>>> os.fspath(p)

'/etc!

BRASH FATH FORIE N E H SRR S R Gess e (PASUEIZ, BIAnTE Windows T (#H SRHL) « AR AT PA
b AT 7 2P AT H T A AR A B 2

>>> p = PurePath('/etc')

>>> str(p)

'/etc!

>>> p = PureWindowsPath('c:/Program Files')
>>> str (p)

'c:\\Program Files'

Kol FEBste BN bytes KRS RGN TR, Wi Pios. fsencode () Hif—Ff:
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>>> bytes (p)
b'/etc'

MR HAEFETE Unix T bytes, 7 Windows, unicode 32 U1 R G ISR BLIE TR T5 .

REABIER 53
N T VI BRIy (AU0F), B AR R R

PurePath.parts

—AICHL, ATAV MR AR A AL

>>> p = PurePath('/usr/bin/python3")
>>> p.parts
('/', 'usr', 'bin', 'python3'")

>>> p = PureWindowsPath('c:/Program Files/PSF")
>>> p.parts
('c:\\', 'Program Files', 'PSF')

CERRATAA MR H SR T E 21 )

FEFIFHE R
AUFARAR AL LA O AL S 1 -

PurePath.drive

— IR AT B A BT AR, AR

>>> PureWindowsPath('c:/Program Files/') .drive
IC:I

>>> PureWindowsPath('/Program Files/') .drive

(]

>>> PurePosixPath('/etc') .drive
T

UNC 7 SZ A EIR S a5

>>> PureWindowsPath ('//host/share/foo.txt"') .drive
"\\\\host\\share'

PurePath.root

—AFoR (ARHEASR) IRETATH, WERAAE:

>>> PureWindowsPath('c:/Program Files/').root
l\\l

>>> PureWindowsPath('c:Program Files/') .root
T

>>> PurePosixPath('/etc') .root

l/l

UNC 7 Z—FEIA R
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>>> PureWindowsPath('//host/share') .root

l\\l

PurePath.anchor

IRB AR A

>>> PureWindowsPath('c:/Program Files/').anchor
IC:\\I

>>> PureWindowsPath('c:Program Files/') .anchor
T

>>> PurePosixPath ('/etc') .anchor

l/’

>>> PureWindowsPath ('//host/share') .anchor
"\\\\host\\share\\"

PurePath.parents
An immutable sequence providing access to the logical ancestors of the path:

>>> p = PureWindowsPath('c:/foo/bar/setup.py’)
>>> p.parents[0]

PureWindowsPath ('c:/foo/bar"')

>>> p.parents[1]

PureWindowsPath ('c:/foo")

>>> p.parents[2]

PureWindowsPath('c:/")

PurePath.parent

BEBR AR A IE R AL AR

>>> p = PurePosixPath('/a/b/c/d")
>>> p.parent
PurePosixPath ('/a/b/c")

YRANEAH T —> anchor B %5 4%

>>> p = PurePosixPath('/")
>>> p.parent
PurePosixPath('/")

>>> p = PurePosixPath('.")
>>> p.parent
PurePosixPath('.")

MR XA RAip R, A AT

>>> p = PurePosixPath('foo/..")
>>> p.parent
PurePosixPath('foo')

USR8 ) RSN ERE SO R SE B R, MRS Pac . resolve () SRARHTHF S REHE LRI I
Ry

PurePath.name

— A FIREA ARG AT, HER T IRShA SR E SR, WRAE AR I
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>>> PurePosixPath('my/library/setup.py') .name
'setup.py’

UNC BKzh#s4 A% &

>>> PureWindowsPath('//some/share/setup.py') .name
'setup.py'
>>> PureWindowsPath ('//some/share') .name

(]

PurePath.suffix

R NSO RS, AR A

>>> PurePosixPath('my/library/setup.py') .suffix

-py’
>>> PurePosixPath('my/library.tar.gz') .suffix
l.gzl
>>> PurePosixPath('my/library') .suffix

T

PurePath.suffixes

BRSO T P

>>> PurePosixPath('my/library.tar.gar') .suffixes
[".tar', '.gar']

>>> PurePosixPath('my/library.tar.gz') .suffixes
['".tar', '.gz']

>>> PurePosixPath('my/library') .suffixes

[]

PurePath.stem

IE— MR, BREE%:

>>> PurePosixPath('my/library.tar.gz') .stem
'library.tar’

>>> PurePosixPath ('my/library.tar').stem
'library'

>>> PurePosixPath('my/library') .stem
'library'

PurePath.as_posix ()

R EFETIERAT (/) HOBAR AT

>>> p = PureWindowsPath ('c:\\windows")
>>> str(p)

'c:\\windows'

>>> p.as_posix()

'c:/windows'

PurePath.as_uri ()

FrigEFR N £11e URL. QAIFAR4aXikte, i valueError,

>>> p = PurePosixPath('/etc/passwd')
>>> p.as_uri ()

'file:///etc/passwd’

>>> p = PureWindowsPath('c:/Windows")

(T IUakss)
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(£ 50

>>> p.as_uri ()
'file:///c:/Windows'

PurePath.is_absolute ()

AR [T PEBRAR SR A A B AR . MR BRAR R I AT R84 SRR AR (R KA AL ir) MR BoAMELEXT

PRAE

>>> PurePosixPath('/a/b') .is_absolute ()
True

>>> PurePosixPath('a/b') .is_absolute ()
False

>>> PureWindowsPath('c:/a/b'") .is_absolute ()
True

>>> PureWindowsPath('/a/b') .is_absolute()
False

>>> PureWindowsPath('c:'") .1is_absolute ()
False

>>> PureWindowsPath ('//some/share') .is_absolute ()
True

PurePath.is_reserved ()
JEPureWindowsPath, QIR 4224k Windows {£ B Wik ] True, BN False JEPurePosixPath,
MR False,

>>> PureWindowsPath ('nul').is_reserved()
True

>>> PurePosixPath('nul').is_reserved()
False

MR B B EROSCUERGERRIT, DRI BE B 22 el ROk Z SN

PurePath. joinpath (*other)

A DT R AR R TR other ZH0 b I H HERAE—:

>>> PurePosixPath('/etc').joinpath('passwd")
PurePosixPath('/etc/passwd')

>>> PurePosixPath('/etc') .joinpath (PurePosixPath ('passwd'))
PurePosixPath ('/etc/passwd')

>>> PurePosixPath('/etc').joinpath('init.d', 'apache2')

PurePosixPath ('/etc/init.d/apache2")
>>> PureWindowsPath('c: ') .joinpath('/Program Files")
PureWindowsPath ('c:/Program Files')

PurePath.match (pattern)
F B AR 5 B AL 38 A KRS AR E i . QPSR DL AR (] True, BRI False.

U2 pattern JEARRTHY, WBRARAT DURARRT AR SR A0 %A%, FH ELICRC M A 58 i -

>>> PurePath('a/b.py") .match('*.py")

True

>>> PurePath('/a/b/c.py') .match('b/*.py")
True

>>> PurePath('/a/b/c.py') .match('a/*.py")
False

UK pattern JE 2B, MIBKARAAZLEXS, FH HERAR L 5E A VTR
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>>> PurePath('/a.py') .match('/*.py")
True

>>> PurePath('a/b.py') .match('/*.py")
False

As with other methods, case-sensitivity is observed:

>>> PureWindowsPath ('b.py') .match('*.PY")
True

PurePath.relative_to (*other)

VRIS AEART other FRBEARIIAS . WIRAT 1, Wi H ValueError:

>>> p = PurePosixPath('/etc/passwd')
>>> p.relative_to('/")
PurePosixPath ('etc/passwd’')
>>> p.relative_to('/etc')
PurePosixPath ('passwd')
>>> p.relative_to('/usr')
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "pathlib.py", line 694, in relative_to
.format (str(self), str(formatted)))
ValueError: '/etc/passwd' does not start with '/usr'

PurePath.with_name (name)

Rl —ASH SR T B M name, QIR FEA AL A name, ValueError g il Hi:

>>> p = PureWindowsPath('c:/Downloads/pathlib.tar.gz")
>>> p.with_name ('setup.py')
PureWindowsPath ('c:/Downloads/setup.py"')
>>> p = PureWindowsPath('c:/")
>>> p.with_name ('setup.py')
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "/home/antoine/cpython/default/Lib/pathlib.py", line 751, in with_name
raise ValueError (" has an empty name" % (self,))
ValueError: PureWindowsPath('c:/') has an empty name

PurePath.with_suffix (suffix)
R[] — AR B M surfix, WERIEARIBARE A IEE, Hii sufic WIPHEMPACE: . WIR suffix
B FAE, WEA G2 iR

>>> p = PureWindowsPath('c:/Downloads/pathlib.tar.gz")
>>> p.with_suffix('.bz2")

PureWindowsPath ('c:/Downloads/pathlib.tar.bz2")

>>> p = PureWindowsPath ('README")

>>> p.with_suffix('.txt")

PureWindowsPath ('README.txt")

>>> p = PureWindowsPath ('README.txt")

>>> p.with_suffix('")

PureWindowsPath ('README ")
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11.1.3 B#BRE

HRBAS R AR AR 1. BT IRERMIBAEZ SN, BATERRME TN R T RGN A A=
53R AT ASE B AR B A
class pathlib.Path (*pathsegments)

— MpPurepath W) T 2K, M I DAY AT R QM B R XM KR B2 (58 0 b HPosixPath

BiwindowsPath) :

>>> Path('setup.py"')
PosixPath ('setup.py')

pathsegments ZUN 8 EMPurerPath fH[H].

class pathlib.PosixPath (*pathsegments)

—/Path flPurePosixPath {1, R FR—IE Windows U RGBS 42:

>>> PosixPath('/etc")
PosixPath('/etc'")

pathsegments Z 58 EMPurerath fHfH] .

class pathlib.WindowsPath (*pathsegments)
Path fMlPurewindowsPath W12, MEFEIR— Windows {4 &R Gt i B AR g%

>>> WindowsPath ('c:/Program Files/")
WindowsPath ('c:/Program Files"')

pathsegments Z5UM 8 EMPurerath fHH] .

ﬁiﬂﬁﬁ%fﬁﬂﬁtﬁ%ﬁﬁ?\é t RS AR B S (AR R G VR AN 28 00 5 A2 A% BT REZE B 2 5 P S 3B
BRI -

>>> import os

>>> os.name

'posix'

>>> Path('setup.py"')

PosixPath ('setup.py')

>>> PosixPath('setup.py')
PosixPath ('setup.py')

>>> WindowsPath ('setup.py')
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
File "pathlib.py", line 798, in __new___
% (cls._ _name_ ,))

NotImplementedError: cannot instantiate 'WindowsPath' on your system

HiE
[ﬁ%é@ﬁéﬁﬁ%ﬁ[\ HARBEARCPEAE DU i R ARG R (FIANE R BEARAAEAE) , A2 0 iEER
&5 K OSError:

classmethod Path.cwd ()

AR [ — AR U H H SRR (Rlos. getewd () RIEIRYAMNE)

>>> Path.cwd ()
PosixPath ('/home/antoine/pathlib")
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classmethod Path.home ()
R —ANFoR Y FH PR H SRR S (Rlos. path. expanduser () M S ~ BRI TR )

>>> Path.home ()
PosixPath ('/home/antoine')

3.5 B

Path.stat ()
Return information about this path (similarly to os. stat ()). The result is looked up at each call to this method.

>>> p = Path('setup.py')

>>> p.stat () .st_size
956
>>> p.stat () .st_mtime

1327883547.852554

Path.chmod (mode)
AR SCAF PRI, Fllos . chmod () —F:

>>> p = Path('setup.py')
>>> p.stat () .st_mode
33277

>>> p.chmod (0o0444)

>>> p.stat () .st_mode
33060

Path.exists ()

BEERAR SR A ) — I EAFAER SOPF L H S

>>> Path('.'"') .exists ()
True
>>> Path('setup.py') .exists ()

True

>>> Path('/etc') .exists|()

True

>>> Path('nonexistentfile') .exists()
False

AR WRERRIE T MF SR, exists () RBIAFSHEE R G4 AR SR B H 5%

Path.expanduser ()
BB T ~ il ~user TG, Bifllos.path.expanduser () —FE:

>>> p = PosixPath('~/films/Monty Python')
>>> p.expanduser ()
PosixPath ('/home/eric/films/Monty Python')

3.5 Hge.

Path.glob (paitern)
Glob the given pattern in the directory represented by this path, yielding all matching files (of any kind):

>>> sorted(Path('.") .glob('*.py"))
[PosixPath ('pathlib.py'), PosixPath('setup.py'), PosixPath('test_pathlib.py')]

(FTgkEh)
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>>> sorted(Path('.').glob('*/*.py"'))
[PosixPath ('docs/conf.py"') ]

o WEETR CMCHSRAREA T HSR, 3. B, B R

>>> sorted(Path('.").glob('**/*.py'))
[PosixPath ('build/lib/pathlib.py"'),
PosixPath ('docs/conf.py'),
PosixPath ('pathlib.py'),
PosixPath ('setup.py'),

("

PosixPath('test_pathlib.py"'")]

Tfigg: AE— DRI H SFRP R <7 BT RE AR IER Z IO

Path.group ()
AR A BESCPFR 4. ASRSCHRR) GID JCiRE R SR A4k 2, FHfbi KeyError .

Path.is_dir ()
WERBEARFR I — A H % (80— M8 H RS54 ) WERE] True, QARG AR K SCEEER
M False.

B AAFAEEE & — DS S iR 2R ] False; HAbARER (BIAALRRESR) Biflk.

Path.is_file()
W EE ARG ) — AN EF RSO (B — MR MIE R U S 888 ) R M True, QI5FS R HABZAY
HISCHENERE False,

MRS F R — DR AT SR 2R ] False; HABSSIR (BIAMAERERR) #if%H.
Path.is_symlink ()

WERBEARFR M AT S HER R[] True, AN False.

PR AN AAERIR R False; HABGEER (BIARCREE D) Hefedk.
Path.is_socket ()

AR AR 4 1) —> Unix socket SCF (B 45 1) Unix socket SCHFAYAF 5483 ) IR IE] True, fI2R4EIA

HARERA SR ] False.

MEEAAESE & DA S R Rk ] False; HABHTR (BIAABRATIR) #if%HE.
Path.is_fifo()

USRS 1 — et e i A il (BB IR S AP AR5 584 ) AR W] True |, $5 10 HA A

SR ] False.

MRS E & — DA S B 2R ] False; HARHTR (BIAABRETIR) #if%dE.

Path.is_block_device ()
BERSCPFHR I — AP (B AR B AT S 88 ) WHR M True, 51 HAR AR SCLFIR ]

False,
BRSNS 2Rk 0] False; HABASR (FIABSRESR) BifEHE.

Path.is_char_device ()
W B AR R 0 — DAL (BRI PR AT S 8EE) RN True, & m) H AR AL SO R W]

False,

YA AR 2 — DA AT S iR 2R 1] False; HAhAER (BIAALRETR) DIk,
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Path.iterdir ()

Mk A H SRy, AR AR T X G A

>>> p = Path('docs")
>>> for child in p.iterdir(): child

PosixPath ('docs/conf.py")
PosixPath ('docs/_templates')
PosixPath ('docs/make.bat")
PosixPath('docs/index.rst")

("

("

( ]

PosixPath ('docs/_build')
PosixPath ('docs/_static"')
PosixPath ('docs/Makefile'")

Path.lchmod (mode)

Mg path. chmod () {HZUNRBARSR [0 FF-5 HEE N2 B AT SHEERRGE, AR BT S8 H
P

Path.lstat ()

WiMlPath. stat () —k, (HRRUREARIR AT S8, WRRRBIAF-SHEEN AR BRI ER.

Path.mkdir (mode=00777, parents=False, exist_ok=False)

HEAERANHS. WRAH T mode , BF-5 MEIHEFEN umask {H A ok g SCAAEAITT A7
o WRBEEESAAAE, Wl FileExistsError,

WIS parents 2y true, ATATHAE K I H KA ALREE ILE ARG O1E: BT ABOABUIRBAIE, A
%1€ mode BL'E (Hif)j POSIX ff) mkdir —p find ).

IR parents F false (BRIA), NHARAF W RXHH RS T FileNot FoundError gl .
W exist_ok Ay false (BRIN), WIHEHWOIEAAEREN Pl FileExistsError,

AR exist_ok K true, NW|FileExistsError o ZNE (F1 POSIX mkdir —-p fy2 471840 ), {H
& HATE R G — MR AN 2 IR Al H SR ST A AR 35

e 3.5 ML exist_ok FEB PN

Path.open (mode="r’, buffering=-1, encoding=None, errors=None, newline=None)

TIPSR R SCIE, BN E R open () BEUIT B —FE:

>>> p = Path('setup.py')
>>> with p.open() as f:
f.readline ()

"#!/usr/bin/env python3\n'

Path.owner ()

R A BESCPFR T P44« AnSRSCHRR) UID JoikfE R Gl e 42, Wi keyError,

Path.read_bytes ()

PR R G 1 T kR ] B AR 1] 14 SO ) — i ol A 2

>>> p = Path('my_binary_file'")

>>> p.write_bytes (b'Binary file contents')
20

>>> p.read_bytes ()

b'Binary file contents'

3.5 B fE.
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Path.read_text (encoding=None, errors=None)

PAF AT HR I 2R [ B AR 10 B SO R AR I SCAR N 2R

>>> p = Path('my_text_file')

>>> p.write_text ('Text file contents')
18

>>> p.read_text ()

'Text file contents'

SFSERHT IR G KM A Mlopen () —FERIATIEIEZ:
3.5 B

Path.rename (farget)
i FH 45 52 1) target ¥4 U @44 o 76 Unix b, QSR targer CVAAFAEIF B SCHE, W ZLH PHARUR,
HAF BB T - target M DASE— N FAFHREE o5 — AR G

>>> p = Path('foo')

>>> p.open('w').write('some text')
9

>>> target = Path('bar'")

>>> p.rename (target)

>>> target.open () .read()

'some text'

Path.replace (farget)

WL E 1 target T4 SCAFBH SR AR targer FR1M BUAFHISCIFE H SR, NIRRT A PR G

Path.resolve (strict=False)

AR, MTEIAF S aER . R DR BT 5

>>> p = Path{()

>>> p

PosixPath('.")

>>> p.resolve ()

PosixPath ('/home/antoine/pathlib"')

7 APFRIERENER (AR FIrER AR

>>> p = Path('docs/../setup.py"')
>>> p.resolve ()
PosixPath ('/home/antoine/pathlib/setup.py"')

R AN EAEFE B strict %8 True, WL H FileNotFoundError, YIS strict A False, NIp§E
PR AT BEHBAENT I HARRI T R B SR A R S AEAEE N . WERAERENT B A2 b 4 2E TO R R

M Runt imeError,
3.6 FrHEhfE: The strict argument.

Path.rglob (pattern)
This is like calling Path.glob () with “**” added in front of the given pattern:

>>> sorted(Path () .rglob("*.py"))
[PosixPath ('build/lib/pathlib.py"),
PosixPath ('docs/conf.py'),
PosixPath ('pathlib.py'),

PosixPath ('setup.py'),
PosixPath('test_pathlib.py")]
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Path.rmdir ()

BBRICH . M H BT 21 .

Path.samefile (other_path)
A& [m] g H SR 75 46 1] -5 0] B e P AT R ECE 7 — DN ERAR XS RIY other_path AR S0 T X Tos.

path.samefile () Eos.path.samestat ()o

WR P EHFROA [ — IR TEIA T, Wl osError,

>>> p = Path('spam')
>>> g = Path('eggs"')
>>> p.samefile (q)
False

>>> p.samefile ('spam')
True

3.5 B .

Path.symlink_to (farget, target_is_directory=False)
B AR O R AR 0] target (4TS 554% . 7F Windows |, S0SEEREN H AR 22— H 52N target_is_directory
WA true  (ERIAH False). £ POSIX K, target_is_directory W{E B4k 205

>>> p = Path('mylink")

>>> p.symlink_to('setup.py")

>>> p.resolve ()

PosixPath ('/home/antoine/pathlib/setup.py')

>>> p.stat () .st_size
956

>>> p.lstat () .st_size
8

R SHF (link, target) Fllos . symlink () Z2HR.

Path.touch (mode=00666, exist_ok=True)
SHAE OB R QIR SCPE . WA T mode T3 M RIEREAY uma sk (&9 M SCAEROBEA AT
FARE . AR SCFE EAFAE, WY exist_ok Ay true WIpREATI 2 T OOF B8 BB 0S4 58 24 i =
##% M FileExistsError,

Path.unlink ()

PR B SO BT S8 . QARSI H 5%, W Pach. rmdir () fUFF.

Path.write_bytes (data)

RESCAFA S RIBEAIT IR, B A data 3K H:

>>> p = Path('my_binary_file'")

>>> p.write_bytes (b'Binary file contents')
20

>>> p.read_bytes ()

b'Binary file contents'

— R B SRR
3.5 B

Path.write_text (data, encoding=None, errors=None)

FESCAFASCAREITIT, B A data I K H:
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>>> p = Path('my_text_file')

>>> p.write_text ('Text file contents')
18

>>> p.read_text ()

'Text file contents'

3.5 B fE.

11.2 os.path —E R IRE

PARHS: Lib/posixpath.py (& F POSIX), Lib/ntpath.py (3& H] Windows NT), and Lib/macpath.py (i& f| Macintosh)

BRI AR L T IR RE . AN SRS ASCE, 52 Wopen () 5 A KT SCIERSE(E
B, i Z Wos B, S HOT ATAF R T TR G 3. FATTSR Y AR P X4 278 A (Unicode)
TR AR, FEESCPEAAE Unix ERTBETCIE I FATHRR R, IRIAE Unix B B2 SO RHE R SCIF
A REF . WA TR IR AR . IR, AE Windows -5 EAUEFI0 G, NREFIRIY
IR SCIE4, (DABRIE mbes 9D ), R Windows 7 F 17 VA6 549 H3 0 Gk 1) i A SC A

55 unix shell ~[A], Python NATAEAT & ST . 245 HR T ZEAA shell 12 RS, FTPAR
HiEllexpanduser () Mlexpandvars () ZBHEE. (BiEZSglob ik, )

S
pathlib BHSRAEEHFEIENTS .

Tt A LR B2 P AT TR X QA SR AAGR B B AR OO R4, AE SRR AR R
PIE 8

R T AFRRERERGEEA AR FAE, HIIASHER A BRI LA . os. path fith
RZGE I Python IZ4TAYRAE RGERYBKARIIIR, BT TA AR (F02, ARRIER 1S B2 A—Fh
ARIBHEXER, AEAWE LA S ARG A B TR R AT AR 7] ) S -

* posixpath H7T Unix %12
* ntpath i F Windows %1%
e macpath [T IH MacOS #1142

os.path.abspath (path)
iR [ 42 path ()45 B R (BRiEALIY) o« FERZECFE L, X4 FF M normpath (join (os.
getcwd (), path)) WM normpath () K%L,

TE 3.6 RS #:52—A path-like object ,

os.path.basename (path)
1R 8] B A2 path B EEAR L FR. X2 XF path G NREisplit () Z )5, R&EF—XHEF B =i R,
R, R4S S Unix basename /7 A [A]. basename ff '/foo/bar/' Fik[H 'bar',
Mbasename () PRFGERE—NZEFLRFE (1),

T 3.6 R M 25— path-like object .
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os.path.commonpath (paths)

Return the longest common sub-path of each pathname in the sequence paths. Raise ValueError if paths contains
both absolute and relative pathnames, or if paths is empty. Unlike commonprefix (), this returns a valid path.

Availability: Unix, Windows
3.5 B fE.
T 3.6 U 552 — AR5 22 7 P4

os.path.commonprefix (list)

oS

oS

os

os

AT 2 AR )R, RIETA BRI AIEIS (B TFATHE) . IR 51RO %E, R E]
TAH (1)

H¥

T SR BCRE R TFATELER, I T REIR Bl TR AR . BARBUE S 42, S W commonpath ().

>>> os.path.commonprefix (['/usr/1lib', '/usr/local/lib'])
'/usr/1"

>>> os.path.commonpath (['/usr/1lib', '/usr/local/lib'])
'/usr'

TE 3.6 fREE U 232 —A path-like object

.path.dirname (path)

R[] EEAR path W H SRR X@HF path & Nskifsplit () Z)q, RE—XHEF RS —ITE.
T 3.6 R B2z — P path-like object .

.path.exists (path)

iR path Fg 10— CAFFE R IS AR B AT 09 SO AR SF, & B True. XTRAAFFS8EH:, &0
False, fEHEV-G b, WM Hos. stat () 23] B bR SCHBA PATRER , BRI path BSE7 7, 4%
PR A BEIR [F] False.

TE 3.3 UE M path BAEFT A2 — %L AR EEEOE — N C AT SCHERARSY, &[] True, BN
ik [A] False,

TE 3.6 R 252 —A path-like object ,

.path.lexists (path)

IR path F5 01— A CAFEMRIAR , IR E] True X RMFFS568%, IR F False. fEGfKos. Istat ()
P& &R Texists ().

TE 3.6 R 52— path-like object ,

.path.expanduser (path)

f£ Unix Al Windows |, FFZHCHIFLIN Y ~ 8 ~user FHoh 24 a0 A 2 5 H XFFR .

1 Unix B, JF3KEY ~ WA & HOME (R, ASRAS BRI, Wil N BRI pwd 7 password H
SRPAERAET RS PA ~user JFKNE AT password H S ALK

£ Windows |, 5% H T HOME il USERPROFILE W¥{# F &1, 75 Wi fl HOMEPATH Al
HOMEDRIVE M2 A . JAN ~user 4B XM IR T BT AE UM P s R il A i s — % H
Ko

MR REFFERAR R, B BN R ABOR S Ik, WIBRAR R RS .
TE 3.6 RS 252 —A path-like object ,

os.path.expandvars (path)

WA AREA RN N SR, RIERITA RSB, Sname B $ {name } JEX T F1F R
BERSEAL B name W(E R . A% U IRAG AL BEAA FRRIXEANAAAE A B 5 R AL
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os.

os.

oS.

Oos.

oS

oS

oS

os.

os.

7£ Windows I, &7 $name il ${name} 4}, @BA[PAEIT Snames.,
T 3.6 IREE U 38252 — path-like object .

path.getatime (path)
Return the time of last access of path. The return value is a number giving the number of seconds since the epoch
(see the t ime module). Raise OSError if the file does not exist or is inaccessible.

If os.stat_float_times () returns True, the result is a floating point number.

path.getmtime (path)
Return the time of last modification of path. The return value is a number giving the number of seconds since the
epoch (see the t ime module). Raise OSError if the file does not exist or is inaccessible.

If os.stat_float_times () returns True, the result is a floating point number.

TE 3.6 B 5% — A path-like object ,

path.getctime (path)
MR [0 path 15 2G5 ctime, 7EASEERS (Hohn Unix) |, BTSRRI BUUNT, KRS (1
40 Windows) I, /2 path FBIFERT]. R PIE R — DR, HLTCHEL (S0 cime B . A12RIZSC
HARFAESAT PR, WbH osError 4.

TE 3.6 R 52— path-like object

path.getsize (path)
B[] path R/, DAL, AR SO SO W5, Wb H 0sError 4 .

TE 3.6 IRFE UL 8252 —path-like object .

.path.isabs (path)

WA path J&—A4axFEgAE, WM True, 7€ Unix &, EHtEPARMIIFL, 1M7E Windows I, B0 DA
AWK T EARHT (B AHL) FFk.

TE 3.6 fREE M B2 — P path-like object .

.path.isfile (path)

WA path J2 34 H) BRSO, MR True o A8 ESIRERT 545, I, X TF—8% 4%, islink ()
Misfile () ZRWTHEN True,

T 3.6 REE M B2z —path-like object .

.path.isdir (path)

W path A H H, WERE True, RFTIESIBESFSEE, Wk, XFHE-—8§%E, islink()
Misdir () #ATEEN True,

T 3.6 RS 25— path-like object .

path.islink (path)
U2 path $71A A HkkH R M58, WM True. Q1R Python ZATHIA SCRAATF S HERE,
g2k M False,

T 3.6 R 25— path-like object .

path.ismount (path)
Return True if pathname path is a mount point: a point in a file system where a different file system has been
mounted. On POSIX, the function checks whether path’ s parent, path/ . ., is on a different device than path,
or whether path/ . . and path point to the same i-node on the same device —this should detect mount points for
all Unix and POSIX variants. On Windows, a drive letter root and a share UNC are always mount points, and for
any other path GetVolumePathName is called to see if it is different from the input path.

3.4 i CNRE: SCRFE Windows FAG I AR 2225 A
TE 3.6 R 52— path-like object ,
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Oos.

Oos.

os.

os.

Oos.

os.

os.

path.join (path, *paths)
P — DA AR . IR BMEE path T *paths FATEIVER , B AEZS7R JG RS R IR —
NHEFIFRFT (os.sep), B TRG—wr. REWEWRESG—EB0 N5, MR LT FRFTES 2 .
WMRSHPHEA T2 AR, MR BRI B RS, TENER AR AR TF IR R .

£ Windows |, B3| 4% 4234 (B8 r' \foo') B, AEEEHHZL. WMEETHEEOLESHE
fF, MeEFUALEaEY, HEEMA. WHEE, BT MRIHREE 1 “Y4aiHX”, FreA
os.path.join("c:", "foo") F/RIKFNAS C: 24w HFHAHX IR (c: foo), MARE c:\foo,

1 3.6 WUE I 32— R 364220 2 T path Hl paths .

path.normcase (path)
Normalize the case of a pathname. On Unix and Mac OS X, this returns the path unchanged; on case-insensitive
filesystems, it converts the path to lowercase. On Windows, it also converts forward slashes to backward slashes.
Raise a TypeError if the type of path is not str or bytes (directly or indirectly through the os.PathLike
interface).

TE 3.6 R 52— path-like object ,

path.normpath (path)
WL &2 A0 AR E H st 51 bR L4244 . BbAa//B. A/B/. A/. /BRI A/foo/.
/B ARSI N A /B XA FAFERERAE T BE S MU A AT S AR AR B Lo AE Windows |, ATy
X IERML A BT . B KNG, Wi normease () .

TE 3.6 fREE K 52— path-like object ,

path.realpath (path)
R E SRR, TR P E AR ATAF S o (MR RS )

TE 3.6 R 252 —A path-like object

path.relpath (path, start=o0s.curdir)
IR 247 H SRS starr 3% (F3E) 215K path 2[R/ BEES AN R XAUGEAT B ENITE, R
Vi) SC RGN path B start WIAFAEPESURE

FF4& BN Nos. curdir
Auvailability: Unix, Windows.
T 3.6 R BE32— P path-like object .

path.samefile (pathl, path2)
WA B ARG A R B SRk H S, MR True. X HBEATS A inode SR, FEAT— #4281
Mos.stat () KRB L F5

Awvailability: Unix, Windows.

¥E 3.2 BUE M I T Windows 37

TE 3.4 JCE M Windows SR -5 HAB A -G 4 R 9 5< 21
TE 3.6 RS 52— path-like object ,

path.sameopenfile (fpl, fp2)
R SCAFIRAT fpl M fp2 FR 1 AHE SCHE, MR [E] True.

Availability: Unix, Windows.
TE 3.2 BOE R dshn T Windows SCHF
TE 3.6 R $E5%—path-like object
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os.path.samestat (statl, star2)
AR stat JLAH starl F star2 Fg A0 A SC4E, WIRE] True, X2 stat JTCAH PR Hos. fstat (). os.
lstat () Blos.stat () REIH . ARERELEI T samefile () Mlsameopenfile () Ji&)J2 BT A E
Availability: Unix, Windows.
TE 3.4 BOE G Ush T Windows 7 5
TE 3.6 JRFE U 8252 —~path-like object .

os.path.split (path)
FHEAE path 53 F—XF, Bl (head, tail), H, tal ZEENEIG &7, 1 head HZ B 5H
SN NES o tail TR EREL, Q2R path DAFFTEERE, W tail ¥775 . Q1R path s #HL,
head ¥ h=5 . WH: path =5, W head Fl tail 3455 . head K EFHFLESW A, BAFEE2MRESE (B
G —AHENRL) . LEFTARBOT, join(head, tail) f8MIINIEAS path MR (HF4F
HAREAR) o 7 iES Wk%kdirname () flbasename (),
TE 3.6 fREE U 52— path-like object ,

os.path.splitdrive (path)
FHE8AR path 553 R—*F, B (drive, tail), H drive SNBSS F/FF . TERA RS
RY L, drive FIRLABFIIR . FEAENLT, drive + tail #R5 path fH[F .
TE Windows |, 77 RF AR5 KB 28/ UNC HE57 SRR R A
AR PE AR path (& 8545, W drive KA & B 5 B S RITAIMETA 4. Bl splitdrive ("c:/dir")
:"B[E] ("c:ll’ "/dir")o
R path j& —~ UNC &A%, W drive 560 & EHL4 ML =8, BEAGQRESE WA BAF. 6l
splitdrive ("//host/computer/dir") i&[H ("//host/computer", "/dir"),
TE 3.6 R 52— path-like object .

os.path.splitext (path)
FFE8AE path 553 R—*F, Bl (root, ext), ffi root + ext == path, HH ext JyZERAYE ) 5T
T3k, B W& —Aa) 8. AR ) S8 20, Bl splitext (' .cshre') i&H (' .cshrc',
T ) o

T 3.6 R BE32— P path-like object .

os.path.splitunc (path)
3.1 )5 E RS Use splitdrive instead.

Split the pathname path into a pair (unc, rest) so that unc is the UNC mount point (such as r ' \\host\
mount "), if present, and rest the rest of the path (such as r ' \path\file.ext"'). For paths containing drive
letters, unc will always be the empty string.

Availability: Windows.

os.path.supports_unicode_filenames

AR (FESCHFRGERRE ) FeVPRHE R Unicode P45 H IAESCIE4 . K True,
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11.3 fileinput —X{ARBSMRARBIT

PRACHES: Lib/fileinput.py

Al

cm

IEARHESE BT Nl Bl 2SN — 2 o 50 S HR i 2 55 1 IR A v i A Bl ST R IR . iS4
g S Fopen () .

S RN

=
i

VEE

S
i{ﬂ
=

NN

G

import fileinput
for line in fileinput.input():
process (line)

This iterates over the lines of all files listed in sys.argv[1:], defaulting to sys.stdin if the list is empty. If a
filename is ' - ', itis also replaced by sy s . st din. To specify an alternative list of filenames, pass it as the first argument
to input (). A single file name is also allowed.

A SRR BRI ASCABRF T, ABAR W] PAE A 1 nput () B{FileInput WHEE mode 2K AL
10 WERAEFT P B BOCPE 228 T VO 4R, &5k osError.

TE 33 MM JFk &G K 10Error; BAEEROSError R4 .

WAR sys . stdin G fMER—W, WS R Z G ARERREUEMTT, BRAE@pc aNm i, si#e
i A E (BN sys.stdin.seek (0)).

A TIT RS B M BATAE jdﬁf:ﬂ%‘zEPA%K?I%"?'JE"Jﬂ’%~‘%b‘i‘Rﬁé‘u%}ﬁﬂﬁlﬂ@iﬁﬁﬂﬁé%ﬁﬂ%
ST AT AN RHATAF AL B, SRR SCPE P B RS — AT AT BB A T4 -

MU H SR FT H 20, ARDT PAE R openhook TE 24545 fileinput . input () B{FilelInput () Ffi
P ATI T WL T — AR, B2 NS5, filename Fl mode, 1R 5] —A~DAAH W ASFT T
B SCF R Ge. AR ER B 2 3L T WA R 1.

PATR BB BT W 2 1 -
fileinput .input (files=None, inplace=False, backup=", bufsize=0, mode="r’, openhook=None)

B rileInput JRESEH]. L BIRFHNAE A T R B & RpRES , I b R s U ) Bk
W . MR TE SRR S te B A F i L e Tnput JEH RS .

The FileInput instance can be used as a context manager in the with statement. In this example, input is
closed after the with statement is exited, even if an exception occurs:

with fileinput.input (files=('spam.txt', 'eggs.txt')) as f:
for line in f:
process (line)

e 3.2 BOE e W] AR /R B R SCRE R -

Deprecated since version 3.6, will be removed in version 3.8: bufsize I&%: .

THN B fileinput . input () FrAlE R 2R REA E IR, &5 K Runt imeError,

fileinput.filename ()

AR [0 Y PO SO T4 o A — AT /T, 1R8] None.

fileinput.fileno ()

AR ] AR I A WSO “SCPFRIRAT” . RFTIFSCOER) (eSS — AT SCf 2 ), a& el -1,
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fileinput.lineno ()
R B R AT S . AR — AT /i, JRIA] 0. FESRSE— SR E — AT I IS, 1R
BIZATHIATS

fileinput.filelineno ()
R Y F SR RIAT S . TR AT Z AT, R 0. FERJS— SR — TR )G, 1R
] S A ZA T T

fileinput.isfirstline()
Returns true if the line just read is the first line of its file, otherwise returns false.

fileinput.isstdin()
Returns true if the last line was read from sys . stdin, otherwise returns false.

fileinput.nextfile ()
SFH M R SCEARE F USRI T — S0 (HSRAEAE) B —75 R SCPF BT R &
WA BTA BRSO TRE L G SCE4 A O . T TR 1, e
éﬁliﬂgééiﬁl EARRTARBL 5 — 30 FER)G— SRS — 1T P0G, BB A
AR

fileinput.close ()

PRSI
BEAS 