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LT HIBREE S AES. (53—, Python 7ERRAT FAMERAESR, MNP B2 E R T T)
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FEsC Pt RE A - R A Ty 2 9 Python A0 T 561, (E7ETE [EME AR O RE R 43 -
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1.1 TTRMZEE

o WIRMHE [E A Unix] [ERE, BREZ R EALER Unix 2459, (B ES GRS HATAE A
FRElEE RS

o WMREHSEERME, B FEH: Unix]) ERWITE KA WER macOS %48, FHEER
Unix %02 1.
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A E L R
abs () enumerate () len() range ()
aiter() eval () list () repr ()
all/() exec () locals () reversed/()
any () round ()
anext () F M
ascii() filter() map () S

float () max () set ()
B format () memoryview () setattr()
bin{() frozenset () min () slice()
bool () sorted()
breakpoint () G N staticmethod ()
bytearray () getattr () next () str()
bytes () globals () sum ()

(0] super ()

C H object ()
callable() hasattr() oct () T
chr () hash () open () tuple ()
classmethod () help () ord() type ()
compile () hex ()
complex () P A\

1 pow () vars ()
D id() print ()
delattr () input () property () Z
dict () int () zip ()
dir() isinstance ()
divmod () issubclass () _

iter() __import__ ()

abs (x)

[l — (A S R, 51T AR, B B __abs_ () MWfE. W2R G| 0 —(E(E

#, mEERMEE ().

aiter (async_iterable)

iR [Blasynchronous iterable {jasynchronous iterator o F4 TV x.__aiter_ (),
HE: Hiter () N, aiter () WAMWNSEIIMRA.
3.10 FGHTINA.

all (iterable)
B iterable (AT TCE BEE (8) iterable (F)4%) HI[EE True. ZEEHR:

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

awaitable anext (async_iterator[, default])
WHEA await JRSB), M Easynchronous iterator IR Bl F—HFET, EAC52 NI ] default .

g NE MR next () BRBIRA, KT

5 Chapter 2. F2Fz
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V& async_iterator {f] __anext__ () ¥, R[El—"Aawaitable, 2R ELIR T —ME. 5FH
2 default, WFEERSERIGE LR FIG B HE, BN Sk StopAsyncIteration,

3.10 BUHTIA.

any (iterable)

AR iterable WAF—ICEZEE, [FfH True, WIS iterable 22511, H[E|/{H False, Z&fE:

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

ascii (object)

WMRE X repr (), EHZRWIFRFE, B repr () R TR R ASCIL 8t 7o &
WEBKE] (escape), 152 \x. \u H\U. &l A4 TR A Python 2 iy repr () MR RAT L.

bin (x)

o — M1 s B 88 () — R i AR (E10b” 1) a7 . A5R2— A ALY Python RS, SR x A
*2 Python 1y int Piff, IREHEEHR __index__ () method [alH—fHHEH. FOIHKE:

>>> pbin (3)
'Ob11"

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

WERA—EFE700” Higk, 0] AGE AT 07 %

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

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

N[ %% format () BEHUE £ &,
class bool([x])

[l —(E A, B True 80 False. x ffi fIAEMERY A48 0 42 5 (B, 4ok x EREk & wh
W&, HIEE False; HAWREERE True. bool class (BHE]) 2int [ subclass (FHEE]) (2 Rt
F R - int, float, complex), HAth class NEEER HE . B HA False fil True M{HEH (2R A
RAE) .

3.7 A x B R e E N E S

breakpoint (*args, **kws)
WS AEA R R BACRUL, B M sys. breakpointhook () , HiEfL# args
Ml kws o BRIATEF, sys.breakpointhook () W fpdb.set_trace() HIEH S, X
P OLR, Bl —MER A, HILEAL R T Apdb Hig AR G0 08 Bl v #E A
Pik#s. Hi2, sys.breakpointhook () W] PATK B HAL—L kI gibreakpoint () HN
WH, PAARTFFEAREATEIRAS. Wi sys. breakpointhook () ANW[iIH], XA RECRF 25
% RuntimeError,
5l & —A% 1+ F M builtins.breakpoint HfiH 2% breakpointhook,
3.7 BUBTA.

class bytearray ( [source[, encoding[, errors] ] ] )
[l —fE BT 1) bytes [#51]. bytearray class 2—ffn SR HUTS], G5 HEEE 0 <=x <256 )%
W EH ST AR L method (AN7EST /70 K2 dhfiR) , REEWA bytes BUERR
4y method, 22 Rlbytes 4= bytearray 31k .

BEFRIES W source T AT R AAN [ 407 X i AL s )

o WIS string, VRNIEFRHE encoding 280 (DA SGEIBYEMARAL errors )3 bytearray ()
ffifl st r.encode () method 3 string 4% i bytes.
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o WS integer, BHFIAI €A RZBAEMREE, EIPA null bytes A MERIIATE.
o MR A buffer NEAYYIPE, ZYCFRIMER buffer &9 2RWIR 1L bytes [,
o W51 iterable, ‘EINITTELELFHEE 0 <= x < 256 P, FH e EmHSY)
UH{E.
WEAREG S, gL REE 0 1) .
W 22 — it H| 5 2) K --- bytes, bytearray, memoryview Flbytearray % %,

class bytes ([source[, encoding[, errors] ] ])
] {3 — 57 64 "bytes” W1 1F, g2 — TR RHEEE 0 <= x < 256 BUMM AT, bytes
sebytearray WA ERA—EHIRHR AU F1) method, AR AYZRT I FIYT T #eff:

P, A5 by tearray () M.
Bytes ¥/ v DA SCF- ST, 2, strings.
W[ B — 3t H 5 5) £ 7 - bytes, bytearray, memoryview. bytes 3t % Flbytes o bytearray #A1E .

callable (object)
ARG object 2 TIFIN[Y), Bl True, HHIBEFalse, QIERLEIE True, FEIYAYATGEE KM
IR EE False, RIFENY object ¥ 5 € KM, YEEE class & nIEIY ) (WFIY class & [alE—{E
O WREGIN class HaEFE __call () method, RIE 2R IFIYE.,

3.2 TN 5 R X — B URTE Python 3.0 9F5 [k, {HAE Python 3.2 g EHIMA .
chr (i)
[l 7702 Unicode #flh v B L # i (75 . B0, chr (97) [E{H#FH *a", i chr (8364)
FEEE rer ., dEord () MR .
S A S E R 0 3 1,114,111 (16 i il % 75 [F) Ox10FFFF) . iR i Hd i W 6 & i

¥ ValueError,

@eclassmethod

Ho—1H method F3E AL class method (HEHEI ) .

—1H class method I F CL A class YEEISE—H 5] #, #4808 E B method L E B H CAEEE M5
., AN IEAIARE 4 class method:

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

@classmethod gB¥E S K decorator —22 |/, function H B A BRI = E RV AN 4F
)

—{[ class method A] PATE class (40 C.£()) BERF (dhic() .£()) EFEN, BEFIE T BW class &
AR, HABFRE W 20 . AR —1H class method & subclass _[IFNY, subclass & VEEVEE — {5 BUE A .

Class method Al C++ Hi Java [{] static method 24 [#([E)fK). 1R ARAEEf# static method, 75 & A
Wstaticmethod (). B class method B L&, #H2% types.

3.9 WS KT IAE ] DA M6 £ 22 Billliproperty (),
3.10 FROE SR K EIAESE R T B B (__module_ . name_ ._ qualname_ ._ doc_
Fl__annotations_ ), HWE—1HH __wrapped__ B,

compile (source, filename, mode, flags=0, dont_inherit=False, optimize=- 1)
#% source Hi WAL AGEL AST #yF. RNEEYF ] Afexec () Beval () #4T. source n[PAE—
i H . bytes FEf L B AST #fF. 2 ast module (H541) W SCIHEVEANIHEH AST 1.

filename 73| Wb ZERARA WG4 0 WRARAESA R IUE R I, W DABA— LR OB (48
HWEMM "<string>' HEHEN).

mode 5| B E T A FEACHEIRE O AOREZC . 2R source J2— IR, WPAE "exec'; I
RRH—EEA, WP Teval s APREMMEENEOAX, WLE 'single' " (ARK—1E
BET, wREFXHTHERTE  None HIFHEIH).

s Chapter 2. F2Fz
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A B R flags F dont_inherit 455 ) V. 240G MBS 2595 25 2 50 DA KL V24 AL iR future k. B0 SR
Bﬁ%ﬁﬁiﬁﬁd (SR EE) ARG 2 5 ] 58 ] compile () WATDH R B TEAR K 4% . AR H

T flags ZHLM AR LS i dont_inherit (835 725) WIS HETCie Q0 ERRE45% 08 F (R AR 2 SN 2% st
flags ZHITH8 E W IR E TR future 154) . WIER dont_inherit FyAEZEEE, WIHAEH flags B8 --
AMEACRS H A AR (future FRIEFN S i 2E00) 2397 200 o

SRR AR future BASUI bits AR, TTIA—RBERDERME OR A DRI, F%
W ELpE B A G AT DA future_ module H' _Feature EH|HH compiler_flag
JEVEAHERT . 4R =% AR A PATEa st module WS PyCF_ HTERAY 44 H .

5|85 optimize I AAE FE S nE a0 B AL A(ED); R -1 SRR E AR -0 SR IEUAH ) 1 Ak )
[E. ;H\:{’@ﬁ& 0 (ﬁﬁ-ﬂiﬂﬁv __debug___ EEJE) 1 (assert %)jliﬁ/%, _ _debug___ 1&@) By
2 (Ui ER) .

2R A R 1) D A A R, MU R NG M B syntaxError, AR IFEIGAE AL null bytes, H & fil

¥ ValueError,
R AR BT Python TR HE(E) AST S8, #%2Fast . parse (),
Bk —A~F it EH compile M SEL source, filename,

#iEl: FE 'single' B 'eval' Bzl 2L TR, MALHEANE L —~HEGHAEER. =
fifi code module F2¥ 5 A I BRIA U 56 B 1

Bt R 2 EDC R JE EEMER T H3 8 AST #74IRf, Python 45 €7 [A[E) Python AST
Bt i 14 stack TR KR M0 A -

3.2 i SE: FRFFE ] Windows Fll Mac IUIETATSE. 7E 'exec' BIXNTFEAEFTAFE4E . 3
T optimize 5‘6%(

3.5 R AE: FEZ BIIIRAS, source 1417 null bytes € il %% TypeError [EE .

3.8 JlH N A: ast.PyCF_ALLOW_TOP_LEVEL_AWAIT PLAE W] AEHEAR P48 A DA B X e E 2
await, async for fll async with BJ3ZFE.

class complex ( [real[, imag] ])
] EEAE(E real + imag*1j IENH, SUKFep, MFEEETE. 0RE M5 He 7, e
[ (e, () Lo s IR N A5 5 5 [ 20 {5 | B R RB R 3R o 4505 | SR T A2
RS EAE (BRI, WREWR T inag, WERMEE, #HRERint Miloat —k
i%ﬁ%zféﬁ%l USRS | R, [l 4 05

i F—~3%-18 Python X4 x, complex ) &R x.__complex_ ()., W _ complex_ ()
%mxmﬂhlﬁlﬁﬁ float_ (). W __float 51%5”5 D“'JHIEL% __index__ ().

#iE: EHEE R, T + o - B LA REA S . Bl complex ("1+23 ")
BERMY, H complex ('l + 273") €% valueError,

I RIEHE S 5 £ 7 - int, float, complex A M BHEIR
3.6 Jii s A mT A AR E R AR R SO o B e e A T4 AL
3.8 Jin B A QISR complex () Fl __float_ () AREXNMEIEE  index_ ().

delattr (object, name)
iBasetattr () HEKRK . 5182 W HM—FEFE, Zra 2w b 30 E 4 . o
Btk sy, R0 ERIEEr @M. Bl delattr (x, 'foobar') FER del x.foobar.
name V2 Python LV (identifier) (3% H.setattr()).

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

L — (i dictionary (FHL) . dict Y2l dictionary class. £ R.dict Flukit £ A --- dict
HEEVfES M class,

HAh e ME], %2 RERM1ist, set flltupleclass, PAM collections module,

dir ( [object] )

ﬁ%}ﬁ%‘l%& S ] B A AS R S B A RS 3R AR S 1, B B Rl Y R A U8
T E

WRM A — M4 E __dir_ () B method, HAREIR% method 4 1Y, [E) H.0h 78 [a] {8 — 1 &
P, EAHFEBHERE __getattr_ () X __getattribute_ () ENHPWIHFREEH &
Fedir () FEEEMKEE.

WRYHARME __dir O, EMESSEREYHCERN__dict_ BHMEY AU EE
o RS REIALR A, WRYEA HER __getattr_ (), IBEERATREAUERE.

TRk di e () MR 2B P A AR RATE, & et [ i 1 i = oo B e
o WRYHE module HyF, HIFIF AL module f)Ja 4% F -
o WERYI R BUENR class 004, MIFIRGEEMAE ARG, ([F1HEA R H Lo i B A 8 1

o I, EEYHR BRI, T class {4 RE, FHIEER S class (1) G &5
class [ &Mk

o B F TR, Bl

>>> import struct

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

['"__builtins__ ', '__name_ ', 'struct']

>>> dir (struct) # show the names 1in the struct module

['Struct', '__all_ ', '__builtins_ ', '_ _cached_ ', '__doc__ ', '_ file_ "',
' initializing_ ', '__loader__', '__name__', '__package_ ',

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

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

def _ dir__ (self):

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

#iE): WEdir () FERE T RNE LB R T Iok R, TS Sl i ] E M LR ) 2
FREEST, WAt AR 4 R A Mg sl — 8k, & B pfrEM ol fee AR A 2 f i s . 3l
wn, HE5HE M class IFf, metaclass {48 T AN S TESE RN FE P .

divmod (a, b)

BASmE (JEES) e EES 8, EResf e bR vA Ry SR . $iNR & E R oIE
T8 e AR R . B, ERAE R (a // b, a % b) —3. EHINFEE, E
BEERE (9, a % b), gl math.floor(a / b) HAEEH 1 /N, ELMEET, g *
b + a % bflaXAM%E, Ra s bIEE, WEMFEMDL K, HO0 <= abs(a % b) <
abs (b) .

enumerate (iterable, start=0)

] {8 — {& %] B¢ (enumerate) ] . iterable W 78 j& — 1l J¥ 5], iterator 5% H Ath 2 4% [E A 19 4 17F
enumerate () [A|{§ 2 iterator [f]__next__ () method [A]{H—1{W tuple (JCA) , B & — M H
WA (9 start BLG, FEREEE]O) FLEMBEUL irerable HE15HHI(H .

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

Q)
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(R L —5)

>>> list (enumerate (seasons, start=1))
[(1, 'Spring'), (2, 'Summer'), (3, 'Fall'), (4, 'Winter')]

S

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

eval (expression[, globals[, locals] ])
IR —E TR, DA SCBESRMERY globals Al locals. A SRA $2 (gt 15| ¥, globals 4 7H 2 — 1A
dictionary. locals V] DAZATAA] L5} (mapping) #11{4:.

expression 5| B AT EEL T % Python SEE R, (Bl L=, 24644413 ), globals Fl locals dictionaries
S [EVAE A3 A A L Ay 44 25 [ . WS globals dictionary fFAEHEL/ _ builtins_ [#E(H, P
expression PEIMrZ Wi, A E % EE A B E#built ins module dictionary (5| . BEF—2K, 7
# __builtins__“{H ANeval () ZHl, MRAILABEEASEHEA globals A% Hil VR TEZHFLEE B R . f2R
locals Hi780% , FREHITEHRRAIE RS globals dictionary., 5 Wif# dictionary 5 B g2 MG, HlfEeval ()
BEF Y BREE P A TR . FEEE, eval() FEEIPHERES T AL AR 24 (non-locals) .

AR [ EL e R SRS . TS DR e Wil . plan:

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

T2 A1 R 2t T DA AR TAE AR s 0 (W compile () BSLRYIRLE), EREET, HAMNT]
OB RE IS N R T H . R AR LG mode 5802 " exec, HBEleval () [l (L]

None,

PR exec () A RBBMATHIRN. globals () Mllocals () el 4 m 5 Fl i 4
FRHBYE dictionary, B MBS [ LB eval () Bexec () WREG L.

W28 B TR B R A AR IS AT G I 2SS R =R B A e
ST SEast . 1iteral eval (), BB AT MATHA ST R .
Bl Rk— %1t F 1 exec T SE code_object,

exec (object[, globals[, locals] ])
i 1 o6 S 4R B) SB#AT Python FEsHS. objecr i /H2 T R sl H RIS 1. W2 ek, TRIE)R%
T AT E— 241 Python BUA(ERNAT (KR8 RREETH) | AR, ekl
BT, MW E, S TR U A R A R AR (f1 2% FEP 7
file-input [ ZHT ) . FEVER, RIEEEMIESexec () BMaUWRERMSM EF3CH, nonlocal, yield
il return BIAXWAREIER X ZAMIEA] . 7% o630 0A EZ None.

MR ), AR s IR |, ARESIAE R N IREE AT R R T globals 5
e, hab /i dictionary ZU(E], ] HEr 9 MV St M A A Hu S . 2R RIRF S L T globals 711 locals 5|
e, M PN E A A A S, WG T locals 5190, JE R ARAE MUY (F. Fad
EAE module JiF 4 H Atk PR A A A2 BUZ A R 1Y dictionary. IR exec £ Wi AN globals I locals
ik, REsCRERLRHRATE class /EFRH—HRHAT.

N globals dictionary AN & _ builtins_ #{H, HIMEZ#EH A S E#builtins module
dictionary 5 | 1 . Rl I, ZEAF A TR RE XA LR G exec () Z 00, AT DAEMEA B C#Y __builtins_
dictionary i A F| globals H A4z il ] DA FH W S B i Re U

Bl R—% it F 1 exec T SE code_obiject,

o PR U i AT IR AORTEATS, WA MDA Windows 3 M 41
4.

11
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#E: E#tglobals () FMllocals () B4 A MMEE A AEEM A dictionary, K] DA E
MR exec () BYEE —ABAIZE =5 ¥

) FHREET, locals ATEAI R locals () BRAIRM—HE: AN B E MO Y locals
dictionary . Yl R A Eexec () BRE M EERIE R RAEE locals 152 B |, 55 W FEHL#E locals dictionary

filter (function, iterable)

clas

H iterable H1p& 3K function [9]{# True RYHARLETCE, HEE—{F B iterator., iterable W] P& —1f ¥ 51 .
—fH LR EMR 2575 B iterator. 413 funcion J& None, R €rfist e & —MEI%mE, AP
iterable 1T AR ITCE G R

FEVEEL, filter (function, iterable) FHEA—M A N#FEE R, & function A2 None [
HiE] (item for item in iterable if function (item)); function & None [#)RiE(E]
(item for item in iterable if item).,

#2[Fitertools. filterfalse (), KA function [A|{E false I A8 EL iterable ™ ICZE 1 H Rl A
B

s float ([x])
[l A B Bl R X AR T B

WRESHR AT, WEMN A& AT HET, Bl Ay — s, thnl Ak
FEHRA LM . RS RAR "+ B s RRS R AR REIRA S . RS EA ] DA
—M{ NaN (not-a-number) B{IE G LT KA FAFER . SERIVIMIGE, 52 BR1 AR RERY =A% 2 )
N LIUNAT G A IR £loatvalue PoAE AL

sign = ngmo | om_w

infinity = "Infinity" | "inf"

nan = "nan"

digitpart = digit (["_"] digit)~*

number = [digitpart] "." digitpart | digitpart ["."]
exponent = ("e" | "E") ["+"™ | "-"] digitpart
floatnumber := number [exponent]

floatvalue = [sign] (floatnumber | infinity | nan)

e digit 24> Unicode T#EHI%4HY (Unicode 402k Nd HIFEFF) . X R/NEAREUR, HIL,
21335, inf”, Inf”, "INFINITY” FI"iNfINity” #02 1F To55 K AT 32 BhE

AL, ARG SO e ey B, M B A MR (7€ Python PREKS i F(E)) A7 Zheg.
S5 #fE Python (7 BiRGE I SN, Rl G4t overfiowError,

H A — %[ Python #14 x, float (x) F§URA x._ _float_ (). WIHAKEFE __ float_ () HI
f#if __index__ ().

WREAS E, AlplE 0.0,
R

>>> float ('+1.23")

1.23

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

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

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

>>> float ('-Infinity")
—-inf

12
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FeF £ - int, float, complex TR T IR EEEAE].

3.6 Ji S A AT DAGE R DR R SO v i e A T AL

3.7 RCESE: x BAE R BV B S L.

3.8 AR R __float () AREXIWEEEE __index_ ().

format (value[, format_spec] )
44 value WE(EIE] format_spec ¥ #1)” ¥4 TR . format_spec (HFREFEEUEIR value 5|3 RE], B
e KL BRI AR A Es . 4 XA R (RIE 2

THERY format_spec 72— Fd, BEENIEWstr (value) IRRAEE .

BE Y format (value, format_spec) 1 #ilf i type(value)._ format__ (value,
format_spec), i85 value iy _ format__ () method B, & ZWEEH bryFd, WREHE
FHFobject iz {f method {H format_spec REZS, 52 format_spec 5[] EAE N 2, HI €8
¥ TypeError,
3.4 WUSE 8. Y format_spec N2 S FH I, object()._ format_ (format_spec) & fif§
%ﬁTypeErroro

class frozenset ( [iterable] )

Bl E—E B frozenset Y, BATEEIES| 8 iterable 1) 7CH . frozenset & —fHEIE )
class. A B class (30, #52([F frozenset FIEL EA - set, frozenset,

#H2FE M set, 1ist, tuple fMldict class, PAM collections module R T fRE T A #E,

getattr (object, name[, default] )
W object 7 B A4 JGYERIE . name R T . WRZTFHREWFBEZ —/M 4%, HIbEZE
PERIfE. BN, getattr(x, 'foobar') %[ x.foobar. WIRIGEMBIEANATE, HitH
T default {8, RIAEHAE, HRAIBIEAttributeError, name A2 Python #[EF)f% (identifier)
(i Rsetattr()).

#E: T AL FRIRE KAELERIFER, HILTMFIREEA B (AR FRIZIT L8 )
HFRAMEf getater () RAZEHE

globals ()
[B] 40 5 1T module 4 43 M1 dictionary., ¥} HME R AP R AERE], B Fe kU alE H.
ANtz R 2 TE A BEIT YR e PR A ]

hasattr (object, name)

%5 e — MY A — R MR TR B A, B True, 501 [ 45

False., (HINEEEHEIFIY getattr (object, name) HGHAttributeError RREBIH.)

hash (object)
W EEZ A A (AR E AR . MEEE R . B MAE dictionary 53 7T K IR I AR TR L
dictionary FJ8 . A A/ N e B A A R A AR EVE. (BPRE S MAEDRIE, 411 #1 1.0).

fiE: SR, WRYAEB T HCK __hash_ () method, hash () MIBHRITHEIFNACRE
AREH (. 72 E __hash_ 0

help ( [object] )
EEdmE RS (R EEA B ). REASIH, B 2 E eEs) g
HIRS. RS Hoe—MMFH, HITE module, pR=X. class. method. BH§H~F B SO 3 %
b, [EEEH G AR AR O AT, R E ARG R B

R, ARAER M help () B, HARREHIES IR PIAERAL (), WEWRERLZ MRS
HAERMESE. HIFESI A X URMEZSH FAQ & H .

7% E I s 1 £ e module BT A S [E 44 25 4]
3.4 RS S E pydoc fllinspect (AN {411 &5 4 15 B, (signature) B Jji1 42T Ail— £,

13
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hex (x)

A4 B EIEI A0 [EVR 80 /Nes 7S i i 7 Ff o Q2R x A2 Python int ¥, HIMAEETR—
il __index__ () method [EJH.[f] {4k s, S6iKE):

>>> hex (255)
'Oxff!

>>> hex (-42)
'-0x2a'’

AR R B FIE R B /N 1 oSt o il e, (B RTS8 70X mi s, R m] DAGE 40 R
e

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

('oxff', 'ff', 'FEF'")

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

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

('oxff', 'ff', 'FEF'")

N[ %% format () BHUELZ &R,
SiEgEint () AT R EEERL 16 FE .

M RO B NI LR T EHE R, S float . hex () method,

id (object)

W] R AR o AR — IR R, TR R AR EI AR R e — ELEE Ry . e A iy
IAEE T RER AR d () fH.

CPython BEfEANEN: SOZXTRAEPAEH AL o
Bl —#F it EH builtins. id S id.

input ( [prompt] )

WAL prompr 5180, WIS KB ABRMERL , REABENTAF. ST, ekt haii—
17, MHEBEETS (ERARRMETA) ERE. 5F3HE EOF K, AM#rorerror, il

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

"Monty Python's Flying Circus"

WA T readline module, input () FEA8 A EARGEBEENF T 4R E S st I fe .
5l &—A%F 1+ F M builtins. input PS4 prompt.,
TERIN U A Z JG5] K —A>% it FF builtins. input/result Fflarg5R.

class int ([x])
class int (x, base=10)

35— 3 0 o AR e P S 7 EA7 S | O 0 0, W x % T imt ()
int(x) M x. __int (). WRXxFEFRT _index () HEMfH x.  index_ (). TR xE
%7 trunc_ O UMM x._trunc_ (). EREEEAIEEAA.

W x AR EFHEWMRBE T base, W) x WhIHR—AFIRPA base J FE TR 47
bytes Bibytearray B, FAFEREIHEAREI Falki + 8 - (REASH), WAEBSHNE,
WA ZSKE, HnHAa $ 2 18l BAS T R Z .

—PA n BRI BB TR S 2R, AR O B n-1 JERBINIOLE. 0--9 AY{ERT A
AT Unicode +#E %R R Fx. 10-35 BER LA a 2 z (80 A B 2) KR, BN base 2y
10, FRVFRIEECH 0 F1 2--36. X354 2, -8 Hil -16 S UL745 5 Bl A B i _E T % 0b/0B, 00/00
B 0x/0X HIZR, SRGARD i BEEC I EIRFE . XF T B4 0 ok Ud, FAFaRa A S R iy gr

14

Chapter 2. [FRZFH=




The Python Library Reference, [} 3.10.19

TE LAY 2R s, RIS B ) S B5CRE BT 28 52 R 2, 8, 10 5] 16, FHCH 0 b 225 B 1) 2
int ('010', O) ¥FZICHW, M int ('010") A int ('010", 8) NIEHZH.

BHAFERF2E8F LA - in, float, complex.

3.4 RS QI base INZint WWE G, 1H base Y74 base.__index_ method, HI& Y%
method AEEU 7 ¥ 8, DARTIIMASE ] base.__int_ AR base._ _index_ ,

3.6 JiR Ak BT DA R EDR AR 20 S P A T AL
3.7 WU S x BAE K REVE ML E S
3.8 A WL int () REXNEERE _ index_ ().

3,107 WSS int FRFH AT ARG AT 5 R AR BB S A 5 .
TP x Ff ol int 8BS —A int iR FAA R NERER M RN &5 Kk valueError, i§
Al G S AT I =R

isinstance (object, classinfo)
U object 51 B classinfo 51 B, o2 (B M4Esvirual) subclass FECB], JIJ[F{# True.,
W object A2 45w BIENYIE:, BRIAHE False, AR cassinfo &Y HERER tuple (B
ZAHIEE] tuple) B {0 & ZMAE W union £ 7 2 object J2He A (FIATAR]— 8 814 1) B 50 i) [ 8
True, YR classinfo BEAZHE], AR 2B tuple 5 B [E)f#)E(E) tuple, HRE &% TypeError
B .
3.10 R S84 classinfo W] PA&— A union X7,

issubclass (class, classinfo)
IR class 72 classinfo 1) subclass (B35, W38k virtual), A/ True. classinfo 0] DA class Y11
tuple (BBEHEHABIE tuple) BE 2 —{Hunion £7), I class 52 classinfo 1 T—IGZ K subclass
Rl True. HAWEE), @5 rypeError.

3.10 R 5848 classinfo W] PAZ— A union %72,

iter (object[, sentinel] )
[l Wil irerator Yk, PR EAFLEE M58, £ W5 HNERLEEAFY. WRES
S AHTI#L, object WhIEE SCHRiterable Wy g (f __iter__ () method) WEEAYIM:, BNZHE IR
ol (B __getitem () F¥k, HEFHI8E 0 BlG) o WIRE A LEE L&, T
B TypeError, WA AHT ¥ sentinel, FFE] object WJEFEFEIY ¥4, @RS EI T AR
iterator, FRRENCIEN_ next_ () BEEARAS MY objecr; UNSE [IE ) &5 2 sentinel JI] i
¥StopIteration, 15 HIBMEREIYEERE

s Ee R E R,

Wfyiter () W AR 2 — 2 M s . BIan, M BEHIRC SO R O i B
JERE, BRBR SR AR 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)

YRR (TR . 518 AR FS (U0 string, bytes. tuple, list 5§ range) mi&E# (N

dictionary. set BY, frozen set).

CPython B ff &4l fii: len X} F K Fsys.maxsize W) K & UWrange (2 ** 100) 45|
ZiOverflowErroro

class list ([iterable])
BT K, 1ist WA Ty AE, sEwmalBLlise ($£5)) FF5) £ - list, tuple, range.

locals ()
SE (Bl 2 7 il AR M AR5 2 1Y dictionary . 7E RIS TAT AN 2 class [EIRHIFIY Tocals () REEr
BIEEE . w5, 78 module fEfE, locals () Mlglobals () @RI dictionary.

15
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ftilE): 1 dictionary [EVAE AN ERZHCE ) s ST BEAS € 5 B SR A A i A b A ok 1 ey 2 Y
{H.

map (function, iterable, ...)
[EJAE — 15 function EF % iterable W T A5 %K, [EIWCEE M8 45 SR 1Y iterator, 1SR EIE T 44N
iterable 5| %, function W32 M0 R B 5 [ 85, [EIE AT iterables H R R ICE . HH
% fl] iterables I, Fr4H (1Y iteratable #ET% IR iterator t0 & &5, AR s A O 2 tuple 195 ] 85,
iH2[Fitertools.starmap (),

max (iterable, *[, key, default])
max (argl, arg2, *args[, key])
[l {4 iterable Hg RIYTCER, B MIEWIE K LA E5 1B ORIy

AR SR T E ST 8, B R Eliterable,, iterable Wi KIWICE G H . QRPEAE T R
BV HIVACGIE oI EECSS NG UE DAL i 8

T2 11 R XA P 1A S S 2 PR R S 1 5 | o keey 5| BCHR o — (8 A — M5 | B0 HE 7 kX, anfe) 2ist .
sort () R . default 5|2 H iterable )23 FE a9 (H. 4N iterable [Flzs, [F)H.[Ff #24t
default, Rl €8s valueError,

mERA Z Kot R, WL ek R e — E R B . & M AR E HE ) L
H Ul sorted(iterable, key=keyfunc, reverse=True) [0] Hl heapg.nlargest (1,
iterable, key=keyfunc) —Z.

3.4 BETINA: default 1&FR B | #5 .
3.8 R F 4 key W] PAH None.,

class memoryview (object)

[ e 4 (195 | BCRE ST 2 "memory view” {4, A BREA AR, FES(EIN A4LE o

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

[n] {4 iterable i/ NWICE, B [0 RIE K DA 5 Bt RN .

AR HERAL T — (5T | 8, B/ Riterable, iterable Wi/ MK LR B L. QRS AL T W 2K
M ibEa L TR SSZNIIVACICIE &
i M1 e A RS8R A2 I B 9 7 5 | B ey 5 BiCH T — (WU — (85 | B HE 7 oR X, AfR] 27 st

sort () . default 5| # /2 ¥ iterable [F75 K [mE (. 414 iterable [F1%5, [F) HFIA #2 it
default, Rl €rfidt valueError,

/(1R S S I A 16 4 N il | I o= Wl A 1 S e 175 1 IS =1 | S N Qi | i 2
T. B 4N sorted(iterable, key=keyfunc) [0] Hl heapg.nsmallest (1, iterable,
key=keyfunc) —F

3.4 BUBT N : default 15 KR B 75 | 94
3.8 it HH 58 key W] PASH None,

next (iterator[, default])
TEIE M irerator 1Y)__next () method BN —fE T . AR iterator #&E, Al [nl 45 & i FHBLE
default, WG HBEA Bt StopTteration,

class object
] 3l BV R B (. object RFTA class (EERE, B H A TH Python class B {7l i
method., 32 i B AN 3Z A0 5 | B

il fpobject A dict , HILIEEIAEREBMIRG object class B

oct (x)
15— e s A (F ) — W T AR (007 1) /G0 il 2 o [l e SR 2 — A %4 A Python #ERZC. N2 x
A2 Python ) int Y, IETFHEEF __index__ () method [u]H—(ERE &, S 2K[E):
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>>> oct (8)
'0010"

>>> oct (-50)
'-0070"

USRS R T G A2 T, AR S RAT00” HIAR, HSAT AGE I R ik

>>> ! ''% 10, 7 ''% 10

("0012', '12")

>>> format (10, '#0o'), format (10, 'o')
("Oo1l2', "12")

>>> f'{10:40}', £'{10:0}"'

('"Ool1l2', "12")

A[ %% format () MEUHE L&,

open (file, mode=7r’, buffering=- 1, encoding=None, errors=None, newline=None, closefd=True,
opener=None)
BAE] file [EI[e] {3135 (V) file object, WARRARSEANBERIE], A% osError. B MR H £
JrE 2 [E t-files.

file j&—Afpath-like object, 2 FAEIZ AR B AR (SR A8 Bl 5l LAE B BRI S ), 8
SRR S BB S AIA RS (file descriptor). (WA PR EHALS , & & hEE RIER VO Y4B
PRTATRARH, BRIE closefd #iiE) False.)

mode j&—{HSEEMEFH, RS EBRERRMER. EHREL "o, SEWE T ACFERA A
EE . HAbs RE: BA 'w' (A0 EFEENRESE) . A <. B

'a' (FE—% Unix R4 L, S OO Z LA ENLE, A A 5 AER & 8 0 B AR oK
F) . FECFERE, WIRER 558 encoding, WIHRHEE M- 22 2k [E e 6 A 4l IFIY locale.
getpreferredencoding (False) FRMERUE BT AR MM . (ZEREBUME AJRLE bytes, 75
THERLHIRI AR E encoding. ) W] A -

| R ()

w' | HA, IS

x| ME—PEAUE, MRS AR BRI

a' | FA, WRSCAAAERITER B e A7
b|

tl

=N
SCr R ()
O EH (FEEEA)

R GE o (BEEREBCCE, [ 'ret). B THEMHIE A, wb AEHEEEAESE
I8 5 0 bytes, ' r+b ' HIAREr&[EFAEIZ .

IEGQAEA S 3, Python X AF HEHIAISCAS V0. DA BIRLHT IR SO (4245 mode 2451
) 'br ) REINA R bytes MG, NIATEMMIL, AR (BOARTLT, 808 1E mode
SRS e ) B, SUFNEREDN st HSEHTRER encoding  (WIREE) B M-
BRI 09735 G B AR

FHNEE PR TR U AT, AR, FHAER « DA E A8 SR 8 Huniversal
newlines, JX1F Python 3.0 E U NERATT N . I E S FWnewline T 21 SCHRY .

Hil: Python /R el T G AR S0 SCA SCPFRER:: A ALBRASH Python 45 5520, TS P4
Fx.

buffering j&— TR FEEL, F T BEE LRI . 52 A 0 R (R e iR ), FA
LR Bfrgeol (RAESCABET AT ), A8 A— B> 1R F0R [ K/ ZZ v X 275 KN
WE, X ESM X INE T 3R VO , H TextIOWrapper (B mode="'r+"'

17
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FIFFRI SO ) 248 55— Fhgoh . BAEHIAE Text IOWrapper il , ZEMHio. Text TOWrapper.
reconfigure () [ write_through #rdisk. MEH G buffering ZHn}, BRI S rh SR wE T
YEUR .

o THERISCPR AR E RN BT Gt (R RO R R G KB, Sl e R Z
B “Heks/N Siffifl io. DEFAULT BUFFER_STZE. RS, S XK @M K
4096 &Y, 8192 7.

o “BHR” A (isatty () iR True BSCMF) fERATS M . HABSCA SR Fik SR
/15 S vl B

encoding & T RS S TS SCUFII RS I 2 FR o X% RAE ORI o BRIA GRS 2 408 11
G (RN locale.getpreferredencoding () IRIUAME), {ER]PAfE AR Python 3733 ffjtext
encoding o G RIFFMHRBIIR, S codecs Bk,

errors J&—ANAIENFAFERSE, T3 AT Ab BRIR RS A ARG A5 1% - XN RBAE — E IR R
R DAL i FPARIER AL SR F (0027 % ) (LBl codecs . register_error ()
T ATAT A BRAC PR AR AT R0 o Wi 24 PR G

o QURFFIEGADER, 'strict' @5k ValueError i . BRIMHE None HAMFERCR .

+ 'ignore' ZBSENIR. WYER, ZBSHILEIRTEES REEHE R K.

+ 'replace' £NFFHARIC (BN "2 ) A EIREURE I HL T o

e 'surrogateescape' WREATEA A IEW T FE R N U+DCS80 & U+DCFF i N N &

RIGLL. HIEH ARG surrogateescape i iRAMPLAR X L AR (7 S 1] 21 A
[l o 30 T AL B AN A s =X S

o JUHTES ASCHFI A SCFF " xmlcharrefreplace ' o i A SCRAPATREE BT ) XML

FAFGIH s#nnn;
« 'backslashreplace' Ji] Python {544 SCRP 81 HAs U e i £l -
« "namereplace’ (BHEGTISH) M \N{. ..} 5 UFTIRBR STHIOTAT
f;g;lig; P E WA AT R BRI BA TR . BRI PAY None, ' ', "\n', "\x' # "\r\n'. B TAER
mp:

o MR EREE AR, Q2R newline 2y None, W JE JiTd AT S AP AOFTRIARA "\n"
et B \r\n' 5, XEATHEIIRA  \n ' FEIR I E 2R, ARER T, WS AE
AR, EATEE AR B 25 8 5 AR e AR e B AL A AR, W AT
QUETFAFRA L, I HIR G E R T4 A Stk

o P E A, Q15 newline i None, WB AMMEA] '\n' FAFARF AN RGBT
fE4Fos. linesep, WA newline =2 ' ' B¢ '\n', NWIAHITEIZE. WHR newline 2 HAth&
YR, WE AR ' \n" PR R 45 8 I FAFER

2R closefd fy False HZ5 AR U4 T & SCAIARST, B2 24 S0P R, 2 SCHHE A ST
RTINS . AR BRS04, W closefd Wo4H True (BRI, 76 Kb & 45

R DASH 32 2338 FT VT 1) opener ST (13 SUTF I 3% SRJTEIL M 2% (file, flags ) VI opener
PAFSL A G BRSO RATRT o opener WAIGR I —ATIFHISLIHIBASF (o5 . open as opener
i 5 %33 None [RCRAHFE ) -

S C VAL Ol FE SR NG BT
T EGIEH os . open () S MEEEEdir_fd 28, 184/ H EIH A S PIERE 5

>>> 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

18
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open () BRI file object RV iy IS . Ml f] open () PASCABE (Tw, e, Tt
"rt ' ) IR, B¥RElio. Text TOBase (HAK K io. Text TOWrapper) —AT25, 4
b A IR T SO, kMK Z 0. Buf ferediOBase fj—F3E. AIKMRS
B A R i RIRER, BRHRIEl Lo, BufferedrReader; FEB A HFHilFIE il — 9k Hil#
LT, B¥iREio.Bufferediriter, ME/SEAT, B¥iRElio.BufferedRandom, 4
R, 2R E R, Blio. RawIOBase f)— T HKio.Filelo,

Wit I ZEERM, Flanrileinput, io (3 T open() ¥ module ) . os. os.path,
tempfile PAfshutil,

Bl K —A % it open iS4 file, mode, flags.,
mode 5 flags ZHUAT DATEIF AR T Y BLA_E o8 e slifs i
3.3 i A
o ST opener 285,
o T = AR
o SHEMEM IOError, BAEROSError HE4.
o WRMERCAAAEEMN 7B (' x "), BIEEMErileExistsError,

3.4 JCE 5
o MESAEE HIRAS B AR SE IR ARK

Deprecated since version 3.4, removed in version 3.10: 'U" iz,
3.5 fig o A
o WERRGIFIGE T, HERGEEELR T EE R, IR BLTE G s R ATy
MARMEE InterruptedError (JRHFER PEP 475).,
o T "namereplace’' #EREIFAER.

36 Hﬁﬁ%
o W T os. PathLike YIFHI XI5 .
o 7€ Windows |, BHEI-—{f4: il 2 4818 % r] BE @ [0l i i 0. RawTOBase [ subclass, i

Ngio.FileIO,

ord (c)
M F BAR Unicode FIohyFH, MIEHCZEE Unicode HflG{ B, Bl ord (Ta') [M{H%E
B 97, ord('e") (WUTAFHE) [ 8364, Eidchr () MK,

pow (base, exp[, mod] )
[ {5 base 1] exp Y J5 5 QAR mod F1E , R [ base 1) exp Y73 mod H4x ¥ (LL B FIFFIY pow (base,
exp) % mod RHFHEERL). WIHTIHIEARY pow (exp, exp) FEIMKITER T base**exp.

SRR BIEZE T, SR ARV EEE A S ] OB AR B BT R R ) .
Tint BE8L, S5REA SEEBHHRMZRE (Fis), BRAES —ASEChE: EXFEIL T,
BT S BRI R 7 a5 O 4 B 7 S s R . N, pow (10, 2) iR[E] 100, {H pow (10, -2)
iRM0.01, Xﬁmt o rloat FBIH R AEREE FE 2K, AFEJ\’EéMﬁ)@ HAL, i,
pow (=9, 0.5) iRE—EEET 35 FME.

X int BAEEL base Tl exp, WARL5H mod , W mod W75 M REFE AL Ho mod Wh/iA R . WIALE H
mod Ff- H. exp R E, W base WoZAHXT T mod N HE[R . FEXFPIEHL R, ¥F251& [H] pow (inv_base,
—exp, mod), H inv_base *fj base W FEIET mod B4 .

THBIBTE 38 BB 97 BtAk:
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>>> pow (38, -1, mod=97)
23

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

3.8 WA X T int BAERL, =S BOEM pow BUFEAVFEE NS RO TR, BT ATHE 180

3.8 A AV REET SR A SR E S

print (*objects, sep="", end="\n’, file=None, flush=False)

HF objects ¥ N th 2 file 155 B SCATRL , DA sep SXFRIFHEAR RN L end .. sep . end . file Fl flush W75
PARBFSEIE AL

FTA AR R T S EER R R AR, SRR IIT T ser () —HF, HRIWBARIR, LA sep 500
HAER I L end. sep FI end FERLANFAFER s BATHW ALK None, X EME M HERIME. Q2R
WA objects, Wprint () ¥ HEA end.

file ZHLBE—AHA write (string) FEMXE: WRSEAFAED R None, NFF i
M sys.stdout, HTEFTHMSHRMEA A CARTFRH, Biltprint () RREH T Z2EHIBI
PISCHFEXT S . X TXBERT 4, Wl file.write(...),

W EE T file B HZ, W flush EUE, FORFER T

3.3 MU AE: ST flush BT 519

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

[} {8 property J&§ 1 .

feet EARBUBVEME R BR AL foet 2 M T BCEB IR BREL. fdel J2 T MR B IEER L. I H. doc
HIEHENS R BN S P AR

— UL IR R T R I 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.")

WM ¢ h C WL, c.x KF getter, c.x = value ¥fJH setter, del c.x ¥fFH deleter,

WERE L, doc KRR 1% property JEYER) SURFAFER . 15 W1 property 145 D1 feer 1 SRS FAFER (411
RIFAE) o XL property () A decorator FeB 8 KR RHIE B IE AT DA ZR 2 Hu 5 B

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

@property

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

PAE @property RMighHf voltage () i — A HAMIE LR LB LR "getter”, I
R voltage B SRS T4 E3 1 B} Get the current voltage.”
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FHLEMEN R HA getter, setter PAJ deleter J5ik, ENTH] AR QU BHZFFAL B L)
RIAS R RH LA 7 150 B RS8R WA B . X et — 01 1R MR

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

@property

def x(self):
mnMrTIm the 'x! property.”””
return self._x

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

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

IR SO TR A M R RPN BR K S JRAR R S A ) ) 44 AR CLEA Bl
H %o )

IR [ AR TR X R AR A S S s SO R I £get, £set Fl £del.
3.5 MU 8 PSR MR B SR 4 H BAE R AT E Y o

class range (stop)

class range (start, stop[, step] )
BRI NREL, Hrange Shs E@— MNP, W Erange xF % 575 2 - list,
tuple, range WY SCRY AR o

repr (object)
R E— DR AT RN AR T HF2RME, R a2k b —4
A S5 seval () BPMF AN FAFE; EHAMERL T, HFRRBERG M EN R LR
24 PRI AL R G 44 BRIk ) A ME B T AR HES R R I AT ER . — AT DA E
__repr__ () FEEREEHIHRECH LB PRI NS MR sys. displayhook () AR,
MR ECE S| K Runt imeError,

reversed (seq)
R 0] —AN B[] iterator . seq MA@ — N HAT __reversed_ () JFIAMIN Gl # & SCRFZ T4 Hh
W (HAM O TG BEBCR SR _ len_ () J5¥Efl __getitem_ () J¥K).

round (number[, ndigits] )
R 8] number 45 NB/INELUS G ndigits (RS BERIEL. ANSR ndigits A WS A None , TR [z i A
TE R
X e round () HIERNEZR, R ESEHARRIEIR 10 )7 ndigits RIREEG RS
PRI R, Ik AL, I, round (0.5) Fll round (-0.5) #Jf%H 0 1fif round (1.5)
WK 2. ndigits WAL EEEFUE (IEFL. T G50 . WREWE T ndigits 58 None , WIER FHERN
R IR EES number 2B [H] o

ST F—f% Y Python X144 number, round JZF645 number.__round_ .

#E): W SR AT round () BT AWTRES A NEE: Billl, round(2.675, 2) ¥4 2.67
MA BN 2. 68, XABRBFHR: X451 2HTREH A IEH /N IR AR RELAF &
BOEHRR . 5SS tut-fp-issues T AEH 255 .

class set ([itemble])
RPN set X5, AT PAEBERHT A M iterable FREICE . set B— PR EER. HEFset
& KA - set, frozenser FRELFETRX A SCRY o

HrRHEMAERIESENEN frozenset, 1ist, tuple fldict 2K, PAfcollections Fidk,
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setattr (object, name, value)

At Hoetattr () XY, HBEH—MNE. —DFERFPRR—MERME. FAFERTRUN I
HEMEMAR, SCAHEN. HEXR AN, RS RHERSENE. W setattr (x, 'foobar',
123) 44T x.foobar = 123,

name JGiti J7E identifiers H7E S Python AR iRAT I AN R UG HE0R B ML, Bl UndE—A> 3 & 3L

__getattribute_ () PEEilT _ slots_ . — A MARINGH BT A SR
EEVIH, HER DAt getater () SERIGH

WE: T AAEBREG KA ER, WL FFRARAE R (AR FRILIT LB 1)
FFRAEf f setattr () REE.

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

R[] —Aslice W5, KW range (start, stop, step) FWERFIENYI . HPFSH start Fl
step [IERIME N None., VIR ¥4 B H 3@ PE start . stop fil step, HiZiR XMW HS
BUE (BBOAE) . XU EMEEA HA A TIEE ;. Aid NumPy FIHAWESS = P & 3. fEf
MY BRI EER, el A% 4. fllil: alstart:stop:step] 8{ a[start:stop, 1i].
F— R ERREERENG, WEitertools.islice() o

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

R f iterable H IR [B]— AN I C HEF 136
A IRET | e, L RE T B S | O AR E

key 18 E A BASEIREL, H T M iterable {54 TCE PR BUH T OB (F1 40 key=str.
lower), ERIMEN None (HEHKITTR).

reverse N— AR ME. WRBH True, MENINFRITERGHL AT LA THET .
il functools.cmp_to_key () ARFERNT cmp BREEEAR N key PREL.

WERsorted () BB RER . AR DHER B ORA 2 2038 FLBE S R S5 1 0 R B AR X I 5t
MHARRER — XA FIT AT ZEH (BIASEHaR] . F gy ) -

HEP SR R < FETTH Z (A Fe . BORE —A> 1t O Jrikt R PARESTHEF, {H PEP 8 7
WA A W . OB B Tl e 7E 5 HAUHE T TR (Mimax () ) (S HIAR [R5 it 2
BiE, X T BT AN FEIIRIZ Tk . SEBLITA 73 HUBRA B ik S A 228 LR TR L
MIRARB BT A SR gt () 97534

A XHEF RN T HE P E0RE , 7215 sortinghowto .

@staticmethod
5 AR ST
ST EAS BRSNS RS, EEHIEE
class C:
@staticmethod

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

@staticmethod FE¥EE—{ R decorator - 2 H function AN 45
BAOEE R ARSI (e . £0 ), WA PABRSEGIPIA (0 cO . £0 ). Mok, EBrPUE
S A R EGHEATEA (EO).

Python [ E# 75 Java 5 C++ 2K{l. RS classmethod () , B fTAIE S —Fh 240 1 R
G R ias—F, WA E MR staticmethod , FXTHEERPUTIEEEAE. 0
QAR LEE LR T M ARG | RO Bl B S SC Bl vk . R seig e, 3E A
MV
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def regular_function():

class C:

method = staticmethod(regular_function)

B static method 5 Z &, #52% types.

300 fRES: BHSFTEMER T HFENEZNEMN (_module_ . _ name_ . _ gqualname_ .
__doc__ Ml __annotations__), ##HE A _wrapped__ JEM:, I HIUFEL AT LAE N
- 3E PR A TR

class str (object=")

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

Rl —Astr JUARK) object o A XVFAME LR, WHSHstr() o
str RNETHics . WX FFHRIEBLEELAFH LD o,

sum (iterable, /, start=0)
M start FF-i5 B 22 [0 A% iterable WiBGR AR [BLETHE . iterable (/)38 & T, T start {E AR 7
S
X e Ok UL, fFFEsum () BEGHR. HEFAFRFNMIEGFER TS .
join (sequence) . ZEPAY JEME X PR SAER A, S Wmath. fsum (). BPHEE— R W]k
X%, HEEMHitertools. chain(),

3.8 WU HEAE: start S WRT 1 E EBH 8E 5 |
class super ( [type[, object-or-type] ] )
R E— ARG, ERINEAT N 24 tpe ACREULH I . XTI CAER P E G4k
HRITIEARA
object-or-type i i& Fl T8 R Wimethod resolution order, &4 M type 2 JG TG

2B UG, TR object-or-type B)__mro___ "D -> B -> C -> A —-> object I H type BI{H N
B, ljl\[]super() %%?&%C -> A —> Objecto

object-or-type W__mro__ JEMHH T getattr () Flsuper () PratEME T EENTHERINT . %
JEVER BN, AT DAFEATART Ak 2 A 1 e A BT B I e i 2

WAREEEE S8, WEREBIEBEXNZE R EM. WRE - ASHCh— x5, W
isinstance (obj, type) WAUNEAH. WRE —ANSHCH—FEHL, N issubclass (type2,
type) WAUHEM (XiEHTHRITE).

super A ISR B AEBA PARORFZERBEEM T, super AT RG] LTS A wb i AAHAR E €
PR, AT E S 4. XA HAR AR TE 5 o super B IEARFAILL

B A M BLRAEB SHRATIREE IR MEZ AR . BI04 Python T lA A A7AE TS S D
T BOGCRF RAOR AT F 4. XML B SO TRE, RIE 2 BSR4 7
R BRSO IR B EOROX AR Iy A T O ER A A R AR 2844 (R R G AR B A T i
Eﬁ$23 PR A S 3 R 2R SR GRS R S, S PR R ik WU T RE AR AE IS AT I BRI
SLBZE) .

XFFPA LA B, B2 B T R R X R R

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

B T OTIRARZ O, super () WATHITBMEA . —ASTTRER N T 39 Ao AE BRI
LIEEE

W B super () 2AER R A SJE AR 90 e S B0 — B kLM, Bl super () .
__getitem_ (name). BMFX— S EHEAEMEHCCHE _ _getattribute_ () F¥E, XFE
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WURE AT O A P42 22, IF HSCRHIMEZ TEAlK . XN, super () fE1R super () [name]
ORI TR B BT AT B e R AR E o

WEERE, BT EANSEEILALAIL, super () HARTAETTENTME . WS
B E S EOTHEATHIRZES D . TSI GE HI T 2858 SCNFR, PR 4 130 s R A2
AOAITT DATE B A 28 B B 2, BT b 7y 5 10 24 i S5 81

XA KA super () RAMTBAT MMESERISEE, #5254 (61 super() 45 H .

class tuple ( [iterable] )
BEIRRR AL, Btuple Shr E@— AW FSIRA, S0 5r2) %8 - list, uple,
range W SCRG B .

class type (object)

class type (name, bases, dict, **kwds)
e N—ZHt, RIA] object ()2EAL. R [EME 2 —A> type W4, W Hobject. class ik
MR e EICi

Pl isinstance () WEREORIMXIRRIL, HHEXHE TR
EAZASHS, R type X5, XAEAT FZ class IR —MEIESIEN, name 747
EREIRBIF DM _name_ JEME; bases TTHU S HELIF QBN bases  JEME; WA M2
AT R L object . dict PSR TR BIENTEE G EAEMCY__dict_ &
P2 Wl RE s DB 3 . NI AT 2 QMR 1 £ yoe X4

>>> class X:
a =1

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

AiEsDEA A 2,
PALA =S RN R BT S E WAL LG 4 1 e EALH GAH N __init_subclass_ (),
AT L KBS (BT metaclass) W4T R 1720,

17 552 (F) class-customization ,

3.6ﬁﬁﬁﬁ§§§: type W THRURARER type.__new_, FFAFREMN—DSEHTEARIKET 5
B3
vars ([object] )

R, 2, RIS ERA__dice JRYERIRRIN__dict @ik,

RN SLBLX AL R G A H_ dice_ @I B, HEXMRW__dice JBMfEs
BENBRHE A (F, KEMiftypes. MappingProxyType JeB Ik EL 1 HH 7L ) .

A BHRT, vars () BT Iocals () o TR, locals RN F2GERAEH , BT locals
SN R il

WERFEE T—IXREERA__dict_ @k (fl, HERBMEELT _slots__ JEMEN)

W &5 % TypeError ¥

zip ( *iterables, strict=False)

TEZNERE EIATENA, N ERER B — N E R e .
P

>>> for item in zip([1, 2, 3], ['sugar', 'spice', 'everything nice']):
print (item)

(1, 'sugar')
(2, 'spice')
(3, 'everything nice')

HIERWSE: zip () RPDCAHRENRS:, HAH i oA SRS SHEARINEE i 1R,
APit—FIr RN R zip () 0 BLACATEMS, IV NAT XIAT HIFEREE
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zip () RIERPATH): HRBAN A SXTCRIATARE, A for HHABURA List H.,

EHISZIER e, H4zip () WANERXIRATBERERIF; ARRARNZ, AR R X s
XGRS AEAE R 1. Python F{E T =R [l i AL BT 56 -

o BUAROLT, zip () TERAERIENRE MG L. BRAERGR H R RR U 02, 2528
Py I ES v TRIBSAWOE JiUE N

>>> list(zip(range(3), ['fee', 'fi', 'fo', 'fum']))
[(0, "fee'), (1, 'fi'), (2, '"fo')]

o iliH zip () ATAIERIMELERPELT . XA strict=True AYET, i 5E5E
Wizip () MIE:.

>>> list (zip(('a', 'b', 'c¢"), (1, 2, 3), strict=True))
[(ta'y, 1), ('b', 2), ('c', 3)]

SEAMTAARR, AR —AREA G A L Z BT R N &5 & valueError:

>>> for item in zip(range(3), ['fee', 'fi', 'fo', 'fum'], strict=True):
print (item)

(0, 'fee'")
(1, '"fi")
(2, '"fo'")
Traceback (most recent call last):

ValueError: zip() argument 2 is longer than argument 1

WISEAAGE strict=True S, FIA FET RN G K BRI HAZA LN, 0l g
SAERLFE A 7 B e DA S A 5%

o AT AL A B AR R B KO, KRR T R AT . X ]

thitertools.zip_longest () K5

BBl 12 A — AR RSE, zip () ZREl—A—J0dlik 48 . WEPRARG S, W
iR ] — AR o

INEFTG

e M A PR LRI KMEI F 2 MNAER AW, XHEMREH zip(rliter(s)]*n,
strict=True) ¥ FHKE n 704, XHEL #Elﬂ FIERAE n K, B A
ASTCHERAL S n I BRSO 4SS0 . X REMUR SR B0 AR MK n ik,

o zip () 5 * BREAHEE A TR R —A513R:

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

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

>>> list(zip(x, Vy))

(1, 4, (2, 5), (3, 6)]

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

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

3.10 JRCESE: MEIN T strict 5[¥#.

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

#iE): Simportlib.import_module () AlH, iXj&—4~H#H Python Zife i AT ZH 2 =
R

BeeR B r l impore iRAIMGE. B ARG GBI 5 Abuiltins BIRIFIR{EST builtins.
__import__) PAMEBE import iAMIE L, (H2 MEUNEUGIAE, BN FAS T (I

25
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PEP 302) il i 2 5 SRR B AR, T A SEAUH R, H 2 A2 BUE BT i 2
AOASEI. AR BB import () MMM import1ib. import_module ().
AR P AR name, ] globals 1 locals e & MMTAEALEY R SCH R A4 FR . fromlist
TR name REHH T AR R T BRI FR . PRHER LU S AN 2 locals 2, R
MENT globals I THiE import WA FTTERI LT3,

level 17 /2 X IR AN FA . 0 (BRINED) BRE LRATLRXT A o level y IEBAEZRAN T
BEHUR M import_ () MHR, HEIRRNLHFZE GEFS L PEP 328),

4 name 7Z B LN package .module B, ElERFBRMERHZHME BT ZHIHA
FR), Wi LA name Gy WL, (H)2, M4 TARZEH) fromlist Z06F, WIAFIRIE LA name fiy 44
L.

Bian, 4] import spam MYZEARE N5 LA AURS A A ] 647 3 i

spam = __ _import__ ('spam', globals(), locals(), [1, 0)

4] import spam.ham FYGRAFF LA IR

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

|

HERAEX R impore () AR [ THZEERAY, o2 import IHAIHESEE IR E
PRREIR G o

S —J5Th, &%) from spam.ham import eggs, sausage as saus HJZEHR¥ N

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

XL, spam.ham il impore () iR, G ARIXFGARF ML G b e BUFIRESE
AT TR L FR) 24 8 o

MR AR A PR A (WEBEE ), WM importlib. import_module ()
3.3 JREE A level EATESCRF L (BUAEWEECH 0).
3.9 RIS M TamATSE -E 8 -1 i, FAEEASH PYTHONCASEOK IUAERF9E 20 o

26
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CHAPTER 3

I EH

B/ NI 1 WA A fr 24 25 e A2

False

fEbool FUEIH Y false fH. ¥ False MIRMERA AN, BEHGE syntaxError,

True

FEbool BUEIHH true {H. A True PIREERAGER, FIHEEH syntaxError,

None
AF NoneType MME—{A . None £EHHl (I AFIEH/ME, BIANKR AT | B R, A
i‘%}@%’i%‘[ﬂﬂ@’%ﬁ,ﬁﬁt? None, %]Lﬁ/\\ None E@Eﬁtfﬁ%%é&é’ﬂ, H@’L‘H SyntaxError, None %
A[F] NoneType [ME—E .

NotImplemented
gk — JCERFR 7 Y5 (binary special methods) (#1: __eq () .__1t_ ().__add__(),__rsub__ ()
) FrinlMEAERTRIE, R FEEEREAG S A EI B . [ B n DAY R — ek ik
(in-place binary special methods) (%1: __imul__ () .__iand__ () %) [f#. & A EZ% ¥ EE boolean

(k) 2RffEE . NotImplemented 28I[Fltypes. Not ImplementedType [HME—EH.

fiE): %8 —JC (binary) S{JFHE (in-place) J5 ¥ Bl {# Not Implemented, iy & Bl Mk
AR R A ZE] (o2 A A% 3% (fallback), HUEVRSZWBRESESE T) o QR B A& Skl ml 4
NotImplemented, it @&rElH#E KGN ANIERER [ Not Implemented @i iR 2
S AUE B Not Tmplemented {E 4 # 1] 3] Python FE=(a .

2 I A ST DARRE S 2

#iF): NotImplementedError 8l NotImplemented [FIA—kE H AT HIE, B4 LT
AR . BN Z el e M, w52 Aot ImplementedError,

3.9 B4 7F boolean (fH#k) b F3CH s Not Implemented & WEEIH . BESR B i 6o il

i true, 1@@%&#@DeprecationWarningo T{EE}KH&Z]SEI’J Python }Iéj—@’tlj TypeError,
Ellipsis

SEEI 5. .7 FE A B4R, K2 R & & 00 & 2 2 G R BB W I (P 1) F 55

(extended slicing syntax), Ellipsis @H[Fltypes.EllipsisType HIME—EH.
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_ _debug___
H R Python [EVA # DA —0 SeIEEIE), HIILH H(E true. 352 W assert BiA.

ffilll: None, False, True, VAJ_ debug  HU@AREREHIRILN (EMEEMmBE, MAE
MR, WgElisyntaxError). Wi, B ABRE" HIER” #HH.

3.1 i site module (#&#) PTiREAEE

sitemodule (K1) (FEMEHWIMH HE) import , BRAFAAET —s 178 I) @ IRIN— L 3| Dy
4,5 [H] (built-in namespace) H. EI7EH B X EEAS PR RA R BN, (EAREZAEREX (programs) FHg{f
A

quit (code=None)

exit (code=None)
W R, S ETH —{EUE . "Use quit() or Ctrl-D (i.e. EOF) to exit” . H#IEn i, Hi€(F)
HsystemExit [FREAHE R EHE (exit code) .

copyright
credits

F I SO e R, 4 (E)Er B S RORE SR BGH 1 S
license

WL e, ErED HERUE Type license() to see the full license text” . g ERYEr, I & DA EHIE
A SRR RSO (IR =) .

28 Chapter 3. [FE# 8



cHAPTER 4

Tk gidlial

AR B IR T B A B A E A E
THEFRAEERT . )75, B, class (GEE). EHIFIBFIS,

oL ()2 mutable (WIAERY) . ARLEH A E M (in-place) TILA . AZER ok BT HES Ho A B HA [l kR
JEfK) method (J7%), I €r[m{# None MAFESEBIH T .

HACBAE O T R ESOR ;s e EL2 BB LT W A A AT DA S5 0 U . ELAEUAR I K ik )
E7eh (i repr () WERAZDRstr ) K:0), BRELEDEAprine () BRXEIIHRTER
B A R

4.1 HiE#&E

AT AT W A48 0T DASEE AT AG S DA K B 2 A5 (E1 (B, PATEHE 1if 5 while fREFHRMEA, SO MEEIT prik
boolean (ffifk) FEE BB ICHTH .

B ET, — WP EEE, BRIFER class E5E T @M False i _ bool () method Ej2
SEFE T RN __len () method.,' AR T IHRS Gt ] false (¥(E@A (4

o EF[F] false Z % #(: None Hi False,
. Efﬂﬁﬁﬂ%% 0, 0.0, 0j., Decimal(0). Fraction (0, 1)
o SMFFIRIES: . O [1. {}. set (). range(0)

AR A RFHEIE], [F)4 boolean 45 R 1 #F ol [El/d sk XHR & [nl 3 0 5k False FEERME. 1 8K True fE
[EFfE. (FEZBIS: boolean HEL or Hil and [u fH) & H v —HEFTC. )

! KSR YIS M B SR Python 2% 45 (customization).
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4.2 F/RisH --- and, or, not

XLJE TR, IR TP HES:

x or y | WERxCHEAE, Wx, KNy (1
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 MIMEIER AR /RIZESFE, W not a == b &P not (a == b) I a == not
b &5 KB IR,

4.3 LLBEH

7. Python H A7 \FHHLEGZEAT . EMMILEPME (A ZRBER RS ) . HEGEE AT DMERE I IE;
B, x <y <= 2T x <y and y <= z, PHERHARZLAAET y RPORE—K (ELERFE
DR x <y SR IRER 2 #ASBORME) -

BEFRMALE T RGBS

EH &8
< RT

= [ INTEET
R T
ST Cai
5T

AT

is XS AT

£s not | ARG

\

Vv

BEANFE RO RGN, REZRBT R AT S LR . == SRR E X, (HXF R 528
(Bilfm, %), BT is . Hith <. <=, > M >= BEIEA Z LT E L. B, 4S5
S —HEEE, BN TypeError 3.

HA AN FAR RIS SE 0 L b Rl A, BRAERENL T __eq () HiE.

— NSRS AN B 5 A ] 2 HoAth S sl HA SRR pg e 2 A THE Y, ke Oz 3s e LT B2 ik,
G 1t (), _le_ (),__gt__ () A __ge_ () (MIAnSRARMSCENE AU B U #E, 8w
HEs 1t () Ml __eq () EATAT).

is fil is not BHEMAIEH &L I H BN AN A BRI A S5 K77

AP EA AL ERAIZHE in flnot in, EflWierable S8BT __contains__ () J7¥kH
REUP ]
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4.4 IR --- int, float, complex

FHE =R BT 2R AL 8, F S 3OM B 4. BbAh, fHMER TREN 2R3, BEEA LR
K. A BEEE M C i double SRS A RARMALFiE4T IrEMLAR L% SUEOR RS BE A P
TR Esys. float_info WHEF . A ESLHMMELR, 20 A—MFABFRR. EN—1E
Bz PEEBOX PN, W z.real il z.imag. (BRUEZEES MBI ECFEEAL, NFR R AT
W fractions.Fraction VAKVAR P8 Sk BEFR I S decimal . Decimal, )

B e AU I E S N B RS B BT S R . RN R IEE (BTN A
BEGIFI ZHERIR0) A B A S/ MU SRS BT IR T EME 2 A BOF R ERT AR R
kv E o AR (SRR, VRAT DAL S R R A O N R A5 B B S A
BRI EL

Python 524 X RHEAE2H : U— N IuBEARBEFERAEECE R REERTR, ~ 8" BRAMEIERS
FTEEN 5 MNRAER R, BB B, A RS . RFERBUNBCE Z [ AR, TR
PRk B (R RS A (L —

FxERE int (). float () FMlcomplex () W] DA KA 1SR E R BLPEF .

BT (BRI W TR (A XsRE%, 54 operator-summary) :

ZE mR ES 5T
X +y x Ay By#l
X -y x Fly B2
X *y x Al y By
x /v x Ay B
x /]y x Al y R EL (1)
X5y x /vy R (2)
-x x Bz
+x x AR
abs (x) R SERSEE NN abs ()
int (x) Ff x BRI AR (3)(6) | int ()
float (x) FF x BRI T R @)(6) | float ()
complex (re, im) | —/NHASEEE re FIEEE im BIEE. im BAAH 0. | (6) complex ()
c.conjugate () BB c 3t
divmod (x, V) (x // vy, x % Y) 2) divmod ()
pow (%, y) x [y KR ®) pow ()
X ** y x Iy PR )

(EJfige -

(1) WFRMEER R . S5 E —EA, (HES R RAUR—E & int, BH R EIE M IC55 8 H
AL/ /2R0, (1) //2 R -1,1//(=2) N -1 (-1)//(-2) K0,

(2) AFHFZEL MALE LA N abs () Fell yiE R

(3) Mfloat ¥ hyint FFPATEW, EFH/NGHKS. WS math. floor () Mimath.ceil ()
PR T R A AL 2

(4) float 5232 FAFEf "nan” FIPF A EERTLE+ 207" B97inf” 43 BIFTRIEEE (NaN) PASIE S 717655
(5) Python ff pow (0, 0) FI 0 ** 0 ELHN 1, XEHFEE T IS RMEIE.
(6) HZ BT F IME R IEENS 0 £ 9 BUEAMT4SE201 Unicode FAF (HAT Na FHAEJR MM AR

1% 25 https://www.unicode.org/Public/13.0.0/ucd/extracted/DerivedNumericType.txt 2 F E A Nd $FE
JEPERAHS S SR R

FiG numbers.Real 58 (int M float) MEFE FAizE:
2HREER, B (1, 21 5 11.0, 2.0] BAHIEE), JCAMER B

4.4, #=F3ERY - int, float, complex 31
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ey 1 R

math.trunc(x) | x #BW¥ N Integral

round (x[, n]) | x HAZ| n G/, CEEBUESEHAZIEE AR 7, WERACH 0.
math.floor (x) | <=x & KIntegral

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

A RELZHBFIZE RS Mmath flemath B,

4.4.1 BRSERRMEE
Fie Bz s PO RO B S VR B S, M4 T TR ST A AR A T M AT

THEREALE AR R AR TR IERE, A TIRER sl ~ A S5 Hbh—IuHAREHE
(+ and -) FIFRIPHLSELL .

BEFHE I A ST HEFP i iz 555 3

x |y | xFly 0L K 4)
x Ny | x M yHEA TR | 4
x &y | xFyHAL 4)
X << n | x ‘¥ n i (H(2)
x > n | x EBnli (H(3)
~x x B U

(EIfigE -

(1) B ECEIEEN, 2585 kvalueError,
(2) £ n %M T LA pow (2, n) .
(3) L' n M TERPA pow (2, n) , YRR FHUERRE.

4 HRWHEZEL - DEIMTSY R A RA I AMES FE R (BRI E R 1 + max(x.
bit_length(), y.bit_length()) B{PA L) FHATIXEETHE L L ATASAH 24 T8 LA
P TR R SR

4.4.2 ERABIRIMIIFGE

int RBISCH T numbers. Integral abstract base class, AN, BHRHRAL T H AL LA

int.bit_length()
A [ A 8 8l 2 n — AN BRI TR AR, AR LA A Y 2

>>> n = -37

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

>>> n.bit_length()
6

ARG, R x B, M x.bit_length () 2ffif5 2** (k-1) <= abs(x) < 2**k [{Jiff—
IEEEBL k. [A kR, 24 abs (x) /DNEE ARG IEMIS ARG, Wk = 1 + int (log(abs(x),
2)). MR x A, W x.bit_length () &[] 0,

SR
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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 BUETA.

int.bit_count ()

AR [T AR —REHI SR 1898, YEFRA population count. 7R fil:

>>> n = 19

>>> pbin (n)

'0b10011"

>>> n.bit_count ()

3

>>> (—-n) .bit_count ()
3

SR

def bit_count (self):
return bin(self) .count ("1")

3.10 BUHTIMA.

int.to_bytes (length, byteorder, *, signed=False)
1R ] TR — AR AL

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

b'\x04\x00"'

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

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

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

>>> x = 1000

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

R length AN RFT . WIRHBORRE A IO FHBOR R M 25| K over Flowmrror,

byteorder Z3§ffi & T 3N BEEW FA T o Q2R byteorder “h "big™, W & 0 5 BUE 154k
HIITk o Q2R byteorder >y "Little", Wi m b F A BE T AR B . B K EWLRS L
JEAF Y, WHH sys. byteorder fERFENMTFE.

signed S HCHE AHEFI UKV R AR B, R signed % False I FLAH VR SUNAL, M4
5l & overflowError, signed EMAE N False.

3.2 OB

classmethod int.from_bytes (bytes, byteorder, *, signed=False)
1R [ R 25 8 R T R B R

>>> 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 ZBLW T N— bytes-like object BY &4 NF I AT BT 4 .
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byteorder ZH{Ufi 7 T F R BB AT o WIZR byteorder Sy "big" , JIgg i {35 19 WAL 7 74K
HITFk o QSR byteorder g "Little™, Wz 07 T HE P BAIARE . EHERENARL LW
JRAFHIY, WM sys. byteorder fEAFHAMIFE.

signed ZHTERW R 1508 T —AOAMG AR FRBEAL .
3.2 OB

int.as_integer_ratio()
A ] — X KRR, HCHCARIE LS5 T AT B BN IR R BB HE R 8 XA AR B A o
T, LR

3.8 BUBTINA.

4.4.3 FR 2B NAE

float Z5ZUSLI] T numbers . Real abstract base class, float B EAG DL

float.as_integer_ratio()

AR [ — X RERY, AR A 45 T 0 BT B BN RS TE95 K&k overflowError i NaN

N&5|kvalueError,

float.is_integer ()

A2 float S AT A IR AR AE R MR ] True, HIRE] False:

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

>>> (3.2) .1is_integer()
False

PN 3 SRS N R R 2 [ %45 . 1T Python I SU8IC7E INFRAFA A kI8, PRI A3
B iR BT M S S BOU S A RS B T /S UE B4 H A S VAR I R A
AT SR XAES TR AEE AR R A .
float.hex ()
PAT 75 #E ] “E A B B TE 2R ] — A2 SR R . W T A BRI S, XM RRER LRSS
ox FIEBER p IHEEL.
classmethod float.fromhex (s)
R DA 7SR A s FORMIE BT A s W AT A BT AR R 2%
B float . hex () BEEMI Y, WM float. fromhex () BRIk,

N AR R R 208

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

AR sign AJPAZE + B¢ -, integer Ml fraction &+ /N#F I B H B F4F 5, exponent &
WA ATRE A T L. KNG A R, 7E integer B fraction A A AT — A N R K
e BB ZELT C99 FRUERY 6.4.4.2 /NS T RliR (9 TEYE, a2 Java 1.5 DAL T FI B YE . el
float.hex () W4 v LARIE C 58 Java ARG g /S V7 S 8 e, M C 1Y sa #8 X 4AFL
Java [f{) Double.toHexString iR Bl TSI BE SR N float . fromhex () sz,

T YER exponent ;& T #EFIELIM AL+ b4k, B4 HES RZBHER 2 WER. B, TSRy
B 0x3.a7p10 F/RFSE (3 + 10./16 + 7./16**2) * 2.0**10 B 3740.0:

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

Xt 3740.0 N RS AS5) J5 —NC FAH [ BRI 1 7S B B A

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

TR RE AR KA ETF x My, K x == y W& E hash(x) == hash(y) (EHEZS L
__hash__ () HERHIIED. ATHETESMEFRE WHint, float, decimal.Decimal
Mlfractions.Fraction) FSCBIIFARUERE, Python X4 R A MNG Aris R 3 T AR B A BEUE X
Gi—HIEEFE RS, iz BE X%t int fllfractions.Fraction WAL, VA float fldecimal.
Decimal W4T FRSEBI T . MATT B, BEBRECE @ PA—A N & 8 p #647 p BRI . P
H{EFE Python 1] Phsys. hash_info B modulus JEHMITE M5 .

CPython FL{EANGT:  H i ir H 1) 4k e, 78 Clong 3 32 fify#les kP = 2**31 - 1 1i7E Clong 3
64 PIHLEE P = 2%%61 — 1,
FEANALIN AN pridk:

e W x = m / nE—PIER E’Jﬁﬁ%ﬂ(ﬂnT_I%ﬁP #r, WE X hash(x) Am * invmod (n
P) % P, H9 invmod(n, P) &Xf ni P BUZ,

e MR x = m / n B MERNAIEEHE n TP PR ((H o REE) W n AREXT P AL, PAEAL
NIARE R fEBEE O R E X hash (x) HEFUE sys.hash_info.inf,

o W x = m / n@2—PNAAEENE L hash (x) 2 ~hash (-x) . WIRGERIEAER -1 WKF
HEHH -2,

o ¥k H sys.hash_info.inf fll —sys.hash_info.inf 23 HIHTIE L5 1 TLI5 M AAE

o XfTF—Acomplex{f z, &i@idi18E hash(z.real) + sys.hash_info.imag * hash(z
imag) KFEEHEBFIEFAIG A (HSS Gk, H#E T 2% *sys.hash_info.width M@ﬁl?
range (=2** (sys.hash_info.width - 1), 2**(sys.hash_info.width - 1) {B[%IZ

o [FIFEE, GRS -1 MR -2,

AT B AR, X B — S AET  ERG A A Y Python (AR R, R TIMREAA L. float
B complex MM F{H:

import sys, math

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

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

men

P = sys.hash_info.modulus
# Remove common factors of P. (Unnecessary 1if m and n already coprime.)

while m $ P == n % P ==
m, n=m// P, n//P

if n % P == 0:
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
ifm < O:

hash_value = -hash_value
if hash_value == -1:

hash_value = -2

return hash_value

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

if math.isnan (x):
return object.__hash__ (x)

Q)
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(R L —5)

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 KRR AT

Python S REAEZ A8 EA TR ARG . 023 (5 FH A By ok S R s BT T R E

SR SRR . FFAE N SO IR IAR P91 e SCRrE U v

At g firerable LRy, WhUE L— DTk

container.__iter__ ()
R[] —Aiterator X5 PATGTTFE SR T IR BRI MRS SRR A A AR EL, T
A DASRAEAIO ) ok B 1T M SRS [l R A B 0t . (CEREZ A A X 4 i 51745 [
ST HE LSRR UL S TR RIS . ) B XTI T Python/C APL s Python X %I
) tp_iter REfiL.

AR B S TR SRR ATWAITE, EAEFEEN T &R EHC

iterator.__iter__ ()
kAl iterator XA L o X 2[RI FLVFARAR AR RARAC A for Al in iBA) T Frab W o 165 B0 Y.
F Python/C API Ht Python X{ 4 JRBIZEMKNY) tp_iter fE{,

iterator.__next__ ()
iterator HIRI R —3. AARCEEA FLREI, WG|k StopTteration B4, WHEXN T
Python/C API Ht Python Xt % ZRBIGEMA ) tp_iternext Flf,

Python 72 S T JLFII& AT S LSRN BoRVRHE FEAI T, SRR ST IATIS . T

RSB SE B, 45 S AL A S0 1 AR TR AN 2L

—HIEAR__next_ () IEGIK T StopTteration, BMAM—HXEEMM G R FEMRRNRE.

TG AT R R SR TR I E R A .

451 HpiEAR

Python [jgenerator $fit 17— ML BLEAR AR WA EFET 30, ARABAXIR __iter () RGN —
ANMEEE, ERESRE AR E AR EJUR— MG R ), G iter ()
M _next_ () Jiik. HREMAIEZFE T AS [ yield kUi 30k .
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4.6 FH|ZERY --- 1ist, tuple, range

B =P EAREHZEA - list, tuple 1 range X5, SHALFHE =3t R HE AT A B MR BE BT R 5
RASAER TR/ N A

4.6.1 BRFIIRE
KRB, IE AR BRI n] AR R AEL S35 TR PR, collections.abc. Sequence
ABC W it R 2 2 HTE | A U 51 2628 B IRt S B Se 4

BEFFEA BT F I T RS FEdAs T, s 0 2RI ES, n, i, j Mk 2R x AT
i J s i A2 ) R MM KR A O AE TR 52

in #l not in BRAEEA S HRAREM RIS + (BFED) A~ (FAD) BRAERA SR A ELE A A
ek

X in s IR s PRy RIS T x WZER A True, B{NH False )

x not in s W s PR RIS T x WEEH R False, HIH True )

s + t s 5t MY 6)(7)
s *nin * s MAT s 5 H BT n KPFHE @
s[i] sHSE i I, SRR 0 (3)
s[i:3] NENE A 3)4)
s[i:j:k] s i Bl jR N kbR (3)(5)
len(s) s PR BE

min (s) s 1) e/ NI

max (s) N B‘J%ﬁ@j

s.index (x[, il, 311) | xfEs PEHWRBIHIMERT S (RIS 835 HAE ) Zh1) | )
s.count (x) X TE s P I B IR L

AR R RBP4 S R LU . Rl tuple A1 list (1) HU A2l ik U AT B T 1 7 L7 . X R R A AR
B EERAESE, WA TCR SR U A, I HANP IR ELAENE . (ERANIESAES
Z:Z£ 1 comparisons #5473, )

AR 40 I 1] R e 2 A B — R G DR U RME. RIBEIRE P AR R S B e i (5
)5) it A RATEEE] IndexError B a StopTteration WA &AL (B2 4RT|EEETA

() B8R in Ml not in BARAEMEH NG OLT (UM T (a7 B0 L AR I, K2t L1 ML 51 (Bl fs e o,
bytes Mbytearray) WH M ENHEFT T FHIAEMN:

>>> llgg" in lleggsll
True

(2) /T 0 By n (HWEUAE 0 RALPE CER—A5 s RSP . WERFA s PRITUF A 2008
VU EMNSHZ G XK ZH &4 Python ZiFEHr T REIN L HIn:

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

(1, 1, [11

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

(31, 31, [31]

SN, TR AT R BT R R 2 A
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HAERRERAET (1] 2—MEE T PE0EMREITRSIR, L 1111 * 3482RPRI =1t
RERXRX —ADEINERIG I B Lists RRLM—AICRELFR FAGEXX— BRI B
PRATARI AR J7 sCBTHE AR RIS 2R T R 812

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

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

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

>>> lists

(31, s1, [711]

H— AR DAYE FAQ 4% H fag-multidimensional-list &5 .

(3) R i 5y A ALE, WRT IF 2T 8 s FARRE: RS2l len(s) + 18 len(s)
+ o [HEGERE -0 3454 0.

4 s i3 j IR BUE SCHITAE 1 <= k < 3 RIS kK WIASFH. ki KT
len(s), WM len(s). QN4 i BABEECH None, WA 0. 415K j B4 BE A None, JUIH A
len(s). WH I KFHETj, WA D,

(5) s i Bl j RN k VIR BGESCHITAIL 0 <= n < (3-1) /kWRF5 x = 1 + n*k YT
MRS HeAlihid, RIS 1, i+k, i+2*%k, i+3*k, DAMCIHE, 24383 j {1k (H—E
AFE o 2k HIEMEIS, i Flj 2B EAKRT Llen(s) o 2k NRMER, i F71j 2PPLEAKT
len(s) - 1. Rl j R IEECN None, BTSN “AIb” {H C2WF—imAY 2 LA Bk T
k BIFFS) . R, kKRR, R kO None, MIfE 1 403,

(6) PHEA WA FH EE XA OB R G . XM 18 1 B PR A B S s AT T B S B T
OB ERRTr . BEPAGLMERB T I8, AR R Rz —:

o WP EEser XWH, RO A — AN EIHFEREHEHstr. join() BREBA—4io.
StringIO SEHIFFAELE R IREUE BIHE

o MNP Rbytes M4, R PAZHIFE R bytes. join () Biio.BytesTO, EEARM AT PAH
Hbytearray WNEHIFTIEHPHE. bytearray G WAEN, I HEA SR0WE /B

o ARPHE cuple MR, WS RELIst K
o MTHERM, iEFHHBI
(7) HLEFPHIRI (BN range) SRR RPERNA TS, NI A SRR P I BHZ B RS .

(8) Y4 x7E s HHAFIN index 25|k ValueError. AR SRR SR ANBUONSEL I T jo X
MR BBHIRRFININ TR AKX BSSERER L TN s [1:3] . index (x),
HRASEHLAEDE, I FaR AT AT PRIk AR Tk .

4.6.2 T A FEFISE

R A 103 S BT A 9 S SRR SRR o () 1 FEBR O 245
BORICCRE VR T AS S, (e upTe SRR o B, WARAPRHESet Ffrozenset SipI.
LA SR AT R LA PP PO FHE F 2 S8 Ty peBrror,
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4.6.3 TILFRIISEEY

PAF A BV E B AE T AR 2 258 5 X, collections.abc.MutableSequence ABC #ififit
PR 25 7 HOAE B 28 SUF A AL EIE A S I SE 8 A

AR s 2 AT P PNRBRG LB, ¢ SRAL R AACRER, T x @A A s FrpilE S 2 55 (E KR il 9 AR A s
G BN, bytearray {EZWML 0 <= x <= 255 {HRHIHELD.

ey} SR [EIf#
s[i] = x HF s 5 | DA X

s[i:j] =t s i B j YR B o TR 5 1 I A

del s[i:7] ZETF s[i:9]1 = [

s[i:j:k] =t Ffsli:g:k] ICEGHN t LK (1)
del s[i:j:k] MINF TR s [i:9:k] IILE

s .append (x) R x iSMEFHNRARRE (5T s[len(s) :len(s)] = [x])
s.clear () Mos MEEBRIT AT (SE[E] T del s[:]) (5)
s.copy () B s DL (SRR T s 1)) (5)
s.extend(t) Bl s += t | HtWHNEY B s (EA 2T s[len(s) :len(s)] = t)

s *=n i s N B n YORX - T B8 (6)
s.insert (i, x) TEH | I RGICER x A s GFRT s[i:1] = [x])

s.pop () B s.pop (i) PENCEE § 0 BRI, PR s HRSER (2)
s.remove (x) MEE s HEE—A s 111 ETF xHuiH . 3)
s.reverse () RS R TP TR . “4)

(1) t S EREH T A AR
(2) WSRO -1, RIAEBGA S DL T SR BRI Il e e —
(3) H7E s HHRAE] x I remove () #fERTI Kk ValueError,

@) IR RGPS reverse () JiAREHUE HOX P ABRIE S RI 28501 Do dBe ] st 2
B AR TE, B AN IR S R A .

(5) {4 clear () Ml copy O) BN T GAFR)  BAER AT AL AS (Blldict Mlset) iH O PREE—
., copy () AfEcollections.abc.MutableSequence ABC H—H5r, {HREEALHA]AR
Feo iRt T .

33 HGHTINA: clear () Fl copy () H¥E.

©) n(H—EEL BUR— ST _index_ () BIMR. nAFERAECRFEZTFI. FIHH
WIASHFEI; BN RGN, IEWam 5203805 ra X s * n i,

4.6.4 List (&%)

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

o =X HESRFREINER: (]

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

o BB SR 1ist O B list (iterable)

Hsd g — A2, HR I iterable H IR AT R BO(E S W iterable W] A2 751 .
SCHpE R A ARSI E TR R R iterable B 28R —AFI, RKOIEIFRELIRIA, K0T

iterable[:1. filfll, list ('abc') &M ['a', 'b', 'c'] i list( (1, 2, 3) ) &M
(1, 2, 3]. WA GESE, WEdsre@— 2355 1.
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HEehrZHERSER, Wlhsorted () WEKEL
RS T I — A% AT 2 P HIEAE. PIRIEHIMEML T AN k-
sort (*, key=None, reverse=False)

BT E LM I AT IR, R < REAT S IR LU . S8 AN it lle—— AR A
T ECRERARE RN, BN HEFP BRI (TSR T BE AL TR B RS ) -

sort () EZWAMURA R P I AR SR (R s F 5-40):

key 48 EWAH — NSRRI, T NN FIRICER P IR (140 key=str. lower),
xR FHIR g — IR S gt R, RGN SRR P . BOAME None R H.
OB FRITHE R A3 — D B B

W PAMFE ] functools. cmp_to_key () ¥ 2.x KAGH) cmp BREEER A key BREN .
reverse — AR H. QERBEH True, WEEAFFRITTEGHS T A THET o

R R RS RS I 07 ¥4 2 I A O 7 51 ABRAIE 25 () 2855 1. S Bl J1) P e 4 e i
I'ﬂi‘%%ﬁﬂ["ﬂiﬁfﬂﬁ, EHALREHTFEWTH (GHEHsorted () SR R—AH S HE
FPARSB) o

sort () JFIKHAPRRER . WER— D HERE A ORAN 2 BOAE FURR S SRAT 47 1K 0 3R AR 5Ty 5
MIARER) — AT T ZEH (BIANSEHRI] . Hgr T ) .

A KAF R OIFI T AT B, 15517 sortinghowto .

CPython F{fiA M : £ —DFIFRBHE P, SilBoas 3 2 b ATAG I B 2 i AR 52 S
Wi, Python f) C SEBLAAEHRF WIS R B s, AR A& BAIRAEHR 7 I ) B A i 25|

K ValueError,

4.6.5 jT4H
TCHRAIAERFA, il T R i 2 i (Blfnd enumerate () NEREUN AR —I54).
TEH WM T LB R P PSR (Bl vFfE iR set Bdict BYSEB) .

class tuple ( [iterable] )
ATA Z Moy ko -

o [EH—XRHES R ERAETH: O

o EH—NEHIE S RFRAITCH: a, B (a,)

o« NSRRI Z A 2, b, cor (a, b, c)

o« [HfHNER tuple (): tuple () B{ tuple (iterable)

tg AR —Aoudl, RIS iterable HHGIEATHIFI(E ST o iterable 7] LARFFS . <X
Feik 2R SO AT IR AR S0 QAR dterable 228 —ATedl, 2RMEUEHRHR B G,
tuple('abc') i&E ('a', 'b', 'c')fituple( [1, 2, 3] )iRE (1, 2, 3). WRE
AHIMBH, MR ed oo O .

T VE e A T H S R S N R RS- [ R Ak, AR e e al 55 e 1B
B SIS BLER b, BN, £(a, b, o) EFETEHREEIIAE =S5 £ ((a, b, <)) WELE
VA eR U il — A~ = o4
JUALSEEL T A — A% 5RO
K 38 A 44 AR IR A LU 2R 5 1 1) S T A B R 2 0 4E, collections. namedtuple () W fE
v as AL VT RO B Xy k= Bl (pr. R
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4.6.6 range Y&

range KMFIRA TR MTFH, WHMTAE Lor MERPIRFREEHIIREL

class range (stop)

class range(ﬂaﬂ,ﬂquskp])
range F435 45 19 S HL AU A (FTDAZ N ER) int BUEMSEIL T __index_ () FRERITIERIXS
2) o QRS step ZHL, WEINH 1o QIR start ZHL, WERAN 00 W step g%, M7

K ValueError,
R step NIEAE, #45E range r WA AR N r[i] = start + step*i HHf i >= 0 H r[i]
< stop.

WA step MAME, B range WA AR N r[1] = start + step*i, {HFRHIZKMAUCH 1
>= 0 Hr[i] > stop

WA £ 101 AFFEEAIREI AT, WX range XG0 45 . range MG SIF RG], (B2 fH
B IER G el E P S AR IR RS -

TR ARME KR Fsys.maxsize H) range XF Q2 AVFH, EIELERE B MILen () ATHET

ZiOVerflowErroro

— 4% range X111

>>> list (range (10))

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

r2, 2, 3, 4, 5, o, 7, 8, 9, 10]
>>> list (range (0, 30, 5))

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

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

[0, 3, 6, 9]

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

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

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

range X R LI T — A PO BTG ERAE, EPFEREZRIN (X2 H T range X R A BEFRRAF G
RN, T SRR S 2 i SO AR A

start

start JEZ:1{E AERZIE S AR 0)
stop

stop T 1M
step

step TEZHI{E (WERAZTES RN 1)

range REMHFEMList Meuple WIRBTET A range MG G M E SRR (B/h) WIE, &
i@ﬁ@?{%ﬁ%é%?@lﬂﬁ%ﬁ (BRANERRAFT start, stop fll step fH, H-AMRETREFH AR T
T HIAE) -

range MR LI T collections. abe. Sequence ABC, $RLMEERIN. STCRRT AR, U S5FE:,
FZFFRRS (B2 £ 8 - list, wple, range):

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

range (0, 20, 2)

>>> 11 in r

False

>>> 10 in r

True

Q)
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(R L —5)

>>> r.index (10)
5

>>> r[5]

10

>>> r[:5]

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

18

] == F1 = K&l range X 52 G A G2 R HAE AR LU . k21, A0SR range X4 R 7mAH [
FEF A ELA A BT RSN . GEE R R SR E P range ML T RES A AN start, stop
fstep @M, #illll range (0) == range (2, 1, 3) Ifirange(0, 3, 2) == range (0, 4, 2).)

3.2 MU 5%: SCPA Sequence ABC. SCRFUIAFIGAEER G| M 10t XFGAE I E I 8] Y BEAT RS, A
e B —IE A

3.3 JUsH A == F"=" DARRAE range XF G g SCRME T A KA T RS (AR AR S HRIR) .
33RRFA: start, stop Mstep J@gk.
hz%:

» linspace recipe {75 T AAI SE B — AN AR SRAEIRAS )38 A 07 s B0 T 119 range X4

4.7 XAFHZE - str

£ Python H AL PRSCARE R M st XPR, WHRN F 4 % . F4FERZ I Unicode i 0744 B AN AT AL /5
51 AR 2 MR RS

C IS AEAEET R FE

MBI REEA B FE

° EE%]% {1 'Eﬁﬁgl%' 1 |’ nwn Eﬁ;}x?]%"""
] =F5 S AP E A AR B A T—Ho i BirA 1928 P AP e S e AT R TR
Ve B— R A AURES 7, Z 18] R 1 25k 20 B i 275 H 7 THHE 2 Bl 0 B A £ T
WY, ("spam " "eggs") == "spam eggs".

THZ Y strings 1A KA FAFER FHEREZFER, B SCRESOFS], PARGE © (Craw”) RiZH
RS IR R SO S AL B

TR ] LB R ] st Mo TE S M HAh e 7

TR “F5F7 KA, PR MRT S E— KR L M. tateul, X+
— M EE A s, s[0] == s[0:1],

AR FAFER A, Higstr. join() Bio. StringIo A AR FHRARIEZ N i BE i RCR Hut)
BERE

3.3 il S#: AT 5 Python 2 A NS, FHX AT F MM u . ©XF 7475 FmEm
E AR, HHARES v BigEIN .

class str (object=")

class str (object=b", encoding="utf-8’, errors=>strict’)
IR [8] object 1) F 4% & WA . WIRARIZME object WIR ] 23 F4FER . AEHAMFIL T str () BFTHHER
F encoding B, errors I HHEH, BAELT.
W2 encoding B errors AR 45, W) str (object) &[] type (object) . _str__ (object),
%52 object [1)” AEIEA” Bikg X R P FAFRFRRTER . W TFAFREXNE, X2 ZFFRAS. ik
object A __str__ () F{E, Wstcr () KB AR repr (object) .
MR encoding B errors /045 i H b 2 —, W object V1% 5& — " bytes-like object (] Wlbytes
B bytearray), TEIIEIN T, U object J&2— " bytes (Bibytearray) %%, N str (bytes,
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encoding, errors) % ffy Thytes.decode (encoding, errors). 4 W%, < 1F#H
Mbytes.decode () Z RIIRBGEH XXTE T ER bytes X 5. S [ = 4] 5 2 & 2 - bytes,
bytearray, memoryview -5 bufferobjects | il ¢ 25 h XM R IE E.

F—Abytes MGEANstr () AL encoding B errors ZHHIBAEIE T2 — Mg oL, a4k
EXWFAFRER (532 Python 1) —b iy SATHEIH) . Hil4N:

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

B str BRHGENEZGER, SR N A G2 A - sor FIF 45 S 0h 7 ik /N . B
AR, TS0 f-strings fIA4 X F 4 $ 180k /N7 HAMNETR] PAZ: 7] A i 72 (Text Processing)
BB /NS .

4.71 FHEBNTE

TR T B — A AR 8AE, BBUOMERL T DA 91 i — L8 535

FRFER IR S PIR P A ERAR AR, — ARt T RAAR BEA RS PRI ] & HiE: (B P st r. format (),
X FAF 55 A 2 SUF A B 18 X)) M) —Flg BT Cprint £ AL, B RTALBEAYRATE
e, I HLEOMEAIERR A, (EO6h & T AL RS DR A 2 SO BRI (printf A4 F 45 5 15 KAL)

FRUE B A R 32 (Text Processing) IR # 40T T 1VF 2 Hoftiish ) $RALE A SCARM & T H (Bl &
T re BB R IE MR S0 R ) .

str.capitalize()

REJEFAFRR RS, HEDNPARS, HRNNE.

3.8 MU — AN FER AR T titlecase M ASJ2 uppercase, X EWEHEE G TFRHETFHERAY
MEFBCARE, MHANEETHFERFRE .

str.casefold()
IR MR AR RN RIS . BN AR T 208 KNS I IEEE .

HBRKNGRUUT /NG, (HREME—L, FAESBRARFE P IE KNG EE.
BN, EENGFEE B MRS T "ss". HITTEESLRE/NE T, lower () AEXT "B MMUTATHAE;
Mcasefold () M&XHEEH N "ssm,

TR/ NG SE 412 WL Unicode ARIERY) 3.13 7.
3.3 BT

str.center (width[, ﬁllchar] )
R K B R width {745, R ERFE L IE A . (T8 E W) fillchar SFEWII RG2S 00 (BRI BE
ASCI Z5A84F ) o HIIR width /NT55T Len (s) R B A4 H A9 AR

str.count (sub[, start[, end] ])
JRIS] TR sub AE [start, end) 5T EAL IOV, TTIESH start 5 end 2SR B 22
TSR sub Ry=s, WHRIEIFAFZ RS FAFEREL, BIE AP i KB —.
str.encode (encoding="utf-8’, errors=strict’)
BB GiS by tes B FARH
encoding BRAN K 'ut £-8"' 5 {ESHARES A T EEAT] GERI(E.

errors 35 H AN A FE S A 44, WK 'strict' (BRIAE), W&F| kUnicodeError, HAhHE
BEMI{EAE 'ignore', 'replace', 'xmlcharrefreplace', 'backslashreplace' AN
itcodecs. register_error () WHPHUEATHMAIR. HS R ERAIZ 7 5% THEER.

WP PEREIRA , BRAEELIE &4 T HiSasin, B T Python 7 % 45X S T IR g RS AN £
K 2T errors {E R M «

3.1 MU AE: T B g S | U Sk
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3.9 JRE A BUAE S AEPython 7 % 42 X, Fl AR N ARG errors ZHUBU1E.

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

WA FAFER AR E 1 suffix 45R 0] True, HRE] False, suffic tn] DAY 2N IAE 4R 1 520
PR TCA . ANRAT AT I start, KRR TG E CLCEITIGK A . QIRAT A0 end , KEAERTHG & A8
(EAINEa

str.expandtabs (fabsize=8)

R FAFR A EIAS, oA A 1 R S s AR, BRI T Y8 LB 4 E 1
HIRAFSL . 4 tabsize NFAFBON—HIFRAL (BRIAE 8 ISE M Hil R A1ES1 0, 8, 16 FRUCIHE)
FIRIFFAFR, MRPREBON BH G RE TR P TR MR TR GRS (\), W2
TEGRFHA—AREANZAEAT, HEARPIET T —DhERA. (HRAFARDSASPE ) dIR
FREABATR (\n) B4 (\r), EXPWE IR LR ERN T . ALAHA TR S8R gk
W FIFFREA SN —, AEZ TR T B 2 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 FRFH sub A s [start cend] YI WHEREIMER/NRTG] . ATESE start 5 end 200N
YA Fmik. WS sub RPHRENNGR A -1,

ilEl: £ind () JENAZ RAEARTZAIE sub FITECCE I . ZGAR sub R TFAH,
A in BAER

>>> 'Py' in 'Python'
True

str.format (*args, **kwargs)

PAT AP R AR . TR 3R A7 5 T AL S5 P 4 A T (L LAERR 5 { ) BRI Er
b, FEAEHET A E AU ESHIRT RG], SE DR TF SR AR R BT
A FR AN AR S B A X I S A H

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

TSP X T4 $ 95k T A KT DATERS P RFHR AP R E 1A s U I i e

HiE: 4 n 258 (FlN: ' {:n}'.format (1234)) AR FE (int, float, complex,
decimal.Decimal JHF2) W, iZ R Er St ERE Le_cTYPE X% & LC_NUMERIC
XA DAY localeconv () A decimal_point ll thousands_sep FE, WHEA1EIE ASCI
PR R | IS, FFH LC_NUMERIC KIHi& 5 LC_CTYPE KA A—E. XM 5
R A AR

3.7 fRE AR M n RAUMEAECERT, ZREHE R LE LR 2 IEE R LC_CTYPE i &
> LC_NUMERIC [Xig,

str.format_map (mapping)

FA)F str.format (**mapping), A ZAATET mapping &8 B 3% 6 FH A 2 & 6l 5] —
Adict. WEMH I ER T2 24 mapping 24 dict BT 2R :

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

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

44
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str.

str.

str.

str.

str

str.

str.

str.

str.

str.

str.

3.2 BUHTMA.

index (sub[, start[, end] ] )
KT rind (), HERANEFFRPBRSE K valueError.,

isalnum()

WERFFFER PR TR FAR e A B B2 DA — DR, WERE True , HEEM False .
IR c.isalpha() , c.isdecimal () , c.isdigit () , B c.isnumeric () ZHH—1k[H
True , WFFF ¢ @FREEFE.

isalpha ()

WRFFFR I AR, HFERDE DR, BE True , HNERM False . bk
FRFRASTRAAE Unicode - FFRCHIFE 1 XU Letter” 957, HVIRBER A L, "Le", "L’ LI
B"Lo” Z —Wil KA@M FAF . YER, X5 Unicode ARk e L™ 8L JEHEAR].
isascii ()

WERFAFH A 28 AP ER P il A A7k ASCIL, 3R 9] True , HNR[E] False . ASCIL F4F
M 5 FE 2 U+0000-U+007F .

3.7 BUHTMA.

.isdecimal ()

U AGEE H 0 A G 30 5 LRGP 5 A 5245, WS True . A5
False . T#EHIFAFFEARLERT DA R 10 SEHIECF R FAF, B14n U+0660 , RIFAH{F LR
0. jrgHh, 354572 Unicode i F 2 HI"NA” H1—F4F

isdigit ()

WERFAFR I FAAR T, I HR2DE A, & True , BHMERE] False o HFH
FE B H AT TR TR PRI R, e EARECT: . X EE T ANEE F SR AL 10 R R %L
%, 4 Kharosthi %%, j#&HhiF, 72458 M H % Numeric_Type=Digit 5 Numeric_Type=Decimal
HIFAE -

isidentifier ()

R FAF R R UIREAT, &1 True , RIFTEF & X, identifiers 77,

WH keyword. iskeyword () RKMFAFER s B4 APREARRAF, Bl def fl class.

i :

>>> from keyword import iskeyword

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

(True, True)

islower ()
R PR BN KNG TR BT /NG N True , 05[] False

o

isnumeric ()

WER AP o 2/ — PR A P A7 N BE A7 R ] True , MR E] False o %
EHFAF AT F4F, VAL A TE Unicode s T BELRFPE B PERY 45, (40 U+2155, VUL-
GAR FRACTION ONE FIFTH., 1EX W SOk FUEFAF 2 B A F#EJ&E M Numeric_Type=Digit,
Numeric_Type=Decimal 5{ Numeric_Type=Numeric [J %5 -

isprintable ()

WERFAF G PR R T A s A AT Ry S R E] True , BNGRE] False o« AAHTH]
FAF 21t Unicode “FAF0HIE 2 FH 5 A Other” 5("Separator” (5 4F, BlAMEULIe ASCI Z5A% 74
(0x20) PLAMEPTFT BN FAF . (WTEBAEMESE N W T AR 48 40— AP R repr () BER
W LT . BN SFARHR S Asys. stdout Bisys. stderr B ETRIALILICK )

isspace ()
MR A2 B P H R — D FRR A True , WA R False ,

4 R K NE I EAE 2 A8 T B — 2 B @ P 7 Lu” (Letter, uppercase), ”LI” (Letter, lowercase) #{”Lt” (Letter, titlecase) 2 —{ 545 o
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str.

str.

str.

str.

str.

str.

=8 A RFETE Unicode “FRFEHRE (B Municodedata) 22 Zs ("Separator, space”) 5§,
@RI 2 WS, B 5 S 4T

istitle()

R 2D — DA AR AR R ] True , BIANTKRE T2 G Rfgil dER G F4F
/NG FRFLA KRG FAHT k. BRI False .

isupper ()

WR TRt 2 — A KGNS PR BRI R G R True , HNEE False

>>> 'BANANA'.isupper ()
True

>>> 'banana'.isupper ()
False

>>> 'baNana'.isupper ()
False

>>> ' ' _isupper ()
False

join (iterable)

WA —ANHy iterable W) FAFHRPHETT Y A7 . AR iterable WAFEARATAEF AR 45 by tes
Mgk TypeError. WM ERTFAFERRHERTCER Z [8IH) 73 B «

1just (width|, filichar |)

R FE Ry width )45, JRFAFERTEH hEEZXS 5. (R 48 5E 1Y fillchar S 782547 (BRI T
ASCII Z54845) . AR width /NT45T 1en (s) NERIIFEFAFER R REIA

lower ()

R FEFAFR I EA, LA K KNG I FRF 5N

JI A /NG B i3 2 I, Unicode ARERY 3.13 5,

1strip( [chars] )

R PR EIA, BTN ST chars BECNTEE BB IE TR FAFE . WHRA Ik
i None, W chars ZEERIANEIRZS ARF. SELB5 L chars ZH0T ARG E HAEIZ RS BBRSHIE
) A A

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

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

ZWstr.removeprefix () , YIESFMERAARISCF AT, AR SMRAERG T TR B
an:

>>> 'Arthur: three!'.lstrip('Arthur: ')

'ee!!

>>> 'Arthur: three!'.removeprefix ('Arthur: ')
'three!'

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

LSRR Bl A0 kst r. translate () R EEHT B

WERE—ABH, WERF R Unicode BALFS (AL BUPAF (KEEN 1 BUFAFER)
1% Unicode {775 . (EEKIER) FAFH D None 7L, FAFIF SWHEHCNID TS .
WRAEWASE, WENLAUE A KBS TR, I HAEZREID, x PRI
?}iﬂy TR BT WRAB=ASE, OB TR, P E R4 R h gk
1%l None,

str.partition (sep)
T sep W UGR B AL B R 740, R El—A 3 Jedl, HAP a0 a2 miiEsa . SRR,
PAR AT R Z G TR o GRS B AR 4R, MR Y 3 ST o A AR B DA R AN 25 4 R
46 Chapter 4. [FIE@E(F)
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str.

str.

str.

str.

str

str

str.

str.

str.

removeprefix (prefix, /)
W FLFF DA prefix FHFEREFFk, R[] string[len (prefix) : 1. &N, REFLGFAFHR A REIA:

>>> 'TestHook'.removeprefix ('Test'")
'Hook'

>>> 'BaseTestCase'.removeprefix ('Test"')
'BaseTestCase'

3.9 BCHTINA.

removesuffix (suffix, /)

WNRFAFER DA suffic FRFER4E R, IF H suffix 3E%S, 1B string[:—len(suffix) . FN, i&[H
JE AT E B RIS

>>> 'MiscTests'.removesuffix('Tests')
'Misc'

>>> "TmpDirMixin'.removesuffix ('Tests')
'TmpDirMixin'

3.9 BUHTMA.

replace (old, new[, count] )

H new Brit 1A AFER old W FIHAT I BLIREL, IR IIZFAFERRYRIAS . QRS E T IS4 count ,
HEHRAT count Y I FH7HR

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

R T A sub TEFAFER NRER B IR (cf) K51, Xk sub ¥ E7E s [starttend] 24
o FIIESHL start 55 end 2AIFEUI TR AERORE R E -1,

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

KT rrind (), (HIETFFLFE sub KRB K25 K valueError,

.rjust (width[,ﬁllchar])

MR B BE Ny width W FAFER, TP ERAE b S %55, (835 E 0 fillchar 33823 60 (BRI )
ASCIL Z54845) o WNAR width /N5 Len (s) NGR [A] JEF 455 A EIAS .

rpartition (sep)

TE sep fJa— W IO B 47, R El—A 3 50, K& o RArZ miisas . o
5, ARG RRFFZJERIER I o QAR BRAFARERE], MR MY 3 Jodd i & A2 54 H DA ST 4 R
L.

rsplit (sep=None, maxsplit=- 1)

AR ] —A AT A R AR 9 2, T sep AE BRI TFATE . WERERH T maxsplit, W2 it
1 maxsplit ]KAr7r, M A 2R QIR sep RAGE SN None, AL P AT ERAR LN 73
e BT MNAEBFFIESR, rsplit () WHATHEERLT NSOk split (),

rstrip ( [chars] )

R R AR RIA, B HR BT, chars 3E0CRHTE © HA G FAM T . WA W5
A None, W chars ZEUEINFER D ARF. Sebr L chars Z2H0T ARG E A G e SBBRSEUE
HI T 4G

>>> ! spacious '.rstrip()

! spacious'

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

EMER A GRS, A REWAEEGTNER, WS lstr. removesuffix () k. B
an:

>>> 'Monty Python'.rstrip(' Python')

IM’
>>> 'Monty Python'.removesuffix (' Python'")
'Monty'
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str.split (sep=None, maxsplit=- 1)

R [E A AR N BRE AR R S 2, B sep YE R TR TFATER . MRS I T maxsplit, Wi 2% it
17 maxsplit W4y (HIE, PIEHE2H maxsplit+l NICEK ). WF maxsplic KFGE sk -1, W
BRI RE (AT A T RERIARY )

WRGH T sep, WIELLW T FEIFA A GE T2 BN 2RSS F4E @ e, 2.
split (', ") HFa&ME ("1, ', '2']). sep ZETHEH Z N FEAAA L (B0 1 1<>2<>3"
split ("<>") KfagME [r1v, r20, '3'1). HHAEEM DRI S AR [

£ PN

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

[':Ll, '2', '3']
>>> '1,2,3".split (', ', maxsplit=1)
['1" '2,3!}

>>> '1,2,,3,".split (', ")
['1!, '2', 'l, |3|, l’]

U2 sep RARE SN None, W2 MW7 — MR85k HLER AR BT A FRAF, HEHR
FAUEIERECR B TR, AR PAFR A S RIS St 1ih. IE, (1 None fripas
FAFER B S SRS B AT IR ] (]

S A

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

rrar, '2', '3']

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

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

str.splitlines (keepends=False)

IR ] JE AR R SATE RPN R, FEATIH AN B . BRI PN TS, RS T
keepends H -} EH.

WS DU AT A TR 4 . FRilth, iR Runiversal newlines f— 84 .

R ik

\n tT
\r EES
\r\n EEE TN

\v 5 \x0b | 17 H#4F
\f B \x0c | £

\xlc A B AT

\x1d Hor st

\xle aby Y

\x85 17 (C1 % H55)
\u2028 115y AT

\u2029 BN Y

3.2 JRCE SR \v F\ £ RSB AT AR
£ SHIPNIE

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

['ab ¢', "', 'de fg', 'kl']

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

AR TFsplit (), BT HBEERE sep B, XT 2P M ERHR 2351058, AR ER
WAT AL B A A M4 T

48
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>>> "" splitlines ()

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

YEMHEE, split ("\n') WIZEEN:

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

['']

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

str.startswith (preﬁx[, start[, end] ])
WA FAFER AR E Y prefix THIRMGR[E] True, FHIGR[] False. prefic tLal DK i 2 AR AT
BRI ANSRAT TR start, RF IR E A7 BT AR AS . WISRA W RTT end, KFAEFTHE E 7
BRI

str.strip( [chars])
BB PR R RIS, BRI R AR R FAT . chars ZRCHIGE R R TR 7/ . IR
BN None,, W chars ZREA IR A4F. SLbs b chars ZHOF AR E BRI EUS S T2
2BBESEHN A A G

>>> ! spacious '.strip()
'spacious’

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

BAMURHTFANARE chars ZHUEF N FATH PR . TFRIR I FATII BRRHEIB B — MR E 5T
chars P4 5E TR FAFINMSE 1o RN R TE S R im A A . fI:

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

str.swapcase ()
R FEFAF R RIAS, A K S PR /ING | [ Z IR8K . T ER s . swapcase () . swapcase ()
== s HFAR—ENEME,

str.title ()
IR ] JE AR R AR A, A IR SE —NEEEA RS, KTt/ NG,

E PRI

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

AR — R R S8 ORI E X, FFIELER) TR G B . %08 TEZ RS I N AR
AR, HERERERERAESEAGIAREIHCS B MOy RIS, ] S EUR S 4R

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

string.capwords () BEREATICIIER, FNE N 2R RIRA 217,
PR, TG TF DUk 3R 75 A A AL

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

Q3
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(R L —5)

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

str.translate (table)
B R AR, b ARG e Mk Ry, BHRume— A
__getitem_ () FRELEMRG|IFIEVIXTER, B Imapping Bisequence, 24 PA Unicode 14 J¥ 5
(BB SHRBIET, S g n] ACA T AR —Fp4edE 3z [0] Unicode [T 874 R, REE 7MLt
KNI EAFAE R None, TG RFHER BN 531 % Lookupnrror SR, HF
FFLS R A 5.
PRATLAE st r.maket rans () BT AR FAE BN PR R Q8 — it 2% o
HHZ N codecs LA T & il AT MURr) B R 35 2.

str.upper ()
REFEERFR I EIA, Hh g KoK NSHFERF WA RS . IR s SRR TN
BB U R 45 B 45 Unicode 28542 Lu” (Letter, uppercase) T2 Lt” (Letter, titlecase) ]
s.upper () .isupper () HA[fEH False,
T L3 K 5 L AR 7 2 0L Unicode ARUERY 3.13 75,

str.zfill (width)
R A R FAFER R AS , AEZCi3E TS ASCIL ' 0 " $h i oK BEAR S width, TESAEETZ (' +'/'-") 1Y
ARy RRAEIE TS X BIHAMARKEZ Bl o WR width /NF2F 1en (s) WIER ] JE 47 E 0 &I
A

S5 AR[E -

>>> "42" z£i11(5)
'00042"

>>> "-42" z£fi11(5)
'-0042"

4.7.2 printf RSHFHEREIt

;AN AR RIE R Z AR, WRESBOFZ W IR (140 TC iR IE 6 B /n Jo 4L R
$) o SHESHI AL PR ER PR, str. format () #OBAUATF & AU TR AT R X
SR S P g AR S A BRI TR B RAGAST Y R DL %5

TR G NN EIB R 5 B B, X BEFRAFAFE formatting B interpolation 1254
Fo QREE format & values (G format ZFAFER), format W & WEARFIIERIAE values T A
HENTCERHM . HACREUUTAE CiEF P sprintf (),

W2R formar FER—ASBMBHL, W values 7T AR —AFETCAXTG S FIITE, values W E & —E
B IR S M A AR P R E AT RO I e, B R — R S (BNt ) .

FHARMCAT R S BCE 2 PP BA DA T ALK, FLA 508 LU AR AL E L -
Lover 47, T RC s e s .
2. BRTEE (ATHE), A S A TR SR (B (somename) ),
3. Bty (i), T S R R S5 5

4 FUNFEOE (AIE) . WERAREN "* (B5), WISLPRIEE S values TCAR) R —JCR L, %
AR RNy i/ N7 BESE BE M TR A BE 2 R R E &

SRR (WIik), DATE . (i9) ZIE IR ARG . WREsE 1 (B, WSS
M values TCAL T —JCR PRI, BELHLNXT GNHE I Z IR ICER .

SR B —ATed, MVARGE A ABIea, Kb a0 R, e HER LA ol .
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6. KB (k).
7. BT,

MABHSEC— DT (BB RAL) W, PR A pie o o2 0 S B HE S i BT i, X7
'SP R T IR AR T BRSBTS AR (. B

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

TEETFOL PAR R B B~ ARICAT (R E TR SHSIE) .
S0 avok

Bl | 48

| R RO (LR T 0.

0| R R R T

| AR (WA 0 e, AR ).

| Cei) ARG R (SRR ) R

TR ) R TR R, (SR A ).

+

AT DAL K BEIS AT (n, 1 % 1), (M, AR Python SKBLEEATALEE — FFDL 51d 40T 5d.
Fe T

® %] &=
#F fi#
'd! HRES - IEHEERL

i BIFS TIEHE R

'o! S )\ EHTEL (1)
" AEHPRA - T Td (6)
'x! HAS A% (N5). (2)
X! AT AERE (K5). 2)
e FatEuE (UhS). 3)
'E' Faf st (K5). 3)
"f! e i ] - o v 3)
F 77 i IR 3)
'g! iﬂ%iﬁ WRFEBUNT -4 SOR/NTHRG N NS Bk 28, 75 W0 2B i | @)

I\ o
G iﬁffﬁfc WRIEBUNT -4 SO/ NTRG N RSBk 2, 5 a0k 6 | @)
I\ o

'c! AR (B BB AN PR PR ) o

'r' AP (i repr () $:4AT4a] Python X4 ). (5)
's' TR (st r () BT Python Xf42 )., 5
'a' TR (fifHascii () ¥4I Python X§42 ). [6)
X REERBRL, SRR %" T4,

(ETfig -
(1) BB SRR — R Z il A \BER T RIS (' 00 '),
2) WBEREALTEE DRI ZHHEA ' 0x B 0x" Jigh (MR TRMEN "< i X' #3).
Q) WP E R ATFEG RS — A NIUR, RIS - 3eA 50 .
INERUR RS RO FE e, BRIAK 6.
@) WEAUEX SR ATEL R T T MNIUR, RESMHIEA S WHAE I T AR .
/B R AT RS S R bR B ks, BRIAH 6.
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(5) ANASREREA N, R N DA

(6) 2[F) PEP 237,
1T Python FAFER AR, os AR SF "\ 0" TR HRAYSS
3.1 HUSEAE: AaXHERR TS 1e50 (1 & £ FARA L FGR N sg el

4.8 ik FIFF|KR --- bytes, bytearray, memoryview

PR i RIBER A DN BB B bytes filbytearray. BflHmemoryview HEAt T3, ZXT4 1l H
G PPN U 1) HoAth — IS R THENAE, A TR EAERT R IR .

array BIRSCRY S ROMAF R EEA KGR AL, BN 32 (7R KON TEEET54 XURS I mifHL-

4.8.1 bytes W&

bytes X G2 i AN F AR AT AR P8 il 2 B IR SR T ASCIT SCAS Y, [H I bytes
XFGER A T — e {UAEAL B ASCIL e Bl T ), I BAEVF ZHp I 5 AT 0 R SR R T 3

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

Eide, #o7 bytes FIEIFE ST AR TN REAM, SZEINT 4 b it
- I AR AFRAT A 35
« B0 RAFHEN B T
=+ CICRSARES £ EARENSITIES § AT

bytes FIHIfEH H AL ASCILF4F (LB YA PRI A i XA ) o AETEE HY 127 Y 3k (LA
IV AR R e Sy 9T A bytes “FTHI{H -

BPAFH I E—FE, bytes “FI{E AT AGE r BIZOREE N FFIALE. 525 strings T A
KATH bytes FIEILARMTER, AT SCRHE ¥

R bytes “FIH{EAN TR IEEET ASCILSUARY, {H bytes X RAYAT NS PR B BURAA AL Ay
B, PR REAMERRMIIR B 0 <= x < 256 (RS R MLRHIFF5] % valueError), iX
PR 2 A B AR DA R 52, AR 2 — RIS AR 5 BT ASCIL e R, W LA g 4
ST ) SCAR R R TA HRAE, (ERE DUN THE R — o R B R D AR ARt (5 H #fs 5
AL PRER N T AR ASCIL Y — HE R B AL A5 BOBR IR ) o

B TEmEIE, bytes SHGA W] DA HoAd LRy 20k 1 2 :
o FEERKER AZ(EIFEN bytes XI4: bytes (10)
o S A Y AT E TS bytes (range (20))
o JE IR X MU T B 1 B bytes (obj)
7S fbytes WERM.

HI T A 7S D R A Bt 0 — A, R oS b A i ik o Rt i AR A A
Hb, bytes FE A IRl LR IR B N2 07 3k -

classmethod fromhex (siring)
Wbytes Iy yER Al — IS4 2 FAFER I bytes X5 FAFER U RG4S
TN eI A L, ) ASCIT 28 1T 2 4 200

>>> bytes.fromhex ('2Ef0 F1£f2 ")
b' Axf0O\xf1\xf2"

3.7 WKHEEE: bytes. fromhex () BAERZBMEHTA ASCIL 25 AFF I A R ZARAT -
TEAE— AN BRI, T DAKF bytes XG0l I i 175 kil R o

52
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hex ( [sep[, bytes _per_sep] ] )
Rl —AFRFERRTS, RS LB AN AT A TS IR

>>> b'\xf0\xfl1\xf2' .hex ()
'fOf1£2"

R A AN IERIECT AT R B 53, URA LASRSE AP AT BT sep RS & Thaih
Ho BOATEOLT , % AT SR T 2 (8] 35— ANATEH bytes_per_sep TR 2% il [ HE .
IEEHSAWATHRIT R AT AL, TENR 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 BB A
38 JRESE: bytes. hex () BAESCFFAI IR sep Fl bytes_per_sep JEZ ALEA- 7N il it B4 4
ZIAHEA T FRFT o

1T bytes XJ 5 & B E W 751 (LT IC4), BT T—A> bytes Xf % b, b [0] FFh—AHHL, 1M
b[0:1] ¥A—NKER 1K) bytes X5, (X5 XARFARRAR, R|FY A= ErEERE— K E
H R .

bytes Xf G )L i FHFHEARS S (o' .. L), EAEIEFEERE R bytes ([46, 46, 46]1) XFEIME
KEEH . REZTTPAEH 1ist (b) $f bytes XF Gk h—A b B Eb i1 51 2

4.8.2 bytearray 5

bytearray W& Ebytes MEMI AN NV Y) .

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

bytearray X 5 A L @M FHAEED, BN
o flE— LBl bytearray ()
o BlE—MEEKEHAFEIE AR M) bytearray (10)
o JH I B U ARG bytearray (range (20))
o JE S PR A B A bytearray (b'Hi!")
Hi T bytearray XF 42 0 A5 f1], ZNTERI8 T bytes 4o bytearray 3 4F W THEIAR ) bytes Fll bytearray A5
BAEZ AN, ST X PR
Fi S Wbytearray P E A
55 7 D VNS 14/ QL% 1 O A e 2 WA 4 VAN 1 4 . 5 S s 1 4 € A O RSB - o= WO £ D VA
M, bytearray ZEHBY LA M bAoA =0 L O I BHn 0y v -
classmethod fromhex (string)
bytearray KPR Bl — N RIGL & FAFEH 1) bytearray X4 . FAFER U B FRR BT
AR TS BERIES R R, iy ASCIT 28 I RF 2 1l 2

B
B R A i g ke ) g

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

3.7 U SE: bytearray. fromhex () BAERBMFTA ASCIL 28 AAFITA IR ZARAT o
AFFE— BRIk B, AT ASF bytearray it G40 Xt B A /R kil S

hex ( [sep[, bytes _per_sep] ] )
R —ADFAFERXRR, ARG SO A AT S BRI
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>>> bytearray (b'\x£f0\x£f1\x£f2') .hex ()
'fOf1£2"

3.5 BUHTA.

3.8 UESE: Sbytes.hex () ML), bytearray.hex () BIAEXE %Y sep Fl bytes_per_sep
SHATE 750 i 21 2 (A0 3E A2 B A

Hi T~ bytearray X 42 Hi BB UK P41 (RRLTH12R), I T bytearray X4 b, b (0] $fH—4
B, M b[0:1] Keh— KR 1 1) bytearray X 52, (X 53CARFAFRAIFE, R HY B4 1%
oo — RN 1 FRR) .

bytearray X} 4 () 3 /R i H] bytes X 2 7 i {H 4% X (oytearray (b'...")), N K€ # & &0 2 Ik
bytearray ([46, 46, 46]) XFEMMEATELFH. REZATAER 1ist (b) K bytearray X G544
R~ H RO BT 51 2

4.8.3 bytes 1 bytearray 1#{E

bytes Al bytearray X GRS Ff i ) FPAUBRAE . ENTALAE SAH RIS B BAERL, tBE ST byres-like object
AT HARAE . TR RIETE, BT DMERAE R B R S TR S B 5. (i, BAEERIE
[ {22 T BB T AR RS T o

ffi(E): bytes Fll bytearray X R AN Z FAFHAEAHSEL, SR TR IEAIEZ bytes WA AFH
HEBH . I, ARDAE I AT Sik:

a = "abc"

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

a = b"abc"

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

HL28 bytes I bytearray A EUE (I Heze ASCIL Y —BEfilA% 3, A MAE A BRAT 25— BERSCHICE IR 244 36 4
B o X LERR AT SR U

s i X B LT ASCII (3 Sl b H o DAE T ASCII % s AR5 0 — B B 7] fE 2 S EUBRIRR

bytes Al bytearray XF 4R ) 517594 AT DA AL b2 -

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

glﬁl??ﬂ sub 1t [start, end) JEFE WAFE & WA EL. WIESHL start 5 end 2PRBNYI R
BRI TS ] LASR AR bytes-like object B2 0 2 255 JEH N HYEEAL
AR sub s, VR I 45 2 T 23 U1 A5k R4 Ep W R A R B —
3.3 RS dEsZ 0 2 255 JEH N BN T8 .

bytes.removeprefix (prefix, /)

bytearray.removeprefix (prefix, /)

SR HEHIEAE A prefix FEAFHRIFL, iR bytes[len (prefix) : 1. &N, &\ 4G 364K
PEA A

>>> b'TestHook'.removeprefix (b'Test')
b'Hook'

(R oUgkzE)
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(R L —5)

>>> pb'BaseTestCase'.removeprefix (b'Test")
b'BaseTestCase'

prefix T DAZAT B bytes-like object .,

fE): B AR bytearray HUAS S JF FHBHEATE— B SR E— PSR, RIGESCA MU L .

3.9 BUHTMA.

bytes.removesuffix (suffix, /)

bytearray.removesuffix (suffix, /)
AR HIEAR A suffix FAFR S5 R, I Hosuffix JE%5, iRl bytes [:-len (suffix) 1. G0,
] Ji ds — R A AR R AR

&

>>> b'MiscTests'.removesuffix(b'Tests")
b'Misc'

>>> p'TmpDirMixin'.removesuffix (b'Tests")
b'TmpDirMixin'

suffix 7] PAJeAT B bytes-like object ,

fi(E): 7 LAY bytearray A I JF FHE R E—— B RUR P AE— SIS, RIMERA AR L .

3.9 BUHTMA.

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

R RSN st r ST ER,
encoding BRAN N 'ut £-8"' 5 {ESHARE S A T REEAT] GER(E.

errors FEHI QAL BRAR SR 5. A 'strict' BRIME), W&SIKUnicodeError, HANTRER)
{4 'ignore', 'replace' PARiE it codecs. register_error () WAL HALL FR. i
SRR A2 5 E TR

WP PEREIRA , BRAEELIE &4 THwmiSesin, B T Python 7 % 45X S T IR g RS AN £
K AT errors (R M «

#iE): ¥ encoding 1% ¥y st r i H IR T {0 bytes-like object, ToAMA]# G bytes B
bytearray %4,

3.1 MU A T B g S | U SR
3.9 RS BAERAEPython Tr % 4% X, F A TR AE errors ZHUHO(H .

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

bytearray.endswith (suﬁix[, start[, end] ] )
SR R DATE E 1 suffix Z5R R[] True, HNERE] False, suffix AT DAKH 2 A LA
() JE A I T . IR W I stare, K5 BT AL S IR A . QRAG PTEI end, REAEFTHE
AR e/
B RN 58 0] VAR AT B bytes-like object

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

bytearray.find (sub[, start[, end] ] )
R [T R sub AERE PR B B/ VR T, sub (5 TUI s [start tend] ZW. WIS start
5 end 2YREAYI T FIREE . AR sub R F R [E] -1,

TR TIPS ] LARAT B bytes-like object B 0 3 255 Ji FH N HYEEEL
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filE: find () JrEN R IAAEIRTE ERIE sub AT BN . AL sub AR TH, W in
HRAELT:

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

3.3 fE A W2 0 & 255 JEH R E N TS

bytes.index (sub[, start[, end ] )
bytearray.index (sub[, start| , end] ] )
ETF £ind (), BAERAR TIN5 K VvalueError,

TR TS ] LARAT B byrtes-like object B2 0 3 255 Ji N HYEEEL
3.3 MU A Az 0 & 255 Ju [ R BRI 171751

bytes.join (iterable)

bytearray.join (iterable)
MR8 —ANH iterable i) —E 5 7 5 PF2 0 LT bytes BX bytearray Xt 5. AN iterable T FAEAT:
s k2 2 REFE st r MEM 5 & TypeError. $E% 7771 bytes B bytearray X4
(R NSRRI T ZR Z R 53 B o

static bytes.maketrans (from, to)

static bytearray.maketrans (from, t0)
WES T ER Bl — Al Thytes. translate () WRERATIREE, ERHAE from PR TR
K to AR E ERFERF: from 5 to WhBER R T 0 AT 2 HAAMFEMAK .

3.1 BGHT A

bytes.partition (sep)

bytearray.partition (sep)
TE sep I BMIALE AR 5075, & El—A 3 JedH, HPUE SR Z RIS . aRarA S s8I
bytearray fll A%, PASG AT ZIGIERG o BRI FRATASRE], WAR A 3 JeLh b6 5 50T 41 DA Ko
23114 bytes Y bytearray %42 .

BRI BT ] AR AT R bytes-like object .

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

bytearray.replace (old, new[, count] )
R EFANEIA, A BB 75 old XS R 0R new. WNSREE H T AIHESEL count, WA
BT count Y I

BRI TR 5 S HB 7 51 W] AR AR B bytes-like object .

fiE): BT ARY bytearray HUAS S JF FHBHAE—— B SR E PSR, RIGEBCA MU L

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

bytearray.rfind (sub[, start[, end] ] )
R T F ) sub FE)7 SN NBARBIM B (BAr) &5l 0 sub ¥ & 7E s [start:end] 241, /]
SR start 5 end KWEFRFERYI Rk AERARFLE|N R A -1,

BHRR I TIPS ] LARAT E bytes-like object Bz 0 % 255 Ju NI EEEL
3.3 MRS W2 0 & 255 JEH R E N TS

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

KU Frrind (), BIEFFH sub KELFINf &5 kK valueError,
BB RN T 0] DL AT R bytes-like object B2 0 Z 255 i il N 4L
3.3 MRS a2 0 & 255 JE R NI EEE I RS .
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bytes.rpartition (sep)

bytearray.rpartition (sep)
e sep e fg— W AL BSR4, Rk —4~ 3 e, HAp &R miiis, oRfrAs S
u . bytearray FIA%, PARBRATZ G HIE . RS FRATARIE], Wk WA 3 SCH P S P21
bytes T, bytearray Xf 5 DA K J5UF 41 Y R AR o

TR RI D BT ] LARAT B byrtes-like object ,

bytes.startswith (preﬁx[, start[, endﬂ ])
bytearray.startswith (preﬁx[, start|, end] ])
UR D RIRAR ATEE Y prefix TR R[] True, R[] False. prefic ] DK 2 A
BTSRRI BT AL INSRA R I start, FF P48 € 07 BT ARG AT . WISRA W ET end , KFAERTHE
SE LA I U
TSR 0 AT B bytes-like object.

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

iR 1] JiT bytes 5§, bytearray X} 4 AR A4S, F5FkH AP T 7E A S5 delete H H FLRY bytes, Hx bytes X
T T8 R R R A T, IR FE I R R 256 1) bytes X4,

WA DMEi bytes . maketrans () J5ER0) B3,
WFALT R AT e, TWRF rable Z%415 4 None:

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

3.6 WTHE: BUAESHANG delere 13 5 728

AT bytes il bytearray X G2 (177 YR I BRIAA T 2 80 Bl A2 ASCIL g — bl o, (Hadd 2 A i 241
ZAAIR T AR S R . TR RA/ N A Y bytearray J7 AR R I T AT, 2 S
ABHIRTR

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

IRIEEXT R RIS, AR BN width WP JET, (SRR E N fillbyte S ZS 60 (BRI H
ASCIL 54845 ) o X Thytes X4, U width /NTA5F Len (s) WA [ 5751 B A o

filE): BRI bytearray A I JEEHEERAE—— B RUR SIS, RIMERCA SR L .

bytes.1ljust (widh|, fillbyte |)

bytearray.ljust (width[,ﬁllbyte])
PR EXF G R AS, FEKE A width W75 T EEZERESE . (6 W fillbyte SE R 250 (ERINHE
ASCH Z3AE5F) o Xt Fbytes X5, WM width /NFA5TF Len (s) WIR [E 751 ) R4S o

fiE]: B7 kR bytearray A I JF FHB A E—— B RV AE—ASEIN SR, RIMERA SR

bytes.lstrip( [chars] )

bytearray.lstrip( [chars] )
REEFPA R EIA, B8 BB ST . chars ZHChTE € BB MBI EHEA KN IR PI——
XA Z AR VA H 2 T ASCIL 7 4F . WRE NG None, W chars ZEEAR [k ASCI
SERF. chars ZHOF AR EBRAHIS; R ABRSEEN A HA:

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

b'example.com'

BRI e 75 W] AR AT R bytes-like object o FLMMBR AT TS, MARETACEST
WIFAF, WS Wstr. removeprefix () Jk. Hilan:
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>>> b'Arthur: three!'.lstrip(b'Arthur: ')
b'ee!!

>>> pb'Arthur: three!'.removeprefix(b'Arthur: ")
b'three!’

filE]: 7 kR bytearray A I JF FHE R E—— B RUR P AE—ASEIN SR, RIMERA AR L .

bytes.rjust (width[, ﬁllbyte])

bytearray.rjust (width[,ﬁllbyte])
R EFEXT R RIA, FER SR width 1)) 5| EEAXT T SR/ fillbyre S5t 250 CERINGE A
ASCIL Z5484F) o Xf T bytes X4, WER width /NT4T 1en (s) WLRIE 75 EIA .

flE): B EEIY bytearray A I JEFHEERAE B RUR AN S, RIMESA AR L .

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

bytearray.rsplit (sep=None, maxsplit=- 1)
K e A M RIS B T8, T sep A R4 BT . QRE Y T maxsplit, W% 4T
maxsplit WARIY;, M s DTFhR . QISR sep RAGEBCH None, AEATH A5 ASCIL 25 I FFY 141 HR
SRR BT MWAEBITIETRS, rsplit () BHAATHEZEMT R split ().

bytes.rstrip( [chars] )

bytearray.rstrip( [chars] )
REEFHAEIA, BERISEHIRRBTFT . chars ZHCNHE € R RT I EHE G ZHHTH——
XA PRRIIL VA0 2 T ASCH “F4F . WIERAABSECH None, W chars ZHERIAFS B ASCIT
ZEfF. chars ZEOFAHEE BARSE The B RSEEN A A6

>>> b spacious '.rstrip()

b!' spacious'

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

TR TR ) k1 P 9 BT LA AT B bytes-like object o BB BN I 2847
HF4F, S W str. removesuffix () Jik. Hlun:

=
=
=
>
P
>
nvkj
o
ks
w
oy
|

>>> b'Monty Python'.rstrip(b' Python')

b'Ml

>>> b'Monty Python'.removesuffix(b' Python')
b'Monty'

fE): B AR bytearray HUAS S JF FHBHEAT— B SR E— DN S, RIGESCA MU L .

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

bytearray.split (sep=None, maxsplit=- 1)
K¢ B P55 AR R R e 50, R sep VESRAMBRAT . WEREGH T maxsplic HAEGE, W
I Z AT maxsplit YA sy (I, FIREEZ LA maxsplit+l DNILER) . WER maxsplit KAGE BN
=1, MPRBRERSREC (HEATRTA W RER TR ) -
MR T sep, WSR3 WA ASWA AT — R 2 A N5 F=E T8 Gl o1,
;2" split(b', ") FiRE [b'1', b'', b'2'1). sep ZHAREN — A2 F AT @
b'1<>2<>3".split (b'<>") K& [b'1', b'2', b'3'1). {8 E W5 AR 257

SHSIEI [b''] S [bytearray (o'') 1, SLUKIRHTHATAAHRAIEAL sep ZHOHT DA
B bytes-like object .
{51 AR (ED -
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>>> b'1,2,3".split(b',")

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

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

U2R sep RAGE BN None, W7 —Frr A LA ASCI 25 AT & Bl 0 B4~ 73 B
£, MRS FIILECRRBIZ AR I, TEATEE R AN D0 X2 7 9 sl 7
ASCII 75 AT I PO BEA TR 35 3R 0] [

£ VPN

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

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

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

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

bytes.strip( [charsH )
bytearray.strip ( chars] )
R FEFP AR EIAS, Bl eIk AR RBFAT . chars ZHCNTGE BRI EEG I 67
G| ——X DA FRFRI I VAR =2 M T ASCILF4F . WA RE A None, W chars ZHCBIAFS R
ASCIL Z5 A4F . chars ZHOTEHRE BATHEUEH . MRSBHRSEEW TG A

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

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

BRI A E R 5 AT DARAT B bytes-like object »

fE): B AR bytearray HUAS S JF FHBHEAE— B SR E PN S, RIESCA MU L .

AT bytes il bytearray % G2 (77 vk 2 B (6 I Afeze ASCIL g —dE A% 3, AR 24 B ) 1 5 — HE %L
Mo WETERA/NT T bytearray T AR AR FBIATERAE, T2 &7 AR X4 .

bytes.capitalize ()

bytearray.capitalize ()
R E PSR EIAS , AP AR R — A ASCILPAF, I HA— A A A RS
HARKYNG . I ASCI PR R R AL

fE): B AR bytearray HUAS S JF FHBHEAE— B RURE PN, RIGESCA MU L .

bytes.expandtabs (fabsize=8)

bytearray.expandtabs (tabsize=8)
R EFEAN R A, b FTA E) ASCH il R A7 & i — D EiE A ASCIL ZS kg4, AR T4 /51 i
BN E R RIF L . & tabsize NFATRA—NHRIRAL CBRIMA 8 I & il R AL7ESY 0, 8, 16
MR ) o BERIFIFH, Ui E RN TH B — AP h p 45735 . RS ASCI
HERAF 0\t "), MFELERPIIA NS, BRI LS T F—DHRA. (R
ARERRPIE ) AR MHI TR ASCIL A TAF (b \n ") BUEIZERF (0" \r'), BB HIHHF Y
ﬁﬂi&ﬁ%oEﬁﬁ@?ﬁ%ﬁﬁm%&ﬂﬁﬂ#ﬁ%mﬂmé,K%ﬁ?ﬁﬁﬁﬁﬂmﬁ%m
RTY

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

CNTgkz:)
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(R L —5)

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

filE): B7 kY bytearray A I 3F FHIERAE— B RUR AN SR, RIMERA AR .

bytes.isalnum ()
bytearray.isalnum ()

ﬁﬂ%ﬁ%‘ﬁﬂ *E?ﬁ?*ﬁ%ﬁm B2k ASCI = £f 8 ASCH - i il %
25 WG B True , FH W R [ False . ¢ B2 ASCH F# £F 5t & F 1 &1 Iy
b' abcdefghljklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ AT . ASCI +

HEA L T AL S TEF S b1 0123456789 " HHIFAF.

#3“%

S A[E -

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

>>> Pb'ABC abcl'.isalnum/()
False

bytes.isalpha ()
bytearray.isalpha ()

/(LI S5 7 B S5/ ST i VI -1 = i S NN ) | SRS S & S5 S E N 7| 7 N [ [ R |
True , & W iR [ False . F #F 2& ASCH < £F it 2
b'abcdefghijklmnopgrstuvwxyzABCDEFGHI JKLMNOPQRSTUVWXYZ ' F [ FAF -

£ HIPNIE

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

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

bytes.isascii ()
bytearray.isascii ()

R FH g 23 Wi 51 v B A =7 k2 ASCIL F Mk [a] True , fRUIR[A] False . ASCIL F 7
B L2 0-0xTF,

3.7 BB

bytes.isdigit ()
bytearray.isdigit ()

W5 b T AR ASCIT +3E RIS I FLF 5 AEZS R[] True , 0K [E False . ASCII
T HERIEAS R T EE S TETS) b 0123456789 HIHFAT .

NI

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

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

bytes.islower ()
bytearray.islower ()

WAR P 2= — A/ NG ASCIL FAFIF Hi A KSR ASCIL FAF R[] True , 75 Wi [1]

False,

PRI

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

Q)
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(R L —5)

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

False

/NG ASCH Z5 it B F T HA SHEF 4] b'abedefghijklmnopgrstuvwxyz ' PHFA. K5
ASCH 2 B & 7674 b' ABCDEFGHI JKLMNOPQRSTUVWXYZ ' I F4F.
bytes.isspace ()
bytearray.isspace ()
WERFH i 52 ASCIHL %8 FFFH BJP4 = WGR Bl True , R[] False o ASCI &
R FIECEETS b \t\n\r\=x0b\ f' (F4%, Hil3K, Huf7, P4, A HIR, 40 P rF75F.

bytes.istitle()

bytearray.istitle()
WEARF AR ASCH Andi K/ NG TR AH BIF e R[] True , R E False . W& fbytes.
title () THAX “BpER/NG” HITEAE L.

ESHIPNIE

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

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

bytes.isupper ()
bytearray.isupper ()

WERFH 2D A KGR ASCI 47 LA /NG ASCIL FAF R [H] True , 75 3R (]

False,

B3 A (E):

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

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

/NG ASCH Z5 it B F I HA SHEF Y] b abedefghijklmnopgrstuvwxyz ' PR FH. K5
ASCI Z&i 2 H A 57674 b ' ABCDEFGHI JKLMNOPQRSTUVWXYZ ' HHF4AF.

bytes.lower ()
bytearray.lower ()

R PR REIAS, HBTA RS ASCIL P AR X NS
£ PN

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

/NG ASCH F 4552 F I H S {EFS) b'abcdefghijklmnopgrstuvwxyz' FHFH. K5
=2 S

ASCIH FZ4R F B EA 5 AE/F%) b ' ABCDEFGHI JKLMNOPQRSTUVWXYZ ' H 44 -

filE): B7 kY bytearray JRA I JF FHEERAE—— B RUR A —ASEIN S, RIMERA AR L

bytes.splitlines (keepends=False)

bytearray.splitlines (keepends=False)
I (8] fy J R A S AT R B 2, AE ASCH AT AT AL B3R 4o M VA 8 Huniversal
newlines JyRKIMAT. GiRINFRPACETIATRF, BRARGIL T keepends H N HEAH.

HAIRIE:
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>>> b'ab c\n\nde fg\rkl\r\n'.splitlines/()

[b'ab c¢', b''", b'de fg', b'kl']

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

AR TFsplit (), MW TR sep b, TS TR MINARRR I — 25512, AR RRIET
AL ER I EINAAT:

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

>>> b"" . splitlines (), b"One line\n".splitlines ()
([]1, [b'One line'])

bytes.swapcase ()
bytearray.swapcase ()

R PR REIAS, A /NG ASCILPAHSHABC X KGR, 2.
ELPNIE

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

/NG ASCH Z&5t B F A HA FTEF ] b'abecdefghijklmnopgrstuvwxyz ' PHIFR. K5
ASCH FE&5 i T EE E1E)T4 b' ABCDEFGHIJKLMNOPQRSTUVWXYZ ' HH I FEAT.

KNFTF-str.swapcase (), FEE " HFHIHRA T bin. swapcase () . swapcase () == bin B2
3o K/NFHEARAE ASCI HUZXIFRIY),  RIAEHXT41 5 Unicode A K16 H AN & BT

fE): B AR bytearray HUAS S JF FHBHEATE— B SR E—DHNS, RIESCA MU .

bytes.title()
bytearray.title()

AR [0 S B PR S A, AP RN BRR DA RS ASCIL P AP AT Sk, HR PR/ NG o A
DR INE ) T (B PR SR A AL

S A

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

/NE ASCHL “FAF il & P H & 7E /741 b ' abcdefghijklmnopgrstuvwxyz' TR, KE
ASCIH F4F ik 2 5 H A 57575 b ' ABCDEFGHT JKLMNOPQRSTUVWXYZ ' W FA4F. A Hifl 5
THEEA K KNG

R AR R S TE S TR S, RIS TR AR B . e HE B LN ERAR
AR, HERERENEREGEX SIraMs ooy i A, X iESER A B4R

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

T DA I D)k SR M S R S 4 e St Ak 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."

62

Chapter 4. FIER[T




The Python Library Reference, [} 3.10.19

B BT ARY bytearray HUAS S JE FHBHEAE—— B SR E—DHNSR, RIGEBCA HUE AT L

bytes.upper ()
bytearray.upper ()

R PR EIAS, HBTA /NG ASCIL P AR X R S
ELIPNIE

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

/NG ASCH F4F 5l F T HE SHE)T 4 b abcdefghijklmnopgrstuvwxyz' I FH. K5
ASCIH 45 F A 5 1E/F%) b ' ABCDEFGHI JKLMNOPQRSTUVWXYZ ' H 4T -

filE): B7 kY bytearray A I JFEHIERAE— B RUR P AE— AN S, RIMESA AR L

bytes.z£fill (width)

bytearray.z£ill (width)
RIEFF I REIA, FE2AIHTE o' 0" AP I EEh width, IEGERIZ (o' +'/b'—") AL
FRRBIEENAFS X BIHFAMAEEZ W, X Tbytes X4, WL width /NTF4ET 1en (seq) Nk
1] )5 73

S5 AR[E -

>>> p"42" . z£1i11 (5)
b'o0042"

>>> pb"-42" . zf1i11 (5)
b'-0042"

filE): BRI bytearray A I JEEHEERE— B RUR NI S, RIMERCA SR L .

4.8.4 printf RNEHFTHERMHENL

fE: A NFR BRI E R A 2R, TTRES RO 2R I R (BINTCHE IR SR T AT
) o WRESTEIRE R AR T B I, WA — I .

FHEXME (oytes/bytearray) A —FRpiRI N EEAE: (TH & O S584F. XMy 7
B 4 XALE] BIBELT. XTT format % values (Fif format —PNFA RN, T8 format F) %
HAARCAT RO N B EA values 55 H o HACRERITAE CIBEF T sprintf ().

WA format TR —AFMBEL, W values BTAR—AHETCAINT 4> FHWATE, values WA B2 & — D
BT A AT HRXT R T IR A B (R R oL, BRSO R A (Fnocd) .

HARPRCAF LS PN BOE 24P B DU AR, HA 0GB T -

LS F5F, AT nisg.

2. WitEE (PTk), BB S AP AL (A (somename) ).

3. FREdAR (WEk), TR e R R I A5

4. B/NFECTERE (Wik) . ansRIE s ' (B5), WISEPRYERE S values TR T —Io & Histhe, %
BRI G ) Syt /N B S FE R W e RS B 2 I T R

5. 888 (FIik), DATE '.' (55 Z e EENERG . aRegeh v (BS), MSLhkES
M values TTHI T —ICR PRI, BB R NR E 2 SR e E
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6. KB (k).
7. BT,

MHAISEO AT (BB IEAL) W, FATERXI QA AR o2 RS BG5S e 6, Xt
B s AR R TR AR T RSB AR RS AL R R I

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

TEETFOL PAR R B B~ ARICAT (R E TR SHSIE) .
S0 avok

Bl | 48

| R RO (LR T 0.

0| R R R T

| AR (WA 0 e, AR ).

| Cei) ARG R (SRR ) R

TR ) R TR R, (SR A ).

AT DAL K BEIS AT (n, 1 % 1), (M, AR Python SKBLEEATALEE — FFDL 51d 40T 5d.
Fe T

% | B
F i
'd' | GRS kR A
i | AR TR R
‘o' | AfFs /NI 1
'ut | WPRA - BT A ®)
x| AR UNE). 2
X' | ARETASERE (KE). Q)
‘e’ | FadEEUE UNS). 3)
‘B | FEaEEOE (OR5). 3)
T o [ERRR &
"B RS 3)
'g' | RS SRR EUINT 4 BONDN TR NGNS R B, B ksl | @)
"G | RS WEREEEUINT -4 SO TRE M RS fe B e, I sl | @)
‘o' | AT EBHEURAN TG .
'b' | T (IEATREE Zenh X EhEGR HA _ bytes. () BIXSR). (5)
's' 's' & 'b' W4, HRSTEET Python2/3 i AURS Hr g ] . (6)
'a' FIE (fiff] repr (obJj) .encode ('ascii', 'backslashreplace') EEHRAIE | (5)
7= Python X4 ),

'r' 'r' J2 'a' A%, HYTERST Python2/3 B RS R (7
s | AEERSH, SRR s R

[Efi -

(1) B RIB X SAER — RS Z Hi i A b \BEHI B BTZE (' 00 '),

Q) WEAEASAEE D EIZHHEA " 0x" 30X JiZR (BT = itk 'x' #X).

Q) WA ERSTEGIR WA, RIS B HS -
ANEURUE IR R B AR BE B, BRI 6.

@) WEAUEXE R AL R T MIUR, RES ML FA S WHA DT AL R -
ANBUS R E A RS R R D, BRI 6.
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(5) ANASREREA N, R N DA

(6) b'ss' BFH, B 3x RIPHEARSPRE.
(1) b'sr' OFM, HIE 3.x BIHERLBRE.
(8) £[F] PEP 237,

ffi(E): 7RI bytearray A 3 JEHIERAE— B SR ARG, BRI .

W%
PEP 461 - >}y bytes FlI bytearray #5/% #& =4k,
3.5 WU

4.8.5 WEHE

memoryview ¥4 fLVF Python U — X R AGA R, HEHZRXTR SR oo KU n o f i 4T
L.

class memoryview (object)
@ —A5 H object Wimemoryview . object Whiii 3L GE R AL . SZHF 8 i X PIMSLIR) P BT 4
Hbytes Mlbytearray .
memoryview £ JLHEMIME, JCHEIGHFLR object AR T WA IC. X TFZ R RAIEAL,
Mbytes Mbytearray , —AJCEE—NFW, HHAMRE, Warray. array A AT KHIT
%
len (view) Htolist WKEME ., WHE view.ndim = 0, WEKEHN 1, 1R view.ndim =
1, WHAKEEST view FOTRMNEE. MTHEEI4EE, HRKESTIOR view iRESRKE.
itemsize JEPERT RS B A TCER IS 14

memoryview AFBIIYIF METIVIMHICE . —4EUITIIERIEZ— > THLAL:

>>> 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 F—RHT st ruct BHHFERGLVIRF, 0t SHRF Bl B0 s oo
TR, IHHREIHA EMSBIG A T —4E A B AT DA — A8 — N Ao
IR TC AT RG] 2 4E AF LI AT DA i 4 ndim SRR TC R IEATRE ], ndim 2
JE o YN AL AT ARE ] 25 o4l TR 5 )

X B M AR AR B

>>> import array

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

>>> m[0]

-11111111

>>> m[-1]

44444444

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

[-11111111, -33333333]

WA T EXGR TR, WML SR —4EU TR . 23 R/ g fe i
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>>> data = bytearray(b'abcefg')

>>> v = memoryview (data)

>>> v.readonly

False

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

>>> data

bytearray (b'zbcefg')

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

>>> data

bytearray (b'z123fg")

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

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

ValueError: memoryview assignment: lvalue and rvalue have different structures

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

>>> data

bytearray (b'zlspam')

AT AR, Y 80 W hashable (1E) SR —4E NAEAL L Z WG A W42 W A B 8 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 i S A: —HENFAARIEBAE AT AR o B, Y B0 Y —4E N AEALIEI BAE & hashable .
3.4 WU WIEMEIIIES Q3 Ncollections. abe. Sequence

3.5 iR S A AL A T R e A TR T

memoryview BAPNF—E:

__eq__ (exporter)

memoryview 5 PEP 3118 )5t $X W AR ARAA LR, I HAR M4 st ruct IEIAMH

BRI A R AR AR I AT X BT ], AT S .

Xt Ftolist () 27l X Ffstruct # XX FAFH T4, WHR v.tolist () ==
tolist () W v Fl w FH5E:

>>> import array

>>> a = array.array('Il', [1, 2, 3, 4, 51)

>>> b = array.array('d', [1.0, 2.0, 3.0, 4.0, 5.01)
>>> ¢ = array.array('b', [5, 3, 1]

>>> x = memoryview(a)

>>> y = memoryview (b)

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

True

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

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

>>> z == C

True

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

True

AR RS P AR s e ruce BB SRy, WX LRSS R B R A SE (RIS

FAFER MG KN

66 Chapter 4. [FIEE[F


https://www.python.org/dev/peps/pep-3118

The Python Library Reference, [} 3.10.19

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

>>> point = BEPoint (100, 200)

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

False

>>> g == b

False

R, SEABEL R, T NFREXSRKR, v is will FRFERE v == w.
3.3 HRCE S 2 IR RAS OB SRR P A I 22 20 2% H s X5 a2 A A 454

tobytes (order=None)
B b KB 7R el XA 2 TAENAFIRLIE B by tes Hitids .

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

b'abc'

>>> bytes (m)

b'abc'

XFARESEA, SRET Pk FRmg R, K rg uRZEsi 535§ . tobytes ()
XA ERER, AFE st ruct BHUEE IR ALTEE N

3.8 A order W[ DAH {C,°F, A} 24 order Jy’C B'F B}, JEIAEAH AR S Pt % C
i Fortran i J3. X} TESEME, A &R B NIERASTREIAS . B9, P71 Fortran i
FEMRE . MTARELEIE, Fdhs i C XK. order=None 5 order="C’ J2 H R

hex ( [sep[, bytes _per_sep] ] )
R[] AT, Hrf g B PAPIAS 7S R 2 s vk X BL R~

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

3.5 BOBTIMA.

38 HESEE: Hbytes. hex () #Bl, memoryview. hex () INAE L FFR] 1L sep F bytes_per_sep
SHRATE 7530 i ) 1 2 ()3 A2 B A

tolist ()
FEGE o XN R PA— e R AR AT AR ] .
>>> 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]

3.3 SR tolist () BUESH) st ruct BIHUEIR T TR BT A A SUA K Z 4ERR I
o

toreadonly ()
i8] memoryview X4 KA . AR memoryview XGRS

>>> m = memoryview (bytearray (b'abc'))
>>> mm = m.toreadonly ()

(N oLaRs:)
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(R L —5)

>>> 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

release ()

FERC R AL S ATF IR Z G X o VPR SAER L T 3R U R 2 R IBURF IR S A (191
M, bytearray FLEmIEE IETRREAN) 5 L, 8 release() W] DA (iR 25 i SE R i
OFRBERALTZ R TR -

FEBL T IR i, ARATR L IE it — B R 5| K valueError (release () AR,
BT AR U D)

>>> 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), WTDAESE B SCE B SGA E R ACR:

>>> 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 GHTMA.

cast ( format[, shape])

P NFERL R AR BT sNEUBAR . shape BRINH [byte_length//new_itemsize], jXEE
URE G R R — e . IR IER— AT AR, (Hgzoh XA SRS il SClend
¥4k 1D -> C-contiguous F{1 C-contiguous -> 1D,

AR T st ruct A B B—Jo R BUER . Hop—Fikg QA 7 358 X (B, b
wC) . SERAY TR LA A BEAA A o

- 1D/long %4>} 1D/unsigned bytes:
g

>>> import array
>>> a = array.array('l', [1,2,31)

>>> x = memoryview(a)
>>> x.format

B

>>> x.itemsize

8

>>> len (x)

3

>>> x.nbytes

24

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

Q)
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(R L —5)

>>> y.format
IBI

>>> y.itemsize
1

>>> len(y)

24

>>> y.nbytes
24

% 1D/unsigned bytes %4464 1D/char:

>>> b = bytearray(b'zyz")

>>> x = memoryview (b)

>>> x[0] = b'a'

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

>>> y = x.cast('c")
>>> y[0] = b'a'
>>> b

bytearray (b'ayz')

ValueError: memoryview: invalid value for format "B"

- 1D/bytes #5464 3D/ints F454: >k 1D/signed char:

>>> import struct

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

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

>>> y.tolist ()

ceeo, 1, 21, (3, 4, 511, [le6, 7, 8], [9, 10,
>>> y.format

[

i
>>> y.itemsize

>>> len(y)

>>> y.nbytes
48

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

>>> z.itemsize
1

>>> len(z)

48

>>> z.nbytes
48

))

11711

) 1D/unsigned long #£4ft>fy 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

3.3 BUBTIA.
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3.5 WUTEAE: SR IR , AR .
AL I PSR

obj
WFFRLIE R 2R

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

>>> m.obj is b

True

3.3 BUBTIA.

nbytes
nbytes == product (shape) * itemsize == len (m.tobytes()) . X2HHLEE
FORBPRE S SR ELE T EA—EST len(m):

%@

>>> import array

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

5

>>> m.nbytes

20

>>> y = m[::2]

>>> len(y)

3

>>> y.nbytes

12

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

EZ IR

>>> import struct

>>> buf = struct.pack("d"*12, *[1.5*x for x in range(12)])

>>> x = memoryview (buf)

>>> y = x.cast('d', shape=[3,4])

>>> y.tolist ()

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

3

>>> y.nbytes

96

3.3 BUBTIMA.

readonly
— RN RS R

format
— A, A IE PR TTRR (R st ruct BURFE) o INAARRIE AT AMCEAT
RS R AR, (FIEEETTIE (Blintolist () (URT AR TRk

33 i E & M BT B AE & & M struet BEBR R IE R L. X EWRE
memoryview (b'abc') [0] == b'abc'[0] == 97,

itemsize
memoryview HFEEANTTE PAFIT RN A KN

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

(CFgkzE)
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s L—ED
2
>>> m[0]
32000
>>> struct.calcsize('H') == m.itemsize
True
ndim
— AL, RN EN Z QB AHEA Z DY .
shape
—ANEEHOCH, Edndim PR B S AR T N B TEAR .
3.3 fCES#: 24 ndim = 0 BH{E K25 el Ak None.
strides
— RO, i ndim KBRS AFAT ORI, PAEDT A A 4ERE B R
ﬁ%‘i“‘o
3.3 U5 24 ndim = 0 BME N2 JTCAH T AN None.
suboffsets

Bt PIL MAR IR N . ZE DU E NS HEE .

c_contiguous

— AT NEE AN C-contiguous FIAT /R{E .
3.3 U A

f_contiguous
— AT NFFESE AN Fortran contiguous FA /K{E .

3.3 HUHTA.

contiguous
—ANFIHWNERT Ncontiguous I /RIE
3.3 BUBT A

4.9 EE53HA --- set, frozenset

set X5 &t B A ME— Pk i hashable 3§ 5 i H ) TGy 2 4 & UL B A48 i ke il . s 81 2
PREEE DA B RS R, Blansc s, 5. EESNHRELEE. (X THMAERNZRIES
Fdict, list Htuple ENEI, Wcollections fil,)

HHAbZ WL, £EHMEFR x in set, len(set) fll for x in set., {EN—FhLFHZ L,
LEEHAICFICEM BB ANY . FNH, AR ZIFRS]. YR BT 2 #0E

Hul B Wish N BEE AR, set Mfrozenset, set KRR A - H N E AR add () I
remove () XEEM T HERMAS. T RAARRA, EERAMAME, HA Y /E 7 Mg f ol H A 42
BIICE. frozenset KBUEANTAEH H oNhashable - FNZEAER B IG A RETFEAE s A IE W] DAY
TR sk A S S TR .

BT AIARE ] set tids, FEZSHY set (2 frozenset) i8] DAL 15 DAIE 573 B O TC R S R A0 & T HESR S
ZPkAE, Bl {'jack', 'sjoerd'},
PIAN R R s H A AR A X

class set ([iterable])

class frozenset ([iterable])
IR Al —N 1 set 5% frozenset Xt , HITLZE K BT iterable, S5 ICE W Nhashable, BEFE 4
fxﬁﬁi;’i%%%ﬁ, TN ZEG VAR frozenset X5, QIR RIGE iterable, WIXFiR Al —A
N EEA.

el HZ iy ok Ay
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o MRS NAE ST R N 2 { ' Jack', 'sjoerd'}

o LA SR: {c for ¢ in 'abracadabra' if c not in 'abc'}

o fHI2RBIM)IESS: set (), set ("foobar'),set (['a', 'b', 'foo'l)
set flfrozenset WSEHIHRHEDA T #4E:

len(s)
RIS s T RS (RF s A4
X in s

R x 2k s PR .
X not in s
Rz x 2 AE s A AL .
isdisjoint (other)
REST WA G other A WITTEMIRE True, X4 HAUCYTIMNEGIIATE N2 EART, W
BN A
issubset (other)
set <= other
R 2 15 4L A I RS JC R AT other 2 1.

set < other
KNS 1K other E T4, Bl set <= other and set != other,

issuperset (other)
set >= other
K215 other YRS TCRAMEL G Z P

set > other
KSR K other [NEMA, Bl set >= other and set != other,

union ( *others)
set | other |

Bl FOPALATR B A DAL others $4R M BT B & T TE 2.

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

BBl A, HA & REA VAL others f8 & T A£G HILAMITER.

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

R —ASEERE, HAP & R A THTE others 157 U HAMBSE & HATFAER TEE

symmetric_difference (other)

set * other
R =S, KRR cReE T IRIEGEURT other f8E R HARL A, (HARER N & TP
&

copy ()
1B ] JEAE A EEE DL
¥ &, union() . intersection() . difference() . symmetric_difference ()

issubset () flissuperset () J5 ¥ AEE B A T DAEE 2 AR A W] 25 AR R AE D — 1S4k
M2, ETEBEEARX N ENESRSHONE GRS . X T set (*abc') & 'cbs'
XAER Ty B R 4EAE , TR T T e Y set (Tabe') .intersection('cbs').

set fifrozenset WXFEAEEGHILE . PN EGYHICY N EGHHEN TEYEST
H—NEAZN (AR TEE) SRS, —NEA YL HACYH S — M EGE T4 (B
FIGHE W THEETEARE) BNT S — NS —NMEGYHCYH S — N EAEBE
(HIA e & BB EASE) BNRTF 75— %A,

set WL P 5 rrozenset WY SEBIZ B B T EATHY B A AT . BT set (Tabe') ==

frozenset ('abc') ik True, set ('abc') in set ([frozenset ('abc') 1) th—FF,
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THEEGME R IHAGENE N aHFE R . B, LEW AR AR ESAHERT AN
ST, HPAT Frf LR 0] False: a<b, a==b, or a>b,

HTEAIUE X T HET (TEXR), WILHEAWRIIEList . sort () JERHHIF T
E X

LEMICE, SFMAEEIAL, W0 Hhashable

RAH Tset Ll Hrrozensetr W) i §il 12 5 R/F 1R 18] 5 55 — A 5 V8 B0 [ i 28 84, 43 e
frozenset ('ab') | set ('be') Jfik[E| frozenset HSLH,

TERIN TR H T sec MABEH T AR AR frozenset LB HAE:

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

HORTAR S, ISR A others HHFTAILE.

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

HsES, HOREHATERTA others FHILIFAERICE .

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

SEOHES, BRRHEAPWAEET others FICE.

symmetric_difference_update (other)
set *= other

RS, RREAET RGN ARt RETAER TR

add (elem)
FIICE elem TN EAT .

remove (elem)

MEEG TR ICE elem, WIF elem NFEAETHEEGHNEE| K KeyError,

discard (elem)

WIERICEK elem AAET A PR HAD R

pop ()
MEEFBERIFREMEE TR, WREGNEW LT K KeyError,

clear ()

MEEG RS ERFT A IR -

HHE, FBEHFRA W update (), intersection_update (), difference update ()
Msymmetric_difference_update () F{ERERALE A ERIFTZIENSEL

R, _ _contains__ (), remove () fMldiscard () JF{ER] elem ZH(A] GER—> set, LI}
— Y frozenset AT R, 2 elem IGHT O — M2 KBTS .

4.10 BREFSEEY --- dict

mapping X5 2 ¥ hashable (HMIF BT S . WU E T I8R5 . HAAUA —FdnEme g a8 2, (¢
THAMBE BN RIESFE 1ist, set Htuple EWEL, PAfrcollections Bilt,)

TG LT AT VONAEAE . A Jdhashable f(E, BI&5IR. BRI AR KA (H(H LA AR
XIGARIREE) WA TR VERE . HRE R ERE (011, 1.0 Ml True %) AIHE A ARSI IF]

—FHLEH .

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

AR [ AR, B Rk A BB ORI T RE 2 i R T S BRI R AL -
TR 2 AT sk A
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o FHAMIESHLLES M 42 EX X {'Jack': 4098, 'sjoerd': 4127} or
{4098: 'Jack', 4127: 'sjoerd'}

o HHFMMESRE: {1, {x: x ** 2 for x in range(10)}
o (i HERIMEERS: dict (), dict ([ ("foo', 100), ('bar', 200)]),dict (foo=100,

bar=200)

WRBA GBI ESL, R, RS I — NI ESHOF HHE TR R, R
— A SR SN R RAE ) 7. I, ALE SR AUN A iterable X5 o AT
G PR B — TR B A — WL S P TCR A AT A 5o B — TP B 55— X 50 A B
TFUA N, S TR BB . MR B RDAE, RS — MR
AR 7 S OO Y A

WEREG I T KT SR, WK TSESIE 2PN RIS T 0 B SRR 7l AR B AR
BOAHE, KE KRBT SEER O A ESHIE.

YENER, PAFARFLER R FHIYZET {"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
B — B T AR A B = S 00 U7 =X H BEE H A 307) Python AR iR AFVE R . HoAt 5 =0 mT fife
Hﬂﬁﬁﬁ?ﬁﬂ%ﬁ

TXLE R LT SRR A (BT B SO RS A Y 24 SR ) -
list (d)

AR [l d P A A B B

len (d)

AR [m] 7 d TR

d[key]

AR [E] d HPA key SEEITT. AISRBATHARATAE key W& 5| K KeyError,

R TR E X T HE __missing__ () 7 H key NELE, W dlkey] #VERH %
J7 I B A B key AF A S48, dlkey] BfiERFREB5] % __missing__ key ) & H FIr iz
In] =% 5| A A AT AR X 42 57 7&@&4@&@27&&%@@ __missing__ (). QIARAKEX
_ missing_ (), M&F|kKeyError, __missing_ M\Zﬁg—/\ﬁfi, bTﬁ“E'~/*
SEAG AR He:

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

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

LT BB 7 2R Teollections. Counter SE MM H o . &FH 7 — M AFBY
_ missing_ G¥ERHcollections.defaultdict Fr{fifAN.

d[key] = value

¥ dikey] K value.

del d[key]

f5dlxey) M d PRSIR . AN RAELE key M&F| % KeyError.
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key in d

AR d PAEAERE key WIRIA] True, RNRM False.
key not in d

ZMTF not key in d.

iter(d)
R PAF I R TCR LR . X2 iter (d.keys () MIPET .

clear ()

Mol S BT R -

copy ()
IR ] JE B P8 DL

classmethod fromkeys (iterable[, value])

(IR A iterable F)RERIE— T4, FAFREBCN value.

fromkeys () j2— MR FHP LT value BRINH None ., FrAEH A 51— 5y
S, PG value JEA— ST AZ N G BN 23 91 00 8 2 1A 5 S0 . BERIBUR IR ROMEL, L
A o e

get (key[, default] )

WIS key F7AET F- 3P NER A key HO(E, E MR ] default. QN2 default A4 H M BRIA A None
ﬁﬁﬁtﬁ%é@%%%[ﬁKeyErrorc

items ()
IR I (5, ) XD HE— R . S IALIE A 244,
keys ()

a0 [y < M SR AH ) — ST . S DAL 3T 5 S AS .

pop (key[, default] )
UN2R key FEAE T 7 M WLRE HAL BRIF AR B AR, 75 MR [9] default. {2 default R4 H. key
TEETFM A NS5 KKeyError,

popitem ()
MF M ARG RFH IR A (5, ) Xf. HEXTSH LIFO (HEEH) BT Bk ml .
popitem () WM TR FHATIHFEEM RN, ZAEEGRERPREYMA . mRF =,
W popitem () 5| kK KeyError,

3.7 MUH s PUAE SR JH LIFO Y. ¥EZ HIBIIAS T, popitem () £xiR [ — TR
HRE AT

reversed (d)

AR [B] 30 R AR T  () AC 8% . X JE reversed (d.keys () FBREET K.
3.8 JEH A

setdefault (key[, default])
QR FHAFAESE key , IRFIVERME. WERAFELE, AR default (W5 key , IR [ default
default BRIAH None,

update ([other])
R H other [WBEMEXS BB -8, BiGA . RE None.
update () 325 —AFHNG, SFE A EEAEX (UK EE N o2l s Ho A w4
MGFR) WATERXT SR WRGH T X EFE S, W2 DU T 15 2 i) BB G 55 7 i
d.update (red=1, blue=2),

values ()

A2 0] p 7 S B — BT . AL A 2 A

Wi~ dict.values () PEZ A G LR 2R M False, iX7E dict.values () 5
HH 5 H i R R
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>>> d = {'a': 1}
>>> d.values () == d.values/()
False

d | other
I d T other W BERME R BIE— B FHL, PIF LA R M. 24 d I other A AH 7]
i, other BIMEMLIG.

3.9 BUHTA.

d |= other
H other WBERE ST d | other W] DAEmapping BYiterable [EENT . 24 d Fll other 458 7]
Wt other B

3.9 BUH A
PIAD TR Y HACH EATRAMEIR (8, &) XA 2% CRFIENF) . H7 (<,

<=,7>=,7>) K5 K TypeError,

U2 PR B A A AR o 5 KT R 14 SR A S SR o I S T 9 B B AL B 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
>>> d
{'one': 42, 'three': 3, 'four': 4, 'two': None}

3.7 MU I SR ANUT . AT 3.6 BIIFIAR) CPython SEIUAIT
I S0 LA 1 306

>>> 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, 1]

>>> list (reversed(d.items()))

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

3.8 R A SRR T .
h=%:
types.MappingProxyType A #HRAIE—dict WA .
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4.10.1 FHREEYHF

Hdict.keys (), dict.values () fMdict.items () FriRBIHINT R 2 ALE AT £, %02t
H%*AQMM@ KRR 2 F MO AR B, W 2 A B e AR

SRR T AR A AT 5 HOR 2 A i, SCap s Rz -

len (dictview)

Ak [ R ) 2% H A
iter (dictview)

W A g EET (DA (%8, B SHICRMITAHFR) mENS.

AT ARB TR PRSI0 () KO (I, ) 3 paiss =
zip (d.values (), d.keys()). #A—MIEMFIEN T E pairs = [ (v, k) for (k,
v) in d.items () ].

FETRANS MR 50 13 2 IR LI T (R T B3 Runt  meir ror BB TRR5E 2 (BT AT
%H.

3.7 MR S S AR AR AT .

X in dictview

AR o X BT S P AR B (B (TEf G — RS OL S x B —A (5, &) Jogl) MR [

True,

reversed (dictview)

AR | — AN AR g | (R I A o LR 5 4 A AR B I A T IR
3.8 JHE A LA P DA R AT
dictview.mapping
B types. MappingProxyType W4, BT HAL TR 0] 19 bR 5t .
3.10 BUFTNA.
Keys views are set-like since their entries are unique and hashable. If all values are hashable, so that (key, value)

pairs are unique and hashable, then the items view is also set-like. (Values views are not treated as set-like since
the entries are generally not unique.) For set-like views, all of the operations defined for the abstract base class

collections.abc. Set are available (for example, ==, <, or *).

M B L R B

>>> 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']
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(R L —5)
>>> # set operations
>>> keys & {'eggs', 'bacon', 'salad'}
{'"bacon'}
>>> keys ©~ {'sausage', 'Jjuice'}
{'juice', 'sausage', 'bacon', 'spam'}

>>> # get back a read-only proxy for the original dictionary
>>> values.mapping

mappingproxy ({'bacon': 1, 'spam': 500})

>>> values.mapping[ 'spam']

500

4.11 T EEERE

Python [ with &4 SCRpEE BN SCE BRI E OB T B R SGX —G . BRI SEBLE A T %
LIk, v P A R SGBATI R 30, TR TRTEAZ B R 3C, FAER AT 5E
HERR A LT
contextmanager.__enter__ ()
BENGEATIN BRSO IR ] 5 8RR B Zm AT B SCHY HABXT G 7 VR R R {E 2 95 8 3
5 F B R SCAS TS with A as AT AR IRAT .

—ANR W B R SCE S B T2 file object. SRR LM _enter () IRMIH A H, PAS
Yropen () BMAE with ARy BT .

— AR ] BT R0 _ER SUE PRER I )2 decimal . localcontext () FRREIFINS . HFE
PRES SPGB decimal | R SCHEN R decimal | R SCH— P EIARFHIR FHZEIAS . X fe st with
BB AR T 24 B decimal bR SCHFATR R, AN with BT RASMAARRS

contextmanager.__exit__ (exc_type, exc_val, exc_tb)
BB BN SO IR B AN R TR K B T A A AR Ao S 2 5 I 24 9 Bl an SR AE AT
with IBAREA IR 24 T 5, WSHSEERENZE. EAKEIEE . EHAELT
=ANSHH None,

L7 YR o] — D E{ERS- 2 with IR BRI 7 ARSI T SR BEAE with IR Z G RTERA] . A0
SRR TRE R AIAT I RS A i . AR BT iR RAT IR R A B S R S U wi e h TR AR TE A A
B AT AR S

e NB S 28 0N B Y W S A BT 5 | A B, 7 YR B 240 (] — AN AR O v 2
%%ﬁiﬁ%ﬁ?ﬁ%ﬁﬁﬁ%ﬁélﬁ%ﬁﬁ o XAV BN SCEBAM G A __exit () KRS
LRI

Python & ST — 48 bR SCI B R SCHF ) 2 IR AR [ 20 SO sl HC At oA SR A s G P, DA R 5 fif
M ARAETE B T e R SR B SC B TSR TR SCE B LASE , R BN SRR AL B TS
i contextlib BUREFM KRB

Python ffjgenerator fllcontext1ib.contextmanager B ifigs et 7 SE P IX SE i A 4 7 =K. W
RAfi flcontextlib.contextmanager FHHMige K EM—NE AT R, B RE—LH THE
H__enter () Fl_exit_ () M LN SCERAR, MANTRE AR R 0 A Bias r = AR i 4088
TR, Python/C API 1 Python X5 iy B ZEH - % A S XX S my LT IR0 . AR Z e SGX 28 vk
HIY RS AL R EATIE 38 1) Python ] 1R 7ok it 5 EafTh R SO IreA L, sk
FHLA AR T EH W] A2
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4,12 A FHRAY3EERY --- Generic Alias . Union

type annotations {) W BTk Generic Alias F Union.

4.12.1 GenericAlias &

GenericAlias X4E it JHE— IR AT EANTREHH T 24538, W 1ist s dict . 25063k
Ui, list [int] X GenericAlias XfRZMT I i nt ZHAMIN 1ist ZOREIE M . GenericAlias
MR FEHER R T AR A7,

) EE A RIUEEEH TER I __class_getitem () Bf A SZHFREERAE.

GenericAlias X A{E Rgeneric type (ACHE, LT HAHwz®,

XA, RPN BRI S BT AR ST SR OC R I, BN, set [bytes] W]
TERIARE AR st T IEEIH byt es KA,

XMF—AEXLT __class_getitem () HABEBTEGIIAE, FOAEMBURERSEAEES1EY]
TEM R _EE L — D ZATTIERTR IEHE*& B, IE N Ak X AT ABONAE st - Bl M by tes B
PEARAY L

o MMM x = re.search('foo', 'foo'), W x ¥ N—A re.Match 34 x.group (0) Fl x[0]
FR EERFS Ry st - 288 FRATATAFER RS i ] GenericAlias re.Match[str] /%
SEG T OE-

e MMH v = re.search (b'bar ', b'bar'), (FE b FEsbytes), N yv ¥ H— re.Match

S, 1B y.group (0) Fl y[0] By MMERF Rbytes M, FERBbRYES, AR
re.Match[bytes] ﬂéﬁﬁél_ﬁPﬁitE’JreMatch X4,

GenericAlias MR Etypes.GenericAlias JEMSEH, Z WA R BRI GenericAlias
POE" 38

TIX, ¥, ...]
AR MAA X, ¥ RBHULHFIE T ) Genericalias, M AT RMTHIL Y T.
B, —EZAE float TLRM1ist MM

def average(values: list[float]) —-> float:
return sum(values) / len(values)

73— AT K Fmapping M), HE| T dict, ZRRMWMARESHO HIAR T IEBAESE
B, AP RRMTRE A dict, HEARI ystr, [HEM N int:,

def send post_request (url: str, body: dict[str, int]) -> None:

WEMKEisinstance () Mlissubclass () NERE NS HCH GenericAlias AL:

>>> isinstance([1, 2], listl[str])
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: isinstance () argument 2 cannot be a parameterized generic

Python jZ TR BRI AT K 2 AR i . XFMThP R Tz B R HBME S . M4 GenericAlias 4
BRI, HASKERET NICERENER., B, AR BEAAYEG, Bisfritiss
iGN

>>> t = list[str]
>>> t([1, 2, 3])
(1, 2, 3]
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AL, RN RIS, B T SEUGHZ BE SRR S AL

>>> t = list[str]
>>> type (t)
<class 'types.GenericAlias'>

>>> 1 = t ()
>>> type (1)
<class 'list'>

R F repr () Wstr () £RBRN S JGrZEA:

>>> repr(list[int])
'list[int]"

>>> str(list[int])
'list[int]"

TAMZBAERN __getitem () FIARFTI R HE AN M I dict [str] [str] ZRATEEG:

>>> dict[str] [str]
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: There are no type variables left in dict[str]

Aid, BT R E S A RKAR TN . RELAUA S GenericAlias MRH__args_
SR AR B2k HBCR AT R .

>>> from typing import TypeVar
>>> Y = TypeVar('y")

>>> dict[str, Y][int]
dict[str, int]

FRAEZ IS

FONFRE RSP SARZ AL A RIS BT T -
e tuple
o list
e dict
e set
e frozenset
o type
e collections.deque
e collections.defaultdict
e collections.OrderedDict
e collections.Counter
e collections.ChainMap
e collections.abc.Awaitable
e collections.abc.Coroutine
e collections.abc.AsyncIterable

e collections.abc.AsyncIterator
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collections.abc.AsyncGenerator
collections.abc.Iterable
collections.abc.Iterator
collections.abc.Generator
collections.abc.Reversible
collections.abc.Container
collections.abc.Collection
collections.abc.Callable
collections.abc.Set
collections.abc.MutableSet
collections.abc.Mapping
collections.abc.MutableMapping
collections.abc.Sequence
collections.abc.MutableSequence
collections.abc.ByteString
collections.abc.MappingView
collections.abc.KeysView
collections.abc.ItemsView

collections.abc.ValuesView

contextlib.AbstractContextManager

contextlib.AbstractAsyncContextManager

dataclasses.Field
functools.cached_property
functools.partialmethod
os.PathLike
queue.LifoQueue

queue. Queue
queue.PriorityQueue
queue.SimpleQueue

re.Pattern

re.Match

shelve.BsdDbShelf
shelve.DbfilenameShelf
shelve.Shelf
types.MappingProxyType
weakref.WeakKeyDictionary
weakref.WeakMethod
weakref.WeakSet

weakref.WeakValueDictionary

4.12

. HELTHRAYSET --- Generic Alias . Union
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GenericAlias WEHIEHEM
N S 85 7z BUER S I T — Bk i) s g vk

genericalias.__origin

A SRR ) AN B R iz B2

>>> list[int].__origin___
<class 'list'>

genericalias.__args_
ZEME BRI TN RIS _ class_getitem_ () BIZBIFHM tuple (KJERHER 1):
>>> dict[str, list[int]].__args_

(<class 'str'>, list[int])

genericalias.__parameters_

TR RV — ool (WREAZS), H& T __args_ PHIFAVEH,

>>> from typing import TypeVar

>>> T = TypeVar ('T")

>>> 1ist[T].__parameters_
(NTI)
#i [E): WH & Htyping.ParamSpec W] GenericAlias X} %, 7 28 M B i 5 H

__parameters__ AR ANUERf, B Atyping. ParamSpec 8 THARIK A .

h=%:
PEP 484 —— MM /47 Python i HI TR BUARIE I HESE .

PEP 585 - bif 2 AR P I RO RIZ Y N8 T AR E R R A T IR A e B4R s ), R B AT SE 8 14
WRIHIZE Y class_getitem (),

1Z%) (Generic) , 1) [ Lz %! Rityping . Generic A KN SL B W BTN BE S I RER S
AV ARSI B2 200 SR

3.9 BUGHTA.

4.12.2 union Z£#®!

BAMRAE TSR 2 ERAT | GR80 BRI E X R EE M T L D52, Seyping.
Union fibL, HRAZRBFAAT] ASE B it i 28RN TEA -

X1 Y|l ...

EXAET X, Y SR union X[ 4. X | YFRARXEK Y. 4T typing.Union[X, Y] . I
WPAT A S RN AR int B float

def square (number: int | float) —-> int | float:
return number ** 2

union_object == other

union %} 4 7] 5 HAh union Xt R AT H R . FENSERUTT :
. EWAEHEER ST

(int | str) | float == int | str | float

o TR PO

82 Chapter 4. [FIE&[


https://www.python.org/dev/peps/pep-0484
https://www.python.org/dev/peps/pep-0585

The Python Library Reference, [} 3.10.19

int | str | int == int | str

o TEAHEICICET, 23 Z2mE 57«

int | str == str | int

« 5 typing.union %A

int | str == typing.Union[int, str]

« Optional Z5Z ] 7R K5 None I E .

str | None == typing.Optional[str]

isinstance (obj, union_object)

issubclass (obj, union_object)
isinstance () Mlissubclass () 3% union X4 :

>>> isinstance("", int | str)
True

(BB BE 05 parameterized generics Bt union X4 :

>>> isinstance (1, int | list[int])
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: isinstance () argument 2 cannot contain a parameterized generic

union XM I PR BR DAAE H types. UnionType i), FHA[T isinstance () ¥t ., TMAHE
FESNEE R POE

>>> import types
>>> isinstance (int | str, types.UnionType)
True
>>> types.UnionType ()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: cannot create 'types.UnionType' instances

Ml TSR X | YK, REWRIMAT _or__ () Jrik. HRICEEEMT __or__ (), union
AT DA

>>> class M(type):
def _ or_ (self, other):
return "Hello"

>>> class C(metaclass=M) :

pass

>>> C | int
'Hello'

>>> int | C

int | __main__ .C

hE%:
PEP 604 BT X | Y {E¥EA union 287,
3.10 GHmA.
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4.13 HitNEXRE

AR SR SE AP AT G o K BERT RIS R — PR EAEE

4.13.1 {5

MR IR A 2 JRAETTT): m. name, XL m g — BRI name Y7 AE m (9755 R P—4
PR BABREMEAT ABIR(E . (R import A AR UL R XTI R (1 Fh A import foo
ANESRAFAE 20 foo BB R, T BEORAFAE— T840 foo MRLBLE) GRAME) & 3L, )

BAHIRAE —RREIE _dict . RRMERIRIAT SR T I B U T R S PR el A B Y
Frode, [HRIGEEIEN __dict JRE JRAIAS m.__dict__['a'] = 1, XafFm.aEXH L,
HERARE m. __dict = {}). AEWEHEEBSR  dict

WE TR PRSI S G X FE: <module 'sys' (built-in)>. AUREMN—ASCHFENE, WS
i, <module 'os' from '/usr/local/lib/pythonX.Y/os.pyc'>,

4.13.2 5%l

KT X LA 2 5] objects Al class.

4.13.3 HR

PR Gl i PR AIUE BT . X RRECT R ME—#E 2B func (argument-1list).
SR AR PRI R RO 5 PN B RRASORI T P B SR T SRR HRE (TR R %), B5E
AR, R R BB AN ]
W% & alEs R function,

4134 B

HE R R E R R AAEWAMIER: NEFYE (FINFZER) append () FiE) FIZsL

Bl WETEBRCRFENIREDERA.

AR AR — ARG i (B CFES a4 S RN R L) , ARSI E)— MR & 402 7 ik (8

PR )7 k) 5. B, ESR selt SEURMBISHIR. 458 EL AR HikE
Pim.__self  FAEZHERNS, Min.__func_ @LHZHENEE. HH m(arg-1, arg-2,
.., arg-n) ZEZMTEM n.__func__ (m.__self__, arg-1, arg-2, ..., arg-n).

SHRECIRAENL, FETEMR W IFRBUE SR 2, i TR RSP EORAE T R AL
R (meth.__func_), PWIASRIFREIE IR IR I@ k. Sl &7 R i) JE M & 2 20|
KAttributeError, MEBLEITIERIE, RLATE T 2B e& B0 G B A A T30 B

>>> 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'

22 G RHGE  types.
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4.13.5 KEBXIR

RIS G ARSI R TR O BnT AT Python FC1 , Bilan—A> Rtk EATARETBRECTS,
A BT R 4 R T HEsn s . RS ShN B compile () BRBGRME, FAT @M EREL
WG __code_ JRMEM PRI, FiES R code Rk,

il _ _code_  &fiik % it F 1 object._ _getattr_ , ZEH obj M "__code_ ",
AT A RS S (AR A ) fdhexec () Beval () PWEBREBORPATECRIE .
T 2 ¥t L types.

4.13.6 FEBIW®R

RN R TR EAPRS G 2, R R B N E Rt vpe () RARI. KRB FRR . briE
R e ypes i T FrA AR E N BRI A FK .

R PR B B FER: <class 'int'>,

4.13.7 =W&

P52 A B 2 CHLR FHE A R BUIHR [B] . B SCRAT MR BAE . ZSX % WA —FhME None GX /21
WHE % FR). type (None) () & RE-— A,

AR 55N None,

4.13.8 HERFFIR

WX EH ATV R (3 slicings). B ZHRAEMRRREAE. AIEFFR R RE —MEEL1ipsis (X2
MNNBELFR). type (Ellipsis) () @K EIIipsis B,

R A Ellipsis B .. ..

4.13.9 REWIHR

PR R PR U — ez S T AT SCRp R 2RI 3R BB 17 2517 comparisons | 51 %
FR. AREHXG HA—MMH Not Implemented., type (NotImplemented) () 24 BiEXA A,
ZRIEE N Not Implemented,

4.13.10 fr/R{E

MRMER A RS False il True. EAIHAIRIIRZE FAER R HA R T  1EE
fRAE) o« FEECTRM ER SCh (Blans ISR ST ), BTN R BT 50 Fl 1. i
E%ﬁ%ooz () IR AR RSO R E, REOZE T A — D2 EE (S 2B i
Al EBIY) o

NSS4 R8N False fil True,
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4.13.11 PIEPIIER
A KRBTGS types. HA A 7DD IR A KU R FSE

4.14 F%REH

TS LIRS T — 2Rk Lt e, ENTRA&BMIER . Hh—83 A Lpidir O
WE BT A Y
object.__dict_
—NFMECHAM R R S, TR (T5) &k
instance.__class___
FSLBI BN
class.__bases___

HI R G I L2 BT 4L o4
definition.__name___
. B Nk, AR EUE AR SL B A AR
definition._ _qualname_
xL O REL s WREREUAE R L B qualified name.
3.3 HUHTIA.
class.__mro___
BeJE P R e, FEJT iR A S BT e R A R
class.mro ()
W — A TC R, DA LB E R IIT . B RAEZSL BT, HE2R AT
T mro__ 2z,

class.__subclasses__ ()

TSI B TRIE5 NSRRI R B A ST I RF . SR I I 288
SRS Bl

>>> int._ subclasses__ ()
[<class 'bool'>]

4.15 B FFFEREIRK E PR

CPython XfF int Flstr Z [BEEHA — A2 R R A MRIE L IR 552506 . IR A48 AT+ ek
HAPAAE i3y M EE R . o] SRR R N 2 BRI . % KR AT DA

int ZRAHE CPython W 276 A i HIIE M E K IERECTY GEHERN “KRETF) . AEAEfELE
R P — AR ER R — R B R — A R B AT R SR, FRAERECH 2 W3R T
T REHCH 10 KUl E A B BYERAE W IR B Fefe— AN KEEW int ("1 * 500_000)
TEPE ) CPU e ik #h—Fb A E I o

FR A/ IMRAIL T — ANk S CVE-2020-10735 BRI 47053

BUBR ] S AE W] REW M AR LRk 4 S A iy A A e P B B A B . P RIZRE 75
AT A BRI .

YA PESHRGIR, 5% valueError:

>>> import sys
>>> sys.set_int_max_str_digits (4300) # Illustrative, this is the default.
>>> = int ('2' * 5432)

Q3
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(R L —5)

Traceback (most recent call last):

ValueError: Exceeds the limit (4300) for integer string conversion: value has 5432.
—digits; use sys.set_int_max_str_digits() to increase the limit.

>>> 1 = int('2' * 4300)

>>> len(str(i))

4300

>>> i_squared = i*i

>>> len(str (i_squared))

Traceback (most recent call last):

ValueError: Exceeds the limit (4300) for integer string conversion: value has 8599.
—digits; use sys.set_int_max_str_digits() to increase the limit.

>>> len (hex (i_squared))

7144

>>> assert int (hex (i_squared), base=16) == i*i # Hexadecimal is unlimited.

BRIABR K 4300 fiBlsys. int_info.default_max_str_digits [ E. /KR H P gl &R 640
{Blsys.int_info.str _digits_check_threshold,

Bk

>>> import sys

>>> assert sys.int_info.default_max_str_digits == 4300, sys.int_info
>>> assert sys.int_info.str_digits_check_threshold == 640, sys.int_info

>>> msg = int ('578966293710682886880994035146873798396722250538762761564"
'9252925514383915483333812743580549779436104706260696366600"
'571186405732") .to_bytes (53, 'big')

3.10.7 MU A

4.15.1 Z Y API

PRI SAE T int flstr by tes Z [AAFTER AL W] B e
e int (string) ERALA 10 HEZL.
e int (string, base) FATAANN 2 BIFITHIEEL.
e str(integer).,
e repr (integer),

o ARATHAL HARZ DA 10 BRI FAF R e, (I £ {integer}™, "{}". format (integer) H

b"%d" % integer,
LR AN S T 00 1) e PR SRR 1) R
e int (string, base) W base AP N 2, 4, 8, 16 5{ 32,
e int.from bytes () flint.to_bytes ().
e hex(),oct(),bin().
o AEXAAEEARIE S HITHNEER] L IR g A
o str B float,

e str £decimal.Decimal,
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4.15.2 EEEPFRHIE

1 Python J5 512 HI Vi 1T DA FH R A bk sl ARe 25 iy A T IEA of e 26 IR A

e PYTHONINTMAXSTRDIGITS, ffil#{ll PYTHONINTMAXSTRDIGITS=640 python3 &R #l &% K
640 il PYTHONINTMAXSTRDIGITS=0 python3 j&2% IRl .

e —-X int_max_str_digits, Ul python3 -X int_max_str_digits=640

e sys.flags.int_max_str_digits w F PYTHONINTMAXSTRDIGITS B -X
int_max_str_digits W{H. WRFFIEAS A -X RIS ARE, W -x ®IL. Eh
-l FARWIE Y RIEE, NS ER B sys.int_info.default_max_str_digits [
fH.

MARRG A AR T DAKS: 2 224 7 ) R ) (5 i i 28 s s APT SR BB {HE:
e sys.get_int_max_str digits() Msys.set_int_max_str_digits () s&fHFEEEZ PR

BRI A . TR A ENTE Cry Rl
Information about the default and minimum can be found in sys. int_info:
e sys.int_info.default_max_str_digits 4B,

e sys.int_info.str_digits_check_ threshold ZiZPREITIEZ M EAE (ZEHiZEHII 0

BEAN) o
3.10.7 BGHIA.

S G RURE T A SEOTR. BORRHIL, (H8 R S AR UR 0 Rt
-0 R PR 80 L ARIR A R L MR K 130 5 g
Python I FLAEARAT I EIAE B, 30036 A o I o A BE 2 A S —— PLBERS A
(O RAEAEC IR pye M b/t . — e A R 3% B o 3 o bR e A
SFE NS R Z BRI 0x /<R

TSR 52 G0 WL O SR B A0 7 PR 0 R R T A R sl e LU
i8R 9 DA 00 B A T AW Python 4 . py WCCHEAR P . pye SCHFHY
5225 25 JRHL 9 B

4.15.3 WEFEE

The default sys.int_info.default_max_str_digits isexpected to be reasonable for most applications.
If your application requires a different limit, set it from your main entry point using Python version agnostic code as
these APIs were added in security patch releases in versions before 3.11.

Hi

>>> import sys
>>> if hasattr(sys, "set_int_max_ str digits"):
upper_bound = 68000
lower_bound = 4004
current_limit = sys.get_int_max_str_digits{()
if current_limit == 0 or current_limit > upper_bound:
sys.set_int_max_str_digits (upper_bound)
elif current_limit < lower_bound:
sys.set_int_max_str_digits (lower_bound)

IR RN E, HHHBN 0.
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CHAPTER B

[ElZ2Ey IS

£ Python Wi, By S wb i — IR H BaseException HIZRMERI. et A4 l— A E R
except THIN try IHAIH, % TAE BT MIRAE B %7 L (EALLR € FriRd i 55
K)o ST RACOVEB DA KR FE IR RAERN, BEEIRAHERNZAK.

R TES S T G AR B B ROk AR . BRAES A UL, BN BA AR B R
TEH B R CRIRME” o XA PR — DA R E 2 MG B0 (Ban— A5 RS A — A RS TR 0 T4
) A RIEEE 2VEA S EE L8 5 RIS .

PRI AT AT | A NS 36 AT R T S A SRR Y R A R A, B FERRRERR S K T A
] A G DU —HF s (ERIH R, A EATHLERIBE R Ik A P AAD 5 | A AT 24 R

P S0 2R AT DARE TR AL DAE ST S SR S B M Exception RELE MRS TRMA 2
MBaseException KIREFHNRE . T EXFHEIEZL(E B PALE Python FEY tut-userexceptions
HAAEE

51 FELTX

M HoAth S C AR BRI D0 T S5 R — R R R, BrmH) __context_ JBIESWH Bk
NEBPAP T . FRATUMEMN T except B finally T4, B3 with ARG

IR RE LTI T AGEAHH from Bl raise kb w42 XA A:

raise new_exc from original_exc

WRIE from 2 5 —FEXMI N—FH B None, BHIEMGI KM RHE Pk E N __cause__,
KE _ _cause_ o HK _ suppress_context_ J@ME N True, XFEi ] raise
new_exc from None HJ DAF RUHLKF IH 538 B e 0 37 57 ok Bon HH B9 (Bl dnKfkeyError §6 4
HAttributeError), [RBHEIHFHAE __context__ HREEA] AR PAEAE IR AT #E4T 4

B 7 5w A B L PA AN, EROA R R R & BR X SR IE ) R . __cause_ Y A H
EREUNREER S 2R R, _ context_ BRI EERENAE _ _cause_ HNone 3 H
__ suppress_context__ N{B{EFER.

ARTEFE LT, REA S SRR IEREZ G ER, PAERIWIARE—17 82 BRI K i

SR
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5.2 {#gF 2B

P AT AR R AR A3 R 128 B R AL T R A — A i R DAk G 22 > HE R b 3
args JEYERIAFETT, PARATAATR A ARA ] e EUmh % .

CPython F{fi:4fi: KEENEFHEEH C LIPARIEETTHF, £ L: Objects/exceptions.c, Frfr—2k
HA A E X WAAR, XA E K H 2 2w R TR . — 2R8I 7o R 8 T 5
PRI T R Python MUATFHL M LAS , SEHEA R AT gy~ Egnmnpss . Bk, @ise st 2k

EASHAAL.

5.3 E

NS O A A SR R R

exception BaseException
I WEREESR . BRI HE SR AR (XA F LG Except ion). WIRAE
HRRSEHI LT st r (), MeREISLBIKSEFR, S LB SE R R 2 7475 .

args
25 RIS S EOTA .. RN ERE (FlUosError) B2 E BENSEOF R T IL o
R TCEFFRI S X, ARl R A AR RS B BB

with_traceback (1b)
W7 2/ b o R B B R B R E X 4. B PEP 3134 [ R 4
YEPEV H Z B oA . R s T AT R — 4 SomeException S
i 4 k) OtherException SLHI M OR & MM E H. 58— HP51%k, Yuimiawifs
OtherException BTG, BHG UIKAT RV SomeException ¥ % 37 45 H H
7 EFE R AR & R A S T — .

try:

except SomeException:
tb = sys.exc_info () [2]
raise OtherException(...).with_traceback (tb)

exception Exception

P WERAERGGR 12K R HAIRAE A IL3E. B M B G iR R H IS,

exception ArithmeticError

BEE RN T IR A XM AR A ARKE RG] KN E RN OverflowError,

ZeroDivisionError, FloatingPointError,

exception BufferError
B5 e XA R B EICIR AT IR RS | 22
exception LookupError

S HEH T A S oK 51 0 1 2 RO | RO TnclexError, KeyError, X
B PAE T codecs . lookup () EHIET| % .
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54 Rix&HE

AT R E T AEYE AR R .
exception AssertionError

2 assert IHARIGNRAHG] % .

exception AttributeError
BIEHET I (2L attribute-references) BURE R IMPFRE 1 K. (U— DX GARAAR HFEIEG | EL
JEVEIREL WK 5| % TypeError.)
name 1 obj JE AT DA IR #04 SUR 8 7 SHORBEL . ENTIERBERCE N 73 i R 215
IV P Jas P48 R DA B I U 0 A2 SR PR R R R

3.10 JR T4 i name Bl oby B

exception EOFError
Minput () RER BT M BIIA 2 SO 45 o) 4% 48 (BOF) B85 1 % . (J14h, io.IO0Base.
read () flio.IOBase.readline () J5{EAEIRE] BEOF MR o] — 425 F475 )

exception FloatingPointError

H il AR -

exception GeneratorExit
Y —Asgenerator Bfcoroutine ¥% 3 A B 955 &5 2 W generator.close () #ll coroutine.
close (). BHBYKHBaseException M AN RException, FH MM LR EIFAR—
AR

exception ImportError
2 import {EM XM BBHGE B BRSPS | K. H H Y from ... import Hfy from list” 77
TETER BN AR5 & .
name 5 path JEMEAE RSO ETFSHORBOE . BOE BN BFER A
(IABEER A4 Bk -5 i K S (AL T S T A B AR
3.3 iREE SR Y name Bl path B,

exception ModuleNotFoundError

ImportError ¥4, H—MRITCEBEMIIFH inport 51k, HfEsys.modules FF|
None B85 %

3.6 BUBTINA.

exception IndexError
25 9 S BGE YO RS K. (DDA R | 2P RV iyu e RIR E R T A 2 Rk
W TypeError &¥51 %)

exception KeyError
MTEIA A P HA B E T () BT % .

exception KeyboardInterrupt
4 ] P T T GRS Control-C i Delete) WEFHER| % o TERATIIN, £ Il bl
T MAHAIKEHBaseExcept ion AR AN WAL B Except ion BIURSEAMITER, X HER] PAKE
HuiB RS .

fiE: Hifkreyboardinterrupt THEFFHIFH K. HRHE T RERAEAN T B SAL051 &, FEH
SROLY, ERTREEET R IR AN SRS . R Rk Reyboardinterrupt KRR
SRR EESERRG K E. (SWA X5 AL E Ay, )

exception MemoryError
B—MRAEFEIR AAAERE LS PTG B — L85 ) AT SRR | Ko RIRAE R — D4
B TR () SRAEFER T AR, R TIRZMNAFE B (C Y malloc () B
), MRSV B RIS X FMF O T e W s (HESETEMI AG A — 8, IRt REST
B AR IR R, DAE R S S ) AR T
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exception NameError
MR R R A PR AR BT K. B OO TARRE A PR KRR — R HHRE R,
H & KRR B 45K -
name J& AT AGE A58 g A (L PR B 7 SHORBCE . BRI E MR B U7 M AL B4 AR
3.10 HiREE 5 HH0 name JBTE.

exception NotImplementedError
SRR Runt imeError, AP LIRS, B T 1 SR TR A K T %
Tk, BOREH BRI MR P A S B R A IR 5 | A B

fiEl: EORR Y R FR — B AT AR A BRI RF —- TESL S 0L T B 2B R B AT 1 7
BB RE L, BEEAE TR vone.

#E): NotImplementedError fll NotImplemented AA] H¥, BIETATA M4 FRH G,
W& HNot Tmplemented T A KATEHE I EA T TEANB] .

exception OSError([mg])

exception OSError(ennasnvnvd;ﬁkmanw[,wMenvd;ﬁknameZ]]])
WA — DR REGR B RGO KR IREPRAE T | K, IR RS VO A I fian Sk
B B AT % OMIFEIRE S E A s A AR AR ) o

eyt s ) 265 — FE AT BEE AR Bk i A B R . SRR S X L SR A BRIA Jy vone. Sl T RENH)
TARE, WREAT =ASE, Wargs RMRFCE S i BT M5 82 AL 2 o4l

M AR SRR M AL SE OSEr ror WIHEAST2E, AR 3LOS exceptions W FTHARY . BRI T I
T Werrno fi. WAT AN EEBGEL B4 RMEOSError WA AE, I HAETIALRIA 29

errno
KHT CAH errno MEFHIRIG.

winerror
1£ Windows T, S HCRES HJE A1) Windows £ . Merrno Ja MR 2% e AR A iR S 7E
POSIX “V-& i U4 e K .

7E Windows |, R winerror #1588 5502 — 450, Werrno |1 Windows 41745
KHAE, T errno ZE AN . FEHAV-5 L, winerror ZH XN, I Hwinerror J&
PR R APLE.

strerror

BAE RGP BEAY I 4 R 5 B . EFE POSIX PG i C %L perror () HAxfk, 1E

Windows 1| /2] FormatMessage () .

filename

filename2
YT 53R G AR K (Flilopen () B os.unlink () W%, filename G4 REN
A o XTI R S R G AR KL (Bl os . rename (), filename2 Yfi2fe 4k
R AU 44

33 R 4#: EnvironmentError, IOError, WindowsError, socket.error, select.error
5 mmap.error CHGEHEIOSError, s ol fER [ H i —r2K.

3.4 RS filename JBIEIMAERELR KRBTGS 4 , AR ET filesystem encoding and error
handler AT ERIGZ JEII TR WAL, IBEINT filename2 ¥itds SO EE -

exception OverflowError
MARBER G RRBICE TR . XA BECRIA T RE R A (TRl 5k MemoryError
WAL FER) . HRE T IR, A RS AEREEOE 2RI 5 0L R 5 % OverflowError.,
PUNAE C /DXt e AL BRI AR AL, RZ B07 R A A 2 & .
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exception RecursionError
I 5 5 IR 48 HRuntimeError. B & 76 MR R4 A U & B o e K MR E (B Wlsys.
getrecursionlimit ()) B#5| % .

35 REFTA: FEZ 5l R 5| X Runt imeError,

exception ReferenceError
WS HE AR weakref. proxy () BB QIERY S5 | R DT %S | i3 ml ik
AL % A RETIHNEZE RS veakref ik,

exception RuntimeError
2456 I B — AR & AT AL B B DR RF 5 | K. RIRPIME R — MR TE R AE T H4m
) A HR

exception StopIteration

HI N E R Enext () Fiterator f)__next__ () JFIRRTG1 %, MIRFRZIENGARE 4T —5i.
BRENR R —AEN value, BTEMEZAHEIEASEE L, BOME I None,

Y —A~generator Bcoroutine FRFGR BN, $5]| E— ANl stopIteration 5L, FREER [E BN
A 1’55“%*@@%% value %,

AR FA A e RS BBk R E | & T stoplteration, E&#iki HRunt imeError (O
ffstopIteration BN SFEFRHEHIEA).

3.3 MU SE: AN T value JEME M HPE SE B BUTARR MHERI DI RE

3.5 iR AR 5] ATl from _ future_ import generator_stop JFZZH RuntimeError %
e, %11 PEP 479,

3.7 MU A BRI B A AU S ) PEP 479: FEE ilas 51 K StopIterat ion S P i

“NRuntimeError,

exception StopAsyncIteration

WA —~asynchronous iterator R4 /) __anext__ () FIERS| & DS IEEEEAE.
3.5 BUBTA.

exception SyntaxError (message, details)
2R AR B B AR G K. XV PAKAESE import 1BA], XTNE K Ecompile (), exec ()
Heval () WIHH, SC2BBURIGHIASRER A (WEFETER) mmHE.

FHEIBIN ser () FORIEESERIFE . SRR —Aocdl, Hs Rt nl 7E B J& 1k 2 AR

filename

RATEE R R ITE S 24 8
lineno

KRR ST . AT 9 REIN 1 TG S EATHY Lineno A 1,
offset

KRR ST P . SIS RGN 1 FF- G T E DA of £set S 1.
text

BRBRITI SRR SR

end_lineno

RARSRRES AR RBIT S . XDRGEZM 1VIFRE: SR EFTHY 1ineno 2 1.

end_offset
KR RAE PR B S . ZARGIEM LIFR: 7 E DA offset 1.

X PR B AR R, B A -string: 7 B2 HHLA R BT R IR A U Y SOA
FEIALE . BN, %1% fBad {a b} field K7~ AKX FERY args J& M Cf-string: .., (", 1,2, (ab)n, 1, 5)).

3.10 HR S Hitiend lineno filend offset Bk,

exception IndentationError

SAIER AR K IR RIS . X gsyntaxError l—A~T3K,
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exception TabError

A S X R R EARAT A — B 95 1 % . X IndentationError —471K.

exception SystemError

U ERE AR A BN RS U8, AL DL B 1 A EE B S A A IR . RERAERE—
HRIE T A AR AT (B NIRRT ) .

RN 245 I [P R 5 2 Ui 11 Python fRRERS A 15 B 4ES N 5. A 5 Python AFRREERAY A
F (sys.version; EWATER I Python 2 IFIGI AT ENE oK), FARRIEUIIEE (CRiirk
HRAYME) DASCT BBl A 12 B IR MO R 7 AT

exception SystemExit

WA Hsys.exit () RETG| k. B K HABaseException M ANEException PARA S
WP Exception MR ESMEIR . X AVFIL R IEHL ) AR SEMRES RS . R eEk
BEALFE, W) Python fEREAR SRR H s AT EEATHR B 315 B . Wi #R 2 T kS50 5 1% 3%
Ysys.exit () PME. WFRER—NEE, WEIRHRGIBHIRS (SE34A C Y exit ()
PREL) s ANSRRAE N None, MR ARSI N WS MR (FIanFaFas), WSFTEIXT
SRR RS 3 — .

Xfsys.exit () WS EA—A 58 AERE ST IS UG R Y (try WA finally F
A1), HAEARE RS AT DASA T — B AR T AN 0 1B 2% 4 il R KU o A SR 66 6 iy S b 75 257 B IR Y
(BIAHE f os . fork () Z )G TR ) WA flos. _exit ().

code

fean s R RSB R E R (BUAN None.)

exception TypeError

DR RR BRI Y ] T RN TE M X RINRET [ Ko RIRAY(E R — D7, 45 Ay R
AVEELHTTEN o

W S W A P A 5] K, DA R 2 G X B S X R R AT I B AR OR 32 SRR Y Y 2 3
R AR I AS R G R 24 SRR 45 E I B VR AR OR SR A R SE B, BT B G| R RO 2 R
“ANot ImplementedError,

B ASEI B R (BIANTEEER ine IFAME AT 1ist) W24 F K TypeError, B ASEME
i (BNt NBERNG 2 S MY 24 F:8 valueError,

exception UnboundLocalError

A oK RSO IR XA R A B AT S, AR A R R IR AL (B R 5] K. MR

HENameError f— 412,

exception UnicodeError

2 %45 Unicode AH RIS SRS B RN 95 | K. WS ValueError — 13K,

UnicodeError B —SoiliR 5 10 al iR i 45 iR A @M. BIi err.object [err.start:err.
end] 45 H TR RS A8 R R 2 TERUIA -

encoding

G AR BRI G T 24 FK -
reason

TR R 2 R 2 B DRI AT
object

G PRt g 1o P e B AR AL PO RS R
start

object HILHEHEM IR EH R .

end

object MILHEIRHIARMERT] (FAE).

exception UnicodeEncodeError

e A &4 5 Unicode M R IIERIRINIFRIG I Ko RH R UnicodeError flI—4T2K.

exception UnicodeDecodeError

Ve AR & A2 5 Unicode AH E AR IRIRFBES | %« LR /& UnicodeError [—AF2K.
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exception UnicodeTranslateError
TERE H iR K425 Unicode AH R AYSE RIS | K. IESRH R UnicodeError B— 12K,
exception ValueError
24 H AR ek B di B B IR SR AUELELR & A IS4 HF HLUR DL BE T TEORS i Y S5
Il IndexError FEBIPEHE] % .
exception ZeroDivisionError
W RVE R ARIE HI S A SHCH BRI R . RIRI(ER — N7, TR ERcRa S 26
A,

TR B A S Z BIIASHIARES s M Python 3.3 JHR, EAT#RZOSError M54 .
exception EnvironmentError
exception IOError

exception WindowsError

FE¥E Windows H1 ] F{ .

54.1 OS ®&

T REE hosError KT, EATRHRYE RS RG] K.
exception BlockingIOError

B MR SAEBEON IR ZERERON R (Bl R T) EAE IR RER5 1 K. X T errno

EAGAIN,EALREADY,EWOULDBLOCK*HEINPROGRESSO
T OoSError BAWIETE, BlockingIOError G —/ AN

characters_written
— R, RRTEWHERIC B AR TR SR A 1o BTGk VO K 1R
PERTH o

exception ChildProcessError

BT ERE LA E R G 5 | & o XTWF errno ECHILD,

exception ConnectionError

ISR R R

H F 2K HABrokenPipeError, ConnectionAbortedError, ConnectionRefusedError
M ConnectionResetError,

exception BrokenPipeError
ConnectionError 12, H{EHGA—MEEMZEEN T —mE KM, SEKEGA—1
BRFMZEETC XA BEANRHG K. MY T errno EPTPE FIESHUTDOWN,

exception ConnectionAbortedError

ConnectionError W 128, 24— A% £ 2 W 900 o b 1k i85 9 51 . XF B T errno
ECONNABORTED,

exception ConnectionRefusedError
ConnectionError W T3, 24— A>T 3% 2% i g 0 s 15 46 W KF $ 51 Ko X W F errno
ECONNREFUSED,

exception ConnectionResetError

ConnectionError W ¥ 38, M4 — 1% B 2 9 X i & B B K 9 5] . XN T errno
ECONNRESET,

exception FileExistsError

BB BN EAFAER SO EUH SRR 5 | % . XM errno EEXIST,

exception FileNotFoundError

BT K SO H SEARTFAERPRAE 5| & o XY TF errno ENOENT,
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exception InterruptedError

YRGB AT WG % . XY T errno EINTR.

3.5 WA M RGP HEHEANF S IS, Python SIZES HIX ARG THA, BRIFZE S AT
Sk THERE RS0 PEP 475) M ANES| A InterruptedError,

exception IsADirectoryError

MIERX—A H FIATICFRAE (Bl os . remove () WRFHHI K XWT errno EISDIR,

exception NotADirectoryError
4 SR AN ST H S (Bltios . 1isedir () BHERE % . 1Ek £ % POSIX -4 I,
B AT RELERA BRI R — AN H AR H SRAT IR 8l Py 951 % . X F errno ENOTDIR,

exception PermissionError

UAEBA BT BRI DT B AT R AE R 5 | BN R G ALR . X

errno EACCES MEPERM,

exception ProcessLookupError

Lo E PR AR R 5 % o XF. T errno ESRCH,
exception TimeoutError

M RGRETE R G2 PR AR B 0L P95 1 & . XV T errno ETTMEDOUT
3.3 O BN T VAT O0sError W12,
L%
PEP 3151 - 5 OS Hl 10 S 12K &5k

5.5

I

- =
=]

IO R EREEL LR HS YL E LA SO TR -
exception Warning
EEII R
exception UserWarning
P A iy e i B
exception DeprecationWarning
BRIt ) 4 R X oAt Python 42351, I RALEAE Ry 5 © 5 R AR S i B2

DREONE LIRS 20, 12 __main_ BHHETEILERSD (PEP 565), J& ] Python TF % A% X &
BRI .

XA B AE PEP 387 Hilidi .

exception PendingDeprecationWarning
XTI IR R, 5 B RS AR A O A B
XA, PR ER AR T BRI F ) S B i BOMEATEANE DL, BN 224 T E A A4 5
Wi peprecationwarning,
SAEIRINE YRR 2 o B Python % 45 X, i &3 R
XA BEEAE PEP 387 Hiiib# .

exception SyntaxWarning
RO TR SR

exception RuntimeWarning
SEIBIB T T A A A R

exception FutureWarning

ﬁn%gjgivitﬂ 5 2 51X DA Python T2 5 1 1 A S 2 Y, W RAREAE 5 © 57 AR A S 5
B
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exception ImportWarning

SHERLHTA A R] RE Y B DA A A B
SPEONE L DE AR B . JEH Python -5 A% X It & s I -«

exception UnicodeWarning

5 Unicode fH 5 511 32
exception EncodingWarning

SE L EL - EwiEPRIIE SSilE S

AT Rk 451284 EncodingWarning .

3.10 BUFTIMA.

exception BytesWarning

Hbytes Mlbytearray HIKAESHESK,

exception ResourceWarning

HEYRAE Y AH O R R
LR\ R B W S Python T& % R X, b4 B Ip A
3.2 HUHTIA.

5.6 FEEBREGH

WE IR REETE

BaseException

+-—— SystemExit

+—— KeyboardInterrupt

+-— GeneratorExit

+-— Exception
+-— Stoplteration
+-— StopAsyncIteration
+-— ArithmeticError

| +-— FloatingPointError
| +-— OverflowError

| +-— ZeroDivisionError
+-— AssertionError

+-— AttributeError
+-— BufferError

+—— EOFError
+—— ImportError
| +—-— ModuleNotFoundError
+—— LookupError
+—— IndexError

| +—— KeyError

+—— MemoryError

+—-— NameError

| +—— UnboundLocalError

+-— OSError
+-- BlockingIOError

\

| +—— ChildProcessError

| +—— ConnectionError

| | +-— BrokenPipeError

| | +—— ConnectionAbortedError
| | +—— ConnectionRefusedError
| | +—— ConnectionResetError

| +-—— FileExistsError

| +-— FileNotFoundError

| +—— InterruptedError

Q)
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(e )

+-— IsADirectoryError
+-— NotADirectoryError
+-— PermissionError
+-— ProcessLookupError
+-— TimeoutError
ReferenceError
RuntimeError
+—— NotImplementedError
+-— RecursionError
SyntaxError
+-— IndentationError
+—— TabError
SystemError
TypeError
ValueError
+—— UnicodeError
+-— UnicodeDecodeError
+-— UnicodeEncodeError
+—— UnicodeTranslateError
Warning
+-— DeprecationWarning
+-— PendingDeprecationWarning

+-— RuntimeWarning
+-— SyntaxWarning
+—— UserWarning

+-— FutureWarning
+-— ImportWarning

+—— UnicodeWarning
+-— BytesWarning
+-— EncodingWarning
+-— ResourceWarning
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X 7 BEIE (Text Processing) R %

AEHI T ARABAL (module) FRAL T BEZ 17 3 3V LAt SCAS E PRUIR 5 -

TE =2 | 2B R 5 RFIR N codecs BAL B SO R P i FEAH B . 3 AMBEE 2 EHE A 57 £ 72
str WP TR R Python [Elg 5 BU(E],

6.1 string - HREFHFRIR/E

JRUARIE: Lib/string.py

%
LRF5) R - str

FBa T &

6.1.1 FHBEE

AT v E SR
string.ascii_letters

N ffiRascii_lowercase fllascii_uppercase HEMPHE. ZEAKHTIES X,
string.ascii_lowercase

/NEFHE abedefghijklmnopgrstuvwxyz ' REAKEIT I X, AokAEwAE.

string.ascii_uppercase
KE5+H}F ' ABCDEFGHIJKLMNOPQRSTUVWXYZ ' o Z{HAMKITIE S X, AekAkAs,

string.digits

TR 10123456789,
string.hexdigits

FAFER '0123456789%abcde fABCDEF ',

string.octdigits
FAFER 101234567,
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string.punctuation
TE C BRI B LR bR SRS 1) ASCIL A BT ALY AR E: 188960 () %4, = /15 <=>2
QINI {1}~

string.printable
A R AT B S H) ASCI FAFH I 47 e« iXJ&digits, ascii_letters, punctuation
Mlwhitespace B)EHI.

string.whitespace
RN 25 FI A7 51 ASCIL AP A L) T4 e . oA dE S SR, AT, [l HRACHIZN i) ]
FAT

6.1.2 BENLFHFREXL

B FAFER RAL TE EH PEP 3101 Frffiidi i) formac () J7riEdiATiE 29748 S8 A E A% =01k 11 B
Jjo string B Format ter BAVMRMER 5 W E format () J7 A0 A 0 SEBE AN @ 2 iR B
OIS T R .
class string.Formatter
Formatter RO FIIAG HE:
format (format_string, /, *args, **kwargs)
HEW) APL k. BEZ MR EFREIMEE AU ERM X BFESH. sHE2—1MH
Hvrformat () WEIERE,
3.7 BE S TR SHONAE R IR AL E A3
vformat (format_string, args, kwargs)
R PAT LB Rg AR E . B AT N — DR g, F T HREE A HE LF1E
RS, MARMH *args fil **kwargs IBVERFF ARG Z A M SEOF HFT R
flo viormat () SERAFHE PR FAAEHR B B TAE. BV T SUidm
JUMERTE
WAh, Formatter ibgE X T —Y SRR T m ik

parse (format_string)
¥Rk [ format_string F-3% [B]—A4~ Hy AT 280X S 41 1 A (literal_text, field_name, format_spec,
conversion), ExPiviormat () HERFFAFER iR SR I E B 47 B

TR EAER & b R — B SO bR e B R T SR (WS
PP 7 Bof o B AEXFEOL) , W literal_text $fi&— MK BB FAH . WREAR
B, N field_name, format_spec 1 conversion [R{EF >} None.,

get_field (field name, args, kwargs)
Y 5E field_name ff Kparse () (W _E30) BIREME, RFHEAG N ZAE AL G . R [0 —A> o4l
(obj, used_key). ERINAEZAE PEP 3101 Fri€ XU FA4FER , Bl 4170 [name]” B§ "label.title”,
args M kwargs S5{E4vormat () W—FE. IRBME used_key Sget_value () W] key TS HA
G

get_value (key, args, kwargs)
ML TE T BLE . key ZECIF N BEBECFATER . WREREL, BEFR args PAIESHINRT];
WERRFAFE, BN kwargs P BT SHA4

args RS LB viormat () WALESHEIR, 1M kwargs T2 s h i X5 728U
?ﬂ‘ﬂ

T EETFEATR, N FEATRE IR X LR EG G2 20 3 JE 1
TZRG[RAEAREAT A

A e 26 0 ok i, % B 2% 35 X00name” 1§ 5 S0 flgec_value () B M4 key 2 5({H 0.
fEget_value () BTN ER getattr () REGR I GHSAH name JE1E.

WERET SR FEIN T DAHAENTL, WKF5| % IndexError B{KeyError,
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check_unused_args (used_args, args, kwargs)
TEL BT SR AR S ECA AR o 1 R B0 S B A AT E R rh SE B 5 | R e 24508
MG (BEGRROIESE, FATRFRRATRSED), VARYIEL viormat 1) args Fll kwargs 115
o RA I SEO A ] DR S8 2013 ok o AnSRAG N R W check_unused_args ()
T AR

format_f£field (value, format_spec)
format_field () &fBMEHNEES/EE format (). A% ERE RN TiE TR E
HE.

convert_field (value, conversion)
S E IR Gk Aparse () FEAHREIICH) Kk (Foet_rield() Rk
(1) fH. BRI SLRES (str), 1 (repr) Fil'a’ (ascii) SFEHHAHL.

6.1.3 BAFHRIFE

str.format () J¥EMFormatter KILEMA MR FAF R EE (BN Frormatter KL, HT
A PAE SCEATH E A FAF RIS . BMEES LA R AL, HRCh R -2 If
O — B @A SR R

WA TP SE AMETE S () FEERN “Bi7BY . NEATE S Z WE NS F SCA, 28
B B B P SRR S SO S AR S AR, W DAGEA AR RS X {{ and }},

B v BIiEIR e

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>

AKIERARIE NS IR, BT BIF 3K T LA —A field_name $8 & BXHE AT X AL I B R 405
TRO s A B 25 IR AT 5. field_name 2 J5 45 AT %K) conversion 7B, B — RS ' ii—4
format_spec, FFPA—NES Tt AT, XS I TR AT AR ERIARE .

Wi ER XA E R E S B

field_name 7% B PA—AHUF B K T arg_name ¥T35. WM, WERBE-—AMLESE, WAHRE A X
B, WEARH-— MG KEFESE MRS R FELFE P 5T arg_names 4 0, 1, 2, ... 551, EA100
PAETRAENS (AT, 070, 1,2, . i)y Ashf@A . BT arg_name N TS50,
WICVELERG A EAF R R 38 S AT I (Bl 455 1100 5% ' :=1"). arg_name Z J5 ] DAY AT REAL
BRI EEMREN. ' name' WA EEX S M oetactr () ®FmAEME, M ' [index] ' B
KEEXSMHH __getitem () PITRTGIEK.

3.1 iR M ESHORBXT T str. format () AJPAERE, R '{} {}'.format (a, b) HEMNT
'{0} {1}'.format (a, b),

3.4 B SE: M ESHOAAN T Format ter RILARE .
— SR AR A ER R B

format_spec

"First, thou shalt count to " # References first positional argument

e

"Bring me a " Implicitly references the first positional.
—argument
"From to " Same as "From {0} to {1}"
References keyword argument 'name'

'weight' attribute of first positional arg

"My quest is "
"Weight in tons

H R R R

"Units destroyed: " First element of keyword argument 'players'.
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] conversion " BAEA% AL B AT AR B e . 1R, AR ZUALMER) TAEMEASH) __format_ ()
JTEARGE M. H2, FERLEN O S ol il K AR A — PR, B AR B s e 3. i
WFEFM __format__ () ZHPHEFHN TR, AILASEE R R 2 .

SRR ST = st S M st (), et i repr () T ' et MEEMascii ().
— A

"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 “F B AL SN AN Z IR AL, BIANTBERIRE . XI5, HOE. /NSO R &
FEZEZ AT LAE CH O KR ARTE S 8O0 format_spec 37K

RN BB S R AAR SR ARTE =, BRI —35 .

format_spec “FEGL A DAAEH NER AL S E R B e 7 B X B E R B T BT REAIE T B A AR FeAit
PaAkg ML, (HRAHAVFERIZAHE . format_spec PNFERIIEHL T B AEMEEEL format_spec 74§
R HI e R VBl HLE R R (A A%

FBlFE RAE X7 0.

BRAMERIRES

KM FEAR AT R B o B e BON B, T SORAMELR AT 2 B (B A% X 7 47 595
i% Ml f-strings). ‘EATH AT DARE EL AL A B format () B BERAIARRAL B 2ERHR AT DA E AT 58 X
A AR A TR

KB B IETUER AR OSSR T R30S0 b e 0 g g (i 2 By
— L s A A AR A SR BV st e () AHRIMEES . dEas g AR A B IO A R .
A XU AT I — BB R

format_spec [[filllalign] [sign] [#]1[0] [width] [grouping option] [.precision] [tyr

fill = <any character>

align = LP | nsn I n=m | wam

sign = mygmopomom oo

width = digit+

grouping_option = "_" | n , "

precision = digit+

type = "b" | "c" | "d" | "e" | "E" | "E£"™ | "EF" | "g" | "G" | "n" | "o" |

UG A T/ R0 align {1, DRI DAAE VAR — A~ Al 45, TDARAEREFAE, AT TR
PHZSHERE. 16 RS AL T AR SIS ot . Format () Jriif R IE i B S ¢ or
V) MR Al AR (L, S S B B AT B R TT DA . S0 BRR & Format () i
8o

4B 25 X

)

V| SR BAE T AR N A X KBTS ) -

V| SR BAE AT A R AT GBI -

= | BEHAERTS (W) Z B T ECE L T . X9 T RAU+000000120° T BT
Bo XA SRR TR R X240 AR B S B 2 TN BRI R I
vA R S BAE AT 2SR P

il
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TR, BREE X T R NTBOE, BN T B R IR A ST B MA AR AR,
XEFFREIRA T Lo

sign I POECFREAGRL, ATARRARZ—:

B | 88

| FRIE PSRRI IS R Bl 43, -1,
- ARG UR TR (RXEEGAMT ), Bl 3, -1,
space | FnWAEEAL LM RIS, R ERHS

s IR CEAUEIT BON TR TR . B AUB SRR R B S BT L T
B IS BN BA . Rk, M IR NIRRT oS, BT S A
SRR AIARIZEY 0o, 00", " 0x " B '0X" HIZR. AT REORE R, BB S MR R
A/ NIRRT S, RIEEHAAE /NG Yl ATE A/ NG S LT, R Z R o &
HBVNERATS - BEAh, XET "ot MG B, REMEASNER BB

IR T SR R T (A A W S A AT, IEUT e B R,
3.0 BT Ji v, v BRI (F 5L PEP 378).

" RIRR NN AR R B EOR R TR T AT T REEOR R o,
to', "x " AL XY, RENEE A NEHEA T RIZ . R T AR 2B R B IR S R R

3.6 BCE S iy ' #IH (R PEP 515).

width 27 /N T BOOE I IR A, SRR, RS A AT AR
T, 7 BT R i A AR E

o R N5 N, FE width BTN (10 ") FBok R e SR O T S S B A
AT T E fill 450 10 H. alignment 71y 1=,

3.10 JRCHESE: AE width FBLZHIASN ' 0" A ST R TATH B EANS 5T o

precision f2TUERBERL, B AN TOROREAL €1 F 10 MU HUTRL S 4 NS R B 50
R, AT IRFRI o ok 6 SR SNBSS o 20 i A T
BN, BT BRI T B/ BT, BTG DR T BN . A
AP B L precision 7.

IR, type B T HURREANT I

QUL R RS

XRE | FE
's' | FAFERAEEN. O IBOA AL, DA .
None | f1 's' —Ff,

Al BRI R RTALE

x | 88

il

"o | kR DA 2 S EBI R

‘o' | AT TEFT B AR R A AR Y 1 unicode P4

"dr | R itk DA 10 SHELBUN B .

Yo' | NBERIREE. Fr DA 8 S ERBITI R

x| PoNiERIRE . E DL 16 Sh BRSNS SRR 9 PAEIEGS .

"X NS A 16 SRR, RS EEFOR 9 DLERIEY . TR
"HOEOLT, BIER ox ! WA N KRB IEA Tox,

"n' | B X5 A MR, ASFEZARTETE S0 2400 K R A 24 5 B
FAF

None #1 'd' #H[A.
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1E ERRRR A2 B, BRGE AT DATE L T B B R R R AL (BR T 'n' Ml None), IXHEML
i, S RIbZ BB float () KRB ATE AL

float flDecimal {HHYA] HFREELE:

;’*e: e
il
re' | BREETHEEE . WA ENRE R o, RIS S DASEREE B R EORITHR BT
Bt B, 2EHE/INBUS ZBiA 0L, ZJEHE p L, Bite + 1 MEREL
o MARFGERTEE, WX rloat RIS Z G 6 ks RE, MiXfpecimal MR
Fi G BB A0SR/ INEBOS 2 JE AR, WNEBOS B2 plimg 2, BRAEGER T # 3£,
"B | Bl EGE. 5 e ML, AFZAAETEMNH RS FRE NS RR T

VEU | ERFREE . M T AR ERE b, RECEER ST NEUS Z SRR A o AL
OGS INRTRERGEE, WXt float RA/INIUSZ )G 6 MiAEEE, MiXfDecimal
DU R B 208 S T R AL RS . QSR /INBUS 2 JE e 8, M NEOS 2
W2, BRAEMEA T # $E50.

P EMFER. 5 AL, 2R nan $5 NAN JfRF inf #°8 INF,

"g' | WHAEES. WTRERE e >= 1, XSRBERAR o MERENL, FRRFEERA
E\ﬁﬁ??ﬁ@iﬂ%ﬁﬁﬁ?ﬁﬁﬁ%ﬁ%, AT B KN KR 0 28k s
M THREE 1o

HERR RN AN R R R R A e AR p-1 S TR UL 45 R 1A F5 5k
f exp. MPAMHE m <= exp < p, HPmPL-4 FIRPFSEMPA -6 F/RDecimal
B, ZEFHHER £ MR p-1-exp FTREMb. WIS, 251560
FHFERBEAR e AKE p-1 HT#Ek. TEWMEOLT, RS MWHREFE PR 5%
%%éég*%g, AR NES 2 TG B R BN NBOS R by, BRIEMH T
HE i

WARFGERE, X float R 6 MEREBNIBIREE . X T Decimal, Z5RMREL
ST RAER BB X T4 E/ N T Le—6 WIME LA Mt/ INE RO B KT
1 BB 2 0 A Rk2A R, AR AR 00 2 a5 R vk

BTG, IEREA nan 243 5% 1L inf, —inf, 0, -0 fl nan, JCiRAE RN

ol

FTRE.

o | AR, T (o7, A T AR K 2 IR B 0% 5 NaN
S Dioop el

. X5 o R, 2 AT B G R B R R A S BT
A

'$ | HATH. RRECERPL 100 HRORAE R (£ X, FRH— T E S Y.

Nonel Xf T float RUXIMIT "g', AFEZETET YU H @ SFRER, MNUSZER
IR T AR B2 K3 LIRS B8 7 45 7 L

Xt Fpecimal RULIXAM BT g B "6, BT Y H] decimal | R 3L
context.capitals {H.

SRR st r () i DE P HA AR AR A B A R

- E w7 L)

RN str. format () IHIRIARBIA KSR & M1 L.

RIBEERZEE T S5IHAR & #b2el, FERm T {3 A1« kB . filan,, '203.2£" A[PA
W BN 1 {:03.2£} ",

BAAR SRR SR HE BRI, F5AE LA R /R B i B

Fe i BT S5

>>> ! ' ’ '.format ('a', 'b', 'c")

'a, b, ¢’

>>> '{}, , '.format ('a', 'b', 'c") # 3.1+ only
'a, b, c'

>>> ! , , '".format('a', 'b', 'c")

(N gkze)
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(R L —5)
'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 SEC

>>> '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'

VI SHE 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 (3-5j) 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)'

EE S A GRIE

>>> coord = (3, 5)
>>> '"X: {0[0]}; Y: {0[1]}".format (coord)
'X: 3; Y: 5

A 55 s

>>> "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 '

>>> ' /[:4730) " format ('centered') # use '*' as a fill char
l***********Centered***********l

B s+£, 5-f Fl S £ PARIEEIF S

>>> "/: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}'

(FOAkED)
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(e )

'3.140000; —-3.140000'"

B ox Fl 50 DA BRI [l 57 il 4

>>> # 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; Dbin: 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: 0x2a; oct: 0052; Dbin: 0b101010"

(C A (VSR R R

>>> '/, }'" format (1234567890)
'1,234,567,890'

FoR A SEC

>>> points = 19

>>> total = 22

>>> 'Correct answers: {:.2%}'.format (points/total)

'Correct answers: 86.36%"

(o P AR R B e A s

>>> import datetime

>>> d = datetime.datetime (2010, 7, 4, 12, 15, 58)
>>> '"{:%Y-%m—-5d SH:SM:%S}'.format (d)

'2010-07-04 12:15:58"

IES AN IR 7R Bil:

>>> for align, text in zip('<">', ['left', 'center', 'right']):
"{0:{fill}{align}l6}"'.format (text, fill=align, align=align)

'left<<<<!

'ANAANcenter N AN

'>>>>>>>>>>>right!

>>>

>>> octets = [192, 168, 0, 1]

>>> "/ 02X 02X 02X} { 02X} . format (*octets)
'COA80001"

>>> 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 ()
5 5 5 101
6 6 6 110
7 7 7 111
8 8 10 1000
9 9 11 1001
10 A 12 1010
11 B 13 1011

")
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6.1.4 ERFFFER

P FEAFER R T B PEP 292 FIF i i o ) (58 1) A7 B 0 o BEARCEAF R 19— A 2 2 2 SO [
Prfk (18n), PATEMCAE T, o () BARTE R A S BEGEAS SCAS % A LA 1) Python A 0l P 8 744
FEARAL T HE . VE R AR AT SR # AL i18n I ER—AMB1F, 1525 fuflil8n {1,
FNCFAFER ST S WO, B AR R0 -

o 55 NEEUFTE BN S,

o Sidentifier NFM ML, BEVLH—14 K "identifier™ AUMLGTEE., FEERIAELLT,
"identifier" FR#HINEE ASCH FHRETY (HU4E FRIZ) AR T, ARG, LR
R sl ASCIL FH I 3k o 7E S FAFZ RIS — AR PR R0 5 AR & 4 .

e ${identifier} &{F sidentifier, 572 5 EIREABAIESUNZE ST —ER 0 iR
A ERFN RSN, Bl "${noun}ification™",

TEFAFER I AL B R s K585 K valueError,
string FEHBRAL TS ELX BN Template 35, Template 5 N E:

class string.Template (femplate)

M ISR SZ— NS R T TR

substitute (mapping={}, /, **kwds)
PATBANCE e, IR0 — A8 778 . mapping ST E T IISHTR , HoA B DL RIS Y
FiAFe CE AR AT DASR I — 4L R P S8, R R T RIS 5 64T 24 [ 45 tH mapping
H kwds I HAFAE RSN, WPA kwds Hi) 5 645 RIS

safe_substitute (mapping={}, /, **kwds)
R Fsubstitute (), NEZARIMBA L OLFFRAE mapping Fl kwds R F], K2
gl kKeyError SJ#, 1 I I 5 (L FF A B B RoR FE S5 R FAF R . 75—
Hsubstitute () W22 5 R ALMAE H AL 0L T 1 BUAY S FF ] S R [l s T A 2 5l

ZiValueErroro
W RN “a”, BBV TR & A HAL T3, (HE S22k [0 v H ) A AFER M
G| K= WA—IrHRUL, safe_substitute () WATRBRATA B4, Hh
B 2 B AR AR, BIINEL S 2 R B AT . A O B AESE 5 B 2 A1 Python
PRIDFFIY (5 AL A5 4

Template [SEBIESRBE—A A Bl w1

template
XRRAE R E LR template ZHREL NG . —BORUL, RANZRBHRE, EHRRHIZK

BT

PATR S — A Un e fik PSR 4 7w 081 -

>>> from string import Template

>>> s = Template('Swho likes Swhat')

>>> s.substitute (who="'tim', what='kung pao')
'tim likes kung pao'

>>> d = dict (who="tim")

>>> Template ('Give $who $100') .substitute(d)
Traceback (most recent call last):

ValueError: Invalid placeholder in string: line 1, col 11
>>> Template ('Swho likes Swhat') .substitute (d)
Traceback (most recent call last):

KeyError: 'what'
>>> Template ('Swho likes Swhat') .safe_substitute (d)
'tim likes Swhat'

PERY IR ARATLAIRE Template )12k B OERATIETE . 2 HafF, SO0 TN A R i A
IEMFEA AL H Y, AR LB HOX L2 i -
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o delimiter -- X & I R 2R 5 AT R IR B 2 B AT I AR F T E . BRINMECK S RS R4
RIEMEER, P S PR E LB AP R ] re . escape () o« IBEEREARNREIERIES
ZEBE A BT (B ANTE T 28 ) i 44 25 [0) b 5L B AN [ ) 40 B A )

o idpattern -- X J& F AR AW AETE S 10 5 ALAF AR 1E W) Rk =0 BROIAEC N IE R R0 (2
a:[_a-z][_a-z0-91%) . WERAH T @M H H braceidpattern “hj None T AR 58V i T4
TGS S BLAT

ffi): i TERIARY flags A re . IGNORECASE, Hix [a-z] W DAPCACHLEA): ASCI F4F. [ ILFAT]
TEK LA 7 SRR a.

3.7 RS A braceidpattern IR E MAESE S A ERAISNEHER T X7 A

o braceidpattern -- . JEVEILT idpattern (B2 AL AT TGS W0 5 VAL . BRAE None 2
#0138 3 idpattern (RIFEAETE S P ERFN AN FH A R BOAEE0) o AOR GG H @, R ARV A 16
FES AR LSS5 10 5 A SOR R AR

3.7 BUHTMA.

o flags - FF7E g 13 H T35 9008 e Py 25 1 1E D) 3 58 =l I ) 1E W 8 ik s bR . BRIAEL N e
IGNORECASE, ¥ re.VERBOSE M 2&ui i NiEls, WL E & XY idpattern V70 G 41
IEN R 5E

3.2 BUHTMA.

0 53— R, ARAT AT TR pattern A BLAE N E IR R B, WIHARIERERL, DR
A FUAT IO i 4 AL I TE M2 52 . BCSEAEALN B F L E Z6 58 RN, A B TEt o
Ik

o escaped - X ANLHVCHCEE LT, FEERIABCH R $5.
o named - XNHUCFEAH G S 0 G CAFAFR BN 26 SRR i 43 B AT o
o braced - XAV A G S B G OAF A PR BN Y6 SRR i 2 AT e E 1B 5

o invalid - XA GIPCPEAT AT HAD M BRAFREN GEFN A IAT) B 24 e IR A5
Ko

6.1.5 5HBhiF %Y

string.capwords (s, sep=None)
fstr.split () BSEIRD NI, @flstr.capitalize () FRIAE N RFGEA, €
Mstr.join () ¥ KRG M HEFE AT RTINS sep BH W N None, W%
%g‘;gg?ﬁ%ﬁ%ﬁﬁ%’l‘%ﬁi‘%ﬁ“#ﬂﬁ%ﬂlﬂi%E’J SHTRWREER, BN sep KGAHRIFI
B

6.2 re - IEMRENIRIE

JEAGHE: Lib/re.py

ABHARAL T 15 Perl 157 SR IE I A AT RCERAE

BEAFNPHL R A FAFH B AT PAJE Unicode “FAFER (str) , WRJPAZ 8 i H7H (bytes). {HJE, Unicode
TR 8 AL IR - i, AREH P AT AN LS Unicode FAFHR , 2K [FIBE, %
Bt fEns, B A s i B 05 B AR R A B R 2 — 2,

TE W38 U AL AT (1\ 1) SRR IR T s Fe v O R 7 A5 TR B R IR 5 3. X 5
Python AR [R] H BLE 74 £ 1 B AR ] AR A MOR AT 58 B, SEPCRd— A RORHT 7 i, 38
ITATEEAFIATE W MNP, PO IE WAL \\, M4 SR 20 1E U] Python

110 Chapter 6. JLAEHE (Text Processing) iR


https://github.com/python/cpython/tree/3.10/Lib/re.py

The Python Library Reference, [} 3.10.19

PRI TR \N e F351, LR Python fE 745 H3 1 L SORMELIN AT AR TE R e SO 51 B
TEHS B Deprecationiarning , FpREA M SyntaxError, RIERIENFRKX A REE Ly
5, EMITARSEE.

FRPRL IR X T IE Wk (patterns) fif] Python IR FATH R E: (EHTA "o BTSRRI FATHR
FHAEF, RAHIALMUETRRE I . L o \n" FZOREE "\ F1 "o PIAFRRITRE, 1 "\n"
WZR A — A AT P45 o BEAE Python AURD il FEHR A UG T A5 R 2R A

AR ZHOE WA AR B R BRI Ty ¥k, AR 20358 B0 fah X XA — MR, AR
JedmiF IR, R T S HL.

hz%:

iiﬁﬁﬁ% regex , it TS HREE re BRI APTEE LT, [, abf fit 75 2 D REHI S 4 1Hi ) Unicode
.

6.2.1 IEMRENXIEZE

MR (B RE) $5& 7415 Z LRI FAFH 5 AR s 80T AR AR P AT 2 5 5 4 E /Y IE
Mk Pehe (03 1R WSk A PERC R 455, X R & SR ) -

IEMFERA T DABERE; A05R A Al BARZIE N Faka, W AB 2 Mgk, EH, WMRFAH p PLid
A, I HB—AFLEE q IUH B, B4 pg TTPAVLEE AB. [%:dF A 53 B W S RL e 34E, A F1 B {745
R B A dsI . A, AR 0] AR 2 S 1 Ak LA i fa BB R Ui . 2 0E
MRS A SLEL, 1L the Friedl book [Frie09] , mit # HAAY H g i 10 1555 .

PAT R IE MR A A A U] . AN (E B AR, 275 regex-howto,

TE Mk = URT DA 5 8l B FR R AT . ORI Tl AT, bean A, rar, BT 10, AR R LAY
IEMERR. BATHICES H & AR ADFHEEEFAF, FrPA last PLECFAFE " last ', (FERX-—H
fliBsy, FATRE this special style XMy AFRRIENRIX, @HEAWLS, BVCHH)FAFH
] 'in single quotes' , BHZ|EIEIK.)

ALEERT, A B O JRTRRTAT . RER T AT AZOR BRI E S X, W A E S
{14 I ) ek A R -

FRABWIAF (*, +, 2, {m, n}, ) NEEEIHRE . XHEER T IESU8 a8 2 BIRT, A seBl iy & i
e 2 SOk BN —DMWERERRE, WS . i, ks (2:a{6)) * LEL6 4 'a’
FRPESAE AL

IR TATA -

- O FEROABRSCY , IERC BT ASM AR AT . AARFSE TIEARDOTALL |, "B UL (45 4eA T
FHAENIL AT

(FEALF) VCEL AR R Sk, - HAEMUL T L INE AR WIS EC A T 5 B N

VERE A7 5 R BB TE AT R R AT A Bl — N4, FEMULTILINE B2 PERCH T4 2 T Y
VAR, foo PLEEfoo filfoobar , {HIE N FEiET foos HILHE foo', FAMAE, £ ' fool\nfoo2\n'
H8R foo. s, M ILAfo02’, HYEMULTILINE R 0] PAVLHC | fool’; FE 'foo\n' H#EK s
S%RBIA (FH) VLt —ANEBRTRZ 8, —METFARIEARE.

KB B IE VTR 0 BT A, REZHILE F4AFH . ab* &K 'a', 'ab', B 'a' J§
HRFETEA "D

S B B ) IE VTR 1 BT S . ab+ SVUE 'a' SR 1 ANUA EEMEEA 'pr, BASIT
fi *a',

Ko} R A A T UG UEHD O 3 1 R EEAE . ab? &ULH 'a' B 'ab'.

*2,42,22 "5t R BIATER R R ARey s EATEFA SR T R T REZ I UL . A MR AN TR

AT A WRIEN <. *> 58K EF] '<a> b <c>', BHFSULEEANFE, MAUE '<a>'.

TEBWR 2 JGasin 2 FERER DA JE R 40 7 X R F dfn: % 5 T ICEL; RE OV PR &k

DL, (HHIEMEL <. 2> BRI PURL ' <a> '

>

R4

*

<+

J
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{m} XFHZ AR IE MR EVCHE m ANER S DT m B SEOCR R . i, a{e) FFILE 6 4

rat, HEARER S 1.

{m, n} XFEWEIEFT m 2] n RULES, £Em Fln ZEHUSRZ . I, a{3, 5} FFILE3F S 4 rar. &
W m EOAREE TR 0, 20 n 45 E LA ONICIRI. H a{4, yo FFILEL 'aaaab' B 1000 4>
‘a' B A b, (HRREIEAL 'aaab' . SRR, 15 TCIESE RIS T 1% 2 WE S 2 B

{m,n}? Hi—AMEMFFOIETTAEE, R B/ DTS i, XFF 'aaaaaa’, a{3,5} L
54 'a', Ma{3,5}? HILE 34 'a’.

\ FSCRRRTAF (SUVRURITHES '+, v 2, B ), B 2R —MRRIRIF S RRRT8I 2 G 2T

e

WERAREA G R IR AR (o raw' ) SRFBHEX, ZEA2C Python WA AL AL SUF51;
UL S 5 A Python B0 AT 3R, SURMLAI P45 4 BE th BUAE 747 H o 4n2Rt Python W] PATH
HXASFI, IBA SRR BT PR o XK SRR ARRRT , P AR RS, B fe A B %
B, W R AT .

[1 HFER TS B EGP:
o FAFRILARSMANH, AN [amk] PED 'at, 'm', HE 'k,

o MAFIRFAFLHE, @A - FWANFAERR. i [a-z] BFICEATA/NE ASCI
¥, 10-5110-9] ¥FPLHECA 00 2] 59 PIFHAET, [0-9A-Fa—£] RFVLHELARl+ 7S H A7 .
TSR - PET TR (Fbfn [a\-2z]1) BiE BRI EIE S MEE KR (W [-a) 5 (a-1), Bt
HITRE TS -

o IR FAAEE ST SR FHASRE L. i [ (+%) ] RALERI N FEEFE/FZ— " (', '+,

'*',OI")'Q

o FAFEM \w HF \S (WTE ) EEANI AR, B0 PAVCE A F45F HASCIT 8§
FLOCALE B,

o ANESATLE NB TR AT DAl BORORBEFTILAC . ARG AR " TR RERSG
W FAPRFSPICES, o (5] FFICECHTA TR, BRT 'S, (] FFILEITAE AT, BT
AN ERAESRGE L, MR 3L

o BRGNS A 1 FIHAE, ATDMEERTHM_ERRAT, SRR EREIE AR L. B
an, LO INJOHY AL O [0 ) BRI ARERCA 5465, ARZET 55, S HEE S .

o Unicode Technical Standard #18 HL#r 5 & RIS A HAE TR T BEFE ARSI 12X RF 2 B8 15
¥, LK THEEBXAN A, —ANFutureWarning RratEf 2 LAE LY raise, 5
PURJURME DL, SEEH ' [ G, BSOS IO FERTH -, tes, ' ~~" f ' AT
WAL FHERFEATH R AL X

3.7 MR WER— PR R B IR ER RS UMERIE, — DM Futurelarning & raise

| AIB, ARl B RMRERIEMZELN, €@ IENFEERX, VL A 80 B AT E W Fk A mT A
VR, BWRADMEAS (WFA) WNEH. S EREAERR, 1 SRR IE R ZE R
HMATICHL . M — RS R TTECR), XA IO, HEEE, —H A TERY), B
PEATUCHD, BRfEEREF A — AN WU DCHD . s iE, ' 1 BRSNS . IR T ' AT,
i\, EEINEESEFAER, ).

(...) (HE), KEESHEEENERS, IFFRRBEAGRIHASRE. ITREERE, AN
A PAGEREL, ] PATEZ G \numbe r # SUF A AT AR VCES, 2 Jaidt AT Egl i i . BEPCE 45
verEEE ) LN (E\) AR E T EA R (0, D .

(?2...) XM RAMCE (—A4 "2 BB HFTEE ). 2 RS D FAROE TR MR
M2 REITER . XA A F A BIEOT AL S (2P<name>. . .) @ME—RBISL. DA H T
SRR

(?ailmsux) ('a','i','L','m"','s', '"u', 'x' FP—DHEA) X PHAGICH—NEFRF; XLl
AP IE N F AR E L T Aricre . A CLIEECS ASCI Z£4%), re. I (ZBEK/INE), re. L (F 5 W),
re. M (ZATHER), re. s (4 dot IERLAH4F), re . U (Unicode PTRL), and re. X (JUEKAER). (X4L
PRiCAEA 4 E] 2 FiR) AnSRARACR X S bRic ) SR IE Mk s, AR A, kT
fEre.compile () Witk flag ZH0. FRiC NWAZAER BN FAF R RN
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(0. 0) IENSES A ARMARICA . DCRCAESE 5 WAL AT IE W ks, (B 4T LR 175 Thk
FESATIEBC BRI e 2 S a5 1

(?ailmsux-imsx:...) ('a','i','L', 'm', 's', 'u’, 'x' PR OBEZ, 2G5 EREE - 7
JETEREE "1, 'mt, ts T, xR AN XEEERF A RA U H T —E s R BB TR
WRidre. A (AUEHS ASCI), re. I (AMEK/NE), re. L GEFHM), re. M (Z47), re. s (L ILHELHT
HFEFF), re. U (Unicode PLHL), and re. x (JUKAR) . (BRicffiidfeizalblz )

'a', 'L and "u' MEOSNIEARC R EANTR, FTVENTRRESS G E—E, SRR - o i
IR B E IR, B TS AN IERCE . 7E Unicode F, (2a:...) 4]
ol HILEE ASCIL,  (?u:...) DIl Unicode PLHC (BRIN). 7 byte FErP (2L: .. o) UIHCNIES
B, (a:. . .) UM HICRE ASCIL (BRI . X A7 sCH S A ILEE, 15541 DL
W

3.6 GBI
3.7 MRES: £FS rar, 'L M u R AR — AN

(?P<name>. ..) (MAHE) BLIENAL A, (HI2UTHE]T)TEB QeI i & XK name FFREL) o
A4 AR Python ARRAT, F HA N ER HEEH— N ENFE AR E L, HigE X—K.
— S HE R NS, RN AR WSk
MAAE T AE=F L35 . Rk (2P<quote>['"]) . *? (?P=quote) (il
Ui, DEECEAS | Sa 3 XG | S4EE R 4 E) |

5|4 & "quote” B EFL 5| HAE
TEENH BN

« (?P=quote) (WI/R)
o \1

ALPRPERCRT 52 m

e m.group ('quote')
m.end ('quote') (%)

&3 re.sub () B repl Z50+ . \g<quote>

e \g<i1>
e \1

(?P=name) S5 ]—A G EICHCHTEARAS Y name [ fir43 414 DRG] Ef [FIRR A 7 ER
(2#...) TERE B NE SR,

(?=...) 24 - DCECH, DUCAT, ERTEFEFAF 3 AT Z4F. X ASIUf AT LW 2 (lookahead
assertion) ., [Lfll, Isaac (?=Asimov) ¥fSPUHEL 'Isaac ', (NHUHFER 'Asimov’ .

(2'...) Y4 - ORNVCECR), PEERAES . XA &2 R ATALET 2 (negative lookahead assertion ). 4l l1, Isaac
(?'Asimov) FFL&ULHE 'Isaac ', Y BJFH R4 'Asimov' .

(?<=...) WIS ... (WVCHE PN B BAE YA B 200, WIPCHAD. Xyl 2 & B ALy 2 (positive
lookbehind assertion), (?<=abc)def JFFE "abedef ' FHF|—NILE, FENEMSNEE 3 NF
TR A B FRIA AR ALl . NP (IEECNES) AR EEKER, HEWE abe 5
alb 2T, B2 ax Ml a{3, 4} AA[PA. R, PAEERUGHWT S LM IENZRER, VUil
— AL T RFFRI . WATRIRNLE search () BREL, A Rmatch () KL

>>> import re

>>> m = re.search (' (?<=abc)def', 'abcdef')
>>> m.group (0)
'def'

P TR — AR B A R
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>>> m = re.search(r' (?<=-)\w+', 'spam-egg')
>>> m.group (0)
leggV

3.5 RO s I KA AT R

(<t..) R L WVCECN AR B EE S HIACE B A, IR, XA T oE A B AL E
(negative lookbehind assertion) . FUTHERGUWIE, WHFELX (FEEMHNE) I EE K
M. AR B SN S ka0 E W ZaR20, PUECIi vl ge i T R AR k.

(? (id/name) yes—-pattern|no-pattern) Il & 45 & §Y id o name 17 7E, FF & 2% ik VU fd
yes-pattern , NI no-pattern, no-pattern A%, WA PAREZNS. i, (<) 2
Aw+@\w+ (2:\ . \w+) +) (2 (1) >13) 22— email FERPTES, WFILH ' <user@host.com>" B
'user@host.com' , {HASPLH '<user@host.com' , HHALPLRH 'userfhost .com>",

N\ AN ERR P ITE A R o ARl A A 2 ASCIT i 5 # ASCIL k), FRAIE

MAREZCRF PR RS AN 74T . Hedn, \$ PB4 s,

\number LS FMREMAEG. BMESE UG, AEMN 1V IFEHS . i (.+) \1 PTE 'the
the' 8(# '55 55", (HALPLHL 'thethe' (EREAG/EHIITHE) . XAFIKT Y] LG8 H T VT
BT 99 NG . WIER number 55— N2 0, B number j2 = )N\IEHIEL, ERHASWEEZ
—AE, MRASRECTE. 7 0 FREAN, AT AR TR R AT .

\A HPCHFERFER IR

\b VLRl Zs 745 e, (H U BRI AR e &S B AL E . — BB 8 SO — A B A 75 . s,
# \b 28 SR \w FI AW FRFZ ], B0 \w MR G/45 RS, BEEE v \bfoo\b"' L
fic 'foo', 'foo."', ' (foo) "', 'bar foo baz' {HAJLE 'foobar' B# 'foo3’,

ARATEOLT . Unicode “FREAIECT2FE Unicode 3 EEAY, 2 TLAMASCIT ALk
RLOCALE FRiC B M, WA FR /i ih & KIS EIER, \b FRIBHFRF, UHES
Python P47 H SUAARE .

\B LRl P47, H REETERAIT LA SR . BEME r'py\B' UL 'python', "'py3"', 'py2",
HARICHE "py", "py. ", BE 'py! . \B & \b WHE, FrbA Unicode #3111 15 2 H Unicode 7
B, BEs N RIGA S, BEARPTARASCT T ARk As . GnsRfif T LoCALE Ak, WA 5
EECIEEDS e

\d

%} ¥ Unicode (str) ##X:  PLECAEAT Unicode -3t %L (/2 7E Unicode “F4F H 5% [Nd] BAYFAF) -
XAFET [0-91 , FIMRZHAMEFEFERF. WRRE TASCIT Rk, SHEICHE (0-9] .

T 8 i (bytes) #£:X: DU LAl %L, wifd 10-97.
\D VCEAEATIE TR . Wi \d BUE. WREE TASCIT ARk, W4T (~0-9]
\s

%tF Unicode (str) FEX:  PCRALAEfA Unicode 75 FAEAF (03 [ \t\n\r\£\v] , BAGREHMFSF,
EC AR [R5 5 HEROI N 2 58 B AN BRATZ548 ) o ASRASCT T B, Wi HPEED [ \t\n\r\£f\v]

T 8 fif (bytes) #£3X: VUit ASCH FFAYAS 74T, W2 [ \e\n\r\f\v] ,
\S PEREUTATIES AT e \s Bk, WREE TASCIT s, A4 T [~ \t\n\r\f\v] .
\w

%fT- Unicode (str) $£:X:  PCFE Unicode MRS FESF: XEFEF R FEFA (Wstr. isalnum () ff
FE L) AR IR (O ISR TASCT T ifhR, WP HPLHL [a-zA-20-9_1.
XFT- 8 1 (bytes) #£:X:  VLHL ASCII 45 H B F AR T RIZ, WiE [a-zA-20-9_] . 415
W T LOCALE BRic, WEVCHC Y HiiE S KIRA B F R A R R .
\W VLR EBRR AR 4. X5 \w IEMR. R TAsCII bR, X% NT ["a-2zA-20-9_1.
WA T LOCALE AR, DU PUEC 24 wif DIEk H BE AR B8 B AR T R B 7455

0
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\z2 HICHFEGS .
i 4y Python FARIE L A5 gl 1F W b XA i 0.

\a \b \f \n
\N \r \t \u
\U \v \x AR

(R \b BN THRR BB A, ERIETREANRRBRK, L (\b] )

"\u', "\U' Ml "\N" §# 75 HAE Unicode BRI G, AE bytes S BT A& S B R KAIRY
ASCII PR SUPHIMREEAER M, S04 MRS A L,

NS AL SR — A RIEA. MRS G2 0, B8 A = AN, IR AR e\t
B S HAMRRE oL, AR AGIN . XTFAERSCR, Nkl URZ A = ARk

3.3 JEEAE: BN T \u' F1 T\U' B UFE.
3.6 JIRIEAE: B '\ " FI—A> ASCI FEAFALRL ) AR JEE Lo wi A A 1% -

3.8 HEEE: T ' \N{name} ' # L J¥5]. SEFFFRFEAET—F, B R T4 Unicode “F4F (i
0 " \N{EM DASH}"'"),

6.2.2 {#EHIE

BEHE LT LA R W, F— . A BUe didE i IR WSk Ok A (A7 —2
Rk o BB AR K2 A H SE g E ik

*Iilh\

3.6 i S AR R 2 RegexFlag RIYIHBI, XNMHKidenum. IntFlag BT,

re.A

re.ASCII
ik \w, \W, \b, \B, \d, \D, \'s Fll \s H L’ ASCII, [fijA+& Unicode. iX HXf Unicode FEX AR, £
1% byte FEZ0% . A4 T HITHEE P RINEPRE (?a) .

HE, NTHRENEHRE, re. USRI (GAAMKF X re.UNICODE filiix AJEL (2u) ),
{H 23X 267E Python 3 J2TUAHY, PNERAFAFER E 42 Unicode T (I H. Unicode VEEEAS 21 byte
.

re .DEBUG
WoRIFITY debug (5 E,, A NEARIC.

re.I

re . IGNORECASE
AT K/ NG IERE ;. Fik X0 [A-2] WAVLE/NS F4F. Unicode PRt (Fbin U PURD o) [FEA
H, BAERE T re. ASCTT FREHKEE HHE ASCI T, Y4 HiiE S KA LM X AMRE, BIExE
T re.LOCALE Fmitte X/MHHY T HERFRIC (21)

R, HBA T IGNORECASE AR, 3K Unicode #£3X [a-z] B [A-2] MILEAIT, B ILAL 52
A~ ASCI A 4 ANVESMGAE ASCIL P45 T (U+0130, $if | KRG T sifE L), v (U+0131, $if
T/NEGEA R 1), T (U+017F, HiT/NE K s) and K (U+212A, FHRIAFS). QEREEHASCIT #RiL,
ALY 27 frA 22

re.L

re.LOCALE
F AR S PIERAE \w, \W, \b, \B MIA/NEGHUEILHL. X Ric HEEX byte HEUA L. X AMrid
AMEREGE, OATE S PRISHLE R rT e, B — U RBAL A I, il HAXT 8 AP 45k
Unicode Uit Python 3 HUERIAJE AT, IF AT DARHRIFITE S o XX NIARIE (?1) .

3.6 R H 4 re. LOCALE HEEMT byte K2, M HEHAREMre.AscTT —8A.
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re.M

3.7 MU SE: B [ re. LOCALE FRicl i izt I W G AN A S 2 I OBUA = XIS 1 IR
R AT AUNTHID NP AL R A

re .MULTILINE

re.S

WEDAG, FEUFAF 0 IR R ITLR, A0S (BT e T SRS ) s BE
s ILRFIFR R, ME—fTHsE R (B anmis s ). BRIA T, ~ VUl Rk,
'$UULETATER . X NEBARIE (?m) .

re .DOTALL

re.X

ik R ILECAE T AT, IR ARG, . UL B T AT RO AL
FERTAT . M NBARE (2s) o

re .VERBOSE

R

TXAN TR SR AT FE LS4 I 2 185X 1 12 4 VR NS I RSk 4 55 0 A AU O o L T s i
EMZRBA . TR PSS AT 2, BRAERFEFZAERS, Suima — R L RAHT, 5
FRAE %2, (20 B (2P<..> FIRGZN. B, (2o Flx o2 BRI . BTN
ZE?@%*#E%E&%%%X&%H%#N,MM%E@%%#E%ﬁ%%%ﬁ?ﬁ%%W
2 o

U T TR TE DU K A A1 il DR il — A - BE -

a = re.compile(r"""\d + # the integral part
\. # the decimal point
\d * # some fractional digits""", re.X)

b = re.compile (r"\d+\.\d*")

X NERFRIE (2x)

re.compile (pattern, flags=0)

FFIE M RARA PR GE— E0 ak Xxf 2 (IEWXFS), WIDATICED, dladix X4y
Yimatch (), search () VA HABAN F A .

EAFR XTI DAE 5 € AR e ER S . (H AT DAE DA MR EAS &, AT DAE AL (71 OR #
VEkES G (1 BAERF).

izl

prog = re.compile (pattern)

result = prog.match(string)
SR -

result = re.match(pattern, string)

AR TR L R A IE MBI, il re. compile () MGRAFEX AN IENXFR A AL, W]
PALEARR P BN A

) @il re. compile () gFIEHIRER, FIBRIA KBS WEAF, B AV IE N ik fil
I TCTE 75 R 1) )

re.search (pattern, string, flags=0)

PR 545 B IRBICERE R — O, Rl AY R By 2. QERECA TERC, ik
[ —A~ None ; JERXMHRE|—PFREEVCEZA R .
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re .match (pattern, string, flags=0)
W2R string FFURI) O B Z A FAFILECE) T IEWIZhaUreat, Ak ml— D AH Y IR feat 2 o ARk
AVLHE, HikE None ; WERBEHRZKEILAZARR.

HREMERMULTILINE 24783, re.match () R VCEF RS TFEALE , A VCEC AT TR .
WRARIEE (L string AT E, i search () KR (Wn]ZFsearch() vs. maich() )

re . fullmatch (pattern, string, flags=0)
WSREEAS string VURCE) IR MR RERC, iR [l —ANAHE Y 2 fexf 2 o R [l —4> None ; {E
EOX IR FAC VLA A [«

3.4 BUBTINMA.

re.split (pattern, string, maxsplit=0, flags=0)
W pattern 53T string « Q1RAE pattern WHEIRE|TE S, I FTA H R SCA B2 ETESIRE. W
R maxsplit %, 2 IAT maxsplit WOy B, T B TR R R 25 L1 R n— oK.

>>> re.split (r'\W+', 'Words, words, words.')

['Words', words' 'words', '']
>>> re.split(r' (\W+)', 'Words, words, words.')
['Words', ', ', 'words', ', ', 'words', '.', '']

>>> re.split (r'\W+', 'Words, words, words.', 1)
["Words', 'words, words.']

>>> re.split('[a-f]+', '0a3B9', flags=re.IGNORECASE)
['O" '3" |9']

IR RRTT A RA G, H BRI PAFER IS, IRALE R S AP AR IR . X145
Fetd—+E

>>> re.split(r' (\W+)', '...words, words...')
v, '...'", 'words', ', ', 'words', '...', '']

DFERTE 7 B AR 2 Hh BRSSP R A (0
R 2 VERC S B — N2 PERCA AR GBI A SR 7473

>>> re.split(r'\b', 'Words, words, words.')
(', 'words', ', ', 'words', ', ', 'words', '.']

>>> re.split(r'\wW*', '...words...")

['l’ l', ‘W', 'O', lr|, ldl, lsl’ l', ll}

>>> re.split(r' (\W*)', '...words...")

['l, '---', l" ll, 'W', ", lol, ll, ‘r" l" 'd" ll, 'SI, "“I, 'l, l" IIJ

3.1 MRS AE: ShN T REARIC S 4K
3.7 FRCE SR B T A AR R

re.findall (pattern, string, flags=0)
iR [l pattern At string WA AR BILAL, PATAFERIIRECAAFER TSI RAIE A X string #I4]
TN, VEFCE R IR BN B ok 8] . AS Vet AR ARG R
IR ] 25 B e AR P R R . SR B AL, AR B S M IC R AT R A 2 . s B
AH—AH, BREGZATRAFAFRINER. GRAEZAH, RE XS VCEL A7 e )
o IERAA PSR

>>> re.findall (r'\bf[a-z]*', 'which foot or hand fell fastest')
['foot', 'fell', 'fastest']

>>> re.findall(r' (\w+)=(\d+) "', 'set width=20 and height=10")

[ ("width', '20"), ('height', '10')]

3.7 iR s A AR DB EAE AT DAE R — D2 i R B T .

re . finditer (pattern, string, flags=0)
pattern Xt string BFTA W AEEE ILHED, R[] H— S iterator {£7F T IEBest % o string NAEEA
4, VCECHITTHES . s DERC A S eSS R L.
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3.7 iR s A AR DB EAE AT DAE R — 2 i R B T .

re . sub (pattern, repl, string, count=0, flags=0)
AR 0] 3 G repl AL string fix /e N ARTE B I pattern AT FAFER . WERFE AT,
AT ke AE H3R (1] string. repl W] VAR FAFEHR BB A WA AT ER PR A] OB 4% SO 91 #5
DRI WD, \n SEEEBCN—DATRE, \r QBB —DIERE, K. RA
ASCI FAFHe SUFFIVREBAER KA, 20U R R AL . oA ARENS: SOFH G0 \& SRR
o w5 g R \6 2 HIFEHEE 6 AR VERC SN iy 1 FAFa ok e Blan:

>>> re.sub(r'def\s+([a-zA-Z_][a—-zA-Z_0-91*)\s*\ (\s*\):"',
r'static PyObject*\npy_\1 (void)\n{"',
. 'def myfunc():")
'static PyObject*\npy_myfunc (void) \n{'

ISR repl 72— AREL, IBE SXHAFEERZ W pattern G DL o XASEECLER — A fext 2
SR, R ARG A . e

>>> def dashrepl (matchobj) :
if matchobj.group(0) == '-': return ' '
. else: return '-'
>>> re.sub('-{1,2}', dashrepl, 'pro————-gram-files')
'pro-—gram files'
>>> re.sub(r'\sAND\s', ' & ', 'Baked Beans And Spam', flags=re.IGNORECASE)
'Baked Beans & Spam'

R AR — PP B — M Xt 2

S count SRR TR UEL count AJFUZAETUREEL. PRI SHEBCH 0, T f
Y PERCAR W . AR ZS DL ALTE 5 il — 28 PO A AR AR I A S B4, BIrRA sub (x>,
-1, 'abxd') &M '-a-b--d-"

f%ﬁ%%’é%ﬂﬁmpl%ﬁi TR U RS T, \g<name> £x{fi il /iy 44 41 £ name, (1
(?P<name>--) IB¥EPE L) \g<number> &l IEF4; \g<2> Hid \2, @bﬁﬁaT#)U ,
M \g<2>0, \20 AP RRE AL 20, TN 2 R REE— 74 10, MUE51H \g<0o> {8
pattern VE—HEAANATEH .

3.1 A SN T RIEARIE S AL

3.5 RS APLECR AL SR 2 AT ER

3.6 R 5E: pattern RIS (B "\ FI—4> ASCIL FAFLAL) B B i
3.7 WSS repl "R SC (1 '\ FI—A> ASCIL FAFAL) #etl iR -
3.7 S A AP A A DT RO AH AR I 2 PR A

re . subn (pattern, repl, string, count=0, flags=0)
fihSsub () M, ERZRE—ATCH (FAE, FHKREK) .
3.1 BCE A T AT ARIC S 4L
3.5 iR B A ANPCRCHY A A R 2 AT

re.escape (pattern)

i 3L pattern FHRYFFIRTFAF . AR ARAE AL T AT R AL & I Wk SO0 7 A5 1 SCAR P47 s 2EAT UL RE
EREA .

>>> print (re.escape('https://www.python.org'))
https://www\.python\.org

>>> legal_chars = string.ascii_lowercase + string.digits + "!#$%S&'*+-."_"[~:
>>> print ('[ ]+' % re.escape(legal_chars))
[abcdefghijklmnopgrstuvwxyz0123456789 1 \#\S3\& "\ *\+\ =\ . \"_"\|\~: ]+

>>> operators = ['+', '=', '"*',  v/v, vkx1]

Q)
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LR
>>> print ('|'.Jjoin (map (re.escape, sorted(operators, reverse=True))))
JIN= TN AFNF |\ *

EARECR BB T sub () Flsubn () MEHFAFS, A R 28 3. 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 fifcEEAE: 1 AN FREE L.
3.7 s HATEIE M FR A B RRR S U FRFA i S B, v, rmr, s,y
l/l’ UL v; torgr T=r s chl ﬂ}n nsn ;{%Z(ﬁ:%%ﬁi‘%:lo
re.purge ()

TR MRIA A G A7

Lty
BRE

exception re.error (msg, pattern=None, pos=None)
DAL RE IE MR NG YR (A5 RICEL ), sk 7E 136k D FEC R v o B A R )
Gl -2 3 e N U 2y s S W A I S e TR SR i =T é
msg
AR IRIE S -
pattern
RN Rk i
pos
SRR pattern (BRG] (A[PAJE None ).,
lineno
KPR pos (A] PAJE None) 745

colno

XtR. pos (W[ PAS2 None) 5115
3.5 RRCEE AR HTI AN B .

6.2.3 EMREXMR (EWHR)
444 PR 1) IE U2 500 5 SRR 7 A

Pattern.search (string[, pos[, endpos] ] )

FIHREEA string FHHE—ANVCRCAALE, FFR I — AR Y T Bexf o QREA VLR, Wik [ None
s EEEME R AR,

SR —ANSR pos 4yt TFATH RO IR R I LA RG] BN 0, BEAZESN T FATHY)
Frs ot RERCFAF IR R AT R ER BTk, MHATAF S T ) 56— 74, (HASILECR G HLE TR
HOEVA=

A 2R endpos FRE T HAFHREBRERNE R BEEFFHR KL endpos , FrPAHA M pos F|
endpos - 1 WFFFRPILHC. WIR endpos /T pos, FIASAILE A5 F346, WR rmog—4
PRI G R IENIXT %, rx.search(string, 0, 50) Z#rF 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"
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Pattern.match (string[, pos[, endpos] ])
YRR string 1Y) & 15 K REAS R BX IR WRER AT AN TREE il [o] — ARG 2 Ao xt e ASRAS
LS, mtiklel None ; {EREESFKEZILHZANFL.

R[S H pos Fl endpos 5 search () £ M

>>> 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'>

BRARREE RLVCICTE string WIALE, il search () KGR (53ZFsearch() vs. maich()) .

Pattern.fullmatch(ﬂﬁngL;xmLendmn]])
QEREEA string PEFELX AN IE N Rk, Wik Bl — M I fead 2 o BEERE None 5 JERIRE
KEVERL @A o

A6 Z 5 pos Fl endpos 5 search () & AR

>>> pattern = re.compile("o[gh]")

>>> pattern.fullmatch ("dog") # No match as "o" is not at the start of "dog
n

>>> 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 UGBTI

Pattern.split (string, maxsplit=0)
S Tsplic () WEL AT HFERIRE
Pattern.findall(ﬂﬁng[;xm[emdmx]]

B findall () , A THIFEFE, EHTTARIT %S EL pos Fl endpos , R I8 RILH,
Bitgsearch ().

Pattern.finditer(ﬂﬁnngad;en@%M]])
Fggrinditer (), AT HwiFEEHR, (HEWTARICTIESEL pos Fil endpos , FRTIEZRE
Fl, #hiffsearch().

Pattern.sub (repl, string, count=0)

EMTsub () BEL, AT wEERIRER

Pattern.subn (repl, string, count=0)

ST subn () WAL, BT AR

Pattern.flags
IEU“JIEEETTE X A2 R PME 25 compile () IISHE AR (2-+) WEFRIC, FRMEFRIC L 40 UNICODE
OERTE

Pattern.groups

FEREN AR R 2 R
Pattern.groupindex

W (?P<id>) & XA S HAMETF AT M. WREAMFSH, IR an
Pattern.pattern

GPERT R B AR P AT ER

3.7 BUESS: Isicopy . copy () Mlcopy.deepcopy () BREN LR . i any E N ZFRIE XL 90N 2
JRFPER .
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6.2.4 PEECTSR

PERC A5 i — /R (E True. WA ICEAIEmatch () Msearch () &l None AR PASH
G L TR AR S VURD

match = re.search(pattern, string)
if match:

process (match)

DERCRS G S LA T I iR A g i -

Match .expand (ftemplate)

Xt template 4T AT L SOFHIT HARE], w8 sub () Jrih—FE. % SCANR) \n 5 A8
T, BFsIH (\1,\2) FianZ 46 (\g<1>, \g<name>) B MV AL A A -

3.5 JRUCBE A ANVLHECH 2 AR o 2 AT R

Match.group ( [group], ] )

R A E B ICEER) T4 ARS8, SR — DR, WRAEZASH, 4R
e — It (BASERIE AT, WEREASE 41 EOAR 0 (A ITECHEBLRE ) . Wk
— NN SHAEH 0, AHRAR HERE A TEEL AR A e — N [1.99], SR A
PR S AP o WER— AN SR 08, s KT RErp o U ALEL, k5| K — > IndexError
S WR—AHEEIERER AR, HFICREZ W, Wk bl /s — I IER.

>>> m = re.match(r" (\w+) (\w+)", "Isaac Newton, physicist")
>>> m.group (0) # The entire match

'Isaac Newton'

>>> m.group (1) # The first parenthesized subgroup.
'Isaac’

>>> m.group (2) # The second parenthesized subgroup.
'Newton'

>>> m.group (1, 2) # Multiple arguments give us a tuple.
('Isaac', 'Newton')

WEREMFRRXFEH T (?P<name>. . .) &Y, groupN SEGRB W RE R A4 A EHAF. WR—
MNEFRFR SR PR E A G , W5k —AIndexError 3.

—ANFEXF A A 1

>>> m = re.match(r" (?P<first_name>\w+) (?P<last_name>\w+)", "Malcolm Reynolds")
>>> m.group ('first_name')

'Malcolm'

>>> m.group ('last_name')

'Reynolds'’

a4 A ] A R 5 {E 5

>>> m.group (1)
'Malcolm'
>>> m.group (2)
'Reynolds'’

AR —AAPCE AN 2K, it R [l f e — PR

>>> m = re.match(r" (..)+", "alb2c3") # Matches 3 times.
>>> m.group (1) # Returns only the last match.
'C3'

Match._ getitem__ (g)

AN T m.group (9) o EAVEIT RG] H—ATLE
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>>> 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 OB A

Match.groups (default=None)
R Ao, WA FrAVCER T4, FEREUHF BN 1 BB Z A A . default ZHHTAS
ﬁ@@ﬂﬂ’] H/R Ej(l}\ji] None,

B3 A (E):

>>> m = re.match (r" (\d+)\. (\d+)", "24.1632")
>>> m.groups ()
('24', '"1632")

WERBATVB NI TIE, IR AMARSS SRR Y . XA AEINSR—4 None

, BRARBE T default 5.

>>> m = re.match (r" (\d+)\.? (\d+)?2", "24™)

>>> m.groups () # Second group defaults to None.

('24', None)

>>> m.groups ('0") # Now, the second group defaults to '0'.
( Al 24 A} , ] O Al )

Match.groupdict (default=None)
BRI S TR 8T 4. key iR . default ZHTAS SILERIA S BOA
K None. i

>>> 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( [gmup] )
i[5 group PURCE] 15 FR T A AIZE AR o group BRIN O (A2 REAVLEL) 1) o U2 group
FEAE, AEORPEICRE, SR -1 o XFF—AUCRExige m, fi—PRS5RENH e, He FFNT
m.group (g)) FERIIERACE

’m.string[m.start(g):m.end(g)]

HE m.start (group) K% T m.end (group) ﬁﬂ%gmup VERL— AR R TE. e, 7E
m = re. search( b(c?)', 'cba') ZJI, m.start jﬂl m.end (0) 42, m.start (1)
M m.end (1) Hi2 2, m.start (2) %‘Iﬁg/[\IndexError #.%o

XM T2 M email Hidik L (45 remove_this

>>> email = "tony@tiremove_thisger.net"
>>> m = re.search("remove_this", email)
>>> emaill[:m.start ()] + email[m.end() :]

'tony@tiger.net'

Match.span ( [group]
O R 1_IEI~/\ JC# (m.start (group), m.end(group)) . VEREUWIR group %
AR, Hhik 1, =1) o group BRINHK O, H2FEAVLHL,

Match.pos
pos WH, &f&ibtfsearch () Bmatch () P a N 2 o XA IENEG [ EHFRTEFAF R
R VLB RGO .
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Match.endpos
endpos WH, &t&iktfsearch () Bimatch () WHFYE a EMNAT £ o XA IE NG 245 (7 47
BERERAULRRG|E.

Match.lastindex
AR 55— A VCBC AR R 5 1M, 50 None QISR EAT VUi =R W& . Bban, XF455E Tab,
Fik3 (a)b, ((a) (b)), ((ab)) 5% lastindex == 1, [ (a) (b) 15%| lastindex

o

Match.lastgroup

e — MR A 4147, B None AISREA AL ITRCHITE .

Match re

3B [A] P AR AN SE B B N 2 %, XA SERE B E WX S i mat ch () S search () FEFER

Match.string
fgi#kFE|match () Bsearch () BITFHFER.

3.7 W EE: IR T Xt copy . copy () Mcopy . deepcopy () HISHF. VL RGE BRI LR .
6.2.5 IEMIZFRERNBIF

BeEXF

TERXAGIFHL - AT LA i Bl ok 0K S 47 b SR /R DU RC R 52

def displaymatch (match) :
if match is None:
return None
return '<Match: , groups=%¢r>' % (match.group (), match.groups())

BREMTEE DAY, —DBRW— TR IR, B FRRR KA, 2" 8 A, KK,
"q” Q, 77 I, S 10,727 BP9 Kok 2 F] 9,

HERGENTIFRRGAR, FATTLARE DA T 2 5R

>>> valid = re.compile(r""[a2-9tjgk] S™M)

>>> displaymatch (valid.match ("akt5g")) # Valid.
"<Match: 'aktbqg', groups=()>"

>>> displaymatch (valid.match ("akt5e")) # Invalid.
>>> displaymatch (valid.match("akt")) # Invalid.
>>> displaymatch(valid.match ("727ak")) # Valid.

"<Match: '727ak', groups=()>"

Ba—FH, "727ak" , WET X, S PEKERRE R . S IENRAXITRE, Wiz E
EVEEILIE NN

>>> 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 o AT AR, T A T AR R T O ORI PERCR S g roup () J5A:

>>> pair = re.compile(r".*(.).*\1")

>>> pair.match("717ak") .group (1)

'7!

# Error because re.match() returns None, which doesn't have a group() method:

>>> pair.match("718ak") .group (1)

QS
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(R L —5)

Traceback (most recent call last):
File "<pyshell#23>", line 1, in <module>
re.match(r".*(.).*\1", "718ak") .group (1)
AttributeError: 'NoneType' object has no attribute 'group'

>>> pair.match("354aa") .group (1)
lal

)] scanf()

Python H Hii%AH — 421 ¢ BE scanf () BN . IENZFEEREHE E scant () X FRAFREF R K
e (R E 2 e, TEE}G%@%&%@ET scanf () #&aAFANIE D)2 528 3 K EokH [R) At e 3

scanf () #&XFF | ENFRIEK
3C
%$5c¢ {5}
%d [—+]12\d+
%e, 3E, $f, %g [=+]72( \d+ \ \d*) 2 [\.\d+) [eE][—+]?\d+)7
51 [-+12(0 [\dA-Fa-f]+[0[0-7]1*|\d+)
%0 [—+12[0 ]+
%s \S+
$u \d+
$x. %X [-+12 (0[xX])? [\dA-Fa—f]+
S 24 R SR IR A
’/usr/sbin/sendmail - 0 errors, 4 warnings
WRATPAEH] scanf () #8:01k
%$s — %d errors, %d warnings
SR IE N FRIA A
’(\S+) - (\d+) errors, (\d+) warnings

search() vs. match()

Python T~ 1E R AFRAL T A H] (1 5 s B A
o re.match () RAEFRFEHR IS BRI VLA .
o re.search () AP PREMACER I VCE. (X ALZ Perl ZEERINIG LT BHT) )
« re.fullmatch () KA FAFER 2 TR

SR AS[E) :
>>> re.match("c", "abcdef™) # No match
>>> re.search("c" "abcdef") # Match

<re.Match object; span=(2, 3), match='c'>

>>> re.fullmatch("p.*n", "python") # Match
<re.Match object; span=(0, 6), match='python'>
>>> re.fullmatch("r.*n", "python") # No match

fEsearch () W, WA '~ AR TT AR R BRI DT BCE] 745 5 B4 o
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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'>

HREMULTILINE ZA R i iimat ch () RUCECAAFER GG, (B search () FIPA "~ IR IE
ISy UM iR ERt OB

>>> 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"'>

HE—TRIEE

split () ¥FAFER SRR IR BRTT . XI5 R0 T RSO B 21 5y 320 ELA 5 18 e $dis
gty RARA MR, ARSIk .
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. BUERNTRE PR — 01, A Eiria — % 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']

R4, FENFHDE—AmA T TR, BG5S A RS £ BT hsplit () AT
maxsplit JEZ, PROFHUE L&A B A1 o BB AR 4T

>>> [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']]

22 FEIEECIE SR E S, BRI IAESI RS R T . Wk maxsplit WEHN 4, FATERT AL
bR AR 5 8]

>>> [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 () BHFREE A I IRE U — S0 XA TUER] T sub () REEPISCY, sEFELCEE
NFRFRILLE, BT E MR T

>>> def repl(m):
inner_word = list (m.group(2))
random.shuffle (inner_word)
C return m.group (1) + "".join (inner_word) + m.group (3)
>>> text = "Professor Abdolmalek, please report your absences promptly."
>>> re.sub(r" (\w) (\w+) (\w)", repl, text)
'Poefsrosr Aealmlobdk, pslaee reorpt your abnseces plmrptoy.'
>>> re.sub (r" (\w) (\w+) (\w)", repl, text)
'Pofsroser Aodlambelk, plasee reoprt yuor asnebces potlmrpy.'

EFAENA

findall () PLFERER AR BB, AUEBsearch () WRIE LR HA, WER—EE AR
PR ETA R, TR R AR A £indall ()

>>> text = "He was carefully disguised but captured quickly by police."
>>> re.findall (r"\w+ly\b", text)
['carefully', 'quickly']

EXRMANEEARRELE

R T E IR EZE R, finditer () ATPUEEIEM , BT IRacxd 2 AR BHE, A2 74
o RS BT, AR A BRI T B E R AL, W LAME I NI M finditer ()

>>> text = "He was carefully disguised but captured quickly by police."
>>> for m in re.finditer (r"\w+ly\b", text):
print ('202d-202d: %s' % (m.start (), m.end(), m.group(0)))

07-16: carefully
40-47: quickly

RYEFFFEBERIC

JFIRFAFHICIA (e text ") REFIEMIZEA IR R . B, SRR A SRAT (1 \ 1) #RLATHTZE—1
PRI . e, "N T el 54— B0

>>> re.match (r"\W(.)\1\w", " ££ ")

<re.Match object; span=(0, 4), match=' ff '>
>>> re.match ("\\wW(.)\\1\\w", " ££ ")
<re.Match object; span=(0, 4), match=' ff '>

UTFEVCRL M FAPRPHL, CUAHEIE MR L. AEFIATAFRICE, B e\ 7. 0L
AU NN R e B

>>> re.match (r"\\", r"\\")

<re.Match object; span=(0, 1), match="\\"'>
>>> re.match ("\\\\", r"\\")

<re.Match object; span=(0, 1), match="\\"'>
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B—MAEsies

— A VAR A AT AT AT, R R, R RS BRI S

SO AR IR MFRA AR E R . X FAZE S FFX ARG AT, BARFRIL R 5L
E2ib]

from typing import NamedTuple
import re

class Token (NamedTuple) :
type: str
value: str
line: int
column: int

def tokenize (code):
keywords = {'IF', 'THEN', 'ENDIF', 'FOR', 'NEXT', 'GOSUB', 'RETURN'}

token_specification = [
("NUMBER', r'\d+(\.\d*)?2"), # Integer or decimal number
("ASSIGN', r':="), # Assignment operator
("END', r';"), # Statement terminator
("ID"', r'[A-Za-z]+"), # Identifiers
('op', ' [+\=*/1"), # Arithmetic operators
('NEWLINE', «r'\n'"), # Line endings
('SKIP', r'[ \tl+"), # Skip over spaces and tabs
("MISMATCH', r'."), # Any other character

]

tok_regex = '|'.join(' (?P<%s5>%s)' % pair for pair in token_specification)

line_num = 1

line_start = 0

for mo in re.finditer (tok_regex, code):
kind = mo.lastgroup
value = mo.group ()
column = mo.start () - line_start
if kind == 'NUMBER':
value = float (value) if '.' in value else int (value)
elif kind == 'ID' and value in keywords:
kind = value
elif kind == 'NEWLINE':
line_start = mo.end()
line_num += 1
continue
elif kind == 'SKIP':
continue
elif kind == 'MISMATCH':
raise RuntimeError (f'{value!/r} unexpected on line {line_num}')
yield Token (kind, value, line_num, column)

statements = "'’
IF gquantity THEN
total := total + price * quantity;
tax := price * 0.05;
ENDIF;

for token in tokenize (statements):
print (token)

RIATE R L AR B

Token (type="IF"', value='IF', line=2, column=4)
Token (type="'ID', value='quantity', line=2, column=7)

(FOAkED)
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(R L —5)

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='OP', 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 - EERMHHEITH

JRGRE: Lib/difflib.py

BERCERFZ AL T LR PSSR R B BN, el T He S, ol A Z A i AN ] SCF 22 5+

HE, A4 HTML M1LE R SCVA R GE— 1Y diff %08l A7 R LB H SRRSO, BiEE R £11ecmp Bk

class difflib.SequenceMatcher

KB RIGHYZE, T HBATMRBE FEIIx, HE RS I0E Hhashable 35 . HIEARE R
HFfy Ratcliff 1 Obershelp T 1980 4E AR A FIF DA “WE=IER A VT 195 5K 2 Fran 24 (YA,
I HE AR, HEBREHIANEE B TTENRKIESILE 775 Frig “hik” o&
G HAE AR X EEAEME, s AT s ARF. (PR ITE 2 X Ratcliff F1 Obershelp 5
YER AR ) SRS ARG SRR T S T ISR R A A A P A A B e X AN BB 2E B/ N
BFY, (ARSCREr=AFEMTER “IEW WIUCEL.

FEIRF: B A Ratcliff-Obershelp 55034 75 fi YR 1% DL N 2 37 75 I [ 1 A — fBe 0 50 1 2 ~F J7 I 1]
SequencelMat cher {EH NG OL T Ny ~FJ5 ik 8] i 76 — A% &0 F i 47 M 52 2 )3 51 oAy 2 D Al Tl
TOERX — RS e G LT W 2RI a] o

A BB K X5 sequenceMat cher ORISR TTHER A 3RS 79 U RS . X
P & T B GHRA E P8 IR B ISR AE—T (eS8 — T2 J5 ) (B IR AE
WP EERY 1% F HJP P E 2 /04 200 1, ZWogibric ok <17 H A 7 51 DL E o
W XFhE AT AR DGR ER B SequenceMat cher BP¥f: autojunk BEI% N False E %
M.

3.2 BETI: autojunk 8.

class difflib.Differ

ARV 2 HRE el SCARA T 5, 7 A mT BN B Y 22 S5 sl (5 5L Differ 45—
M sequenceMat cher RSEMATIFHNMELEILARANLL (L VCAL) 47T ARSI L

Dif fer MR 1T ARCFE RS FT 3k :

WFEHHKE | 88
- Ao s

'+ A5 2 il
v ATAEP 51 A ]
e ! FIAAETAE—FA TS
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P2 FT 3K AT 2R 2 5 | AT AN AEAE TAE— B AT A B 25 58 o QAR 40 4 45 i 49 I3
AT R A N BB R R

class difflib.HtmlDiff
XA TAIE HTML #6458 (8060 & 28 10 528 HTML SCf) PO HEHbZA T R SCAR LR, 17
() ST TESCRF S R o MFAE AT AR T 58 A El bR S0 R ORI

XA T BRI A
__init_ (tabsize=8, wrapcolumn=None, linejunk=None, charjunk=IS_CHARACTER_JUNK)
Wtk HEmIDi £ PSEp.

tabsize J&—NAIERBFSE, faa fIRAHIEE, BOAMER 8.
wrapcolumn & —/ ] & CHEFSHL, TR AT SR A ST AT S AL E, BRIAESH None
TR H BRAT
linejunk 1 charjunk )& 3 XARF- S, S Andirf () WiatmlDiff fRA BOFHER R
) HTML 22 5%). i§Zndi £1 () XY TS EERIME S I UH .

AR A

make_ file (fromlines, tolines, fromdesc=", todesc=", context=False, numlines=5, *, charset="utf-8’)
LA fromlines Fl tolines (FAFERA ) IR Bl —NFAFEE, Fom— 588 HTML S0, Hq
ERATZERIFE, 1T SATIME R R
fromdesc FI todesc ¥ ;2 W] 35 XAEFSHL, 15 VA H AR S FIARE A R (BA A H

2 A
°

=

context F| numlines ¥ & M % XTS5, Y4 HBEE/R B SC2ZE R B context 158 True, 9
NERAE False N ERSEEE A, numlines BRANN 5. 24 context 2}y True W} numlines Y545 |
FlZe 58 th /R 22 R BN SUITE. 24 context 3 False W numlines X545 il 75 "next”
R 2E ) R 25 S 2 B R R AT (B B2 S8 next” BEEHEF T — A28 th /R
2 IR AR A T, AN IR ETS B R 30)

fHiE):  fromdesc Rl todesc LW AR L HTML RAHRE, 43O L5 R U8 14 4 A I 1 3%
T2 AT L

3.5 W SE: WIS charset IAE T 24 HIML SURIBEAFAFHMN 1 150-8859-1" HHH
'utf-8',

make_table (fromlines, tolines, fromdesc=", todesc=", context=False, numlines=>5)
32 fromlines Fil tolines (FAFER S 3R) HR Bl — NP5, Fm— M &A72 H M58 HTML
Fok&, AR SATAMA MRS BN
WS Smake_rile () JrkmMEE .
Tools/scripts/diff.py @iXMEM AT, HAES— AR R .
difflib.context_diff (a, b, fromfile=", tofile=", fromfiledate=", tofiledate=", n=3, lineterm="\n’)
B a F1 b (CERFERSFR) s kI BT SCE R RE R (—A A & T generator) .
g B SCE SRR R B e AT UL B R ST BB ITEA .. Wi R s N2 w2 G
IRER . _BFSUITER n i, BRI =47
BN LT, Z5EHAT (BA *** or ——— FRIR) 2l KBTI R BN . XA LT AL 2
Mio.IOBase.readlines () Bl AN FEEEH Tio. I0Base. writelines () ERE
B B AR AT R B T4 -
REFALAKIEHATRHIH A, RO linererm S ", BORERI N B — A T
R e B G T N E S SO 4L S TN TR AR Sk o 3K B8 A EL AR A0 B4R R DA
e fromfile, tofile, fromfiledate 1 tofiledate S35 & . 15U} E) 1 & LA ISO 8601 }¢XFE R . MR KF5
E, XSRS
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>>> s1 ['bacon\n', 'eggs\n', 'ham\n', 'guido\n']

>>> s2 = ['python\n', 'eggy\n', 'hamster\n', 'guido\n']

>>> sys.stdout.writelines (context_diff(sl, s2, fromfile='before.py', tofile=
—'after.py'))

*** before.py

—-—— after.py

*hkhkkhkhkhkkhkhkkkkkkxk
* k% 1’4 * Kk kK
! bacon
! eggs
! ham
guido
-—— 1,4 ————
! python
! eggy
! hamster
guido

— RS A HBIE Rdiflib & o e AT4 T

difflib.get_close_matches (word, possibilities, n=3, cutoff=0.6)

Rl R ATl PERCH I AR . word S48 H RIS EC P S GRS R FAFER) |
possibilities “j—~th HI T ILC word W)FFSIRISI SR GAH N TFRHSIER) .

TS EL n GRINH 3) $7E I Z IR M Z DA ILAS; n URT o.

FIESEL cutoff (BRINH 0. 6) 22—~ [0, 1] YEH NAYPFE 4. 5 word FHUEERG 3 RIKBZ(E ) ik
UNIRERE oL

PEEVCRC T (NHL n AS) BYRAEVCECRF ASI IR AR 0], A LA HER , SRR Bh A R i
Tl -

>>> 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)

[l

>>> get_close_matches ('accept', keyword.kwlist)

["except']

difflib.ndiff (a, b, linejunk=None, charjunk=IS_CHARACTER_JUNK)

FLAE a Ml b (FAFERS3); iR D1 Frer BRI BAE B (—NPe L B F T generator)

AJ 3% KA IS linejunk 1 charjunk ¥4 321 8 pREL (3 None):

linejunk: W EREUIEZ AN FAF RSB0, AR HON B IR F A S R [ EAE, 5 0GR BR(E. BRAK
None. MWAMNAAH —AMEEHZHRMRE IS _LINE_JUNK (), ‘B ieai%Am v WEMAmeT, BRI

FHRIT B2 —AIFSFE ( #1) — BT RM Sequenceliat cher 34 BIASMHTIPEAT ) T A 5
S S AT MM, 3T 95 2% L 00 T B R B SR 7

charjunk: WeREEZ—ADFAF (KB 1R, QRS FAF R I B, 5 D03k
{lo BRIN A Z R EL IS _CHARACTER_JUNK (), ‘B4 A TR (ST H£4F; H
WEBIFTFF AR ERE) .

Tools/scripts/ndiff.py XA~ REH) 1T Hl b o

>>> diff = ndiff ('one\ntwo\nthree\n'.splitlines (keepends=True),
. 'ore\ntree\nemu\n'.splitlines (keepends=True))
>>> print (''.join(diff), end="")

- one

oA

+ ore

Q)
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(R L —5)

two
three

tree

+ 4+ v

emu

difflib.restore (sequence, which)

AR [ A ) o A B R —

Hi—Ahpiffer. compare () Bndiff () PAER) FF), SRECER ESCHE 18K 2 (which TEZ) 1)
1, EBRATHIS

-

>>> 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’)
FOAE a Fl b (FAFERANER); RIS —Z= s NI BAF B (—AS 7 B B AT generator) o
JT A — 2 S —Fh HU B R A S AT I LA B SUT T BB e R B S PR A
(MR IFZ B/ JaCARY) . BRSCArsh n ke, B =47,
PRNEOLT, ZREGITT (A ———, +++ 5L e F7R) il R BIATAF R A @ o XA i-Ab 12
Mio.IOBase.readlines () BN # AFEREH T i0. I0Base.writelines () WER(E
B B AR S AR R R TAT -

XHTFBA AR RBATATRA . A lineterm ZH0c0 " ", AR H N ARG — A HATAT .

R A S R — AT SO A R O D RR S B AT 5 B A T DA
K5t fromfile, tofile, fromfiledate 7 tofiledate FAK5E . VTR A A LA 1SO 8601 X Hm, MEAF
T, KIETFAFRIA N

>>> s1 = ['bacon\n', 'eggs\n', 'ham\n', 'guido\n']

>>> s2 = ['python\n', 'eggy\n', 'hamster\n', 'guido\n']
>>> sys.stdout.writelines (unified_diff(sl, s2, fromfile='before.py', tofile=
—'after.py'))

-—— before.py

+++ after.py

@@ -1,4 +1,4 @@

-bacon

-eggs

—ham

+python

+teggy
+hamster

guido

— SR A EEBI W difflib & o AT T

difflib.diff_bytes (dfunc, a, b, fromfile=b", tofile=b", fromfiledate=b", tofiledate=b", n=3,
lineterm=b’\n’)
i dfunc W a Bl b (FATHRMZH1R); 72LE DA dfunc TR kg X FoR i 2 5475038 (5 y
H) . dfunc RTINS, B Nunified diff () Bicontext_diff (),
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TRV 8 g 65 R B — B Bt . [ n Z ANBY FT A i A BB 0N T R B AR AR ER
YER 5 Xk TR BT A A (B n 250 530 458, A dfunc (a, b, fromfile,
tofile, fromfiledate, tofiledate, n, lineterm) . dfunc FJHyH <RI EE A =
g, RIS RIIG EI TR EA S a T b AH R AR A —B i .

3.5 BUBTIMA.

difflib.IS_LINE_JUNK (line)
X AT 2R A TR ] Trueo MR line AT HALE AN T4 W] line 175k /2 AT Z 0%, 5 W2
RUT 2 . MERR O AR IH AR ndi £7 () o1 linejunk TEZ 1 BRI

difflib.IS_CHARACTER_JUNK (ch)
T 0] 2B FAFIR ] True. SPAF ch WA ZSHEAF BT RAF W ch 2 v 2850, 15 W ARl
2 . WRRBE A Endi £ () W charjunk T2 1) BRANE.

W%

Pattern Matching: The Gestalt Approach John W. Ratcliff 1 D. E. Metzener X T —fP2S{DIEE S . 1
T 1988 4 7 A &% 3T Dr. Dobb’s Journal

6.3.1 SequenceMatcher ¥

SequenceMatcher RAG X ELE:

class difflib.SequenceMatcher (isjunk=None, a=", b=", autojunk=True)
S isjunk 7N None GERIAE) BUOAHEZ—NFSIILER T2 ALY HON 220 “Bil)” oo
IR I EAHA RS HR L. 1% A None 1EHy isiunk BIEH Y T4 A lambda x: False; il
VA ZBMATIE. BN, FA:

lambda x: x in " \t"

WERARAERFF IR ST T IO, BN B2 X3 A R A BORE 1) 22455

W BH Bl b HEHRAEA): FEIA TR . B TER A hashabe.
AR SHL autojunk W] T 2 ) B SIS K L

3.2 BTN autojunk 285,

SequenceMatcher Xf 543 = AN EURIEVE: bjunk 72 b 24 isjunk } True WITHER; bpopular 21
AT E (R ARPEE ) WA TEE M AR OT R G b2j 2K b SRR TR WG 5]
— BRI E S R FI . TR = AR B RE b ilint set_segs () Biset_seqg2 () T
P

3.2 JRBTA: bjunk F1 bpopular J&VE.

SequenceMatcher WHREF AT HE:

set_seqgs (a, b)

BCE B RPN A1 .

SequenceMat cher TWHEIFEAFA XK —NFHHEMEE, XFEENRIRBZR—)70 524
A TS, A set_seq2 () —WRVERWIE EZH 951 B AN HoAh e 51 4508 B —
Wset_seql (),

set_seql (a)
WEBILBIIE— NP . BHEISE AP IIA A .

set_seq2 (b)
WEBERE TS BRSPS,
find_longest_match (alo=0, ahi=None, blo=0, bhi=None)
#th alalo:ahi] filb[blo:bhi] Hi K ICELHL .

IR isjunk P4 RE B K None, find longest_match () ¥i&E (i, j, k) ffiffali:i+k]
ZTFb[j:+k], Hralo <= 1 <= i+k <= ahi JHblo <= j <= j+k <= bhi. X}
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?Efﬁfﬁ“ﬁj_ﬁ“%ﬁﬁ% (L', 3", k'), WRE == 1,3 <= 3 e, WA x
>= k', 1 <= i, HAER, XPTETA RRITECE, RIITE o 2 Se i B —A, T
£ a %*%%&Iﬂﬂ@@?ﬁﬁ'ﬁﬁ@@ﬂﬁ%, WUSR [BIAE b 24 et B — 1

>>> s = SequenceMatcher (None, " abcd", "abcd abcd")
>>> s.find_longest_match (0, 5, 0, 9)
Match (a=0, b=4, size=5)

WERAROE T igjunk, K7 AU E 55— BRI PERCHE,  (EERSNRIIA Feifrse py il B3R o0
KRR RIS (1) PCRCH A SR TR AT R % e . XS SRR AR R &
PUPChIR U, BRARRIARAY SR R IR 454 B PEREAR SR .

KIS aiH R G, (SRR . XK IE * abed' HIESHE —AFIIARE
By ' abcd' MHPCHC. 1 HATPAVERE 'abed ', - HAZVCHEIEE N slac AR abed ! :

>>> s = SequenceMatcher (lambda x: x==" ", " abcd", "abcd abcd")
>>> s.find_longest_match (0, 5, 0, 9)
Match (a=1, b=0, size=4)

WACRAR BT, )5 ARFRE (alo, blo, 0).
W VERR B —Anamed tuple Match (a, b, size).,
3.9 T A FrI TR .

get_matching_blocks ()
R PR JEEFZ VL P ol s £, FA=mdmEA N (1, 3, n), HELH
ali:i+n] == b[J:j+n]. XEE=ITCHF i Flj APEBEHES]
fF—ﬁiﬁﬁm?ﬁu,ﬁﬁﬁ len(a), len(b), 0). EfRM—n == 0 =704l

WA (1, 3, n) M(E, 3, 0! mTﬁJ%*ﬁ‘H@BE’JEfUéﬂ, HIG#E AN E R fE—
A=, Win < i' B J+n < 35 HAITRUL, AR =Ie4LE R R AR AR R SR

>>> s = SequenceMatcher (None, "abxcd", "abcd")
>>> s.get_matching blocks ()
[Match (a=0, b=0, size=2), Match(a=3, b=2, size=2), Match(a=5, b=4, size=0)]

get_opcodes ()
REHERATR: a 2520 b 1y 5 AR, BAIUCHMIEL R (tag, i1, i2, j1, 32). 1
F—Aoudrf i1 == 31 == 0, MEHRMITHS i FTH—DHry 2, I H jI 5T
HI—NICHM j2.

tag oA FAFHR, HA SLUTE

& B8R
'replace' | a[il:i2] WH b[jl:32] ¥k,
'delete' | alil ]ﬁjﬁﬂﬂﬂﬁ% TERLEIR LT 51 == 32,
"insert' b[i1:72] WiEAR alil:i1]. IEHEEEMIERT 11 == i2,
'equal' a[il:iZJ == b[jLl:32] DT FHHE).

IAD:

>>> a = "gabxcd"

>>> b = "abycdf"

>>> s = SequenceMatcher (None, a, D)

>>> for tag, i1, i2, j1, j2 in s.get_opcodes|():

print (' al : 1] ——> bl : ] -——> ' format (
.. tag, 11, i2, 3j1, j2, alil:i2], b[jl:321))
delete al0:1] ——> b[0:0] g > !
equal afl:3] ——> b[0:2] 'ab' ——> 'ab'
replace a[3:4] ——> b[2:3] 'x' > 'y!
equal ald4:6] ——> b[3:5] 'ed' ——> 'cd!
insert a[6:6] ——> b[5:6] Yo > T f!
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get_grouped_opcodes (n=3)
ﬂilﬁl*/l\%ﬁﬁ-ig n FIJ:_FjCE/‘Jﬁ\?ﬂE’(Jgenemtoro

Mget_opcodes () FriRIBIAIITAG, BEI7IA AR B/ INI SE R -1 B A S B0 18] Fe
X

XA S get_opcodes () AHFAAEZGERE .
ratio ()
IR [l —ABUETE L [0, 1] F97 S BV E A P S AR B
Hor T 2P RS EE, MZICEEE, B 2.0°M/ T, EHER USR5
SRR, 1.0, WRWE A ARFENA 0.0,

W get_matching blocks () B get_opcodes () MABLIH NI iz EEER K, 7
IS AR RERS B e quick_ratio () Bireal quick ratio () FRFIFRE—4 LH.

filE): R ratio () RS RES B TS EIIUT . Bilhn:

>>> SequenceMatcher (None, 'tide', 'diet').ratio()
0.25
>>> SequenceMatcher (None, 'diet', 'tide').ratio()
0.5

quick_ratio ()
AERT PR B —A~ratio () ) EF.

real_quick_ratio ()

EH PO IR [ —ratio () B ER.
X = AN 0] PEEE A3 A BB H A T YE T RE TS [ B AT A B 4 R —RERY S5 IR, (HE

quick_ratio() Ml real_quick_ratio() MESZE/D 5 ratio () —FEK:
>>> s = SequenceMatcher (None, "abcd", "bcde")

>>> s.ratio()

0.75

>>> s.quick_ratio()

0.75

>>> s.real_quick_ratio()

1.0

6.3.2 SequenceMatcher 3G fl

PAT /R BIELR AN AT HS , R SAR o “hidl

>>> s = SequenceMatcher (lambda x: x == " ",
"private Thread currentThread;",
"private volatile Thread currentThread;")

ratio () &[E—A [0, 1] JEH A HEEEA NP FIARIPER B i . AR, ratio () {H# 0.6 4t
st SRR R b s i UNLWIVE

>>> print (round(s.ratio(), 3))
0.866

AR X A S AP BC A (L BB, W) get_matching blocks () MRS f#:

>>> for block in s.get_matching_blocks() :
.. print ("al ] and bl ] match for elements" % block)
al[0] and b[0] match for 8 elements

Q)
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(R L —5)

al8] and b[17] match for 21 elements
al29] and b[38] match for 0 elements

IR get_matching_blocks () RFEIWHEE—Mod a2 T 56 (len(a), len(b), 0),
XA RRETE (ICRICREE) N o ByME—Ei.

AR AR AR BEHGE AR 55— AP SR ISR A5, ATRARET get_opcodes ():

>>> for opcode in s.get_opcodes():
.. print (" al : 1 bl : 1" % opcode)
equal a[0:8] b[0:8]

insert af[8:8] b[8:17]

equal af8:29] b[17:38]

B4

o MBI jget_close_matches () BREER T W3 T SequenceMat cher F4 F & B A S
RIATA HTIEE.

« {#iffl SequenceMat cher HHL/INELBLTIAY 185 A B 7 .«

6.3.3 Differ %

B DI Frer AR IS B AMBAER I/ hES. Mk, S/NESAEREBRERN, B4R
AR AT RERI Ty, A B R R A=A AHEE 100 G UCHEL . KRR 20 s BR A ZE LD FL AR B T — S8 i
Wi, XERaA kAT K ZE RN
Differ JERAT XM AR -
class difflib.Differ (linejunk=None, charjunk=None)

Ak K HFIES linejunk F charjunk 352k 1§ R EL (B None):

linejunk: 5 ASFAFRAE A S B REL, WEREABIR FAFER LR B . BIAES None,
WRE B AT 2PN BIRAT -

charjunk: 32 BAFRF (KB 1 IFRRH) YERS RN REL, R b3k 7 AR [ B . B3R
INME A None, BMCE A M FERF AL FAF .

XSG I R R T PR 2R R VR, I BN & R BUE AT 2 RAT BT 2N . 3
2 find_longest_match () JYEW isjunk TE S AR T EEE

Differ WEZMt—NEMOTEREH (AdgE) m:

compare (a, b)
WA AT ), IR E (— S BATAsnRs) .
BT 90 AL 5 — A A AT AT 45 BB 1 BAT A  Hr o X1 P 0 AT DA It SR B 4
Wreadlines () JryK3REL. Fr A2 o 38 & R AF fh ABRAT A7 45 R I A AP SR A A, mT DAGE
AR R writelines () J¥EFEFEFTEIH K,

6.3.4 Differ 7xfl

UG LB B SCAR o 1 SR AT T80 B SCAS Ay PABRA T4 465 R 1) B T AR R A LY 41 (X R 2 47t R DA
WS4 readlines () F{ERIREL):

>>> textl = "'' 1. Beautiful is better than ugly.
2. Explicit is better than implicit.
3. Simple is better than complex.
4. Complex is better than complicated.

... """.splitlines (keepends=True)

>>> len (textl)

Q)
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(R L —5)

4
>>> textl1[0][-1]
v\nv
>>> text2 = ''' 1. Beautiful is better than ugly.
3. Simple is better than complex.
4. Complicated is better than complex.
5. Flat is better than nested.
""" .splitlines (keepends=True)

HR RFATL L —> Differ X4 :

>>> d = Differ ()

RSB £ fer XPRINFRATA MG A BRBORISJESE “BiR” fTRIFAF. WS WDitier ()
SR gl

. BATHEPIAFA:

>>> result = list (d.compare (textl, text2))

result s NFAFERIIR, LRI ILMITEIHR:

>>> from pprint import pprint

>>> pprint (result)

[ 1. Beautiful is better than ugly.\n',

! 2. Explicit is better than implicit.\n',

' 3. Simple is better than complex.\n',
3

'+ Simple is better than complex.\n',

' ++\n"',

' 4. Complex is better than complicated.\n',
V? N P /\\nY,
'+ 4. Complicated is better than complex.\n',
' ++++ “\n',

'+ 5. Flat is better than nested.\n']

N BB 22 AT A 5 s R U e«

>>> 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.
? o+ A ~
+ 5. Flat is better than nested.
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6.3.5 difflib B4& <170

AP R T AT difflib R A #— AT aiff (TR, ERFEESTE Python YA &A1t H,
V444N Tools/scripts/diff.py,

#!/usr/bin/env python3
""" Command line interface to difflib.py providing diffs in four formats:

* ndiff: lists every line and highlights interline changes.

* context: highlights clusters of changes in a before/after format.
* unified: highlights clusters of changes in an inline format.

* html: generates side by side comparison with change highlights.

min

import sys, os, difflib, argparse
from datetime import datetime, timezone

def file_mtime (path) :
t = datetime.fromtimestamp (os.stat (path) .st_mtime,
timezone.utc)
return t.astimezone () .isoformat ()

def main() :

parser = argparse.ArgumentParser ()
parser.add_argument ('-c', action='store true', default=False,
help='Produce a context format diff (default)"')
parser.add_argument ('-u', action='store_ true', default=False,
help='Produce a unified format diff')
parser.add_argument ('-m', action='store_true', default=False,
help='Produce HTML side by side diff '
'(can use -c and -1 in conjunction) ')
parser.add_argument ('-n', action='store_true', default=False,
help='Produce a ndiff format diff')
parser.add_argument ('-1', '--lines', type=int, default=3,
help='Set number of context lines (default 3)"')
parser.add_argument ('fromfile')
parser.add_argument ('tofile’)
options = parser.parse_args|()

n = options.lines

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)
! ’ (FHRED)
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(R L —5)

sys.stdout.writelines (diff)

if name ==" main '

main ()

6.4 textwrap -~ XABHINRITEEFRE

JEIGHE: Lib/textwrap.py

textwrap BERGEHE T —LLRFER L, VAR PASEUIT A TR K Textirapper, QIR ZER —
PHASSCARFAF R AT F ST B SE, PREE SR AV I 1 15 mIWRYIE, ARBO%Z (] Textwrapper
S BIAAR AR

textwrap.wrap (fext, width=70, *, initial_indent=", subsequent_indent=", expand_tabs=True, re-
place_whitespace=True, fix_sentence_endings=False, break_long_words=True,
drop_whitespace=True, break_on_hyphens=True, tabsize=8, max_lines=None, place-
holder="[...]’)

Xt text (FAFER) HRA BRI BE B sl AT AR T K 2 o width ASF4F . R 9] i g AT AL 371
%, ITRAWITAY .

S rextwrapper WSLHEMEXT R A Al i TS 8, BARSCRIIL .
SR TextWrapper.wrap () J7E T A Kwrap () T RA0EAE S .

textwrap.£ill (fext, width=70, *, initial_indent=", subsequent_indent=", expand_tabs=True, re-
place_whitespace=True, fix_sentence_endings=False, break_long_words=True,
drop_whitespace=True, break_on_hyphens=True, tabsize=8, max_lines=None, place-
holder="][...]’)

Xt text FTRLERE A ST, TR IR — A Al E ST BRI MR . £300 () DL R
R

"\n".Jjoin (wrap (text, ...))

Rl BRI, £i11 () e Hwrap () SEEMFER K TS

textwrap.shorten (fext, width, * fix_sentence_endings=False, break_long_words=True,

break_on_hyphens=True, placeholder="]...]’)
PrBIFBIEL E R text DAFFEEYE R width.,

B, B ext PROSM (T ESEESRBHON A ) o WIERESRBEE & width WIFF IR 1],
0 IRF 25 3 R 0% B 0 R R B ] DAGEAS SR A BRI Al placeholder fE Eé width:

>>> textwrap.shorten("Hello world!", width=12)

'Hello world!'

>>> textwrap.shorten("Hello world!", width=11)

'Hello [...]"

>>> textwrap.shorten("Hello world", width=10, placeholder="...")
'Hello...'

A3k Y K B S R Y T Textrapper WY SE PR JE M, B AR 3C. W E SCATE
Wi & N TextWrapper Wfill() BB Z i iT S, WLk L rabsize, expand_tabs,
drop_whitespace fMlreplace_whitespace HHEIG A TR .

3.4 BUBTINA.

textwrap.dedent (rext)

Fol text fuig— R0 FEGLAR I 42 A
BOTTAFISRITG =5 | B AP AT 20 2Hs TSRS 1 G e .
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WP R BRI R 25194, (IR DUFMIAT " hello” Al "\thello"
R EATAR 10 B 4025 17

RS2 AT AT A A 2 HAE i IR b AL R B A T4
HAIRIE:

def test():
# end first line with \ to avoid the empty line!
s = "1\
hello
world
print (repr(s)) # prints ' hello\n world\n !
print (repr (dedent (s))) # prints 'hello\n world\n'

textwrap.indent (fext, prefix, predicate=None)

Xf prefix TRINE] text HEEFTIIIF K -

WL text.splitlines (True) EXFTHATIR .

BN, prefix 29GRMEB A AR R a5 (EFEERATEHRM) 4U8m1T.
HRAIRE:

>>> s = 'hello\n\n \nworld'
>>> indent (s, ' ")
' hello\n\n \n world'

ALY predicate ZHJ7] KA HIWBLEA TG HE . BIAN, FTDARZ 5 # h 25478 A 25 AR A TS
prefix:

>>> print (indent (s, '+ ', lambda line: True))
+ hello

+
+
+ world

3.3 HUHTIA.

wrap (), £i111 () Mlshorten () WIVER e HAIE— TextWrapper SEBIFAEH BRI A . %
SCFIRSHEE M, HI T wrap () AVE£111 () FALTVFL SCRFRF SN 8, BIEHRH
O Textrapper X4 RESHARUR.

AR I AR S AL E F Sh AT, AR IE PR IR N E T2 G KR L BN SR, R

JETextWrapper.break_long _words #E NIRIE.

class textwrap.TextWrapper (**kwargs)

TextWrapper MIEAHERZ Z LM RET S B KBTSEIY LR, i

wrapper = TextWrapper (initial_indent="* ")
AT

wrapper = TextWrapper ()
wrapper.initial_indent = "* "

PRI PAZ IR B M RN Text wrapper X4, - HARWLET RAYE (8 FH 3 [6) 8 3o 42 ) S 91 i P T 1 e
B2 B A ART I I .
TextWrapper MEHEME (DAL RBESE) WTFFR:
width
(BN 70) B AT RATK . HZH A XA P RA K Twidch 1Y B A B,
TextWrapper FLRBARIERA K T width N ERF R AT
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expand_tabs
(BRIA: True) AR EAE, W text H T A HIRATRE BT text (1 expandtabs () Ty A
AT

tabsize
(BRIN: 8) R expand_tabs NEAA, M text H AR HIRMFREY AT BHZ D250, Bk
T 24 Wil A (o B 45 5 A 1 R T
3.3 OB

replace_whitespace
(default: True) ARG EME, FERIRMY RZIG. AZBATZH, wrap () INERFEEDS

AP O A A% . PO BT - W3R, AT, REHIR, JEAURE 4
("\NEADAVNENT '),

il fexpand_tabs HB{HHreplace_whitespace NEAH, HAHIRMFRHE
NEAZERG, K HHFATY R .

fiE): W replace _whitespace ARMH, FE—17R A v BEH A T4 S EUR R
. L, SCRNY (ffstr.splitlines () BERUTHEE) PromBIE 42547 H 3l
7.

drop_whitespace
(BRA: True) WA HEAE, F—ATHRMRRHZS AT (EREZ G, Fit2n) 2u%
Fro (HREEIFL A AP IR G AR AR PR A LW E T IR E TR
AT s T — AT, WA TR

initial_indent
A ) RS IR PE A St T N RS — AT AR . HRIESOT AR —1TI K
. PN,

subsequent_indent
(default: ' ') RER A2 B A SHRATH N IRE—ATAMYIT TR T4 #R . HREZESOTA
AT AT AN I A AT R

fix sentence_endings
(BRIN: False) MR NEE, TextWrapper Rl f) 145 RIFH PR F) 1 [RLE 2 DA 5P
A ZSHERF I o F T8 A8 B 5 MR B SCAS SR B AR TR B R . (EUR, A TR BRI N 5T
X ERERTERRE— NG TR L 0 8O A, FRRTRRT A A
B R OA AR IR L BT K AR SO Dr”

’[...] Dr. Frankenstein's monster [...]

FIPAR SCAH iy "Spot.”

’[...] See Spot. See Spot run [...]

fix_sentence_endings BRI AERH.

T4 TR AR T string. lowercase RHfiE “/NGFHRE”, DAL EEN) S G
WA SR AL T IR — A7 A0, PR B8 T 3B SOAs.

break_long_words
(BKIA: True) WA A LA, N BB ik cie b B BUIRLE B4 TF DL ARAIE AT 1Y K 1 7 2 18
dwidthe MARNBME, BREFASYIT, R KETRSBEEvideh. (K
PR R —AT, DARER B T wi dth iYL )

break_on_hyphens
(BRIA: True) WUREL(E, FARIGICER B E Ve = BRI GriRl i E AT 2 )5 B 3liAT .
WA BAE, WA= B 2P B IERBTEWA TR, (FASRARER A 7 2 B TR
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FEA RN break _long words WONRIE. Z HIMRASHIBIAAT A S22 Tl A 7
TR B
max_lines

(BRIN: None) WA None, Wikt W AR iR 2 115 max_lines 17, F# placeholder i BLAE
R .

3.4 BT

placeholder
GRIA: ' Lo 1) SO E B L SRS BUE SO R

3.4 JRHTIA.

TextWrapper ML T —8 N H I, BT R Z I fEHER L

wrap (fext)
X text (FAFER) TR ERNEL B S AT DA REA T R IR 2 S wi deh AP, By H STk
TR E Textwrapper SEHIRSEBIEYE. & 0] i AT 4o, FT AW IRITAT. W
R H AT R ARSI, R W 2813

£i11 (rext)
X text WY EAS BT B BIH5AT I IR 9605 B ShaR AT B I B A R

6.5 unicodedata --- Unicode B

AL A T X} Unicode Character Database (UCD) ()51, HoHt i LT iy Unicode “FAFH)FAFI@ME. I
B 2 AL B iR L UCD A 13.0.0,
izg%ﬂ%ﬁ%—‘? Unicode frifEfi4: #44 “Unicode “FAFEL A" T LM R A FRRISFS . BEX TAT
B
unicodedata.lookup (name)
WA TELAF . WRIRB AT 45 E AR TAF, WAR R AT R A HE], WEKeyError
51 % .
3.3 MU A CNINRT SRR B4 Mg s 1SR

unicodedata.name (chr[, default] )
R NE G PGS FAF chr 4 FRAE R T A B MR E XA PR, R A default , G023 45
MvalueError #5% .

unicodedata.decimal (chr[, default] )
R ECL FAF chr - FRERIEAVE A AR @ SGXFERIE, WER A default , WA 45
B, MvalueError #§5] % .

unicodedata.digit (chr[, default] )
RN BEEE AT chr WU EAE A EEEL . QA & SGXFERE, WHR [ defaulr , QNS A 45
MWvalueError #551% .

unicodedata.numeric (chr[, default] )
AR [l FEL AT chr BYRUEARE R PE R WR B E SCARRIE, R0 default , AAREA L,
MvalueError #%5|% .

unicodedata.category (chr)
1R B3R A FAF chr B IS5 45 58
unicodedata.bidirectional (chr)
RV RLLE FAF chr PIRURZAVE TS . QSRR E SCHRAE, R [ 2545 5

! https://www.unicode.org/Public/13.0.0/ucd/NameAliases.txt
2 https://www.unicode.org/Public/13.0.0/ucd/NamedSequences. txt

6.5. unicodedata --- Unicode ¥iBEE 141


https://www.unicode.org/Public/13.0.0/ucd
https://www.unicode.org/reports/tr44/
https://www.unicode.org/Public/13.0.0/ucd/NameAliases.txt
https://www.unicode.org/Public/13.0.0/ucd/NamedSequences.txt

The Python Library Reference, (I 3.10.19

unicodedata.combining (chr)
RS BLLS FAF chr LA A ZEVE R, QR LA A28, aRME o .
unicodedata.east_asian_width (chr)
RIS BLL AT chr BRI SEFEVE AT ER
unicodedata.mirrored (chr)
R ELLE AT chr B SR JBIEBEEL . QR FAFAER ) SCA R R “Bilg” 4%, MM 1,
EWRE 0 .
unicodedata.decomposition (chr)
R ELETFAF chr WIFAF 5 FRIGHE A A o SRR SRS, DU o] 25 E A7 R
unicodedata.normalize (form, unistr)
3R 5] Unicode “E4FER unistr [TE B TR form o form WA SUEA’NEC’ . "NFKC’ . "NFD’ fII'NFKD’ .

Unicode A7 1 5 T B3 55 f F 4 28 1 48 30 o E LT Unicode 74 8 1 & FPALTE AL TE . 7
Unicode H1, W] PAPAKFN 17 TR 245 - AN, 245 U+00C7 (474 CEDILLA ] LATIN CAPITAL
LETTER C ) W[ PA3E75% K551 U+0043 (LATIN CAPITAL LETTER C ) U+0327 (COMBINING
CEDILLA ).

XPRAFAE, AWAIERIEA: EAEX CHIEMER D . EHEX D (NFD) WFRAHMIE
fif, IR PRI R, B C (NFC) He M MR #, RIS G

o2 S

(S R Y

b TRXWMIERZ A, A RS T 3SR A FE E . 7 Unicode H1, SCHRpIELEELT,
XSS A 5 G % —. i, U+2160 (ROMAN NUMERAL ONE) 5 U+0049 (LATIN
CAPITAL LETTERI) ZE4:#f[F]. {H/&, Unicode SCHFE HIA FAFHE (Bl gb2312) ezt

IEALE L KD (NFKD) CRf 57 A o0 i, BTS840 08 e B e 745 . IEALTE 3 KC
(NFKC) ¥ e Aea b, RIneMitds.

RIfSE 4 unicode “FAFHRBERIE LI B AR B KA F, W —DNEAHEGF/RM N —NEA
N EAT]RETCEASE .

unicodedata.is_normalized (form, unistr)
W Unicode 455 unistr B4 HIEFIER, form. form (A7 %H }’NFC’, "NFKC’, 'NFD’ fI’'NFKD’,
3.8 OB A

AN, ZBHIRRR T AR &

unicodedata.unidata_version

BEAFEER A FH ) Unicode 50405 22 A8 AR

unicodedata.ued_3_2_0
X GRS RAG MR AR5, BT 55 SRR E IR 1) Unicode %413 /% (40 IDNA )
MR AR, MIE ] Unicode d FEARCAS 3.2 «

H

>>> import unicodedata

>>> unicodedata.lookup ('LEFT CURLY BRACKET'")

l{l

>>> unicodedata.name('/")

'SOLIDUS'

>>> unicodedata.decimal ('9")

9

>>> unicodedata.decimal('a"')

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

ValueError: not a decimal

>>> unicodedata.category ('A") # 'L'etter, 'u'ppercase

lLu'

>>> unicodedata.bidirectional ('\u0660') # 'A'rabic, 'N'umber
IAN'
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)

6.6 stringprep - AP FFRNEZ

JFUATS . Lib/stringprep.py

TEARE R B EEY (FlInENLE ), @B FEHRERXERHES (FH%). XA B R ET T 6E
ST N IS, Bl @ X KNG %55 . A B ] RE TR MR & e pgbn Al “nl$TE1”
PRI
RFC 3454 5 U7 AEFREEM ML Unicode “FAFHRRY “Tilee” R . FERFFAFEREL G2 8, BNIS%
ISR, 2 EEMFEAREREE . % RFC & X T —RINEK, BENTAgAHE
T ELE . AL B AE T RS, stringprep i AR A H A T I 2 Bie A 2 LR
stringprep FLEM—FF & nameprep, E#H TE PRI .
Bittstringprep fUAFF T K H RFC 3454 64 . BT X SE U0 S RAS AR s b A sl 1 25 & B w
PER, ZARHRAE P Unicode “FAFEHRIE . A G fEAI 2 ] mkstringprep.py T.HA
5’40
F L, XL RAELRBON BRI SN AT 75 RFC R WA EMS: EE5 5. XT84,
stringprep JEHET “RHMERE, BIAIRIES REGH B0 LR EHE N True FIRE. XTI, &
PEOL TR B ARSI SE BRI E . AR @A T ] eR AR B
stringprep.in_table_al (code)

a5 code 275 & tableA.1 (Unicode 3.2 W (A4 BC A1) o

stringprep.in_table_bl (code)
Wi code 215 J&T tableB.1 Gl H WL A 23 MH) o

stringprep.map_table_b2 (code)

1R [8] code <5 tableB.2 (Ft £y NFKC (i I A K/INEHARBUR) BTk S (e -

stringprep.map_table_b3 (code)
& 5] code fKHE tableB.3 (CAHFAF IE ALY R /ING ST BRI TSt (e

stringprep.in_table_c1l1 (code)
W€ code Z15J@T tableC.1.1 (ASCII %5 HF4F)

stringprep.in_table_cl2 (code)
1€ code 275 @ T tableC.1.2 (JF ASCI 5 FHF4) o

stringprep.in_table_cll_c12 (code)
W€ code B15J@T tableC.1 (BSEAFST, C.1.1 f1 C.1.2 fyFH4E).

stringprep.in_table_c21 (code)
i code 215 )& T tableC.2.1 (ASCII 35 | F4F)

stringprep.in_table_c22 (code)
T 5E code 275 J&T tableC.2.2 (3F ASCIL 5 F£7)

stringprep.in_table_c21_c22 (code)
45 code 275 )@ T tableC.2 (5 HIF4F, C2.1 f1 C.2.2 fF4E).

stringprep.in_table_c3 (code)
%€ code 7245 J& T tableC.3 (FAB ).

stringprep.in_table_c4 (code)
i€ code B35 @ T tableC.4 (AEFZLFMEHL)

stringprep.in_table_c5 (code)
5 code 275 @ T tableC.5 GHFLI).

stringprep.in_table_c6 (code)

€ code 277 @ T tableC.6 (& M T4E3CA) .
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stringprep.in_table_c7 (code)
Wi5E code 215 @ T tableC.7 ORIE  THIERTR)

stringprep.in_table_c8 (code)
i code J215 & T tableC.8 (722 R @R 5 ).

stringprep.in_table_c9 (code)
i5E code 215 @ T tableC.9 (FRICFAF).

stringprep.in_table_d1 (code)
Wi code AT tableD.1 CHAT LA IR SUAL” 1954

stringprep.in_table_d2 (code)
Wi code 48T tableD.2 CHFATAUAIRHEL (154

6.7 readline --- GNU readline 0

readline BHRE LT VFZ )5 M Python fERERS 52 ORISR S AP 52 SCAFAY B AR . OASTHR AT DA B4l
Y, B SCRFEAC SR AT T 58 Python AR r lcompleter BEHT . (T B HR AT B
22 [ I S i R A 1) A B R AT A S N B i nput () BB BERY AR 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): JEE Readline & API A RE{ F 1ibedit EERSZINMI A2 GNU readline. 7F macOS | readline
R AR AT ARG I T o7 ) P A2 WA P

libedit 7 (¥ FL & SCHE 5 GNU readline (AN [A]. 41 SR /R ZAE 2 )7 v 20 A BC B 2 44F 5 R W] DAFE
readline._ doc__ A SCAR libedit” 3 [X 4> GNU readline f libedit,

WSRAR 2 AE macOS Ll ] editline/1ibedit readline #4Ul, WAL TR A 3 H & A BRI U6 AL SCIF 24 5K A
.editrc. BN, ~/.editrc HEYLATFNARITIE vi #5548 5E LA TAB fh4x:

python:bind -v
python:bind "I rl_complete

6.7.1 #MIsfL3CH
T R ECS W AR AL ST P A K

readline.parse_and_bind (string)

PATHE string ZHOH AR RIIRILAT. WRBS T RZE ) r1_parse_and_bind ().

readline.read_init_file( [ﬁlename] )

AT A~ readline FJ 8L SCIE. BRINSCHE S fog 3 B (71 10 SC P44 M R K302 T D IR 2 )

rl read_init_file ().,
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6.7.2 {TRHEX
TR B A TS X BB

readline.get_line_buffer ()

R BT XY AN ORZFEH Y r1l_line_buffer),

readline.insert_text (string)
4%3(21-‘@/\3?27}@135@%%@?1%—?{3%0 IZIZJQW’ZA:‘U%JJ%EEE:F*E@ rl_insert_text (), {E%Z{Eﬂ%
HIR[ME.

readline.redisplay ()

AR B SR DA SR T G X 24 A A e BT IRZ P r1_redisplay () .

6.7.3 FseXfF
R ECSAE T S B

readline.read_history_ file( [ﬁlename] )
A readline Jj 2 3C1F, HRFHASINEI Py 083K BRINSCHFA ~/ . history. BEBRELS T A
JREFEFH read_history ().

readline.write_history_file( [ﬁlename] )
KD S8 LR AT N readline [y S23CHF, BRATMIBA SO0 BOASCHEA N ~/ history. MRS
FHEEERK write_history ()

readline.append_history_file (nelements[, ﬁlename] )
X5 I3 S SN KW 5 5 nelements SR E Py s 0k BAASCHE44°0 ~/ . history. SCHFAAEAFAE.
IR W IS)Z PE ) append_history ()« MERE Y Python Zwif i A SCHF I BRI 2
WA A 2 AFE

3.5 BB

readline.get_history_ length(()
readline.set_history_length (length)

T B 0] R AR S g s SCERIATEL. write history file () Bt )2 4 i
history_truncate_file () PABEAIZAEARABIRDT 82300 SRR AN KR D 32 SCPEI R

6.7.4 H5FFR
PAR R SSTE 4 R D7 5 51 3 b B -

readline.clear_history ()
THRRMEIDT L RS IRZPER clear_history () . I Python BE{V 24 Python Zgif Uiy
A SRR I RE I FEHRAS I A A AE

readline.get_current_history_length ()
R [T AR A A (WEREOAR R T oet_history length (), Ja#@iRIRHE AL E
SR ERRATEL )

readline.get_history_item (index)

R ] Fp 50k index W) S 45 H B M BTN A . £ HIP S MN—IF 1R, Mok 88 R 2 & T i)
history_get (),

readline.remove_history_item (pos)

MBI A P R g E LB BRI T 5 H . R EMLEMNFIT . Bk B2 P8 IR 2 P

remove_history (),

readline.replace_history_ item (pos, line)

K552 LB R P LA H B el line. 2% H LB ZIT B 16 ok B 2 90 1R 2 5 Y

replace_history_entry ().
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readline.add_history (line)

A line FEINEN Py G0 IR, M T2 AR AT R EST IR 1) add_history .

readline.set_auto_history (enabled)
e B AR ) 2438 5 readline BEEU AR H 30 M add_history () . enabled ZH)% h— 11 /RMH,
M EAER R B, MHENREREE T B3Pk

3.6 HUHTIIA.
CPython BN : B BNIILAFEGAR, XA BEEASAEZ SRR

6.7.5 Bahs¥F

readline.set_startup_hook ( [function] )
WEBBRIRZER r1_startup_hook [HJFrLE M KA. WRFEE T function, © R IAEN
MR T EREG SR I ECN None, AEATE 222 M) BRI RS B . 30 T B ECRFAE readline £ EI55—
AMERE B Z BT S -

readline.set_pre_input_hook ( [function] )
WE AL ERIR)Z R r1_pre_input_hook [P KA. WIRTEE T function, ERFHH
YER 7RG WA N None,, AR R MBI RS IR . 791 BREICRF ST BN 2R — N4
A5 . readline JF UG BRI A T4 Z B AW SECIGRA T - EERELY Python Ziif(ilify ¢
FR I BB PERRCAS I A4 AP A

6.7.6 Completion

PAR BRES A SRR R BRI SE AT ¢ Sl E T Tab SEEHTEAE, RERSTEROT B kb IETE K
A EE . BRINE LT, Readline 3% ¥ A r1completer Rrp A B MERERF T Python FRIA4F. 4
HRreadline BB A HE XM RBCRME A, WIFEERE A W 5 4 TR AT -
readline.set_completer ( [function] )
WE B R BRANE KA. WG T function, TR AIERTRIRN ARG WIERABSECH None, T
RN iR BRI RS B . AR B IR HE R function (text, state), Hrtsate 2y
0, 1,2, ... HREHRP—ANHEFIFERE BV SRR rext FFL A BRIERM S NS o

O A2 R ECR B R 25 2 T r1_completion_matches () [ entry_func [m]JH R %K
Wi, text FAAEERE TIREFER r1_attempted_completion_function [FYEEEIE—1
K2,

readline.get_completer ()

IRBCRNERRAR,  WPR B BB AN 2 PR EONIR 9] None.

readline.get_completion_type ()
RPUEAEZ AR 2RI, R A I IR)Z PR P r1_completion_type AHAR N — MR
Al

readline.get_begidx ()

readline.get_endidx ()
KW TEEEEHOFHEMERRI 5. XUERG SHELXESTEED
rl_attempted_completion_function [\ P8 start Fl end %, HAK(EALE [ — 4 A
HE s AT REA ], BARE T R )2 C readline SEEL. F14n: TN libedit 47 R 8EAS 7] T

libreadline

readline.set_completer_delims (string)
readline.get_completer_ delims ()
BB BRI 1 B Rl A B AT . M BRI o 1 B8 RN A I BRI TR AR RN A5 o (R4t o

XL PR E S R IS ZER) r1_completer_word_break_characters A8,

readline.set_completion_display matches_hook ( [function] )
T B [ kb 4 R BR R AR E T function, B CRE B AR B 0 A 4x R R BG IR
B W BN None, fEAM 4 % 1 b 4% W7 o6 HIOCRE B0 o O R B2 B8 B0V RIS Z R Y
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rl_completion_display_matches_hook [V %, (N BRERSHEFIREEE/RILHE
WiptPA function (substitution, [matches], longest_match_length) WIEBE

6.7.7 G4l

PAR /R Bl 7R T Anal i ] read1ine BB K) BT S e 5 A BRECR A M F P EHR AR
.python_history W55 . PAR AR 5 W 24 7E 52 B 2535 18] A H FH%) PYTHONSTARTUP {4
H 3T

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)

BTS2 Python J54T T SCHMERIN B BNEAT (5 W Readline 52 7).
DAR RSB T AR E A, (LRSS SR o 177 2ok S R A T i

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 ZEPAIE 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"):

Q)
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(R L —5)

try:

readline.read_history_file(histfile)
except FileNotFoundError:

pass
atexit.register(self.save_history, histfile)

def save_history(self, histfile):
readline.set_history_length(1000)
readline.write_history_file (histfile)

6.8 rlcompleter --- GNU readline gy%M2 F %k

JFUAHS . Lib/rlcompleter.py

rlcompeleter i #MEA R Python Bl FISC i 7 ST — AN readline BIBRKM 42 bR AL o

2 PR A A P i readline B Unix P58 5 A, —4> Completer SR A I8 B
] complete () F¥ERIXE Nreadline BAMNETS.

Hi i

>>> 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 Wit g K Tl Python i & HARIM R ITHI. FRiE Python il —S ¥ETZFT, XM
P2 | i T A HELE (3 0 Readline T2 7).,

TERA readline [F-4, IWBHLUE Y Completer AT AT B 2 AT H.

6.8.1 Completer ¥}
Completer X5 HA AR ¥k

Completer.complete (fext, state)
K text IR [B] 55 state AN .
RS E R text AMLF TR (.0, ERRIESHET__main
Treyword Bi) B I ZPRIATHM 422
WRAA A A AR AT, RS SR B 2 doe 5 — B R IR TR AR P g i (R
ALPORAE, EEFAAERXT __getattr_ () WIAM), Hiliddir () REORIERFI AT 12
X R FOREIIA G Z AL T HEER S B BB R [M None,

,builtins AP RET (EX
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CHAPTER /

— IR HEAR 55

B VAT BE SV = BN b4 € OB 9 S | R S e 1 € R DN L (B V=2 e
PEREAN 25 SR AR, RHERT R E A 2.

NI )8 IR SR IR 32 (Text Processing) R M ] DA A ASCIL 364509 —#EHil#E =X (Blnre ) Zifr
B (flindirrlib).,

AN, 20 Python [N E bR BRI AL SO — 2t | 525 2 A --- bytes, bytearray, memoryview

7.1 struct - BFBRFEHITEE Z & HIEHE

JFUATS: Lib/struct.py

BLBEHRTAE Python (KA LA Python bytes XTRFRAY C 4R Z MPEFTHAR . Tl B As X5 41 % ik
TRy Python {EF% 4 HAR/ARIR . LUBLHY B EAIOT S AT T PIRPAR A A R B B2 AR, S 8haBIR (3¢
PRek 2k R ) BT, B AE Python [ AN C S22 [AIUEA T4 164 -

MlE: 2R TR TR, BRI F AR, BB TR Python FRERR -G RIZRIRA AT RLAN
fREEE. ITE—NEE C S5IARISERAIE AP K C RBRFR IR FF RIS 73 Rl 4
RO B SR TF AL TE . MR, eSS A BT Rl A5 I, RF iR 7 SR 05T U7 i
FICEZ BT WSH T 7T, Ko ferd 77 X TIEER.

Flestruct WKL (AR struct WT7R) #52—A> buffer Z8L. X FF4ERISEILT bufferobjects FHH ik
HEEso@ S Zmagxt . HT I H AR WRE hbytes Mbytearray, HIFZHMAHI N
TR LI T Zo i, HILENTEFRHINA by t es MR R Yt s 1.
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7.1.1 FHXRHIS
SR ST R A S R

exception struct.error
SAEZ TG E TGRSR HSHO— R S B TR

struct.pack (format, vi, v2,...)
R El—A> bytes XI5, H b SRS UFAFER format FTRE v, v2, ... SEELAT G THF
£ T SR 1 58 4= DL .

struct .pack_into (format, buffer, offset, vi, v2, ...)
IRAEAS NPT formar $T4 v1,v2, . SFEIFRFTETATER S AW B0 X buffer M offset FFIRTH
(. TR offset RLTFHISEL

struct .unpack (format, buffer)
TR PERE X FARFER formar \MGERIX buffer fiftl, (€2 H pack (format, ...) #TH). &R Kb—
Ao, B RSN %H . G RT3 RN EEAS I ZER RN, Wcalcsize ()
FiR

struct .unpack_£from (format, /, buffer, offset=0)

Xt buffer WAL E. offset JFUGHRAEAG X FAFER formar JEATIREL . 45K 9— oo, RIEHAH H s —
MEH . G KA offset THIRMWM R /D N calesize () BRBIMTERIIRN.

struct.iter_unpack (format, buffer)
RIS X FAFER formar DAIERTT KGR X buffer il REGR B — A EREE, BRMERIX
BRIV A B S B B LA NSRBI 1o R DX 7 K/ N5 A 2 I B R 1) R /N B 5
fi, fcalcsize () FEmM.
BEURE ARG 7= A — A A A B i s o4 .
3.4 OB A

struct.calesize (format)
ﬁ@%tﬁﬁ?ﬁ% format FIXT R BLERIFI RN (JRED pack (format, ...) A ERF 4y spxt4
IRIIN) o

7.1.2 A FHER

R TAF R AR 1T A CL R I i Bt o ey AT B A4S 2T A R, A SUA AT HE I T
CMRE R BRI RIL. B, A FRIEH 5 71T Ko Aot 7 RURRIRTAT . A MR AR
— T A K B AR T B BT R A A — A B A il S B B (AR TS R M P AR LAY

FHNERF, XK/NXFHER

TEFRANTFOL Y, C JEBURE ARTAENL i A S A M ORI 5 WU R s, AR o2 I e o et S 7057 R I
iRF5E (RRAE C i B B A LI ) o e AT N e o T R AT A IR Y75 S RF Y C Z5HA
AT R S8 AT I o 0 D2~ U AT ST SR A s e T B AR TP A B

o, AR, MR IR — AT T I T B Y, R/NR 5

FH | FORF K XFF A
d F T | R
= P b ife B
< N bR B
> PN Frife B
! M2 (= Kii) | Aok 7

WERF— TR P Z—, WEER e,
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JEUAE S I AT RE R Ko B/ N e, HARIRGR T LR SE. B4, Intel x86, AMD64 (x86-64) Fil Apple
M1 /N IBM z FI 2 IR M2 K i . 58 sys . byt eorder RAGAARI R G T4
Jro

PRI T5T7 52 C i) sizeof FhslORMER . XS SAITFITMIFHLEE
PR/ MU T RS TAT S 5046 X F 45 #7 P YA
TR e A= ZIARKG] ASERE LT, (G RN 5T SR AR ALY o
A ARSI SR I IETE REC 1700 H i 7E LR R 3T o
B A 207 B E EANL T T GREI T 00 ) s W IERRIEREOE < 30>
(EVfig :

(1) EFEHATEELETH A Z R H SN AR BN S C g4 i H AR .

(2) M AEAPIR R 73 /P<, >, =, and * R SO IME TR T

(3) BERFEEHF AR XS FF BT AR E BT 72K, 1 ORI B B R M Ag AR .
Z L&),

BAFH

RFAFEA VAT 5 C Al Python (B2 [A] 14 HoAig 5 JI A e B 24 S A S I 2. BifE RV 51
e UM IRE RN AT 2RI EFTRE RN e U NP AFERpA <y > ml = 22—
TRBIOL . ARG, EFTEMER RN T AR R -5 .

%X | C Type Python &I FREXN | TR
X T T (7
c char KEN TR | 1

b signed char integer 1 M, 2
B unsigned char integer 1 2)
? _Bool bool 1 @)
h short integer 2 2)
H unsigned short integer 2 2)
i int integer 4 2)
I unsigned int integer 4 2)
1 long integer 4 2)
L unsigned long integer 4 2)
q long long integer 8 2)
0 unsigned long long | integer 8 2)
n ssize_t integer 3
N size_t integer 3)
e (6) float 2 4)
f float float 4 4)
d double float 8 %)
s char(] T ©)
o char[] T (®)
P void* integer ®))

3.3 MEEAE: F n BN ARSI SR .
3.6 MU AE: T e AR IR
([EIf

(1) "2 FEARARERT C99 MW _Bool KA. ANBLIEAUATIH, WML char SRAH. FEARIER
KT, BERA-IDFIERR.
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(2) M2 RAT PR RS AT 6 — AN TR, ARZAR RO __index_ () T3k, W&HE
T BRI S B e — A

3.2 A I TR ARERE N __index_ () TiARIERES

(3) "n' AN FAb SOSAA/INAT ] (BB BOASGEA] @ FHIUTFFAF) . AR/, R
T DA A R B I B A At B A

@) FF e, A M e B, FTEFREEM A IEEE 754 binary32, binary64 Y, binary16 #%=;
Gral T £, rdr B e ), ToiF- G AR A

(5) "B AEFAHUEAHUF AT AT (e MBS @' S IFAF) . AT =
PR (0 5L T LR B N SRR o struct BEHOR 20 H RN ANIHER, FIIL "B RS
A

(6) IEEE 754 binary16 ” >Pf B” B2 A IEEE 754 Brifk 1) 2008 (21T iP5 AR . BERE—MFS
B, 5 AHEEALA 11 AAE AL (BB 10 £7) , T PASE RS bR KBGERILE 6. 1e-05 FlI
6.5e+04 Z[AJHEF . WRBIF A C Hikay) 2 ks 5 — G BWALEs b, T A unsigned
short WATTEME, (EASHH T2 . 525 4EE TR T half-precision floating-point format 7
FRVEN -

(7) FEFTHF, 'x' 24HA—4 NUL 797,

®) 'p' AT T S “Pascal FAFER”, BIFAGETE T AU &R B2 K F 3 Yl 22 K B AT
FFEf o IIAERBII SR — P N ERF B BB 255 HR/IME. 2GR FRAFBRXT M TFAT . %
Apack () WFRFREK GBI THEER 1), WHAFEFRE count-1 MY R
FAFERIT count-1, MSIHASEFA AFREFHH T count N7, WEEX T unpack (),
'p' AENFAFLIERE count NFAT, (HIR B FEFFER A S AT 255 AT,
) XT 's" TR, RSB TITRKE, MONRGHAS AP R A TG B,
'10s" FR—5EEE R Python Sr7 Hr EAHBL K B R 10 A9F 35 4diE, 0 ' 10c! MIFRRA 10
A5 AR Python - 44 HAIWSHAOAE f— 5 40 (] cocceccece). (Lg%
A EARERIES W r) . ) IRARS HIHE, WERGAE R L. XTI O#E, A8 S800E 41
Wral A = P AT A RO R . X TR, 48R F I 8 @ G i A R e Bany 7.
VERFEGI, '0s" FIREBAZFFEATER (1M ' 0c' F£x 0 MFERP).
KX P2 J] DA A BB ER TR Blan, RXERFE T 4ht 197 X5 "hhhh' SE4AH .
I RIS AT S 2N (HR PR HAS R PR T 25 A
AR (o, B, R, HY, A, T, L, L, g, Q) ATAME = B, Q2R x PR
A BGE B Z SNIPRE S | % st ruct L error,
3.0 MRUE A FEZ RIRCA T, Rl R ke T RVE B I 5| KDeprecationWarning A
R struct.error,
T2 BT, REME N True i False. FEFTEBPR2H ST R MZHE. PAAPLEARAE bool
KMFIRM 0 8 1 R8T 8, AEMTHEH(EAE AR A True.

SEH

Ml SRR T IUF R R B (B e AR SRS BN AT AT S0 AT I A8 ) 7T RS B DL 2k
AINAANDLIE, R R BT B 5 R 2 1% o

FTA AR =R [ /N, )7

>>> from struct import *

>>> pack (">bhl", 1, 2, 3)
b'"\x01\x00\x02\x00\x00\x00\x03"

>>> unpack ('>bhl', b'\x01\x00\x02\x00\x00\x00\x03")
(1, 2, 3)

>>> calcsize('>bhl")

5
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ST E AR TFE SC7 BOR UGS KR4

>>> pack (">h", 99999)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
struct.error: 'h' format requires -32768 <= number <= 32767

R st and ot R IR

>>> pack ("€@ccc", b'l', b'2"'", b'3")
br123"

>>> pack ("@3s", b'123")

br123"

FR AL BOT IR E AT TR 40 A R A R e o — R 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)

R T WU AT BE 2 P S 78 R s TR S AR R NP A s . AR TR, Pt
TR AT Z T HER A —A pack WM HECITEN "+ ZJEHM T =4 NUL 747
PAGEAERY 5y i 5 EXE 55 8N AR R AEXAM T, 2 — G /NP i L L A

>>> pack ('G@ci', b'#', 0x12131415)
b'#\x00\x00\x00\x15\x14\x13\x12"
>>> pack ('@ic', 0x12131415, b'#")
b'\x15\x14\x13\x12#"

>>> calcsize('@ci')

8

>>> calcsize('@ic")

5

PATHEC ' 11001 AR BN M TA, BOE-F 519 long ZE8U% 4 4S5 (00 FXt 5 (1176

>>> pack('@l1ho1"', 1, 2, 3)
b'\x00\x00\x00\x01\x00\x00\x00\x02\x00\x03\x00\x00"

hz%:

array B W0 377 [ 80 .
B json JSON Zifith e FIffih s .
Bithpickle Python %4 JF44k .

71.3 MH
struct BBAFAEPIA EEIRH , RIFE— I AR P i B AT () G 26 4 2 156 44 55— IV A7 Python

I C AR Z B B Se 4t O 245 X0, DA A AT Jo 4 7 PR P 22 [ PR RS (o 44 ) o
PR, BRI S U A AT R AR
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REHK

When constructing format strings which mimic native layouts, the compiler and machine architecture determine byte
ordering and padding. In such cases, the @ format character should be used to specify native byte ordering and data
sizes. Internal pad bytes are normally inserted automatically. It is possible that a zero-repeat format code will be
needed at the end of a format string to round up to the correct byte boundary for proper alignment of consective
chunks of data.

AW R (78 64 SLR)/MimFPlas L)

>>> calcsize ('@1lhl")
24
>>> calcsize('@1l1h")
18

FEAE P AIMETE R O A SRR e 25 — P AR R R 8 T it b FHEE MR
A gk 5 XA [

>>> calcsize ('@11h01")
24

Y A AT R E AL, (AR T AR ORI R AR 01 AR FER A
FERRATEOLT R AP A 57, (B WA e Rig 745

FRAER

G AR IERR 2 S0 248 A7 Sy, 3 S5 ORI . HERRIBAR E AT . R/ SR . A
e e SR E NG E AR B AHICEC . BN, FZEEA5 07 @ Ry i, miF2 s CPU Z/h
s B SE X, PR IOER L AT A s AT T G B BRSSP O <
o> (B Do BT ARSI, R TARIO . M, LR R R
xR B E AR s, JATR):

>>> calcsize ('<gh6xqg')

24

>>> pack ('<gh6xq', 1, 2, 3) == pack('@lhl', 1, 2, 3)
True

>>> calcsize('@11h'")

18

>>> pack('@llh', 1, 2, 3) == pack('<ggh', 1, 2, 3)
True

>>> calcsize ('<gghéx'")

24

>>> calcsize ('@11h01")

24

>>> pack('@l1lho1l', 1, 2, 3) == pack('<ggheox', 1, 2, 3)
True

EIRER (15 64 frlds LAT) AEIEFEAR R A LS LHATIRHMBRECHEC. G40, PAR/RBIZETE 32 (Al
fr EIITHY:

>>> calcsize ('<gghéx'")

24

>>> calcsize('@11h01")

12

>>> pack('@l1h01"', 1, 2, 3) == pack('<gghex', 1, 2, 3)
False
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7.1.4 3%

struct BEHGAE LT DA AL

class struct.Struct (format)
iR Bl AN Struct MR, B SAMRIEARFAFER formar A B AN "B H%HE . — R
struct XU I H Ty VAR HC TR AR )R X 5 2 0 ok B0 o s R A o A e L i

I /S

fE): L st ruct ABHUZH RN C iU Hs X P AT 2 e, R U A kst
FAERRE P TR O EN B sc ruct 6.

ELZIFEAY Struct MR SCRFLATR J7 i o :

pack (vi,v2,...)
EMTFpack () BBEL, i TEHFENIKE. (len (result) H&EEFsize, )

pack_into (buffer, offset, vi, v2,...)
Lt Fpack_into () pREL, HH T EgwmIFEMKK.

unpack (buffer)
S Tunpack () B A T E 4Rk, S XEYFIT IR MANGE T s ze,

unpack_from (buffer, offset=0)
EMTunpack_from () R, T EmMFENEA. Zol KT KDNGLE offser TR
MBS HNsize,

iter_unpack (buffer)
ST iter unpack () EEL, MM T EIFERIREI. ST KIRAMLAT N s i ze HIREELRS .

3.4 BUBTIMA.

format

JHT M35 I Struct XA T4 5
3.7 S AR R R st r AR &bytes.

size

VXY T format SR/ (WRBlpack () JriEB- R F B RITRD) o

7.2 codecs - fRfEthREMIHE KBS

JEAGHS: Lib/codecs.py

XA E LT FRE Python ZfifRid s (Jnfdas RIRIDEE ) I ELIEHER AR P Python J5 iRl 4 1 2
AT, 2R A ST B A AR e A B DR A PR AR AR o K2 MO 2R AR R e B B T S A 2 i X
TR SRS R T (AR A7 B RIS SCAS ), (BBt T —BERESOAR G AL SCAR , AR
T A T R A R A o B RE SO AR g T AT T S 2 B AT 2 P R AR, (SRR P
BR AR AGE T S A 20 2544 X, SRR RAS M by £ e s g RIS -

WRAHE ST VAR T AT A0 4 A B g 2 0 D PR L £ o

codecs . encode (0bj, encoding="utf-8’, errors='strict’)
A encoding YN J il A Xt obj BEAT 4 Y o
FIPAZEAE Errors DA E TR EERAE IRAC I 280 BOAMIAR R 5 " strict ' FURGADAE 1RATF
gk valueError (BUERHE MM EAH KM T2, BliiunicodeEncodeError). &% it
BORE TR RS D B E 2 E R .
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codecs .decode (0bj, encoding="utf-8’, errors='strict’)

1124 encoding FEMHAI IS AR RS obj HEATHRRD o

AIPAZA %€ Errors VBB T TR B ARG EI T 2. BRIAR A IR R " strict ' FRgmiDET R
5|k valueError (B B E MBI FEFH 28135, fliNunicodeDecodeError), 15 54 AL
SRR TA R ER A R E 2 E R

e i PR R g 1) 5 RE A L TT DA B B A AR AR
codecs . lookup (encoding)
A& Python #f i gniE MR h & a5 8, Rl —ACodecInfo X5, HE I FL.

FER TR NER G A P AR AR, WARCRIE], WS F R R R K. R
FlcodecInfoXgt, WG| K LookupError. ], CodecInfo XGFFHAFAGAFH IR IE 4
ik

class codecs.CodecInfo (encode, decode, streamreader=None, streamwriter=None, incrementalen-
coder=None, incrementaldecoder=None, name=None

)
ARG D AT T A2 (0 i AR 5 A0 (5 Lo A R SRR AT W) 44 Ay T -

name
Yl 24 FR

encode

decode

TR B S RIS K. BT AR HA 5 Codec [encode () Fdecode () J7 AR %
H A BR BT % (B0 Codec 42 7)o IXBE AT AN 2 TAET TORESRIB.

incrementalencoder

incrementaldecoder
S O R I AR T i A O T QR o R I A 1 e e S
K IncrementalEncoder fllIncrementalDecoder FTE X . WE ML ETTT LA

streamwriter
streamreader

W E AR A S Ek T R B X B R B A A Ay B St reamiriter
M St reamReader B E X . ARG ES o] DUMRFRIRES.

N T RS A P RS AR AL PR DT ), AR AL AR M e E, BT Zookup () SRINTTE RIS
AR

codecs .getencoder (encoding)

ARG AT ) G AR AT 25 3R 1] I A A2 R 4
TEG AL ToE R BN 55| K LookupError,

codecs .getdecoder (encoding)

ARG T SR 1) G AR 25 20 [ AR R 25 pR AR
TGRS TCERBIRRF5| & LookupError,

codecs.getincrementalencoder (encoding)

BEARES T S 9 1) 2 R s 1] R U A e 28 L) R %
TED A ToE R 2 S AR A% A S g A R I 5 | K LookupError,

codecs.getincrementaldecoder (encoding)

ARG E O T 10 e AP a8 3R ] o B AR e 28 e T e A
e B FoE K 2 S AR a8 A SR RS AR 5| & LookupError.

codecs .getreader (encoding)

ARG E AL 1) i ARG R [F e St reamReade r REL T HEK.
TEG IS TTER BN RF 5| K LookupError,
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codecs.getwriter (encoding)

A HRLE E A 1) i AR AL AR (B S € reamiri ter ZRET) BEK.
TEG IS ToE AR BN 55| K LookupError,

A S g 1) P 8 e U 24 1) 20 AR e 4 2R e

codecs.register (search_function)
EM— i A R R A BRRAFUN R SE, eV NG PR RIR 1 i i s U4
PR, P PRI AR S TR, TRl CodecTnfo X4, (EBREBICIEILE
A gL T, B4R W None,
3.9 RS ARSI RN TR

codecs .unregister (search_function)

R — A AR R R R BOT I S IENER A . MRS E R R R ECRBENE, WA BUEAT#AE .
3.10 OB

BEIRNE R open () MR RIKAY 1 o BIHUR B O g SCA SRR HER 730, (HABIed S it 744y T
FLERBONZE, SEVRLESRAE ) SCHR IR BE 3 2 2 p) e A 4% -

codecs . open (filename, mode=’, encoding=None, errors="strict’, buffering=- 1)
145 %€ 1) mode FTIT B i i i SCAF IR 0] — 4> St reamReadeririter RSB, FRALER I 4
T/ . BROARY SO o, R AT IR St

fiE): 42k encoding AN None, N2 2 4 % SO B2 DA ESIBEF T . FESEHURI S AR
ZHBAAT "\n' BEH. mode ZAATVAZ N B open () BRBIHEZFERE " HERIEG "o &
PRI IE

encoding 5 7€ SCUF BT EAE A B M X PRI AT T 2 B 0y 51 3 A 740 Ep AR 0 2 A% 2K, i ST
5T I SRS A R S SR U BB ke o (1 14 2 AR D 35 -

W PAFE E errors 58 LSRN PR 2, BB ' strict ' FRAE B I A RS | & valueError,
buffering W& L5 W B open () BREHRIMIE . BRIME -1 FR- 68 FH BRIARI Zof KRN,

codecs .EncodedFile (file, data_encoding, file_encoding=None, errors='strict’)
R El—StreamRecoder S, BHEHLT file BB RS ELRERUAS . 240025 IRUA B ¢ DA A DR s SC
Pk XM .
BN O RS BIR SRR 45 1 data_encoding ffitt , KI5 VA file_encoding W =FAT I H A
G SO o GG ST -5 R AR file_encoding ffhY , JLE5RNG A data_encoding #4795
i,

R file_encoding K455, WIERIA N data_encoding .

R PATEE errors R g SUERALBE T 58« BRIME ' strict ' FRIRTE N IGRALAE RN 5| & ValueError,

codecs.iterencode (iferator, encoding, errors=strict’, **kwargs)
it I 388 U A Al Ak AOR G AD t drerator FTERBEMIRIA o DLRELE T generator. errors Z (DA
KATATHAL X BT SH) Spiih b gmisas.

W R BICER G RS A e 32 s t v WP RIB AR SCARAT it . BB A SR B A i b2, B
il base64_codec,

codecs.iterdecode (iterator, encoding, errors=strict’, **kwargs)
o P 1 e AR AT 2503 ot 2 HOR MRS Hy drerator BRI o MR EUE T generator. errors Z4 (DA
KATATHAL XS H0) vl g s minas.

IR B EOR i I 284 Z by t e s MR IEATARIG . TR E A SR SOR B SCAR ) gt 2%, Biltn rot_13,
{H/2& rot_13 ] RAEA [FIFERUR ) i cerencode () R

ABHGAFE ML T AT R, & T BN S AT G S

codecs .BOM
codecs .BOM_BE

7.2. codecs - RfRIEES M FOHE e H 3 157



The Python Library Reference, (I 3.10.19

codecs .BOM_LE

codecs .BOM_UTF8

codecs .BOM_UTF16

codecs.BOM_UTF16_BE

codecs.BOM_UTFl1l6_LE

codecs .BOM_UTF32

codecs .BOM_UTF32_BE

codecs.BOM_UTF32_LE
XSEE RE ST 2R, R —Se it A% 2 Unicode 745 )7 A7ic (BOM). ‘B4 T#E UTE-16 Fil
UTF-32 ${ff i - DAFE A BT AT B9 745 WUF>, 7% UTE-8 g HIAE Unicode %544 . BOM _UTF16
2 BOM _UTF16_BE 8{BOM_UTF16_LE, HAREHTFERAYFEITT, BOM ZBOM _UTF16
W4, BOM_LE /£BOM UTF16_LE ({34, BOM _BE &BOM UTF16_BE W4 . HAh)F] W FER
UTF-8 #1 UTF-32 g% 411 BOM,

7.2.1 SRRFEDERESE

codecs BPGE LT — R FNEI R E LI Ao MR RIEAT TARR B 0, 9 ELdunl AR i 4 e
AL PR EL A o

BERR G AR AR 0 E SO AN 1 A I/ Python Wiy g ftas . JORESHIGAS . TOIRASHRIAR . iEEE
A E Ade . LGS IS A ARE 7 2 B TR B e/ AR e AR SC RSO SRS a1 L
BERE S R R A5 R A ] ALk PG B AT AR B % o

HiRHE S E

R T EACFIRRHEAL AT R, GRfRidas vT DUl 42572 errors FAFHR S EOCR SR W AT iR A HH 7 22
>>> 'German B, #'.encode(encoding='ascii', errors='backslashreplace')

b'German \\xdf, \\u266c'

>>> 'German B, #'.encode(encoding='ascii', errors='xmlcharrefreplace')

b'German &#223;, &#9836;"'

PATR B DAL BRES AT DA T BN AT 1 Python 4706 2 25 Gl 2

=] =

'strict' 5|k UnicodeError (S{HFRK), X2EIAWHTE.,
fEstrict_errors () F5CH,

"ignore' Z A DS B I BN i — 25l R 4k 22 04 7 o
JEignore_errors () P,

"replace’ A—NERIP AR . TEGRiSHT, (H 2 (ASCH “£4F). FEMERDHT, f

Jij & (U+FFFD, ¥ J7({) REPLACEMENT CHARACTER).

fEreplace _errors () HSEH,

'backslashreplace' | HRBWHLEL SUTHIRE . TEGISES, %A \xhh \uxxxx
\Uxxxxxxxx [] Unicode (i, TNl Fn B LEMRSRS, Ak =Hh
\xhh FFE+S#RFERERX .. fEbackslashreplace_errors ()
HSEE .

'surrogateescape' | TEf#MGN;, RFFATEHRH U+DC8O & U+DCEF Yol NI AR B
VeSS ' surrogateescape' HyRACFLT R, BAABLRE
L A 1. (3555 PEP 383 TR . )

AN RAL PR S AR A I E (SR 2 24 X R BIPAY)

] 5=
'xmlcharrefredaXML/HTML 7 p f75 | HIR Bk, EIA%CH s #num; /Y Unicode i3+ #E i £
KR, fExmlcharrefreplace errors () FELHL,

'namereplace| I \N{...} ¥ PFRE, HMAELTE S A2k H Unicode 47508 FE 1Y
Name Eﬁc T{namereplace_errors () l:ljggfmo
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BEAh, AR B RAL BT L 1T T 48 E R R i a8

& YRARADEE gE

'surrogatatfe®atf-16, utf-32, utf-16- | RVFRHMCERAS AL (U+D800 - U+DEEF) 15 1 B {7 2K S it
be, utf-16-le, utf-32-be, utf- | FIfFEAG. 7 WX e MR ER 2 R/F st o o B AL (57 40
32-le N IR

3.1 BCHTIIA: 'surrogateescape' fll 'surrogatepass' fEIRGTE T E,

34 U SE: 'surrogatepass ' i iRACFEEREIAE AL E T utf-16% A1 utf-32* ZRfEIDES .
3.5 BHINA: 'namereplace' f R 2,

3.5 it %#: 'backslashreplace ' FHiRALIEES AL & TR AIFL 1S .
FUVFRIEAE G n] DA 1 SRR i 44 B B R AL B SR g -
codecs.register_error (name, error_handler)

TER TR name 2 R YFWHE RIS FE KA error_handler, 24 name 518 € NS RE SN, error_handler
BT FE RE IR S K5 Gt R AR 108 1) 2B AR i O ol A

ST 9tB e, K28 error_handler H-4% AN—~UnicodeEncodeError SEfil, Hor &4 X4k
BROLE G E . B BRARE P 005 | & M S i sl s iy, sk ] DR A —AS T, Hh e &
AP Gt T 0 5, DAJL I MR B A T ) . B R R AT AR st r Bibytes 28
B, NSRBI G T, G R AT SRR AT T Bt o h X MR RT ONFATEE ,
TR X B Xt S A TS o X IR AR5 A R G R E s AE 38 8 O B Ak SL it 7. S O B
AT AFAFRRIARE . QnRgh R0 B S B W5 & TndexError,

B MO oM RN, R R Z A FE T R #UnicodeDecodeError
B UnicodeTranslateError fF 4 A PRAE Y, I HOR B 8515 AL BLRR 77 1 5 4 X 52 00 9 B 92
K H

ZHRENTE R A P 58 (CLAE bR ESE DRAL PRy 58) W I A PR AT AR

codecs.lookup_error (name)

MR A Z HITEAA FR name 2N FENHY SR AE IR T %
TEAL BT RICIEAR BN 5 | K LookupError,
AR B R i AL Py A RT3l e A R 2 2 R S O R -

codecs.strict_errors (exception)

SCELT 'strict' FEIRAGEE.
HA IS S D 5 AR 5| K UnicodeError,

codecs.ignore_errors (exception)
SKHT 'ignore' FRIRALIE.
FRAR H BE  Z0 5 Gh SR  RF AR S P T AN PR R0

codecs.replace_errors (exception)

ST 'replace! FHRAGIE,

B 2 (ASCH F4F) Fen g iRl & & (U+FFFD, ‘E 5 REPLACEMENT CHARACTER) /R
ATTERR
codecs.backslashreplace_errors (exception)

ST 'backslashreplace' §E{RAEH,

B AR AR S 1 BORMLEL SOP R . AEZibBIY, SIS \xhh \uxxxx \Uxxxxxxxx
¥) Unicode {7 /b fi 2" B0 FEMRRIT, AR \xhh 75 (E 7 b il 2R

3.5 SR S T AR AL RS .

codecs.xmlcharrefreplace_errors (exception)

SCF 'xmlcharrefreplace' §5iRACH (X [Rrext encoding 305 H NI B EEAE)
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AT G ) A S B R oA 24 1 XML/HTML BUEFEAF 51, RIS s#num; (1)1 6l
Unicode 54 ,

codecs.namereplace_errors (exception)

SEP "namereplace ' §ERANIE (U PRtext encoding JE 1 NI SRS EEAE) o

RO B FAF SR o \N{ . L B U7 8. I EFEAE I 5 NI 47 42 & 2 % T Unicode
FAFBE PR Name @M. B0, B/ NGFEE B B8 FE4F )7 %) \N{LATIN SMALL
LETTER SHARP S},

3.5 BT

FARE R Im D FOREED
B Codec KE X TR LETIR, AR LT TR i A A e Y R K% 1 -

Codec.encode (input, errors='strict’)
Gt inpur XFG2IF IR Bl —ATCH G x5, HFERKBD. Blan, rext encoding 2 (88 4 1 FAF 4 Gt
A= (P10 cp1252 B is0-8859-1) RFFAFHR i T HR AT 42

errors ZH0E SCT BN MRS RACHT 28 BRIAH "strict ' AL,
WA —EXTE Codec LB P ARAPIRAS . T LA RAFIRISHY St reamiri t er VE S RIS
PAE S RO A T 4D
I i A RE RS A BE A HE A s A TTAE BT DL R IR [ 4 1 X RSB S0 42
Codec .decode (input, errors=strict’)

PR input XSGR 1S TCAL Gt AR, IHARRBD) . BN, text encoding [ HAl 2
AT ARG A A A 74 R X R R AT A R

X SCA G A 2R 3 B AT S RS A, nput AAZFU— AN AT ER R BRI T RS g K 1
XTSI, S XU GRAMBES B N A7 SO

errors ZH0E LT BN SR FE 2. BRAH "strict' AFEAE,

W EAR—ESTE Codec LRI HFARAERES . W HBFRAERSH) St reamReader fE MR ARTD AR
DAE R A T 1R

PRSI HENS AL B K B 0 S A EAE BE 0 3R [0 o 0 2 87 i 25 X 42 o

i 8 X MR FIREED

IncrementalEncoder flIncrementalDecoder KR T B 410 MR A E A 0. X
N B G /A0 R S 3 3 X TG PR A G R A A 2 ) — R Y, T R A e X 1 5K e R A
Mencode ()/decode () FEWZ WM 3502 g b5 25/ A0 8% 2 78 J7 v V8 39 18] SR 25 4 A/ ik i 1k
T2,

WHHencode ()/decode () J5 )G W45 thAH 24 185 I A7 i it TR S b 28/ AR IS 25 204 T 4 B/ AR 1)
AN N B — R IS B B

IncrementalEncoder ¥4

IncrementalEncoder 2[RI — A AT iiS. B LT AT, S0
I X3k 2877V AT Python Za A2 A A2
class codecs.IncrementalEncoder (errors='strict’)

IncrementalEncoder SEBIHTERE

Jr A 3 s B A b AU B BE A T B84 1o AT TT DA 1 M A IO K B 7 240, (BT L
& X ZHA 24 Python HifR AR TEAT R FT LA -

IncrementalEncoder W PLEIIHEME errors KT SEORSLIA R AT IR 2. W] FHBE S
BRI E
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errors ZHCRPIRIEL — MR 4 B JE M. 0 R IR E A AT PATE Tncrement al Encoder W4
PR3 A= i 393 N ZEAS [ ) R AL B SRS - ) EA T D048 o

encode (object, final=False)
G i object (£ *Ff 9w 1% 2 1) 24 BRSO A5 18 IF 1R [l € 9 05 10 25 R X 4. AR X 2
Xfencode () WA final LA EAE (BRIAIEAE) -

reset ()
B b B BN PIIRIRAS . SRR £ ST W) . encode (object, final=True), fEdh
B A= EF R, EEMET S .

getstate()
R GRS Es S BRI — AR SN SRR 0 B Ak WWHPIRAS . (HLHEB0E
’Eg{%ﬂ(j& 735 AT DA ik 4 G RRIR S R 485 R EA ER 0 1 A5 ) R ROk 4l —

setstate (state)

R ERAPIRS BN state. state N getstate () PFrikElH)— oAk,

IncrementalDecoder ¥4

IncrementalDecoder RN — AN AT S . B LT AR, B E Rt
IE SGX BT DA Python 4 D #83 FRAH A2

class codecs.IncrementalDecoder (errors='strict’)
IncrementalDecoder SEBIFTERS .

P A S SRR SR AU BB A T A8 1o AT DA A BN K8 7 280, (B A L
& INBHA 224 Python Hi i s LRI o

IncrementalDecoder W PAIBIIHRML errors 7 SEORSLIA R AL B %2 W] R {E
B4 IRATE R,

errors ZECHHIRME L — A F 2 B9 @M. WX B HRAE s 7] DAYE IncrementalDecoder X4
) A= i 3 PR AR ] O B R Ak PRS2 ) 24 T HT 4

decode (object, final=False)
fE 1t object (£ FF il % s 1Y 24 AR S 99 A% 18 I 3R [l © A% 9 25 R 0 4. 2R X 2
Xfdecode () WYLV final N FAE GBRINHBIE) « QIR final Sy FLE R T 2%
WA AFURT i A THAT 58 A2 FRAS I LA URIHT T A S of X . QAR ToyEes] (Bl i T2e i A 45l
BT F IR SE R ) W ARAE ORI R ABRERI IR LS AL B (X P RES | R —A

FH) o

reset ()

RS BN AR .

getstate ()
IR TR ) 4 AR AS o XK — A e, BT A2 AT 1 A AR 1) A1) 2B o
Ko S IAUCE— R, ATAFORPIRSE R . (SEIUR A5 0% 0 2 WA IR
F ko ) AR BEPR AR AE B 0 W25 nl DRI IS 4% BCA 15 © Gt AFF ELLA 0 /B
BIPREAF B, PATERFSE AT 2 v B4 i A I3 ) A0 B g (8 HLR 0] 2] 516 B 8 RS T AN 7 A AL i
o (HOREROE A 2R ) B IBR S A5 JE AT DA 2 9 4/ IR AR BT R 85 R 745 B i 7 5 4l
G B R BRI Ry — BRI )

setstate (stare)

REHEDER LIRS BN state, state Wi Kjgetstate () FrakE B — MRSEIRA .
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mIHY RS FORRED

Streamiriter fllSt reamReader ML T 2097 F TAESZ 10, W8 SR AR (8 Hb S P08 10 S i A%
KFAH . 25 encodings.ut £_8 I /RHGI T FEUAE]X — 5.

StreamWriter ¥4

streamiriter $ft Codec ¥, BREXTINFHE, BAMRE ARILACE UL A 5
Python 4T ENRAIIER

class codecs.StreamWriter (stream, errors=>strict’)
Streamiriter SLHIF TGRS,

JIrA NS A A LA 4% 1. BT A B iR ingis e St v 28, HRATEXEE
XIS R 216 Python Zi bt e R B G -

stream SR N —AFETFEE G AT T T 5 ASCR S R B i SO R &R

Streamiriter W PAEIL IR errors KT S HORLIA R REE TR S R0
& TR ZE R e R A ] SRR AR E ST RAL R T %

errors ZHUGHRIE L — DRI A 0@ M. @1 % BV IRE W] DATE St reamivri ter 3P HYAE iy
I NAEA R B A LR AL PSR M 22 R) 0B A T H1) 48t

write (object)

Froit N RN A S AZ -

writelines (list)
B R FA R ER R B AER (TRl EHwrice () HHE) . TRKEEER KK
AERXTRAZ SN FRIER T B F T R 2R A SRR ¥

reset ()

BB TR ER A RS B i A s e X

A P L7 R B 24 B A T RS TR A B e, DA SR LB IS v o Rl i e 2 B
BRI IRAS

BT EBRIR, Streamiriter iIARERAR B 2RI HAh 7 kAR T

StreamReader #{¥

StreamReader KJg Codec M1, BRI T AT, A SR AUE SUX HT7 L ATES
Python & ff A5 e E M R -

class codecs.StreamReader (stream, errors=strict’)
StreamReader SLHIAF TGRS,

A s R A BE A 4 1. BT T A A i insish i st v 28, (BRATEX HEE
ISR 216 Python Zi b5 e L B G -

stream SR N —AFETHEE G AR TIT N T BB 8 IR B i SO R &R

StreamReader N] PAIEATHEML errors SEBEFSHOR LA R R . S F45 R 452 7
E TR ZM g R 2] SR bR ME R AL B 2

errors ZECRAIRIE S — R Z @ Mo 3 3 X0 I J& PR AE sk v] PATE St reamReade r X419 4E fiy
W AEAS ] R A R A BRI 22 [ A T H1 46

errors BRI AVFIIEGE ST register_error () Kd .

read (size=- 1, chars=- 1, firstline=False)

FRE oA H AR IR M SR X R

chars 3835 W SR 0] Y ARRD JS B (7 B 7 T B0 . read () 7 YRZEAN 22 2R A1 HY 1 SR 50t 1 4
i, (HAR AR R, B RER D TR B R
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size ZAYFR W LSBT IRAS Y T 4 i 755 B (7 A B RS IR AR g vl DA 24 A At
B BOAE -1 R R REZ M B BOF RS . IWTE 2R H 2 By IE— Mg i T BRS¢
o

firstline TEARAE W ANRAE 5S4 7 2 R ARR e 02, MIOGR [B15E — 4Tk 218 1.

BETTIE R B oAk SRIBCRMG, IXREWRAE B W 2 7R i A% e SURI 2 K/ L VF R 1S
OUT RUAT RE 2 R ORI, ASRAES B AR TR R D AR BOIRAS TR, XA
VAT 3

readline (size=None, keepends=True)

MR SR AT 3R [ AR I F) 2
WERGE T size, WIRFHARN size ZRtL LTI read () T7ik.
U2 keepends S MRAEL, WATETHATRR MR B 947 2 5% -

readlines (sizehint=None, keepends=True)

M AT A TR A — T R ]
TR 2 i SR i) decode () JTiERSEEL, I HUNR keepends iy ELAE I 2-F5 HAL &

TSRS H P
QEREETE T sizehint, WKRFHAER size ZEALHL T read () Tk
reset ()

B EN TR R N AR O G A i s G i X
TR AN XA T R E AL T BT VAR L F KRN T RERE MRS B R TR
BT EBRIR, StreamReader AR B T2 FLI A HAh 7 kAT -

StreamReaderWriter ¥4

StreamReadeririter J&2— P EHZE, FARTRIR TAE T BN S AR B d- T
HAAT AT L E W DAME Tookup () BREUITR A L) BRBOE A 15 5261

class codecs.StreamReaderWriter (stream, Reader, Writer, errors='strict’)
B —A~StreamReaderWriter L, stream Vo N—"CAGBINT 4 . Reader 1 Writer (a3 A4y
NHREHL T st reamReader flStreamriter FOM L] REELZS. SR 5B
B AT E A R 7 2ok 5E k.

StreamReadeririter SLHIE X T St reamReader MlStreamiriter RMHEEHED . Bl T

K A TR A AT R E A -

StreamRecoder &

st reamRecoder FFEUHE M —Fhgmi A AN 75— T, O T A BN 7] S B PR Y 175 DU AT I AR
HBHEASIT A E AT A Lookup () pREHT IR 8] T BRECR A IS0

class codecs.StreamRecoder (stream, encode, decode, Reader, Writer, errors='strict’)
Bl AL TR A St reamRecode r S2Hil: encode Fl decode TAETTiisi—%H A5 AT LI £
¥R read () flwrite (), i Reader F1 Writer TAET J5u—stream "R

PRET DAE P i 606 G ok b4 T B EE 05, BIANAN Latin-1 %%k UTF-8 DA S [n) %46
stream ZEOR—AS ORISR

encode f decode ZH VoM XlE Codec $2 1. Reader Fll Writer Wi N4y B4Rt T st reamReader
MStreamiriter FEOXNEN L) EEE L.

FER AL L o 5 I A B AN 5 AT R SCAAR 1R 2Ok 5E R
StreamRecoder SEfE L[ St reamReader flStreamiriter BRHEE L. EMXBYHK TREAT
SR e HA T AR M
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7.2.2 f{iEEN5 Unicode

FAFHRAE RGN R U+0000--U+LOFFEF JU R NIIRSALTH . (1525 PEP 393 T i XS B
o) — HFRFERXT G AL CPU FINAFEASME A, 7 A /N It e A0 = 1 B R A7 O A —A~
SRR, AR S g R, R RS AT R ANRERR A g A, TN A
FRERPRR R A . (AR S AR SCAR P di it g . BTG RR A A 4 A 4% X

I 1] B SCAS G i A% 50 (FR R ' latin-1' B 'is0-8859-1") RFAD L 0--255 Wi N 5 5 {H 0x0-
-0xff, XA W U+00FF DA b5 AL 1 5 A J R 42 T0 vk 0 1 O A R A R AT e . X
FEABCRF 5] K UnicodeEncodeError, HIEA M T XA ORI 08RG BT A T
Zﬁﬂ):UnicodeEncodeError: 'latin-1' codec can't encode character '\ul234' in
position 3: ordinal not in range (256).

A T A —H AR (FrE A FAF WU ifD ) 220 423 Unicode A5 7 AY AN IR 148 3 BEE QAT X 28
B LRI R 5 A 0x0--0x £, BEAFDCZUMALIA, HF5 ST I IS HI A0 encodings/
cpl252.py (&je—EEAE Windows M 4 ids0). Hp o — ML E 256 DT P AR o
B, TR AT BTN Y

JIT A 3 26 2 i 4% 2 L AE X Unicode I /& SCAY 1114112 ASRSA7 Y 256 A dEFT 4005 . —Fh RS A7 i B4
Unicode A5 {7 1) i BT B3 () INE 2 REREAS AATTAEAE R DU RS 4 o AEAEPRFPAS R (R T REPE : DA
e P A B DA/ P A6 o 3K R i A% 2040 A EFR A UTF-32-BE Ml UTF-32-LE. 134G it
ST DAZEBIERE - A SRARAE — & /N LA L UTE-32-BE MIRWAZIFE 26 S A AR RS B 3 26 25
UTF-32 5 TRXAN R A7 A HES R RO A B 2R . 245X S 5 9l oA AN [A) i P g CPU 2L,
WA AT B S, . S0 T RES ARSI UTF-16 B¢ UTF-32 EA5 75 K/ /3, Bl A Ui 1) BOM
" FATMFEFRIL) o XX T Unicode “F4F U+FEFF . MFAF AT AR INE 4> UTF-16 B UTF-32 FH5)F
SIFF o WFAFI T B A (0xFFFE) &2 — AN AT BT Unicode SCARH ) AEE AT, R4 &
M—A> UTF-16 B UTF-32 FFHIE N FAE UHFEFE B, SR TEMRE I 3- T2 jl % . A2
BFFF U+FEFF RS /% Y ZERO WIDTH NO-BREAK SPACE: Bl % /8 N &I HA AV H Sk Prir s
TR BT AR R B S AT SRR 7R . FE Unicode 4.0 Hfifi |l U+FEFF /8 ZERO WIDTH
NO-BREAK SPACE B #3H (2§ U+2060 (WORD JOINER) AR T45). A1 Unicode #4158k A7
AENZAL PR U+FEFF RPN L0 E BOM ‘B4 SR E B 4 i F I A6 J5, FHE 2730 17 5 Wi A
??ﬁ%)ﬁﬁﬁﬂ%; fE4 ZERO WIDTH NO-BREAK SPACE B @& —MElTFAF, RHGHMFERF it
RN

A 7 — P i X RE XS B A Unicode “FAFUEf T4 UTF-8, UTF-8 22— 8 (i, XEWRETE
UTF-8 AT I /. UTF-8 35 FP 4 A7 35 th i 280 b (BRemifin) A
FL. PSR FEAME LB BRI AL —AME N 0 g —HEHI A 741 . Unicode “F4F 4%
PAR AT (o x g INEL, A BREE— R RPREZ XY Unicode F4F)

S YA

U-00000000 ... U-0000007F | OXXXXXXX

U-00000080 ... U-000007FF | 110xxxxx 10XxXXXXX

U-00000800 ... U-0000FFFF | 1110xxxx 10xxxxxx 10XXXXXX
U-00010000 ... U-0010FFFF | 11110xxx 10xxxxxx 10XxXXXXX 10XXXXXX

Unicode “p4 e AN T B — 0l ke fre A DA — 2 A 2 x.o

i T UTF-8 J2—Fh 8 {7 4m 4%, Kt BOM @ANERY, I HE IS F4FER H AL U+FEFF 745 (H]
i RAERE—NEL) BB A 2 ZERO WIDTH NO-BREAK SPACE,

FEBA SIS BT DL N REAS I BEZE JolE SOt i — A~ AF A i 1 TR As oo RERR A5 U 25 A5
A% R T ARG AT BAYRERL 75781 ARG UTF-8 SREX AR A TTRERY, [Ny UTE-8 “F5 @3 LA A
AVHERE AP SRR RS o 2 T $ETF UTE-8 Gl A9 nT 5%, Microsoft & T —#h UTF-8 (1
AEAIEI (Python F5Z % "ut£-8-sig") L[] H Notepad £2)7: FEATfi] Unicode ¥ 55 ASCHFZ
Hi, =5 A—4> UTE-8 4ifi3[{) BOM (EFRERZIXIE—FI77S: 0xef, Oxbb, 0xbf). HFALMF
ARFIIS G % I B SCAFARR AN PT BE A28 A (HISk (BIANE AT W

LATIN SMALL LETTER I WITH DIAERESIS

RIGHT-POINTING DOUBLE ANGLE QUOTATION MARK

INVERTED QUESTION MARK
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% is0-8859-1 ELAEIL), BCHTF TR AR A ut £-8-s1g HIGHERMBINE. BT
A3 L BOM 0 FH 9 A A2 B 24 715 1B G PR O 00, T 5 2
U FEHEFFARTAT utf-8-sig AR Oxe £, 0xob, 0xbf fEHk =45 ASClF. FEHEFFARIAT
ut£-8-sig HEEERSATA, MBS AR CHRAEATHHIIE. 15 UTES hIt R
BOM, 3597 %48 6 11 T 11 3.

7.2.3 HRERD

Python {7 12 WER eSS, ENTMSEBsE 2 C sm%l, s @i BitR. PUNRIE2H%
ARRHEFP MG AR R A0, R AL T — LU LI DA K i i i Gl T . B RIE 5 RHA
FEPERICE . IR RN B S AR AU RIS S WA A R 4 B,
'utf-8' 2 'utf 8" AR IA RN .

CPython E{{EANEN: F L85 W 2% i 4% 20 AT DA G 3 2 R A 2 A SR AL RS2 TH MRl . X S8k AL & 4T
CPython KUt X Bl & — A R B4 (KNS AREUR) KIH 51 utf-8, utf8, latin-1, latinl, iso-8859-1,
i508859-1, mbes (Windows & J&), ascii, us-ascii, utf-16, utf16, utf-32, utf32, 35 F T % 28 % 441
BT . (I B g A% 20 HoAth 3] &4 v RE S FECE B I PUTHEE
3.6 i HT A AR BIE X us-ascii FIPEALALS .
2 FRF SR R RS« ENFENIFA (B2 75 3 FF EURO SIGN %8) DA K25 F 45 B4 BL i)
W7 7 A 225 . R X T ROMTE S i, W AELELA T JLRAS (4

o HAS1SO 8859 Ffi e

o AN Microsoft Windows Zghd 171,

= S

Tl FAF o
« 34~ IBM EBCDIC %if5 7
o HASIBM PC ggh i, #5234 ASCI

W HEIRA B A 8859 fhifibhe, H o B BB AR

AT A& EE
ascii 646, us-ascii 5
big5 big5-tw, csbig5 ZEh L
bigShkscs big5-hkscs, hkscs N LD
cp037 IBMO037, IBM039 58
cp273 273, IBM273, csIBM273 s
3.4 BUFTINA.
cp424 EBCDIC-CP-HE, IBM424 L Sa
cp437 437, 1BM437 Hr
cp500 EBCDIC-CP-BE, EBCDIC-CP- | P4EK
CH, IBM500
cp720 [TERERS
cp737 Al S
cp775 IBM775 BB e S
cp850 850, IBM850 PH K
cp852 852, IBM852 HCRT R IR
cp855 855, IBM855 PRIMANEE, FEE s,
Wi, il ZERYETIE
cp856 ArA A
cp857 857, IBM857 +HIHL
cp858 858, IBM858 PHRK
cp860 860, IBM860 A A T
cp861 861, CP-IS, IBMS861 UK
cp862 862, IBM862 i 2R SC
cp863 863, IBM863 JIESNE
cp864 IBM864 BT RLAFT SC

7.2. codecs - D28 E M0 KX E
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Fk1-#Er—8
YmAg kS e
cp865 865, IBM865 P BRI
cp866 866, IBM866 11k 2 e
cp869 869, CP-GR, IBM869 e
cp874 EST
cp875 AR
cp932 932, ms932, mskanji, ms-kanji H e
cp949 949, ms949, uhc HEL
cp950 950, ms950 ZHarh
cp1006 YR
cp1026 ibm1026 T HFC
cpl125 1125, ibm1125, cp866u, ruscii E VIR
3.4 BT
cpl140 ibm1140 PHER
cpl250 windows-1250 H AT 2R B
cpl1251 windows-1251 PRMANEE, ERP g, S
WiiE, s, JERYEE

cpl252 windows-1252 PHEK
cp1253 windows-1253 Al SC
cpl254 windows-1254 +HHE
cpl255 windows-1255 YR 5
cp1256 windows-1256 [IETRERS
cpl257 windows-1257 BB HigE s
cpl258 windows-1258 R
euc_jp eucjp, ujis, u-jis H
euc_jis_2004 jisx0213, eucjis2004 H
euc_jisx0213 eucjisx0213 H e
euc_kr euckr, korean, ksc5601, ks_c- | ¥

5601, ks_c-5601-1987, ksx1001,

ks_x-1001
gb2312 chinese, c¢sis058gb231280, euc- | il

cn, eucen, eucgb2312-cn, gh2312-

1980, gb2312-80, iso-ir-58
gbk 936, cp936, ms936 G 1UE
gb18030 gb18030-2000 G —E
hz hzgb, hz-gb, hz-gb-2312 i p
1502022 _jp ¢sis02022jp, is02022]p, is0-2022- | H XL

Jp
1502022_jp_1 1502022jp-1, is0-2022-jp-1 H 3

i502022_jp_2

i502022jp-2, i50-2022-jp-2

Hifr, ®hif, ffkrhsc, ok,
Al

1502022 _jp_2004 | is02022jp-2004, i80-2022-jp- | HX
2004
1502022_jp_3 1502022 jp-3, is0-2022-jp-3 H
502022 _jp_ext 502022 jp-ext, is0-2022-jp-ext H
1502022 _kr csis02022kr, is02022kr, is0-2022- | ¥
kr
latin_1 is0-8859-1, is08859-1, 8859, | PHNK
cp819, latin, latinl, L1
1508859_2 i50-8859-2, latin2, L2 A KRR 45 R
is08859_3 is0-8859-3, latin3, L3 s, SEAE
1508859_4 150-8859-4, latin4, L4 W B RS
1s08859_5 150-8859-5, cyrillic IR E, GREENE, SH
Wi, i, JERYEIE
1508859_6 150-8859-6, arabic [IESR[ED'S

ToI4ks:
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R1-#ELH—8
YmAD B ]
is08859_7 is0-8859-7, greek, greek8 e
is08859_8 is0-8859-8, hebrew AL
i508859_9 i50-8859-9, latin5, L5 +HHL
is08859_10 is0-8859-10, latin6, L6 JLE=
is08859_11 is0-8859-11, thai e
is08859_13 is0-8859-13, latin7, L7 B WSS
is08859_14 is0-8859-14, latin8, L8 YRS
is08859_15 is0-8859-15, latin9, L9 PR
i508859_16 i50-8859-16, latin10, L10 ZREE MR
johab cpl361, ms1361 HE
koi8_r AL
koi8_t P
3.5 BGHTmA.
koi8_u 55 e B S
kz1048 kz_1048, strk1048_2002, rk1048 WA B T
3.5 BT
mac_cyrillic maccyrillic PEINANEE, AP e, S
Wi, fih, FERYEIE
mac_greek macgreek T RS
mac_iceland maciceland VK15
mac_latin2 maclatin2, maccentraleurope, | H AT 4 KK
mac_centeuro
mac_roman macroman, macintosh PHNK
mac_turkish macturkish +HH
ptepl54 csptepl54, pt154, cpl54, cyrillic- | M EETo1E
asian
shift_jis csshiftjis, shiftjis, sjis, s_jis H e
shift_jis_2004 shiftjis2004, sjis_2004, sjis2004 H
shift_jisx0213 shiftjisx0213, sjisx0213, | H3C
s_jisx0213
utf_32 U32, utf32 AIES
utf_32_be UTF-32BE mAES
utf_32_le UTF-32LE AIES
utf_16 U16, utf16 rEES
utf_16_be UTF-16BE RS
utf_16_le UTF-16LE e S
utf_7 U7, unicode-1-1-utf-7 e
utf_8 U8, UTF, utf8, cp65001 A EE
utf_8_sig AR

3.4 RESE: utf-16% T utf-32% 43 FA KR 7 A0 1F 4 FERAS i (U+D800--U+DFFF). wtf-32% A SR
FEEARIL 5 PR (R 535 51

3.8 i H 4 cp65001 IFEE utf_8 I—4~5l4 .
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7.2.4 Python £ EHRIBIE
A — ST SRR DA Python %R, R ILE f117E Python 22 ANYA B . K LEH RS B I T )

g N R BUAE N R (R AR SO i e R T e i o LR B 7 5, (EUR 2 I i es
DR SRR BRSNS OO SCAR GRS ) o X T AR ARGl s, %A ) & SO AT 7 1] o

X F Yt
PAT S e it 7 st r B byt es gL AIbyres-like object Bl st r (fERS, FELUT Unicode SCAGHAD -

YR85 GBS 5=
idna 52 Bf RFC 3490, & & &

Flencodings.idna . N #F
errors='strict',

mbcs ansi, dbcs Windows % J&: & ANSI L1
71 (CP_ACP) XHAEEHEA T4
.

oem Windows % J& : fiiffi OEM {14
71 (CP_OEMCP) X/ E4dkA 7
Yih

3.6 ORI

palmos PalmOS 3.5 [ Zm iA=L
punycode SCEL REFC 3492, A HEEARS
Yl Es o

raw_unicode_escape Latin-1 Zg 4% =X B f HoAth AL
f7PA \uxXXX Fl \UXXXXXXXX
AT IS . BUA BT A 2 PA
A7 E L. ‘B4 T Python

() pickle P
undefined A AR S K R, e
25 FAFER A GI S B R AL
T R
unicode_escape iti & T DA ASCID % 74 19

Python J5 X 15 1 ) Unicode F
H{EH N AW &S, H5]5
NPk L. X} Latin-1 JEACHS
HATIRIS . 1R Python JEAX
55 L BRIALE ] UTE-8.

3.8 W 4 “unicode_internal” 4R fRIS4s L% .
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—i# iR

DA iR SR L T SR EE40: bytes-like object B byt es RIBU. EAIR by tes . decode () FFi#s
(B vk U st - SRR ) -

“mAY Gl = YmAoEE/ARADER
base64_codec” | base64, P ERVERCE M 247 MIME base64 (55585 | base64.
base_64 BRE—NEKER '\n") encodebytes () /
3.4 hROE 5 22T B bytes-like object fE- MMy | base64.
AT 4nid F gt decodebytes ()
bz2_codec bz2 {di ] bz2 i #RAEEL bz2.compress () /
bz2.decompress ()
hex_codec hex FFEAERUOL I TSI F0R, BT | binascii.
A PILEL b2a_hex () /
binascii.
a’b_hex ()

RHRER AR MIME 455 [ ‘5 W alTEI% | quopri.encode ()
i with

quotetabs=True/
quopri.decode ()

quopri_codec quopri, quot-
edprintable,

quoted_printable

uu_codec uu {#i Ff| uuencode e /ERL uu.encode () /
uu.decode ()
zlib_codec zip, zlib i gzip FEAGERVEEL z1ib.compress () /

zl1lib.
decompress ()

3.2 BRI IR E il e
3.4 JRCHE S PRI R A 4
XFFR

%Féﬁﬁ@ﬁ%?ﬁ%ﬁ?Tj&i‘%i‘ﬁ%r strf|str . E AR Wistr.encode () B34 (1 1ERAE M bytes

AT
rot_13 | rot13 | J& ML /ER I mm w2k

3.2 HTMA: R rot _13 SURKHGR.
3.4 fREES: KIE rot13 B4,

7.2.5 encodings.idna - N AEFPHEFFRLEZ

BEAHLSEEL T REC 3490 (W A2 7 H 89 E Prikidfi42) #1 REC 3492 (Nameprep: H 1 [E Frfbig44 (IDN) [
Stringprep ElE ). BEAE punycode ifBE M st ringprep HERE FRERT.

WRARETL K | RFC 5891 il RFC 5895 ) IDNA 2008 71, i5f Fl 45 = J5 idna fiite,

%X 248 RFC 4t [m] & L7 — MAEd 4 1 3 HEIE ASCIL E4F i P ill. — 7 . ASCIT = 47 1Y 4 44
(Bl www.Alliancefrancaise.nu) e ¥ H I ASCIL Y 4 15 4% = (fRi K ACE, il 41 www .
xn--alliancefranaise-npb.nu). Fifi)FHIE4 0 ACE AT AR T B i 45 Hrsm s il
MAEEFFFA A, Bl DNS #if), HTTP Host FE%4% . IARHORAE N T b1 T W ml e XT
FHFRTIL B H 24 375 B R Unicode 3044 bR 40 46 11 IDNA, If4E ACE Fr% 2345 1 2 il
R FLFEHA] Unicode.,

VBT T £ %, 'base6d_codec' WEZAN T ASCI st r ST
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Python PAZ Ff s S FRixX FhfE 4 idna FfRID 2R AT Unicode Fll ACE 2 [A] 554, FLTHE section 3.1 of
RFC 3490 H13g L5 B AR R AN FAF R AR 20 e s, PR R SR I An 28540 ACE, H S X
LQET L R A TR IR RS, PRI BATAT ACE FR% %4 Unicode, AN, socket
BT iR #RF Unicode ML 64 ACE, DA R HITERFEAT 1445 socket BERIN TC A B ATH e 4145
FRitbzAh, 2 S AENAAE R BS BBt ht tp. client Flftplib #j#EZ Unicode FH144
(FFHhttp.client AT Host FEENIHIA X IDNA FHL4, MR EFELEZFEI).
24 MR BRI WL I (BI04 FRAr$E) , %) Unicode WAL F S AT v B2 1) 1) PRk st o
FALA B R 24K EAT1f#RS A Unicode
encodings. idna fHUASIL T nameprep i FE, LIRS FAS PATHRRE BRI B, DASEILE
P41 B R NG AU S A AU 4T . R 75 20T A3 ) nameprep BR 4L
encodings.idna.nameprep (label)

IR [A] label 283 A ARALBRERAERIIRAS o 1Z S0 H Wi T A FEA7E:, Bl AllowUnassigned HH

{H.
encodings.idna.ToASCII (label)

PEAREEEL Ml ASCIT, #0052 XL RFC 3490, UseSTD3ASCIIRules Tk MiR{E.

encodings.idna.ToUnicode (label)
FEARZE 45 Unicode, #HLIZE SCIL RFC 3490,

7.2.6 encodings.mbcs --- Windows ANSI #3171

PA S ANSIE RS TT (CP_ACP) .,
i@ F . HFE Windows,
3.3 JRCE S ST R RAL I

32 WS FE 3.2 R HI, errors BRI AM: BEali 'replace’ M4 T4%, A 'ignore!
AT .

7.2.7 encodings.utf_8_ sig - i BOM & &89 UTF-8 4Rfifto2s

PBLHSCEL T UTE-8 ZRfidas i) — A28 Fh: AEZm i PR UTE-8 C 4545 BOM 5 E| UTF-8 456l 541
Pk o XFAMREHDLRILENE RHIT— K CYUERBAFETIRN) o TEMRD IR Bk Bi T SV E A
eI ey UTF-8 & 45f% BOM,
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CHAPTER 8

ARTE AR LA (module) $AL T 2 ki S M ORIBUE], 40 B BRG] . [ e BUEIE5 (fixed-type
arrays), HEFE[F)F (heap queues). #:i{E)%1 (double-ended queues) BL{ 52 (enumerations).

Python th A # it —Fla R E], $#ElRdict, list, set Blfrozenset fltuple. str$EEEH
Af#Af- Unicode FHY, bytes Hlbytearray FEIIZE H A AE 07 &k}

A B LS R SIRAL Y SO

8.1 datetime --- H Hj B BRI Y B A FI (L]

JFUAHS: Lib/datetime.py

datetime BB T AbBE H IR A

%Egiy%*ﬂ :i;!; I ) iz S AR TR, S BR SC3E  SE R T T AT REAS S O A HL s e A A i
FIEHE A

L%

calendar Bigl ] H PitH 5 B %L

time BEAH INFIA] 177 R R L4

zoneinfo s U3 TANA B XA 2 i 2ARKR X .
dateutil 4, H AP R XM SRV SE =
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8.1.1 BINBMRFE ABIN R

HAIATIF AL Gl ARSI EATR S A & I KA R Rz A1 “fRjpa” mik,
FEOF AR N PSRN B P T R A5 S B A XA S ARG OL T, —A> BRI SOt REAH X

LR ZES G B 7 (02 B IR T) e RN B0 52 T SRR — AU g 2 [ i P )
] BRI 5 AT (5 SRS 22 17 R R TR SCHUAT S T HiAth date/time X G52 A2 F By AL AT . AN IE—AMR]

PRI R T ARG 2t FARUER ] (UTC) . 24 )3 2 A~ HoAth A DX ) e [ 56 2 e T AR R 1y, it
B— MR E B TR R K, S R R e 2 e T ARy —FE . RS g T R
A2 200 T RS P S

XHFESRIBENAS SN, datet ime fltime X5 HAA — AR IX(E BB tzinfo, BRI
Gt zinfo FRI—ANEH. X ezinfo XREHIRS UTC BRI ZEE. BIXAFRARE S
B AR E R .

datetime Bt Rt T — A HIKW tzinfo 2k, Bltimezone 2§, timezone ZKA]PAFERNEAG I T
UTC ()] g B ZE ) {7 B X, i UTC A B s L3517 EST Fil EDT B X% . SZHpI[a] i PRI RE B B T
BRI . IR R B AR R A 2 T A B, @F 2 KREZME, BT UTC ZAMF%
H—ABeIE G A B AR .

8.1.2 &

The datet ime module exports the following constants:

datetime.MINYEAR
date B{#F datetime WEARGHIER/NEN . FHEMINYEAR & 1,

datetime .MAXYEAR
date B{datet ime %% AR KIVES . HEMAXYEAR 2 9999 ,

8.1.3 AT

class datetime.date
— AR R R H B, BB S A S B RRRAKGEA . @M vear, month, and
day.

class datetime.time
—AISE AR R H IR PEARAES (], RS — REE 55 T 24%60%60 72, (X HEH “MH
7 g, ) BEJEM: hour, minute, second, microsecond flltzinfo,

class datetime.datetime
H¥Fuf e 45 &. BIE: year, month, day, hour, minute, second, microsecond, and
tzinfo.

class datetime.timedelta
FIRWI N date MRt ime X5, BH& datet ime X RWIRTAAIRG, K021

class datetime.tzinfo
— AR DA BXT R R . Hkgidatet ime Flt ime ML @ LA RITHFEAR S (6
WAL B A X /85 2 4 )

class datetime.timezone

AT czinfo IIRERM T, AT FRAHSTIAMERTE (UTC) 1.
3.2 BUBT A
X BERA PR AR 2R
THEXR
U S TS 122 AR O
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object
timedelta
tzinfo
timezone
time
date
datetime

B AR

date, datetime, t ime Fltimezone ST FL T U5 FfFME:

o LSRRI G Z A ATAEH -
RIS R Jthashable, FERFE EATAT AR A7 LA 6
o BRI Gl L 01 ck e BRIATE B

BE—THREBANDEIREEE

date JIUNFRHR 2 AT ALY o
time B datet ime ZERIFRT G AT AR BHI BB f LAY
— M datetime WG d TELAF A0 Al I AL IR 2 B ALY -
1. d.tzinfo A& None
2. d.tzinfo.utcoffset (d) A&E|/{H None
TEHAMEIL T, d R PR .
—Atime MR ¢ FELAT Z5 AR L R A SR 2L ) -
1. t.tzinfo A& None
2. t.tzinfo.utcoffset (None) [FJ4 A4 None,
TEHAEI T, ¢ 2 A .
JERINALAN T BB 2 A X BTG Tt imedelta X4,

8.1.4 timedelta Y¥¥

timedelta XTHRFRFA date BLE time )R] [E] P -

class datetime.timedelta (days=0, seconds=0, microseconds=0, milliseconds=0, minutes=0,
hours=0, weeks=0)

P SR T eI HBA N 00 X BESH0n] DA BBl E 7 i, AT DA IEREH 140
HAH days, seconds F1 microseconds A MEAENTR . SECEANI B FLNGNF -

1 RGN 1000 D

1 7Bl A, 60 7D

17N & B4, 3600 7D

1 RIS T K.

Hig. &b, bR ARHERRY, A BT RA Ty At g ME—iy, fl:

¢ 0 <= microseconds < 1000000

e 0 <= seconds < 3600*24 (—RIVFPED
e —999999999 <= days <= 999999999
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T B R T Q0% days, seconds F1 microseconds VAIMYAT B SEIAT “HIF BAEI AR
HPA L ZANGE R

>>> 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)

TERALAT S HON T 55 849 H microseconds (B AN DL R . MITA SE0H & DB 98 &
I, I DU AN AT A RLURE S 3 A B i i B . ISR A AT S ECN T
MAPE T, WEBARREL R SR (AEEREE).

TRARUEAL G 1Y days B8 THEETEE, HeoverfiowError B .
T E RO B TR AL R 45 R ] BE 2 2 NS0 . Bilan:

>>> from datetime import timedelta

>>> d = timedelta (microseconds=-1)

>>> (d.days, d.seconds, d.microseconds)
(-1, 86399, 999999)

K
timedelta.min
The most negative t imedelta object, timedelta (-999999999).

timedelta.max
The most positive timedelta  object, timedelta (days=999999999, hours=23,
minutes=59, seconds=59, microseconds=999999).

timedelta.resolution
PN AFER t imedel ta 5N SR F/MYAFE N timedelta (microseconds=1) ,

FEERENE, FAREANZE, timedelta.max > -timedelta.min, —timedelta.max ANAJ
PAFRIR— A timedelta X4,

SlErE (Hik):

Bt =]

days -999999999 % 999999999 , 5 999999999
seconds 0 & 86399, 17 86399

microseconds | 0 & 999999, f17 999999

SCRFRIE S
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prey | ZR:

tl = t2 + t3 2f B, B8 t1-12=13and t1-13 =12 U HEH. (1)

tl = t2 - t3 2 BHE, BEAEt==12-13and 2 ==1] + 3 V"> hEH. (1)(6)

tl = t2 * 1 or t1l Fel— M. BEERWML = 0 Wl //i==r2 UWHEE.

=1 * t2
In general, ¢t/ *i==1¢I * (i-1) + ¢l is true. (1)

tl =t2 * £ or tl FeDL—F mi B, SR owids A S timedelta S 0 (B ERS . RSBEGE

= f * t2 DU £ TR A AT AR o

f=t2 / t3 RBsHE] 22 B PAEIRR A 13 (B). IR[Bl—A~float KA,

tl =t2 / f or tl B DA—AN0F BB A S5 R S A B timedelta S 32 R AU . M

=t2 / i BT R PO T A A AS AR

tl = t2 // iortl = | {HHIRE, HAHS (WHRA) FeEm. EEMELT, KRR

t2 // t3 . (3)

tl = t2 % t3 ﬁ—:i‘kj\j—/\tlmedelta X5, (3)

q, r = divmod (t1, ifig = t1 // t2@)andr = t1 $ t2 iIEEFHEE. q 2—1

£2) BE, 1 R—timedelta X4,

+t1 B — AR BE R t imedelta X4,

-t1 0T t imedel ta(-tl.days, -tl.seconds, -t1.microseconds), F1 t1* -1. (1)(4)

abs (t) Mt .days >= 0 B&ET +, 24 t.days < OB -t. (2)

str(t) R [El—AEAN [D day([s], ][H]H:MM:SS[.UUUUUU] FF45H, Mt
RE R, D WA (5)

repr (t) Rl —Atimedelta MRFRRFRIER, 1ENHH IERNE MR
AR -

(EIfigE -

(1) Z5RIEM, HETRES .

(2) 5RIEH, At .

(3) B&LA O K& eHs ZeroDivisionError
4) -timedelta.max IN&—Atimedelta N4,

(5) timedelta XMGMTFAFHFRIEARMT RIS XT A E, XaFH
—HAFHEIER . BIan:

>>> timedelta (hours=-5)

datetime.timedelta (days=-1, seconds=68400)
>>> print (_)

-1 day, 19:00:00

(6) FHr t2 - t3WHEH 2 + (-t3) %M, FRIE B ST timedelta . max; FEXFMELL T HI
BB MIgESR T EE NS

P?T(.I:ﬁﬁ];{ﬂ%%%{/ﬁu\% timedelta WL S date fldatet ime W4 AT E FIAHINFIF S
B/ (WX

32 M BEE X iftimedelta W4 55— timedelta MM BRI ME, G KiizH
Hdivmod () %k, MIEW Lt imedelta X5 FakRPA—4 rloat ¥4,

SFftimedelta WG ABEATHEL, (AH A —HEEHI
== != Hi Skl —Abool MR, TLIRHHLE XTG4

>>> from datetime import timedelta

>>> deltal = timedelta (seconds=57)

>>> delta2 = timedelta (hours=25, seconds=2)
>>> delta2 != deltal

True

>>> delta2 == 5

False
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XFF A HAN B (B0 < F1 >), 24—A t imedelta MRS HANI PRI R LRI, $§5] K TypeError:

>>> 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'

TE/REAEY, timedelta XY HALYHAET timedelta (0) BP0 FAE .
ST
timedelta.total_seconds ()

REHE S T 208, ST td / timedelta(seconds=1). X FRLASMYEIIEEAL, H
B ABREER (il td / timedelta (microseconds=1)).

T BRI AR, XATHEMEPR PR SR E (RZHF6 LT 270 440
AR IR E][R] F8 ) «

3.2 GBI

AiEEHl: timedelta

— AR AL F s 151

>>> # Components of another_year add up to exactly 365 days
>>> from datetime import timedelta

>>> year = timedelta (days=365)

>>> another_year = timedelta (weeks=40, days=84, hours=23,
C.. minutes=50, seconds=600)

>>> year == another_year

True
>>> year.total_seconds ()
31536000.0

timedelta ﬁﬂtﬁﬁﬁ@/ﬂﬁﬂ

>>> from datetime import timedelta
>>> year = timedelta (days=365)

>>> ten_years = 10 * year

>>> ten_years

datetime.timedelta (days=3650)

>>> ten_years.days // 365

10

>>> nine_years = ten_years - year
>>> nine_years

datetime.timedelta (days=3285)

>>> three_years = nine_years // 3
>>> three_years, three_years.days // 365
(datetime.timedelta (days=1095), 3)
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8.1.5 date ¥if¥

date XEMAFANHEATTEF W HY (45, HFIH ), BIY4 4 Bk 50 A 57 a8 A~ 1 JCBRAE
KICTAETHTIHZSELH, A0 TETH2HRZE2 H, RIS
class datetime.date (year, month, day)
P SRR B . SR TURTE T T B Y A R
e MINYEAR <= year <= MAXYEAR
e 1 <= month <= 12
o1 <= B <= HEREANEHRE
WERSHONTEIX LG N, WL valueError 4.
Hetdgds, Framdnk:

classmethod date.today ()
IR ]2 B Y A Hb H 3

XEZEMT date. fromtimestamp (time.time () ).

classmethod date.fromtimestamp (fimestamp)

AR [ B POSIX I [ Y 1), BN e ime . £ ime () 2 0] PR30 e s ) 38K o

XWREG| K OverflowError, WISHREEUER TG C localtime () BN CHHEREIM
%, FHHESHE localtime () HEERT| K O0SError, W ZEES B IR HIFE 1970 4£ & 2038 4E 27
B THERTER A E S EPEHE POSIX R%: I, EF&Mrromt imestamp () 20 .

33 R & §| KOoverflowError M A &ValueError, YR B E B EAEBH EFE
C localtime () PRELHI CHFFE M., I 27 localtime () H45Hl 5| K0SError Hii A

HValueError,

classmethod date.fromordinal (ordinal)

AR [ BT AR A R A S i B, P ASC LA T A L HIF S8 1.

dF 1 <= ordinal <= date.max.toordinal () HFM&F| Ak valueError, XTFEEHY 4,
date.fromordinal (d.toordinal ()) ==

classmethod date.fromisoformat (date_string)

R JE]— AR T-PA YYYY-MM-DD #5045 I date_string ) dat e X4

>>> from datetime import date
>>> date.fromisoformat ('2019-12-04")
datetime.date (2019, 12, 4)

XZdate.isoformat () WWEAE., BH I Yyyy-MM-DD 485K,
3.7 BB

classmethod date.fromisocalendar (year, week, day)
1R [A] 45 %€ year, week £l day FIrt i ISO [HyE H i date, X2 K% date. isocalendar () B)Wifs
k.

3.8 OB A
KJE M
date.min
/N H B date (MINYEAR, 1, 1) .

date.max
HRKBHB, date (MAXYEAR, 12, 31),

2 3 5 Dershowitz FI Reingold fi7 2 Calendrical Calculations 1 “Tik& 5 & F” ke X—3, BR2EATZBhigiseEn
ER . SR TR BUNAS RS R T 5 1 2 HA DT R G [ A TR B
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date.resolution

P H IR ) B/ NE] [, timedelta (days=1) .
SplErE (Hik):

date.year
FEMINYEAR FIMAXYEAR 2 Ja], f& 3514,

date.month

1E12 (&)
date.day

IR[E] 1 B4 A H i KRR P ECF
P& UprN -

B8 28

date2 = datel + timedelta | date2 R} A datel 2 J5H] timedelta.days H. (1)

date2 = datel - timedelta | 114 date? {EIIfE date2 + timedelta == datel. (2)

timedelta = datel - date2 | (3)

datel < date2 WS datel WEFAITE date2 2 Fii WA K datel /NF- date2 . (4)

[Ef -

(1) WK timedelta.days > 0N date2 ¥AERT AL D HTHE, R timedelta.days < 0 MR,
HAVESE )G date2 - datel == timedelta.days. timedelta.seconds fil timedelta.
microseconds & @ Z W&, N H date2.year /N TMINYEAR B{ K TMAXYEAR N4 5|
ZiOverflowErroro

(2) timedelta.seconds fil timedelta.microseconds & Z M,

3) WEEeKEH EASE . $ESE 5 timedelta.seconds /1 timedelta.microseconds ¥4 0, ¥ H. date2
+ timedelta == datel ,

@) A5 PE, 24 H U4 datel.toordinal () < date2.toordinal () B} datel < date2.
H B &5l KTypeError, MR W H AR A Ndate XL @35, At a] G & i [l
NotImplemented, WURIE HIRHEA timetuple () BRI X145 T HAL H IR
BSLPIR A RBLRIPLS . B, Mdate MR GARFERBPN R LRI 251 & TypeError,
Brdbag == 8 = . JRMFPIE OLRF 2 BRI False B True.,

TEARIZE T, A date SHEERAS PN EE .

Sy

date.replace (year=self.year, month=self.month, day=self.day)
A=A HAFRERN B, BRI S5 T R LI 208 E .
it

>>> from datetime import date
>>> d = date (2002, 12, 31)
>>> d.replace (day=26)
datetime.date (2002, 12, 26)

date.timetuple ()
REl—ANtime.struct_time, Bitime.localtime () PR [EIHIZEHL,

hours, minutes F1 seconds {E3°5 0, H DST jEFr{E N -1,
d.timetuple () ZEM:

time.struct_time ((d.year, d.month, d.day, 0, 0, 0, d.weekday(), yday, -1))

Hryday = d.toordinal() - date(d.year, 1, 1).toordinal() + 1 24§F(4FE/NH
WHIFS, 131 HMFES R L.
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date.toordinal ()
BB H A IS m A DS, HhAJe 14E 1T H 1 HP SR 1. X T {EREdate X4 d,
d,

date.fromordinal (d.toordinal ()) ==

date.weekday ()
R —NREAARENIL, BE—R0, BMIRA 6. B, date (2002, 12, 4).weekday ()
== 2, FPRMEEM=. Bisoweekday ().

date.isoweekday ()

R —NEEEAREWIL, BI—R 1, BR N7, fll: date (2002, 12, 4) .isoweekday ()
== 3, FREM=, Zlweekday (), isocalendar ().

date.isocalendar ()
3R 1] —A~ i =3t i named tuple 374 year, week il weekday.
ISO it —Rwl) 2 i F e As &1 s Al i &
ISO 4F iy 52 8 53 e B M, BB G TEN 4R TENH. — IS0 F15%— 12
Wpte (BANER) DIER—F s A8 BRI . Xeifcch 15828, XASEI prde
() ISO 45 H e A& 51 i R AR AR ]

Blan, 2004 4FAYEE— 2 DY, [H I ISO 2004 47 1955 — M EIITTAG T 2003 4F 12 J] 29 H 2]
—, G 2004 4F 1 4 HEWH:

>>> from datetime import date

>>> date (2003, 12, 29).isocalendar ()
datetime.IsoCalendarDate (year=2004, week=1, weekday=1)
>>> date (2004, 1, 4).isocalendar ()
datetime.IsoCalendarDate (year=2004, week=1, weekday=7)

3.9 s s gE SR e i named wple.

date.isoformat ()
IR [A]—A~PA ISO 8601 %X, YYYY-MM-DD 33K H IR 745 5

>>> from datetime import date
>>> date (2002, 12, 4).isoformat ()
'2002-12-04"

Xigdate. fromisoformat () HHEEVE,

date.__str__ ()

SHFHBIN S d, str (d) T d.isoformat ()

date.ctime ()

R —A H IR AR

>>> from datetime import date
>>> date (2002, 12, 4).ctime()
'Wed Dec 4 00:00:00 2002"

d.ctime () Z%T:

time.ctime (time.mktime (d.timetuple()))

TEJRAE C ctime () MREGENE C FRERYT-& L (time. ctime () FRGEIZREBITA, Hdate.
ctime () HFARL) .

date.strftime (format)
i ] —A~ iy R A AR IR R AR HIIR AR . FORmE . 2 R AOAS AU (B 0. 22
RS2 1 RGN KA S [ strfrime() S strptime() 09 47(E].

date.__ format__ (format)

Hdate.stritime () MlF. WIHEMR R dat e M54 E A AL TFAF R FIMER RS LT

? §#72:[5 R. H. van Gent I3 1SO 8601 [JjvA A~ 45 1 PASKIUTE 52 2R B AH o
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TFERAMMER st r. format () AT AL BUA AT RE . ZEARBUE G 252 RIIZR, 1S Hsrftime()
1 strptime() 49 47E .

FEEHl: date
TIAARE B S R 1511

>>> import time

>>> from datetime import date

>>> today = date.today ()

>>> today

datetime.date (2007, 12, 5)

>>> today == date.fromtimestamp (time.time ())
True

>>> my_birthday = date(today.year, 6, 24)

>>> if my_birthday < today:

.. my_birthday = my_birthday.replace (year=today.year + 1)
>>> my_birthday

datetime.date (2008, 6, 24)

>>> time_to_birthday = abs (my_birthday - today)
>>> time_to_birthday.days

202

i date WIEZH T

>>> 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")
'11/03/02"

>>> d.strftime ("SA 2d. SB %Y")

'Monday 11. March 2002'

>>> d.ctime ()

'Mon Mar 11 00:00:00 2002"

>>> 'The {1} is {0:%d}, the {2} is {0:%B}.'.format (d, "day", "month")
'The day is 11, the month is March.'

>>> # Methods for to extracting 'components' under different calendars
>>> t = d.timetuple ()
>>> for i in t:

C.. 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 1 in ic:

C.. print (i)

2002 # ISO year

11 # ISO week number

1 # ISO day number ( 1 = Monday )

(F0AkED)
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(R L —5)

>>> # A date object is immutable; all operations produce a new object
>>> d.replace(year=2005)
datetime.date (2005, 3, 11)

8.1.6 datetime ¥tk

datetime NGB HKH date WEHtime MBI FTAE BRI,

Hdate X GR—F, datetime {BE 2481 RS S R DT R ETE P J7 0 JGRREEM; 5 time X5 —F,
datet ime RER—RKIEFAH 3600424 Fb,

M 1525 -

class datetime.datetime (year, month, day, hour=0, minute=0, second=0, microsecond=0, tz-
info=None, *, fold=0)
vear, month 1 day ZE WM . tzinfo Al DA None i 2— P tzinfo TMISEH . HEMSE
WAATZAE T T Bl P

e MINYEAR <= year <= MAXYEAR,
e 1 <= month <= 12,
<= day <= #EFAHKE,

<= hour < 24,

minute < 60,

<= second < 60,

L]

o o o o
A
Il

. <= microsecond < 1000000,
e fold in [0, 1].
MRS BAAEX LG N, ML valueError S,
3.6 ORI i fold 5.
HeMmidEd:, Framsirk:
classmethod datetime.today ()
1R[] 7 24 Fi 7 1Y) datetime X452, HiHttzinfo i None,

SRR

datetime.fromtimestamp (time.time ())

Wi Rnow (). fromtimestamp ().
WA ERRESE N T now (), HERT tz BES,

classmethod datetime.now (1z=None)

IR 8] 27 24 Hi H ) date Fil time X4

W TS H 1z None BARIEE, XM T today (), HIZHYESTENRERYTE L T HRAL L@
iftime. time () WHAVEATIRI EMEE S AKE R (B0, FE4Mt T C gettimeofday () MEUYI T
& Eatn] DAENX —5) .

W z AA None, ‘BbHijgtzinfo FIM—ASLH, H H2S4wm0 H AR P92 z B X.
R E] DA today () Mlutcnow ()

classmethod datetime.utcnow ()
IR 8] Z5 7 24 5 UTC Bf[a] (7 date F time, H.htzinfo i None,

XELL T now (), (HIR[EIE 241 UTC H BIFIEE, RECHFERR datet ime X5 . BB Y
i UTC H AR ) a8 1398 ] datetime.now (timezone.utc) EHEEB ., BiFZEHnow ().
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e TR datetime MR ASHIF L datetime FiELIEARMES B RALHE, fHRiF 2
FHEA H )6 42k 2678 UTC WHa). R, G1#m 407 UTC IHaj i3 4 a2

it datetime.now (timezone.utc),

classmethod datetime.fromtimestamp (timestamp, tz=None)

S5 POSIX RO 910 1 BRI IFY, A i ime () JREIRG. WURTEBH 1 Heh
None sAHIE . HEIRATHEH T4 1A HIVATRIEL . 3 FLIE R fciac et dme A S T
QR 1z A None, B tzinfo FHM—DLBI, I HESRIBCROEEI0E] 2 55 @ X,
fromtimestamp () W] § & §| KoverflowError, IR W H BB EB L FALEFEG C
localtime () Bf gmtime () FREW ZEHIEETE, FESAE localtime () 5 gmtime () R4S
W5l % o0SError. ﬁﬁiﬁﬁﬁ%%ﬁl‘ﬁfﬁﬂﬁ 1970 4F 22 2038 4 [H] . T VE AR B (8] B & 5 [ A
fHE POSIX &% L, [HFSH rromtimestamp () 20, G550 685 20 AH 25— R0 B[] R
PEA R datet ime W%, b utcfromt imestamp () BEHEFEM FH LT

3.3 W 5 5| kKoverflowError T AN EValueError, WIRBH B EBEHFLEFEG C
localtime () Bf gmtime () FREW ZEHLETIE. FESAE localtime () 5 gmtime () Hi4E
8|k OSError A& ValueError,

3.6 fJREE: fromtimestamp () Al HEIRE] Fold {HE N 1 HISEH .

classmethod datetime.utcfromtimestamp (timestamp)

3B [1] %6t T POSIX a1 UTC datetime, Htzinfo{H N None., (45 -FRiBEAINZ.)

XA fE5| K OverflowError, ﬂﬂ%ﬁﬂ‘lﬂ&kﬁfﬁﬁtﬂ@f?{%g C gmtime () PRELHYSCEREE BT
HSTE gmtime () fREEHIE| K OSError. W ZEUESWBRHIFE 1970 2 2038 AEZ [E],

FER|—A B datetime X4, WIHM fromtimestamp ():

datetime.fromtimestamp (timestamp, timezone.utc)

16 POSIX A4 1, B4 T DA F ikt

datetime (1970, 1, 1, tzinfo=timezone.utc) + timedelta (seconds=timestamp)

ARZAET Ja— R R SR e B4R R MMINYEAR B|MAXYEAR [ IXTE]

i BT RH datetime MRAWIFL datetime TR IEAHIIN R ARALBE, kil (il
JHIRGIAL VIR TR RSSO S UTC INfI]. Ui, BUEERonhiiE UTC I I B8 HI R Tl 5

W TR E ST datetime. fromtimestamp (timestamp, tz=timezone.utc).

33 WRE & | koverflowError i N EValueError, IR B [E] B BEE B TLEFSG C
gmtime () BRERSCRHERRTE. HFRTE gntime () HEFNGIKOSError AR ValueError,

classmethod datetime.fromordinal (ordinal)

IR R0 BT A S = A D T datetime, HpAIG 141 H 1 ElEI’JJ?*??LJ I, frE1 <=
ordinal <= datetime.max.toordinal () H{NW 5| kvalueError, %55 hour, minute,

second F1 microsecond {E3¥J°/ 0, H Htzinfo ik None,

classmethod datetime.combine (date, time, tzinfo=self.tzinfo)
R —AFif datet ime W5, MR H IS SF T4 date XRPME, TR 5T 4
FEMtime XRIE . WRIRHLT winfo 285, HAASHR R EST Rt zinrfo J@t, NP
time 2t zinfo Jg M,

ST AE Bdatetime % % d, d == datetime.combine(d.date(), d.time(), d.
tzinfo) ., W date B—"datetime X4, BHINEIRS Mt zinfo S AN,

3.6 R T A I tzinfo 5.
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classmethod datetime.fromisoformat (date_string)
R [E—ANF N Fdate.isoformat () Mldatetime.isoformat () FriEfLi) 3 —F date_string
Wdatetime X4,

R, PR BCHF A I RS AR

YYYY-MM-DD [*HH[ :MM[:SS[.£f££[£f££]]]] [+tHH:MM[:SS[.££££££]]]]

Horpr = W PAPC AT R A B4

ons BLRRE R R SRR AT AR 7 OISO 8601 EAFH——E M H B R Z1E Hdatetime.
isoformat () WM #EEAE. FEAE = 4 dateutil H 3R fit T — 4 52 3% ) ISO 8601 it B 4%

dateutil.parser.isoparse,

i

>>> 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 (20121, 11, 4, 0, 5, 23)

>>> datetime.fromisoformat ('2011-11-04 00:05:23.283")

datetime.datetime (20121, 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 (20121, 11, 4, 0, 5, 23,
tzinfo=datetime.timezone (datetime.timedelta (seconds=14400)))

3.7 BUHTIA.

classmethod datetime.fromisocalendar (year, week, day)
iR [H] DA year, week A1 day {E 5B ISO JJiiE H BTG it datet ime, 1% datetime X§ 4 A9 E H 3HEB
S AR BRI BT . Ml datet ime. isocalendar () M.

3.8 HUHTIIA.

classmethod datetime.strptime (date_string, format)

R B —ANXF N T date_string, FRAE formar TSR datet ime X142 .

TE AR

datetime (* (time.strptime (date_string, format) [0:6]))

5 date_string A format Toykgit ime . st rptime () fEMTELE 1R Bl — A2 R DA E, %
5l valueError, BHBUEALIE MBI, &S Wsirfiime() $1 sirptime() 49 47E],

FKJE
datetime.min

EW [ $E/Rdatet ime, datetime (MINYEAR, 1, 1, tzinfo=None),

datetime.max
& Mt By B F JRdatetime, datetime (MAXYEAR, 12, 31, 23, 59, 59, 999999,
tzinfo=None) ,

datetime.resolution
PN AHIEER ) datet ime X5 2 [A] 0] BEM B/ MAE)FE, timedelta (microseconds=1),

SeBlmrE (Hik):

datetime.year
TEMINYEAR FMIMAXYEAR 7 |A], HL&H5R,

8.1. datetime - HHJBMESRIAYE AR 183


https://dateutil.readthedocs.io/en/stable/parser.html#dateutil.parser.isoparse

The Python Library Reference, (I 3.10.19

datetime.month

L& 12 (%)

datetime.day

AR [ 145 E AR H A KRB R

datetime.hour

BUEFEH /& range (24) .

datetime.minute

BUEFE R /& range (60) o

datetime.second

BUEFEH /& range (60) o

datetime.microsecond

BUETER 2 range (1000000)

datetime.tzinfo

YR tzinfo ZHRE S datet ime FIEERRIIXTR . AIRBA 1 AMENN None.

datetime. fold

IUEAER R [0, 1] MITFPEESR A a) B i R il S i e B S0 (24 524 R 5 S [m] 42 i il
TEOAE P FECS W X E) UTC I 220800l 2 th BUEE S i I ) . ) BB O (1) FRom i 20 BT
() BrARA Al — i F 1] .

3.6 HUHTIMA.
SCHRIB A
BH FR:
datetime2 = datetimel + timedelta | (1)
datetime2 = datetimel - timedelta | (2)
timedelta = datetimel - datetime2 | (3)
datetimel < datetime2 Wiidatetime Hdatetime, (4)

(D

2

3)

“4)

datetime2 J2 M datetimel 595 T —E¢ timedelta 455, 1R timedelta.days > 0 N2 7ERE] £k
R, WH timedelta.days <0 M2 R4 FIGIiR. %4 R EA S5k AW datetime A [7]
Wtzinfo J&1E, It HIEEAFZ MG datetime2 - datetimel == timedelta, 5 datetime2.year 3L/
FMINYEAR 8 K FMAXYEAR W £x5| K OverflowError. i yERE BI#H AR & — AN 4,
ZHT A TR X

114 datetime?2 {iif5 datetime2 + timedelta == datetimel ., SAHMEANE—FE, 455 HAG 5 ALY datetime
MM czinfo J@ME, RIS AR —MEMBXT SR, % ERA TR .
—Avdatet ine Wk dat et ime SO/ RIFHCS (5 S A BRI A X
— AR BB N R A, W5k TypeError,

WERPA B ERER 2 A, s BB HEA MR tzinrfo J@bE, Wtzinfo BYESHEZ
W&, 7 HE5R S R—/MffE datetime2 + t == datetimel jtimedelta Xt4 t. FEMIEIL
AT X

AR BRI 2 BN B H R AR tzinfo J@YE, a-b BAEMSURELAIN a F1 b ¥ 58
LR R B UTC H BEHE] . 4558582 (a.replace (tzinfo=None) - a.utcoffset()) -
(b.replace (tzinfo=None) - b.utcoffset ()), GIEEIRSTILE ST Ak H .

Y4 datetimel WIWEITE datetime2 2 HijWIAK datetimel /INT- datetime2 .

R A — 7 2 fa A 55— B RN AL, W N R 2t AT 07 5| & TypeError. X
FHAE a7 BB S 7K e AN S5 B L S 181

R R A BN A, HEAMEM czinfo J@PE, WHFEW tzinfo J@M g ZmE I X] 5
A H WA AT EO R . AR A e E R B A H B R [RIR £ zinfo J@be, NIWAS ELi 54
Bl AT UTC 20 (ffiff]l self.utcoffset () KH) KT,

3.3 i A AL dat et ime S 2 [B]IIAHEE LB AN S5 | K TypeError,

184
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#E]: 5 T B Ik R E R N BRA B R S bk e 73, datetime HC B 5| K TypeError,
MR BRI datet ime WEHE. At §E<iR [F] Not Implemented, WURELEH
PR EA timetuple () JEPERTE . XA 45T HAAIER H IR LR AR ML . W
WAL, MYdatetime WS ARRRB BRI E K TypeError, B == = LK.
JE PR SR AR Bl False B True.

Syt
datetime.date ()
R[] B [A]# year, month FI day fEfjdate X5,

datetime.time ()
1% [a] EL A5 [E] £ hour, minute, second, microsecond 1 fold {1 t ime X5, tzinfo{H A None, i
ZhLtimetz () k.

3.6 iR H A fold fH 29 il 4R [l £ ime XF42,
datetime.timetz ()
1% [8] 2.4 [7)#£ hour, minute, second, microsecond, fold F1 tzinfo J&EVER t ime W% . Wi St ime ()
Tk
3.6 i s A fold {245 M5 Ml () € 1me XF42 .

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)
W E] A B [F R R MY datetime, B ARIE i ATAT X SHCH FE L@ M HR E T 0. R
PALIEFEE tzinfo=None FM—AMEHNZY datetime €] — A AT FRAY datetime T L0444 H YA
[EEICIEE

3.6 BUBTIA: B £old 51#.

datetime.astimezone (fz=None)
BRE—ANHAEFRtzinfo BYE z datet ime W14, F2x Y% H A F I ) 55He (1545 5L 56 B 1
UTC B}[E]5 self AR, (B z B XA A i (]

WRAE T 1z, WEMIR—Atzinfo FRIER], I HHutcorrset () fdst () FHEARTIR
o] None. UM self AR, BaWERENET RGN K ERAHTE

USRI A ASEL (it A tz=None) WIRHEGE H RN REERI A M X . Feffe )5 datetime
B . tzinfo RN timezone 5B, WX FRAI ZZ{EFF M OS FRKHL

N self.tzinfo K1z, self.astimezone (tz) T self: AN&%t H W ak i a) SoiE deF R,
LM ZE Ay 1z X A 8], ACZERg UTC Ba] 5 self #HA]: {E astz = dt.astimezone (tz)
2 )G, astz - astz.utcoffset () HEAGEH dt - dt.utcoffset () FHIE M H #AF1 0} E] %5
o

TRAR H 2RI — AN B X X5 1z B —A> datetime X5 dr 1 AR EE H 39 AT (A 808, S 6
dt.replace (tzinfo=tz) . WERREEN—AERHAIAL datetime X[ 5 dr B FRBF X XIS, G H

dt.replace (tzinfo=None),

i ¥ B BN Wtzinfo. fromute () Jf ik fEtzinfo W) T R A E 5, MW ¥
Wijastimezone () HIRMEIZER, WERZMS TGO, astimezone () AT EMLT

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 A 1z AR ] DAL AT I o
3.6 U5 astimezone () JyyE vl DA T BB SR, 0 RHBOE s A Hube 8] o
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datetime.utcoffset ()
MR tzinfo iy None, NiR[E None, FHINiR[E] self.tzinfo. utcoffset self), HHEG
FHARE] None 5 E—MRE/NT— ilﬂ’]tlmedelta XG5 5
3.7 Wi 5 UTC Bof 22 N PR A — AN 850 e

datetime.dst ()

MR tzinfo A None, NJiR[E] None, FHNR[HE] self. t21nfo dst (self), HALEGFHEAIRME
None 8{H—MEE/INT— KWt imedelta M RIFE] k57

3.7 W5 DST FEAE A FHR B — 4R e

datetime.tzname ()
M tzinfo 2y None, M[iR[H] None, 75}] Bl self.tzinfo.tzname (self), WHRFHENR
[5] None @‘Z%*/l\?ﬁ“%ﬁ%wh%lﬁ

datetime.timetuple ()
BBl —ANtime.struct_time, Bltime.localtime () PR [BIHIZEAL,

d.timetuple () ZEM:

time.struct_time ((d.year, d.month, d.day,
d.hour, d.minute, d.second,
d.weekday (), yday, dst))

HH yday = d.toordinal () - date(d.year, 1, 1).toordinal() + 1 2 H¥I#24H]
RS, BIsFS 1 F2R 1A 1 H. 45011 tn_isdst HEARRRE S MK dst () ik
HRtzinfo A None 8idst () i#2[H] None, W tm_isdst JF&H -1; HMIHRdst () &kE—AFE
TAH, W tm_isdst KFRH 15 FEHME T tn_isdst K8 0.

datetime.utctimetuple ()
R datetime LB d FETHREL, XEPIT d.timetuple (), AFEZAFET tm_isdst ikl
WH O, TGk d.dst () REMFAG55E . DST X1 UTC B[R] 7K I TERL
AR d RBNAL, d 22 d.utcoffset () KARifE R UTC Bf(a], FaR [B1i% R 1 A0 s (] ot
M time. struct_time, tm_isdst A%ﬁfﬁh;dy 0. HHEANHE d.year Jy MINYEAR 5 MAXYEAR
- H UTC #5588 B —FEp i BN wT eS| X overflowError,

ik mTREP datetime MR SWIF L datetime 7 MAEAHUES B R AL B, e 47
e i BT 2L H R ) ok 7R UTC mHa); Bk, fifldatetime. utctimetuple () W] B
SR RSHENE R, WRKRE R UTC B E A datetime, Wffif] datetime.
replace (tzinfo=timezone.utc) ¥ H W N BB, X FER 4 G fHdatetime.
timetuple ().

datetime.toordinal ()

&8 H R s & AT 5. 5 self.date () .toordinal () A,

datetime.timestamp ()

RIXF R T datet ime SEFIF) POSIX Bf (A8 . HaRMMERE S cime. time () RIEEFEBI Float
5.

BN dat et ime SO BUE K RFAMII, 3 FLIL ) BT P41 Cnktime O A
Tt . HTHERZPE Ldatet ime CHRFBYIERIE mktime () B, XA A Bk
%ﬁkﬁ%ﬂﬁ%%]ﬁOverflowErroro

XA datet ime SR, IR IMERTHE T XN

(dt - datetime (1970, 1, 1, tzinfo=timezone.utc)) .total_seconds /()

3.3 OB
3.6 MU A#: timestamp () JryRHH £old TR I E A 1) Bl v e ] B S
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il WA A IEREE IR UTC WA K B dat et ime SEBIFREL POSIX B )8k, AnSRAR
B 7 FH R (o R e 91 9 AR R GE I IXOR )2 15k UTC, RAT DA #4t tzinfo=timezone.
utc JFREL POSIX i) #:

’timestamp = dt.replace(tzinfo=timezone.utc) .timestamp ()

B I R S )

’timestamp = (dt - datetime (1970, 1, 1)) / timedelta (seconds=1)

datetime.weekday ()

B —NEHARRESIL, B—R0, B 6. H4T self.date() .weekday () « HIES
5isoweekday ().

datetime.isoweekday ()

R NEBARENIL, BE-—HR1, BIAXA 7. 24T self.date() .isoweekday (). 7

S fweekday (), isocalendar ().

datetime.isocalendar ()
3R [8] — A~ i = 356 4 20 W named tuple: year, week fll weekday. Z£ [T self.date().
isocalendar (),

datetime.isoformat (sep="T’, timespec=auto’)

AR Al —A>PA ISO 8601 #7114 H IWIHII ) 5 7 -
e YYYY-MM-DDTHH:MM:SS.ffffff, YHfmicrosecond ~K0
e YYYY-MM-DDTHH:MM:SS, N microsecond >} 0
Wutcorfrset () REMEAN None, WFM—AFAFEF KL H UTC B 22
e YYYY-MM-DDTHH:MM:SS.ffffff+HH:MM[:SS[.f£££££f] ], WHmicrosecond Ak 0

e YYYY-MM-DDTHH:MM:SS+HH:MM[:SS[.ff£f£f£ff]], WEmicrosecond A0

-

>>> from datetime import datetime, timezone

>>> datetime (2019, 5, 18, 15, 17, 8, 132263).isoformat ()
'2019-05-18T15:17:08.132263"

>>> datetime (2019, 5, 18, 15, 17, tzinfo=timezone.utc) .isoformat ()
'2019-05-18T15:17:00+00:00"

TSR sep CRINCH ' T") B TFAT, STRAESERA H AT )Wk 2 18] . Bildn:

>>> 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 (' ")

'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"

RS timespec A E RSN [ ZHOHE GBRIAKH "auto'). BRI FMEZ —:
e 'auto': Yimicrosecond H O N5 'seconds' A, FHME 'microseconds' i,
o 'hours': APPSR HE AE B & hour,
e 'minutes': DAL HH: MM #& & hour fminute,

e 'seconds': DA HH:MM: SS ¥R & hour, minute fllsecond,
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« 'milliseconds': f&SEREMA], (HARFFMEM/INECE #2250, #5h HH:MM:SS.

SSSo

e 'microseconds': DL HH:MM:SS. fEEEEF #5=E & SE ¥ H] .

flE): HERR i TR E R BT, A2 i A

STF TCRL timespec Z4(5| &K ValueError:

>>> 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 MU B timespec 5|8

datetime.__str__ ()
StFdatetime LM d, str(d) Z4TF d.isoformat (' '),

datetime.ctime ()

AR [l —A~ZR7 H AR R 5 75

>>> from datetime import datetime
>>> datetime (2002, 12, 4, 20, 30, 40).ctime()
'Wed Dec 4 20:30:40 2002"

AR R R FEN AR R, TOR AR S BN AL 2 R AL
d.ctime () &%0T:

time.ctime (time.mktime (d.timetuple()))

fEJRE C o ctime () BBGEE C FrMER VG £ (time. ctime () & KX % o B

fHdatetime.ctime () HFAEL) .

datetime.strftime (format)

AR ]~ A AF R TR AR HORI [ A R, AR IR e A%, 1S

WFstrftime() $2 strptime() &4 47(E].

datetime._ format__ (format)

Hdatetime.stritime () MFE. WITEMER A datet ime MRAE A AR FATH FIEHF R
AR AL FAFER AR st o . format () AT AL O AT RE . BARBURS R O Se e 35, 7

Zx [ strftime() 2 strptime() 49 47[E,

FHiERfl: datetime

ffifl datet ime STEH T

>>> 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

Q)
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(e )

>>> datetime.now (timezone.utc)
datetime.datetime (2007, 12, 6, 15, 29, 43, 79060, tzinfo=datetime.timezone.utc)

>>> # Using datetime.strptime ()

>>> dt = datetime.strptime("21/11/06 16:30", "2d/%m/%y SH:%M")
>>> dt

datetime.datetime (2006, 11, 21, 16, 30)

>>> # Using datetime.timetuple () to get tuple of all attributes
>>> tt = dt.timetuple()
>>> for it in tt:

print (it)
2006 # year
11 # month
21 # day
16 # hour
30 # minute
0 # second
1 # weekday (0 = Monday)
325 # number of days since 1lst January
-1 # dst - method tzinfo.dst () returned None

>>> # 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, $d. %B %Y $I:3%MS%p")

'Tuesday, 21. November 2006 04:30PM'

>>> 'The {1} is {0:%d}, the {2} is {0:%B}, the {3} is {0:
<", "month", "time")

'The day is 21, the month is November, the time is 04:30PM.'

o

I:

o

MS$p}.'.format (dt, "day

PAT R BIE LT —Atzinfo 33, BHfi#k Kabul, Afghanistan I IXHY(E ., %I Xl ] +4 UTC B3 1945
4, Z )5 +4:30 UTC:

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):

(R oakzn)
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(e )

# 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 1s not self")

# A custom implementation is required for fromutc as

# the input to this function is a datetime with utc values

# but with a tzinfo set to self.

# See datetime.astimezone or fromtimestamp.

if dt.replace(tzinfo=timezone.utc) >= self.UTC_MOVE_DATE:
return dt + timedelta (hours=4, minutes=30)

else:
return dt + timedelta (hours=4)

def dst (self, dt):
# Kabul does not observe daylight saving time.
return timedelta (0)

def tzname (self, dt):
if dt >= self.UTC_MOVE_DATE:
return "+04:30"
return "+04"

iR KabulTz i HEE:

>>> tzl = KabulTz()

>>> # Datetime before the change

>>> dtl = datetime (1900, 11, 21, 16, 30, tzinfo=tzl)
>>> print (dtl.utcoffset())

4:00:00

>>> # Datetime after the change

>>> dt2 = datetime (2006, 6, 14, 13, 0, tzinfo=tzl)
>>> print (dt2.utcoffset ())

4:30:00

>>> # Convert datetime to another time zone

>>> dt3 = dt2.astimezone (timezone.utc)

>>> dt3

datetime.datetime (2006, 6, 14, 8, 30, tzinfo=datetime.timezone.utc)
>>> dt2

datetime.datetime (2006, 6, 14, 13, 0, tzinfo=KabulTz())

>>> dt2 == dt3

True

8.1.7 time ¥)t¥

—Mtime MEAREEHR (AH) W, EMSLTAEMRSE B, FFrla e zinfo XEORTEE.

class datetime.time (hour=0, minute=0, second=0, microsecond=0, tzinfo=None, *, fold=0)
TR SR VLR . zinfo FJPAJE None, B @ —A~tzinfo FRMLH. HRMSELIETE
T T R P A R R

e 0 <= hour < 24,

¢ 0 <= minute < 60,

.

(@)

A
Il

second < 60,

e 0 <= microsecond < 1000000,
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. fold in [0, 1].
ARG — NGB AN S EL, WLk valueError, BrAZHUEMNH 0, A winfo BIA

>N None,
KIE M
time.min
B[ RRtime, time (0, 0, 0, 0).

time.max
MM A /Rtime, time (23, 59, 59, 999999),

time.resolution
PN ARSI time %42 [8) W] BE B B /M a] g, timedelta (microseconds=1), {HE2iHH:
ot ime XRIFARSHFHABE

SlErE (Hik):

time.hour
BUETEEE range (24) .

time.minute
BUETERE & range (60) .

time.second
BUETEEZ range (60) .

time.microsecond
BUHTER 2 range (1000000)

time.tzinfo

1524 tzinfo S ALY ¢ ime MTEAFHIN R, WRBA & AENA None.

time.fold
BUETEREZ [0, 11. FTIEES A1) B bl bRl s SCo (2438 A sh 25 o e ] 3 s b ik e
FHEE R F S 23024 BB X UTC B 22080k 2 B EE AL A s E] B, ) BUE 0 (1) R A~ %) RF
(M) AR [m] i At .
3.6 UHTINA.
time WH K Htime Htime I, 24 a BHAEIZE b Z FIHF, WHEAK a /NT b W05 FLAS IR — 7 A2 iy Bl
T3 R, MR TINUF A 51 Typerrror, XETHGIEL, M PIHHE A
ST RN S
TR L i B8, HEGHFERtzinro J@YE, MM czinfo @S H Z 0 H X F A} [H]
EHAT IR . QSRS LU R 2 N3 H G ANF I czinfo J@k, WA o Jeil i s 2 e A
i) UTC 2% (M self.utcoffset () FRE) RIATREE . A TP IERHR G LR R A A X 4
e BRIN LIRS, Mt ime XRS5 AFRB WXL LR, ¥25| Lk TypeError, BRIEWKZHAT R ==
o = FEEPIRMEOL TR BRI False B True,
33 WE% @%ﬂﬂ*ﬂﬁﬁﬂtime iﬁﬂzr‘ﬂ%*ﬁ%ttﬁm%%[ﬁT}/peErroro
TETRIBERT, time X540 Buil -l ElE.
3.5 JREAE: 7 Python 3.5 2 Aff, MR-t ime Xt At UTC B M & . MAT AN
B o5 KB EFA R, A Python 3.5 2E 4 k. HAES L bpo-13936.
HAh A 1 ¥

classmethod time.fromisoformat (time_string)
REXTN, Ftime.isoformat () FrRALA)FER time_string ¥ Nt ime, HpilHh, MeRECEFLAT
FeA A -

HH[:MM[:SS[.f££[f££]]]] [+tHH:MM[:SS[.£f£f£f£££]]]
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Eos: WI5R IR SCRHRITAERE IS0 8601 PR . BRI H IR N time . isoformat () 1)
BUIEZ S (o

Hip:

>>> 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 BB

S

time.replace (hour=self.hour, minute=self.minute, second=self.second, microsecond=self.microsecond, tz-

info=self.tzinfo, *, fold=0)
R —NBAFEAEEHER t ime, BRABE AT B F S HERE TR L mIAE. R A
f85€ tzinfo=None M—MEHIALt ime QIE—AMARAL L ime, TADFEARN LS .

3.6 GBI #73 £old 5.

time.isoformat (fimespec=auto’)

IR RN AR H1 1SO 8601 Xz — 4y I ) 45 -
e HH:MM:SS.fff£f£ff, R microsecond ANA 0
e HH:MM:SS, UlHmicrosecond k0
o« HH:MM:SS.ffffff+HH:MM[:SS[.EEEEEF]], W utcoffset () A&[E None

e HH:MM:SS+HH:MM[:SS[.ff£f£f££f]], MR microsecond ;0 F Hutcoffset () ANiz[HE
None

T ESHL timespec FALE BN R AAHE GBRIAK "auto'). BRI PAZLAMEZ —:
e 'auto': Y microsecond i 0 M5 'seconds' #i[F], &HMNE 'microseconds' [,
e 'hours': PAPEAEEE A HE 48L& hour,
e 'minutes': PA HH:MM AR A& hour Mlminute,
e 'seconds': DA HH:MM: SS ¥ & hour, minute fllsecond,
« 'milliseconds': f & SEREMA], (HARFFME M/ INEGTR /- E I 2 ZF. #8h HH:MM:SS.

SSSo

e 'microseconds’': DL HH:MM:SS. fEEEE£F #5=& SE ¥ H] .

f(ET: HERR i ] B R T, A2 i A

ST IRLH timespec ZE065| K ValueError,
ity -

>>> 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"

QS
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(R L —5)

>>> dt.isoformat (timespec="'auto")
'12:34:56"

3.6 MU A B timespec 5|8

time.__str ()

STTHFTE ST ¢, str (t) T t.1isoformat ().
time. strftime (format)

— A~ AR N F AR AR B AR A R A7 R . BIRBUR XS8R, S
%]stijftlme( ) $2 strptime() 849 47(E],

time._ format_  (format)
'3 time.stritime () ME. W YEMEAR Rt ime X548 DA MR F4F R P E s iR AL 7

TFERAMMER st r. format () #ATHE AU AT RE . ZEARBUS I8 2528 IIZR, 1S Hsrftimel()
é’i?- strptime() Wy 47E],

time.utcoffset ()

MR tzinfo iy None, NIR[E] None, FHNRE] self.tzinfo.utcoffset (None), JHHIEG
F AR E] None B —AMgE/NT— fEI’J a timedelta XEIREG| K SFH .

3.7 iU 5 UTC B 22 AN FRRR I — R B E
time.dst ()

WM tzinfo A None, NJiR[E None, ENiR[E self.tzinfo.dst (None), HHIFJGHE &R
None B3 —MREE/NT— %B’Jtlmedelta POE LRIV 2

3.7 WU 5%: DST (e A FHR B — B B E

time.tzname ()

WMHtzinfo y None, NIR[H None, FHMiR[H self.tzinfo.tzname (None), WHRJGHEARNIR
] None j%#*?ﬁ%ﬁ%ﬁlﬂ’]%@lﬁ#% o

FERB: time

A £ ime RFRAGHIT

>>> from datetime import time, tzinfo, timedelta
>>> class TZl (tzinfo):
def utcoffset(self, dt):
return timedelta (hours=1)
def dst (self, dt):
return timedelta (0)
def tzname (self,dt):
return "+01:00"
def _ repr_ (self):
return f"{self. class_ . name o"

>>> t = time (12, 10, 30, tzinfo=TZ1())
>>> t

datetime.time (12, 10, 30, tzinfo=TZ1())
>>> t.isoformat ()

'12:10:30+01:00"

>>> t.dst ()

datetime.timedelta (0)

>>> t.tzname ()

'+01:00"

>>> t.strftime ("$H:%M:%S %2")

'12:10:30 +01:00"

>>> 'The is {:%H:%M}.'.format ("time", t)
'The time is 12:10."'
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8.1.8 tzinfo ¥4

class datetime.tzinfo

B MG, R ARSI, 5 X o210 fo ) T AR AT KA X
1.

cainfo ) (A TE) WP IESdat et ine Rt ime MRIHIER. LIS 20
IR T A, 9 L2 0 fo XEG SRR MU |5 UTC 9220, X 45
A DST (0T, #R 1648 E 09 NSRRI AS G0 XL

IR BIRAE— AT, JEH (£2°) JRORHN dat et ine R EAIRRIE 210 f0 kR
S, datetine BHHRHE T £ imezone, KR eointo M MHRLHATHE, THIAS UTC 1
AR RIS, (141 UTC 7 5] % 1) EST A1 EDT.

XEFEARMEIATRER: —ezinfo FHRBGRATTRESEOANNG __inic__ (O ik, &
W B R ATDABET , (LT AR TCH IR . SRR IR, KoK AT RE S BTN -

vz ingo KSR TR REREIIUA T Tk, SURTREIBU IR T AR dat ot ime 3
SATHRE . ARATEER], 7 DA B4 A 9L

tzinfo.utcoffset (dt)

FEAME S UTC 255K [0 h—At imedelta X4, WNFARN XAE UTC DA NN IE(E . a0k
AHBBS X AE UTC DATG )k F74E

XFERE UTC 1y %ot i 22 2Bk, WHR—"Ntzinfo X4 [A B AL % B X Fl DST
F, Mutcoffset () W 241R [\ W& H AL, R UTC B 22 A 8 & W 3% 1] None, 7E H:Ath 5
LR IR [ E RN — A timedelta X4, HIBUE ™M R 6l T -timedelta (hours=24) I
timedelta (hours=24) Z[a] (ZHEMIEELB/NF—K) . KEHutcorrset () WELIWE
T REGE AN T E Z—:

return CONSTANT # fixed-offset class
return CONSTANT + self.dst(dt) # daylight-aware class

MR utcoffset () IREEA N None, Mdst () AR IR [F] None,
BiAfJutcoffset () SLMEF| K Not ImplementedError,

3.7 WU A UTC IS 22 A FERR A — R

tzinfo.dst (dt)

PR AW (DST) FHREIN—Atimedelta WA, WA DST {5 EARKMIE M None,

04 DST )3 HNER M) timedelta (0) o WA DST B NP 2ZE(ENE N — Nt imedelta X5k
Bl (BWutcorfset () TRVER) . EHE DST ZEUURATH, MiS BB Avtcorfset ()
fFiR [l UTC if 25, I ETRIMEfIdst () BRAMRAEE IR DST {5 B flin, datetime.
timetuple () WM Htzinro JEYEMdst () J7 ¥ KM E B W] % & tm_isdst AR,
Mtzinfo.fromutce () &P dst () FAEEEFRI X AT DST e 2y,

— AT DA B AL BRAR HE RN B £ 2 info TR Sl 2 W AE MU TE Hh e — B
tz.utcoffset (dt) - tz.dst(dt)

DR RRER c zinfo THEHIH dt . tzinfo == tz [f N datet ime St4 dr 3R] [RIRERY
gER, WWRIB SR IXKE) “ArifER 257, BAN BT H AR Bt E], B T .
datetime.astimezone () [HSEBUKHRBL YA, (HICER IS SO IGO0 s B PRAT G B0 ) 2 A
FRITHUE. MR- czinfo THRARMRIEX -, WIFPAES tzinfo. fromutce () FIERIA
SCHPATEAEARATT I OL T 5 astimezone () IEHBLA -

REZHdst () LI RES ML T ME Z—:

def dst (self, dt):
# a fixed-offset class: doesn't account for DST
return timedelta (0)
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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)

else:
return timedelta (0)

BN dst () L4 K Not ImplementedError,
3.7 i s 5%: DST ZE{HAFRRR H 0 — AR BE

tzinfo.tzname (dt)
FEXP BT datet ime X4 dt (I XA FRAE R FAFER IR datet ime SIS & SULMFAF 4 7
FRNES, MARESRAFRAE FEEE & L. Fla"GMT”, "UTC”, ”-500”, *-5:00”, "EDT”, "US/Eastern”,
“America/New York” /2 A SR ME .. AR FAFHR A FRARFIMIR ] None. #§HEE IR — DIk
T2 — N E TS, X BRI R ez info T80T BEFFEARIE BT A4S E dr fH3R 1]
RNIFERBFR, FERE2Y 2 1info JEBAMTTALIE S Wi .

BNt zname () SEMET| K Not ImplementedError,

X idatet ime Bt ime MM, XS ENMFEL FEM . datetime WMRERH S
VENEASHL, Titime X540 None fENEASE. Kbt zinfo FRIITEN LUERIFEZ dt B
B K None m(@datet ime FHYFLH.

W fl N None W, W24 i KBTS o e BB R Y =0, filan, 321 None & H T4 BiZ 24/ i) [A]
MEAZ Htzinfo thilAbH. ik utcoffset (None) jRFIARHE UTC B ZWIF B A AL, KA
A HAB ] T IR UER 2210 29 52 10 1

B N—Adatetime WG KN datet ime JriER), dt.tzinfo 5 self @—X4%. tzinfo JyiEn]
DML 5. BRAEA P ORI T c2info Jrik. AT IR AERe 2 2o ikl df BRTE)
ARHUEE], TN TR L O HA B DX A0 AR X 4
WH AN tzinfo Ik, EANTFRIBSHEESE:
tzinfo.fromutc (dt)
WhHEEhEIA datet ime. astimezone () LR . S HJE K, dt.tzinfo 2 self,
I H. dr 1) H AR R E0E 2 A 2678 UTC B[], fromutc () W) H bR IREE H HIFI SR 2
IRl —ANEEH ) datetime SR FTR self FASHLETA] .

KEHtzinfo TN KREN 2 0 BHLAK K BRIA R fromute () SEB. B A ECH 2 2 DAAL B
TE ZEAE I I X DA % [ R 6 S A 1 i A A P (R B DX, X J5 3 2 IR BB AL R DST F5 46 i) 8] 7 4%
MNEGA AT L. —ANERIA fromutc () SEEUAT BETCVEAE BT A 00 R IEMR AL B 12 (5
UTC ) RifEr) 2B T BT &4 i ds e H BRI ], Aol ol BE i T B0A e i 2. BRIAR
astimezone () filfromutc () LI REICTEAE ARA BRI SE R, AR XA S5 510 12 B T 4R
T A 25 25 A6 DA R R 220 24 v B A /INIHEL A 37

MG EI XTI DL ACRD , BRIA fromute () SEBLAIAT R AT

def fromutc(self, dt):
# raise ValueError error if dt.tzinfo is not self
dtoff = dt.utcoffset ()
dtdst = dt.dst ()
# raise ValueError 1if dtoff is None or dtdst is None
delta = dtoff - dtdst # this is self's standard offset
if delta:
dt += delta # convert to standard local time
dtdst = dt.dst()
# raise ValueError 1if dtdst is None
if dtdst:
return dt + dtdst

Q9]
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(R L —5)

else:
return dt

FEPLF tzinfo_examples.py X H—Ltzinfo 25pMH 1

from datetime import tzinfo, timedelta, datetime

ZERO timedelta (0)
HOUR = timedelta (hours=1)
SECOND = timedelta (seconds=1)

# A class capturing the platform's idea of local time.
# (May result in wrong values on historical times in

# timezones where UTC offset and/or the DST rules had
# changed in the past.)

import time as _time

STDOFFSET = timedelta(seconds = —_time.timezone)
if _time.daylight:

DSTOFFSET = timedelta(seconds = —_time.altzone)
else:

DSTOFFSET = STDOFFSET
DSTDIFF = DSTOFFSET - STDOFFSET
class LocalTimezone (tzinfo) :

def fromutc(self, dt):
assert dt.tzinfo is self
stamp = (dt - datetime (1970, 1, 1, tzinfo=self)) // SECOND
args = _time.localtime (stamp) [:6]
dst_diff = DSTDIFF // SECOND
# Detect fold
fold = (args == _time.localtime(stamp - dst_diff))
return datetime (*args, microsecond=dt.microsecond,
tzinfo=self, fold=fold)

def utcoffset (self, dt):
if self._ isdst (dt):
return DSTOFFSET
else:
return STDOFFSET

def dst(self, dt):
if self._ isdst(dt):
return DSTDIFF
else:
return ZERO

def tzname (self, dt):
return _time.tzname[self._ isdst (dt) ]

def _isdst(self, dt):

tt = (dt.year, dt.month, dt.day,
dt .hour, dt.minute, dt.second,
dt .weekday (), 0, 0)

stamp = _time.mktime (tt)

tt = _time.localtime (stamp)

return tt.tm isdst > 0

Local = LocalTimezone ()

Q)
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# 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
https://sourceforge.net/projects/pytz/ (might not be up-to-date)

In the US, since 2007, DST starts at 2am (standard time) on the second
Sunday in March, which is the first Sunday on or after Mar 8.
DSTSTART_2007 = datetime (1, 3, 8, 2)

# and ends at 2am (DST time) on the first Sunday of Nov.

DSTEND_2007 = datetime (1, 11, 1, 2)

# From 1987 to 2006, DST used to start at 2am (standard time) on the first
# Sunday in April and to end at 2am (DST time) on the last

# Sunday of October, which is the first Sunday on or after Oct 25.
DSTSTART_1987_2006 = datetime(l, 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(l, 4, 24, 2)

DSTEND_1967_1986 = DSTEND_1987_2006

H ¥ HH R W R R W R H

def us_dst_range (year) :
# Find start and end times for US DST. For years before 1967, return
# start = end for no DST.
if 2006 < year:
dststart, dstend = DSTSTART_2007, DSTEND_2007
elif 1986 < year < 2007:
dststart, dstend = DSTSTART_1987_2006, DSTEND_1987_2006
elif 1966 < year < 1987:
dststart, dstend = DSTSTART_1967_1986, DSTEND_1967_1986

else:

return (datetime (year, 1, 1), ) * 2
start = first_sunday_on_or_after (dststart.replace (year=year))
end = first_sunday_on_or_after (dstend.replace (year=year))

return start, end

class USTimeZone (tzinfo) :

def _ init_ (self, hours, reprname, stdname, dstname):
self.stdoffset = timedelta (hours=hours)
self.reprname = reprname
self.stdname = stdname
self.dstname = dstname

(FOAkED)
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(e )

def _ repr__ (self):
return self.reprname

def tzname (self, dt):
if self.dst(dt):
return self.dstname
else:
return self.stdname

def utcoffset(self, dt):
return self.stdoffset + self.dst (dt)

def dst (self, dt):
if dt is None or dt.tzinfo is None:

# An exception may be sensible here, in one or both cases.

# It depends on how you want to treat them.

The default

# fromutc () implementation (called by the default astimezone ()
# implementation) passes a datetime with dt.tzinfo is self.

return ZERO
assert dt.tzinfo is self
start, end = us_dst_range (dt.year)

# Can't compare naive to aware objects, so strip the timezone from

# dt first.

dt = dt.replace(tzinfo=None)

if start + HOUR <= dt < end - HOUR:
# DST is 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

def fromutc(self, dt):
assert dt.tzinfo is self
start, end = us_dst_range (dt.year)
start = start.replace(tzinfo=self)
end = end.replace(tzinfo=self)
std_time = dt + self.stdoffset
dst_time = std_time + HOUR
if end <= dst_time < end + HOUR:
# Repeated hour
return std_time.replace(fold=1)
if std_time < start or dst_time >= end:
# Standard time
return std_time
if start <= std_time < end - HOUR:
# Daylight saving time
return dst_time

Eastern = USTimeZone (-5, "Eastern", "EST", "EDT")
Central = USTimeZone (-6, "Central", "CST", "CDT")
Mountain = USTimeZone (-7, "Mountain", "MST", "MDT")
Pacific = USTimeZone (-8, "Pacific", "PST", "PDT")

THTE R I SR AR I £z in fo F2RAEAEAF PR Y DST B4 s b2 th B W] b A (R0 1)
A BRI, %I E AR X (UTC -0500), ‘ER EDT M =H % " ANEWIK 1:59 (EST) Z J5—7

MOTG, HAET— AR RENRK 1:59 (EDT) ZJ5— 7 ph4iH:
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UTC 3:MM 4:MM 5:MM 6:MM 7:MM 8:MM
EST 22:MM 23:MM O:MM 1:MM 2:MM 3:MM
EDT 23:MM O:MM 1:MM 2:MM 3:MM 4:MM
start 22:MM 23:MM O:MM 1:MM 3:MM 4:MM

end 23:MM O:MM 1:MM 1:MM 2:MM 3:MM

24 DST FFLAHT (B7start” 47 ), AHEEF B AN 1:59 BkF) 3:00, TE K 2:MM (4 i B LR — K2 1A 5 X
K HAE DST H45T8— K astimezone (Eastern) AL S hour == 2 WEEE. N, 7£ 2016 4F
BREEP R RS, FRATEE:

>>> from datetime import datetime, timezone
>>> from tzinfo_examples import HOUR, Eastern
>>> u0 = datetime (2016, 3, 13, 5, tzinfo=timezone.utc)
>>> for i in range(4):
u = u0 + 1*HOUR
t = u.astimezone (Eastern)
print (u.time (), 'UTC ="', t.time(), t.tzname())

05:00:00 UIC
06:00:00 UTIC
07:00:00 UIC
08:00:00 UIC

00:00:00 EST
01:00:00 EST
03:00:00 EDT
04:00:00 EDT

24 DST 453} (W 7end” 47), 234 EABRE AOTEAE M0 AR RIS ) rP oA — A/ N AR T B IS AT I iy B
AR/ o BIPADL 58 2R FB s 18] 6% 24 K A S5 RO TE A 5:MM UTC fHE] . AR bk A
1:59 L 4F) TR BN E) 1:00 FRifERD. a0 MM EA A a2 18 A . B astimezone ()
e AT RF A A AR A UTC /)N IS 30 194 [5] 4 A Hh/INFsf SRASEAT AR BB b A A7 R o X AU 8 2R B st
R G, TEEH 5 MM R 6:MM (1) UTC fif (8] 7E 545 Ry AU 36 AT ] B #0281 MM, B i —
/I‘Eﬂjl‘ﬁﬂ%ﬂ%fold JEVEBEA O T JG— IR SR B 1 BN, 76 2016 AEFKFRIAhA: [ eI, 3847
55

>>> u0 = datetime (2016, 11, 6, 4, tzinfo=timezone.utc)
>>> for 1 in range(4):
u = u0 + i*HOUR
t = u.astimezone (Eastern)
print (u.time (), 'UTC =', t.time(), t.tzname(), t.fold)

04:00:00 UTC

= 00:00:00 EDT O
05:00:00 UTC = 01:00:00 EDT O
06:00:00 UTC = 01:00:00 EST 1
07:00:00 UTC = 02:00:00 EST O

LA datet ime SEHIGEIE fold BIEERMARK Y, EAHEHE I S .

AN SCVFIN () R AR SR B 75 2 XA A fo 1 o JRMERYME, B IR G i tzinfo 1-2;
Mt imezone BEEALAM AR E I t zinfo TREIAEETR BST (€ 20E -5 /M) sifiFon
EDT ([&%EZ(H -4 /D) B R AR S E L.

hz%:

zoneinfo datetime B —PHEAt imezone 2k (AT E S UTC BREER22) &
Htimezone.utc JgtE (—4 UTC KX 5:H1).

zoneinfo Jy Python 13k T IANA Bf R #c38 & (9 FRA Olson e ), HEF T .

TANA W[5 2ORHIE 00 X Bl e G t7, wdata 5 zoneinfo) £k B (RS AU BCR ik o 23k i %
5 R R HL A A I B S 56 8 22 WAL 3 30 L S e A 52 (RO I . UTC
(AL 4RI
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8.1.9 timezone ¥

timezone Jgtzinfo BT, EMBNELAME—LAE UTC Bk E B 228 & S X

A AT B T AR I LU R TR S A B DA S, 3K S8 b f A — AR AN [R) H 0 2 (8 AN ] g B 22
SO TEDT S B R BT A T A
class datetime.timezone (offset, name=None)

offset ZHLWIFE T N— >t imedelta X4, FnAHEE S UTC BRFZE. &0 ™4 R 6l T
—timedelta (hours=24) fll timedelta (hours=24) ZJq], HNW&5|kVvalueError,

name ZHLEV N . WIRAEE MMAC — NP4, ERfgUiifEdatetime. t zname () J5{AHIIR
IEI{EO

3.2 BB
3.7 WU A% UTC I 22 A FERR A — B R AL

timezone.utcoffset (dt)

I ¢ i me zone SEIRHIEIS & E (.
dt B BRI At imedelta 501, LS TFAHMINEE UTC 2 [,
3.7 JUH 8 UTC F22 R TR N — MERO S

timezone.tzname (dt)

AR [0 £ ime zone SEBIRAN I i 5 Y S 1

WA LR E RS PR name, ] tzname (dt) BRI A FRRARYE of £set {HAZDA R HLAE AL
W offset " timedelta (0), ML N “UTC”, HNHFAFE UTC+HH MM, Hf + 4 offset
HIIE 455, HH fl MM 435378 of fset .hours fll of fset .minutes [RFERE .,

3.6 RS  offset=timedelta (0) 4RI GFRIAEZH AN 'UTC , TiAZ 'UTC+00:00",

timezone.dst (dt)
B2k [H] None.,

timezone. fromutc (dt)
R\ dt + offset. dt ZHUIH—NEGHIB datet ime 525, H W tzinfo {HIX N self,

Rtk

timezone.utc
UTC B}[X, timezone (timedelta (0)),

8.1.10 strftime () Bl strptime () BYFTE

date, datetime fllt ime X5 H#ER L H strftime (format) F¥E, W HRAGZEAH - PDERXERFLEE
FIT 1 2 7 ) ) P45 R

FHIRHE, datetime.strptime () ZREARYEF R H WIFIET ] 4 B FAH B2 A% X A7 ok 1)t —
A~datetime WA,

THEBEMT strftime () 5 strptime () WEEHRHLEK:

strftime strptime
NS M5 E WG ORI R 3 P45 S | R R R e M Ag i dat et ime X4
e NIES S R
I date; datetime; time datetime
B strftime (format) strptime (date_string, format)
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strftime () 1 strptime () Format Codes

PATSIZRE R T 1989 i C ARifE pir 2R i il AU, ENTET A siE C SSBU A ¥ & B3 Al
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ks 2B £ [Elfi
%a i TAE H S . (D
Sun, Mon, ..., Sat
(en_US);
So, Mo, ..., Sa (de_DE)
SA fﬂﬁﬁcﬁ’ﬂ SR H (1)
AR Sunday, Monday, ...,
Saturday (en_US);
Sonntag, Montag, ...,
Samstag (de_DE)
Sw PATREFRIEC R TAE | 0,1,...,6
H, Hdr0FRREMNH,
6 TR BN,
%d ), PAHEERIEE | 01,02, .., 31 ©)
R H G I — K
%b 2t H I 4R S o (D
Jan, Feb, ..., Dec
(en_US);
Jan, Feb, ..., Dez
(de_DE)
$B AHAI H oy 4244 (1)
January, February, ...,
December (en_US);
Januar, Februar, ...,
Dezember (de_DE)
Sm #EE, PATEEREE | 01,02, .., 12 ©)
AR H G
5y #EJE, PATEEREER | 00,01, ..., 99 9
TN, AN
5y TR E R | 0001, 0002, ..., 2013, | (2)
A - 2014, ..., 9998, 9999
$H PARNE g | 00,01, ..., 23 ©)
TR/ (24 /iR -
%1 PARNS S ik | 01,02, ..., 12 9
AR/ (12 /i)
sp AHIH) AM B PM (1, (3)
AM, PM (en_US);
am, pm (de_DE)
sM #EE, AT | 00,01, .., 59 ©)
ENIE i
%S #EJE, A% | 00,01, ..., 59 (CIN)]
ANOEL
$f AP AE B — A~ 3E 4K | 000000, 000001, 5)
B, THEFEH 6 (i, 999999
%z UTC 1w # &, # | (=), +0000, -0400, | (6)
L S~ +HHMM[SS[. | +1030, +063415,
fEEEEE]] (AR | 030712.345216
i;ﬂxﬁ%mﬂ%%?ﬁ
%7 B XA PR (AR5 | (55), UTC, GMT (6)
202 FATERL IR A 2 AR ) Chapter 8. FEIRIF
%3 PARNE IR T %R | 001, 002, ..., 366 )
AP HIT S
%U PARNE R R R | 00,01, ..., 53 (N, )
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NT IR, BAFET C89 FRHEARTT A HAMb— e /R fF . IXLESHHAS YT 18O 8601 H .

| 8% £t
< &
5G| A 2L 1SO 8601 40y, Fntd & K43 1ISO BT (5v) i | 0001, 0002, ..., 2013, | (8)
AR 2014, ..., 9998, 9999
su | AT R IS0 8601 BRI H S, Hih 1 3R | 1,2,..,7
B—.
sV | ATEE B s 1SO 8601 B40), PAEMI—ff ha s — | 01,02, ..., 53 ®),
Ko 501 e 1 A 4 HE R, Q)

XL AT REARAE A -6 LE S strftime () HERCG M . 1SO 8601 443 F1 ISO 8601 Eiti+5
ARG S LA B S8 M ER . A strptime () BFHE AN SERE S 1 LAY 1SO 8601

18505 K valueError,

Xof 52 B SRR AR I SR E AN -6 A 2253, IR Python B8 I FTfE~F- 51 C Y stritime () B
B, WA FER-G 225 R AR UL . S HRB -6 B SR s B A NS AR, 1520 strftime (3)
R RS EAL P SRR SR E AT TR A 2

3.6 HUHTIA: il 3G, su Bl 5V,

EARAT
MRS, d.strftime (fmt) BT time B time.strftime (fmt, d.timetuple()), {H
IR MR ERSCHF timetuple () Fik.

St Tdatetime.strptime () K, BRIMEHN 1900-01-01T00:00:00.000: {R{if RAEME R F458
g S S A A BREA (L R R B

ffiff] datetime.strptime (date_string, format) Z{T:

datetime (* (time.strptime (date_string, format) [0:6]))

PRAERS A P SR AR IR B K 2E AR S, B datetime. strptime P2 LHFHHLSH time.
strptime I E#H.

X eime ¥g, F AL HEMESKAUE AR, Pt ime XEREA XL ARENTHAEA, W
TR 1900, 1A FIH FH N 1.

W T date w5, BE. 4y, EABEIORS ORISR R, B dare XA e . e i1
I, S AR 0.

AR SRR, X0 24 i DX 5 A B BT 0¥ 2 7R 1) Unicode AL AR A% 20 24 ER R A FE Xt
BT HAR PG . fERLT-E PRI AL 2 A MG Bt E R, e HA & I strftime WA EE
8% UnicodeError B HiR | — S FEFH .

fige:

(1) T A AR 224 1 DRI a8, PR e L R i (L 24 PR R T . 2B £ & AR s (3
1" month/day/year” t5day/month/year”) , - FLAr H w] BEAL & (8 F XIS 58 B T 6 /8 A0 BRI SR i A% 20 R
Unicode 47 (Blanfn R 4 ui Xk R ja_Jap, WERIAGISHEATEEN eucdP, STIS B ut£-8 H1i
—A; il locale.getlocale () AIHfE 24l K% B o) .

(2) strptime () JrikBERSMAATEEA [1, 99991 EIEI A HIAEAT, {H < 1000 AY4E (b IR TE A 4 (%L

FIEE .

3.2 RS FEZHIMRAY, strftime () JERIRT >= 1900 H4E G

3.3 REEAR: FERUA 3.2 W, strftime () H¥ERFRT years >= 1000,
(3) XY strptime () HYE—REHAN, WERMA ST 5 KMHT/ N, 2p $52 HEZmak /=B
4) Htime BHARRIR)Z, datetime BHASHFED.

4 f£ A datetime.strptime ('"Feb 29', 'Sb $d') BFSEEEHE, N 1900 A2,

=
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(5) %45 strptime () H¥E—REHAN, $£ 5022 EANNEIERTE. £ 2% Cin
WA R FAFER YR (HEpFE datetime X5 hSeBl, FILE S ETTH).
(6) XF TR BN S, %z and %2 AR 2P0 25 FAFER
XA B XS A 5
%z utcoffset () SWHHIy +HAMM[SS [ ££EEEE) ] JEaUR AT, Jorp mH % i UTC e
FI/INEFR A 2 SRS 45, MM R4y UTC B2 8o 1 2 B 7455, Ss A4
i UTC W22 R 1 2 (BB FAF e, T £E£E£5 25 UTC I 25 SRR 411 6 1180
TR UINZENREEAIN £EEEEE ARRERERTIG , T 24 I 220 BB Bl £EE£EF 1 sS
ERIEAE NS . BN, W utcoffset () iR timedelta (hours=-3, minutes=-30),
M &z SRR FAFH 1 -0330".
3.7 A UTC B2 AN FRRR 6 — AR50 B
3.7 A MR sz $55 4 strptime () JERT, UTC Z{E R PAYER) . Z-FIRbZ [l B 545
BEAF. B, '+01:00:00" KEPeffE— /NI ZE(E. Bboh, $24E 2 A4 T '+00:00".
$Z {E strftime () H, HIR tzname () 1R[] None N $7 &9 h— s FR s FEHALRE B
T sz SRR IEE, RIE AU — AR
strptime () {UHEAZFEER %2 {A:
1. REGHLERAY XIS B AT PAE time . tzname HRATA{E
2. T gmh (. UTC Fll GMT
SCREAEAE H AP AT FHME S JST, UTC I GMT, {HuJ g EST. T¥5|% ValueError
s TR
3.2 Mo AE: L3Rk sz $544, strptime () FYERT, ¥ — RGN Rldatet ime X5, 5
tzinfo FHX N— "t imezone SLH,
(7) %45 strptime () HE—RMAEHB, sU M sw UHT4E EPLHH DIAEG (5Y) 1ITHE.
(8) KT sU Fl sw, sV AUHTHE strptime () #&=FAFER g @ B LA ISO 4457 (56) iTHL.
EETE %G Fl 5Y @A AR o
(9) %45 strptime () FEREHP, BIFMELEERK 5d, s, $H, 81, 5M, %S, %3, U, 5W il sV i
EATER . 18X sy MEERARITNE.
[Ff#
8.2 zoneinfo --- IANA B [X % ¥
3.9 OB

JEACHY: Lib/zoneinfo

zoneinfo FHUARYE PEP 615 [ i PR AL T HAK A I IR SE PR S2HF IANA B IR B R E . 15 IR BRI
H, zoneinfo XAEVREHIEOLFHIH RGE R IXEE; AR R IKEIRA T, %R R A
PyPI {2 {Itf) tzdata 55— H .

hz%:
datetime Bigl $2fitt ime fldatetime M, ZoneInrfo FEPEHETT ML G N ZAUH .
{4 tzdata [y CPython #%.0oJF &35 44 LA 2t PyPT $E AR DB 1 85— 6 o
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8.2.1 {#M ZoneInfo

ZoneInfo jgdatetime.tzinfo MG IERKMHIASLH, HEEELIWER. datetime. replace
FiES datetime. astimezone 5 tzinfo L KEE:

>>> from zoneinfo import ZoneInfo
>>> from datetime import datetime, timedelta

>>> dt = datetime (2020, 10, 31, 12, tzinfo=ZonelInfo ("America/Los_Angeles"))
>>> print (dt)
2020-10-31 12:00:00-07:00

>>> dt.tzname ()
'PDT'

PARET7 M F) FBIIRT RIS G T e H BN ElE 5 nT R e g h— 22 TR O T Ab B & I e ffe:

>>> dt_add = dt + timedelta (days=1)

>>> print (dt_add)
2020-11-01 12:00:00-08:00

>>> dt_add.tzname ()
'PST!

X BEI DGA SCHRAE PEP 495 | AT fold. TERTAESB0n [ I 22554 - (1 a0 4 i 2 AR i i
M), 24 £old=0 WP R 2 ATHYIZE, T2 fold=1 WG AR =5 UM 22, il

>>> dt = datetime (2020, 11, 1, 1, tzinfo=ZonelInfo("America/Los_Angeles"))
>>> print (dt)
2020-11-01 01:00:00-07:00

>>> print (dt.replace(fold=1))
2020-11-01 01:00:00-08:00

BIHATHR A 55— I XA, fold RFwiisd B IE B A

>>> from datetime import timezone
>>> LOS_ANGELES = ZoneInfo ("America/Los_Angeles™)
>>> dt_utc = datetime (2020, 11, 1, 8, tzinfo=timezone.utc)

>>> # Before the PDT -> PST transition
>>> print (dt_utc.astimezone (LOS_ANGELES))
2020-11-01 01:00:00-07:00

>>> # After the PDT —-> PST transition
>>> print ((dt_utc + timedelta (hours=1)) .astimezone (LOS_ANGELES))
2020-11-01 01:00:00-08:00

8.2.2 HIEE

zoneinfo FLHUNH BEER LIS DXECHE, T2 7 vT BB DL A R Ge s X E0d 2 55 PyPT _E 1956 — 5 £
tzdata FRELF XA E . HLERSGE, HER—E Windows REWAIELEN, H AW HIH) TANA 0454
PR T T B ARAIE RS DAE B G AR A I, HEFERT tzdata FREAEE . A0SR R G4 A tzdata
YRR, WA ZoneInfo WRAHERES| % ZoneInfoNot FoundError,
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EEERIER
24 ZoneInfo (key) WMMM, WHERSEEATET2PATH Pt H K TR RILE key 1931, RN
I NS5 7E tzdata (AP UCHL . AT R o] 3 i =y Ok i

1. BRAM TZ2PATH Al it Hifth =X 48 2 By W 7E 20 i3 0 FEITHCE .

2. TZPATH W[H 7y E & MATHCE .

3. fEEATET, WREEAH reset_tzpath () BRECRIBIL.

MmiFHECE

ERINRY TZPATH LGSO R Ecs 12 )38 F 0307 8 (Windows BRAN, 1RG0 3A i R &R “E@H” {7
B). TEPOSIX REGir, Tlifsr A& TGRS S Python [ & FIiE R Gy X E & 008, A1)
DA 33 F6 G R I IR T TZPATH (B i LAY 28 B & AT ——with-tzpath) REBAS BRI IX
AR, BRI 242 — P os. pathsep R FESFH .

EAEE L, BEHSTEsysconfig.get_config_var () HPA TZPATH #FE L.

INRECE

YHIRATZPATH B (FES AR SR SE  reset_tzpath () i}), zoneinfo WIHLRE i IR
H PYTHONTZPATH, WISRAS e & B R AR .

PYTHONTZPATH
X g Phos.pathsep MR, HAP A& 56 X B RIS . B b 40t A%
AR B AR 8. #E PYTHONTZPATH HH$5 % MIAHXT BE AT A 9l i, (B E A L T 24
T8 E A BRARI AT Z S T2 A E X5 CPython ¥§5| % TnvalidTZzPathiarning, i HAtsg
AT B Z WA DR A B 5 | K S

PR EAL RGN R GBI tzdata £, 15X E PYTHONTZPATH="",
BITHREE

TZ BRI TN ] reset_tzpath () RECRACE . WHEIFANBEBCNILEANE, AT ETREME
MR E R KB (SRR LD RGN IX) At R b 1 R A B

8.2.3 ZoneInfo 3

class zoneinfo.ZoneInfo (key)
— PR datetime. tzinfo 72K, BAR—DHTAE key FrifEny IANA B [X. X FH45E
A AT P SRR B P T AR R BB XS 45 (ER 0 —Fhral, WA key (Hiliid ZoneTnfo.
clear cache () 3EIRGAFRR, XPAT WS RS2 N ElH:

a ZonelInfo (
b ZoneInfo (
assert a is b

ey)

key
key)

key WAVOR A HO bR fEAL POSIX ARG IES, Hh Xt L— 25 H . AEREA TAGEE
RIS 5] K valueError,

MR A R EIVCE key SO, MXERRRFG] K ZoneInfoNot FoundError,
zoneInfo KHAWNNMEAMEL:

classmethod ZoneInfo.from_£ile (fobj, /, key=None)
BT R B AR SO B S (B1an—A A BERIRBEATH 0 S8 — A~ io0. BytesT0 Xf
%) Wit ZoneInfo X4, ANET EMIER, MRS LM E XL
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key BB ER X ZAFRME __str_ () Al __repr_ () i,
HH AR g B B X AN TR ET (B W pickling)

classmethod ZoneInfo.no_cache (key)
— G S SR EAr R GRS B FMESHRARL, ARG AR SR I — S R i
i A TE AT I B R I B Aod Y, EVE AT AR o 17 A A 7] A7 ORI ) R B

B 35 OO 5 LRt 2 it 9 R O 4

WeoRe (T IR TS 28] DAS DA A0 77 202 H a2 s X, RO TR E VRIS
KA E .

WA PAGE AR Y25

classmethod ZonelInfo.clear_cache (¥, only_keys=None)
—WAE zoneInfo K B GAFH I k. WAL ASEL, WS IrE Gt B OO 484>
SRR ) A s A ] — BT S B
WALF— DL IR RILS only_keys B2, WA HENBSBNEF T HER. &
%45 only_keys [EAEGAF P HRA T B 5 20

Bl JORI ] B RO RE 2 LA NS Y 7 AU ) ZoneInfo 1 H I [A) % 52 1 1 3
X P AR B PN B 4 JRpRAS T R I RT RE 7 AR RS R 52 . A R AR E VR 75 K I A (8
ME-

MEHA—AE M
ZonelInfo.key

BCR— AP eianribure, EIRBE AR key M, VAR H— TANA I AR
i (0 America/New_York, Europe/Paris B Asia/Tokyo).

XTFAEE key BSMRET XAFHER X, ZEMAERBCN None.,

fi(E): JRAERFIX S B R R A A PR — R BB 0, (ER X S R AR R AR A
R DX ) 2 BT R — 52 A2 1 ) )L P ¢ 3 . CLDR (Unicode 38 Fi XIS A76 ) 2 2814500 H vl B
AR X LA AR Ry ] P AU IR AR

FHBRT

MFEzoneInfo WG B str WHR B FAFHFRBINS MM ZoneInfo. key Bk (S W ZEMEX
R AR )

>>> zone = ZonelInfo("Pacific/Kwajalein")
>>> str (zone)
'Pacific/Kwajalein'

>>> dt = datetime (2020, 4, 1, 3, 15, tzinfo=zone)
>>> f"/dt.isoformat () [{dt.tzinfo /1"
'2020-04-01T03:15:00+12:00 [Pacific/Kwajalein]'

XFET MR E key WS FEXTSR, str KELRAM repr (). ZoneInfo [ repr 2
HARSEHE LW H BA—E RAEA FRA B RFFRE , HERIEA S ZoneInfo H.
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HEFIIL

ZoneInfo XWRITIIEITHN, MARTFICIA S ELS, I HET X% ZoneInfo X}
% (R4 T key HIUXS) NREHEFE .
ZonelInfo jCFFB/‘Jﬁ‘j‘JB&g%?HZ%WIﬁﬁK
1. ZoneInfo (key): Ml A rEERIERS, SETH#FI—14 ZoneInfo X%, 1MY4KF5Ik
B, SOP Pt RE ol ] A it as, PR & A5 A ] — B X 5| 2 2 [F—X1 5. filan,
IR europe_berlin_pkl B2—PMEEET ZoneInfo ("Europe/Berlin™) ##EHEH1FEIE
FIFAFER, ARAT AT S B A R 89474

>>> a = ZoneInfo ("Europe/Berlin")

>>> b = pickle.loads (europe_berlin_pkl)
>>> a is b

True

2. ZonelInfo.no_cache (key): Mil il L8t AP 2SS, ZoneInfo R MW AHT TS
b, (B4 RFHIERE, SOFFML AR S 58S ARG 2. AR europe_berlin_pkl_nc
B MIF AT ZoneInfo.no_cache ("Europe/Berlin") W& EHFEHRFAFH, IRATA
T IA T AT R

>>> a = ZonelInfo ("Europe/Berlin")

>>> b = pickle.loads (europe_berlin_pkl_nc)
>>> a is b

False

3. ZoneInfo.from_file (fobj, /, key=None): M3 &R, ZoneInfo ¥4 A¥EETTE
B 5 RS . WAL H PR EEAE  SC &R ZoneInfo, MIHEFAMLATM 22818 5 &
SUFSMERE: BCE T I, B SRS NI/ 7 514

T AN 7 5 B R s B I DB AE P AL R SO A R ml i, ST AP ZAL R ST 51 AL EREE
AT AEAEXT AR B 51 W 7 Ko X8 TR AE LA AN [R] s DX B HiR A 9 3085 v 24 il B A7 1
ZoneInfo HFFASLESE R A —2k.

8.24 FHX

zoneinfo.available_timezones ()
R W TANA B X AR B DX B A A A An 67 3 W R 0 A S i 4R . BRI %
BRI 2 FFT TR
I bR B A AL HE T B DX BRI A 4G “RpIR” B KN T posix/ Ml right/ H3g TR X EL
posixrules X,

Eor: R BOTRESATIT R SCE, BB N R AR 2SR5 A RO X ST
R EBHUT RO ER AT,

fE): XS AT R XISNATF R I A 75 AT 0 ) P Oe R, AR B2 i
CLDR (Unicode il Ffj DX IR AT fiff 128) 2 ZERARBUE N M P A 0545 . 73S [ ZoneInfo.
key HIAFEARPERLI .

zoneinfo.reset_tzpath (fo=None)

W B E BRI BRI (TZ2PATH) . UMAWSEOR AR, TZPATH SS9 N ERINE.

W reset_tzpath fAffizoneInfo FAFRRL, HIMAEZFAMGHHIEN FXE ZoneInfo
Fa xR R FHRE U i) TZPATH,
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to JESMAUR M T4 Hi B os . Pat hiike il isequence SMARTFAFER, ENLAHRZ LR
o R AR SRR AR MRS 5| K valueError,

825 £2BF%TE

zoneinfo.TZPATH
— N FRE XA R N3P - Sl i 1E ZoneInfo B, ##< 5 TZPATH &4 H
BETEIE, I AR 58— SOk

TZPATH A] DA RS Xt iAe, AN EHIXT IR, ToIeE 2 i fe & .

zoneinfo.TZPATH 4§ M X R A GEME & X reset_tzpath () BRI A, PR b HE2E 08
zoneinfo.TZPATH i A2 M zoneinfo B A TZPATH B2 zoneinfo.TZPATH I{HLA —
KA,

A RIEN R RBIEWELER, WS T 28R .

8.26 FES5ESE

exception zoneinfo.ZoneInfoNotFoundError
H—AzoneInfo MRMME I TERG HHA DN IEE R BT RMING| . EkKeyError f—

T
exception zoneinfo.InvalidTZPathWarning

24 PYTHONTZPATH F 5 M e i o84, Bl an—AHI X AR I 5 | % o

8.3 calendar --- H X EHLEL

JEGHE: Lib/calendar.py

XA AR AT DA% A Unix cal ARFER H i, B2t T He 5 H AR K r 98 s g, BRI DL
T, X FEEM AR —K, BRI — R RE—K GXZWPBBI) o AT A
Hsetfirstweekday () JrikBLE— AR — T A BIIK (60) B HEALE K. A mREICEECEE
RSB E A HEMXIGES Wdatet ime Ftime ik,

TEIX R P SCH BRI AT 5L T — N BARE R H I —— 1 KRR WA 7 ) o RS e ) AT &

. iX-5 Dershowitz 1 Reingold [+ “Pykitaa” WA 1AM &4 H 7 proleptic Gregorian” [Fi11 & X AH
o O FITAEAF (5 45 I 1SO 8601 ARifEfERE: 0 4FF5ATCHI 1 4F, -1 4E4R A TCH] 2 4F, RIS

class calendar.Calendar (firstweekday=0)
Bft—ACalendar X142, firstweekday 72— K35 €5 EMHE —RKIKEE . MONDAY 2 0 (BRIA
{H), SUNDAY & 6.

Calendar XfGERMLT L] {14 H I EUEA A A A 07 ik XD RA AN TAL ]
REAACERAE . XTS5 Y T Ik 5E

Calendar SEBIA AN E:

iterweekdays ()
IR — N ERER, ERAR NS — R B R B AR — M S firstweekday
JE I E— 2

itermonthdates (year, month)
K year - month H (1-12) 3R [ — Ak AA#R o XA EAER R B4 H T HI (fEf datetime.
date X14), HEIEE TAH KRN T4sse s —Em H .

8.3. calendar --- H i< F% 209


https://github.com/python/cpython/tree/3.10/Lib/calendar.py

The Python Library Reference, (I 3.10.19

itermonthdays (year, month)
N year 4 month J iR | —A>5itermonthdates () UM IENEE, HAESZdatet ime.
date JUHIRRMH . BB E— R HPAEX T4 8 1 B R0 RE X TAEY A H Y,
IR EF 0,
itermonthdays2 (year, month)
K year 4F month k] —/Y5itermonthdates () BRI ENEE, HASFdatetime.
date JEERRE . ERIZHIE—DICE A H HEFARE LS4 e
itermonthdays3 (year, month)
N year 4E month [ iR [H|—A~5itermonthdates () A EN LS, (BEASTdatet ime.
date JuREIY RS A& TERAI—DHE. H. BARTd.

3.7 BT

itermonthdays4 (year, month)
N year 4E month [ 1R [H|—A~5itermonthdates () KW EN T, (BEASZdatet ime.
date JuFIMIFRE . ERIRITCEN—AHE. H. HRAMERE D LAE AR o .

3.7 BOFTIA.

monthdatescalendar (year, month)
AR [8] year £ month () ALSNF K. FIRPE—DE 2Rt datet ime. date XfRH
I

monthdays2calendar (year, month)
IR [8] year £ month () AL SN SR . SIFRP IR — D2 LAt H BRI REER BB LA
MW e g R

monthdayscalendar (year, month)

iR I] year 4F month J RIS . 12T g — A ket 4> H B 13k

yeardatescalendar (year, width=3)
AR [T AT DA SRS A 4 B AF H S . R EDR — AR, S A AT . —
TaE T % width A1 GRINK 3). BAAEET 4586 4, GRS 1-7 K. &Kl
Hdatetime.date W4,

yeardays2calendar (year, width=3)
AR )R] DA RASE AR B9 78 4F H B98I (S veardatescalendar () ). JHFIEITTRZ
t 2R H B mos B LB i e . AEX AR H T8 0.

yeardayscalendar (year, width=3)
I 1] AT DA RASE AL i 2 4F H i3 (S yeardatescalendar () 2KB). PR ITR R
FoR H IR . AEX N HPH TR 0.

class calendar.TextCalendar (firstweekday=0)

AT RAGE XA 2 A 4l SCAS H g o
TextCalendar SLfHA VAT HYE:

formatmonth (theyear, themonth, w=0, [=0)
B EFEE H IR Z T E R Fom A i w o HIZI9E e, HIAIRPTE., [f8ETHS
JAZ BBATEE . SR H DR O T il Egs i set firstweekday () JriEte e MRS
—REM—K.

prmonth (theyear, themonth, w=0, [=0)

WM formatmonth () JF¥EHFTEIREIE H i .

formatyear (theyear, w=2, I=1, c=6, m=3)
RS E R ZATEAF R IR m BT . WESE w. TR e RIFROR HIAISE, JEmtT
B, A5 HZ AR R AR TG fs s set firstweekday () 7k E R B
JEIR SR — IR Wb — Ko T AR JRUAFE 5 ) 4 R IR — AR T T 9165

pryear (theyear, w=2, I=1, c=6, m=3)

WH formatyear () JrEIFFT BIR B4R
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class calendar.HTMLCalendar (firstweekday=0)

AT DA XA 24 i HTML H 7

HTMLCalendar SEfBIIA AR Hik:

formatmonth (theyear, themonth, withyear=True)
3R] —A HTML ERAVE 3824 H 0 H JJi o withyear “HEL, WAESSSAEESL, BHNHE
NHr

formatyear (theyear, width=3)
3R [ —A HTML FA8 13 B4R 000 H i o width (BRACH 3) Bl F e e — 175w A s .

formatyearpage (theyear, width=3, css='calendar.css’, encoding=None)
IR A —ANSEHE ) HTML G AVE A $8 € A0 H i . width*(Bkikh 3) A TEH— T2 79 A
i, *oss NEBHEXRMAT . WRAHEMZEEXFR, AT None o encoding
Sy TR g CERIAH RGBSR TS) «

HTMLCalendar LA TFEM:, RAIPAEBEERH & LN H H e,

cssclasses
—ANX R I — B IR CSS class 713, ERINGIZR A
cssclasses = ["mon", "tue", "wed", "thu", "fri", "sat", "sun"]

A AT AR A E A

cssclasses = ["mon text-bold", "tue", "wed", "thu", "fri", "sat", "sun red

. HJ

FEEBMR, SIRNKELIR 7,

cssclass_noday

TAEH) CSS 24 EASHu RN H k4
3.7 WUHTIA.

cssclasses_weekday head

FATAREATH R A H A PR CSS K513k, BiAME S cssclasses M.
3.7 BT

cssclass_month_head

AUyrtsk CSS 2% (B formatmonthname () ). BERHAMEN "month" .
3.7 BUHTMA.

cssclass_month

FA-HW AR CSS 26 (i formatmonth () ffif). BRIMEA "month" .
3.7 BT

cssclass_year

FLAERYAE Y CSS 26 (H formatyear () {#iH). BRIMEN "year" .
3.7 WUHTA.

cssclass_year_head

FEHR) - F3 CSS 2 (Hformatyear () fifl). ERAMEN "year"” .
3.7 JUBTIMA.

TR, RS a4 B0 RS AR MM B (I cssclass_month
cssclass_noday), (AT DA Zeke R KT R B4 TR A RFF, Bl

"text-bold text-red"

PAF 2% UL HTMLCalendar [ #ifi:
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class CustomHTMLCal (calendar.HTMLCalendar) :
cssclasses = [style + " text-nowrap" for style in
calendar.HTMLCalendar.cssclasses]
cssclass_month_head = "text-center month-head"
cssclass_month = "text-center month"
cssclass_year = "text-italic lead"

class calendar.LocaleTextCalendar (firstweekday=0, locale=None)

AT Text Calendar W] PATEM I R P AL — MBS A PR, I HaRkE H A FEBLI 4
*/’J?%Ef%ﬁ?%%‘%fﬁ Hro QIR IGE SR S gAY, WAL E H 0 R TAE H AR A EAF R R
unicode 1% [A] ,

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): XM formatweekday () il formatmonthname () J7¥EIG I B2 dang 4 1 K38 & 45 5
locale . T4 HIAY DI BB ARG I E, BIHENTA REFEL 4N .

RAMREHN TR LAY SCAS H DR TR 91 R AL

calendar.setfirstweekday (weekday)

WEH—EMITE (0 BREM—, 6 FARnEWR) . M4t TMONDAY, TUESDAY., WEDNESDAY.
THURSDAY. FRIDAY. SATURDAY FISUNDAY JIAH &EIE N . B, BESHNE KN
RPN

import calendar
calendar.setfirstweekday (calendar.SUNDAY)

calendar. firstweekday ()

AR [0 24 i e U ) B — R UL

calendar.isleap (year)

W year R FEAENR ] True , HWRE False,

calendar.leapdays (yl, y2)

RIAEERE y1 25 y2 ORAE y2) Z IR FEAFRIAEE, b vl # y2 24E 0
SH DR EORT T J TH 20 ) )3 PR 335

calendar .weekday (year, month, day)

BRERAE (1970 --..), KA (1-12), KH (1--31) Z2EHJL (0 2EH—).

calendar .weekheader (n)

R — g B S 400k n 38E B LA S TR I

calendar .monthrange (year, month)

R HEE FIRE A K2 B LA A H KA.

calendar .monthcalendar (year, month)

RIIFRR—AH W H . AR AN HFIREIIR . BRMAE—I6, &
JEffiffl set firstweekday () AR E .

calendar .prmonth (theyear, themonth, w=0, I=0)

eIt month () REA—AH I H .

calendar .month (theyear, themonth, w=0, [=0)

i TextCcalendar 25ff) formatmonth () PAZATFAFERIEGR B H My H .

calendar.precal (year, w=0, I=0, c=6, m=3)

T calendar () iR BIEEAER H T .
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calendar.calendar (year, w=2, I=1, c=6, m=3)
f#iJfl Text Calendar ) formatyear () REEAER 3 FK) H P AZ AT FAF R IRIE
calendar.timegm (fuple)
— A BRI B R, BB E e B W ime B B gmt ime () BRI [H]
H-38 [T AH B B Unix B RVER(EL, R 1970 4FEIF iR 4L, POSIX 4ifid. SEbr b, time.gmtime ()
Fitimegm () RALICAHI A
calendar BT DA SR E M

calendar.day_name

TE 2 HIE 5 T 2R B LR EAL

calendar.day_abbr
TE2 H TR & B T 2om B La 5 1% .
calendar.month_name

TEMHIE ST T2 —4Ep A p98d . X8 —H M A58 1 @ sRs), A KES
13 H month_name[0] B&FHE.

calendar month abbr

B . XEIE— AR50 L REFE B, rABRRKEN 13

calendar .MONDAY
calendar.TUESDAY
calendar .WEDNESDAY
calendar.THURSDAY
calendar .FRIDAY
calendar.SATURDAY
calendar .SUNDAY
RIS 545, Hrb MONDAY 2 O il SUNDAY /2 6.

hz%:
datetime K&l A H AN B IL € 1 me ACHALIT B8 A TR ) 6 5232 01 .
time BIgH )2 B IA)AH C BRI

8.4 collections --- F2EER|BIRE

JE UGS Lib/collections/ init_.py

AL T — SRR B 2R A ORI AE , ISR Python —RIEVE AR, flllldice (SFHL). Tist
(H:51). set (Ff) Ftuple (i),

namedtuple () | FIARZENT BRI tuple HEEIR) T kek X

deque — R List () 25%%, mTDABLEE A FESE A (append) JC 2 ELES [ (pop) TCE
ChainMap —{EEE) dict FYFEE], FIRIEIZ A Sl (mapping) 7 B — AU FL Rl (view)
Counter T8 hashable %4 ) diL1-2%

OrderedDict | dict B THAE], GBI AR e
defaultdict | dict iFHEE], FILALFAE dict FPRE G n]— (S L SR A0 T eed X

UserDict dict Y PR L5 & (wrapper), fiifb 1 dict i TRIEM LB
UserList list ) (R es, fiifk 1 List i) FREE LI AR

UserString FHY RS, T TR R
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8.4.1 ChainMap ¥}

3.3 OB

Chainap (SHUEE) SIE F AR DCR IS MR SO, 3 1T AR 1 S TG
C R G L — TR I EL S K updiate () AR,

i FET AT P ASABE SR VE 15 (nested scopes),  HLZERSARAL (templating) FFAEYR_E % -

class collections.ChainMap (*maps)
—fH ChainMap j§ZAH dict s HALEBA AT, B — ML, WTFmHEE . aRES e
maps , TS G HR A8 25 5 S g {16 S At 0 2 A — i S
R 1) S A — {1 Tist v, S AR list 22 BRI BT3B 38 maps JEMEAFHECE R, [EG HALR R

(state),
%% (lookup) [ A8 A0 sl IC 36 , B3 SRR R B, ARTATAEEC . SRR ET Bl L 3 50— M b A
ChainMap i 8 2 MW G JE L& [E), B DLE — 8 IS 8 35 B g 50 507, 05 40 oo 3 6 S

F|chainMap,

JIT A 5 SR E M A SR . BLAL, 32— {8 maps JEE (attribute) . — B 37 R 3C (subcontext)
W7 F—ME REEIAA ISR T 55— B LAS N HAt BT S 54 (property) :

maps
— (AT R RS 3R, S S R IR R A Y KRS, 7E ChainMap H g g ME—3
TEAERDIRRE , ARSI [ R T o R B0 ) i 2 A — (3.

new_child (m=None, **kwargs)
(] {4 2 — I BT SR (Y Chad nMap, 37 S WLAR ThI 432 2585 1 B0 090 A0 e A B S, R A 45
FE m, m g AR B w v R e AFE R, M b %S diet, 0ty
d.new_child () % [F]A ChainMap ({}, *d.maps). B EMRELT LTI, Mt
T A S L AN B
3.4 RS A2 m,
3.10 Ji A BN TS B SR | MO S R

parents
o] — £ & B T B — MR DASN T A A S ¥ Bt Cha i nMap WORRME, W A TR 2Bk 55 —
e 3 22 . S B (LA ZE S8 4K 1F 1 3308 g nonlocal BGRSE, o m] i (E) 2 R
K super () MEL. 51/ d.parents Z£[f]jA ChainMap (*d.maps[1:]).

W, —MlchainMap () BYERET 2 753 B 42 A 1 4 1 S s 7 -

>>> baseline = {'music': 'bach', 'art': 'rembrandt'}

>>> adjustments = {'art': 'van gogh', 'opera': 'carmen'}
>>> list (ChainMap (adjustments, baseline))

['music', 'art', 'opera']

B dict . update () KRBT R R — 8 B iR

>>> combined = baseline.copy ()
>>> combined.update (adjustments)
>>> list (combined)

['music', 'art', 'opera']

3.9 WSS 8% | R | = 5T, RERL PEP 584,
L%
« Enthought CodeTools package H1f#] MultiContext class =7 45 7F §i 1338 F AT B B WL ET A .

« Django H F iAMEAR 1) Context class & MERERY EMLGE, W A MA (push) FIFZER (pop) 1 F SCHITIRE,
Blnew child () F¥EMparents FpHEREL .

« Nested Contexts recipe Fkfit 7 #4275 38 8 25— f1f s HC A SEPHURS A BICHA R AR Y388 T
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o —fEMREERGTAL . MR Chainmap.,

ChainMap BHIFIRE

BE P 7 2 B4 ChainMap (561
Fifse Python [EIFBARR BELH 1] T

import builtins
pylookup = ChainMap (locals(), globals(), vars(builtins))

A A2 B A 95 B S WA TR M. B ST A TH R (LA 91

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 FERHEESLIR LR S0 #EHIRL

c = ChainMap () # Create root context

d = c.new_child() # Create nested child context

e = c.new_child{() # Child of ¢, independent from d

e.maps[0] # Current context dictionary —-- like Python's locals ()
e.maps[-1] # Root context —- like Python's globals /()

e.parents # Enclosing context chain —-- like Python's nonlocals
dl'x"'"] = 1 # Set value 1n current context

d['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

Cha inMap $E(EVH S GRS b o — (S BORMR ASERR, EMRAerfn B mass. (HiRFHEEER
JEf B AEE, B 3 TR E AR AR AN T

class DeepChainMap (ChainMap) :
'Variant of ChainMap that allows direct updates to inner scopes'

def _ setitem_ (self, key, value):
for mapping in self.maps:
if key in mapping:

mappingl[key] = value
return
self.maps[0] [key] = value

def _ delitem__ (self, key):
for mapping in self.maps:
if key in mapping:

(F0AkED)
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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'})

8.4.2 Counter ¥j¥

S SR 8 AL PR R w ey TR, Bl

>>> # Tally occurrences of words in a 1list

>>> cnt = Counter ()

>>> for word in ['red', 'blue', 'red', 'green', 'blue', 'blue'l]:
cnt [word] += 1

>>> cnt

Counter ({'blue': 3, 'red': 2, 'green': 1})

>>> # Find the ten most common words in Hamlet
>>> import re

>>> words = re.findall(r'\w+', open('hamlet.txt').read().lower())

>>> Counter (words) .most_common (10)

[("the', 1143), ('and', 966), ('to', 762), ('of', 669), ('i', 631),
('you', 554), ('a', 546), ('my', 514), ('hamlet', 471), ('in', 451)]

class collections.Counter ( [iterable or-mapping]
Counter jgdict ¥, AT itEhashable X5, B2, TTELM T IPEITEN]
AT RAF 8 S T ROT AR AT R4 @?ﬁ%iﬁé’]fré&ﬁo Counter FHHAUEFH
A% bag B multiset fRFH{I .

BERH BN TR AR H 1 iterable 52 ALY mapping (5{ Counter) FJ4H1k:

>>> ¢ = 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 4 4 A7 — 8 5% S i G 1 A T1, B T 38 2 Counter o [E1 A 14 (i 167 €7 [l 8 5 8 0 JY
R KeyError B

>>> ¢ = Counter(['eggs', 'ham'])

>>> c['bacon'] # count of a missing element is.
—Zero

0

HE— AR R E 0 EA g EA ¢ Counter HERREMICE, M del ZeH HIERR:

>>> c['sausage'] = 0 # counter entry with a zero count
>>> del c|['sausage'] # del actually removes the entry
3.1 OB A

3.7 fi s AEEldict ) THIE), Counter K TRUBHIANTHITIAE. ¥ Counter fBEHEF 1%
IR R B NE P4, HLAE SRR AR IR A R e R A SR T Ze i th BURY IR ] S8 1% . PR G R o i B
I ] Se 12 e HES o

e TSI EASAT RO S, Counter HIPFRISN % SR WA 7
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elements ()
[ AR 0 AR (] BT R B iterator ([EMR#R) 44, Hh oo IMEIE 2 4K 18 4%
TCEBE R BRI . R ITTRHBIRBUNR 1, elements () HEGAMKELYICE.

>>> ¢ = Counter (a=4, b=2, c=0, d=-2)
>>> sorted(c.elements())
[lal, laV, lal, lal, lbl’ lbl]

most_common ( [n] )
[l — ] Tist, (8 BRI n TR RO B, [T IR By . R n 9
W2 #(El None, most_common () Gl A counter HEYICE. HBIKBANIR I TR G
SR U B IR ] S A SRS ) -

>>> Counter ('abracadabra') .most_common (3)
[(ta', 5), ('b', 2), ('r', 2)]

subtract ( [iterable—or—mapping ] )
(12 5 1 irerable 55 —f ok (= Counter) HFHHOCE, 17 EMMIdict . update () H
B TERF AR EAE . AR HE T DA 0 22 A

>>> ¢ = Counter (
>>> d = Counter (
>>> c.subtract (d
>>> ¢

a=4, b
a=1, b=
)

on
(@]
Q
|
w
o,
|
()}
-

Counter({'a': 3

3.2 BUHTA.

total ()
AT AR U

>>> ¢ = Counter (a=10, b=5, c=0)
>>> c.total ()
15

3.10 FRCHT A
R O AT A Counter WP, B T LAR WA A B ST AN ] o

fromkeys (iterable)

WHEDHEEE B EAER Counter P,

update ( [iterable—or—mapping] )
b B 18 iterable 55t w8 b3 —{# mapping (8% Counter) iyt #, F7[EKI
fldict . update () fE2RE T EFHEIMAEBHAE. 735, iterable 53502 — it
HECEMNFS], MHETRE (key, value) EXHFH.

Counter W IZ A& M. THEAMAERENY rich comparison i T ==, 1=, <, <=, >, >=, SHHHIE
HAFAEM TR Z GHEEES, L Counter (a=1) == Counter (a=1, b=0) %[ E(H.

3.10 MUHTNA: 3440 T rich comparison JE .

3.10 RS FEMSEMER T, AMEERN TR ZFIEE S EIES. F£IL2Z 8], Counter (a=3) fl
Counter (a=3, b=0) BHEAE.

il Counter WEny B FH A :

c.total () # 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

Q)
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c.most_common () [:—n—-1:-1] # n least common elements
+c # remove zero and negative counts

Bl 2 counter PFPAEIA multiset (ZHES, HEAINR 0 FHETCRMFIEES), ALt 7 A&
ELERAE . AN EE e A4 1 368 i e 3 43 [E13t Counter i _EAIEIL R, 22 G4 7 T I0] 312%- 7T
R/ VARG, A AP B S P I OB R i . A — (R R AR T DA 2 B A\ Al A I R
RT, (EE Y Counter R &I HIEA /N BAF Y O FHECK) TCF M Bk -

>>> ¢ = Counter (a=3, b=1)
>>> d = Counter (a=1, b=

>>> ¢ + d # add two counters together: c[x] + d[x]
Counter({'a': 4, 'b': 3})

>>> ¢ - d # subtract (keeping only positive counts)
Counter({'a': 2})

>>> c & d # intersection: min(c(x], d[x])
Counter({'a': 1, 'b': 1})

>>> ¢ | d # union: max(c[x], d[x])

Counter({'a': 3, 'b': 2})

>>> ¢ == d # equality: c[x] == d[x]

False

>>> ¢ <= d # inclusion: c[x] <= d[x]

False

INERER—JCiER T ER 451 Counter A4S Counter [F 251 fi 55 .

>>> ¢ = Counter (a=2, b=-4)
>>> +C

Counter({'a': 2})

>>> —¢

Counter ({'b': 4})

3.3 JOHTIA: ik S 4% n(El— T 5570 multiset ()5 (in-place) #24F

fi(El: Counter = Z 2Bl BEwt AHRAR E MDA VEGE A it (BE) T XELe g 25t ([ & ek )
HAWREI Z 0, Counter H/NUHRER R MUA G B eHE R E e sRoC R . (DT W B AR R 2261,
i/ MTRCIE] T /N A AR A

. Count{eﬁr FIEA S 25y TR, BRI EE. (ERUN ARG, (B EART oA f
FALAT{E.

o flEfimost_common () FrIRRME—{F R HAEE R TP o

o B2 clkeyl += 1 WEHbRVEY, HAZ RERE SR INE, FroAss. sREs. 7 s
HEMARAE . [, update () Mlsubtract () HERFF 0 s E AR A S H

« Multiset A 75 v HIE T BRI IEME MR, HA RRFe 0 sia EE A B apind . [EtlE
B, (EHAE R REI R ([E] R i

e elements () FEETHFENEM, MNE) 0 5% &{E R 21 .

W%
« Smalltalk H1¥] Bag class.
o MEEER BN Z EEGHE .
o C++ multisets Z{ELELHI K] .

o Multiset [ $Hir B35 5 K HoAT T A%, 2222 Knuth, Donald. The Art of Computer Programming Volume II,
Section 4.6.3, Exercise 19,

FEARYR A E TR O AR L A A ) B f8 e TR MO ) multiset, F§hlitertools.

combinations_with_replacement ():
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’map(Counter, combinations_with_replacement ('ABC', 2)) # —-—> AA AB AC BB BC CC

8.4.3 deque Yi¥

class collections.deque ([iterable[, maxlen] ] )
Il (8B 1) deque (SuRENS) Pk, % irerable iRtz 2= A (i append ()) MMASAL
Witk QR iterable [E)AR 4, [RMER RIE — 251 deque.

Deque (#$%5[F"deck”, [F”double-ended queue” f#jfif§) [E] stack F1 queue J—f%ik . deque SZIBHEFT
&% 4 (thread-safe), HAEEIA R M A mC B BEAESEA R I A RIS R G ZE, Wil 1) () R BLAR K
#(E O(1) [FIAR)E .

BESR 11 st WP SRR URAE, (H list B4k TR R W30, i ek i e Eorhn = KA
EI¥) pop (0) Fl insert (0, v) #fE, soiEmfz®E)HIE Om) [EIFHE .

W maxien (B %2 8 #[E None, deque W AR EMTERIE; (HEHA K TGS, deque IR KR
FE e iR . — R G RN deque —(HIW T, AfE—Im A BB C K, B[ REEr7E S — i
B AR RN ICE. RERED deque $24L T H1 Unix tail filter BELIFTHRE, W FHMBEME H &
AE R AR e i B oA T S TE e B R

Deque Y1432 $8 AR 7

append (x)
% x B deque FIARIANA

appendleft (x)
% x H deque HJZERITIA

clear ()

T LR deque HREIR, AR O,
copy ()

57— deque [FIE(EIE (shallow copy).

3.5 BUHTIMA.
count (x)

#1144 deque [ECEE] x 1/ 3.

32 BUHTMA.

extend (iterable)

1 iterable 5| #hn A deque 741,

extendleft (iterable)
# iterable 5| #IA deque PJZ-fl] . ZHEEAE, MAZIIITEIE T iterable 2 HUZAH A .

index (x[, start[, stop] ] )
[l deque * x P (SAERT| start 242 35| stop ZHIMLE) . [ —(HILTERY {2 B
WRERE 518 valueError,

3.5 BUHTA.

insert (i, x)

1 deque i i FHHA xo
TR LA AR VE B deque B HARFE FBR maxlen 1935, €518 IndexError fil4h.
3.5 BB A

pop ()
HBRERE deque iR ARITTE, EAMREAIEMICE, G514 IndexError,

popleft ()
BEREIN 4 deque FyIRZAEMITCE, EHARKREGIEMICR, WG58 indexError.
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remove (value)

%P’??ﬁ*ﬁluﬂfﬁéﬁ value, ﬁﬂ%i&@] E/ﬁﬁ?jﬁ%[%&*ﬁ] ValueError,

reverse ()
% deque H¥)TCE 5 (in-place) 5]/ 7HEFEH] {8 None.
3.2 OB A

rotate (n=1)

M deque [ AT BRI n A, 2 n (FVEE R 1] 20 g,

' deque AR, MMl d. appendleft (d.pop ()) AMFEESE, MncimEIR
MG d.append (d.popleft ().

Deque Pt {1t 1 — i Jag 1 -

maxlen

Deque I ICREE, AR GHR YR HIE None.
3.1 BB

BT A B R, deque IR 38 TEIM. pickle. len(d). reversed(d). copy.copy(d). copy.
deepcopy (d) . H in HEFHAEBEMBPILA LG ZE d10] MRS HARBUS S —MOcE . 7EmimfiER
5B 3 EEE] O() (HMEE VT A B HIEIS 2 O(n). A S A I s A 7B, (A List (&30

B 3.5 fiA#, deque BAIEZIZ __add__ (). __mul__ () fl_imul__ ().
i f5) :

>>> from collections import deque

>>> d = deque('ghi'") # make a new deque with three items

>>> for elem in d: # iterate over the deque's elements
print (elem.upper())

G

H

I

>>> d.append('J") # add a new entry to the right side

>>> d.appendleft ('f'") # add a new entry to the left side

>>> d # show the representation of the deque

deque(['f', 'g', 'h', 'i', '3'])

>>> d.pop () # return and remove the rightmost item

ljl

>>> d.popleft () # return and remove the leftmost item

Ve

>>> list (d) # list the contents of the deque

['g', 'h', "i']

>>> d[0] # peek at leftmost item

lgl

>>> d[-1] # peek at rightmost item

lil

>>> list (reversed(d)) # list the contents of a deque in reverse

['i', 'h', 'g'l

>>> 'h' in d # search the deque

True

>>> d.extend('Jk1l") # add multiple elements at once

>>> d

deque(['g', 'h', 'i', 'j3', 'k', '1'])

>>> d.rotate (1) # right rotation

>>> d

deque(['l', 'g', 'h', 'i', '3', 'k'])

>>> d.rotate(-1) # left rotation

>>> d

Q)
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deque(['g', lhl, 'i'l 'j‘l 'k', 'l'])

>>> deque (reversed (d)) # make a new deque in reverse order
deque(['l', 'k', 'j', 'i', 'h', 'g'])

>>> d.clear () # empty the deque

>>> d.pop () # cannot pop from an empty deque

Traceback (most recent call last):
File "<pyshell#6>", line 1, in -toplevel-—
d.pop ()
IndexError: pop from an empty deque

>>> d.extendleft ('abc') # extendleft () reverses the input order
>>> d

deque(['c', 'b', 'a'l)

deque RiE

— R T Z A deque HFMHI
BRI R deque DIRERAML Unix WY tail filter:

def tail (filename, n=10):
'Return the last n lines of a file'
with open(filename) as f:
return deque (£, n)

73— AR EBREAEMA . (LB R A e I ATTER A list:

def moving_average (iterable, n=3):
# moving_average ([40, 30, 50, 46, 39, 44]) —-—-> 40.0 42.0 45.0 43.0
# https://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

— Il 0 5 1 T DA SR AE deque WA iterator AKEEEL, {H B E HI iterator [ # 0 B, 44 iterator
EATHRESE st poplert () MHMEBIHREER, HHIFIH rocate () HGHKE 2 E G

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 () AT PR EEdeque YIRRIERR . BEIKE), 4L Python F{F del din] &
ZH rotate () HUE M EHRBRIITE:

def delete_nth(d, n):
d.rotate (—n)

QS
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d.popleft ()
d.rotate (n)

B Bldeque Yl iy, WA ERIPAT ik ffifrotate () K% HEE X KB B 2| deque s Zc il
Hpoplert () B IGEE Hextend () MAFILE, FMBEHELI rotate., 7£ 385 I 5 ¥ _AU/NINY
T E) it BEfif] B B B Forth &M% stack #:4F, B4l dup. drop. swap. over., pick., rot il roll,

8.4.4 defaultdict ¥4

class collections.defaultdict (default factory=None, /[, ])
ol — (R O RE L F I . defaultdict RIEEME i ct i FHEE. CEZH T @5
ERR I T (8] 8 AR BB . HARThaRELd ot IR, B RFELR,

5| MElderault_factory EYERME THIIAE, MTHEE None, Fr HALK T H (HLH5
GRS [ ) # e RAS i ot B PR 3 (constructor).,

defaultdict WELIBVAT dict FFEAE 7

_ _missing _ (key)
Wftderault_factory JEYEE None, FEIY Iy yE €5 545 | # key i KeyError fi
A

Wfdefault_factory AN[E None, B& AN b il HEI4S & 1 key 20— %
{8, EMEER key BAEEIGE S ACE A 27 gy, (B H AL 7157 Il

WRPE default factory RpgEABIAL, RIRZHIAMIT & PR AN S o) SMEIE o

TEMER A B Fr 2R iRy, M7k @i ce BN __getitem () JyyARFI, MLy
R TEERS 5 TR, HEe __getitem () FrfE.

HRE, _missing () TEH__getitem_ () AIMYHAB T EIFN, BEKE get () &
15— 1Y dict AREK {8 None MEFERAE, MIAEM Hdefault_rfactory,

defaultdict YPFSCIRAN IR ¥

default_factory
BBHEE missing () JPEFTHH . WA BBEE A R R, FIJE M e b i e
JRER— 5 19, ARSI 4R L [E] None.

3.9 WSS FHAE (1) MEH (1=) BHT, 555 PEP 584,

defaultdict Efi

i 1ist YElEldefault_factory Al PAMREOHAH ISR ¥ 51 i EIE A0 & list 2

>>> 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, 41), ('red', [11), ('yellow', [1, 31)]

WA — Ry, e E AR B, FrA g BB default_factory FyEM 1 EH—
2S5 1ist DA, — (M H , list.append () #EAER & H-HH M EE B 05 R E, 5 FERAFEE
R RIS AN T MR (Il B AT SR Y list) , 1ist.append () L Ergrig s — M (E ) list
W, MBS E  di ot . setdefault () ML, BTG 5 I A fE B
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>>> d = {}
>>> for k, v in s:
d.setdefault (k, []).append(v)

>>> sorted(d.items())
[('blue', [2, 4]), ('red', [1]), ('yellow', [1, 31)]

#iEdefault_factory [Flint ffiffdefaultdict Alg AR GELHANEE = F1#) bag B{ multiset) :

>>> s = 'mississippi’
>>> d = defaultdict (int)
>>> for k in s:

d[k] += 1

>>> sorted(d.items())
[(ri', 4), ('m', 1), ('p', 2), ('s', 4)]

W R, EENEERE T, fldefaule factory isgIFM int () AERA—(H
B O PRI . RAT I B E AR (0 T BT

Baint () SN 0, ERHHERA MR —ME. EA LR 2 6] lambda pRU2REE
P EE CR—E2520):

>>> def constant_factory(value) :

.. return lambda: value

>>> d = defaultdict (constant_factory ('<missing>"))
>>> d.update (name='John', action='ran')

>>> ! to % d

'John ran to <missing>'

¥default_factory §lElset fidefaultdict ] fitEER—F/(EE set B2t

>>> 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})]

8.4.5 namedtuple () ¥H EZ#H {2 tuple By T EHX

Named tuple (H.447041) BT tuple s B R, SEREHSSEA n] s g FoSCrE. BRI AR
R tple WIS G, T HEBAM (MAEMERT]) AAAROIRIRE

collections.namedtuple (typename, field_names, *, rename=False, defaults=None, module=None)
[ {1l 4 [E) typename {37 tuple ~F4HE] . 35 155 )1 4EEI R A d 7 800 tuple F99 14, 7T A
& 2 AL, B AR 2 FT 285 | (indexable) AT EIY (iterable). —FAH[EVE i [ AT S
“FHB (docstring) (B HAE)4 typename FIf# (44 field_names) Fl— T HAY __repr_ () ¥, 7]
s tuple [F1Z5 DA name=value ¥R H .

field_names j&—ff1% ['x', 'y'] —HIFERIFH. field_names W 0] DA FH 25 FH 8UESE 5 B
A AR TR, i x oy ®E 'k, v

W 7 JEE[EIBA BE LAS ) H A AT A5 %% Python #%(E)5 (identifier) #B W] DAYEEIR. 4 8%, 43 %% (E)17 H
TR e REFTALR, EARER MR EIREE, WARERBE I keyword, Bl class. for.

return. global. pass BY raise.,

IR rename [FIEAE, MERCAME( 4% FG& B Biwi 7 B 4 MU . Hll ["abe', 'def', 'ghi',
"abc'] GgEEEIR ["abe, '_1', 'ghi', '_3'], BT HET def MEEMNIY abe,
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defaults W] DA[E) None 5 & — W TE R AE A iterable, [REIAT TE A A AR L0678 H BLAEAR LB T 3%
(BN Z 15, defaults 247 AAEA RIS 8., F40 fieldnames [E] ['x', 'y', 'z'] H defaults
(1, 2), FRE x shabZEPshE 515, v giEsE 1, z BIpmEE(E 2,

R module 536, mamed tuple 1) _module PRt N
Named tuple B {5 G 78, Frod e M s, HA—AL wple A1 L EH /DRI
B3 1% pickle, MG named tuple JAEREL —HTA typename 1558

3.1 MRS IR rename 1Y) 3% .

3.6 iU 5#: verbose Fll rename 28N [ 42 [ 48 5 7] #4.

3.6 i A SHTIE module 23

3.7 iR EE 5 F5[% verbose B8 _source EE.

3.7 RS Hi defaults ZYAN _field defaults B,

>>> # 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

(11, 22)

>>> p.x + p.y # fields also accessible by name

33

>>> p # readable __repr.__ with a name=value style

Point (x=11, y=22)

Named tuple 7EM{ TR MR csv Bisglites BLMIMEZ tuple REAHE A I :

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)

W 747K B tuple 19575, named tuple 32 23 = H SN AR MR M. [T B LR AL A4 A TGS, Oy
T ) 224 R LA E B

classmethod somenamedtuple._make (iterable)

e CAFERY PP 9 BT E R S — T 2 O S

>>> t = [11, 22]
>>> Point._make (t)
Point (x=11, y=22)

somenamedtuple._asdict ()

] e L4 A 5247 8 3Bk 22 SRR i o

>>> p = Point (x=11, y=22)
>>> p._asdict ()
{'x': 11, 'y': 22}
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3.1 fREE %k B[ —{f OorderedDict MiEdict,

3.8 AR EE A [al B — 1 % Hdict Midforderedpict, H{¢ Python 3.7 §H14f, dict O &K% H
JE e, WIR T Biorderedpict T HL A RRTE, HE S MR V5 2 K 45 R S (E) BT 7 Y A
OrderedDict (nt._asdict ()).,

somenamedtuple._replace (**kwargs)

[} —fiE 37 1) named tuple B¢, [EIH e ML EIE B (A -

>>> 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

51 tuple B0 44 RBH)F-EE . B A A a2 fE BI4T named tuple 57— #11 named tuple Z4[F],

>>> 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

SR 37 4 Tl 3 e 22 T LB 77

>>> Account = namedtuple('Account', ['type', 'balance']l, defaults=[0])
>>> Account._field_defaults

{'"balance': 0}

>>> Account ('premium')

Account (type="premium', balance=0)

FHUTE WA AR RO, Zigetattr () B

>>> getattr(p, 'x'")
11

(40 tut-unpacking-arguments iR ) #—{fF BLEEE) % named tuple, ZE{di ] ** & B HEE#HE T

>> d = {'x': 11, 'y': 22}
>>> Point (**d)
Point (x=11, y=22)

PRIE)—1{f named tuple 2 — 175 #1) Python SH(E], FA T LARZS 5 (#3738 THRIEACH M sl T s, AT
e QAT — ] SRR 7 0 7 T R A s 57 B AR

>>> class Point (namedtuple ('Point’', ['x', 'yv'])):

slots = ()
@property
def hypot (self):

return (self.x ** 2 + self.y ** 2) ** 0.5

def _ str_ (self):
. return 'Point: x= y= hypot= ' % (self.x, self.y, self.
—hypot)

>>> for p in Point (3, 4), Point (14, 5/7):
print (p)

(R
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(R L —5)

Point: x= 3.000 y= 4.000 hypot= 5.000
Point: x=14.000 vy= 0.714 hypot=14.018

Eimiy THEN __slots_ BEE)aS tuple, EH— LR I 7P E GBS, PRITTERER T RARATRD
TEHE

TRIENL L A BT . O rrmias, REW S £ields Ji Pk AH. —{E B named tuple 5
HE:

>>> Point3D = namedtuple('Point3D', Point._fields + ('z',))

Fih EEREA _ doc_, TPAH HTEIWI SO

>>> Book = namedtuple('Book', ['id', 'title', 'authors'])

>>> Book._ doc_ += ': Hardcover book in active collection'

>>> Book.id. doc = '13-digit ISBN'

>>> Book.title. doc = 'Title of first printing’

>>> Book.authors._ _doc__ = '"List of authors sorted by last name'

3.5 MRE S U B R T A
hz%:

o P4 E] named tuple B RERR R, i52[Ftyping. NamedTuple, B class BHEFDA
AL T — (M ERR R PR

class Component (NamedTuple) :
part_number: int
weight: float
description: Optional[str] = None

o BAADA dict i E tuple If@ﬂ@ﬁfﬁéﬁ*ﬁ%* % ¥ types.SimpleNamespace ().

o dataclasses BEHIL T —(HAEMAR I —LpRi =, A A B0 A2 s R IR Vs 2 i 2 e
FMHE

8.4.6 OrderedDict ¥4

Ordered dictionary (/77 8) MG H M T H—FE, HA—SEEHEPHIEA Bl B SM DI B, (H i [E)zE
¥y dict SEBEC AT AT HEE S (Python 3.7 el iEEH17E) , EMEf AR
IE

PFAE— 288 dict AR Z g -
o WHdict PEkEHARFE LR R EMUH B, SR EHE AR T ER % H .

e OrderedDict IR IIEIR S SR HEF AR B A A, SRR [ AR SRR el
[Elk 2kt H AR

o OrderedDict Wilddict Wil A EAMEWEHHEF84E, WETFHERIR, S#EEaH
JAZf# LRU cache [ E/EH

o OrderedDict Z FSEVEEE G AR E )y 2 S

—EH—kdict AfPAflp == g and all(kl == k2 for k1, k2 in zip(p, ) LA
RS (A S R

o Orderedpict JEIH) popitem () HYEANFRI K L4, (signature), "B 3228 A —fRLEFEET |
BORYR BRI T & .

—{H— %) dict AJPAMH d.popitem () Hxf{)j OrderedDict 1Y) od.popitem (last=True) , Bif
wmERREaE (BE—H) WTE.
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— i — Rk dict \TPAFH (k := next (iter(d)), d.pop(k)) K&} OrderedDict [1J od.
popitem (last=False), /i (5—M) MICRAAE, RAFHEEEHEERERE.

o Orderedpict Al move_to_end () HEWARCEHME— M T K EHHA ENE— .

— i — B dict A PAF dlk] = d.pop (k) XA A5 OrderedDict [ od.move_to_end (k,
last=True), i& @iz s LB ERVERE) EHch (B&ER) PAE.

—H— & dict [E45 F1 OrderedDict ff] od.move_to_end (k, last=False) ZEMAGHITR,
TE 19 SR LS W B [V (E R B A S (el ) (2 B v .
o 1f Python 3.8 Z Hi, dict [F[Ef5 __reversed_ () hik.

class collections.OrderedDict ([items])

[l dict FHEERER], ©HATEM AR 7 7R .
3.1 HUCHTIA.

popitem (last=True)
Ordered dictionary fjpopitem () J5 V5 K E mEH— 8 #{E (key, value) ¥, G153 last [FEAH,
HIl4 LIFO 481 5 Hh W ME 7 [l B 3, 75 HI k4 FIFO (first-in, first-out) S¢S Hh () JIE )3 [m] 42
HE S .

move_to_end (key, last=True)

HEBUA EY key #5 85 ordered dictionary f{E— i, ISR last [FIEAE (BLEFHE(E) R TRBS
A AR last EMRMERIOTREB B A . WIER key RAFAERI @5 #KeyError:

>>> d = OrderedDict.fromkeys ('abcde')
>>> d.move_to_end('b")

>>> "' jJoin (d)

'acdeb'

>>> d.move_to_end('b', last=False)
>>> "' jJoin (d)

'bacde’

3.2 WUHTmA.
W T 3 Y s, ordered dictionary 323738 T i reversed () HMUEFEE .

OrderedbDict YHZ MMM ENHEHRE 2T F RS ME M, 2ZFEB list(odl.
items () )==1list (od2.items ()) KEH ., OrderedDict YHRMIHMMapping Py ) FH S5
BB PR BB, EMifforderedDict n] FMETAR F L m Al A AR b i B (B e

3.5 il s#: OrderedDict (I (item), $EE(E > AL B BIYEN Bl reversed () A FENL,

3.6 i B [ PEP 468 Wizl , Y AR OrderedDict B update () TPkl #7514
Z PR E TR

3.9 fie s e AE () FIEH (1=) AT, &5 7 PEP 584,
OrderedDict G5B L

7T — W AEF 0 AR 5 5% 44 35 A IEJF 1) ordered dictionary S BSRfE B, WURFGH BZ THAKH, AIE
A AN B i [ER B & K

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)

OrderedDict TEE I —{fl functools.lru_cache () W ERARWARE A -
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from time import time

class TimeBoundedLRU:
"LRU Cache that invalidates and refreshes old entries."

maxage=30) :
(timestamp,

def _ init_ (self, func, maxsize=128,
self.cache OrderedDict () # { args
self.func func
self.maxsize maxsize
self.maxage maxage

result) }

def _ call (self, *args):

if args in self.cache:
self.cache.move_to_end(args)
timestamp, result self.cachelargs]
if time () - timestamp <= self.maxage:

return result

result self.func(*args)

self.cachelargs] time (), result

if len(self.cache) > self.maxsize:
self.cache.popitem(0)

return result

class MultiHitLRUCache:
""" LRU cache that defers caching a result until
it has been requested multiple times.

To avoid flushing the LRU cache with one-time requests,
we don't cache until a request has been made more than once.

mn

def _ init__ (self, func, maxsize=128, maxrequests=4096, cache_after=1):
self.requests = OrderedDict () # { uncached_key request_count }
self.cache = OrderedDict () # { cached_key function_result }
self.func = func
self.maxrequests = maxrequests # max number of uncached requests
self.maxsize = maxsize # max number of stored return values
self.cache_after = cache_after

def _ call (self, *args):

if args in self.cache:
self.cache.move_to_end(args)
return self.cachelargs]
result self.func(*args)
self.requests[args] self.requests.get (args,
if self.requests[args] <= self.cache_after:
self.requests.move_to_end(args)
if len(self.requests) > self.maxrequests:
self.requests.popitem(0)

0) + 1

else:

self.requests.pop(args,

self.cachelargs]
if len(self.cache)

None)
result
> self.maxsize:

self.cache.popitem(0)

return result
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8.4.7 UserDict ¥}

UserDict JHFZAEE] dict Y{ry e, WECKE A E dice @y F8E, SMEPNFERE
T R, AN A e AR 8, PRI (E Ve F e 1 S ] DAY (B J M A L
class collections.UserDict ([initialdata])
Wi 7L EE] . B EAGAE R — 78, "B Userpict [fdata JEHARMAFI. WRA
it initialdata, data BT WIRCEI S B EIRH initialdata ()2 WGP, T
R A HoA H 1
B T SR AEE ST T 0 YRR, UserDict EHIRAE T DAF B

data
—HEEMTF, HiMEFUserpict BHEIWEREIZ

8.4.8 UserList ¥k

PEREEE List PR e dess . By MR EEE), nTHR e EE 5 B 7 EsUn AR AR e F# R
P i — AL list AOARED, A —2k, FRAMTRT AT List fm A BT REE .

HEC K PAEREA 1ise @ FHE, SMERNFRTH 00N, A s g R A E 5 #,
IH [E 9 .2 17 Tist m] DAYEE)H 88 1 SR AL

class collections.UserList([ﬁw])
BifsE list (9RAE]. EOIYER AR —M8 list, WiEfUseriist (fdata BMHAMAFI. EHIER
B aAE st P, FERE—R 250 list [1. list 7] DA LA iterable, i 40— 1/ &L B 1) Python
list Bl 2—{fl UserList ¥,

B TSR PPN ISR, UserList BBIERAL AN R

data
—HEEM st PfF, MiM#EFUsersist FEWEREZ.

TREERIE: Usernist i) THIEEREZHR Ut — R 75285 | Bl — (85 | ot A ek, [l (8 — i
JF Y list B G RN LE PL1E R s — R, [ 7 bR H i, B S ek Ul A
—Z YR, 5% 2 SR s R Y — 8 5 o

R A M RS TEDR R IRk, R s E SR R O R R TS
5 G B AR AR A T T (B R 2 Ty vk A R L1

8.4.9 UserString ¥k

UserStringﬁ%?%#@#F%@%%&, E%ﬁﬂ%%Stfﬁ?§@j¥ﬁ7 ﬁ@’ﬁﬁﬂﬁ%ﬁjﬁa?@é%ﬁ
SIREN AL AN TE REE G A AR (5, PR (e f e ) o o mT AL JB e AR L

class collections.UserString (seq)
B ep g E. EOIMEAPAER—EFHR Y, TiE#Userstring if)data JEHAMAT
W EHIEEPRIIEALE seq FIEIE, seq 518 AR $EEVE R s e - () BERFERIYIE.

B TSR TR TIEMERECASY, Userstring THIRIRHAL LA

data
—HEEM st r PF, AARGEFUsersering BERERHIEIZ.
3.5 RS P ik _ getnewargs_ . _ _rmod__ . casefold, format_map. isprintable

PA M maketrans,
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8.5 collections.abc - F2EM)S 3

3.3 BT B 2 col lect ions BRI AR Y .
JFUATS: Lib/_collections_abe.py

ABHHRAL T — g A% BT T ISR E R UL MR E R 1 s BN, ER7 Nhashable
BRI A RGTAE .

—ANEOM issubclass () Bisinstance () MAARA AT =Mz —.

1) A newly written class can inherit directly from one of the abstract base classes. The class must supply the required
abstract methods. The remaining mixin methods come from inheritance and can be overridden if desired. Other
methods may be added as needed:

class C(Sequence) : Direct inheritance
def _ init_ (self):
def _ getitem__ (self, index):
def len (self):

def count (self, wvalue):

Extra method not required by the ABC
Required abstract method

Required abstract method

Optionally override a mixin method

oW W W W

>>> issubclass (C, Sequence)
True

>>> isinstance (C(), Sequence)
True

2) Existing classes and built-in classes can be registered as “virtual subclasses” of the ABCs. Those classes should
define the full API including all of the abstract methods and all of the mixin methods. This lets users rely on
issubclass () or isinstance () tests to determine whether the full interface is supported. The exception
to this rule is for methods that are automatically inferred from the rest of the API:

No inheritance

Extra method not required by the ABC
Abstract method

Abstract method

Mixin method

class D:
def  init_ (self):
def _ getitem_  (self, index):
def _ len_ (self):
def count (self, wvalue):
def index(self, wvalue):

H HH R W H

Mixin method

Sequence.register (D) # Register instead of inherit

>>> issubclass (D, Sequence)
True

>>> isinstance (D (), Sequence)
True

TEXAE T, DRARFEEEY _ contains_ ,_ iter_ Hl_ reversed_  [AH in izB4F, the 4%
KB M reversed () MK HBPIRNHA __getitem Ml __len .

3) Some simple interfaces are directly recognizable by the presence of the required methods (unless those methods
have been set to None):

class E:
def _ iter_ (self):
def = next_ (next):

>>> issubclass (E, Iterable)
True

>>> isinstance(E(), Iterable)
True
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52 DU SRS J X PR e R T B PR 2 DA OB ME N T A A PR . B2 4800 T ik 2 (R i
MHKFR, KR TOEMRIRREE AR AAAEERT R . BN, HE— ST _ getitem
_len_ Ml __iter_ FHAREPAXSrSequence fliMapping.

3.9 HUHHINA: X EE R B BAER L EE (1. B W GenericAlias 7 1 PEP 585,

8.5.1 FIFHFREE

RABEBHAR AL T AN ABCs:

ABC 4K H WRFiE Mixin 75 i%&
Container! __contains___
Hashable! __hash__
Tterablel? __iter_
Tterator! Iterable | _ _next_ __iter
Reversible! Iterable | __reversed_ _
Generator! Iterator | send., throw close, __iter_ ., _ _next___
Sized! _len_
Callable! __call_
Collection! Sized. __contains___.
Iterable, __iter_ ., __len_
Containen
Sequence Reversible, getitem___. __contains_ ., __iter_ .
Collectign_ len_ __reversed_ ., index Ml count
MutableSequence | Sequence | __getitem__, MK H Sequence HHYE, PAM
_ _setitem_ . append, reverse, extend, pop,
_ delitem__ . remove, M _ _iadd__
__len__., insert
ByteString Sequence | __getitem_ . 3K H Sequence HTE
__len___
Set Collectign__contains__ . _le_ . __1t__ .\ eq__.
__diter_ ., __len_ | __ne__ . gt__. ge__ .
_and__ . __or__ ., __sub__.
_ xor__ Hilisdisjoint
MutableSet Set __contains_ . Mok H set WHEPAK clear, pop,
__iter_ .| remove, __ior__ ,_ iand__,
__len__, add. __dixor__, Fl__isub__
discard
Mapping Collectign__getitem__ . __contains__, keys. items,
__iter_ . __len__ | values, get. __eq Ml _ _ne__
MutableMapping | Mapping | __getitem__, K H Mapping BT EEPA K pop,
__setitem__ . popitem, clear, update, #il
__delitem_ . setdefault
_diter_ ., __len_
MappingView Sized __len_
ItemsView MappingView., __contains_ ., __iter_
Set
KeysView MappingView. __contains_ ., _ _iter_
Set
ValuesView MappingView., __contains_ ., _ _iter_
Collectiagn
Awaitable! __await___
Coroutine! Awaitabldg send. throw close
AsyncIterable! __aiter
AsyncIteratorl Asyncltenablenext_ __aiter_
AsyncGeneratorl Asyncltengagsend, athrow aclose, __aiter_ . _ _anext___

8.5. collections.abc --- B B3
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)
8.5.2 ZITHREL - FAHR

class collections.abc.Container

LT contains_ () FIEMIHGESS.

class collections.abc.Hashable

PBALT _ hash_ () FEMHSESS.

class collections.abc.Sized

PHET _ den () HERYIRSESL.

class collections.abc.Callable

BT call () HEERZ A,

class collections.abc.Iterable
PBALT __dter () HIEMIIMGREZL.
ffiff]l isinstance (ob3j, Iterable) BIPAMGI—1PREBRELHME T Iterable BUE LI T
__iter_ () eA%K, HRILERMXNIEERIEMEH _getitem__ () FE#FTER —
MGG 2iterable B ME— AR )T A iter (obj) .

class collections.abc.Collection

HEAT Sized Fl Iterable 25 F2k,
3.6 UHTIIA.

class collections.abc.Iterator

BT dter () Ml_next_ () FERNIMGREIE. S Wierator BE L.

class collections.abc.Reversible

HRE R T _ reversed () FEHIZ L.
3.6 UCHTINA.

class collections.abc.Generator
AR, SEELT PEP 342 g UMY, MORITFTR T EAAR, LT send (), throw ()
close () J¥k. S Ulgenerator [F)5E L.

3.5 BUBTIMA.

class collections.abc.Sequence
class collections.abc.MutableSequence
class collections.abc.ByteString

R 5 AR 5 2] iR

SR —HR A (Maxin) F¥EHU_ iter. (), __reversed_ () fil index () &FEHL I
MIRZM __getitem_ () Hik. Bk, WREIMA) __getitem () @HEHTHE, A4
MM AR A T ESA AR ED AW, WRIKZEFERLELH (FlndEE), IBARAN
B PR R, XMV A T .

3.5 R EE 58 index() J5 ¥ HF stop Fl start %K.

class collections.abc.Set
class collections.abc.MutableSet

PSeRibEE R iUE SSEqiUE e 8- =

class collections.abc.Mapping
class collections.abc.MutableMapping

R 5 AAR R ok 37 AR B
class collections.abc.MappingView

! %4 ABC F#, T object.__subclasshook__ () DA S H S I IE BN 35 10 7 6 R B AEAE H BLA sl None Sl —4
. X HGEH TR 0. WRE AW 0 F s Tk

2 }i# isinstance (obj, Iterable) REMUMBIMHMN A Iterable BFERA __iter () LRI, HEARGENIEZ
il __getitem_ () FE#ATIERINE. WhE— DGR Kierable (ME—A 5 XA iter (obj) .
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class collections.abc.ItemsView
class collections.abc.KeysView
class collections.abc.ValuesView

WL R LRI RO AL I g 2k
class collections.abc.Awaitable
]SRN S awaitable FEALR)ZE, TTAREH T await Rk . I ESHSEH _ await_ ()
HiE.
Az %M Corout ine ABC HSLHIEREX A4~ ABC 5L ,

i [F: & CPython B, R F 4 Wi #8092 ([# Mtypes.coroutine () Basyncio.
coroutine () WH K EBAR) AR THF A £, WHEMINIASTH _await_ () .
f#i il isinstance (gencoro, Awaitable) E/ M M{] < & B False, TEAffi il inspect.
isawaitable () AT,

3.5 BUHTMA.

class collections.abc.Coroutine
TR LA G I . 5L TR % LAE coroutine-objects: HL[) /¥ send (), throw ()
fl close (). WHHEMBILFELI] _await () F¥k. AW Coroutine SLAIHRLI
HAawaitable SEBl. 2 Dcoroutine BE Lo

i [E: It CPython B, X T A4 W #19 & (i ftypes.coroutine () Bjasyncio.
coroutine () AW A WA) #E THFHF L, WHEMIIASH _await__ () F¥k.
{fi § isinstance (gencoro, Coroutine) R M fh{1< iR [ False, %ffi flinspect.
isawaitable () FeAm AT,

3.5 HUCHTIA.

class collections.abc.AsyncIterable
WMALT _ aiter  FYERYHISREZE. £ UWasynchronous iterable B 5E L.

3.5 BUHTMA.

class collections.abc.AsyncIterator

PMET _ aiter_ M _ anext_ FYEMAMZEZE. & Wlasynchronous iterator H)5E Lo
3.5 BUBT A

class collections.abc.AsyncGenerator

NP AR B R, XSRS T % AE PEP 525 I PEP 492 B
3.6 OB

8.5.3 fIFFlELH
ABC FFEATI R L e iR R e o Ehig, Bian:

size = None
if isinstance (myvar, collections.abc.Sized):
size = len (myvar)

e g AT UHAVEIRAZE (mixin) , X7 AE 2R 5y T & S Fpads APLZE. N, 5437
Fpoe#set APTRZE, HFEBERMEFHIX =A¥k: __contains__ (), __iter_ () fil _len_ ().
WLt E AW, Bl __and_ () fl isdisjoint ():

class ListBasedSet (collections.abc.Set):
""" Alternate set implementation favoring space over speed

and not requiring the set elements to be hashable. '''

QS
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(R L —5)

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)

sl ListBasedSet ('abcdef ')
s2 ListBasedSet ('defghi')
overlap = sl & s2 # The __and__ () method is supported automatically

iiset flMutableSet FVEIR AR RER:

() HFREESRESQEFTES, BINKIRA T ET B —Fh AT % AT 5 A1) 8 5 52 6l
B R BREFRWELHA ClassName (iterable) BRME L. XFEERHIIT LN
_from_iterable () MNEPE L, % HESWMA cls (iterable) K=& —NHEA. W
Roet BMAXERG AR ERBEL R PPMAH, RGFEES R ESRE TR ER
_from_iterable (), PATEIET A EAXT R SHOCRA1E BT SL 5 o

(2) FEHILRAFRIS (22 TEE, By HE G BEr) , HFEEEEL __le () Hl
_ge__ () BR&L, RIEHAURIERIES AR,

(3) Set BAERREM T A _nash () FENEAHEMAME: B2, WAEX _hash__ () FHIF
BRI AR ZEhashable ANV AEXT 5 o Bl IR AZCHE GG A GE S, W PARI4EK set ()
MlHashable (), SRIGE X _ _hash__ = Set._hash,

L%
o OrderedSet recipe 2T MutableSet HEI— P,
o BN ABC 1 %2 &5llah Rlabc module fil PEP 3119,

8.6 heapq --- ¥ #5(%l] (heap queue) ;&E %

JEIGHE: Lib/heapq.py

TE AR R T AR (heap queue) AL, TRUCREEIESEEIS (priority queue) B

Heap (MiRT) Je— Mo, #f_ERTA SCHT R RO EIAR/ NS S8 A i 1 B R AL BE T [sio) B04E, S8 ey
7 0 BAAAIY k #M L heap[k] <= heap[2*k+1] flheap[k] <= heapl[2*k+2] . [E)7 LB B
6, AFAERTCRBAREIERR . heap fFE— A MR B F i MU TCEIIGE E{EIR B heap (0]
Fe.

N5 APLER— BB E Y heap queue SEIAA I SN S —, FRMBRTIGE O FIlAEE, EE
A At B 3 2 T B (R AR Al D 22, {45 45 Python 0 BRAGRSIRIREET. 55—, A8y
pop J7 VL€ Inl g/ NI TTR T AR O TCR - (TERGRHE H R /1 "min heap”, [ max heap” PRIEJfbAR
EMUEHAER B AR BIE R ) .

e T {1 0 45 heap % /E— (21 ) Python list A48 I R & B & 4h: heap (0] S /MUY 1F,
heap.sort () AEPREF heap FYTEE A
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37— heap ] PASE ] list W) 4A4LE] [1, siE i heapi £y () #4—HE £84 TCE M) list HAL—{H
heap.

WAL AR AT T ey R X

heapqg.heappush (heap, item)
H item T heap, (VRS heap PEEUAE.

heapqg.heappop (heap)
1ﬁé Jreap B [l 5 N TR, TR ORES: heap | %ET . R heap @AM FEAE IndexError
gEet . AP/ NCREABUL AT AE T heap [0

heapqg.heappushpop (heap, item)
s item A heap , $EE heap BUBEFMEE/INATTE . B WA AR LI heappush () Z AT
Mheappop () EARH,

heapg.heapify (x)
FEEW: R E)H list x #(E] heap, FEFEAN € s BN GO IR B

heapqg.heapreplace (heap, item)
1€ heap WU [EIlE i/ MY TTER BB item THEE heap. heap R/ @i . Un2R heap /2%
W E4 TndexError §iER.,

18 1 — R S8 B A E & EL PRI heappop () Z &I heappush () BARCR, [EFEHETE heap K
INREEREEEE S, BUB/A R ALE R —E G ¢ heap [{E—(FCREI item B AL,

B 2 14 [ (AR T B B KA AR irem o IR TS AN SRR IR B8 AL 1K), vl DA B i J heappushpop ()
B, Aol heap [t/ IMELRT item WA & LI/ NI ARAE ,  [E#E K %) BEAE heap (B,

i MR ACAL B (4 = A1 ] heap TEARRY— A& ki sX

heapqg.merge ( *iterables, key=None, reverse=False)
AEZ e HEF i A EEAH— BEH L (SR GER A Z 0 log A 43 I [ B ET 0 15
H)o [BE—{fiterator £ E RS HEFHIE.

Ml sorted (itertools.chain (*iterables) ) XE{H o] {H(H 2 —1{F iterable , NE—RILFTH
SRR ORI, [E AR AR (H/hER) HF# T .

AWEN S8, $5E R AR 1R B 7 2 e

key 238 7E T —AMkey function 519, FAARMEEE— B A R T2 FEE — 0 LR Ak HE . TERAE
J& None (HIZHEILEK).
reverse i —/NAf K. R A True, Wi A JCR B LK G R PTG, Bams

sorted(itertools.chain (*iterables), reverse=True) E{UWITH, Fﬁ;ﬁ_fﬁﬁﬂ‘%
AR E KB N -

3.5 MR AR AR 28 key 1 reverse

heapqg.nlargest (n, iterable, key=None)
M iterable It & SCH) RS PR BRI n AN HRTTR AL S . QR BE T key TRV 45 5E —
NERSHEE, T iterable 15 TOR PRI BE (B4 key=str.lower). ZFT:

sorted(iterable, key=key, reverse=True) [:n],

heapg.nsmallest (n, iterable, key=None)
M iterable it 5& SCHECHE B Pk 8] {5 n DI/ NIC R AN K. AERIRHBE T key W H Y 45 & —
NESHIRE, T M iterable {5 TR PARBULE S (B0 key=str.lower). M T
sorted (iterable, key=key) [:n],

@%ﬂﬁﬁluﬁ?’i n AR N B AP R . SRR nfl, HHlsorted () MG AR [FIEHD,
Hon==1 K, fAE#EEnin () flmax () GHEHFAFCR. RFEEE HE%EA, TeA% E#
1terable 8 B B 1E 1Y) heap
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8.6.1 EHEEHl
HEHEFF W] RATE AL RE AT (B A T SR S5 B U — D/ IMELTOR 52 B

>>> def heapsort (iterable) :
h = []
for value in iterable:
heappush (h, value)
return [heappop (h) for i in range(len(h))]

>>> heapsort([1l, 3, 5, 7, 9, 2, 4, 6, 8, 01])
(6, 1, 2, 3, 4, 5, 6, 7, 8, 9]

HMESRMA sorted (iterable) , {HiRsorted () AREIFE, BHEVENZ stable BIHETF -

Ir{_eap HEYICE AT LA tuple o JEA ARSI HCEAG(E (B 80—1 task AOMESERE) A EBEEORRIAE — kL HE
T

>>> h = []

, 'write code'))
'release product'))
'write spec'))

, 'create tests'))

>>> heappush (h,
>>> heappush (h,
>>> heappush (h
>>> heappush (h,
>>> heappop (h)
(1, 'write spec')

’

w = 3 W,
~ 0~

8.6.2 {E%([F/%| (Priority Queue) E{EH &

OLyc\s e w3, H HEMSEIE S T2
o HEFPRORRAENE s AR P B AR priority Fr) task 92 HEA IR A JEF 1] 4

« Tuple FHFFAERLLIEN T €r3ds, B A1E Tuple (priority, task) ff) priorities A4 H. tasks [E—fF7H
B HERP IR o

o F—fF heap 1 task 1) priority BUEIF, VRAMANEASH] heap ERER(LE |
o sl — MR ERRENY sk 75 R EIRRE, VRB T ReEN) ek 21 FIEI R i 1Y ask.

— B S35 i A0 Y A 2 (A — (B A% priority | entry count il task —{EJCER Y tuple . Wifi task
HHF] priority I, entry count & Wi fil task REARIEMARINETFHET . PIEEA AT wifiE task HEA HH H 1
entry count , JIr AK€ EHE T task L HLHL .

PIAS task Z [AIANT] LG 1) I8 o — Rh iR oy 202
2K

o<

B0 task, HHEL priority 7B BE AR

from dataclasses import dataclass, field
from typing import Any

@dataclass (order=True)
class PrioritizedItem:
priority: int
item: Any=field (compare=False)

T 1 R R AT DA el 4R B ZEEIRR 1Y task [FISE 21 priority 5% HEGH B R S task 7T A H]
—{ dictionary 3§ [i7][E)5] % H ) entry .

BBk entry sl SERCE T priority EEIE S, PHENE @O heap (MR, T LA W47 5 5802 A 1
entry fi{—AFERC RN E CAKIEIRR, [V — W BEA i priority 11 entry .

pq = [] # list of entries arranged in a heap
entry_finder = {} # mapping of tasks to entries

(N 4kZE)

236 Chapter 8. &F#$}EI(F)



https://en.wikipedia.org/wiki/Heapsort
https://en.wikipedia.org/wiki/Priority_queue

The Python Library Reference, [} 3.10.19

(R L —5)

REMOVED = '<removed-task>" # placeholder for a removed task
counter = itertools.count () # unique sequence count

def add_task (task, priority=0):
'Add a new task or update the priority of an existing task'
if task in entry_finder:
remove_task (task)

count = next (counter)
entry = [priority, count, task]
entry_finder[task] = entry

heappush (pg, entry)

def remove_task (task):
'Mark an existing task as REMOVED. Raise KeyError if not found.'
entry = entry_finder.pop (task)
entry[-1] = REMOVED

def pop_task():
'Remove and return the lowest priority task. Raise KeyError if empty.'
while pqg:
priority, count, task = heappop (pg)
if task is not REMOVED:
del entry_finder[task]
return task
raise KeyError ('pop from an empty priority queue')

8.6.3 R

Heap J&—{F (51 %} 72 UrA 1€ 0 BRI index k BRAFAEMEE a[k] <= al2*k+1] flalk] <= a[2*k+2]
o BT HERE, AEERITCEPREMER K . —F A8 heap M Z a (0] 7GE R/ MITTE .

EMRRAAE B HORAE N — A AR SR S RN AF R . R IIECT 2 kA2 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

e BRI R, B4 K BT T 2xk+1 fll 2*k+2 Z b KFIESIPRATEH LB —uinbrfeis,
BEAEE RO T A A ocZ b, I HIRATAT AT EROEIE )R a5 Frid 2 f e A 3 . HE2,
TEVFZ R XA AR SR T ALY AR op . AT AW R A PSS TR m i A
IR, M— NPT R, AT MEARZ I 7 — R HRENE, HIHNAS S — D RITHEZ
TR E =S, EOrsoT BT TS T BIC.

IR MR AR LR 252 2GR I, W5 0 BAGE BIIRA . MBREFFRIE T —A" BRI
FE AR R (EFRAMEE 2 R 30 S 50T) B2 0 SA0E, RIGFHXAHT 0 SR T
11, RNEHEATER A, HEEIAEHERGEEE, X BARLRM A E SR, Bl ERra %,
PRAF32]—4> O(n log n) K2R EERHIHESF -

BEHEF A — MRS BRI VR 0] ATEHR PR T 0 ) st i AR 25 H L AR R AR 2% FUA HUAR Sl
B 0 5 03 “BRF" o SXAERU R SCRMRRAIA T, FEXAPEOL R R ORAPR 2 IR e ASE, e
FAER R/ NI E . AR A EHEA TR, TR TR ] ) AR Ty [, A
EATAITr A P, HEES ARG BT R SC B B &, FA MIDI & s st i)

T SE BRI AR 2 MhES ARG 2 T e ks, MR ARREE R —Fl, OV ENTE A 4, I A
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JUPRIEER, BIREIL-S PR OB KRR ZE . BRI A ST 5 S e R s By 3, B
Ftse IR 1 DL AT AT BE AR FOREEE o

AR RRERA AR AN . RVZE S TRRRBHEF XA 24 “sfrit i (AIFHEFrFsl, It
K/NEHF S CPU WFFZR AR, BEE XSRS IEAGIEE, RKAHMALUERERETIW . 6%
BB — R AR HE R B AR AT RE R AIB AT R BRAR SRR IR H PRSIk SR ARG 4
FA T AR TSR TR, B G G A Y ATis T e IR A0 H , ARRF T DAXS T BRI A ZE P
TR/, W FRBIHE R i AR A AP RCR -

T3Ah, MR B R ERHS 0 A H IR ARG — AT REANGE & 1 B SRAR TR A (R A kit
IR, BTSRRI ROTRE4/  BOREIBOR A T AR ES Wb 7 BV EE I LAIE S
P e — Mk, HOG R 55— A 48 O B TR SRR ] 2458 — DRSS AT R, AR AT AT o
FERBHTRE TR AR S R

,é‘zéqf&%{ﬁﬁ%T%E@ﬁﬂﬂ WAEZEH o RAE—LEN P B T A, I HIAHEREE —1 heap’ U RA
B, )

[EIfg

8.7 bisect --- f%l| =4 EE % (Array bisection algorithm)

JFUATE: Lib/bisect.py

e RS AL At — (0 A HE PP A List , B R AR UM SE $8 A AR T ZE-UCHR P B List o — AR 00 list
PR B ERAE B ], (B T i B, SE AR Kb — s k. BB a4 ([Ebisect
FKWE@;}E *TEI%E**&E‘J bisection VA EE. BIALAY FUGTE 28 I BA I — R e S R B GBIk
CACZIERER 1) .

BT B AL T TH A e 2
bisect.bisect_left (q, x, lo=0, hi=len(a), *, key=None)
T a F AR B — RO, 3 x AR a RS HEF A0 . 280l Al hi FACHE R list P ERZ % R

T, FEREH R st o QR o EIEC A x BB, HAMCEETENA x WAl (Z£#) .
[l EEAE A PABCEfF List . insert O WS—MAS Y, HAIK o LASCHT .

A3 AR § A5 a 43 EIR 2, i3 all (val < x for val in allo : 1]) #RTEZAM
H all(val »>= x for val in al[i : hil]) #HEAMI,

key ] 18 3E —ff L—2 Wi key function, pRFGHE ] I function fE 81 BTy S0 3 DARG 31| FEBE 2GR
SNENL. YERLE function R EE AL H TR, AEEMTE x.

# key [E) None, HUHF/TNEALI B H LARRS hoC R EHEE -
3.10 fUEE5E: SHTHY key B

bisect.bisect_right (a, x, lo=0, hi=len(a), *, key=None)
bisect .bisect (a, x, lo=0, hi=len(a), *, key=None)

Bflpisect_left () , ARBEREHAMEGENA o ¥R x R (HE).

[EME AR ANLE | #5151 a 2 [EIW 2, ffif3 all (val <= x for val in a[lo : i]) #BEA
fIH all (val > x for val in af[i : hi]) EBZEAMI.

key W] 48 5E — 1l B— 22 ¥ i key function. BZNGE FH I function YE[#51) I A 70 % DARS 3] HLB(E A7
BN . ERE UL function H&E FFEESHHICE, NEEHRTE x.

#7 key [E] None, HIHEFF B L% T4 AR5 e R (EE)E
3.10 A By key 2
UM HT M ORGSR S HA R IO, AAERIRRET, X 2 i Sk A8 1 S EURSE R . BTG IR T 0k i B ok TR
WALE, FEOUNASARR, R EUAEER TR (BRI ) B0 R AR BT 5 s R n] g ik (B2 ULRBNS S - m A B &

I CHERR” op) . SRR AR SR B, ST R A AR . WPAIEER, EIEMEF MR L R R A
1, HEFMARER— IR ZEAR! )
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bisect.insort_left (q, x, lo=0, hi=len(a), *, key=None)

HEITE x A lista, [EMERFIET

Wi fbisect_left () MREBHALIE, #EM insert O M x A, PARBHERFAMICER
& BN o

WA A R RG] key B3, AR,
R ERZ 0 (log n), [HIFEARZ OMm), Kbk ed = HL s i EE 2 O(m).
3.10 REEAE: i key 2285,

bisect.insort_right (a, x, l0=0, hi=len(a), *, key=None)
bisect.insort (a, x, lo=0, hi=len(a), *, key=None)

flinsort_left () , HIARMEGTENA a B x F&EHE (G,

W SEM fbisect_right () RIEALE, HEM insert () M xfHA, PARBHERRAINITER
&N o

WA N ARG key iRz, ARG,
HEMERIEERE 0(log n), (HIHASE Om), K I, ek =R ey i [E)3E ) 2 O(n).
3.10 JiUHE 5 il key S84,

8.7.1 WEEEBE

] bisect() Rl insort() 2 E I IAIGEUR ACAS I , HICMEL IS
o TR EE R R R A . T E R ERE, WS A P RE
o insort() BB TS AL L2 © () PSR SORT1R] (48 28 20 R PR ME IR 18] ) 3 AP R 32 5

o AR R B R TORS I BN G Z ek B gk . Ik, WRAE— MRt
PR R A, WG R BT BE AR — RO R LRSI . WER R B AR, TH% R
M functools.cache () RAFELAMRELIIE . 555, WATAE BERE BT #
B E LA (AR TR 7R B35 B B ) o

hz%:
« Sorted Collections 2— i [l bisect & FREIR I EHET 2 Wi 1 S e,

« SortedCollection recipe fifi ffl bisect #4787 —PNIIRESERIN ZTEELR , YA B A1 2R 7 A0 6 oRi
B SRR o I i R RO 2 TS T R ) DA G 7 18 2R U ) ) bR S AN LA R

8.7.2 #F—ECHFH list

EHifybisect () BREOSTHRIMEALEA A, BAE—BARRES P RESA R . TH S T
BURR 1 IR LR AR A 751 2 R IR b THE A 4 R

def index(a, x):
'Locate the leftmost value exactly equal to x'
i = bisect_left(a, x)
if 1 != len(a) and al[i] == x:
return 1
raise ValueError

def find_lt(a, x):
'Find rightmost value less than x'
i = bisect_left (a, x)
if 1i:
return a[i-1]
raise ValueError

(N oLaRE:)
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(e )

def find_le(a, x):
'Find rightmost value less than or equal to x'
i = bisect_right(a, x)
if i:
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 1 != len(a):
return a[i]
raise ValueError

8.7.3 LI

Bfisect () WADAMFTRCTRAN .. XA TRMEMbisect () A—MRENFHHNSHESE,
AR, AR ARG 90 4 KA LJRA, 80§ 89 2B, DAL

>>> 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, 1001]1]
[IFI, lAl, lCl, lCl, lBl, lAl, IAIJ

bisect () FMlinsort () BEHLIE T FRATTH. key Z5007 0T e B2 B 36 b R ic S HE R r i 1)
T

>>> from collections import namedtuple
>>> from operator import attrgetter
>>> from bisect import bisect, insort
>>> from pprint import pprint

>>> Movie = namedtuple('Movie', ('name', 'released', 'director'))

>>> movies = [
Movie ('Jaws', 1975, 'Speilberg'),
Movie ('Titanic', 1997, 'Cameron'),
Movie ('The Birds', 1963, 'Hitchcock'),
Movie ('Aliens', 1986, 'Scott')

>>> # Find the first movie released after 1960

>>> by_vyear = attrgetter('released')

>>> movies.sort (key=by_year)

>>> movies[bisect (movies, 1960, key=by_year)]

Movie (name='The Birds', released=1963, director='Hitchcock"')

>>> # Insert a movie while maintaining sort order
>>> romance = Movie('Love Story', 1970, 'Hiller')
>>> insort (movies, romance, key=by_year)

(F0AkED)
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(R L —5)

>>> pprint (movies)

[Movie (name='The Birds', released=1963, director='Hitchcock'),
Movie (name='Love Story', released=1970, director='Hiller'),
Movie (name='Jaws', released=1975, director='Speilberg'),
Movie (name='Aliens', released=1986, director='Scott'),

Movie (name='Titanic', released=1997, director='Cameron')]

T R BRI R R, T DA R — NS R S R A R T S i R 5 | DA e T A 1 pR AR
H:

>>> data = [('red', 5), ('blue', 1), ('yellow', 8), ('black', 0)]
>>> data.sort (key=lambda r: r[1]) # Or use operator.itemgetter (1).
>>> keys = [r[l] for r in datal # Precompute a list of keys.
>>> datal[bisect_left (keys, 0)]

("black', 0)

>>> data([bisect_left (keys, 1)]

('blue', 1)

>>> data[bisect_left (keys, 5)]

('red', 5)

>>> datal[bisect_left (keys, 8)]

('yellow', 8)

8.8 array - @M EMR{EE

EASALE R T — @ 2E], A AR RE A S B AR s Fon, Rl IR, [
—EAEEEI st (351)) Bp oI RE], BT B @ BRI G A AR ZE) . AT B IRy T DA — (1
FITHY type code HEHEERAFITERHEE. DANEGBEFER) type codes:

Type code | C Type Python Type FrENSR /Mt (bytes) | Ffg
'b! signed char int 1

'B' unsigned char int 1

u' wchar_t Unicode character | 2 (1)
'h' signed short int 2

'H' unsigned short int 2

i signed int int 2

I unsigned int int 2

'l signed long int 4

'n unsigned long int 4

'q' signed long long int 8

Q' unsigned long long | int 8

'f£! float float 4

'd’ double float 8

I
(D) REFEAR, BER TR 16 At 32 fit.

39 WS HEl array ( ‘“u’ ) il wehar_t BURC(EIH ) Py_UNICODE fE[E C type. iz ff[E]
HEEH B ESICmIER, B EE Python 3.3 fils Py_UNICODE RI[E] wehar_t HEF4 .

Deprecated since version 3.3, will be removed in version 4.0.

{ERSEPR RN 2 LA (ki C SEBl) YeEm. LB K/l Al array. itemsize J@ME
K]
e HeE T PAR T ¢
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array.typecodes

— £ 35 B A AT B9 type codes 77 HR .

EARALESE TR

class array.array (typecode[, initializer] )

— T B S ) TC B B typecode [, [EVph i Y initializer 2 8WIIGAL, initializer w678 & — 1A
list, bytes-like object (ENLICALERPICF) AL 30w U EVSE oy nTE A 14 (iterable).

2R 5 — A List B string, By B9 [ 51 1) 45 L B & A fromlist (). frombytes ()
 fromunicode () ¥k (BB TEI) MICEHHE Hd, HAEERE, —1 iterable initializer
A extend () HEZH.

B SCH% s R P B, 15 %R 5 ] (indexing) . Y] i (slicing) . H? 4% (concatenation). #H3f¢ (multipli-
cation) 45 . E 6 U) R A TR (E R, TR (A [9) o6 ZELEL A8 AH W1 1) type code,  JHC il 70 () ) i 445
B rypeError, Y FEIFMEAE T M@ A, W ATEAL SCHE bytes-like objects {7 fEH .

5845+ F 1 (auditing event) array.__new__ [FI# A5|# typecode., initializer,

typecode
typecode “FICH P B I o

itemsize
Wk 5] Hp g — e R AEERR TR ZE A e R .

append (x)
B —H T E x B W8 1) e R b o

buffer info()
R l—ATC4 (address, length) 45 HAFHCEZH NA B NAFZ 0T IX I 24 Bl HhE AT B (DA
TCEMNECHEANL) o AT N AL N o XK /NAT 3@ 4 array . buffer_info () [1]
* array.itemsize K. TARFERENAHILMIRE (BUHCRAMAE Z4:) 1 1O
HEEF, XHERSAH, Bt ioctl () #4E. HEEALAELE, I HIA R g i
A JERHRAE, R BB E A 0 -

) FOMZRE C 8 C++ Rl (i 2 ME— S8 8 Gl A BIRAE ) Bsis fFg,
T O 2 0 8 P P SR M S [ /T T e T i R e v, [EREREAE R
FEAHG b . B A % 107 [/ 1T Y SCPEAE bufferobjects.

byteswap ()
"Byteswap” Fi A7 Bg P ik B R SCBWHREE 1. 2, 4 5 8 fiycA RS, HAELE
MEE S B Runt imeError. JBTEAMAR SISO P AN [ AR SRR AT T

count (x)

[u] {5 x FERHS R BT R

extend (iterable)
¢ iterable T RTIETCR BIES 1) R i, W iterable J2 53— H Y], B AAEA SR type
code, WIRAFEE TypeError, QI iterable N jt—E51), B AT ABEENL (iterable)
HI A ) TC B AR T AR I A8 r ) TE e ALED

frombytes (s)
WFHR R TR IR & T 5 A A O AL s R T AR b
M fromfile () JrEEIRERD .

32 BTN fromstring () B{EML NS LHEEM frombytes ().
fromfile (f, n)

W file object f L n AICE (MEEMZEUE) , B35S 202 A S 1) e R o . R X
DI n AR TTR GBS EorError, [HARIKITCEAIR G A ] 1,
fromlist (list)

fiE list FUpTHITER . BB for x in list: a.append(x), [T AZUEISREIL RS,
e 271) i DR FR5 SR AN 1 15 B A

242
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fromunicode (s)

H 45 7€ 19 unicode T Hp 4 i 5 [ 1), [ S 6 22w B R AY; oAty 2L (B

ﬁ[ValueError g, i array.frombytes (unicodestring.encode (enc)) K

% Unicode & fe} 3 — i HoAth ZU[EI Y i 51

index (x[, start[, stop] ] )
W 7 e/ N, AT JRIEES 2 AR — U BE x AR5 o SRR MR 5 | B start % stop HIJ AT
ARSI SRAE A RE 1 (o271 25 T RS e U2R x AAFAE S Va lueError,

3.10 A SHTHEIEVERY 2 W start J stop.

insert (i, x)

TERLE | Z HIHBA LR xo BRI T e & (B o B AR B

pop ([i])
o BREV R S R 5 E | (e . SRS 80 FEE) -1, FreABE G EIRRE R 5 % —
fETE.
remove (Xx)
eS| EIRRES — M B x.
reverse ()
SOz TR BIET .
tobytes ()
5195 it 370 () 5y —— {0 A g S (L AR e ) (B [ e e ) e L8R (R corile () R A
ERFILTTFFAEIE ) o
3.2 T tostring () BEMA A EHEMIP cobytes ().
tofile (f)
A TCE (TEEMEN A ) %5 Afile object f o
tolist ()
REEICE, 151 I E— 517 list.
tounicode ()

315 e 2 (] s . B AL A ZE(E) we HoAZUEY) (i3 g8 8 va lueError $iwt. il
J array.tobytes () .decode (enc) ﬂ%ﬁ@ﬂ%ﬁaﬁﬂﬁ%?%o

S P 5 B S B s R Ry, B @i RR(E) array (typecode, initializer). #H[E%
Wi I 2 8L initializer §/8 WS, #7 typecode ;2 v’ A FOREITH, HABEEI 4R R E) b e 4 U
list, H¥array class (B[E]) i from array import array IR IGIA, HREREMR % FE fEl
ool () I (AHEA AR R S e RS il

array ('l")

array ('u', 'hello \u2641")

array('1l"', [1, 2, 3, 4, 5])
array ('d [1.0, 2.0, 3.1417])
L%

struct B4 SRR E RS A o B R SEEL R B AL 46
xdrlib gl % External Data Representation (XDR) f{ &R G 88 BLAR BHALSE , 1B I — i Em R 458

(remote procedure call systems).

NumPy NumPy £ 5 T 5 — {8 [#51] 24
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8.9 weakref --- §55|F

JEUGRS: Lib/weakref.py

weakref i Python F2 7 RGNS 3551 A .
TER 3, AR Brdsad £ 3R0R 595 1 s I R4 .

XRS5 A REPRIEX RATHG + PR X MRS RS 5 I mE, smenle nf DA et 4L, 4
HNAEHNTHEN®E. (B2, EXhraSxgzm, MERAETE, B5 1 EER RN R .

95 H)— A T2 @R I — R IR G ZAF BRI, H A %R IR G A e A B
FEXANGEAT BBS T M OR A7 -

Flan, WARIRAE V2 KRB 3R BN S, AR fed 2 R RTER RE— D2 PR AR A Python 5
R 22 R B G, SR RGBT B FR, TR MG SR TR R B AT - S S (i B8 B 1 PR A7
Wi. weakref MRt WeakKeyDictionary fllWeakValueDictionary JE0] PAEE(L Python 7ML |
B E5 U RAEW, SXFhBE A 2 AR A X5t B WL A i R S AR R G . i, ansR—
MEGIX G @ weakvalueDictionary FIME, APAZRHZEEXT S HF 45| 2 S9WLX T 5 e
1555 B, B3R ISR SGZ AT S, IR S5 LS S s A R R 2% H o

WeakKeyDictionary fllWeakValueDictionary FEENIWSEM PR 755 H, HAEFIH
R 2 B Bl L B [l S TS S 5 Y [ oK B eakset SEBE Tset 20, H
B weakKeyDictionary —kE, HEFHHITTEMTITIH.

finalize PEUET P B0 Y S TR IUE 24 ot S ot oy 0 A A R TR ) A i B B B, X B 0 5 B |
U A e O T AR B, R AR 2 E S PR G RS R A e — ELAR R
XA ER Y~ finalize WRRZHEFIHEN—E@WAFEERLIEA ST,
weakref BPEEE TIRZEHH], PAMEMNT RPN E.

AR XA AR5 s P AR S5 | X A0 82K 5501, ] Python (MAZ M C) HEHIREL,
ST Bt RESRG, BT B, A, RARR, BT, B, BombAS, IENFRAR
BT R LA SIS 555

3.2 B SE: ¥ T %t thread.ock, threading. Lock FIACHD XTI S ;.
O ERA, Wlist fldice, ANEBEZFEESIH, HETAEE 22 #:

class Dict (dict):
pass

obj = Dict(red=1, green=2, blue=3) # this object is weak referenceable

CPython Ft{i:AMNEi: HABNESAL, Wtuple Mint, RLFEFGIH, BIMEEL FIHAIARIHE.
AIDAFRASHBAE 4 R 28 8 5555 | ;. 2 L weakref-support.,

YNFANEERME LT __slots__ W, F5IHSFRFRPEN, BRI ' __weakref ' FRFERMN
AEF| __slots_ FEUIRFAFHIFIIH . 5 S5 _slots__ U T RN .

class weakref.ref (object[, callback])
R[] object BIF5 o WERFHEX RAFETG, Wn] DOsE I8 5 1R R GORRBURIERT 525 Q2R fr st
ZAAFAE, WG XS A8 None o« ARERME TIEA & None WY callback, F HaR #5551 1]
XPRATIIRAFG , ITERS G RI5 G5 101 eR 55 555 LA Gk A A [ o i) MfE— S 450 1%
%5 IRE IR R AT .

SRRl ARG E 2 A5 - BEA555 1R T [ 3 o B 4 M Bl ) [m ] R R 4, 3
T S A [ 0 R P R

RS | W) SO ThsEss iR , HENERE: BNEamSER __del () FEMR
51 % 1) S AR ] ) 5 Rl b 3L

IR object WAy, WIESH| AT 54 o BIETE object §iMIBR 2 J5, 5595 | AURHRER HIGAE. W
WRIE object Wil A BRI hash (), WiZEBE5| % TypeError,
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5595 | FI SCRAAH SRR, (A SCRAET o AR PR SRS, A5 I HERA S MRS
HA—HWHE X R (TR callback ;2 BHF) « WM TAE—FriEx %, WACERA G TG
[l —XF g, —E AR
MR ZEAL, AR R AL
__callback___
XA H B @ PR 23k ]2 1 3 555 | B IR pR . AR I E ek O e, B 5 | T4
MREAFAE, WILJEYERE A None,
34 RREESR: P callback_  JBME.

weakref.proxy(ohka[,aﬂﬂmck])
IR0 object {— A 555 B . IR B REE R Z 80 E NSOl ACEE, AN ZER B bt
B g5 XTSRS I H . R XT 4 A ProxyType 8 CallableProxyType, H
(KRBT object T E . Proxy XS4 A Rhashable 1%, Toiwss| X 4 B E M7 XAl #A
‘g;ﬁgﬁﬁﬁfﬁnfﬁﬁ}ﬁ*ﬁ?é%%ﬁ 8, IR IR BT ETF e . callback S rer () REHIA]
28 SCHITA]

TR X R A BIR TWOE D7 F BN R R 5| S Re ferenceError,
3.8 MU AE: PR R I SRR IIs AT, WA FERIAIE AT @ A e=,

weakref.getweakrefcount (object)

R[4 ] object 19555 | FI MM CEEAGRCE .

weakref .getweakrefs (object)

A [l 4 1) object fA AT 555 | AR BIAL B 1) 26 o

class weakref.WeakKeyDictionary(Lﬁa])
S5 RIS . YA TAFAERT S50 G I, I AT A HRF R 3 Xl TRt oM
W5 B AR PP BT B R IR, T IO DX SEX IS E . XN T TR T
AR SRR AR AT H o

R, UL ERARAAMEE (ERARRSAH%E) MEEA T, BRIz, H
ALBHIARE . BT, BRI BT TS, e (] i i A g 1. 2% H -

>>> class T(str): pass

>>> k1, k2 =T, T

>>> d = weakref.WeakKeyDictionary ()
>>> d[kl] = 1 # d = {kl: 1}

>>> d[k2] = 2 #d = {kl: 2}

>>> del k1 #d = {}

— PR A E R R i SRS R o

>>> class T(str): pass

>>> k1, k2 = T(0, T()
>>> d = weakref.WeakKeyDictionary ()

>>> d[kl] =1 #d = {kl: 1}
>>> del d[k1l]

>>> d[k2] = 2 # d = {k2: 2}
>>> del k1 # d = {k2: 2}

3.9 HUEEA%: i PEP 584 Frih ¥t | B | = HEH ISR
WeakKeyDictionary MREA—ANWIHNITIL, WLAEEAIFAIGI . X85 A RIEAEE A TH ]
IFOSIRERES “AFih”, DR L5 | A SR A A () ATl o e 3kl Tk e e & S Bl
I o e g R B R L S PR B B T

WeakKeyDictionary.keyrefs ()

AR [ X R Y 55 5 | PR AT IR AR R
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class weakref.WeakValueDictionary ( [dict])

595 T ELAOMRSTE . SR FEAEAER RS T , S0 % R 7.
3.9 JESE: W T | FI 1= B SHE, AT PEP 584,

WeakValueDictionary X% BEA —NEAIN T ¥E, M EAFAE SweakkeyDictionary X4 Ky
keyrefs () JyyAAH A ) 8.

WeakValueDictionary.valuerefs ()

I [l B S RHE R 555 A IR AR .

class weakref.WeakSet ([elements])

PRERXHOCR BT IR G ER. MIATTREA T HI, ZIURREF

class weakref.WeakMethod (method)

— BN GEE Ik (RIS E SOFFESC B &R k) 7855 R EE Lrefr 726 T
R IGIPEN, FRMESS S B R E . weakMet hod AL TR RIS I K ST Qa4 i
5, ELEIDN GBI eR R

>>> class C:
def method(self):
print ("method called!")

>>> ¢ = C()

>>> r = weakref.ref (c.method)

>>> r ()

>>> r = weakref.WeakMethod (c.method)
>>> 1 ()

<bound method C.method of <__main__.C object at 0x7£c859830220>>
>>> 1 () ()

method called!

>>> del c

>>> gc.collect ()

0

>>> r ()

>>>

3.4 BUHTMA.

class weakref.finalize (obj, func, /, *args, **kwargs)

AR o] — AL B A G X 5, O RAIFHE obj AESIR MM B A . SE@E 555 AR, &
ZEARIFRRATE, BRI RPEmI, AR R 1A i A R
LALLM NP A AR e (R SE B M s ) R Z 5 e e

T WHAGHALRRFRI] func (*arg, **kwargs) BSRIESEE, MU HIET A A 45805
[flNone,

TESEIR AR E] 2 S5 TR I 5 | 2 S iR R TARERR D i, (EJCiRgifedh. Efak SX%
M __del () Jriksiss s AT A e m A [ 007 sk 2

VPR, FRMAEALSHSWRAN, BRIFEMNWatexic BECHRNRME. BMNSHS
AN B AH B A I 95V
L LE IR AR interpreter shutdown W J5 B 46 2 Wi Ee FL [0 bR 2, BERHBE B 42 5y A% AR 7] B 9l B 4

>N None,

__call__ ()
IR self MAFTEIRSNFF HArid hESET:, HREEHA func (*fargs, **kwargs) BIZERE.
A self E LT3R B None,

detach ()

AR self HAFERASNHRE HARC A E ST, HREJTH (obj, func, args, kwargs). {l
R self CHET-MRNone.

peek ()
T self MAATEIRSNR B JCL (obj, func, args, kwargs). IR self EFET- MR
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[AlNone,
alive

QR A LEZ AR NZ e @M BUE, 5 WA IR(E .
atexit

— A GRRR B E RN, SO E(E. MRBRFIRIMN, BT atexic HEEAIF
ARG R BN %S AR B SR -

M REEA)— RO WR func, args i kwargs APRATAEMTXT obj BTG, Toik 2 ELEERY R A%
[, A obj FFK LA XPAFABIR I K5, func AR 2452 obj B— A8 ETT Ik

3.4 BT
weakref.ReferenceType
EEE1DEEROE RSO
weakref.ProxyType
ENERERIROE NibE el thO e
weakref.CallableProxyType
CIREDEERSE ek e sitht e S
weakref.ProxyTypes
& A R B R P A1 o X AT AR SE 7 G I — X e R AR, TSRO TP
PRI A5 o

b4
PEP 205 - 5511 e tEAGSRBORBE , 45 P SC B0 A0 ARz AL i 5 b R VR A 5605 8

8.9.1 855 AR

B HMBBE A ref.__callback__ PASMYIFEFIEME. — D595 IXTRURAAE, Wi el 0 A
EARIREG]

>>> import weakref
>>> class Object:

pass
>>> o = Object ()
>>> r = weakref.ref (0)
>>> 02 = r()
>>> o is 02
True

WG HEANTAE, WG RAFR E None:

>>> del o, o2
>>> print (r())
None

Kl —A555 ] M G R A RAFAE N % 1 215K ref () is not None. W%, THEMHGIHMZH
57 AR 7 24 S A i A A A

# r is a weak reference object
o =r()
if o is None:
# referent has been garbage collected
print ("Object has been deallocated; can't frobnicate.")
else:

CNgkzs)
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(R L —5)

print ("Object is still live!")
o.do_something_useful ()

B A7 MRS TELZ AR P HlE e 40 HALRAR T8 S B 595 | 55 H 9
TR BILRRG LRI B2 R AR A B FE N AR 2 2241 .

B RIRAS ) re £ XF5n] DAIE it FRALRANEE . FEweakValueDictionary WSEEILH LA 17X A=
P WL RS 2 H B AT RS o X TR IR AR B IR 5 | A W Sl e haE A, (E T AR A 7
VA 9 A MG PR RS | A .

XA TR T AR re £ 19— F 2 TAEEA XS BN ELIHES | F 0 A B 52 i 5 i iz [0 i)
1H:

import weakref

class ExtendedRef (weakref.ref):

def _ init_ (self, ob, callback=None, /, **annotations):
super () ._ _init__ (ob, callback)
self._ counter = 0

for k, v in annotations.items{() :
setattr(self, k, v)

def _ call (self):
"""Return a palr containing the referent and the number of
times the reference has been called.

mmn

ob = super().__call__ ()
if ob is not None:
self.__ _counter += 1
ob = (ob, self.__ counter)

return ob

8.9.2 G

XA B TR 1 AT G R ID SRR B A B O R . SRR ID i) DAE L E
BmaS i, i IeAGR R, HAET AR RS R SR AT DA 1D R4

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]
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8 9 3 - —n%gﬁg
i finalize 3 BUFALTE T & RE SR (E LT IR R £l , 0 TR/ DR B BT ik Il ) 22 S 20 4. Bl

>>> 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!

ARESa M DARCE R . (EUR A g i KRR [l s S0 — R

>>> 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

TRATPABE R detach () JyiRREER — 458 . O IR R A SR TT IR MR B I e 2 M 21 2

o

>>> obj = Object ()

>>> f = weakref.finalize(obj, callback, 1, 2, z=3)

>>> f.detach()

(<...0Object object ...>, <function callback ...>, (1, 2), {'z': 3})
>>> newobj, func, args, kwargs = _

>>> assert not f.alive

>>> assert newob]j is obj

>>> assert func(*args, **kwargs) == 6

CALLBACK

BrAE R atexic BRI False, MMALEEAER PR SRR At i i . fian

>>> obj = Object ()

>>> weakref.finalize (obj, print, "obj dead or exiting")
<finalize object at ...; for 'Object' at ...>

>>> exit ()

obj dead or exiting

8.9.4 [LBRLERE __del () HiE
R FATE RN 2, e LR H R MPAN SRR — DR ERy, XA E R4S 5
HN AR :
o RGBSR L,
o W remove () FEREAA, 5
AT LAZEIAE ] __de ) IR, AT FR:
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class TempDir:
def _ init_ (self):
self.name = tempfile.mkdtemp ()

def remove (self):
if self.name is not None:
shutil.rmtree (self.name)
self.name = None

@property
def removed(self):
return self.name is None

def = del_ (self):
self.remove ()

M Python 3.4 14, _ del () F{EASFHEIEIEIRG | AR AL Bk, H BARE 4 /A8 B interpreter
shutdown YRR 258 % A None., BRI Be A% FE CPython | W% 2 IE H a1 7T AN 2 H BUATAR] i)t

SRIMT, __del () JrykmyAbsl & ™ s sz B BARSCBLR S, DR o E MO T AR i i [l Wi 2 87 X
(14 PSR

SRR AR A7 SR AR E — 488, KT E TR 2R E sACHIT R, A RBOT A 4
RERI VT

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

B REE S, BATI ARG G A2 — R S8 U B35 2 H SRAT S5 Il 4l a5 0 . WeR¥g—H
RPN RSB W, AEEETI AR PR A .

BT 55 AGEGERAG 7 — TS, s BTN KA S =I5 2l i I A g, il
MR L HEA TR E AU

import weakref, sys
def unloading_module () :

# implicit reference to the module globals from the function body
weakref.finalize(sys.modules[ name ], unloading_module)

fEE]: R 2 R R e P P AR Q) R A BT 4, AT T RB IR A Ah A AN e iR Y Rl
B. B8, fF— TP atexit. register(),try: ... finally: ... flwith: ... [6#
ANREPRIEIA T 2E
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8.10 types --- ZREIGIBFOA B3 E BFR

JhGHg . Lib/types.py

BB E T — T H R, T Bsh S Qa2

B AR RIS E ST AR, XL FRdinifE Python FREER TN, (HIHFABRNER int Bistr
FERANATT

g, ERBOMEt 7S AR E AR A 2 DAYE N B G T2 R %L

8.10.1 ZhAEFERBIE
types.new_class (name, bases=(), kwds=None, exec_body=None)
8 38 24 1) e R B S HL A — X 4
W= SEOR A E SCRBFE: K808, B3 G, KBTS (Bl netaclass).

exec_body ZRE— AR, TSR QAR iy 44 2510 o BN 24552 I 4 s Ay e —
MSHOTRNR N E a4 2 ml. AR OE IR A, e T4 A lanbda ns:

None,

3.3 OB

types.prepare_class (name, bases=(), kwds=None)
TR YR TTR IR K Ay 4 =S 1A
SRCRHSEE SCRIRIE: RAFR, BIE CHFH ARG T 28 (Bilil metaclass).
REMERZ— 3 JC4H: metaclass, namespace, kwds

metaclass ;235 X4 W) TCHE, namespace & T4 11 1 236y 44 23 (A1 T kwds J& A& A kwds Z8F BrdE 1>
'metaclass' FZHGHEEREIA. WREKEA kwds ZEL, XFF—A 2574,

3.3 HUHTIA.

3.6 JiRCESE: Frik HC4H H namespace JLRMEVAMEC A . MAEYICREH __prepare_ Jf
YEIERE 2 8 F — AP B A (R L

W%
metaclasses X 18 pK £ BT SCRF I S0 AR Y 52 A0
PEP 3115 - Python 3000 v 1¥j5cK 5| A _ _prepare_ 4 =S[E|8HT

types.resolve_bases (bases)
HAEHFENT MRO 25 H , BARHA L PEP 560,

IR B & AE bases h A& A Stype WL T, AR P — oo dl, HPHANEE
__mro_entries__ JyYER AT ST GRS TE B %O VIR SR 45 SR . ASR > bases Ti
etype LB, HEARAE _mro_entries_ ¥k, JIEREAS N AR b A0 & e 3R 8] () o 2
H,

3.7 HUGHTIA.
hE%:
PEP 560 - X} typing LAz BRI AZ O T H;
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8.10.2 FRAERRRFEAH

IEARERCAVF 22 AR T S PY Python fRRERS T ER YA R . T 2 B Mkt o 70 & 55 28 (e AL P R v 1)
SRR AL, fHlfN 1istiterator 255,

R PR LAY F Ui sinstance () B{issubclass () ¥,
BIARAREE S SE R T h g AT — P, TR LA A 7E R [A] Python ffUAS 2 [0] W] R th BLAZ 1k .
PATF 23 1 B AR IE 24 FR X

types.NoneType
None [RZRAL,

3.10 BUFTIA.

types.FunctionType
types.LambdaType

P A s LERELA B il Lambda kUi 7 s £ 26 8L

gl k—A~F it EH function._ _new_ FHHTF S code.

B T A QPR SO R B SLOIEG A, A SHEE EmwiF TS & .
types.GeneratorType

generator IRAATXIZINZEAL, A il B A

types.CoroutineType
coroutine WRWZEAL, B async def RELIZ:.

3.5 BUHTMA.

types.AsyncGeneratorType
asynchronous generator YA ZAGRAL, HRP AN RO,

3.6 BUBTINA.

class types.CodeType (**kwargs)
ISR Z AL, fllllcompile () MRIENE.

5l % — A% it F F code.__new__ FH Mt H £ % code, filename, name, argcount,
posonlyargcount, kwonlyargcount,nlocals, stacksize, flags,
TR TR ST RE S W) A A AT BT SR Y 24 AR e AL BN A DERE . e LR x4
M E LB K, MA@ gy K .
replace ( **kwargs)

R PR G — RIS, T AR B

3.8 HHTIIA.

types.CellType
FAICX IR LR RPN VR Eh B i
3.8 BUBTIA.
types.MethodType
H B E SCESEBIITIRRR AL
types.BuiltinFunctionType
types.BuiltinMethodType
WEREGIAN Len () Bsys.exit () PARNERITERRE. (XHFUR CNE” 24 “DLCif
HHE")

types.WrapperDescriptorType

FELO Py B RPE ST A LA R 2T GG object . init () B object. 1t ().
3.7 JGH A

K
D
&
2t
2%
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types.MethodWrapperType
FLe N B AR R B LR 9r 2 AL, Bl object () . __str_ JiTJEMZAL.

3.7 HCHTIA.

types.NotImplementedType
Not Implemented [R2EH,

3.10 FRHTIA.
types.MethodDescriptorType

ey R A Bl st r. join () BYAAL,
3.7 JUB A

types.ClassMethodDescriptorType
LB P BRI AE SRR K EBIAN dict . dict_ [ fromkeys'] [,

3.7 BB

class types.ModuleType (name, doc=None)
Fdk WREY . M IS AR AP BRI I 2 BRI AL docstring AE R ATIE S 4

i [F: MERHEERKESLMHEFAESWEMN, M8 Himportlib.util.
module_from spec () K@ — IR,

__doc___
B docstring, BRIAH None,

__loader___

T maEisE e floader . BRINH None.,

B2 VEEARTEAE __spec_ object & W) importlib.machinery.ModuleSpec.
loader,

ffiE): AR 1Y Python AT fE 45 (EBRIN B E ML E. Ry 1k S X AR (L2, 4
SRARBH 0 30 75 2B SRR RO __spec_ JRMEIRIEZ M getattr (module,

" loader__ ", None),

_

3.4 fE S BRINK None., 2 Bl @M A il &5 .

__name__
BRI FR. WM BEVLAC import1ib.machinery.ModuleSpec. name,
package_

— AT W package . WP 5 2RI (RN AR R e S A8 ) Wz JE v
WK T, BN AR A PR (R 2 — AN A FR W A __name_ ).
ij)\jﬂ None,

HE S IVNE AR FEALE _ _spec_ Xt % importlib.machinery.ModuleSpec.
parent,

ffi[E): ke Python HUA RE4S (H BN E ILIE M. S 7 3l G ixX A AEAR AL, 4
SRARPH 030 75 26 SRR RSO __spec_ JRMEIRIEZ M getattr (module,

" __package__", None),

_ 7

3.4 JE S BRINH None. 2 BilZJE M A AT LT .

__spec__
B A RGO ARSIk WY@ —A~importlib.machinery.ModuleSpec [)5%k
i,

3.4 BUETIMA.
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types.EllipsisType
Ellipsis P2RAL,

3.10 BUHTIA.

class types.GenericAlias (t origin, t_args)

A2 2RAL, BN 1ist [int].

t_origin W 4@ —NEESZAIZE, Hlin 1ist, tuple B dict. t_args V42— MES
b t_origin Wjtuple (KJERTPAHN 1):

>>> from types import GenericAlias

>>> list[int] == GenericAlias(list, (int,))

True

>>> dict[str, int] == GenericAlias(dict, (str, int))
True

3.9 BUBT A

3.9.2 JiREEAE: MR IR AR T RAL

class types UnlonType

F R Rk X R
3.10 HB A

class types.TracebackType (tb_next, th _frame, tb_lasti, tb_lineno)

TS RAL, BN sys.exc_info () [2] HUXTS.
WEHEEIES S %Tﬁﬁ"fﬂ%%@%ﬂ%ﬁfﬂ’ﬁﬁh DAL Sh A HA) 2 ] 3 0 5 A FE R

types.FrameType

WX RAAEAEL, G0 th. tb_frame HXI5, H th 22— mHx4.
WEE S Z% TR IEA B R 4T .

types.GetSetDescriptorType
ffi [l PyGetSetDef FE¥ JRAIHH 8 WX 5 HY2EAY, Bl FrameType.f_locals Bf array.
array.typecode. WRBHMENGBIENHIAS: ENHK Sproperty KREME, HE]
FERTAED AR 2 SR

types.MemberDescriptorType
il PyMemberDef FEP @A H b X R AGEAL, il datetime.timedelta.days. K
T A A 50 P s o B R BRI 7 B C 0O B R ISR Y BB B Spropercy 2RBIME, HE
B XHED bt rp g k.

CPython E{f:4fii : 7 Python fH B SCII Y, HEHIN[E S GetSetDescriptorType 4 AHH .
class types.MappingProxyType (mapping)

— ARG AR ARG TR A% H SIS LR, R MBI A A M, P Bk
XEEHAE,
3.3 OB
3.9 B A SR SCRE PEP 584 Il & (1) 54T, BRI ZITA TIZ B
key in proxy
AN Z MWL A key MR[A] True, NR[E] False.,

proxy [key]
IR R Z R DA key SRR WSR2 BB HPORTEAE B key WG| KK KeyError,

iter (proxy)
AR [ R 2B B TR AIA AR . X iter (proxy.keys () HIPEET

len (proxy)
AR [N JE R PR I
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copy ()
AR [ WS S DL

get(key[,dqbuh])
AR key FEAETF )2 WSS SR 0] key BIME, 75 W3R 0] default, 412K default 7R 25 H WIERIN
None, WAL ART | KK KeyError,

items ()

R R Z MR, () X)) AR — AT .
keys ()

3B [ B T J2 S ) S 2E S — AT A
values ()

3B ] EH T JE B (R ZH B — AT
reversed (proxy)

AR [ A~ 5 SRR A B Y B 1) R X
3.9 BB A

8.10.3 PN T B AFnFE$
class types.SimpleNamespace
— AR ERobject T3, AL T a4 SRR JEME, PAR— A E XA repr.

ANEFobject, ¥T SimpleNamespace #RA] AR R B . WHE—1 SimpleNamespace
MG R FSEH TR, XS MW EHE AT E a4 250,

BEIAUR ARG T LA ARG

class SimpleNamespace:
def _ _init__ (self, /, **kwargs):
self. dict .update(kwargs)

def _ repr__ (self):
items = (f"{k/}={v " for k, v in self. dict_ .items{())
return " ({})".format (type(self). name , ", ".join(items))

def _ eqg (self, other):
if isinstance(self, SimpleNamespace) and isinstance (other, .
—SimpleNamespace) :
return self. dict == other. dict
return NotImplemented

SimpleNamespace Al #f | T3 class NS: pass. {H2, XTI 454k ic 5% 28 B0 W ok
M namedtuple (),

3.3 BUHTMA.
3.9 JiR S A#: repr FH BT d TR SO ALY Rl dict).

types.DynamicClassAttribute (fget=None, fset=None, fdel=None, doc=None)
FEIE LM __getattr__ B R

R, T SGE S0 58 i U7 R AR AT R SR A . 24 ST R I PR IE
1120, ARV JR LR Bt 22800 __getatr__ J73k; X2l id 5| & AttributeError 558 B .
XAV LG EREE R R E e, R SCEFER B E 2 R AUE M (— AT 2 Wenum.

Enum),

3.4 BUHTMA.
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8.10.4 thiz TREH

types.coroutine (gen_func)
BRI B ] K generator pREEA R — A>3 [B] BT A2 s I PR B coroutine function, J&7T 42 BUAR I T
TEATIOR J@ T generator iterator, (B[R] X 0] 8 K coroutine %f 4 Feawaitable, A3, BEAH HILSLI
__await__()jiﬁ;

W2 gen_func E— LA REL, ERFRUEHBIE

WA gen_func RiE— AN AEMASRE, WESHOE. WREIRE—collections.abc.
Generator SR, ZEGIRHADIELE—A awaitable fCEEXF G2 . A HAD X 5 I B0/ 47 R
FEAR 1]

3.5 JUB A

8.11 copy — %@ (shallow) $0;EB (deep) [FIFE{E

JUATE: Lib/copy.py

Python (I BUASAREE 1, 12 dsr AP 1% (binding) BHE]. 2 7%# (mutable) st 7
FJEAIA F (mutable item) (46, AR W0 HIAACR SRR E A AN, A S AR A . AR R
fE 7 e EEREEEEERE (TERE).

ANER

Ccopy . copy (x)

[l e x g [EI(ET

copy .deepcopy (x[, memo] )
Il {8 x 1) VR e [EI(ED,

exception copy.Error

1 Bt E BAL I S %
B s EE ) wEERE Ay (RIS st sSER E 65 b a i) HHE

o 2R EEEE-EHnEawr, 8% EETRRMEREE) & EEY P2 2 R— A
Hrp

o R EIEEE - MHEEY 1, REEEHEEAE F A CEEIRR S P 2 &) AdE AL
T I 3 5 A T {1 L, 7 3 i (B M A (S A i e

 EEY (EESHEEASE A S RNEEYH) ThgEsuEPERE.

- HIRRERPGEEFRAES, Hiknaegaa2EE (Flingem 42 MIE=r g .
deepcopy () B PAT =il T 8 L i :

o R E T EEREES BB memo Filt; PLK

o RFHEHH ERNEEEE (override) FE#ERBPE W THEE .

A ARERA. Y. HELAE (stack trace) . HE[EIHE (stack frame) . A%<, socket, Fifd. Pz
PARATA AR U E) . B i AN 8 o S L ) (R e Il ke (g kg ) > [BED e XAl &
Hilp i ckle PRAH a5 R ) =2 AU

FHPREEE T A dict. copy (), T list (1358 EIE) AT DAE i It (E 8 dist /8] 1 (slice) 521K,
BN, copied_list = original_list[:].

SHETR] DA ELAE pickle A A1 im0 AR M EIEMRAE , BB LR MR B AEE 2 % pickle B,
T, copy BALEEIYIE Rt copyreg B HTIEIRY pickle P,

BHED-MHEEREcA DB RERTE TAB#EREHKRITIE _copy__( M
__deepcopy__ (). FPIRETH AT BIR M DIEHRAE; A0 A BST He FFRH DA B E
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Pl EMEMA—ME5I8, B memo F, IR _ deepcopy () BBIFEE M iREEIE,
BRI deepcopy () MAEIARZICAEESE—M5 8. LA memo FMAEEI —H5]#. memo F
SREE AV EA B IAYIE (opaque object) HBEHE .

W%
pickle B8l STRYIVEZIREEARR (state retrieval) FIWRTE (restoration) MIBRFIATT IA I it ifi -

8.12 pprint --- #iEE{LHHH

JUERE : Lib/pprint.py

pprint FHGEALT “SEALITH” (LA Python Xugi i that, XAl AL B 2n] IIAVERT ARREAR U4 A o
PR ZAR AL 5 B AR A Python SRR R, MIHSEARIE AT RETCIA B . a0k, BT
IR, PARVFZ HALAFE M Python FHI{ERFZ/RAIA REA W AEFEUXFEAYEE R .

AL G IIE ST AT RERI NG UL T AR TR BRI G, FAETCIAAE SOV S N AR R 1 DL AR5 H 7
HNZAT o UNRARTZR B S B IR Y R A e pret tyPrinter XF4R.

FUAETH R H R & SR SR T .

3.9 WUBESE: UShN T X EART Bl t ypes. SimpleNamespace B HFo
3.10 BREESE: VI T EALFTBldataclasses. dataclass [ 5.
pprint FHGE LT —43:

class pprint.PrettyPrinter (indent=1, width=80, depth=None, stream=None, *, compact=False,

sort_dicts=True, underscore_numbers=False)
MigE—ApPrettyPrinter Sl XA LR XEFIE S

stream (BRINH sys . stdout) jg—ANfile-like object, JBIFPHZRTZI write () F A AR
BHAH A

AR T A S o S 2 R A A i s B AP RRE SUJns
indent (BRINN 1) 87 BN B HE R SR I 4 L i

depth FEHI W RAT EPAY 4 BEIZ 80 QAR BT VAU ES 290, W Br e & /T — 2906
A B BOATE LT, X B s G 2 PR B AR A o

width (FRIN 80) $i5 5 i th " RRAT B SLVFI IR R AR MR — SRR 4l A TR A T2 B R A 2 A
AL, KRR REZ A

compact WK JFH) (9135, Jodl. Bea%5) HIRETr . W2k compact A (BRIN) W51
4 — TR A BRI AT o AR compact S EAE, WA I ATHE SALIREAE width [ R 2
WRITREHLA N Z 2 H

WA sort_dicts EAA (BRIN), FIAER MR TR THERY . 5 W EAT PR AE A s

ﬂﬂ%& th(nde)rscore_numbers NEE, BBAEMAACRRN _ PR TR AT, AR 2R R
2 (BA).

3.4 [ S Fri compact 295,
3.8 fREE 5 v sort_dicts 28,
3.10 iR SE 48 13 underscore_numbers 23,

>>> import pprint

>>> stuff = ['spam', 'eggs', 'lumberjack', 'knights', 'ni']
>>> stuff.insert (0, stuff[:])

>>> pp = pprint.PrettyPrinter (indent=4)

>>> pp.pprint (stuff)
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(R L —5)

[ ["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 BIHGAHL T —Se P R 4l

pprint .pformat (object, indent=I1, width=80, depth=None, *, compact=False, sort_dicts=True, under-
score_numbers=Fualse)

W object ) ¥ XA F RN TR 8] . indent, width, depth, compact, sort_dicts F underscore_numbers

g E S B Pret tyPrinter MiELE.
3.4 WU 5 Fi compact 8.

3.8 JiCEHE A SHTI sort_dicts 28,

3.10 JR B8 Fri underscore_numbers 28y,

pprint .pp (object, *args, sort_dicts=False, **kwargs)

T object K KACFIRFH I —DNRATAF o WIER sort_dicts S (BRIN) , A 52 BRE A4 48 AT

PR, BNRHE MY . args Rl kwargs FAE A& MTE S 981645 pprmt()o
3.8 UHTIIA.

pprint.pprint (object, stream=None, indent=I, width=80, depth=None, *, compact=False,
sort_dicts=True, underscore_numbers=False)

¥ object ks AL ZFEFATEIE stream, EE%TE’*/\ﬁUTﬁ“o WIS stream k) None, WIfHEH] sys.
stdout. LTEXET%*%%%WEIFPHM () BB DAEXHEIEA TR A (fRE 22 ] DATERRE A
AN EIR(E print = pprint.pprint A ) . indent, width, depth, compact, sort_dicts il

underscore_numbers FiVE AR AL S i Pret cyPrinter MG A .
3.4 fRE S I compact 3.

3.8 iU HEAE: i sort_dicts ¥,

3.10 W EE 5 Fii underscore_numbers 23

>>> 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)

Eﬁ% object [{fF A MFoR R E B, SUR A AIHIREL eval () BEHITRXTRIME. BEEOS

BT R 2R M False,
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>>> pprint.isreadable (stuff)
False

pprint.isrecursive (object)
3E object Z T BTN .

WEAMETE LT —A SRR A

pprint .saferepr (object)
R[] object W PRI, FHEBITRHR AR BEORA . AR object HIFRIEAXATF T — Vi IH 5%
H, iZ#EH5]| & #i# /"8 <Recursion on typename with id=number>, ZFERHAMAL
AT HER L.

>>> pprint.saferepr (stuff)
"[<Recursion on list with id=...>, 'spam', 'eggs', 'lumberjack', 'knights', 'ni

KHI]H

8.12.1 PrettyPrinter ¥t

PrettyPrinter WSEHIAA I FEk:

PrettyPrinter.pformat (object)
R[] object I AMFIR . EaFfetiPrettyPrinter MTEEATEIMAFIE.

PrettyPrinter.pprint (object)

TEFTHCE A _L T B object k&AL F R, FEFHIM— A 74F

TN ETRAL T 5 [ R BT R A S . AE S A X S VAR A R L AR TR A A
WPrettyPrinter %4,

PrettyPrinter.isreadable (object)
W R R R BT “THE, SR eval () AR, WHERI N T
XS RFR ] False, WIRRE T PrettyPrinter [¥) depth T2 HXT GRS H ARV ER, Bt
HiERRE] False,

PrettyPrinter.isrecursive (object)

TR SR BRI ER .

WA T3, A FREB U R PR X . BINEIE A saferepr () SEBL

INER T =

PrettyPrinter.format (object, context, maxlevels, level)
R ZAME : FERFERIEAN object CASALIRA, FEHIZE RS H AT En RS, DASARHE Al 3
BIHWEAR . B NS EREFIRPIRNG . B ARANG 1d () NERTFI, XS RE TR
R TS5 (B object FR I HERAIEAAS) s AR FREEIN—ANTCLTE context 11K
HXT5, = ASRIEME N 24 True. Xfformat () J7ERIEIEE F Y 2455 25 22 1 i £& B s m
b, 55 =ANBE maxlevels 45 T ERIA R E R BRI Q055 SR RS R 0. ik
SR G R IME AL A6 TV o SEPUAZ B level 25 BT 2401290 14535 )78 T ) S 8008 1.
24 /INF 24w E 1
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8.12.2 3afl
N T iRpprint () BRERHIESHULANE, iEFATA PyPLERBOCTRATH 65 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 () VNHEAREXE R 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 :: OSI Approved :: MIT License',
'Programming Language :: Python :: 2°',
'Programming Language :: Python :: 2.6',
'Programming Language :: Python :: 2.7',
'Programming Language :: Python :: 3',
'Programming Language :: Python :: 3.2"',
'Programming Language :: Python :: 3.3',
'Programming Language :: Python :: 3.4"',
'Topic :: Software Development :: Build Tools'],
'description': 'A sample Python project\n'
' \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,

'docs_url': None,

'download_url': 'UNKNOWN',
'downloads': {'last_day': -1, 'last_month': -1, 'last_week': -1},
'home_page': 'https://github.com/pypa/sampleproject’,
'keywords': 'sample setuptools development',
'license': 'MIT',
'maintainer': None,
'maintainer_email': None,
'name': 'sampleproject',
'package_url': 'https://pypi.org/project/sampleproject/"',
'platform': 'UNKNOWN',
'project_url': 'https://pypi.org/project/sampleproject/"',
'project_urls': {'Download': 'UNKNOWN',

'Homepage': 'https://github.com/pypa/sampleproject'},
'release_url': 'https://pypi.org/project/sampleproject/1.2.0/",

'requires_dist': None,

(T BU4ksD)

260 Chapter 8. ZF#IEI(L



https://pypi.org

The Python Library Reference, £[I 3.10.19

(R L —5)
'requires_python': None,
'summary': 'A sample Python project',
'version': '1.2.0'}

LR AT AR R 2R E 1Y depth (ETRJZ Y N ARG A IS 5):

>>> pprint.pprint (project_info, depth=1)

{'author': 'The Python Packaging Authority',

'author_email': 'pypa-dev@googlegroups.com',

'bugtrack_url': None,

'classifiers': [...1,

'description': 'A sample Python project\n'
|- \nv
l\nl
'This is the description file for the project.\n'
"\n'

'The file should use UTF-8 encoding and be written using '
'ReStructured Text. It\n'
'will be used to generate the project webpage on PyPI, and '
'should be written for\n'
'that purpose.\n'
l\nl
'Typical contents for this file would include an overview of '
'the project, basic\n'
'usage examples, etc. Generally, including the project '
'changelog in here is not\n'
'a good idea, although a simple "What\'s New" section for the '
'most recent version\n'
'may be appropriate.’',

'description_content_type': None,

'docs_url': None,

'download_url': 'UNKNOWN',

'downloads': {...},

'home_page': 'https://github.com/pypa/sampleproject’',

'keywords': 'sample setuptools development',

'"license': 'MIT',

'maintainer': None,

'maintainer_email': None,

'name': 'sampleproject',

'package_url': 'https://pypi.org/project/sampleproject/"',

'platform': 'UNKNOWN',

'project_url': 'https://pypil.org/project/sampleproject/"',

'project_urls': {...},

'release_url': 'https://pypi.org/project/sampleproject/1.2.0/",

'requires_dist': None,

'requires_python': None,

'summary': 'A sample Python project',

'version': '1.2.0'}

BEAh, BT LA E W O TFAT width. QI2R— DX RICERAR G, MPRERE 4 E T8

>>> 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'
A\l \nV
l\nl

'This is the description file for the '
'project.\n'

(FOAkRED)
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(R L —5)

l\nl
'The file should use UTF-8 encoding and be '
'written using ReStructured Text. It\n'
'will be used to generate the project '
'webpage on PyPI, and should be written '
'for\n'
'that purpose.\n'
l\nl
'Typical contents for this file would '
'include an overview of the project, '
'basic\n'
'usage examples, etc. Generally, including '
'the project changelog in here is not\n'
'a good idea, although a simple "What\'s '
'New" section for the most recent version\n'
'may be appropriate.’,
'description_content_type': None,
'docs_url': None,
'download_url': 'UNKNOWN',
'downloads': {...},
'home_page': 'https://github.com/pypa/sampleproject',
'keywords': 'sample setuptools development',
'"license': 'MIT',
'maintainer': None,
'maintainer_email': None,
'name': 'sampleproject',
'package_url': 'https://pypi.org/project/sampleproject/"',
'platform': 'UNKNOWN',
'project_url': 'https://pypil.org/project/sampleproject/"',
'project_urls': {...},
'release_url': 'https://pypi.org/project/sampleproject/1.2.0/',
'requires_dist': None,
'requires_python': None,
'summary': 'A sample Python project',
'version': '1.2.0'}

8.13 reprlib --- HF—%} repr () LI

JEUGHE: Lib/reprlib.py

reprlib BIHEEML T —FXT R FR P T, BN RARFERE N RNHETRG . %o X T
Python Jii#s, i H T L HAg 5.
PR T — A2, — S BR—A Rk
class reprlib.Repr
A TR IR S5 E TS S N repr () MBI 7 HA B T8 XA X R BT R
BRI, ARG AR BB R B R
reprlib.aRepr
X ERepr W—AL0, H TR NETRR repr () BREL. SRR R MR 58 W repr ()
1 Python 125 BT 8 FH A9 /N o
reprlib.repr (obj)
X2 aRepr [Wrepr () Jik. BRE5E 2 P8 REI R B FAF BRI FAF S, DOITE T [
T 2 BB RN
FEIUNR B THPASL, WAHUR P T — Aty , HTRIX) __repr_ () BYBIHPEHIF S —1 5
PIAF R .
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@reprlib.recursive_repr (fillvalue='..")
MTH __repr_ () Jy AN A — AR N RISV AT 0 g . ASRPAT TIBIHR, W&k [E]
fillvalue, HWHATIEHR) __repr_ () FH. BlI0:

>>> from reprlib import recursive_repr
>>> class MyList (list):
@recursive_repr ()
def _ _repr__ (self):
return '<' + '|'.Jjoin(map(repr, self)) + '>'

>>> m = MyList ('abc'")
>>> m.append (m)

>>> m.append('x")

>>> print (m)
<'a'l'b'|'c'"|...|'x"'">

3.2 BTN

8.13.1 Repr ¥it¥

Repr SEBIR R AL S — L@ T DA TR A R B A Fm SR AR/ N, 380 35 — 285 3R AT AKS X
R E RN SRR

Repr.maxlevel

OIS AR TR BERR K . BIAN 6.

Repr.maxdict

Repr.maxlist

Repr.maxtuple

Repr.maxset

Repr.maxfrozenset

Repr.maxdeque

Repr.maxarray
%J;T{E%ﬁ%%ﬁiéﬁ A HBCRIR . X T maxdice MERVAMEN 4, XFmaxarray B 5, M HAh
LS

Repr.maxlong
FORBR B TR . BB SN EFE. BOAEN 40,

Repr.maxstring
FORTATR R TATROR RS HEE TS M PR “IRE” R IERE PR EA
BSOS, FEAiEFORIS BT RES BN . BOAE 30.

Repr .maxother
SRR T 45 i AERepr X G AT R E IR AL A AT T R 2B B K. B2 A
lmaxstring BN H . BRIMER 20,

Repr . repr (obj)

W repr () EEMTEX, B SO Rk,

Repr.reprl (obj, level)
Btrepr () MAIMIERSEI. BITERE obj W2 RURM & 2 R M8 XA Ik, I A obj 1
level, JAL G ITIEN M P M reprl () RPATIEIAKKAL, FEBITFIH P level - 14
K level TH{H o

Repr.repr_TYPE (obj, level)
#-*r%%_&_E’J*ﬁf%ﬁ&“%ﬁ%ﬂjﬂ%ﬂﬁﬁﬁiﬁWEE FRAMTTYR . TEHEATRT, TYPE 4840k
.join (type (obj) .__name__.split ()). XX HEMHMIRSH reprl () KA, FE
SO T8 RS AR ) 20 2 Ry 7 24 self reprl (subobj, level - 1).
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8.13.2 ¥33{t Repr &

Wi repr. repri () SIS IRAVFRepr BT IRUSINXIESN N EX QR SR, SO BUE L
R AL XA TR T RIS NS SO R BRI 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)

aRepr = MyRepr ()
print (aRepr.repr (sys.stdin)) # prints '<stdin>'

8.14 enum --- Y HEHI T

3.4 BT
JUGRS . Lib/enum.py

Mg 52 A ME—H BHIE R — A 54 (RS o M2 i sl mT AT Sy b, FF HBe E 5
WArEA.

lE: B AN
MR @R, HIt, SRR R ARG T, AR 07 B AR A%

8.14.1 EHIE

AR E LT ARSIk E XA SENME—4EG: Enum. IntEnum, Flag MlIntFlag. MAb,
WL T — A2, unique (), FI—AHBIZE, auto.

class enum.Enum

BIEMAE R ESE . W TS M EEYE, 1§ M Functional API /N5
class enum.IntEnum

Bl int FRMZEEENHEL.
class enum.IntFlag

QI S ALZFAHEICE A, XAKREIntrlag WA BRI EBIHEL. ntrlag MGH
&int BT,
class enum.Flag
QI S AL AL, MASREFLag M BHRRIBAS R R
enum.unique ()
WPR— 2R A G0 —MERY Enum JEEigs .
class enum.auto
PAESERE AR Enum BB WIIRTEERA 1 TR
3.6 G Flag, IntFlag, auto
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8.14.2 61& Enum

O class QIR WP, 55, 5 MR IEES W Fncional APL, Enum U
T HOE:

>>> from enum import Enum
>>> class Color (Enum) :
RED = 1
GREEN = 2
BLUE = 3

#E): Enum A% 51(H

AT AR int . str 4. FHIRFHBOEMUIE, auto SLHIR ARSI A DML AERE. Fauto 5
FUAAFLTR T I A AR

#E): a2
e 2 Color & M (BFRN enum ),
e Color.RED, Color.GREEN ZJ@Mi2 M R (B enum s R ), HEFE.
o MW A % 4RH A (B4 Color .RED 4 FR A RED, Color.BLUE HEN 3 %4)

#E): 4K Enum [ class iB¥A)%, {H Enum H R 25 #00 Python 2. 0L How are Enums different?.,

MO I 1 AT H R IR 2 2 ) B -

>>> print (Color.RED)
Color.RED

[FHf, B repr W HEL(EE:

>>> print (repr (Color.RED))
<Color.RED: 1>

M b IY) J RR B PR A -

>>> type (Color.RED)

<enum 'Color'>

>>> isinstance (Color.GREEN, Color)
True

>>>

Enum A% 5 348105 name Jg@ 4 :

>>> print (Color.RED.name)
RED

Moz e R E TR

>>> class Shake (Enum) :
VANILLA = 7
CHOCOLATE = 4
COOKIES = 9
MINT = 3

QS
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(R L —5)

>>> for shake in Shake:
print (shake)

Shake.VANILLA
Shake.CHOCOLATE
Shake.COOKIES
Shake .MINT

MBI Ay, AT T ML A

>>> apples = {}

>>> apples[Color.RED] =
>>> apples[Color.GREEN]

>>> apples == {Color.RED: 'red delicious',
True

'red delicious'
= 'granny smith'

Color.GREEN:

'granny smith'}

8.14.3 ¥¥ MG R EBIEMRIZ ]

AW, FAEREF PRI RAZE R G (A0, TR ARRES @ RHDIE, Color.RED AEMAYIELL). Enun

SCREIR ViR g5

>>> Color (1)
<Color.RED: 1>
>>> Color (3)
<Color.BLUE: 3>

A ARV SA S, R A

>>> Color['RED']
<Color.RED: 1>
>>> Color['GREEN']
<Color.GREEN: 2>

FA TN, 752K name 8 value:

>>> member = Color.RED
>>> member.name

'RED'

>>> member.value

1

8.14.4 EFMIMEMAFE
P2 B 3 PR 2 AN REAT [

>>> class Shape (Enum) :
SQUARE = 2
SQUARE = 3

Traceback (most recent call last):

TypeError: Attempted to reuse key: 'SQUARE'

E2, PR FT AR ROE . R, Aot A R B BOEAR) (S8 L2
HAHAR A M B BELREIZ A AR B, REIHHZ A:

A)’

B2 A 514
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>>> class Shape (Enum) :

SQUARE = 2
DIAMOND = 1
CIRCLE = 3

ALIAS_FOR_SQUARE = 2

>>> Shape.SQUARE
<Shape.SQUARE: 2>

>>> Shape.ALIAS_FOR_SQUARE
<Shape.SQUARE: 2>

>>> Shape (2)
<Shape.SQUARE: 2>

il AAFQEECE IR UMb G . k%) FARER, WA SRR A W5 [ 4 )8
P

8.14.5 HHfRHIH{EE—

BAATEOL T, BRGNS AFRMEN—MEM B4 . WTFEH AT, NIRBE MRS o7 DA GRRCE h 1 (H
SRR —K:

@enum.unique

TR class M. TR MM _members_ IFUEFHREIEM L : Nk
(LG K valuerrror IR A (EE:

>>> 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

8.14.6 {EHBzhXEIE
IR BARHEHETC TR R4, A auto:

>>> 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>]

MEEFF A H _generate_next_value_ () ¥, ZEE A ES:

>>> class AutoName (Enum) :
def _generate_next_value_ (name, start, count, last_values):
return name

QS
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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'>,
—<0rdinal .WEST: 'WEST'>]

fiE: BRIN _generate_next_value_ () Jrikf H AR 2R LA 4 th iy 5— A int BI{EfF S~ —
Avint, (HXRT 77 38 TSI Hoal ek A i

#iF): _generate_next_value_ () J5VERIE XV FAEARA0 HoA 5% 52 27 Bl o

8.14.7 &
X A2 B B AR A D AN 2 51 5344 -

>>> list (Shape)
[<Shape.SQUARE: 2>, <Shape.DIAMOND: 1>, <Shape.CIRCLE: 3>]

FeokJEtE __members_ @ —ANAFR S BLR R R BT P A8 TR T E LA 28R, AR
%

>>> 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 TARBCEE M A RTEA (S B LA T 544

>>> [name for name, member in Shape._ members__ .items () if member.name != name]
["ALIAS_FOR_SQUARE"']

8.14.8 tLiizE
B2 AP 2 7 ID 3E(T LA -

>>> Color.RED is Color.RED

True

>>> Color.RED is Color.BLUE
False

>>> Color.RED is not Color.BLUE
True

MEAEZ (B TCIEHATA P LEBE . MOS8 (53250 F SCntEnum)

>>> Color.RED < Color.BLUE
Traceback (most recent call last):

Qs
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File "<stdin>", line 1, in <module>
TypeError: '<' not supported between instances of 'Color' and 'Color'
ARSI U s LANF:
>>> Color.BLUE == Color.RED
False
>>> Color.BLUE != Color.RED
True
>>> Color.BLUE == Color.BLUE
True

S AEMEERY LB SR AR (FIFE Int Enum A BB HARIMGE, ST ¢

>>> Color.BLUE == 2
False

8.14.9 HEHHE R R FE M

AR B i R A M B R RO Y T 5 (8 (FF tht Funcrional APLERIASRBL) | {58 4] 2
*@g o FERFSZHBIF, TFREEIOAER LR Ao (BURAE 4 K FE, WA AR AT
RE.

HO A2 Python (92, T4 M0y SRR U BESEAT 0T HO:

>>> 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°'

BRI : DA RIBTT KSR A PR R HE, ABECIA ;A2 o S HLh A Ja 14T
RSO ZAZE RO, BRI (_str_ ()« __add__ () %). fiidfF (B HiRey) five
_ignore_ WA R RS-

PR AURECEE T new O S init_ () . JARREHCHH A (BT A ATy
¥, SR B Planet o
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8.14.10 Z[RAY Enum F3{t

— DHEnum ZERA R T —A> Enum 28, 2L — AR BHR R B Sl TR R R EME RS2 A
TFobject ] mixin 2, XLEELH )T Ay

class EnumName ([mix—-in, ...,] [data-type,] base—enum):
pass

PCYARE ST, BERA VR 1264k AR DA T Hik:

>>> class MoreColor (Color) :
PINK = 17

Traceback (most recent call last):

TypeError: MoreColor: cannot extend enumeration 'Color'

fHPAT ARG 2 0] PARY:

>>> class Foo (Enum) :
def some_behavior (self):
pass

>>> class Bar (Foo):
HAPPY = 1
SAD = 2

TSR E SCT AR BCEE R RER T34, ISR Sl ) S S i SO n] AR MU Wik . 5 — 7, —
BRI R BAER R A . (WS FABIREOrdered Enum. )

8.14.11 T8 (pickle)
MO AT AR T 4 i .

>>> from test.test_enum import Fruit

>>> from pickle import dumps, loads

>>> Fruit.TOMATO is loads (dumps (Fruit.TOMATO))
True

FTALI B R AR A RV REAE TR 28 IR i e JZ 0 E S, PO AR RV E 2R AT AZAR AL

5 JH pickle PRSUA 4 1T ASEAAHIIE R A A SR i B 64 74T 4.

WISTERZEIE P E L __reduce_ex_ () AIPAXY Enum J§ 5 57/ i dt Ty KA T8 8.

8.14.12 FH#A API

Enum ZEnPEHERAE T AT s & APL:

>>> Animal = Enum('Animal', 'ANT BEE CAT DOG'")
>>> Animal

<enum 'Animal'>

>>> Animal.ANT

<Animal .ANT: 1>

>>> Animal.ANT.value

1

Q)
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>>> list (Animal)
[<Animal .ANT: 1>, <Animal.BEE: 2>, <Animal.CAT: 3>, <Animal.DOG: 4>]

% APLITE SR T namedtuple. M Enum (S —NSHRFEN LK.

BTABEURME R AT R TTURA SR R AR AT . BFRES . R A
HFFEH, SEARBERBS (InF8) o FJaWiRhmT AR RAT B A ; ,Jﬂ%?éEW‘JAEEJJJ&tﬁEEEl
TR A (I start ES W H8E W HALELGE) o R FMER —ANIRE B Enum BH2E. k)
WP, A% Animal BOBRIEZEAN T

>>> class Animal (Enum) :

ANT = 1
BEE = 2
CAT = 3
DOG = 4

BRIARA 1 MTPA 0 MM AEEE A I INAE T 0 MIT/R(EN False, (HETAMERNAENYCRIEN True.

Xt e APT QA M2 AT B 0] BESARIRIGT, DR B ) T ) SE BRAR A A 2214k i A2
SEAERB R rp A (A ARG T ) — S i T H BB FTREZR U, £ TronPython B Jython
EWATRETCR) o IR B E R TR, AR B

>>> Animal = Enum('Animal', 'ANT BEE CAT DOG', module=__name_ )

i AR module, H Enum JCIAHHE MBI, BT Enum S8R AT BORES T L
AR RIS, ERERESE .

) pickle PIMSUUAS 4 FERELLE BL R RIFEAKEET__qualname B M 0 B PATE pickle RERZ % A
M2, Bilan, FEEAAAET 2 RER ) SomeData 28 H:

>>> Animal = Enum('Animal', 'ANT BEE CAT DOG', gqualname='SomeData.Animal')
LRI R
Enum (value='NewEnumName', names=<...>, *, module='...', qualname='...', type=

—<mixed-in class>, start=1)

value BT Enum JERH0 5%k H A4 BRI ELH .
names Enum {5 . X 1] PAJE— NS EHE SR FAT S GRIGIESE N 1, BRAER TR 2

"RED GREEN BLUE' | 'RED,GREEN,BLUE' | 'RED, GREEN, BLUE' ‘

e — A FRIE AR X 52

’['RED', '"GREEN', 'BLUE'] ‘

s A (R, (5 XA R:

’[('CYAN', 4), ('MAGENTA', 5), ('YELLOW', 6)] ‘

LS NS POE &

’{'CHARTREUSE': 7, 'SEA_GREEN': 11, 'ROSEMARY': 42}

B8 BT Enum ZEPr/EBEHRG 44 55 -
qualname i Enum JEAERLH A R RG1E
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type ZLHIAKT Enum ZER2EAL,
start 24 H % A\ 4 FRES B 1R a2 -
3.5 fREE S i start 2285,

8.14.13 kAR B

IntEnum

B i o — AR Enum R 1 ne B—AST2K. IntEnum BN AT 5 8L THE @ity e,
AN [ 2B B2 AR PT AR LA T HL R

>>> 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 Enum BT HR:

>>> class Shape (IntEnum) :
CIRCLE = 1
SQUARE 2

>>> class Color (Enum) :
RED = 1
GREEN = 2

>>> Shape.CIRCLE == Color.RED
False

Tnt Enum {EAEHATT T 4T AR AR U I — RSB 5

>>> int (Shape.CIRCLE)

1

>>> ['a', 'b', 'c'][Shape.CIRCLE]
lbl

>>> [1 for i in range (Shape.SQUARE) ]
[0, 1]
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IntFlag

R R — N Enum (2 fh TntFlag [AFERE T int 1Y, AEZAAET TntFlag 5 04 Az
IR (&, |, N ~) IATHEG HEERUA N IntFlag BG . 5, [EWMZAFRTERIAN, IntFlag B5 FKHE
SEint BT, HRETEARM R int BIEER . IntFlag R AHTIRHAAHEE DASMY HANE B
SR EIntrlag BT,

3.6 FCHTIMA.
Nl 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 IRE ] PAUEA 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 )5 — P EEXGITET WA RCEEMER (24 0), WHEAM/RE N False:

>>> Perm.R & Perm.X
<Perm.0: 0>

>>> bool (Perm.R & Perm.X)
False

MYt Intrlag BRFKRHERE int 72, FILeiln AHEAA:

>>> Perm.X | 8
<Perm.8|X: 9>

FRREAL

Wag— AR Flag, SIntFlag &M, Flag R ANMNIZEN (&, N~ HE. HintFlag ANH
H2, BIATSHEFlag M2 int SMTHAS R . BARATAE S EME, (HiEFEdHauto X
ik Flag P U A {E.

3.6 BUBTIA.
HIntFlag ZHU, WRFIag MG HERA G SBCA BB, WHA/REFalse:

>>> from enum import Flag, auto
>>> class Color (Flag):

Q)
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RED = auto()
BLUE = auto()
GREEN = auto ()

>>> Color.RED & Color.GREEN
<Color.0: 0>

>>> bool (Color.RED & Color.GREEN)
False

PSR IELN. 240 3RTs (1,2, 4,8, 1), AR 2L W JE Bt R Al

>>> class Color (Flag):
RED = auto()
BLUE = auto()

GREEN = auto ()

WHITE = RED | BLUE | GREEN

>>> Color.WHITE

<Color.WHITE: 7>

Xfno flags set” 2445 € — A2 RIS 2 A HoAf /R (H:

>>> class Color (Flag):
BLACK = 0
RED = auto ()
BLUE = auto()
GREEN = auto ()

>>> Color.BLACK
<Color.BLACK: 0>

>>> bool (Color.BLACK)
False

i X TREEHAET, SR Enun flFlag, PR IntEnum Ml Int Flag ST T AR ML
LY (BT DA BEAT OB, I PRI BUA T s 20 LM TE %% ) o IntEnum flIntFlag
A B4 AR T Enum FIFLag TEIRMMBISA G5 GIAN, 4602 R S, 802 5 A RS
AT A E A

HibZE1m
B Int Enum Zenum BURAY—7y, (HEMSL KBB4 75

class IntEnum(int, Enum) :
pass

X B 7S T A RIS IRAE RS s Blin—"ANR A T str MiAZint i) StrEnum,
JLAFLI :
1. Y7k Enum iy, FEREEFINPREGRBATERTEnun R 2ZHi, WPA L IntEnum BFI¥
vy
2. BOREnum A DAL RE IR G, Aid—BARIES THEIZEAL, W RTA B0k AH B 28
8, W LB RIS ine, BERR GG FHFAGE I m AR 8 2 7 — BRI R A 2.
3. %Eé?%*ﬁ?ﬁ%ﬂﬁi value BIES FR FTHZEMA A S, HENMHARRRE N B R RN
.
4. %-style formatting: %s Fl %r < B Enum 280 __str_ () Fl _repr__ () HABHS (Fil4n
237~ IntEnum 1) %i B %oh) 23 ¥R I GV A X B TR A 253
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5. MK FAF R FEIEAE, str. format () %ﬂformat () ¥EHRALAY _ _format__ () BIEET
*#E%ﬁ? str__ () B{ _ format__ foﬂPf*ﬁTﬁﬁH%l%ﬁﬁﬁmﬁ&dzEnum H ¥
T s A e A% AR SR ik i FH Enum %E’J str__ () fl _repr__ () Jik.

8.14.14 {GHHEAR new () 5 __ init_ ()

MAPRAE L E ] Enum B R SEBRERT A _ new_ () o AR HAME AT PAH __new__ () HATPAMH
_dinit_ (), WAL __init_ ().

BBIARYE, WRARE S EAZ R, ERA R — MR (E:

>>> class Coordinate (bytes, Enum) :
mirrmn

Coordinate with binary codes that can be indexed by the int code.

def _ new__ (cls, value, label, unit):
obj = bytes.__new__ (cls, [valuel)
obj._value_ = value
obj.label = label
obj.unit = unit

return obj

PX = (0, '"P.X', "km'")
PY = (1, 'P.Y', 'km'")
VX = (2, 'V.X', 'km/s")
VY = (3, 'V.Y', 'km/s'")

>>> print (Coordinate['PY'])
Coordinate.PY

>>> print (Coordinate(3))
Coordinate.VY

8.14.15 HiBHYRHI

HIREnum, IntEnum, IntFlag fFlag BB KW M st, (HEMCRERET. IEA—
BORFIRBMER T 58, ENTT AR E RN, S04 BT QI S5m0

HiR{E

TEVFZ W 5 A NI SO DA I SE PR LR AT 240 A T LA T 2URT RARE SCIE RIS ] B A 25 -
« ffiflauto MSEEIENE
o fliflopject MBI NE
o AR PR R AN (E
o [ERTCHVENEI A E X __new (O PA—ANint ERERZITTA

(0 PA_EATArT—Fp 05 3R Al i) P A (A AN 2, F LA RERS TN . AB IR A Bl B i A e
Hoor AR -

TERARVERATF T ik, ARHRR A fe fi— A repr () I HERHERE (AER) (A

>>> class NoValue (Enum) :
def _ repr__ (self):
return '< . >'" % (self. class_ . name_ , self.name)
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{FH auto

i auto BT

>>> class Color (NoValue) :
RED = auto ()
BLUE = auto ()
GREEN = auto ()

>>> Color.GREEN
<Color.GREEN>

{#H object

fifffobject MIEAANT:

>>> class Color (NoValue) :
RED = object ()
GREEN = object ()
BLUE = object ()

>>> Color.GREEN
<Color.GREEN>

fiE Rk 14 = FF R

M PR ER IR

>>> class Color (NoValue) :

RED = 'stop'
GREEN = 'go'
BLUE = 'too fast!'

>>> Color.GREEN
<Color.GREEN>

>>> Color.GREEN.value
lgol

ERBENE __new__ ()

R HZhHS __new__ () RO

>>> class AutoNumber (NoValue) :

def _ new_ (cls):
value = len(cls._ members_ ) + 1
obj = object.__new__ (cls)
obj._value_ = value

return obj

>>> class Color (AutoNumber) :
RED = ()
GREEN = ()
BLUE = ()

>>> Color.GREEN
<Color.GREEN>

(F IR
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(e )

>>> Color.GREEN.value
2

BLSCPL R A Y AutoNumber, iHEIN *args |24

>>> class AutoNumber (NovValue) :

def _ new_ (cls, *args): # this is the only change from above
value = len(cls._ _members_ ) + 1
obj = object.__new__ (cls)
obj._value_ = value

return obj

XFELSIRAN AutoNumber RFRIFVRIF AT A E R H OHY __init_ SRACPEATP IS AL

>>> class Swatch (AutoNumber) :

def __ _init__ (self, pantone='unknown') :
self.pantone = pantone
AUBURN = '3497"
SEA_GREEN = '1246"
BLEACHED_CORAL = () # New color, no Pantone code yet!

>>> Swatch.SEA_GREEN
<Swatch.SEA_GREEN>

>>> Swatch.SEA_GREEN.pantone
'1246"

>>> Swatch.BLEACHED_CORAL.pantone
'unknown'

) WHRE LT __new_ () M'EAYER)E Enum B GUIRIBAE T ; B G E R0 Enum 1) __new_ ()
e, %ISR ISEN G T A R A L

OrderedEnum

—?\ﬁf?ﬁlﬁﬁ, EARET IntEnum, HMAREE TIEFE R Enum ANERE (BIAAS AT 5 A 2E 617 1
B

>>> class OrderedEnum (Enum) :
def _ ge_ (self, other):
if self. class__ is other. class_
return self.value >= other.value
return NotImplemented
def _ _gt__ (self, other):
if self. class__ is other._ class_
return self.value > other.value
return NotImplemented
def _ le_ (self, other):
if self. class  is other. class
return self.value <= other.value
return NotImplemented
def _ 1t_ (self, other):
if self. class_ is other. class

return self.value < other.value
return NotImplemented

>>> class Grade (OrderedEnum) :
A =5

i3
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(e )

o Qw
[l
=N W

>>> Grade.C < Grade.A
True

DuplicateFreeEnum

N2 S B R A B B 4 PR R 5 | e i AN 2 i )44 -

>>> class DuplicateFreeEnum (Enum) :
def _ _init__ (self, *args):

cls = self. class
if any(self.value == e.value for e in cls):
a = self.name
e = cls(self.value) .name
raise ValueError (
"aliases not allowed in DuplicateFreeEnum: $%r ——> 3r"
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'

W XA 8 H T 17284 Enum SN M0AE 25 ) 5144 DA AT Ry SRR B ek A 2 4% 1 51
%, WA PAEEEEH unique () ZE0H4Y.

Planet

WHGEXLT _new__ () B __init_ () WM AMER UL A X L0 :

>>> class Planet (Enum) :

MERCURY = (3.303e+23, 2.4397e06)

VENUS = (4.869e+24, 6.0518e6)

EARTH = (5.976e+24, 6.37814e6)

MARS = (6.421e+23, 3.3972e06)

JUPITER = (1.9e+27, 7.1492e7)

SATURN = (5.688e+26, 6.0268e7)

URANUS = (8.686e+25, 2.5559e7)

NEPTUNE = (1.024e+26, 2.4746e7)

def _ init_ (self, mass, radius):
self.mass = mass # in kilograms
self.radius = radius # in meters

@property

def surface_gravity(self):
# universal gravitational constant (m3 kg-1 s-2)
G = 6.67300E-11
return G * self.mass / (self.radius * self.radius)

i3
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>>> Planet.EARTH.value
(5.976e+24, 6378140.0)

>>> Planet.EARTH.surface_gravity
9.802652743337129

TimePeriod

—MERAAI ] _ignore_ JRIEHIBI 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_ 2%d' % 1] = 1

>>> 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) >]

8.14.16 FERMHERTRH! 7
M2 BAT HE TR, B MITIRAEMZE I RILSLH) () i

B

EnumMeta JLEMFIRMAL _ contains_ (), __dir_ (), iter () M HAhF¥EPASLVER P8
W Enum 259 52 — MR BN B B9 2, BN list(Color) 5% some_enum_var in Color, EnumMeta £ 1155
BRI 2 Enum ZEh ) & AL A R IEFIR) (F1A1 __new__ (), _O,_str__ ()
__repr__()).

B e (Enscfi)
A KM A B R AR R AR R AN R . EnumMeta SFERIE Enum A BB 1 43R0

SEG, ARIGHER I — N B E S __new__ (), i1 FaR [m] BT Y B 61 SE A BA PR AN 2 158 B AL B A X
%

WAHER
T dunder &R

_ _members__ &> member_namemember 5% H W R EAFU. B RELEAH.

WAARE T __new__ (), ‘EAHEIEFFRBIMZ MR MNHIBE AR _value d2—PMREFIE
Ho ~E%ﬁﬁiﬁ%ﬁﬁ]@mﬁi*?)ﬂf 2TBEA
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X #58Y _sunder_ ZFR

« _name_ - [} RZAFR

o _value_ - JNGAMMH: AIRATE __new_ Wit /1B

o _missing_ - ZREIIAE P AR KL THES

o _ignore_ — —AHFINE, AIPANList Bstr, EASPREA AR, HEMBEI R

+ _order_-- fii7T Python 2/3 fORS AR LR IS UNF— 80 (RIEHE, 1B i)

e _generate_next_value_ -- Functional APl fMlauto BB MM RARBGE Y0 ES
3.6 G _missing_. _order_., _generate_next_value_
3.7 GHT A _ignore_

FKHE) Python 2 / Python 3 LI (RRHF 3t _ordex_ YL, T HOS L IRIRFIFTAT IR 2,
USR5 DRI 27 %

>>> 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_

fi(E: 7 Python 2 A% _order  JEMRZMAN, FAE URFAEHICRZ Mie £ 5.

_Private__names

FLAE A FRAE Python 3.11 HORE A 538 JE& M TN e B iR sl i (BRI T4 g A PA—A T R4
). FE 3.10 P XL RS | K DeprecationWarning.

Enum F{ G 2%E

Enum J§ i g HEnum 956, —Blid EnumClass . member WIEAKVIH . ERFER LT EMWEA]
i EnumClass.member.member IEAKIH], (HARLNARR XA, KA RTRERM, B35 HE
FERE 3R B /R T AR R Enum B AN S (X2 8 A8 S KB AR 7 — AN B )

>>> class FieldTypes (Enum) :

name = 0
value = 1
size = 2

>>> FieldTypes.value.size
<FieldTypes.size: 2>

>>> FieldTypes.size.value
2

il X —ATROBEF, IFRE 3.11 HRER .

3.5 iU A
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Enum FF0R G H/R{E

RE THEEnum 8 (BliNine, str %) WEnum BASHEINRARERMHNRM; FHAEL T, B
I AR BCERAE N True. BAAERP) B & L Enum F75 /RIEHGRT A PIE, EHERZEPHRMAT A
g

def = bool_ (self):
return bool (self.value)

Enum R EJESWORIE N True,

HH 7 7%H Enum 3§

RN AR Enum 12U THONATTE, QIR LB Planer 5—#E, X BT ERHER A AT dir ()
R R R, ERPATIRNA & 2R

>>> dir (Planet)

['"EARTH', 'JUPITER', 'MARS', 'MERCURY', 'NEPTUNE', 'SATURN', 'URANUS', 'VENUS', '
—class__ ', '__doc__ ', '__members_ ', '_ _module_ ']

>>> dir (Planet.EARTH)

['"__class__ ', '__doc__', '"__module__', 'mass', 'name', 'radius', 'surface_gravity',

— 'value']

HE Flag BIRR

W2 Flag ARG R4, Wrepr () FRAE A B & SRS RIE T A 2 i iS4l G

>>> 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>

fE: 75311 4, KRR EA AR H A A ARG R (ORBEART) - FIPA Color (7) &%
H:2%4p) <Color .BLUE |GREEN |RED: 7> [4EH,

8.15 graphlib - IR{EXRME R GBI TN EE

JEUARES . Lib/graphlib.py

class graphlib.TopologicalSorter (graph=None)
S BELAR A7 200k iy hashable 55 i 4L B BEATHEFF RO DD RE -

IR R AR A TR R ey SRR TR A TR, u B TR v B 30w -> v, TR u #HE
TEWUS v Z 7. BN, PR TG AT MR EESATHIAE S5, M R — M55 e — TS5 2
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HIPATEI IR AERXABIT S HET RS R AT seafidbii 4 LAY EA T
EATER, WRUR A T IR, SE i MET A2 R .

WL T TR graph ZHUN B R —AFmA mICH E R L, o g = s (e A 2
BT A B S (B $8 s A R T 05) kA 5 BAMNE T i ] DA
fHadd () FiERmE|Ep.,

TEEFREOLN, A28 E 1 E PATHET Tz 0 28 B
o SEL AR PR IE Q) E#— > TopologicalSorter L.
o SIS Y K2 B
« 1 Eifiprepare ().

o« Xis_active() N True B}, #fget_ready () FriREIMSIEMALLEE . 52 AL B 5 7E
B LB done (),

A 5 20 PR Y R AT SE R HE R T B RO AT R RS D0 R, AT A LR A

%ETopologicalSorter.statlc_order(L

>>> graph o {HD": {YIB", "C"}, "C": {"All}’ IIBH: {"All}}
>>> ts = TopologicalSorter (graph)

>>> tuple(ts.static_order())

('A', lCl, 'B', IDI)

XA FH ARAETY G2 I 5 (s SR HFAT AR R (0

topological_sorter = TopologicalSorter ()
# Add nodes to 'topological_sorter'...

topological_sorter.prepare ()
while topological_sorter.is_active():
for node in topological_sorter.get_ready():
# Worker threads or processes take nodes to work on off the
# 'task_queue' queue.
task_queue.put (node)

When the work for a node is done, workers put the node in
'finalized_ tasks_queue' so we can get more nodes to work on.

The definition of 'is_active()' guarantees that, at this point, at
least one node has been placed on 'task_queue' that hasn't yet

been passed to 'done()', so this blocking 'get ()' must (eventually)
succeed. After calling 'done()', we loop back to call 'get_ready()'
again, so put newly freed nodes on 'task_queue' as soon as

H H H W R I W H

logically possible.
node = finalized_tasks_qgqueue.get ()
topological_sorter.done (node)

add (node, *predecessors)

WA R AT I B K Y. node F1 predecessors T BT TEE N W R hashable
SR BEH AR A T s SR TR, DR 3T 1 5 50k BT A 0 A ARSI ) 4

AT LA AN M1 5 (RIARER AL predecessors) 505 B FR LU . AnSRA e Rl AR TR
BT S AL STE predecessors EF‘AJ T A s a | It AW H E'EI’JJ:QJHI s

WA Eprepare () Z JEHIHMAN &5k valueError,

prepare ()
B E AR K B 58 A I R S AR R . A RS T B AT A 2R, WK 5| K CycleError,
Hget_ready () 3nl g FRAARBUS W RE L (1917 B I PRPH 2E T8 RE . 2R Bk U
EICEFE M, HICRREFE F add () BSINTE Z 0975 55,

is_active ()

o SR n] DA BAS B 2 IR W GR B True, 5 WX 0] Falseo 1R 3R A B ZE £
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B, F HIRFEALE M KW TopologicalSorter.get_ready () iR W E B4 T Sl &
B Fric N TopologicalSorter.done () W3 EE & /DT B #iTopologicalSorter.
get_ready () PR [a] )y g WA T AR 3E R

I __pool () JrikEE AR E, Ptk T

if ts.is_active():

AT AL AT

if ts:

WRZHIR B prepare () A EBIN ST % valueError,

done ( *nodes)
¥fTopologicalSorter.get_ready () AR SESRCHEAETE, BIEXT nodes
BT S JE ST S P ZE DA AR Rl i X TopologicalSorter. get_ready () [
FHAR R EAT
2R nodes 1 ATART 5 5 2 G2 1A% 5 VR B R R AR T S A PR B a0 SRR i O il
M TopologicalSorter.add () ¥f—AF masmE B o, WRRFHprepare () RITHH
W EBCE WERAT R R i get_ready () RISk valueError,

get_ready ()
AR 8]y BT B T AR tuple. WIIRIRES N ERHR AN EF R, JEH
—Hi@d i TopologicalSorter.done () FFEMARMCHTALEE, Z J5HYTE R [0l fr A
G SRR BT . — BIOEATIUS IR, WSk Bl 25 o .

WRZHIRBH prepare () FHHEEBIN &5 K valueError,

static_order ()
W A — AR AT, B R R R AR N ok A AU A Y R M MO YA, prepare ()
Fldone () AR M EFM T

def static_order (self):
self.prepare ()
while self.is_active () :
node_group = self.get_ready()
yield from node_group
self.done (*node_group)

e 302 [ P WL T BB B R 2 H i A B R Iy 31

>>> ts = TopologicalSorter ()
>>> ts.add(3, 2, 1)

>>> ts.add (1, 0)

>>> print ([*ts.static_order()])
(2, 0, 1, 3]

>>> ts2 = TopologicalSorter ()
>>> ts2.add (1, 0)

>>> ts2.add(3, 2, 1)

>>> print ([*ts2.static_order()])
[0, 2, 1, 3]

X i TS br_B207 2 AE P R R BIAE CENTRAER get_ready () B [A—UCH I H g
R[] EEATTZ TR A 2 Hh 4 AT DR E Y o

WA BEATER, WAF5] Kk CyeleError,
3.9 BUHTIA.
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8.15.1 fsh

graphlib BEHGE LT AR FHE2:
exception graphlib.CycleError

valueError W135, U EEPFLERN¥H Topological Sorter.prepare () §l%k.
RAFTEZ AR, R H At e — Aok iR e R .

ez ) (R ] DA I S SE B args BRI —ASTTER VI, Bl AN RSN A, HA
BT SAE R PR IFR T — A S E R BT . SRR, TELRR R SR 2
Fl—Xt4%, PARIER 1,

284 Chapter 8. &F#$}EI(F)



CHAPTER 9

BEHEHSEE

ARFEN IR 5 B RFECEA A 0 B BRI B 2R 8 . numbe rs B g SCTHF RIS )Z IR
g5k . math flemat h BEHAELE 7 S BRI BN S FPEE iR Bl . decimal FHSERE LR A AL
AR T RR .

AREE AL DA A SO -

9.1 numbers --- s B3

JEhGHE . Lib/numbers.py

numbers B (PEP 3141) 5 X THCTA 20 192008500, HosBgu LT BB e, IURBIH T X
HZEBIERA T 9 SE AL
class numbers.Number

BERMZ Ry Ea. mRR AT IASE x @ A28 F MO K0 H KRR, WAEH

isinstance (x, Number),

9.1.1 HFHERX

class numbers.Complex
AR FRWATEEFEIETEHN T W Ecomplex KAMEAE. XLEEAER: ik
Ncomplex flbool, real, imag, +, -, *, /, **, abs (), conjugate (), == A& '=. & - M
L= Z AN AR R AR .

real

RW . AR I SE R
imag

R, RN REEGT T -
abstractmethod conjugate ()

). REIEHIE R B0 (1+33) .conjugate () == (1-33).
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class numbers.Real

FHXF T Complex, Real MAT HASEA BEHATHIHRAE .

AU, TAlE: ¥k E float, math. trunc (). round (). math.floor (). math.ceil ().
divmod (). //. %. <. <=, >, fll >=,

SERRIRE BN K complex (). real. imag fllconjugate ().

class numbers.Rational

FHBReal M Anumerator flldenominator WFMHIEJEYE. Bl AN float () #IL T EIAE.

numerator fldenominator N K Integral BSEHIF BV 242 B denominator IE{H M &
IR,

numerator

MR

denominator

MR

class numbers.Integral
FRFIRational WIHINT Bint WEERPEEAVE, N float (), numerator fldenominator
TERIASCHF. Hpow () JFEHEIN T SRR FAFRBF IR 1A <<, >>, 6,7, 1, ~.

9.1.2 #XREOIR

SEPRE T R R A B AR SR RIRE RO . 24X BB F R T B 9 R e, X e g 25 57
B . Ban, flfractions.Fraction SE¥hash () UWIF:

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

M08, X B Z SCRPEA ABC, WA AGXSE gk si A 200 AR AT AN R B YETE Complex
MrReal HlIIA MyFoo:

class MyFoo (Complex) :
MyFoo.register (Real)

SIRHREH

oA ST, B, TR AR AT — MR S EORAA I, B AR R
HIV B SIFE R S UATBRE . XET T Integral, EUKH _add__ O Al __radd__ () SR
T X

class MyIntegral (Integral):

def _ add_ (self, other):
if isinstance (other, MyIntegral):

(T oUgkEE)
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(R L —5)

return do_my_adding_stuff (self, other)
elif isinstance (other, OtherTypeIKnowAbout) :
return do_my_other_adding_stuff (self, other)
else:
return NotImplemented

def _ radd__ (self, other):
if isinstance (other, MyIntegral):
return do_my_adding_stuff (other, self)
elif isinstance (other, OtherTypeIKnowAbout) :
return do_my_other_adding_stuff (other, self)
elif isinstance (other, Integral):
return int (other) + int (self)
elif isinstance (other, Real):
return float (other) + float (self)
elif isinstance (other, Complex):
return complex (other) + complex(self)
else:
return NotImplemented

Complex 7 5 FIARIMIR A RANEAE. G B 2 pra AR /ER “Bif” #/1E MyIntegral il
OtherTypeIKnowAbout., a jgComplex [ THRAI A SLHl (a ¢ A <: Complex), [Altb : B <:
Complex., BT TE a + bt

LR A g SO8— KN b 1Y __add s OISR

2. AR A BB AR 5’%)5( TE’]%LIE*AJ%? __add__ () WE, RMFEMEB EXLT T HE
MAGEN __radd__ (), HEREZTRE—NET _add_ ) fNot Implemented . (B{# A

WRESE A __ad _ﬁo)
3. BEAEBIM __radd__ () . WEREKINa, —YIEREA FE.
4. ﬂﬂ%?ﬁﬁﬁi%@i@i%ﬁ*ﬁ, WA B2 R A2, PRk BURE RS2 3
5. B <: A, Python fEA.__add__ ZHi2i{ B.__radd__ . ii%ﬁfﬁﬁ"], W A HIAIH

LI, .Jﬂ: —IU\TQCQACompleXALEEZHMLEE e

M A <: Complex fll B <: Real {§27ﬁ LR R, 28 Yy =B AN E ¥ complex |
HHAMIRE __radd__() , Hittatb == b+a,

TR — B 2R AR R ER A 4 R, T RASE C— DGRk gl,  RI—AN AR iR 22 B S 52
Bl AE igs. BN, il fractions.Fraction R

def _operator_ fallbacks (monomorphic_operator, fallback_operator):
def forward(a, b):

if isinstance (b, (int, Fraction)):
return monomorphic_operator(a, b)

elif isinstance (b, float):
return fallback_operator (float (a), b)

elif isinstance (b, complex):
return fallback_operator (complex(a), b)

else:
return NotImplemented
forward. name = ' ' + fallback_operator. name + '
forward. doc = monomorphic_operator. doc

def reverse (b, a):
if isinstance (a, Rational):
# Includes ints.
return monomorphic_operator (a, b)
elif isinstance(a, numbers.Real):
return fallback_operator (float (a), float (b))
elif isinstance(a, numbers.Complex) :
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R E—F)
return fallback_operator (complex(a), complex (b))
else:
return NotImplemented
reverse. name = ' r' + fallback_operator. name + ' '
reverse._ _doc__ = monomorphic_operator. doc

return forward, reverse

def _add(a, b):
”"”a + b"””
return Fraction (a.numerator * b.denominator +
b.numerator * a.denominator,
a.denominator * b.denominator)

add__, __radd__ = _operator_fallbacks(_add, operator.add)

9.2 math --- E{EFHKX

iﬂ‘;“iﬁ%i&%1 TX C AR HEE B R B T

PRECNE M TREG IARARFTEATIRRR, W0 cmath BRI [ 2 R 8. R SCR TR X0 eR
ﬁZIZ/\}FEI’J FI, AT RSB0 PR 1B RO 552 ) K2R il 38— Rmins g
—MMIBER BB ER B SR T DU A e N B, S AR 5 n] DASE — I TR A AR A

SRR T AR B BRI BN, 5 00 B A R A A 7 R

9.2.1 HILERTERELY

math.ceil (x)
IR E] x (e EHCEE, BPRTEEET x i/ MRS 2R x AN @R, Bt x.__ceil | E
VA28 E~Aﬂmwmlmﬁ

math.comb (n, k)
R AT FLICIE A n 30 g k 300 0y X 50

Bk <= nBWEYEHN n! / (k! * (n - k) 1) Pk > nBEEE.
m%ﬁ:mﬁ%ﬁ,ﬁﬁﬁ%ﬁ?ﬁﬁﬁ<i+x>**n%%ﬁﬁﬁ%*%km%§ﬁo
MPAF—S RN BN AT | K TypeError. IRE—S N HENST| % valueError,
3.8 BUBT A

math.copysign (x, y)
B — N ET x AEXHE A y AT IIF SR SRR TS FW-F & b, copysign (1.0,
-0.0) &M -1.0.

math. fabs (x)

R 18] x B2

math. factorial (x)

PA—EEBOR ] x (R T . TSR x RS2k ok G B K5 & valueError,
3.9 R CEH: B2 A BEUEN R S5 (340 5. 0) AT NERFE .
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math.floor (x)
R[] x [N EEE, ANTEEET x R, W x AN, WZRFES <. floor |, B
Nig[E—AIntegral {H.

math. fmod (x, y)
R[] fmod (%, y) , HH¥SCJ$%>‘LO R, Python £iAH x & v AJREA R EAHFEIAZER . C
FRUER H /2 fmod (%, & (Bl BIRASE) ST x - nxy XFFRENES ﬁ@%
%E—ﬁ'ﬁx*ﬁﬂﬂﬁ %ﬂld\ﬂﬁ abs (y) @A, Python i) x % v iRIIAFA y fH5 4R, I HrThE

SERITEIE S S N, fmod(-1e-100, 1e100) 4 -1e-100, {H Python ffj —1e—100

% 1e100 4R Z 1e100-1e-100 , EANRRTEFRNNESE, H HEEE S NEIFR 1100
T AR, R rmod () FEMEFPE SERE R 2 3E, 1 Python 1 x & v 7E{ RS EH 21
pr

math.frexp (x)
PA (m, e) WEIERR ] x ) RENIEE. m & —MFRg, e @— R, EifEx == m *
2**e o QA xR, WERME (0.0, 0) , FHWERE 0.5 <= abs(m) < 1. XHTAWBIE
L DB FRBINEER.

math . £sum (iterable)

AR DA AP ARG BRI A (R G R R 22 A F ] AR 20 RIS JBE GG 8 52 2k

>>> sum([.1, .1, .1, .1, .1, .1, .1, .1, .1, .11)
0.9999999999999999

>>> fsum¢(([.1, .21, .1, .1, .1, .1, .1, .1, .1, .11)
1.0

ZRIER HERPE RO T IEEE-754 SR PRUE & ARESOSF MBI I . AR LA Windows fiftA
B, R C RN RAGREES N, IF AW AT BB B rh ) ANAY . SECEAERARA R KM .

B RS He MR Y, 0L ASPN cookbook recipes for accurate floating point summation
math.ged ( *integers)

R[4 E VB S BN AR WA — N SRARE, WLR A2 AR ] I BB T S 80
KRIERE ARPrASECONZE, WIREER 0. AHSEI ged () & 0.

3.5 BB
3.9 RS AE: I T IME B A SR SR BRI SRR S R

math.isclose (a, b, *, rel_tol=1e-09, abs_tol=0.0)
#a f b PE R NLR E] True, BLRIE] False,

RIS 52 B LR AR 2 2200 52 PR oA 2T Y o

rel_tol BARR 75— a M b 2 A AR, AT a 5% b BB Xt E . 0, S5
B SUINRZE, Wi rel_tol=0.05 . BUIABERN 1e-09, WRMAMELE KL 9 fit dHH T
WA . rel_tol IR T2,

abs_tol J2 /N Z—X TR TR LLBARA M o abs_tol WA HE .

ﬁﬂ%‘/ﬁ;ﬁ%lﬁﬁia ,p.%«lé}zg abs (a-b) <= max(rel_tol * max(abs(a), abs (b)),
abs_tol) .

IEEE 754 $#5k{H NaN , inf Ml —inf $R$E IEEE AUNALEE ., HAACRYL, NaN NGl T H
flifE, 3% NaN . inf fll -inf HPHANEEAS .

3.5 JUB A
h=%:
PEP 485 —— Tl VT UAH S5 1Y R 4L

math.isfinite (x)

W x AR TEST R AZ NaN, GRE True , HIRE False o (FEE 0.0 AN AARK.)
3.2 OB
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math.isinf (x)

R x RIES Tk, WERIE True , FHNR[E] False o

math.isnan (x)
W x & NaN (RNE2H0F), WERE] True , FHNERE] False o

math.isqrt (n)
IR JEFREE n I REECT AR . XX n (R SEBR PO AR 0 N ICRE , S 24 TS o < n IR
B a.

X HLE N R UL, AT DAHE B EME%J@”% <@ Wi/ NER a |, SRR UUIZ n B ERT s
M BB . XTFIE# n, XAA a = 1 + isqrt(n - 1) KI5

3.8 WUHTIA.

math.lcm ( *integers)
1R ] 25 5 W R SR B N AR WEPRIT A SRUYAEE, W RHERR & BT S8 B A i
/NEEE. RSz —HF, WREEHR 0. RS Lem () &M 1.

3.9 BUHTMA.

math.ldexp (x, i)
Rl x * (2x*i) XK FREE frexp () WREEL

math.modf (x)
IR [E] x R/ NVECFEE IO 3 . IANSE R AT x AT B2 IF k.

math.nextafter (x, y)
AR 8] x Ty R S
AR x S y AR [E] y.
Hp:
e math.nextafter (x, math.inf) fJymE F: #ETIETLT.
e math.nextafter (x, -math.inf) WHMEIF: @aFRLss.
e math.nextafter (x, 0.0) #HTZ.
e math.nextafter (x, math.copysign(math.inf, x)) #BETEWFIE.
HiEsEmath. ulp ().
3.9 BUHTA.

math.perm (n, k=None)

SR ELAT ML n 90 5 & 75 15
Mk <= nifEYE R n! / (n - k) !5 Bk > nBHEYENE.

ISR k A A None, I k BRIAHEA n Jf LA HCHIER n

SE— SRR NS R Typerrror, MIME—BHOYSHNET| K valuerrror,
3.8 KA.

math .prod (iterable, *, start=1I)

RS AR iterable T A TCR I BUIERIA start 524 1.
E TIPS AWOE Sl IS A Vol e (= R Pk €6 A P S K S IS e e | B G i U
3.8 HUHTIIA.

math.remainder (x, y)
& [1] TEEE 754 KUAKH) x FHXFT y BOARE. X TAR x MARIESy , XezERx - n*y, Hitn
BT x /[y PSR I R ﬁﬂ% x /[ y WAL T A SRR 8], W e i)
BEMAEn . &% r = remainder (x ) R B2 e abs (r) <= 0.5 * abs(y).

AR 0BG TEEE 754 455/ remainder (x, math.inf) X} FALM AR x #2 x , 1M
remainder (x, 0) Ml remainder (math.inf, x) §|&kValueError i& T fF{idF NaN

x o WERFBEEHEER AT, WIxEHEE 5 x HIFNAFS.
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{Effi ] IEEE 754 —3EHIE S 00T-6 b, IS IR DLSEEFRR . AETI A AR,
3.7 HCHTIA.

math.trunc (x)
IR LA B/ NGB A x . HBE TR REEGER o XA AT AU HAEI O T2 trunc () XFTIER x AH
M rloor (), TR x MM Teeil () o PR X RNZIFAE, BIEH x.__trunc_ |, BWNK
R\l —AIntegral {H.

math.ulp (x)

IR [P A x 1) B VAR LR L
o G2 x 2 NaN (EEE), R M| x.
o R x %L, WERM ulp (-x) .
o SR x IR, TR [E
o WA x TR, NERE K& EHA Y P FORR/METFE R O T B R/ NETE S fsys .

float_info.min),

o MR x ST A FIRBRIEFE S, WHRE] x (A8 R AL AE, S/ N T x S — AN A
Bl x - ulp(x),

o FEHAMERT & RMIER), WERME x R R E, 5T x B
FRECH 2 + ulp(x).

ULP E[I”Unit in the Last Place” 45 .

HigZRmath. nextafter () fllsys.float_info.epsilon,

3.9 BUHTIMA.
HiE frexp () flmodf () BA ‘5 BATH C S R EUA W B9 R FH AR A B AR AN S HOF R ] —
XHE, A E @ #HHES REENINE AR S50 (Python HHEA XFERIATY) .

$fFceil (), floor () Mimodf () K%L, THYERE FIA SRR SEER RAGHI# 8. Python 27 f %
WAL 53 RS (5°F4 Cdouble 2BUM[R] ), FEXFIEH T, (EMIF M x5 abs (x) >= 2*%*52
IR T INEUE

9.2.2 FERBSHEHRL

math.exp (x)
W] e 1 x A, Hirth e=2.718281... /& H RN A HE . X B [k math.e ** x B pow (math.e,
FORGH o

math.expml (x)
M e ) x YR, I 1. X HL e 2 HAR B EE . XT/INE R x , exp(x) - 1 IRIEIA AT RE
23 significant loss of precision; expml () EREFRAL T — *“I"Hlft@lgﬂ‘%:jﬂ%fﬁﬁﬁ/ﬂﬁ?ﬁ

>>> 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 UBTIMA.

math.log (x[, base] )
WS, BE x EHBRE KN e ).

pi3
FEHPINZE, RIEIAER base XL x , W58 Log (x) /1og (base) -

math.loglp (x)
R T+x B E AR (DA e RIR) o AR THEZM x Risfm 0y Ut 5 gh
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math.log2 (x)
IR [E] x DA 2 MR XIEH L log (x, 2) HEHER.

3.3 OB

W%

int.bit_length () IRFR ZHEHBETHFNLE, NEFSHEFE.
math.loglO (x)

IR[E] x A 10 BUATEL. XL Log (x, 10) BEHER.

math.pow (x, y)
PR x 1y WA R R AT BEEAE C99 AR B F . #5502, pow (1.0, x) Al pow (x,
0.0) B ZiRM 1.0, BIff x @Fa NaN, AR x il y #E2HRW, = 205, v A28 4
pow (x, V) %*%XE‘J, #H%I?’iValueError o

5WER ** mEFFARE, math.pow () ¥HSEEE A rloac KB, HiH ** BN EWpow () b
BOR AT RS i ) RO

math.sqgrt (x)

IR [E] x B R

9.23 =AEH

math.acos (x)
IR ] PATIEE A BRI x IR AR %A S5 AYEFIAE 0 B pi ZJA],

math.asin (x)
1R B DATICEE A BRI x (A SR SZAE . S5 REHITE -pi/2 B pi/2 Z[H],

math.atan (x)
R[] PAIIEE A BRAE ) x I SOEYME . G558 FITE —pi/2 B pi/2 Z[H].

math.atan2 (y, x)
PATREE R AR E] atan (y / %) o G892 7E —pi Ml pi ZIH. MESEIS (x, v) BRPEKREM
ZAESIE X #BIEL. atan2 () PSP NMRA NS SERZ T AN, B e ol ATHE A B IE
R, BN, atan(1) filatan2(1, 1) & pi/4, Hatan2 (-1, -1) & -3*pi/4d.

math.cos (x)

AR 8] x JREE R AR -

math.dist (p, q)
B p 5 q WS Z RO LEMAEE, DA EARES] (ST ~RxT5) MERGAH . P s
HAMFE 4R .

REAALT

sgrt (sum((px — gx) ** 2.0 for px, gx in zip(p, 9)))

3.8 WUHTIA.

math .hypot (*coordinates)
R EROLRATES, sgrt (sum(x**2 for x in coordinates)). XM EFIALIREA E M
T B R
T =D (x, y), REFEHTHEALRERE X sart (x*x + y*y) WE—PHEM=M
TERR .
3.8 R AE: USIN T n 4E SRR ZATHYIRAS R SR T4k A
3.10 s AE: ik T RRAORE I, BB ERRIRZETE 1 ulp (RS — (R SO EE) PATR . S LY
TolE, i RJLT SR RE L& AR 172 ulp JEHEZ .

math.sin (x)

AR o] x GREE R IEFZAE -

292 Chapter 9. E{EEAE S E



The Python Library Reference, [} 3.10.19

math.tan (x)

& 5] x SIREE ) IEVE.

9.2.4 FER%R

math.degrees (x)
A EE x IR G450 B

math.radians (x)

KA x IERRAR N U

9.2.5 W ehF %
UL BRI e U i A 58 SR X = A e B EA TR

math.acosh (x)

AR [0] x {8 SRS AR AR o

math.asinh (x)

AR [ x {4 SOBUH IE 5 AR .

math.atanh (x)
R[] x {1 SO E Y

math.cosh (x)

AR ] x B RLHH AR .

math.sinh (x)

AR ] x B IE 52

math.tanh (x)
1R 5] x BN TEYE

9.2.6 ¥5FkEHEL

math.erf (x)
R[] x AR S R

erf () BREOT R RGN ST sR BN ST AR IR A 1T
def phi (x):
'"Cumulative distribution function for the standard normal distribution'’
return (1.0 + erf(x / sqrt(2.0))) / 2.0
3.2 OB A
math. erfc()
IR ] x Ab A AR ZE BRER E%m%u&mXﬁio-af ) o BT KM xBUE, PARRE
e 1 R ZE R S 2 A A 2k
3.2 OB A
math.gamma (x)
R[E] x AR (i R A R
3.2 OB
math. lgamma(x)
iR 8] Gamma FEEEE x 285BI E SR ATEL
3.2 BCHTNA.
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9.2.7 HE&

math.pi
B BR r = 3.141592..., KEHIEI T RS B

math.e

B e = 2.718281 ..., FEHAEI ] RS B

math.tau
BeAH Al v =6.283185..., IEHIE| T HAEE . Tau 2N BFEE, ST 27, BMERKSEEZ .
T2 KT Tau {5 B W] 27% Vi Hart [0 Pi is (still) Wrong. RZPI%5 2 IR AL Tau H IE!

3.6 BUBTINA.

math.inf
FERIETCS K. (WTFHMIGFR, i -math.inf o) #H2Y4T float ("inf') Ak,
3.5 BCHTNA.
math.nan
—AF AR JESF” (NaN) . #24T float ('nan') Wk, | T IEEE-754 FrifE (2K,

math.nan fil float ('nan') AIAHEFEMEAMEE, QFEAL . THE - MFEER RN
NaN, i isnan () RECEMA NaN | MARZ is o == . ffl+:

>>> import math

>>> math.nan == math.nan

False

>>> float ('nan') == float('nan')
False

>>> math.isnan (math.nan)

True

>>> math.isnan(float ('nan'))
True

3.5 BB

CPython E¢fi: 4l fili: math B FZAGESTG C 5 R B i ks . Feok s o0~ AT A1E
T 0L A C99 ARUERY PR SR Fo MBI SEBUR G| K valueError I T JoRU#AE, W1 sqrt (-1.0)
5 1og (0.0) (FHr C99 it F @il &t TR 5 B ), floverflowError FT i thi4h
(BN, exp(1000.0) ). BRIE—ANEHENMASEHE NaN, FHWAL M FIRAFAT s $i0R ] NaN; ¢
R BL T, K2 ERECR & ] —A4~ NaN, {HJ&  (FRGEE C99 i F) sk ASRLNAT —LE1 4k, filhn
pow (float ('nan'), 0.0) B{ hypot (float ('nan'), float ('inf')) .

THTERL, Python AZff s NaN Sk NaN X pJ1ok, I HA2S NaN (947 0 AR BeG . SLA0AT 2
A NaN WLk R .

hz=%:
cmath B X BARZ BN ERA .

9.3 cmath - XTFEHHIHF R

X AR T LR R e R . B BB S RO R B S . XA 2
b — M __complex_ () B __float__ () JyyifY Python X5, X 26y k4 Bl F R4 4
PN RN ), X iR B T i 4R

#El: X & S EIR R R, AT A AE B A B g SOXEE R B A, AR 4% Kahan ()
16 3 ”Branch cuts for complex elementary functions”, DA% C99 W% G F1.2 J51 C hnife, FoAi 1l FH B4
e DA S OIEN — A s — M X scih (—35) B I FIFRATE R EEMATS, mxF T g
S 23 S YT BN FRATT N S A
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B, cmath.sqrt () EECH —NE AR 2 2 V)E]. 240 complex (-2.0, -0.0) &H41ENL
FYIIEN T AP, HWmRA i ErggsR.

>>> cmath.sqgrt (complex(-2.0, -0.0))
-1.41421356237309517

HE2ZH complex (-2.0, 0.0) MAPCUAERAT SCRIZA EJ7 RALPE:

>>> cmath.sqgrt (complex (-2.0, 0.0))
1.41421356237309517

9.3.1 FRALERFIMIBAIREDFEIR

1 FET AR AT 6 /R AL ARTE N TRA7 6k Python S48 z . IXSE AR TE/Y 5546 2. real Fl IE#F 2. imag.
Byl

z == z.real + z.imag*1lj

MRALAFPRAL T 5 — MR R TR . TR, — AR 2 L r AL A phi R E Lo B r 2
M z B AR S B EE, TAHDL M phi S DATREE R SRR, SEPET ), AE X S 82 R s f z 4Bt
[ e FR A
T R BT T A A AR AR S AR AR A A A A
cmath.phase (x)

B x BIFGL (BFR x 19 580 1R — R AEGR ] . phase (x) % T math.atan2 (x.imag, x.

real) . SELHFAT Lr. 71 WP, FLICHEYER BB T 5L56H o SERAOF RS x. imag
RIFFSHEE, RIfE x. imag B{E HZE:

>>> phase (complex (-1.0, 0.0))
3.141592653589793
>>> phase (complex (1.0, -0.0))
-3.141592653589793

M) —ANEHx AR (EXHE) PTRAEES N E R abs () THE. A B cmat h SR EUT TiX
IRAE.

cmath.polar (x)
TEM AL AR HaR ] x )R8 a0 A&l — DO (r, phi), r& x BIBEL, phi 2 x BAHA .
polar (x) fH4F (abs (x), phase (x)).

cmath.rect (r, phi)
WIS HARBRIG A1 phi IR E 8 x. A4 T r * (math.cos (phi) + math.sin (phi)*17).

9.3.2 FEB SR

cmath.exp (x)
R e /) x KT5, e 42 HIRRTE ISR

cmath.log (x[, base] )
IR x [RPA base R RIS WA TEE base, WM x 1) B IR AAE—4oCHIZk, RIVEE
TASEHIM 0 F -o0,,

cmath.loglO (x)
REIEECH 10 B x X EHA S Log () MR SZHIZ.

cmath.sqrt (x)

B x BT ERA S 1og () MRKSIHIZ.
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9.3.3 =RAEREHK

cmath.acos (x)

R x (SR o AFAEPIZRSCRIZ: —ZR PRSI 1 B o0 F3—ZRUTE LRI -1 [ ZEAEfI ] -o0,

cmath.asin (x)

Rl x MR IETZ . BSacos () GHERSZHEH 4,

cmath.atan (x)
R x P RIEY). fEEMARSCRIZ: —SRITE MM 13 EME| o, KUV E RN -1
| 03,

cmath.cos (x)

R[] x BAR% .

cmath.sin (x)

IR 18] x fRIEZ

cmath.tan (x)

R x I

9.3.4 I HhiE L

cmath.acosh (x)

R[] x B SO AR TZ . AFAE— 2R SCRIZR, PR SR 1 i 23 (3] -co,

cmath.asinh (x)
Rl x W SO IES% o FFFEPI AL EIL: — IR ARSI 15 SRR o, 51 —FUE RN -17
TEAE] —o7,

cmath.atanh (x)

AR [E] x SORHHIEY] . AFAEMIZR ORISR — AR Sl 1 IEME] o 55— ZRUTE S -1 FE A E)]

—0oo

cmath.cosh (x)

R[] x B RLHH AR .

cmath.sinh (x)

AR ] x XU IE5ZAE

cmath.tanh (x)
R [5] x BN TEUE

9.3.5 FHH:H

cmath.isfinite (x)
W x PSR A A BRAY, WM True, HNERE False,
3.2 BUBT A

cmath.isinf (x)

AR x B SERECE R TOIT R, MR True, R[] False.

cmath.isnan (x)

WA x WS R Z NaN, R[] True , FHWRE] False.
cmath.isclose (a, b, *, rel_tol=1e-09, abs_tol=0.0)

#r a Al b FE B R[] True, HNRE False,

RS S8 4R FRHI NS 22 2500 58 P IMER T ROA A R 3T Y -

rel_tol S AR ZE——E 2 a Fl b Z A SRR R ZEA, FIXT a 80 b BCR4EXHME. BIan, 2k

B SNIAZE, %% rel_tol=0.05. BRIAAZEN 1e-09, THLRIAMEAER L 9 {7 T Er
AR . rel_tol Whili KT-25 .,
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abs_tol -t/ NS 22— X TR B LVRARA . abs_tol 2/ R,

MR B AR EAE, SRR abs(a-b) <= max(rel_tol * max(abs(a), abs (b)),
abs_tol) .

IEEE 754 F#0k{H NaN , inf Fl —inf FRARYE IEEE UWALRE . HAORYE, NaN AYEA N H
flofil, UE NaN . inf Fl -inf HPaAREEAC.

3.5 HUGHTIA.
hE%:
PEP 485 — FH Tz {DUAH 45 1Y) pR 4K

9.3.6 E&

cmath.pi

B, A —MNERE
cmath.e

B e, ER—EE R
cmath.tau

g e, MRS

3.6 BCHTNIA.

cmath.inf

FIETLG K. MY F float ("inf'),
3.6 JEHT A

cmath.infj

HATIHAIE TS5 R E. #H24T complex (0.0, float ('inf')).,
3.6 UHTINA.

cmath.nan

A e (NaN) {H. #HY4T float ('nan') .,
3.6 UHTINA.

cmath.nanj

FAF LN NaN il E 8. M4 T complex (0.0, float('nan')).
3.6 BUHTIMA.

W, RS S nat h P REERALL, (HRSE A . ﬁﬁﬂﬁ/ﬁ‘%ﬁ%ﬂﬁﬁ%ﬂﬂﬁ%m
FRREBORNEOGE, ERRAANHE TN Z1 4. EfTE math. sqrt (-1) 51575, WAERRE-—
MR HIEHERE, Piemath E LREIRA SR Bl —NEH, RE %%TU\%%/TJ‘J*/I\Q%I (FEX Fh
LT, ZEEEGE NE) .

KT SRR l:ﬂ]m/ﬁ% AE R EUCTR RS I . BN DR VFZ AL B B BRFAE . BB
TR S A R BT 2T ISCRIZIEG . WS TP KT CRREEA) 5
RSB REIEY & Xf?ﬂﬂﬁftﬁﬁﬁiﬂ%ﬂ”ﬁ(ﬁﬁE@%iﬁ%i‘i%ﬂé}%%?{‘ﬁﬁéﬁﬁ, — I REFMSEWT

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.
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9.4 decimal - +#FIERFFRIER

JEhGHE: Lib/decimal.py

decimal BEERFEME T X ORI FIER & AR I HIPE s 3y, 5 loat BIREBMBEER AT
L

« Decimal JZUK) “Pilje BT 5 1B A BRI RO, FF BB EAT DU T S 15 i ——
BHLAHR L S ANTHE AR > R AR — B A AR " —— 48 B decimal BRI .

+ Decimal ¥ n] PASE MG # L2k, ML ZTR, 1.1 Al 2.2 AR BCFAE 0k il 7% mOE 0F
AR FRR. BN EEAARE 1.1 + 2.2 BAE - 3EHE SRR TR B R 3.
3000000000000003.

o XFERAEIMES SR BARZE B XFT decimal {754, 0.1 + 0.1 + 0.1 - 0.3 &kEMfiHb
TR, AT TR AR, G5RNH 5.5511151231257827e-017, BUABHE TR, A+
PR 7 25 5 7 1 381 AT S P R S A T O FLIXRE R IR 2R AR T R AL, (R, decimal B & HA 4%
AHEANASYEER A 2T 2R .

o decimal FIHE GRS HEIM R 1.30 + 1.20 % T 2.50, REMNESHIREAERS
WL K B TR 5 B B e e WAk, id% “R57 Jy Aok v g i iy
Bobio i, 1.3 * 1.2 1.56MM 1.30 * 1.20455% % 1.5600,

o SRR T HERIF SN, bR B Pl SRR (BRACK 28 132), WA ZAE )
TR R —FER

>>> from decimal import *

>>> getcontext () .prec = 6

>>> Decimal (1) / Decimal (7)

Decimal ('0.142857")

>>> getcontext () .prec = 28

>>> Decimal (1) / Decimal (7)

Decimal ('0.1428571428571428571428571429")

o EHIA decimal 3 SECER SR AR YIS O A AT RO IESCBERT . BRI ELE R AU AT I RERY — /NG
4%, AH decimal BURATF THRER T LFREB . TEFFERS, T 5] DLSE Al AFIE 5 A2
X AT A I o8 S5 SR PEL LA AN B R A R 5 il A RS AR AR 3

o decimal B FTESCRE “TofZe, AEHHTCE AR TRERISEAR (RPN E RETEAR) A& AR)IT
RBEEAR” . —— i A decimal FAMILBIH] .

LR BT A=AME bl decimal £, AR LR SCFHIE S
decimal Z{EJE T A AR R Bl — 5T, —PDRBE—MEREA . T REARL, REE

NeBERREWE, decimal FUEILHEIEER(EL Infinity, ~-Infinity Ml NaN, iZArfELR X4 -0
1 +0.

BARM LT CREEREE. &AM, FEECPR . F5 7 B 1F 45 5 W An & DA R 2 15 5 2 15 g
R E A AR, & A $5ROUND_CETLING . ROUND_DOWN , ROUND_FLOOR .
ROUND_HALF_DOWN, ROUND_HALF _EVEN . ROUND_HALF UP . ROUND_UP PA K ROUND_05UP.

R RS R I S AR AR HRRTINR L, F TR AN, SN E R, Bk
MA SRR, PGB ES A Clamped . InvalidOperation, DivisionByZero ., Inexact
. Rounded . Subnormal . Overflow ., Underflow PAMFloatOperation .

MNTEMET, HA—MrEM—DEI RSt . BEFESR, HeEREN 1, R, WEREEBHE
WRBCEN L, WG RS SRR, NI PR 2 E T A A BB AT

hz%:
o IBM 1938 ] TR B AR INIEHG A, The General Decimal Arithmetic Specification
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9.4.1 BREANIIHIE

] decimal ) 5 g S 5 A%, Wit getcontext () BFMHI LT IC, FHAELZH AEE
B A FE BIF s R

>>> 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

Decimal LRI AR T BRI EEOT DR I . BT R AT R A TR R
PP R BAE R W e e . Decimal fﬁ(%@?ﬁ?%ﬁﬂiﬁﬁﬂﬁ% “IEECT” 1 NaN, IERFIHEY Infinity PAK
—0.

>>> getcontext () .prec = 28

>>> Decimal (10)

Decimal ('10")

>>> Decimal ('3.14")

Decimal ('3.14")

>>> Decimal (3.14)

Decimal ('3.140000000000000124344978758017532527446746826171875")
>>> Decimal ((0, (3, 1, 4), -2))

Decimal ('3.14")

>>> Decimal (str (2.0 ** 0.5))

Decimal ('1.4142135623730951")

>>> Decimal (2) ** Decimal ('0.5")

Decimal ('1.414213562373095048801688724")
>>> Decimal ('NaN'")

Decimal ('NaN"')

>>> Decimal ('-Infinity")

Decimal ('-Infinity")

WK FLoatOperation fFS WA, M A/ NECRIE B R ANE A BT LR & 5 A7

>>> c = getcontext ()

>>> c.traps[FloatOperation] = True
>>> Decimal (3.14)

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
decimal.FloatOperation: [<class 'decimal.FloatOperation'>]
>>> Decimal ('3.5") < 3.7
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
decimal.FloatOperation: [<class 'decimal.FloatOperation'>]
>>> Decimal ('3.5') == 3.5
True

3.3 WUHTIA.
3 Decimal [ B3V i AR DZBCoe i . R SORS RISy AUE B AR 2 B 0] K35

>>> getcontext () .prec = 6

>>> Decimal ('3.0")

Decimal ('3.0")

>>> Decimal ('3.1415926535")

Decimal ('3.1415926535")

>>> Decimal ('3.1415926535") + Decimal ('2.7182818285")
Decimal ('5.85987")

>>> getcontext () .rounding = ROUND_UP

(T oUgkEE)
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(R L —5)

>>> Decimal ('3.1415926535") + Decimal('2.7182818285")
Decimal ('5.85988")

WAGE T C AR N FRER ], WA iE—A~ decimal 5| % TnvalidOperation

>>> Decimal ("1€9999999999999999999™")
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
decimal.InvalidOperation: [<class 'decimal.InvalidOperation'>]

3.3 5.
Decimal 47 fEfR4FHB5 Python B HART A H.. PATF @IV decimal 7 40 R AT Ek AT -

>>> data = list (map(Decimal, '1.34 1.87 3.45 2.35 1.00 0.03 9.25".split()))
>>> max (data)

Decimal ('9.25")

>>> min (data)

Decimal ('0.03")

>>> sorted (data)

[Decimal ('0.03'"), Decimal ('1.00'), Decimal('1.34"),
Decimal ('2.35"), Decimal('3.45'"), Decimal('9.25")]
>>> sum(data)

Decimal ('19.29")

>>> a,b,c = datal[:3]

>>> str(a)

'1.34"

>>> float (a)

1.34

>>> round(a, 1)

Decimal('1.3")

>>> int (a)

1

>>> a * 5

Decimal ('6.70")

>>> a * b

Decimal ('2.5058")

>>> c % a

Decimal ('0.77")

Decimal ('1.87"),

Decimal 7] DA T — L8522 R 4

>>> 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('1")

quantize () Jr{EREFE K EERIFEE. T 0TG5 0 A A B il s o7 B4 5% 1 B FH AR R Ui A A
Ak

>>> Decimal ('7.325") .quantize (Decimal('.01"), rounding=ROUND_DOWN)
Decimal ('7.32")

>>> Decimal ('7.325") .quantize (Decimal('1l."'), rounding=ROUND_UP)
Decimal ('8")

WEF7R, getcontext () BRELVIIN M HI_E N SO ARV HBCBCE . X5 ¥R I K2 By I RE iy i
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YT AR, A Context() 44 1 pR A @ £ I B SCRTRBAR A . B0 & MG 3, i il
Hsetcontext () FREL.

YRR, decimal FEHIRE T NI BIFRE I F X BasicContext flExtendedContext , A
YRR, B2 EBEE L E A

>>> myothercontext = Context (prec=60, rounding=ROUND_HALF_DOWN)

>>> setcontext (myothercontext)

>>> Decimal (1) / Decimal (7)

Decimal ('0.142857142857142857142857142857142857142857142857142857142857")

>>> ExtendedContext

Context (prec=9, rounding=ROUND_HALF_EVEN, Emin=-999999, Emax=999999,
capitals=1, clamp=0, flags=[], traps=I[])

>>> setcontext (ExtendedContext)

>>> Decimal (1) / Decimal (7)

Decimal ('0.142857143")

>>> Decimal (42) / Decimal (0)

Decimal ('Infinity")

>>> setcontext (BasicContext)
>>> Decimal (42) / Decimal (0)
Traceback (most recent call last):
File "<pyshell#143>", line 1, in -toplevel-
Decimal (42) / Decimal (0)
DivisionByZero: x / 0

B SGEEA T AR SR RLE B ) S DR (E S R . XSSO R PR RS B W i AU B
Wt i clear_flags () JrikAiGIRERALs2 w1 T2 BT TERS .

>>> 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=I[])

flags % H\B- % pi A BLEIEHA A (I BN SOMERNET S9ETE) IF BRI (hLen
ZFIBTRHEEME) -

AP T BT S0 traps @ HORICE !

>>> 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 / 0

REPAEFATER I AR B 2 w B R SC—k. I H, EFZ IR, BORTEIRSR N AR 5%
Hehypecimal . BITAIE ETFSCEAVINEL, RRFHYRR D B4 15 Hofth Python $07 R BAT X5
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9.4.2 Decimal %5

class decimal.Decimal (value="0’, context=None)

RYE value 13— Fif Decimal X4,

value N DUREEL, FAFER, JUl, float , BJj—~Decimal X5 . WHREA L value, NIR[|
Decimal ('0") . UIM value Z—ANFA4FER, BN ZLER TR M 747 AT R LR 5
6 B TR

sign = 4 =t

digit = '0" | ‘*av | 2" | '3 | ov4r | 'S5Y | ' | "7 | '8 | 'O
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 BB digit AP SR A SRR . R R ok H AR IS S R G TSRS (f
AR H7AA - B BRI RIS AN ) DA A FE 00 "' \uf£10" ] '\uff19',

SR value 72— tuple, EMNYHZAMHEH S, —DFS (0 FRIER 1 FR0E), —A~H%L
FHW P tuple, VAR—DEEIGEME. B0, Decimal ((0, (1, 4, 1, 4), =3)) K&
Decimal ('1.414"),

W value Erioat , W) 3§ 57 5 08 JC 3 M 5L e ok HORS B0 00 1 2F S RO, Db A% el
WO S3 L EE Z RS B, Bl 40, Decimal (float ('1.1")) ¥k Decimal ('1.
100000000000000088817841970012523233890533447265625"),

context FiLA XYM AR AR, X584 value "FHINIERE . B, Decimal (13.00000")
IRTA A, B BT SORERA =,

context Z K1) H W) J& B € 24 value A 55 =A% 0 7457 5 028 4. a0 S B SO R
T InvalidOperation, ¥&5| & 5H s FEHMMEI T, Mk 25K 0 —AE A NaN f)#T Decimal.,

WrESEIRE , Decimal W5 EANTIASY .

3.2 fRCE S AL AV IS R B S ECR float SEH.

33 MBS float ZHAEWE FloatOperation JABHNTG] & . BUATTI T, FEBFC XM .
3.6 E S AV N RIZHEA T2, A R ORI RSO

R S S A BB R AL s 2 @, Bl loat flint o BT & A RIEEEZE M
R RG] . [FRE, RIS AT DA H . pickle. fTEI. JHfEFSLEE . F/EEGTE. K.
HEF Ao 40 55— Fh 2B (Bl float Biint ).

AR B X RS AR X BT SO — 2/ N2 5. M ARBUE AT BT Decimal X4
I, SRS R A RORES, TS RS

>>> (=7) % 4

1
>>> Decimal (-7) % Decimal (4)
Decimal ('-3")

BBRB AT // AT R, R R BECT > (A R) AR BRI FHUE, PAELR

BEEiriix == (x // y) *yv + x %y

>>> -7 // 4

-2
>>> Decimal (-7) // Decimal (4)
Decimal ('-1")
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s Ml // BEAFEIT remainder fil divide-integer #4F (20), WAL HATIA.

N G R BE S B S fractions . Fraction SERITER ARZE PG MM i,
Zilfpecimal ME fioat , 5| K TypeError. {H&, LA Python [ Lz 547 At
Bpecimal SBl x MIF—NETF v o DARRT ARESAER A A BB A R0 HEA TN 45 LA IRHTRVA 25 2R

3.2 RS BAESE 43 FfDecimal SBIFIHAL R 7 A 2 [AIRIR G R B AL .
B T RMER RO RN, T EERIE RS RS LTI IA:

adjusted ()
AL ABEAAIMBFZ ERMHEEWHELSE B3I RTS8
Decimal ('321e+5") .adjusted () &M 7 . T E e m A AN T/ INBUS B B

as_integer_ratio()

BE—XF (n, d) BE, FRGEMDecimal SLHIERDE. mE AT L1

>>> Decimal ('-3.14") .as_integer_ratio()
(=157, 50)

A R . 7F Infinity 5| % OverflowError , ¥E NaN 3|72 ValueError ,
3.6 HUCHTINA.

as_tuple()
1R [Bl—A named tuple F/REF-: DecimalTuple (sign, digits, exponent).

canonical ()
g@%ﬁﬂ@%ﬂfiéﬁﬁ%c HAl, —A~Decimal SLHIFIISIGLIZITEN, Pz EAER B
B

compare (other, context=None)

LW~ Decimal SELBI{E. compare () & [H]—4> Decimal SL6, UIAAT—#AFEHUE NaN |

B2 L5 H 2 NaN

a or b is a NaN ==> Decimal ('NaN')
a <b ==> Decimal(' ")
a ==> ==> Decimal('0")
a >b ==> Decimal ('1")

compare_signal (other, context=None)
F%Tﬁ)?ﬁ NaN {5524, WHAES compare () J5 P&?FHI?JO WLE UL, W ERAERER A
2154 NaN, A FA[#ERY NaN #/EEE B A5 2 NaN.

compare_total (other, context=None)
BN FR TR ENTEUER LB WA RIERL. T compare () Tk, (HER
S T AT Decimal L. WiNDecimal S HA R MEEEA R H 2R IEXAE

BCHEF 1 A A A 4
>>> Decimal ('12.0") .compare_total (Decimal('12"))
Decimal ('-1")

RN & 551 NaN A FEE B HE P . XA BREU 45 R /2 Decimal ('0") QISR P4
{’Eéﬁtﬂﬁi‘ﬁﬂﬁﬁ%‘%r & Decimal ('-1") WIERHE—MNEIEL L) llﬁl?ﬁﬂwu/\%fﬁﬁt
(/2 Decimal ('1") QHSREE—EAVEEHE B 'f’ I H i T 56 AR A R BT RS
E,mﬂﬁﬂ@

BEHBRAEA S BRSO H Bk AN E UL AARE A IIT & A VEABISL, AR Tevk e %
s ARG W C AR E2 5| K InvalidOperation.,

compare_total_mag (other, context=None)

HET AR E NI R FOR A R ENMME, Wcompare_total (), {BZAMSEEAH:
YEE A5 . x.compare_total_mag(y) 24T x.copy_abs () .compare_total (y.
copy_abs ()).
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WHEAEARZ bR 38 B . ARG BRI A ERBIAL, Wk ToEk s
oo — ANEERL, W C A AT BT & InvalidOperation

conjugate ()
Haka] self, XAk HAF G Decimal #Li.
copy abs ()
RSB AERME . BRI Z B SCE I L2k BoA Edthnd HAIITE A

copy_negate ()
PRSI E . WEAEARZ TR 3G g ke . A S E S HA I TE A

copy sign (other, context=None)

BRI EIA, HAFSBE 55 A RS . i

>>> Decimal ('2.3") .copy_sign(Decimal ('-1.5"))
Decimal ('-2.3")

AR Z F R S8 HE R AN SR RS EAPATE A 1ERBISN, R Ik
55 A HRAERL, W C MUAT] BEZx 5| & InvalidOperation.,

exp (context=None)
RZEERTFR (HIR) RS e *x 9. 450 ROUND_HALF EVEN €5 AR IE
A

>>> Decimal (1) .exp ()

Decimal ('2.718281828459045235360287471")

>>> Decimal (321) .exp ()

Decimal ('2.561702493119680037517373933E+139")

classmethod from_float (f)
TG RE, Wiz float Blint LA,

- R A =\ Decimal from_ float(O 1) 5 Decimal('0.1") =& A& [ 8.
o F00 R BB DA HE R A KOR B R n, % EH R B AF R R B B %
B oA R R {E Ox1.999999999999ap 4, H H &= Hrm o9 kM h 0.

1000000000000000055511151231257827021181583404541015625,

#(E): M Python 3.2 F¥4G, Decimal SEFIMEFIPAE M Float Hth.

>>> 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 U

£ma (other, third, context=None)

TRETIEIME . IR A self*other+third , H1[a]3EfH self*other 1% 44 A o

>>> Decimal (2) .fma (3, 5)
Decimal ('11")

is_canonical ()
WERSHCERERT, WARIE True, BN HFalse . HHl, Decimal SEBIEEMFLN, FriA
EAEAE M AR 0] True

is_finite ()

RSO DAERIE, MR True 5 WERSHONTEIFKE NaN , R[Sy False,
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is_infinite ()
WIRBHCHIERTCITK, WERER True , KM RFalse o

is_nan{()

WRSHCN NaN - (TR RGEER) , WaREIA True , BWNFalse .

is_normal (context=None)

WRSHIE—A Ak ey A IREOUIR ] True, MRSHCHET . KARMEL. ToJ5 Kal NaN Jjiz

[HlFalse,

is_qgnan ()

WERSHCHFHE NaN, &[0 True, FHWERE|False.

is_signed ()

WRSHEOTAE S, WRE R True, HWREFalse, YR, 0 F1 NaN ZAHG4F5

is_snan|()

R SHCHEA NaN, R True, HMERFFalse,

is_subnormal (context=None)

WS HORbRER, MR True, HNREFalse,

is_zero()

WHRSHE 0 (EREAT), WaRE True, HWREFalse,

1n (context=None)

R PHRVER B ARXTEL (DA e M) . S5 HROUND_HALF _EVEN €5 ABEUIER&E AR

10g10 (context=None)

R A EAER) DA AR 455 2l ROUND_HALF_EVEN £ AREAIER& AR .

logb (context=None)
W —A IR, RIS ER AR S T8 E N — A Decimal S, QARIEHEHCHER R
Al Decimal ('-Infinity"') HHj?4: the DivisionByZero fri. WNHIEEHE TCRR AN
iR[A] Decimal ('Infinity"') .

logical_and (other, context=None)
logical_and () RTFHEWA & FHNBHZE (SHLHERER ). HWKRBHEZEHE
B and iz H ISR

logical_invert (context=None)
logical_invert () jg—AEHBizH . G RRAERINEAK .

logical_or (other, context=None)
logical_or () 3B logical operands W)iBiziE. (1§ S M7 #381F 4 ) « S5REZHA
BEBNFALN) or IB5.

logical_xor (other, context=None)
logical_xor () @HREWN BHEZEHMEHZE (SHLHEREL ). S5R 2K
Wiz B A BE .

max (other, context=None)
KLT max (self, other) HJZ B F3CH ARNEAER B Z Bigh . H I HXFT NaN [k
HAF S E 2N (T R SCA BT B 2 AT E 5 SRR ) -

max_mag (other, context=None)
Emax () FrEAEL, B2 EEE 4 6B 5 LR

min (other, context=None)
KT min (self, other) HJE B F3CEHAMNETER B Z Bigh i H I HXTT NaN [k
AT E N (O T R SCA e K TR 5 SRR ) -

min_mag (other, context=None)
Emin () F7EAEL, ER AR 4 6 E S R e
next _minus (context=None)

AR /N4 G BRAE R TR SO R ROR R (B A B AR A TR SO Y R R B
RECFUREA 0 E L) .
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next_plus (context=None)
R T 45 2 B EEO TR SCrb el ORI B NI (B 4T AR I R SO ] RO I
INICE IR 4 ETR S0

next_toward (other, context=None)
MR P EROAAASE, IR BITE S —ANMRAEER Iy ] SRl 85 — DR A R A
BOBE PSS, RIS E A 55 A BEH R RS — BB DL

normalize (context=None)
Normalize the number by stripping the rightmost trailing zeros and converting any result equal to
Decimal ('0"') to Decimal ('0e0"). Used for producing canonical values for attributes of an
equivalence class. For example, Decimal ('32.100"') and Decimal ('0.321000e+2"') both
normalize to the equivalent value Decimal ('32.1").

number_class (context=None)

IR AP ER RIS class o SRIFEZ DA T AT il —As
e "-Infinity" , FRBFHNHIITK.
« "-Normal" , F/RIZIBHERMIEREF.
e "-Subnormal" , ¥E/NILIEEECE TR IRIERL
o "—Zero" , FNZIBHEIENE,
« "-Zero" , HRKIBHERIES.
e "+Subnormal" , F§/Ni%izaBECE ERRARIERL
o "+Normal" , F{/ni%izBECE EMIRELRL.
o "+Infinity" , FRZKBHEEZIETLS.
o "NaN" , FORIZEHEECEME NaN - (J50F) .
« "sNaN" , fERZBHEEZHES NaN .

quantize (exp, rounding=None, context=None)

AR [ R ELRET A JR 3 s SO LA 5 AR e 2.

>>> Decimal ('1.41421356") .quantize (Decimal ("1.000"))
Decimal ('1.414")

HHEMzZHEAR, WAEBCZZEMARKERTHEE, Baaxkih—
M InvalidOperation {55 . XARIET BRAEA — 4RGN, BEARBBESTAHTEHE
LAGUE
HHAGZEAN, BAKAES N, BIESRA RS A .
WS “AEE B IEER T B — N2 BRI BOB SO RS A . XS, & AR
KL E rounding 28 E , HARMMALE context S8 E; WRSHEAS €, HH
YHTLAE BN SO AR
B EERWFEEORT Emax BUNTECiny () SERFR E— TR

radix ()
iR[H] Decimal (10) , BiDecimal HfTITABAZE I HMEH (). X2 RS
TR P AR T AR o

remainder_near (other, context=None)
1R 18] self DA other B340, X5 self % other WK GIFET PR A Bloms (o H 4 X f%
/Mb. BEHERIHLL, IREME N self - n * other H n BigiEii self / other WZEPR
TERREEL, I HAN SR AN B RS S5 BB ) 25 A0 45 ) 2 e B P ) 1 2K

ARG AT EAF 55 self 1755 o
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>>> Decimal (18) .remainder_near (Decimal (10))
Decimal ('-2")

>>> Decimal (25) .remainder_near (Decimal (10))
Decimal ('5")

>>> Decimal (35) .remainder_near (Decimal (10))
Decimal ('-5")

rotate (other, context=None)
AR E0 B — AR RO 45 56 — A BV R RO R € B A TR I A R . BB AR R
JJiA -precision % precision A% BE VI B N AUBEEL. 5 AN BAE B A XHE S R R AR
RE A BB W m e e B AR . A DB — MR RS A
R EPLIEES] precision g KB . BN EAEBAF S A EUR A4S .

same_quantum (other, context=None)

il 9 55 other Jg 1 KA M AR U@ 752 NaN,

AR LR SO BB AN ST RS EAPI T A 1EABIAN, R Ik
P56 A BAER, N C UAT] BE2 5| & InvalidOperation.,

scaleb (other, context=None)
3 [ B — AR R 28 AR R RO TR B AT PR B S8 . S T AR 10 S — D A R A
10**other LR, o A EAELULITU T HAEL .

shift (other, context=None)
AR 0] 5 — R R B 4 5 — AR RO G RO EA TR L A5 5R o B AR R 2
A -precision # precision il N HYEEE. 25 “ AN EARRI A XEZS 1 ZRE SR 15, AnREE
MRAEBCH IEE W RS AL B AR AL, BARBIERS A E . B —MRER A5

FRURFEAAE .

sqrt (context=None)

I 8] SR AR 0 2 S8 A 2

to_eng_string (context=None)
BN AT, IR SR RO 2 ) TAR R
TREFERRIRECR 3 IEE. XAE TR ZE R 22 3 DERD, I T REZERE
—EWIREE.
Ban, S Decimal ('123E+1") ¥l Decimal ('1.23E+3"),

to_integral (rounding=None, context=None)

Sto_integral_value () JJ{EME . £ to_integral 2N T S5IHRAIE.

to_integral_exact (rounding=None, context=None)
AR BT EL, RUMES Tnexact B AR A& A MM L& 55 Rounded. Bl
Reg i rounding ES Ml HAf & ABK, HWHEER context KifiE. WREALS
FEATATIEZ: W 2l 4w B SO AR

to_integral_value (rounding=None, context=None)
N B AR B A K Tnexact sRounded {55« W4 H rounding W25 [ ] H iy
feEry ARG A5 G H TR R context B4 BT B R SCIEB AT .

ZBERIER

logical_and(), logical_invert (), logical_or () ﬂ]logical_xor () ﬁ&i@ﬁﬁ%;ﬁ:@%{j\j iz
HRRIER. ERBRMERIIRENI AT S A R, HIHEF AR 0 30 1 fyDecimal S,
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9.43 FTIXXHR
ERSCREARZEFERNAEE . ENEPRGE. ES AN, i R F S 55, IR ElFE 4L
FF(ENGE S
LA B YH LR, Wffiflgetcontext () flsetcontext () PRFCREEEEL:
decimal .getcontext ()
1R 5] SRR 24 Fi R S0
decimal.setcontext (¢)
PRGBS ARI 4 17T _E R SCRA o
PR DA with iEA)fl localcontext () PRECRIGHMUAE &8 B 3o

decimal.localcontext (ctx=None)
Rl B SCERERS, B