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[Flg

v
Xy

&+

Python FwaS A LIS, BERFER T LABE T E2emis. PAR R BRIESCT- B A 1

Fmk
abs () delattr () hash () memoryview() | set ()
all() dict () help() min () setattr()
any () dir() hex () next () slice()
ascii() divmod () id () object () sorted()
bin() enumerate () | input () oct () staticmethod ()
bool () eval () int () open () str()
breakpoint () exec () isinstance () | ord() sum ()
bytearray () filter() issubclass () | pow() super ()
bytes () float () iter() print() tuple ()
callable () format () len () property () type ()
chr () frozenset () 1list () range () vars ()
classmethod () | getattr () locals () repr () zip ()
compile () globals () map () reversed() _ _import__ ()
complex () hasattr() max () round ()

abs (x)

R B — AL E . ST DA — IR S . s EE— A E R
XT _abs__ (), Wabs(x) ¥RM x.__abs__ ().

all (iterable)

W iterable (A ICE NE (BB EA%S), &I True . ZMT

VIR [ PR AR x

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

IR iterable [AT—TCE HEWRF] True, QIRERINZ, RFE False, FMT:

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

ascii (object)
LR repr (), RPI—AXFR AT FERF R, (HE repr () REIFAFH H1E ASCIL 4y i i 4% ,
S \x. \u FlI\U REE L, AR FEAFER RN Python 2 ) repr () 1R I SRAHAL o

bin (x)
FF— B R — RIS “0b” B —HERIFAFER . S5 2 — AN E7ERY Python ik, W x A2
Python ffjint X%, IPEFKEE X __index__ () FiERb—AHEE, —Lf]¥:

>>> bin(3)
'Ob11"

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

WA —ETHERIZE “0b”, B AT AU 53k

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

('Ob1110', '1110")
>>> f! ', £ !
('0Ob1110', '1110")

FiW format () PHEZAEH..

class bool ([x])
RPl—AD/R(E, True B0 False. x fEHARMERY LA X 42 R, WR x 2R ECE AR,
RE False; HABAFMIRE] True, bool Figint TR (ZWHF £ —int, float, complex), HiAth
FARBYERH T . EHA False fll True BIASLHI (S04 744 .
3.7 U x B R BN E S

breakpoint (*args, **kws)
IR B AE T BPRAARIA AR s . BAORUL, BV sys. breakpointhook () , HiEf%i args
M kws o BRATEHL T, sys.breakpointhook () Wpdb.set_trace () HIEHSE . 1EXFE
T, BAREEER L, FIEAL R T Apdy HEARA a8 BTk A iRAE . (B2,
sys.breakpointhook () W] DA E A HA— Sk FH P breakpoint () BN, PARF#E AR
FEVE AR -
Bl k—F % EHF builtins . breakpoint FPfHS%L breakpointhook,
37 A

class bytearray ( [source[, encoding[, errors] ] ] )
iR [u]—ANHr Y bytes $4l. bytearray FE2—ARAPS, WEHTHY 0 <=x <256 L. B4R
AR P AN KA WL Tk, DL & 520 220 (4R IR A bytes KRB RER D Tk, S Wbytes 4o
bytearray 1%
A[HETE S source W] AN ] 77 2ORAT 46 LA -

o WG —A string, R HHEME encoding ZHL (errors ZHATYZ W BEW) 5 bytearray () £{fi
Hstr.encode () Ji¥EF¥s string F575 Jif, bytes.

o WRZ—A integer, SAIGAK/NAIRECTF IR, FFOEH null FHYIETE.
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o WAV buffer LTS, DAHEH FLSE buffer 21156 o
o WIRIE—A iterable FIIEAXT S, BRICRMEELAR 0 <= x < 256 IWREL, B MIES
HIWIIRNE
WA LS, WEEK/INK 0 H%Ed.
=3t 5 5] £ — bytes, bytearray, memoryview Flbytearray %t %,

class bytes ([source[, encoding[, errors] ] ])
B “byles” X%, R ARTEFI, WEEEY 0 <= x < 256 WL brres
Rebytearray WARMERUAR - EA SRR ERRIFNRS] . 51 .

P, MRS by tearray () M.
FATXSZIE T A FIHRMERE, 2 strings.
5L =3t 52 £ A — bytes, bytearray, memoryview, bytes 3t % Flbytes F= bytearray 34k .

callable (object)
WRBEL object JE [ LR ] True, HWEREIFalse, GNHRM] True, JHHAAEER, (HanH
Rl False, WIEHH object ¥ @A EHEZETEAR (JHHZERHR B —AH R SE6) ;o
BB _ call_ () WIEEATEE.
3.2 FCHTA: 3X AR B —FFUR7E Python 3.0 ##2F% T, {HAE Python 3.2 B EH A .

chr (i)
iR [A] Unicode 507 BEEL i i FAFRIEAF A& BT, chr (97) SRIEIFEFFH 'a', chr(8364) k[
TP rer. Xigord () WIMREL.
LB ATETEREZ 0 5] 1,114,111 (16 ##]F5m 2& Ox10FFFF ), 415 i 8 iX NEFl, &tk valueError

IS
o

Paslat]
@classmethod
oA R Tk .

—AEITEEACAENS AN ES, iR DO EIEEA H BRSNS AT 5
Pl ESYIRIN

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

@classmethod XFEHITER IR N R decorator — 4 2+ 7] function,

SRIT IRV AT AFESE EEAT (1N c . £ () WA DAESE B EZEAT (BN C O . £ ). HPr@IEPASY
%@Zifﬁﬂ‘z‘%}}i%fﬂgc WERETTEAE TR LRI IRAESE BV, WHZIRAE X R 2PN RSN —1S
BRL A

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, see types.

3.9 i H 4 Class methods can now wrap other descriptors such as property ().

compile (source, filename, mode, flags=0, dont_inherit=False, optimize=-1)
Ff source JmiF AR AS B AST X4, RRASXFT SR AT PAexec () Heval () AT, source AT AR HLAY F4F
B OFITTATE, B AST M. S ilast B SCRY T AT AT AST X452,
filename S22 HR MBI SCAF4L s AR TR ZEM SO P e, T DA A — LRI HER I (&
WA '<string>').
mode L Z:45E T ik G AR AR source JRIFAIIFH, DA 'exec'; UIRRHA—HRKIE
A, WA reval'; MURRAANZHAER, AT "single'. (FEmJG—FHLL T, WERFRNX
PATEERAE None FFowlfTEI K. )
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A SR flags F dont_inherit ¥ HIAE i3 source 2L BIWFA future 1547]. WIRPTE A ASRAL (S
) WAl B E A compile () WIAED ALY future 1EA] SR 4FACHD . MR T flags SH0H%
H dont_inherit (5532 %) W) flags ZH0THE 7 1 LA B AR L Fo 18 Ul &5 A %) future 1A SS90 . W
dont_inherit }j—AEZ8EL, W R flags Z40 — FE VR T AMEIA 3001 future 15A) 454 206 o

Future 1% 4] fiff FI EL 4707 2R 38 2, £ 18 A) 7 DAGE 1 35 7 3Ok 48 58 . H AR M G He 4 47 7T DA
i future  FEHRPI) _Feature KAYEHBIH compiler flag EMEAKFA.

RIS EL flags I £ ¥5 K2 TE AUV gn iSRS sh L5 B )29 await, async for fll async with.
W2 T R ast . PyCF_ALLOW_TOP_LEVEL_AWAIT K}, FRR[EMCIEITEAE co_code FiE T
CO_COROUTINE, JH[iisf await eval (code_object) A H A HFHAT.

optimize SEZARTE HiE R ILACION ; BOME -1 PR SHREAR 0 -0 IR R AL . RaRgh
0 (A _debug_ HE). 1 (BrEwilEk, __debug_ MR) 2 (CCRFAFERBEIMER).

WK g PR A R, RS M K SyntaxError FH s WUREAD AL null AT, 00 2 fil

K ValueError R,
AT Python [LFYY AST %, W2 Hlast . parse ().
Bl R—% % E M compile M 34k source, filename,

il 7E 'single' 5 'eval' MAGIFZATRIL T/, MALFED—DMRITFFLR. X
flicode BB A GG MTE R 5E bk -

B TR RIS RECE RS A AT gt il AST XF4 T, Python fig A 7] LAFK 4y Python AST
Gt 5P 140 R A R A1 T 352

3.2 JiCE S FLiFf# ] Windows fl Mac (#4747 TE 'exec' AN FFR EABRATIIG . W T

optimize &% .
3.5 i A 2 1 source AL null TGS A& TypeError B4,

3.8 MR Hi il A: ast.PyCF_ALLOW_TOP_LEVEL_AWAIT P ¥E 0] £ HE kR o A& A AR 6 5 75 )2 4
await, async for fl async with B+,

class complex ( [real[, imag] ])
ARME N real +imag*1j WAL, SCRFFATHR B PHRAICN S0 WERASE — MBS 275 eR, W EHdR
R — AR, I LB A 6 =S . B NMES AR PR S A2
ERMEERE (LFEEH) . WA T imag, WEGAEAE, WiEEMEBRine ffloat —f£dE
FRUERER . RPN S, WaR]E] 05 .

X/~ Python X4 x, complex (x) &xZ 645 x.__complex__ (). WIH __complex_ () &K
EXHEELRE _ float_ (). MR __float_ () A XWPBEELRZE _ index_ ().

ME): U FAFREARNS, FAFERTE + 8 - A BB GEA 25 H . B complex ('1+23 ") @A

H), {H complex ('1 + 23') &fiikvalueError B,
)

FeF £ —int, float, complex iR T HERAL,
3.6 JiUEE A ST DA T R 2R AR SO B A T A AL
3.8 iU AE: WIS _ _complex_ () fl __float__ () A& XMEERE _ _index_ ().
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delattr (object, name)
setattr () MXMEE. LSRRI — TR ZFFRUARNZIHEATEME . IR %
T, ZRBCRH RS e i JEbE. Bl delattr (x, 'foobar') %MiT del x.foobar .

class dict (**kwarg)
class dict (mapping, **kwarg)
class dict (iterable, **kwarg)

Bl dict WRRB—AFHE, Sdict Fekdf 27 —dier TREXE.
HARALRRT, ESWNEW1ist, set Mltuple 2, PAfkcollections fEdk,

dir ( [object] )
ﬁni&ﬁiiﬁ, VU3 ] 24 B A A TS B A ARG . IR 2, B 2SR MR R A U M
LI

WMRNEH N2 _dir_ () WFEE, BAZFERSSRE, I HOauR E— @ E. X
VFSEELH E L __getattr_ () B __getattribute_ () PREIXTREENS H & Ldir () KRG E
IR JE

IR dir (), XPEBEEEMNREE X dict @R RIER B
SERBIFI A B RN, WRNRA AEN __getattr_ (), IREGRATREAUER .

BN dir () HLFIREA RSB GAT AR, B SBR[ A i A 2 ik 4 s B

o QRN GURBIAR, WFIR A SRR

o AURXTGURRMEEXT S, WIRUEENRBIEATR, H Hid AR 2L w .

o B, FIRMAEMRIBIEARR, EREEMNEATR, I HBHERERER A B E .
AR [ B Fed i PR R . il

>>> import struct

>>> dir () # show the names in the module namespace

['"__builtins__ ', '__name__ ', 'struct']

>>> dir (struct) # show the names in 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):

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

>>> dir(s)

["area', 'location', 'perimeter']

#iE: Whdir () FEENTHETAELERRERH, AT Sl EER B AN TEBSLRN 4 P84, A
JE A R IS5 S ) TR e — Bk, B BRI T M T BEXE R R RS 2 IR ek A . fldn, 24582 —4
R, metaclass [ JETEAN B S FELE RS R .

divmod (a, b)
BRI (AR BFEE RS, FFERI TR BRI R B — X R AR A X TR G EERE AL, &
FAME BARIZEFHN . TR, 45581 (a // b, a % b) —F. WTHEAE, 45588 (9, a
% b) , qiliH & math.floor (a / b) HAEEX 1 /. FEAEMIEL T, 9 * b + a $ b flaft
AME: Wk a 5 bIEE, BN bL—FE, JFH 0 <= abs(a % b) < abs(b) .

enumerate (iterable, start=0)

R[] —AMEER G o iterable ALIFR— S, Biterator, SCHAMSIFRFENRIIM R . enumerate () 1R[]
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FIERES__next_ () FHERE—NIC, B — A (K sart FF4G, Bk 0) i@t
HEAR iterable HAFHIME .

>>> 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[, locals] ] )

SBRATFRE, DA R globals Fll locals. globals SXZ: Wb 2—AF M. locals ] DA AT AT L}
UE

expression ZHNER—A> Python ik (MWEAR LR — 5 003E) @I RIE, IR globals
Hl locals “FHAE 4 [y Fl R 44 25 8] . WA globals “F3UAFHE HAEL DA __builtins__ R 5EAIME,
W) S AEfRHT expression 2 Fijd A DAL A EERG X N B bui 1t ins 5| . IXEMWE expression T H
AR DU 1t ins B SE VAR B AZ RIS EH . WA W locals WL FLERIAE K
globals . QAP FHIF BN, WRBLPATH @ Heval () PRSP globals F1
locals. EYER, eval() FEARAMNEIAEE T 1Y GEJRHER) 4% 218 A 25 7 AR «

AR AR R AR AR . TEVR RN it . Bl

>> x =1
>>> eval ('x+1")
2

XA R A DA SR PITAEATACRE S22 (Wcompile () BIZR) .. XAEHT, SEEMLEXTE, m
ANREFRE . R PFLR G mode o2 5¢ 'exec' HLeval () RFMEN None .

PR exec () MBI SIITIER]. globals () fllocals () BRESS HIR 24 B4R A L 7
i, R DA BTG # S eval () Blexec () M.

BT Fast . Literal eval (), GSTIAGA BUTIVE A TR ERT .
Bl R— % % F 1 exec fTZ%L code_object,

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

XA RBCLFEEASIAT Python {55 . object Wb/ Z2FAFER BB RSN 4. WIRZFFFE, WAKFHH
BT A — F 51 Python AT (B3R & A TEVEESIR) | ISR 2RS4, B e il T. FE1T
IEOLT, BT RASHAN RS ZA S A — AR A R (WS Fhh T SCFm AT ) o THTE
BEHME g S exec () MBS L F3CH, return fil yield iR RERE B EUE L2 AMEF
%R EGR [FIE & None

TCIRWRFPE L, AN g TR, AASREAE 4 Tl /E I A AT . Q2R AR T globals, WII'E WA —
AT ORBERTHLAY T2, IR Wk T 2R E AR & . QR R AR 4E T globals F1 locals,
BATE M T &R RERAE & . WERERE T locals, WIBE W DURARATBRGIXT G . HICETEREUZ
|, globals F1 locals & [Fl— 4>, W15 exec 152 W~ BT G4 K globals F11 locals, WA K- ] %
ANEE LT L —FERAT

USRS Unid MASIOFTEE AT QARG SO e R, T PR A TAF RS S 4 Windows B Mac MAG 474«
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AR globals “FHAALF __builtins_ HBE, WK AR AN WHbuL 1t ins FEHFHLITE]
I, RIS GG exec () 20T, PTDAER A CH __builtins_ U A F| globals 115k
e ) T DA T AR Ay AR

5| k—% % E 1 exec T ZEL code_obiject,

#HE: NEglobals() Mlocals () ERENSS H IR 24 Fi i 4 B AIA Ho 7 R A] DAKF B2 41145 336
Zhexec () BB A =S,

fE): BROATEOLR, locals WA T AN NI Locals () BREHEIRM—#E: ARERE UCEBIA) locals -3
WRERE A Eexec () BREORIEINFITE LGRS locals H)AEZ, WAL locals 73t

filter (function, iterable)

clas

1 iterable W eRAL function iR [EI ELAABLETCER , B NHINIE AR . iterable W L@ — T, —3C
FRA A S, B—DIERE . WER function j2 None |, W& EBLER—E %k, B iterable i
AIRIERITCR 2R -

EWE, filter (function, iterable) Y4 TFT— A Mg FEIA, Y4 function 2 None HH}
&5 (item for item in iterable if function (item)) ; function /& None HJBHMERN (item
for item in iterable if item) .

S litertools. filterfalse () TR, HA function JR 7] false i A W HL iterable W G & 4P FEER

s float([x])

1 ] SO B A R x A IR R R

WERLS PR, WERAUS W& TR B F T4, PR AR, Z Al DA 25
o ALEMFFSA A - XMRIERERA . KSR NaN () . IEfRUTESY
RIGTFFE . BRI, BREERIERE, ARG AT ik

Slgl’l — "+" | nm_nmn

infinity = "Infinity" | "inf"

nan = "nan"

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

X B, floatnumber j& Python 7% fi £ E/F LK, UL floating, FH: K/NEH AT LA, i
U, “inf”. “Inf”, “INFINITY”. “iNfINity” #[0] PAZEA%1E 55K

F—Or i, AR S R RREOE A, AR EAAARE (FE Python 2 SRS BEYEREI N ) IOTE 4L,
WS BAE Python VAU ETEE 4, W&tk OverflowError,

X F—A i Python X4 x, float (x) 24 x.__float_ (). WER __float_ () K& XM
KRR _ index_ ().

WREAEES, WRE 0.0,

il

>>> float ('+1.23")

1.23

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

-12345.0

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

(continues on next page)
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HEH L5
0.001
>>> float ('+1E6")
1000000.0
>>> float ('-Infinity")
—-inf

#F KA —int, float, complex TR T FE M AL

3.6 MU A% FmT DAGE R R 4eofs AU SO w87 AT 4.

3.7 MR x BAE R AEME N L E SR

3.8 A QIR __float_ () REXNEHREE __index_ ().

format ( value[, format_spec] )
KF value ¥eAi g format_spec FEHIR) “RXAL” FoR. format_spec (FEREIURT value SLEHIFER, {H)
REHON ERBUE I AERS ATEER 48 XS IRIE S .

ERINY format_spec Jg— AP, BlEMIAR st r (value) ME5HFAM I
8 H format (value, format_spec) << % i J type(value)._ format__ (value,

format_spec) , FrPASEBI FH i) _ format_ () HERKR AL, WHEE R Fobject
HIXAHIEAE format_spec INNZS, format_spec SUR AR TFATH, &k TypeError S,

3.4 FREE & Y format_spec K 2 2 F 4 H B, object () ._ format_ (format_spec) < filt
vaTypeErroro

class frozenset ( [iterable] )
REl—AN frozenset X4, B FA%SE iterable P )G . frozenset 2—PHNEMRIE.
TR R, & frozenset fIEA LA — set, frozenset .

BN set . 1ist, tupleMdict %, PAFicollect ions B TRIEMALE.
getattr (object, name[, default] )
RS A4 JEAEREL. name WAUR FAFHR . WRZ PR @M RN R —, IR BZ SR (E.

B, getattr(x, 'foobar') %[[T x.foobar. WIRIEEMNEBEANITE, HIEMET default {,
JFIULIZIEITZ, 7|'3<|)_I\]Jﬁ§7'izZXittributeErroro

globals ()
AR R Y 1 4 RS R A . X AU M TRl (FEREEU R, AR e, T
T BRI .

hasattr (object, name)
SR PR —AF 5. MR FEREENRNEEZ —f4FR, WERE True, 75 05R 1
False, (JLIWAEZELIA getattr (object, name) FRETEHACtributeError A REIH
E/\Jo)

hash (object)

R HZR GG AE (AR EARIIE) . WA EE A ENTE T ST R POk 7 i B
R R/ N AL A A R R A (e (R 126U, 4 1A L.0).

fE): R REM T HOR __hash__ () ¥k, HHE, hash () REHVLEFE T EREKR FIHE.
HIEZH __hash__ ()

help ( [object] )
JEEINERTTI RS (MR T ZAE B ) . WREA S, Rl & B o 8 sl S B H
RS, WRES R AT, WA, g, 25 k. KBTS R8T R %S, If
TEFER G EATEAR IR . ARSI BRI R, WS A st S 3 W i
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TR ARAE R BAESH R BT RAL (), WEAELGEIEH help () BIRHMEEIRE BHLZ BT
WROEIL S . BEMKXAEE, WS A RMROCEEZH FAQ & H .

PR AGE L s 1t e BEBUIAZI N B Ay 44 23 10] .
3.4 WU SE: pydoc Mlinspect WAL SIS RIR X G254 15 B 5 Ax i Al — 2

hex (x)
PP LA “OX” ARSI/ ING TN 3#E Rl A7 . AR x N2 Python int X4, WA E LR [A]
BB __index_ () Jik. —SEfir:

>>> hex (255)
'Oxff!

>>> hex (-42)
'-0x2a’

R ELF R I K G SUNG I+ 8B 7475, FF A Te “0x” migk, WImlAGE IR J5ik:

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

('oxff', 'f£f', 'FEF')

>>> format (255, '#x'), format (255, 'x'), format (255, 'X")
('Oxff', 'f£f', 'FEF')

>>> f! ', ! ', £ !

('oxff', 'ff', 'FE'")

AW format () FEHEZAE B
RES R int () R 7SBERFAFER R DA 16 A3 BI HEAL.

I RO S EE PN TR R, W float . hex () ik

id (object)
RETRE “BRIME” . SRR — DA, PR R A R W rh AR e ME— HAEE W . A AR
EEXT R BERAHFRd () fH.

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

input ( [prompt] )
UWIRAFAE prompt S22, WINRFHE APRHERH , REAWEATA . BPR, B A 1T,
FEHFA 7R (B TRBEREATAT) k. 2430E] EOF i, W%k zorError, Hi:

>>> s = input('-—> ")
—-—> Monty Python's Flying Circus
>>> s

"Monty Python's Flying Circus"

WRMME T readline B, input () B EARIRMLE 2047905880 7 S0 T 6E
5|k —AF % F 4 builtins. input WS prompt.
TEI R A JG5| & — A ZFH builtins. input/result PHFE5R,

class int ([x])

class int (x, base=10)
] — AT R BT x M RO 5, BB TR S SRR ] 0 ISR x g LT __int_ (),
int (x) ¥R x.__int_ (). MR xEXT __index_ (), B¥iRF x.__index_ (). R x
EXT __trunc_ (), BRRE x.__trunc_ (). MTEFELAE, ERMEEGA.

WAk x ARET, BEH base ZHL, x AR TFATH . bytes, FRIEH N base ) By 1 {H
WMoytearray SBl. HELTFHITAH + 8 - (PEAFEEZEM) , AlG AR ZEMH. —DIEHh
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n fBFEEE 0 n-1 98, Hba®lz (Safz) FR 10 5] 35, BRIAAY base 10, FeifFhl kil
£ 0. 2-36, 2. 8. 16 PEHIBCE T DALEIVEL ] 0b/0B . 00/00 . 0x/0X FiZkAFHE . Hhdlh 0 45%
FEARAD I IR BRI RE, SRmIgs e 2. 8, 10, 16 #EdlHAg—~. FfPA int ('010', 0) 2
JE¥ERY, H int (1010") Ml int (1 010", 8) AWM.

BRI E LS 5T £ 2 — int, float, complex

3.4 RS W base AN int WL, {H base X5 H base.__index_ ik, WaHMHZ IR
BUsEHI %, PARTIRA{# il base.__int_ MM A4 base._ _index_ .

3.6 JiUEE A ST DA T R 2R AR SO K B 0 T A AL
3.7 WU A x BAE K RRVE N B S
3.8 REAE: IR int_ () REXNEHGERE _ index_ (),

isinstance (object, classinfo)
WERZAL object 2 ZHY classinfo WL EE 2 (E . [AHEEUE #0) TR True, MR object A
LERAIN G, RECR IR False. QIR classinfo ;2 RAN R Il (B0l H AR TT4 28
P TTH ), IAIR object S AT — KB L HIFHIR ] True. QIR classinfo BEAZIEL,
A RR T R R TTH M T, WS IK TypeError 5.

issubclass (class, classinfo)
W2 class 32 classinfo 1 (B3 . [AJ3EEE #0) F2RMGR ] True. RSWIAEHE S/ 12K, cassinfo
WOLE RN G T, FEIAE LT classinfo HH04E A4 B EK RO #E. ZEAE TG REBL R, #0453

Zi TypeError ﬁ:f%ﬂo

iter (object[, sentinel ] )
B 0] —Aviterator X5 RIGRBATAER —AKS, B NDESHMERRIEF AR, WRBAF
ANSLB, object WS FFIEIMY (F __iter_ () k) MIEEMS, BB HFAH (F
__getitem__ () Jik, HEFSHON 0 TFIR) o AR EA SRR, Sfitk TypeError, Q2
HEE_ALS sentinel, W2, object LA T HHIR R o XAFLL T A B A, R ERTINE
W__next__ () JrikIHER QAT LS MU ] object; WISFHR RS54 2 sentinel WIfih e st opTteration,
0 Y3 [ 378 ] 45

RESFERE L,

Whiter () WH MMM Z —2WHBGERES . B, A Bk f B 2E S0P s s s E 585
sk, H RPN R

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

len (s)

RER G E TR « LS LAZFS (W string, bytes. tuple, list 2 range 45) B(AEA (0

dictionary. set BY frozen set £¢).

class list ([itemble])
BRI R AL, 1ist SCPp L@ Rl A8 e 268, G S Lise ($5)) FF2) KA — list, ple,

range.

locals ()
TR 0] R Y B A MU 5 ) i . FE RIS BN 2 RS He i Zocals () BP¥HR I H
AR . HERAERZES I, locals () Mlglobals () ZFR—AF 4,

s REE ST NE . RN RS O 1Y R AL e AR
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map (function, iterable, ...)
R[] — A function [ 1T iterable v —IU i ) H AT R E R WRAZ A T EIMY iterable S5,
function W75 ¥ 52K R A0 52 2985 5 T AT AT AR S AT IR B 0. 24 24> Al B A0
ZBF, B E AN RSN LML R T RENMACZESHocANEN, HS
Hlitertools.starmap ().

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

max (argl, arg2, *args[, key])

R [ AR R A R RIIER, SR P M PA ESES o Ri .

IR T ESE, B AR SSiterable, R B AR R EORIIGER s ARG T
LA ERIRIESHL, R Bl KA LB SR

AW R GE KRB TRILS o key KSAREHT BN SEL, Wtesh 1ist . sore () 1. default 5%
SR GOA SR B EL. AR AR G2, I HBCA S default , W& valueError,

WERA ZAIRITTE, W RO R [ 55— AR B . XA E {7 T A sorted (iterable,
key=keyfunc, reverse=True) [0] fl heapg.nlargest (1, iterable, key=keyfunc) {{
Fr—5
3.4 ETN A keyword-only 522 default .
3.8 R F 4 key W] PAH None.,

memoryview (obj)
R 25 E LS AT X5, B XRIEAER, WS A 501 .

min (iterable, *[, key, default])
min (argl, arg2, *args[, key])

R AT AR G i NAIE R, B R IS K A S Z hi NT .

MR HRL T — A ESE, B Rierable, 3R [FIIEAIT S iR/ MR ICER s QR T RS K DA
FRIAE S, LR BN &S

AW HBEH KBTI S o key SR EHT REUHMSEL, WfE4i1ist . sort () 1. default 5%
ZE ARG A BRI . R AT ERXS GRS, H B 2 default , Wi )k valueError,
WG Z A H/NTE, IR BCRHR 56— B XA HAR e HE P TR0 sorted (iterable,
key=keyfunc) [0] fil heapg.nsmallest (1, iterable, key=keyfunc) f£F—2.

3.4 BETN A keyword-only 522 default .

3.8 JiRFE 5 key W] PASH None,

next (iterator[, default] )
WL iterator /)__nexc_ () FEFREUF oo, WRERIFER, WERFIZAER default, WIF
SEBINENfh & sStopTteration,

class object
W] MEH RIS . object RFTERMER. EHRA A Python LB k. X4
BRECA AL 2

fiE): T object WH__dict_, HITEHMHEERMEIRS object LA,

oct (x)
FF— BB R — ISR “00” WI\BERIFAFE . G502 — D E¥AM Python Fk=. 4R x A2
Python [} int X5, IPEFEE X __index__ () JrikiRE—AEE. —2L4]+:

>>> oct (8)
'0010"

(continues on next page)
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(R —H)

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

UNR B R g N AT, R AT TE “00” HIZE, WIMTDAGE AR ik

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

('0o012", '12")

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

>>> f! ', £

('0o12", '12")

FW format () KIHEZAE R

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

FIIT file FR 1% RERY file object s QARZSCAFARESTIF, Wik 0SError,

file J&—"path-like object, FrRFFEAT I SCAFM IR (EXTEEAR TS 4 10 TAE B SRIWAH ), ]
DA ZR T R B R B SRS . (ISR SO RS, B ARl R mI ) VO X4 5 AT 2 H, R
3 closefd ¥} False .)

mode jZ— AN FAER . THREST I SRR, BOAMER 'v' , XEWRE B LASCAREITIT I3
Bo Ffbis WASAT: A rw' (I 24 ER SO HFEMEaIE x5 JBME 'a' (£ —2& Unix
ARG L, TTRYHI SR EEAT AGLE, PTA GAMEBINE AR )« TESCAB, U2 encoding
BATE, WIARIET- Gk E A4 : [ locale.getpreferredencoding (False) K3k
WA s (BEBEORIE AJEAG T, 35 6 bR RN 5E encoding., ) W HIREA :

FF[BX

et | EEEC (ERIA)

"w'o | A, ISl

'x' | HEEPEAIE, AR SCPRE AR N R
'a' | B, WSS NIFER I
' | Tk

e | OB (A

"+ TR (SRS EA)

AOABEAC o GTIFH T OO, 5§ et {30, B w5 twib FETIF U E S A
Bk 5 b ST SR E SN

IEAAEASE 3N, Python X 43 —HERIAISCA VO, DA BERIBIFTIFH S (BL4E mode 4P )
'b' ) BREINEN bytes R, FHTEMAEDG. EXAEAT (BRAFRLT, HFE *mode*
ZHEFAE ) B, XFNERE st HEMITIRER encoding (WIARLE) SFH MG
IR G B AR

HAE): Python /R HRE T 2 84 2 4610 SCAR SCPERES: i Ab BT Python A5 B15¢ i, RIL S FA K
5.

buffering s2— AT EHYEERL, HTBCE MR . (%3 0 AU G 18] ((UARvfE —dERIAR ), 1
Pkt (DAESCARBEN ), I H > 1 BB 7R [ R/ R G I RN (PAT15 ) B
) WRBA L buffering ZHL, MBI\ G Hems ) T A7 X0

o TR SO DA E R /NE B T s S R SO R B oh K RN, 2R E KRR A
By “Ee RN Bl 0. DEFAULT BUFFER_SIZE., FEWFZ ARG L, S XK B A 4096 5%
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8192 74,

o “HHR A (isatty () KA True WYSCHE) A TS ol SCA SO YA Skems
F b S

encoding 2 JH T fE S 5k Zm s SCIF I Rt i 44 5 . X WA RAE SO - BRIA RS 2408 1 5 1
(R locale.getpreferredencoding () R[EIA{E), {EHA] A LA Python 243 (Htext encoding
AR LFEMILY R, HSH codecs Bk,

errors J2— MR FABESE, H T8 E WAL BRSR AL RS A 15 - XARREYE —HERIA I . W]
PAGH A5 bR vE S IR A BRFE e (DRSS R 2205 % ), (B codecs. register_error () Mt
HAT IR PR A AR R - BRI PR 3G

o WERAFAEHIDE R, "strict' fF|KValueError . BRIMHE None HAMIFAIRCR .
* 'ignore' ZWEHEIR. IR, ZMAMHIRIES BRI LK.
¢ 'replace' FFEFARIC (Bl 2" ) HAAHREDEHIHTT .

* 'surrogateescape' Ff KN AL A IE B 97 T 45 4 Unicode & I DX A 9 AURS 5, 8 AL
U+DC80 %] U+DCFF, 475 ARHE I ] surrogateescape #f A B F I, X LEFLA
PR R ) A [ ) 7 P o SRS T AL BOR 0 2 5 1) SCPEARAT S

o HETEB AR A SZHF 'xmlcharrefreplace’ . A SR FEAPRIE N AH 19 XML -
51 H &#nnn; .

* 'backslashreplace' ff] Python i [A%% X FF5EHuag A 1R A BE o
* 'namereplace' (WHIERMEHIZRE) H \N{. ..} 5 UFPFIEHA LT

newline 355 il universal newlines BE AU A% (EAGE T XA ). B PAZ None, "', "\n', '"\r'
A o"\r\n'. BB LIERE:

© WU SEH A, W0 newline Sy None , WEHBABATH . HEAFROFTATIABL \n', "\r"

S \r\n' GiRE, KSSTTRREIRA \n' FEIRBIVEIN 2 Fl. ARG DR L
R, (BATAE IR AT # A . R SRR, AT DL 282 4R 4
Ik, T HATE R IR AT

o P B ARES, W3 newline fj None, WH ARMEAM '\n' FIFERIG 0 h R G BONTT 0 bR
ffos.linesep, IR newline & '' 8 '\n', NWIARHITEIRE, WIHE newline 2/F (] HAth &3%1H,
WEABEM " \n" FERPRFEE I N 25 E W FAF R

SR closefd & False - HEA W T SCHRGAFF A & SXHF4 . HRA 24T KA, IS 2 SO AT 7
FRTIPRAS . R4St SC 24 W closefd WhZiih True  (BRIAME), & WRFSEH IR,

R DA AL A% 32 AT 1) opener AT B & XIF B4R . A S5 (file, flags ) W opener 345
SO ST HERE SCOFARTE o opener s TR — AT IFHISCIHIATE (Hifl]os . open as opener i} 5t
i# None FIRURA) o

AN SRR T oT 4k R ad
NHERRBIEHos . open () BEIdir_fd BES, WA ERH 59 AT SR 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)

>>> with open('spamspam.txt', 'w', opener=opener) as f:
print ('This will be written to somedir/spamspam.txt', file=f)

>>> os.close (dir_f£fd) # don't leak a file descriptor
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open () MRELITIR I file object ZEBIERPLT P L . 40 fopen () PASCABI ("w', "', "wt ',
"rt ' ) T CHRT, BRI io. Text TOBase (Biflli2io. Text IOWrapper) H—A~1T25. 4{H
Gzt DA BE BT SCUF), IR IAI 2 io. BufferediOBase — 13, BIKRESHZH:
TERE R, BBl io. BufferedReader; B A dEHIREEM i HIBECT, B
Rlio.Bufferediiriter, MIE/SEAT, B¥iRElio.BufferedRandom, 425 H Z2uis;, M)
LR FELER, Blio. RawIOBase f—4~FHKio.FileIO,

TGS R SRR il fileinput. io (FEHH T open () ).os.os.path,tempfile fllshutil,
5| k—~% % E 1 open T SEL file, mode, flags.,
mode 5 flags SRR ALEFATA A BEA_ B dhonliflid .
3.3 fiCEE A

o WHIT opener 2.,

LT xR

o WEMAEN I0Error, MAEROSError (4.

¢ WASCHEAFE THEE ARG (1 ), BIEAM% i lenxistsnrror,

3.4 B
o SCPFBIAESE IR4RK .

3.5 Ji A

o AR RGWHABE W, BESAHEETFEAMARE, WRBEIESTKXRAGHH, m
AR InterruptedError B# (JREFEN PEP 475).,

e I 'namereplace’ HRACTERIO.

3.6 TS A
o WASEEL T os. PathLike XTI HE .

* 7t Windows [, FTH— A4l & Z ol XKkl io. RawTOBase B T2, M Agio.
FileIO,

3.9 iR ¥ 4: The 'U' mode has been removed.

ord (c)
X 2278 B Unicode “FAFITFAFHE, IR B FRE Unicode i & R4, il ord (a') R[EIFEHL 97,
[m]

ord('e") (KRITAAE) iR 8364 . iXEchr () MR EREL,

pow (base, exp[, mod])
iR 5] base ] exp YREE; W mod TEAE, WIR[A] base ) exp YNt mod Bl4: (M pow (base, exp) %
mod B L) . WSHIEN pow (base, exp) FM TR IZHAF: base**exp.
SR A BUEZEE . TR AW EAEECEEL, PR R A H AR GE BAF I 2 B8 i FE B . X
Fint BE8, S5RAA SEESHREE GRHEFI)S), BRAESE —ASEONE: FEXFELT,
JITA SEC A N7 5 O S 7 S B Es S . pilan, 10**2 3%\ 100, {H 10**-2 3&[H] 0.01,
YT int BAEE base Fl exp, WIERLEH mod, W mod W Z A BRI H mod WA K2, WKL H
mod 3 H. exp HE, W) base DhAIXTT mod RN #E[: . FEXFMELL T, B4R H pow (inv_base,
—exp, mod), Hrinv_base K base FJEIERT mod B4,

TNHPIBIT R 38 BIBEIECE 97 Btk
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>>> pow (38, -1, mod=97)
23

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

3.8 fRCEE A X T int BAERL, =SH0EAN pow BUE RIS ZASECH UE, BRI AT BN R 4.
3.9 JRUESE: AP REETSE. ZHTHSR I E S
print (*objects, sep="", end="\n’, file=sys.stdout, flush="False)

Kf objects FTENE file F&ERISCANGL, VA sep 73 MaHAEAR BN L. end .. sep, end, file Ml flush WIRAFHE, EA]
WA KT SR NG

i A R TF S B LW TS, SRR IIT T str () —H, FHFXWB AR, LA sep HAEK
et end. sep Fl end FERALHUAFAFE : BEATHATAH None, X EEHRE A BUAME. WEREA % 1
objects, Wprint () ¥HE A end.

file ZHIR—ANHA write (string) FEMXE:; WRSEALEAES N None, WXGMHEH sys.
staout. T EITAI SR AW AT, Blorint () AR T REE PR 4.
STt g, Wik file.write(...),

R B EAT AR RET file, (HUER flush KEETSHOIRAE, FLORB B
3.3 MU AE: SN T flush KEETSHL

class property (fget=None, fset=None, fdel=None, doc=None)
i [] property J& 1

feet JSEARBUBVEERRREL . fser 2 1 T BLE BRI KL fdel 20T MEREIEER R &L, H H doc 2y
JEPER RN TR

— UL A R T TR E 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 ¢ J2& C WS, c.x K getter, c.x = value ¥R setter, del c.x RfFJFH deleter.

WERLH, doc FFi A% property JE M H) SCRY F4FH: » 75 7% property Y55 Ul feger B US4 HE (WN2R
FAE) . XA property () fERdecorator Ref) fd X SE L JE 4 7] AR 25 5) b2 B

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

@property
def voltage(self):

(continues on next page)
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(R —H)

""Get the current voltage."""
return self._voltage

PAL @property Hifigh &K voltage () JriEfc b h— A E 2 PRI L @ i getter”, F4F
voltage 1) SRS F 45 ER 1% B4 Get the current voltage.”

FAEBYEN SR getter, setter AN deleter J5ik, BTl IR e ok B RHE B VL I
A FERFREL A ) eR R0 A R A Y R R X R — TR R

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

@property
def x(self):
""I'm the 'x' property."""
return self._x

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

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

EIRHESH A0 T RS M. R T N R S AR YRR AIL s A (] 1 24 R (EA B R

Xo )
IR ] RRAE SR A AT 52 IR AT S A48 S BN B JE 1 fget, £set fil fdel.
3.5 WA FHIE SR M SR SR AT R A E 2 P H 1Y

range (stop)

range (start, stop [, step ] )
EIRBAR N REL, (Hrange SEFr B2 — AW AR P, 2 WAErange 35 % 557 2 — list, wuple,
range H ) SCRGBER o

repr (object)
R B — X R AT RN T A . W T2 AR, RS iR I ) PR &
X G s eval () WA B G HA M [E 1 1E ., Tﬁﬁﬁl‘*ﬁ?%@ﬁﬂfi */\%E”‘%
SR FRTER, AL E R R R Y 44 BRSO AR R R 4 PRI IR ) R A R . S AT DA
__repr__ () JRRFEH LR ECH B R ST TR 8] ) N2 .

reversed (seq)
iR [l —AN B[] (iterator . seq W& — AN HA __reversed_ () FEBIRT G E & LR T L
(HAM 0 FHAR BB SHN __len_ () HEEM __getitem__ () HiE).

round (number[ ndlgtts]
R[] number & AZN/INESE ndigits (DR EERIE .. 2R ndigits B WA None , U3 [m] fe e ki A M
FRERY

ST S round () FINEZEEL, [HEWE AR BRI 10 E’Jﬁ ndigits RIIFEEG WSR-S WAL
AR B AR S, A (B, round (0.5) Fl round ( ) ¥4 0 Ml round (1.5) A 2). f&f
BEAEF N A B ndigiss (EE Za 550, ndlgtts %ﬁé Bk A None NI [BI{HKF- A EH, 75
MR [FHES number (2S8R R

X F—fI&A Python X% number, round ¥ZEFE4 number.__round___
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i XRFREEFT round () AT HATRER S NIHA: BN, round(2.675, 2) Fp4AH 2. 67 A
AR 2. 68, NPT X4 HE i TR RTINS B AR RE AT S RORE
FR. S tt-fp-issues TREEZ AL

class set ([iterable])
BB set X5, TTLAERR A M iterable JRINTCE . set 22— NHNEREL., HEEHset Mk
& KA — set, frozenset IR FETF XA A Y .

HrHMRISESENEN frozenset, 1ist, tuple flldict 28, PAMcollections fik,

setattr (object, name, value)
WS S getattr () PIHXTR . HSECH— XS — N FRR A —MEEE. PR EeE — 1M I0a)E
PEBE B E . RS RHER S ZENE, HEX R AVFX e, #ldn, setattr(x, 'foobar',
123) 44T x.foobar = 123,

class slice (stop)

class slice (start, stop[, step])
k[ —/~F/RH range (start, stop, step) I8 ERG|IEE MW slice Wt ., H i start F1 step S5
BRINH None. PIA xR EA N RN S50EH (8HEINE) 1 R 8dsE M start, stop M
step. TAEA KK EADIEE; Ak B8 NumPy DARILABSE =7 9 BT . VIR %%
WEEMRY BRYEERAE K. i alstart:stop:step] B a[start:stop, il. iHS
fitertools.islice () [ R BEARRH—MEAIA.

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

H4hi irerable H IR [B]— A~ E HER 1 3%
Wi 2, HEE BT 2 s E .

key $5 2T A A SRR B, T M iterable {44 JUER P UN T U RO BE (1 key=str . lower),
FRONE N None (ELIZHEILR).

reverse —MT/R(E. IR True, WEAFIEITCEARFHE S T A THEY -
i functools. cmp_to_key () AIFFEI cmp BB key BREL

WEMsorted () HBRZRER . WER—DHER B ERA U RS A S5 9 70 2 XA I s
RGER — XA AT HATZ EHE (BIASeHEi] . Mgy ) .

A KA /R BTN ZHE P #0752 sortinghowto .

@staticmethod
RIS S S N R
S HEANSERER A E SR BRSO, 5 HEE
class C:
@staticmethod

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

@staticmethod XFETERIR N R EL ) decorator — %25 function,
BT ERTR I AT DATEZE R T (Bl C . £ () WAl DAXESERI FdEfT (Bl c O . £0)).

Python H #1545 Java 5 C ++ FHIERS LR, RS R classmethod (), HTAIE&S %
a1 bR AR 1A

BT S, T AR LR B ] staticmethod , FHXTHAERPATHEEAE. okt
SERESL R TR ARG | R EIOT B Sk o ) SR S ik T gL, T A A
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class C:
builtin_open = staticmethod (open)

B REZAH REFSTHARNEE, S5 types .

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

R El—A>str AR object « A RIEAMGEE., WHSFstr () .
str RNE T Ficlass . HERTFARNGEEER AT LE —r.

sum (iterable, /, start=0)

M start FFIE E 2216454 iterable SR AR B S . iterable WS RS, T start R £
HFFF R

XF 28 B R Uk, fEAEsum () B MR, PEEFEMARTFNN I ER FNZHEAH .
join (sequence) . BELAY KX SAESKA, ESMmath. fsum (). BPHE— R LA
%, WEEMHitertools.chain(),

3.8 MU A#: start T2 0] ] KT BROLAORAEE -

super ( [type[, object-or—type] ] )

RS, ERHERMZLE npe WAEEILHAE. SO0 TR S ER P E 40K
TERA .
object-or-type Wi 7E 1 T8 & method resolution order, R4 M type 2 JGHIZTTLE -

BV, I object-or-type W)__mro__ D -> B -> C -> A —-> object I H type B{H N B,
Msuper () R C —> A —> object,

object-or-type {)__mro__ JEYWHIH T getattr () Msuper () FrakE I AR RIT . %8
MERBNASHY, W] PATEAL AT QR = G A ) e A SR A IR AL

WMAREEE NS5, WREHBEXNZZRBEW. WHRSE -ANSHEN—DNXZ, W
isinstance (obj, type) WA NEH. WWHEE - NSEH— 2, ] issubclass (type2,
type) MACHEM (&M THETE).

super 45 IA-HLAIFH B, FE B A AR ZRIZREER B, super W] FI K5 | A A0 2 2XHAE E T AT
HFR, IS G ey, X Fh S HA G R TE 5 super B9 FEAER AL

B AW RAE S PATIREE P S M EL %K. A Bk Python B, FEESHIFTE S UL
AR IPIE T P RAFIEN . XML “EREY U RE, TR &h 2 A IS [ 1)
Vo GBSO BRI REA SO T A FRIE 254 (R 0T 2 FE s T 2 1
PR A Bl S 28 E RS F o, T8 A7 W] RE A S IS A T 2 HT AR AT S oB 38 .

XEFPA BB HBL, SRR SR T B AR X R

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

BT OrEAAR AL, super () WA T @A . —DATRER R A e B R g i i A ik

W Bsuper () BENBAMABEERKE LB o RLBA, Bl super ().
__getitem__ (name)., EMEIX— S il HCOR __getattribute_ () H¥, XFERELRELA

AT PR R, T HSCRIMEL YR XN, super () 7R super () [name] XAEMHE
AR R AT IR AR I R B E S
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HEFRRZ, BT ENSHRIEALML, super () FABRTAEIENTE . WS EETE 5
TRESROFHATHI G . BASEAIEOCE T 28 SCNTR, P2 13 o R L B 401y
PAIEB RS R B E LS, BTG5 Bl 7 ¥R 5 17 24 1 S 91«
XHFA R super () SRAMTBPMERR ST, S5 (1] super() (945 F .

tuple ( [iterable])

FEIRBAR N eR KL, (Htuple SEhr B2 — AW AR P, Z0AELL 559 2 — list, tuple, range
HH Y SO

class type (object)

class type (name, bases, dict)
BA—NSHL, 18] object ()RAY . IR PIMESE— type X4, #H Sobject. _class__ PRI
POELiEIEi 8

WM isinstance () WERECRAIIXI G2, FAESHEFROTE.

BAZASEE, RS0 type W5, IXTEA T I class iR —FhahiSIER . name FAFHR
A3 HEeich_ name  J@k; bases JTLAHM 2K FH HE WM bases_ J@Mk; T dict FFHky
B E R E LWt 2RI B & i8] — MR sy dice J@PE. flan, FEpi&iEm)
SANEAFRI cype X4

>>> class X:
a =1

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

VAR B IESSRS I
3.6 ilTESE: type P FRURAKRER type. __new__, FAHREMH—NSBIE L RIRBOT 12
A,

vars ([object])
RME, K. LIS EERA__dict JRMERXNRM__dict_ Jat.
BRGNS BT dict_ J@MEs B2, HEXNRW__dict_ JRHTRESRN
FRHEA (i, KM cypes. MappingProxyType Fepi I HEE B FH) .
WSS, vars () AT HERIIocals (). TR, locals FIACH T EEBGEMEN , A%t locals 5
ML) B S 4 2

zip ( *iterables)
BlE ARG TR AN ERX R TR R A .
Rl =AU ERR, PR i DTSk BB SEUT I ST BRI i D eR. S
AT ERX R P B — R, ERARRHE R . B A — D ERRT RS HE, TR M
—ABICHMERA . A SEE, ERRP—AEEAS . HYS T

def zip(*iterables):
# zip('ABCD', 'xy') —--> AxXx 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)
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RS DRAIE AT 1 RO S 3 W22 A WIUTHORME . (AR T LA zip (* [iter (s) 1*n) XAEAYHE
TR — RPNV BHR R IR n 15340 XRFEE B AFa9EREF n Ik, PAESA i o 2 A 26
n WA MIZIERER SR . BERE GRS R AT R R n i 8.

WHRAS ] KB AT IR GOR RN PEEL RS, W zip () HAE A B SRR S AR AT o Q2R A0
HEHMET, WNMHitertools. zip_longest ().

zip () 5 * BEAAE A AT AR — 012

>> x = [1, 2, 3]

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

>>> zipped = zip(x, V)

>>> list (zipped)

[(x, 4), (2, 5), (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)

#iE: Himportlib.import_module () AR, Xi—4 H# Python 4f s A5 % 2K = g

IR i import B AR M. EW AR G S Abuiltins FRHIFIRIES builtins.
__import_ ) PAfEMEIR import AR X, (H2 sEURBBGX R, oA S AT (3 1L PEP
302) i@ A Z LM ERE BAR, I HAS FEAE RS, B2 AR 2 B i H 1 2 ERIASE B
FEIRE A EHEM A import_ () MINiZH importlib. import_module ().

KR TP name Bk, A7 ] HENE I 45 5E 1Y globals Rl locals Ff s QAL AL R 7R SCrh A4
fromlist 45 1y T A% M 1 name 5 7€ BIRIHG AN R BT BRI A4 PR ARiESLBLSE A A i I locals 2
B, WAL globals ZHRHE import WAIIKAL TR 3L,

level 45 7 J2 (BRI SR AHRT T o 0 CRRIAED BRIV IUIATAEXS Ao level S IER{EFARHINT FHLER
JAM__import_ () BJHZE, FFEHERIICHRZE (S PEP 328).

4 name A RN package .module B, MWHIFLRIRRZHNE (BT ZHIHTR)
MM 77 LA name BB, (RS2, 245 0 T AR50 fromlist ZHLNE, WG A DA name fir 44 RIREER .

Bian, iEH) import spam MYZEARE NS LA ARG AE A ] 647 35 il

spam = __import__ ('spam', globals(), locals(), [1, 0)

4] import spam.ham FYGRFFHLAT IR

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

|

TEEEAEX . import () ZUMLRIEITUZEIERAY, HVX i import EAIFIEE IR E 4 AR
HIPS S

S —J5 T, &%) from spam.ham import eggs, sausage as saus HJZEH¥ N

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

X H, spam.ham BRI import () R[], TG ARIR GRS G s BOFIRE 25 AT TR
IAIDE 8

24
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(%

ARG RS AR T AR (TREEEH), WM import1ib. import_module ()

3.3 Jit B4 Negative values for level are no longer supported (which also changes the default value to 0).

25
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CHAPTER 3

[P EH

AORNE BT NE AR, B2

False

bool KMMERME. % False MILZIANENH ST K SyntaxError,

True

bool KRAMHEAH. % True WMERIFEMIH 5Kk SyntaxError,

None
NoneType KA ME—(E . None % T FHARME, UHR-NBINSECRE A RENT. 45 None it
HEIEERNHEF K SyntaxError,

NotImplemented
TAE R R A R R AR (BN, _eq_ (). _1t__ (). _add __ (). __rsub__() %)
%Fﬁ:?ﬁ/&ﬁﬁﬂﬁ\@%’éﬂ%ﬂ AT AFEEE RS, BT PAE g R O (B, __imul
__()v __ rightnd__() %) &I, BEWEHEMENE.

i) 24 ] (B0stil) 77 & ] “Notimplemented i, fifREgF <2 500k o5 — AP A (BCHAth— 26 1] 7%
PAE, BURTIZEAT ) W ST - RTS8 1] “NotImplemented*, N REASF5 | A8 24 1Y 5
B GR A1 1) “NotImplemented 5 iz S M4 1¢iH B 2 7] 2] Python fUi% ) “NotImplemented (i .

BILFEASHE T K.

#E): NotImplementedError fil NotImplemented ANA] T, HMEEATEMLMAHFHE. &
KA EHELIE R, S FNot ImplementedError,

Ellipsis
SEMSICF T L M RRRE RS POE A SRR B R i RO BRSSO
__debug__

IR Python A DA —0 T j=sl, WikHEENEME. HiE Il assert 154A].

27
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WilEl: AR 4 None, False, True fl __ debug__ REEHIRM ORELEN, WHELEESL, #3]
% syntaxbrror ), FAEAIATARIANE “EIEM” R4

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

[FlzE Ry Re

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.

B2 Z M RITUR SR Frali, SEbs ERrA RGN DAL BOR NS . R, PAREE,
%;%’fﬁég(ﬁ)ﬂrepr() PRECI A 225 st r () B e ERBURAEX G iprint () R H R
HoE 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 F{/RiZEH — and, or, not

XLJE TR, IR TP HES:

ZE ZR I
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)

(EIfig -
() XRAMEHGEHAT, WS — SR BIE R A S35 A SRR
) ERANEHIERAT, FUATESE DS HO BN A 205 A SRR

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

4.3 b8

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 .

WRMI T RGBS
< JEREINT
<= INTFEET
> JERERT
>= KT ET
== LT
= NET
is e
is not | HEMXZEIRIE

BATRIIEFIAAN, REZEBAR R A IS R . == BEAFRAEEX, Bt LA (4
m, %), BET is . Hith <. <=, > fl >= BHEFFAER BT E L. i, 4S50S
2 —NEBEL, ENSWH TypeError B

HAG AN FAR R SR SE 0 L b Tl A, RAERENL T __eq () HiE.

— A2 AN RE 5 R ] 2 B ) oAt s ) B A 2R AL g e 2 AT HE Y, R ARZ S E LT BB E T, U
_ 1t (O),_le_ (),_gt__ () AN __ge_ () (MARREELHEHE L W EE, Sy HEg
1t () M _eq_ () EERTPAT).

is fil is not BHEMFIEHE &L I H BN AN A LB R A L5 K77

A PR A MFEREIERAZE in Ml not in, Efl¥lierable BT __contains__ () JTikHIE
BUFT S
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4.4 IR — int, float, complex

FAE= PR B F 2R g, 5 & 8/ 2 4. AN, f/RMEJE T B0 7288, B A IR 1K
BE, VRABCEEMH C iy double KL A XARMIFRFIE T IAENLEE b VR S 50k B R Ny 3 m  m]
TEsys.float_info WER . REEEIBFERS, 2 BIA— AR SEEIR . BEN— DR 2 PG
TR, WA z.real Al z.imag. (AREPEEEIIMAEFIEL, WFERGHEE fractions. Fraction
PASCVA T 77 A BE R 7 i gk decimal . Decimal, )

B BCE I E S Y E RS B BT EE RO AR . AN IR E (R3S dEs . A\
A JEHIE) SRR W E /NS B RE BT A T A S AR O S A R EAR R 5
T AR (SEERAERRE) , VR] DAKE S R R ml I s Bk R A5 2 LA S A R R S A
Python SE & FHEABEAR : YA Ttz BAFH T AR RB N EELSN, Bh “RAE7 BN EERS
BT h o — BB R AL, BRI S BSOS, RSB E RO 7S . IR G RBIEE 2 1)) LA o fi
AR HRIN] 2 #g¥ESSinte (), float () Mlcomplex () AI#E A A% & A BT »

A BEERT (FEERAN) # R FolizE (s Mg, 305 operator-summary) :

by | ZR Ffg | =8
X + v x A1y BFI
X -y x Fly B2
X *y x Fly W3R
x /y x il y IR
x //y x Fly BRT L (1)
X %y remainder of x / y 2)
-x x BUw
+x x AR
abs (x) R CESSIEETNIN abs ()
int (x) K5 x FEAG R R (3)6) | int ()
float (x) K x BN I AL (4)6) | float ()
complex (re, im) | — A LHR re FIEER im 19E 5. im B H 0, | (6) complex ()
c.conjugate () SA e 3L
divmod (x, vy) (x // y, X % vy) 2) divmod ()
pow (%, y) x Wy R 5) pow ()
X ** oy x [y K (5)

[EfiR :

(1) WFRAEEERE. SRR — AL, (HERIEEUR—E 2 int. BHEEREZ M IR A

1//2°K0, (-1)//2 K -1,1//(-2) -1 (-1)//(-2) H 0,
(2) AW HATEE MMNAEGE S 5M4THHabs () 77 S8

3) M RBEHA R e NSO BAE C = P —HEgalilT i 2 fdmath. floor () Mmath.ceil ()
PRECE R AR SE R E X

(4) float th4% 32 F4FHf nan” FIPfH A ERTZL "+ 50" (97ing” 73 IR LT (NaN) AR IE S GTES5 -
(5) Python ff pow (0, 0) F10 ** 0EXN 1, KXRHFEHF I RMEE.
(6) FZMETFHHEIHETY 0 B 9 BALMAERLAY Unicode 747 (FLA Nd FHEJE RIS AT o

152 5] http://www.unicode.org/Public/12.1.0/ucd/extracted/DerivedNumericType.txt Z & BA Nd $F-4E B 1
AACRS R SE BB 3

MRS, S (1, 21 5 11.0, 2.0] BHI%R, JCARE AL

4.4, =R — int, float, complex 31
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P numbers.Real 258 (int flfloat) Mg FAiaHA:

jey -] ZR

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
ﬁﬁ@%ﬂﬁ%ﬁﬁ%ﬂoﬁﬁ@@@%m@%,ﬁﬁ%%ﬁm%%zﬁzﬁﬂﬁ%mw:MH@&ﬁﬁ

ARSI LR AR T Ry i, ANE T RE S ot ~ B SHAL - uH AR (+
and -) HFRII PSS .

WA R AL SR T PP i iz Ha1 2

ey} ZR [EIfE
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

(ETfig -
() AHBAECR AR, 2FEEIKValueError,
(2) 7k n AT AN G AR I LA pow (2, n) s
() £ n LEAE T AN AR I HIER A pow (2, n) .

@ 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 BCHTNA.

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 UGHTIA.

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 OB
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int.as_integer_ratio()
AR [P REAY, R IR A5 T RO Hr BN IR R B H R R XA B T, 1
{(Fiat S

3.8 OB INA.

4.4.3 FREBHMIMIFGE

float Z5AUSET] T numbers . Real abstract base class, float A HA4 PAR A .

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

&8 % ValueError,

float.is_integer ()

40 2f float S AT AT BROZEEAZ R MR [B] True, R[] False:

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

>>> (3.2).is_integer()
False

PN 38 SR 5 H N R BCE AT R Z (R 4 . T Python 3% s 807E N A6 ol — Bk 5k, R 07 ik
5 3 H BFEAF B 2 B AR 2 PRGNS AR IR TS 3E B A 5 A AR VRS A R R A
T RE . AR TS E TAER AEE A H
float .hex ()
PA-F S HER A R P TE 2GR Bl A7 SRR o AT A BRI AL, XM FRRER SR AT 0x Al
FERAR p INFEEL
classmethod float.fromhex (s)
R PAH S HERFATER s SRR SER . FAFER s T DA Bl AR R 25 4
EE float . hex () BEEM T, W float. fromhex () £2)5,

N AR R AR

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

A[HER) sign ATPAE + B -, integer Ml fraction & T /NHEHIEIDAS A F4FH . exponent 274 Al 1k
BISAFR-F b HEEE . KNG A I, 75 integer BY, fraction HHA 2 /DA —A- T HIEGS . BUiFEESRLF
C99 FRAfERY 6.4.4.2 /N TR K IEYE , 2 Java 1.5 DAL SR A1EYE . F5BlHb, float.hex () W4T
PAFAAE C 5§ Java ACHS G 7S o 17 s B0 18 E , M C /) $a #7458k Java fif) Double . toHexString
FR A S B AT o float . fromhex () FifEsZ .

T YEE exponent J& HHERI AT AR TN B8, B4 L E S REHEFER 2 MR, Blan, NIRRT
0x3.a7pl0 FE/RTFESE (3 + 10./16 + 7./16%*2) * 2.0**10 [l 3740.0:

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

Xt 3740. 0 B B e e e A 31 55— A AN R R (B0 7Nk ey 4+ s

>>> 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 B—PHRPAHEBEEE X hash (x) i —hash (-x) . HIRGEREAER -1 WPEFH
Bl -2,

o ¥ H sys.hash_info.inf, -sys.hash_info.inf fll sys.hash_info.nan #{A{EIE LS. T
TegsMEE (Fror BRI ) WA (E . (I vl i A () 25 (EAR A AR IR e A )

o X T —Pcomplex {H z, £ i@ idiTH hash(z.real) + sys.hash_info.imag * hash(z.
imaqg) RfSEESFNE EB NG A (45 Ak, HHEfTREEL 2% *sys.hash_info.width DA AL T
range (-2** (sys.hash_info.width - 1), 2**(sys.hash_info.width - 1)) JEEZ N-
IR, WREER -1 WPRFHER R -2,

HT ] R, X B AR T N B A SR Y Python AURG R, T T IFECABREL. float
B complex MM A {HE:

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

(continues on next page)
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(R —H)

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

if math.isnan (x):

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

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

return hash_fraction(*x.as_integer_ratio())

def hash_complex(z) :
"""Compute the hash of a complex number z."""

hash_value = hash_float (z.real) + sys.hash_info.imag * hash_float (z.imaqg)
# do a signed reduction modulo 2**sys.hash_info.width
M = 2**(sys.hash_info.width - 1)

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

return hash_value

4.5 XHCERZEEY

Python SCRFFEZ AR HUEA IR MUAOMER o X A ad 2 (1 WA~ B AR SE B s BB T et P e 3036

PRI SR FRTE T SO AR Y P81 e SCRms AU ik

A RERMIE N, BIUE LTk

container.__iter__ ()
IR ] — AR R o X RFTFE ST SCIR B IR AR Mo QPR3 SRR AR AR AL, W] pA
FEBERINY Ty IER L T THIE SRR R R R A . CCRR 2 Ak OB X R 615 Rl S
FENESEANGIE DL Seil DRI 4514 . ) D7 356 BT Python/C API #1 Python X G 8 MEE (AR tp_iter
&AL

BN R A B LSRR IAIE, ENSERAERT &R E s

iterator.__iter__ ()
REEREN AL . X 2R AVFASAE RS G for Al in WA BT QAT . -7 X T
Python/C API 1 Python X G R EEM (AT tp_iter 7.

iterator.__next__ ()
AR HR IR — T, GURC A BRI RE, W25 kstoplteration . I VT
Python/C API 1 Python Xi 4 R ZEH 1A tp_iternext FE{i.
Python & LT JURE AR AT G ASCRES— ORI RE & P A28 8L . F MR LA SR T X A0 B T AR
AR SEI, A AL FL A PR 6 2 R R DR L
—HIENERW__next_ () HEGIK T stopTteration, BMM—EX EERMM G A RIFR T . NG
AT AR P SE PR TR YR IE E A

4.5.1 A piZRAE

Python [{jgenerator $fit 7 — ML BLE AR LAY BEHE Ty 0o WRABREIXIR _iter () FFiEBEEBLN—
NERG, EREIRE-DIERESNR (AR B — D AERXTR) , AR __iter_ () M
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__next__ () Jiik. ARLEMEREZAE BT LASH yield FakaH) 3 .

4.6 FH|ZAE — 1ist, tuple, range

A =FEAPS| AL Tist, tuple Fl range X4, AP =20 &) S A% FISTA S A5 B TRRSIAE Hil Y I 21 26 2L
SAEL TN i .

4.6.1 BRAFIIRE

KEH I 5] A SRR A AR 2R BB L 3 TR P EE. collections.abc. Sequence ABC
PP AL R A Fy HOAE o S 288 1 ff S K 2e 4

R THTIN T P9 4E. FERME T, s fl R HEAMFIZEBM TS, n, i, j ik Z2FEOM x 245
WAL s FTHLE I 2R B RIMEL B o AT A 2

in %ﬂgnot in BAERA 5 WEREEMFIMI SR, + @ fl ~ (ER) BERA 53 EEE 5 R i
Je s

=8 #ZR [z
X in s A s PRI IEET x WZEHL N True, BNH False (1D

x not in s R s PR EIMEZET x WEER N False, BN True (D

s + t s 5t FHPRHEE 6)(7)
s *ni{n * s AT s 5 H BT n KPFHEE @
s[i] s BRSO 0 €)
s[i:]] NE N 3)4)
s[i:j:k] L NE e~ (3)(5)
len (s) s K JE

min (s) s 1 g/ N

max (s) s PR R0

s.index(x[, i[, j11) | x7Es PEKBIINRGS (RIS SIHGHAEj Z0) | ]
s.count (x) x 1E s IS IR EL

AHFE SR PSR R . eIt tuple 1 List (1) G2 3@ 4k HE A . TC R 3007 . X IR AL L
BEERMAE, M ITE RS RV AASE, HF HWAN P K ELAMHEE. (EBEATIESHESSEN
comparisons #55. )

[Efi# -

(1) EHR in Flnot in BARTEMHNG O N (CBUN T SRS AR, JEEe % 151 (Blllst -, bytes
Mbytearray) MEHENHEFT T F5A6N:

>>> llgg" in "eggsll
True

(2) /T 0 9 n HAPEUAE 0 RALPE CEIN—5 s RIS P . EHHERFS s R A S 0s L
EMSWZRII Xk ZH &% Python FiALH FREINIL; Hln:

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

(1, 1, [11
>>> lists[0].append(3)

(continues on next page)
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(R —H)

>>> lists

(31, 31, [31]

HEWMERAET (1] 2 M T D2 VERMPITENER, P 1111 > 3 85R = IuEHb
XX ARG B Lists HRAEM— D ITE LR EARAX DY R B 0. RTTRA
F AR =U B AR R F 2R e R i 51 2

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

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

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

>>> lists

(31, 51, [71]

HE—E R n] DAYE FAQ 45 H fag-multidimensional-list P25 .

(3) Wk i 8 j oA TE, WIS IR TP s IR R K152l len(s) + 1i#{len(s) +
o HEER -0 73580 0.

@ s i BRI BUE AL 1 <= k < 3 RIS kIS F5 . i s j KT len(s),
WIFER] len (s) o WIS i B BEECH None, NIEA] 0. WISR j B W& B H None, W] len(s). AN
RIKTETj, WYIA M=

(5) s i B j KA k VI e SCHFPAR 0 <= n < (3-1) /K IWRGS x = 1 + n*k IILR
FH . HAagihit, K515 R i, itk, i+2%k, i+3%k, PAMGSEHE, 4383 j BHE IR (H— @ A4 ).
Mk HIEERS, @ fj 2P EAKRT len(s) . 2k FHMERS, i Flj SBMEAKT Llen(s) - 1,
2R i B B ECR None, ENTRICH “ZIE” {H G2WF—umi 2 HE NI T & AF5). TR,
kAT . AR k oy None, N4 1 AbPE.

(6) PHEA N AL P BRSO G X R Ml A PR P s AT I T 2 T 1741
EREERIRTT . HEPRGLRIERB TR, AR AT T AT R —

o WRPHE st MG AR A — NI R E R G str. join () @B A—Aio.5tringIo
SEAG A 25 TR N R BT AR

o WARPFbytes XG, RATPARLIHAE Hbytes. join() Hio.BytesIo, o Rt n] PAfH
Hbytearray X&HITEMPHE . bytearray WG A8y, I HEA &SR E A ECALH

s WRPHE cuple MR, WA EList K
o MTFHERM, iEEHI SR
(7) FLFIIRAL (Bt range) SSCFFEIRRR R ITS], NI A SR 9 BHE R E A

(8) Y x 7E s AN} index X5k ValueError, MU LI SIHEANBONSE I T j. EXPAZ
BAV R RF I TIPS AR BINS RIS THM s [1:3] . index (x), HZEA
KL, I AR IR G DA T RISk m 01 Tk -

4.6.2 RO EFIISE

ANV AR P3| S 2 b S BT T A P 81| BRI ME— 3RV Emi e X hash () B BREUR ST -
ARV ASRA, Bt uple SO MEdice 8, LARAFifTEset Flfrozenset S,
S A A IS A (H R AR WA P A A T i iZ B & S8 TypeError,
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4.6.3 T EFIIRE
PAR et P A E BAE R AR [ 1 258 58 Y. collections.abe.MutableSequence ABC g2k sk
WA Gy HIAE B 8 U788 E R S SO

BTGP s JE AP BB LB, ¢ AT TR G2, 1) x 2AFExE s B e JEAU 5 R R A A9 AT Xk 5%
(Bn, bytearray UEZME 0 <= x <= 255 {HIRHHIBEELOD.

ey} Z#R [EIf#

s[i] = x KF s 5 | DU A x

s[i:j] =t RN EIN I S NI E AL

del s[i:j] ERTF s[i:3] = []

s[i:j:k] =t Ffslick] ICERBRBN  TE (1)

del s[i:j:k] MINFTRERR s [i:9:k] IWICE

s . append (x) R x iISEFHR AR (S5 T s[len(s) :len(s)] = [x])

s.clear () Mos HREBRPT A I (B[] T del s[:]) (5)

s.copy () A s kI (GER T s(:]1) (5)

s.extend(t) Bis += t | HHtWNEY B s EA LEFET sllen(s):len(s)] = t)

s *=n i s N B n YORX I T B8 (6)

s.insert (i, x) TEH i AR RTIER x A s (FERIT s[i:1] = [x])

s.pop ([i]) PERCEE § ¥ BRI, PR s HRSER (2)

s.remove (x) MEE s HEE—A~ s 1] ST xWuiH. (3)

s.reverse () WEHLRR S R P TR W . (4)
(EIfigE -

(1) t S EREH T A AR
(2) WSRO -1, RIAEBGA S DL T SR BRI Il e e —
(3) 7E s HHRAE] x I remove () #fERTI Kk ValueError,

(4) BEFERRTFHIN reverse () Jrika BB SOZ 79 ARIE S M 2855 D4R I P A e il
W RHEE NI TR, EHA RIS .

(5) f3E clear () Fl copy () &N T HALFFYI R BAE AT 82548 (BllNdict flset) B4 AERFE 2L
copy () Aigcollections.abc.MutableSequence ABC —#R4r, 1B R ZEEAK ] AR 751 24
AT E.

33 HGHTINA: clear () Fl copy () H¥E.

(6) nEA—MEEEL, B2 — MY __index_ () KNG, n L AFHGAECHEZTFH. FIPRYIUR
SIS ENSWE RGN, IEE A 72 30F AKX s+ n iU,

4.6.4 List (£3%)

PIFR AT, T TARRIR U E A CHoPoRgs i B R VR BE R AR I T T A 1L ) o
class list ([itemble])
A PA 2 F K@k

o XS RER IR (]

s DTS, HAPMImAE S0 : [al, [a, b, c]
o [ EMESR: [x for x in iterable]

o BB SR 1ist O B list (iterable)
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Mg K — g 3R, HA I ierable () 3 A AH [F] ) B 5 o iterable W] A & 731
TEERAS ST ERN S, W iterable T4 52— 1913, B R HBIA, BT
iterable[:], flfl, list ("abc') R[E ['a', 'b', 'c'] W list( (1, 2, 3) ) &MHE [1,
2, 31, WREAGHESE, WEsRaE— 5% [,

HEWZEERS 4R, Wifsorted () PEREL
IR T B — A% T % P e . SIFRIEBIMEHL T DU ks
sort (*, key=None, reverse=False)

WP S BIRIAT IR, RO < SRIEATA&I00] . S A 28l WA A L
BRI, B HEF BRI (0T RE AL TR B SR ES )

sort () HRPANMURPAR B FIERME S EL (UK 5T 5-40):

key $8E WA —NSENRE, T MNEANIIZICR PR S (B key=str. lower), XfLY
THR AT SO, RSB fH . BOAE None FURELHEN T
THER AT 5 — A~ B i B

WM functools. cmp_to_key () ¥ 2.x KAGH) cmp BREEER A key BREL .
reverse N— /R E. WEREHN True, WEASTIFRITR RGeS0 0T RS THET -

P KRS Py 9 I L ¥R 2 I A B0 Py 91 AR UE 25 [ 2 5o BRI 7 4B e a4
%gl"ﬂiﬁﬁﬂ‘], EHALREHNFERFES G sorted () BasiiiRk—Hr EHEFSF5e
Bil).

sort () HIEHRRRGER . Q1R —HEFHfPRAS 200 AR L 45 SR AH S5 1) 70 28 B AE X I st
HRER — XA AT HITZEHY (FIANSCHERi ). B PEHET) -

B XA R BIRE EHE AR, 1525 sortinghowto .

CPython implementation detail: 75— 31 F g HEFF AR, Sl moAR £ 28 EA RS o 2 i oA 22 X
M550 . Python (1 C sSEISAEHEF R F e m s, QIR A& A R AEHE 7 W B g A #2551

K ValueError,

4.6.5 jT4H

JCAURAATAE RS, T T A B 2 05 (BlfNd enumerate () WERBI AR —Icdl). JC
WY T IHEFEIR AR TP (Bl RV iR set Bidict BYSEHI) .

class tuple ( [iterable] )

ATPAHI Z A7 ok oo -
o [ —XFRIFES R FR 2Tl O
o HH—NEHRWIESREREICH: a, B (a,)
s EHLLESHRNZAI: 2, b, cor(a, b, c)
o EfINEK tuple (): tuple () B tuple (iterable)

14 3 2 R H 1 — Ao, HA IR iterable ()35 2 A AH W] AE 5 T o iterable W] D2 751, X
FRiE R A 2 sl oM AT 3R A X . AR iterable T 22— T4, S0 ek A28 Hiok R B, 4,
tuple ('abc') iR\ ('a', 'b', 'c') fituple( [1, 2, 31 )RME (1, 2, 3). PREHFSH
HEE, s a Al O .

TR PO AR O P SR E S A2 g5 . BG5S R lkny, Az iias Jodl s Bk G i vk B
X OLER S, BN, £(a, b, o) FFETAM RN =28, 1 £ ((a, b, <)) WZFETHH
PRI — A~ =04l

TS T — A PSR
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Xl I 4 BRI AR FE e 2R 5 5 17 S I A S M B2 14k, collections.namedtuple () W AEZLL
L EIRA NG P W SEe prif:ioprize N

4.6.6 range %5

range KMFIRATZMHT P, WHTAE for MHERPIREREERIREL.

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

range #EE ) SRLA AU R (TVURNERY i nt SUEMTSCELT __index $FFRIIERINR). W2k
W step ZHL, HIEAMEDA 1o WA, start S0, FERMER 0, Wk step TN &5 & valueError,

MR step KL, HiE range r WEMARX N r(i] = start + step*i Hfr i >= 0 H r[i] <
stop.

R step SRAfE, #i5E range WA AKIR A r1i] = start + stepri, (HFRHIZMAUCH 1 >=
0Hr[i] > stop.

WAR © (0] AFFEEMRAZPF, Wi% range YR N2, range MRIGLCFFAERT], (Hid o5 HEE:
A MIEZRT T € ) P S AR R IF IR R -

JLR UM (H K Tsys.maxsize ) range X G e # SRR Y, HELEHEIE (Bl fzen () WTHET

ZiOVerflowErroro

—48 range X4 10511

>>> list (range (10))

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

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

[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 — 4% FRAIRYFT A HRAE, HPHEMER RN (X2 H T range X5 HERR AT G/ AR5
HYFPH TR A B 2 i FOX AR AR o

start

start JEZ{E AARZIE S RN 0)
stop

stop X2 HIH
step

step IS HME (WRZILS ARPLHEN N 1)

range REMHFM 1 ist Heuple WIRHLET A range MR B &N EELCERK (B/N) WF, AeH
fg%ﬁﬂ@?ﬁlﬂﬁ%ﬁ (P ERARAE T start, stop Ml step {i, I SiRETH WA IS 1 Fl 1Y

range W GITLT collect ions. abe. Sequence ABC, RN AN, TTRRIIER. HSHE, I
SCENRT| (S A7) R — list, wple, range):
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>>> 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} 52 S A G 21 HAE N F AR LI . Wil @l AM range X4 7R #H R AO1E
FAERIN A ENTRMER . (B LRSS AR range XTRATRES A A R stare, stop flstep
J&TE, i range (0) == range (2, 1, 3) Jij range (0, 3, 2) == range (0, 4, 2).)

3.2 HiR 5 SEPL Sequence ABC. LHFUI R IR G| (I 1nt XFGAE [ & B 1a] P HEA TR GO, T AS A2
BB .

3.3 HUEE A 0=="FI"=" DA range X4 P SCAMET A KA T RS (AN AR R HRIR) .
33MRBIIMA: start, stop flstep J@M,
W%

* linspace recipe {75 T QAT S B — AN E IR SRABRSUAR Y38 1 AU B0, 1 ) range X4

4.7 XEFINHEE — str

7t Python HALIISCARR R s € - X5, BN 545 % . FAFH /2 i Unicode #0744 U AR AL 5271 o
PRI EA Z AR R S

I ARASET A 3 E
WG AHEEE R 3B
.EE%‘]%:III Eﬁﬁ_gl%vvv,nn" Eﬁxxg]%"un
) =G [ AR AT DA AT H b I i 25 A AP R A S e A e A e
Ve Bk UGS 7, 2 18] S el 2548 20 B 8 224 A B o T 2 R U N B PR R T .
Zr}.‘jtzEE[-ijE’ ( " spam n "eggs n ) ——n spam eggs "
THZ 1 strings HMA XA FFAERFHENEZHEE, GRS U7, AR © (Craw”) B2k
SRR Z e P HI AL B .
FAFER AR DATE I s ¢ - M g A A S )
T AR 5 AF7 A, X PARFER R T R P A — B 1 s . it id, WF—4
P4 s, s [0] == s[0:1].
AFAERAR I PR IAL, Higstr. join () Blio. StringTO A LABHHH KM 24 B iR sty i
Fief

3.3 JiEAE: Oy 145 Python 2 RSN T AR, FRRAVFFAFRFIEM u BIZt. EXF 7R 7 IE R 5
B, HFHARES « ArgR 2.

42 Chapter 4. Fli@#sE



http://code.activestate.com/recipes/579000/

The Python Library Reference, (I 3.9.0a1

class str (object=")

class str (object=b", encoding=utf-8’, errors=strict’)
W& [A] object [)F 4 A AR ARIEME object W [B] 25 FAFER . AEHAMNE I str O AT NIRRT
encoding B, errors = EH L, BRI,

W encoding 8% errors YR H,, str(object) Ik[H] object.__str_ (), iXi& object ) “JEIER”
B R PR FER . T FFRENE, XR2ETFHARAT . WH object %A __str__ () HIE,
NWstr () ¥EEE ik E repr (object)

MR encoding 5% errors & /L4 H 22—, W object V% & — bytes-like object (il Ulbytes
B bytearray), TEHE N T, UHE object &— A bytes (Bibytearray) ¥4, Nl str (bytes,
encoding, errors) Z&H#Thbytes.decode (encoding, errors). &NMEHE, SR Hbytes.
decode () ZHIFFBZ MR XIS T IER bytes 4., &0 =it 4| 52| £ A — bytes, bytearray, memo-
ryview 5j bufferobjects | it X oh XX R HE E .

Ff—"bytes MGEME Astr () MAZGH encoding 5% errors ZE AR T8 — gL, KR IHEIE
HIFAFER IR (D375 S 5 Python [ b Ay T3E5) . fil4n:

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

AR str REHIFEMEZEL, ST HA AT 2 K2 —str flF 45 8 a4 75 % /AT B A%
LT, WS f-strings A4 X F 45 985 /T IAMERTPAS: ] A LR IR 55 /N

4.71 FHEBNEE

FAFRLI T A — A% P AIEAE, BOMEL T DU S i — e Pty v .
FARFF I SRR EAF R A A, — R AL TR KRR E W R E flE (S #stcr. format (), #
RFAF B8 E F g 2 LT B 0) M —Fg & T Corint £ RGBT EALERR %,
HHBEXEPOESER , EXT B B AR S FA PSR (printf W40 F- 45 % 45 K10,
FRUE R I S AL T2 IR 5 s T VP2 A, SRAL KRR SCASH 6 TH (FIAnE & T re B i e 2
R 3HE)
str.capitalize ()
REEFERFREIA, HENPRRE, R h/hE,
3.8 JREE A SR EAFIFER LA T titlecase |7 AN A2 uppercase. X EIRE R G ERFAAR A EA
FRUCARE, MHENEEHFRRE.
str.casefold()
R AR BRI NG BRI . BRI NG BFAFER AT T 288 /NG [ VR .
HBRI NG RO T 5 /NG, (HEEMMIE—2, B ESBRFEAR RN ITa KNEELER.
Flan, EiENGER '3 YT "ss". T ECER/NET, lower () AKX "B AT ek AE
Mcasefold () WX HEE A "ssm,
THIR /NG BRI 2 W, Unicode ARifERYT 3.13 75,
3.3 OB
str.center (width|, fillchar |)

R B width ()RR, I FAFERAE SR T . SHRE R fillchar SEFEPAM 200 (BRIAGE] ASCIT
ZABAF) o AR width /NTEET Len (s) NBR AR FAFER I EIAS

str.count (sub[, start[, end] ])
S8l F 45 E sub TE [start, end] J5 1 N AR E B HILATREL. ATIESEL start 5 end 28RNV 73R
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str.encode (encoding="utf-8”, errors="strict”)

I A 5 SR R G B R AT R R IRAS . BRIA SRS tut£-8" . W DAL errors SRR E AR
FERAL BT Z o errors (BN R "strict', FRRMBMIRS T K UnicodeError. HABT Y
{H°5 'ignore', 'replace', 'xmlcharrefreplace’, 'backslashreplace' DA AF4a] H Ath i
itcodecs. register_error () WHHIE, S RERAZ 7 5% N AR HNRMLIER, &
BT o 4 A NS

By default, the errors argument is not checked for best performances, but only used at the first encoding error.
Enable the development mode (—X dev option), or use a debug build, to check errors.

3.1 MRS AT R TSR S

3.9 it % The errors is now checked in development mode and in debug mode.

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

W FAFER DASE E 1Y suffix £590GR ] True, MR False. suffic t0AT DA i 2 IR J5 2844 L
MCd . ASRA AT start, KFAFTHEE CLETT AR A . WSRA A end , REAEITR E (L85 11 UL

str.expandtabs (fabsize=8)

R PR EIEIA, HAp A BRI RAT & — DS AR, BB T Y 8 (LB M4 E Y
KIFIE o & tabsize NFAFBON— IR CERIME 8 M BUE R HIRAAES 0, 8, 16 MRIKAEHE) . T
TFFAFE, SRR TR R B TR H PR T SRR IR (o), WSTELR
FIRA DS DS, HEYRIPET T HERA. (FRAARSALPE N ) WERTF R
F1AF (\n) BURIERF (\r), EQXWE IR UHINERAT . ARFTHATRF PSS HFF-424
HIZUI—, ANEEFAERAT B S A 2R .

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

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

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

R F AP E sub {E s [start :end] Y NI E/NRT] . FTESE start 5 end W fRE RV A
FRVE. W sub KR R A -1,

MiE): rind () BIENZSAEARTREHTE sub FTAE AL E R o BERRA sub R R TR, W in
PRAEAT:

>>> 'Py' in 'Python'
True

str.format (*args, **kwargs)

PATFAF MR TR B R0 AT R T DA S A5 Ep M BCE DAES = () SRR B4
S BEAERHET DA RSB F RG], B DR TSROARR. R AT H R A
AR S BN X Y SR AT

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

WP X T AT B8k 1A KT DAERS P AT AR PR A s e T e 6 R

BE: MEH n KA @ '{:n}'.format (1234)) XL E (int, float, complex,
decimal.Decimal FIEFH) BN, ZEE 2GRS LC_CTYPE RIR#E 5 LC_NUMERIC X
I PABEIS localeconv () B decimal_point #ll thousands_sep FE, W E{12IE ASCI F4F
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str

str

str.

str.

str.

str

str.

str.

R 1 5 RYTE, JFH LC_NUMERIC KIfi& 5 LC_CTYPE XIS A—E. XMk 2 s H
fll e -

3.7 s 240 n BB AECTFERT, %R B LS LT 2 IG B PR Hb R LC_CTYPE Ik &N
LC_NUMERIC X5,

. format_map (mapping)

KT str.format (**mapping), ANEZATET mapping S E M HMA R HE|—dict,
TG FLAE R — A T2 24 mapping oA dict TR 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 UHTMA.

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

FBUF rind (), (HAEHRAE TR LG K valueError,

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”, ”L1”, or "Lo”. Note that this is different from the ”Al-
phabetic” property defined in the Unicode Standard.

isascii ()

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

3.7 BOHTIMA.

.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.

P keyword. iskeyword () M FLEE s B MRBHRRAF, #li0 def fl class.,
I

>>> from keyword import iskeyword

(continues on next page)
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str.

str.

str.

str.

str.

str.

str.

str.

str.

(R —H)

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

>>> 'def'.isidentifier (), iskeyword('def')
True, True

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

isnumeric ()

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

isprintable ()

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

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

= FAEFEFE Unicode SEAF5EE (Bl unicodedata) B SN 2s ("Separator, space”) 5 Jir &
W ZEh ws, B 57 S IFA4F
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.

>>> 'BANANA'.isupper ()
True

>>> 'banana'.isupper ()
False

>>> 'baNana'.isupper ()
False

>>> ' ' _isupper ()
False

join (iterable)

AR 0] —A~y iterable Y FATERBEE T AL FAFH . R dterable HAFAEARATAE TR ERE AR by e s Xf
FWF K TypeError. JMRITRRFAFERRAE A ICR Z A 70 B o

ljust (width[,ﬁllchar])

R EE R width WFAFER, JRFAFRTEH TR EEZeX 55 . AR ERY fillchar SEFEA3 A CERIAGET ASCIT
R QIR width /NTAET Len (s) MGRIA]EFAFER I R4S

lower ()

R FEFAFRIRIA, HE X NG TR NG o

4 R K NB I A2 48 I R — 2 Bl @ $E47Lu” (Letter, uppercase), ”LI” (Letter, lowercase) 5{”Lt” (Letter, titlecase) 2 — 545 o
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str.

T et/ NS L B AR 7 2 0L Unicode ARUER) 3.13 77,

1strip( [chars] )
R EJEFAF R EIA, BBEP N RT. chars BTG E BB BTN TR HURE KA
None, W chars ZERINFEIR AT b5 b chars ZEOF AR E AR MR SBBSEMENITA

HE:

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

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

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

str.

str

str

str.

str

str.

str.

str.

SRR Rl = ftstr. translate () (I BOEAO0T IR

MR AA—ANSH, WE X2 — 6 Unicode ROALFS (CBEL) BUFAF (KN 1 IFEAFER) WU
Unicode f{)575. ((EREKEEN) FAFRE None 7. TR YA NS AT 5

WERATNZSE, MENTDAUE P RBEMSF TR, I AAELER T, x PR TR RO
By AR CCER FAF . WA R =S, BRI PR, AR TR SR g 5

None,

partition (sep)
T sep B BURAL EHR A7, R Bl 3 704l HrP &0 R s amaas, Ak
YR SRy o QAR FRATARERE], LRI 3 TTH A &S A B DA 2 A

.replace (old, new[, count] )

R FAFER I REIA, Hr BT T A5 old #RIFRIEAIN new. QIR T W HESEL count, ]
HEHT count Y B

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

AR [T FAF R sub FEFATH NPEREI R (cfr) K51, Xk sub $F57E s [start:end] K.
SR start 55 end YUFEENVIFTFORTE . MR RFR R -1,

rindex (sub[, start[, end] ])
KW Friind (), BEFFLFE sub KILFI &5 K valueError,

.rjust (width[,ﬁllchar])

R ALK Ry width BFFFE R E Horp SR AR 5F . fHF8ER fillchar IR 2307 RN ASCIT
KAL) W width /NT2ET Len (s) NER AR FZF AR .

rpartition (sep)

TE sep e Ja— U UL E IR FAFER, Rk —A> 3 Jedl, Hh &R mim s, oA s,
VAR AT Z G Ry o QRS BRATARHRE], WREY 3 Jee bl S A 2 F AR AR E AR A B
rsplit (sep=None, maxsplit=-1)

A ] —A> AT Y BRI S 2R, B sep MRS R BRI TFATER o WPREY T maxsplit, W% ¥EAT
maxsplit KI5, M b ATFHR. MR sep REGEBCN None, fEATZE PRI PN 2 FRAT. B
TIEBTHGEYR I, rsplit () WHAWAT HESAAT T Xk split (),

rstrip ( [chars] )
R E PR R RIA, BRI TR, chars BN E BB BT T . WRA KN
None, W chars ZEERNEBR AT Kbn L chars ZHOTIEIE E A RS MESBBRSEENITA

Hé

>>> ! spacious '.rstrip()

! spacious'

>>> 'mississippi'.rstrip('ipz')
'mississ’
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str.split (sep=None, maxsplit=-1)

AR [ A~ AT R N BRI AL S R, B sep 1R PR T ATH . USRET T maxsplit,
FEECH -1, JABR

maxsplit K545 (HIL, WFEEEZESH maxsplit+l MIEE).
PRk GEATITE v RERIHFAY) -

W maxsplit K35

W) £ 2 AT

LU S T sep, W i & E’J%IT%‘T B A A — R T2 B R A B A A A (A L,
2". Spllt ;)RR f)’?lﬁl 'Y, "2 D). sep ZEVTREH Z2 A FEAAAM (Bl T1<>2<>3" .
split ("<>") $faRE 1" ‘2 Y, 3D R R AR B AR [
Bian:
>>> '1,2,3".split (', ")
rrar, '2', '3']
>>> '1,2,3".split (', ', maxsplit=1)
vy, '2,3']
>>> '1,2,,3,".split (', ")
rrar, ‘2, v, '3, ']
R sep KAGE A None, W I —FfF v LM SESWIUN R RAF, AR
AEF LR R %$??$ ﬁﬂ%??"f%@a RIS M. I, T None ?ﬁ‘n‘%??’f%
B AL B A AR AR R
B
>>> '1 2 3'.split ()
rrar, '2', '3']
>>> '1 2 3'.split (maxsplit=1)
[rar, '2 3']
>>> ! 1 2 3 '.split ()
rrar, '2', '3']
str.splitlines ([keepends] )
R 0] JE AT R AT R B R, FEATIA R B . BRIIR P AL SRR, BRIESHRT
keepends H -} EH.
W ES AT I AR5 . Redlth, Frill i @universal newlines (/) — 1~ H4E .
TR R
\n AT
\r EES
\r\n B2 + AT
\v Bk \x0b | f1m#RM
\f 8 \x0c | #FEH
\x1lc S B AT
\x1d 2H A BRAT
\xle TEsR A B AT
\x85 47 (C1 #=155)
\u2028 15 AT
\u2029 B BRAT
3.2 JiROE S \v A\ £ gRE B T A s %
fian:
>>> 'ab c\n\nde fg\rkl\r\n'.splitlines/()
['ab ¢', "', 'de fg', 'kl']

(continues on next page)
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(R —H)

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

RN Toplic (), MEHTABTHE sep B, XET2FHR IO BHHER 2512, Tk R
TR A G R RIS 1T

>>> "" _splitlines()

[]

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

YENEEE, split ("\n') IG5 N:

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

[''l

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

str.startswith (preﬁx[, start[, end] ] )
MR FAFER AR E 1 prefix AR True, HMRE False, prefic AT DA i 2 A 40 1T 28
*’lggé’\]fﬁéﬂo WRAT AT start, K5 PR ECLEIT IO . QISRA IR end , KFAEFTHE E AL EAS 11
L.

str.strip( [chars])
REE TR EIA, BRI SR ETRF. chars ZECHTIEEERBRTAFN TR . RA %
5 2h None, W chars SN SZSHRAT . S2BR b chars ZB0T IR E ARG R2EB%BS
HHR T G

>>> ! spacious '.strip()
'spacious’

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

AN ETF MRS chars ZHAERF N TFAFRF R IF L PR BRI EB E P RE ST
chars T8 € FATERM TATIHELL . SRR HERAE RS e A A . (ol

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

str.swapcase ()
R PR FAFR I REIA, Hh RGP ING , RZIRA. HHEE s. swapcase () . swapcase ()
== s IFA—E N ELY.

str.title ()
IR ] JE AR R AR A, AR SE —NEREARE , Rt/ NG,

54n:

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

R — R0 B SIS o R E L, RS TR AN B . %08 XTEZHUE L TR A
B, HERERE R SEAS Prafimes th o Oy iR, XS24 R

>>> "they're bill's friends from the UK".title()
"They'Re Bill'S Friends From The Uk"
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T AfSE T DRk AR A XS R i A

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

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

str.translate (fable)
B ] 5 AT R R A, R S AT 4 R I e A R R AT R . R A SR AR — A
__getitem__ () REIMRGIBAERNS, @ H Hmapping Bsequence, *4PA Unicode i J75 (%
B0 RTINS, FEARFXTGR T MMA T AT —Fi#AE: 3&1] Unicode J75 8077, FFAAFILE —A
@éﬁﬁ’l‘?ﬁ“% ik None, FFFARFMEERFFFRPMR: 85|k LookupError 5, FFFAFLG R
WA AR st r.maket rans () T ARFERG A FAF B AT K 68— MUK .
A codecs BIHLDA T i Hil F AP 3 215 77 2.

str.upper ()
R FEAF R R A, H I KA KNS A RN RS, WERNR s B ARAK
NG AR B U R 2 S A 1Y) Unicode 28 IR J2”Lu” (Letter, uppercase) I 42 Lt” (Letter, titlecase) NI
s.upper () .isupper () G A fE N False,

It F 30K 5 BYE R 817 2 W Unicode ARifER) 3.13 75,
str.zfill (width)

BB AT R AS, FEZCASE ASCIL Y 0" B (A ARy width. IESA{ETTZE (" +' /" - ") AYALEE
TR IE AT S 26 BRI AREZ Bl QISR width /NF45TF Len (s) WER I EF47H3 B REIAR o

54n:

>>> "42" z£fi1l1(5)
'00042"

>>> "-42" z£fi11(5)
'-0042"

4.7.2 printf REHFFFRHERL

filE: AN GRS E A SRR R, WRESENF 2 H AR (N0 IER /RS4RI 7 0 ) .
SEHBEH A TFAFRFTE, str. format () FOBAAT & A B TREGIEAERER. XAy
S AR RS L A SR AL TR RE LA A S

TP RAT IR N E R (R % ORUBY) iz AT . XK TAFER Y A8 XA B A s AT . XHT
format % values (HH format y—A~FAFER), 1E format T & FARNRICAFRABOE N T4 B4 values
#Ho HACREMTAE CIEFHHM sprintf ().

W format FZR—AFPISEL, W values W PA—ANAETCHXT G BT, values W/ sk 22— 5 T
Heag XA e R e AR AT IR R T4, BT R — D g & (BN i) .

FeAShRC AT & P B 2 AT B DA AU, FLAS 0BG s A L P 7+
S SR A TEAL, ISARRLLHR A PITCAL, TR R R S TEAL.
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b o

6.
7.

"SR, T ARG IR A AG .
Weiee (AriE), HmBEFES TR (F1 (somename) ).
AR (W3E), HI T REm i S R R 25 51

B/NFBRE (A1) . WRARER '+ (B5), WISCERTEES M values JTLAI N —JCR L, 2%
F iR RN Ay /N B TE E AT AT R RS 2 S HYTT R

R (AT3k), PATE ' (%) ZJE RS R IE g . WRIEER '+ (D), MISEPRR o
values JTCH N —JCE AL, ZHRARET SNIAE L SR T

KRBT (k).
eI,

VHAHSEO—ATF I (BOLMBAIEA) i, AP A s oo RS BRSO 6, XER s
FAFZ G S P ) AT R R A e R AR AL (L. -

>>> print (' has quote types.' %

{'language': "Python", "number": 2})

Python has 002 quote types.

TESETE DL I RUHORBEI L * RICAF (BIHFE—DMFIIRNSHTIK) .
e TR -

s | &Y

Y| ERFCRE O] B UL (RMGE T30

0" | OB EIE R AT

| FRERSE AN T (AR 0 B, WISEEIEH).

v | G RS R AR IR (BT AR ) R
RS O B ) R TGRSR (SR SR ) -

TS K BEIS A (n, 1 85 1), 48020, (R A% Python S HIAT AL — FTDA 51d ST 2d.

FEH AN
] | X LIz
'd! Rk
i AP HERL
'o! FHF5 \IEHIE 6))
"u' AP - ST dr . (6)
'x! BT twEB (UNE). ()
X! B st (KR5). 2
e T aeERE UNE)., (3)
'E' T RERE (K5). 3)
'f! 77 kA (3)
'R I s R 3)
g TR, AR BUNT -4 sOR/NTRS BN /NG PR RO, A M Bk, | (@)
'G! TR WRAREUNT -4 SR/ RS EE N R S350, A - diig . | @)
! PAFRF (B BRI )
'r' FrrE (i repr () ¥4 AT{] Python X142 ). (5)
's! FrrE (st r () ¥4 /T Python Xf42)., (5)
'a' A (fifascii () H0TM] Python X142 )., (5)
EE NS, TR P ' 74,
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[Elfe

(1) BRI SAER — D Z A A b \BERI BT BTZE (' 00 '),
Q) WEUEASAEE B ZHHEA 1 0x" 30X JiZR (WU TR = ik 'x' #:X).
Q) WHAUEA SR ATEGT R TG — A/ NIUR, RIS 3A %Y .

ANEURUE IR R AR BE R, BRIAH 6.

@) WENEALRZSESR T MR, RES M EA S WAL NI R .

ZINER R AT RS (R RS BE s, BRI 6.

(5) WIRKGHE N N, iy thRF O N AN FAT

(6) I, PEP 237,
1T Python “FAFHR BRI, %5 FREALHE '\ 0" PN TFAFHRIETR.
3.1 B A NI 1e50 B S £ R ROl g Fii.

4.8 ik §IFF|HE — bytes, bytearray, memoryview

B R BR R DN E R B by tes fllbytearray, Bfflfimemoryview SRR, XM RM Znb
DA BOR T A DE R R TR AT, AT E A R R A

array BIRSCRY S ROMAF A EEA KRR AL, BN 32 (7R KON TEEETS54 XURS T RifHL-

4.8.1 bytes %

bytes X G2t AT MR AN T AL 1. i T2 38 gE R P SCRR LT ASCIL SUAR GG, [H I bytes Xif
Gt T LA E AL B ASCIL AR KR vl ], HAEF ZHE B S 7P R BRI 515

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

B, 5 bytes T T 570 FHDKER, FUBRIT A b fid:
- B b REAREAT R0 38
« WEIE b FEAREN T B FE.
- SEFIEpt ZEEIF o ZERG B

bytes “FIHI{E AL iF ASCIL F4F (TLie TR S AR 9RAs AT ) o ARATE 127 i) —BEwI(E LA
R 5L U AIE A bytes - HI{H .

BT FI{E—FE, bytes TR AT AR © AIZOREH SUF S AL, #5217 strings T A K45
Fi bytes FHIE M TENT . WIEHTSCR I SUP51.

R bytes FHM{EMFRIEZIET ASCIL SUARY, fH bytes XFRAYAT N SLFR BB AW AL R 5 1),
FESI B AMER R/ MR E R 0 <= x < 256 (IR SULIREIRF5 | K valueError). XA e
AEBOTHABRELA NS5, RIS bR AR & BT ASCIL YR, Al DA 1KLLy o] SCA
W FR I A IO, (RS DX TS R R Uil w5 AR AR e (5 H Ry SCAR AR B A B
TFAGZE ASCIL i — BEHEcaks XA S 2R IR -

B T FIMEIE, bytes Xof Gk m] DAIE i oAt LRP 75 ok ) 2 -
o FRE KM AS(HIE R bytes X4 bytes (10)
o A AR AT EA XSS bytes (range (20) )
o AT 22 rh X PN P B9 —HE £ dE: bytes (obd)

52

Chapter 4. Fli@#sE


https://www.python.org/dev/peps/pep-0237

The Python Library Reference, (I 3.9.0a1

A S bytes NEIER.
25 R e WA 51 L O A s e N P 12 ROV 1 . B S a1 Y 7 S KA v s < L
bytes 71 HAT M SRS S B ) B2 07 3 -
classmethod fromhex (string)
HWbytes I ¥EIR Al — MR E FAF 1) bytes X4, FAFHR A FmBNFEH TN
BERIEC A A, o) ASCIT 28 (A5 2 4 206

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

3.7 WA bytes. fromhex () BAERZMEITAH ASCIL 25 AFF A R ZARAT -
FFAE— AR, AT DAKF bytes XG4 Ayt b7 i 7S b il 2

hex ()
Rl AFRFERRTS, A LB AN AT A TS R

>>> b'\xf0\xf1\xf2' . hex ()
'fOf1£2"

URAR A BB/ UE BB P AT AR B S L, ARAT VAR A4 0 BTy sep IR W THm i
ROASHAEREDN P Z (8] o 55 AR bytes_per_sep JE Szl . RS MNATFIRITR B
FEROCE, SA(ENZ T R

>>> value = b'\xf0\x£f1l\x£f2'
>>> value.hex('-")

'fO-f1-£2"

>>> value.hex('_', 2)
TFO_f1£2°"

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

'55554444 4c524c52 4142"

3.5 KA.
3.8 WU bytes. hex () BUAE S FF AT sep Fl bytes_per_sep 12 DATE+ 7~ b flHfr h o547 2
4 A R

1T bytes XJ 5 & H BB B 751 (BT ICH) , FBEXTT—> bytes X5 b, b[0] K h—EEE, T
b[0:1] FFh— KN 1 bytes 5. (X5 UARFIFREAR, RIIAY A=A E —~KER 1
FIFAFE) o

bytes X R B RRA M HFHEMK ... "), FAEEEEG bytes ([46, 46, 46]) XFEAHEE
. REZPPAMER 1ist (b) K bytes XG4 A — A~ EEE L 51 35

fiiE: Xt Python 2.x IR 7E Python 2.x RAr, FavF 8 U fFHs (2.x B (LI SR He il Py B —
BHEKAIRIXISE) 15 Unicode “FAFE BEATA R R . 028 T 96U FARA R ASIBMI%, PAIERY Python
WA S 8 L 3CAR T Unicode SCASR G KA BUIMAIX—=F5% . 7 Python 3.x W, XS C 4B
8 o W% 5 Unicode SCA AN e e i B AHE T, bytes 5P AFER AT G UL SRR LR AR 2%

4.8.2 bytearray Y&

bytearray X4 dbytes XL ATAEX ) .

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

D
bytearray XA L JRAF ARG, EATE e A 7 FH S 1 5 ok ) 7t -
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o fE— 2Bl bytearray ()
o QAR K EMASEIE N6 bytearray (10)
ot BB T IE AT S bytearray (range (20))
o JEI g XM A B RSO bytearray (b'Hi!Y)
i T bytearray %5 R[S, ZXTG 48 T bytes Fo bytearray 315 W TR N bytes F1 bytearray A5 #ifE
A, B TEET L Y EAE .
% Wbytearray N EZEH,
55 7 D VAN QL T O A s 2 N P 1 VAN 1 4 . B G a1 - 73 SO K EO A =Y £ 7z L
bytearray 87U H A7 A R = SRR I I 2R 07 v -
classmethod fromhex (string)
bytearray FEI VAR — AR E E FAFEHR P bytearray X4 FAFER M TR B F AT
AT RIES A AL, HA g ASCIT 28 I AF 2 4% 205

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

3.7 W4 bytearray. fromhex () MAESZAMEA ASCIL 55 1A H 24T
FEAE— D 0 R R, T RAKE bytearray X G40 Rl i -+ /S I R0 o

hex ()
R —ANFRFERNSR, XA E LB AT AT S ST .

>>> bytearray (b'\x£f0\x£f1\x£f2') .hex ()
'fOfl1f£2"

3.5 BUFTIA.

HiT* bytearray X5 & BB L 741 (RBITHIER) , R4 bytearray X} 42 b, b[0] $fh—4 %
B, Mo [0:1] R h— KR 1Y bytearray X5 . (X5 CARFRFERAR, KTV R B~ LR —
MNBEN 1 IFRFHR) .

bytearray Xf 5 1) %/~ i i bytes Xf % 7 1l fH #% X (oytearray (b'...")), NS N e
bytearray ([46, 46, 46]) XXMM T . REZ AT A 1ist (b) K bytearray X 5 5% 45 K
— AR IR A1) 3

4.8.3 bytes f1 bytearray {£{E

bytes #ll bytearray X G S Ffid A JFANRAE. BN SRR RIERL, BAE- S (LM bytes-like object 7t
FTE A TR RTGE, BN AMESRE T B diRE AL SEEE R (2, RAEFRARRER
B AT R TRV R o

ffi(L]: bytes Fll bytearray X R EAEZ FAFRAENHSEL, B TR TEALZ bytes X AE R HZ:
B—e. B, AR AT Hik:

a = "abc"

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

a = b"abc"

b = a.replace(b"a", b"f")
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HLLE bytes I bytearray #/E{EE A ASCIL i il kg, PAEAL AL 38 — BB g 17 24 S 1]
X LERR I AR SR

HlE): X 25T ASCH P #A ol AL B DAEE T ASCIT A AS 2UAE 1) — #E IR 7] g 2> S SR HIR .

bytes Fl1 bytearray XJ 519 R 71 5 ¥A 0] DA TR R % .

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

R[5 F- 55 sub AE [start, end] JEFE N AT S H BUIREL. A3 SEL start 5 end 29BNV R R
BRI T HIW] LARAE R bytes-like object B2 0 2 255 Y[ IR EEEL
3.3 MRS i 0 F 255 I N R EEUE TR .

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

bytearray.decode (encoding="utf-8”, errors="strict”)
IR 8] 25 7 bytes fRHD H R FAFER . BRAAGRAL S "ut £-8" . AJDAZE Y errors KV BN A A5 SAL T )y
%2, errors INBNMEN 'strict ', TGRS K UnicodeError, HAMR FHI{E N 'ignore?,
'replace' WAMARAHANE T codecs. register_error () WIATER, BS54 24T 75 £ N
7. BAFRHgSYR, WES RS NT.

By default, the errors argument is not checked for best performances, but only used at the first decoding error.
Enable the development mode (-X dev option), or use a debug build, to check errors.

HiE): B encoding LY st r OV HAEBAG LA bytes-like object, FEA7A) I bytes BY bytearray Xt
%,

3.1 AT R TSR S
3.9 [ #E 5: The errors is now checked in development mode and in debug mode.

bytes.endswith (suﬁix[, start[, end] ])
bytearray.endswith (su]ﬁx[, start| , end] ] )
WS BRI RAIE DA R Y suffix S5HRIR 0] True, AR False, suffic ] DAY 2 3R 5
%ngﬂ‘] JCH. UM AR start, 5 IR E L ETTIRKIAL . ASRA WTIEIR end , FEAEITE E (LB A5
HEL .

BRI G ER ] PARAL Z bytes-like object

bytes.find (sub[, start[, endﬂ ])
bytearray.find (sub[, start|, end] ] )
R[5 sub TR P OER B o NRE ], sub B THIR s [startend] ZW. LS start 5
end 2XPPRBEN VI FIRIE . WER sub RYARFIMR ] -1,

TR TIPS ] LARAT B bytes-like object B2 0 & 255 i [l N B AL -

M) find () JVERN % RTEVRTE BRGE sub FTTERL B E . SAGA sub 25 A 1ef, M in
A

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

3.3 A A 0 32 255 Y WY EUE N T 5.
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bytes.index (sub[, start[, end] ])
bytearray.index (sub[, start[, end] ] )

KT rind (), HERAETFIIN ST K valueError,
BRI T A0 DURAL R bytes-like object B2 0 & 255 L PN IAEEEL
3.3 MRS a2 0 & 255 JE N B EEEUE B TR

bytes. join (iterable)

bytearray.join (iterable)
R [B]—A> ) iterable H ) R B T 5 DR T B bytes B bytearray Xf 4. AR iterable W AFAEATAT
I A AR E st r MRMEN ST K TypeError. $RHEHZI7 VAR bytes B bytearray X4 i) A2
FHERTCE Z [R50 -

static bytes.maketrans (from, to)

static bytearray.maketrans (from, t0)
IEFAS TRl — AW B Thytes. translate () BFEHXT IR, BAFIE from RS FARFILGT
to PAHIRIMALE EIYFAT: from 5 to W T 7 3T 2 H HAAMFEMAK .

3.1 BUHTMA.

bytes.partition (sep)

bytearray.partition (sep)
TE sep B BLE AL B R 8, R4~ 3 Jedl, HAP &R 2 miiEsy . 44 B H
bytearray FIAS, PANIFRRATZ JEITRS; . MRS FRATARIRE], WIREIRY 3 Jodl il & 41 DA K A
2311 bytes BY, bytearray X} 4,

FHRR N BT ] LARAL R bytes-like object .

bytes.replace (old, new[, count])

bytearray.replace (old, new[, count] )
REFA RIS, A I T 175 old FRRFE A new. WIS T AIIESEL count, W B
Y/ count IR B,

BRI T8 LA 75 W] LA AT 2 bytes-like object .

ffilE):  BEJ7¥RRY bytearray HUA S 3R [T

EREE— NS, BMERA BTSN .

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

bytearray.rfind (sub[, start[, end] ] )
R FEA sub TEFFS N R EIR IoR (Befr) KT, X0 sub R ETE s [startend] 24P, Wik
Sy start 55 end 2YIRTEAVIRFoRTE . WERARHFENNR W] -1,

TR T 0] DARAT B bytes-like object B2 0 Z 255 35 NI EE%K .
3.3 JEE A a7 0 & 255 Y N IR E N TR

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

B Frrind (), HETFY sub RIEE|H 25|k valueError,
BRI T AW LARAE B bytes-like object B2 0 % 255 Y [B IR EEEL
3.3 MREE S iz 0 F 255 Y N R EEUE I TR .

bytes.rpartition (sep)

bytearray.rpartition (sep)
1E sep I Jg— U B AL BR3P 5, R —A 3 JeH, Ho @& WAFZ miiiesy, A FafFs B aldL
bytearray fllA<, VARIFREAFZ GRS AR FRAFR RS, WR RN 3 JO4L P e S P25 bytes 5
bytearray f 5 DA K J5UF 5 A R AR o
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TR BT ] LARAL R bytes-like object .

bytes.startswith (preﬁx[, start[, endE ])
bytearray.startswith (preﬁx[, start|, end] ] )
USRI AR E Y prefix JF KR [E] True, fHRE False. prefic Al DASY fi 2 A1
Fufli *ﬁgé’hﬁéﬂ WSRA W EI start, KF I E O BT IR . QRAT AT IR end | RFAE R 48 5E (7 L
EINA

BRI ETZ ] DURAT B bytes-like object .

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

J_IEIJ? bytes BY bytearray X G HUEI4%, R HHFrE 7E S5 delete W BLHY bytes, Hi4x bytes Xfif
B EWFEARE AT, R TR K N 256 1) bytes XT 42,

1'/1\—,[[/]\@Hﬂbyt es.maketrans () Jy{EEO)ERERTE,
MTALT SR FAF 40, 15 4F table Z40% A None:

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

3.6 MU 5 BUAESCRFRT delete V520 KA T ZHL

PAR bytes FiI bytearray X G477 VAR ERIA T A 2 (BUE G A ASCIL i i filAgal, (Hadiid 2 A& 2%
f}%{iTﬁﬁ TARE b HEE . R AN A Y bytearray J7iRHR R EHIATIRAE, W2 S AR B
X

bytes.center (width[,ﬁllbyte] )

bytearray.center (width[, ﬁllbyte] )
A 0] A G R A, AR width (7751 R b, B0 9 ﬁiE’J fillbyte SEFEW A 250 (BRIAGEH
ASCH ZSH84F) o X T hytes W4, WA width /INF4ET Len (s) W B FFS Y REIAS

()

S A, RIS U AT i

bytes.1ljust (widh|, fillbyte |)

bytearray.ljust (width[, ﬁllbyte])
S JERT R REIA, FER BN width ()75 PEEZe0t 55 (R 8/ fillbyre SE 82507 (ERINEE A ASCII
ZSHERF) . W Fbytes X5, W width /NF5F Len (s) NERIEFFAIHEIA.

i) BLI7 A bytearray iRAS H 3 IR E BT E AN G, RIMERA T 2E

bytes.lstrip( [chars])
bytearray.lstrip( [chars])
Bl S PR RIS, R ER T R RS T
ARRRBIIL IR H 2 T ASCIL 545, WIRA Il None, J”'J chars %é&(%@ﬂ%ﬁ% ASCH Elﬁ
chars ZHIT AR E BBAHIS; THRSBBRSEERN TG A

2 /—‘—»—H‘

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

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

BERGIRA (L 75 AT AR AT R byres-like object .
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fiE): M7 AR bytearray BUAS S JEHUEAE—— B SR E RIS, RIEBCAMUT L .

bytes.rjust ( wzdth[ ﬁllbyte]

bytearray.rjust ( wzdth[ ﬁllbyte]
R E R R REIAS, FER N width PSR SEAR T fRHRER fillbyte e (BRINGE ASCIT
ZHAE) o X TFoytes ME, AR width /INFAT Len (s) WIRIEFFIRIREIA.

fE): B RR) bytearray BUAS Sf 3 JRHIEATE— B SR E RIS, RIMEBCA MUE (%

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

bytearray.rsplit (sep=None, maxsplit=-1)
K¢ BT IR A R AL 78, R sep AF X BT, QSRS R T maxsplit, Wi Z 347
maxsplit WG, M =B BIFIR. Q2R sep RIGEBCH None, (LA E ASCI 25 AR T S # &
PAER BT BT NAERIFIRTG, rsplit () HALA jﬂ%ﬁ%@??ﬁ(@?ﬂﬁé’]spllt ()

bytes.rstrip( [chars]

bytearray.rstrip( [chars] )
REEFIIEIA , BIRIEENARTA. chars ZHCHIRERHIRTIHEAN ULHFY
AR I R R = T ASCH A 6’“ WA S H None, W chars BRI IS ASCII 2 Elfj“

chars ZHFHAE BB G MESBGRSEEN TG HE:
>>> b spacious '.rstrip()
b' spacious'

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

TR 7 (B 51 T AR A R bytes-like object ,

filE]: B7 kY bytearray A JF LR —— B SR AE—ASETN S, BV A .

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

bytearray.split (sep=None, maxsplit=-1)
R DB e AR AR FE 2R B T8, (] sep VENTFRAT. QSRR T maxsplict HAETA(E, WHZ
HEAT maxsplit R4y (HM, PR FEZ XA maxsplit+1 NICE) o AR maxsplit RAGESCH -1, W
AR A (FEATRTA WTRERAR 43 )

WRE W T sep, WESEH 5 IR —?T%%ﬁéﬂ/*f LT A2 B R A B 2 8 (b, , 2.
split (b', ") ¥fi&M [b'1', b'', ) sep ZRREH— D2 F TS (Bl b 1<>2<>3" .
split (b'<>" H:BIEI [b'1', b’ 2', Do 48 E M RAFR 7 27 5K |] (b '] B
[bytearray (b T, ,JZISEXH%:F%};"Z%%XT%E’J%@ sep ZH 0] ABAT Z bytes-like object .

4n:

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

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

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

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

[b'l', b'2', bVl’ b’3', blV]

UK sep RAGE DN None, WS 7 —FdrrBik: 5 ASCIL 28 AFF 2P AP RAF,
é*%ﬁf@"f?ﬁﬂﬂ‘%ﬂﬁiﬁﬂﬁ FAFe BRI, FEAREE 2 AT I OL T X2 e 41l s A5 ASCIT =5
AP S AT IR R ] [
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54n:

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

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

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

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

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

RFEFEFF A RIA, BERRIGE I L RARRBEANT . chars ZHCNTE & BRI S A 1 25751
XA FREI T iRE H 2 T ASCIL P 4F. WA SN None , W chars ZHERINFE ik ASCIT
ZHEF. chars ZEOFAERE BATIRSUG S T2 2BERSEER ITa 46:

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

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

SRS 0 3k 7 51 AT LARAT R bytes-like object

filE): BRI bytearray SRA H JE EHIEAE B SR AR, RIS BT .

AR bytes Fil bytearray X 52 1) J5 35 & B (I i A2 ASCIL (¥ —iEfil A2, AW 2497 W 1418 0t il Bodie
TEERA/ NI T Y bytearray Jr ik HR R FHIATIRAE, 22 ERIIAR.

bytes.capitalize ()

bytearray.capitalize ()
REEFF AN EIAS, RS F AR R o — 4> ASCIL 247, I AR — DA A R 5 1 H
RI/NG o 3E ASCIL AR RIS AR A AL .

fHilE): BT EEIY bytearray fRA H JE EHIEAE—— B SR A — BTN, RIS AT .

bytes.expandtabs (tabsize=8)

bytearray.expandtabs (fabsize=8)
R FPA R EIAS, HA g B ASCIL il 245 2 i — e 24> ASCIL 25 B ffe,  HARBUT 24 /i 2 (2
L E M HIRAFILE . BF tabsize NFATBR—MHIFRAL (BIME 8 B I HIFRALAES 0, 8, 16 IR
) . BRIFIFA), MUEISIALE R N TIFE— R & RN . AR T ASCII il 4%
(o'\t"), WFFAELER R A— DN BT, HIRYHET TR (FIRGA SR
) AR M EIT N ASCIATAF (o' \n ') BB AT (o' \r"), ESWE R LHERHE.
AEATT AT 2B SO T H-R 24 RI50 I —, NIRRT AT B i 2 A s

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

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

filE): BRI bytearray A H JE EHIEAE—— B SR A — BTN, RIS AT .

bytes.isalnum ()
bytearray.isalnum/()
Return True if all bytes in the sequence are alphabetical ASCII characters or ASCII decimal digits and
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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"'.

fian:

>>> b'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'abcdefghijklmnopgrstuvwxyzABCDEFGHI JKLMNOPQRSTUVWXYZ'.

fan:

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

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

bytes.isascii ()
bytearray.isascii ()

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

3.7 BB

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"'.

Bil4n:

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

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

bytes.islower ()
bytearray.islower ()

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

fan:

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

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

/NG ASCH FE &l HE 574 b abecdefghijklmnopgrstuvwxyz ' FHFERF. KE ASCII
PR R HA S FE)F ) b ABCDEFGHI JKLMNOPQRSTUVWXYZ ' 4T,

bytes.isspace ()
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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”.

fian:

>>> 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.

Bi4n:

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

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

/NG ASCH F45 5 R FTMEAE STEFS] b ' abecdefghijklmnopgrstuvwxyz ' HFEJFERF. KE ASCII
PR R HA S FE)¥ ] b ABCDEFGHIJKLMNOPQRSTUVWXYZ ' FF4F .

bytes.lower ()
bytearray.lower ()

REE AR, HrA KRS ASCH FAF A AT /NS
4n:

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

/NE ASCH FH R FETEA SHEE Y] b abedefghijklmnopgrstuvwxyz ' HHFES . KE ASCI
2 pihe

PR R EASHEFY] b ABCDEFGHI JKLMNOPQRSTUVWXYZ ' R F4F

fiilE):  BI7 AR bytearray fRA f JF R —— B R —ASETN S, BIVERRA (g o

bytes.splitlines (keepends=False)

bytearray.splitlines (keepends=False)
A& [0 s A 4 AT AL A 2, AE ASCIL AT AT R AL B 73 M7 ¥l Huniversal newlines
TrAoRIMAT . BERIIRP AL EBATHE, BRAL I T keepends H o EAH.

Bilan:

>>> 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']
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AW Tsplit (), BT O WA sep B, X T2 FAFER T ERR B —ANZFR, AR RRIRITA
A EE I I SN AT

>>> 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 ()

RE AR, HrG /NG ASCIH FEAF AR NV I KSR, 2 IR
514n:

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

/N ASCH FAF R F TEA LT Y] b abedefghijklmnopgrstuvwxyz ' FHFES. KE ASCII
FAP R EA S 7E)T 4 b ' ABCDEFGHIJKLMNOPQRSTUVWXYZ ' I F4T.

AR TF-str.swapcase (), fFEEHHIRA T bin. swapcase () . swapcase () == bin M 257,
KNG EEHAE ASCIH B X FRET, BT FT 2 Unicode A7 K Ui HA M I 0T -

filE): B7 kR bytearray A JF EHLERAE— B SR —ASETONS, BIERA A .

bytes.title ()
bytearray.title()

AR o] J e PRSI R A, Herp A R A— AR ASCIL PPNk, HARTFREN/NG . AX
ARG TR IR JFAE A o

5 4n:

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

/NG ASCH FAFk B F W EAETEF5 b' abcdefghijklmnopgrstuvwxyz ' FIFLF. KE ASCII
FAR A S EF 4 b ABCDEFGHIJKLMNOPQRSTUVWXYZ ' W F4F. I HAh =I5 EHH A
O NANGR

BIE R — R BRI 5T F ORI E S, RESE TR A B . e AR 2B L T EVR A
B, HERERE CERESEAS Prafies th e Oy iR R, Xl S EUN A B4R

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

AT RAGE A I D SRk AR A B RS A 1 AL 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."
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fiE): M7 AR bytearray BUAS S JEHUEAE—— B SR E RIS, RIEBCAMUT L .

bytes.upper ()
bytearray.upper ()
R FEFPBIRYEIAS, T /NG ASCIL“FAF R E A IV R ST .

Fin:

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

J/NE ASCIL gt i B A S EJF4] b 'abecdefghi jklmnopgrstuvwxyz ' FHFRF. KE ASCII
=2 S

FR R FE T HESHAEFS) b ABCDEFGHI JKLMNOPQRSTUVWXYZ ' HI ) F4F »

filE):  B7 LY bytearray A JF MR — B SR —ASETN S, RIS AR .

bytes.z£fill (width)

bytearray.z£ill (width)
R E P EIA, FEAABIHFE b 0" R F 9K B2 R width, IEGEREIZE (o' +'/b' =) IAEH
RAEIENAFS Z BEAMAREZ H. X Thytes X5, WH width /NF5%T len (seq) NWEREIFFH.

i

>>> p"42" . z£fi11 (5)
prooo4z2"

>>> p"-42" . z£fi11 (5)
b'-0042"

flE): B EEIY bytearray fRA H JE FHIEAE—— B SR AR, RIS AT .

4.8.4 printf REHFTHERMHEAL

il BN DRI ERA SRR, WTRESEF 2 W AR (AN TCVR IER /s Jed 7 3t ) .
WREAT IR E AT R e B, BRI A — o4l

FATERXTG (bytes/bytearray) HA —FERRN P EEAE: BT % B 284 XU FATH I 4
AME HHEIZHAF. X T format & values (HH format Jj—AFATERXIR), FE formar W) & FE40bRid
TR N B EA values 25 H o HACRERITAE CiEE P sprintf ().

WIR formar BR—AS BB, W values W DA—AAETCAN G > BTG, values W75k 22— 5 10
B R AT B G 48 E AT DB Rl R e, s — B X 5 (B anocdl) .

EED A LA A SR 2 A DU T AU, LA O LA A 1 T -
Lo'st 4, RO
2. WeHE (ATHE), sNEHE S EAFIIAUR (A (somename)).
3. BEMRE (i), T AR AR

4 BUNFBOCE (WiE). WERAEER 1< (D), MR values TCHRY T —ICR P, BH%
He R G Ay /N B S RE R AT ERRS B2 2 IS Y TC R
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S.REREE (FIRE), DAFE ' ' ('9) ZEMIAEEEEMEG . AREGEN '+ (B5), MISLERkEEES M
values JTCALIN) R —JCE L, BRARIMT NS L SRt E .

6. KEEBMFF (7).
7. FERTY,

YHDNSEO— AP (SO RA) W, PR G iR o4 A 455 L 6, F R
'S PR T IR T RN B AR e A AR (. B

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

FEMOL AR AR BE B ~ ARicAT (HERE PR SHBIE).

AR -
s | &Y
Y ERYECR O] BB (BME LT 30
0" | BN B EIRSE R T
| RN ST (R AR 0 e, ISR ).
v R AP AR R IR R (SRS ATHS) IR R A
RS TA O B ) RS TRAREPRIITL (SRR S ) .

AT PAZE R BB IAT (h, 1 2k 1), (HWms, A% Python RULEA WE - VA $1d 41T 2d.
TRy -

% % | 8X
FF R
'd’ HRF5 T HIEEEL
1! HAFS T H L
‘o’ AR /NI )
'u' AR - SEMT Ta. ®)
'x! AR TR NS ). 2)
X! H5 5+t (K5). 2)
'e' Fadeiog Uh5). 3)
'E' Fae i (K5). (3)
‘£ e i 1L e 3)
'F! 77 kg . 3)
'g’ TG QRSN T -4 s/ INTRG EE W /NG 5 800is =, 5 e kil X “4)
'G' TG RSBV N T -4 S/ N TR FEE W R R S 88066 2, & e F -kl as =X 4)
'c! AT (2B FEN R ) .
'b' AT (R E0G ZZoh KU E 2 B _ bytes__ () IUXA)., 5
's' 's' g b A%, HN S ERT Python2/3 (KRS ] . (6)
Ta’ FAER (i repr (obj) .encode ('ascii', 'backslashreplace) #4ffF{i] Python | (5)
WEID
'r' 'r'E tat A%, HN S ERST Python2/3 [F AR AT . (7
‘5! AN SE, TESERPHEIE—A 'S P

(1) BRI SAER — DR Z i A \HERI T HT 2 (' 00 '),
2) WEAUEX A RIS Z HEA 1 0x" 30X JiZR (Buk TR "= ik 'x' #3X).
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() WRHRIEX D RSTES R P T AN, RIEEE S H 5 5 .
INES R B R R RS R, BRIAK 6.

4 WHEREX D RASTELERPUET /N, RESMEALWMHEARTE I TR .
JINER AT A BB A RS B s, BRIAH 6.

(S) WAAERE A N, F RS NN FAF .

(6) b'ss' EFFH, HAE 3.x BRI P RAR LWL

() brer' BFH, HIE 3x RIPREAPEFER

(8) % il PEP 237,

ffi(El: M7 ERHY bytearray AR Sf 4 JRHIRAE—— B BRI, BV SERA U T

b4
PEP 461 - >y bytes Fll bytearray i /il1% %04k
3.5 WUHT A

4.8.5 WEHUE
memoryview X4 LV Python fCRL S ] — X R AR, R BGZXT G SCRE Zenh XU Jo s 745 UL

class memoryview (obj)
BIE—5H obj Wmemoryview, obj oL FFZMP KM LR v RPN XS 0dEbytes
Mbytearray.

memoryview HA AEMMEE, RIdEIGXIR obj B b PR EA AAF B0, T ¥ 2 1 528 L)
Wnbytes Mbytearray i, —AICEBRE AT, HEHMYEMGIMarray. array ATHEAE
KEJILER.

len(view) Htolist K EME. WIH view.ndim = 0, WHERKEH 1. N view.ndim =
1, WHAK ST view HTEWEE. MNTEEWNLERE, HKEST IR view iR B LK.
itemsize JEMHER] ARG H AN TR I 0T 4L

memoryview FFEIIYIA METIVIMHICER . —4EVIT LRI T LA

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

98

>>> v[-1]

103

>>> v[1l:4]

<memory at 0x7f£3ddc9f4350>
>>> bytes (v[1:4])

b'bce'

Wk format jg—ARKH T struct BEHEFEMKULHIRT, Wt 50356 BBk y BBt i o2l
PEATRG], R TR A T E . —4E AL AT DA — Bt — B ok Y oo
HPEATRG] . ZUENAFOLIE AT AGE ] IR 4 ndim ASHBEEH B TCR TR, ndim RUHYERE . T4
PR AT DA 25 Je L A TR

X HUR— AN AR A i
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>>> import array

>>> a = array.array('l', [-11111111, 22222222, -33333333, 44444444])
>>> m = memoryview (a)

>>> m[0]

-11111111

>>> m[-1]

44444444

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

[-11111111, -33333333]

WERTIZX R G, AT SCRF—4ET R IR SO R/ NI v

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

>>> v = memoryview (data)

>>> v.readonly

False

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

>>> data

bytearray (b'zbcefg')

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

>>> data

bytearray(b'z123fg")

>>> v[2:3] = b'spamn'

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

ValueError: memoryview assignment: lvalue and rvalue have different structures

>>> v[2:6] = b'spam'

>>> data

bytearray (b'zlspam')

AR, Y 5O AT (HE2) BRI — 4 AL I R & AT WA A 1 o A i i SR
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 R —YENAFILEBAE AT AR o AR B, 0 800 I —2E N AL I B 2 AT I A )
3.4 WCESE: NWAFMERPIAE S HhH M Hcollections. abe. Sequence

3.5 S A AL B AT B BT A TR T

memoryview A AT —LI5 ¥k

__eq__ (exporter)
memoryview 5 PEP 3118 Py S th 8 ixX i & AR ARA ), HF HAR M st ruct 1BVEMRER
VR AH AR AR I B A %ok 7 (LR AR ], DU AT T2 SN Y

XFtolist () MEIHT LR st ruct #EXFLFHRFE, WH v.tolist () == w.tolist ()
T v F1w A

>>> import array
>>> a = array.array('1', [1, 2, 3, 4, 51])
>>> pb = array.array('d', [1.0, 2.0, 3.0, 4.0, 5.01)

(continues on next page)
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EHE—5)
>>> ¢ = array.array('b', [5, 3, 11)
>>> x = memoryview(a)
>>> y = memoryview (b)
>>> x == g ==y == Db
True
>>> x.tolist () == a.tolist() == y.tolist() == b.tolist ()
True
>>> z = y[:1:-2]
>>> z == C
True
>>> z.tolist () == c.tolist ()
True

WER PRSP RF BRI s t ruct BERPT SRR, WIBFR AR Be AMAE (RS 5
FrepFIZerh XN ZEARTA )

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

>>> point = BEPoint (100, 200)

>>> a = memoryview (point)
>>> b = memoryview (point)
>>> a == point

False

>>> a == b

False

R, SRR, NTNFEREXRKD, v is will FRERE v = w.
3.3 JRCE S 2 I RUAS LR S R AT B 2 220 W 2% H A& X5 2 AR A A 454

tobytes (order=None)
P X A AR T HR R . XA TAENAAIE L bytes fi4s .

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

b'abc'

>>> bytes (m)

b'abc'

XFARELRAL, SRS T PR RNYIR, H g cEa A7 tobytes ()
AT, AMFE st ruct BHUBEEIBLMAATELEN .

3.8 BT order W PAK {*C,°F," A’} e 24 order SAC 8F I}, JRIGEEA BRS04 2 C 5§
Fortran i J7 . X FHELEAE, A 2R BIYHE N BRRIAS . FRBIH, PAFEH ) Fortran I+ 2
B . X TARESE , B eniikih C B, order=None 5 order="C’ 2[RI .

hex ()
R —ANFARFERATS, Hod 2 B AR A+ 7S BE IS 2R 22 o DB RN 1

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

3.5 BUBTIA.
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tolist ()
Rz o DX I BE PA— oo 2N R B R ]

>>> 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]

33U tolist () BAESL R st ruct BIHEE I g SRR R AR A R 2 4R R e,
toreadonly ()
1% [A] memoryview XT& ) HiEiRAS . JRIGY memoryview X R AN g As .

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

>>> mm = m.toreadonly ()

>>> mm.tolist ()

[89, 98, 99]

>>> mm[0] = 42

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

TypeError: cannot modify read-only memory

>>> m[0] = 43

>>> mm.tolist ()

[43, 98, 99]

3.8 OB IMA.

release ()
TR AAF LN R T A TFRYRZ G X o V22X QAR IR B SR MU R 2 R R IR a1 (B4,
bytearray Y& 8 IR UN) 5 Hk, T release() A] DAJT (HHBRU R 25 ok Se R (¢
AT Z AR B ) o

TEMOTERI MG, ALPT IR At — RS K ValueError (release () RSN, EW]
LA R HD):

>>> m = memoryview (b'abc')
>>> m.release ()
>>> m[0]
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: operation forbidden on released memoryview object

() with i), DA BT SCE B SGA E SR AR

>>> 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 FTA.

cast (format[, shape])
PN AL R B kg BB AR . shape BRINH [byte_length//new_itemsize], XEMK
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EHRIERR—LER . R BIER RN, B2 XA ARSI H . SR A

1D -> C-contiguous F11 C-contiguous -> 1D,

FAMEsUR T st ruct AR R — U R AR Hop— A b0 7 A% 3 (B, b 1)
SR TR S AR K A ]

¢ 1D/long 46t 1D/unsigned bytes:

>>> import array

>>> a = array.array('1l', [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")
>>> y[0] = b'a'
>>> b

bytearray (b'ayz')

¢ 1D/bytes 5544y 3D/ints F4440e A 1D/signed char:

>>> import struct

>>> buf = struct.pack("i"*12, *list (range(12)))
>>> x = memoryview (buf)

>>> y = x.cast('i', shape=[2,2,3])

>>> y.tolist ()

(reo, 1, 231, I3, 4, 511, [[le6, 7, 81, [9, 10, 11]1]]
>>> y.format

[

i
>>> y.itemsize

4

>>> len(y)

2

>>> y.nbytes

48

>>> z = y.cast('b")

(continues on next page)
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(R —H)

>>> z.format
lbl

>>> z.itemsize
1

>>> len(z)

48

>>> z.nbytes
48

¥ 1D/unsigned long %% 5 2D/unsigned long:

>>> buf = struct.pack("L"*6, *list (range(6)))
>>> x = memoryview (buf)

>>> y = x.cast('L', shape=[2,3])

>>> len(y)

2

>>> y.nbytes

48

>>> y.tolist ()

(ro, 1, 21, (3, 4, 511

33 HUAA.
3.5 HUESE: MEHON T, SRR AL

AR A A s

AL 2 X 4R

>>> b = bytearray(b'xyz')
>>> m = memoryview (b)
>>> m.obj is b

nbytes

True
3.3 WUHTIA.
nbytes == product (shape) * itemsize == len(m.tobytes()). X efHEELSEE

AR R P EA—EET len(m):

>>> import array

>>> a = array.array('i',
>>> m = memoryview(a)
>>> len (m)

5

>>> m.nbytes

20

>>> y = m[::2]

>>> len(y)

3

>>> y.nbytes

12

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

(1,2,3,4,5])

Z YR
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>>> 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 ()

(.o, 1.5, 3.0, 4.51, [6.0, 7.5, 9.0, 10.5], [12.0, 13.5, 15.0, 16.5]]
>>> len(y)

3

>>> y.nbytes

96

3.3 HHTINA.
readonly
— DRI A A BRI R
format
—AFRER, AERE RN TCRIRR (FR R st ruce BEHHREX) . WAEILET AN HAEE
AT R A EE, ERLEIE WBlincolist () (URT AR FITER.

3.3 M maE: 45X 1B IFE S struct BIHUBEVRRALH ., XFIRE memoryview (b'abe') [0]
== b'abc'[0] == 97,

itemsize
memoryview H1EN TR AT RN K N

>>> 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, RN ENZ B AR Z DY .

shape
—EBOTH, Wi ndim B EEES  NFEIT R N e84l ek,

3.3 CEA#: 24 ndim = 0 BHE K25 e 4L Ak None.
strides
—NEEROTH, W ndim KBS PAFEAT R RN, PAEDT S AR E AT
%=,
3.3 WUEAE: 24 ndim = 0 BHE A2 Je LM A 54 None.,

suboffsets

1t PIL KRS ERH TR - (DU EASHEEE .

c_contiguous

— R NIRRT N C-contiguous 11 /R{H.«
3.3 HRHTIA.

f_contiguous
—AFEB AT N Fortran contiguous W4 /R1E -

33 BUHTA.
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contiguous
— AR NAFSR TS R contiguous B RAE. -
3.3 BT

49 HEE53A — set, frozenset

set XF 5 52 1 H A ME—VER hashable X5 r 0B Jo 7 2 4E . LA R B 48 B R I . AT 91 v 5B
ETA R E R EAITE, Blanscse. 4. ZESWMELEFS., (XTHMAERNSHESFdict,
list Htuple ZNEZE, WA collections fHil, )

HHMZTE—F:, AW ZHFx in set, len(set) fll for x in set. EN—FEFHLTE, £4H
AL EM ESIEANT . FNHL, AR SHFRT] . YR S5 R0 #5AE

HHIE PR EEGHEA, set fifrozenset, set AR NARR) — HNAER A add () F1 remove ()
REER YRR . TR AR KA A S A E, HS e VR 7 i 4 s HAb R A JC K . Frozenset
KA R A AR H: H o hashable — F N ZAER GG AR BEFRORAS s TR e mT DA FH A i )l Ho B & Y T
-

B T RIAEH sec g, dEZS set (N2 frozenset) 38 1 DATE iR DAIE S0 B H TR S RO TAERE S 2
WA, Bla: {'jack', 'sjoerd'}.
WA AL 3 2 H AT A R A VR O X

class set(h%nwk{)
class frozenset(imnwk])
IR [l —AN T set BY frozenset X742, HITZE R H T iterable, AW ILE VN Nhashable, B3 HES
MR LS, IrANEERRACN frozenset M5 WERARIGIE iterable, WIREIR [l —ASH Y =3
£E.
set flfrozenset RYSLHIIRMLA T #/E:

len (s)
RIEES s e EE R (RF s 9340 .
X in s

Rz x J2A5 A s AL B
X not in s
R x 2Rk s PR .
isdisjoint (other)
WHRES TR S other JLATTE MR True., 4 HACY N EGHITE N ZSESH, HEN
AR A
issubset (other)
set <= other

K& 55 & R ST R HATE other Z 1.
set < other
K EEERE N other E T4, Hl set <= other and set != other,

issuperset (other)
set >= other

K2 other WA ICHEELR G Z .

set > other
KM EES BT N other I EHHLE, Hl set >= other and set != other,

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

REl—ASE S, HhaEk B IE4EA DA others 158 G AHIIICE.
intersection (*others)
set & other & ...

R ARG, AP RS G LA others 15 BT A & HIHARIICE .

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

R ARG, HAP A R TTE others 15 I A & HATFAER LR

symmetric_difference (other)
set ~ other

BEl A S, HARTREUR T LGSR T other T8E RS , (FANRENR & T W% .

copy ()

R A R A S DL
o o=, o2 B & M A Bunion(), intersection(), difference(), DA
K symmetric_difference (), issubset () Fflissuperset () F S EZFER EA L2
ERZE. MEZ R, BN s B R AN RS HONES . XS T4 5 B b ETE
LU set (Tabe') & 'cbs', MAEEREEPETE MR set ("abe') .intersection('cbs'),
set fllfrozenset WX FEASEAGNILE. WMMESGY HYHNMEATHENTTEHEETH
— N EEZ N (BRI AXTFHT4) RIS, —DEAY B CYH A — I EANETE (G
B THEEREAME) N FR AN EES. —PMEAYHEMNYHE S M EANEBE (WG
FHEEEEARHE) KT R 1 ES.
set WL Bl S5rrozenset W SEH 2 [ B F AT K A H T K. Bl 41 set ("abe') ==
frozenset('abc')ﬂg[]True, set ('abc') in set([frozenset('abc')])tﬂfﬂig

THESMHERIFAREME) heaHir /8. B, (EEWAIES AR LG A E B A X
T, HILPAT ArA iRk [e] False: a<b, a==b, or a>b,

HTEAIGE L THHET (THXR), HHEEGWRINGIEIist. sort () FEREHIFIEE Lo
EERICE, ST, WA Hhashable,

R Tset LWl Hrrozenset [ — 3k il i 12 B/ I& B 5 58 — A B AE BOHH H g 25 84, 6 4n:
frozenset ('ab') | set ('be') ¥ik[E frozenset HLH,

TERINE TR H T set MARH AR AN frozenset SEFIRTHAE:

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

RS, ISk E others KT ITLE .

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

RS, HORE TR others ILIFAEICE .

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

WS, BERE A AELET others FYILE.

symmetric_difference_update (other)
set “*= other

B S, RRBAET RGN — AR FfAER TR

add (elem)
FFICE elem TMBNE AT .
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remove (elem)

MEEG TG ICE elem, WIFR elem NFEAETHEEGHNEE| K KeyError,

discard (elem)

WIRTCEK elem FAAET A PR HAD R

pop ()
WA R IE IR A TE% . WA NN &5 K KeyError.

clear ()

MEEGHHREERPT A ICE -

R, JFiB8 B WA fupdate (), intersection_update (), difference update ()
Msymmetric_difference update () FIERERALE A ERIFTZIENSEL

R, _ contains__ (), remove () Flldiscard () J7IER elem SET] g2 —4> set. % i wf—
AEFYT Y frozenset TR, AR elem IO E— M2 RIS .

4.10 BREFEY — dict

mapping 3G 2 fhashable (EBGTEUEEXT S . BUGHE T AT 28X0 % . HEIICH —FidnEpug Ry s, (R T
HARI NS TS F 11st, set Htuple ZBNEL, PAfrcollections fEdk.)

TFHAHE TUT AR . ARhashable (M, IS8R, FIEHAN R AR A (IO RELTE T
FEXFGAR AT IR ) R AT RS . R0F ST P SR DR 407 LU — BRI < G SR A B AR 45 (il
1A L. 0) M AT AR SRR I Ml—F & H . (HRER, s TR 77 s i g i,
PR A B e AN R Y )

TR DU i R DLE S A R 2 E XA RS TS 2 ok A d, flan: {'jack': 4098,
"sjoerd': 4127} B{ {4098: 'jack', 4127: 'sjoerd'}, tHu[PAIEIT dict MR A .

class dict (**kwarg)
class dict (mapping, **kwarg)
class dict (iterable, **kwarg)

AR ] —ASH A, BT AT A BB R] RE D A i R T SRR AR AR L

WAREBHBAESE, OE-ANEFH, RGE M ESHOF H ST 4, Fae—
A BA G AR X 7 3. BIETE, (LS SEUNAUN— A iterable %15 . %A AT G
() — A B IR — AR AL S AN T R B PR S o B — T 38— X G 1k - S —
ggi;%}%égﬁ%%lﬁﬁﬁﬂﬂj%ﬁo AR —A IR CA L, A i Je — MERS O A B
HLF ST WY HAHL

WG T RETFSE, WX TS HAES PN BT GBS A0 7. AR
CAFTE, ok A KRBT SEEREOR A M ESHE.

VERTER, PAFRFER [FFHYEZET {"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})

>>> f = dict({'one': 1, 'three': 3}, two=2)

>>> g == b == ¢c == d == e == f

True

BB TR L 5 B 7 20 Ty XU REGE AT 24 Python ARiffFAE . HoAth 75 =X ] ik A
(WEEp AL N
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X SR SR A (R SRR 2 Y 2 S04 ) -

list ( )
IR ] a O R BT B 81 3R
len (d)
AR ]l d AP
d[key]

R[] d HLA key BRI . ARG HANTFAE key W5 K KeyError,

MPRFHAFREL T HE __missing_ () HH key AFEFE, W dlkey] #AERHHZ 5
Wy i key 1E N ZEL. dlkey] BEERHRIEIEE] & __missing_ (key) WA PR EIE | & 4EfT
MG WA A kS ORI _missing. (). K E X __missing_ (),
&5k KkeyError, __missing_ () WR—AIE; BARER —EBIAE:

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

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

FHEHFITFE/R T collections. Counter SEFHIFR IS .. BF H— AR _missing__
FERHicollections. defaultdict B,

d[key] = value
B dikey] BN value,

del dlkeyl]
Ff dikey] M d R, QERBLF AL key M5 K KeyError,
key in d

SR d PAFAERE key MR ] True, BRI False,

key not in d
ZMT not key in d.

iter(d)
iRl AT S B U R R . X2 iter (d.keys () BIPRBETT.

clear ()

Bl T IR

copy ()
R[] JE S B RS DL

classmethod fromkeys (ztemble[ value]

iR B iterable WAER)E-—ANHr 2L, FFRFBERN value.,

Fromkeys () Jb—ABEBFIEIHITVE, value Bk None . i (EHRH5] A NI S0,
UL value H— A TS AT 4 000175 9 R AT 7 0 . BARBUR AT, e e
T3

get ( key[, default] )
B key F72E TS SA SR ] key M, 75 WS I defaudr. 1013 default 2 BN None |
M k4N &y| K KeyError,
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:Ltems ()

IR LI (g, E) X)) B — R . S AL R A

keys ()
A ] e BB 2 R — TR . S LA AT 2 A

pPop ( key[ default]
TR key AEAET 3P UPRE R R aR IR HCAE, 5 3R (] defaudt . IR default K45 14 H. key AT
T, Mg kRreyError,

popitem ()
MFBPRE IR A (%, (E) X BEED & LIFO (EESeH) My ol bl

popitem () i TXFHMITIHFEENER, EEGHELEPTEEREMEH . WRFHBZ, H
Hpopitem () ¥5| kKeyError,

3.7 R PUAE SRR LIFO iy . fEZ BRI AF, popitem () £xiR Bl AT 2 W) #E/AE
PO

reversed (d)

IR ] —AN 00 R - ML ) 1R AR A . X JE reversed (d.keys () BYPRSE L.

setdefault (key[, default])
R T HATAERE key , IRIIEHIE . WRATEAE, FAMLN default 15E key , IR default . default
2RIAH None.

update ( [other]
SEIoK EH other BBEMERX B 7, B A . 1RIA] None,

update () 275 —NFHWIF G, 8FH — MY (DU D 0 o4 sl H At m] 2 A%
ZFoR) WMAERX L. WRGE T XREFSH W2 DU BT 5 2 i S8 0 58 37 7 8 d.
update (red=1, blue=2),

values ()
1R[] A B — DT . S AL 3 % 54

Wi dict.values () MEZ [BIAAH S L B JEIR A False., XFF dict.values () H5H
H B L st [ A -

>> d = {'a': 1}
>>> d.values () == d.values|()
False

PIA PR LB HACY ETRAMER (8, &) WA SME (RBRIF) . HFHE (<<=,

>= > &5| K& TypeError,

TR IR AT o TR SRR A B R . BRI A IR B RE A B AR R .

>>> d = {"one": 1, "two": 2, "three": 3, "four": 4}
>>> d

{'one': 1, 'two': 2, 'three': 3, 'four': 4}
>>> list (d)

['one', 'two', 'three', 'four']

>>> list (d.values())

[1, 2, 3, 4]

>>> d["one"] = 42

>>> d

{'one': 42, 'two': 2, 'three': 3, 'four': 4}
>>> del d["two"]

>>> d["two"] = None

(continues on next page)

76

Chapter 4. Fli@#sE




The Python Library Reference, (I 3.9.0a1

(R —H)

>>> d

{'one': 42, 'three': 3, 'four': 4, 'two': None}

3.7 HUBEAE: B 2GRN ANY . AT 2 A 3.6 T iR CPython SEBLANY .
7 UL A P R

>>> d = {"one": 1, "two": 2, "three": 3, "four": 4}
>>> d

{'one': 1, 'two': 2, 'three': 3, 'four': 4}

>>> list (reversed(d))

['four', 'three', 'two', 'one']

>>> list (reversed(d.values()))

(4, 3, 2, 11
>>> list (reversed(d.items()))
[('four', 4), ('three', 3), ('two', 2), ('one', 1)]

3.8 R A AR R T .
hz%:
types.MappingProxyType A #HRAIE—dict A .

4.10.1 FHEPEI R

Hdict.keys (), dict.values () Mdict.items () FrREIMIXTEE LA 2. %St & H i
— A, XS YRR, IR SRR AR .
WA AT PARIEIE A DA A 5 HOW B A 8, I 3 i ARG -

len (dictview)

AR ] A 2 H R

iter (dictview)

WP EE (DA (5, ) NIRRT ) A

SERIMEL 2 4230 A B U A 73R4 o« X REEE SRV zip () SRETE (E, %) % pairs = zip(d.
values (), d.keys()).5n—PMIEMFRSERK T E pairs = [ (v, k) for (k, v) in d.

items () ].

AEAS IO 5 b i 2% F BRI B EA T IR AU AT RE S | K Runt imeError Mg Joyk se ek U 5%
Ho

3.7 WU 8% T BRI AGUT o

X in dictview

R x @R IR FEAE R b . (EE (FEd G — R0 x Noh—A (88, (E) Jodl) WERME] True.
reversed (dictview)

AR [l P AR S L (IR . TR 45 5 A B B I A T AR

3.8 fRCEE A S MU I B 2 Rl .
BOERLTES, HAHLAHAERL BoJgs. WRIFAEARISAR, B (#, @) SR AEZH
AEAER, IB2KEREBSRUTES. (EHAERNAPHARMTES, HELEHEENSHERM.)
MFRUTFEEGHAE, M5 EIcollections. abe. Set g AT EAEER2A300 (FI ==, < 5%
/\)o
— A S A P g 7
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>>> dishes = {'eggs': 2, 'sausage': 1, 'bacon': 1, 'spam': 500}
>>> keys = dishes.keys ()
>>> values = dishes.values/()

>>> # iteration

>> n = 0

>>> for val in values:
n += val

>>> print (n)

504

>>> # keys and values are iterated over in the same order (insertion order)
>>> list (keys)

['eggs', 'sausage', 'bacon', 'spam']

>>> list (values)

[2, 1, 1, 500]

>>> # view objects are dynamic and reflect dict changes
>>> del dishes['eggs']

>>> del dishes|['sausage']

>>> list (keys)

['bacon', 'spam']

>>> # set operations

>>> keys & {'eggs', 'bacon', 'salad'}
{'bacon'}

>>> keys ©~ {'sausage', 'Jjuice'}
{'juice', 'sausage', 'bacon', 'spam'}

411 P TFXEREAE

Python Y with tHA) SRl N SCE BT Az A Ty R S0 — M. IO RIGSEBE T —X & 1]
Ik, SV A E CRME SGEATI B R 3C, FERAARREATRTEATZ LR 30, HAEE RS T5e R
[ ANBE

contextmanager.__enter__ ()
HEAGBATES B SCH R B G 8 B E1Z0a 4TI R SO HABRT G . R 3R BB 2 95 @ 31 8T
Ub BRSPS with BRI as AR IFRRAT .

—ANIR [ H B BRSO PRSI B T i file object. AEXT S AM _enter__ () IREIHH &, AR
Yopen () BFME with B F T Sc#EER,

— AR ] BTG ) B SUE BRI B Fiddecimal . localcontext () FrRFIMINT S, BRSPS
Y51 BN decimal bR 30N R ES decimal R SCH— D EIAR IR HZEIA . X AV with HEA)H)
B R4 HT decimal bR SCHF TR, ARSI with iBA ASMO RS,

contextmanager.__exit__ (exc_type, exc_val, exc_tb)
RIS BN SCH R [ — AN A1 R AR RS SR FR W i A AT AR S )2 A I Y B B i . QERAE AT with
WARE AR AT RE, WSHSEERENEL, EHAKPIWER .. fFEHAEL T =425
¥J A None.,

7 R o] — D FUER- S 2 with WA Rl B I AR SR AT S BETE with iR Z JERYTEA] . 7500 5
FARHE IO IR R AT IR dk St o ARSI IR AT IR R AR 1 S B S BUC with SRR R h K
A AT AR S5

8 A S 0 R B A B E R 5 | AR, VR 24 8 ] — MR (B AR WA 5 VA E i 5
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ﬁ%%ﬁﬁﬁ%ﬁ%&%ﬁﬁlﬁ%ﬁﬁ o XAV LT CE BB T RGN __exic () IRREHEE KR
.

Python 7 SC T —28 1N SUE BRERR SRR 5 I AAR [ . SO sHART R PR 5P, DA R 07 (M4 405
BT BERISEAR LR S BT SEBL B R SCE BRI DASS , AREBA LRI . S context 1ib i
ESise ey i PNIbEN B

Python [fgenerator flcontextlib.contextmanager REMigeHe it T 0 Pl se i py £ 5 . R
ffi fHcontextlib.contextmanager 3 Mide KB Mi— B WA R B, TR RE— AL T HER
_enter_ () and __exit__ () F¥EMW LN SCE LS, MNP R 4281 0 AL AR pR BT A nY 3k
5.

THYER, Python/C API Ht Python X G2 AU SSAA Hh I AT R IX L T AR e T IRE AL, RE2EE SO BTV 8
JEERLD AR E AT @ Y Python I 7 ik 4@ it S EIZFTIS B R SCHTTEAH L, B 287 LAy
HRIGTTE AT AZZ AT

412 HipRELE

R SR SE MR XS 5 o TSRS G KRR S R — AP A

4.12.1 iR

BEHME— B RRIR B 2 BT I m.name, X HL m Jy— IR name 51752 XAE m MFF SR FH—1%4
Pro BB ABIR(E . (FER import 1A MR UL 2 R ) —Fh A import foo A%
SRAFAE—4N foo IREHRNTS , T2 BERAFAE— XT84 foo RIBHLE GRAME) 2 3Ls)

B — R B dict_ . XREEHREIATS RA T . B B T LR S PR U R £
%, HRIEEEN _ dict BWE RWPAS m.__dict__['a'] = 1, X&¥m.aE@ XN 1, HEEAN
fEE m.__dict_ = {}). AELEPEBW  dict

WE T RS PR G <module 'sys' (built-in) >, ARGEM—DICHFME, WaE R

<module 'os' from '/usr/local/lib/pythonX.Y/os.pyc'>,

4.12.2 253504l

F T X B2 A4 25 7] objects Fil class.

4.12.3 EHH

PR G il i PR EICE BT . X RRECT R ME—#E 2B func (argument-1list).

ST AEAE PR BN 5 TSR P G SRR S R R (TP , (150
PR, A SR

W45 B2 function,
4124 Hix

D B AR R R B R B eI DR (BIAN53RAY append () J5ik) RIZRSLBITr
o WEITEHR SV ENTRZERRNE .
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TR AR AN SEF R T ) i (B @ AR 2SR NI R D) , RESBB—ANERR 4 408 7 ik (5
PR = 7 ik) M. B, B self SERMBISESN £ . 908 HEHA WA FRR gt
m.__self_  #AFIZIEMNS, Mn.__func_ @I TERNEE. HH m(arg-1, arg-2, ...,
arg-n) BEEM T m.__func_ (m.__self , arg-1, arg-2, ..., arg-n),

SREBOS G, T EMNSEOIRFRBUEEEY. B2, BT HEBELE LRET T2 R
X4 (meth._ func_ ), HILAARFRENCE HENITERBE. 2 E T ENRBERSS S E3E]
KAttributeError, MERENERE, VRUGHHETZERREON S b 82 Hab s

>>> 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 EIS Y types.

4.12.5 KBHR

RAGXT S0 BARSEEUH R R “Phgmide” WnI$hAT Python AURY, BAN—ApREUA. EATAR T RERTS,
HEMAEE N HERPATHRERNG I H . AAEXS R AN ER compile () RBGRM, I8 RS
__code__ BN, 7S H code Bk,

DL IS (TR A fS4exec () Reval () PRBRHUEMFTIOR(E.
o (5 B S types.

4.12.6 HTMR

REGI R FIRBFIRT LRI SR AR E T N E R R ype () RIREL. FREUBCARIRIGEAE . ARt AEp
Bretypes LT BrAVRENE R4 FR.

R PR B B FR: <class 'int'>,

4.12.7 =R

x5 4 oA B R [BHE R B BUIR [ . B A SR AR R B . 2505 A —FiME None (X 2NN E
#FR). type (None) () &R —EAf.,

BRI G LN None.

4.12.8 HEEFFHHR

WX EHH TV R (B slicings). EASCRHMEMEFIRIEEIE . AN SEHE —FEEl1ipsis (X2
WEZFR). type (Ellipsis) () &4 FEI1ipsis B,

TR G N Ellipsis 8l .. ..
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4.12.9 RIELHIR

PEXT G SV E R LA — iz B N T BT SRR 2B AR [FE . 3525 comparisons | fi# B 215
H. RListse B —FME Not Implemented., type (NotImplemented) () &4 B EHG,

ZN S 5N Not Implemented,

4.12.10 f/R{E

MR A XS False Ml True, BEATRIRIOREH LR EE (R HARER ] 9 24 1 BE s
{6) o TEECFRM B SCh (BN IERARZ A SE ), ENRAT N0 KT RE O Fl 1. NER
%U)oool () IR RRHE B e N R E, R E TR — 2R (S AR 4 e ) i
7).

R B3 False fil True,

41211 HEPITER
A KRBTSR RIS types. HA A THWOIGE . IR A KT X R4

4.13 F%REH

T E SKBUHER R RN T — LR R w e, ENIRAR AR . K2R atidir () W
BRI .

object.__dict__
— M ECHA RS R, AR LA (TT5) &bk,
instance.__class__
RELBI B2 -
class.__bases___
HI RS R A EE 2R BT 4L e
definition.__name___
SN OBV NNIE (12, Ra SV & e S D
definition.__qualname___
XK. REL TR, RS R AR S B 1 qualified name ,
3.3 TR
class.__mro___
B e R B e, FEJT T ) S T e R A R
class.mro ()
BT — A Te IR, DA HSEBE Bl B T . B TSR gei 1, Hah RArfE
T_mro__ Z.
class.__subclasses__ ()
TR R B TR 555 | AL PR . 7 R Il —A> AT SR E B BT A 265 | T4
R . Bl

>>> int._ subclasses__ ()
[<class 'bool'>]
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[FI#2
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[ElZ2 By 5151

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 WER AR RGER 2 RHEIRAE A L3S, Fra M B G i iR 2 kA H 6.

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

PAF R T AW KRR
exception AssertionError

2 assert BHARIMEPRIBES| %
exception AttributeError

BIEMHES|H (30 attribute-references) Sk I MHIF 055 Ko (C4—DXFRIAR LHE MG | SR
TR(ER B & 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

H AT ARBE -

exception GeneratorExit
Y —A~generator B,coroutine #f 7= ¥4 5] % ; 2 WL generator.close () fll coroutine.close ().
THEWKHBaseException i @Exception, FHMEEA FRILEH AR — R,
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exception ImportError
M import WA B HGE B BRGNRF T . FFHY from ... import HYfrom list” £77E
TeVEHR B AR P51 %
name 5 path J@ M AE X AT QO T B HORBUE » BOE R BN AR 1l AL
BB -5 i S e AL R SO F I B A

3.3 WS IS T name 5 path @

exception ModuleNotFoundError
ImportError B ¥, B—DBIRTLIRPE CIBRF A import 51K YfEsys.modules HHF|
None B 25| % .

3.6 BUHTA.

exception IndexError
2 7 5 A IBGRR G L R S A (DR RS | 2 s U B RV TS L AR & R IR 2 B8
W TypeError 2451 4. )

exception KeyError

MTEIA ARG PR TR E MBS (F) BERPRERES % .

exception KeyboardInterrupt
BT PIBeE GEHCN Control-C B Delete) MPRFRG K. TESATIIN], 2 WA DN K5 .
B YR H BaseExcept ion AR S Except ion MRS ERAMEER, XA T DAES IR
R -

exception MemoryError
YRR NIRRT GE MR —2EX R ) BATIRBORG 1 K. RERA(E R — 745,
FHLERAD () BERER T A7 R TIREM NS B (C i malloc () eR%L), fFFE
A VA SR REE M A 0L T 58 WO (HEHETER DAGI K — 5%, XL REST B i Ak [ 9] 1
B PAE R S B ) R AR

exception NameError
MR RERE A SR A PR AR BN RS | o R DU TARIRE S AR RERIY(E R — SRR R, H
AL SRR B AR

exception NotImplementedError
B HIRE A Runt imeError, TEMI A E AR, IR T5 A 47 H R PR AL T 3I% 0T X
BORTEHEOR BT A B ISR R BAR S TR I 5| 2 e 5

fE): BN RN — B AT R A B SR — AR DU I M LR B AT 1 TR R
Rk S, SEAETRPRHB None,

#E): NotImplementedError il NotImplemented ANA[FH#t, RIMEEATG ML HE. &
ZfNot Implemented T A FA B BT TEEAN I .

exception OSError([mg])

exception OSError (errno, strerror[, ﬁlename[, winerror[, ﬁlenameZ] ] ])
VU HE A — A ZR 8 R R0 [ R G O B IR I 5 A, ISR AR R 4 /O AR RIG BT AN SO AR
B 8 BALC W % CRERRARASHER SR TER R ) .

ey i 25 —AERT BCE AN AR R B M . WSRO E X LR I MBI A vone, ST BEI] T 3
7, WREAT =S, Wargs @RS i BT SRS S BAUR 2 o4l

T AR L PR ol (AL )& OSError IRAST-2E, MR 3OS exceptions HH P HliA ) . BARMT2REURT
AW errno i, WATHATE HIZEGEE 54 KRG OSError WAL, 3 HAE TR R S BAK.
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errno
RHT CAR errno MRS .

winerror
1E Windows I, MSHCRH45 H )5 A2 1Y) Windows 45145 . T errno JEHRHE A 5 RS 7E POSIX
AT AR IE .

1E Windows |, IR winerror F1E 2§ S50 — M EE, Werrno JEMESRYE Windows #5785 KA
JE, 1M errno B AN . FEHAWT-& L, winerror ZH9 20, 3 Hwinerror JEMERASE
1E

strerror

BRVE RGP ML B A R 05 S - EXE POSIX V-5 1 C B % perror () AAFA{L, 7 Windows

Fi 2l FormatMessage () .

filename

filename2
MT 5 RGEBAAAE K Bltopen () Bos.unlink () KR, filename @& 45 KA T
4. ?ﬂ‘g?ﬁ&?ﬁﬁ\iﬁ%‘?? LRI BREL (Bl os . rename (), filename2 ¥f /2L 45 R 55
Y "

33 flR¥E$#: EnvironmentError, IOError, WindowsError, socket.error, select.error 5§

mmap.error B AEHEIOSError, Mgl BRI HH—A~12K,

3A MU AE: £ilename JRIEITERHR A G REIRIESCIES , AR Lo 2 i s T30 R G it
T2 R4 PR BEAMEERINT filename2 #4318 432 M &I -

exception OverflowError
MAARBEMEER KB TE R RS K& o XREBORBA TR E (‘T 5] KkMemoryError 4
ALFEER) . B2 T REE, AR STE AR 2SRV R L T 5] % OverflowError. K24
1E C i/ DX SO i R AL, REHOF RB A G4

exception RecursionError
I 5 8 IR 42 HRuntimeError. ‘B 2 1E ffF B f% K W % BLE o i KB 0 JE (S Wsys.
getrecursionlimit ()) B#%5] % .

3.5 BUFTMA: FEHZ B R K Runt imeError,

exception ReferenceError
WS RAE M H weakref . proxy () BREUITRIEI 555 FIR RS | B9 E R Bk mc ) &
PEmSBEE 1 % . ARSI EZE R HS M weakref Bk,

exception RuntimeError
A 2 — AV JE TAE AR DRI 5 | K. RIRRI(E R — eI TE e K2k T A4 Y
TARH

exception StopIteration
HINE R B next () Miterator f)__next__ () JFikFT51%, MARFIRIZENGAGE LT —Ti.
VRS B value, TAMEZRHINSELA L, BME vone.

2 —A~generator B coroutine FEGR IR, K5 & — P StopIteration SLH], PRER B IER 4 H
VEF AT value B,

A0SR A A A AU B3R B[R] 3 M0 5| & [ Stoplteration, E X H ARuntimeError Of
ffstoplteration fRENFEH REIEED).

3.3 MU SE: AN T value JE M KPR S R BUTRR BB R DI RE

35 S 5I AT from _ future_  import generator_stop LI RuntimeError # i,
Z: Il PEP 479,
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3.7 MCE s BOAX B A AT S PEP 479: FE Ll as 5l K iystopTteration iR B

“HRuntimeError,

exception StopAsyncIteration

WA —~asynchronous iterator S5 __anext__ () FIERS| A AMEIEEREE,
3.5 BUBTmA.

exception SyntaxError
LT AR TR B DRI RS | K. XA DARAEAE import 4T, XN EMHexec () Bleval () 1Y
A, SRR IR A SR A (AR EREL) B

SRR LB F JEYE £ilename, lineno, offset fll text HF A EMTT RN ARG B . FH
SR st () AR B E SRR

exception IndentationError

EARIERP 43R R TERAE IR E R . K@ syntaxError —1 2K,
exception TabError
A AL SR R S A — B S R85 1 K . 1&g TndentationError BI—P1K.
exception SystemError
URRRE e A BN TR 1%, LA DL RS SR i K™ B B BRI A R RS 1 K. RERI(E R — 4R
R TA AR PR (R NIRRT ) .

AR 2405 I A A4 2545 /R 9T | Python fERERS IOA/E 2 sl 4E 97 N Do 15 TA IR 45 Python fRRERS I IR AR5
(sys.version; EATER H.3 Python 3G IARHEFT EIHK), AR RINE (58 Bndfa)
DAL ] REfik % B IO AR TS

exception SystemExit
W HEHsys.exit () MEEI K. BYK HBaseException M @Exception PARLRA 289k 4b
PlException WIS RE MR, X i IL o IEH b e DA SECRRE R 1 . W e R BE,
] Python fFRERRFLFHE H : ANSFTEMTATAR MG B . M s S5 G E# S sys . exit ()
FIRATE . WIRAZ(E R — AR, MBI RGR LIRSS (S84 C I exit () B WRZMEN
No)nbe, MR ARSI AZE; R HALER (G757 ) . WSFT EIR S E IR RS
BHh—.
tsys.exit () WM SBEEN— A5 AEREHUTIE HAL B F (try HAH finally F4)),
I H A AR AR P ARAT— B AR A 0 B 2 2 il R AU o A SR 4 XA st 75 a7 RIGR | (3 an e
WHos. fork () ZJaHFEfEH) IR Hos. _exit ().

code
gyt iR IR HPRASTHEARE R (BRIAH None.)
exception TypeError
A R BN TR BANE M I RIS T | e RIRIIER — DT H, 4 A R IA
PERCHITHERS -
BesE A PSS A, PAZRBH 0 A RIEA T RN 32 SR AN Y 2 52 508 o SRELASRS
G2 SRR E RV E AR RS B LA SE B, BF R | 3 24 i B Not Tmp lement edError.,

SR B (BIUIAEEOR ine WAEAT 1ist) N2 3E TypeError, (A ASBMEM R
(BN e ABERIERE Z SNRELED WY 24 38 valueError,

exception UnboundLocalError
2 oK RE T Y O SR A R AR s R AT ST, (HR 5 O R 40 AT AT B RS . R

%NameError E]/\Jé/l\?% o

exception UnicodeError

2 %45 Unicode #5124 P Bl AR IO A RIS | B . ILRH @ ValueError —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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H T 2% HBrokenPipeError

M ConnectionResetError

ConnectionAbortedError
exception BrokenPipeError

ConnectionRefusedError

ConnectionError W2, BiXEFGAR—
B & . %W T errno EPIPE §] ESHUTDOWN,

iy 94 5 A )
exception ConnectionAbortedError
ConnectionError T2, SigEesagontim L9511 % o XV T errno ECONNABORTED
exception ConnectionRefusedError
ConnectionError W35, 24i&ER:

exception ConnectionResetError

BRI AL RS AMERET

W ImFE AR5 & . XF T errno ECONNREFUSED
ConnectionError (T2, IEFEHON i B B IF851 &« XMW T errno ECONNRESET
exception FileExistsError

N VAR I %

exception FileNotFoundError

_\_\L
2 A A EAFFER) OB H SRBPRIES | & . XTI F errno EEXIST

exception InterruptedError

2T K ) SO H SEARAEAER R85 & . X} T errno ENOENT
RG] ARG S RIS | &« XTI T errno EINTR

3.5 fCEAS: Y RGP RS S ki, Python IYES EIXASE TN, BRIEZE SR FS| &
THERY (JfHEZ L PEP 475) I ARE| X InterruptedError
exception IsADirectoryError

3R —A H s

exception NotADirectoryError

TR (Bllos . remove () ¥5#51 K& o XTWTF errno EISDIR,

UAEBA L BRI BT P $0F

LR — N EH RS HAT H R BAE Blfilos. 1istdir () W81 %. %W T errno ENOTDIR
exception PermissionError
errno EACCES #l EPERM,

exception ProcessLookupError
\Q#

THRA RN RERE | A —— BN S R GEAR . X YT
Y25 E WA AFAERR- 9T | 5. X T errno ESRCH

exception TimeoutError

Y RGHR

B RGBT LSR5 & . XY T errno ETIMEDOUT.
3.3 BOHTMA: In T PA_ g 0SError )12
2%

PEP 3151 - 5 OS il 10 S /2 IR 4544

5.3 k&
TOREPOIEESLR; WSS L5 SO TR
exception Warning
EEIN R
exception UserWarning
P ACHS B 7= A Y R
exception DeprecationWarning
AR At A A R TN At Python TR A2 1, WIDARGAR -5 57 AR MEAR S5 A B
5.3. E&
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exception PendingDeprecationWarning

X Ead BRI, 5 R AR ST AR S il B

RXARARDYL PR EERTARA T RER T S e i AR AN T L, i B 24 | A 1 7 1 0 94

FiffifflpeprecationWarning,

exception SyntaxWarning
SRR TR AT S SRR
exception RuntimeWarning

SR AT AT AR S p 2K

exception FutureWarning

%,

exception ImportWarning

SFEREHL T ] HEAY A RAT K 2

exception UnicodeWarning

£ Unicode HH ¢ (14 1) B 26
exception BytesWarning

Hbytes Hlbytearray HlRHVEERIEI,

exception ResourceWarning

SR A e ) B . SR BRI T R A A
3.2 UHTIA.

5.4 FEEBREGH

P SRR R AR T

QUSRI A th 1 A TR A Python T4 5 I AR5 2 UKD ARG AT 15 L 5 PR PR S 2 1

BaseException

+-— SystemExit

+—— KeyboardInterrupt

+-— GeneratorExit

+-— Exception
+-— Stoplteration
+—— StopAsynclteration
+-— ArithmeticError

| +-— FloatingPointError
| +-— OverflowError

\ +-— ZeroDivisionError
+-— AssertionError

+-— AttributeError
+—— BufferError
+—— EOFError

+—— ImportError

\ +—— ModuleNotFoundError
+—— LookupError

| +-— IndexError

\ +-- KeyError

+—— MemoryError

+—— NameError

| +—— UnboundLocalError

+—— OSError

(continues on next page)
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-— RuntimeError
+—— NotImplementedError
+—— RecursionError
—-— SyntaxError
+-— IndentationError
| +-— TabError
+—— SystemError
+—-— TypeError
+-— ValueError
| +—— UnicodeError
| +—— UnicodeDecodeError
\ +-— UnicodeEncodeError
| +—— UnicodeTranslateError
+-— Warning
+-— DeprecationWarning
+-— PendingDeprecationWarning
+-— RuntimeWarning
+-— SyntaxWarning
+-— UserWarning
+-— FutureWarning
+-— ImportWarning
+-— UnicodeWarning
+-— BytesWarning
+-— ResourceWarning

EHEE—5)
| +-— BlockingIOError
| +—— ChildProcessError
| +—— ConnectionError
| | +-— BrokenPipeError
| | +—— ConnectionAbortedError
| | +—— ConnectionRefusedError
| | +—-— ConnectionResetError
| +-—— FileExistsError
| +-— FileNotFoundError
| +-— InterruptedError
| +-— IsADirectoryError
| +-— NotADirectoryError
| +-— PermissionError
| +—— ProcessLookupError
| +-— TimeoutError
+-— ReferenceError
+
\
\
+
\
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CHAPTER O

AL ERAR S

AF ARG AL T2 B AT A A AL SOA AL B 55

fE= it BB IR 5 2 FHIAR codecs By S 3CR BRI RIS HLAMUEHZ I Python 1y L5 ek 2620
TR A5 s

6.1 string — B RHFHFRIR/E

PARES:  Lib/string.py

ws%:
LAFINEE —sir

FHBa T &

6.1.1 FHBEE

LA o SO B
string.ascii_letters

FXfrikascii_lowercase fllascii_uppercase HaMIBHE. ZEAMKET 5= X,

string.ascii_lowercase
/NEFHE abedefghijklmnoparstuvwxyz ' REAKEIT I X, AokAEwAE.

string.ascii_uppercase
KE5+H}F ' ABCDEFGHIJKLMNOPQRSTUVWXYZ ' o ZEAMKITIE S X, Ak AkAs,

string.digits
TR 10123456789,
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string.hexdigits
PR '0123456789%abcdefABCDEF ',

string.octdigits
FAFER 101234567,

string.punctuation
HIAE C DX A B A AR A5 (9 ASCIL 3 757 Ji 4L LB P A H3: " #8%6" (), —. /15 <=>72
QINI {1}~

string.printable
R 3T BN 5 1) ASCH FAFH A F 47 . X Edigits, ascii_letters, punctuation
Mwhitespace B)EH.

string.whitespace

HIB R 22 TS 1 ASCIL AT AR o Hoh i st il AT, 1% dEATRIZ 1) 3l 4 -

6.1.2 BEXLFHFHRHENL

P A R R T AL (] PEP 3101 iR format () Jr ¥ iEF T 22 B fEAs Ak M g 17
string R Format ter BAVHRMA S NE format () J7EEARIR B SE PR G H & #IR B C R FAF
gL T R .
class string.Formatter
Formatter REGFINAF I E:
format (format_string, /, *args, **kwargs)
HEMW APL k. BEZ MR FFREMEE - HMEMXETSH. e 21PN
Hvformat () BIEERS.
3.7 MCE S A% UF AR SO R IR E A
vformat (format_string, args, kwargs)
I BRI R IIAT S B AR A AT . BT — DR ek &, T B A — A T0E LRk
TERSEL, MAZM *args #l **kwargs if{EHFF M Z D B SHOTEITORIREL.
viormat () SECR RS TR R MR P AT B AR e Bor) TAE. B2 AR SCng Ry J LA
BEAh, Formatter i LT —2 BAER T IR MAY Tk

pacrse (format_string)
fE*F 4 77 format_string F- 3% [B]— ™ i 0] 326 48 % 52 20 i T2 (literal_text, field_name, format_spec,
conversion), ExPiviormat () FARFFAFER iR ORI E B 0 B o

TCAH P M EAEAR S L RR — B SR — N e B, SR T SO (R ESE B
T Bt s B AEXFPREOL) . W literal_text Fj&— KB BIFAF . RS A BT B,
N field_name, format_spec F1 conversion {F{E¥:5 None.

get_field (field_name, args, kwargs)
Y55 field_name Y Nparse () (L3O B EME, RO BRI R R . &1 —4>TC
(obj, used_key) . BRIAASEE3ZAE PEP 3101 i SUEUA 455, B4 0[name]” 5% "label.title”, args
il kwargs 545 vormat () B—FE. IR [BMH used_key Sjget_value () W) key JEZ EAGMEIE
P

get_value (key, args, kwargs)
R E N FBAH. key ZHRENEBECATT R . WRZRAL, EIOR args PALESHHRSG]: W
RETHH, EFN kwargs TR BT SRS .
args IBS LW viormat () WMALESHINER, Wi kwargs XS 2P0 H K T SEE
Bjiig

ZNo
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M TREETFBAR, NN TFBATRKE DA X LR FEA Mt m MR
ElE (Sl p sl

e 2 0 Ok Uh, 5 B3R 38 U0name’ Rf 5 B Hoet_value () B Y key Z B(H 0.
TfEget_value () BTN ER getattr () REGR MG SEK name B

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 KA Gk A parse () HEFHREIMICH) Kk (hoet_rield () FriRlEf)
fHo BRIARCA SCHES (str), 1 (repr) Fi’a’ (ascii) SFHEHE AL,

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"

<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 A= 5 P\— U HUORBE T arg_name $T 3. WACNECT, WEAR I —MIESEL, WA N KT
MBS 10— R TSR AR TR P RIECT arg_names 75 0, 1, 2, ... BYFFF, BEATH PAAETRA
W (MR- NE) . 050, 1,2, . HHIF ASiEA . | T arg_name AEM G500 H, P TCETER
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.

3.0 BUE S MESHHA T str. format () LA, K "{} {}'.format (a, b) HHT '{0}
{1}'.format (a, b).

format_spec
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3.4 SR AL E SEUIIFEXT T Format ter W RAZEHE .
— LU B A X AT ER R 1

"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 .

B SCRp AR = F:  Us ' SXMER M str (), "t Wilrepr () 1 ' ta WM ascii ().
—LuE -

"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

REBNEIBIH A AU ST TR I, At R 2t A iU U S B P S«
— L E AR AT () RS XMER R st O MRIEER . AR ATl 2B oX 2R
A S XL AT — =

format_spec

fill = <any character>

align := "<" | ">" | nwm_mn | nmnAmn

s lgn = n + " | n_mn I n n

width = digit+

grouping_option = e

precision = digit+

type — "b" | "c" | "d" | "e" ‘ "E" | "f" ‘ "F" | "g" | "G" | "n"

WARIRE T AR align 5, WA PAFEZ(ERTTE IN-— fill 55, BV LUMERE TR, WRA RSN ERA N
BREAF o AE MU PR P ESE f st r. format () JEmHE TEM TG S m{E C{7or ") 1Eh
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Fll FRER . B, TR B AT SR AT OAY . XA R S format () HEL
RIS REITIA B ST

)

% X
I
n<! | BRI BRAE T A AN X R R Z BRI ERIAE) -

> | SR BAE AT S A5 (X R BT EEOAE) .

=" SRR EESCEAEA S (AR ) ZREAERT 2. X TRA 40000001207 JEAAT
EI7Bre MR FF IO B A AL 20°0 A T B S B, B A BRI fE .
R R N ESEINIEL

TR, BRIEE T RNTBOE, BN T BRI A ST E R R MAR, IAERX RS OLT, X
FrEIRBEA TS

sign IO BFRAG R, TARA R Z—:

‘| BX

| FORBRRE VA% T IE AR

-t | B B UN TR (REAT N ) .

space | Fn MAEIERCE BT A 250, FEBCEBIRS «

Y RITRIDALE BB BN TR BRSO IR B S BRI R AL B
JOM Decimal ZERUA R, RFRACEA, AfUH —obhl . NIRRT S dE il ek, RIS S (RS
HIBZE) "0b', "00" B "0x' HIZH. X TiF AL, A Decimal 88, HAUEA S MBHIMEIREREE
INBRATS, BIEHOAN NG T8 AR/ NI OUT RS R) o A S BV INBRAT S . It
Sb, XT g MGt Bl REMEASMEGER PR

v BRI R B R TR A . XTI IR A A A, W HOR o BRER I
3.0 VRINT ¢, 1 YE (RIS PEP 378),

BRI RRNE RFOR KRB RROR KR A TN RIEAE N T A X T REEERR R b,
tor, "x " AL XY, RENEE A NEHEA T RIZ . R T HA R S R B TR S R R

3.6 JREESE: TRINT ' YR (3955 PEP 515).

width 22— /N B R TR R g, R AR, W BT R N A E -

YR BAG B XTI, AE width FERHIIN—12 (0" FER M FERB B BANE RS EET. X
YT E fill 570 10" H alignment 2584 '=1

precision J&— A>T HEHET, FRXTLA £ and 'FORESALEF S BEEAE/NEUS G BoR 2 /DAL, B
FXFLA g 56 MR S B A NS R R L B R 2 DA . X AERCE R, RN

B RFER NG st 2 B 2 DAk B BN A FERF . T BEUENIAS se i d i precision .
W5, type i E TR anfa] S B
AR R R 2

KR | BX

's' | FAERRSEN. TR ABOASEEY, DA .
None | #1 's' —FE,

R RREOR KRR
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' | RIS R DA 2 SRR

‘o' | . AT BN B R A AE Y. unicode SEAF .

rdt | R F DA 10 SRR

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

gg
el | HEBCRR . DMETREE KA IR B T RGEAT BV . BOARORSEE N 6.
'E' | 8GR, 5 te ML, ARZAAETEMN RS FRYE 1R T

"I ERFIR . R ER A R BRAREIR N 6.

"FU ESER. 5 E AL, (HER nan #o NAN HF inf #5508 INF,

g | WHRE. XTAERREE e >= 1, XEHRESAT p MASEEE, BREERAE
SRR EREH BRI TS UL, BRI T HAER KN

VERA AR AN R = R ] R 38T Te AG I p—1 AR b 45 1 B Fe 8l
exp, ALK M <= exp < p, HHtmPL -4 FIRIF AT A -6 FonDecimal {H, %
B RA £ RS p-1-exp #EATAE Mk . NIAGIE, B RHE FH Fon 2l
‘e FIKEEE p-1 KL, FEBAMB LR, B M REE R R ILE LK BE,
WA NEOS 2 JG3EA & FEEEN/NBOS g br, BRAIEMERH T '+ 0.

IETEST, IEER nan 24 A& 46 A inf, —inf, 0, -0 Al nan, JoiBHksEEANe %

JE o
R 0 SN SR THEE L. BRAKIEEN 6.
"G RS ROIT Tgt, ARZAATET HEEARR KRS TET . JE%55 NaN @

RFERNRGIE
'n' ?}? X5 gt AL, A AR TE S BT 2 DRI R A A 2 R 0 b

"' N A RRLA 100 s E A (£ ) A%, RTINS

Nonet KT 'g', AFZAAET HHENERFRIER, NS ER 2D ER— 0. BOARE
SERGEMEIT R R BRSO 5 A B AT TR st () flifR
FF—2.

- E w7 L)

AR Estr. format () HIRAIRBIAL SR & A% L

RIEFEAERZHE LT S5IHW & #aU3eel, H@sm T {3 A1« RBU s. #iln,, '$03.2£" AR
MER "{:03.2£}",

BAAR SR SRR FE BRI, F5AE LA R /R B i B
AR E 218
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>>> '"/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'

ATV SE

>>> '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 (3-53j) 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, vy
def _ str_ (self):
return 'Point ({self.x}, {self.y})"'.format (self=self)

>>> str(Point (4, 2))
'Point (4, 2)'

PS4 GRIE

>>> coord = (3, 5)
>>> 'X: {0[0]}; Y: {0[1]}".format (coord)
'X: 3; Y: 5

B 25 Hl Sr:

>>> "repr () shows quotes: {/r}; str() doesn't: {!/s}".format ('testl', 'test2')
"repr () shows quotes: 'testl'; str() doesn't: test2"

XFFFSCAR A B A 7 TE -

>>> ' {:<30}" . format ('left aligned')
'left aligned !

>>> '"/:>30}"' . format ('right aligned')
! right aligned'

>>> '"/[:730}" . format ('centered")
! centered

>>> '{:#730)}"' . format ('centered') # use '"*' as a fill char
l***********centered***********'
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BIC s+, 5-£ Fl s £ ARIEEIES:

>>> "/: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 sx Fl S0 DARKRA A A R0 i Y

>>> # format also supports binary numbers

>>> "int: {0:d}; hex: {0:x}; oct: {0:0}; bin: {0:b}".format (42)
'int: 42; hex: 2a; oct: 52; bin: 101010°

>>> # with 0x, 0o, or 0Ob as prefix:

>>> "int: {0:d}; hex: {0:#x}; oct: {0:#0}; bin: {0:#b}".format (42)
'int: 42; hex: 0Ox2a; oct: 0052; bin: 0b101010"'

(EiEEAX (B RSN R

>>> '/, )" format (1234567890)
'1,234,567,890"

PR AT EL

>>> points = 19
>>> total = 22
>>> 'Correct answers: {:.2%}'.format (points/total)

'Correct answers: 86.36%"'

(o AR A R e A% s

>>> import datetime

>>> d = datetime.datetime (2010, 7, 4, 12, 15, 58)
>>> '{:%Y-%m-%d $H:%M:%S}'.format (d)

'2010-07-04 12:15:58"

RES A SR IR 7R Bil:

>>> for align, text in zip('<">', ['left', 'center', 'right']):
"{O0:{fill}{align}l6}'.format (text, fill=align, align=align)

'left <!

'ANAANcenter AT

'>>>>>>>>>>>right’

>>>

>>> octets = [192, 168, 0, 1]

>>> "/ 02X 02X 02X ) {02X]) " . format (*octets)
'COAB80001"

>>> int(_, 16)

3232235521

>>>

>>> width = 5
>>> for num in range(5,12):
for base in 'dXob':
print ('{0:{width}{base}}"'.format (num, base=base, width=width), end=' ")
print ()

(continues on next page)
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gL E—F)
5 5 5 101
6 6 6 110
7 7 7 111
8 8 10 1000
9 9 11 1001
10 A 121010
11 B 13 1011

6.1.4 EiRFFFER

Bt P AT R SR Tl PEP 292 Jfil ik i) 58 8 (4 7 A5 ep B4 oK. B4 S 18— 22 il SCAR [ o
¢ ((18n), PNAERLIASET , SR B A TETA AN D R R A SOR B R LU ) Python i HC A A L7 A5 R A% 504k
THRE NI VEREET B PR LASCEL 1180 BRI — ARG, WS fuflilén 41,

B F AP SRR T S e, A AR R0

o SSONEENATE S BB R S,

* Sidentifier HFH HAFF, BEXICH %K "identifier™ BYBLTH. FEBINE LT,
"identifier" PRHIHIEE ASCH FHHT (WIFETRL) HRWF/RH, ARG KNG, AT
Rk ASCIL FHREFF 3k o 7 S FARFZ RIS — AN AERIRAF FARPR R A I 4 2

« ${identifier} %MT $identifier. X4 H{fF 5 EIREA RAENAZ 5 AT AR
TP TR ZE A, Bl "s{noun}ification™,

E??@%E@ﬁ{ﬂfﬁﬁﬂj s ){%‘E\!‘ﬁglﬁY/alueErroro
string BEHERAL T LI SR Template 2. Template 5 FTk:

class string.Template (femplate)
G A — D S R A
substitute (mapping={}, /, **kwds)
PATIERCE 4, IR B — B AT R . mapping AT TR BERTS, FHorp i SRF VE ORI i 5 624
o CE AR AT DASR I — A R 28, HoP R SR RIS I AT o 24 [R5 Y mapping 1 kwds T
HAFAEESNE, WA kwds Ty 5 2AF LG

safe_substitute (mapping={}, /, **kwds)
Al Fsubstitute (), RNEZARWRA 5 CLFFKRALE mapping F kwds ], K25
kK KeyError S, MR G &G AAF A MG SO REELE R FA R i — A Ssubstitute ()
P 22 SR AT A AE ARG LR IR s Rk ] ¢ MR @5| kK valueError,
WA 24, BB T e A Hofl 3, (HE @2k ] n] ) 45 B8R N &
5l1E—NFHE. N — R, safe_substitute () WATEBIRARA F&4, FEREER
o Z W& E RS AR, Bl & 2R WA AT IITERE 5 84N 2 6 Python FRiFAFIY

(DRSS

Template [HSEBIESRBE—A> A Bl m 1k

template
DRAE A T AR template ZHWAE ARG . —ORUL, AN ZBME, HIHFA RG] ZR H
BT .

PATR S Un e il AR 4 7 081 -

>>> from string import Template
>>> s = Template ('Swho likes Swhat')
>>> s.substitute (who="'tim', what='kung pao')

(continues on next page)
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(R —H)

'tim likes kung pao'

>>> d = dict (who="tim'")

>>> Template ('Give Swho $100'").substitute (d)
Traceback (most recent call last):

ValueError: Invalid placeholder in string: line 1, col 11
>>> Template ('Swho likes Swhat') .substitute (d)
Traceback (most recent call last):

KeyError: 'what'
>>> Template ('Swho likes Swhat') .safe_substitute (d)
'tim likes S$what'

BEBT L ARATDAYRAE Template BF2RHK B E CE ATIETR . 20T, BN TR 745 55 A~ I
ko NILHRY, AR AR ZGX LR

o delimiter — X 52 1 R 7R 5 AT IR IR E 2 BRAT ) AT ER I E . BROAEN . RS R hIE
Wik, RS BURAAE BT L P AT R R ] re . escape () o BB REAEANE A 5k Ar
AT BRAT (BIANAET- 28 2 44 25 [0) b 0 5L B AN TR R 40 B A )

e idpattern — X & F K 45 iR AN 77 A6 5 5 00 5 A7 4F F A 20 1E ) 2k . BROAE o IE W R B (2
a:[_a-z][_a-z0-91%), WHRAH T @ H H. braceidpattern i None N A2 454 I 17
TEFE S S BLAT

#iE): BN flags M re . IGNORECASE, #ix [a-z] R[PAVCHHELEAE ASCIL F4F. A ILE
X A T RIS a.

3.7 RS A braceidpattern IR E A AESE 5 N ERAISNHHER T X7 A

* braceidpattern — BLJRTESRAUT idpattern {H2 A LR 519 5 AT RS BRINE None R[]
AR E idpattern (RIYEAERE 5 N TR SNESGE I AH R RO . IRER SR P, XRFALVRUR A S S RIS
BT 1 A SO TR A

3.7 BUHTMA.

o flags — ¥FHE 4R 1% F T I R 40 2 ) OE ) 2 0k Sk . e OE ) 2k AR, BRIAMECR re.
IGNORECASE, il re.VERBOSE B & & #i i ANiEAR, H It H & X W idpattern 70 354 41 1E
Mk E.

3.2 BUHTMA.

PER 5 —Fpieait, ] LA R IR I pattern HFRAEHREA IR M ZR AR WIRARIAEML, B EAL N —
AN FAT DA fiir 24 T AR A T2 Wk U0 5 o X SEA AR A0 W T BRI 2225 AR, DA TC RS A A MR -

o escaped — XAAVCELEE 55, FEERIAME R $s,

* named — X NHVCFAHIESE S G OFF AR B 246 SR 1) 43 B AT o

* braced — XA HVCHCT G AESE S W S AAFAIR: EARN Y6 SR P o R AT B G = .

o invalid — XA VEECATAT HAR 23 FRAFARE GEH BN RRAT) , o BB 24 B IE R AR

6.1.5 FHBhF %Y

string.capwords (s, sep=None)

il str.split () ¥SEIFS R, Hiflstr.capitalize () R I REEX, #ifscr.
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join () FFREGHRIAMATHHE . MR ATHER) S —NBH sep B BN None , WSR2 HPAF &
PP A AT BT SRR B A FAT S BE R, 50 sep SBOHRIFIRIPFE HIA

6.2 re — IEMFTERIRE

PSS Lib/re.py

XABEHAR L T 5 Perl 157 JSBARY I A L B4R

BEARIPHL R A FAFERIE T A Unicode FAFH (str) , WAlPAJE 8 777 (bytes). {HJE, Unicode F4F
5 8 LT ANRRIR T . AR, AR — P T AN A IEIE Unicode P47 HY, JCZIRARS Sl
PRI RIS, BT H 1 B b 25 i ) AR AR R A H R 2 — 5

TEUFS I IE BRI (' \ 1) SFTRERIY UL A VLE G R 7R S R B IR X % 2
5 Python §)F/RFE- T R 54 TR F OO M, SEDERE—A R AHLF I, i
PITRELAUE A \\\\ " RAEA B TR, P IE s A \\, TR AHLAE R Python 7
R LA R \ N T LR SEVERE, 4 Python 176 H 5 T {EL b G4 IR B AHET AT B TCALRG
FEUFHN, BNk Deprecat ioniiarning HAFERRMCN syt axarror. HATHIHEXT ENK
SR A B ST B2 R

ARUINE A T IE MR FESC I Python (IR AF 400 6000 ' ' WO TARR T, 1
HLRAMUERTRFRACIL. P £ \n® FRELE '\ A 0t BISFAFIOFAIER, T "\nv MR H L E—
APTTHFIF AT BEaCAE Python (R HUE RS & BN ORISR 4R R 4.

AR IE M AR B BRI, 75 2 0 % X R — M, 7 e
B MENRS, (R TS E A

h=%:
55 = AR regex , $RUE T SARMEE re BHLRZRRY APL 32 11, [ B IS H AL T &R /MY T BE AT B 4TI 1Y Unicode 572

Fro

6.2.1 IENMFRERXIBE

—AIEMZAA (B RE) #8E T —H£5 2 VEEH) TR BRI & BT DAL ARE AR A R R R
SERYIEMFAAPCRL (B — N IEN SRR B ISR — PR, X PRk & SRR ) -

IENFRRA T AP W A R B AR IENRAR, A4 AB WRIEMHEA. @, WRFHFE p L A
HHD—AFHFER g ITRL B, B4 pg WAV AB. [RIE A 5035 B WEARMLSESIRIE, A Rl B AFAE L A% AT
sEmAET I . oA, 244k nl DARZE ) (i A3 B A i (o PR b UM . T A B 2 IR U 263
PEFISEIL, £% the Friedl book [Frie09] , 53 HAt 4% 2otz 1545 .

PATF R IEM A A 22 ui il . SRR (5 AR , 2% regex-howto.

TE AR 0] DAL 5 il BB IR AT . ZRF Nl P AF, B A, rar, B 0, ER AR A IE
MK ENTRICELH & AR APHE @ TAF, BreA last PEECFAFER 'last'. (FEIRX— 17 AYHADR
4, Fefi1HH this special style XFpFRFRIEMERNX, WHAWTS, BHLHHFFFHEM in
single quotes' , HF|EER.)

AL, L B O R TR AT BT AR B IRE A L, R AR E S IE
ek e -

BB (%, +, 2, {m, n}, %) NREEEIRE . XAEREG T 003E RS 2 BT, AUHALSCIL s Higs ™
EZ L. BNV A—-ANZEEZRE, TS . i, %Kik (2:af6)) * LR 64 o FHFER
R UL
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PRI

- GR) FEERAERSK, DRRECRER THATAME R EAT . WSS E TARZEDOTALL |, BRFILEL B G AT AL A -

A (FEASFS) IEECEAF R L, I HAEMUL TILINE RS Ve Re et 75 e M -

$ VLl AR R E AT Bl — 24, FEMULTILINE B IC R TAF I Bl — N F4F . £oo PLHL ' foo!
Hl ' foobar', {HIEN| foos HILE! 'foo'., WAHBIE, £ 'fool\nfoo2\n' & foo.$ , HHE
VLHD 'foo2' , HAEMULTILINE #i3X, WIDAVCECE| 'fool' 5 7E 'foo\n' &K $ SR FIW a5 H:
—MNEWATHT, —DMEFR R RS

* NPEETE A E A PCED 0 BT R ERE , REZWILE F47H . ab* &ULfE 'a', 'ab', WiF 'a' &
HHREEEAN b,

+ XPE A IEN R DTE 1 TR R ER . ab+ &UCH 'a' JaaRE 1 AL EEMEEA ', BEASILE

'a' o
? B HITE A IR ECEAS 0 21 1 IREM . ab? KILIE 'a' B3 'ab’'.

*2,42,22 "xU T4t R BIRRERE RARes BENIFETFAER I TR REZ M ICHL . A HHET AN TR B
PR WERIENEL <. > FHEF] '<a> b <>, BRRILRBEANFERH, MAUE '<a>'. B
WRFZ JGURIN 2 PR DA 4 &4k 7 KR dfn: 50 NBEFTICAC ;. B O AP S et . 6
HIEMZ <. %2> FFAULILRE ' <a>'.

{m} WHZFENRIEE VL m ANEE DT m IS FEUCRCR . i, a{6) KICHL 64 ar,
HREARGERZ 5 1.

{m,n} XIEWCHAT m B n RUCES, fEm fln Z[HBUSEZ . A0, a{3,5) FFIEAC3 | SA> ra. 2%
m BOREE TN 0, 20 n $5E EFCRTORRIK. A a{4, Yo FFICHL 'aaaab' 3(# 1000 4~ 'a' 2
B> "o, {ERREILED 'aaab'. 25 NREANE, EIMITCESERIB ST % Z A~ A .

{m,n}? F—MEWRFAIESEESE, R B TR, l, YT 'aaaaaa’, a{3,5} LS
A rar, qiia{3,5r? HILHI3 A ra’s,

\ B SURRIR AT (FVPRITHED '+, 2, B IR L), BB R —DNRIRITA: FRRIT 50 2 R AT .
AR M R TFAF R (o raw' ) SRFBHEA, AT Python WL SR AL SUFA; A
i ¥ H A Python 14T &R 5, SORMLAN A5 4 REHH IAE T4 . A12R Python mf PATR %A
Feo, AR AR AZ R PR . k- BRI, BT AR R, SR R Rk, B
T E IR

[1 HTERR—DFREG. E—IEET:

o FAFUIPABMSIH, AN [amk] PEEE 'a', 'm', Z#F 'k’

o AR AU, B - MRS FERER K. A (a-2) KFICEAEMT/NE ASCI F4F,
[0-5] [0-9] KFICECA 00 B 59 PR, [0-9A-Fa—f] RFPCEAE] /N abfidf. i -
AT T80 (e [a\-2]) sUEEMMEEEMEERE (W (-al 8 [a-]1), EHAERE

PR -

o FiRTFAEEGT, RECHEIRES L. B [ (+%) 1 REDUESX U SCETFSF P (1, 1+, 1 x
or')',

o TFRFRUN \w B \S (UIFE S TEEG NI AR, BRI AV FEAF HASCT I 8{3# LOCALE
P E

S Er B N A AT AL TSR TIERE . RIE AR P FAESE AT
PR LI, B [°S] RICRBFT A, BT 15, (0] FILRFH A, BT
W AESE Er R, MR RR A

o TEEGWEILE—NFAF 11, AWM IYE, BEAMEE 2N BB, EAMt el Esa
WAL Fe, O INTLRT A L) O )] HBa PAVEREFE S
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* Unicode Technical Standard #18 H i E LA FEGEAE LR TR R KB . X MR EE,
Fr AR THEBIX AN MAE , — AN FutureWarning ¥t 2 L ILEYE raise, W& LATJLF
0L, EEH U LG, SEEES THERFTY) =, test, e~ R R TR, T
BB SRR L.

3.7 WU S MR FAFER MBI AR R ML, — P Futurearning & raise

| A1B, AM BA[DJBEEENFEER, Bl NENFEER, VAL A 83 BATEANEMZFEARATAM " 1
EE. BRI AVEAS (WWFF) WEEH. SR EFRFERFERR, 1 BRI IE R B 7
VERE. 24— RERSE A VCHENT, XA SOz . =B, —H A VCEREN, B A FE T ICHE
R B RE A — U UCHEL . BB UL, 1 BAERFAON A, WUREEDCEL | AT, B\, B
EEESEFFER, 1],

(...) (AfH), VLEHESHAMERENZFESNX, R A G R R, CRsEs)E, HEmmNEnT A
BRI, FFRTATEZ JG B \number # SUFF AT IR ICES, 2 Tl i, BCEFEAF (5K
FO)OLHENCEN), AN SEENESR: [ (1, D].

() AP RERCE (—A 2 BB O HFTEE ). 2 EHEE TR RE TR ER AT
LREMITETE . XY R I RGBS A A (2P<name>. . .) EME—HFIS. AT H B KR
PR,

(Pailmsux) ('a’, L', L' 'mi, st tu e AR EA) LA LR AT AR A
RHEIEA B DA T AR e . 2 (LITRE ASCILFA), re . T (AIEHONS), re. 1 GREKED, o.M (2
FraX), re. s (i dot PEECAFFAT), re . U (Unicode PLRL), and re.x (JURKIZ) . (XLEFRICTE LM M
5 ) AR R S E N Fikslh , B BBARA T, ek THire. compi Le ()
off flag ZHL. AR AERER TR R

() IENEFES BRI PRAS . DRSS 5 BT IE 2k, (Ei%r 4H P DU 77 A R AeEs AT
VEPC BRI R 2 S e s | -

(?ailmsux-imsx:--) ('a', 'i', 'L', 'm', 's", 'u', 'x' PP O ®KEFE LA, Z)IGAEIRME - fFG W
PREE Tiv, mt, tst Tk IR EZAY) XS RSB H I 1 B 80E L TR M AR
itre. A (HILHL ASCIN), re. I (ZWEK/ING), re. L (EF K, re. M (£47), re. s GRUCHL T F4F),
re .U (Unicode PLRD), and re . X JTRAELR). FRicHiidTE M 2 )

'a', 'L' and "u' ENNBARICRMHTHEFR, IIABEAIREESS AFE e, SR ' o SflfTh
A I BFE R, Bt TS A PEERE . £ Unicode FEXH, (2a:...) Pl
VCHi ASCII, (?u:...) ¥J¥ A Unicode VLRL (BRIN). 7E byte FEH (2L .. 0) Y il F KRR K,
(?a:...) YMA HICHE ASCIL (BRIN) . XAy 20 B s 4L A UL, 355 S MK PEFiAE AN 2 5
3.6 FCHTANA.
3.7 WESS: £F5 rar, 'L Ml tut [FEERTDAURFE AN

(?P<name>-) (MA4LA) EMUEMALA, (H2 VTSI 7B AU SR it 2 K name F3RHUY . 4
B4 LA R Python F3R4F, I BG4 HEEH— N EWFRRE L, HEEE k. —4
o HARFE—MTHAE, RXNHARA Y —FE .
A AT DATE=Fh BN S0 5 . aRAE R (2P<quote>['"]) . %2 (?P=quote) (ML,
VEE 5 |5 B S | S R A H) -
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5|4 & "quote” Y ET X 5| HAE
FEIENH BN

* (?P=quote) (WI/R)
e \1

AL PRPCRCR 52 m

e m.group ('quote"')
e m.end ('quote') (%)

i3] re.sub () HKY repl ZH0T . \g<quote>

e \g<1>
. \j_

(?P=name) S5 —A 4G EICHCHTEARA Y name iy 414 DRG] Ef [RIRR A 7 ER
(4-) R BN RSP

<) POREE - BINE, (BRIFATHE AN . XY lookahead assertion, AN, Isaac (?=Asimov)
VLHE 'Isaac ' HATEJGHZ 'Asimov' HIHHME.

(21-) PUED - AEFEIEDL . XY negative lookahead assertion (BIARELZ ). AL, Isaac (? !Asimov)
HAEGH ~&2 "Asimov' WHIMEAVLHE. 'Isaac ' &

(?<=-) VUERERFERI ML EIAE, BREIEIEE - N AR 45 E. X 0:dfn:positive lookbehind assertion
(IERJEMWE) . (2<=abc)def XFE 'abedef ' HHRE|—AILEL, B NERXMAEEE 3 MFEFHR
HREUE IR, AEW AL AR E KT, BEHE abe 8 alb 2 AR, HE a* fil
a{3,4} AA[PA. DA positive lookbehind assertions JFEHIREZ, U1 (?<=abc)def , HAEM a JF
BEER, MEMdERER. RTEMEEMHscarch () WAL, MAEmatch () REL:

(?

>>> import re

>>> m = re.search (' (?<=abc)def', 'abcdef')
>>> m.group (0)
'def'

XA TR ZR AR BB JE 4T Y B -

>>> m = re.search(r' (?<=-)\wt+', 'spam-egg')
>>> m.group (0)
legql

3.5 AR ISInE KA GG TR S .

(?<!-) PUERMEIMEZEIAE ... . XA negative lookbehind assertion (JGHLWTIEEEE) . RLIE
] JE T, A AR RC L A2 E K W . FH negative lookbehind assertion F 4 i A =X AT DA 745 5
BRIFIRI A BT VLD .

(? (id/name) yes—pattern|no-pattern) UIHR45EH) id 5{ name 1715, 22 VLHE yes—pattern
, AN ILAC no-pattern, no-pattern Ak, WATDAREZME . AN, (<) 2 (\w+@\w+(2:\.
\w+) +) (2 (1)>1]%) B— email F£zLPCEE, VLA '<user@host.com>"' B{ 'user@host.com' ,
{HARLPURE '<userfhost.com' , HHARSPUHEE 'userfhost .com>",

{1\ A AFAURBORIRFIIAE R T . ISR A ASCIL Bl # ASCI 6, TBATEN
U IR A5 A, \5 DEREFAF 5.

\number PLRCEFHEMAG. BMESZE—NHE, IGMN LIRSS LIl (.+) \1 LA 'the the'
B 155 55" (HALILHL 'thethe' GERAGFMIMIZH). XIS AEH T ICRCHTTA 99 4>
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Ao QR number EE—NUALZ 0, B number 2 =AN\BEHIEL, ERASWHEERL NG, 10
A NIERIBCFE UM FARG W, AR SGRR 12 AT -

\A HILEF AR I -

\b VLRI EAFE, H AR IR e 45 R RO e . — DN O B A s . R, % \b
FE SR \w FIN\W FERFZ 0], 803 \w FIEFFER IR a/as B i, BEHE r ' \bfoo\b" L 'foo',
"foo.', ' (foo) ', 'bar foo baz' HAPLH 'foobar' B(#FH 'foo3',

PRIANE OL T, Unicode “EHEFIESE 2 HE Unicode A0 (I 1Y, HZ AT A ASCIT ARic k. 4
R LOCALE FRiCHER B S, TR H A S H Y HiE S KR B EN, \b FREBHBFH, ES
Python P4 52 SCARFEZ

\B ICHiss F47E, (H REEERI T LB 45 . AR r'py\B' PLAL 'python', 'py3', 'py2"', (HA
ILHE 'py', 'py. ', & "py!". \B & \b BHdE, FrbA Unicode #2112 o Unicode 7, i
BN RIZRM R, BARTT AR ASCT T bRk eAs . WM H T LoCcALE FRa, WA A Y miiE S

DI
\d
%tF Unicode (str) FE:X:  PCRL{E{] Unicode | Hil5k (#i/27F Unicode 4F H 3% [Nd] HIWFRF) . X
38T 10-91 , FIMRZHALMETFFAF. WRKE TASCTT bk, BHITH (0-9] .
ST 8 fif (bytes) ¥EX:  DCECATA T-#EdI%L, w2 10-91.
\D VCELAEATIE+HERIETF 7. B \d Bk, 2RSS TASCIT ARk, AN T [(70-9] .
\s
%tF Unicode (str) FEX:  PCFLATA Unicode 25 FH74F (036 [ \t\n\r\f\v] , A REZHMFFF,
FE MU [R)VE 5 HEROI I 24 i R 72508 ) o AnSRASCTT B, SEHICEL [ \t\n\r\f\v] .
%1 8 i (bytes) FEA:  PTRL ASCII A FIFAF, B2 [ \t\n\r\f\v] .
\S VLELAEATES HFAF. B2 \s BUE. WRRE TASCIT bR, #MAHYST [~ \t\n\r\f\v] ,
\w

%tT- Unicode (str) $£:X:  PCHC Unicode JRiE AT, L& T 0] DARY BGIRIVE 10 26 JCH 24, HALFEEL
FRTRL . MREE TASCIT frd, ¥MHRICH [a-zA-20-9_] .

X T 8 4 (bytes) FER: Vi ASCI P47 H IR RIF A N I 4R, Wilie (a-zA-20-9_] o WRKE
T LOCALE #RiC, WVCHC 24 A h 7 DA R M A T A 26

\W VCEATAT A B A A AT - X5 \w IEFI . WISRAEH TASCT I ks, XM T [“a-zA-20-9_1,
WERAEH T LOCALE JifEhR, W45 VUHAE 24 B X5 B AN B PR T SUR 2 T R 745 .

\z HPUEFERFE R
2 4y Python FARIERL ST AF Al 1F W b XA M 0 HF . -

\a \b \f \n
\N \r \t \u
\U \v \x AR

(HER \b BN THR MRS, € RIETREANERBR, i (\b] o)

"\u', AU R AN B S8 I AE Unicode B HRTRER A 7E bytes U ENTS REEE R RN ASCI
T SUPIIRBEAER RN, SPCUAER DR A HE.

INHERVEE SRS — AL AR E AR 0, 88 A = A \IERIBAL, A8 AR B\l S
HARRGOL, SBEIERATIN . X, NUEflFE e =Mk

3.3 MUEEAE: W T P \ut I NUT B SUFS.
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3.6 JRCE A iy 1\ Ml ASCIT P45 AL AR LR U iR -
38 MU WS T P \N{name} "' ¥ IUPSI. SAEFAFRFHIES—FE, EY R T4 Unicode F4F (FI4N

"\N{EM DASH}'),

6.2.2 ERAE

REHE LT ILA R, Wi, F—DPl5h. A L8R IO 135 1 IE ek X E R RIS (T — 265
Pe) o HREREEM B, BRI IEMFARGE, ST THAE,

3.6 MU A PR H R BAERE RegexFlag FIWEBI, XPIFRenum. IntFlag ) TK.

re.

re
re

re

re.

re

re.

compile (pattern, flags=0)

P IE N Feh R g 13— A B0 ik Kb 2 (IEIXER) , aTAFIERS, @ik x5 m oy
Vimatch (), search () PAMEAIIT AR

iz/l\%(iijiﬁﬂﬁﬁ)ﬂyﬂw\iﬁiﬁ‘éﬁi FRALHER L . (HA AR A AR EAS &, ATDAGE 2 OR #41k
gier (1 BRAERT).

izl

prog = re.compile (pattern)

result = prog.match(string)

ST

result = re.match(pattern, string)

U B2 Ul XA IE MR s Ui, il re . compile () FIRAEX IR MRS ABER AT, "IPALE
FEFF BN 2 o

Wl it re . compile () HiPIRHIRE, RGN RECABLE, BTG IE NI Fekat (1 T
T IR U

A

ASCII
ik \w, \W, \b, \B, \d, \D, \'s fil \s HJLH ASCII, 1fij A s& Unicode. X H %} Unicode FExXAG %L, 29k
byte FEzUZMs . AL T HITANEEHR I NEBRE (2a) .

R, NTHREMGHRE, re. USRI (A MKF X re.UNICODE Al AE (2u) ), H
JEIXEEFE Python 3 2ITARY, FNBRAFMFERE 42 Unicode 7 (9 H. Unicode PTECA FEi4F byte HiFE).

DEBUG
RIS debug fEEL, B NERARIC.

I

IGNORECASE
AT AW KNG IR £k X (a-2) A VEE/NE F4F. Unicode PUEE (Hulm U VLR o) [AIFEA
A, BRARBEE T re. ASCIT ARiCREE 4 ASCIL PERE . M H1iE S KIRA S MUEXAMRIE, BrAEsE
T re.LOCALE FRic. XS T HNEFRIE (21)

R, ME T IGNORECASE FRid, 2 Unicode 3 [a-z] B [A-2] WZ5ERT, BIFSPTE 52 4
ASCIL F£5F0 4 ANEAMYAE ASCH F45: T (U+0130, Fii T KEH 1A SAE L), v (U+0131, 2T /)
BEA S, T (U+017F, 11 T /NG K s) and K (U+212A, FF/RSCAFS). IR A ASCIT FRid, AL
fi’a’ 3’2 AIVA” 7
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re

re.
.MULTILINE

re

re.
.DOTALL

re

re.
.VERBOSE

re

re.

re

re

re

.LOCALE

H 24 BT 5 DI \w, \W, \b, \B FIK/NEHURITEL . XAMHric HAEXT byte FEUH R XAMRic A
FHH, FAES KIBPLHE AT, Bk R E A 2577, M HEX 8 747 H %L, Unicode
VERCAE Python 3 BLERIAJE, P DAMEHIARRIE . XK NERFRIE (°1) .
3.6 Wi S#: re. LOCALE HEEMT byte #ExX, T HAGER re. AscTT —EH].
3.7 WU HEAE: KT re. LOCALE FRic i 4 138 1E WX G AN e 13 0O 5 DXIRE . 18 5 KR &
SFE VT B B A s i FL 5 2R

M
WEPGE, FEXFER T IWEEFERENG, 8170 (B 5 e SRNATS) . FEXFAF
'SR R, eI R (AT EITE IS ) . BUAROLR ) ) PR Rk, st
VCRLFEAFHR B . XTI NERFRIC (2m) .

s
ik R AR ISR AT AT, AR TR AR X MRS, L RPEHD MR T AT HoAth AT
T4 XRNEARIE (2s) .

X
EARC ALV R G B 58 B ] St B A I ) k. 0 A BO IR IV E R, . S AT S S ans, %

PEAE— PR G Y el SRR S, BEETE 2, (20 or (2P<> MHZ N B—MTNA # A
TETFRHRFNE SO, AL Z G PR IERE .

SR T TR D2k 3R A L DT e — 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*")

X NERFRC (2x) o

search (pattern, string, flags=0)
A F 45 BN TR R — 8, TR I — ARG B Bt %o BSREAT PLRC, Atk [a]—
A~ None ; HEREEMAE—NEREZILAZ AR

.match (pattern, string, flags=0)

WA string JFUGRY O S A FAFILRCE] T IR WSk s, stk [l — I RZR IR ded 2 o AREA
PUfE, mtik[e] None ; JERERFRKEZICHZAFN .

WERMERMULTILINE 2RI, re.match () WHICHFAFRRHFFHOE, AR,
WIERARKEENL string FAEAR B, il search () IFMA (WA ZFsearch() vs. match() )

. fullmatch (pattern, string, flags=0)

UNSREEA string PEPFCE] 1R MK AREA, Woak ml—FHRLRY 2 e xf 2 o A Mgk el —A> None ; #HEIX
PR VLR 2 A [ Y o

3.4 BB

. split (pattern, string, maxsplit=0, flags=0)

M pattern 53 ¥ string o WAL pattern FHFARENES, IAPTAMARB T B EAEIIRE. MR
maxsplit 5%, T Z AT maxsplit YWorla , TN A FAF 4R B 25 R M e a— P Io &R

>>> re.split (r'\W+', 'Words, words, words.')
['"Words', 'words', 'words', '']
>>> re.split(r' (\W+)', 'Words, words, words.')

(continues on next page)
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(R —H)

['"Words', ', ', 'words', ', ', 'words', '.', '']

>>> re.split (r'\W+', 'Words, words, words.', 1)
['"Words', 'words, words.']

>>> re.split('[a-f]+"', '0a3B9', flags=re.IGNORECASE)

['O'I '3', '9'}

ﬁg%ﬁﬁﬁiﬁﬁ%’féﬂé, HH IR PRI, ISR R FRF I G X T4 R
o

>>> re.split(r' (\W+)', '...words, words...')
ey, ..., 'words', ', ', 'words', '...', '']

DORERTE 70 B4R 2 Hh BRSSP R A (07
FEAY PR 0 IF A5 eR  ERAEA IR AR BLAERL

>>> re.split(r'\b', 'Words, words, words.')
(', 'Words', ', ', 'words', ', ', 'words', '.']

>>> re.split(r'\W*', '...words..."')

['l’ l', ‘w', lol, lr|, ldl’ ISl’ l', l|:|

>>> re.split(r' (\W*)', '...words...")

[", l‘.‘Y, Y" Y', 'W', 'V, IO’, |', VI-V, "’ 'd" Y', 'SI, ""I, 'V, Y" Y'J

3.1 RS SN T REARIC S AL
3.7 MRS AR SN T A AT R B

re.findall (pattern, string, flags=0)
X string & [l —ANANFEIL Y pattern (FVLECH) R, string WNAEBA BEATIHE, VLl s I07 2 . 0
R BB 2, RE—AHAR: B — D IedHmsR (R A i — A A
FIG) o ASVCRL s S 7EZs R L.

3.7 i s AR DB EAE Al DAYE R — D2 i R B T .

re.finditer (pattern, string, flags=0)
pattern 7%, string WA R AR EZILRL, R[N — Ak ifiterator PRAF T ILECAT % o string NZEBI A 1144,
VERCHMT-HES o 2 DR A S fE S R L.

3.7 i S AR DB EAE Al DAYER] — D2 i e Bl T .

re . sub (pattern, repl, string, count=0, flags=0)
IR LA repl BRRAE string fe /e i AR H S I pattern TARTFHIFAFE . WEARFERBCA K F, WA
ISR ] string . repl W] DG FAFRERE: QA FAFER, W P AR SR E SOF SR AL B o
WYL, \n SYFHN—DRATHRF, \r DPEAA— AR, HIEZEHE, RA ASCH 175
SUPFVMRBEAEAR R, SPUIER R . HABKRAEE SUF BN \ & 20RFFFEME. )55 %2
\6 2 AR S 6 AHRTULELEI AR p R 4. filln:

>>> re.sub(r'def\s+([a-zA-Z_][a-zA-Z_0-91*)\s*\ (\s*\):',
r'static PyObject*\npy_\1(void)\n{"',

C. 'def myfunc():")

'static PyObject*\npy_myfunc (void) \n{'

U2 repl 72— pREL, ISE I pattern RGO . XARBOAREA — et 5. 24,
Hra ol UG P AR . Een

>>> def dashrepl (matchobj) :
if matchobj.group(0) == '-': return '
else: return '-'

(continues on next page)
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(R —H)

>>> 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'

RS AT et Xt 5

TLf%éﬁtcountE%’g‘?ﬁ%E’JﬂﬁﬁU\ﬁ count AR AR TR, WIRZMX N SE, S &E RO, T
H VAR o e . A5 VU HAE A IE S T R:, FTPA sub ('x*', '=', 'abxd') i&[d]
"—a-b--d-'.

TEFRFH RN repl ZHCHE, W1 EFTRRHF AR E5IHF, \g<name> K # A A name, (£
(?P<name>-) PAHE L) \g<number> XMMHTFL; \g<2> Hi@ \2, HEBEL T XM, W
\g<2>0. \20 PR 20, TAZH 2 JGHIEREE— 74 10" o )55 \g<0> {& pattern ff:
H—BAHIATTI

3.1 R I T R EARC SR

3.5 O A APCECR AL B 2 AT

3.6 i B AE: pattern AR AL S (1 "\ FI—A> ASCIFEAFALL) Bl AT iR
3.7 SR repl WRISR AL L (1 "\ A ASCILFAF4LR) B st iRt
3.7 AR FErR Y As DU B R I R

re . subn (pattern, repl, string, count=0, flags=0)

Frhgsub () FE, HERE—ATTH (FHE, BHRLE0.
3.1 RS SN T REARIC S
3.5 S APCECR AL B 2 AT ER

re.escape (pattern)
% 3L pattern HRYFFIRFAF . A1RARAEDOAE B AT REAL & IE W ZRB TP AP R SR AP R EAT LI, el
A M.

>>> print (re.escape('http://www.python.org'))
http://www\.python\.org

>>> legal_chars = string.ascii_lowercase + string.digits + "!#S%&"*+-."_ " |~:"
>>> print ('[ ]+" % re.escape(legal_chars))
[abcdefghijklmnopgrstuvwxyz0123456789 I \#\SS\& "\ *\+\ =\ . \"_"\[\~: ]+

>>> operators = ['+', '=', "F', /v, rkxr]
>>> print ('|'.join(map (re.escape, sorted(operators, reverse=True))))

ZIN=INHINFNF A F

XA BN GERH T sub () Mlsubn () WEHFEAE, HA RPNV AZBEE L. Bilan:

>>> 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

3.3 MR ' RN S

3.7 s HOGTEIEMRA S BRI S L PR A 2wl o Bk, v, e, rsr, mem
I/V’I:I’l;l,l<l,l_',l>l,'@ ‘*ﬂ "\":{%7‘%‘%:%%&1—?{?}(0
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re.purge ()

TR IE 2R AT

exception re.error (msg, pattern=None, pos=None)

raise — MGk, 24t B R B AT AR A ROE GRS R mHE (Fedn, 8 — R PUREHY
55 ) BCE HALSE RAE S I B DU A o AR AT AR A S AR LR, 2 A PN RAY . B

BRSEHIAT LA B -
msg

AR R B .
pattern

MR A

pos

PRI pattern WAL E RG] (FTPAJE None ).

lineno
KR pos (W] PAJE None) T4

colno

IR pos (F]PAZ None) H4145-
3.5 MR A VNI TR .

6.23 EMFREAMR (EUHR)
SR PR 1 TE 2k 50 3 — R i A

Pattern.search (string[,pos[, endpos] ])

FUEA™ sting FHE—MICROGIRLEL, FEEE— MR E A et %, MISAIERE, SEEM] None ;
VERFEAE K TR A .

ATEEE " ABH pos Stk T FRERBIFAI R R AT MIAK 0, R RSN T TR
R FAICRL A AUE ATk, R TR — A, R R ITRRS U FF AN e
WIS endpos HUE T SR RIGER B IRE FHER KIES endpos , FIAFA M pos 5] endpos

- 1 BFRFRBUCH . Q1R endpos /NT pos, SEASAVEEL™ A J34h, A0SR re @ —Agai 5 ) e
%1%, rx.search(string, 0, 50) Z#T rx.search(string[:50], 0).

>>> pattern = re.compile("d")

>>> pattern.search ("dog") # Match at index 0

<re.Match object; span=(0, 1), match='d'>

>>> pattern.search("dog", 1) # No match; search doesn't include the "d"

Pattern.match (string[,pos[, endpos] ])

TR string 1) FF46 45 B REGS 4K FX N IE WAL AEEAVCHT, Atk [l — AR IS B xf 2. AR Pt
Be, Wil None ; {ERESTREIEAZAFA.

A% Z 5 pos Fl endpos 5 search () &5 AR

>>> pattern = re.compile("o")
>>> pattern.match ("dog") # No match as "o" is not at the start of "dog".
>>> pattern.match ("dog", 1) # Match as "o" is the 2nd character of "dog".

<re.Match object; span=(1, 2), match='o'>

UERARAEE (LVCRCAE string HEQGEEL, (] search () RGN (535 Hsearch() vs. match()) .
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Pattern.fullmatch(sWMgL;xmLendmn]])
QEREEA string PURCIX AN IEMZRIAS, Wik Bl —AMH A I fesd 2 o BIER E None 5 HERRERKE
VERL AR .

WS EL pos il endpos Y search () & LHFE .

>>> pattern = re.compile("o[gh]")

>>> pattern.fullmatch ("dog") # No match as "o" is not at the start of "dog".
>>> pattern.fullmatch ("ogre") # No match as not the full string matches.

>>> pattern.fullmatch ("doggie", 1, 3) # Matches within given limits.

<re.Match object; span=(1, 3), match='og'>

3.4 BUHTMA.

Pattern.split (string, maxsplit=0)

Sthtsplic () WAL MEH T IR IIRE

Pattern.findall(sWMngnmLendmn]])
K kE rindall (), ERATHFEHER, HORTRABTIESEL pos Fl endpos , FREIERIEE, 5t
% search ().

Pattern.finditer(sﬂMgL;xmLendmn]])
;f;u@& finiter () , MM 4R, (BT AR RS pos Hil endpos , FRHIRZRIER],
B search ().,

Pattern.sub (repl, string, count=0)

ShTsub () BEL BT AR AR

Pattern.subn (repl, string, count=0)

EthTFsubn () R, R T HRFERFE

Pattern.flags

IENPCEARIE . X A2 R PAME B 25 compile () WIS, AL (2-) WEbRE, FREAric il UNICODE
H&EE .

Pattern.groups
RA A HIRE -
Pattern.groupindex
W (?P<id>) & XM AT A AT AR T, WREARZH, IFie =,

Pattern.pattern

iR R JE AR AR T AT

3.7 SR Il copy - copy () Mlcopy . deepcopy () BRI LR o S e it IE WIZRB AR RYGA Jy 2 51
PERY .

6.2.4 EEIIR

VEPRERS G G2 — M1 RME True. WREAHVLRCHEmatch () Mlsearch () i&[H] None FrPAYRH] PATH B
HI £ TR 1 VL

match = re.search(pattern, string)
if match:
process (match)

DEPEXH SR SCRF LA Jr y R o -

6.2. re — IEMFRIERIEE 113




The Python Library Reference, &[] 3.9.0a1

Match .expand (femplate)
% template AT [ BTG O HaR B, wtsub () FrgEdh—RE. 6 SCHNE \n g4 i i) 5
F, BFESIH (\1,\2) fiar A HE (\g<1>, \g<name>) ZF# HAH NV HEG TN

3.5 RS AVCECR AL SR 2 AT ER

Match.group ( [group], ])
R Al —AEE AL T H. DR RG =S8, S8R — T, WERAZ S8 4R
B At (SRR AT, MREATSE, M1 BIAT] 0 (B TURARRRI) . s
N S8 0, AN AR A2 AN TERC A AR s AR e @ —NEH] [1.99], ZREUEH W AYHE 54
FAFH . MRS, B TR E SO AR, ~/\IndexError KB R raise.
WER— A STERER —0, FFRILIZ R, Wik Ml A5 — > PLE.

>>> 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')

R IEMZGRAXME T (2P<name>-) ik, groupN ZHORB A RER MM HEH AT MR —ATHF
%ﬁ%ﬁf}ﬁé—tthﬂi;@)(jgéﬂ/*% ~/\IndexError ik 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 AR A R G {E T

>>> m.group (1)

'Malcolm'

>>> m.group (2)

'Reynolds'’

MR —AHITRE S 2K, 5 H AR 0] 55—~ PR L

>>> m = re.match(r" (..)+", "alb2c3") # Matches 3 times.

>>> m.group (1) # Returns only the last match.
' C3 Al

Match.__getitem__ (g)
XAEMT m.group (9) « XAVFE RG] H—PLA

>>> 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 BUBT A
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Match.groups (default=None)
REl—oe, WEETATEER T4, RPN | BERZMAG . default ZENTAZE
VERCHIE oL, ERIACH None,

fian

>>> m = re.match (r" (\d+)\. (\d+)", "24.1632")
>>> m.groups ()
("24', '1632")

WERFA NG AT, AN S S S H IR . X GEOA SR [ —4> None |, [}
AEE T default ZHL

>>> m = re.match(r" (\d+)\.2(\d+)?2", "24")

>>> m.groups () # Second group defaults to None.

('24', None)

>>> m.groups('0") # Now, the second group defaults to '0'.
('24', '0")

Match.groupdict (default=None)
W —AF e fE TR 6 T key iR . default ZEATASHILEAE; BIAK
None, N

>>> 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] )
R [0] group VCFCEI Y B I HF AR FNZ5 AR5 group BRINH O (BEZBEATLECHY T-HR) o W12R group
FEAE, EREDCED, #iaRkm -1 o XF—ADILEX SR m, fl— MRS HIRENAH g, g GENT
m.group (g)) A K IERLZ

’m.string[m.start (g) :m.end(qg) ]

HE m.start (group) K5 T m.end (group) , HIH group VEPL-— A2 FAFERIYTE. L, 78
m = re. search( b(c?)', 'cba') ZJ5, m.start (0) 4 1, m.end(0) N 2, m.start (1) Fl
m.end (1) #E 2, m.start (2) raise Q/I\IndeXError Bl A .

XA T4 M email Hidik FFS R 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])
STF—ANVLHEE m 1_[E]~/\ JGAH (m.start (group), m.end(group)) . HEUF group HTE
XASVCHE A, SR -1, -1) . group BRINH 0, Wi2BEAIERL.

Match.pos
pos INfH, ffidtfisearch () Bimatch () Wrika BN 2 o XARIENG B IRTEFAF R R —
AR R G E .

Match.endpos
endpos WIfE, 2f&idifisearch () Bmatch () BJTEa ENAT 2 o XASZIENG B3 (R AE TR R
— LR R T E
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Match.lastindex
FARAM B G — VLR AR 5 1MEH, 83 None QIR EA TR ™= E B i6. i, XTS5 Tab,
FikK (a)b, ((a) (b)), Fl ((ab)) FfFE| lastindex == 1, 0 (a) (b) &f5%F] lastindex ==
2 .

Match.lastgroup
Ra— M ICRR a4 A4 T, B3 None WIEREA 4 PLICHIE .

Match.re
IR ] PR A XA S B R N 2 2, XN SEE R IE WX R mat ch () B search () HEEER.

Match.string
i Blmatch () Bisearch () WF4FH.

37 HHSE: VN T’ copy . copy () Mlcopy . deepcopy () (34, ICREXTGB R THEA.
6.25 EMFZXHF

REHT

A MBI, AT DT B ORI M S DU

def displaymatch (match) :
if match is None:
return None

o)

return '<Match: , groups=¢r>" % (match.group(), match.groups())

IBBLUAET — A PNERE Y, — MR — PR T FAE , A TR I, 2 B A, K, g
Q, ”j” J, ”t” yg 10’ ”2” £|J559” i’%ﬂ:\‘ 2 ilj 9o

HERMENTAFRRGAR, FATTAEIEPAT 2 5R

>>> valid = re.compile(r""[a2-9tjgk] s

>>> displaymatch (valid.match ("aktbg")) # Valid.
"<Match: 'aktb5qg', groups=()>"

>>> displaymatch (valid.match ("aktbe")) # Invalid.
>>> displaymatch (valid.match("akt")) # Invalid.
>>> displaymatch(valid.match ("727ak")) # Valid.
"<Match: '727ak', groups=()>"

iG—FM, "727ak" , WETAXT, SCEPIKEABERE. SN IENZGRK TR E, WA m
JESIHATE

>>> 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',)>"

TR X T i AT AR, T A T AR B T O 2R PERCR S g roup () J5k:

>>> palr = re.compile(r".*(.).*\1")

>>> pair.match("717ak") .group (1)

l7l

# Error because re.match() returns None, which doesn't have a group() method:

(continues on next page)
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(R —H)

>>> pair.match("718ak") .group (1)
Traceback (most recent call last):
File "<pyshell#23>", line 1, in <module>
re.match(r".*(.).*\1", "718ak") .group (1)
AttributeError: 'NoneType' object has no attribute 'group'

>>> pair.match("354aa") .group (1)

!

#=Hl scanf()

Python H A — 12l ¢ AL scanf () BUBAH . IEMZARGE S L scanf () #al PR Rk —
o HWAE R E L E A . P FESREE T scant () AEEUAFRIIE W) 238 2R B0 R B e

scanf () XA | ENFRER

%c

%5¢ . {5}

%d [—+]2\d+

%e, 3E, £, %39 [—+12(\d+ (\.\d*)2|\.\d+) ([eE] [-+]2\d+) ?
$i [-+]1?2(0[xX] [\dA-Fa-f]+|0[0-7]*|\d+)

%0 [-+]2[0=-7]+

$s \S+

$u \d+

$x, $X [-+]1?2(0[xX])?[\dA-Fa—-f]+

MICPEZ R AR U AT e

’/usr/sbin/sendmail - 0 errors, 4 warnings

PRATPAEH scanf () #aU1k

%$s — %d errors, %d warnings
My IE N R
’(\S+) - (\d+) errors, (\d+) warnings

search() vs. match()

Python $&{1t TR R [RI BN . ST re.match () MEFZRHEIL, S FH re. search () MEFZHFRITE
AiE (ERIA Perl HFTH) .

Bian
>>> re.match("c", "abcdef") # No match
>>> re.search("c", "abcdef") # Match

<re.Match object; span=(2, 3), match='c'>

fEsearch () W, ATRAM] "~ AESIT AR A BRI DT BC 2 545 53 (14 15 1L
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>>> re.match("c", "abcdef™) # No match
>>> re.search(""c", "abcdef™) # No match
>>> re.search(""a", "abcdef") # Match

<re.Match object; span=(0, 1), match='a'>

HRMULTILINE ZA X s imatch () RUCECFEAFR LG, BMEHsearch () FPA "~ FFARIEN
Fk & VLB AT TF 4R

>>> re.match('X', 'A\nB\nX', re.MULTILINE) # No match
>>> re.search('"X', 'A\nB\nX', re.MULTILINE) # Match
<re.Match object; span=(4, 5), match='X"'>

BI—1EES

split () FFF4Fa I SBAL BRI o XI5 IR0 T SOA B 21 2 310 EL2 5 18 ) B 4644
SR N, N BTIER .

B, XHERA. BlEERE I, ERERNEN =ET ST

>>> 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 M. BHERN IR PR — 0%, A IEATEA — % 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']

L, AFRAAK Al AHI 45 R AT S TR AU % . 1 sp 116 () S T maxsplit
%, DRHLAL A 0 5 Bk o BB 2 A

>>> [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 B PSRRI E S, P A RO . R maxsplic BB 4 , FRATETANHAL P
S E TR

>>> [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)
.. 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):

R 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 ")

<re.Match object; span=(0, 4), match=' ff '>
>>> re.match ("\\wW(.)\\1\\w", " ££ ")
<re.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"\\")

<re.Match object; span=(0, 1), match="\\"'>
>>> re.match ("\\\\", r"\\")

<re.Match object; span=(0, 1), match="\\'>

6.2. re — IEMFRIERIEE 119




The Python Library Reference, (I 3.9.0a1

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
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)

(continues on next page)
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(R —H)

Token (type='THEN', wvalue='THEN', line=2, column=16)
Token (type="'ID', value='total', line=3, column=8)
Token (type="ASSIGN', wvalue=':=', 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='OP', value='*', line=3, column=31)
Token (type="'ID', value='quantity', line=3, column=33)
Token (type="END', value=';', line=3, column=41)
Token (type="'ID', value='tax', line=4, column=38)
Token (type="ASSIGN', value=':=', line=4, column=12)
Token (type="'ID', value='price', line=4, column=15)
Token (type='0OP', value='*', line=4, column=21)
Token (type="NUMBER', value=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=';', line=5, column=9)

6.3 difflib — i EERMHHEITH

JARRS: Lib/difflib.py

BERCHR SR T A A B SRR . BN, BRI AR BB SCrE, IRl DA A s A RS B, Af

HTML MIE R SCARGE A% 225 A R H SRS LB, 13 WL £1 1 ecmp B

class difflib.SequenceMatcher

ARG, AT AL Fea%t, HEPSIICER Nhashable 35 . HIEEAFIRE LT
H1 Ratcliff 1 Obershelp F= 1980 4FUAM & FFF LA “AgIEBAVTHL” 195 KA Frap 2 BIL, HFHE
A ER—2E . HEER RS Bl JCRI R KIELLILE T/75; Il “Sik” Jusea HeER
FESCEBCAME, Bl afrses a4, (ABERIR TR E X Ratcliff F1 Obershelp Fk 1 — M7 . )
IR )R SR B R a2 VT 3 I ) T DU R B ) 2 P8 B XA RE A o/ N AR 91, (L S g

AAENNTAER “IERE” BYPLRC.

FEmF:  E A Ratcliff-Obershelp 8 32 75 5 35 1 &0 4 37 J7 B (8] 1 AE — M 80 F 8 1 5 B (Al
SequenceMat cher T ING LN -1 J7 i [8] T AE — B &0 R AT R 2 8 p 5 s 2 DA R T 2
X— RS e RS 0L W 2Pkt .

AR FY R X5 sequenceMat cher SCRHERR & TR K A SRR e 7 91 000 B3k . X
BRI RS GHEA R IE S B B B IR T (SR T2 JE) R EE B
SR BER) 1% I HJPFIKFE 2 H 200 30, ZISBAMC S TR HEReN 7 51 TR H 5% . X Fh
Je A RITB DL SRR # SequenceMat cher B autojunk BE% N False K%M,

3.2 BTN autojunk &2 .

class difflib.Differ

XA 2 b ol SCAAT AL PP 51, 7 ARl I N B B 22 S sl R {5 Bl Differ 28—
M sequenceMat cher RSEWATFFHNM LR LA KA, (HIEVCAL) 7N IRT TSI LR

Differ ¥R AT ARCFHRARASFT 3k :
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WFEHREL | BX
- el 1 Tl

'+ A9 2 il
r FTAEPT 5 AR
I IAFAE T HE—R A5

PR 2" FT 3k AT 2 R 5 | 2AT AN AAFAE TAE— i AT I 255 . QSR P H1 AL 55 il R4 i 2247
g NERE| KRR
class difflib.HtmlDiff

XA T2 HTML %A% (a6 &3R80 5838 HTML SCF) POTFHERbZA T /R SCAR g, 471R1S

TN CRF S Y S s o ERAG W] DA T 58 Al 3022 R AR A il

A AR A

__init__ (tabsize=8, wrapcolumn=None, linejunk=None, charjunk=IS_CHARACTER_JUNK)
Witk HEm1Di £1 P50,
tabsize JE— T HTBH, JEEHRLINR, BN 8.
wrapcolumn Jjg— VBT SE, FaEdT 0 B IHTWIH AT 90 E, BRIAEA None FUR
ENERIE T
lingjunk 1 charjunk VT BET B, LA Ancli £7 () (fren1Di £5 IR BIFHER A
HTML %57). S ndiff () XY T AESEEAME K ILUi .

AR A

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 ¥/ ] XAEFSH, F8E R BARSCHRIIINREERFER (BRI NS HFEAF
).
context FI numlines ¥ /2 W] Ve XARTF- B4, Y4 R B /R B CZEFIE context &4 True, 70|
BME False NERTEA:. numlines BRINN 5. 24 context > True W} numlines ¥5-355 | Bl 5558
Hh R S R SCHTAL. 24 context g FaLse I numlines YRR next” R Hy
SRR AT (BB N & FECnext” BEEBER T — et SR 2 SR 4 O
WSS 00, ABIEATHT S LR 30) .

ffilE): fromdesc Fl todesc S AF AL SCH) HTML SRARSE, 2 HCN WIS AU A Y 1238 24
HoBEATHE 3L

3.5 WRCESE: BT charset K487 240, HTML SCRY I BRIV F AP 1 1S0-8859-1" T
'utf-8"',

make_table (fromlines, tolines, fromdesc=", todesc=", context=False, numlines=5)
L fromiines Al tolines (7 FEERIIZ) JEIR I —ANFAH , Hemm— M A 45472 RO 58 HTML 2
¥, TR S TN ECR R H R .

WHERK S Smake_file () LA
Tools/scripts/diff.py X PRMMATEIN, HPEE MR R B

difflib.context_diff (a, b, fromfile=", tofile=", fromfiledate="", tofiledate=", n=3, lineterm="\n")
B a Il b (ERFERANFR); R SCZEREA R EE R (— A=A & T generator).
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Rl B ER R R BN ST R LA B SUTR BEEE . SRR N2 I 2 SRR
Ko ERTEGE n g, BRAH=AT.

BRINE LR, ZRE6AT (PA *** or —— F/R) il K BHRATIFRAIER . XHM A2 M io.
IOBase.readlines () BB ANBIGEEH Tio. I0Base. writelines () HZEREER, F N
N AR K R TAT -

XA REBATIFEA . BB lineterm S8R ", XA NA RS — R T4F -

R Se2E A SR A NE SR SO FME B TR A AR Sk o X B B A4 B 4 RT DA A
fromfile, tofile, fromfiledate F11 tofiledate 45 7€ . BN TA]E 55 DA 1SO 8601 #5 3R . W AIEE, X

FAFHBIA A
>>> s1 = ['bacon\n', 'eggs\n', 'ham\n', 'guido\n']
>>> 52 = ['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

khkkhkkhkhkhkkhkkhkhkhkkkkkk
* % % 1,4 * *x kK
! bacon
! eggs
! ham
guido
—_— 1,4 —_—
! python
! eggy
! hamster
guido

WS R diflib o & 4473 0 FRECE TR B Rl o

difflib.get_close_matches (word, possibilities, n=3, cutoff=0.6)
i 8] iy d A ARl PERCH IS 9 3K o word S— 458 HARITRAVERCH T4 GBS N FAFER ), possibilities
H—AE T LR word WP FIR ISR GRE HFAFERS1R) .

FIESH n (BN 3) $55E 2 R [0 2 DA PLEE; n KT 0.

IESEL cutoff (BRINH 0. 6) J2—A> [0, 1] JEFE N HYIFE S 5 word FDLEERS 7 RIB B E A e L T
PIC R 2

e (R nA>) BRI RCR A ZIBGR ], AR HE , SRR HEE e i A o

>>> get_close_matches ('appel', ['ape', 'apple', 'peach', 'puppy'])
["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)
FLEE a F1 b (EARFER538); kD Frer BB EAE B (— AN BB T i generator).

K TS linejunk F1 charjunk 3337353 3§ RAX (38 None):

linejunk: WLRREIEZ A FAFR SR, AR HON BRI P A7 R 0 B, 5 WLR R . BRIAN None.
BEANEA —AEEBRZHN R T S_LINE_ JUNK (), ‘BRI RA AT, BRARZATIRN T 2
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Z— MR (4 - HETEM SequenceMat cher KRB HTFEEA T F A0 E E| 2 DAY B
B, XIS H A I R A RO B

charjunk: WCRREHEZ — DT (KR 1 IFRFE), R H B 45 R [ A, 7 R [BHERAE .
BRI\ A2 PR A I S_CHARACTER_JUNK (), ‘B2t EH S FFAF (SHEAFEh R (HEEH
TR TARMNTFER! ).

Tools/scripts/ndiff.py /@i kKLY A 47 Bl b o

>>> diff = ndiff ('one\ntwo\nthree\n'.splitlines (keepends=True),
C. 'ore\ntree\nemu\n'.splitlines (keepends=True))
>>> print (''.join(diff), end="")

- one

oA

+ ore

o A

- two

three

tree

+ 4+ v

emu

difflib.restore (sequence, which)

AR [l A 4 e A S R IR

Hith—AWpiffer.compare () Bindiff () AR 21, FEEURR A SO 18 2 (which TEZ) W4T,
KBRATHIZ -

il

>>> diff = ndiff ('one\ntwo\nthree\n'.splitlines (keepends=True),
. 'ore\ntree\nemu\n'.splitlines (keepends=True))
>>> diff = list(diff) # materialize the generated delta into a 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’)

PO a Fl b (EAFER5130); RIS —ZE s A p g &5 B (— N 1 generator).

FTAGE— 25 52— Fh SR AT R LAS B R U S . g e s R BRI AR (T
AT Z 2 JGSCARYE) o R SCAT80h n i%5E, BRI =47,

PN O, ZREHIIT (A ———, +++ 5 ee FRn) il R EBIHATR LB EN . X FAW I 4b 2
Mio.IOBase.readlines () G # ANEEREH Tio. I0Base.writelines () HEREH,
BRI A i A RN it # A AR R T4

YT REIATRIA . N lineterm Z400R " ", X kR NS — AN A TAY -

R S A GE A — I E SR S S U TR AR Sk o 3 SEAF BT A3 B AR T DA AT AR
fromfile, tofile, fromfiledate F1 tofiledate 45 7€ . 1BV A 5 DA 1SO 8601 3R . W AIEE, X
FRAREINN A

>>> s1 = ['bacon\n', 'eggs\n', 'ham\n', 'guido\n']
>>> s2 = ['python\n', 'eggy\n', 'hamster\n', 'guido\n']

(continues on next page)
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(R —H)

>>> sys.stdout.writelines (unified_diff(sl, s2, fromfile='before.py', tofile=
—'after.py'))

-—— before.py

+++ after.py

@@ -1,4 +1,4 @@

—-bacon

-eggs

—ham

+python

+teggy
+hamster

guido

WS Rdifflib o 44T 0 FRBOETEAIR R 7]

difflib.diff_bytes (dfunc, a, b, fromfile=b", tofile=b", fromfiledate=b", tofiledate=b", n=3,
lineterm=b’\n’")
i dfunc W a F b (CEATERXTZ513); 72LERA dfunc PR RSN FOR I 22 47503 (D@ 1rH) .
dfunc WA XIS, B Munified diff () B context_diff(),

SR L3 S i AR BN — B B . [ n Z MR BT S AER AT A R R AR A . EH
T 2R AR TR A (B n 250 4l 4578, MM dfunc(a, b, fromfile, tofile,
fromfiledate, tofiledate, n, lineterm). dfunc [ H PR L 73 rE, XPERT
52 BT EA S a Fl b MFER R FA—ERIG .

3.5 BUHTIMA.

difflib.IS_LINE_JUNK (line)
AT AT 2RO TR True. WIS line Sy Tl HLELATIAA * 4 1 ) lne FTRLRETT /20809, FOURERR T
ZEHY . IR BB IR A ndi ££ () H linejunk 162 (1 BRIAME -

difflib.IS_CHARACTER_JUNK (ch)
KT 1] ZBE ) FAFIR ] True. FAF ch WA KT SR A7 ch g ] 20, 15 WI5E 2 AN 1] Z2 1
M. R FAEndi £ () W charjunk TEZ 1P BRANE .

hz%:

BOAVGHL: KosH 77k John W. Ratcliff Al D. E. Metzener %R BELEMIHE. T 1988 487 H %%
F Dr. Dobb’s Journal ,

6.3.1 SequenceMatcher Y5

SequenceMatcher RAG XM ELE:

class difflib.SequenceMatcher (isjunk=None, a=", b=", autojunk=True)
SR isjunk W7TH None (BRIME) BUAHEEZ—ANFAITCERH 24 BACYH N 206 “hidk” JeRE
R B SRR, 1% A None fEH isjunk BIEA 24 T4 A lambda x: False; tHELEUIA
ZBSATATIE . Blhn, & A

lambda x: x in " \t"

WERARAFERFF IR SO T T IO, BN B2 X 3 2SR A SRR 1) 22455

W SH Bl b HEHRAEA): PHIIA TR . B TER A hashable.
WS autojunk T TR ) H ShBIK S K5

3.2 BTN autojunk T2 .
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SequenceMatcher X} 4 5257 = /N @ VE: bjunk 52 b 24 isjunk 3y True TCELES bpopular B S %
T E (WREARGEE ) AP MR JERIR TR A b2 24 b SRR TR E 1]
B E SR F . g =N B R biliil set_seqgs () Bset_seq2 () EEBHEE.
3.2 JGHT A bjunk F1 bpopular J&1E.

SequenceMatcher W EFPNF HE:

set_seqgs (a, b)
BB B A5
SequenceMatcher T GAFA KB _DIF A HENGE R, EFENRREZR —A 75 5 24

FH AT, Al Hset_seq2 () —WR PR B % H H 5 1 55 42 b 45 4> HoAth 2 50 45 08—
WKset_seql (),

set_seql (a)
WEEILBRE—NFH] . BRI PR BE.

set_seq2 (b)
WEZ LRI AP BRI — NP IR B,

find_longest_match (alo, ahi, blo, bhi)
#tli afalo:ahi] Flbblo:bhi] HHKICALH.
R isjunk B4 W& BY N None, find longest_match () FF&E (i, 3, k) [#iff a[i:i+k]
ZT blj:j+k], HHralo <= 1 <= i+k <= ahi HHblo <= j <= j+k <= bhi. X¥T
AW R IE R (i, 3, k), TR L == i', 3 <= T MPERE, MRINET k >=
k', io<= it HAEUL, XTI R IEECH, RIETE a 2P et B —A, T TTE a 24
Hhdscofe Hh B B A B I DR RC B, R IBITE b 24 v e SE B —1 .

>>> s = SequenceMatcher (None, " abcd", "abcd abcd™)
>>> s.find_longest_match(0, 5, 0, 9)
Match (a=0, b=4, size=5)

UIRARAL T dsjunk, P52 B RG2S — S de ) PLFC B, (EAAMIT A SR oy Hh BB 3 Y
BRI SRIERHE () PCRCP AR SIR TR AR AT R i . IR SRR 0 A & DU,
WOk, BRAEFRFER RO TR IR 454 78 LR PLECAT 4R -

R S Z MG, ARSI . KRBT abed' HESH _ANFIIRERN
' abed' MHPLAEC, A ATPATERC Tabed ', FHHIZILHCEE —ANFAIR AL abed !

>>> s = SequenceMatcher (lambda x: x==" ", " abcd", "abcd abcd")
>>> s.find_longest_match (0, 5, 0, 9)
Match (a=1, b=0, size=4)

ARARFRH| VL, Rk E] (alo, blo, 0).
W VR [B]—A~named wple Match (a, b, size).

get_matching_blocks ()
R PRI E & VLE P = e %, BA=cH B (1, 3, n), HEXLH
ali:i+n] == bl[j:j+nl. XL=TuH i Fl j ERTEBIGHES
E— =l AT N6, H{ER (len(a), len(b), 0). BEMi—n == 0W=Jc4. W
R, 3, m) MG, 3, nt) BEARPMEAH=ICH, HEENZIRPWEE 1=
JCAL, W i4n < it B Jn < 3 HRAITEUL, AHSRRY =l SRR AR SR AH S

>>> 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)]
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get_opcodes ()
ﬁlElT”szizMﬂTa*jjbE’JSméﬂﬁlH% BATCHMIEAN (tag, 11, 12, 31, 32). 7B
— I 11 == J1 == 0, MfEHRRICH il FTH—ocdn) 2, 3+ H jI BETR—1
JCAHY j2.

tag (ENFAFHY , HA SO :

& BX
"replace' | a[il:i2] WA b[j1:32] &k,
'delete' | al[il 2] N gEMEE . EEEAERS T 51 == j2.
‘insert' | b[j1:32] WiEAFalil:i1], WHHEAENTERT 11 == i2.
'equal’ alil:i2] == b[j1:32] BIDFIFHIH).
fian:
>>> a = "gabxcd"
>>> b = "abycdf"
>>> s = SequenceMatcher (None, a, b)
>>> for tag, i1, i2, j1, j2 in s.get_opcodes|():
print (' al : 1 ——> Db : ] -——> '.format (
Ce tag, 11, i2, 3j1, Jj2, alil:12], b[j1:321))
delete al0:1] ——> b[0:0] 'q' ——> !
equal af[l:3] ——> b[0:2] 'ab' ——> 'ab'
replace al3:4] -——> b[2:3] 'x' ——> Ty
equal ald:6] ——> b[3:5] 'ed' ——> 'cd'
insert a[6:6] ——> b[5:6] Yo——> T f!

get_grouped_opcodes (n=3)
REl—ANE T n 4T 1R S5 AL generator

Maet_opcodes () FriRIBIHTTAG, SR B/ INE S0 I TR B 1% A8 S i) ) ol DX 3
XA PN S get_opcodes () R AI#E 2R [H]

ratio ()
R A — AN BB [0, 17 7 S BV E N S AR AR B
Hoph T @A T o E R SRR, MZUTERE0E, B 2.0°M/ T, HHERE NPT 58 2
[FWHZ(E A 1.0, GRPESEEARRFN R 0.0,

R get_matching blocks () Blget_opcodes () MABLIE WL &z BIHFER K, FEIL
TSN R REE TS quick_ratio () B{real quick_ratio () FIRE—A FH.

filE: R ratio () WHMARTRRLKBOLT SHIT . FIa:

>>> SequenceMatcher (None, 'tide', 'diet').ratio()
0.25
>>> SequenceMatcher (None, 'diet', 'tide').ratio()
0.5

quick_ratio ()
A PR R [ — A~ ratio () B ES.

real_quick_ratio ()

e HR B —A~ratio () [ A,
X = A~ 8] DU ER A o AT B R R RE B TS A AL BT 4 S — R S5O, H 2

quick_ratio () fll real_quick_ratio() MESZE/DY ratio () —FEK:
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>>> s = SequenceMatcher (None, "abcd", "bcde")
>>> s.ratio()

0.75

>>> s.quick_ratio()

0.75

>>> s.real_quick_ratio()

1.0

6.3.2 SequenceMatcher By7=4l

PATR R BIELR AP ATHS , R AR Bl

>>> s = SequenceMatcher (lambda x: x == " ",
"private Thread currentThread;",
"private volatile Thread currentThread;")

ratio () &A™ [0, 1] 5 B N R IS P FAR IR B R . AR, ratio () fHRI 0.6 BEEIR
e PSS P UNIREOR

>>> print (round(s.ratio (), 3))
0.866

AISRAR H BN A P RC A 07 B 48R, ) get_matching_blocks () AR :

>>> for block in s.get_matching_blocks() :

Ce. print ("al ] and b ] match for elements" $ block)
al[0] and b[0] match for 8 elements

al[8] and b[17] match for 21 elements

al29] and b[38] match for 0 elements

WER get_matching_blocks () BMAEJG—MIC4LER AT A (len(a), len(b), 0), X
R RICER (TLRCATCRER) S 0 FME—F5 L.

AR AR BERGE AR 58— AP SR SR AN 41, nTPAfE get_opcodes ():

>>> for opcode in s.get_opcodes() :
.. print (" al : ] bl : 1" % opcode)
equal af[0:8] b[0:8]

insert af[8:8] b[8:17]

equal af8:29] b[17:38]

hz%:
o Wit fjget_close _matches () REER T UM T SequenceMat cher 4z i) B LS S 1
78 HTige.
» il sequenceMatcher HE/NRIN HIHY & 2 A2 6 7 %2 .

6.3.3 Differ ¥t&

R DL L fer PrAE MBI AR /bR, MR, R/ANEREERER AR, FAENSFEPE
AT RERYHL TS, A I AN AR AHEE 100 SURPLRC. R 20 BRI RS VRO PR B T —Se R A, X
R/R AR A R 2ZE R AU

Differ JREAXFEHIME RS :
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class difflib.Differ (linejunk=None, charjunk=None)

A K TS linejunk F1 charjunk 3337353 3§ RAX (58 None):
linejunk: 132 AFAFHRAE N SR BR B, WRHOA SR P78 R [ A . BOAEN None, FIRE

WA AL AT S BT «
charjunk: B AT
824 None , BEKTETEA L0 2 MW B4 <

X 28 7 3 1ok e AT R A A 22 S Y DR L IF

(KR 17458 ) AEASEI R R, AR SR A MR I BAE. BR0A

HA & G BUT ) 22 5347 307 A5 80 2 0

3=

i

£ find_longest_match () Ji¥EW isjunk TE S WA T IS
Differ MRS — MR PORMA (AR E) 1:

compare (a, b)

HRPIAS AT RS, H AR (— DR TAmEs)) .

i

(FEE)

P

B Fp 51 e AL A — > DA G R AT

Wireadlines () F¥EMIRE. FrA: AT 34 & [F AL AR

r

FATH . X Ry A1 AT DA I SO e &

PP R AT R A 8, T ATl 2L

RN R writelines () JIIREREATEIHR .

6.3.4 Differ 54|

PRI B BECA . TR TR SOA ) AR A AT 45 R 1 BAA T AP R A B 3 91 (IR R P74 o ] DA it

XTGP readlines () FERIREL) :

>>> textl = '''
2.
3.
4.

1.

Explicit is better than implicit.

Simple is better than complex.

Complex is better than complicated.

. """ .splitlines (keepends=True)

>>> len (textl)

4

>>> textl1[0][-1]

'\n'

>>> text2
3.

1.
Simple is better than complex.
4. Complicated is better than complex.
5. Flat is better than nested.
""" .splitlines (keepends=True)

Beautiful is better than ugly.

Beautiful is better than ugly.

T RFRATT LB — Differ X4

>>> d = Differ ()

THHEEAEEHILD L £ fer MRIFFATAT AL A BBk 5
iR
. BATHRPIAFA:

B TR BB ILDI frer () M

>>> result = list (d.compare (textl, text2))

result B —PNERFRYFR, EIRATRFILEITE K

>>> from pprint import pprint
>>> pprint (result)
[ 1. Beautiful is better than ugly.\n',
! 2. Explicit is better than implicit.\n',

(continues on next page)
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#EHE—1)
' - 3. Simple is better than complex.\n',
'+ 3. Simple is better than complex.\n',
'? ++\n',
' - 4. Complex is better than complicated.\n',
'? " -0 /\\nll
'+ 4., Complicated is better than complex.\n',
1o +H++ A “\n',

L 5. Flat is better than nested.\n']

PR B 2247 A A S R IR

>>> import sys

>>> sys.stdout.writelines (result)

1. Beautiful is better than ugly.

2. Explicit is better than implicit.
3. Simple is better than complex.
3

+ Simple is better than complex.

? ++

- 4. Complex is better than complicated.
5 ~ A
+ 4. Complicated is better than complex.
? FH++ A ~
+ 5. Flat is better than nested.

6.3.5 difflib B&<fTHEEO

XANSEBIE S T U difflib SREIE—RAIT diff T H., ERFESTE Python YRS A A, S04
%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.

mmn

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,

(continues on next page)
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(R —H)

help='Produce HTML side by side diff '
'(can use -c and -1 in conjunction)')

parser.add_argument ('-n', action='store_true', default=False,

help='Produce a ndiff format diff')
parser.add_argument ('-1', '—--lines', type=int, default=3,

help='Set number of context lines (default 3)")
parser.add_argument ('fromfile')
parser.add_argument ('tofile')
options = parser.parse_args()

n = options.lines
fromfile = options.fromfile
tofile = options.tofile

fromdate = file_mtime (fromfile)
todate = file_mtime (tofile)
with open(fromfile) as ff:
fromlines = ff.readlines()
with open(tofile) as tf:
tolines = tf.readlines|()

if options.u:
diff = difflib.unified_diff (fromlines, tolines, fromfile, tofile, fromdate, .
—todate, n=n)
elif options.n:
diff = difflib.ndiff (fromlines, tolines)
elif options.m:
diff = difflib.HtmlDiff () .make_file (fromlines,tolines, fromfile,tofile,
—context=options.c,numlines=n)
else:
diff = difflib.context_diff (fromlines, tolines, fromfile, tofile, fromdate, .
—~todate, n=n)

sys.stdout.writelines (diff)

if _ name_ == '_ main_ ':

main ()

6.4 textwrap — XAHRITS5ET

PRARES: Lib/textwrap.py

textwrap FHRFRAL T —SOHbEpR %L, PAK T ASEUITA TAERZE Text wrapper. AR H & ZEXT—H4
AT AT B SR TEE S, PR BN RS T BT, VRMARE Text wrapper B SEHIR
textwrap .wrap (fext, width=70, **kwargs)

XF text (SEAFER) ) B BV AR T AR AT K R 2 Ol width ASEAF . IR R AT S A 3R

TTRAHARITAT o

A[IER) KT SHOS T Text Wrapper BSEHIEM:, BAASRYILT . width #RIAHK 70,

W& TextWrapper.wrap () LT A Kwrap () FTRTEAE R
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textwrap.£ill (fext, width=70, **kwargs)

Xy»i g% Tﬁ% HUILBGE B 3T, FRR B — S A ST BOE I B AT R . £111 () AR
! X

"\n".Jjoin (wrap (text, ...))

FRR AR, F111 () ¥ Hwrap () SEAMIER KT S

textwrap.shorten (fext, width, **kwargs)

IrBHBIELAER) text AR A4 EN width.

HIRHT R text RIS (A RSSO A 2SS ) o WIERGRBEE & width WIFF R A, 7700
P EIT RS ROR I AR B DAGEAFR A% B9l il placeholder AEE A width:

>>> textwrap.shorten("Hello world!", width=12)

'Hello world!'

>>> textwrap.shorten("Hello world!", width=11)

'Hello [...]"

>>> textwrap.shorten("Hello world", width=10, placeholder="...")
'Hello...'

AE M OK B S S BN W T rextirapper S5 BR JE M, H R R 3C TR A FE
B & NTextlirapper Wrill () MR Z Hl 2 % 3T &, Ik Atabsize, expand_tabs,
drop_whitespace Mlreplace_whitespace HHEIGFEA LR .

3.4 BUBTIA.

textwrap.dedent (fext)

Folsks text HE— AT HAEATAH [ AT 26 2 A 77
XA DA R R =5 5 A AFER AT ZE M 2SA% TS ST EIRAY b R R i =X

TR SR M EATEG N RS BT, HENFHAMSE: DURMAT " hello" #l "\thello" A
SR BA AR A28 2 FA

P28 IR IAT S Fi A IS 2 I bR A o BT 7T

Bi4n:
def test():
# end first line with \ to avoid the empty line!
s = lvv\
hello
world
L B |
print (repr(s)) # prints ' hello\n world\n !
print (repr (dedent (s))) # prints 'hello\n world\n'

textwrap.indent (fext, prefix, predicate=None)

FF prefix T INE rext ik BTk .

WITE ] text.splitlines (True) SEXATHATIR .

ERINEOLT, prefix SBRMEN A AR R B A (ORI T85R1AF) HifT.
i

>>> s = 'hello\n\n \nworld'
>>> indent (s, ' ")
' hello\n\n \n world'
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A predicate Z40] ks IR LA T 4R . AN, W AR 2S5 Mool A7 8 KA 2 AR AT R I
prefix:

>>> print (indent (s, '+ ', lambda line: True))
+ hello

+
+
+ world

3.3 OB

wrap (), £111 () flshorten () WVER B X MBI —A Textwrapper LB I 7EH FIHH BA 5.
SIS ER, W TR Hwrap () R/ 111 () A2 SCAR F4F 5 B B R 106, @J@%aa
W TextWrapper MR RE A RCF .

A BUFAE S AL E H AT, B3 IEFAF RN A2 5 KA L B S8R, B

JETextWrapper.break_long words #¥ HRIE.

class textwrap.TextWrapper (**kwargs)

Textiirapper WS HHER L T HER X TSR, G LRFSHONN bR, Him

wrapper = TextWrapper (initial_indent="* ")
WA T

wrapper = TextWrapper ()
wrapper.initial_indent = "* "

YRATAZ IR M ] Tex e wrapper X4, F HARW AT DATE {8 P 400 1) 368 2 30 1) S 09 P AR A8

B AL R

TextWrapper FSLBIEME (VAKAGHE SR TS50 WF PR

width
(BRIN: 70) HEMATIIRAATRIE . REMASCAF A KT width (AR, TextWrapper
HREPRIEIR A KT width A??—?B’Jiﬁm AT

expand_tabs
(EJM True) WRCNEE, W text H A B HIRATFFGEH text 1) expandtabs () J7iky) A=K
e

tabsize

(BRIN: 8) WiRexpand tabs HEAH, W text TR HIRFFFY RN BN RS, HARR
P 2 1 9L AN E ) R R

3.3 OB

replace_whitespace
(default: True) QIR E(E, TEHRIRMFY LIS HENATLH, wrap () 5B F T4
Bty B2tk . SO R S AR INE - 138, AT, AR, AR A (N e\n\v\ £\ '),

fil): WlRexpand_tabs HEHHreplace_whitespace NEAA, HHIFRMRPE N
A*’I‘% XS WA R R —F .

ffiE): R replace whitespace MBAH, TE—FTHIHEA T RE S BHATAFH-SEBE R I04 Hh «
B, SCARNY (ff]str.splitlines () BEUITE) PR BIEIr BT B 3hietT .
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drop_whitespace
(BRIA: True) WA EM, B—ATILARBZ AFA (TERRZ G, 2 n) SmEsH. 2
e BRI 2 A AP AR S AN TR B PR WA ST WS T2 P o
T—EAT, WZEBATRHIEF.

initial_indent
GERIA: ) B INEIRE A St T N AR SR — TR A . HRESPOT AR 1T K.
SFRFERA A

subsequent_indent

(default: " ") RFERASINENBE H 04T I WA BRSE — AT OMIITE T P AT . HRE SO AR
AT T F T L

fix_sentence_endings
(BRIN: False) W NEAH, Textirapper FFeilie il a) 45 BT ffh) 5 H) B DA 5 I~
FEAF I o T8 FH 458 508 7 1R B SCAS SR Ul 1 A 7 B A . (F , A ARSI AR e 5 B
ER TR NG FEITAE 0, S e R, FERREAA A S R
JEPA—AZEAR R AR L — R B ICIE X 43 AR SCAR iy "Dr.”

’[...] Dr. Frankenstein's monster [...]

ANPAR SCA 1 17 Spot.”

’[...] See Spot. See Spot run [...]

fix_sentence_endings BRI MER{E.

TR TR EARE T string. lowercase RHfiE “/NGFHRE, PARZYE LR w9
A ESHE R FRAL TR —AT A1, DR HGE T3 SOA .
break_long_words
(BRIA: True) WA N B, WHKER N width #RIRXE TF ABIEA T K BEAR il widt b,
WA R EAE, BRI, MR KE RE it widt he (R BRI H k1
H—AT, PRSI width DL )
break_on_hyphens
(BRIA: True) MIARSHEME, RAARIESIERRG)E e TE 25 AT RIS 1 I B AT 2 5 3 2hiedT. o
RO, WA 2 AR 2PN GOl T E W T A8, (AR AR SN Ay B 20 T ) B ] D)
R Aidsbreak long words BRI, 2 HIRUAHIBRIAT A KU SOVF oM TR AT A F AR B
max_lines
(BRIA: None) WIRA N None, Mkt WA P55 2 A8 max_lines 17, FHAl placeholder 1y A4 th
AR R .

3.4 BUFTMA.

placeholder
BRA: " [ 1Y) SCARHAE i SOOI H B SRR
3.4 BUBTIA.

Textirapper ibfft T —HRAHTIE, FUT B FA (EHE R 4L

wrap (fext)
Xt text (PAFHR) P BB B ST AR AT R IR 2 N width ANFAF. Prf HBhHA T iy
R A Textwrapper SLEIKSEHIEYE. R 1 d B AT4URM R, TRANRITAT. WA A5
PATR RSP BRI A, R[] 2581 3%

£i11 (zext)
Xt text HR) BB H S AT IR [l B 5 B H Sh AT BUR I AL AT
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6.5 unicodedata — Unicode #{iEE

AL T % Unicode Character Database (UCD) 1), H g X T A Unicode FAFIFEAF @M. AL
P AL S B i B UCD A 12.1.0,
%Tﬁﬁ%ﬁ}ﬂ'ﬁ Unicode FRifEFF {4 #44  “Unicode “P474E 42" e SCRIAHIRI A ARFIAT S . B LT LA BB

unicodedata.lookup (name)
%ﬁgﬁ?ﬁ?%‘o W B HA 4G @ AR A, MR B 455 RS A K E, WKeyError
W5k .
3.3 MU A BRI B FR B4 M4 s 1SR

unicodedata.name (chr[, default] )
iR 8] 43 FiL 265 7 4% chr B 2 FRAE N EAF R WIRE A & LA, W B default , G05R A %41,
MvalueError #5|% .

unicodedata.decimal (chr[, default] )
R MBS A chr BT FEHIMEAE B WA SGXFERIE, WER A default , QIR EAH 4 H
MvalueError #5|% .

unicodedata.digit (chr[, default] )
AR Nu] o FEAE AT chr WORCTEAE N RERG MR B E SOXARIE, TR 9] default , QI2RIA 4 i1,
WvalueError #%5|% .

unicodedata.numeric (chr[, default])
R BL 4 AT chr BEUEAE IR g, AR SGXFEMIE, DR ] defaulr | WA A %4 H,
MvalueError #5|% .

unicodedata.category (chr)
BRI ECR AT chr IR RN EAF R
unicodedata.bidirectional (chr)

MR [E P BCAEFAF chr BORURI A AT ER o ASRRE SCHZRAE, LR [l 25 A A7
unicodedata.combining (chr)
R B ELLRFAF chr WGV MR A2, LRI O .
unicodedata.east_asian_width (chr)
WRIE P RCAR AT chr BRS8N AT ER
unicodedata.mirrored (chr)
R[] BT chr A BER R B AR AR SR TR “BeigR” A, WhRME 1, &
M3 [E] O o
unicodedata.decomposition (chr)
R BEEE TAF chr B FAF G P A7 o AIRRE SCILZERYS IR [0] 257 A5 e
unicodedata.normalize (form, unistr)
3% [A] Unicode SF4FER unistr [ 1F#IE5 form . form WS A’NFC’ . "NFKC’ . "NFD’ fiI'NFKD’ .
Unicode #7515 T TS5 M FISHEA PE S R0H) 58 OE LT Unicode “FAFHR I A FEALTE R . 7 Unicode
o, A PAPAR T T FR A FAE. BN, 45 U+00CT7 (44 CEDILLA [ LATIN CAPITAL LETTER
C) WuPAZERMF4 U+0043 (LATIN CAPITAL LETTER C ) U+0327 (COMBINING CEDILLA ).

! http://www.unicode.org/Public/12.1.0/ucd/NameAliases. txt
2 http://www.unicode.org/Public/12.1.0/ucd/NamedSequences. txt
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XETEAFAF, AWAEREA: ERER CHIEMEA D . IEMEX D (NFD) WHRH MG #,
HREDPRFAN T IEEX C (NFC) BT R, REFHRAGHHAEGTEH .

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

RGP unicode “FAFERHEALTEALH H B B EAME, WR—NBAGHEFMm N — A, W
BATA ARBTG5
unicodedata.is_normalized (form, unistr)
HWr Unicode A7 unistr 265 HIEIRIEE form. form WA Z{E ' NFC, 'NFKC’, 'NFD’ FI'NFKD’,
3.8 BUBT A
BEAL, AR R T AT
unicodedata.unidata_version

BEAEE s 1) Unicode it 22 A A4S

unicodedata.ued_3_2_0
X GBI A R ARG, (EX 75 E R 2 BUAR ) Unicode (422 (411 IDNA ) ()Y,
AR, MIE] Unicode %ifs PERRAS 3.2

ZN/E

>>> import unicodedata

>>> unicodedata.lookup ('LEFT CURLY BRACKET'")

e

>>> unicodedata.name('/")

'SOLIDUS'

>>> unicodedata.decimal ('9")

9

>>> unicodedata.decimal ('a')

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

ValueError: not a decimal

>>> unicodedata.category('A') # 'L'etter, 'u'ppercase

lLul

>>> unicodedata.bidirectional ('\u0660') # 'A'rabic, 'N'umber
IAN'

ha) 3

6.6 stringprep — BEGMFFRNZ

PRACHS: Lib/stringprep.py

TERRR PR _ER S (BI04 ), SR TR EX IR E (M5) . XA R AT T RE S
PN PN, R E Xy KNG &3S . A I n] BERR SR M VAR A “l3TE” 754l
Jio

RFC 3454 5 3L TAERFFM BRI Unicode “FAFHREY “Pige” 1. fERFATHEL LA, ENakiin
il AT, Z IR TR R R MARHEIE R . % REC & LT —RAVEAM, EATT AL & Ry 5 i
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B BNECELAUE LTI, stringprep i FERYHAL R 2 B E R AR/ . stringprep
BB — M7/ nameprep, BT E R LA .
Bithstringprep {UATF T2k H RFC 3454 [ 354% . T xX S R R A% A0 SR 308 - B8 Rkt 2 AR T
K, ZBHAE AT Unicode “FAFERAE . BIHA B 1AL 2 ] mkstringprep.py THAEKK.
PRI , 33k 26 3A% DA BR BT SRR 5 I TE XA FF 78 REC g I Rh 3% SR 5L X T8, st ringprep
PRAL T CRRERREC, BIANRIE SR E A — 0 WHRIESN True WAL XFTBLS, BHEAL T B R A
BRI R W] I R AE . DA @B b A AT s 81 3%
stringprep.in_table_al (code)

T 5E code 7245 & T tableA.1 (Unicode 3.2 H1 P R4 EEASAL) o

stringprep.in_table_bl (code)
i5E code 275 @ T tableB.1 Gl i WLt 25 H) «

stringprep.map_table_b2 (code)
&[] code HcHfi tableB.2 (i & NFKC i i it K/ NEF AR Bl bt (e .

stringprep.map_table_b3 (code)
R[] code fKH tableB.3 (APt IEARAL I K/ NG Hr B WLt BB (A -

stringprep.in_table_cl1 (code)
Hi5E code 275 )& T tableC.1.1 (ASCII 25 FHF4F) o

stringprep.in_table_c12 (code)
45 code 275 @ T tableC.1.2 (3F ASCII 25 HFE4F) -

stringprep.in_table_cll_cl12 (code)
1€ code 275 )@ T tableC.1 (SHFAF, C.1.1 f1 C.1.2 fy714E).

stringprep.in_table_c21 (code)
45 code 275 & T tableC.2.1 (ASCII 5l F4F)

stringprep.in_table_c22 (code)
1€ code 275 )@ T tableC.2.2 (F ASCII 5 ] 44F)

stringprep.in_table_c21_c22 (code)
i code 245 )@ T tableC.2 (FEHIF4F, C.2.1 F1 C2.2 L),

stringprep.in_table_c3 (code)
i€ code 215 & T tableC.3 (FAH L),

stringprep.in_table_c4 (code)
3E code 2@ T tableC.4 (AEFHFIEL).

stringprep.in_table_c5 (code)
5 code 275 T tableC.5 (ZALHD),

stringprep.in_table_c6 (code)
i 5E code /215 J/T tableC.6 (ANid Fl T4l U A

stringprep.in_table_c7 (code)
i€ code 215 & T tableC.7 CRE I T HLIERR)

stringprep.in_table_c8 (code)
7€ code ;215 & T tableC.8 (M2 yn /e E 77 ).

stringprep.in_table_c9 (code)
i5E code 275 JE T tableC.9 (FRiCFAT)

stringprep.in_table_d1l (code)
i code SR T tableD. | (A RUIRHER” BAL” H954).
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stringprep.in_table_d2 (code)
i€ code 277 )@ T tableD.2 G AT XL J&IE"L” #YF4F) -

6.7 readline — GNU readline 0

readline BHLE T VFZ T # M Python AR 52 UM U5 A D7 S0 SCRFRY R, AR RT DLELRE (I
G 3 R A2 TH R 56 Python BRI - LcompTeter BT . 0 BLBIHIE THY R R I
Wi R A S AR R AT LA N B input () BREERIEIER AT .

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.

HiE): K2 Readline & API A fE(dTH libedit FE3ESIHLM A GNU readline. 7F macOS | readline #
P AEAB A T I BT el FH 2 IR

libedit i MIABCESCIES GNU readline (AR ARAREAERR A A BCE FATH R DAYE readline.
__doc__ H&ll 3c A libedit” 5 [X 4> GNU readline il libedit.

SR ARZAE macOS _E{ Y] editline/1ibedit readline UL, WAL 4RAY 3= H sk BRI A AL SCIE 2 FR O
editrc. BN, ~/.editrc PRILAN WAERITIE vi #HH8E AL TAB Hh4x:

python:bind -v
python:bind "I rl_complete

6.7.1 MIsfL3CH
TR ECS W AR AL ST P A K

readline.parse_and_bind (string)

PATHE string S0P HAERI G0 T. B STHHIEZE ) r1l_parse_and_bind () .

readline.read_init_file( [ﬁlename] )

AT —A> readline HJ4f AL SCPF. BRIA SCIE 44 O fieale B B 1 09 SCF 440 8 R 0 2 ) IR 2 126 P Y

rl read_init_file ().,

6.7.2 ITEHEKX
A RESAEA TS X BB

readline.get_line_buffer ()

R AT KA BT A A ORJZ Y r1_line_buffer),

readline.insert_text (string)
RSO AFTZ M KB A B AR E . ZR B STAIRZE P r1_insert_text (), (HRZMEH
A=

readline.redisplay ()

RO it 0 SR DA SR T b DX 2 BT N 2 BRI IR)Z Y 1 _redisplay () .
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6.7.3 HEIH
N R E AL S SO B

readline.read_history file ( [ﬁlename] )
A readline JJj S SCH, FERFHASINE P 525K . BRIASCIF 4 ~/ . history. WERESTHARZ
EHH) read_history ().

readline.write_history_file( [ﬁlename] )
Ky 23R A7 readline [y S0 SCHF, BEREARATIA SCIF BRAASCHFA ~/ history. HBRESTN
JREFE T write_history ().

readline.append_history_file (nelements[, ﬁlename])
e 1 529 R 5 nelements SIS P72 3CHF o BOASCHF40 ~/ . history. SCARLICAFAE. ILE
AP NIRZ Y append_history () o MEREUY Python Siif Ui A SCiF LI BERY PERRUAS Iy 4
RAFAE
3.5 BTN

readline.get_history_length()
readline.set_history_length (length)

W BB 0] 55 AR R s SO AT L. write_history file () BRUS @I EZE PRy
history_truncate_file () PASEHIZERBIUL L 3CHF. SR RRE AR P s SCHERI R/

6.7.4 H5FIFK
PAR R SAE 2 R D7 S 51 3 b B

readline.clear_history ()
BRI S RS IRZ R clear_history () o It Python p%{{ >4 Python ZiF Uiy 52
FrIC I RERY PERRAS I A A7 AE

readline.get_current_history_length ()
Rl s BRI (BRI Toet _history length (), Jad @R mIRFREE AL 8230
I RATEL )

readline.get_history_item (index)

W& [l J7 5y index W T A H MM HTNE. FEHF SN —IFh. BB AR E E PR
history_get ().,

readline.remove_history_item (pos)

MPTs s R e & B . ZHMEMNZIF M. B 8o IR E

remove_history (),

readline.replace_history_item (pos, line)

FrAg € LB L& H BB line. SFHAEMNTITIG. KRB S WM EREETH

replace_history_entry (),

readline.add_history (line)

1 line FME P LR X, TR AR AT, RE R HIRZEE Y add_history ().

readline.set_auto_history (enabled)
JE EEE ] 2458 1t readline SRR A H I add_history (). enabled ZHY H— AR, 24
FORFAERE M A, MHEER S A s .

3.6 UCHTIIA.

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
LA BRI L bR . AN B IEZA function (text, state), HHismre 40,1, 2,
oy ERHAR N EFEFFR(E. BNV 23R B —APA text T35 O BEE RN N ZF
TR AN A PR ECRT FR A2 R 4R IS 2 E T r1_completion_matches () B entry_func O] B EICK % 2
VAR . text PR EH TIREFET r1_attempted_completion_function [HJEREHIE—MES.

readline.get_completer ()
IR R H, AR B BCE AN K EOUIR 9] None.
readline.get_completion_type ()
PRBOEAEZ b 2R A RS RHIRZE P r1_completion_type & AF R —PEEEURE
readline.get_begidx ()
readline.get_endidx ()
hOBORd A B O M R4 R R 5. X By S5 o 2 F 4 DR R R P
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 .

6.7.7 =Bl

PAR 78 B8 R T WA i J readine fBR g Py s B B A RECE Bsh s AR P EHETFZh .
python_history W SCF. DA ARG & W 2478 22 B 215 8] A FH P %) PYTHONSTARTUP U4 H a3k
7o
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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)

AL SEBR_E2fE Python 1z4TT 32 HARZ B} B 311247 (2 WLReadline configuration).
PAUF /R BISEEL T [ B AR, (B3t Has s s s 0 20k SE R R A2 7 20 .

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/RBIP R T code. InteractiveConsole PAIF T HARTEMRE .

import atexit
import code
import os
import readline

class HistoryConsole (code.InteractiveConsole) :

def _ init_ (self, locals=None, filename="<console>",
histfile=os.path.expanduser ("~/.console-history")):
code.InteractiveConsole._ _init__ (self, locals, filename)

self.init_history(histfile)

def init_history(self, histfile):
readline.parse_and_bind("tab: complete")
if hasattr(readline, "read_history_file"):
try:
readline.read_history_file(histfile)
except FileNotFoundError:
pass
atexit.register(self.save_history, histfile)

(continues on next page)
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(R —H)

def save_history(self, histfile):
readline.set_history_length(1000)
readline.write_history_file(histfile)

6.8 rlcompleter — GNU readline gy#p 2 FE £

PRARCES: Lib/rlcompleter.py

rlcompeleter il #MEA R Python BRI C i 7 SO T A& M readline BIBRIFKM 4 bR EL o

L BRIRAE B AT W ) readl ine R A Unix P 5#F A, —4> Completer SLBIFF4 H 381 & I H'ERY
complete () FEMFRE N readline [FMERS.

N B

>>> 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 BEHLRA T4T Python ) A2 HALA M BT . BRIk Python j2ifiid - MEIHEFT, X MEHR G
& B g5 A HEC & (3 W.Readline configuration),

e A readline V&, IUBHE LAY Completer ZRMARIAH T H & XATH.

6.8.1 Completer X5k
Completer X} 5 HA AT 7k

Completer.complete (fext, state)
K text IR 0|5 state T4 A,
WERFEE W text R E R T (), BERFRIE S H__main
Tkeyword fit) e LA PRI THME o
W R A S AR PATI A, R R B B 5a— 3 MR R = A i 5 (pREICR
SYORME, EERUVERX __getattr_ () WIAM), H@Eddir () RECRICERI AT X%
KGRI G | R PAEAT SEApigk . BRI IR M None.

, builtins FIEE X (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 ),

F4b, S Python 1) N B E BRI AL SORY = 2 ) 77 2 B — bytes, bytearray, memoryview o

7.1 struct — BFNBRBEHITER ZHHILHE

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

ffill): BOAREOLT, FTE4E C S5 MM ER S S IRE 7 1 AR TP Jeit) C RAURFFIER T 555 M)
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 .

711 ERFISE
AR E SCT R 91 i AR
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exception struct.error
DAL E TR RIS HBEO — MR R 5 B AT

struct .pack (format, vi, v2,...)
iR [1]—> bytes ¥4, HA @SR FAFER formar TTERIME vI, v2, ... SEAELA 5 HX TR
PR 578 VLR

struct .pack_into (format, buffer, offset, vi, v2,...)
TR X FAFER formar $T43 vI, v2, .. SHEIFRHT R FE TR B AR GZM X buffer I offser FFUR {37
B TR offset RUTHISEL.
struct .unpack (format, buffer)
RAEAE N FAFE formar MG X buffer fiftd (€ & H pack (format, ...) 7). &5RK—17T
AH, AEEHAE—ANRE . S XIS KNS I ECAS T BRI KN, Wcalcsize () iR,
struct .unpack_from (format, /, buffer, offset=0)
X} buffer MAVE: offset FFUGIRIEAE NFAFER formar HEATIRAL. 455N —Ao0d, RMEH P Ras—N 4%
Ho. R XEFTINIALE offset FFURSIME /DA calesize () BRI FIER KN,
struct.iter_unpack (format, buffer)
PSS FLF R formar 22 HAX MM Z X buffer ffitd . PLPREGR I —ANERER , BORF G2 KLU [H]
KNP 2 A ETFER . G R R/ M AU B TS 2R KN, Mcalcesize ()
F7R o
B IERRF = A — A USSR R TR A2 1 T4
3.4 JUBTIMA.

struct.calcsize (format)
ﬁ@?*%iﬁ?%’f% Jormat KX B EEM B RN (JRRI pack (format, ...) B A5 iy BT R Y
KN

7.1.2 1&XFHER

R AF R R T ORAEST AR G R i S PO R O ML A o B AT 8 8 5 BT e/ R R B A 4% X7
AR BEAh, B BERRIR AT IRAE ] F O, K Fexd o K

FHIEF, XNFOMFHR

BOATSOLT, CRBDHLEA AR M TP 208, HAEL B i Bk e 5 iy dE AT IR AR 57 (MR
C Gk BT A ALIN ) o

o, AR, RS IR PR TR AT T B TR, R/NRID 55

FH | FOIRF N A
e Py £ I .3 el
= Y hrifi o
< /N Ptk o
> Ky hrifi o
! W% (= Kii) | brifE o

WERF— TR R —, WEER e,

AT T Al B Km a2/ i, BT EVLRZR AR . B0, Intel x86 Fl AMD64 (x86-64) & /N ifit
¥); Motorola 68000 FI PowerPC G5 J& K ; ARM #F Intel Itanium EA5 W[ Y )y (B0 ) . 7518
sys.byteorder FRIGENRI RGFTT
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APUR/ NS FF I R C ikt sizeof TR RMER . KRS SR FITMIFHLEE
PRUEI MU TAE R FAF S B X555 5 2%
THERL @ A= ZIR RG] AR AL TN, (S BRI 507 SR AR ALY o
R B A AR E AR HC A 2% 735 WU Je K i @&/ N Al e A
B 207 XBEREE AT TUT (SR H) s W IEEPEOE 1< 8>
fige:
(D) HEFEH TR A B B S . EHAR LB S g 25 n H AR .
) BRI T3 /<, >, "=, and * BEAR U IIEATIE L.
(3) ZERFEEMRYAR X T BT AR E RS 20K, i AR I B Z A ks AR &

DL,

&

BXFH

A FAFRA AT L C Al Python {EL 27 [] 4% HAi i AU A SV 2 2R S BB AY . BrifE RN 11241
BB RN DA R M EAT R/ AR AR A <, >, 0 B0 = 2 IRk
Do MOHAYUR/NG, CATEER/ N T BARR-5 .

#= | CType Python &Y fREXD | R
X HIETFY I

c char KEERH 1T | 1

b signed char B 1 (1), (2)
B unsigned char R 1 ()
? _Bool bool 1 (1)
h short R 2 2)
H unsigned short B 2 2)
i int R 4 2
I unsigned int B 4 2)
1 long R 4 2)
L unsigned long LS8 4 2)
q long long R 8 ()
Q unsigned long long | Z&%{ 8 2)
n ssize_t B 3)
N size_t LS50 3)
e (6) float 2 4)
f float float 4 @
d double float 8 4)
s char[] T

p char(] TR

P void * R ®)

3.3 AR SEIN X nt AN AR S
3.6 HRCESE: GSIN TR e A% SR .
figt:

(D) "2 BRI T C99 & X _Bool KA., UIRIEALAW A, MM char &Y. TERRERITT,
ERRA PR,

&
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(2) XM AL BRSO — N IRBRENT, WPRIZARBEA __index_ () Jrik, WATEITE
Z BT ST IR SR —

3.2 MRS AR __index_ () JyiASE 3.2 ARAGHTIIERIE

(3) "n' Fl "N BRSO AHUR/NAT A GREEBOASE e FAFFAF) o XTARERA, ARAT
PASE FHSE A A B A A A B ks X

@) T r£r, rd M re B FTERTER 3 A IEEE 754 binary32, binary64 5{ binary16 k&= (45
KT TEr, rdr B Tet), TR FE MR SRS

(5) "B ST A BT GREEN BB @ TR . TR =
T T WAL N R . struct BUHOR 24 SUREN AR, B 2 Mot R
.

(6) IEEE 754 binary16 ~ 24 " AU AE IEEE 754 Frifi: (1) 2008 (BT MU SIAM . EaE&E—MFS0L, 5
ANEECLLAN 11 ASRGEERL (WIWAEAE 10 f2), WTLASE AR BN REGEHITE 6. 1e-05 fll 6. 5e+04 Z
IRECT . BRI AYE C ey 12 30fF: fE—HIAMLEs b, W LA unsigned short FEFTA7(iH
RS TEFEE, W& YER G B 7 half-precision floating-point format | 5 .

R FAFZ BTA] AR A AR ST pln, AU AFER T ant 198 (5 "hhhh SEAA.

WX Z A 2 N TFAF 5 20 s (R B A PR AW 28 L4

T s AR TAE, WS BAT TR, ARG AR AR BT RG fldn, 1 10s!
FOR—A 10 FAFATER, T ' 10c" FOR 10 DFAF. WK TR, WERMES 1. XFTHTEE4E, F
TR POE Y BT SR RS T DMF A EOR . XTI ERAE, 45PRTANNR AR AR A TR E R T
o VERFRIRIGOL, ' 0s' FoR—DEFAFE (M ' 0c' Fm 0 MFAF).

BN MR (o, "B, th, THY, L, T L LY, g, ) FTRE x B, AR x FEIZAR K
WAL Z SMURES | K st ruct . error,

3.0 CE S AE 3.0 o, Rk T B BEER BAR X &5 KDeprecationarning M AR st ruct.

error,

b AT “Pascal FRFR” , MIFEHAE VPRI 185 K8 5 3 iyl 2 KA A . F
PRS0 R R ol 255 thIOROME . 2 ER TR AT, HIRAE Apack () 19554
KL GRS 1), W R A count -1 F & HAEIK. WSFAFHE T count—1, M2
ST A EAMA R T count M7, WRERRI T unpack (), o' BaUFAF&HEE count 54, {1
SR Il 5 R A R A 255 450

T 2 TR, RN True SFalse, TEFTAINE SN SEOT R MBI, AAHLSRE bool 2%
IR 0T | HT AL, (T {ER AR True,

=Pl

) FrA R IR E (T — & R LES AL« /AR 5% 775K

FTA/MRA =B Rt s B

>>> 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
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AR B BO IR E AT TR 20 S R A R e o — R A ek 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, DA SRS 57 BRI =g 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%*"

>>>

8
>>>
5

calcsize('ci'")

calcsize('ic")

PATA%C 11001 $REFER AP METETY, BUE long JEHUE 4 Ay AL x5

>>> pack('l11lhO1"', 1, 2, 3)
b'\x00\x00\x00\x01\x00\x00\x00\x02\x00\x03\x00\x00"'

ALY AR FF 5 AR A AR ARl R/ NI FF 7 SO A S0 A AT X 55
W%

Biharray w7400 HEHITEGE R R BRSO .

Billxdr1ib FTHIFIf#EL XDR d .

713 2%

struct FBHIAE LT AT AL

class struct.Struct (format)

AR [E]— ANy Struct X5, B SMRIEAE AT format ReH AT JEHiIEE . — UL A Struct
XFGRHR F HOT VRA B RIS KR s £ ruct BRECE SRR, PR U7 A7 L TR i

*Aﬁio

ML) b st ruct FRHRZ B O g iF BUR BTSN TAF R gy, I D Ea sl
PR AR O O E ] B St ruce 5L,

EL PRI Struct 44 S AT I e AR

pack (vi,v2,...)
M Fpack () BEL, HEHTERFENENL. (len(result) HEFsize, )

pack_into (buffer, offset, vi, v2, ...)
ElfrTpack_into () WEL, AT CHFRER.

unpack (buffer)
S Tunpack () B, BT EIFRAR. S KPR NBAIET size,
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unpack_£from (buffer, offset=0)
St Tunpack _from() ¥, T CHIFARNA. b KT RNALE offser TR WA

/W Nsize,

iter_unpack (buffer)

ST iter_unpack () AL BT EHFAENK. G IKER/INLATUN s 1 ze BRI
3.4 BUEIA.

format

T35 Struct X5 R F AT
3.7 WU S MR st A& bytes,

size

WM T format MEFHR/AN (IRBllpack () Ik ERIF T RETR/N) o

7.2 codecs — YmfRtL2REMFNMERES

PACHRS:  Lib/codecs.py

XAMRHE SCT HRiE Python e (Anias FIARTLAS) HOEEE, IFFFRBLE 1 IR U N ARHY Python %

MO AENIR, MR T B D AR A DR AL B A AL R0 A . RS BRI SR IRD a1 A2 2y, B

LR SCA RS Ry 51 H (BBt T — S a8 nlR SOR GRS SO, AR T it oy 7 e, HE

g‘%ﬁgﬂ%‘%ﬁf PAEAT RE S U M) DEA T A B AN AR , (L RE SRR O T S0 AR 2 2 BlCRF I 8 7 37 e
SETEARE G

PRRHE ST VAR T B AT A 24 A B 1 0 0 D R PR 14 o -

codecs . encode (0bj, encoding= utf-8’, errors=strict’)
A encoding TENW ) Zhi i A Xt obj BEAT 4 Y o
DA% AE Errors DABCE I S AR IR AP 58 . BOARYBHRALBE )T 2 "strict' RN RFF 5]
K valueError (8 EEE IR 2T, HlilunicodeEncodeError), iS04 ki 52 A £
TR K G RS AR R AL TR E 245

codecs .decode (0bj, encoding= utf-8’, errors="strict’)
i1k encoding Y SRAEID A AT obj AT RIS .
A A% 7€ Errors DA B PT 75 R AR AL BT 22 BOAMAS RAC PR 58 ' strict ' FORGmISHT RKF5
K valueError (8 EERE IR AF X112, HlilunicodeDecodeError), 1504 kil 52 L £
TR KRR AR B A R T 215 EL

B b I MR A 25 1) S0 RE AN Tt P DA B A R R

codecs . lookup (encoding)

7t Python Zif i aS i rp AR AR LA R, FFaR [l —>CodecTnfo MR, HE LT3

HARHSETMRZA DT ERRG, WRKREKD, WSHMETEMNERRES] R WREE K
%qudecInfoXjL?ﬁ W¥5| &k LookupError, 50, CodecInfo ¥4 ¥ 417N A7 H 1% B 2518 H

class codecs.CodecInfo (encode, decode, streamreader=None, streamwriter=None, incrementalen-
coder=None, incrementaldecoder=None, name=None)

PR BV 2 I3 B0 AR SR T L A B8 BB AN H% O k-

name

RN
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encode
decode

TSI RS AR KA. AR RA S Codec fencode () Fldecode () JriEFARIE LK
PR ¥ (B W Codec 35 17) o 3X S8 pR B 70 24 TAEF IeR SR,

incrementalencoder

incrementaldecoder
WA R gt 2R AR 2R 2R T R, X 2 R B b Ao Bl Ik 3 TherementalEncoder
M IncrementalDecoder g LHHE T . Wi\ gmflidss ol PMAERIRAS .

streamwriter
streamreader

WA EH AR AR S E T R B X SR b A BBk il B st reamiriter
M St reamReader BT E X . ARG ES o] DUMRFRIRES.

AT AR A B I RS AR AR TR, AL T DUR IR EL, AV Tookup () RPUTHRAEISAS A
#:
codecs .getencoder (encoding)

B R 45 A8 G A 1) G RS 3R [ I A T 245 R A0

TEFITD TEAR BT % LookupError,

codecs .getdecoder (encoding)

PR E SR 1) G AR 2 2R [ LR AL 25 R 2K
TGRS TCERBIRPRF5| & LookupError,

codecs.getincrementalencoder (encoding)

AR E G T 1) e AP A a8 3R ] o B o e 28 ) R A
TEG A ToE R B S AR s A S gD BRI 5 | K LookupError,

codecs.getincrementaldecoder (encoding)

ARG E O T 1) A AP a8 3R ] o B AR e 28 e T R4
e A FoE 2 S AR A A SR RS AR 5| & LookupError.

codecs .getreader (encoding)

ARG E S S 0 PS8 IR [ M st reamReader KRBT BI%L.
TEHE TCIE BN F55| K LookupError,

codecs.getwriter (encoding)

BEHRLA T SR AT S SR I St reamirri ter Koy T HEL
TERS TEIEAR BINFF51 & LookupError,

I S AR 4 04 5 ) e e e S 22 244 ) i PR R e HE R e

codecs.register (search_function)

FEM— oL as R R e . RIS, WAaERVNG FREOR IS4 PR, R
[i]—A~CodecInfo X5, TEMARRBICIRIREN L EMBHITFOLT , B 23R 0] None.

) RN H H R A A, XL LN TR B, i BT I R A

BIRNE W open () FAHRERR) i o BISUEHAE O b SCAR U a7 =X, (EABIH AR (it T 440 TR
BRACRIZE , FUVFFEARAE Bl S B o Y B8 22 4 2R A L 4 -
codecs . open (filename, mode="r’, encoding=None, errors=strict’, buffering=-1)

N4 E B mode FTIT C it SCAFFFIR Bl — A St reamReadeririter BSLH], HRALE NI % 5/ A
o BRIAMISCPEBECE o, FORPABEHURAITIT S0
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fE: TEIC H SRR A HERRAT I . RS S AR RS BEIHAT ' \n' 154, mode
SHTUAR W Bopen () BB HEZ ML — 2t HBE o KA ShER.

encoding 77 SCIF I B A A% 2o SRVFAT A 4 o 317 5 SO T4 e ARG A A% 2K, i STi07
TR IT SRR RO S B ke e 6k 1D ) A AR R 2

AILAFRE errors 2K SRR 56 BRIME " strict ' FRORTERIGRIGERINT | K valueError,
buffering ()& L 5N E open () AR . BRINE -1 FR080 H ERIAI v XK/
3.9 fix ¥ 4%: The 'U' mode has been removed.

codecs .EncodedFile (file, data_encoding, file_encoding=None, errors=strict’)
R [E]—A~StreamRecoder SLf, BIRALT file WiE I RS EL R IROAS o 24 G058 SUAS B 5C PG i 2 SC A
W KA
BN C AL SO R 2 AR IR 25 1 data_encoding ff#RS, SR G DA file_encoding W35 T B AR
TaSCAE e AR AG SO SR U 1 ERREARYE file_encoding figtRYy, JLE5RAGH data_encoding #4745 «

WM file_encoding K455, WIERIA N data_encoding .
W PAFRE errors 3B 5E LSRN %, BHAE "strict ' FoRME R I gRILESREE| & valueError,

codecs.iterencode (iterator, encoding, errors=strict’, **kwargs)
i e s G A AHE A B Ok S AS H iterator FRERALHIEIA . WLBREURE T generator. errors 4L (DAJAT:
A X F L) Spfh i misas.

U PR AEOR G RS 25 1 52 s - X GIE I SCR AT A o L E A SR A B Py A S i e, AN

base64_codec,

codecs.iterdecode (iterator, encoding, errors=strict’, **kwargs)
it I 38 R AR A A o 2k O ARAD  iterator FITHRALIEIA o VLR EURE T generator. errors Z85 (VARAT:
A X F L) Spife e a R as.

I B BB SR R AL g8 4 % by tes MR PTG . B A I UARB SCAR R Jis 8%, Bl rot_13,
{H/2& rot_13 ] RAEA FIFERUR ) i cerencode () RMEH

ABHGR G T AT R, & TR S AT S0

codecs .BOM

codecs .BOM_BE

codecs .BOM_LE

codecs .BOM_UTF8

codecs.BOM_UTF16

codecs.BOM_UTF16_BE

codecs.BOM_UTF16_LE

codecs.BOM_UTF32

codecs .BOM_UTF32_BE

codecs.BOM_UTF32_LE
XL LT 2R FERS, R4k = Unicode S5 U7 Aric (BOM) o BEAT7E UTF-16
A UTF-32 ot i b s 1 CASE A B 08 B 235 5, A2 UTF-8 gl /F Unicode %44 . BOM_UTF16
2BOM _UTF16_BEB,BOM_UTF16_LE, BARETFE AN FEITF, BOM £BOM_UTF16 HH4,
BOM_LE +&BOM_UTF16_LE W54, BOM_BE J&£BOM_UTF16_BE %4 . HABFH MK~ UTE-8 Fl
UTF-32 4% 1) BOM.

7.2.1 YmAREDESE
codecs BIRE ST — RIS I 52 UL 2 RIS AT RIEFT T AN BE 11, 5 FLA AT IR 1 A 25 9

150 Chapter 7. —#HIEIBRS



The Python Library Reference, (I 3.9.0a1

BRI LR, -

BERR G AR DS 0 SCPU A% 1 LAGE I E Python it i ht s : ToRSRIDAR . TOIRSARIEAS . LRI
MBS WS AR 5 2 5 ORI e/ e R SE s S AR 1 10 5 2 S
2 PR R 5t 5 T i A 24 B R AR A B 2

ERME S X

N RACFIAR AL AL ], 2 MR 28 T DA i 4532 errors FATER SRR SEPUAR R AR AL B . FTa bR
HEF) Python 2 ARl i SO SEBL 1 AR FAFHR -

W

=] aX
'strict' | @[k UnicodeError (B{HT); XA T L. fEstrict_errors () LM,
"ignore' | ZMEARUAS IR I EAR M — @ ARSI T, Eignore_errors () HsLH.

PATR AR B 7 S80I T ST 26

& aX

"replace' | AR AR ICHE TR Python P S AL 2 FEAE MRS B 6 I E 7 U+FFED Brffe s
5, TMAEGRBERER? « fEreplace _errors () L,

'xmlcharre fEgEIEYEN XML FZ4545 | 8 ((UEGRIEET) . fExmlcharrefreplace_errors ()
HSCE

'"backslashriEdlacRBHLITE L7783, fEbackslashreplace_errors () FELH,
'namerepldclM \N{. ..} ¥ P HT7ES ((NERIER) . fEnamereplace_errors () F5EH.
'surrogataeHEESN, BTN U+DC80 £ U+DCEF Ju Bl NI AR D . 2475 g i B B il
H 'suﬁrrio?at)eescape' BRI T B, AR AR AR R 5. (1215 PEP
383 TN

BEAh, DA AR ERAL BT SR 1T 90 E R AR a5

=1 RGOS X
'surrogatepawtf-8, utf-16, utf-32, utf-16-be, utf-16- | FRIF IS AR CHEAID . X S0 J R0 gl i &
le, utf-32-be, utf-32-le K5 B BRSO A A 1

3.1 BTN 'surrogateescape' fl 'surrogatepass' fERGTETE,

3.4 [ ' surrogatepass ' HiIRACFE T ZIETE H T utf-16* Fl utf-32* R4 .
3.5 CHTIIA: 'namereplace' fHRANH TR,

3.5 ijRES#: 'backslashreplace ' FHGALI SEITEIS M) T AR AL .
FUVFRESRE A 0] DA LB i 44 B8 DR AL BT SR ) e -
codecs.register_error (name, error_handler)

FERFR name 7 N NS RAC IR R LY error_handler . X4 name {48 € NS IRTES0F, error_handler Z3
T8 5 WA G KA U L R AR 30 ] A R I 0 S8R

YT gt e, WA error_handler 146 \—A~UnicodeEncodeError S, HAa &4 KER
PLEMEE . WA PAR P 5 | R S SO S, BeET PLR R —AN T, Hh s AR
ANAT YRR IR T 52, PAKO 24 AR SE A T oI 0 B . BRIt i DA se - Bibytes KA, g
BTG AT, SRt A B bR LA Bt B X SRR SN AT RS AR
Pt G AT . R E AR A GRS BV E eSS @ AL B ARSI T . DO BRI AR T3 A T
TFERRAR R . WREE RO E B EE N5 & IndexError,
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FRAS AR IBGERAL, ARIZAE TR UnicodeDecodeError B,UnicodeTranslateError
R A PEREFY , I Hok B AR B 3 i B 00 S 5 B L i

ZHEN S R % (GARFRHER AL I 58) Pl A4 R AT &4k -
codecs.lookup_error (name)
MR JE] 2 A FR name 2N YENT S RAC T T %
TEALER )T TR R EBIN R 5| K LookupError,
DA i i 5 Ak Py A0 T 3 e SR 2 2 e S R -
codecs.strict_errors (exception)
S strict' RIS B RSBMRI RIS K UnicodeError,
codecs.replace_errors (exception)
I ' replace’ FEGALIIIT S (DURT TR 20) dnt s i iy 2 OF h i amis) , fias s
A ' \uff£d" (Unicode BHIHFHF).
codecs.ignore_errors (exception)
P ignore ' FRIRAEIEISE: ZMAR RIS OB HA I BE— 25 M Ak S AT .
codecs.xmlcharrefreplace_errors (exception)
FP 'xmlcharrefreplace’ FRAAHET % (U T 50 A% 25 GG A8) . AT G hd i) “FA5RF AE
41 XML 7455 | 2 e .
codecs .backslashreplace_errors (exception)

S 'backslashreplace ' A5 (N T A% #0) SRS SR BEEFF AT BORHL Y%
Feo e T
codecs.namereplace_errors (exception)

P 'namereplace' FEBRALHII G (BUR T SUA % 4 i Tid ) . AN AR 4R LA \N{. . .}
e P S T e

3.5 HUCHTIA.

TR0 gm D FOREED
B Codec K58 SUTXETIVE, RN IBAE ST TOARAS G b i AL 25 1) BRI SCHE 1 -

Codec.encode (input[, errors] )
iy input SR H R ATC4L Gt X5, AR ). BIUN, text encoding Zx{f VS E 1 745 SR 2 A%
A BilH cp1252 B 150-8859-1) REFAFHFEH A T ITHA G

errors ZHGE SCT E IV A RAE BT 5. BRACH "strict' ALHITR.

BEITIEA—E XL Codec LB HRFPIRES . WL URIFIRES Y St reamir i t e r MR 2 fF#AD 45 A
T A T A A o

Gt e WO A HERS AL PR A S P g A HAE IR DL 2% [ it X SRR I 25 R 52
Codec.decode (input[, errors] )

FR input XFZIFIR I —ATCAL Gy X4, JHFER ). BIAN, text encoding W ERS A 2 B FFE 107
FFAR I AR S AT B R SR P AFER X R

Xt T SCAR GBS AN T B A G AR, inpur WAAIUR — A AT R SRR Ik T B G b DX g ke
G- BN, Gei XA RANWG 2 A7 SO o

errors ZHUE SCT I A REBET 5. BOAH "strict ' ARHTE,

WP R —E &1 Codec SBIMHRAEIRAS. WM AURTEARAS ) St reamReade - M H AR HEDL
R RS
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PRI AR T BB A PR RE B ATFAE UGS D0 T 3R 0] it X ST ) 25 0 42

1% B MmO FORERED

IncrementalEncoder MlIncrementalDecoder RIEM T W B g M MU KN R R 0. XH
N G R/ A AN S A ek X TR S g B SR RO AN I — R R, T X 1 K g R R D A
fllencode ()/decode () FEMZRIHM . 3R AT aS/ AR A8 A8 7 VA8 IV 6] R B dm A/ i i A
WHencode ()/decode () J7 )G M4BT A 24 T/ BT A 8 i TOIR S S i 2/ RS A8 51 T 4R 5/ A 1 B
B AN TERAE— R S 2 s .

IncrementalEncoder 38

IncrementalEncoder ZEFRX— N ASIT BT B8 X T AT, SR gmEaEusie
ST VEVAE S Python i g A A .
class codecs.IncrementalEncoder (errors=strict’)

IncrementalEncoder SEBIHE RS

Jr A b SR T A AR AL O S 2542 . BTV DA IS IS B S, B HEATEX BE
X HISHA 24 Python R a2 B «
TncrementalEncoder A] DA IS $EHE errors AEF SHOR LR RIS IRAL BRI 5. W HIETE S
EIRERE S Nk
errors ZHCREIRAE LG — A A4 W B ME . E it B FT PATE Tnerement al Encoder STRHA
A PFEAS ] (A R A B SR W 2 [R) 34 T 1048
encode (object[, ﬁnal])
Yih object (PRI L BPIRS A 1) H 2R B C gmiS i &5 8% % . WX @ Xtencode ()
s AN final AT RHEAE (BRAAHIRIE) -
reset ()
gt BB AR . f R EFE: ] .encode (object, final=True), TEMEEMS
BN AT EIRETAS, EERESIT SR .
getstate ()
B G Es P 24 HPRAS, RAE AU — AR SEIY 24HER O 2o ILIPPIRAS . (BRI 4%
AR ASFm T DAE I 4 AR BRI S5 S AT B I T s i B Ok e 5 — A8 ) -
setstate (state)

Pt gs RSN state. state WA Rjgetstate () Pk B — b aiR s .
IncrementalDecoder 35

IncrementalDecoder RFIRXf— M A ST LR . B X T AT, AR aiiu i e
SGX e DA S Python e ff i v E M RAH A -
class codecs.IncrementalDecoder (errors=strict’)
IncrementalDecoder SEBIFTE RS
Fr A i AR AR L R AL A IS 254 O . BEATTRT DA B i I s XA 24k, BRATEX B E
XIS EA 4% Python Jg iy MR A (A -

TncrementalDecoder W] PLE T HEME errors 88 S B0 LA ] (0 ESnAb B )y 22, ] FHIEiE S
P45 iR AL 72 5 K
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errors ZHCRFOIIRAE A5 — MR 4 A RYE . S X IR PR T AZE Tnerement alDecode r 4RI\
ST 5] 1 5 PSR 2 AT U

decode(ohka[hﬁnaﬂh
AR object (25 ARG A5 Y 24 BRS I AE IE) 3R [0l CARAS AR X R . WX @ X decode ()
R 2R I final AUCHEAE (BRAHBUE) « W12 final Sy ELE DN AR a0 00 iy A AT 56 4 fiff
R ELABZTUR T BTG Zeh X . ARG TCVAMCR] (B0 i T e R ASS R =1 BRI R e 8 ) e
WA TCRAS I T L N ASHEA IR AL AL B (X P BES | R — N7 ) .

reset ()
PR BRI .

getstate()
IR [ RS R I S HPRAS . XA — DI, S TR B R IR RS A A e X 5
IR AR, AT AR RS E B (LR M B AR 0 2 WA MRS E B ) an
UGPSR B 0 W25 m] DURHR IS A8 B IR 2ot i AFE BLA o VERISIIIREFE S, DA
TSR S 8 % o 1 i A A% ) R A 28 0l AR [m] 38 S v R IR S A P A AT AT i o (BB A O
ﬁ?gggﬁ\?%‘%ﬂW\ﬁﬁéﬁéﬁ/iﬁﬁ%ﬁﬁﬁ9?4%%%?%?%B‘J?%éﬁ%}%éﬁ@%?ﬁé%&ﬂé%ﬁ%~
T3 °

setstate (state)

FHRRS AR RSN state. state WK getstate () PRI —MREERRE .

mIHY RS FOREED

Streamiriter flSt reamReader RELML T 2877 I TAERE T, WI 8k A Sk Ak 7 (B HO S BB 0 g i 4% =X 1
B, %[ encodings.ut £_8 PRGN T A QAR X — .

StreamWriter 38

Streamiiriter JJg Codec W13, BEE L TLATIIE, BMNRNEG AMA LI E X LT IEAE 5
Python i % 23T E M RATARZ

class codecs.StreamWriter (stream, errors=strict’)

Streamiriter SLBIMIHE S .
X E ARSI 2R 3 O . BT DA B B A s e XS4, HEATEX BELE X
HIZH 239k Python Zm iR e i T i A
stream SR — N ETREE RS TT I H T 5 A SO 3 A0 1 SO R4
Streamiiriter W PAEITHEME errors KAEF-SHCR LA R H RIS . BSFERLE S E T
R T 200 G R 28 ] SRR ME R IR AL BT R
errors ZHUCRBIRME S — R A B @ . 8% @ HEIR(ESE vT AFE St reamiriter X4 LE dr i
TEA ] PR IR A PRI I 2 (R EA T 48
write (object)
Fromhs G RT R NAE S A S .
writelines (list)
PP R AR RB ARG (WTREESE R write () ). FRAERFEE T RAERA
ST
reset ()

W N T RIS 1 i AR AR G X

A BTV A ORAE T RS T O S s, DA VR LI )~ e 1 e e i 1
B RARIIDRE -
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BT EIRRTTR, Streamiriter AR BT Z AT HA I AR

StreamReader Y{%

StreamReader #j Codec ¥R, BENLTLATHE, A BHEFAR A & X 28y 3 DA 5
Python Zf i i g3 M FAH A2

class codecs.StreamReader (stream, errors=strict’)
StreamReader SLBIH IR 2L,

A s B R (I M T A8 e 11 . ENTR] LA B A Ao i 28, (H A BUE
WS HA &9 Python Ji i A EM 2 BT (1] -

stream ZHLNI N — BT G RS 4TI T LA B B R 1 SO SR 42

StreamReader W] PAEIS ML errors KT SHORLIARIRFERAL BT 5. WS A IRAE 5 T
T 2 1 It X G AR 25 P SRR B v B DA I 5%

errors ZRCIFRUIRIE LA — A~ 24 B JE ol X BB PEIRAE 9l i PAYE St reamReader XTR AL Al
TEAN[A] (4 B AL PSR 2 [ EA T T4

errors ZHUT R VFREE G AT A register_error () Ry &,

read ( [size[, chars[, ﬁrstline] ] ])
FETE R H R B IR Bl R 52

chars Z546 LR I RS S IS A 5 8l . read () 7 VR4S R 23R [l 8 R 17 SR A0 1 25
ERUE ST 6 VNN O |- S A [P = B & 6 4 D 6

size ZHCHE L EOT IR 1) © G B 19 S 67 A e KRB (A AR P DA 4 i A8 v e ikt
o BOMHA -1 Fon R REZEBOF RS . MIEZ0 H AT 1k — WM AS T BR A S

firstline TEARAE I ANRAE S5 SA7 2 AL MR 02, M OGR I 55— 4Tk 216 1.

BB S “oras” SBURM, X EWRE N 24 7E g A% 20 UGS & K/NIT v ol
RUTREZ MO UE G . B0, WERAER DA T e SR 25 R BUIRASAR L, X S8 Py 28t i 24 352
B,

readline ([size[, keepends] ] )
M A AT BER A7 2 [0 A i e s

WEREESE T size, WIAFHAREN size ZRAL LRI read () Tk,
U2 keepends JMRAEL, WATETAHATRR MR o] (947 2 % -

readlines ( [sizehint[, keepends] ] )
M AT A TR A — T R 1]

TTERAF W RIS IR decode () R, I HAR keepends “Jy FAE N 2 R H AL EHES
FHHEP.
WEREETE T sizehint, WK HAER size ZE AL HL T read () Tk,

reset ()

BT RIS AR 28 X
TN XA T e AL T BT VAR 22 F 2N T RERE AR B R T R
BT EBRTTR, StreamReader ibIAARIRAR B T2 FLI A HMh 7 LA -
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StreamReaderWriter 3%

StreamReaderWriter 2— PN HERZE, AVFXFFEIE TAET SRS AB B T

HAR TS ZE T PAME R Lookup () sREITR 1) 1) R ECRAS 1 5L

class codecs.StreamReaderWriter (stream, Reader, Writer, errors="strict’)
B EE—StreamReaderWriter SLf. stream Wi — AR5 . Reader F1I Writer W/ k43 5|
WM T st reamReader fllStreamiriter B ) BREEL ., 5 RACPHE 57 RS S A
T R SCRAH [R5 =2k 78

StreamReadeririter Ll LT St reamReader flStreamriter RIHEE D . BA1AYEK TR E

T ZF I At AR

StreamRecoder 315

StreamRecoder UM — P A% AR N o5 — b, D0 BEAS R G A ERIE 1O 75 LAY I S ARAT
HEH S IF A E AT AR Lookup () BRI 1) T BREOR M IS5

class codecs.StreamRecoder (stream, encode, decode, Reader, Writer, errors="strict’)
BIE— LI TR ) St reamRecoder SLf: encode H decode T AT i di—>xt AU AT L ) Zc 4
P read () flwrite (), 1M Reader FI Writer TAET Ji5i—stream 1 .

PRTT A T2 G AT B IIRERD, (LA Latin-1 5% UTF-8 LUK 11564
stream ZHBATI— N CHHA L.

encode F1 decode Z: WM #1§ Codec ¥2 [1. Reader FII Writer 1W5%5 K43 B3k T st reamReader
MStreamiriter B OXMBH L] KA.

FE AN P ) 5 i S R A S AR I A R 7 ok SE A
StreamRecoder SLf5E LT St reamReader MlStreamriter RHEGE D .. CATAYEK TR B N ERK
B T A A

7.2.2 HEZIER, 5 Unicode

TRPRTERGN AN 0x0-0x LOFFFF JUH WIS S . (W25 PEP 393 T A XA IR .) —
B RFHR 0 R BEAE CPU A PAAELASMIE AT, 775 B DR/ WP A0~ 35 R3O ) A4 0 2Ol B — A K B
UnTF A A A A A e, KT ER IR SN I PSRRI 2, AN 7 PP 9 B AT B AR A%
Hy o APAEVFZ A FERSCAF SIS a2 . ENIERR N A2

i B SCA ISR X FRA "latin-1" B 'iso-8859-1") Xf i fiL 0-255 W4 >k F 45 {H 0x0-
Oxff, X EIRE WS U+00FF DA b A5 A7 1) 5% A7 52 X 4 J0 ¥ 1 1 0 4% /R A 2% 3R 17 e 1. X
FEMKF 5] KUnicodeEncodeError, HIE X XM T XA (AL FEMMWHRELTERSEAE
FAE) : UnicodeEncodeError: 'latin-1' codec can't encode character '\ul234' in
position 3: ordinal not in range (256),

A T — A EAE X (B TR Y ) 2 1eE4i Unicode (3 A [l 1~ e FH-BEE QMM RF X L (37
WS R 59 {H 0x0-0x £ £, BAFRORUMTSLHLR , K ] SHET TP PRSI0 encodings/cpl252. py
(X e —F2HE Windows ERE IR0 . Hp i — a8 256 MARFIFAFR R R, R8T
JI IR PR 7 -

Ay i 2 g i A% XU BEXT Unicode Fir i SR 1114112 MR 256 APEF T4t . —FhBEAS £7-f#4E 1> Unicode
ity 57 1) 1 B T L 992 ) Ik st 2 R I B LA A DS TR 510 o AP TE PR Rl BT BB - DA o e A
o LA/ A fif o X PR A AR S SRR UTF-32-BE Ml UTF-32-LE. ‘EAIMISAA AZEBIEHT: 40
RARIE— G /N P AL A LG OTF-32-BE WIGRRFLAZFTLE S i AR N Bl 7740 . UTF-32 sk fp 71X
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A ET R HES R R AR . 24X S g B AN [ T CPU 2, L2 A T 5 R
. N T RENSRIN UTF-16 5 UTF-32 F5 P FIM R/ Ny, AT AE A BT ) BOM (7 S5 P FRie”™) . 3X %t
[ F Unicode “F4F U+FEFF., HLFERFAIRINE|EEA UTF-16 5% UTF-32 FHFHINH L. BP0 7 BIA%
JRAS (0xFFFE) & — A A LT Unicode SCARHAEAFAT. B ZBL—A> UTF-16 B UTF-32 FH5/F
I E D FA 2 UHFEFE I, e I AT B . ASERY @ F4F UHFEFF A % A5 X 2ERO
WIDTH NO-BREAK SPACE: B & HEH: HAS A i R AF 4/ Buirl (W 245 . B ml AR AR B 5 i g
L3R . 7F Unicode 4.0 11 ] U+FEFF /R ZERO WIDTH NO-BREAK SPACE L% /H (2t U+2060 (WORD
JOINER) 35 IAES ). #Rif Unicode FXAFATISR AT BENS AL B U+FEFF TG4 X0 12k BOM "B i
C RS AT AT R, HFFE T PPN RS AP R IR A B /B4 ZERO WIDTH NO-BREAK SPACE
BRI EER, RHRHAD TR — R AR

A 5 — P A% SRS XY I A7 1) Unicode 45 AT 4 #%: UTF-8. UTF-8 2 8 (i fifh, XIEWRHETE
UTF-8 WA 7 i M. UTF-8 35 4 o i 535 el 218 Wi (BeEEemr) AN AL
PR h B PAMESY 1 eSO —AMER 0 i —HIEHI A I P81 . Unicode “FAF 4% AT 3k
Fromish (CHrp x gINAAL, PR —RINREZS XY Unicode 74 ) -

e YA

U-00000000 ... U-0000007F | OXxxXxXXXX

U-00000080 ... U-000007FF | 110xxxxx 10XXXXXX

U-00000800 ... U-0000FFFF | 1110xxxx 10xxxxxx 10XXXXXX
U-00010000 ... U=0010FFFF | 11110xxx 10xxxxxx 10XxxxXxxXx 10XXXXXX

Unicode “*4 5 AN 5L BEAY— R0l fre A A — i 2 x

T UTF-8 2 —Fh 8 (i 4ifdfg, Ktk BOM 2 ARMLER), H HE G FAFEE R AT U+FEFF 745 (EIff
BAENE—ANFLF) BB 2 ZERO WIDTH NO-BREAK SPACE,

TERA MG BRI OL R, A AT BB 22 JOBE SCHUEA & — AP R 0 H T A gmis s =X . BEFPh = Armi i gm i
AR DA AT B B HL T F 51 o SRR UTF-8 SR Piix A2 A Al BERY, B4 UTE-8 235 591 B A fe i AT
BRI IEER . S T HE T UTE-8 i RlAs it w HEE , Microsoft & B T—7#h UTF-8 A8 &£ (Python
25 FRZh "ut£-8-sig") L[ TH T-H Notepad F£J7: FE{FA1] Unicode “FRFER B A ZHI, XEFA—
A~ UTF-8 41y BOM (B &K ZiXFE—NFAF51: 0xef, Oxbb, 0xbf). HTATAM AT 4t 5 1) 3C
PFERAS K W] BE DA S5 (H 3k (BN T 2B

LATIN SMALL LETTER I WITH DIAERESIS

RIGHT-POINTING DOUBLE ANGLE QUOTATION MARK
INVERTED QUESTION MARK

XY is0-8859-1 Hfith A% L), XA TT T ARG T PSR IER AT I ut £-8-sig AN M. FrATE
X HL BOM F4E A @ 5 B s A B 3 7 0 B (i ) 5 10U - TV S B 0 2 A sC R ie 5. 7
PEFTHBS I utf-8-sig A fFAL AL Oxe £, 0xbb, 0xbf MM K =AFHEH AL AT ut£-8-sig
ﬁzﬁﬂﬁégﬁﬁﬁ? WEREAER SRR S A BTG . 72 UTE-8 "R RHEZEL T BOM, L 24
BEREATHH

7.2.3 ¥RAEmIS

Python Ff \ VP2 W BN AEIS4S , B0 LHeE Rl C kg, ol @il Bk, PAT RS2 14 PR
HEP g s 2%, FHROL T — 285 D514 DA S i s sCl i A XA 5 . B4 AE S P R R R
B TR /NG KBS S P AP AUT IR PFE IR WA 2 A R4 ik, 'utf-8' 2
"utf_8' G AR RO -

CPython implementation detail: 7 265 L4 i % 20 AT DAGE T g A IS 25 2 FRAL R BE T PEfE . X 28Rkl &
%FF CPython V(X Ag i — 4G BRI (K/NSAEUR) iR utf-8, utf8, latin-1, latin1, iso-8859-1,
is08859-1, mbes (Windows % J&), ascii, us-ascii, utf-16, utf16, utf-32, utf32, 4L 35 T R LB S E4 0%
o X L g A% =X HoAth 51 44 v] BB 2> FECE 2 A TR
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3.6 fREE A ] H BIE N us-ascii AL S .

VP PR SR IR TR 5 o EANED B TAF (Bl 15 3 ff EURO SIGN %8) DAKZE 45 Bl 73 B A TS 152

TIHAAEZES: . FEADRR T IRRINTE TR UL, R AFAELA T LA 1A

o KA~ 1SO 8859 4l e
o KA Microsoft Windows i fith i1, 1l # 2 IRAE H KA~ 8859 mtih 4, {H 2 F BRI i) FE JE 245 R B Joe i il =

Gl

* 4> IBM EBCDIC % fit} i
« B IBMPC Zifi T, il 25 ASCI

AT GIE= BE
ascii 646, us-ascii e
big5 big5-tw, csbig3 kL
big5Shkscs big5-hkscs, hkscs ke
cp037 IBM037, IBM039 Peify
cp273 273, IBM273, csIBM273 e
3.4 OB
cp424 EBCDIC-CP-HE, IBM424 A Ek TR
cp437 437, IBM437 Tk
cp500 EBCDIC-CP-BE, EBCDIC-CP- | FlK
CH, IBM500
cp720 (R R
cp737 A B i
cp775 IBM775 R WA
cp850 850, IBM850 (8
cp852 852, IBM852 HR A AR R
cp855 855, IBMS855 TRINANE T, EARD Hrif, HH
Wiie, MG, ZERYETIE
cp856 S
cp857 857, IBM857 T HILE
cp858 858, IBM858 PH K
cp860 860, IBM860 WA A
cp861 861, CP-IS, IBM861 VK B
cp862 862, IBM862 A Ek
cp863 863, IBM863 J[ESN=
cp864 IBM864 (R Rl
cp865 865, IBM865 P R B
cp866 866, IBM866 RiE
cp869 869, CP-GR, IBM869 Al
cp874 N
cp875 A fE i
cp932 932, ms932, mskanji, ms-kanji H &
cp949 949, ms949, uhc G
cp950 950, ms950 FRp
cp1006 YR
cp1026 ibm1026 HHHE
cpl125 1125, ibm1125, cp866u, ruscii [N
3.4 BOHTIA.
cpl140 ibm1140 PH N
cp1250 windows-1250 o RICRT R KK

EET—RH
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x1-EEL—8

YmAY 7l & BE
cpl251 windows-1251 PRmANL, BRP Wi, S
Wi, i, JEREWIE
cpl252 windows-1252 PHREK
cpl253 windows-1253 A
cpl254 windows-1254 T HHE
cpl255 windows-1255 REESE
cpl1256 windows-1256 [EDRENE
cpl257 windows-1257 PR WES
cp1258 windows-1258 O T
euc_jp eucjp, ujis, u-jis Hig
euc_jis_2004 jisx0213, eucjis2004 H &
euc_jisx0213 eucjisx0213 Hig
euc_kr euckr, korean, ksc5601, ks_c-5601, | EhiE
ks_c-5601-1987, ksx1001, ks_x-
1001
gb2312 chinese, csis058gb231280, euc-cn, | f&j{A&H
euccn, eucgb2312-cn, gb2312-
1980, gb2312-80, iso-ir-58
gbk 936, cp936, ms936 gi—I0E
2b18030 2b18030-2000 G IE
hz hzgb, hz-gb, hz-gb-2312 faj A 3
s02022_jp csis02022jp, is02022jp, is0-2022- | HiE
Jp
i502022_jp_1 i502022jp-1, is0-2022-jp-1 H ik

i502022_jp_2

1502022p-2, i50-2022-jp-2

Hil, il ffAdse, Pk, A

>
ey

1502022_jp_2004 | i502022jp-2004, is0-2022-jp-2004 | HIi&
is02022_jp_3 1802022jp-3, is0-2022-jp-3 H i
1s02022_jp_ext 1802022 jp-ext, is0-2022- jp-ext H1gE
1502022_kr csis02022kr, is02022kr, is0-2022- | i

kr
latin_1 50-8859-1, 1s08859-1, 8839, | PaNK

cp819, latin, latinl, L1
is08859_2 is0-8859-2, latin2, L2 IR ZR R
is08859_3 is0-8859-3, latin3, L3 A, H A
is08859_4 is0-8859-4, latind, L4 W R S
is08859_5 is0-8859-5, cyrillic PRIMALEE, AP s, S

Wi, i, JERYENE

508859 _6 is0-8859-6, arabic Re] 37 {1
1508859_7 is0-8859-7, greek, greek8 T
is08859_8 is0-88359-8, hebrew FAFE
is08859_9 is0-8859-9, latin5, L5 +HHE
1508859_10 130-8859-10, latin6, L6 JERGE
is08859 11 is0-8859-11, thai R
is08859_13 is0-8859-13, latin7, L7 WD e S
i508859_14 i50-8859-14, latin8, L8 EIV S e
1508859_15 130-8859-15, latin9, L9 Fa N
1508859_16 i50-8859-16, latin10, L10 ZREERK
johab cpl361, ms1361 [
koi8_r e

BET—H
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x1-EEL—8

Py e ES
koi8_t B

3.5 OB A
koi8_u By
kz1048 kz_1048, strk1048_2002, k1048 | M vaiE

3.5 BGHTINA.
mac_cyrillic maccyrillic AN IE, AR s, SHE

WiE, o, JERYEE
mac_greek macgreek T BT
mac_iceland maciceland VK15
mac_latin2 maclatin2, maccentraleurope, | H A £ KR

mac_centeuro
mac_roman macroman, macintosh PHRK
mac_turkish macturkish +HHiE
ptcpl54 csptepl54, ptl154, cpld4, cyrillic- | MyE%TaiE:
asian

shift_jis csshiftjis, shiftjis, sjis, s_jis HiE
shift_jis_2004 shiftjis2004, sjis_2004, sjis2004 H ik
shift_jisx0213 shiftjisx0213, sjisx0213, s_jisx0213 | Hi&
utf_32 U32, utf32 AIES
utf_32_be UTF-32BE AEIES
utf_32_le UTF-32LE A ES
utf_16 U16, utf16 AEIES
utf_16_be UTF-16BE rAES
utf_16_le UTF-16LE A EE
utf_7 U7, unicode-1-1-utf-7 A ES
utf_8 U8, UTF, utf8, cp65001 A EE
utf_8_sig rAES

3.4 JiRFEAE: utf-16% Hl utf-32* Z i 4R A B 1 S i RS (32 (U+D800-U+DFFF). utf-32* Al a%5 A i
T 5 AR AL (A X 1 715 1751 o

3.8 iREE S cp65001 BAFERE utf_8 II— 154
7.2.4 Python EEHRDBHEX
LT E L m e 2 Python L &R, UL EATHE Python 2 AN o X SE g flAD 844 H B i 1) g

A SRR RS (R SR SO i 2 2 R A doe s IR BE 3 5t (B R R AL s A 52
FHE BRI OUE ARG ) o X T AR RS s, ZIRIARH) & SOE A7 1] o

X FYmtD
PAT G b it 7 st r #lbytes Mgt Mbytes-like object | st r HIfFERY, JELIF Unicode SUAL Y -
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YRAg Gl aX

idna S B RFC 3490, 5 iF &
Mlencodings.idna . ¥ ¥ #F
errors='strict',

mbcs ansi, dbcs Windows % J&: tR#E ANSI fL15
7 (CP_ACP) XT1E5E4T 44
.

oem Windows % J&: M4 OEM {15
7 (CP_OEMCP) Xf#§:AE4HAT
Gt .

3.6 HTMA.

palmos PalmOS 3.5 [ g iA=L
punycode SEEE REFC 3492, A ZEHAIRS
SRR 2

raw_unicode_escape Latin-1 & i g 2 Frrs wh HAb A £
PA \uxxxx fil \UXXXxxxxx it
ot e A RARFLA 2 DAMEA]
J5 L5 L. B4 T Python [y

pickle ¥,
undefined T RIS | A S, X
ZEFAFERAGI AL . FERAL BT
unicode_escape iEA T LA ASCII 4 fh () Python

JEARTS H Y Unicode T {H N 2%
H gt ast, (HE 5 R apisk Lo
X Latin-1 JEACTSFE1 TR . 15
7 Python J5 A% 1 52 Bt b BRI
7] UTF-8.

3.8 iR B4 “unicode_internal” 4 RIS R4 .

~ bR

DA R S ge b it 7 — gkl %64 bytes-like object Bbytes LS. BATA Wby tes. decode () % (%
FERAE R st r BRWHE) .
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EEIE] CIE aX YmALES/FRADES
base64_codec” | base64, Y EVERE R R 24T MIME base64 (45 B2 | base64.
base_64 WE—NEREER "\n") encodebytes () /

3.4 MRS 5 RS AF B bytes-like object fE NI A\ | base64.

JHT 9 A AR decodebytes ()
bz2_codec bz2 i F bz2 E4EAERL bz2.compress () /

bzZ2.decompress ()

hex_codec hex FHEAERGE TN E R s, BN AM | binascii.

R b2a_hex () /
binascii.
azb_hex ()

quopri_codec | quopri, quot- Y EAERER A MIME 7475 |5 34 7T 1 B quopri.encode ()
edprintable, H. quotetabs=True/
quoted_printable quopri.decode ()
uu_codec uu {di F§ uuencode #E P VEEL uu.encode () /
uu.decode ()
zlib_codec zip, zlib ffi [ gzip & 45 PRAEEL z1lib.compress () /
z1ib.
decompress ()

3.2 BCHTIA: WA — it .
3.4 SR A RIS T AR R B4 o
XFER

W\—Féﬁﬁ@ﬁ%)ﬁ‘ﬁiﬁ%ﬁ?j{ﬁ%ﬁ: str F]str G, BEARMistr.encode () FiscH; (EHERAEHbytes

WY | 5B | &Y
rot_13 | rot13 | & [alHAERL ) BILCR i N 2 45

3.2 T R rot _13 SUARKHG.
3.4 fREES: K rot13 B4,

7.2.5 encodings.idna — WAEFPHEFR{LE S

IBIHSE I T REC 3490 (B A2 7 0 i [ B A6 15 4%) Fi RFC 3492 (Nameprep: il T [E Frfbd 44 (IDN) 1y
Stringprep Fit &), B2k punycode Jif Al st ringprep HHEA EAE.

iX 46 RFC L fm] @ LT —NAE 4 3 FFdE ASCIL F £F 1) #h . — 3 &% 9F ASCIL  £F 1) 45 44
(Bl 4N www.Alliancefrancaise.nu) &8 # e  3E 2 ASCI 14 J% i 4% =X (fRi R ACE, {5 Ul www.
xn--alliancefranaise-npb.nu). )54 00 ACE B0 PAUH T A BT 45 th s oA i il
FEBEFIFS G, Bl DNS £, HTTP Host “FRAFSE. BLFEHRAE N it Tiy s Wi I aerext il -
ALOL s Y 2437 A R Unicode 844 AR5 463 48 %) IDNA, H4E ACE B89k S BLZ8 1 P 2w ke LA
[H] Unicode.,

Python PAZ By AR e 1dna 4544 T Unicode Ml ACE 2 [EJf{ A8, B F7E section 3.1 of RFC
3490w LAY AR FAT R IR0 R4S, FEARIE TR SRR MR e il ACE, MR XS HT . 7
FRPFRE AT ER R NARZS . FRRFREIAIALAT ACE ARy Unicode. IEAh, socket BIHLn] & HIHfF

VBT 59 £55 %, 'base64_codec' W2 ASCII st r S T#HD
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Unicode FHL4 5640 ACE, DA FFERF B A% 4, socket BLHLE T [ A156# TALL . BRILZ A, 2
EPAFNAE RS BIERGiNht tp. client Ml ftplib #%E3Z Unicode FH4 (I Hhttp.client
WATE Host FEH B & 7% IDNA W4, WA S HE L L Z T BN ) .

M MR BB LA B (BN ) 4 FRAE 4% ) . %] Unicode AYFEIRAN Sy B BB 0AT: A2 i I PR b s fh
HLAA AR B 24 K5 E AT f#A5 2 Unicode

encodings. idna BHUASLEL T nameprep A%, AR SN EALY PHATRE BTEALERAE,  DASEILE Frisk
H R ING A USRS G IR AT ARAT T 2T DA B 1] nameprep pR%Y.

encodings.idna.nameprep (label)

AR [0] label Z83d A FRALERBAERIICAS . %58 H BIEET &P 4FH, L AllowUnassigned HFAH,

encodings.idna.ToASCII (label)
PEARE Rl ASCIT, FE0 52 XL RFC 3490, UseSTD3ASCIIRules Fi MR(E.

encodings.idna.ToUnicode (label)
FEARZE A Unicode, FMIGE SCIL RFC 3490,

7.2.6 encodings.mbcs — Windows ANSI {8311

B S EE ANST ARG TT (CP_ACP).,
Availability: 1Y Windows 7] Jf]
3.3 JRH AR SR A AT R AL

3.2 A AE 3.2 HUZHT, errors BRI BB 'replace’ #ATHI, FMM "ignore’ #t
FTRRG .

7.2.7 encodings.utf_8 sig— # BOM E &89 UTF-8 4fiztD2E

AR ERSE B T UTF-8 2 it (1 — A28 ZEm S iR UTE-8 2 455 BOM ¥y il 3| UTF-8 4wl 75 £t
BTk o XFTFAARSHELE BB R AT IR CU RS AFATRE) o 76D I Bk B T Sk A ] i
TRy UTF-8 2.4#f5 BOM,
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AREPHA BRI TV 2 LTI SRAL, an HIRIER] (B2 R R . HEBAS . BUmBAS . DA
EER

Python t 32 it — BB U EEIESAL ) 4508, dict. list. set. frozenset, PAftuple, str x4
JHHK A Unicode FAFHRIN, Mbytes Flbytearray XN MR BERIE R T .

AREEAL 5 DA A SO -

8.1 datetime — EZAHY B BiF00}E]SEE

PACHS:  Lib/datetime.py

datetime BB T AL BE H IR A

%i‘fi H I IR B Rl S S i S E T AN RERS S A i A AT L P T s e o Rk

hs%:

BYecalendar H P XK REL

Bt ime MR AY U5 AR

dateutil 4 HAGY" RIS DAMENT SRR 28 =07

8.1.1 B RFFRMR
I TRD X G2l AZ) 7 SR ZE” s AR R 27,
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With sufficient knowledge of applicable algorithmic and political time adjustments, such as time zone and daylight saving
time information, an aware object can locate itself relative to other aware objects. An aware object represents a specific
moment in time that is not open to interpretation.'

A naive object does not contain enough information to unambiguously locate itself relative to other date/time objects.
Whether a naive object represents Coordinated Universal Time (UTC), local time, or time in some other timezone is
purely up to the program, just like it is up to the program whether a particular number represents metres, miles, or mass.
Naive objects are easy to understand and to work with, at the cost of ignoring some aspects of reality.

For applications requiring aware objects, datet ime and t i me objects have an optional time zone information attribute,
tzinfo, that can be set to an instance of a subclass of the abstract t zinfo class. These tzinfo objects capture
information about the offset from UTC time, the time zone name, and whether daylight saving time is in effect.

Only one concrete t zinfo class, the t imezone class, is supplied by the datet ime module. The t imezone class
can represent simple timezones with fixed offsets from UTC, such as UTC itself or North American EST and EDT
timezones. Supporting timezones at deeper levels of detail is up to the application. The rules for time adjustment across
the world are more political than rational, change frequently, and there is no standard suitable for every application aside
from UTC.

812 &

The datet ime module exports the following constants:
datetime .MINYEAR
date H#H datetime W ZE AV E/NEy . HREMINYEAR 2 1 6

datetime .MAXYEAR
date B{datet ime %% AR KIVEES . HEMAXYEAR 2 9999 ,

8.1.3 HRHYKE

class datetime.date

—MHEACAANRBL H Y, BRI S I A ITES ZHR KB L. JEME: year, month, and day.,

class datetime.time
An idealized time, independent of any particular day, assuming that every day has exactly 24*60*60 seconds.
(There is no notion of “leap seconds” here.) Attributes: hour, minute, second, microsecond, and
tzinfo.

class datetime.datetime
HBFImt e 45 & . J8ME: year, month, day, hour, minute, second, microsecond, and t zinfo.

class datetime.timedelta

FIRMAdate XRMF t ime MR, B datet ime MR ZAIWIIAIAIFE, KEHHEHAD .

class datetime.tzinfo
An abstract base class for time zone information objects. These are used by the datet ime and t ime classes to
provide a customizable notion of time adjustment (for example, to account for time zone and/or daylight saving
time).

class datetime.timezone

AP T czinfo IERHRNTIE, HTF IR T HAFRHERTE (UTC) Bmfs.
3.2 HUCHTIA.
U R DT 1 Z WA 3
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X LTINS R RA T AL o
THERA

object
timedelta
tzinfo
timezone
time
date
datetime

Common Properties

The date, datetime, time, and t imezone types share these common features:

o LSRRI G R A AL -

* Objects of these types are hashable, meaning that they can be used as dictionary keys.

* Objects of these types support efficient pickling via the pi ck 1e module.

Determining if an Object is Aware or Naive

date KA GAR R TR o
An object of type t ime or datet ime may be aware or naive.
A datet ime object d is aware if both of the following hold:

1. d.tzinfo ANEEN None

2. d.tzinfo.utcoffset (d) A~Lik[H] None
Otherwise, d is naive.
A time object ¢ is aware if both of the following hold:

1. t.tzinfo ANEEN None

2. t.tzinfo.utcoffset (None) does not return None.
Otherwise, ¢ is naive.

The distinction between aware and naive doesn’t apply to t imede1ta objects.

8.1.4 timedelta &

timedelta XTHRFRWA date B E time FFJ I [E] [E] FE -

class datetime.timedelta (days=0, seconds=0, microseconds=0, milliseconds=0, minutes=0, hours=0,

weeks=0)

All arguments are optional and default to 0. Arguments may be integers or floats, and may be positive or negative.

Only days, seconds and microseconds are stored internally. Arguments are converted to those units:

o 1 ZRPLEA T 1000 FFD
o 1B il 60 F5.
o 1 /NEF& R A 3600 Fb,

8.1. datetime — EZAHK)HBAFIELE)SEEY
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o 1 BISHMALT K.
days, seconds, microseconds A~ H @ ARIMEILRY, PAPRIEZRIE T X mE—H:, 1
* 0 <= microseconds < 1000000
¢ 0 <= seconds < 3600%24 (—RFED
* -999999999 <= days <= 999999999

The following example illustrates how any arguments besides days, seconds and microseconds are "merged” and
normalized into those three resulting attributes:

>>> from datetime import timedelta
>>> delta = timedelta (

days=50,

seconds=27,

microseconds=10,

milliseconds=29000,

minutes=5,

hours=8,

weeks=2

)

>>> # Only days, seconds, and microseconds remain
>>> delta
datetime.timedelta (days=64, seconds=29156, microseconds=10)

If any argument is a float and there are fractional microseconds, the fractional microseconds left over from all
arguments are combined and their sum is rounded to the nearest microsecond using round-half-to-even tiebreaker.
If no argument is a float, the conversion and normalization processes are exact (no information is lost).

URAREAL S 1Y days BUEME THEETER, HafbithoverflowError FH .

Note that normalization of negative values may be surprising at first. For example:

>>> from datetime import timedelta

>>> d = timedelta (microseconds=-1)

>>> (d.days, d.seconds, d.microseconds)
(=1, 86399, 999999)

RJm
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
W AFEER t imedelta 28N R H/MYEFE N timedelta (microseconds=1) ,

FEEFENLE, FNRERIZE, timedelta.max>-timedelta.min, —timedelta.max AHJPAF
A—Atimedelta KN4,

o (Hi%k):

Bt ]

days -999999999 = 999999999 | 4 999999999
seconds 0 £ 86399, 17 86399

microseconds | 0 & 999999, 414 999999
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RS Opr =

=8 ZR

tl = t2 + t3 2 B HH., 285 tl-2==13and tI-13 == 2 W HEH. (1)

tl = t2 - t3 2WBHE, B8t =2-13and2==t] + 13 V> NEH. (1)(6)

tl = t2 * i or tl = | AR BHEHRWL = 0 W //i=n W hEE.

i * 2
In general, 1 * i==1tl * (i-1) + ¢] is true. (1)

tl = t2 * £ or tl1 = | A —VFAEL, RSP AF timedelta I B2 RS . RS LG DU

£ * t2 TAHABTAAFIN .

f=1t2 / t3 R sHE] 12 [ DAIE] R BT 13 (3) R —Afloat X4,

tl =t2 / £ or tl = | BRPA—PRAEECESL . S5 S 9id AR timedelta 323 O BE RS . RS REAT

t2 /i FAVU HABAFT A AR

tl = t2 // 1 or t1 = | IR, AT (WEA) B EF. A58 _MEIT, ¥RRIEEEE. (3)

t2 // t3

tl = t2 % t3 ,é%;#}zﬂg~/|\timedelta 4. (3)

q, r = divmod(t1, Wit:g =t1l // t2@)andr = t1 % t2 IHEEFHHEE. q 2—

£2) B, rR—"timedelta ¥4,

+t1 R Al — AN FA R BB t imedelta W4,

-t1 ZEMT t imedelta(-tl.days, -tl.seconds, -tl.microseconds), 1 t1* -1. (1)(4)

abs (t) Mt .days >= 0" HWETF +\ *t*, % ““t.days < OHf-t. (2

str(t) Rl —AJELN [D day[s], 1[H]H:MM:SS[.UUUUUU] FF4FE, Mt h
BT, DAL (5)

repr (t) RPl—Atimedelta MRFAFRFRIE, EAREH EAE A4 1
A

[EfiR :

(1) Z5RIEwH, (HrlREXk .

)
3)
“4)
®)

(6)

SRR, AU .
ﬁ?lx]\ 0 ,{% M,’:H ZeroDl visionError .

-timedelta.max NE—A~timedelta FKXI4,

timedelta MR TR IR ARMT I AFIIRE G . XT ARHE, X TH-&
AFHEWEER . i

>>> timedelta (hours=-5)

datetime.timedelta (days=-1, seconds=68400)
>>> print (_)

-1 day, 19:00:00

#ixX t2 - L3WHES 2 + (-t3) ZHFEMW, BRIEG ET timedelta.max; FEXFMELL N HIFE
SHREIGERL, TG W &

In addition to the operations listed above, t imede 1t a objects support certain additions and subtractions with date and
datetime objects (see below).

3.2 W 5% Floor division and true division of a t imede 1 t a object by another t i mede 1 t a object are now supported,
as are remainder operations and the divmod () function. True division and multiplication of a t imedeta object by
a float object are now supported.

Comparisons of t imedelta objects are supported, with some caveats.

The comparisons == or ! = always return a boo 1, no matter the type of the compared object:
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>>> from datetime import timedelta

>>> deltal = timedelta (seconds=57)

>>> delta?2 = timedelta (hours=25, seconds=2)
>>> delta2 != deltal

True

>>> delta2 ==

False

For all other comparisons (such as < and >), when a t imedelta object is compared to an object of a different type,
TypeError is raised:

>>> delta2 > deltal
True
>>> delta2 > 5
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: '>' not supported between instances of 'datetime.timedelta' and 'int'

In Boolean contexts, a t imede 1t a object is considered to be true if and only if it isn’t equal to t imedelta (0).
SBITTE:
timedelta.total_seconds ()

REE RIS T 2 0F. @M td / timedelta(seconds=1) . Xf T HE AR DAEEA T
yEmIE (Flin td / timedelta (microseconds=1)).

HEERER e, W R, IR PRI SR E (RZECFG BT 270 4£4050
— AR IS TE]TR] B ) o

3.2 JHTMA.

class:timedelta %=l

An additional example of normalization:

>>> # Components of another_year add up to exactly 365 days
>>> from datetime import timedelta

>>> year = timedelta (days=365)

>>> another_year = timedelta (weeks=40, days=84, hours=23,
C. minutes=50, seconds=600)

>>> year == another_year

True
>>> year.total_seconds ()
31536000.0

Examples of timedelta arithmetic:

>>> from datetime import timedelta
>>> year = timedelta (days=365)

>>> ten_years = 10 * year

>>> ten_years

datetime.timedelta (days=3650)

>>> ten_years.days // 365

10

>>> nine_years = ten_years - year
>>> nine_years

datetime.timedelta (days=3285)

(continues on next page)
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(R —H)

>>> three_years = nine_years // 3
>>> three_years, three_years.days // 365
(datetime.timedelta (days=1095), 3)

8.1.5 date ¥{&

A dat e object represents a date (year, month and day) in an idealized calendar, the current Gregorian calendar indefinitely
extended in both directions.

January 1 of year 1 is called day number 1, January 2 of year 1 is called day number 2, and so on.’

class datetime.date (year, month, day)
All arguments are required. Arguments must be integers, in the following ranges:

* MINYEAR <= year <= MAXYEAR
e 1 <= month <= 12
* 1 <= B <= BRFANEHRRK
RS PALEX LG N, Wb valueError 5.
Hemmisds, ARk

classmethod date.today ()
AR [ 24 i A A i H 38

This is equivalent to date . fromtimestamp (time.time () ).

classmethod date.fromtimestamp (fimestamp)
Return the local date corresponding to the POSIX timestamp, such as is returned by t ime. time ().

This may raise OverflowError, if the timestamp is out of the range of values supported by the platform C
localtime () function, and OSError on localtime () failure. It’'s common for this to be restricted to
years from 1970 through 2038. Note that on non-POSIX systems that include leap seconds in their notion of a
timestamp, leap seconds are ignored by fromtimestamp ().

33 R ¥ % §| kOverflowError T AN @ValueError, IR H B EB L HEFSE
C localtime () MK ELHY SCH9 38 Bl B9 I%, HF 2 HE localtime () 45 W) 5| KOSError 1M A

HValueError,

classmethod date.fromordinal (ordinal)
Return the date corresponding to the proleptic Gregorian ordinal, where January 1 of year 1 has ordinal 1.

ValueFError israised unless 1 <= ordinal <= date.max.toordinal (). For any date d, date.
fromordinal (d.toordinal ()) ==

classmethod date.fromisoformat (date_string)
Return a dat e corresponding to a date_string given in the format YYYY-MM-DD:

>>> from datetime import date
>>> date.fromisoformat ('2019-12-04")
datetime.date (2019, 12, 4)

This is the inverse of date. isoformat (). It only supports the format YYYY-MM-DD.

3.7 BT

2 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. See the book for algorithms for converting between proleptic Gregorian ordinals and many other calendar systems.
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classmethod date.fromisocalendar (year, week, day)
1R B35 7€ year, week A1 day % 1SO ik H i date, X B2 %date. isocalendar () [HiEEE,

3.8 FCHTNA.
KEtE:
date.min
/DY HB date (MINYEAR, 1, 1) .

date.max
R HB, date (MAXYEAR, 12, 31),

date.resolution
P H IR ) B/ MBI, timedelta (days=1) .

SeOErE (i)

date.year
FEMINYEAR FIMAXYEAR Z 6], t&rihit.

date.month

1E12 (&)
date.day
IR [E] 1B AR H A R R BT
RBE
8 &R
date2 = datel + timedelta | date?is timedelta.days days removed from datel. (1)
date2 = datel - timedelta | i1 date2 W{EHif5 date2 + timedelta == datel. (2)
timedelta = datel - date2 | (3)
datel < date2 W datel WIRFAAE date2 7 GiWAAN datel /NT- date2 . (4)
[Efi -
(1) date2 is moved forward in time if timedelta.days > 0, or backward if timedelta.days <
0. Afterward date2 - datel == timedelta.days. timedelta.seconds and timedelta.

microseconds are ignored. OverflowError israised if date2.year would be smaller than MINYEAR
or larger than MAXYEAR.

(2) timedelta.seconds fil timedelta.microseconds &2,

(3) This is exact, and cannot overflow. timedelta.seconds and timedelta.microseconds are 0, and date2 + timedelta ==
datel after.

(4) In other words, datel < date?2 if and only if datel.toordinal () < date2.toordinal (). Date
comparison raises TypeError if the other comparand isn’t also a dat e object. However, Not Implemented
is returned instead if the other comparand has a t imetuple () attribute. This hook gives other kinds of date
objects a chance at implementing mixed-type comparison. If not, when a date object is compared to an object
of a different type, TypeError is raised unless the comparison is == or ! =. The latter cases return False or
True, respectively.

In Boolean contexts, all dat e objects are considered to be true.
KBITT ik

date.replace (year=self.year, month=self.month, day=self.day)
Return a date with the same value, except for those parameters given new values by whichever keyword arguments
are specified.
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il

>>> from datetime import date
>>> d = date (2002, 12, 31)
>>> d.replace (day=26)
datetime.date (2002, 12, 26)

date.timetuple ()
Return a t ime. st ruct_t ime such as returned by t ime. localtime ().

The hours, minutes and seconds are 0, and the DST flag is -1.

d.timetuple () is equivalent to:

time.struct_time((d.year, d.month, d.day, 0, 0, 0, d.weekday(), yday, -1))

where yday = d.toordinal () - date(d.year, 1, 1).toordinal() + 1 isthe day number
within the current year starting with 1 for January Ist.

date.toordinal ()
Return the proleptic Gregorian ordinal of the date, where January 1 of year 1 has ordinal 1. For any dat e object
d,date.fromordinal (d.toordinal ()) ==

date.weekday ()
R AR R, BI—HR0, BIIKHK 6. fillll, date (2002, 12, 4).weekday() ==
2, FalWEEM=. Sflisoweekday (),

date.isoweekday ()

Rl NEEREREL, 2R 1, B8R K 7. Flal: date (2002, 12, 4).isoweekday ()
== 3, FREM=. W weekday (), isocalendar ().

date.isocalendar ()
IR Al —AN=J6704H, (ISO year, ISO week number, ISO weekday) .

The ISO calendar is a widely used variant of the Gregorian calendar.’

The ISO year consists of 52 or 53 full weeks, and where a week starts on a Monday and ends on a Sunday. The first
week of an ISO year is the first (Gregorian) calendar week of a year containing a Thursday. This is called week
number 1, and the ISO year of that Thursday is the same as its Gregorian year.

For example, 2004 begins on a Thursday, so the first week of ISO year 2004 begins on Monday, 29 Dec 2003 and
ends on Sunday, 4 Jan 2004:

>>> from datetime import date
>>> date (2003, 12, 29).isocalendar ()

(2004, 1, 1)
>>> date (2004, 1, 4).isocalendar ()
(2004, 1, 7)

date.isoformat ()
Return a string representing the date in ISO 8601 format, YYYY~-MM-DD:

>>> from datetime import date
>>> date (2002, 12, 4).isoformat ()
'2002-12-04"

This is the inverse of date. fromisoformat ().

3 See R. H. van Gent’s guide to the mathematics of the ISO 8601 calendar for a good explanation.
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date.__str__ ()
XFHAXS d, str(d) SMT d.isoformat () »

date.ctime ()
Return a string representing the date:

>>> from datetime import date
>>> date (2002, 12, 4).ctime()
'Wed Dec 4 00:00:00 2002

d.ctime () Z%0T:

time.ctime (time.mktime (d.timetuple()))

on platforms where the native C ctime () function (which time.ctime () invokes, but which date.
ctime () does not invoke) conforms to the C standard.

date.strftime (format)
IR —A> i R A R FAF R e I AR H IR 45 . ORIt 2 BRI As UACRS(E R 0. ZEERHL
K&K AG SRS RAE S W strftime() Fo strptime() 8947 71

date.__format__ (format)
Ydate.strftime () MR, WM date W48 2 A #&RACFERF R FHEE R PR E AT
FHAKM A str. format () TR T RE. ZIRBUE A5 S 152 85 %, S [Wsirftime() Fo
strptime() 894F 4 o

class:date H xR A1

VA R S R T

>>> 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

More examples of working with date:

>>> from datetime import date

>>> d = date.fromordinal (730920) # 730920th day after 1. 1. 0001
>>> d

datetime.date (2002, 3, 11)

>>> # Methods related to formatting string output
>>> d.isoformat ()

'2002-03-11"

>>> d.strftime ("%d/sm/%y")

(continues on next page)
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(R —H)

'11/03/02"

>>> d.strftime ("%A . %$B %Y")

'Monday 11. March 2002'

>>> d.ctime ()

'Mon Mar 11 00:00:00 2002"

>>> 'The is {0: }, the is {0:%B}.".format (d, "day", "month")
'The day is 11, the month is March.'

>>> # Methods for to extracting 'components' under different calendars
>>> t = d.timetuple()
>>> for i in t:

ce print (i)

2002 # year

3 # month

11 # day

0

0

0

0 # weekday (0 = Monday)
70 # 70th day in the year
-1

>>> ic = d.isocalendar ()

>>> for i1 in ic:

. print (i)

2002 # ISO year

11 # ISO week number

1 # ISO day number ( 1 = Monday )

>>> # A date object is immutable; all operations produce a new object
>>> d.replace (year=2005)
datetime.date (2005, 3, 11)

8.1.6 datetime Y&

A datet ime object is a single object containing all the information from a dat e object and a t ime object.

Like a dat e object, dat et ime assumes the current Gregorian calendar extended in both directions; like a t i me object,
datetime assumes there are exactly 3600*24 seconds in every day.

A

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. tzinfo may be None, or an instance of a t z1info subclass. The
remaining arguments must be integers in the following ranges:

e MINYEAR <= year <= MAXYEAR,
e 1 <= month <= 12,

e 1 <= day <= 1w A R%,
<= hour < 24,

<= minute < 60,

<= second < 60,

o o o O

<= microsecond < 1000000,
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e fold in [0, 1].
RS HORAEX LGN, WL valueError 3.
3.6 GHTMA: 38T fold B4

Hetigd, Pramsng:

classmethod datetime.today ()

Return the current local datetime, with t zinfo None.

EMT

datetime.fromtimestamp (time.time ())

See also now (), fromtimestamp ().

This method is functionally equivalent to now (), but without a t z parameter.

classmethod datetime.now (tz=None)

Return the current local date and time.

If optional argument #z is None or not specified, this is like t oday (), but, if possible, supplies more precision than
can be gotten from going through a t ime. t ime () timestamp (for example, this may be possible on platforms
supplying the C gettimeofday () function).

If #z is not None, it must be an instance of a t zinfo subclass, and the current date and time are converted to 1z’
S time zone.

This function is preferred over t oday () and utcnow ().

classmethod datetime.utcnow ()

Return the current UTC date and time, with t zinfo None.

This is like now (), but returns the current UTC date and time, as a naive datet ime object. An aware current
UTC datetime can be obtained by calling datetime.now (timezone.utc). See also now ().

#x fii:  Because naive datetime objects are treated by many datetime methods as local times, it is
preferred to use aware datetimes to represent times in UTC. As such, the recommended way to create an
object representing the current time in UTC is by calling datet ime .now (timezone.utc).

classmethod datetime.fromtimestamp (fimestamp, tz=None)

A [k T POSIX I [EJ B BI ANt ime . t ime () BYIR MEAY A H AN R] . AR AT S 4L 1z 2 None
HORTEE, IR B2 B B -5 B9 H IS R], GBI dat et ime RPGER R REAL.

If #z is not None, it must be an instance of a t z i nfo subclass, and the timestamp is converted to #z’ s time zone.

fromtimestamp () may raise OverflowError, if the timestamp is out of the range of values supported
by the platform C localtime () or gmtime () functions, and OSError on localtime () or gmtime ()
failure. It’s common for this to be restricted to years in 1970 through 2038. Note that on non-POSIX systems that
include leap seconds in their notion of a timestamp, leap seconds are ignored by fromtimestamp (), and then
it’s possible to have two timestamps differing by a second that yield identical datet ime objects. This method is
preferred over ut cfromtimestamp ().

33 R 4. 3| KoverflowError M A EValueError, W RBHBAEBHFLEFESE C
localtime () H{ gmtime () B SCFFIEE I3, H 2FE localtime () B gmtime () H4F IS
5|k 0SError MiANEValueError,

3.6 it &4 fromtimestamp () AIREIR[E] Fold {HEN 1 HIZEH,
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classmethod datetime.utcfromtimestamp (fimestamp)
Return the UTC datet ime corresponding to the POSIX timestamp, with ¢t zinfo None. (The resulting object
is naive.)

This may raise OverflowError, if the timestamp is out of the range of values supported by the platform C
gmtime () function, and OSError on gmtime () failure. It’'s common for this to be restricted to years in 1970
through 2038.

TAEF— AR R datet ime X4, WEM fromtimestamp ():

’ datetime.fromtimestamp (timestamp, timezone.utc)

1E POSIX AeAM -6 F, BEEMTRATRAN:

’datetime(i970, 1, 1, tzinfo=timezone.utc) + timedelta (seconds=timestamp)

ANEZAAET JG— e B SR S AR il : MMINYEAR B|MAXYEAR [ FFIX[H] .

% ;. Because naive datetime objects are treated by many datetime methods as local times, it is
preferred to use aware datetimes to represent times in UTC. As such, the recommended way to create an ob-
ject representing a specific timestamp in UTC is by calling datetime . fromtimestamp (timestamp,
tz=timezone.utc).

33 WSS | K overflowError A ValueError, WI5HITE) B BUEE & rEF4 C gntime ()
R LA RIS . FESTE gmtime () B4ENT| K O0SError i@ vValueError,

classmethod datetime.fromordinal (ordinal)
Return the dat et ime corresponding to the proleptic Gregorian ordinal, where January 1 of year 1 has ordinal 1.
ValueError is raised unless 1 <= ordinal <= datetime.max.toordinal (). The hour, minute,
second and microsecond of the result are all 0, and t zinfois None.

classmethod datetime.combine (date, time, tzinfo=self.tzinfo)
Return a new datet ime object whose date components are equal to the given date object’s, and whose time
components are equal to the given ¢ ime object’s. If the tzinfo argument is provided, its value is used to set the
t zinfo attribute of the result, otherwise the t zinfo attribute of the time argument is used.

For any datetime object d, d == datetime.combine (d.date(), d.time(), d.tzinfo). If
date is a datet ime object, its time components and t z i n fo attributes are ignored.

3.6 WSS $9INT tzinfo 244,

classmethod datetime.fromisoformat (date_string)
Return a datet ime corresponding to a date_string in one of the formats emitted by date. isoformat () and
datetime.isoformat ().

Specifically, this function supports strings in the format:

YYYY-MM-DD [*HH[ :MM[:SS[.£f££[£f££]]]] [+tHH:MM[:SS[.££££££]]]]

where * can match any single character.

“71s: This does not support parsing arbitrary ISO 8601 strings - it is only intended as the inverse operation of
datetime.isoformat (). A more full-featured ISO 8601 parser, dateutil.parser.isoparseis
available in the third-party package dateutil. This does not support parsing arbitrary ISO 8601 strings - it is
only intended as the inverse operation of datetime.isoformat ().
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>>> from datetime import datetime

>>> datetime.fromisoformat ('2011-11-04")

datetime.datetime (2011, 11, 4, 0, 0)

>>> datetime.fromisoformat ('2011-11-04T00:05:23")

datetime.datetime (2011, 11, 4, 0, 5, 23)

>>> datetime.fromisoformat ('2011-11-04 00:05:23.283")

datetime.datetime (2011, 11, 4, 0, 5, 23, 283000)

>>> datetime.fromisoformat ('2011-11-04 00:05:23.283+00:00")

datetime.datetime (2011, 11, 4, 0, 5, 23, 283000, tzinfo=datetime.timezone.utc)

>>> datetime.fromisoformat ('2011-11-04T00:05:23+04:00")

datetime.datetime (2011, 11, 4, 0, 5, 23,
tzinfo=datetime.timezone (datetime.timedelta (seconds=14400)))

3.7 BB

classmethod datetime.fromisocalendar (year, week, day)
Return a datet ime corresponding to the ISO calendar date specified by year, week and day. The non-date
components of the datetime are populated with their normal default values. This is the inverse of the function
datetime.isocalendar().

3.8 UBTINA.

classmethod datetime.strptime (date_string, format)
Return a datet ime corresponding to date_string, parsed according to format.

AT

datetime (* (time.strptime (date_string, format) [0:6]))

ValueError is raised if the date_string and format can’t be parsed by t ime. st rptime () or if it returns a
value which isn’t a time tuple. For a complete list of formatting directives, see strftime() F= strptime() 2947 4.

Kk
datetime.min

PR FE/Rndatet ime, datetime (MINYEAR, 1, 1, tzinfo=None),

datetime.max
w M B v F IRdatetime, datetime (MAXYEAR, 12, 31, 23, 59, 59, 999999,
tzinfo=None),

datetime.resolution
AR datet ime X4 2 [V GER /A, timedelta (microseconds=1).,

Lo (Hi%k):

datetime.year
FEMINYEAR MIMAXYEAR 6], &5,

datetime.month

1512 (%)
datetime.day

IRA] 1 B A ) RER R T
datetime.hour

BUETERE range (24) .

datetime.minute
BUETEHE 2 range (60) .

178 Chapter 8. Hiig3¢®



The Python Library Reference, (I 3.9.0a1

datetime.second
BUETEE 2 range (60) .

datetime.microsecond
BUHEYERZ range (1000000) .

datetime.tzinfo
V£ tzinfo ZH WL datet ime MTEZRIIXNT S, WA G AMEN A None,

datetime. fold
In [0, 17]. Used to disambiguate wall times during a repeated interval. (A repeated interval occurs when clocks
are rolled back at the end of daylight saving time or when the UTC offset for the current zone is decreased for
political reasons.) The value O (1) represents the earlier (later) of the two moments with the same wall time
representation.

3.6 ORI
FE N 0pry -

iz8 &R

datetime2 = datetimel + timedelta | (1)

datetime2 = datetimel - timedelta | (2)
timedelta = datetimel - datetime2 | (3)
datetimel < datetime2 Wi datet ime Hdatetime, (4)

(1) datetime?2 is a duration of timedelta removed from datetimel, moving forward in time if timedelta.days >
0, or backward if timedelta.days < 0. The result has the same t zinfo attribute as the input datetime, and
datetime? - datetimel == timedelta after. OverflowError is raised if datetime2.year would be smaller than
MINYEAR or larger than MAXYEAR. Note that no time zone adjustments are done even if the input is an aware
object.

(2) 18 datetime? fifif5: datetime2 + timedelta == datetimel., SFHINEAE—FE, 450 EEG 5% A datetime FH
M tzinro @bk, B AR —MNEABIXT S, % EWA ST K,

(3) Subtraction of a datet ime from a datet ime is defined only if both operands are naive, or if both are aware.
If one is aware and the other is naive, TypeError is raised.

If both are naive, or both are aware and have the same ¢ zinfo attribute, the ¢ zinfo attributes are ignored, and
the result is a t imedelta object f such that datetime2 + t == datetimel. No time zone adjustments
are done in this case.

If both are aware and have different tzinfo attributes, a-b acts as if a and b were first converted to
naive UTC datetimes first. The result is (a.replace (tzinfo=None) - a.utcoffset()) - (b.
replace (tzinfo=None) - b.utcoffset ()) except that the implementation never overflows.

(4) 24 datetimel [HJWHE)EE datetime2 2 FiWIAN datetimel /NT- datetime2 ,

If one comparand is naive and the other is aware, TypeError is raised if an order comparison is attempted. For
equality comparisons, naive instances are never equal to aware instances.

If both comparands are aware, and have the same ¢ zinfo attribute, the common t z1info attribute is ignored
and the base datetimes are compared. If both comparands are aware and have different t zinfo attributes, the
comparands are first adjusted by subtracting their UTC offsets (obtained from self.utcoffset ()).

3.3 Jit B 4#: Equality comparisons between aware and naive dat et ime instances don’t raise TypeError.

#(E]:  In order to stop comparison from falling back to the default scheme of comparing object addresses, date-
time comparison normally raises TypeError if the other comparand isn’t also a datet ime object. However,
Not Implemented is returned instead if the other comparand has a t imetuple () attribute. This hook gives
other kinds of date objects a chance at implementing mixed-type comparison. If not, when a datet ime object
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is compared to an object of a different type, TypeError is raised unless the comparison is == or !=. The latter
cases return F'alse or True, respectively.

ST
datetime.date ()

1% [B] HL A [A] k£ year, month A day {E [ date X4,

datetime.time ()
Return t ime object with same hour, minute, second, microsecond and fold. £t zinfo is None. See also method
timetz ().

3.6 MU 4% fold (B 4T IR P £ ime X5,

datetime.timetz ()
Return ¢ ime object with same hour, minute, second, microsecond, fold, and tzinfo attributes. See also method
time ().

3.6 MU 4% fold (B 4R IR MY £ ime X5,

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)
Return a datetime with the same attributes, except for those attributes given new values by whichever keyword

arguments are specified. Note that tzinfo=None can be specified to create a naive datetime from an aware
datetime with no conversion of date and time data.

3.6 UHTIA: HEINT fold 24K

datetime.astimezone (fz=None)
R —NEEFHW tzinfo J&YE z fdatet ime X4, FH2UHEE H AT R (11545 X %) UTC
] 5 self AHIR], {HR rz B DX A H s ]

If provided, #z must be an instance of a t zinfo subclass, and its ut coffset () and dst () methods must not
return None. If self is naive, it is presumed to represent time in the system timezone.

If called without arguments (or with t z=None) the system local timezone is assumed for the target timezone. The
.t zinfo attribute of the converted datetime instance will be set to an instance of t i me zone with the zone name
and offset obtained from the OS.

MME self.tzinfo 1z, self.astimezone (tz) ZET self: A% H s R BHEHITHE, &
25 R 1z BFX A R],, AR UTC Hj‘llﬂ'ﬁselfﬂ‘ﬁﬂ ¥E astz = dt.astimezone (tz) ZJ5,
astz - astz.utcoffset () HEHAFYE dt - dt.utcoffset () fHEM B BRI TE) SR .

If you merely want to attach a time zone object #z to a datetime df without adjustment of date and time data, use
dt.replace (tzinfo=tz). If you merely want to remove the time zone object from an aware datetime df
without conversion of date and time data, use dt . replace (tzinfo=None).

1ﬁ{£a¥j(1}\[§l’]t21nfo fromutc () ¥EAEtzinfo W FRP R AR ER, M Hastimezone ()
MR EE5R . IR ZME AR DL, astimezone () AT HEIEMRLIT

def astimezone (self, tz):
if self.tzinfo is tz:
return self
# Convert self to UIC, and attach the new time zone object.
utc = (self - self.utcoffset()) .replace(tzinfo=tz)
# Convert from UTC to tz's local time.
return tz.fromutc (utc)

3.3 MR 1z PRAE W] AR A I
3.6 it 5 astimezone () Jy¥ERT AR JCFNALSEEIR T, 0RHE & HRm A< b 7] o
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datetime.utcoffset ()
MR tzinfo A None, NIR[FE] None, FHNR[E] self.tzinfo.utcoffset (self), FHHEFEERN
iR 1] None B{E— IR E/NT— BQE]’Jtlmedelta XTRIPRIE | &R .
3.7 Wi s 5 UTC B 22 N PR A — AN B85 o e

datetime.dst ()
M tzinfo A None, Wik [F] None, MR [H] self.tzinfo.dst (self) , I HIEFE A& [E] None
WO — MR N T — iE’Jtlmedelta PO IR SREIb A

3.7 W5 DST FEAE A FHR B — 4R e

datetime.tzname ()
MPtzinfo i None, NIR[E] None, HNRFE] self.tzinfo.tzname (self), WRJGHEANIRMA
None B — M FAFER AT Z 5] ﬁj@r o

datetime.timetuple ()
Return a t ime. st ruct_time such as returned by t ime. localtime ().

d.timetuple () is equivalent to:

time.struct_time ((d.year, d.month, d.day,
d.hour, d.minute, d.second,
d.weekday (), yday, dst))

where yday = d.toordinal() - date(d.year, 1, 1).toordinal() + 1 is the day number
within the current year starting with 1 for January 1st. The tm_1isdst flag of the result is set according to the
dst () method: tzinfois None or dst () returns None, tm_isdst is set to —1; else if dst () returns a
non-zero value, tm_isdst issetto 1;else tm_isdst issetto 0.

datetime.utctimetuple ()
If datetime instance d is naive, this is the same as d.timetuple () except that tm_isdst is forced to O
regardless of what d.dst () returns. DST is never in effect for a UTC time.

If d is aware, d is normalized to UTC time, by subtracting d.utcoffset (),anda time. struct_t ime for
the normalized time is returned. tm_1isdst is forced to 0. Note that an OverflowError may be raised if
d.year was MINYEAR or MAXYEAR and UTC adjustment spills over a year boundary.

g M. Because naive datetime objects are treated by many datetime methods as local times, it
is preferred to use aware datetimes to represent times in UTC; as a result, using utcfromtimetuple
may give misleading results. If you have a naive datetime representing UTC, use datetime.
replace (tzinfo=timezone.utc) to make it aware, at which point you can use datetime.
timetuple ().

datetime.toordinal ()
Return the proleptic Gregorian ordinal of the date. The same as self.date () .toordinal ().

datetime.timestamp ()
Return POSIX timestamp corresponding to the datet ime instance. The return value is a £1oat similar to that
returned by time.time ().

Naive datetime instances are assumed to represent local time and this method relies on the platform C
mktime () function to perform the conversion. Since datetime supports wider range of values than
mktime () on many platforms, this method may raise OverflowError for times far in the past or far in
the future.

XTI datet ime SEB, R WE R THE 2N

8.1. datetime — B AN HEIF00TEEE 181



The Python Library Reference, &[] 3.9.0a1

(dt - datetime (1970, 1, 1, tzinfo=timezone.utc)).total_seconds ()

3.3 HUHTIA.
3.6 i S timestamp () YA fold JR kR 4 EAR 1a] B Hh A s TR) s S

#§(E): There is no method to obtain the POSIX timestamp directly from a naive dat et ime instance representing
UTC time. If your application uses this convention and your system timezone is not set to UTC, you can obtain the
POSIX timestamp by supplying t zinfo=timezone.utc:

’timestamp = dt.replace(tzinfo=timezone.utc) .timestamp ()

BYCH L R R TR
’timestamp = (dt - datetime (1970, 1, 1)) / timedelta (seconds=1)

datetime.weekday ()

R E AR REWIL, BW—R0, BEWR K6, MM T self.date() .weekday (). HIES
5isoweekday ().

datetime.isoweekday ()

R E—NEERREWIL, BW-—R 1, BEMXNT. YT self.date() .isoweekday (). 7iF
Zflweekday (), isocalendar (),

datetime.isocalendar ()
Return a 3-tuple, (ISO year, ISO week number, ISO weekday). The same as 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.ffffff,if microsecondisnot(
* YYYY-MM-DDTHH:MM:SS, if microsecondis 0
If utcoffset () does not return None, a string is appended, giving the UTC offset:
* YYYY-MM-DDTHH:MM:SS.ffffff+HH:MM[:SS[.ff£f£££f]],if microsecondisnot0
® YYYY-MM-DDTHH:MM:SS+HH:MM[:SS[.fff£fff]],if microsecondisO

NV

>>> from datetime import datetime, timezone

>>> datetime (2019, 5, 18, 15, 17, 8, 132263).isoformat ()
'2019-05-18T15:17:08.132263"

>>> datetime (2019, 5, 18, 15, 17, tzinfo=timezone.utc) .isoformat ()
'2019-05-18T15:17:004+00:00"

The optional argument sep (default ' T ') is a one-character separator, placed between the date and time portions
of the result. For example:

>>> from datetime import tzinfo, timedelta, datetime
>>> class TZ (tzinfo) :
"""A time zone with an arbitrary, constant —-06:39 offset."""
def utcoffset (self, dt):
return timedelta (hours=-6, minutes=-39)

>>> datetime (2002, 12, 25, tzinfo=TZ()) .isoformat (' ')

(continues on next page)
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(R —H)

'2002-12-25 00:00:00-06:39"
>>> datetime (2009, 11, 27, microsecond=100, tzinfo=TZ()) .isoformat ()
'2009-11-27T00:00:00.000100-06:39"

S timespec B E RN TRIZLAHE (BRINH Tauto"). ER LA TEZ —:
"auto': Y microsecond i 0 M5 'seconds' #[F, FNE 'microseconds’ A,

e 'hours': Include the hour in the two-digit HH format.
e 'minutes': Include hour and minute in HH : MM format.
¢ 'seconds': Include hour, minute, and secondin HH:MM: SS format.

* 'milliseconds': Include full time, but truncate fractional second part to milliseconds. HH:MM: SS.
sss format.

e 'microseconds': Include full time in HH:MM: SS. ffff£ff format.

) HEBRATA IR RS T, AR B A

ValueError will be raised on an invalid fimespec argument:

>>> 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 HUBTIIA: T timespec Z4]

datetime.__str__ ()
StFdatetime LM d, str(d) Z4TF d.isoformat (' '),

datetime.ctime ()
Return a string representing the date and time:

>>> from datetime import datetime
>>> datetime (2002, 12, 4, 20, 30, 40).ctime()
'Wed Dec 4 20:30:40 2002"

The output string will not include time zone information, regardless of whether the input is aware or naive.

d.ctime () &%0T:

time.ctime (time.mktime (d.timetuple()))

on platforms where the native C ct ime () function (which time.ctime () invokes, but which datetime.
ctime () does not invoke) conforms to the C standard.

datetime.strftime (format)
Return a string representing the date and time, controlled by an explicit format string. For a complete list of
formatting directives, see strftime() Fo strptime() 8947 .

datetime.__format__ (format)
Same as datetime.striftime (). This makes it possible to specify a format string for a datet ime object
in formatted string literals and when using str. format (). For a complete list of formatting directives, see
strftime() #= strptime() 8947 .
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Examples of Usage: datetime

Examples of working with datet ime objects:

>>> from datetime import datetime, date, time, timezone

>>> # Using datetime.combine ()

>>> d = date (2005, 7, 14)

>>> t = time (12, 30)

>>> datetime.combine (d, t)
datetime.datetime (2005, 7, 14, 12, 30)

>>> # Using datetime.now()

>>> datetime.now ()

datetime.datetime (2007, 12, 6, 16, 29, 43, 79043) # GMT +1

>>> datetime.now (timezone.utc)

datetime.datetime (2007, 12, 6, 15, 29, 43, 79060, tzinfo=datetime.timezone.utc)

>>> # Using datetime.strptime()

>>> dt = datetime.strptime("21/11/06 16:30", "2d/%m/%y SH:%M")
>>> dt

datetime.datetime (2006, 11, 21, 16, 30)

>>> # Using datetime.timetuple () to get tuple of all attributes
>>> tt = dt.timetuple ()
>>> for it in tt:

print (it)
2006 # year
11 # month
21 # day
16 # hour
30 # minute
0 # second
1 # weekday (0 = Monday)
325 # number of days since lst January
-1 # dst - method tzinfo.dst () returned None

>>> # Date in ISO format
>>> ic = dt.isocalendar()
>>> for it in ic:

print (it)
2006 # ISO year
47 # ISO week
2 # ISO weekday

>>> # Formatting a datetime

>>> dt.strftime ("%A, 2¢d. %$B %Y $I:%M%p")
'Tuesday, 21. November 2006 04:30PM'
>>> 'The {1} is {0:%d}, the {2} is {0:%B}, the {3} is {0:%I:%M%p}."'.format (dt, "day",

—"month", "time")
'The day is 21, the month is November, the time is 04:30PM.'

The example below defines a t zinfo subclass capturing time zone information for Kabul, Afghanistan, which used +4
UTC until 1945 and then +4:30 UTC thereafter:
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from datetime import timedelta, datetime, tzinfo, timezone

class KabulTz (tzinfo) :
# Kabul used +4 until 1945, when they moved to +4:30
UTC_MOVE_DATE = datetime (1944, 12, 31, 20, tzinfo=timezone.utc)

def utcoffset (self, dt):
if dt.year < 1945:
return timedelta (hours=4)
elif (1945, 1, 1, 0, 0) <= dt.timetuple()[:5] < (1945, 1, 1, 0, 30):
# An ambiguous ("imaginary") half-hour range representing
# a 'fold' in time due to the shift from +4 to +4:30.
# If dt falls in the imaginary range, use fold to decide how
# to resolve. See PEP495.
return timedelta (hours=4, minutes= (30 if dt.fold else 0))
else:
return timedelta (hours=4, minutes=30)

def fromutc(self, dt):
# Follow same validations as in datetime.tzinfo
if not isinstance (dt, datetime) :
raise TypeError ("fromutc() requires a datetime argument")
if dt.tzinfo is not self:
raise ValueError("dt.tzinfo is not self")

# A custom implementation is required for fromutc as

# the input to this function is a datetime with utc values

# but with a tzinfo set to self.

# See datetime.astimezone or fromtimestamp.

if dt.replace(tzinfo=timezone.utc) >= self.UTC_MOVE_DATE:
return dt + timedelta (hours=4, minutes=30)

else:
return dt + timedelta (hours=4)

def dst (self, dt):
# Kabul does not observe daylight saving time.
return timedelta (0)

def tzname (self, dt):
if dt >= self.UTC_MOVE_DATE:
return "+04:30"
return "+04"

Usage of KabulTz from above:

>>> tzl = KabulTz ()

>>> # Datetime before the change

>>> dtl = datetime (1900, 11, 21, 16, 30, tzinfo=tzl)
>>> print (dtl.utcoffset())

4:00:00

>>> # Datetime after the change

>>> dt2 = datetime (2006, 6, 14, 13, 0, tzinfo=tzl)
>>> print (dt2.utcoffset())

4:30:00

(continues on next page)
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>>> # Convert datetime to another time zone
>>> dt3 = dt2.astimezone (timezone.utc)
>>> dt3

datetime.datetime (2006, 6, 14, 8, 30, tzinfo=datetime.timezone.utc)
>>> dt2

datetime.datetime (2006, 6, 14, 13, 0, tzinfo=KabulTz())

>>> dt2 == dt3

True

8.1.7 time Y&

A t ime object represents a (local) time of day, independent of any particular day, and subject to adjustment viaa t zinfo
object.

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
must 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, 1].

If an argument outside those ranges is given, Va lueError is raised. All default to 0 except #zinfo, which defaults
to None.

gk
time.min
HEMn#E/Rtine, time (0, 0, 0, 0).

time.max
R ZE/Rtime, time (23, 59, 59, 999999),

time.resolution
WD AFIZER € ime X5 2 [A) "] GEf) &/ MalfF, timedelta (microseconds=1), {HEiHEE time
MEH AL FFREARZH .

SlfEbE (k)

time.hour
BUEIER & range (24) o

time.minute
BUETEE 2 range (60) .

time.second
BUETERE 2 range (60) .

time.microsecond
BUETEREZ range (1000000)

time.tzinfo

Y50 tzinfo ZHIPALL ¢ ime MITEARHIXIR , WERBA E AMENA None.,
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time.fold
In [0, 17]. Used to disambiguate wall times during a repeated interval. (A repeated interval occurs when clocks
are rolled back at the end of daylight saving time or when the UTC offset for the current zone is decreased for
political reasons.) The value 0 (1) represents the earlier (later) of the two moments with the same wall time
representation.

3.6 BUHTA.

t ime objects support comparison of time to time, where a is considered less than b when a precedes b in time. If
one comparand is naive and the other is aware, TypeError is raised if an order comparison is attempted. For equality
comparisons, naive instances are never equal to aware instances.

If both comparands are aware, and have the same tzinfo attribute, the common tzinfo attribute is ignored and
the base times are compared. If both comparands are aware and have different t zinfo attributes, the comparands
are first adjusted by subtracting their UTC offsets (obtained from self.utcoffset ()). In order to stop mixed-type
comparisons from falling back to the default comparison by object address, when a t i me object is compared to an object
of a different type, TypeError is raised unless the comparison is == or !=. The latter cases return F'alse or True,
respectively.

3.3 jfit ¥ 58 Equality comparisons between aware and naive t ime instances don’t raise TypeError.
In Boolean contexts, a t ime object is always considered to be true.

3.5 Jit B 5#: Before Python 3.5, a t 1 me object was considered to be false if it represented midnight in UTC. This behavior
was considered obscure and error-prone and has been removed in Python 3.5. See bpo-13936 for full details.

FoAt AL 77 i

classmethod time.fromisoformat (fime_string)
Return a ¢ ime corresponding to a time_string in one of the formats emitted by t ime. isoformat (). Specifi-
cally, this function supports strings in the format:

HH[:MM[:SS[.f£f£[f£f£]]]] [+HH:MM[:SS[.f££f£££f]]]

e This does not support parsing arbitrary ISO 8601 strings. It is only intended as the inverse operation of
time.isoformat ().

vl

>>> from datetime import time

>>> time.fromisoformat ('04:23:01")

datetime.time (4, 23, 1)

>>> time.fromisoformat ('04:23:01.000384")

datetime.time (4, 23, 1, 384)

>>> time.fromisoformat ('04:23:01+04:00")

datetime.time (4, 23, 1, tzinfo=datetime.timezone (datetime.
—~timedelta (seconds=14400)))

3.7 BCHTINA.
S
time.replace (hour=self.hour, minute=self.minute, second=self.second, microsecond=self.microsecond, tz-
info=self.tzinfo, * fold=0)
Return a t i me with the same value, except for those attributes given new values by whichever keyword arguments

are specified. Note that t zinfo=None can be specified to create a naive t ime from an aware t ime, without
conversion of the time data.

3.6 GHTMA: 38T £old 4L,
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time.isoformat (fimespec="auto’)
Return a string representing the time in ISO 8601 format, one of:

e HH:MM:SS.ffffff,if microsecondisnot(
e HH:MM:SS, if microsecondis0
e HH:MM:SS.ffffff+HH:MM[:SS[.f£ff£f£f£f]],if utcoffset () does not return None

¢ HH:MM:SS+HH:MM[:SS[.ff£f£f£ff]], if microsecond is 0 and utcoffset () does not return
None

RSN timespec AL VAN IALPHE GBRIAN "auto). BEWLARPATEZ —:
e 'auto': Y microsecond i 0 M5 'seconds' #ifF], FHMNE 'microseconds' .
* 'hours': Include the hour in the two-digit HH format.
e 'minutes': Include hour and minute in HH: MM format.
e '"seconds': Include hour, minute, and second in HH:MM: SS format.

e 'milliseconds"': Include full time, but truncate fractional second part to milliseconds. HH:MM: SS.
sss format.

e 'microseconds': Include full time in HH:MM: SS. £ £ £ £ £ f format.

f(E): HERR I TR] E A R BT, A2 i A

STFICR timespec Z8(%5| kK ValueError,
Bl

>>> 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 BB ST timespec Z4{

time.__str__ ()

STFRFESRFE ¢, str (t) ZT t.isoformat (),

time.strftime (format)

Return a string representing the time, controlled by an explicit format string. For a complete list of formatting
directives, see strftime() F= strptime() 4947 4.

time.__format__ (format)
Same as time. strftime (). This makes it possible to specify a format string for a ¢ i me object in formatted
string literals and when using str. format (). For a complete list of formatting directives, see strftime() #=
strptime() 8947 A .

time.utcoffset ()

M czinfo 2y None, NiR[A] None, HMIR[H] self.tzinfo.utcoffset (None), HHIEFHEA
iR [A] None {—AMEE/NT— K a t imedel ta WEEPRG R FH# .

3.7 WU A UTC I 22 A FERR A — R B E
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time.dst ()
MR tzinfo jy None, NiR[A] None, ik [A] self.tzinfo.dst (None) , 7 HFE)GE AR [F] None
B —MEEE/NT— R t imedelta XREPRFG| L.

3.7 Jiw s 5#: DST ZE{HAFHIR G N— B A E

time.tzname ()
M tzinfo i None, NIR[E] None, FHNRE] self.tzinfo.tzname (None), WIRJGHEANIRMHE
None B{E — M FERFEEXTZR MRS ZijE}r B o

Examples of Usage: time

Examples of working with a t ime object:

>>> from datetime import time, tzinfo, timedelta
>>> class TZ1l (tzinfo):
def utcoffset (self, dt):
return timedelta (hours=1)
def dst(self, dt):
return timedelta (0)
def tzname (self,dt):
return "+01:00"
def _ repr__ (self):
return f" o"

>>> t = time (12, 10, 30, tzinfo=TZ1())
>>> t

datetime.time (12, 10, 30, tzinfo=TZ1())
>>> t.isoformat ()

'12:10:30+01:00"

>>> t.dst ()

datetime.timedelta (0)

>>> t.tzname ()

'+01:00'

>>> t.strftime ("SH:%M:%S $2")

'12:10:30 +01:00"

>>> 'The is {:%H:%M}."'.format ("time", t)
'The time is 12:10."

8.1.8 tzinfo W&

class datetime.tzinfo
This is an abstract base class, meaning that this class should not be instantiated directly. Define a subclass of
tzinfo to capture information about a particular time zone.

tzinfo ) (FEANSRTIE) MSLBIMT AL  datet ime Ft ime MRAGM IR . XERXRIFEN]
FA R AR BT AN ], I HLt 21 nfo X GCRp R A I (] 5 UTC MZE(H. I IXAZFRPA K DST
ZHRITIE, RS e H IS R SRR .

You need to derive a concrete subclass, and (at least) supply implementations of the standard ¢ zinfo methods
needed by the datet ime methods you use. The datet ime module provides t imezone, a simple concrete
subclass of tzinfo which can represent timezones with fixed offset from UTC such as UTC itself or North
American EST and EDT.

Special requirement for pickling: A t zinfosubclassmusthavean __init__ () method that can be called with
no arguments, otherwise it can be pickled but possibly not unpickled again. This is a technical requirement that
may be relaxed in the future.
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A concrete subclass of ¢ z1nfo may need to implement the following methods. Exactly which methods are needed
depends on the uses made of aware datet ime objects. If in doubt, simply implement all of them.

tzinfo.utcoffset (dt)

Return offset of local time from UTC, as a t imede 1t a object that is positive east of UTC. If local time is west
of UTC, this should be negative.

This represents the total offset from UTC; for example, if a tzinfo object represents both time zone and
DST adjustments, utcoffset () should return their sum. If the UTC offset isn’t known, return None.
Else the value returned must be a timedelta object strictly between —timedelta (hours=24) and
timedelta (hours=24) (the magnitude of the offset must be less than one day). Most implementations of
utcoffset () will probably look like one of these two:

return CONSTANT # fixed-offset class
return CONSTANT + self.dst (dt) # daylight-aware class

MR utcoffset () IREEA N None, NMldst () AR IR [FE] None,
BiNfJutcoffset () SEM LT kNot ImplementedError,

3.7 HUEE 5% UTC I 22 A FER A — B A

tzinfo.dst (dt)

Return the daylight saving time (DST) adjustment, as a t imedelta object 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 utcorffset () for details). Note that DST offset, if applicable, has already been added to the UTC offset
returned by utcoffset (), so there’s no need to consult dst () unless you're interested in obtaining DST info
separately. For example, datetime.timetuple () callsits t zinfo attribute’s dst () method to determine
how the tm_isdst flag should be set, and tzinfo. fromutc () calls dst () to account for DST changes
when crossing time zones.

— AT DA AL AR E R R B £ z i nfo TR SEH 1z AR BLITE O Fe—3
tz.utcoffset (dt) - tz.dst (dt)

must return the same result for every datetime df with dt .tzinfo == tz For sane tzinfo subclasses,
this expression yields the time zone’s ”standard offset”, which should not depend on the date or the time, but only
on geographic location. The implementation of datetime.astimezone () relies on this, but cannot detect
violations; it’s the programmer’s responsibility to ensure it. If a t zinfo subclass cannot guarantee this, it may be
able to override the default implementation of tzinfo. fromutc () to work correctly with ast imezone ()
regardless.

REBdst () WEHATRES UM TPIFHZ—

def dst (self, dt):
# a fixed-offset class: doesn't account for DST
return timedelta (0)

0

def dst (self, dt):
# Code to set dston and dstoff to the time zone's DST
# transition times based on the input dt.year, and expressed
# in standard local time.

if dston <= dt.replace(tzinfo=None) < dstoff:
return timedelta (hours=1)

(continues on next page)
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else:
return timedelta (0)

WA dst () LT K Not ImplementedError,
3.7 hin S5 DST ZE{EA PR A — g P .

tzinfo.tzname (dt)
Return the time zone name corresponding to the datet ime object dt, as a string. Nothing about string names is
defined by the datet ime module, and there’s no requirement that it mean anything in particular. For example,
"GMT”, "UTC”, ”-500”, ”-5:00”, ’EDT”, "US/Eastern”, ”America/New York” are all valid replies. Return None
if a string name isn’t known. Note that this is a method rather than a fixed string primarily because some t zinfo
subclasses will wish to return different names depending on the specific value of df passed, especially if the t zinfo
class is accounting for daylight time.

BNt zname () LML K Not ImplementedError,

These methods are called by a datetime or time object, in response to their methods of the same names. A
datet ime object passes itself as the argument, and a t i me object passes None as the argument. A t z1info subclass’s
methods should therefore be prepared to accept a df argument of None, or of class datet ime.

When None is passed, it’s up to the class designer to decide the best response. For example, returning None is appro-
priate if the class wishes to say that time objects don’t participate in the t zinfo protocols. It may be more useful for
utcoffset (None) to return the standard UTC offset, as there is no other convention for discovering the standard
offset.

When a datetime object is passed in response to a datetime method, dt.tzinfo is the same object as self.
t zinfo methods can rely on this, unless user code calls tzinfo methods directly. The intent is that the tzinfo
methods interpret dt as being in local time, and not need worry about objects in other timezones.

WH—AEONAtzinfo Uik, RATRES M BEERE:

tzinfo.fromutec (dr)
This is called from the default datetime.astimezone () implementation. When called from that, dt .
tzinfo is self, and df's date and time data are to be viewed as expressing a UTC time. The purpose of
fromutc () is to adjust the date and time data, returning an equivalent datetime in self’s local time.

Most t zinfo subclasses should be able to inherit the default Fromutc () implementation without problems. It’s
strong enough to handle fixed-offset time zones, and time zones accounting for both standard and daylight time,
and the latter even if the DST transition times differ in different years. An example of a time zone the default
fromutc () implementation may not handle correctly in all cases is one where the standard offset (from UTC)
depends on the specific date and time passed, which can happen for political reasons. The default implementations
of astimezone () and fromutc () may not produce the result you want if the result is one of the hours
straddling the moment the standard offset changes.

ZMEET MR DL A, BRI fromutc () SEEAT 7 T

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 if dtdst 1is None
if dtdst:

(continues on next page)
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return dt + dtdst
else:
return dt

JEPAF tzinfo_examples.py XA —tzinfo FEHIHIT:

from datetime import tzinfo, timedelta, datetime

ZERO = timedelta (0)
HOUR = timedelta (hours=1)
SECOND = timedelta (seconds=1)

# A class capturing the platform's idea of local time.
# (May result in wrong values on historical times in

# timezones where UTC offset and/or the DST rules had
# changed in the past.)

import time as _time

STDOFFSET = timedelta(seconds = —_time.timezone)
if _time.daylight:

DSTOFFSET = timedelta(seconds = —_time.altzone)
else:

DSTOFFSET = STDOFFSET
DSTDIFF = DSTOFFSET - STDOFFSET
class LocalTimezone (tzinfo) :

def fromutc(self, dt):
assert dt.tzinfo is self
stamp = (dt - datetime (1970, 1, 1, tzinfo=self)) // SECOND
args = _time.localtime (stamp) [:6]
dst_diff = DSTDIFF // SECOND
# Detect fold
fold = (args == _time.localtime (stamp - dst_diff))
return datetime (*args, microsecond=dt.microsecond,
tzinfo=self, fold=fold)

def utcoffset (self, dt):
if self._isdst (dt):
return DSTOFFSET
else:
return STDOFFSET

def dst (self, dt):
if self._isdst (dt):
return DSTDIFF
else:
return ZERO

def tzname (self, dt):
return _time.tzname[self._isdst (dt) ]

def _isdst(self, dt):

tt = (dt.year, dt.month, dt.day,
dt .hour, dt.minute, dt.second,
dt .weekday (), 0, 0)

(continues on next page)
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stamp = _time.mktime (tt)
tt = _time.localtime (stamp)
return tt.tm _isdst > 0

Local = LocalTimezone ()

# A complete implementation of current DST rules for major US time zones.

def first_sunday_on_or_after(dt):
days_to_go = 6 — dt.weekday ()
if days_to_go:
dt += timedelta (days_to_go)
return dt

US DST Rules

This is a simplified (i.e., wrong for a few cases) set of rules for US
DST start and end times. For a complete and up-to-date set of DST rules
and timezone definitions, visit the Olson Database (or try pytz):
http://www.twinsun.com/tz/tz—-1ink.htm
http://sourceforge.net/projects/pytz/ (might not be up-to-date)

In the US, since 2007, DST starts at 2am (standard time) on the second
Sunday in March, which is the first Sunday on or after Mar 8.
DSTSTART_2007 = datetime (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 2am (DST time) on the last

# Sunday of October, which is the first Sunday on or after Oct 25.
DSTSTART_1987_2006 = datetime (1, 4, 1, 2)

DSTEND_1987_2006 = datetime (1, 10, 25, 2)

# From 1967 to 1986, DST used to start at Z2am (standard time) on the last
# Sunday in April (the one on or after April 24) and to end at 2am (DST time)
# on the last Sunday of October, which is the first Sunday

# on or after Oct 25.

DSTSTART_1967_1986 = datetime (1, 4, 24, 2)

DSTEND_1967_1986 = DSTEND_1987_2006

S oH H R W W R R W

def us_dst_range (year) :

# Find start and end times for US DST. For years before 1967, return
# start = end for no DST.
if 2006 < year:

dststart, dstend = DSTSTART_2007, DSTEND_2007
elif 1986 < year < 2007:

dststart, dstend = DSTSTART_1987_2006, DSTEND_1987_2006
elif 1966 < year < 1987:

dststart, dstend = DSTSTART_1967_1986, DSTEND_1967_1986
else:

return (datetime (year, 1, 1), ) * 2

start = first_sunday_on_or_after (dststart.replace (year=year))
end = first_sunday_on_or_after (dstend.replace (year=year))
return start, end

(continues on next page)
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class USTimeZone (tzinfo) :

def

def

def

def

def

def

__init__ (self, hours, reprname, stdname, dstname) :
self.stdoffset = timedelta (hours=hours)
self.reprname = reprname

self.stdname = stdname

self.dstname = dstname

__repr__(self):

return self.reprname

tzname (self, dt):
if self.dst (dt):

return self.dstname
else:

return self.stdname

utcoffset (self, dt):
return self.stdoffset + self.dst (dt)

dst (self, dt):
if dt is None or dt.tzinfo is None:
# An exception may be sensible here, in one or both cases.
# It depends on how you want to treat them. The default
# fromutc () implementation (called by the default astimezone ()
# implementation) passes a datetime with dt.tzinfo is self.
return ZERO
assert dt.tzinfo is self
start, end = us_dst_range (dt.year)
# Can't compare naive to aware objects, so strip the timezone from
# dt first.
dt = dt.replace(tzinfo=None)
if start + HOUR <= dt < end - HOUR:
# DST is 1in effect.
return HOUR
if end - HOUR <= dt < end:
# Fold (an ambiguous hour): use dt.fold to disambiguate.
return ZERO if dt.fold else HOUR
if start <= dt < start + HOUR:
# Gap (a non—-existent hour): reverse the fold rule.
return HOUR if dt.fold else ZERO
# DST is off.
return ZERO

fromutc(self, dt):
assert dt.tzinfo is self
start, end = us_dst_range (dt.year)
start = start.replace(tzinfo=self)
end = end.replace (tzinfo=self)
std_time = dt + self.stdoffset
dst_time = std_time + HOUR
if end <= dst_time < end + HOUR:
# Repeated hour
return std_time.replace(fold=1)
if std_time < start or dst_time >= end:
# Standard time

(continues on next page)
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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", "CcsT", "CDT")
Mountain = USTimeZone (-7, "Mountain", "MST", "MDT")

(-8, "Pacific", "PST", "PDT")

Pacific = USTimeZone

Note that there are unavoidable subtleties twice per year in a t z 1 n o subclass accounting for both standard and daylight
time, at the DST transition points. For concreteness, consider US Eastern (UTC -0500), where EDT begins the minute
after 1:59 (EST) on the second Sunday in March, and ends the minute after 1:59 (EDT) on the first Sunday in November:

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

When DST starts (the “start” line), the local wall clock leaps from 1:59 to 3:00. A wall time of the form 2:MM doesn’t
really make sense on that day, so astimezone (Eastern) won’t deliver a result with hour == 2 on the day DST
begins. For example, at the Spring forward transition of 2016, we get:

>>> from datetime import datetime, timezone
>>> from tzinfo_examples import HOUR, Eastern
>>> u0 = datetime (2016, 3, 13, 5, tzinfo=timezone.utc)
>>> for i1 in range(4):
u = ul0 + i1i*HOUR
t = u.astimezone (Eastern)
print (u.time (), 'UTC ="', t.time(), t.tzname())

05:00:00 UTIC = 00:00:00 EST
06:00:00 UTIC = 01:00:00 EST
07:00:00 UTC = 03:00:00 EDT
08:00:00 UTIC = 04:00:00 EDT

When DST ends (the “end” line), there’s a potentially worse problem: there’s an hour that can’t be spelled unambiguously
in local wall time: the last hour of daylight time. In Eastern, that’s times of the form 5:MM UTC on the day daylight time
ends. The local wall clock leaps from 1:59 (daylight time) back to 1:00 (standard time) again. Local times of the form
1:MM are ambiguous. astimezone () mimics the local clock’s behavior by mapping two adjacent UTC hours into
the same local hour then. In the Eastern example, UTC times of the form 5:MM and 6:MM both map to 1:MM when
converted to Eastern, but earlier times have the fo1d attribute set to O and the later times have it set to 1. For example,
at the Fall back transition of 2016, we get:

>>> u0 = datetime (2016, 11, 6, 4, tzinfo=timezone.utc)
>>> for i1 in range(4):
u = u0 + i*HOUR
t = u.astimezone (Eastern)
print (u.time (), 'UTC =', t.time(), t.tzname(), t.fold)

04:00:00 UTIC 00:00:00 EDT O
05:00:00 UTC = 01:00:00 EDT O

(continues on next page)
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06:00:00 UTC = 01:00:00 EST 1
07:00:00 UTIC = 02:00:00 EST O

Note that the dat et ime instances that differ only by the value of the £o1d attribute are considered equal in comparisons.

AN SRR IS T) S AR A LR I 7 B g UG A ro 1 d @R R(E, s e HIRAX W czinfo 724 4
il £ imezone Bk HAT A0 HAE & Z2(H A £ zinfo FRBIANFE R EST (& E Z{H -5 /Mf) 8/~ EDT
([ 2 2 -4 /NEF) BYZEIHE RS 1 LY

hz=%:

dateutil.tz The datetime module has a basic t imezone class (for handling arbitrary fixed offsets from UTC) and
its t imezone . utc attribute (a UTC timezone instance).

dateutil.tz library brings the JANA timezone database (also known as the Olson database) to Python, and its usage
is recommended.

TANA MK Bl 0 XS0 P GRLAFR 4 (2, tedata 5% zoneinfo) 1 9 it (T FIECHE ) o 6 4 3RV AT
ARG A ST G B (5 8 2 T 30 DA S WA BOA SE M I L, UTC 258 A
ARG,

8.1.9 timezone W&

The t imezone class is a subclass of tzinfo, each instance of which represents a timezone defined by a fixed offset
from UTC.

Objects of this class cannot be used to represent timezone information in the locations where different offsets are used in
different days of the year or where historical changes have been made to civil time.

class datetime.timezone (offset, name=None)
The offset argument must be specified as a t imede 1t a object representing the difference between the local time
and UTC. It must be strictly between —t imedelta (hours=24) and timedelta (hours=24), otherwise
ValueFError is raised.

The name argument is optional. If specified it must be a string that will be used as the value returned by the
datetime.tzname () method.

3.2 OB
3.7 WUEE 5% UTC I 22 A FERR A — B A

timezone.utcoffset (dt)
Return the fixed value specified when the t imezone instance is constructed.

The dt argument is ignored. The return value is a t imede 1t a instance equal to the difference between the local
time and UTC.

3.7 WU A% UTC I 22 A FERR A — R AL

timezone.tzname (dt)
Return the fixed value specified when the ¢ imezone instance is constructed.

If name is not provided in the constructor, the name returned by t zname (dt) is generated from the value of
the of fset as follows. If offset is t imedelta (0), the name is "UTC”, otherwise it is a string in the format
UTC4HH : MM, where =+ is the sign of of fset, HH and MM are two digits of of fset .hours and offset.
minutes respectively.

3.6 iR F 4 : Name generated from of fset=timedelta (0) is now plain 'UTC’, not 'UTC+00:00".
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timezone.dst (dt)
b iR A None,

timezone.fromutc (dt)
Return dt + offset. The df argument must be an aware datet ime instance, with t zinfo setto self.

Kt

timezone.utec
UTC B}IX, timezone (timedelta (0)).

8.1.10 strftime () 1 strptime () BY1TH
date, datetime, and time objects all supporta strftime (format) method, to create a string representing the
time under the control of an explicit format string.

Conversely, the datetime. strptime () class method creates a datet ime object from a string representing a date
and time and a corresponding format string.

The table below provides a high-level comparison of strftime () versus strptime ():

strftime strptime
b MR E RS R X R AR | AR T 4 e A X dat et ime X4
S NIERIYS ESiNS
Tk date; datetime; time datetime
B strftime (format) strptime (date_string, format)

strftime () 0 strptime () Format Codes

The following is a list of all the format codes that the 1989 C standard requires, and these work on all platforms with a
standard C implementation.

8.1. datetime — B AN HEIF00TEEE 197



The Python Library Reference, &[] 3.9.0a1

ks BX Pl [Efig
%a Y TAEHSHS . 9]
Sun, Mon, ..., Sat
(en_US);
So, Mo, ..., Sa (de_DE)
SA A H AL 2 R H Y (1)
SERATE. Sunday, Monday, ...,
Saturday (en_US);
Sonntag, Montag, ...,
Samstag (de_DE)
Sw AT ECE R TAE | 0,1, ..,6
H, HhoFRREMH,
6 TR BN,
$d WEE, HEEREE | 01,02, .., 31 ©)
A — R
$b 24 H oy 455 (1)
Jan, Feb, ..., Dec (en_US);
Jan, Feb, ..., Dez (de_DE)
%B AHALHY H Ay 4244 )]
January, February, ...,
December (en_US);
Januar, Februar, ...,
Dezember (de_DE)
$m #HE)E, PATEERIZE | 01,02,.., 12 ©)
ANODERE
5y #EJE, LA %R | 00,01, ..., 99 )
I, AL AR
%Y TR BE R Z | 0001, 0002, .., 2013, | (2)
A - 2014, ..., 9998, 9999
%H AN 5 iy k%R | 00,01, ..., 23 )
IR/ (24 /N o
51 AR IS ) k£ R | 01,02, ..., 12 )
IR/ (12 78 o
%p AHIA) AM B PM (1), (3)
AM, PM (en_US);
am, pm (de_DE)
M #EJE, PATH#EREE | 00,01, ..., 59 )
ENIE R
%S #EJE, A EdigE | 00,01, .., 59 ), 9
AN OER
$f PAH R R =~ Z#P, | 000000, 000001, %)
EAEMHE. 999999
%z UTC W # &, # | (&), +0000, -0400, | (6)
7 N  EHHMM[SS[. | +1030, +063415,
fEEEEE]] (WSR N4 | 030712.345216
EANER, Nh 2 245
198 F). Chapter 8. #iEJH
57 BFX A FR (AR X5 | (empty), UTC, GMT (6)
JCHBN N 25 FAFH ) o
%7 M%b%?éﬁﬂ*ﬁﬁﬂ?&% 001, 002, ..., 366 9)
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NT IR, BAFET C89 FRHEARTR A HAL—LE 454 . X EESHHRXT T 1SO 8601 H A

¥ | BEX =Pl

& &

5G| A AR 1SO 8601 -7y, o/t ar Iahsy 1ISO E3H (V) BY4E | 0001, 0002, ..., 2013, 2014, | (8)
¥y o .o 9998, 9999

su | PATEEHRIBCE R 1SO 8601 B H PSS, Hodp 1 ForEW | 1,2, ...,7

sV | PATERIECE R 1SO 8601 B 1, DA —VE MR IS —K. | 01,02, ...,53 (),
501 a1 H 4 HED. )

These may not be available on all platforms when used with the st rftime () method. The ISO 8601 year and ISO
8601 week directives are not interchangeable with the year and week number directives above. Calling strptime ()
with incomplete or ambiguous ISO 8601 directives will raise a ValueError.

The full set of format codes supported varies across platforms, because Python calls the platform C library’s
strftime () function, and platform variations are common. To see the full set of format codes supported on your
platform, consult the st rft ime (3) documentation.

3.6 CHTIIA: T %G, su fl 8V,

BAAT
Broadly speaking, d.strftime (fmt) acts like the time module’s time.strftime (fmt, d.
timetuple () ) although not all objects support a t imetuple () method.

XtF-datetime.strptime () K, BRIAMEN 1900-01-01T00:00:00.000: R{i] RAEK X F4 L
T8 7E TR R BRI 4R

Using datetime.strptime (date_string, format) is equivalent to:

datetime (* (time.strptime (date_string, format) [0:6]))

except when the format includes sub-second components or timezone offset information, which are supported in
datetime.strptime butare discarded by time . strptime.

For t ime objects, the format codes for year, month, and day should not be used, as ¢ ime objects have no such values.
If they’re used anyway, 1900 is substituted for the year, and 1 for the month and day.

For date objects, the format codes for hours, minutes, seconds, and microseconds should not be used, as dat e objects
have no such values. If they’re used anyway, O is substituted for them.

AR A GBI, X A 2 i X IR A T TE 1 7R 9 Unicode B (07 s 2 2490 3 Ao A0 B 2 B
PeFBRT-G o ZERAET-G ESRERRS (i SR G S S Rt THAE LA P& b strftime MUTTAES]
%k UnicodeError B HiR [b|— 25 FZ4FE .

[

(1) H T Do MO T 214 i DRI B, PRI e 0 5 i o (24 SRR VR T . F B & R A s (il
1" month/day/year” 5 day/month/year”) , - H.4i H w] G842 F DX I8 3% 3 T 5 22 19 ZROA A A% =X i
Unicode T4 (FIANMNAR S /XN Ja_ap, WIERINGitSHs X 1T HE N eucIp, STIS B ut£-8 Hf—
A ffifllocale. getlocale () AIHRfE 24w K & A Aot X ) .

(2) strptime () J{EREASMRHTEEAS (1, 99991 YEHH WHI4FE1Y, H < 1000 FYAF G b AU ZIE T 4 (407 58
.

3.2 WU FEZ HIRIRAS T, strftime () Jy¥vEHBRT >= 1900 f4EA) .

4 f£ A\ datetime.strptime ('Feb 29', '$b $d') PSR, HH 1900 AEHAE,
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3.3 MRS JERRAS 3.2 ) strftime () FYVEHERT years >= 1000,
(3) Y45 strptime () FE—EEHR, WREH ST $52RMEHT/NEE, s $52 Hag i /N B
4) Htime BIRAFNZ, datetime BERAZEEETD.

(5) When used with the st rptime () method, the % £ directive accepts from one to six digits and zero pads on the
right. &£ is an extension to the set of format characters in the C standard (but implemented separately in datetime
objects, and therefore always available).

(6) XITIHANIG, %z and 52 AU SN 2= FAFE -
XA R G 5

%z utcoffset () is transformed into a string of the form +HHMM[SS[.f£ff£f£f] ], where HH is a 2-digit
string giving the number of UTC offset hours, MM is a 2-digit string giving the number of UTC offset minutes,
SS is a 2-digit string giving the number of UTC offset seconds and £££££f is a 6-digit string giving the
number of UTC offset microseconds. The £££fff part is omitted when the offset is a whole number of
seconds and both the ££ £ £ £ f and the SS part is omitted when the offset is a whole number of minutes. For
example, if utcoffset () returns timedelta (hours=-3, minutes=-30), %z is replaced with
the string '-0330".

3.7 WU A UTC I 22 A FERR A — R

3.7 A PR 5z $594 strptime () JyARS, UTC %{ETMT I S MIARRZ 18] B 57 B
B, ‘+01=00-00'ﬁ%ﬁﬁ@b&ﬁ*d\ﬁé’]ﬁﬁ Besk, 3Rt vz it T 1 +00:00",

%$Z Instrftime (), $Z is replaced by an empty string if t zname () returns None; otherwise %7 is replaced
by the returned value, which must be a string.

strptime () only accepts certain values for $Z:
1. any value in t ime . t zname for your machine’s locale
2. the hard-coded values UTC and GMT

So someone living in Japan may have JST, UTC, and GMT as valid values, but probably not EST. It will raise
ValueError for invalid values.

3.2 Jit ¥ A%: When the %z directive is provided to the st rpt ime () method, an aware datet ime object will
be produced. The t zinfo of the result will be set to a ¢ i me zone instance.

(7) 245 strptime () JFik— &N, sU R sw (UNTHaEBYLH H TEG () BITT5E

®) %’é{u? SU A sW, sV AU THE strptime () A FERFE 82 EHULA ISO 40y (56) BITHE.
R %Gl 5Y ETTsdﬁeE’J

(9) 4T strptime () FE—EMAR, BIFHZEHEN 50, 3m, $H, 51, $M, %S, 37, $U, $WHl Vv H2H]
. K sy AESRA TS .
[
8.2 calendar — HBH#HXEZE

PACHS . Lib/calendar.py

RAMELRLE AR AT DA% 2 Unix cal ARFERY H I, EIE4R4E T HE 5 H A 00521 s BOATE LT, X8 H
JHE R — A — MR —K, BWIRA— KRG —RK (BB . "TPAE ] set firstweekday ()
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HEBE RS- RNEI R (6) i3 HELE K. MHEEENTEE BN SE. T2 &M mEL,
Z M datetime Mt ime Bidk,

TERL A o S pRECRI AR I T— N BRAEAe i H 7, BT A Dl AR AN ) TR . X5
Dershowitz F Reingold #J-" ki1 A BRI E A H Jj - “proleptic Gregorian” H JiH & XA - I1SO
8601 FREILHLE T 0 FIAEAEy . 0 4RF5 A T0HT 1 4F, -1 AFF8ATCHT 2 48, MKILEHE.

class calendar.Calendar (firstweekday=0)
A —ACcalendar W4 . firstweekday &— 44, MTHEE—HHE—RK. 0 2EH— (BIMHE), 6
HEH
XEEADE%O

Calendar WRARML TSl g ] THER H S LRI ik XA BRI TAEATAR AR
XA S5 L R TR 5E

Calendar FEMSEBIA T T4

iterweekdays ()
R AR, BRI — BT . SRS —AMES firstweekday JEHENE
— &,

itermonthdates (year, month)
Bl — AR, RSN year 4F month J] (1-12) B H o X A-EACAR R 012 i BT H
W (datetime.date Xt%), HME 7AA KRN TAISERE—m H .

itermonthdays (year, month)
B Pl EREE, EREINAE S itermonthdates () 2, K year 4 month HHI, EA
FZdatetime.date JEHEIFRH. B&EHH P24 HE— KK H XY RE. X TAESHH
Eq) E/j_:\‘ﬂy OO

itermonthdays2 (year, month)
R Ak, RSN A S itermonthdates () JMLN year 4 month JI ) H ], {HA
Zdatetime.date JEHERYMRE . EAEPITR I—Al HIHFAAR B LB s oo
4.

itermonthdays3 (year, month)

RE—ERE, ERESNAE Sitermonthdates () LN year 4E month H ) H Y], {HA
Zdatetime.date JUREIMRREl. ERIIITCEN DB, H, HARKITH.

3.7 BT

itermonthdays4 (year, month)
wpl— N E N, BRSNS S itermonthdates () JfBI2h year 4F month H i HIY, (HA
Fdatetime.date JERRYIRE . EAERICEI—DmAE, H, HAERENUECA 4
Jt.
3.7 WOHTA.

monthdatescalendar (year, month)

R AR EF AR AGR. FFIRE -t datet ime. date MRAM.

monthdays2calendar (year, month)
Rl —AFoRFEEE H W JE SR SRR H IR AR R L g 241 8 — ot oo
2.

monthdayscalendar (year, month)

R M —AFIR AR EAE H AR AR B H IR B 48

yeardatescalendar (year, width=3)
i [B] W] DA SR A% A 1 46 8 4F H i BE . R IR — DR, SR A i AT, &—
UG THRZ widh A7 BAHN 3. BPHHEET 48 61, FMEE 1-7T R, KM
Hdatetime.date W4,
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yeardays2calendar (year, width=3)
AR [m] AT DA A AL 5 5 4F H B (S yveardatescalendar () K. JFIERM TR S H
Forn I Eer o BB LB 4l edl. AMEX A H T4 0.
yeardayscalendar (year, width=3)
AR [E ] DA RAEA AL R 1 58 4 H R (S yeardatescalendar () 2K, SRR ITREH
N HIET . AEXDHIH T4 0.
class calendar.TextCalendar (firstweekday=0)

AT RAGE XA 2 A Al SCAS H g
TextCalendar LA VAT HYE:

formatmonth (theyear, themonth, w=0, [=0)
RPN AT ERF R R FORTEEE A H T w h HIIMSERE, EIRZREEHINE . [5E TH
S HIATEL. DAL X S TS AR B set firstweekday () JriktaE M IS — K2
W—xK

prmonth (theyear, themonth, w=0, [=0)
Y formatmonth () JrE—HE, R&E—NHBHDI.

formatyear (theyear, w=2, I=1, c=6, m=3)
R A ZATFRRR, XA FAFHRN— D m A H T ATESE w, LAl 4331308 HIFE, R
8, MAZIRIRARG . [FRE, DA BB T g sl set firstweekday () $8EW—RK
H—HHE—RK. HIRNE—FEd- e ENnra.

pryear (theyear, w=2,1=1, c=6, m=3)
Hrformatyear () JE—FE, RIE-—FAERH 7.
class calendar.HTMLCalendar (firstweekday=0)
A] DA X AN i HTML H 7
HTMLCalendar SCfE AR ¥

formatmonth (theyear, themonth, withyear=True)
1R 8 —4> HTML FASE 48 E 4 H 0 H 7. withyear NE, WA S EERL, B HBR
Ay

formatyear (theyear, width=3)
R [E—A4~ HTML MRN8 E G H P o width CBRINH 3) T IE R 1728 H s .
formatyearpage (theyear, width=3, css=calendar.css’, encoding=None)
IR o] —ASE R HTML GURHE A48 @ S0 H e width*(BiKA 3) A FAREHE—4T 2789 At
BF. Foss BEBHEAERNL T WERAETEMZEEREAEK, WRAMEM None . encoding i th
BT 2D GERIA A R GE MBI G AD) -

HTMLCalendar FPAFJEME, Rn ATZENIR A & VA H Pk,

cssclasses
— AKX B — S B R CSS class 7136, ERINGIR N
cssclasses = ["mon", "tue", "wed", "thu", "fri", "sat", "sun"] ‘

AT DA R I E AR

cssclasses = ["mon text-bold", "tue", "wed", "thu", "fri", "sat", "sun red"] ‘

FEPRL, DIRARBELT N 7.
cssclass_noday

TAEHAY CSS HAE EAA SR H %4
3.7 BT
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cssclasses_weekday_ head

FHTFAREATH R TAE H S50 CSS 25136 . BRIME S cssclasses A,
3.7 OB

cssclass_month_head

A3k CSS 2% (B formatmonthname () /). BRIAMEN "month" .
3.7 OB

cssclass_month

FA-HBYH ) CSS 26 (i formatmonth () ffiff]). BRAAEAN "month"
3.7 BCHTNA.

cssclass_year

FAEMAED CSS 28 (i formatyear () ffiff]). BRAEN "year" .
3.7 BTN

cssclass_year_head

RPN - #3k CSS 2k (i formatyear () ). BRINMEN "year" .
3.7 BGHTA.

FEERME, A Lo AR B MM B (1 cssclass_month cssclass_noday),
TG AT DA R 2 A BRI Ferh Iy B TR AT, B

"text-bold text-red"

AN H % X HTMLCalendar KRl

class CustomHTMLCal (calendar.HTMLCalendar) :
cssclasses = [style + " text-nowrap" for style in
calendar.HTMLCalendar.cssclasses]
cssclass_month_head = "text-center month-head"
cssclass_month = "text-center month"
cssclass_year = "text-italic lead"

class calendar.LocaleTextCalendar (firstweekday=0, locale=None)
XA FETextCalendar W] PATEMYIE R B (& 88— MBS I PR, I Hag W H 670 23 LE 24 FRAE
FrE S PR . APRITE S PR S g, WAL A LA H A PR A 45 HRRAE4 unicode 1
[l

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.

HiE): XA formatweekday () Fil formatmonthname () J73EIGIT L dang 2457 KI5 2 45 5 locale
o BT Y HI I E R HRRE E i E, I EATN LR e .

XTI SR H T, X ARG T PAN 5k
calendar.setfirstweekday (weekday)

WEE—ERIE (0 FREM—, 6 FREWK). calendar IAHEfit T MONDAY, TUESDAY, WEDNESDAY,
THURSDAY, FRIDAY, SATURDAY #1 SUNDAY JULAN# & EMTH. i, &EEENE—RNERR

import calendar
calendar.setfirstweekday (calendar.SUNDAY)

8.2. calendar — HFH#HxZHE 203



The Python Library Reference, &[] 3.9.0a1

calendar. firstweekday ()

IR 1 24 i P g B ) 2 — R R
calendar.isleap (year)

MR year ZEFNR ] True , {WIRE False,

calendar.leapdays (v, y2)
REIFEFEE yI 2 y2 (R 8yl Fly2 ) ZRIEEREL, Hrb vyl B y2 240 .
UM BRI S T B A 2 A A

calendar .weekday (year, month, day)

REIFEAE (1970-..), HH (1-12), FH (1-31) Z2EHIL (0 2EH—).
calendar .weekheader (n)
RE A E BN S 2100k nf8E BILGE S N FAF 0% o
calendar .monthrange (year, month)
R E I E A IS — K B LAE A H i K%L
calendar .monthcalendar (year, month)
BP KRR DA H W ERE. 57 ABIWHE THTZRR BRIFE
Hsetfirstweekday () E, &NEEVAE—NE.
calendar .prmonth (theyear, themonth, w=0, I=0)

FTEI i month () RIEA—A~-H I H .

calendar .month (theyear, themonth, w=0, [=0)

ffif Text Calendar 2R formatmonth () AZATFAFERIERGR B H 7y H 7.

calendar.precal (year, w=0, I=0, c=6, m=3)

T calendar () iR MIEEAERSH T .

calendar.calendar (year, w=2, =1, c=6, m=3)

ffif Textcalendar M) formatyear () R EEEAER 3 5 H PIAZ AT FAF R AR .
calendar.timegm (tuple)

— AR ARG kg, BRI T B i me B gmt ime () BR8] 3 1]
AHNZ ) Unix BRI, (B0E 1970 4EFFURTTEL, POSIX 4t . SLbr b, time.gmtime () Fltimegm()
S OAH S o

calendar fEHELE AT Eul E M

calendar.day_name

24 i T P T s B LR AL

calendar.day_abbr
e BT 5 PR T RoR B LA SRR
calendar.month_name
TR R 5 PR TR —4F P A8 . XA — ARS8 T RGEE B0, FreAERYKEESY 13 A

= A

month_name [0] B F/FH .

calendar .month_abbr
T HITE S P N 2om A SRR . X0 ARS8 L AER BRG], FrAERRKERN 13 A
month_abbr [0] @& FfFH .

hz=%:
Bithdatetime i HEAIE$RALS € i me AT BER T X 532 11 .
Bkt ime JIC)ZFA]AH 5 R %K
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8.3 collections — BEEBFIAIRE

JiUGRE:  Lib/collections/__init__.py

BB EE T AR EI A2 R AR, AR Python — M [EIEH 284, BllNdice . 1ist . set
HMtuple

namedtuple () | FIPHESL— MO BER 24 1) tuple 1R bR H0

deque —RJULL list (R Z54%, AT AP AR BE R i A G ELEUE T3 .
ChainMap —fifGg 2 dict (FEE], HIZRIEIZ i mapping 757 B —F] view .
Counter dict ) FHEE], JH2FTE AT hash ¥)1H0) S .

OrderedDict dict i 7HIE], et gom AR .
defaultdict | dict fJFHEE], FEMEALEAE dict g e —{E[EA: g2,

UserDict B AR, Rl I
UserList BTN R, fafe TOER TR

UserString B THIRMR, i TR TR

Deprecated since version 3.3, will be removed in version 3.9: EVRF A 524 % 5 X BB collections. abe filk,

N T BREFR T ARAE, ENIFE Python 3.8 MU MR F 3SR 77 AE.

8.3.1 chainMap objects

3.3 OB

—ANChainMap Z&2 0 [ R MRS IR R BER Bk, BT DMEN— A BOCAL B . et
—MHTIMZB W Hupdate () ZRRZ .

XAEATPAR TR EAE M, I FAEB A I 5 LA ] -

class collections.ChainMap (*maps)
—A>ChainMap R4 T IH HAMMITE GAE—&, B Epal SERRILIE . AR AT maps
PARE, Wt IO A, R R A U

JRIZMSIAF A E— P . XADFIRZATFRY, WAL maps JEIEAFIHORNIE R . B HABRRAS
WRAMZRGS, BRI —MEpEkE. ARpE, 5, SOMER e — .
—/~ChainMap Eid 5 GIFIRIZBI  BTA, A02R— AN REBAT R 1, X S & | ChainMap

SCRERTA 7Tk . 73 SNEA —A> maps J&1E (attribute), — M7 T BN 3CHYT7 4 (method), —4>
FAHCEATE MRS JE M (property):

maps
—ANAT AT LGS 2R . XA F R H RS — IR R B 5 — R RPN . B IUH
FITAOIRAS, TR B . PR D& — st .

new_child (m=None)
R[E AW ChainMap 28, A& T —AHL (map), 5 17 R 6 24 5 55 61 ) 2 5B (map). 41
Rm R, BRI, PUREIA BTN m, WREE TR, wiin b
FH XFERTE— d.new_child () WHEMT ChainMap ({}, *d.maps) . XPNHEHT
BIET FRSC, AU AL

34 CESE: AT m TS
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parents
JE MR B — A Cha i nMap 5 BTG W24 B SEBI BT, BR T8 — . XFETTDATESE R A I
Bk B — A i 137 5 R U Enested scopes 1 EAE I nonlocal XK. B
AIPAK N E#E M E super () « —/> d.parents 5| HEEM T ChainMap (*d.maps[1:]) .

HE, —NChainMap () WY& IS0 B B BRSRS SR B E -

>>> baseline = {'music': 'bach', 'art': 'rembrandt'}

>>> adjustments = {'art': 'van gogh', 'opera': 'carmen'}
>>> list (ChainMap (adjustments, baseline))

['music', 'art', 'opera']

R T Hdict . update () WHFFIMIERINT , Afa— BTG

>>> combined = baseline.copy ()
>>> combined.update (adjustments)
>>> list (combined)

['music', 'art', 'opera']

hz=%:
» MultiContext class ¥£ Enthought CodeTools package 7 37 57 55 WL 5 it 126 11

* Django ) Context class R & H . B 8 _E R SCHY) push Fil pop FRPE IR Fnew_child () Jr
Yparents Jgtk.

* Nested Contexts recipe $RAE T2 75 0] 45— e S5 B G M RS 64T 5 0 HL A5 5 8 031
o —AN MfETr H i Chainmap.

ChainMap Il FF1%57%

AL T 22 B A 2 151
148l Python P35 lookup 457 {5+

import builtins
pylookup = ChainMap (locals (), globals (), vars(builtins))

P E MG TSR 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 is not None}
combined = ChainMap (command_line_args, os.environ, defaults)

print (combined['color'])
print (combined['user'])

M ChainMap FBHRE LN SCHIHIT
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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
di'x"'] =1 # Set value in current context

dl'x"] # Get first key in the chain of contexts

del d['x"'"] # Delete from current context

list (d) # All nested values

k in d # Check all nested values

len (d) # Number of nested values

d.items () # All nested items

dict (d) # Flatten into a regular dictionary

ChainMap FE PRSP, {H lookup SR RBEAEE, AR, WERGEEIRESGHMER, ] AR

BH I E AT HRREIE

class DeepChainMap (ChainMap) :

'Variant of ChainMap that allows direct updates to inner scopes'

def _ setitem__ (self, key,

if key in mapping:

value) :
for mapping in self.maps:

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 ¥ji¥
Pt U T B S8R (0 EAR S, B0
>>> # Tally occurrences of words in a 1list
>>> cnt = Counter ()
>>> for word in ['red', 'blue', 'red', 'green', 'blue', 'blue']:

cnt [word] += 1
>>> cnt
Counter ({'blue': 3, 'red': 2, 'green': 1})

>>> # Find the ten most common words in Hamlet

(continues on next page)
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HEH L5
>>> 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] )
—~Counter @—Adict T, MTIEIMAENR. B MES, JTRBTIE (key) —FEF
fif, BN EBAF A TTET AR AR RUE, B35 0 ftikk. counter JEH RRHAIN S

bags o{ multisets,
PRI TCR A H — 1 iterable B2t HABN) mapping (or counter) HI4G1L .

>>> ¢ = Counter() # a new, empty counter

>>> ¢ = Counter ('gallahad") # a new counter from an iterable
>>> ¢ = Counter ({'red': 4, 'blue': 2}) # a new counter from a mapping
>>> ¢ = Counter (cats=4, dogs=8) # a new counter from keyword args

Counter P14 #A — 8 FIA B AT, B 782 Counter HiENA o E s & Il 5 0 | xeyError
EEANE

>>> ¢ = Counter(['eggs', 'ham'])
>>> c['bacon'] # count of a missing element 1is zero
0

HE— AR FHEERE 0 [EA & B 1E counter PEIREMICE, M del AERITH.

>>> c['sausage'] = 0 # counter entry with a zero count
>>> del c|['sausage'] # del actually removes the entry
3.1 HEHTIA.

3.7 WSS AR dict BT, Counter QK TICLHHEANUFIIDIRE. Counter X RIATH B I IF]
FERDRAFF . SR N CRTEB BT 2N H I ) HER, AR5 AR IS AT A ) B
I TEHER o

B 7L RSN, Counter HIPFERANSCIR — (R T4 -

elements ()
RN ERER, KPR T Z R EE WA EETE ek . TR S E R IITT R M. 4
RDICREWIHEE/NT—, elements () FRABE.

>>> ¢ = Counter(a=4, Db
>>> sorted(c.elements (

2, c=0, d=-2)
)
[lal’ lal’ 'a'/ lal, '

)
b', 'b']

most__common ( [n] )
REl—AF) 3%, HA S n NEE LT E SO IR, HeR AR B S 2IRHE Y . SR n B
W& 5 None, most_common () FHREIVHELAR ) AT A oK WHEMEASE R TR E R B

It HE e -
>>> Counter ('abracadabra') .most__common (3)
[('a', 5), ('b', 2), ('r', 2)]

subtract ( [iterable-or-mapping] )
M R R B AT A ZIME TR . Rdict. update () HR2RIZE, AR A 1S
DA 0 B 74K
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>>> ¢ = Counter (a=4, b=2, c=0, d=-2)

>>> d = Counter (a=1, b=2, c=3, d=4)

>>> c.subtract (d)

>>> ¢

Counter({'a': 3, 'b' 0, 'c' -3, 'd': -6})
3.2 fCHTA.

T HITEE R T Counter R, B TAHMA I A TAR T X5 7 HIF A

fromkeys (iterable)
A KIVEBA L Counter LT,

update ( [iterable-or-mapping] )
MR ZATEOTREE M —A w2 & (BT S, Bdict.update () ER2Z2M L,
MARE. Hob, 2R ZWIZRTFIITER, MAR—1 (key, value) Xf.

Counter X4 M)H HZE B

sum(c.values ()) # total of all counts

c.clear () # reset all counts

list (c) # list unique elements

set (c) # convert to a set

dict (c) # convert to a regular dictionary

c.items () # convert to a list of (elem, cnt) pairs
Counter (dict (list_of_pairs)) # convert from a list of (elem, cnt) pairs
c.most_common () [:-n—-1:-1] # n least common elements

+c # remove zero and negative counts

AT I EEABAE, WAZS G Counter X4, PAET” multisets CHEGRS R T 0 BYTCH) . AR, 45611
Hedw, aln EECE R CRAA RO TR SCAEMIFFAEIR B T RO fe/ N RO AR EHRR W] PARE 32
WS IR, (HR N I S A RN T/ N TR

>>> ¢ = Counter (a=3, b=1)
>>> d = Counter (a=1, b=2)

>>> ¢ + d # add two counters together: c[x] + d[x]
Counter({'a': 4, 'b': 3})

>>> ¢ - d # subtract (keeping only positive counts)
Counter ({'a': 2})

>>> ¢ & d # intersection: min(c[x], d[x])
Counter({'a': 1, 'b': 1})

>>> ¢ | d # union: max(c[x], d[x])

Counter({'a': 3, 'b': 2})

B EIANI (—ICERAERT) BRI TR e .

>>> ¢ = Counter (a=2, b=-4)
>>> +¢

Counter ({'a': 2})

>>> —C

Counter ({'b': 4})

3.3 BB A AN T X —JCh, — JCIRI AL B A B A

M) THEER E BN T RSB TIER RN BT R, ANOAERSEHER (Rl s HAR AL, T
B I, Xl 1 R N FE AN ZE AL ER

* Counter JER—AFHAYTE, NRGIEAME. FEHTIRIEL, BIRSES_E T ASE R AT A
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» most_common () Jr{EAEIE T BHEFF B

JRHBBEVEEL AN c [key] += 1, {HBB T SZHMANR. FroAog, /ANEG F-HEERIERRT AR,
AT A . XN update () Flsubtract () HIH AR H L 745 60800 0.,

* Multiset Z 4475 3% FONIEMER IR, @ADL el o, (B it ECh IEM(E. 30

RAURRM, (EESIUTE RS, IR FL B R AR

e elements () FYEERIEEHITE. 20 0 FGAEGTEL

W%
* Bag class 7F Smalltalk
» Wikipedia 442 Multisets.
o C++ multisets ZREFF T,

WP Z LG5 6, 2% Knuth, Donald. The Art of Computer Programming Volume II, Section 4.6.3,
Exercise 19

o E B R ME AR NETAE AR ZHEA £ FHitertools.

combinations_with_replacement ()

’map(Counter, combinations_with_replacement ('ABC', 2)) # —-—> AA AB AC BB BC CC

8.3.3 deque &

class collections.deque ( [iterable[, maxlen] ] )

IR — AU ARG, MBI WAL (A J¥append () , M iterable  (ZEHXT5) Fia a2 .
Q2R iterable WA TR &, FBAIIHA .

Deque fAF)2 B queue BAFI A= i) (& 42 “deck”,” double-ended queue” [#Jf&j#R). Deque 373
SREE A, WAL (append) FIFEH (pop), MPHImERTT LA, BN ) B9 KA 80 2 O(1) E 4% .

EIR 1 st MRMSFFRMIBENE, ALXBOE 12 KEAMEM pop (0) Ml insert (0, v) I, &
51 O(m) WAFREERYERAE, MR R EEURFRIB R R/ NIALE .

W maxlen JATHE E W /2 None , deques W[ DUERFMLZKEZ. BN, deque sl E B8 E AR
JEo —HIRERKIER deque T, MBIUMARE, [FFEEECRAYIIHAN T — i il . FRAEKJE deque $2416
28] Unix filter tail MZIEE. EANTIRERT AN -S3B ER i i S R HAt A i % 2l

AL BAS (deque) X4 L HFRATR Iy

append (x)
W x B4 g .

appendleft (x)
aSn x e

clear ()

BBRITA LR, SRR 0.

copy ()
g DL,

3.5 BOBTIA.

count (x)

T3 deque AT x IILE.
3.2 OB
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extend (iterable)
P& deque AN, L ERIN iterable ZEHIKITE .

extendleft (iterable)
P deque Y2, @SN iterable ZEPHICE . R, LIRS, FEZ5R T iterable ZET Y
L 4454 S e e s I

index (x[, start[, stop] ] )

R x ANTCE (M start FRIGTHEE, A8 stop ZH0) o R W —AVCR, MR EHBIAIE, T

#HvalueError ,

3.5 OB A
insert (i, x)
TENEIHA X
WERAHA L FEAREK deque 8 K JE maxlen 1), SETHE-—A>TndexError .
3.5 OB A
pop ()
BRI Hig I —T0E, deque A MIAGHR—A. WREA TR, $THE IndexError 5|
popleft ()
It Hig al—A 02, deque s ZEMIAHAR—A~. AR A ICEMGE, S IndexError &y
B

remove (value)

BEALRNE—A value, WEREBWITERFAR VvalueError

reverse ()

R deque Wi P HEF . iz None .
3.2 fGHTMA.

rotate (n=1)

WA TREREBI n 2. WR n 208, LRI ZE0RER

WA deque ANEZEW), MATERBL ST d.appendleft (d.pop () , MZAFH—H
ST d. append (d.popleft ()) .

Deque X G FIFER AL 17— R g ik

maxlen
Deque M KRS, QAR A FRE 1552 None .
3.1 JUETIMA.

T PA_E#RE, deque iR T HEfC. BIFFE. len (d) | reversed(d) . copy.copy (d) . copy.deepcopy (d) .
WRARIEEAF in DA IARG HBIIEL a0 v E AN IcE S . RY [VFE W i = 2253 O(1) {HAE
S EE O(m). TR HERBELIT IR, W%

Deque MJRAS 3.5 FFAE3EHF __add__ (), _mul__ (), fl _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

(continues on next page)
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#EHE—1)
I
>>> d.append('j") # add a new entry to the right side
>>> d.appendleft ('f'") # add a new entry to the left side

>>> d # show the representation of the deque
deque(['f’, 'gl, 'h', 'i', 'j'])

>>> d.pop () # return and remove the rightmost item
'jl

>>> d.popleft () # return and remove the leftmost item
'fl

>>> list (d) # 1list the contents of the deque
['g', 'h', 'i']

>>> d[0] # peek at leftmost item

gt

>>> d[-1] # peek at rightmost item

'il

>>> list (reversed(d)) # list the contents of a deque in reverse
['i', 'h', 'g']

>>> 'h' in d # search the deque

True

>>> d.extend('jkl") # add multiple elements at once

>>> d

deque(['g', 'h', 'i', '3', 'k', '1'])

>>> d.rotate (1) # right rotation

>>> d

deque(['1', 'g', 'R', 'i', '3', 'k'])

>>> d.rotate(-1) # left rotation

>>> d

deque([lgl’ lhl’ 'j-|l vjl’ 'k'l vlv])

>>> 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 BiE

X—AT /R T deque B2 M YA
PR deque 2L T 24l Unix tail i yETIRE

def tail (filename, n=10):
'Return the last n lines of a file'
with open(filename) as f:
return deque (£, n)
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73— AR YES— NI R TS, @ A A IAI A 21058

def moving_average (iterable, n=3):
# moving_average ([40, 30, 50, 46, 39, 44]) ——> 40.0 42.0 45.0 43.0
# http://en.wikipedia.org/wiki/Moving average
it = iter (iterable)
d = deque(itertools.islice(it, n-1))
d.appendleft (0)
s = sum(d)
for elem in it:
s += elem - d.popleft ()
d.append (elem)
yield s / n

A~ AT AT DA AR deque U AR AR RS, HMH HIJLFC%%E’JLLEO%}&EX&%%X? (yield),
11[1% XA B AETEE, MM popleft () FFHMXFIHRE; BN, Wil rotate () FFEBEIAIIRY
K2

def roundrobin (*iterables) :

"roundrobin('ABC', 'D', 'EF') -—> A D E B F C"
iterators = deque(map(iter, iterables))
while iterators:

try:

while True:
yield next (iterators([0])
iterators.rotate (-1)
except Stoplteration:
# Remove an exhausted iterator.
iterators.popleft ()

rotate () JrEHLT kS Bdeque A FIMIE. BII, — 460 Python del din) SBLKHELT
rotate () REMEFHH TR

def delete_nth(d, n):
d.rotate (—n)
d.popleft ()
d.rotate (n)

B deque Y i, HH—NROKHE, MHrotate () RHVRTEREN LR, Bidpoplert () #EE
f4H (entries), ilitextend () WIMFHIZH, PRI 1A] rotate. XA ¥E 0] PAR /MU A S B 2 20 %
¥eVE, U0 dup, drop, swap, over, pick, rot, fl roll ,

8.3.4 defaultdict Y&

class collections.defaultdict ([defaultjactory[, ]])
R — RTINS G . defaultdict RNEdict BRYTR. BEEE T —DIEHFHEMT—
N ERHEGIAE R HARMIhEE S dict KM[H, AN HER B,

F—NBMdefault_rfactory I T —MHIAIE. EFINHN None o P i HASHIRER Hdict
aFes L RliE 2 SO DR TP S/ HIE 21 @

defaultdict MRER 7 Ffdict AE, E3CRF NI EAE Y R

__missing__ (key)
MM default_factory s None , BitTHE—/{ KeyError ¥ key VE =%k

WiRderault_rfactory Ak None , BIESEWRM, RS E, W key 4 NEIME, X
AMEFN key VER—AXFHEA R F e, R[],
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WRMM default_factory FHET MBS, XA BUEE, A&k

XA VETEE VB R, Sgidict B __getitem () WM. AEERZIR Eﬁ&ﬂiﬁ
Gh, #e __getitem_ () fLik.

WHE__missing () R&W __getitem () PAAMWHA A . BEME get () &HIE
Y dict IPEEIR Bl None , AR fldefault_factory .

defaultdict DA LH) A&

default_factory
XA B missing () IPEM EAMERPSE—NSEGL, R TR, &

N3i/E None .

defaultdict f§]F

il 1ist fihdefault_rfactory , AREGFFFINEAGRER AT UL

>>> 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, 31)]

YRR — UGB LR, BREAEAEF R AR H BEhf)E, #idderault _factory gk, I
WM —AZEHlist o 1list.append () f;?‘smmnfﬁﬂﬁ/[\%ﬁmﬁﬂﬁi é%ﬁ%ﬁm&ﬁﬁxﬁ, IR BRAE,
list.append () #FNsH—MERFES . XMTEILERSEN ikdict . setdefault () BLHPGHFIfE -

>>> d = {}
>>> for k, v in s:
d.setdefault (k, []).append(v)

>>> sorted(d.items())
[('blue', [2, 4]), ('red', [1]), ('yellow', [1, 3])]

K Edefault_factory Nint , flidefaultdict FEITHOTH ZHEFHIVEN (1 HAthiE = 1K) bag B

multiset) :

>>> s = 'mississippi'
>>> d = defaultdict (int)
>>> for k in s:

d[k] += 1

>>> sorted(d.items ())
[('i', 4), ('m', 1), ('p', 2), ('s', 4)]

B AFRE BRI, EMARERIW, PrbAdefault factory Mlint () RfRMt— AL 0 RN

B AHHRAEREH AR

@?&mt() BRI 0, e W B B FR IR OL . — AN HERAR G I J5 35 )2 (1] lambda s, T DASR AT
ﬁ(TAm 0):

>>> def constant_factory(value) :

.. return lambda: value

>>> d = defaultdict (constant_factory ('<missing>"))
>>> d.update (name='John', action='ran')

(continues on next page)
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(R —H)

>>> ! to ' s d
'John ran to <missing>'

Wl default_factory Nset ffidefaultdict T EFIMELS:

>>> 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 () SR ITTAHM I EE
A TCHIR TR OLE A S, FAETTIRER [ SetE . AT AR AR e, s T 4 5
BUEAIRE S, WL RS E T AR .

collections.namedtuple (typename, field_names, *, rename=False, defaults=None, module=None)
W[ —ASFRYICH T, 442 typename o XASHI I T RIEITCHRIXT S, ] LAl 44 R SR
JEPEE, FIFEEL AT DAEAE RS I AR AR . T OIRIAEA SR A (CRA RIS ) S oh—1
AR __repr__ () F¥E, PAname=value ¥zHBH TN Z .

field_names J2— MG [ ‘x’ , 'y’ 1 —FRFERFRITI. T field_names WP g —AEEFERFER, B
BHEGES I CRS, i 'x v BwE 'k, v

BT AR Python ARIRAFA AT DAME s 4, B T T RILIFLIARLE . BRbRRAF 2R, B, TR
LA, HEFIARERF TRZ, BINAGEE X4 keyword Ll class, for, return, global, pass,

BY raise .

T rename "N, TR S HEVER I E S . Ll [Tabe', 'def', 'ghi', 'abc'] HEEREL
['abc', '_1', 'ghi', '_3'], JHBRXHEI def MIEK IS abe .

defaults W[ PA} None s @ —MERIAMERirerable o ANR—ERIAEIAL TR HALRAT BRI A ) 8 E—
BB, defaults WU B FATAISHL AWK ("=, 'y, 'z') FIBOAE (1, 2) , A
x PR E —ASHUE, v EUAME L, 2 BUAE 2 .

AR module (A7 7€ 3, 4ol __module  JRME(EMIHNE .
A TCH SIS i, FrA e 2 g, I H A/ N AE
3.1 HUBEAE: SN T R rename ) SZEE

3.6 MR FE 4 verbose F rename 40N M AR & 4 F A4k

3.6 iR SR NIN T module %55 .

3.7 S B8 T verbose JEZ: M1 _source J@ M,

3.7 WUHE S USRI T defaults Z55H1 _field_defaults J@ftk.

>>> # Basic example

>>> Point = namedtuple('Point', ['x', 'y'])

>>> p = Point (11, y=22) # instantiate with positional or keyword arguments
>>> p[0] + pl[l] # indexable like the plain tuple (11, 22)

33

>>> x, y = p # unpack like a regular tuple

>>> x, y

(continues on next page)
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HERE—H)
(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)

s AL TR csv sqli te s BbuRl ol

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)

P%Ti%ﬁifméﬂﬂ’ﬂﬁ%, 24 U S = AN I ERI A @ . T I3 vhse, s fgtE A &
LTI
classmethod somenamedtuple._make (iferable)

RITENAFAE R 7 51 S AL BB — SRS

>>> t = [11, 22]
>>> Point._make (t)
Point (x=11, y=22)

somenamedtuple._asdict ()

R A dice , ERFTBA PR E AT N {E

>>> p = Point (x=11, y=22)
>>> p._asdict ()
{'x': 11, 'y': 22}

3.1 fits4%: kol —OrderedDict A2 dict .

3.8 MRS IRl di ot i A& Orderedpict , A4 [ Python 3.7 # , # Hl 8L BV 2RI 5 . I
R orderedDict WAHMEN:, R T 222145 Rk h TR B 2EAL: OrderedDict (nt.
_asdict()).,

somenamedtuple._replace (**kwargs)

ARl — B iy 4 TC S, TR E R O BT

>>> p = Point (x=11, y=22)
>>> p._replace (x=33)
Point (x=33, y=22)

>>> for partnum, record in inventory.items():
.. inventory|[partnum] = record._replace (price=newprices|[partnum], .
—timestamp=time.now())

somenamedtuple._£fields

FAPRICHS N T4 . TR A ST B — B iy 4 T IS AL
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>>> p._fields # view the field names

("x', 'y")

>>> Color = namedtuple('Color', 'red green blue')

>>> Pixel = namedtuple('Pixel', Point._fields + Color._fields)
>>> Pixel (11, 22, 128, 255, 0)

Pixel (x=11, y=22, red=128, green=255, blue=0)

somenamedtuple._field_defaults

AR E R 7L .

>>> Account = namedtuple('Account', ['type', 'balance'], defaults=[0])
>>> Account._field_defaults

{'balance': 0}

>>> Account ('premium')

Account (type='premium', balance=0)

BARBOX A4 FIME, [ getater () BRAL

>>> getattr(p, 'x'")
11

e — B a4 oo, A+ PR RAERT (FTA ) tut-unpacking-arguments):

>>> d = {'x': 11, 'y': 22}
>>> Point (**d)
Point (x=11, y=22)

P — A4 Jodleg N IEH Y Python 38, BRI AMRA 5 i id 1S e o, X B2 Wnferdsim— A58
Sk Vi AT B R G

>>> class Point (namedtuple ('Point', ['x', 'y'])):
__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):
. print (p)

Point: x= 3.000 vy= 4.000 hypot= 5.000
Point: x=14.000 vy= 0.714 Thypot=14.018

TR TRBCE __slots_ y—Aasycdl. B kAL B H AR T RARAY N AT -
TIACS T BINAAF AR 1 2 I Josly o B 2Yilad £ields BIE— N ar 4 o4l EH E:

>>> Point3D = namedtuple('Point3D', Point._fields + ('z',))

SR FAFER T AE GE X, Gl BRI SS __doc_ JRTE:

>>> 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. = 'List of authors sorted by last name'
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3.5 MRS SCRY AT HR TR AR R n] 5
hE%:

s 5B typing. NamedTuple , VARBUHEGA TGN IMZRBS R k. BibfiH class x4t F4E
BT —Fh R £

class Component (NamedTuple) :
part_number: int
weight: float
description: Optional[str] = None

o ST AFHONIREW A 2844, &% types. SimpleNamespace () .

. gjataclasses BRI T — AR M R — L8R B, T A SRR SRR IR DT YRR I E o L3

8.3.6 OrderedDict W&

AU AR AR LR, (B L SRR KRB RE . TN ER dice AT TICERANR
JPRYRETs (FE Python 3.7 "R RIE TRXFHAT ), ENTERAIRLAEET .

—haict BRI
o WHLE dict BT N ARRE R BT R . BB AT R
* Orderedpict EYEEKHEFHNTHRIE . MR, BAHEENEHEIER TR ICE R

fiE
o Bk L, orderedpict W[PAMGdict BEAFHBACIE A FHHE T B . XA TR R AR B T 1R
(5l 4nE LRU cache H1),

* ¥TForderedpict , HEFHAERAICHIFT .

* OrderedDict K[ popitem () HIEAARFEINES . BEZ—DERSEORIEEHLFNITER.
* OrderedDict J8ff— move_to_end () J7¥k, WILAGRHRTC RSB ENE— i

e Python 3.8 Z {ij, dict /b _ reversed_ () F¥.

class collections.OrderedDict ([items] )
REl—A~dict FREEH, ERA LTI TEHHS TIN5
3.1 BUBTIA.
popitem (last=True)

AP 7 popi tem () TrIERBRIFIR Bl —4 (key, value) BE{EXT. AR last (N E, W% LIFO J5
PESEH AN FraR [ SRS, 75 WA+ FIFO (first-in, first-out) SGiE5E H A4 Gk o] S {ERT -

move_to_end (key, last=True)

I key RSN BIA FF 5 M E—di . QR last HEAE (GBOA) MKFTRBEARRE; WR last AR
ENRFICRB EI kL. WR key NFAEM S K KeyError:

>>> d = OrderedDict.fromkeys ('abcde')
>>> d.move_to_end('b")

>>> "' Join(d.keys())

'acdeb'

>>> d.move_to_end('b', last=False)
>>> '' . Join(d.keys())

'bacde’

3.2 HGHTA.
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Tl H IR TTIA A I 75 AMRIE T PR U SR, liid reversed () o

OrderedDict Z |8 IAHZE Mk =2 W 7 G, SEPA 1ist (odl.items () )==1list (od2.items ()) -
OrderedDict XEMHEAHI Mapping PAHSFINR, 2P USRI F L. X Aeiforderedpict Bl
AT An] = ] DA A 1437

3.5 UE $#: OrderedDict I (item), 4 (key) AH (value) #LIE IAE L i ek, Wi reversed() .

3.6 Jif B 4#: PEP 468 B ik KA R SR WU IR B, il 2145 OrderedDict MIEERMIER update () J5

OrderedDict f|FF1H%

BIECHBE = B EANF A - AR R . WA ac H B IA &0, WIE IR AL B el ot
BRARRE:

class LastUpdatedOrderedDict (OrderedDict) :
'Store items in the order the keys were last added'

def _ setitem__ (self, key, value):
super () .__setitem__ (key, value)
self.move_to_end(key)

—A~OrderedDict ST 5LM functools. 1ru_cache () WA RBARA H:

class LRU (OrderedDict) :
'Limit size, evicting the least recently looked-up key when full'

def __init__ (self, maxsize=128, /, *args, **kwds):
self.maxsize = maxsize
super().__init__ (*args, **kwds)

def _ _getitem__ (self, key):
value = super().__getitem__ (key)
self.move_to_end(key)
return value

def _ setitem__ (self, key, value):
super () .__setitem__ (key, value)
if len(self) > self.maxsize:
oldest = next (iter (self))
del selfloldest]

8.3.7 UserDict W&

Userpict FRMIEFIATRISMISE . XXM T RO EHE O ot I TRIDIRERTE: A
i, XNEREHEREZ S, HAIRZEN AT AR BRI .
class collections.UserDict ([initialdata])
B — AP XA R NERAER— NIRRT, WAl UserDict SLfiff data JRMEAFEL
WAL T initialdata {f, data SRR ERING: TEE—AS mitaldata 15| AR SO R VE R I
At 445
UserDict SEBIFEHE T PR BT T MR E R SCRE:
data
—ANEETEH, HTRFUserDict RIHE.
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8.3.8 UserList W&

XARELL THIFRA G BR— RIS, XTI E E LRI RIS, AT AR A8 25 AT 1Y
D7k, WRTLAUSIIGET R 53R o SXRERATT AT AR S A B AT o
XX KR F RO i B RA# List i TRMINBEEAG A, ENRMBERERY, FAKRZER
SRR M SR AT ) o
class collections.UserList([ﬁﬂ])
B — IR XALBI N BRI — P IEF SR, Wil useriist fdata BIEFI. LHINE
PR R —A list () copy, BRINH [ 2850, list \fDUZIEMRNTS, Holn—> Python %136, i —
AUserList X4,

UserList $4it T AR EYEME R T 28 R 5 1) Jr i A E R b e
data
—A1ist WBEHATAEfEUserList BINZ

TRALMEER: Userrist (Y TISHR BRI, TATSHOMA, 86 DS HAM. R0
PRI AR T 2 — D LB LBl EBUE TSR T AA— SR TR, XS H0e— 1
FURFGE, N EHR

WER— A B FAR BRI TR, A R R S IS IR I T

8.3.9 UserString W&

UserString KEHVEFAFRXZIMIEE . XX RAFTFROE h B E# st - B9 7 RMIRE 13

i, EDRABRTEL Y, B AIREN AR AT MR BT .

class collections.UserString (seq)
B — DX . DL RN B — N IEHE T8, il Userstring fdata J@tk
RSB AW IRAL IR SN seq 1) copy . seq ZHIA] DURATA Pl it st () SRS 455 1
POE

Userstring 2L T LAR YA P AT FR O ARV ERY B 3055 -

data
—NHIEM st r R HEAFR Userst ring KM .
35 flRE S Yk _ _getnewargs_ , _ rmod__, casefold, format_map, isprintable, fl

maketrans,

8.4 collections.abc — B2y HhS H 3

3.3 BB BB R col lect ions BEHAI ALY .
JEARAS . Lib/_collections_abc.py

RHUE Y 2 2L BT TR R ARSERE AR RE R L B, XA T
A, SCHGETR MU,
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8.4.1 FIFHFR B

EXAFEAIR L T AT ABCs:

MZRER 4AH xR A i*E Mixin 77 3%
Container __contains_
Hashable _ _hash_
Iterable __iter_
Iterator Iterable | _ _next_ _ _iter_
Reversible Iterable | __reversed_
Generator Iterator | send, throw close,__iter_ ,_ next_
Sized __len___
Callable __call
Collection Sized, __contains__,
Iterable, | _ _iter_ , len_
Container
Sequence Reversible, getitem_ , __contains_ ,_ _iter_
Collectioh__len_ __reversed__, index, and count
MutableSequence | Sequence | __getitem_ K H Sequence I, PAK
___setitem_ , append, reverse, extend, pop,
__delitem__, remove, M _ _iadd__
__len__ ,insert
ByteString Sequence | __getitem__, K H Sequence R
__len_
Set Collectioh__contains__, _le_ ,_ 1t , eq__,__ne
__iter_ ,_ len_ _gt_ , ge_ ,__and_ ,_ or_ ,
__sub_ ,_ xor__ ,and isdisjoint
MutableSet Set __contains__, MoK H set BH LA clear, pop,
__iter_,__len__, remove, __ior__, iand__,
add, discard _ixor__ , Ml __isub__
Mapping Collectiop__getitem__, __contains__, keys, items,
__iter_ ,__len___ values,get,__eq ,and_ _ne_
MutableMapping | Mapping | __getitem__, K H Mapping B EPAM pop,
__setitem__, popitem, clear, update, A
__delitem_ , setdefault
__iter_,_ len___
MappingView Sized __len___
ItemsView MappingView, __contains_ , iter
Set
KeysView MappingView, __contains__,__iter_
Set
ValuesView MappingView, __contains_ ,__iter_
Collection
Awaitable __await_
Coroutine Awaitable| send, throw close
AsyncIterable __aiter_
Asynclterator Asynclterpblanext_ __aiter_
AsyncGenerator Asynclterptaeend, athrow aclose,_ _aiter_ ,_ anext_

class collections
class collections
class collections

.abc.Container
.abc.Hashable
.abc.Sized

8.4. collections.abc — B2 H 3
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class collections.abc.Callable

RERAET _ contains_ (), _hash__(),__len_ () Ml __call__ () FiEMIZEZ,

class collections.abc.Iterable

PRALT _ diter () HEERHHGEZL.

ffif] isinstance (obj, Iterable) AIPAKEI — PR EHZCLREMNME| T Iterable BiHE LM T
_dter_ () PR%L, ERILERNXNEZERIEMEA __getitem_ () FE#HITER R—A%F
Rt seiterable [ME—TRTEHIY A2 MM iter (obj) .

class collections.abc.Collection

H4T Sized Fl Iterable 2R H2%
3.6 JBUBTINA.

class collections.abc.Iterator

BT dter () Fl__next_ () FERIIMGEZE, & Wieraior )5E L.

class collections.abc.Reversible

HALERBIRBE T _ reversed_ () LIS,
3.6 UHTIIA.

class collections.abc.Generator
AR, SEBLT PEP 342 g L, dRARFFY R T EAAE, At T send (), throw() #
close () Jiik. ZWgenerator BE L.

3.5 BUHTIMA.

class collections.abc.Sequence
class collections.abc.MutableSequence
class collections.abc.ByteString

H B AR 78l sequences (ISR .

SIS SR A (Maxin) H¥EAN __iter (), __reversed_ () Fl index () &£EEIHMIE
B __getitem_ () ¥k, B, WERSEHA __getitem () @WBBUTNEE, A2 AE
AT ESH —NEYERRI: R, WRIKZE RSl (FlnEs) , IBARA T RS2
BJFEI, X WFFHERENT .

3.5 WU 8 index() J5YE S stop Tl start Z55.

class collections.abc.Set
class collections.abc.MutableSet

PSERERI R IDE S g HE B SN

class collections.abc.Mapping
class collections.abc.MutableMapping

S H T AR S mappings WIAME B

class collections.abc.MappingView
class collections.abc.ItemsView
class collections.abc.KeysView
class collections.abc.ValuesView

B KL E IO views [R5 5K

class collections.abc.Awaitable

WA R S awaitable 32EAE2E, RTPARE T await Fiap . B EASEEL _ await_ () ¥
RN G Coroutine FiCorout ine IR ELIEHY LI X MR E IR L1 .

#E): 7F CPython B, BT Wiy hie (it ypes. coroutine () Blasyncio.coroutine () 1y
RS # THFEAT L, HEMATAEH _await__ () k. /] isinstance (gencoro,
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Awaitable) MM RE False, Bffif] inspect.isawaitable () Fetgifhe],

3.5 HUHTIA.

class collections.abc.Coroutine
TSR Mg FE 2. S28L 7R € SLAE coroutine-objects: HL[ /5 send (), throw ()
il close (). MHEMLHEAFELIN _await__ () F¥k. FrfaBCoroutine 5L GilER 47
HAwaitable 2. £ Wcoroutine 1 5E X .

#iE): 7F CPython H, BT Wi ihie: (it ypes. coroutine () Blasyncio.coroutine () 1
B RY) B T F A L, RIS __await__ () H¥E. fifH isinstance (gencoro,
Coroutine) KMh{TLR N False, Effif inspect.isawaitable () R IMABAT.

3.5 BT

class collections.abc.AsyncIterable
BT _ aiter HYEMIIZREZE. & 0asynchronous iterable f)5E X o

3.5 UGBTI

class collections.abc.AsyncIterator
WBMT _ aiter Ml __anext_ HYEMFhLEZE. & Uasynchronous iterator 1 5E L.

3.5 BUHTMA.

class collections.abc.AsyncGenerator

Hseb ISR B I R 2R, XSSP 1 AE PEP 525 il PEP 492 BAGHHL.
3.6 HUHTIA.
XA R I IAEFRATRT AR E A B S Le R i s K, Bl

size = None
if isinstance (myvar, collections.abc.Sized):
size = len (myvar)

e BT DUA/EIRAZE (mixin) , X0 PAEZR 5 HOTF & SRR APL IS, N, 25—k
#set APLFY2E, HFEIRM T =/ __contains__ (), __iter_ () Al _len_ (). fli%H
REWFTE EHAW T, 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:
lst.append(value)

def _ iter_(self):
return iter (self.elements)

def _ contains_ (self, wvalue):
return value in self.elements

def _ len_ (self):
return len(self.elements)

(continues on next page)
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EHE—5)
sl = ListBasedSet ('abcdef'")
s2 = ListBasedSet ('defghi')
overlap = sl & s2 # The __and__ () method is supported automatically

Miiset fiMutableSet FVEIR AR RER:

(1) HTREESERESQENES, BOAKIRA T TR AT 5 AR5 AN @B LBl ik . Bt
K TG R4 TEAN ClassName (iterable) , MESTEHA—NWNEBIZE N _from_iterable (),
HFMHT cls (iterable) RAEB—NHES. WRXASet IRASFELR PR, (HIHMEREL
WL HBARFERIER, IBARMESEESR _from_iterable () F¥k, BHHABHR I LFE, I
HERE MBS R SHO P s — 526

(2) FERBAFII (AN TR, PR HAE SRR I ERY ), RAFHEEEL __le_ () Fl_ge__ ()
PRE, ARG AL IE 2 B SR

() IRAEAFEset T —A _hash () FFENESUHEGAME, KM, __hash_ () REARAHE
X, BRI LG BT AR . h T HEAIRAICHEARMGAEE S, v AR
AR Set () MHashable () 25, RIGE X _ _hash_ = Set._hash,

hz=%:
e OrderedSet recipe 2T MutableSet tEI—P Pl .
C SFFHIGER, 5 abc fiHo PEP 3119,

8.5 heapqg — ¥ #5(%l] (heap queue) ;EE %

J5HAaE . Lib/heapq.py

TEMABALE AR T HEAREES)] (heap queue) L, IMREENESEEIS (priority queue) {5

Heap (MifE) /&M JCR, 5 _Lra SCER B R EAR/ N S M) T BE (e FH A B4, B Ira 1
0 B#GHY k #F% J& heap [k] <= heap[2*k+1] fl heap (k] <= heap[2*k+2] . [T HLEEIRIOME, A
TFAER TCE PR EERR K . heap f77E— WA @A MERL: 8 i/ NI GE S FEMRET 2L heap [0 L.

N7 APLER— R 5 heap queue SHEIAA IR : 25—, FATRTIE 0 BtawHA, & & CH
ALY B W B DL AR AU 2L, (874 Python 48 0 BIIAZRS . 45—, MK pop ke
] B fe/ N TC R M 2 e R TE R (FEERHE T/ "min heap”, 1i”max heap” [A [V AR 8 £ e 7
Jr PASE G BUAEROR E ) o

18 MR AP AT heap B 1E—(REEERY Python list A H IR AN Er i B 4h: heap (0] 2i/PAUYIE, heap.
sort () AEPRFF heap M PRI EE !

j&r— 1 heap AT PAREH List 91RRMLE) 11, siE M heapi fy () #— T EH TR list B8 heap.
SEASAHL B AL T e B 5

heapq.heappush (heap, item)
0 item G heap, [EVRFF heap PB4

heapqg.heappop (heap)
1E heap BUBE 5/ NY TR, FIREOREF heap MEIANEE . U2 heap B2 G TndexError i3k,
AR/ NER A AT LA ] heap (0] ©

heapqg.heappushpop (heap, item)
4 item A heap , L heap UK BRI /MWL R . BHEAEGEKX LIFI heappush () Z &I
Mheappop () EAA,
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heapg.heapify (x)
FEEE R I [ET5H Tist x 4(E) heap, HIMARRN & s aEs N RS .

heapqg.heapreplace (heap, item)
1& heap B EIM] iR/ MY ITCER, B NGB item G heap. heap B/ Goics# . AR heap j2 4511
Gk IndexError #iEk.
Ta (IR 58 B B E € LU heappop () Z BTN heappush () BARE, [FIfE4E# heap R/
sEREEENR S, BURBA R AR — & G 1E heap [IE—HITREIH item B L.

BR 2 [l (L PT BE & KRN dtem o AR TEA SR AR IR 820, WTDAE JE ] heappushpop ()
AR, Mgl heap B e/ IMELF irem AR E LU NIRAE - (EDIS KA B AE heap (E.

i AR R I = 8 A ] heap TLARR) — /B Z A 20

heapqg.merge ( *iterables, key=None, reverse=False)
AEZECHy v ABEER - B Hyrrimt (261 GEZNRE 20 log # ha R MBI IEE ) .
[W] {8 — Rl ireraror 41, & B ACHEF HO(E.

fl sorted (itertools.chain (*iterables)) FE{(H B E(E & —1{# iterable , N E—ILIE L
RIECIOERC R, E S 8 AGCE (h/NER) HF#®R T .

R EE T S8, $8 0 R A B R 2 RS O .

key 838 & T —MMkey funciion 518, FARYER— M AR 0 hEE — W LAk iE . TEEEI(E R
None (HIEHEKITE).

reverse N — MM /R{H. WR BN True, W AR LR G R FHITEIF. Bl E
sorted(itertools.chain(*iterables), reverse=True) %Mﬂ/‘ﬂ:fﬁﬂ, Efﬁﬂig_\:ﬁﬁ%ﬂ‘é‘
ME KB NHETFH

3.5 WUsE A A2 ] 3 key Fl reverse o

heapqg.nlargest (n, iterable, key=None)
M iterable 7 7E SCHESHRE TR [T 1 n AR R ITCR AR R« ERFRBE T key W 45 E — RS E0H
EREL, T M iterable 43S0 2 PRI LA B (U0 key=str. lower), /i T: sorted (iterable,

key=key, reverse=True) [:n].

heapg.nsmallest (n, iterable, key=None)
M iterable it & S EREE HR BT n A/ NTRARIINF  ARSEAE T key WL 5 € — A RS 501)
BREL, T M iterable 583402 PR B A #E (U0 key=str. lower), Z/iT: sorted (iterable,
key=key) [:n],
15 Wi R TR n (LGB INRFA PR R B, BRI nfll, Hflsorced () M EHARCE. FEkHL, &
n==1 ¢, MEAEEERmin () flmax () A FEHRRCER. RFEEERSHZLEK, TA% E iterable
TR IERY heap o

8.5.1 EEELH
HEHEFY W] PATEALRE A (BT A o SR D5 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([1, 3, 5, 7, 9, 2, 4, 6, 8, 0])
[O! 1/ 2/ 3! 4! 5/ 6/ 7! 8! 9J
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BESRHA{) sorted (iterable) , {Hilsorted () AR, BHEEEARE stable 1HERF .
Heap "YICHR AT A tuple o 354 A S HLBE (14018 task (B JERE) A3 2R — B HET .

>>> h = []
>>> heappush (h, (
>>> heappush (h, (
>>> heappush (h, (
>>> heappush (h, (
>>> heappop (h)

(1, 'write spec')

, 'write code'))

, 'release product'))
, 'write spec'))

, 'create tests'))

8.5.2 E5[F)%l (Priority Queue) & {E#ll &

TLociAs) R 6, I HERSERAE T2k
o HEFPRORRENE ARG 0 B AH ] priority 1 task $% IR AN A PR IET 0] £ .

o Tuple PHEFAE S LRSS €354, 5405, Tuple (priority, task) 14 priorities #H25% H. tasks [E)f5 — {1 T8 5% 1)
HEFP IR

« {8l heap th task i#) priority BCEERE , FRANITHFEREE] heap TE e (1T 1.
o o R EREN sk TR ERRE, SRl (EES e EIERH 0 task.

— S T {1 B R R - A £ 5 priority | entry count Fll task = {HJCE Y tuple . Wi task A HHH
priority i, entry count € Wifi task REARIEI AR NEFHE . HEIEAG L] Wi task #EA H1[H % entry count |,
I AR 3 AN BB task LR

AT HCAAT 55 M) 5 — R ok 7 S8 2 A — N ST 55 4% H 9 LR LR DL e 2 7 Be i) e e 2k

from dataclasses import dataclass, field
from typing import Any

@dataclass (order=True)
class PrioritizedItem:
priority: int
item: Any=field(compare=False)

Tl 1) 5 REURT DA ph 4% B BEEIPR 1Y task [FISE U /) priority 5% B ERB R . 310 task WA —1H
dictionary 35 [ [EJ31] % H 1 entry .

I entry s HUCE Y priority SN #E, KIS €% heap AYTERL. BT LA—MH AT AT 7 S8 2 M JEARHY) entry
AR RN B T AR, [EHH—ME A i priority (¥ entry .

pa = [] # 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)

(continues on next page)
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(R —H)

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 (pq)
if task is not REMOVED:
del entry_finder[task]
return task
raise KeyError ('pop from an empty priority queue')

8.5.3 [fi¥

Heap & — 1 [#H51] 3 A BTG 1E 0 BIIG 1Y index k FRAAAEMEE a(k] <= al2*k+1] flalk] <= al[2*k+2] .
BT E R, SEAERITCERERERR K. — (8GR heap MEE 2 a 0] JKiE Ei/MUITE.

AR A BRI RAE N — AR TR R AN AT . IR R kA 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 LIRS, A k BT T 25 k+ 1 Fl 2% k+2 Z o WE B RAZE LB o g, B4
HEF BOCE T AN oCZ B, IF BT DA AR E B ) N B3I e s 2 i o . (B2, #EirE
RANE AR ST AU I RE P, FRATH AT LB W 3 S o S T PRSI R0
Y EEEGS, NS BRI 7 — 2 FORERE, FBRNAE S — RO E 2 T P4~ St
TEAARZH, EIrEOC CpEE” TR EIC.

W IR AR BARZZ 2 Y, MFS 0 AR R RGHmME . MR EHERE “F—A" BE R Rk
FREFZFEAWE GEEANBER LETR 30 S8I0) B2 0 508, RIGHEXASH 0 SR T, K
WA T A e, RIS RIS, X AR 2 4 H SR 8. e &0, 1R85 —
A~ O(n log n) Z A= FEIHEIT -

BEHE A — MR ARl VR T AZESE P B AT I IR R el AR 2 B, i R A 2% A LUt i
10503 “HAF" . AR LR SUAERIA T, FEXAE DL ORI R R T e AR, “BEHY & f2
/N BEIS ] o 24— SRR AR A AT VT RIS, AT IR 8] ) AR 7 [ e, AR EA TR J5
HAHE. L, S AGEE R SC IR RS, FA0 MIDIL 5 FPas sl piX ).

T SE IR AR A S AR EHARS 2 T S AR TE , e ARREEA M, PUNENRE A AR, H HILT

SelEER, IR DL A DLBA KRR o BRI AE H b S AT = S e sk S BT 3, (R Y

UL ATR] BEARHEHEAE .

WEAE KRBT PRARE AT RRAZC A THAMEBHEFE S G 24 “sfred” (AmHrmFsl, JoR

/NI CPU AFARAR) , BRI IEAGIHEE, R AH WAL R . R EE
T R RS S R T, RANBERRR, X2 R TR 1 R BUW AR . TETCYE TR B ) AR ARG AL
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B — R PIAAHE R B = AR AT BB I TH IR o BRAR PR =2 T U H AR I I o WSRAR G 2358
AR IATHRTE , BRI LHEA 8 G 4 BHE TR RN A H , RRF 0T AXTFREA L A A P A T AT/
BATREIR , RHFROIHE T B AR 2 AR RIER -

FAN, SRR B EREE 0 N B RIS AT REAE A 4 R E R SRR A (R A <k B
M E) , EIRER AR, IR RS REGE /N RS DA T ARG @0 sy B8R I DA A5 F e 2
TAHE, HRK S AN HER G I AR R . 245N HESE AT e, AR DAY e S B
BATHEIR o AR R A SRl
Eg,ﬁ%ﬁ%?%%ﬁﬁﬁﬁ%%oﬁﬁ~%&%*mﬂTEm,#H%%%%*Wmmﬁﬂ%ﬁﬁﬁ
Me -

13}
8.6 bisect — [#%l| =4 /EE % (Array bisection algorithm)

JUGRE:  Lib/bisect.py

i fASLARL Al — 0 CACHE P AY tist , B FRAMEE ST I AR AT FRRHE B List . —AARRHY list Y LE
WEAERAER R, BT UotEs, SR b — M k. EAsAsm 4 Ebisect ARA M
%;@%@%mwmmﬁﬁﬁﬁﬁoﬁ@%%ﬁ%&%@ﬁﬁ%%#@%?%ﬁﬁ(%ﬁ%%EMEEﬁm
1)

WEASAH PR AL v e 5
bisect.bisect_left (a, x, lo=0, hi=len(a))

1 a H AR B — 0L, T x AR a PVREHEF R . 28 lo Al hi IZRAEE list H IERZ 0% 1) 1
[ [, FHSOE A list o 2R o EHCA x B, 6 AR EGTERTA x HTm (Z£58) . bl
(EATABEEAE List . insert () W28, A5k a WASEHITIH .

[EI{E'iE’JiFﬁ/\{_LEl}{%@ﬁJa%.W:P ffif5 all (val < x for val in al[lo:i]) HRAEZ{H H
all(val >= x for val in a[i:hi] %KTE{EJ

bisect.bisect_right (a, x, lo=0, hi=len(a))
bisect .bisect (a, x, lo=0, hi=len(a))

Bllpisect_left (), AREREAMEGENA o HPH x R (F8).

[9] 1) i AL B § AP S a \.Fﬁ:f: ffif4 all (val <= x for val in a[lo:i]) HRAEZZMHH.
all(val > x for val in al[i:hi]) HFEALH.

bisect.insort_left (a, x, lo=0, hi=len(a))
AW o HET FREA x E#{Eﬁ/‘a insert (bisect.bisect_left(a, x, lo, hi), x) ,
HE o BWHRZCKHDTHEM st o RS T2 O(og n) WM M4 A TR ZARIEH Om) K, &S5
AR TR B R

bisect.insort_right (a, x, lo=0, hi=len(a))
bisect.insort (a, x, lo=0, hi=len(a))

¥iflinsort_left () , BIBAWINCEGIEIAG a B x & (HE).
hz=%:

SortedCollection recipe {i f] bisect #i  — N IIRESE AR AR, UL T HEAVRRITEAN T TR key
TR SCRE . BRI TR AR Z U R, DR SRAE SR key Tk A 2R A .
I AU, IF R AR (BOAHEATH) R BT s R A AL (R VERERS AP A B 19

T2 o) o AR R B ARSI B, X R R G BT RO RERT . AR, EIEDEF ROREI LR B R R AR LY ﬂlif?/%\
HHR—TIHRIER! =)
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8.6.1 #RFFIIR

Fiifpisect () B THREIRA AR, (BFE—BHRFLSF P A At . T S ek
T T IR LA B P 81 2 R A 1 R A

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)
if 1i:
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 al[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 ali]
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 af[i]
raise ValueError

8.6.2 HfthrBl

Bbisect () BAIA TR RANR . XN TRHEMbisect () N—MRERNENSEEG R, @id—
NEFRCTEFR, BRIV FRESES: 90 23 KA AT, 80 £ 89 2B, DA

>>> def grade(score, breakpoints=[60, 70, 80, 90], grades='FDCBA'):
i = bisect (breakpoints, score)
return grades|[i]

>>> [grade (score) for score in [33, 99, 77, 70, 89, 90, 100]]
['E‘l, lA', IC', lCl, lBl, IAII lAl]

Hsorted () BEAN, X Tbisect () BRECRUL, key 8l reversed ZHI A 25 L. F X eS80k
IRCRART  (GELEVE A bisect AL, RAS i0(E” i A BT BT .

IEME, FIFERRBUCT RIS R, RERMICRRS]
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>>> 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)

>>> datal[bisect_left (keys, 1)]

("blue', 1)

>>> datal[bisect_left (keys, 5)]

('red', 5)

>>> data([bisect_left (keys, 8)]

('yellow', 8)

8.7 array — @M EMB{EE R

EERAESE T RE, AT PARRRI R S AR RS T, R R )R
A ARH L list ()7 5 A8, B 1 801 & BRI G A7 B . e S [ I ] AR — (B <7 T type code
e E REATIERRE). R TEZ type codes [ E5%.

Type code | C Type Python Type RFRENALTA | g
'b' signed char int 1

'B' unsigned char int 1

u' Py_UNICODE Unicode character | 2 €))]
'h' signed short int 2

'H' unsigned short int 2

Tit signed int int 2

"I unsigned int int 2

'l signed long int 4

'L unsigned long int 4

'q' signed long long int 8

Q' unsigned long long | int 8

£ float float 4

'd’ double float 8

[l

(1) u type code ¥} ()12 Python i3 2] unicode =} (Py_UNICODE J& wchar_t ). RIEFEE A, i
A g S 16 bits B 32 bits.

'u' G Py_UNICODE API {5 —Z i f8 .
Deprecated since version 3.3, will be removed in version 4.0.

B FEEM SRR T E RS E e CFRHERE, ¥ C WEEF¥EERE) . BB/ DAE
itemsize BMEIFEEL,

TEMARALE R T T A

class array.array (typecode[, initializer] )
—{IE BT ¥ [ 5] i 1 TC Y typecode B, [EH1338 i 1) initializer 2 WHIIGAK , initializer W78 & — 1 list.
bytes-like object 8%, 55 13 w5 BUF5 #511Y iterable
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2R g E — W list By string , BF 0 [ 5 W) bR AL R @ L Afromlist () . frombytes ()
B fromunicode () 7 (BT x| Erp, EAseny 8 8l &8 Aextend () J5
IR

gl A—NFitF 4 array. _new_ [ffii 2% typecode, initializer,

array.typecodes

— £ 35 B A RT B4 type code B HR o

WX G SRR B PRI RS] . VI DFEREE S A DDA RIE N, Bria(E s BoA A TE
KA RAI G Frfy HAR I OUERR 5| & TypeError. BN GBEH 7o K% 0, nAMT g X
R0 kA 2 G

BT IR BRI

array.typecode

typecode 7 TCH 1L A T [ IR .

array.itemsize

B b i — (R CRAEERB R Z A LA (bytes) REE.

array.append (x)
BrG—HICER x BIBHEL 1 55 2 Ui o

array.buffer_info()
[l {#—{H tuple (address, length) F/N¥ BIMFCIEH L& S A TENEH RCIEERE.
SR PE R AL bytes , [EJATPA array.buffer_info() [1] * array.itemsize F&f5F|.
BTG 7E I T TR R i O B A B AR R, Bl ioctl () $84 . HEFESIFAE HIES
AT A T B R A BRI, [l B B A 2L

fHilE): FEHZACH C i C+ B2l (/e — a0 A RS ) rlg s, S R T
e B B W SR AR AT T By Yk T I R, (DB RZAE BT AR A e O . B
JP fg i .7 1R 19 SCPFAE bufferobjects .

array.byteswap ()
"Byteswap” Jif A i H . 8 B SRR EEE] 1. 2. 4 5 8 (ol Es], H AR EI (4 e
BRuntimeError o JEAETEHEAS BB TCIE AR AR SR AR T

array.count (x)

[n] {5 x e fe81) B T AR

array .extend (iterable)
¢ iterable HF TR BN A R, WIR iterable 2 7 —fR[E% , fhhZHA 564 AR type code , 1l
WA GEE TypeError o QN3 iterable 2 —fE 31, Al AT PABEEAR (iterable) HH: ()70 R &4
JE 2 AT AR A 51 e ) TE R R

array.frombytes (s)
T i B TR . U @i 5 R R E— M PESY, [EVH 8 T machine value (15 045 58 4
Hfromfile () ﬁ%EEEHEI’Jg*Jr)o

32 i mA: BT R, ZHi) fromstring () #iEZE frombytes () o

array.fromfile (f, n)
1 file object f FEHL n il machine value FHAYWTTE , 23518 LT E MM A MW iR IG. R HA DR n
WA CEGE A EorError $3%, (HARMICER WO A RS . f 828 E1E K [E
RV, HABER read () FIERIAFT.

array.fromlist (list)

it list FHTEITER . BEHEN for x in list: a.append(x) , BR T AZRESTRIEERE, W) ek
FRIFARAN B
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array.fromunicode (s)
P45 E 1Y unicode - HR I 233 W[ 51 . (S MZE 2 RE u B HAbR B G4 valueError
R, ] array.frombytes (unicodestring.encode (enc)) 2 Unicode & H} 3] — 1 HAth 7Y
BET 51

array.index (x)

Il /N 0, A RS S x B RS E

array.insert (i, x)

TENLE | ZHIRA—ICER x . BBEINRS E & REB R b B iR 4

array.pop([i])
BRI M ) 2R 5 [ i e R . SRR 290 BRE -1, FreAsse g B E m % — oK.

array.remove (x)

fie ez P ETR S — A B x

array.reverse ()

AR AR sk 271 14 0 3 4 PN 0

array.tobytes ()
314 e 5] ) 5 — {1 machine values {4 [ 5| [Fl[m # A ) (7 cal R (BRE cofile () ks ARERRAYNL
TCIFFIAH )

32 A BT RN, B2 tostring () EEA[Etobytes () .

array.tofile (f)
WA G2 (LA machine code fATER) £ A file object f o

array.tolist ()

ANEBTCER, B E— i Tist

array.tounicode ()
165 e 1) i ()] 7 o Pfig] g 2R RE DA B u o oA ZR RE Y P 5] ()L va lueError $fik. i array.
tobytes () .decode (enc) 4 HAhZ ) [ 5] i (El 75

Y AN BT BB AR, BE2FRIRN array (typecode, initializer). HWUERZEAN
25N initializer SS9, 5 MU typecode "' W'ER—AF4rE, HER—MEFINFE. FHeval ()
PRAE REXF AT R L B LA M A 2R B A R B, R array 20 from array import array #f
51 flhn:

array('l")

array ('u', 'hello \u2641")

array('l', [1, 2, 3, 4, 5])
array('d', [1.0, 2.0, 3.14])
L4

Bidllstruct JEE AN BRI il i 2R L S B B A4

Bigllxdrlib ji$% External Data Representation (XDR) [ &Rl 0 48 B B AU 25 18 e — S ua i VE I R 4% (
remote procedure call systems )

Numerical Python 324 Python #({EiE A 1% 5 (The Numeric Python extension, NumPy) 3% T 75— [ 51 74
AE, TZ BN Python HYBEIEE 2 2% hitp://www.numpy.org/ .

8.8 weakref — §55|H

PiS:  Lib/weakref.py
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weakref L Python F2 7 i BIZE N5 H weak references .
Y:E‘Fiqj 9 7&1‘«% referent %‘éﬁ:\‘gﬂgéj%lﬁﬁglﬁﬁ H‘JX{"%O

XRS5 AN BEPRUEXT AT U5 1 R 5 I, garbage collection W] AFHESS | FIFH-HFH N AT
AT HMNA. B, EXRHBRZH, AT, 5951000 R X5

5575 | 1Y 22 g SEBURAT RO G e G A7 WL, (H SO A BR R G (S P oA B e e A
UIBIIEZSEXER T

Flan, GuAREE V2 KA T RS, AT e A BB A AR S B G R E . 2Rl Python S
FEATRBLT B MR, SR ERRBLS B AR, G SRR PR, BN EATHE S b R (sl
weakref MR WweakKeyDict ionary MlWeakValueDictionary 25 DA Python 78, (#1155
51 R WS, X BN 2 (AN R A B AT S BRAE B0 G2 A I X R ARG . B, R —AEG
WG @ weakValueDictionary WME, IBA4XHZEEXT G AR 4551 2 55 WS 5 i A 1 555 | B,
B3 DS AT DA IDSCZ R G 05 A 55 WS G oAk 7 1 2% H IR

WeakKeyDictionary MWeakValueDictionary T{ETI]E‘J;EEEP1§J5H§%§|}%7 Eﬁ%lﬂﬂiﬁiﬁﬁlﬂ%@
B, M E R I B B E RS F L, weakSet LM T set B, (B WeakKeyDictionary —ff,
R HoTRmME51 1. ©

finalize $EME T VEM— DRGSR B B A s B R B0 Jr 2. X FUAE DR AR 5595 | s [m ] e K
TR R, DROAARIER 2 B B R Gk [ T 2 g A — B R .

M AM BN Y — i H finalize SR RKREZHBFIIHEW - BEAFTEEZUEACHIGTI .
weakref BIHUERTE TARHFALE], PAET SR,

FARIT A X ZAR T AR ES T I H 5 vT AR5 | X R A5G 28556, H Python (TiAZH C) S HeR%k, 55
Bl B, BREEES, FUUrkat 2, ARZ, RANSR, £, B, Mumbhy, ENFREAEA
POE IV EREEPOE &8

3.2 S PRI T X} thread.lock, threading.Lock FIACHE %) 42 1 37 55
JUNWEERAN 1 i st Fldict RNEECRES51 M, BT AEE 2R 3k

class Dict (dict):
pass

obj = Dict(red=1, green=2, blue=3) # this object is weak referenceable

CPython implementation detail: H AN E I G Ut uple Mint ASCRFFHTIA, RIEED T IABASH.
Extension types can easily be made to support weak references; see weakref-support.

class weakref.ref (object[, callback])
RIS 25 ZH555 1 o AR EAEXTRAIRAENE , W] DUE AR 51 XSO R E X 5 s | A
HJE TGN S N FAELE, WE A B %5158 None . GNSRBE T =AM HAE AR ENone , F Hag [
5%%57”% REGATIRAFNG WA G B LS5 PR FH 1 555 | S SRR Il ME— S 50% 3 H5R
YA TR .

V2555 B A VF N M R oA B 555 1A 8R4 A doe il e ) [ 8 2] de R
{80 AL B0

RS | 2 S Dk ThsE s il (RISt BN SN _del__ () Jrikprs|
KA AR A7 S B

UnR object Wy Ay, WIS 5| M B Ahashable. RISAE object WM Bk 2 Ja & A IRF G- 5 I A (€. 4N
Hhash () ¥ object YoM JaA B RBIHM , WZIAMKE5I % TypeError,

595 | SRR, (EARSERAHER HUB . ASRBES I I RAVIRAAAE, WIS HRA S ENmE i
XR—EIMHGERFR (I callback ZAAHIE ) o QR TAE—BG NS, WTERASIHXZ R
[ — X R W A A A

8.8. weakref — §55|H 233




The Python Library Reference, &[] 3.9.0a1

BT R R JE— A T B %K
__callback__

DAL 23R 0] 2 1 IR 555 | B 1l SR RN AE e 5 | B85 | X R EANTFAE
I M JE PEE None.

34 RREES: ISINT__callback _ J&1k.

weakref.proxy(ohkd[gmﬂhxk])
& [5] object {— AN 555 | A ACER . IR BCCRAE R ZHCE T SOP AR, A ZEK A fr (il
AT | X R ARG . RIS GRANF Y ProxyType B CallableProxyType, HIKEURT
object ;=5 AP il o Proxy Xt Zhashable W5, JoEG | FIXTR @G Iy X b 5 B AT EA
AR K Z R, AT IR ENTSONAE T I . callback S ref () BREU IR 2T 25 SO .

3.8 A 3 RACEN G R AT, AR AT @ A e=.

weakref .getweakrefcount (object)

AR [ 45 1] object 1555 | A CRE R B -

weakref .getweakrefs (object)

AR [l A ) object F4 AT 555 AR B Y 1) 26 o

class weakref.WeakKeyDictionary(Lﬁd])
5595 BB 2 . N FEA XA 505 | I R 9 2% H R B 5o 33X n] SRR A M S S R 2
#’l‘%ﬂ% AR AR 7 BT A IR R I T HRAEABLEXS R A o . XX T B2 1w M7 A X SOk it
Rl A

f#El: & T weakkeyDictionary j2HT Python “FHLFG A, FIMIZEDEA TR T HAs Hok
/Ne X FWeakkeyDictionary FULEMPRX— v REMR WIXE, B FFEE R B AT A ERT BE
SEF AR CphEHL” R GRS LI — A REIER ) .

WeakKeyDictionary NMEHA—NEINERT AEZ AT NG o 3% 285 | N RUETE B AT 18 6 FH T
IRPREE “AANET, PRI 285 | H R A 45 R TR e O R A A o I YA AT T e B 2 S B IR i
A REOR B R S PR R R B

WeakKeyDictionary.keyrefs ()

AR [ X R Y 55 5 | PR AT IR AR R

class weakref.WeakValueDictionary(Lﬁa])

S5 MELAIMUR SR . NP R SR 505 | I S b ) 2% AR 5T

filE): R M TweakvalueDictionary j@5T Python FHLAK Y, PRI EMEAT AR T i s
HAN. WFweakvalueDictionary RUCERPRIX— i AT REARAIME, DPOARR LR AU IR AAT 45
PERTRES B S AT g M2k (X2 B mIL I — RV o

WeakValueDictionary ¥ % B —NE I b ¥, W ¥ AFAE SeakkeyDictionary ¥ %K
keyrefs () JyyA&AH R R A8

WeakValueDictionary.valuerefs ()
A RPN VEE BV TUEIBP S AWOE S8

class weakref.WeakSet([eknwnm])

PREFRHOCR B G U RE AL UAFA R TCR ARG TR E T

class weakref.WeakMethod (method)
— AN SR ik (RIFEE o SOFFESR G P &R k) 785 M A E X rer T35, HTHP
EH RGN, ARSI S| IR . weakMet hod A& H5 SIS Fl R S B 0 B 40 s, H
DO B SIRI) IR E Tl
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>>> class C:
def method(self):
print ("method called!")

>>>

c = C()
>>> r = weakref.ref (c.method)
>>> 1 ()
>>> r = weakref.WeakMethod (c.method)
>>> 1 ()
<bound method C.method of <__main__.C object at 0x7£c859830220>>
>>> r() ()

method called!
>>> del c

>>> gc.collect ()
0

>>> 1 ()

>>>

3.4 BT

class weakref.finalize (obj, func, /, *args, **kwargs)
1R [ — AT A SSRGS RN obj AR R A . 5@ n 5551 AR, A4t
FrERAEE, EEIGI XS R, AR T AE A P .
KREEE B2 A AR e (xS0 sE s m et SR A ), WAZEER 2.
TG I A L5 2 /R ] func (*arg, **kwargs) PSRIEZER, MRAMSET AL R None.
FESIR M 1]l S5 2R R I 5 | & S i s TR e (B Eei &% . el 5Xgm
_del_ () HyEuEgT | M EE TS | A S w AR R b 2 .
YRR, FARAE LSRN, BRIEENWatexit BHECHRMBE. Bl S50018
S L2 4D 0y 8
L gE g A interpreter shutdown 1) i S48 N 23 F 2 U FH FE 1R pR A, IS 42 JR 74 AR ] B 9l
“KNone,
__call__ ()
SR self FAEEARSNPRFEARC N AT, HaREEA func (*fargs, **kwargs) WE5R. U
W self EAET-NR [ None,
detach ()

W self HAFEARS NP HARC HEIET:, IFREICA (obj, func, args, kwargs). U
self BFET-MiRNone,

peek ()
TSR self HATRIRSNEREIJCA] (obj, func, args, kwargs) . QI self ©AETZNR[EI None,
alive
AR A S5 A RS W RE B B, B ICAIRIE.
atexit
— NG RBEHE RN, BUANEE. YRBRF R, TSR atexic HEERIFE R
AR ALELN . NS5 0 A S 585 08 H

) REEA— R HHIR func, args FI kwargs NP ALATR obj 51, Toid e BRI [ H 1,
TN obj Fi7KIEA AN BRI R, fune AR2452 obj H)—AG8E Tk

3.4 BT
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weakref .ReferenceType
5951 IR RAEBRR .
weakref.ProxyType
AN R A R AR
weakref.CallableProxyType
EIRGEROE L:bE ez TS IbuE S
weakref .ProxyTypes
A5 A AR BT R 51 o X 0] AT S5 A — X SR A2 AUBE I AS b O T A
B RAA TR

exception weakref.ReferenceError

B BT R Z B R E PO TS KA 575 . X F M TARMER Re ferenceError
A

hs%:

PEP 205 - 555 ] BURFPERHRBCHIEE G035 U SC B B B M A T 35 o SRR PR R K AR

8.8.1 855 AR

I AN RE A ref.__callback  PAMSMYIFERIENE. — 595 HXTRANRAAAE, St i/ ek
ARG

>>> import weakref
>>> class Object:

pass
>>> o = Object ()

>>> r = weakref.ref (0)
>>> 02 = r()

>>> o is o2
True

WERBIHEATAAE, WS X GRFR [ None:

>>> del o, 02
>>> print (r())
None

R —A 555 | X G WAIRAFAE IV % 1 RiA30 ref () is not None. JE#H, FFEMMTIHIXRIY
JHACR B 214 S X R P AR

# r is a weak reference object
o=1r()
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 ()

B B AriE" NS SAE D ARE N Pl se g A5 0F s AR LAE T B S BOEA 595 | A% 5595 B
HIRRAG  FIAR G AR 2 AR I T A Z AR Y T R i 2 42 o
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R RAS Y re £ WRATLAE L TRUAAE . FEmeakValueDict ionary RISEBLHLEE 1 X A7 28
WU AN SR H I AAE TR . X TRFPRIN A SOCHREN S T B Dla iE i, (E ] AR TR 47
NBHMEFAAR T ] .

XA TR T AR re £ 89— A2 TAFREA TG I B A | RT3 190 Fhl 52 i JHC Bl [ g £

import weakref

class ExtendedRef (weakref.ref):

def _ init_ (self, ob, callback=None, /, **annotations):
super (ExtendedRef, self).__init__ (ob, callback)
self.__counter = 0

for k, v in annotations.items{():
setattr(self, k, v)

def _ call_(self):
"""Return a palr containing the referent and the number of
times the reference has been called.

mmn

ob = super (ExtendedRef, self).__call__ ()
if ob is not None:

self.__ counter += 1

ob = (ob, self.__ counter)

return ob

8.8.2 Rl

RXANRTE TR 1A AR X 5 1D AR B2 AT B i 52 . SRR ARG ID Al AR Kt
SERR RN T TEATSR B SRR R, (HAET ARSI SR AT PAIE L 1D SRR

import weakref
_id2obj_dict = weakref.WeakValueDictionary ()

def remember (obj) :
oid = id(obj)
_id2obj_dict[oid] = obj
return oid

def id2obj (oid):
return _id2obj_dict[oid]

8.8.3 RLERMK

Ml £inalize ) EBFALTET & RE SR (EHBE A I VR R, M0 JC20 OR B B aR [ PRy AR £ Xk . 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!
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LEEAB N A ER N o (R A 45a8 2 HLAEXT [l 18] e B A — R A

>>> 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

YRATPABE ] detach () JiERER— A& E . %7 iR A S PR I A G i A g g I S 4

>>> obj = Object ()

>>> f = weakref.finalize(obj, callback, 1, 2, z=3)

>>> f.detach ()

(<...0Object object ...>, <function callback ...>, (1, 2), {'z': 3})
>>> newobj, func, args, kwargs = _

>>> assert not f.alive

>>> assert newobj is obj

>>> assert func(*args, **kwargs) == 6

CALLBACK

BrAEfRtfatexic JBIER N False, MHMAGAHAERPIR H R AR B M . B0

>>> obj = Object ()

>>> weakref.finalize (obj, print, "obj dead or exiting")
<finalize object at ...; for 'Object' at ...>

>>> exit ()

obj dead or exiting

8.8.4 LERARGES __del () Kk
BRI TR EE 2, HErSEARARRImN B3R, MA TR AR, XAEFN S 5HA
AP B -
o R BAR L,
o WEE remove () HEHEAM, 5
« BFIRH.
FATATPAZE ] __del () kRSBl A2, MR FR:

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

(continues on next page)

238 Chapter 8. Hiig3¢®




The Python Library Reference, (I 3.9.0a1

(R —H)

@property
def removed(self):
return self.name is None

def del_ (self):
self.remove ()

M Python 3.4 F¥ify, __del__ () KA IS A B L, H HAHR A /A S AR interpreter
shutdown S EIA PR R None. FIHGX BAAURSTE CPython b WAZ £ IEHIZ AT 23 ) BT AA] [7) 85
SR, __del__ () FryAmAbF Sy ™ it 27 3 HARSCIL A sE M, PRk B A T AR b3 [l i s 3 =X i Y
T .

R T R e LA, H5| T S Ree ORI 5, A2 RBOS A X GRS
T 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

Bk REE U, AT AL 3R N2 — A0 H o8 BOE BTG 2 H ST S TR g s H o i — R
PERBIR I, A EEARS AR g i .

BT 55 N ALEHEHA 7 —I S, wld e gONR N E R =Jr Rl iR & a4, Bl —
AP F BT E AR

import weakref, sys
def unloading_module () :

# implicit reference to the module globals from the function body
weakref.finalize (sys.modules[ name ], unloading_module)

) AN YRR TR IR e ST R T A R g 2t 4, NI W REIR A i A SAEE A . =
B, P hatexit . register (), try: ... finally: ... flwith: ... [A&AFEARIE
PATIHEL

8.9 types — BB BN BRI ZFR

JRACHS: Lib/types.py

BepEE T TR AL, AT Bhsh S a2 A

%Eﬁ%&ﬁ%%ﬂ%l?%¢,ﬁ%@%mﬁﬁﬁmmﬂﬁﬁﬁﬁ%,@#K@WE%Mtﬁﬁr%#
XA TE.

R, BB 7 LR O (H R SRR B S DAV A B R 1) T H R AR %L
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8.9.1 EhBARIGIE
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 ZHUe— IR KL, M TIRFERT QIR iy 44 23 (0] BN Y4552 e 4 25 AR HLE— Y
SROHEMZENE BT a4 250 WURAAR LR, W EMSFRT A lambda ns: ns.

3.3 HUHTIA.

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 &35 24 1Y TCZE, namespace 21045 1 W 25 6 4 25 18) 1 kwds 32 FF A& A kwds 3085 1% & A
‘metaclass' 4RI HHAIA . WAL A krds ZHe, BHh— 2.

3.3 HUHTIA.

3.6 U5 raR [ e H namespace JTLRMEVAMEC Bk AE . BIAEXYSITCREA __prepare_ ik
o165 2 (5 — A B 4 A 53

hz%:
metaclasses X 8% 0T A S0 I R Y SE B 4R Y
PEP 3115 - Python 3000 H/¥j5C3R 5| A _ prepare_ a4 aS[a)4 1

types.resolve_bases (bases)

ZHESHAENT MRO 25 H , HAA L PEP 560,

MRS TE bases AR AE cype WSEHFIRGTT, FFREl—rcd, HPENHA __mro_entries_
7 VR B B G 6 G K R R R % O YE R SR S5 R . AR — bases TJ& t ype BYSEH, BB
HA __mro_entries_ ¥k, NIEFEAINIEAS W 0 & 76 1R [l il o4l .

3.7 BTN
%
PEP 560 - %} AUATHNZ BB .0

8.9.2 frERFREIAR
AL HCR VF 22 AR AL T SE3) Python FRERS T 2RI A PR B 20 B ke S 7610 15 HE L8 (A E AL B AR v A
HIPAZER . N listiterator M,
R PR ILFL Y F Ui sinstance () 8{issubclass () ¥,
QSRAREESE B IR LEA T (AR An]—Ffr, 37 B L S AN ] Python ARUAS 2 [ W] RE H AR 1L .
DA ZEBUA A I O B 44 PR S
types.FunctionType
types.LambdaType
F P E E CREA S R 1ambda Fak=U i d R 2680 .
types.GeneratorType

generator SEACARXT RN, iy A e B KB

240 Chapter 8. Hiig3¢®


https://www.python.org/dev/peps/pep-3115
https://www.python.org/dev/peps/pep-0560
https://www.python.org/dev/peps/pep-0560

The Python Library Reference, (I 3.9.0a1

types.CoroutineType
coroutine WRWZKFL, B async def BRBELIZ.

3.5 HUHTIA.

types.AsyncGeneratorType
asynchronous generator JEREEFTRIIET, B R4 NEs R i e .

3.6 BUHTIA.

types.CodeType
RAGXFZ BT, Fllllcompile () WHREME.

Bl &k F it FH code.__new__ [ffHiZ%( code, filename, name, argcount, posonlyargcount,
kwonlyargcount,nlocals, stacksize, flags,

THTE RO XS BT REA VT LA AR L 2 B R 1) 44 ARl B
types.CellType
FRTTRT G RAL . XA RPNV R B e i 2 s
3.8 WUHTIA.
types.MethodType
P B E SCREEBITTIRR AL
types.BuiltinFunctionType
types.BuiltinMethodType
WEREBII 1en () Bsys.exit () VARNERIERNER., (XU “NE” 24 “LACIHEF
HE")

types.WrapperDescriptorType
HeLe BRI R T R AL, BN object.__init_ () H{object.__1t_ ().

3.7 BT

types.MethodWrapperType
FLO N EHARRAMEL LN 90 knyRAL. BIAN object () .__str_ F@AYSRAL.

3.7 BUHTMA.
types.MethodDescriptorType

SN BB LR RGN st r. join () HZEAL,
3.7 BOHTIA.

types.ClassMethodDescriptorType
He Y ERIEI AR 4R KRN dict . dict_ ['fromkeys'] f2A,

3.7 WCHTIA.

class types.ModuleType (name, doc=None)

T BRI . GG A IR 4 B S AR Tk W docstring .

HE): WRAREEEE S FESAERY B, FMH importlib.util.module_from spec ()
Se Bl E—AN s,

__doc___

e docstring, BRIAH None.,

__loader__

AT fgloader . BRINA None,
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3.4 S BRIAK None. 2 B JE M A AT 1.

__hame___
BRI 4 °F

__package___
— Mg ) package, WP N I ZHA (BIARAEATR € WA ) W% B PER i
N, BB BN E ER A TR AIRELRA B g — A FRRT AN __name_ ). BRIAH

None,
3.4 fREE S BRACKH None., ZHIZJEMH: N nl %630,

class types.TracebackType (tb_next, th_frame, th_lasti, tb_lineno)

AT S 2L, BN sys.exc_info () [2] HXTHR,
WEHER B S5 T B EMBEER AR, DA ShASH A 2 [m 0 4 i 45

types.FrameType
WX R AGZA, B0 tb. tb_frame HYNTS, Hf tb & EIPxT5.
AR EH S5 T R EARA R 40Ty .
types.GetSetDescriptorType
ffi[f] PyGetSetDef FEY RBIH & LN R i 22, BN FrameType.f_locals I array.

array.typecode. WRMPMIEXRI@IEM AL EMHMN Sproperty KRAMMIF, HET]
BERTAEY AR SR

types.MemberDescriptorType
{#i [} PyMemberDef Y3 B rp E LR L A2 AL, iUl datetime.timedelta.days, KA
B A AR MERE A0 sR B 7 0. C BRI R AR BB Sproperty BN, (A& TEXT
T it e k.
CPython implementation detail: 7 Python fJJ B sEBH, IIEAUNHE Y GetSetDescriptorType 5
A

class types.MappingProxyType (mapping)
— AW R AL B TS B A Sh S, IR MR Y R A R B, R 2 X

HAR.
3.3 BUHTHIA.

key in proxy

WSARNZ W A key WIR[A] True, AHNRM] False,

proxy [key]
IR [ER Z R DA key S SERYIT, MR R R TR AEAE S key WG| K KeyError,

iter (proxy)

AR [l T2 B B U R AIE AR . X2 iter (proxy.keys () HYPREET

len (proxy)

IR SRR A R
copy ()

IR AN BRI H S DL
get(kechhjduh])

AR key FAAE T 2B 3R [1] key IME, 75 IU3R ] default. Q2R default K25 13 MIERIN K None,
ﬁﬁlﬂfjf{iéﬁzi%% [ ﬁKeyErroro

items ()

AR ] R R (e, B XD S — B .
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keys ()
3B [ EH T J2 L R R 2H S — AT

values ()

AR 0] p T JE R ) (R — TR A

8.9.3 MiMT RIEFTE
class types.SimpleNamespace
— AR object T3, AT TR a2 S E A EME, PAR— I R reprs

AT object, XTF SimpleNamespace YRA] ATRINAIRL R EIE. WHR—1 SimpleNamespace X
Gl ] R F S HOH TR, XSS AT E M4 25 .

BEIRAUR BT 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__, ", ".join(items))

def _ _eqg (self, other):
return self. dict == other._ dict

SimpleNamespace HJ #f /] T # f{ class NS: pass. {HJ&, XF T 45 fk i 5% 28 24 ) 5% 2k
M namedtuple (),

3.3 BUHTMA.

types.DynamicClassAttribute (fger=None, fset=None, fdel=None, doc=None)
e EYi) _ getattr [ BT

R —MlA s, T E SGE SR 5 A S W B AR AT B R . 24 S5 1R I PR IE AT
oy ARSI Ja Ak A s e IS __getattr_ TR X2 0HIE 5| & AttributeError SRSERUAY .

XFERE SV TR EITE e B, R SO e B R 4 R YE (—ANX R 742 Enum).,
3.4 BUHTIA.

8.9.4 HWETIREH

types.coroutine (gen_func)
W BRBOR] K generator BREREEAS A IR 1] BT LB AR O PIME ¥ coroutine function. BT A2 IAF I REI 8@
F-generator iterator , B[R] X BT #EAR K coroutine %t 4 Heawaitable, N3, BERGWMESLH _ await_ ()
ik
R gen_func Z— A AR REL, ERRRHE L.
IR gen_func NE— A RESEE, WESHELYE . R EREl—4collections.abc.Generator
M0, BB REAE— A awaitable fREEXT G AT HABXT G B9 AR 1]

3.5 BUHTMA.

8.9. types — EIEXBBTIAEXE BIR 243



The Python Library Reference, &[] 3.9.0a1

8.10 copy — %2 (shallow) F1Z 2 (deep) EHliR{E

PACHS: Lib/copy.py

Python HIR{ETE AR HIXT 4L, e AR R 2 (A B # 5 %E (bindings) KA. XFTF H B il 283 4 50
ARG R , TR EA W 2 F A ORI T e e, BEMRE L SR N . AR At T3 MY
RIEEHIREZZ B EAE (AT i) .

ANk

Ccopy . copy (X)
R[] x fR R I T

copy . deepcopy (x[, memo] )
R x AR RS A
exception copy.error

BB E S RE
PJZ S FIRZ A ) 2 [A) B D5 52 Aok 5 (R 3 AT R B4R, g Rl e S i) A 2%
s~ RELMSMEDHE AN, RE (TEATRERITLE ) KFEO S BN 31 R AT
o AN REEMSMEIE GRS AR TR R &) A A
DREZ AL il B VRl w7 AE DA TR, 1T P2 5 MR R AN AR I L ) L
o BBITXTGE (R RR A &0 B S5 U E GXT5) & S BB IR
s MITHREERSE RGNS, RIS E R (BlInA BRI A 2 (8 3 Zh ) -
The deepcopy () function avoids these problems by:
o DREBTEY I HIE R T RN RI” 55 (memo) F; PAK
o SOV PE IR E BRI R E s T A

RS FIBIR . 77k, HIBER (stack trace) . KMl (stack frame) . SC{F, BHT . B 1. ML RAT ]2
ARRAL, Bl A SR b JFUG ROk (RIZEIRZE ) “EH” BRI X 5pickle BHRALFIE A
) 5 2GR AR o

HFIVEFIPRZE R AT A dict . copy () ik, THRITES R EIZE S 7] DUE SRR AR Y 558
i, N, copied_list = original_list[:].

KA AR S0 7504k (pickling) AR HH [R] Y £ DR 0 648 4F, X T IXHIERNHNAE B ES
Fpickle fill, Sbrl, copy BURMMHIIERM copyreg B FHMH pickle pR 4L

RBLAA—N 20 B H O DURESE L, v DA & AR 3 __copy_ () Ml __deepcopy__ () . ¥
FBIE PASCBIR 295 DUERE, O ERN A ABINSEL. WA G & AR Z 8 DUEAE: e A— 135
Bl memo i, N _ deepcopy_ () SLHFEANE—MHUEZEE I, B 24# H deepcopy () H%L
HPAZAHAAE RS —ASE, 0K memo FHAEREE —ASHL

hz%:
Bitkpickle HE T X HEXT SRS RAWKE FRF5E 15

8.11 pprint — #iEE{LHiHH

JEARRS:  Lib/pprint.py

244 Chapter 8. #iEE


https://github.com/python/cpython/tree/master/Lib/copy.py
https://github.com/python/cpython/tree/master/Lib/pprint.py

The Python Library Reference, (I 3.9.0a1

pprint BHURALT “SSAUFTH” L7 Python gt hae, XA 0] HIFEXT RS A . U2k
S ARSI 0L 5 AR AR Python ZRRUMXT SR, MIH AL A W] RETCIRGO K. (& 301k BT iR
4, VARVFZ HAbANGE ] Python “F I {EL R /R X Gl AT m] RE P BUXFERI S5 AL .

AL SAEATRERY IR DL T ABAT RIS G, HAETCIRAE SV I E WA R O T H o b %
7o HRARTT LR RE 5E 2 BR A ) B R M i Pret t yPrinter MR,

TUAET B R R IR 2 S e R HER -

3.9 i 5% Added support for pretty-printing t ypes . SimpleNamespace.
pprint BHUE LT —42K:

class pprint.PrettyPrinter (indent=1, width=80, depth=None, stream=None, *, compact=False,
sort_dicts=True)

WiE—A~PrettyPrinter 5L, MWAPIEAFEZ LN RETFIES . T stream 55 RT B th s
AT P ME— R 2 UM write () k. WRAFGE W KT, MprettyPrinter 23k
$t sys.stdout. BANEBIHZRAGEIE R indent T552 5 BRIME N — . JCAME T 5200k 1 A kA 2
Pest, , HAE R E LS G X 7. AT T DA 2GR B deprh 355365 QR EIR G514 9 2 w4 T BN
R, K& T — BRIy ..o NG, Xs b S 2B B A R .
A B SEE T width TE 2K IR BRIAESH 80 DNFAF. AR — DG ToYATE R & T8 N BiAs
A, MPRHEDUS ATREHET . AR compact RME (BRIA) WK 721 45— I50R Blois =40 Bt i A7
WA compact A, WIKFHE width WZSANRRE 00 R AT RE 2 AR S Hh AT W2R sort_dicts
FEAE (BN, FHRFs O Y, A5 RIS AT 2R o

3.4 WU SE: I T compact JE2
3.8 i AR BT sort_dicts 2% .

>>> import pprint
>>> stuff = ['spam', 'eggs', 'lumberjack', 'knights', 'ni']
>>> stuff.insert (0, stuff[:])
>>> pp = pprint.PrettyPrinter (indent=4)
>>> pp.pprint (stuff)
[ ['"spam', 'eggs', 'lumberjack', 'knights', 'ni'],
'spam',
'eggs’',
'lumberjack’',
'knights',
'ni']
>>> pp = pprint.PrettyPrinter (width=41, compact=True)
>>> pp.pprint (stuff)

[["spam', 'eggs', 'lumberjack',
'knights', 'ni'],
'spam', 'eggs', 'lumberjack', 'knights',
'ni']
>>> tup = ('spam', ('eggs', ('lumberjack', ('knights', ('ni', ('dead',
('"parrot', ('fresh fruit',))))))))

>>> pp = pprint.PrettyPrinter (depth=6)
>>> pp.pprint (tup)
("spam', ('eggs', ('lumberjack', ('knights', ('ni', ('dead', (...)))))))

pprint BHGAFRHE T — L HREER T

pprint.pformat (object, indent=1, width=80, depth=None, *, compact=False, sort_dicts=True)
object IR RALTRAVE N FERFERIRE . indent, width, depth, compact F1 sort_dicts ¥AE I RALTE S04 15
APrettyPrinter f¥E#E.

3.4 JREE S BEHN T compact 2.
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3.8 iREE sk WY sort_dicts T2,

pprint .pp (object, *args, sort_dicts=False, **kwargs)

FTEN object (s AL IR IFIPAT —DATHF . AR sort_dicts SyfBAE (BRIN), 7 R B A4 A 2

AN, TR SRR o args A kwargs FE IS XML S Yitethpprint ().
3.8 MBI

pprint .pprint (object, stream=None, indent=1, width=380, depth=None, *, compact=False, sort_dicts=True)

TE stream FATH] E) object WAL £ w, H A — D HATHF. W stream “fy None, W[ sys.
stdout. XH AR Rprint () phEFEAS B A MRREAS A A (IR 2 0] RASAET 22 3 T
print = pprint.pprint PAYERFEVERSE ) . indent, width, depth, compact F sort_dicts ¥4ER

WANMTES W Prett yPrinter fiEes.
3.4 WU S $9IN T compact T2
3.8 WU HE S 9N T sort_dicts T2

>>> 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)

€ object FIMAMFTR R “AIEE", BORE AR eval () BEHMEXSHNME. KRBT

BBIEX S R 2R False,

>>> pprint.isreadable (stuff)
False

pprint.isrecursive (object)
T 5E object Je TR EHITFIR .

BEAhRE ST — A SF R AL

pprint .saferepr (object)

W& [H] object WFAFER RN, FHMBIHEE G A RT . QIR object HFRIEAAFF T —MiBHEKH,
ZaBIHT| &9/~ ~ <Recursion on typename with id=number>. iZFE/x~HMASHITH

e,

>>> pprint.saferepr (stuff)

"[<Recursion on list with id=...>, 'spam', 'eggs', 'lumberjack', 'knights', 'ni']"
p g9 J

8.11.1 PrettyPrinter X%t

PrettyPrinter WSLBIEA FH hik:

PrettyPrinter.pformat (object)
1R[] object ¥R FIR . KRl Pret tyPrinter MR AT TE .

PrettyPrinter.pprint (object)

TEFTAC B LT B object ks AL TR, FHEFHIN— P 0AT4F
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THNTTIERPE T 5 [ 4 R RO X LA SE B RSSO B X BT AR S 2, OO R A

W PrettyPrinter %4,

PrettyPrinter.isreadable (object)
WER R AR T A, SR E A Heval () HEXNGE. WHERIIEX TEBHXT
%Hl_lil False, ﬁﬂ%uﬁTPrettyPrmter ) depth T2 HAT G0 FE#E AR irE e, o
ik[H] False,

PrettyPrinter.isrecursive (object)

TR SR EEIHFR .

ﬁtgﬁ%1¢ﬁ~A%ﬁ¥%ﬁ1,\, RV T RBURE I RIEEHN PRI T BN saferepr () SBLH
P 2

PrettyPrinter.format (object, context, maxlevels, level)
LIE]:/\fE' FAFERIEAIW object CAgAIA , FRIAS5EH 2T TI;&H’J)LTTT, AR Fi B A A ) ) i3
MEERR . 25— DS BORBEFIRIIR SR . BB AR AR 1d () WAL, JXEEXTGR 2 MRS BT
() —&B5> (520 object FoRMIE A AS ) s WRFEEIN— DT ARTE context HFIRIIRTE, WG
ZANBRBME R 240 True, Xt format () JryERTIBIATE Y. 240 2540 O BTN 2% H i 2] g i 55 =
NSH maxlevels %5 T B ARTTE SRR B 0 B 1 SR R i LB R 0 ﬁtﬁ’ﬁ(ﬁjé‘lf 7J[I1lf’}’t‘51ﬂﬁ
FRZIRIAT o SEVANSEL level 25 T4 HIED B4R H S EUER 24/ N T 24 50 A BF91E.

8.11.2 ;xfl

N T iERpprint () BREARFIESHILANE, LA PyPLRBUSTRATH ffE R

>>> import json

>>> import pprint

>>> from urllib.request import urlopen

>>> with urlopen('https://pypi.org/pypi/sampleproject/json') as resp:
project_info = json.load(resp) ['info']

pprint () PNHIEAE X ER TS

>>> pprint.pprint (project_info)

{'author': 'The Python Packaging Authority',

'author_email': 'pypa-dev@googlegroups.com',

'bugtrack_url': None,

'classifiers': ['Development Status :: 3 - Alpha',
'Intended Audience :: Developers',
'License :: 0OSI Approved :: MIT License',
'Programming Language :: Python :: 2°',
'Programming Language :: Python :: 2.6',
'Programming Language :: Python :: 2.7',
'Programming Language :: Python :: 3°',
'Programming Language :: Python :: 3.2°',
'Programming Language :: Python :: 3.3',
'Programming Language :: Python :: 3.4"',
'Topic :: Software Development :: Build Tools'],

'description': 'A sample Python project\n'
o — \n'
l\nl
'This is the description file for the project.\n'
n\nv

'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 '

(continues on next page)
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FEH LR

'should be written for\n'

'that purpose.\n'

V\nl

'Typical contents for this file would include an overview of '
'the project, basic\n'

'usage examples, etc. Generally, including the project '
'changelog in here is not\n'

'a good idea, although a simple "What\'s New" section for the '
'most recent version\n'

'may be appropriate.’,

'description_content_type': None,
'docs_url': None,
'download_url': 'UNKNOWN',
'downloads': {'last_day': -1, 'last_month': -1, 'last_week': -1},
'home_page': 'https://github.com/pypa/sampleproject',
'keywords': 'sample setuptools development',
'"license': 'MIT',
'maintainer': None,
'maintainer_email': None,
'name': 'sampleproject',
'package_url': 'https://pypi.org/project/sampleproject/"',
'platform': 'UNKNOWN',
'project_url': 'https://pypil.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'}

2R T VAR R A EARFRE 1) depth (TR I N SR BT A 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'
- \nl
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 '
'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,

(continues on next page)
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FEH LR

'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'}

BEAh, BT DAL E B B TFAT width. QIR — DX RICERAR I, TR 4 e 98

>>> pprint.pprint (project_info, depth=1, width=60)

{'author': 'The Python Packaging Authority',
'author_email': 'pypa-dev@googlegroups.com',
'bugtrack_url': None,

'classifiers': [...],

'description': 'A sample Python project\n'
- \nl
l\nl

'This is the description file for the '
'project.\n'
l\nl
'The file should use UTF-8 encoding and be '
'written using ReStructured Text. It\n'
'will be used to generate the project '
'webpage on PyPI, and should be written '
'for\n'
'that purpose.\n'
n\nu
'Typical contents for this file would '
'include an overview of the project, '
'basic\n'
'usage examples, etc. Generally, including '
'the project changelog in here is not\n'
'a good idea, although a simple "What\'s '
'New" section for the most recent version\n'
'may be appropriate.’',

'description_content_type': None,

'docs_url': None,

'download_url': 'UNKNOWN',

'downloads': {...},

'home_page': 'https://github.com/pypa/sampleproject',

'keywords': 'sample setuptools development',

'license': 'MIT',

'maintainer': None,

'maintainer_email': None,

'name': 'sampleproject',

(continues on next page)
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EHE—5)
'package_url': 'https://pypi.org/project/sampleproject/"',
'platform': 'UNKNOWN',
'project_url': 'https://pypi.org/project/sampleproject/’,
'project_urls': {...},
'release_url': 'https://pypi.org/project/sampleproject/1.2.0/",
'requires_dist': None,
'requires_python': None,
'summary': 'A sample Python project',
'version': '1.2.0"}

8.12 reprlib — F—# repr () LI

JRACHES: Lib/reprlib.py

reprlib BIHGEHE T —FRIRFRIETT, BRMGERFAFRR IR NETRS . %77 X0 T Python
NSO NIRRT Ji S RSN R (L7758
IRBIHER AL T — AN — A SLR— AR %L
class reprlib.Repr
BRI TAR ARG & T S N E repr () ARRIRY I AP BRIN T B XA R0 G 2R 2 Ry
BRI, DAJRE SR A OB I R
reprlib.aRepr
RXigrepr W—A5H], HTARET TR repr () K& SRR R 2P0 repr () Hl
Python Y25 BT Y /PR A
reprlib.repr (obj)
iXJE aRepr Wirepr () Jrik. ‘BRI [R4 NS R EBUITR Bl AP R A A5 R, KOWHE T T
WEZ eGSR
TER/NER B TRLASE, BRIHGRR AL T — e fids , TR, __repr_ () BB A SO0 —A> iz
PR -
@reprlib.recursive_repr (fillvalue="...")
MR __repr_ () Jy VARG [A] — 2 Y ARG AR JH 0 e A% . QSR IAT TIBIHPE T, k(A
fillvalue, HWHATIEHK) __repr_ () WH. Biln:

>>> from reprlib import recursive_repr
>>> class MyList (list):
@recursive_repr ()
def _ repr_ (self):
return '<' + '|'.join(map(repr, self)) + '>'

>>> m = MyList ('abc')
>>> m.append (m)

>>> m.append('x'
>>> print (m)
<ra'l'b'|'c'"|...|"'x"'">

)

3.2 OB
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8.12.1 Repr &

Repr SRR G AL G — L@ MEnT A T AN A G R ZRIR B NR ], iB A8 — 2773 m] PARS AL
TE IR R,

Repr.maxlevel

OB IH IR TRBE R H . BIAN 6.

Repr.maxdict

Repr.maxlist

Repr.maxtuple

Repr.maxset

Repr.maxfrozenset

Repr.maxdeque

Repr.maxarray
E%ﬁ%xﬁ%%ﬁ!ﬂ@%ﬁﬁ%@%ﬂo X Fmaxdict BERAEN 4, XtFmaxarray 5, X5 HAwN
N 6.,

Repr.maxlong
FONER R PR . B e MR AR 7. BOAE ) 40,

Repr.maxstring
TR AR TR RG] R TR M AR CIEET 2B WRFR TR E
e SUFPH, AR ENT RS IR . BOAMEA 30.

Repr .maxother
U R ) T 45 i fERepr X5 BB R E BAR AL TR T N R LB RN, B2 P
hmaxstring PIr BNV . BOAE N 20,

Repr.repr (obj)
W& repr () WEMIE, B0 L BRI,

Repr.reprl (obj, level)
Herepr () HEHBIBEIASEIL. MM obj WAk ZH B &b T3, B A obj Fl level .
{‘%’éﬂ?%ﬂ@ﬁ%&%ﬁ)ﬂreprl () RPATEIARE AL, EEHTH P level - 1 {EH level 1y
Repr.repr_TYPE (obj, level)
g BB AL T B SR I B TR BBk A W k. T EAFRY, TYPE S9N
'_'.join (type (obj) ._ _name_ .split ()). XX VEMSIRSH reprl () KA, FBEX]
{HIEAT RIS AL KB L B LNV 4] self.reprl (subobj, level - 1),

8.12.2 ¥3{t Repr I{%

lidRepr. reprl () MBI IRALVFRepr I TIEUS AT BN BEXT LRI S0, B0 B Hon B 3053
EELD R e o o I NS VN I IR 1D YR E DU SIDE S &S

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)

(continues on next page)
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aRepr = MyRepr ()
print (aRepr.repr(sys.stdin)) # prints '<stdin>'

8.13 enum — JHFEAITHF

3.4 BT
PCES:  Lib/enum.py

MR —AAF AP (B2 ) ARG, MR Y %@ ME—r) . ARAH . fEAZEd, WA I A T
THAEILEL, FHHABEAR G2 R

8.13.1 HEIRAE

WA E LT AR, BT R & XA FRAEM A ER LA Enum, TntEnum, Flag fMlIntFlag.
BEAMEE LT —AHelfigsunique () Fl—AHil2Kauto.
class enum.Enum
WHE N TRIEBZE & . S Functional APL /N T @7 — R PR BB .
class enum.IntEnum
WEEHATEIEET int W TR & .
class enum.IntFlag
IER A TR R AL BT T H G M A2 BRI TntFlag A FAEIMZFHE. IntFlag
B FRFEZ int 112K,
class enum.Flag
W EEE T A @B B A LE BT T AR R BRI P lag A R BIMZF & .

enum.unique ()

1t Enum SR A8 nT i O R — DA ARG E LR —ME.-

class enum.auto

S AR A R — A~ 0T FAE Enum 5 53 (7 1E A EL
3.6 fRFTIA: Flag, IntFlag, auto

8.13.2 GIE—“ " Enum

MR class IBVERAIER, XMEEEMS TIES. 5B 8 FYER AR W Functional AP,
B S—AHZE, TS Enum TR 192k

>>> from enum import Enum
>>> class Color (Enum) :
RED = 1
GREEN = 2
BLUE = 3
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#5([E): Enum 1%, 51 (H

IR AR BRI int, str 8%, QAURBEKIEAEE, IRATAEauto SLBll, KEOPRIERRE 241
(o (EHRARIE M aut o 15 HABE I TG 2/ N O,

il sk
e J5 Color B— 2 (BiHR enum)
 JEM: Color .RED, Color.GREEN %452 MR R (BFR enum m, %) I HgHER & .
© MEEBRA SARM A (Color .RED W FKA RED, Color.BLUE HYfEHZN 3 %%, )

filE): BSRIAVH class iBERAIE Enum, {H Enum HAVZ @) Python 25, L AT S B How are

Enums different? ,

Moz Il A B E A AR R e

>>> print (Color.RED)
Color.RED

e MEA repr W& HZEE:

>>> print (repr (Color.RED))
<Color.RED: 1>

— MG type R B T B MO

>>> type (Color.RED)

<enum 'Color'>

>>> isinstance (Color.GREEN, Color)
True

>>>

Enum [ 5 G AT — & H AR B A AR s

>>> print (Color.RED.name)
RED

M2 SR B SO AT AR

>>> 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
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MO IR G P AR, PR E T TR M A4 B vl A

>>> apples = {}

>>> apples[Color.RED] = 'red delicious'

>>> apples[Color.GREEN] = 'granny smith'

>>> apples == {Color.RED: 'red delicious', Color.GREEN: 'granny smith'}
True

8.13.3 MM R R HBIEMIEFL T

A IFRIHCEE P BT AU R R AR Y (BIANTERE e S R BT Color . RED BRUNTESMAR I A
A B E RYIBENE) . Enum SRVFXFERT):

>>> Color (1)
<Color.RED: 1>
>>> Color (3)
<Color.BLUE: 3>

WRARFS B A name SRS AL, TR 2% B V5

>>> Color['RED']
<Color.RED: 1>
>>> Color['GREEN']
<Color.GREEN: 2>

WRAR —AHEE O B BB H) name 5f value:

>>> member = Color.RED
>>> member.name

'RED'

>>> member.value

1

8.13.4 FHI# M ATIE
A FRVFA )48 B2 B

>>> class Shape (Enum) :
SQUARE = 2
SQUARE 3

Traceback (most recent call last):

TypeError: Attempted to reuse key: 'SQUARE'

R, SRV A R A (BOE P A M B A RIRIROE (H A SesioE ), W B wiie A #Y—
ARG AR A B I(ERFIR ] Ao $APRAEHR B trfR[e] A

>>> class Shape (Enum) :

SQUARE = 2
DIAMOND = 1
CIRCLE = 3

ALIAS_FOR_SQUARE = 2

(continues on next page)
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>>> Shape.SQUARE
<Shape.SQUARE: 2>

>>> Shape.ALIAS_FOR_SQUARE
<Shape.SQUARE: 2>

>>> Shape (2)
<Shape.SQUARE: 2>

ffill: ARG ST E R (53— AEUES) AR R0 s w0 R A R R 4
PREYJE Mt SRR o

8.13.5 HHIRE—BIMZ{E

BOATE LY, M2 et 2 A FRVE N A AR 540 o GRS AREEXFERAT R, AT DAGE I AR e g ok
B ORBEAMEAE AL el A — v

@enum.unique

LT M) class #ffigh. ESBR MMM __nembers_ HUEM KB WAL 54 HERFT
& e5| & valueError FMimmAH 4075 (5 B

>>> from enum import Enum, unique
>>> @unique
. class Mistake (Enum) :

ONE = 1
TWO = 2
THREE = 3
FOUR = 3

Traceback (most recent call last):

ValueError: duplicate values found in <enum 'Mistake'>: FOUR -> THREE

8.13.6 fEHHEzhIZENIE
WERF I EAEE, ARATARE ] aut o

>>> from enum import Enum, auto
>>> class Color (Enum) :

RED = auto()

BLUE = auto()

GREEN = auto /()

>>> list (Color)
[<Color.RED: 1>, <Color.BLUE: 2>, <Color.GREEN: 3>]

{H¥FH _generate_next_value_ () Kik#f, %RE] DA E

>>> class AutoName (Enum) :
def _generate_next_value_ (name, start, count, last_values):
return name

(continues on next page)
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>>> class Ordinal (AutoName) :
NORTH = auto ()
SOUTH = auto()
EAST = auto ()
WEST = auto()

>>> 1list (Ordinal)
[<Ordinal .NORTH: 'NORTH'>, <Ordinal.SOUTH: 'SOUTH'>, <Ordinal.EAST: 'EAST'>, <Ordinal.
—WEST: '"WEST'>]

fii[El: ERIN _generate_next_value_() JriAf H br R B BT 45 IR 5 — A int FITEIF ST —
Avint, (HXRT 77 38 TSI Hoal ek A i

8.13.7 &
X A2 R A IR AR S 45 1) 44

>>> 1list (Shape)
[<Shape.SQUARE: 2>, <Shape.DIAMOND: 1>, <Shape.CIRCLE: 3>]

FIoREIE __members_ 2 MAFRENR AR R EEA BT BASHE TR NIra AR, A5

>>> for name, member in Shape._ _members__.items () :
name, member

("SQUARE', <Shape.SQUARE: 2>)
("DIAMOND', <Shape.DIAMOND: 1>)
('"CIRCLE', <Shape.CIRCLE: 3>)
('ALIAS_FOR_SQUARE', <Shape.SQUARE: 2>)

__members__ BN YU T XK A BT AR A AT a0, H A B4

>>> [name for name, member in Shape.__members__.items () if member.name != name]
["ALIAS_FOR_SQUARE']

8.13.8 EbE

EDD ARV i AN RSB B A A diUR

>>> Color.RED is Color.RED

True

>>> Color.RED is Color.BLUE
False

>>> Color.RED is not Color.BLUE
True

M2 B I HERE L8 R4k S2Hr . Enum 5% 5N T 3480 (316 S 5 U IntEnum):

>>> Color.RED < Color.BLUE
Traceback (most recent call last):

(continues on next page)
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File "<stdin>", line 1, in <module>
TypeError: '<' not supported between instances of 'Color' and 'Color'
A FUR Y E ST
>>> Color.BLUE == Color.RED
False
>>> Color.BLUE != Color.RED
True
>>> Color.BLUE == Color.BLUE
True

FAEMEERY U SR AMEE (AR, IntEnum YRABOTHRRIMTT N, Z2ITFX0) -

>>> Color.BLUE == 2
False

8.13.9 RITFMMERTTIREM

DAL TR G BB A B BB 2 i35 5 B8 (FF el Funcrional API BOASRBE) , (EFFANGE i 2R
Mo ARG MBI, TFRERMICOMZER LR ER A (HIRYE # 5KEE, WM Al DA AL (.

M2t JE T Python (2, - nl BA M I IAMFFIR DT iR WRFA A M

>>> 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

A4

>>> Mood.favorite_mood()
<Mood.HAPPY: 3>

>>> Mood.HAPPY.describe ()
('"HAPPY', 3)

>>> str (Mood.FUNKY)

'my custom str! 1°'

XFFALVF AR ANTE = DLBATR RIZRIT S ANGSS R4 P s OR B TR T 5 FEMS o L i
MR ERE A Z B BB, AN AL IR R IA (st (), __add__ () 45), fliidfF Orikth)s
TR PAMAE _ignore_ WA AL

Note: if your enumeration defines __new__ () and/or __init__ () then any value(s) given to the enum member will
be passed into those methods. See Planet for an example.
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8.13.10 ZFRAY Enum F 34t

— AN Enum RLMET —4> Enum 28, 22— NSRBI TR R E R EEZ M E T object
1) mixin &, X LEELA T A

class EnumName ([mix—-in, ...,] [data-type,] base—enum):
pass

FOh, A MR E SATAT RGN A SV T IA MO . DR A T e 9k

>>> class MoreColor (Color) :
PINK = 17

Traceback (most recent call last):

TypeError: Cannot extend enumerations

HE VX EA:

>>> class Foo (Enum) :
def some_behavior (self):
pass

>>> class Bar (Foo):
HAPPY = 1
SAD = 2

POV ST LR PR R 2 5 80T O R A 5 S Bl ) B B R R A AR RN . HE S — T, e
M 2 1A e S RSl AT 2 A = U . (WS 7R i Ordered Enum . )

8.13.11 %
2T DA 7 A

>>> from test.test_enum import Fruit

>>> from pickle import dumps, loads

>>> Fruit.TOMATO is loads (dumps (Fruit.TOMATO))
True

A H ARG R - AT BO AT ERER A e 2 E L, PO AR A EOR EATT AT A AL R
FA

fiilE): {d ] pickle PRSURA 4 T RAJS (3 AR AE A S i A2

WSAEM AR E X reduce_ex_ () WPAXE Enum B BHE/ ST S T B2

8.13.12 ThEEM API

Enum K@ TS, ERAT U6 APL

258 Chapter 8. Hiig3¢®




The Python Library Reference, (I 3.9.0a1

>>> 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 Y £ R T namedtuple. W Enum S—DSERMARI AR

B A SERMAS R R AT KR BRSO R AR S . BFRFS. SAEXT 2 JTe4m
A, 8B AFRENER B (Bl ) o S5 ARSI S o] DU MO BRE s HoAd 5T 2 F 3 DA 1
TG EEORE (1 start S8 EARMEIGE) . REMEE—MRE B Enum (9#25. A)E
i, PALEX) Animal AOIRMIERESE T

>>> class Animal (Enum) :

ANT = 1
BEE = 2
CAT = 3
DOG = 4

BRIAPA 1 TMTPA O MR AR BB I INAE T 0 B9A/R(EN False, (HETAHCER AN YORIEN True.

XD AEYE APL QAR AT B AT RE ARG, Ay S ] Msfie bl ) S BRAN 1 R S M 2 A
BRI R G (BIA 2 AR T 55— B i TR R B0 RT REZR K, 7E TronPython B¢ Jython b A]fE
TeR) . fRpedpikR AR E R, W R

’>>> Animal = Enum('Animal', 'ANT BEE CAT DOG', module=__name__ )

il WERARRM module, H Enum JCIARHE MR AMELE, BH0 Enum SR I RURED O TiER R
SRR IRSL, BRI

i) pickle YhSURAS 4 FE L LE LR AT qualname_ B AFs & (& DA pickle BEOS 3% I 4H
B2, B, RO T 4 RERER) SomeData 25

>>> Animal = Enum('Animal', 'ANT BEE CAT DOG', gqualname='SomeData.Animal')
SEREN 224
Enum(value='NewEnumName', names=<...>, *, module='...', qualname='...',6 type=<mixed-

—in class>, start=1)

fi FFBOHT Enum JERF05 R HA FRAGEEE .
#i¥k Enum (R0 XA DA — R EGE S I T AT GRIRIERA 1, BRAES AT E):

'RED GREEN BLUE' | 'RED,GREEN,BLUE' | 'RED, GREEN, BLUE' ‘

i A BRI S G

’['RED', "GREEN', 'BLUE'] ‘

Bt~ (R, ) MR
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’[('CYAN', 4), ('MAGENTA', 5), ('YELLOW', 6)]

oA

’{'CHARTREUSE': 7, 'SEA_GREEN': 11, 'ROSEMARY': 42}

By B Enum R eI 24 5.

qualname i Enum ZE7EREH b iy HAA AL

PR M AGHT Enum 2812871

start 4 H & A4 RIS AR A (L
3.5 fREESE: BOhN T start B

8.13.13 kAR B

IntEnum

I B RO T DA B AT UG

JHR LR 55— AR Enum [ int 19— AT, TntEnum RGP S BEGHTIVE: @Y R, AN

>>> from enum import IntEnum
>>> class Shape (IntEnum) :
CIRCLE = 1
SQUARE = 2

>>> class Request (IntEnum) :
POST = 1
GET = 2

>>> Shape == 1

False

>>> Shape.CIRCLE == 1

True

>>> Shape.CIRCLE == Request.POST
True

Rk, BRI SR num BT HR:

>>> class Shape (IntEnum) :
CIRCLE = 1
SQUARE = 2

>>> class Color (Enum) :
RED = 1
GREEN = 2

>>> Shape.CIRCLE == Color.RED
False

Tnt Enum {EAE AT I A7 T AR AR U I — RS0l TR K

>>> int (Shape.CIRCLE)
1
>>> ['a', 'b', 'c'][Shape.CIRCLE]

(continues on next page)
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lbl
>>> [1 for i in range (Shape.SQUARE) ]
[0, 1]

IntFlag

PR R — A Enum AP TneFlag FRERET int [, RRZAAET 1ncrlag SR #0HE B4
(&, |, A ~) EATALE AR N Tnerlag G, WA, EMAFRITRME, Tnerlag BGRRd2int
WITF2, LRI int M ERE . Tntrlag B GRSET IR S B DA SN HAbIZE B8R0 S 804k
FKintrlag BHREMH.

3.6 FCHTNIA.

Al IntFlag 2

>>> 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

Xt AL IR ] LAREA T i 44

>>> class Perm(IntFlag):

R =14
W= 2
X =1
RWX = 7

>>> Perm.RWX

<Perm.RWX: 7>
>>> ~Perm.RWX
<Perm.-8: —-8>

IntFlag FlEnum 15— EEXHIHE T UREA BEAEMTBAR (E 0), WMHAM RN ralse:

>>> Perm.R & Perm.X
<Perm.0: 0>

>>> bool (Perm.R & Perm.X)
False

T Intrlag BRARNERE int 72, WILENT A EHE:

>>> Perm.X | 8
<Perm.8|X: 9>
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Flag

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 BUHTIA.
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

PSR EOELR. 240 —3RTs (1,2, 4,8, ), TECARI L& I JC B R Al

>>> class Color (Flag):
RED = auto()
BLUE = auto()
GREEN = auto /()
WHITE = RED | BLUE | GREEN

>>> Color.WHITE
<Color.WHITE: 7>

Xi7no flags set” Z&PFHEE — 44 IR AN S AL FLAf 2R A

>>> class Color (Flag):
BLACK = 0
RED = auto ()
BLUE = auto ()
GREEN = auto ()

>>> Color.BLACK
<Color.BLACK: 0>

>>> bool (Color.BLACK)
False

Wl P REZEEH, SREERE  Enum fFlag, RN IntEnum MlIntrlag FTRE T MO HE2E1E 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 .

HibZE1m
B Int Enum Zenum BUERAY—7), (HEMSL KBB4 7 5
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class IntEnum(int, Enum) :
pass

RXHLHR 7 SR IRA S I MEA 1 str AR int B StrEnum,
JLZEAN:

1.

B RACEnum b, FEREEFFH AR AR T Enum ARG ZH1, WA L TntEnum 65 Br
NS
While £num can have members of any type, once you mix in an additional type, all the members must have values

of that type, e.g. int above. This restriction does not apply to mix-ins which only add methods and don’t specify
another type.

BIRG T BIERRN, value BIES R THESNA A S, HENREFE HIR AR

%-style formatting: %s Hl %or 53 AV Enum 2R __str_ () fl _repr__ () ; HAWAH (Blndos
IntEnum [¥) %i B %oh) 23 RA028 B A I TR A 2R 2

Formatted string literals, st r. format (), and format () will use the mixed-in type’s ___format__ () un-
less __str__ () or __format__ () is overridden in the subclass, in which case the overridden methods or

Enum methods will be used. Use the !s and !r format codes to force usage of the Enumclass’s __str___

__repr__ () methods.

8.13.14 {FBHER _new__ () 5 _init__ ()

MR E il Enum S8R LB ERDAE N __new__ () o AEMHABB ST AN __new__ () AT PAM

_dinit_ (), MAREMAH _init_ (O,
26000, AR E A RS AZ AN H (RS R — A E R

>>> class Coordinate (bytes, Enum) :
mirrn

Coordinate with binary codes that can be indexed by the int code.

mmn

def _ new__ (cls, value, label, unit):
obj = bytes.__new__ (cls, [value])
obj._value_ = value

obj.label = label
obj.unit = unit
return obj

PX = (0, '"P.X', "km'")
PY = (1, 'P.Y', 'km'")
VX = (2, 'V.X', 'km/s'")
VY = (3, 'V.Y', 'km/s'")

>>> print (Coordinate['PY'])
Coordinate.PY

>>> print (Coordinate (3))
Coordinate.VY

8.13.15 HBH =B

HIREnum, IntEnum, IntFlag flFlag WA B G RZHN YR, (HENMCEE RS, TERA L8R

[ RBUMER TS, EATRT AR ER O, S04 BT RIS % R B
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HEE{E

TEVFZ W 3553 P AT KO Y S BB R AT 4 o LA I aUnT DASE SCIHERR S fa] B 2 -
o i auto WSEBIVERE
s ffifJobject HSEHINERIE
o (R AT ERAE A E
o SEHICAMEREFH A E ) __new__ () PA—Aint (ERFRIZICH

(b %g%1ﬂ~f¢ﬁ&ﬁﬂﬁﬂ%??§%fﬁ%%iﬁ, BiN SR NG 0 27 /1IN 2 1 G i D5 2 AT TR AT G S
JUL B PR R

TFERARVEREATFI T %, AR 2 fit— D repr () IF HERH LR (FAEER)

>>> class NoValue (Enum) :
def _ _repr__ (self):
return '< . >'" % (self. class . name_ , self.name)

&M auto

i auto WIEANTR:

>>> class Color (NoValue) :
RED = auto()
BLUE = auto()
GREEN = auto ()

>>> Color.GREEN
<Color.GREEN>

{#f object

i object WIEAUT:

>>> class Color (NoValue) :
RED = object ()
GREEN = object ()
BLUE = object ()

>>> Color.GREEN
<Color.GREEN>

fiE Rk 1 S 7 ER

T AR MR IE AT

>>> class Color (NoValue) :

RED = 'stop'
GREEN = 'go'
BLUE = 'too fast!'

(continues on next page)
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>>> Color.GREEN
<Color.GREEN>
>>> Color.GREEN.value

lgov

ERBEXE __new__()

HFHBERS __new__ () FIEWIT:

>>> class AutoNumber (NoValue) :

def _ new__ (cls):
value = len(cls._ _members_ )
obj = object.__new__ (cls)

obj._value_ = value

return obj

>>> class Color (AutoNumber) :
RED = ()
GREEN = ()
BLUE = ()

>>> Color.GREEN
<Color.GREEN>

>>> Color.GREEN.value
2

+ 1

fiE): WPRE LT __new__ () NWELAEAE Enum R GURIBEG; BEJSE K8 Enum (1 __new__ ()

Bifle, ZIESAE AR GO R AH A WA

OrderedEnum

— MR, EARET IntEnum, WICORFF T IER R Enum ANARRHE (GIIIA A5 HADM 2 AT LA )

>>> class OrderedEnum (Enum) :
def _ ge_ (self, other):
if self. class_

is other.

class_

return self.value >= other.value

return NotImplemented
__gt_ _(self, other):
if self._ class_

def

is other._

class__

return self.value > other.value

return NotImplemented
__le_ (self, other):
if self. class_

def

return self.value
return NotImplemented
_ 1t (self, other):
if self. class

def

is other.
<= other.value

is other.

class__

class_

return self.value < other.value

return NotImplemented

(continues on next page)
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>>> class Grade (OrderedEnum) :

A =5
B =

c =3
D =2
F =1

>>> Grade.C < Grade.A

True

DuplicateFreeEnum

USRS B AR 4 57 48 BRI 5 | 5 R T AN 2 B 7 1) 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: Sr ——> &r"
5 (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'

) XA T 3E M T 524K Enum SR RN SOR S5 40 DA SCHARAT A . BPR AR A SO R SR A
WATPAE M unique () HA6S .

Planet

WRELT _new__ () B _init_ () JUME M A RIERFPUL LT IX LTIk

>>> class Planet (Enum) :

MERCURY = (3.303e+23, 2.4397e6)
VENUS = (4.869%e+24, 6.0518e6)
EARTH = (5.976e+24, 6.37814e6)
MARS = (6.421e+23, 3.3972e6)
JUPITER = (1.9e+27, 7.1492e7)
SATURN = (5.688e+26, 6.0268e7)
URANUS = (8.686e+25, 2.5559e7)
NEPTUNE = (1.024e+26, 2.4746e7)

(continues on next page)
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#EHE—1)
def _ init_ (self, mass, radius):
self.mass = mass # in kilograms
self.radius = radius # in meters
@property

def surface_gravity(self):
# universal gravitational constant (m3 kg-1 s-2)
G = 6.67300E-11
return G * self.mass / (self.radius * self.radius)

>>> Planet.EARTH.value
(5.976e+24, 6378140.0)

>>> Planet.EARTH.surface_gravity
9.802652743337129

TimePeriod

—NEUR ] _ignore_ JEIERIBI T

>>> from datetime import timedelta
>>> class Period(timedelta, Enum) :
"different lengths of time"
_ignore_ = 'Period i'
Period = vars()
for i in range(367):
Period['day_2d"' % i] = i

>>> list (Period) [:2]

[<Period.day_0: datetime.timedelta (0)>, <Period.day_1: datetime.timedelta (days=1)>]
>>> list (Period) [-2:]

[<Period.day_365: datetime.timedelta (days=365)>, <Period.day_366: datetime.
—timedelta (days=366) >]

8.13.16 FMHEFMEXHI ?

Mzt BA H g LHTeE, B PTIRAEMES I LB () BN h .

g

EnumMeta JLEMEHfL _ contains_ (), __dir_ (), __iter () KLHABFFELAAYGH F@EdERum

Kl 5E B — RO BN A EEA% , 4 list(Color) B, some_enum_var in Color, EnumMeta &R f{fi%& Enum
P &R A A R BRI (IR __new__ (), __getnewargs (), __str__ () Fl _repr__()).

B G (Bsefl)

A SRR B A R R B BB S . EnumMeta SFEAIE Enum 2848 B IR T AT A d s A,
IREHER I — D EE X __new__ (), e R B Y 8L SE IR IR RAS 2 FESE BB BN &

AHER
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Z#58) _ dunder_ ZFR

_ _members__ s> member_namemember 25 H I R iEEFWLE ., B HREX ERH.
A

WRAEE T __new__ (), EMHOIEFFREIMAI A MVHBOE R AR _value R MR TEE.
— BT AR S M E A S P

%15 _sunder_ ZFR

* _name_ - L AHIA LK
o _value_— MAMME; AIDAYE __new_ HRE [ 1BIL
o _missing_ — YK & IHEAER FT AR RE: TR

e _ignore_ —alist of names, either asa 11 st or a st r, that will not be transformed into members, and will be
removed from the final class

* _order_ - I Python 2/3 FCAS LARLR 51T —80 (S8JEME, (ESeIENR S wfmR)

e _generate_next_value_ — il FFunctional API 3381k aut o SN RIRBGE 4 H{E; P o EE 3k
3.6 lRFTIA: _missing_, _order_,_generate_next_value_
3.7 BT A _ignore_

JHSHEB) Python 2./ Python 3 [RFSRFHASHE _order_ JEPE. EAF MRS IRIUFRITR IIGE , LR
PR ILRIN 231 % s

>>> 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_

ftiE): 7 Python 2 fRfDH _order  JAMERWAIN, Ky URTAERICTRZ AIe £ %K.

Enum R R EE

Enum J{ G @ HEnum 2561, —M%i# i) EnumClass . member WEART A FERRE RO EA1H AT E
il EnumClass.member .member KFEA K], (HARLRIANIXFAM, BT REIC I, BiE HRbkE D
R R TR Enum BB DAMPIXT S (X 2 B 5 W A 4 KB 2 FRIK o5 — N Bl ) -

>>> class FieldTypes (Enum) :

name = 0
value = 1
size = 2

>>> FieldTypes.value.size
<FieldTypes.size: 2>

>>> FieldTypes.size.value
2
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3.5 JR 42,

Enum FEFIRE R AITRI/RE

RA T EEnum KB (BlfNint, str %) WEnum WA SR ARBMNBORE; EHAMAEFILT, I
JRAERIF PR N True. AR E E X Enum B9 R EIRT MR, TEVRRIIE A A R A

def _ bool_ (self):
return bool (self.value)

Enum KRR XPORIE N True,

TR AR Enum 3

WA AR Enum FIESIN T BN Ik, Wl LB Planer Je—H¢, X BT ERHAEXN R A AT dir () I
BRI, EXSEATI A2 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 BRGA

W2 Flag A RSERP A G R4, Wrepr () KA HTHA B a4 ROBARAIE 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
<Color.YELLOW: 3>
>>> Color (7) # not named combination

<Color.CYAN|MAGENTA |BLUE | YELLOW | GREEN|RED: 7>
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BEHEH SIS

AT AP AL 5 H N EA A 0 R BRIV EARE 2R 8L . numbers BiuE SCT R RS )2 IR &5
m?fﬂmmﬁﬁﬂ@ﬁﬁﬁﬁﬂﬁﬁ%%ﬁﬁ?@ﬁo%dmﬂﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ%+ﬁﬂﬁ
RSN o

ATELRI T

9.1 numbers — ¥FaiIS B3

PCHRS:  Lib/numbers.py

numbers FLH (PEP 3141) 5@ LT $v 4 28 & ZIREEH, KB goe LT HE2H4E, s e X
RBVERA AT S A o
class numbers.Number

BT (2 U H I BT o SRR P IA B0 R R R BT T R 90 U, U] “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

AR B ERECT RG>

abstractmethod conjugate ()

AR . RESLHEE R Bl (1437) .conjugate () == (1-37).
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class numbers.Real

X T Complex, Real AT HASEEA BEFATIOHAE.

fRIBARIYL, BT BbE float, math.trunc(). round(). math.floor (). math.ceil ().
divmod (). //. %. <, <=, >, fll >=,

SERRIREERA S Hf complex (). real. imag fllconjugate ().

class numbers.Rational

FHBReal M Anumerator flldenominator PWFHEYE, XWFIEMEN ZJE T &AW . A
i, XERAZFrloat (),

numerator

iz

denominator

Tz

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

8K, XHA W2 RN ABC, WA A 28 ke B/ D 2 O ARTT A AN e Complex
FReal HfI A “MyFoo*:

class MyFoo (Complex) :
MyFoo.register (Real)

SRFHER

T ELHRE, B, REHAERAIEE 2 — MEE MBS PR S, B2 U e it iy
EHRBGERX AN PATEAE. W T FERIntegral, EXEWE __add__ () fl _radd__ () UAHINF I =0E
e
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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

There are 5 different cases for a mixed-type operation on subclasses of Complex. I'll refer to all of the above code that
doesn’t refer to MyIntegral and OtherTypeIKnowAbout as “boilerplate”. a will be an instance of A, which is a
subtype of Complex(a : A <: Complex),andb : B <: Complex. I'll consider a + b:

L s & e SN “b“ 1) __add__ (), — VAR )8,

20 MR A BRI AR R, 'E%%i!ili%ﬁ\)%? _ H’J{E A7 Bkt B EXT~/\EM
FHER) __radd__ (), ﬁtﬁ*ﬁ%&ﬁfzﬁP/ﬂﬁ?_ __ () WNotImplemented . (B# A T[HE
SEARSEI __add_ () o>

3. #EABIW __radd__ () . WIRERINa, —VIENEEA A,

4 WIS E@JWL AT 2 I T DA, PRk LA R 98
5. WIHLE <: A, PythonfF A.__add__ Z A%t B.__radd__ . BCRA{TAHY, i A MRS
[, BT DAFE 64 Comp 1 ex AL BIALFRIHE S0

R A <: Complex flB <: Real /ﬁ% LEATA BE R, RS 4L BB RN E R complex , I H
RS radd_ (), Hittatb == b+a.

H TR — BRI R o A+ AR AR, T DARE SC—E B Rl RI— AN AL i S O S i S Bl 4
s, Bltn, i fractions.Fraction YR

def _operator_fallbacks (monomorphic_operator, fallback_operator):
def forward(a, b):

if isinstance (b, (int, Fraction)):
return monomorphic_operator (a, b)

elif isinstance (b, float):
return fallback_operator (float (a), b)

elif isinstance (b, complex):
return fallback_operator (complex(a), b)

else:
return NotImplemented
forward. name = '__ ' + fallback_operator. name  + ' '
forward._ doc__ = monomorphic_operator._ doc_

(continues on next page)
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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._ = ' __r' + fallback_operator._ name__ + '__'
reverse._ _doc__ = monomorphic_operator. doc_

return forward, reverse

def _add(a, b):
"nig 4+ pnrnre
return Fraction (a.numerator * b.denominator +
b.numerator * a.denominator,
a.denominator * b.denominator)

add

J— —

__radd__ = _operator_fallbacks(_add, operator.add)

9.2 math — S F L

GRERPRAE TRF C ARt e R B 5 1]

X LR BONIE T EZEG WRARTEOT AR, W cmat h B Y[R 2 BRI K5 SCRAT S SRR R A X
DIFEE, KA TREBOTREH AR KRR 2 ) S . 58— RaimAe— 1
BERAEAGTT S REAS TE L 0 2 A2 20 T S s B SR P B R, TR A AR R S

RHAR L T AT R BRARS A WU, 5 T 3R [l A 7

9.2.1 HiIBERTELH

math.ceil (x)
R x ) ERR, BPRTECE ST x B/ NVEEL . IR x Rg— AT, MZEHE . __ceil__ (), &
—A~Integral FEHH.

math.comb (n, k)
R URESE IO n SRR & I T =R

Bk <= nBEYEHI ! / (k! * (n - k)" Kk > nFEERNE

WA TR R, HAEEMTERERX (1 + x) ** nWETREIFHEE k TR
WAL —SHA RN 25| K TypeError. WRME—SENHEBN ST K valueError,
3.8 HUHTIMA.
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math.copysign (x, y)
R Al—AEET x WAERHEF y RS 17 S8 TR & L, copysign (1.0, -0.0)
iR [A] -1.0.

math. fabs (x)

R[] x B4R .

math.factorial (x)

PA—ANHEBR 0] x AR . SR x AR BB I 5| & valueError.,
3.9 fifif& EL[F)H: Accepting floats with integral values (like 5. 0) is deprecated.

math. floor (x)
R E xR, NTEEET x RO IR x RN TR AL, MZEFEx.__floor_ (), BW
WRE Integral {H.

math. fmod (x, y)
iR fmod (x, y) , HFG CHEE . WHER, Python ik x & v ilEEALRFIMHFEILER. CHz
HEMHMZ fmod (x, v) 584 (BeF L BIRRAEE) FT x - nry MTFENES A, HE455RA
H5 x HEAFZF/NT abs (v) BIIER. Python [ x & v iREIHA y A5 M45H, I HATREARRETE
AR S BN, fmod (-1e-100, 1e100) & -1e-100, {H Python f#) ~1e-100 % 1e100
IZ5ERE 1100-1e-100 , BEARRETEEFTIN NS, H HBEE S AR 1100 o H T XA E
W, Rk rmod () FEM AT SEEE 2 E ik, 100 Python ) x % v FEM F R 2 11k

math. frexp (x)
R x B RECRFREAE R “(m, o). m @2—ANFREL, e B2— PR, EIFE x == m * 2%*e ., 1l
Fx mZE, WEiRIE (0.0, 0) , HWERE 0.5 <= abs(m) < 1. XHTARBH L “H8" 758
B NERFRIR o

math . £sum (iterable)

AR [ ARSI A A BRER 2 T TR0 2 M A il G 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, .11)
1.0

R HER P T TEEE-754 FORGRUEAI & AR S Bl . 7554841 Windows A,
JRJZ C MY RS EEER I, FH HA A RE S P AN, SECETER AR R

B EFHE—ETHEAW AR, 20 ASPN cookbook recipes for accurate floating point summation

math.ged (qa, b)
R IR a Al b B A E. W a 50 b 2 —IEZF, W ged(a, b) AYMERZRER BT a 1 b HIFHK
IE#H. gecd (0, 0) &[0,

3.5 UGBTI

math.isclose (a, b, *, rel_tol=1e-09, abs_tol=0.0)

A a fll b BEHCE RS IR ] True, ANERI False,
R4 S O 24 X AR X 28 220 P IME R S BOA A2 Bl i

rel_tol ZRANT 2B & a Fl b Z B ARVF R ZE(EH, MXT a 3¢ b R R4XHME. Filun, Tk
5% 725, Witk rel_tol=0.05. BRIAKZN 1e-09, MHLRFIMELERL 9 (- TJEHIE T M AT
rel_tol K T2,

abs_tol 2 Hx /N 25 2 X EBWEARA . abs_tol WE /D RZE,

W WA AR R, 45 B abs (a-b) <= max(rel_tol * max(abs(a), abs(b)),
abs_tol) .
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IEEE 754 55#(H NaN , inf fl —-inf ¥$4R¥E IEEE MUNALHE . HACKUL, NaN AgHA bz Hl
f, fFENaN . inf fll -inf HPHANEIT AT .

3.5 HUCHTIA.
LE=EZH
PEP 485 — T L {RUFH 45 1) R 4L

math.isfinite (x)

SR x BEAZITEIFRBAGE NaN, R [E] True , {0GR[E False . (FEE 0.0 BOAN AR )
3.2 BB

math.isinf (x)

AR x RIES M TEIT K, WERME True , FHNR[E] False o

math.isnan (x)
W x &2 NaN (RNEHF), WEiRE True , FHWERE] False o

math.isqrt (n)
R A HEGEEEL n FEREECT R . XX n (I SEBR TR ) N, siE AR T o < n (R
a.

KT HELER ISR, W ASEIE A BUE A1 n < o (B NER o, SEEHATTRBURTR n 1952 FRF IR
o B XTIEEn, XA a = 1 + isgrt(n - 1) RIHH.

3.8 WUHTIMA.

math.ldexp (x, i)

R x o+ (2x*1) o XEAK FRRE Frexp () B EEL.
math.modf (x)

R[] x B /INERIREEGR 4 o ISR x MRS BB TR k.

math.perm (n, k=None)

R AR R H TG HM n 35 P k 300 7 X8 50

Mk <= nWfBYEH ! / (n - k)15 Bk > o REHNE.

R k KA sl None, W k BRAAE Ky n I HeRECR& W] n !,
WRE—ZHA ERBIN L 5 K TypeError. MIRME—SH N LN LT K valueError,
3.8 BUBT A

math.prod (iterable, *, start=1)

VRS A iterable WA TR BB start {2 1.
ELIEESAWE E b sl in P A CIF b I R AT S R 21 P kY G R i I s B CR B  S sd
3.8 BUBTIA.

math.remainder (x, y)
iR 0] IEEE 754 WA& I x AXF T y MIRE X TAR x MIARIEST y, XEEFx - nry, Hifnjg
SW = /v AR ERPEEMEE. R x / v BTN RS B, WL * even™ R4
HFn. £8r = remainder (x, y) HEMEWE abs (r) <= 0.5 * abs(y) .
FFOR I OL L PE IEEE 754: fFJl 2 remainder (x, math.inf) X TAEM A x &2 x , 1M
remainder (x, 0) fl remainder (math.inf, x) §|%kValueError ifi i TAE(IE NaN ¥ x . 4
RARBLEEHNEERNE, MTHEA S x MFENAS .

FEfH IEEE 754 bl S 6 L, BEREMEPRIRA A 2308 AR TIAE AR,
3.7 BOFTIA.
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math.trunc (x)

R Real {H x B Integral (GEABEEE). TILL x.__trunc_ ().

HR frexp () Mmodf () BAHEANIR C 2 s EOR AR AR I EATR M A SHO R [0 —XHE
MA@ i IS R E TR AR RIS 4 (Python Hs A XY ARTE ) .

XFceil (), floor () fmods () BREL, WHHE FTA B RKAITF S B SREHIEA. Python IF S HGHE A
it 53 ML (1574 C double XA ) , FEXFIIHAL T, (EAIVFA x 55 abs (x) >= 2%%52 WA
B /INEL

9.2.2 FERBSHBRLN

math.exp (x)
R e R x B, Hdre=2.718281... B HARME L XEF L math.e ** x B pow (math.e, x)
BORG -

math.expml (x)
R e ) x YR, I 1o X HL e g H AR RS X T/ N R X, exp () — 1 PIYIEETTAESEL
significant loss of precision; expm? () PREFRHAL T —FeRE I ECE T3 2K R 7 v

>>> from math import exp, expml

>>> exp(le-5) - 1 # gives result accurate to 11 places
1.0000050000069649e-05
>>> expml (1le-5) # result accurate to full precision

1.0000050000166668e-05

3.2 BUHTMA.

math.log (x[, base] )
A2, ﬁ@xéﬁﬁﬁkﬁéﬁ (JEHe).
&[]

HHPAZ, B base X4 x , 18K 1log (x) /log (base) ,

math.loglp (x)
R[] 1+x (base e) [ FARXI R, AR TR x Kerafy 7 s34,

math. log2( X)
IR H] x DA 2 IR XIEH L log (x, 2) HEUER,

3.3 BUHTIMA.
hE%:
int.bit_length () IR[FRIEFIEEAIEOMNE, MIEFSHHSE.

math.loglO (x)
IR x I 10 BXTEL. IXEH H log (x, 10) H M.

math.pow (x, y)
FFaR I x 1)y W FRERIE 0L W] REIEDE C99 ARUEMI I SKF . FillJ, pow (1.0, x) Fil pow (
0.0) EuZiRM 1.0, B x 2FE NaN. W < Fl y HEARRA, x 2 50%L, v NEEEHOIB 4 pow (
) BARE LN, ?FH%'IZ{ValueError

EV\JEE’J ** BN, math.pow () FHSEE R rloat B, M ** SNEMpow () BREL
Fe VT BRI B KR
math.sqrt (x)

R[] x REI AR
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9.23 =RAEREH

math.acos (x)
Return the arc cosine of x, in radians. The result is between 0 and pi.

math.asin (x)
Return the arc sine of x, in radians. The result is between —pi /2 and pi/2.

math.atan (x)
Return the arc tangent of x, in radians. The result is between —pi/2 and pi/2.

math.atan2 (y, x)
PASREE R HTaR ] atan (y / x) o Z5HRTE —pi Ml pi Z[H. MJESEIE (x, v) BP0 R E X
FAEESIE X SELL. atan2 () SR A A S CAN, B E T AT E AR IEf S
FE. flan, atan (1) flatan2 (1, 1) HEpi/4, {Hatan2 (-1, -1) & -3*pi/4.

math.cos (x)

AR 0] x HREE ARG -

math.dist (p, q)
BRI p 5 g WS Z MO LEARIEE, PA—DARFR75 (SR 5) mIERg . A R
HAE R 4ERE .

REAY T

sgrt (sum((px — gx) ** 2.0 for px, gx in zip(p, 9)))

3.8 OB INA.

math .hypot (*coordinates)
REIRIO LSS, sqrt (sum(x**2 for x in coordinates)) . iXJEM G E| A FREE E S 1)
K.
MF—ADT4E5 (%, v), XEMTEHEAEEERITE L sart (x*x + y*y) WWE-MEA=MHEN
#Hk.
3.8 WA IS T X n GE ISR Z AR IRAS HUSCRE 4 N

math.sin (x)

AR o] x GREE R IEFZAE -

math.tan (x)

AR 0] x HIEE Y IE I -

9.2.4 FE%h

math.degrees (x)

REAIJE x S E R

math.radians (x)

FFFE x IEERRAR U

9.2.5 W HhEFF
L R R T AL 2R A I % = A b REA TS

math.acosh (x)

AR 0] x {4 S AR AR
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math.asinh (x)

AR 1] x Y BB IE 5

math.atanh (x)

AR 1] x i BOBUHE IE I

math.cosh (x)

R[] x FORLHE 42 %0

math.sinh (x)

AR ] x B XL IE 5L .

math.tanh (x)
R[] o (R TE I .

9.2.6 HREL

math.erf (x)
iR A x 41 error function ,

ert () WETHTIHREEGOT R, W ZPURE IS0

def phi (x):
'"Cumulative distribution function for the standard normal distribution'
return (1.0 + erf(x / sqrt(2.0))) / 2.0

3.2 BCHTA.

math.erfec (x)
R0 x A EAMEE R, MR EXH 1.0 - erf (x). BHT x R, MHEHmE—A4
2 FECA B
3.2 UGBTI

math.gamma (x)

AR [8] x AL e (0 e AL .
3.2 HUCHTIA.

math.lgamma (x)

3% [8] Gamma FEECEE x 4S8 B SR ¥TEL
3.2 UHTA.

9.2.7 B

math.pi
B BR m = 3.141592... KEHaEI AT R

math.e

BEBR e = 2.718281..., KEHIEI T HIRS .

math.tau
BeEEER = 6.283185..., REEAEI KA. Taw @—ANREJEFEE, 57T 27, RWEKSEEZ. =
% % Tau {15 B 0] 5% Vi Hart f9045 Pi is (stil) Wrong, WBf522 IR DL Tau H TR

3.6 HUHTIIA.
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math.inf

FRIELHE K. CFFHIEFK, M —math.inf o) 24T float ("inf") Wk,
3.5 HUCHTIA.

math.nan

SRR (NaN) . HI4TF float ("nan') ¥,

3.5 BHTINA.
CPython implementation detail: math B 240 5 58-1- 5 C FOE PRk A0 ] B e e o RRORIE O R AT
SHAEE S0 T CO9 BRMEMIIIS: F. 4SBT | % valuemrror T RABRAE, W sare (-1.0) 5
log (0.0) (i C99 M F iUk AR F B F 1Y), Moverflowarror M T HMER (fiin,
exp (1000.0) ). BRAF—AEEAH ABHUE NaN, BIR LM 1A (5 H0R [ NaN; FERCHBL T, K

ZHRECR R ] —4> NaN, {22 (FRRBEAE C99 FH: F) X AN —Lefil o), 140 pow (float ('nan'),
0.0) B hypot (float ('nan'), float ('inf')) .

TR, Python A2 3t NaN 5#8k NaN X4 F1% , 3 A2 NaN ff i A lah . S8 p47 0 25 ir
A NaN Wk E#ER Y .

h=%:
cmath Bl X BARZ BN ERA .

9.3 cmath — XFEHMIFFL

X—AEHGRAL T — S8 S TR BB R R R SO B B B R X R S
TWoR—HE __complex_ () 8{ _ float__ () Jy¥ERY Python X4, XL vEm I TR xt & 46k
AR AR, X SRR A T T S I 45 2R

filE: ERAX T AR BRI RGER SR TG L, 9 50 B i B BOTE 7 R i) 7 I ek
LFFS 0] R B i — RS — o FEASCRAA AT S ZHF G L, SR UL T 3C.

9.3.1 FRALERFIMIBAIREIFEIR

i 425 AL AR & F R AARTE NFAE % Python 4L z. X EPT BN £ z. real Al E3F z. imag,
P ih i

z == z.real + z.imag*1lj

ARG T 7 — MBI IR TT ik TEWABAR T, — AN E 2 SR r FIAGEA phi SR E L. ik r 2 M 2
BIARARIS R RE S, MAROLA phi J2 AN BAGLAY , GEEERAY, IR XA SR RN 2 1 e Belf) Je F )
.

I TR BRSO T B A A ARAR S AR AR AR AT LA

cmath.phase (x)
B x IFAL (BFRH x 1) 540 B —ANF S8 phase (x) M4 T math.atan2 (x.imag, x.
real) . G5RAT [, 7] Z [0, PASGXNERAEM 4 SCUIWT Ak T seih b, M EiEss. EXFEA A
%%E’J%%{ég(ﬁ@@ﬁ%%&%ﬁﬁ%ﬁﬂ%?f‘:éft) , REWELSRMFSE x. inag WA HIE, BIAE
x.imag P{EE O:
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>>> phase (complex (-1.0, 0.0))
3.141592653589793
>>> phase (complex (-1.0, -0.0))
-3.141592653589793

fiE): —ANEHCx BB () mTRAE N E R R abs () T WA B cmat h B BN XA
Beff.

cmath.polar (x)
TEAR A AR H R 8] x (R 365 2o R Bl— RO (r, phi) , ri x IR, phi & x BIFR{ M. polar (x)
MM4F (abs(x), phase(x)).

cmath.rect (r, phi)
LA AAREY r A phi R K x. #12%4F r * (math.cos(phi) + math.sin(phi)*1j).

9.3.2 FERBSHERL

cmath.exp (x)
W] e 1 x R T5, e /2 H IRRTE IREL
cmath.log(beaw])
R IZ55E base 1] x XTEL. QNS A L5 base, 1R[] x [ HARXTEL. M O Bl -oo FFAE— 0o, Wil
Lz biEsE.
cmath.loglO (x)
REEECH 10 B x X EHA S Log () MHER /85 .

cmath.sqrt (x)

B x BT ERA S 1og () MREFER .

9.3.3 =AEH

cmath.acos (x)
R x B RARTR . XA BN —MEE S L A M oo, M FIRIESESM. F55h—1
W SR -1 [ ZE B PR -00, M _ETHIIEZE A,

cmath.asin (x)
R x WRIEZ . B5acos () HAHFRE S .

cmath.atan (x)
RM x PREY]. ERAWA BN —MNEEEMM 15 EPE] oo, MIARFLLEM. H— RIS
MR —13 FEAPR] —oo7 , [a)/eRpBEAEf,

cmath.cos (x)

R E] x BIARZ

cmath.sin (x)

& x BIEZ .

cmath.tan (x)

& 18] x R IEY]
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9.3.4 WHhiEE

cmath.acosh (x)

AR [0] x RO AR 5% . B — A BUR T S 1 2 oo [ 2R, A BT RPEEREA

cmath.asinh (x)
R x WSO IESL . B EON . — DMIE R 15 A RZEE] cod. J1— M@ E
M =175 [ RS AE I E] 007,

cmath.atanh (x)
R x RO IEY) . BRI —SEIEE LM 1 RS oo, W FHFFLLERE. JH—1e
WA S -1 IEREE| —oo, M BTHIFFEIERE.

cmath.cosh (x)

R[] x R HE Ay (.

cmath.sinh (x)

AR x XU IE5ZAE

cmath.tanh (x)
R[] x R TE I

9.3.5 HHFH

cmath.isfinite (x)
WA x WSS A BRI, TR True, R[] False.
3.2 BCHTINA.

cmath.isinf (x)

U2 x B SERRECE HE RS2 JCTT R, R True, HIR[E False.

cmath.isnan (x)
AR x SRR 2 NaN, R[] True , HIIRMH] False.

cmath.isclose (a, b, *, rel_tol=1e-09, abs_tol=0.0)

A1 a b {EICE G NER ] True, HIRE False,
RIS 52 B LR AR RS 25 2200 52 P IR S OA R 2 AT Y o

rel_tol JZ RN 725 2% B a fl b Z B SRF s REE, MXT a 5k b R4 E. Flan, 2
ShMZ2E, Witkid rel_tol=0.05 . BRIAZZEN 1e-09, WHERMETERELY 9 (i TBEHIET MAATA .
rel_tol AR T2,

abs_tol Jgf/ NS R E— XTI ER R A . abs_tol R/ HE,

ﬁﬂ%?ﬁ;ﬁ%ij%ﬁﬁé, %%3{%‘%5 abs (a-b) <= max(rel_tol * max(abs(a), abs (b)),
abs_tol) .

IEEE 754 $F5k{H NaN , inf I -inf $ARHE IEEE JLUAL B, ELARORDE, NaN AgA b AT M) HiAb
fl, 93 NaN . inf fl -inf HPEGAHETAET .

3.5 JUBImA.
W%
PEP 485 — 1Ml {RUFH 55 11 bR AL
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9.3.6 E#

cmath.pi

Bredin , ER— AT
cmath.e

Berwtie , ER—MNFSEL

cmath.tau

BerHloe, PR
3.6 HUBTIA.

cmath.inf

FIETEG K. M4 F float ("inf'),
3.6 JHTNA.

cmath.infj

HATHAIE TS5 TR R E . 24T complex (0.0, float ('inf')).,
3.6 GBI

cmath.nan
F “AERF” (NaN) fH. #24T float ('nan').

3.6 HUHTA.

cmath.nanj
HAFSFRF NaN P& . 24T complex (0.0, float('nan')).

3.6 UBTINA.

YRR, BRAAYRER SR math T e BRI, (BN SE AT SR PR S IR e DR A 22 1
MEAEGH, BERANEEN 2 4. BT math. sqrt (-1) 5l WAERFR—4E
B PER, Wiomath B L RBIRA LRI —AE R, SRR ARR —D 58 (FEXFRELT
B BEGR I E) o

KT EOHIEERE: ENVR PR E RETCRESRI M & . BN IR AR B W ERFIE . (B e 2l

R ZRR BTN, G087 S . ST TR X TEVE RN (RREA) mHkifrEk. x
T B H ) IE R B, ARILA T R 3%
hz%:

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 — +i##flIFESESizE

JR%:  Lib/decimal.py

decimal FHCAPGEERE AR TR G EHR IR BT floar FHRIEBIPUSMII LML
* Decimal “HF—NFmAL, BN AT, B HA R EEN IS T RN B iR
P55 ATTFE AR T BB R R A — i B TR E ARG .
* Decimal UM Fn @M. M2, 1.1 8 2.2 EFENETAE 3 H7E S AR %=
e AP EEAGHE 1.1 + 2.2 W3R S5 RIS R R 3.3000000000000003,
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o KERMERES R AT, FEFIERIE AR, 0.1 + 0.1 + 0.1 — 0.3 WIGETE, £ IR S %
Hr, 255 5.5511151231257827e-017 . BB TE, (H2ERU5HF 7 ol SRR, JFH
ZEFATRER R B, TERATHAHGEAR LTINS AT, decimal 2 ik,

o bt A AN EENENTS, F1.30 + 1.2022.50 ., REREMEFREEMS. X
R MHIER B RIR. TR, “ER-R7 FE AR PR, Fln, 1.3 x 1.2 4
H1.56M 1.30 * 1.2045H 1.5600,

o SETRECRR _RERNE AR, R PR SRR R (BOA ) 28 MiED) . ATRASAE
IV 5 P — K

>>> from decimal import *

>>> getcontext () .prec = 6

>>> Decimal (1) / Decimal (7)

Decimal ('0.142857")

>>> getcontext () .prec = 28

>>> Decimal (1) / Decimal (7)

Decimal ('0.1428571428571428571428571429")

o HERUA SRR RERARIE C A AR ESC A . BN E PR R R AP R — /i)y, H
TR A TF TARMERI BT A LT3R . TEFREME, 5 5n] ASE il & AFIE S4B, X451
Ao (57 S5 9 A ML LA A AN A 450 VRl A R 1 SR (A 23

o TR ST SR < Tem L, AR RS TR BEAR (ARFRAESER) Me AFEER, ——
i H IR AR R .
W A=A S Pl ek, BAR R ChfES.
FEHEGEAR A EA NS, BB A8 A TSR, RBTFEASEMERZE.
T A IERR(E, B0 Infinity , ~Infinity , fl NaN . ZFRHELXS -0 Fil +0 .
BARM LT SCRIEERE . S AN . FEER S . F5 /R B ESS RARE LA BT 5 2 A 78 i B

JE SIS . & AR5 ROUND_CETILING . ROUND_DOWN . ROUND_FLOOR . ROUND_HALF_DOWN,
ROUND_HALF_EVEN . ROUND_HALF_UP . ROUND_UP PAJ ROUND_05UP.

ORI R AR P I e R RIS RRF SR, FE RSN, WO EE, Bk
WoR R, TR {ES A Clamped . InvalidOperation ., DivisionByZero ., Inexact .
Rounded ., Subnormal . Overflow . Underflow WA\KFloatOperation,

XTRMES, #A—MREM— DGR BEESR, HARGEE N 1, N5, WEREEPEE a3
B, MBS, RGP, NI PR 2 T 2 s BB AT,

L%
o IBM {938 ] T3 AR IIE, The General Decimal Arithmetic Specification.

9.4.1 BREAIHTE

T NI IR 2 S AR, il getcontext () BAYMF LT, ITELEREE. &ABHM
A4 R B L

>>> 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
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af DAMEERL . AR

7 B OC A i R SE . BRI A R AT
#e. +#%J§5(@ﬁfhﬁﬂi{%i B Nan AR T,

IERFIG) Infinity, Ml -0

2R B A B

>>> getcontext () .prec =

>>> Decimal (10)
Decimal ('10")

>>> Decimal ('3.14")
Decimal ('3.14")

>>> Decimal (3.14)

28

Decimal ('3.140000000000000124344978758017532527446746826171875")

>>> Decimal ((0, (3, 1,
Decimal ('3.14")
>>> Decimal (str (2.0 **

4), -2))

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 HiaR, MR AL M/ NECRITE RO RONR &

o HER U 5 R

>>> ¢ = getcontext ()

>>> c.traps[FloatOperation] = True

>>> Decimal (3.14)
Traceback (most recent
File "<stdin>", line

decimal.FloatOperation:
>>> Decimal ('3.5") < 3.

Traceback (most recent
File "<stdin>", line

decimal.FloatOperation:

call last):
1, in <module>
[<class 'decimal.FloatOperation'>]
7
call last):
1, in <module>
[<class 'decimal.FloatOperation'>]

>>> Decimal('3.5') == 3.5

True

3.3 OB

i Decimal f) B2 i AR OZECRE o 17T SORS RERI 8 AAHE S S8 ) A H4E D

>>> getcontext () .prec =

>>> Decimal ('3.0")
Decimal ('3.0")

6

>>> 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")

WA T C B N ERER ] A 1

— A3t S | &k InvalidOperation

>>> Decimal ("1e9999999999999999999")

Traceback (most recent
File "<stdin>", line

decimal.InvalidOperation:

call last):
1, in <module>
[<class 'decimal.InvalidOperation'>]

33 Hﬁﬁ&*ﬁ
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/NECE Python AR A AR IF A B 3X 02— AN/ NI T HERR R AT A -

>>> 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 * Db

Decimal ('2.5058")

>>> c % a

Decimal ('0.77")

Decimal('1.87"),

Decimal 3R] DAfE ] — L8552 R 4K -

>>> 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"'")

7qﬁuantize () FFERFECE U K [ FE 5. 7 TR 45 S i A2 [ i 7 B 0% 70 AR 7 R
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 () BRI ET LN SOF ARV ERICE . XM AN SR H IR F YK .

X gy TAE, fiH Context() #4 i bR 2O & 2 H L F Xl e R A M. 2 & &8,
H setcontext () FREL.

RIEFRUE, decimal FBEHPRMAE T AR _EF X BasicContext flExtendedContext . HiE %
WERAE R, B2 RE S

>>> myothercontext = Context (prec=60, rounding=ROUND_HALF_DOWN)
>>> setcontext (myothercontext)

(continues on next page)
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(R —H)

>>> 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 SGAEA T AT S R B R E R LR ARG . RS R RS BB R, R e
Hl clear_flags () F¥EFBEHZBEITTEZ BiRE.

>>> 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=[])

flags 75 H WoRxt i R PLEL S A A (GBI LR SOE BT sE) I HEPRRARE (—E L5
L E VSN
B BT 30 traps B LR E RN 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

REBAEFAAEREF I IR 4 BT B R 3C—Re I H., FEFZ AR T, BEAEIE PR A B 5l il e ot
Hypecimal o JEILOIE BTN SCHRAVING, R IR R ERE -5 HA Python By AU RAT X 51

9.4.2 Decimal ¥{&

class decimal.Decimal (value="0", context=None)

TR value ¥3& — N Decimal 4,

value 1] PA E'*%ﬁ( FAFE, JU4l, float , HH —ADecimal X%, WHRIEHEH value, MR [0
Decimal (' ﬁn% value j&—" fj“% BNV AZAE BT R B 2 A A DAL R R bR 2 S5 4
Ca il éﬂl ?’?$
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sign = "4 | =t

digit = '0" | *av | 2 | '3 ov4r | 'S5Y | te | "7 '8 | 9!
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

2 P digit BP R RIS . HR R B & R HAE E R G s RS (5 anpi
FAA- BV HBTE AN TR SCAOES ) DAR A SE 0% " \uf£10" 3| "\uff19',

W value J&2—A~tuple , BNZA=AHM, — D59 (0 FoREHE 1 FoRn%) , —MEFE
Htuple FIEEEFEH. BN, Decimal ((0, (1, 4, 1, 4), -3)) iR[E Decimal ('1.414"'),

W IR value JEfloat , W HE IR S E TS R M B B O HORE R 09 b 0F & Rk (E. b B
ol W T OB OS3 a2 AR RS . Il W, Decimal (float ('1.1')) ¥k # Sk “Deci-
mal(’1.100000000000000088817841970012523233890533447265625°)“,

context K5 FEAN WAL X542 value TIIHAIEHLE . B4, Decimal ('3.00000") ifsk
i A%, R R SOR R A =

context Z: ¥ 1) H ) 12 i % value & K =X 85 R 57 B B 4 M. R EF SCHE
Bkrnvalidoperation, WHIkSH; HW, i pREGR B—A#H Decimal, HAE A NaN,

WrESE G, Decimal W& RBATIASY .

3.2 RS AL AV I R B SR f1oat SEH.

33U float ZHAEWE FloatOperation JABHNG] A FH . BOATIT, FEBFCE XM .
3.6 S AV N RIZHEA T2, AT R BRI RSO

TR o S S A Y B RS = 2 @, Bl float Mline o FEA RO B2 BRI
FEEGER . FRE, RIS S, pickle, fTEI. AT, AEEGICE. . HUEM
S R — R (Bl float Blint ).

SRR | HEBIRESATSIA RO SRR — 2 NG, 2R UESEAF & B T Decimal 401,
GRS IR RITR S, TR RS-

>>> (=7) % 4

1
>>> Decimal (-7) % Decimal (4)
Decimal ('-3")

BRREIBELT 7/ WAT R, R ERT R (WA E) MAZ BRI NEEE, PAELREE
WHbRHx == (x // y) *yv + x % vy

>> -7 // 4

-2
>>> Decimal (-7) // Decimal (4)
Decimal ('-1")

S Ml // BHEAFEIT remainder fil divide-integer #4E (4051), WIELIEH A,

T HEHIX S ARG S R BB fractions. Fraction SEBIFEEARBZE R EAMEM - B, 2k
¥¢pecimal MF| float , W5 K TypeError, {HiZ, W DA#Jf] Python HJ BB E AT K IR Decimal
S x N — DT v o IR AT DARE SRS AN [F 2R AL A B E - TAH 25 LU B TR VB S5 21
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3.2 RS A#: BAESE 43 FfDecimal SEPIFIHAL R A 2 [AIRIR G R B AL .
B TR RO RN, T EERIE RN RS LTI IA:

adjusted ()
TER AR A AR R 2 5k AR5 B4 4, B3R T A 3407 Decimal (1321e+5") .
adjusted () IR 7 o JTH0 & fiems A RLAR T/ NS AL B

as_integer_ratio()

m—X} (n, d) B, FRGEMDecimal SLHIWENDE. HWERTIHA IES 1

>>> Decimal ('-3.14") .as_integer_ratio()
(=157, 50)

R BRERAA) . AF Infinity |5 % OverflowError , #£ NaN 5|2 ValueError .
3.6 FCHTINA.

as_tuple()
IR [Bl—A named tple FrRHIETF-: DecimalTuple (sign, digits, exponent).

canon:l.cal ()

REI S H TS . BEl, — A Decimal SLHIRYIRISIRA ML, PIIZERAEIR M HSEOA

AR

compare (other, context=None)

W~ Decimal SEBIFIME. compare () i&[u]—/> Decimal S, Q1A —#A/ESUE NaN |, B4

gh L2 NaN

a or b is a NaN ==> Decimal ('NaN')
a <b ==> Dec1mal(' ")
a == Db ==> Decimal('0")
a>b ==> Decimal('1l")

compare_signal (other, context=None)
B T NaN {55258, MifES compare () JriEMHE. Wt2ul, WM RAIESEA 215
% NaN, HR2AEA[EHER NaN #/E5H 9 0 15 2 NaN.

compare_total (other, context=None)
BT R RR AR E MBI LI RAEE. KT compare () Tk, HERL
TN EHF Decimal SEBl. WiDecimal SEBIHEA MR REMEEA R H RN B ATE T
H HL RO AR S -

>>> Decimal ('12.0") .compare_total (Decimal ('12"))
Decimal ('-1")

RN A AE 5 ) NaN A RETE BHET . XA R 45 /& Decimal (10 ") QSR RAESL
ﬁﬁ*ﬁﬂﬂﬁ%m, B/ Decimal ('-1") HIARS AL &) lﬁfﬂfﬁ?’“’“*/\%’%fﬁﬁl B2
De%Clmal ) R *A?ﬂ’ﬁéﬁlﬁp'ﬁ'ﬁfh*m?“#/\ﬁcfﬁﬁ HXBHIFEAE R, S
IG5k

WCHEREARZ B SCsmy Bk RN UUEMIbRE BRI A FENBIAN, AR TCTEHERf 405
TAEMESL, W) C AN E] fE4 5| % InvalidOperation,

compare_total_mag (other, context=None)

P B8 A~ H AR 0 bff]éﬁi’ﬁ%%%/?ﬁﬁT%Eﬂ]B’]ﬁ Hcompare_total (), {HZAMEA
PEB 45 5. x.compare_total_mag(y) M4 T x.copy_abs () .compare_total (y.
copy_abs ()).

BEEEVEARZ BRSO BB R T bR BRIy A VERBISN, AR Iy w4 4
TR, W) C AW BE£x 5] & InvalidOperation.,
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conjugate ()
HaR[E] self, X P HAFE Decimal B
copy_abs ()
R SHLERME . AR F N SGEm I LR FHER - A iR AT & A

copy_negate ()
BB ZEAE . BB ETF SCEmIF HR SR S S s AT & A .

copy_sign (other, context=None)

R[S — MR RIAS, AT S 38N 550 AR AT S A B

>>> Decimal ('2.3") .copy_sign(Decimal ('-1.5"))
Decimal ('-2.3")

WHAEAZ B C8m BBk RNESUEMIRE BRI A MERBIAN, AR IyA M 45
TANERESL, W) C WASTHT R4 3| & InvalidOperation.

exp (context=None)

EBTR (AR) FEEREL e x“Mfl. 45 RoUND_HALF EVEN € ABIERI& A

>>> Decimal (1) .exp ()

Decimal ('2.718281828459045235360287471")

>>> Decimal (321) .exp ()

Decimal ('2.561702493119680037517373933E+139")

from_float (f)
5 AT BRI B 2
&, Decimal from_float(0.1) 5 Decimal(0.1’) K], W T 0.1 ¥F —dEH 3% &S A

g
N, PR A A R B Y W] R OR(E, B 0x1.999999999999ap-4 .+ it il 1 45 R M
0.1000000000000000055511151231257827021181583404541015625°,

#(E): M Python 3.2 FFlG, Decimal SEFIMEFPAEIEMN Float #Th.

>>> 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 OB

£ma (other, third, context=None)

TRETFEINE, R0 self*other+third , F[E]3FH self*other A VY4 TLA o

>>> Decimal (2) .fma (3, 5)
Decimal ("11")

is_canonical ()
RSB, WARE True, HWHFalse . HEY, Decimal SLBIEZIIEN, FrilixX
MEAEEZR I True .

is_finite()

RS —DAREL, MRS True 5 WRBECHTEIFKE NaN , MRy False,
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is_infinite()
WARSHECNIEMTITK, WREA True , KR HFalse .

is_nan{()

WRSHCN NaN - (TR RGEER) , WaREIA True , BWNFalse .

is_normal (context=None)

MR SECE— 7 E A RENR I True, WERSHCHET. WARHER. o5 K e NaN iz

[HlFalse,

is_qgnan ()

MR SHCNFER NaN, kB True, FHNWRMFalse,

is_signed ()
MARSECTA TS, WREN True, HMREIFalse. R, 0F NaN ZRalAF A 455

is_snan()

R SHCHEA NaN, R True, HMERFFalse,

is_subnormal (context=None)

MR SHCRFRHERL, NWHRE True, HNREIFalse,

is_zero()

WHRSHE 0 (EREAT), WaRE True, HWREFalse,

1n (context=None)

R HRVER EHARXTEL (DA e M) . S5 ROUND_HALF EVEN €5 AMIZRIERIY & H AR

10g10 (context=None)

R I RVER AT R TR, 45520 Fl ROUND_HALF EVEN &y A IE A DU 4 1A -

logb (context=None)
XT—ANEEEL, R HGE FR R S HR B E — A Decimal SLfl. ANz HECH R [A]
Decimal ('-Infinity"') FFHJ"4 the DivisionByZero bpi. WNHIzBHE TE R KW 5]

Decimal ('Infinity"'")

logical_and (other, context=None)
logical_and () @FEEMWNA ZHEFRNEHER (SFT R ) Hbik B whEEEm
and iZH 145

logical_invert (context=None)
logical_invert () —NBHiaH . R SHAEEHEAIK .

logical_or (other, context=None)
logical_or () EFEWA logical operands WIBHiaE. (S FF #3815 ). SR EW N EE
BN or i5H..

logical_xor (other, context=None)
logical xor () RHEWMA E#E FAEHZHE (SH LRI ). SRR M
B BB

max (other, context=None)
% max (self, other) —Ff, F%TTLIEIZFJTJT”H%LFT%/\%MU#EFH%%i%’ﬁl@mﬂi%NaN
A (BT B R CAR BN BG5S 2 E)

max_mag (other, context=None)
Emax () FrEAEL, B2 EEE 4 6B 5 LR

min (other, context=None)
% min (self, other) —Ff, B%TTLEIZEWH%LT?C*%A%MU%HH%f%%@%ﬂ@i%lﬂ%NaN
H (BT EFSCAREATR AKME S0 2 %) -
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min_mag (other, context=None)

Hmin () JrEAL, AR B RO A X E e IR A

next_minus (context=None)
RN 2 E AR BRSO T ROR BT (BB SRR N SO B AT ORI R AL
FUREALEE F T30,

next_plus (context=None)
AR AR T 45 8 AR BRSO T SRR R/ NG (B M TR SO R TR I de/ VL
FUAREA L E L TF30).

next_toward (other, context=None)
WERPEFEHCORAE, IRTES A RAEE0 7 1) E il 56 — MR . R R E RO
B FARSE, REPRAFSIRE R 558 A EEHR N S — s BRI P51

normalize (context=None)
WA AR ZEFEITA S RET Decimal ('0") MLl Decimal ('0e0") Fhriff
E T TN SR JE A RO (. AN, Decimal('32.100') Ml Decimal('0.
321000e+2") #@ARMEIL AR IME Decimal (132.1") .

number_class (context=None)

R[] — AN FRFERARZ B class o IREMEZ AT HAFRFER R —.
e "-Infinity" , FRBHEECHTNIH K.
* "-Normal" , $/RZEBEHEHZMIEHET.
* "-Subnormal" , HRZIBEECS FITARESRL.
* "-zero" , RZKIBHEERNE.
« "-zero" , fnixiEHECEIEE.
e "+Subnormal" , J§/Ni%IaHEUE IERIRFRESL
e "+Normal" , F{/ni%izBEE EMARELRL.
* "+Infinity" , $ERZIBHELCLIETS .
* "NaN" , FORIZsEHUEMNE NaN (50 .
* "sNaN" , fERiZIEHECZ(ES NaN .

quantize (exp, rounding=None, context=None)

AR [ R FEL A5 DU 8 AR 35— s RO LA 5 MR 4R 4L

>>> Decimal ('1.41421356") .quantize (Decimal ("1.000"))
Decimal ('1.414")

SHAEE AR, WREAEE ) RMRIERTRIE, BAaxkil—4Invalidoperation
i XL TERARA MR, RARBUESET A T B
SHAZHAR, BUOKAGET N, IESRAIER AR

WRE —ANE R RO T 28— e RO AR RO SOA TR 2 B A . FERXRREOL T, i AR
KM% E rounding ZHpsE, HARKMAE context ZHHE; WERSHERSE, HHY
[FIE 7N S W RE PN

FEMEERAARRONT Emax 8/ Etiny gieiR AR

radix ()
i&JH] Decimal (10), RiDecimal ZEbFTHTABARIZE I RS () . X2 WA SHIE
R B ST IR o
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remainder_near (other, context=None)
IR [H] self BEDA other [5x4, iX 5 self % other WX BIFET FrikHRm A s (i H 4 0 i/ ME .
HUHERHUE, JRIIEN self - n * other H n 2kl self / other MSEPR{AMEEAL,
H FHLANSR AR E 5 S B 174 26 AH 55 ) S e i P it (88

WREERA TN HAFSF5H 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)
IR [0 B — R R R B 42 55 — AR ROT R E R BE IAT R R AR . B R R AT
-precision % precision ¥ i FEl N REEI. S MRAEE L NHEL S I BRI 0 8. AR A
BRAEECH IEE M ) 2o 0 s WA . QR W B — N ER RS AE A MIE TR R DAIAF
precision T g€ MK 5 — M REBI AT S AR EUR AL

same_quantum (other, context=None)

Hill 5 55 other 25 BA AN R Y B8l 2 75954 NaN.

WHEEAVEARZ FF SCE N H ek NESUE RS EARITE A AENBISN, A0SR I vE e i e
TANERERL, W C FRARTTE4 5] % InvalidOperation .

scaleb (other, context=None)
38 5] 5 — AN AR B 5 AR BT R R T R B R A5 . SR TR [ B — AN B AR R TR DA
10**other MZER . BB AN HAEEL TN TEEL
shift (other, context=None)
IR 0] B — AR B # 56 —ANBRAE I8 R B R BT AL A R . SR AR E R TR
-precision % precision ji5 Fi N REER . 55 AN ERAERUM A RHE 25 1 RS B LA . QR EE AN RAE
%I%E{EU\“J AR BMAAFEAL. BAREBIDNE. H— M ER & S s RA
A2
sqrt (context=None)
IR RIS EL P 7 RS B 2 RRG T
to_eng_string (context=None)

WA, AR ER RO Sl TRERRE -

TRAREEN ISR 3 ATE. X T RG2S R A B2 3 A4, IF A REZR I In—2
PITREE,

B, HHESY Decimal ("123E+1") #fih Decimal ('1.23E+3"),

to_integral (rounding=None, context=None)

Hto_integral_value () F¥FEME . 48 to_integral 2N T SIHRATRE.

to_integral_exact (rounding=None, context=None)
AR LB, KIMES Tnexact B WIR AL & AWM B A 55 Rounded. AI5R
Z3th rounding JES M b Haf e & ARG, BIH 4 ER) context SKAfiE . WIRBA 4 EEN
B M2l A1 2450 EF SO AR

to_integral_value (rounding=None, context=None)

BB FAL T BT R & Tnexact BiRounded {55 . WNREH rounding 23 N H H T8 E
Ay AR 75 U TR LAY context B4 /T 1R SCRYS AT ¥
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ZERIER

logical_and (), logical_invert (), logical_or () Ml logical_xor () FEWHEHESECH Z4EiE
s, LA I AR R T B ) Doc i S5, JF ELICHCF 9% 0 o 1.

9.4.3 FT3Ms

B SCREARBE RIS . BT RERE . BEA A B RS S, FERR R
Il

FALKFLHA A CH4ET E T3, Wifflgetcontext () flsetcontext () REOR BB &L :

decimal.getcontext ()
R A AR 2 T R 3.
decimal.setcontext (c)
FHE SRR 2 B _EF SCBEA .
R AT AR with iRl localcontext () BB RT3 FH3C.

decimal.localcontext (ctx=None)
R A A BRSCE RS, BRESEA with 1B E SRR B 24 ET_E R SO ax I— DRI AER
th with {EA) MR 2 BT B R S0 AARRAE & R 30, S 4 F B SO — A RIA

B, LA AED SR 2410 decimal