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DV 77V YAY=a2 7 Tid, Python BFEDONEL, " a7eR3t~r 74 7 A7 IZOWTRHR L ¥
To TOR= a7 MEZ ST RVEEHI2O LNFERAD, EHITZEIEEELTVET, BATRL
MAAAL TP 2 7 FRISHAAABEE, HAAAEY 2 — VT 212~ T 4 7 A&, library-index T
RSN TVET, BRiE SR Python FEEAMICIE. tutorial-index ZZH L TL7Z& W, C EfEH 5
W C++ a7 o<miFicid, 202273l o0~=a27 A5 D %7, extending-index T
1. Python #EIRES 2 — N ZEL ZDDE L NAVRERICOWTIHENTWE T, F£4. capi-index T,

C/CH+ Tm T I7=hPHHATEEZ L V& =7 2 — ROV THAMNIEAR L TV ET,







ONE

L ®HIC

DY T 7L YAV =27 UE, Python 7025 I U/ SiEEAKICET 2R TS, Fa—rUTLELT
EPNTZHDTIEDHD FEA

MEAET =27V TELRITERICEZ S 35— /T, XERFAEHTA oL TIToWT, Elikah
FARRRIAR TIE R K FFER S Z 2T LE L, £9 T332 8Ty 2D RFa XY MAEENARFHEICE o T
EDFHART LB TVARIETTTI, PRPHVFVARFTTIE-OTVWEILETL XD, MoT, Lt

DBRTZBKEPERTVBANT, ZORFa XY MEFHS Python ZFHEFEL IS5 LTVWEDRE,
e eHPL RTINSV DD D, ERKIZBEZ L 2LHDEHBEERET 2 PHICKRSTL & 5,
Wz, H7R72H Python ZFA L TE Y. Python FFEDH 2 FHEDOTHEBIZB VT, BE R 2 &2
BolBa, TOBZFZRBIDORF XY P THIEIESOILNZZETLED, dLIDERLEIN-55E

BEBLEARS, DRIEOKMEEZREL TOWAEZVTOLEVERA — LIE, Z7u—VAEREETDH HHA
LTLEZW =),

FEWHET2FHMEEEYV 7 7 LV RAD R F a2 XY PCHRETEZDIEMAR I T - ERIILEEII D
HHLNT, AULEHETHRLDIFRZEL-TIMEEZ T 200 LR WAS T, —J7. CPython Mk
b TWVW3—>o0 Python %3 (5% éihéhhﬁfmi?#)ﬁ®f\ﬁi@?%ﬁomfﬁ\ﬁ
IR X o TS DFHIRABMZ SN TV B HE I, M TBEiEIH D T, [>T, ZOTFAb
EERICD Tz o TRV 7 FEEITH S 2 1ER (1mprementation notes)” 26 DIXDHLNTVET,

Python EXiZWIFhd, A DHARAAEY 2 — L e EEEY 2 — BB LE T, ZRSICOVTIE.
library-index TRF a2 XY MEEINTWVET, WL DL DHAAAEY 2 =IOV TIE, SEERCER
BPPHDED>TNE L EIZOVWTHATVET,

1.1 B®D Python DX

Python 5%y LTIk, HEHEWTHEAREER VD EDOFHELTVWET, ZRLHOREICEL T, FiE
D2 — Y THEHBERFE - TWET,

FLHBNTVWBEREIIUTOIDNH D 3

CPython Z
MERBRTFEIN TV BHMRD Python HET, C FiETEIATVET, FLAY DY
BRRED VB R HEINFE T,

nu[t
Ul
2
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Jython

Java THE XNz Python T3, ZDFHEEX Java 7 7V 5 —>a YO DRIZ Y FvFiEr LT,
LG Java 79 RIGA T2V B Ho/7 TV r—> a v EERT 27DIEHT 22BN TER%
To Tl Java 74 77V DT AP RERT 57010 LELIEEAIATHES, X5R21EMRIC
DWW the Jython website 2L TL 2 & W,

Python for .NET Z

DFEHEIINETIE CPython ZHHLTVWEIH, NET 77V 5= ayiTLkoTEHIATVWSD
T. NET 54 75 V%235 ZeDAHETT, ZDEEL Brian Lloyd I & o TER N E L 7z,
X 572 5B OWTIE, Python for NET home page 22 L TL 72X W,

IronPython

PyPy

o
F 2 X

.NET T Python 2557200 5—2DFEETT, Python. NET &IZER D, 58422 IL RAK
T3ZEeMTES Python FE#EH D, EH Python 2— FE.NET 7> 7 Vicar 4L LET,
Z AU Jython OHIMRDOFAFEE TH % Jim Hugunin ik > TESNFE L7, X HRZERITOVTIE
the IronPython website ZZMR L TL 72X W,

An implementation of Python written completely in Python. It supports several advanced
features not found in other implementations like stackless support and a Just in Time compiler.
One of the goals of the project is to encourage experimentation with the language itself by making
it easier to modify the interpreter (since it is written in Python). Additional information is

available on the PyPy project’s home page.

DEEHEZI DY a7V TXEMINLETHELEIZVER>TWE, b LI, %D Python F
¥ b AR 5 T\ B DR EDTZERPNAINTVWETL & 5, dRZPFEHL TWEHEEL

T, REFEREZMSDBEDRD 20 52 HWiT 57-0121F, FFEEOARELSZRLTILZZ W,

1.2

The d

AIZaT7INICHBITBREE

escriptions of lexical analysis and syntax use a modified Backus — Naur form (BNF) grammar

notation. This uses the following style of definition:

name

1c 1

B®AD
DTH

= lc_letter (lc_letter | "_")x
etter = "a'..."z"
fTiZ. name 7% lc_letter OEA WL REFE 21X ZF NI ED 1c_letter & 7 Y X —Ra7hkWizd

5Z2ERLTOVET, ZLT, 1lc_letter II 'a' 5 'z' FTOMLLDXF—FTH3 I LER

LET, (COMANE, 2O FF 2 Xy M Tw 3 FaHAI e SGRANC BV TER I N TV 2 4]
(name) T—EHLTHEOATVET),

SHENE name (BANC £ > TERESA TV 2 OOLH) & 1= POMBE D FF, BEH (1) 12, BHOE
REHESPBHET 2L X EVET; CORBR. CORKIBLTRLSABELEDENHIT T,

7 AR

VR (%) & BRI 2 EEOLaEM Lo DELEELET; A, 752 (+) M Lo

4

F1EIBLBHIC


https://www.jython.org/
https://pythonnet.github.io/
https://ironpython.net/
https://www.pypy.org/
https://en.wikipedia.org/wiki/Backus%E2%80%93Naur_form
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BEDIRLT, AR ([ ]) Kb Fad, Fasta@r—FHET 2 (Hoswhizahud, uosf
DFNIF TS a>ThHs) ZeERLET, * BXY + HATOMAHEPIITRERB O M RoT0ET
FADOZ N — I IFEMEENE T, VT IALFINE I 4+ — b THbhE T, A =2 %228l
TW3 L ZDAEKRERL T, HANZER., —THIND s THRT; ZHOERFOH 2 HHNE. B
DITIZODNWT, FEEMROEAICKELHOITE LTI T,

(Loflo & 572) FAPERTIE. MICZO0BEEIFOATVET: =20 Fy FTRYLATVWE DD
FINKFIE, “ODLFD ASCIL XFa— FIcB 3 (Ba7%) Biflh s CFer—FRR L2 RLE
o KHy ahDFha (<...5) & ERFEADY VAL ELRT IR 2TF; HlxE, O HilfE
X REERTVEDNDH L ERMEONEZeBHHET,

FHEHESCRHAIO ZFROBTHELN TV I REIRXIZLAYFE LTI, ZOEKIIIKRERBVDSDD £
FAHEFRIIATY — AR D 4 OXLFRID PN E T2, BCEREIFAMTcAERINz—#HD b= v %
WO WET, XE (7 FARK) 2B % BNF ZITRTFHERDEDDHDTT; ZhLIEDETI,
HSCERD Do TWET,

1.2. AYZa7IIICBII3REE 5






TWO

F R

Python TEH»rN7z 7075 213 IN—HF (parser) CHMAENE T, N—FANDANNL, FAENER (lexical
analyzer) \Z Xk o TEREN—EHD b= > (token) 25720 %5, ZOETIE. FHENEN T 7 A V%
b =2 YN IIRT B ITIRICOWTESR L 5,

Python 1&7’m 22 47 % A b % Unicode 23— FHRA ¥ & LTHARAALET, YV—RA 774DV a—
FarvZB3rrya—7F4 Y IEETEZX LN, T 740 & UTF-8 TT, ik PEP 3120 25 L C<L
IV, Y—=AT7 7 AAPTa— FTERIFAUI SyntaxError XL I F T,

2.1 1718&

Python 70275 232D FIBIT (logical lines) WZnHEHE 5,

2.1.1 /1T (logical line)

AT DRIE, b —2 > NEWLINE TRE N F 9 M EFFENTWE5E (G compound statement
HFODFEIT: statement) ZERWT, FATUIGREITRICE /22035 ZIFTE R A, mBITE—TERIEZh
PULED Y3817 (physical line) 225720 PIFATOREIIZIIRIY £ 721 3IEBRIN 7 1788 (line joining) i
R & %35

2.1.2 #317 (physical line)

PIFRAT . AT 2 — R TXYIS N XFHNDZ e TT, V=R 7 7 4RV —ZAXFHITIE, &7 v b
74— L OFEDITHIG A — F 2T 2 2 TE %9, Unix JERTIE ASCII LF (173D : linefeed)
XF. Windows FERXTi& ASCII % CR LF (18)#: return IZH\\TITi% D ) . Macintosh 52Tl ASCIT
CR (i) XFTF, TOHRTORRDI—FE ES7I7Y P74+ —LTHFLIMHT LM TEX
o AMORED. RZEOVITORBRI LK L TOREZRLELET,

Python IZHDIALE I, HHED C FEEOBUTXFOEHEHAI (ASCII LF 2B L /2XXF32—F \n
iR 2 D £9) 1ZHE-> T, Python APIICY —2a— REETHRENRDD 5,


https://peps.python.org/pep-3120/
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2.1.3 OX> bk (Comments)

aAX Y MILFHNY T INANZA > TWARWAY 2T (#) 2oMmE D, RCYHEITORKETKDD $5,
FEHRIYZATREGERRRIASEH SN TWRWIR D, axX ¥ MEEHET2RImS 9, axX ¥ NI RER
nEg,

2.1.4 T> 13— REFE (encoding declaration)

Python 227V 7 HHO—THPZATHICH %2 2 X ¥ b DIEHKIH coding[=:1\s*([-\w.]+) II¥ v F T3
B, axXy Mz ya—RES LTI AET; ZORBORIID IV —THY —2a—F7 741D
IYa—RFE2HEELET, TVa—-FEFSRESOTIRINERD XA, ZTHZH 254G, —fTHH 2
XY P DOABOITTRINUERD A, Tra—FESe LTHET AR

[# —*— coding: <encoding-name> —*-—

ZHUE GNU Emacs Treak CEE 3, F/21&

[# vim: ftleencoding=<encoding-name> }

Z X, Bram Moolenar (2 & % VIM DRk Cc& 32X TS,

If no encoding declaration is found, the default encoding is UTF-8. If the implicit or explicit encoding of
a file is UTF-8, an initial UTF-8 byte-order mark (b’xefxbbxbf’) is ignored rather than being a syntax

€error.

IYaA—T 4 YIPESEINIHGE. ZOLYaA—T 4 ¥ 7 4E Python ICK - TEBiCTERITIUI AR D £8
A (standard-encodings ML TL 22V, HEEI iz rya—7 4 Y7 fIZIEXFHV T, 2
XY b, AR D, ETOFaFTICEbhE T,

2.1.5 BRBBITHE

TOFRRBZAU LOYEITEREITE LTORTF 27D, Ny 7 RT vy aFE (\) 2o TUTO X
SICLET: WHTAXTINY 740Xy PHOXFTRWAY 7 25 v aTiRboTWaIE, ki
FTHRTEORFT—OOMIUTEME L. N I RF7 v T aBIrUNY T RT v ¥ 2DBRACHIITRNT %
HIBRL 57, IR

if 1900 < year < 2100 and 1 <= month <= 12 \
and 1 <= day <= 31 and 0 <= hour < 24 \
and 0 <= minute < 60 and 0 <= second < 60: # Looks like a wvalid date

return 1

Ny T RX5 93 aTHERDOATIIZAA Y MR ANBZILIETEERA, /2. N7 XAFvvaZffioTax
VIEMBT A LIITEERA, NV IR Ty T anFHI T IARIIHBGEERE. Ny T RATy
aDBARL M=V EMIET A ZIEITEERA (TROE, MEITHOXXFINY 77N D N —2 V%

8 8 2 B FaENR
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Ny P A5y aZzlioTHMiT2I L3 TEEEA), LA DGTIE. XFEANY T I MM H BNy
IRy a3 IRlHoTHRELRDFT,

2.1.6 FEBAREYGRITHERS

HFUHEIN (parentheses). f#EHN (square bracket) . 3 X KEAEIN (curly brace) HOHIZ, Ny 72T v a
ZHEDTICATU LOYETICORT 5 2 enTEET, HIRIE:

month_names = ['Januari', 'Februari', 'Maart', # These are the
'April', 'Mei', 'Juni', # Dutch names
'Juli’', 'Augustus', 'September', # for the months

'Oktober', 'November', 'December'] # of the year

FERINICHEE S NATITE X Y P2 B0 TN TEET, #MITOA V7Y PREETE DD $HA,
ZEOMHAT2E T eMNTE XY, FIRIILHETHICE, NEWLINE b—2 VI3 EL XA, DR
AT ORI, =H 7 4 — b EIXTH (TRLZR) THRAELE T, 2058, aXr 28052
EMTEIEA

2.1.7 ZE17

AR=A, BT, Tx—L74—F BIUFaxXy rosarzECHIITIIEHAINES (T72bD5. NEWLINE
=2 VEEREINERA), XEMEEIITATIL TV ZBICIE, 2217 O IIAT HE A A H-FEAT-H 1
(read-eval-print) L —FDFEEIC KX > TRZZ DD D F3, FHERNLNGENA > &2 7Y X DEETIE, 5%
RRZATTTELMEAT (Thbb, HAXTFHAX Y P RLEETROVET) X BEITH» 572 5 L0
ZRLUET,

218 17V

FIEITOITHICH B, SETHDZEH (AR—ZABXURT) 0z hid, ZOfFOA4 Y FY PLNAVEFHET S
TDIEbNE T, £ 7Y LR FITXDIN—AUGEZRET 2 DICHWLNE T,

X7 (ErLEDHINC) 1 DIZDE 8§ DDAR—ATHEEMZ SN, BERIBOLFEIE 8 OffFucik
D% (Unix TEODATVIHAIEFALICHR S X5 BERIENTVET), 2L T, BAIDIEEALFETDR
R—ZADKED, ZDITDA VTV VERELE T, A VT Y ME Ny 7 AT v > a THROYEITIZE
TEFEVRA; BHIDONY I RT7 v 2FTOEABALA VTV VERELET,

V—RAT 7 ANHRRTEAR=ZAZEAEEE, ZOEKRDTINE T DAR-ZMEBIKEFT 2 X586, A4
VTV MITEERDDOL LTHITEINE T, ZDOHEIE TabError SEH I E T,

TS5y b7 A—LEOEBRMEICETZEE: JEUNIX 599 b 74— ARRBIE2TFRA LT 4 ZOHE
E =2V —RT7FANNTET A VT N ERBEIR TS OREHTRED Y VA, /2. 779 b
T —LIZEoTIE. BAA YT Y PLAARHHRNCHRELTWE23 LAEEA.

T+ =57 4 — FXFHPITORBEIZH > THIRVERA; 74 —L57 4 — FXFEZLEDA VF2 FLRILETE
FRICIZERXNE T, 74 —L4 74— FXFERREOZATOMDIZIICH 255, ZOFBIRERTT

2.1. 1788E 9
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(Bl ZIZ. R_—2D%E 012V £y FF 205 LILEEA).

HHET 2ITICBIT 284 DA 7 ¥ FL~ULE, INDENT BXU DEDENT b—2 Y Z24EKT 3 7-012fEbD
NET, b= YDERBRAEZ Yy 7ZHOWTUTO L5 T %,

7 7 ANVHORPIDITEFHAMTHIIC, AKXy Zic¥urs—o2fEh (push Eh) £§; ZOXFRL TR
% (pop) ENBZZLEHD FHA, AZ vy 7 OERFEIHENTO BT, HICA Xy 2 OKEH &SI
DU CHEEIZHEM T 2 X512 oTVET, ZiFITOMBAMEICB VT, ZDITDA ¥ 7 ¥ b LAUVED R
Ry 7 DEHEOEL RSN E T, EIFELTFEMBLERA A VT Y PLNVENRRAZ Y 7 FOE X
DHREFNE A VTV FLANMEIEZAZ v ZiIZf g4, INDENT b—2 VB —2EREhET, 41 V7
YMULANOUER AR v 7 EOfEL D /N XVEE, ZOEIERZ y Z7HOWIT I OEE FLLRIFHILE
DERBA; AXY 7 EDA YT Y FLAMELD S REWVEZITRTRES N, BER—DRESNLZ LI
DEDENT b —2 Y —24MINET, 77 A NLVDERETIE, ARy Z1FE->TVWbE R XD REVHEITE

TREZN, ER—DFREENZ L2 DEDENT =2 YHR—24 K ENET,

LIFOHNCIELL (LA LERXEZEI12) £ 7Y b &)z Python a— KO—ERLET

def perm(1):

# Compute the list of all permutations of 1

if len(l) <= 1:
return [1]

r =[]
for i in range(len(l)):

s = 1[:41] + 1[i+1:]

p = perm(s)

for x in p:

r.append(1[i:i+1] + x)

return r

UToflZ. x4 Fr b=k b £9:

def perm(1): # error

for i in range(len(l)): # error:

s = 1[:4i] + 1[i+1:]

p = perm(1[:i] + 1[i+1:]) # error:

for x in p:
r.append(1[i:i+1] + x)

return r # error:

: first line indented

not indented

unexpected indent

inconsistent dedent

(B BHID 3 DD T =3 AA—F I Lo THREINET; RIRD LT —DADTFHRBHERTHO D £ 5
—return r DA YT ¥ ME, ARV IPHEBERFEESIN TV EDA YTV FLNMEE S —H L FEA)

10

% 2 B FaENR
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219 F—JVHEDZER

BT DR X FINDONIICH 2 HE 2R E, ZAXFTHIAR—R, XTI, BLXUZ7+—L74—F
. b= EDETEEOICHRACHHATS A TEET, oD b —27 Y 2HERTEL LHD N —2 >~
ELTAREINTLED EHORGAIE. b= OMICEASKLEL D 5 (HlZIX, ab iZF—D2D b—
JUTTD, ablE oD =222 ET),

2.2 EOMD =2 >

NEWLINE, INDENT. 3 X DEDENT ofth, U TFD =2 > DA 73V : #BF (identifier), ¥F—7—
R (keyword), VT Z IV, BEF (operator), T IR (delimiter) BFIEL E T, AT (L TRNATH
WX FLGN) B =2 U TEH D FRAD. P Y EXUIZEERDHDET, P—T VOBITHVE N
DEURGE., P =2 Y EEIPLHICHATRETRY b —27 Y EBRETE ZREOXTIIE G X 5 ITHE
SNET,

2.3 #HAF (identifier) & VF—T—F (keyword)

Wl F (R0 BE0 (name)) &, LT OFAER TR SN E T,

Python 128 % #%BT7OHE &, Unicode fEMEMLRRATELE UAX-31 cEo =, e ZF LI T TE
FLET, F#LLIX PEP 3131 #8BLTLEI W,

ASCII #iFf (U+0001..U+007F) WTI&, #AlF & L THRMETIE Python 2.x ICBIF 2 D LF LT,
RILFENXFD AP Z, 7YHX—Ra7 | BEHOXTFERAT 0 25 9 TY,

Python 3.0 (¥, & 512 ASCII il 65X FZEALET (PEP 3131 ZZRLTIEE WV, ), ThbH
DLFIZDOWTIE. %1% unicodedata £ 2 —ILIZ& FN 3 Unicode Character Database R % {#iu
%9,

WA FORSICEHRA D D A, KNFREFENET,

identifier zid_start xzid_continuex

id_start n= <all characters in general categories Lu, L1, Lt, Lm, Lo, N1, the underscore, 3

id_continue <all characters in 4d_start, plus characters in the categories Mn, Mc, Nd, Pc a

xid_start = <all characters in <d_start whose NFKC normalization is in "id_start xid_contir

xid_continue = <all characters in %d_continue whose NFKC normalization is in "id_continuex">

ETEK L% Unicode 77TV a— FIZMUTFE2RLET:
o Lu - K3F (uppercase letters)
o Ll-/NXF (lowercase letters)

o Lt - FEHENKIF (titlecase letters)

2.3. HBIF (identifier) LUV F—T—F (keyword) 11


https://peps.python.org/pep-3131/
https://peps.python.org/pep-3131/

The Python Language Reference, 'J1)—2X 3.12.3

o Lm - BfisF (modifier letters)
o Lo- ZDMDLF (other letters)
o NI- Bz 33 3F (letter numbers)
o Mn - FIEDIRWVELE (nonspacing marks)
o Mc - FIRD® 545G 75 (spacing combining marks)
o Nd - 10 #EF (decimal numbers)
o Pc - #fEHAIFELS (connector punctuations)
e Other_ID_Start - explicit list of characters in PropList.txt to support backwards compatibility
e Other_ ID Continue - [Flkk
FTARTOFANF . FErIIEREER NFKC icZ2fixh g3, @il FRoEi: NFKC iIcko 2 %3,

A non-normative HTML file listing all valid identifier characters for Unicode 15.0.0 can be found at
https://www.unicode.org/Public/15.0.0/ucd /Derived CoreProperties.txt

2.3.1 ¥—7—F (keyword)

DUT OHlFiE. PREE. £720& Python SEICEIT 2 F—T—F (keyword) & UL TEDN, #E DA+
ELTHS 23 TEERA, F—V— FREFEICTRHOED IS RITUIRD $HA:

False await else import pass
None break except in raise
True class finally is return
and continue for lambda try

as def from nonlocal while
assert del global not with
async elif if or yield

232 VI bF—U—F

Added in version 3.10.

Some identifiers are only reserved under specific contexts. These are known as soft keywords. The
identifiers match, case, type and _ can syntactically act as keywords in certain contexts, but this

distinction is done at the parser level, not when tokenizing.

As soft keywords, their use in the grammar is possible while still preserving compatibility with existing

code that uses these names as identifier names.
match, case, and _ are used in the match statement. type is used in the type statement.

N— a v 3.12 TEH: type is now a soft keyword.

12 % 2 B FaENR



https://www.unicode.org/Public/15.0.0/ucd/PropList.txt
https://www.unicode.org/Public/15.0.0/ucd/DerivedCoreProperties.txt
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2.3.3 FHIEHDHAIFHE (reserved classes of identifiers)

HHFED (F—v—FERL) WAFICE. FRERERSD D £3, 200 0#FFREIE, ZESPREBICH S
FUR—ZAATLFDAX— Y TRAENE T

Not imported by from module import *.

In

a case pattern within a match statement, _ is a soft keyword that denotes a wildcard.

Separately, the interactive interpreter makes the result of the last evaluation available in the

variable _. (It is stored in the builtins module, alongside built-in functions like print.)

Elsewhere, _ is a regular identifier. It is often used to name ”special” items, but it is not special

to Python itself.

ER: An0 _ k. LI UIEEREML (internationalization) & HICHWSNE T; ZDEFICOWT DR
LWHRIE, gettext ZZRLTLEE W,

It is also commonly used for unused variables.

>
AT LA TERS NI (system-defined) #E1TT, JEAHNITIZ dunder” %81 & FFIXN 3 (FRIT:
double underscores D), ZNHDHAHNIA ¥ X =TV & (HHES L 751 288) B L TERS
NTVET, BIITOI AT ATOLANE FHAY Y R RETHEEIETFSNATWE T, Python @
FERDAN—Y 2 TREDZLDHEMHERIND ZLICEDET, ZOFFaX Yy PTHREATY
LKLV, H503 __*__ OHHIE. WAKZaAYTFAMIEILHATY, BEEIH
ErglERITIesH FT,

7
AT T4 X—=} (class-private) RERTTT, ZDAT TV BT 24ENF. 77 RAERDI YT
A2+ ETHWSNGE, BIEY FRALIRES JAD 7 774 RX— 173" BB THETEZENSEZ 20
ERICI-DICEEBEINE T, #ATF (identifier. FTIFFE (name)) BB L TLIEE W,

2.3. HBIF (identifier) LUV F—T—F (keyword) 13
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24 UT3ZI

Y7 7L (literal) £1E, WL OhOHAABHOERE XL LD DOTT,

24.1 XFHEXUNAT FFIUTSIL

XY T INEUA T OTFHER TR SN X T

stringliteral

stringprefix

shortstring
longstring
shortstringitem
longstringitem
shortstringchar
longstringchar

stringescapeseq

bytesliteral
bytesprefix
shortbytes
longbytes
shortbytesitem
longbytesitem
shortbyteschar
longbyteschar

bytesescapeseq

[stringprefiz] (shortstring | longstring)

llrll | Ilull | ||Rl| I IIUII | llfll | IlFll

| Ilfrll I llFrll | Illel I IIFRII | Ilrfll | llrFll | llRfll | IIRFII
"M shortstringitem* "'" | '"' shortstringitemx '"

nroran Zongstringitem* nraran | rtunnna Longstring,item* Ttunna

shortstringchar | stringescapeseq
longstringchar | stringescapeseq
<any source character except "\" or newline or the quote>
<any source character except "\">

T\ <any source character>

bytesprefiz(shortbytes | longbytes)

llbll | llBII | Ilbrll | IIBrII | Ilell | |IBRII | llrbll | III.BII | llell
"'" shortbytesitemx "'" | '"' shortbytesitemx '"'

nmraran longbytesitem* nmroran | tnna Zongbytesitem* rnnna

shortbyteschar | bytesescapeseq

longbyteschar | bytesescapeseq

<any ASCII character except "\" or newline or the quote>
<any ASCII character except "\">

"\" <any ASCII character>

IIRBIl

FEROERBAITRENTORWSGENRGIRA—2H D £3, VT 71D stringprefiz X bytesprefiz
D DETOMICZEAZ ARTIZRSKRNWI TS, Y—RAa— FX¥t v I (source character set) (&
ILya—F 4 YJEETERINE T, =va—7T4 YJEEHRINI UTF-8 T3, fi T¥I—FEE

(encoding declaration) %

ZIL TSRS,

In plain English: Both types of literals can be enclosed in matching single quotes (') or double quotes

("). They can also be enclosed in matching groups of three single or double quotes (these are generally

referred to as triple-quoted strings). The backslash (\) character is used to give special meaning to

otherwise ordinary characters like n, which means 'newline’ when escaped (\n). It can also be used to

escape characters that otherwise have a special meaning, such as newline, backslash itself, or the quote

character. See escape sequences below for examples.

14
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NA P T I MZE, FIZ ' R B BEEFAL 9., 6K o T, str BUTIE S bytes DA R
RYADMEREINE T, N4 MV T I701E ASCIL XFDAELZ N TEET, 128 DL EOBEE RO
A FMEZRF =T L TRSINRITUIRD T8 A,

XEHNV T I NL PAY T ILDRGIE, FETYFE 'v' £72E 'R 2L 74 v JRARFFOI N T
XFET; ZD XS BIFINX raw strings EMHEN, Ny I AT az VT IALFE LTHRVET, 20
FER. XFHNY T I TUE raw XFFIHO \U' & '\u' DTRF —FIERHIRWE N ER A, Python 2.x
@ raw unicode Y 7 Z LA Python 3.x L3RR ZIREFNE T 5720, 'ur' BTV R—FShEHA

Added in version 3.3: taw XA FIU T ILD 'rb' LT 4 v 7 AN 'br' OEFEE LTEMINE
L7

Python 2.x ¥ 3x MM EDa— FR—ZADX ¥ FF A% BM{tT 272912, LH S — unicode V7 I L
(u'value') DY H— b HTHEAXNE L7z, I3 PEP 414 2BHLT 230,

fUOEE P OREFHPITWIEXXTFHNY T INET =~y FEAXTFHIY T I ( formatted string
literal ) TFo FMICOVWTIE 74— v FEAXFII T 2B LTSV, HHEFO £ 1E 'r
CHAGDLELNETH, 'b' R 'u' HAEDELZZLIETEERA, D2FED 74 —< v MEAD raw X
FHN T ZMIRI T, 74— v MEADANAL MY T 7 UIIAR]TT,

ZEIA =PV T IAHIIE, SOOI R - IR A — b FTY T ILERKIHLTLEDR LA E
D, TRTF—=TENTVRVEITR VA= 2ELZLHTEET (DT, ZRLHEZDF EFXXFHIHITHK
DEF). (Z2TWS 72— 17 Lid, CFHIOMAEMIET 2 L T o7 XFERL. B " OLFh
BTF, )

Escape sequences
'r' F7E R HEHEXFESODPRBRVLED | FINEEIANL MV T IARDI R =TS — 5 v AR

#CTHEDLATVEDERBRDEANC L2h o TSN E 3, BUTIC Python TH#MEN LR —7
=TV AERLET:

IRT—=To—r>X B AR
\<newline> Ny ATy a2 bBATFEPEHASINET (1)
\\ Ny ZRFv¥a (\)

\! —H5HRF (")

\" IR (")

\a ASCII %R~V (BEL)

\b ASCII 5y 2 2<%—2 (BS)

\f ASCII 7 +—247 4 —F (FF)

\n ASCII {7 D (LF)

\r ASCII 4% (CR)

\t ASCII kT2 7 (TAB)

\v ASCII EEZ 7 (VT)

\ooo 8 HERUHE 000 ZFFDOXXF (2,4)
\xhh 16 HERUE hh ZFEOLF (3,4)

24. UF3L 15
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NFEH TDOABREINDI LR —FS =5 Y REZLUTOLEH T

IRT=To—7r>R Bk AR
\N{name} Unicode 7— X X—ZHT name LWV I EGATDLTF  (5)
\uzzze 16-bit O+7HEME zzzr EFFOSLFE (6)
\Uzzzzrrrs 32-bit OTINEME srrrrrrs ZFFOXF (7)

HER:

(1) A backslash can be added at the end of a line to ignore the newline:

>>> 'This string will not include \
. backslashes or newline characters.'

'This string will not include backslashes or newline characters.'

The same result can be achieved using triple-quoted strings, or parentheses and string literal

concatenation.
(2) 5 C LA, BAT 3O 8 EMETRRLET,

N—3 3 ¥ 311 TZEHE: Octal escapes with value larger than 00377 produce a

DeprecationWarning.

N— a3 ¥ 3.12 TEHE: Octal escapes with value larger than 00377 produce a SyntaxWarning. In

a future Python version they will be eventually a SyntaxError.
(3) HHUEE C XIBE WV, B x5 2D 16 #ERLIZHEINER A,

(4) A4 Y FIAHTE, P X ONET 27 — A5 2 BN { 2R ET, 7Y
TINVHTIE, TR —T XI5 2 5N 7fE%£D Unicode XFEHRLET,

(5) "= a ¥ 3.3 TAHE: name aliases™ 1T F 29 K- FHIEMEINE LT,
(6) x5 40 16 KL AZHENF LA,

(7) BHWBL=a— FXFEIDESIC LTIy a— RT3 I A TEET, EHIC S TFD 16 EHT
DBETT,

HHED C 2iEW, BBEIN Lo R == Y ARITNT, ZOFEFXFHHIIHED T, Tk
bH, NYIRZy D abBRPIEDET, (ZOEIIT Ny FOBIERNTS: =X 7 —TF> =7 VA
BMASTENT6. ZOHIFERDPIBMLTO2DODB 00D T LB ET, ) LFIHHTOARMENZ T2
F—=TT =y RE N MY T I, BEENBRVWIR S =T = YR LTHEEIN S OTHER
LTLEE W,

N— a3 ¥ 3.6 TELH: Unrecognized escape sequences produce a DeprecationWarning.

N—=a ¥ 3.12 TEHE: Unrecognized escape sequences produce a SyntaxWarning. In a future Python

version they will be eventually a SyntaxError.

*1 https://www.unicode.org/Public/15.0.0/ucd /NameAliases.txt
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raw V770 Th, 5IHFIENY IJR T v P aTIRF =T TEEITI. Nv IR T v ¥ 2B FINE
DET; FIZE. o \"" BEMRLTHN T ILT, Ny 7 ATy ya ZHAR» LR LTFHERL &
T o \" IR SN T I AT (rtaw U T I AR BAEEL o TNy VX5 v P a2 TROLE S Z I
TEFRA), BEMICIE. (RNy 225y S adBEO s — b XFEET RS —F LT LE S OT) raw XE
FIZBE—DNY I ATy aTERODLEZCLRTEIERRA 2018 Ny I RAT v ¥ aDBERICEITHET
b, [Tk EEKT 2 OTREL, VFILD—fTHEENH_D20XFr LTHRRENE T,

2.4.2 XF5) T I IILDFEE (concatenation)

XFHNRANA MY T I ME, VSRR BT ZE>oT0TH (ZEAXFTRY > TH) BHHEEE 2
ZEMTEET, ZNUIELXDONFHNERET 2O A UE®REESEEF, L7zh > T, "hello" 'world'
& "helloworld" Y[MUTTE, ZOHWREZMI I, Nv 7 X Ty ¥aZz@loLih, ROXFHZFEIZHT
ML CHEUTICE 2008720, H20VEEHN XTI eIca Xy b 2BMT I8 XX TEET, FlXik:

re.compile(" [A-Za-z_]" # letter or underscore
"[A-Za-z0-9_]*"  # letter, digit or underscore

)

COBEREIISTEL NV TERSINTOVETH, A7V T b2ar A L3200 LTEBEIAS Z I
EEL TRV, FTRRICFIRAZFEE LU, "+ HETFE2HELRINERD A, /2. Y
T INLDREITBNTIE, MET2RERICERZ5ANERAZM o720 (raw CFH & =ZHF A2 EE 5
CLEZTEZY), 74—~ MNEAXFINV FINL L BEOXTIN F 5L EMELIEZDTEILBTE
FTOTHERLTLZEW,

2.4.3 f-strings

Added in version 3.6.

7 == v MEAXFHN 7 IV ( formatted string literal ) F721% f-string (&, HHEFF '£' 3 'F' O
MW7 FHNY T30 TT, THDXFINE, BHEN {y TR NN THLEWHRT + — L F2ED S
ZEMTEET, OXTIN 77NV DHEFEINENFICETEDS ZEPENDITH LT, 74—<v b
FHSCTFHN 7 7 MEETRICR e LTIMiE g 9,

IR =T = Y AGEROLTHNY T IV RIS Ta— FENET (LY T D raw XFHITH
DHELBRREET) o TRAF =T —r YR TFTa— LRI XTFHONFEIROETHRENE S

f_string = (literal_char | "{{" | "}}" | replacement_field)*
replacement_field := "{" f_expression ["="] ["!" conversion] [":" format_spec] "}"
f_expression n= (conditional_ezpression | "x" or_ezpr)

("," conditional_expression | "," "x" or_expr)x [","]

| yield expression
conversion = s o] ot | "aM
format_spec n= (literal_char | replacement_field)*

24. UF3L 17
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literal_char n= <any code point except "{", "}" or NULL>

XFHND 5B, FAEIRCHE NGB LANICT@E D R g3, 72720, ZEEFEN {{' BXU '3
BHE—OBRIEMNCEE R ONE T, H—oM N {' BER7 - L FOIBED ZEKL, ZOHH
¥ Python O TIHED £F, (F Ny ZRICERZEEREE LT) X7 F R b, FHliROME L OMiE % &£
MLV, ROKRICES '=' ZMATLEIV, ZOHKAIE, BESF 1 k> TEHEAZINLE
o 4=V FEHITZIEDNTEET, X512, " WHVWTERBETZEINTEE S, BT 1 —L P
H—oPACHAEN '} TROD £9,

Expressions in formatted string literals are treated like regular Python expressions surrounded by paren-
theses, with a few exceptions. An empty expression is not allowed, and both lambda and assignment
expressions := must be surrounded by explicit parentheses. Each expression is evaluated in the context
where the formatted string literal appears, in order from left to right. Replacement expressions can
contain newlines in both single-quoted and triple-quoted f-strings and they can contain comments. Ev-
erything that comes after a # inside a replacement field is a comment (even closing braces and quotes).

In that case, replacement fields must be closed in a different line.

>>> f"abc{a # This is a comment 1}"
L+ 3}"
'abch'

N—=Ya ¥ 3.7 TEHE: Python 3.7 EDHEIDN— 3 Y TlE, await RB XL async for AIEEFLATUR
FiE. EEESMEOMAIC I VF IR TVERATL R,

N—Y a ¥ 3.12 TEHE: Prior to Python 3.12, comments were not allowed inside f-string replacement
fields.

FE = PREINIe & HAXFINE, ROTF R MRE, F5 =, BXUOFHHEINREEAE T,
Bl EPAEIN (' OEK‘R. RO, BXY '=' ORICEFNZEALFRI TR TURESINE T, HEETD
FELRWVIRD, '=' ZIEELEGEE. RS LT repr(O) ZEMA LMESHECED £, —H, ERX
BEFHEET 25, BT 4 — L FT "' BPFEEINRTOVRWVED, 77 4L MT str() 2EAX
nE9,

Added in version 3.8: &5 '=',

S LA 4 =V EPEEINTOVGE., ROFHEFERIZ 7 +—~< v bORNICEHINE T, £ '1s' 1T
str() Z, "'r' X repr() &, ZLT '"'a' F ascii() ZMHUHLET,

The result is then formatted using the format() protocol. The format specifier is passed to the
__format__ () method of the expression or conversion result. An empty string is passed when the

format specifier is omitted. The formatted result is then included in the final value of the whole string.

Top-level format specifiers may include nested replacement fields. These nested fields may include their
own conversion fields and format specifiers, but may not include more deeply nested replacement fields.

The format specifier mini-language is the same as that used by the str.format () method.

7 ==y MEAXFHNY T IO TN TN EREETEETH, BRI 4 — L F2EBOV T I
WKHHILTESZLIITEEEA,
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7 4= MEAXFIN T INDE N ONFETFET:

>>> name = "Fred"

>>> f"He said his name is {name/7}."

"He said his name is 'Fred'."

>>> f"He said his name is {repr(mame)}." # repr() is equivalent to !r
"He said his name is 'Fred'."

>>> width = 10

>>> precision = 4

>>> value = decimal.Decimal("12.34567")

>>> f'result: {value:{width/.{precision/}" # nested fields
'result: 12.35'

>>> today = datetime(year=2017, month=1, day=27)

>>> f"{today:%B %d, %Y}" # using date format specifier
'January 27, 2017’

>>> f"{today=:%B %d, WY}" # using date format specifier and debugging
'today=January 27, 2017'

>>> number = 1024

>>> f'"{number :#0x}" # using integer format specifier
'0x400'

>>> foo = "bar"

>>> f"{ foo = }" # preserves whitespace

" foo = 'bar'"

>>> line = "The mill's closed"

>>> f"{line = }"

'line = "The mill\'s closed"'

>>> f"{line = :20}"

"line = The mill's closed "

>>> f"{line = !/7r:20}"

'line = "The mill\'s closed" '

Reusing the outer f-string quoting type inside a replacement field is permitted:

>>> a = dict(x=2)
>>> f"abc {a["x"]} def"
'abc 2 def'

N— a ¥ 3.12 TZHE: Prior to Python 3.12, reuse of the same quoting type of the outer f-string inside

a replacement field was not possible.

Backslashes are also allowed in replacement fields and are evaluated the same way as in any other context:

N
>>> a = [uan np" "C"]
3 k]
>>> print(£f"List a contains:\n{"\n".join(a)}")
List a contains:
a
b

C

N— a ¥ 3.12 TZH: Prior to Python 3.12, backslashes were not permitted inside an f-string replace-
ment field.
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7 4=y MEAXFIN T IV e ARZEATOARD 5722 LThH, docstring & L TIEX EE A,

>>> def foo():
f"Not a docstring"

>>> foo.__doc__ is None

True

7 —=<v MEAXFEIN T 7% Python IZBIML7Z1EE PEP 498 3SR LT XV, F-BHET 2
NFEHNT F—< v OHEARF > TWVWS str.format() SR LTL X W,

2.4.4 HiEV TSI

BAEY 7 7203 3 D D £3, BE (integer). FEIINIREL (loating point number), E#( (imaginary
numbers) TF, HEHY 7 I NVIEIFEL FEA. (ERBIFEK BB LTERE D),

BAEY 72 MBS EENTVARVI EIERLTEZ W, -1 O X5 f)id, FEBRICIIFIHERE T
(unary operator) '=> £ U7 I)L 1 ZHAGDELDDTT,

2.4.5 BHIUTIIL

B 7V T o P ER TRl S g3

integer n= decinteger | bininteger | octinteger | hexzinteger
decinteger n= nonzerodigit (["_"1 diget)* | "O"+ (["_"1 "0")*
bininteger n= 0" ("b" | "B") (["_"] bindigit)+

octinteger n= o™ ("o" | "0") (["_"]1 octdigit)+

hexinteger n= "o" ("x" | "X") (["_"] hexdigit)+

nonzerodigit = it

digit n= "o"..."o"

bindigit n= "0 | "1

octdigit n=mon, . n7e

hexdigit = digit | "a"..."fv | wAw. . WF"

EXEY EIZINFE 2008 5 VW5 MEZFRTIE, B 77 VICRESOHIRED D £ A,

7R =2a7F) T INDEEHMNT2ICHTzo TEAINET, ZORDT7 VX —Ra7 2o THT%E
IN—FNT 2L THRARITLTEFT T, 7YX —Ra 73 HFELHFOMIZ 1 2. 20 0x D X
SREBEEEDHEBIC 1 2P HFATEET,

2B, 0 OTHERORFCE 0 21 bNEEA, TS, Python 23— 3> 3.0 BRI - T
C RO /Y 751 & OBIkE & E#T 5 7T,

B TR N O RLET:
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7 2147483647 00177 0b100110111
3 79228162514264337593543950336 00377 Oxdeadbeef
100_000_000_000 Ob_1110_0101

N—=Tay 3.6 TEHE: JA—FEHNE LY T INAHRO7 VA —2a7BFEIND L5k T,

2.4.6 FENERB)TIIL

PRI 7 2 VI T O FAJER TRl E K5

floatnumber n= pointfloat | exponentfloat
pointfloat n= [digitpart] fraction | digitpart "."
exponentfloat = (digitpart | pointfloat) ezponent
digitpart n= digit (["_"] digit)*

fraction n= "." digitpart

exponent n= (Me" | "E") ["+" | "-"] digitpart

B, BHES e FERERIEEIC 10 2HBE L THREhET, BRI, 077e010 IZIELWERFEETH D, 77e10
CRICEERLUE S, FH/MNUSEY 7 LOMD 5 2HOHHIIFEECKEFELE ST, BRYTILEHEL X
ST, TYR—RAT7THFE I N—TIFTEET,

VEB NGS5 5 A OB E W DR L E T

[3.14 10. .001 1e100 3.14e-10 0e0 3.14_15_93 ]

N—=Tay 3.6 TEH: V- tEHNL LIV T IAHFDOT7 VY X—Ra7BFIN2 L5k EL,

2.4.7 B# (imaginary) UT 3L

R 7 2 VLT D & 5 e FAER TR S L E 3

imagnumber = (floatnumber | digitpart) ("j" | "J")

RER) 7 7 i3, FERERD 0.0 DBEFRBERL £, HRBEZSMoFIH/MUEEOBETRE A, 20
ZNOBEZIFE/NRA [ CERBOBH 2 R b £ 3, FRERD L 0 TRWRE NIRRT 2123,
(3+4)) DESWTHEEY 7 72 WVICEE/NIRBE IR L £5, UTICERY) 77100l n < 2hRL £

[3.143' 10.j  10j .001j  1e100j  3.14e-10j  3.14_15_93j J
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2.5 BEF

YT =27 V3EHAEFTY:

2.6 7' =& (delimiter)

UTD =2 i3ELEDTFY) I 2 LTHE XS

( ) [ ] {

, ; e = ->
+= == *= /= //= h= Q=
&= = ~= >>= <<= k=

YU MIIFE/ NGRS ERY TIPSO BT E T, VI F=ZD2DFNIR T 4 AKFLITEH T 2 EBIEHF
5 (ellipsis) V7708 LTRAIREKRZHD £3, VR MRFEORRAABHET (augmented assignment

operator) &, FAIMNICIZT Y I X LTIREVWE T2, HEDTVET,

DUT O EIFAIRE ASCIL 3CFIE, o b —2 > o—#e UTRRRERZ R o T b, FaTERICE o T

BELEREZE > TWVWET:

O

DUF oHIFATRE ASCII 3541, Python TRELNTWERA, INLDFHLTFHN 771 aX v b

DN D BIGE. BRI - b ETF:

22
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THREE

F—REFI

31 #A72x Uk, E. BLUE

Python 1281325 72T I b (object) &id. 7—XZMRMITK LB DTT, Python 7127 a2k
3R T7F-REFET ATV ERBATY 27 VHEOBRE LTRENET, (HIEKTIE, Turs
LA—FJELATI2 7 b LTREINET, ZHUET + > - /4= Von Neumann @ ” 70 7'J L
B3 v ¥a—&: stored program computer” OET/MIHEHE L E T, )

Every object has an identity, a type and a value. An object’s identity never changes once it has been
created; you may think of it as the object’s address in memory. The 7s operator compares the identity

of two objects; the id() function returns an integer representing its identity.
CPython EEDH#: CPython TiX. id(x) I x M NTVWEXEY EDO7 FLRAEERL £,

ATV ORIIA T 2 7 AT R— T L8IE (Bl len() ZIR—1F20) &, A7V 7 FHE
DS BMEEPTELET, type) BIEEIA T =7 bW (BIEKD AT 27 P TT) ZIRLET, FH—M L
AU, 7Y =27 bR (type) bEEARAIGETT, ™!

ATz PCEko TR B 2EE TSI DARETT, HEZEETESL A7V 22 PO Z % mutable &
MU Ed, ARRIHEEZZEETERWA 7Y 27 DI 8% immutable L WU E 3, (mutable 24 7Y =
7 PANDSREMML TV immutable 23> 7F 4 7Y =7 FDOffIZ, ZOHLTVWEA T =27 bD
EWZL LTZRRCEIL L E T, a VT IR EDATI =27 P EEL TO 200082 L RV THIUL
immutable 772 &2 25 Z B TEE T, L7z > T, immutable 2> 5 DIIMENZEEAIRED & 5 2> & B2
—HITE2DITEHYEVA) 7Y =7 bD mutable HEIPIFZDOENCE->THRED ET, HlZIX. K
R, SCTFFHL e 2 PABID 4~ 2 & > Z4E immutable T, dict % list (& mutable T3,

A7V NEBRIICHIET 2 Z LI TEERA; LeL, A 7Y 27 MCEERRE (unreachable) 1272 3
L. AR=YavL 7> ar (garbage-collection) IZ &k o TIUHENZ b LNLERA, ARN—YaLrvay
ZELELD, BUTORVEEDF SN TOVET — FEARBRA 7O =7 P2 L TLEDRVHAED,
ANR=TAVL 7T arzE55RET 2 NIEFREMEDMETT,

CPython REDFM: HED CPython EETIIZMA Y > b (reference-counting) 77X Z > TH D,
(AF2aryeLO) ERBREToTVEIR=—IUA TV =7 M2 BIERH L £3, CORETIIFLALD
FT7Y 27 VEEGERREICKR 2 L RIFFICAUET 2 Z e N TE X TH, BERESRESLIRN-—IF T =27 +D

*LRSEORMEDW L INIIGE, ATV 22 MO type EEET L2220 TEET . Zhud, ELLBbhiar o581 T
FAWHREFEEIESREITOT, ~RINCERWEZTRD D $EA,
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WEEDHEFEIITON S XORAEL T A DI TRED D F A, ERSEEROIR—IF TV 27 MO
OV TIE, gc BV 22— BB L TL 72XV, CPython AN DFEEREIIBIOFREM->TE D, CPython
SRERIIMNOAFRZES D LNERA, A7V =27 bDPEERGRICKR o7z & JICAIEBICHR TIUEZI NS Z &
WHEORWTLEZZIW (TS 7 7 A VERTIHRINICEA T TL 22 W),

Note that the use of the implementation’s tracing or debugging facilities may keep objects alive that
would normally be collectable. Also note that catching an exception with a try...ezcept statement may

keep objects alive.

Some objects contain references to “external” resources such as open files or windows. It is under-
stood that these resources are freed when the object is garbage-collected, but since garbage collection
is not guaranteed to happen, such objects also provide an explicit way to release the external resource,
usually a close() method. Programs are strongly recommended to explicitly close such objects. The

try...finally statement and the with statement provide convenient ways to do this.

MOF 7Y z7 MIMNT2ZREb 047027 b HYET; Thold AVTF (container) & WITNF
F, AVTFATI 7 DBl LT, 2T, VAN, BIUHENREITONET, 7727 FADBR
B2 Y 7 FOEO—EHTT, ZLALDEE, a7 FOfEirnwo e, av7FICA->TWbdA 7V
FOEDZ e ZIEL, ZNHF T2 YDTAT YT AT ATEDDERA; LOELEDYSL, aV7TFOZE
HAREEIC OV TR ZGE, 5F XAV TFRASTWELT TV 27 FDTATY T4 T4 DI EIRL
9, LEDo>T, (FTNDEIR) BERGERA TV 27 WPEHEABER T 7Y =27 bANOBREETY
B, ZOMEPENT Z2DEFEHEARERA 7Y =7 PPEBEINFF, EW0WH IR ET,

BZA 7Y =27 POEWEDIZF LAY L TITHELET, ATV VDT AT YT AT ADEEDPE S NTX
Z. HEAEERTIIBNCEGENE T ZEARERATIE, i lzitE T2 X5 REBIEZITS &, ERFIKIZ
LR F - MFEDOA 7V 27 " ADSBRERT ZeH D 30, BEARERA 7YV =7 b TEZOD
FOREEIEIDZERA, flziE.a=1; b=12T2 . atblflEl Z2EORLATz2 1+ %
ST 2L E2HHBZL. FO5TRVEEDDHDFET, ZHUIEEIKELES, LrL.c=[0;d=0¢
T2, ctdiFENZTN_DODRER T, HWIZ—ER, FiiiHFREINZEDY X 2B T 5 2 LR
MENTVET, (c=d=[ T2 . cdDOHARAILATY =27 PERALET)

3.2 REEDERE

PUFiZ Python ICHARAENTVWA ROV X FTY, (EEIZX- T, C, Java, £REFZOMOFFETED,
N EEREY 2 — LT, ZOMOEINERINTVWEZ DD D 5, Hir-kB (HHES, BEEMNERN
WEIE T B %0, 72Y) OBIME, 20 TWIEES 4 75V 2@ L TIREES A E T, Fkon—raro
Python Tid. HOBEMEICZD LI REBMBRINED2S LAER A,

LITICEHT 28O WL O0I2id, " FREYE (special attribute)’ 22 L7-B#ERH D T, ZnHDEME
BHEREANDT 7 L AFERERMET 20T, —HMNZHRHHT 2700bDTEDH D FHA, FKEMED
EFRIIFPREE XN ZAMREEL D D £ 3
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3.2.1 None

COMICRHE—DEL»H D EXA ZOMEEROA TV 22 NEIEE—DLPFELEEA, 20TV =
7 M3 AIAAY None T7 7 ASINE T, ZOF 7V =7 ME, BRAKRUTEIFELRZVWIEZL
HLET, HlzE, IRINCEZIR X 20BN None #3R L %3, None D EH (truth value) 134 (false)
T,

3.2.2 Notlmplemented

This type has a single value. There is a single object with this value. This object is accessed through
the built-in name NotImplemented. Numeric methods and rich comparison methods should return this
value if they do not implement the operation for the operands provided. (The interpreter will then try
the reflected operation, or some other fallback, depending on the operator.) It should not be evaluated

in a boolean context.
#HiE implementing-the-arithmetic-operations 2 L TL 2 & W,

N— 3 ¥ 3.9 TAHE: Evaluating NotImplemented in a boolean context is deprecated. While it currently
evaluates as true, it will emit a DeprecationWarning. It will raise a TypeError in a future version of

Python.

3.2.3 Ellipsis

ZOHIZIEE—DEL2D D EFHA. ZOEZFOF TS =27 V3 EE—D2OUL2FELEYA, ZTOXT
VxZ MIVT I ... £720F Python THR® 5N TV B4R Ellipsis T7 7R3N E T, HIHEHIZE
(true) T3,

3.2.4 numbers.Number

BUEY 77 M ko TER I L D . BMMHESHAAADOEMBEBUC X > TGRENEZ A TV 27 b TF,
472227 VIZEELRETT,; ~ElEPEREIN 22, JErEEXNSZ3H Y A, Python DI
EAT7Y 27 MEVWS ETHRIEBFETEI L ZAORUEL BMABIRLTVET A, a v ¥ a—XNTHEE
KT 2BCHES FIRREZ I TV T,

__repr__ () ¥ __str__ () POFEINTEUEY 7 R DOXFHIRBUIIRD X 5 BFRE»RH D £3:

o ZTONFHNE, V7 IRAVAMI I RIZE LI FIZ, TLOBMEDEZFFOF TS =7 M AR T 2H
NRAEY 7 Z LT,

o TEZHL, 10ZEL LTHEBHEINET,
o NEUEDFTIZH S 1 DD R ZBRWT, FcHELZPOIFRRINEE A
o INEUEDBIZH B 1 DD ZBRWT, TICHERAZPOIIFRREINEE A,

o FMBIFBUEIEHD L ZDARTRINET,
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Python (388, PEVMIGEL. HEROHTEZT>TVET:

numbers.Integral (E#)

BROUNE, B (BB J0AOH) 2 RITBANESNICB T 2 R 2 RBIT 2 TT,

AR BEERINCET HANG. A0BEEz ALY 7 MERES A ZHBEICBWT, & HEREEBRBERHT
EES5REREIATVET,

BRI 2 ESD £

B (int) i3
HIR OO R E RELL 30, FIAATRER (RKA) XV A4 ZOHIROAZEZITE T, > 7 MEE
RV RAZHEEDDIC 2 EREBR RO HEINE T, B0 EY v MAEICERIZERTWD
EOREEREZ D 2 OMBEHROERTREINE T,

iy

7' —JL{E& (bool)
BED False & True ZR L ¥ 73, False & True KT 2 2047V 27 FOADBT—NVELT TS =
M TT, TNBIGEBRORERTHD, FLALDODRRTZENZN 0 & 1 DX IREHFVE
T, FIS e LTFINCEE N e 23 zheh "False" BL U "True" W5 XFFIRE N
7,

numbers.Real (float) (%)

Z DENIEFTREME L AL O R EZE MR RBL L £ 97, RBIAJREREOHE PR A — N — 7 1 — OFFE
HEEO7—%77F v (BXU C% Java lZ X 2F%) 12V E T, Python IXBREEFE MNIUSEZ ¥ R —
FLER A, —MINICHEEZE N ECEE S HHIZ ey = XY OFHZENT 2720 L HiHX
NFEIF, LrL. 25 LEHENE Python TH 7Y 27 MRS BOA — "=~y FIZHARNUIMLA 722 DD
TS, ¥/ 2HEEOFIH/NREE 2RO Z L THMICR 2HEIEZD D $EA,

numbers.Complex (complex)

oML, FHREL A TERE L STV EE/ MR Z 2 >o—#IC L TERBERIL $5, FE/NUE
WKOWTHEARZD LRI CHEAETEED £5, HEK z OREHB LTELTE,. 2hzhaasat LER
JEBME z.real BLUY z.imag THO T Z N TEET,
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3.2.5 >—% > XA (sequence)

These represent finite ordered sets indexed by non-negative numbers. The built-in function 1en () returns
the number of items of a sequence. When the length of a sequence is n, the index set contains the numbers
0, 1, ..., n-1. Ttem 7 of sequence a is selected by a[i]. Some sequences, including built-in sequences,
interpret negative subscripts by adding the sequence length. For example, a[-2] equals a[n-2], the

second to last item of sequence a with length n.

Sequences also support slicing: a[i:j] selects all items with index k such that ¢ <= k < j. When used as
an expression, a slice is a sequence of the same type. The comment above about negative indexes also

applies to negative slice positions.

V=T YR EoTE, BED Y AT v (step)” T XX EFD " HLRA T A R (extended slice)” ¥
A=PLTVET: ali:j:k] F. x =i + n¥k, n>= 0D i<=z<j THIEIBRA VT IR z &FD
X957 a BTOEBRZHERLET,

v AX, BEARERDDR, I TROWHA TR SN TVWET:

EERBER S —7 > X (immutable sequence)

BERRERY — 7 Y ARDA 7V 27 ME, —EERINE L ZOMELET 5 LB TEERA, (7Y
MDA T 2 7 FANDBIBB A > TVWEGE, SREINTVWEA 7Y =27 MIEFEARERA TV 27 b
TH I, ZOMBEREEINZABEENH D FT; UL, EEARRERA 7Y 27 MPEHZESRLTWE LT
Vs b OESHKE, EETLEIEHTEEEA, )

UTOMIZEEARGE > — 7 v AATY:

XFFHIE (string) X
FF Unicode 2— FRA ¥ F2RBT 2HEOBA T, XFHHOLEDa—FARA ¥ FE U+0000
- U+10FFFF OHIPATRIHAIN S Z A TEF T, Python iX char ERH F¥ A, Kb DIz, XF
FIFDXroa—RRA VB REX " OXFHA T2 e LTRET 2N TEET, AR
AR ord O 1ZXFHNIR%E U+0000 - U+10FFFF DOHPHOEBUCEMRL £§, £7-. HARAAM
B chr() & 0 - 10FFFF OFiHOBHEXIET 2R X 1 OXFINIE L F£F, str.encode() &
THFAMLYaA—T 4 I %S5 28T str % bytes TEMT272DIfES e TEET, £/,
bytes.decode() IZL D ZDWWETT LI ENTEET,

R FILE (tuple) o
TNDERIIEED Python A 7Y =27 FTF, DU LOERN S22 K2 T VE, lic DEFEZRD
TE2REHD VI TRYI > TR L E3, H—DERP LK DX TV (HEE ‘singleton’) % 1F 21213,
BERrRHATHIROERICH V<220 FT (B—0ALITEE IV EZERLERA, ZHE. Xz
IN—=AMEFTBDRHIIEMEMHEZ 2 X5 LRFNIRLEBVHDETT ), BEROL L RWAEND N
BER L EBDR IV D T,

bytes
bytes & 7Y = 7 MIALEREFITT, BEFRIZ 8bit N4 T, 0 <= x < 256 ODHIPHDOEEE TRE X
NE 7, (b'abc' DX S7) bytes VT FNRMHAAAD bytes() IV AT 7 X% 5T bytes A
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7Y PRAFRTE RS, £/, bytes #7327 Mid decode() XY v F&ERBELTXFINITa—
FT&Ex9,

EEARER S — 7 > ZE (mutable sequence)

EHEARER S — 7 Y A, FRLBRTEE TR A TEE T, ZHAER S — 7 VA TlE, IRERILERPA
T A ARG R fH o> THRE SN ERIRAZITI TN TE, del (delete) K& TERZHIFRT2Z2h
T=%3,

AMR: The collections and array module provide additional examples of mutable sequence types.

Python \ZHEAID SMHARAEN TV B EHARER Y —F7 Y 2HNE, DL A" DT

1) Z R8BS (list) )
A b OBERIFMEED Python A 72 =7 MITEE T, VR M AFENOFICH Y~ TREY SNZHK
FANRTED T, (BEDB 0 1 O —F Y RAEES DICRHRBRGAE D HIDER N L IERL
TREEW, )

INA N ECF
bytearray 7Y = 7 MIZHEATRERACYI TS, HAAAD bytearray() IV A M7 7 X2 X o THE
MENET, ZHEAGERZ EZRIIE (0F DNy ¥ 2 b TERWV), byte array (FZHETHERR bytes
F 727 PRI VR —T7 = — R BRERTRBEL £5,

3.2.6 £5%

EKEZ, HFDRW, A== TAERA T =7 VORAREGZRBLET, 2070, (YD) H7E
EoZed YTy I AT 7 HRAITEEYA. KL, 47— MIATRET, HAAABE len() 1ZEEDE
FBEBELET, BEHORLMENTTIZ, BECBL TV 20EHRT AN, =7 Y ANRLDEED
PERR, HmfBE - HIRE - 2 - WiE L Vo REEEN R ERE O E T,

HEEDHEHRITZ, HEOXF— LR UEEHICET 2L —AEH SN T T, BUERNIET OBEIE DL — L
WHED TR WHERLTLEZE W, L 2 D0FEDHEHRAFETH 2 (FlZIE, 1 & 1.0) 8B, ZD55
D1 DODATEFIIEDDZENTEET,

BE, 2 DOMARAALEERBDHD 5

£68 AJ
BREESTTT, #HAAAD set() AV AN F 7 XTERIN, #H25 add() REDWVL D9 D X
Vv RTEHITEET,

Frozen set &Y R
ERESRTT, fHAIAAD frozenset() VAT 7 RITE > THERINE T, frozenset ZTFZE
T /\NYangE DT, HOEEHOBERICK 72D, HFEOXF—ICTEZ3I LN TEFET,
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3.2.7 Yy E>JE (mapping)

BEBEDA VFIRAEETA VT 7RMLENT, ATV 27 "o R AEROEERERRL £ 3, RERLT alk]
E k TA VFI7RIBESIN-ERE a »OBIRLE T, BIRXAABERIROPTHES e TE, AR
del XDOWRIZT R Z e TEF T, HAAABE 1lenO 2. vy Y IHOBERKEZRL 3,

Python IZH&#IH» HHARAENTVWEY Yy Y I7HIX, 5D ZA—D/IF T

&R (dictionary)

FIEEREDMETA VT2 RASNEA T 27 v o5 ARDEEERLE T, ¥— (key) & LTEZRWME
OME—DINZ, VA MPEHE, ZLTATY 27 FORA—METRIUETHE SN S ZOMOZEEAGERTT
T ZAUL, BEERIZMEINCHEETZ LT F—DONy Y2 lHIFLETHIZMNELRD 572D TT, BEA%
FoZES GG, AT OBIEEICE T 2 RANIENE T ZoDENIEFEL L2358 (BRI 1 &
1.0, BWEFULHFHHFOLY PV ERTA VTR LTS 2N TEET,

HEIIBADIEFEZHFHLES, 2% D, F—3FHBICGEMINERICERIATHEET, BFEOXF—%
BEHITH, F—DIEHFEIZEDLY ZHA, F—ZHIRLAEOBICHHBAT 2 2, OB TR FEEOR
BiBmMmEnE 3,

FEEREEARELATY; #ER {. .Y RETERLET (BERT 2R TSI V),

JEHREY 2 —)L dbm.ndbm . dbm.gnu &, collections EY 2 —LD XS, FlDO~= v ¥ 7B % it
LTVET,

N—Y a v 3.7 TEHE: Python DN— a2 > 3.6 Tld, HFIIHAETFZREEL £ A TL%, CPython 3.6
TIFAMEFII RSN E LD, ZRURESINLSHEOMME VWS XD, ZDLKOEEDOMFL L AR
NTVE L

3.2.8 MU LAJEER! (callable type)

BIROE N LHRME (MPUPHE L (call) BH) 2175 2 e TE 28T
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I—HEEBH (user-defined function)

IV EREMA 7Y 27 NI EREREZTO e cAERINE T (BEHER SR), BEE. K5I
(formal parameter) U A b LA UCBMOERDBA 57258V A P e IS ENET,

Special read-only attributes

B =

A reference to the dictionary that holds the
AT, IR function’s global variables -- the global namespace
of the module in which the function was defined.
None or a tuple of cells that contain bindings for
R foe e G U the function’s free variables.
A TY = MIJEM cell_contents ZHio T
VWET, TRV DEZFRET 2DITMAT,

ADEZEZDICHFEZE T,

Special writable attributes

Most of these attributes check the type of the assigned value:
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Bt =S

The function’s documentation string, or None if
SR Do (OE unavailable. Not inherited by subclasses.

The function’s name. See also: __name__
function.__name__ attributes.

The function’s qualified name. See also:
EImETLem. _ Graliene. __qualname__ attributes.

Added in version 3.3.

BB ERINTVWEEY 2 - LOARTT, £
function.__module__ Y 2 —AEDRNEEE None KK D E T,

A tuple containing default parameter values for
HUOEEIE,,, CORETHIAE, those parameters that have defaults, or None if no

parameters have a default value.

The code object representing the compiled func-
function.__code__ tion body.

The namespace supporting arbitrary function at-
D = tributes. See also: __dict__ attributes.

A dictionary containing annotations of parame-
USRI o CRIEIEEIEEHIE, ters. The keys of the dictionary are the parameter

names, and 'return' for the return annotation,

if provided. See also: annotations-howto.

A dictionary containing defaults for
function.__kwdefaults ) )

-= -= keyword-only parameters.

A tuple containing the type parameters of a

function.__type_params__

generic function.

Added in version 3.12.

Function objects also support getting and setting arbitrary attributes, which can be used, for example,

to attach metadata to functions. Regular attribute dot-notation is used to get and set such attributes.

CPython RZEDF#: CPython’s current implementation only supports function attributes on

user-defined functions. Function attributes on built-in functions may be supported in the future.

Additional information about a function’s definition can be retrieved from its code object (accessible via

the __code__ attribute).

3.2. FREROKE
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AVRZVAAX Y R

AVARYARAY w RATI 27 ME VTR, V7 AA VARV ALEBOMOHLAEL 7Y =27 b (@
Wi —PEREY) 2RO %3,

Special read-only attributes:

Refers to the class instance object to which the

e method is bound

Refers to the original function object
method.__func__

The method’s documentation (same as method.

wEEARel, __EHE__ __func__.__doc__). A string if the original

function had a docstring, else None.

The name of the method (same as method.

method.__name__
__func__.__name__)

The name of the module the method was defined
method.__module__

in, or None if unavailable.

Methods also support accessing (but not setting) the arbitrary function attributes on the underlying

function object.

User-defined method objects may be created when getting an attribute of a class (perhaps via an instance

of that class), if that attribute is a user-defined function object or a classmethod object.

When an instance method object is created by retrieving a user-defined function object from a class via
one of its instances, its __self _ attribute is the instance, and the method object is said to be bound.

The new method’s __ func__ attribute is the original function object.

When an instance method object is created by retrieving a classmethod object from a class or instance,
its __self__ attribute is the class itself, and its __ func__ attribute is the function object underlying

the class method.

When an instance method object is called, the underlying function (__func__) is called, inserting the
class instance (__self__) in front of the argument list. For instance, when C is a class which contains
a definition for a function £ (), and x is an instance of C, calling x.£(1) is equivalent to calling C.f (x,
1).

When an instance method object is derived from a classmethod object, the ”class instance” stored in
__self__ will actually be the class itself, so that calling either x.f (1) or C.£(1) is equivalent to calling
£(C,1) where £ is the underlying function.

Note that the transformation from function object to instance method object happens each time the
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attribute is retrieved from the instance. In some cases, a fruitful optimization is to assign the attribute
to a local variable and call that local variable. Also notice that this transformation only happens
for user-defined functions; other callable objects (and all non-callable objects) are retrieved without
transformation. It is also important to note that user-defined functions which are attributes of a class
instance are not converted to bound methods; this only happens when the function is an attribute of the

class.

T L —2 B (generator function)

yield X (yield X OffixBHR) ZHESBMD LAEXAY vy FE Pz RL—2BHR v 3hET, 20 L5 7%
BEAM ORI e ZIEHEIC, BROREKEFETTI20IMZI2 1TL—R A7z bERLET: 4
7L —& D iterator.__next__() XY v FERMUYHT L, yield X & o> THEIIREX NS F TR L5
TLET, BABD return XEFEITT 2 080ITE L L 213, Stoplteration flA25EH XN, £ 71—
AR FTREEOREFTEEL TVE T,

J)L—F > E3# (coroutine function)

async def ZffH L TERI NPV v F% JIL—F B (coroutine function) L WENE T, FELX
HENR 2D &5 BB coroutine A 7Y =27 b EIRLE T, aL—F VBB async with % async
for X THL await REFFOZEHPHRKET, JN—FoFTPz Ik 2BRLTLIIEI W,

JEEHAS T % L — 2 B3# (asynchronous generator function)

async def Zffio TERIN., yield XEMFHL TV BB XY v K% asynchronous generator function
EMPNES, 20 X5 7B MOt E e 2| FERAATL—2 A7 FRBELET, 2O T
Yz 2 MI async for XTHABODAKREZIATT2DIHR X7,

JEFRIHA 7L —&D aiterator. _anext__ XY v FENUHT L, MOMENFEZIRTWVWS L XIT,
yield NEMFWEEZRME T2 22 ETUMEEED 2 awaitable 2R L E T, ZDOBENZED return X%
FITT5, LT OKD DICEEL /2 & X1, StopAsyncIteration A5k &, JEFEIAA 71—
ZIFHATAREEORBRICEFE L2 2R D T,

#8HAFHBEE (built-in function)

A built-in function object is a wrapper around a C function. Examples of built-in functions are len()
and math.sin() (math is a standard built-in module). The number and type of the arguments are

determined by the C function. Special read-only attributes:
e __doc__ is the function’s documentation string, or None if unavailable. See function.__doc__
e __name__ is the function’s name. See function.__name__.

o __self__ isset to None (but see the next item).

e __module__ is the name of the module the function was defined in or None if unavailable. See

function.__module__.
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#AAH XY v F (built-in method)

This is really a different disguise of a built-in function, this time containing an object passed to the C
function as an implicit extra argument. An example of a built-in method is alist.append(), assuming
alist is a list object. In this case, the special read-only attribute __self__ is set to the object denoted

by alist. (The attribute has the same semantics as it does with other instance methods.)

I3 R
Classes are callable. These objects normally act as factories for new instances of themselves, but vari-
ations are possible for class types that override __new _ (). The arguments of the call are passed to

new__() and, in the typical case, to __<nit__ () to initialize the new instance.

VIADA VARV R

FEEDIIRADA VARV RIE, VIR T __call__() XYy FEEHRT LI THOHLAIGEICRD £5,

3.29 E2a-I

Modules are a basic organizational unit of Python code, and are created by the import system as invoked
either by the import statement, or by calling functions such as importlib.import_module () and built-in
__import__(). A module object has a namespace implemented by a dictionary object (this is the
dictionary referenced by the __globals__ attribute of functions defined in the module). Attribute
references are translated to lookups in this dictionary, e.g., m.x is equivalent to m.__dict__["x"]. A
module object does not contain the code object used to initialize the module (since it isn’t needed once

the initialization is done).

BEORAZITS b, Y 2 — LV OAATEMHEONEZERLE I A n.x = 11 dn. __dict__["x"]
=1 KIEIDVC‘\TO

ERFAHD (FHZAAAEERR) BN

__mname__ =

S 2 — LD,

doc £

Ja—DFFaXY T, XFH», dLAMFTERWEESIE None TF,

__file__
D= RINLET2a—LT 7 A VDNRRAHRTT, A VX TV RIHNZY Y72 hTw5 CE
Pa— DX BFEEOHEDEY 2 — LTIk, __file_ BEHEFELRVALD LAFEA,
B4 7200 08ca— RENILRED 2 —LDGE, ZOBME G477V 774
IVDINZZITHED 3,

__annotations__ E
P a—VOREDFITHICWE L BT/ T7—3 > B8NS 25ETT, __annotations__
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PRHATEZRANT 757 4 22200 TE, 7/ 7—a>®d HOWTO 2R L TLZE W,
AN LUEHAOBEREN:  dict_ ZEY 2L OLRIZE/MT, BEL TV 22 T,

CPython RZEQFMl: CPython BNEY 2 —VHEZHIRT 2 HEICED, BV a— L EEPEE-EE
FoTWhe LTHZOHEBWREY 2 - 2a—ThoANRICHIRENE T, ZE2ET) 2123, §E
AV —330 HELXERE>TVWAMEY 2 — A 2L TLEE N,

3.210 hRE LY S RE

Custom class types are typically created by class definitions (see section ¥ 7 AFE#). A class has a
namespace implemented by a dictionary object. Class attribute references are translated to lookups in
this dictionary, e.g., C.x is translated to C. __dict__["x"] (although there are a number of hooks which
allow for other means of locating attributes). When the attribute name is not found there, the attribute
search continues in the base classes. This search of the base classes uses the C3 method resolution
order which behaves correctly even in the presence of 'diamond’ inheritance structures where there are
multiple inheritance paths leading back to a common ancestor. Additional details on the C3 MRO used

by Python can be found at python_ 2.3 mro.

When a class attribute reference (for class C, say) would yield a class method object, it is transformed
into an instance method object whose __self__ attribute is C. When it would yield a staticmethod
object, it is transformed into the object wrapped by the static method object. See section X7 1) 7
A (descriptor) M32%E for another way in which attributes retrieved from a class may differ from those

actually contained in its __dict__.
7 ABEERAT DL, 207 7 ADFERIPEH I, BIES 5 ADOFHFHFEIIEH L LA,

I2IRAXTY 27 MUY (LEEZ2BR) . V7R Y RX VY RZERLET (Tl zBH).

Rk
__name__ 74
5 X%O
__module__ 7

FIAPEREINTVWBEY 2 —LDEH,

__dict__ 4
7 A DRI 2R L T 2 8EE,

__bases__

NR—=ZZ52ZY ZMZHNBIEETR—R7 5 ZAZMLTNE XTI,

doc 4

FADRF a2 XY MT, XFH, b LREREDEEIE None T,

__annotations__ 4
FADKRIKDETHICNE LT BT/ T—2 3> ZEWNT28E TS, __annotations__ %
FHTZRANTI 27T 4 ZZOWTIE, 7/ 7—a>® HOWTO 2B L TLZE W,
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_type_params__ A

tuple containing the type parameters of a generic class.

3.211 V5 RA > RXZ >R (class instance)

A class instance is created by calling a class object (see above). A class instance has a namespace
implemented as a dictionary which is the first place in which attribute references are searched. When
an attribute is not found there, and the instance’s class has an attribute by that name, the search
continues with the class attributes. If a class attribute is found that is a user-defined function object, it
is transformed into an instance method object whose __self _ attribute is the instance. Static method
and class method objects are also transformed; see above under ”Classes”. See section & X7 1) 74&
(descriptor) MEE for another way in which attributes of a class retrieved via its instances may differ
from the objects actually stored in the class’s __dict__. If no class attribute is found, and the object’s

class has a __getattr__ () method, that is called to satisfy the lookup.

BHEORARHIREITS b, A VARV ADHELEHRLE TN, ZI7ADOHELEHRTZ2I1EHD FH
Ao 7T AT __setattr ()R __delattr () XV v FRAEREINTWVWBIGE, BEA VAKXV ADFE
FEHTZ2MRODICINSGDXAY v FARULHEINET,

TR VAR AR, HEIREDELHDXY v REFFo TV RIS, BiEESy -7 28 H0E~y
THRIDXSWIRFES Ze BN TEFE T, FHRAVY FE 2BRLTLIEE N,

RkEM: __dict__ W3EMHOHETT; __class__ ZA Y REXVADI T RXTT,

3212 1/0 AT H b (FFPANT TSI FDORISR)

file object \ZBADPNT2T7 7 ANERLET, 77 ANVF TV 20 Vel 20D AR a— by bBHD
F7: open() MHAIABLBE. os.popen() . os.fdopen() . V¥ v b4+ 7Y =2 b D makefile() XY v K
(HZVIIREY 2 — A BRI NS MMDOBEP XY v F)

A7V 27 b sys.stdin | sys.stdout BX U sys.stderr &, 4 VXY XOEHEA J, HEHEHT, B &
OB RN ) =BT 27 7 AT TV 27 eyt EahEd, TholETRTTF A
E£— FTH2 AL, i0.TextIOBase IR 7 AT X o TERINIA VY X =7 = — RV E T,
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3.2.13 AEE (internal type)

A YRS ZRBRNENAE > TV BN OhDENT, 2—FIZABEXATHET, TALDERITTERD A >~
ATV EZDN—Y g Y TCREBXNZARENEDLNH D T2, 2 I TR -Hich TBEE 5,

O—-kFTTTH b

A—-FF T2 ME NA AV NAILENT (byte-compiled) FEAITAIREZR Python 22— ¥, Jll% /N1 k
d—F Z2RBLET, a—FAT7YV=27 PeBBA T =7 FOEWVE, BEA 7Y =7 P 7 a—
PVER (BBRERELTVBEY 2 — LD a— L) IS LTIHRER SRR > TW DI L, a—
FATZ7Y 27 MZRAYTXFRAIRRVEWVWS ZETY; $, BBA 7Y =27 PTRET 7 40 My BUEZ G
BETEEITH, a—FAT7Y 27 P TRTERRA (FITRGIEINEEZRIT 57:0), A 7Y =2
FEEW, a-FA TV 27 MIEEARARET, REARERA 7Y 2 7 bAOBME (HIE, HIECEDLST)
BAHEE Ao
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Special read-only attributes

The function name

codeobject.co_name

The fully qualified function name
O Added in version 3.11.

The total number of positional parameters (in-
EEEEER)EEE - 6, ATEEIE cluding positional-only parameters and parame-

ters with default values) that the function has

The number of positional-only parameters (in-
(1516 Q2R 220 TR bl St cluding arguments with default values) that the

function has

The number of keyword-only parameters (includ-
e e ing arguments with default values) that the func-

tion has

The number of local variables used by the function
codeobject.co_nlocals (including parameters)

A tuple containing the names of the local vari-
CEEREI|SE - E0,_TREHENES ables in the function (starting with the parameter

names)

A tuple containing the names of local variables
CEEREI)EE - C0,_ BRI TR that are referenced by nested functions inside the

function

A tuple containing the names of free variables in
codeobject.co_freevars the function

A string representing the sequence of bytecode in-
CIOEOOIZH 65, GO (E0 structions in the function

A tuple containing the literals used by the byte-
codeobject.co_consts code in the function

A tuple containing the names used by the byte-
GIEEIDOIoH X650 (OO code in the function

The name of the file from which the code was
codeobject.co_filename compiled

The line number of the first line of the function
codeobject.co_firstlineno

38 EIET-RETI

A string encoding the mapping from bytecode off-

codeobject.co_lnotab

sets to line numbers. For details, see the source
code of the interpreter.
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The following flag bits are defined for co_flags: bit 0x04 is set if the function uses the *arguments
syntax to accept an arbitrary number of positional arguments; bit 0x08 is set if the function uses the
xxkeywords syntax to accept arbitrary keyword arguments; bit 0x20 is set if the function is a generator.

See inspect-module-co-flags for details on the semantics of each flags that might be present.

Future feature declarations (from __future__ import division) also use bits in co_flags to indicate
whether a code object was compiled with a particular feature enabled: bit 0x2000 is set if the function

was compiled with future division enabled; bits 0x10 and 0x1000 were used in earlier versions of Python.
Other bits in co_flags are reserved for internal use.
If a code object represents a function, the first item in co_consts is the documentation string of the

function, or None if undefined.

Methods on code objects

codeobject.co_positions()

Returns an iterable over the source code positions of each bytecode instruction in the code object.

The iterator returns tuples containing the (start_line, end_line, start_column,
end_column). The i-th tuple corresponds to the position of the source code that compiled
to the ¢-th instruction. Column information is 0-indexed utf-8 byte offsets on the given source

line.
This positional information can be missing. A non-exhaustive lists of cases where this may happen:
o Running the interpreter with -X no_debug_ranges.

e Loading a pyc file compiled while using -X no_debug_ranges.

Position tuples corresponding to artificial instructions.
e Line and column numbers that can’t be represented due to implementation specific limitations.
When this occurs, some or all of the tuple elements can be None.

Added in version 3.11.

7F: This feature requires storing column positions in code objects which may result in a
small increase of disk usage of compiled Python files or interpreter memory usage. To avoid
storing the extra information and/or deactivate printing the extra traceback information, the -X
no_debug_ranges command line flag or the PYTHONNODEBUGRANGES environment variable can be

used.

codeobject.co_lines()

Returns an iterator that yields information about successive ranges of bytecodes. Each item yielded

is a (start, end, lineno) tuple:
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o start (an int) represents the offset (inclusive) of the start of the bytecode range
o end (an int) represents the offset (exclusive) of the end of the bytecode range

e lineno is an int representing the line number of the bylecode range, or None if the bytecodes

in the given range have no line number
The items yielded will have the following properties:

e The first range yielded will have a start of 0.

The (start, end) ranges will be non-decreasing and consecutive. That is, for any pair of

tuples, the start of the second will be equal to the end of the first.
e No range will be backwards: end >= start for all triples.
e The last tuple yielded will have end equal to the size of the bytecode.

Zero-width ranges, where start == end, are allowed. Zero-width ranges are used for lines that

are present in the source code, but have been eliminated by the bytecode compiler.
Added in version 3.10.
BE:

PEP 626 - Precise line numbers for debugging and other tools.
The PEP that introduced the co_lines() method.

codeobject.replace ( **kwargs)

Return a copy of the code object with new values for the specified fields.

Added in version 3.8.

TL—L (frame) #7xV +

Frame objects represent execution frames. They may occur in traceback objects, and are also passed to

registered trace functions.
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Special read-only attributes

frame.f_back

frame.f_code

frame.f_locals

frame.f_globals

frame.f_builtins

frame.f_lasti

Points to the previous stack frame (towards the

caller), or None if this is the bottom stack frame

The code object being executed in this frame.
Accessing this attribute raises an auditing event
object.__getattr__ with arguments obj and
"f code".

The dictionary used by the frame to look up local

variables

The dictionary used by the frame to look up global

variables

The dictionary used by the frame to look up

built-in (intrinsic) names

The "precise instruction” of the frame object (this
is an index into the bytecode string of the code

object)

Special writable attributes

frame.f_trace

frame.f_trace_lines

frame.f_trace_opcodes

frame.f_lineno

If not None, this is a function called for various
events during code execution (this is used by de-
buggers). Normally an event is triggered for each
new source line (see f_trace_lines).

Set this attribute to False to disable triggering a

tracing event for each source line.

Set this attribute to True to allow per-opcode
events to be requested. Note that this may lead
to undefined interpreter behaviour if exceptions
raised by the trace function escape to the func-
tion being traced.

The current line number of the frame -- writing
to this from within a trace function jumps to the
given line (only for the bottom-most frame). A
debugger can implement a Jump command (aka
Set Next Statement) by writing to this attribute.

3.2. FREROKE
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Frame object methods

TL—ALFAT7T 27 MEIXAY Yy F—D¥%R—-FLET:

frame.clear ()

This method clears all references to local variables held by the frame. Also, if the frame belonged
to a generator, the generator is finalized. This helps break reference cycles involving frame objects

(for example when catching an exception and storing its traceback for later use).
7 L — ADBEETHOEE RuntimeError DEHINE T,

Added in version 3.4.

FL—Z/N\w ¥ (traceback) 7>V b

Traceback objects represent the stack trace of an exception. A traceback object is implicitly created

when an exception occurs, and may also be explicitly created by calling types.TracebackType.
N— a ¥ 3.7 TZEH: Traceback objects can now be explicitly instantiated from Python code.

For implicitly created tracebacks, when the search for an exception handler unwinds the execution stack,
at each unwound level a traceback object is inserted in front of the current traceback. When an exception
handler is entered, the stack trace is made available to the program. (See section try 3.) It is accessible
as the third item of the tuple returned by sys.exc_info(), and as the __traceback__ attribute of the

caught exception.

When the program contains no suitable handler, the stack trace is written (nicely formatted) to the
standard error stream; if the interpreter is interactive, it is also made available to the user as sys.

last_traceback.

For explicitly created tracebacks, it is up to the creator of the traceback to determine how the tb_next

attributes should be linked to form a full stack trace.

Special read-only attributes:

Points to the execution frame of the current level.
traceback.tb_frame

Accessing this attribute raises an auditing event
object.__getattr__ with arguments obj and
"tb_frame".

Gives the line number where the exception oc-

traceback.tb_lineno
= curred

Indicates the ”"precise instruction”.
traceback.tb_lasti
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The line number and last instruction in the traceback may differ from the line number of its frame object

if the exception occurred in a try statement with no matching except clause or with a finally clause.

traceback.tb_next

The special writable attribute tb_next is the next level in the stack trace (towards the frame

where the exception occurred), or None if there is no next level.

N— g ¥ 3.7 TZH: This attribute is now writable

254 R (slice) #72xV k

AFGARX T =27 M, __getitem _ () XY v FOLDDAZFIA A ZRTDIMMONET, RF74 X4 T
Yz MIHAAAD slice() BIBTHAERSINE T,

A LEHORHEN: start I TRTT; stop & ERTT; step FRAT v 7OMETT; ZhZ2hEMX
N7=GEE None 22> TWVWET, IO OEMIIMEREOBEFTE T,

AFGARFT TS 27 MEIXY vy F—D¥%R—-—FLET:

slice.indices(self, length)

ZDXY v FIZBE—DOBEEIE length ZID, AT A RX TV =7 WD length BRED > — & > AITH
HEe 2IRBT 5. A5 RACHTBEREZARLET, 2OXY v FiZ 3 20EED» 5722
RINVERLUET; ZNEN start BEU stop DA YT v IRk, step TRODBRATAADEZEMR
TS A YTy 7 2AD 0D, BHNADHETHIUL, BHEDRATA AL EDLRVR D hlTkbh
73,

XY w K (static method) 77214 b

BRIX Y v Fid, ECTHHALZE S RBEBA T2 7 o XYy FATY 27 bAOEHZHIES 272D
FEZRBELEST, #IX Yy FATY 27 MDA S04 7T =7 b, BHEIEZ -V EREXY v FA T
Sl bERAL T vRTT, BIIXY Y PRI IRARI TR VAR APLHIST 2, FEBITRENS A
T MITy FEINIA T2 MITkR D, AL EEEBONRIZIEIRD £HA, BUXY v RE T
Pz MILEEECH UATRERA 7Y 27 b2 oy FLETH, A 7Y =7 b BRIEFFECH LATRET T,
FNA 7Y = 7 M3 AAAR T A T 7 X staticmethod() THMEINE T,

IIAXVYy RFTTT o b

A class method object, like a static method object, is a wrapper around another object that alters the
way in which that object is retrieved from classes and class instances. The behaviour of class method
objects upon such retrieval is described above, under “instance methods”. Class method objects are

created by the built-in classmethod() constructor.
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3.3 %AV Y R%E

72 AE, FRZRARTOA Y v FEERL T, R (EMEESIRA TR, A 74 AKELRY) X
DPRPEDHEAZRETEE T, T, Python OEET I — N0 — K (operator overloading) D7 70—
FTY, ZHUTED, 77 RBEFHFDOHAETIINT 2 MEDIRL B2 ERTEET, FIZIE 22772
M __getitem _ () LWVWOIHZHDAY v REERLTED. x BIDITADA VARV ATHEHLT 3L,
x[1] X type(x) .__getitem__(x, 1) ZIXFFHT T, FRTERDRWER D, #YIR XY v FAEREINT
WRWE R, 2O XS REREERAS LHIF (720 TWiE AttributeError 7> TypeError) 2NEHI SN E T,

FRX Y v FIZ None ZEET 5 Z 2id, ZAUSHIGT 2HELFIHATERVWI L EZERKLE T, HlxX. 7
FAD __dter__() % None WHELLHGE. ZDI FREA T 7 7MIIRET. £DA VARV RITH
L iter() ZMUHT L (__getitem _ () WKNIEDPRE N FIC) TypeError #iEHL 3, ™

HAALE LI 2L — T 27 7 RAREETLZ L EF, B#ie INdZ ATV 27 Mk o THKEN D 2 #HiH
WKEER L YDHZONEETT, MR 2> —r Y 23MAL2OBEZRORFEIETBA LI b LATE
AW, AT7ARADERDPBEREZREBLVPD LNERA, (WICDRFa2 XV METI27 VETALRZD D
NodeList f ¥ X —7 £ —=ADZD—HITT, )

3.3.1 EXNBHREZIAX

object. __new__(cls[, ])
75 cls DL VA VAR A E5 DO ENE T, __new _ O FFFIXY v R T (ZDX

Vo FIZFHR IR TV R DT, FRNICEINXY v REEST2HEEIHD FHA), A VRARY
AEERTEEIIOBERINTWEZ R E 5T, ROO5I1EA T =7 bpary R b+
7 2DNX (77 ADMUPH LX) KEXNET, __new () ODRVHEIEFHLVATI 27 bDA VR

ZYA (BHEE cls DA YRRV R) TRIFUILRD FEA,

BRI R FEETIX, 75 ADHTRA VAR A BERT % L Z121& super ) .__new__(cls[,
D WSHEYIREIERELTRA—T D __new__ () XYV v REMOH L, #HilicEmshiz4 >
ARV AR LREBZMATHHIRL T,

L _new (O MW A7Vl FPOERFICHIHEEIN, cls DA VAR ARIBRLIEHEICIE,
__dinit__(self[, ...]1) DESWCLTHLWA VRAEZYAD __4nit__ () DPFECHEINE T, 2D

Z. oself BHWCERSINTA VAR VAT, BYO5IEA TV =7 barvA 77 RxCESNE
SEemELCICRD £3,

_new_ (O Mcls DA VARV ABIRIBZWVIEGE. A VARV AD __dnit_ () XYV v FIZFERH X
nEHA

__new _ () OFERHNE. EEAREERE (int, str, tuple R Y) OV T 7 7 ATA VAR Y R ERE S
ARIARXTBIEITHDET, $hoy VIRERENRART AR T 27D, WARLDRART 5 R
T A—N=F 4 FENFET,

iter__ (), __reversed__()

) —— F—

*2 _hash__(Q)

contains__ () )‘ / v FIZZ o &SRRl Rb %2 L ET; ok
il HET 72 iR 2 # D W EET S
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object.__init__ (self[, ] )

AVARYADR (__new _ () WT&oT) ERINE, ZADMUH LITIGRINZFICOH IR
F3, 5l 7 ADa R 7 RAWCELZBDTT, HEIZ TR ZDIRES Z AR L DI
_anit__ () XYV v REFOEE, REZFAD __dnit__ (O XYV v RIZRIEZ 2D __dinit__ ()
XYy RERARNICHETH LT, 4 Y XAX Y RADHEES 7 AP EINHHHb 5 Z L REEL R
i h g8 A, HlZIZE, super).__init__([args...1)

_new__ (O ¥ __dnit__ O WFEELTAHITIO 27 bEEKRT S (L_new _ O DMER L. __init__ O
MENTZAAXIARXT2) DT, __init__ () 25 3F None fHZIRL TIIWITEEA; Z5LTLE

5 &, EITHFIC TypeError BEHINTLEVET,

object.__del__(self)

A VAR ADWERIND & ZIIFPHINET, ZUET7 74 F 74 (BYITEDH D FHAD)
FARNIZREBMINE T, HEZ I __del__ (O XV v FEF-TWRHEEER. REZ F 2D
_del__ O XYy RidiThh, BEZSZAD __del () AV vy FEHRIIFEHELT, 42X
VADHIE Y T A BB A LHEFICHIBR LRI UIR D 8 A,

_del__ O XYY EPWELISIELTVAEA VARV ZAANDHF LWBRBEZED, WEEESESZ
i (HERINRVDOD) AIRET T, ZAUIA 722 b 8IE I hEd, BiGE LA T2y
MAHEWHEINIENNC __del__ () BPERHEINZ 0D DIFEEKFETT; BED CPython ®
RETERAMO—EIL2RCH I ER A,

AVRTYVEPHET LI FZ, BRIFLTWE AT Y27 bD __del__ () XYy FBFIH IR MR
AL D D TH A

AR: del x FEHE x.__del () ZFMEUHLIFEA — &I x OSBIV U+ E 1 OS5 L. &
B3 x OSBAV P 0 ETED-E EOARIHINE T,

CPython EZED¥#M: It is possible for a reference cycle to prevent the reference count of an
object from going to zero. In this case, the cycle will be later detected and deleted by the cyclic
garbage collector. A common cause of reference cycles is when an exception has been caught in a
local variable. The frame’s locals then reference the exception, which references its own traceback,

which references the locals of all frames caught in the traceback.
BE:

gc EVa—NLDRFaxXVh,

BE: XYV N __del__ O BALEBRKNTIHOH EN S 70, FEITHITHA L AN =
. KD DIT sys.stderr IWEEVPERRENE T, F:

o _del Ol FEDI—FREFTINTVAREXIZ, FEDXL Y FOLRUOHEE T,
_del__ ()T, Ry Z%W-o/b, 7Ry r33)Y—2R2RUFHLED TE2HENH S
BE. __del () OFETIIOmMiEahza—FIiIckh, 20U Y —ARBICHIGEENT
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WT, Ty PRy Z2iEE50b LA EE A,

o __del__ O AVYETVEDY %y FRYUHIZETTEETS, [EoT, (flDEY 22—
NBED) 7 7R RATHHEND S 70— IOVEBIET TIHIBRE TS 2, None 2
HEENTVEDH LNLER A, Python &, H—D7 VX —Xa7 THEZ4HTDIa—
PIATY 27 ME MO T8 — NVEEDHRE NS HNCEY 2 — A0 HHIfREN 2 Z
PHRAELET; ZOX 570 — A EBEAOMP? S DBEBIEFELLEVEE, __del__ ()
XYy FHBMINTZRE T, 4 YV R— P ENZEETI 2 — AR ERHERETH 2 2 & BRI
TEDIENODD LNER A

object.__repr__(self)

repr() MAABMEUC & > CHGHEN, +79 22 FEET TARO (official)) LTI ZFIE L %
T AIAER B, ZAUT (EYIRIEREN G Z 5 R) RICEOA 7Y =7 b2 HAERT 2DIHZ 5. A
7% Python RO X5 2bDTHINETY, TERLWARDL, <...some useful description...>
RO FHNNRINENETT, RVEEXFINA 7Y =7 P TRINUIRD EHA, 7T AN
_repr__ () BERLTOVWT __str__ O FEBRLTVWARINZE. Z2D772ADAL Y RAZYAD TFER
KD (informal)) XFHNRBDERI NI ZIZdH __repr__ O DI E T,

ZOBBIET ANy ZOBIZ I AVWSLNEZDT, 72 TADEREEA, DVEVTRHRWVE S KIS
TBIEHEETT,

object.__str__(self)

A7 27 +D BEAKXD (informal)] H 2 WIEERRICHE L L XFIRREZEARET 2012,
str(object) XHHAAABEE format(), print() KX - TMENE T, REDHIZ string 7P =2
FTRIFNERD FR A

__str__ () 2B Python REZRT I AR INBRVEWVWIHT, ZDXY v R object.
__repr__ () YIFEZDFET: XD@EMLR, ELEEEARALZER T2 N TEET,

FHAAAI object ICK > TERINIT 7 40 NFEIZ, object.__repr__ O ZFFOHLE T,

object.__bytes__(self)

bytes ICX o T I, ATV 27 FOANA FXFHERIZFHELET, ZHUd bytes £ 7P =
7 FRIRFTRNETT,

object.__format__(self, format_spec)

format () MAAALBEE., X HWE T+—< v FEAXFI TFI)L OFFfi. str.format() XV v
FIck o TIROIEN, 7922 b0 7 74—y MLE7: (formatted)” SCFFIEB LD %
T, format_spec 5IBUE. BER T +—~<v MbA T > a Y OFEERE ELXFSNTI, format_spec 5l
BOBHUE, __format__ (O ZHEETZHNCEIDETH, ZLALYD I T RFHAAARD TP
Ta—<y MLEZELZD, ALE5R7+—<v MEA T a VRECEHBVE T,

BUED 7 + —< v MEXDfFFEIL. formatspec ZBHL TLZE W,

ROEEXFINA 7S 27 P TRIUIZRD $H A
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N—=Ya¥v 3.4 TEHE: BTROWLFINPEINZEE object HHD _ format. XYV v FiX
TypeError ZiXHi L %9,

N—Ta v 3.7 TEH: object.__format__(x, '') ¥ format(str(x), '') TIIR< str(x) &
Effiicin h F L7z

object.__1t__(self, other)

object.__le__(self, other)

object.__eq__(self, other)

object.__ne__(self, other)

object.__gt__(self, other)

object.__ge__(self, other)

NS VWbw3 7 EERELER (rich comparison)” XY v RTF, HETIYRLE XY v RADON
JMEAT D@D TY: x<y & x.__1t__(y) ZHFHLET; x<=y & x.__le__(y) ZHUIHLET;
x==y & x.__eq__(y) ZMFUHLET; x!=y X x.__ne__(y) EMUHLET; >y & x.__gt__(y)
ERECHLET; o=y & x.__ge__(y) ZFFFHL T,

A rich comparison method may return the singleton NotImplemented if it does not implement
the operation for a given pair of arguments. By convention, False and True are returned for a
successful comparison. However, these methods can return any value, so if the comparison operator
is used in a Boolean context (e.g., in the condition of an if statement), Python will call bool()

on the value to determine if the result is true or false.

By default, object implements __eq__ () by using is, returning NotImplemented in the case of a
false comparison: True if x is y else NotImplemented. For __ne__ (), by default it delegates
to __eq _ () and inverts the result unless it is NotImplemented. There are no other implied
relationships among the comparison operators or default implementations; for example, the truth
of (x<y or x==y) does not imply x<=y. To automatically generate ordering operations from a

single root operation, see functools.total_ordering().

HRARZLDHEEZYR— L TOT, HEOF—IMHFS 2B TES NYyPafdi A 7027 b
PEL EOEBREEAICOWT, __hash__ () DEFF a2 XY PARKELIPNTWEIDTSHRLTLE
W,

There are no swapped-argument versions of these methods (to be used when the left argument
tt__ () and __gt__ O

are each other’s reflection, __le__ () and __ge__ () are each other’s reflection, and __eq__ () and

does not support the operation but the right argument does); rather, __
__ne__ () are their own reflection. If the operands are of different types, and the right operand’s
type is a direct or indirect subclass of the left operand’s type, the reflected method of the right
operand has priority, otherwise the left operand’s method has priority. Virtual subclassing is not

considered.

When no appropriate method returns any value other than NotImplemented, the == and != oper-

ators will fall back to is and is not, respectively.
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object.__hash__(self)

HAIAAD hash () BIEP. set, frozenset, dict DL Iy v a%fliofzal 7y a VAIOHER
WX 2 IEDP MU EINE T, __hash__ (O XY v FIZEBEEZRIRFNERD EFRA, ZDX
Vo RIZBERNEER, EERPFELVA TV 27 VEREIUAAYy Y a2 WS 28T, 47
V7 bR T A ETHHAHINZEREX INCHED Ty Y 2fHZHET ST, 2h2h

DEFEDNy > 2fHE2RET 2 2BTTDOLET,

def __hash__(self):

return hash((self.name, self.nick, self.color))

FM: hashQ 3A TPz VHED __hash__ () XY v EDIRTE% Py_ssize_t OV 4 XI2Y])
DEEDET, ZHE 64-bit TEALFINTWVB Y 8 N4 MT, 32-bit TEALFINTWVB YL 4 34
FCF, AT7Y =2 bD __hash__ () BFR¥%D bit B4 XD LI FTHARESLETD 2551,
HFTETOIR—PFFTHELFD bit IE2F =y 7 LTIV, 57 5fiH2J74E python -c
"import sys; print(sys.hash_info.width)" 2%{7325Z¥2 T3,

TIAM __eq (O AV FEERBLTOVEREVWARS, __hash__ () XY v RBERLTERD FRA;
TIRAD __eq () BERLTVWTD __hash__ ) ZERLTVERVES, ZOAL Y ARV RE Y
YaRfEalL 7 a v OHERE L THRAEEA, VIRV I a—RINVRF T P 2ERLTE
D, __eq _ORAVy REFEELTVWERS, __hash__ () ZERLTUIRDFHA, ZHUX N\vPa
AlgE AL 72 avyOELEIBOVTF—DNy ¥ afl@PA I 2—K TNV THDZ I PEREINTVE D
LTY (AT7V 27 by > 2 fBENZELT B L, #ofzny 2237 Y hash bucket IZA->TL%
WET),

I—H—ERITAET 74V ET __eq (O & __hash__() XY v FEFoTVWET, ZDL
. (A—TRWV) IRXTOA 7Y 7 NI LU TERARD, x.__hash__ QO ldx==ydx isy &
hash(x) == hash(y) QWA ZEKT % X 5 REYRMEZEL 7,

_eq (O BA—=N—=F4 FLTWT __hash__ () ZEFRLTVWRWVWST I ZXTIX, __hash__( &
FEERMYIZ None ICEREXINZE T, ZF7AD __hash () XV v KPS None DFE. DT 7 ADA
VARVADNy Y 2l L k5§ B L) TypeError A3iAHI ¥4, isinstance(obj,
collections.abc.Hashable) TF z v 735Ny Y afEERDDE LTIELKFiEnE T,

_eq O BF—NR=—FA R LIEZIADBEIIANED __hash__ () O RERFERELEZVERS, H
/REYIZ __hash__ = <ParentClass>.__hash__ ZRETEZIE T, TNEA VX T RIBEZ 2T
IR D EHA

_eq O BF—N=F4 FLTOVRWVWI FIRAMBNy ¥ atR— b 2WflL0EE 77 2AERIC
__hash__ = None Z&®HTL IV, 77 AHHTHRWIZ TypeError %55 __hash__ () %
EFKT 5. isinstance(obj, collections.abc.Hashable) FEUNH L TR - Ty & 2 AJBE & ik
MENBTL &I,

FER: T AL FTE XFHNeANAL MO __hash__ O EIZTFHEIRATEER 5 > X L HT 7 YL R
ENFET, Ny ¥ fHIFHEMD Python 70t ANTITERTH D Hild £ 355, Python Z# DR L
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My 2omic, THITERRD XS,

This is intended to provide protection against a denial-of-service caused by carefully chosen inputs
that exploit the worst case performance of a dict insertion, O(n?) complexity. See http://ocert.

org/advisories/ocert-2011-003.html for details.

Ny Y aBOEEIX, BEOA T L — a VIEBFICHEL T, Python & Z DIEFHT ZRIEL T
FHA (Z L THE 32-bit & 64-bit ORI THEED 7).

PYTHONHASHSEED H SR L TL 72 &\,

N—Tay 33 TEHE: Ny>adDI VELMMBT 74V b TEMIEY L=,

object.__bool__(self)

Called to implement truth value testing and the built-in operation bool(); should return False
or True. When this method is not defined, __len__ () is called, if it is defined, and the object is

considered true if its result is nonzero. If a class defines neither __len__() nor __bool__Q), all

its instances are considered true.

332 BHET7IVEREZHREIAXTSB

DTORXY Y FEERLT, 7 I7AAL VARV ANDBEET 7€ ( x.name Offif. x.name ~DLA.
x.name OHIFR) OBEMHE I RARTA ZTHI N TEET,

object.__getattr__(self, name)

TN DEMT 7 A AttributeError TR L7z 2 Z (name 234 Y ARV ADEMEE 7213
self DV 7 AV Y —DFEMETRVDIZ __getattribute__ () 7% AttributeError ZiEH L7270,
name A NT 4 D __get__ () » AttributeError ZiXH L7zt X)) WIFUCHEINET, TODX YV v
Rk FHEXN:) BIEMEZIR T 5. AttributeError FIAFEEH LRI D 8 A,

B, BEOBRETEENRO»IUR, __getattr _ O FFFEHINERA, (ZHUE, __getattr__ ()
¢ __setattr__ () BERMZIENFMIEINT VR HTT, ) THUd, hEOLDE, TH5LRVE
__getattr__ () A VAR ZADMODBHAEIC T 7€ 2T 2 HFIENRL B0 TT, £, Pl
YHA VAR AERITH L TR, lHEA VAR ADBHERZICHEALZNZ 2T (b Yo
ATV PVHATEZZET). BHERZZR2CHBEILTVWA3A D0 TEET, EECEET 7 £
ZSERICHIT S 2 5KE. LUTD __getattribute. () XYV v FEBIBLTL XV,

object.__getattribute__ (self, name)

JIADA VAR YR T 5EIET 7t A2 RET 50, WEFICHOHENES, 75
A __getattr _ () BERLTWVWBEHAE., __getattr _ () W&, __getattribute__ () THHRMIZ
FEOCHI 32, AttributeError PIAAZIXHE LA VR DI EEA, ZOXY v FIE GHREIAK)
JEMEE %R S 2>, AttributeError FIAAZEH L E 3, 2D XY v FHAFIRIICEERZ S U
NTLES ORI, EEOBIWITE I, BRERBEHER2TADT7 72X T, flZ1F object.
__getattribute__(self, name) D XS IREKEI FADRAY v RERIUBEMHLZ M > TIEFH X 72
AT D FHA
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EMR: This method may still be bypassed when looking up special methods as the result of implicit
invocation via language syntax or built-in functions. See %k A Y v FIRZ&.

object.__getattr__ IZ obj & name ZIEL THITT &, BEEA RNV ZEHL ET,

object.__setattr__(self, name, value)

JEHEDORAD KA LNIFFCOH SN E T, ZUTEEORADBERE (bbb, 4 VA&V AREE
ADHEDOHKA) DD D IZETHENE T, name FBHEHAT. value 13 ZDEEINAAT 2METT,

__setattr__ () OHTA YRR Y ZAEBUEADRADRER S, BKZ 7 AD N FRICARDORX Y v
FZIERH I ZITIUSR D 8 A, HlZIX, object.__setattr__(self, name, value) ¥ LET,

object.__setattr__ I obj ¥ name ¥ value ZEL THITT 2L, BEEANNY M ZEHLET,

object.__delattr__(self, name)

__setattr__ () WXERTWETH, RATERLIEOHIFREZITVWET, ZOXY v REEETZDIZ,
A7V 27 MiTE 5T del obj.name HEMEDIDH 2 HETFITLRIFAUILRD FEA,

object.__delattr__ I obj ¥ name ZEL THITT S, BEEANY M ZEHLET,

object.__dir__(self)

Called when dir() is called on the object. An iterable must be returned. dir() converts the

returned iterable to a list and sorts it.

EVa-IDBEMET VLR EHREIAXT S

FrR IR AT D __getattr__ & __dir__ b, EY 2 —VEHEAND T 7R I AKX~ A X T 5DI12ff
ZAFET, EVa2a—ILLRLVD __getattr__ BABIIEMESRTH 2 1 5| EZITWD, GFELLEEERT
7 AttributeError #EH L F T, BUENEI 2 - AT =27 06, BEDKRE, D% D object.
__getattribute__ () THRATD» R o 725 EE. AttributeError ZiEH T 2011, EY 2 -1 D
__dict__ 25 __getattr__ MR INF T, Afddr-o2EE51E Z0BELATHIHEIN, BERINIER
ENET,

The __dir__ function should accept no arguments, and return an iterable of strings that represents the

names accessible on module. If present, this function overrides the standard dir () search on a module.

X DML VKETDEY 2 —LOEHE (BT 08T 4 DRERY) DHAREZIA ZXDDHIT, Y 2a—)
F 727 FD __class__ JEMEIZ types.ModuleType DV 77 I ADNHKETEE T, FIZIERD XS ITHk
DET:

import sys

from types import ModuleType

class VerboseModule(ModuleType) :
def __repr__(self):

return f'Verbose {self._ _name_ _
(KDR=D1ZHiEL)
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(FiDR— 25 D %)

def __setattr__(self, attr, value):
print(f'Setting {attr/t...')
super () . __setattr__(attr, value)

sys.modules[ name__]._ _class__ = VerboseModule

AR: EYa2—-D __getattr__ BEHRLAD __class__ ZRELZZDLTDH, HELDHLDIEIREET Y
T ZDBWLHRHEDNEZBKRIZTITT - £Y 22— D globals NDEHE7 7 RAE (£ 2—LHNDA—K»
HEEY2—)LD globals DEELTH) HEEZZITEEA

N=Yay 35 TEHE: EVa—LOEYE __class__ HEZAAAREICRD L7,
Added in version 3.7: __getattr__ EY a2 — VEMYE __dir__ Y 2 —EM.
BE:

PEP 562 - €2 a—J)L® __ getattr___ & __ dir__ £
Pa—1D __getattr__ BAMB LY __dir__ BN,

F A1) 7R (descriptor) DR

UTDOXY Y Rid, TOXYVy FEFDI7 IR (0WbWw2 TRAIUTAR (descriptor) 75 R) DA Y ARV R
D, F—F— (owner) 7 FACHFET S ZWOABHEINET (FTRZV FRE A—F—Dr 5 AFEH
P ZOHOWIT LD 7 AFF IR IFIUIRD FHA), MTofITx. 7 BIE” ik, Aint—F—2
FAD __dict__ DT wT 4 (porperty) DF —TH 2 L5 REEEHEL T,

object.__get__{(self, instance, owner=None)
FA—=F =0 FR (VIRBWET 7 RRDEE) . VIADA VARV A (A VARV RAEHET 7€ A
DGE) DEMEEUSRHCHEOH XN E T, instance B L TREME 7 7 RAT 3K, 722D
owner FIEIEA —F—2 F A TT, owner ZBBUTENET 7€ 2A$ 2L %3 None T,

ZOXY vy RiE, BHEEREHMEEIR T2, AttributeError At 2EH L £3,

PEP 25213 __get__ O ZF 12022005 BZF OO LAREA 7Y =27 FTHIEERLTVE
3, Python DfBIABD TR ) FRFIZDHFEEZY K- LTOVETH, ¥—F =T 18DV —
NOHNZIET S DI ELEL T25DbH D 3, Python D __getattribute _ () HEEIZHEH
E5EbLLT. MO EEICELET,

object.__set__{(self, instance, value)

F—F =TT 2ADA4 VARV R instance EDBEMWEFT272ME value ICEET ZBRICEOH I E T,

__set__ () HBWIE __delete__ () BBIMT 2L, TRZVIFRE 1T—=XFT A7 VTR IZEDLD
F5, FHME TRV TEZORUHEL 2BRLTLZEW,
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object.__delete__(self, instance)

F—F =T FADA VAR VR instance DB EHEIRT 2RI OHINE T,
Instances of descriptors may also have the __objclass__ attribute present:

object.__objclass__

The attribute __objclass__ is interpreted by the inspect module as specifying the class where
this object was defined (setting this appropriately can assist in runtime introspection of dynamic
class attributes). For callables, it may indicate that an instance of the given type (or a subclass)
is expected or required as the first positional argument (for example, CPython sets this attribute

for unbound methods that are implemented in C).

TRV T2OFVHL

—ICT A7) TR eiF, Rk R EEICB S 281F (binding behaviour)” Zd 04 7Y 27 MEMEDO Z &
TS, TARAZVTRIZE, TAZ Y F27a b al (descriptor protocol) D XY v R: __get__ (), __set__(),
BIUY __delete._ (O B#E-oT, BET77E€RX%2F—N=F L FLTWVWE3DTT, TNHEDXYV vy FOW
TP FTY 27 PR LTERSNTWERHAE, ATV VETRZ Y TR THLEVWNET,

BT 72 ADT 7 4V bOEWEE, ATV 2 FOFELOMHEEIRDE LD, HEFRELD. HIBRL
72D F220H35DTT, Bl a.x ICLZBEOMEKRTIE, £3 a.__dict__['x'] . KIZ type(a).
__dict__['x'] . ZL T type(a) ODEEI FATRRXIZ FTATRHRVDHBDIZH L. &\ ot BEICHEE
Zh %7,

L2 L, MERROMER, TRIZVTEZXYy FOWTNULEERL TWEA 7Y 22 b THIUZE, Python
77 4V bOEWEEF —N=F 4 RLT, RODIKTAZVTEXYy REROHLET, ERoEHOH
DEZTTAZUVTERAY w RPRPHENZIIE, EDTAZ YT RZAY v FRERINTNT, EDKD
WO XN ITRIZ L £ 5,

TAZVTREPH L OER L2501, BELANOHM (binding) . 34DH a.x TH, 5D LS
WTFAZ ) FRKHEESINE 00T a WIRFEL X

E#FFUHL (Direct Call) 5
HHHIT, oD oRIELNBR VIR LIREIZ, a— RPTEEFAZY FZ XYy RORUYHL:
x.__get__(a) 21T WV5HDTT,

1> 22> AR (Instance Binding) *
T2 M YARYANEET 2L, a.x FEFH L type(a).__dict__['x'].__get__(a,
type(a)) AN F T,

25 Z%#& (Class Binding) 2

FANHET B2, A x I U A.__dict__['x'].__get__(None, A) IZE#INFT,

super 5R#& (Super Binding)
super (A, a).x DX R Ky bEffo/ly /7 v ST a.__class__.__mro__ ZHFERLT. A DHj
D7 I7ABEETHL, B.__dict__['x'].__get__ GaA)% LET, bLTFTAZYTFXTRIIA
X x 2EERTITRLE T,
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For instance bindings, the precedence of descriptor invocation depends on which descriptor methods are
defined. A descriptor can define any combination of __get__ (), __set__() and __delete__ (). If it does
not define __get__(), then accessing the attribute will return the descriptor object itself unless there is
a value in the object’s instance dictionary. If the descriptor defines __set__() and/or __delete__(),
it is a data descriptor; if it defines neither, it is a non-data descriptor. Normally, data descriptors
define both __get__() and __set__(), while non-data descriptors have just the __get__() method.
Data descriptors with __get__() and __set__() (and/or __delete__()) defined always override a

redefinition in an instance dictionary. In contrast, non-data descriptors can be overridden by instances.

(estaticmethod % @classmethod % &¥9) Python XV v Fi&, 7 =& TR 7Y F& e LTEREILTY
Y, ZOMR A YRRV ATEXY vy REFHERLEDA—N=F4 FTEEXT, ZOZIZLD, fix
DA VARYARRL Y FADMDA Y AR R EVCER 2L BET 2 e TEET,

property () BRI T — 2T X7V PR LTEEINTVET, MoT, A YREXVREHZE70T7 4D
FEEA—N—F A4 FTRZENTEFEHA,

slots

_slots  EFESI 2, (TR T4DEIR) TR AUNEHRINICES L. (BHARINIC _ slots  TH
FSLTVEPEI IRIFHELTVEDTRWED) __dict__ % __ weakref _ ZEBLBRVWESICTE
N

__dict__ Zff5 DITHART, Y TE 2 X EVZEMIZHAZDRENTT, BUHEFEROAE—F 2D L
TEET,

object.__slots__

ZDTIAERINE, A VARV ADPHWBRERGLERT, XFH, A 7770, EREFEHDY —
rUABRATEET, slots 1E. BA VRAEZ VRN UTES SN RE R D IEER
FELRL. __dict__ & _ weakref  HDPEHEIFNAERINZVWESICLET,

Notes on using ___ slots  :

o _ slots  EREBWIIZADOLMKT R X, A YRR VAD __dict__ BHY _ wedkref B
M E R HRTRE TS,

o __dict__ ZHDRWEE. _ slots  IHNIBESINTOROWHILREHEZA VAR AIRAT S
CIRTEFHEA, FIBEINTORWERGEZH > TRAL L5 & L72EA, AttributeError 23EH X
NET, MEBEREBMNRALZVDRS, _ slots  ZESTHBC '__dict__' 2ZHAOD
= v RIGEML TSN,

o slots  EEBRBLTWVWDBRIZ TADEA VARV RIZ __ weakref  BREDBRWEHE, A VAR
YARIINT 2555 (weak references) FHR— FSNFHA, HEBHROY R — P BRBER S,
~ slots  BEETABRIC '__weakref_ ' BERELDI — 7 Y RIBMLTLEEW,

o slots ¥, ZIADLNILTHEEBIIHTE TAOUTR BlioTHREXNE T, FOHE,
_ slots  WWEBINTVWEAL VAR VAEROFT 7 #V MEWRZ S AENEERE > THRETE%L
BRoTWET; 25 LE0Vwe, TRZVFRICEEZRAZ 7 I ABUEDNLEZLTLES O T,
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_ slots ~ DEZSOERHE. FODRERINTZ7 R FIEIEED EVA, BI7V JRATEE I
_slots  @FF7 IATHHRMAIGETT, L. F277RE. BES  slots (2 ZI2id &M
D Ay FOAFDAEZDBZNE) RERLBEWVED __dict__ % __ weakref  ZFHE T,

H237T7AT, HEZ FATTTRERINTVWEI ARy PEERLIGE, K7 A0y T
ERINTVEA VARV RAERIE (TR VT REEEY A0 LEHEFLRWRD) 772 AT
ERARDET, ZHZED. a7 I L0BENREKR>TLEVET, FERIE. ZOREZE T
7D ODF =y ZHEMENS 0D LALEE A,

TypeError will be raised if nonempty __ slots  are defined for a class derived from a

"variable-length" built-in type such as int, bytes, and tuple.
Any non-string iterable may be assigned to ___slots .

If a dictionary is used to assign __ slots  , the dictionary keys will be used as the slot names.
The values of the dictionary can be used to provide per-attribute docstrings that will be recognised

by inspect.getdoc() and displayed in the output of help().
__class__ ~"ORRAWX, MHDZ ZZANEL  slots  ZFFoTW2 e 2DAEEL FI,

BRORT y b FOR Y 7 A Miol: ZEMA FZTEE I, Any P CERIWLEEZ RO
77231 DKBONET (MOBEES T ADR Ty MIZETRIFIUIZD FRA) - ZHUITERT S
¢ TypeError 2SiEHENE T,

L _ slots N LTATL—F 2T 28, A T7L—XDEILIZ TAIUTE BEsn
3, L2L. _ slots  BEEEDOATL—XEREDET,

333 VSREMZENREIAZT S

7 IABMMD 7 T R HEKT B BIWTHT, BT FAD __init_subclass__ () BPPIHINET, hzE
HHT 2, 3775 RADEMELERE T L7 7R 2FELILHNTEET, ZhiE, Z79RXFaL—&kereT
HRAMPTVEITZ, Z7I7RX7aAL =0, ZADEHAINLFHED Y T RAZDAIZHET DI LT,
__init_subclass__ &, 25, ZOXY Y REERLEZIZ FRADOFROY 77 7 AIHEHAINE T,

classmethod object.__init_subclass__(cls)

ZDXY v Rid, TR ERINZT T APMARINZBITHTIERHINE T, cs 3 LW T2
FTATT, bl. TOXY Y R VAR VAXY Y FE LTEHZEEND . BRIJICZFAXY v R
CEHRXNF T,

Keyword arguments which are given to a new class are passed to the parent class’s

__init_subclass__. For compatibility with other classes using __init_subclass one should

-_—)

take out the needed keyword arguments and pass the others over to the base class, as in:

class Philosopher:
def __init_subclass__(cls, /, default_name, **kwargs):
super () .__init_subclass__ (**kwargs)

cls.default_name = default_name

(RDR=V ki)
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(RIDR=I D5 DREE)
class AustralianPhilosopher(Philosopher, default_name="Bruce"):

pass

object.__init_subclass__ D7 7 4 /L PEIEIMABITVERAL, MIS2D515 L & HITFERH X
N8, =7 —%2EHLET,

AR: XX 72Dk VT metaclass 13D OBIBERIC X > TIHE XA, __init_subclass__ #Ei&

KHEXND L EHD FRA, FBORAL 252 (HRMZL Y FTIEZL) &, type(cls) ¥ LT
J Y2 TEET,

Added in version 3.6.

When a class is created, type.__new__() scans the class variables and makes callbacks to those with a

__set_name__ () hook.

object.__set_name__(self, owner, name)

F—F =237 7R owner PMEREINRETHEMNIMUHEINE T, A 7927 V32D I 5
AD name WZHHHBTHNET,

class A:

x = C() # Automatically calls: z.__set_name__(4, 'z')

If the class variable is assigned after the class is created, __set_name__ () will not be called

automatically. If needed, __set_name__ () can be called directly:

class A:
pass
c=c¢c0O
A.x =c # The hook is mnot called
c.__set_name__(A, 'x') # Manually invoke the hook

ARl VS ZAF T DR ZBILTLEE W,

Added in version 3.6.

AR SR

T 74N ETIE. 77 RF type) 2o THEINET, 77 AREEIH L OELRTZE[MTETEN, 7T R
#7 type(name, bases, namespace) DFERICH — AW NE T,

P2 T RIEIHARIA XTEE T, FDHICIET T AEFEITT netaclass F— 7V — F5[EE
Th EDXIREIBEERITICECMED Y 7 A% MA L 5, RXDHIT MyClass & MySubclass (/7
dH Meta DA VAR VAT
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class Meta(type):

pass

class MyClass(metaclass=Meta):

pass

class MySubclass(MyClass):

pass

75 REROPTIHEINLMOF— T — FE 5L, BRTEAITRTDOX 7 5 ABEICEINE T,
75 AERNPETEINIBIC, UTORTFy AL £5:

o MRO =¥ MV OfRERDBTHNB;

WYX R D 5 ANRES NS,

2 ADHATEMPERS NS ;

75 ADKEDFEITENS;

o« VIRATY U MHELND,

MRO I kU Dfi##R

object.__mro_entries__(self, bases)

If a base that appears in a class definition is not an instance of type, then an __mro_entries__()
method is searched on the base. If an __mro_entries__() method is found, the base is substituted
with the result of a call to __mro_entries__() when creating the class. The method is called with
the original bases tuple passed to the bases parameter, and must return a tuple of classes that will
be used instead of the base. The returned tuple may be empty: in these cases, the original base

is ignored.
BE:

types.resolve_bases()

Dynamically resolve bases that are not instances of type.

types.get_original_bases()

Retrieve a class’s original bases” prior to modifications by __mro_entries__ ().

PEP 560

Core support for typing module and generic types.
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BB X R Y S ZDRE
25 ZEFH L THYRA X2 5 23, UTFOES CREsNES
o BELHIRIRRA RS 52852 5 TWAEWESIE, type() HlEbNET

o BRIIEA R Y 5 AHEZ BATOT, EHD type() DA Y AR Y 2 TIEBW BE, ZHEARY
TR LTEEHVET,

o BRI X X7 5 A LT type() DA Y ARV ADEZ bk, BENERINLTVLGEIE. &
BIRE L7 (MAEABIRTIRS TD) X 27 7 A0 bhE T,

BROIRENRA 227 T3, (b LHEIUI) HRINITIEESI NI XX 75 R HEEINLTRNTOR—-RI 5
ADRART I ANSRENE T, ROBIRENLXZ I 52, TNEDA XTI ABEHOITRTOYTXA T
THDBEIBRDBDTT, AR FRBEMO NS Z DHEMERTG- X R FHUE. 7 F RAEFKIZ TypeError TH
WML ET,

75 ZADREZERE D #E(E

BEYIR AR 7 IABEESIND &, 77 ADHHEMPHAEINE T, D LXXT 7 AD __prepare__ JEE
o TWAHE, namespace = metaclass.__prepare__(name, bases, **kwds) 2SWHINFE T, B
DF—TU—F5EE. DL IRERICDHINIFTEINE T, __prepare__ XYV v FIF ITAXY YR L
THRETIVLENRDD FF, __prepare__ DMEKR L TGRUZAHTZEMIE __new__ ICEINFETH, &Nk
7 IAFTY 27 PEFH LW dict iICa— L TER I E T,

XR7 5 AT __prepare__ BN WIGE, 77 RDOGRTEMIZZED HFEffE~y ¥y 27 LTHEE
nEI,

BE:

PEP 3115 - Metaclasses in Python 3000
__prepare__ #HIZEM 7 v 7 DEA

77 AKBDORT

7 AR (REDITIX) exec(body, globals(), namespace) ¥ LTHFEITENE T, #HEDFULHL L
exec() DEEILEWIZ, 7 7 RAERDPEBNITITONLHE. LI ANVRAa—TFITLoTY I AKRMK
(EEDOXY v F2&8) HBEIEDRa—F e HMIDR - T o4 2 BMTE 2 VWO HRTT,

L L. 77 AEBPEBATTITODNIRTI R, 77 ANMTERINIZAY v RIZFZ FARa—TTE
REINEAHERZ LB TEERA, 727 AZRIEIA VARV ARXY v R FAXY v RORAIDAZ
R=BPOT7 7R T 50, ROFTHHAT S, BERNIEHNRa—-BonTw3 __class__ 15
7R ALRFUIRD A,
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VSRFATS U FDIERK

7 I ARKRDEITICE o T 7 RDLFZEMPFIAL 725, metaclass(name, bases, namespace,
xxkwds) ZIMPUH T T IRA T 27 PBERENET (ZZTEIIZEMDF—7 - FNiX
__prepare__ WKEXNZHDLFLTT),

DY IAKFTY 27 M, super() DESIBIERIZE > TSREINZDBDTT, __class__ &, 7T AR
HEHD XY v A __class__ F72id super DVWIT L ZZBIRLTWAEAEIC, a2 %4 ZI2Xk o TEKRE
NBWEED /v -2y =TT, ZHE AV y FITEINTZRIDOFIBICE SO THEDESH LEITS
JoDIHFHEINDE 7 ZRAENEIA VAR AR E N5 —F, super() OEFIBEANL F> IV Ra—
TWEEDNVTERINT WS Y 7 A2 IEMICHKAST 2 2 ZATREIC L £ 35

CPython RZEM:FH: CPython 3.6 LI TIE, __class__ ®Lid. 77 AAHTZEMICHZ __classcell__
IYVPY =2 L TRXRIZIAZEENE T, __class__ BIADBRFEELTWEEEER. 207 7 ABIELLH
MbXh 272012, type. __new__ O LICELET 2 ¥ T LIcEHRENE T, KBLZEAEIE Python
3.8 Tld RuntimeError 272D £7,

TIFNIDRART TR type LEAEMNIZIX type. __new__ ZMUHT AR I 5 2% FoT0W3 L XL, 7
FIAFTY 27 P ERAFRLIRICRD A A X MEDFIRDPEH S £ 5

1) type.__new__ XY v FH __set_name__ () DEBREINTWVE 7 7 ADAFZEMH2L2TOREEE
INELET;

2) ZNHD __set_name__ AV v FH, ZDAY Y FPERINTVWEI IR, BIUZIRET SR
MICHID HToRTWaHAHETZ5 e LTSI ET;

3) HLWIIRADAY v FIFRIEFTT C LITMBET 282 7 AT __init_subclass__() 7 v 7 D
UHxh s,

JIARFTI 2 PIMEREINBRICIE, 7 TAERICEENTVWE 7 7ATaL—x (b LHIUR) 27 7
AFATI 2 "IN, TAL—XDRT AT 27 MBI I TERSINSZZ TR L TR —HILDGAETZE
R E N E T,

LW 7 A0 type.__new__ THERINLE ZiE, BETZEMsIBE LTEIZoNATI =7 MEH LWV
JEFEffE D~y B NCEBEIN, TOF TV 27 PEIEINE T, Il BHLEZbDEHAH LERD
TaFXFTTI7yvTEN, VI7RF T2 bD __dict__ Bk 3,

BE.:

PEP 3135 - New super
D __class__ 70 —I ¥ BIOVWTRHALTVET

R
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ARY S ZADAE

AR T T ZFRY R WIBENFIRAMEZR > T0wET, ZAFTRINTE74 7 7Ii1iE, FIZEE, v /i
k. A VR -T2 —RADF v, BHFIFVF—>ay, BEFuxT 44K Tuoxrs, JL—LAT—7,
ZLTHEYVY—2uv 7 At woizd b 3,

334 AVRAAVRADAREIIAREY T IS RAFT VY

MTFDAY v FIZHAAAREE isinstance() ¥ issubclass() OF 7 4L FOFfE%E FE X323 DICHIH
LE,

FFlZ. abc.ABCMeta X X7 7 Rid. fIREJES 7 X (ABCs) &7 RIEEJE S 5 R (virtual base classes)” ¥
LT, o ABC 2&8, fEEDZ 7 2% (MAAAMZET) BITBEMT 272012, TABHDRXY v P&
TLTOVET,

class.__instancecheck__(self, instance)

instance 3 (E#E, F72IEHEIC) class DA VARV A FZEZ N BLGEIT true ®IRLET, EFE
I TWVWiUR, isinstance(instance, class) OEED-DICELHINF T,

class.__subclasscheck__(self, subclass)

subclass B (E#E. F7IIMHZINC) class DY 77 F AL EZ BN IHEIT true ZIEL T, ERS
NTWAUZ, issubclass(subclass, class) OEED-DICHIHEINE T,

BB, INBEDXY Y Rk, 772ADH (XX 7 F7R) L TREEINE T, EEDIZ IR F7AXY v RE
LTERTABILIETEEFRYA, ZHF. A VAR VRAZNEBRDB I SATHBEZDHEIIDA 4 VARV
ZWZMPHXNDZFFHRX Y v FOMBr—EBLTWET,

BE:

PEP 3110 - HREES 5 ADHEA il
REEZ 7R (abc TV 22— %2ZHR) 2FHBICEMNT 2 XRITBWTOHKD .
__instancecheck__ () ¥ __subclasscheck__ () %L T, isinstance() ¥ issubclass() 2
HOBEIER X823 7-DDHRROFERIH D £,

335 PxxUyIBEIZIalL—bTB

When using type annotations, it is often useful to parameterize a generic type using Python’s
square-brackets notation. For example, the annotation list[int] might be used to signify a list

in which all the elements are of type int.
B

PEP 484 - BlE> b

Introducing Python’s framework for type annotations

Generic Alias Types

Documentation for objects representing parameterized generic classes
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Generics, user-defined generics and typing.Generic
TRRIZ R I X — REDFRETH D, OB ARRF 2 v H—DPHRTEZ V22 v 7 7 T R E S
TEIHEDRF 2 XY MTT,

i

A class can generally only be parameterized if it defines the special class method __class_getitem__().

classmethod object.__class_getitem__(cls, key)

key 1ITH BBBIHTHRHRILIND 2RV v I 7 TRERT ATV =7 FERLET,

When defined on a class class_getitem__() is automatically a class method. As such, there

) ——

is no need for it to be decorated with @classmethod when it is defined.

The purpose of ____class_getitem__

The purpose of __class_getitem__ () is to allow runtime parameterization of standard-library generic

classes in order to more easily apply type hints to these classes.

To implement custom generic classes that can be parameterized at runtime and understood by
static type-checkers, users should either inherit from a standard library class that already imple-
ments __class_getitem__ (), or inherit from typing.Generic, which has its own implementation of

__class_getitem__Q).

Custom implementations of __class_getitem__ () on classes defined outside of the standard library
may not be understood by third-party type-checkers such as mypy. Using __class_getitem__() on any

class for purposes other than type hinting is discouraged.

class__getitem versus getitem

Usually, the subscription of an object using square brackets will call the __getitem__ () instance method
defined on the object’s class. However, if the object being subscribed is itself a class, the class method
__class_getitem__ () may be called instead. __class_getitem__() should return a GenericAlias ob-

ject if it is properly defined.

Presented with the ezpression obj[x], the Python interpreter follows something like the following process

to decide whether __getitem__ () or __class_getitem__ () should be called:

from inspect import isclass

def subscribe(obj, x):

"""Return the result of the expresstion 'obj[xz]'"""

class_of_obj = type(obj)

# If the class of obj defines
# call class_of obj.__getitem__ (obj, x)

getitem__,

if hasattr(class_of_obj, '__getitem__'):

return class_of_obj.__getitem__(obj, x)
(RDR—T12HE )
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(RIDR=I D5 DREE)

# Else, ©1f obj is a class and defines __class_getitem _,
# call obj.__class_getitem__ (z)
elif isclass(obj) and hasattr(obj, '__class_getitem__'):

return obj.__class_getitem__(x)

# Else, ratise an exception
else:
raise TypeError(

f"'{class_of_obj.__name__}' object is not subscriptable"

In Python, all classes are themselves instances of other classes. The class of a class is known as that class’s
metaclass, and most classes have the type class as their metaclass. type does not define __getitem__ (),
meaning that expressions such as 1ist[int], dict[str, float] and tuple[str, bytes] all result in

__class_getitem__ () being called:

>>> # list has class "type" as its metaclass, like most classes:

>>> type(list)

<class 'type'>

>>> type(dict) == type(list) == type(tuple) == type(str) == type(bytes)
True

>>> # "list[int]" calls "list.__class_getitem__ (int)"

>>> list[int]

list[int]

>>> # list.__class_getitem__ returns a GenericAlias object:

>>> type(list[int])

<class 'types.GenericAlias'>

However, if a class has a custom metaclass that defines __getitem__ (), subscribing the class may result

in different behaviour. An example of this can be found in the enum module:

>>> from enum import Enum

>>> class Menu(Enum) :
"""A breakfast menu"""
SPAM = 'spam'
BACON = 'bacon'

>>> # Enum classes have a custom metaclass:

>>> type(Menu)

<class 'enum.EnumMeta'>

>>> # EnumMeta defines __getitem__,

>>> # so __class_getitem__ ts mot called,

>>> # and the result is not a GenericAlias object:
>>> Menu['SPAM']

<Menu.SPAM: 'spam'>

>>> type(Menul['SPAM'])

<enum 'Menu'>

BE:
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PEP 560 - typing EZa—IILeS xR Uy IBICHTZEEIATICLZHR—
Introducing __class_getitem _ (), and outlining when a subscription results in

__class_getitem__() being called instead of __getitem__ ()

3.3.6 MU LAIGEA T/ b 22l —+93

object.__call__ (self[, args... ] )

A YRR AP E LT 7 N BRCHOHENE T, ZOXY vy RAERSNTVWIHE,
x(argl, arg2, ...) FKREH»IIF type(x).__call__(x, argl, ...) KEHIILET,

33.7 A7 F%ZIZal—F93

The following methods can be defined to implement container objects. Containers usually are sequences
(such as lists or tuples) or mappings (like dictionaries), but can represent other containers as well.
The first set of methods is used either to emulate a sequence or to emulate a mapping; the difference is
that for a sequence, the allowable keys should be the integers k for which 0 <= k < N where N is the
length of the sequence, or slice objects, which define a range of items. It is also recommended that
mappings provide the methods keys(), values(), items(), get(), clear(), setdefault(), popQ),
popitem(), copy(), and update() behaving similar to those for Python’s standard dictionary ob-
jects. The collections.abc module provides a MutableMapping abstract base class to help create
those methods from a base set of __getitem _ (), __setitem__ (), __delitem__ (), and keys(). Mu-
table sequences should provide methods append(), count(), index(), extend(), insert(), popQ),
remove (), reverse() and sort(), like Python standard 1ist objects. Finally, sequence types should
implement addition (meaning concatenation) and multiplication (meaning repetition) by defining the

methods __add__ () radd__ () iadd__ (), __mul__(), __rmul__ () and __imul__ () described be-

) —— | R

low; they should not define other numerical operators. It is recommended that both mappings and
sequences implement the __contains__ () method to allow efficient use of the in operator; for map-
pings, in should search the mapping’s keys; for sequences, it should search through the values. It is
further recommended that both mappings and sequences implement the __<ter _ () method to allow

efficient iteration through the container; for mappings iter__() should iterate through the object’s

) ——

keys; for sequences, it should iterate through the values.

object.__len__(self)

Called to implement the built-in function 1en(). Should return the length of the object, an integer
>= (. Also, an object that doesn’t define a __bool__ () method and whose __len__() method

returns zero is considered to be false in a Boolean context.

CPython EEDF#: In CPython, the length is required to be at most sys.maxsize. If the length

is larger than sys.maxsize some features (such as len()) may raise OverflowError. To prevent

raising OverflowError by truth value testing, an object must define a __bool__ () method.
object.__length_hint__(self)

Called to implement operator.length_hint (). Should return an estimated length for the object
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(which may be greater or less than the actual length). The length must be an integer >= 0. The
return value may also be NotImplemented, which is treated the same as if the __length_hint__
method didn’t exist at all. This method is purely an optimization and is never required for

correctness.

Added in version 3.4.

AR RS540 70E UTO 3 XYy FiZko THINIZITONE T, KD K5 2FH LI

[a[1:2] =b
KD &S IWICHFRE
[a[slice(l, 2, None)] = b }

MUTHEETT, FELRWVWAT L ZADEHEIX None THDLNFE T,

object.__getitem__(self, key)

Called to implement evaluation of self [key]. For sequence types, the accepted keys should be
integers. Optionally, they may support slice objects as well. Negative index support is also
optional. If key is of an inappropriate type, TypeError may be raised; if key is a value outside the
set of indexes for the sequence (after any special interpretation of negative values), IndexError
should be raised. For mapping types, if key is missing (not in the container), KeyError should be

raised.

AR for V=TT Y= YRAOKEEIELSMETE 2 X513 57012, RIERA VYT 7R
IR LT IndexError 25EHIN2 D HFFLTVET,

AMR: When subscripting a class, the special class method __class_getitem _ () may be called

instead of __getitem__(). See class__getitem, Versus getitem, for more details.

object.__setitem__(self, key, value)

self [key] T E2RAZEETZ2-DICMIHEINE T, __getitem _ () LRICEEFEND T
FDET, ZOXYy FEFEETEZDIE, HAF—IIHTZHEHOEEEZ Y R— L TWBEH, Hi-k
F—ZBEMTELLS5R7y TOHEL, DIERZEEIMALI LDV TELS—F Y ADEHERIT
o PIERR key ITXTLTIE, __getitem _ () XY v FeARRDOFINDEEZTHRIFIIRD FHA,

object.__delitem__(self, key)

self [key] DHIFRZHET 27-DIMUIHEINE T, __getitem () L UCERFEENHTIIED F
T ZDORXY Yy RERETEZDE, F—DHIFEIR—FLTWE~y TDEEY, BEREHIRTE
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L= Y ADGETET TS, NIER key I LU TIE, __getitem _ () XY v K FREOHISNDZEH
PITORIFUIZ D F8 A,

object.__missing__(self, key)

self [key] DEEIZBVWTHIENZF —DPELELLRDP o LHEI, dict DY 727 52D
dict.__getitem _ () WX Xo THUIHINET,

object.__iter__(self)

TDOXAYy FiE, ary7FINLT ATL—F PEREINLEBFCHFOHEIAEST, 20XV v Fid,
AYTFHOETDFTY =2 M- TRIBIETE S X578, FihA T L —XF 722 %R
SRTNEARD FEA, vy BV I TR ary7FHADOF -1 - TRELHE L 2T S8 A,

object.__reversed__(self)

reversed() fAAAABEESW AL T L —> a y2RET LD, (FETUD) MOHLES, 2
TINDEEREZHICA T L - T2, FILWATL—XERIRNETT,

__reversed__ () XV v FBRERINTOVRWES, reversed() HIAAMEIX sequence 7’1 b+
an (__len__() & __getitem__()) o7 FHEICT7 =Ny 7 LET, sequence 7’1 + 3
NEHR—=—FLEATI 7 M, reversed) KD DJHMEBOVVWEELRBTEZ2HHICOA
__reversed__ () BERTHNETT,

fiJE T A MEETF (in BEE not 4n) ITEH, 27 FOBERIINT I REMED X 5 1cEEXNET, L
DL, AVFTFATI 7 FTUTOREAY v FEEEL T, EOMBWNLRFEEEZIT-=D, A 792 b
BATITINTHRLSTHIWVWEIIZTEE T,

object.__contains__ (self, item)

W7 A MEREZFEET DI EINE T, item B3 self NWIZFEEST 2HBEWIEELR, £5T
RWEBIEBERIBINERD EXA, vy IF 7V 27 OGS, HPLF—HOMTIERZ L,
FIINITBRBET R N EZEZRITNERD FHA,

__contains._ () BEBLEVWA IO 27 MW LTIE XAUNRNTy FPTFAMEES.  _iter (O %
ol EEAAZ T, KCH WS —r Y ARETa hanr __getitem _ () ZFVWET, SEBL 77
LYZDZDE 2L TTXW,

338 HERZIZaL—+TB

DTOXYy FEERLT, BIERA 727 b2 I2 - T2 Z N TEET, FEOHBEDOEERC
FEH A= PENTOARWVE S REFICHINT 2 XY v F (ERBOBEIY 2 €y MEERZY) 13, K
ERDEFIZLTEIPRITUIRD TH A

object.__add__(self, other)

object.__sub__(self, other)

object.__mul__(self, other)

object.__matmul__(self, other)

object.__truediv__(self, other)
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object.__floordiv__(self, other)

object.__mod__(self, other)

object.__divmod__(self, other)

object.__pow__(self, other[, modulo] )

object.__lshift__(self, other)

object.__rshift__(self, other)

object.

object.

and__(self, other)

_xor__(self, other)

object.__or__(self, other)

INEDRAY v REMATIHEMEET (+, -, %, 0, /, //, % divmod (), pow (), **, <<, >> &, =, |)
FRELET, P2 D __add O XV FOBHBEIZTADA VARV ATHEEE, Rx +y
ZFHiT 5 & type(x).__add__(x, y) DMINFE T, __divmod__ () XYV v FliX __floordiv__()
 __mod__ () BHEATZOEETRIINIED FRHA, __truediv__ (O LEHEHLTIZARD FHA,
HAIABD pow() BBEO=THD S DHBHY R— P TN TVRIFNUIRSRWVIEE. __pow _ O 347
PavOE=EIERZIMA b0 LTERINRTFNIRD 8 A,

If one of those methods does not support the operation with the supplied arguments, it should

return NotImplemented.

object.__radd__(self, other)

object.__rsub__(self, other)

object.__rmul__(self, other)

object.__rmatmul__ (self, other)

object.__rtruediv__(self, other)

object.__rfloordiv__(self, other)

object.__rmod__(self, other)

object.__rdivmod__(self, other)

object.__rpow__(self, other[, modulo])

object.__rlshift__(self, other)

object.__rrshift__(self, other)

object.__rand__(self, other)

object.__rxor__(self, other)

object.__ror__{(self, other)
These methods are called to implement the binary arithmetic operations (+, =, *, @, /, //, %,
divmod (), pow(), **, <<, >> & ", |) with reflected (swapped) operands. These functions are only

called if the left operand does not support the corresponding operation™ and the operands are of

*3 »Does not support” here means that the class has no such method, or the method returns NotImplemented. Do not

set the method to None if you want to force fallback to the right operand’s reflected method—that will instead have
the opposite effect of explicitly blocking such fallback
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different types.** For instance, to evaluate the expression x - y, where ¥ is an instance of a class
that has an __rsub__ () method, type(y).__rsub__(y, x) is called if type(x).__sub__(x, y)

returns NotImplemented.

7272 L. ZHHEET pow() A __rpow _ O MR Z 2IFRVOTHERLTL ZE W (BUGRH O MHEIH
JERICHERRICIR 2005 TF),

AR HROYEE T ORI ENOPHEE T ORDOY 77 FRATHD, COVT I IRATHEAY v
FIZ 3 2R XY v R BRZEENERIN TV I5HEIE. EROHEETFOIERG XV v KH
FHENBHENIC, ZOXY vy FOMHINE T, ZORSENCI D, 77 7 AMBOTEHR 2+ —N—F
4 N3 22 EDAREICIAD 5,

object.__iadd__(self, other)
object.__isub__(self, other)
object.__imul__(self, other)
object.__imatmul__(self, other)
object.__itruediv__(self, other)
object.__ifloordiv__(self, other)
object.__imod__(self, other)
object.__ipow__(self, other[, modulo])
object.__ilshift__(self, other)
object.__irshift__(self, other)

object.__iand__(self, other)

object.__ixor__(self, other)

object.__ior__(self, other)
These methods are called to implement the augmented arithmetic assignments (+=, -=, *=, 0=, /=,
//=, %=, *x=, <<= >>= &= "= |=). These methods should attempt to do the operation in-place

(modifying self) and return the result (which could be, but does not have to be, self). If a specific
method is not defined, or if that method returns NotImplemented, the augmented assignment
falls back to the normal methods. For instance, if z is an instance of a class with an __Zadd__ ()
method, x += y is equivalent to x = x.__iadd__(y) . If __<add__ () does not exist, or if x.
__iadd__(y) returns NotImplemented, x.__add__(y) and y.__radd__(x) are considered, as with
the evaluation of x + y. In certain situations, augmented assignment can result in unexpected
errors (see faq-augmented-assignment-tuple-error), but this behavior is in fact part of the data

model.

object.__neg__(self)

object.__pos__(self)

4 FUROWHE T OV TIE, BREOA Y v K (FE 2E __add_ 0) DEBLESE. ZOWEEHE— F SATOAELE A
RENFET. UL FELERAY v EAREIH XN WEHTY
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object.__abs__(self)
object.__invert__(self)

PEOOH U CHUHBINTES (-, +, abs ) BLU ~) 2FEL 7,

object.__complex__(self)

object.__int__(self)

object.__float__(self)
THAA BRI D complex(), int (), float () DFEEPHIFIHINE T, B LBOMEEZIRS R ITN
72D £ A

object.__index__(self)

MM U C operator.index() %52 L 3, Python 2fEA 7Y =7 M EBEA TV =7 MIiE
erp QBT BRERD BIE (¥ ZIERFA Sy, MARAD bin() . hex() . oct () FI%)
WHEICMOHEINEST, ZOXV Yy KRB ZOREA T 27 v PEBAITH S Z e BRI E
T, BHERIRTFIUIRD R A

bL __int__ (O, __float__(), __complez__ () BWEFRINTOWZRVEHE, HAAABEEKD int(),
float(), complex() & __index__ () IT7 = Nv 7 LET,

object.__round__(self [, ndigits] )

object.__trunc__(self)

object.__floor__(self)

object.__ceil__(self)

FHAABBEED round() ¥ math EY 2 —LEIED trunc(), floor(), ceil () DFEEH SN X
NF 3, ndigits 3 __round__() WKEIALWVIERDIZ. ThS5DETDAY v Fid Integral (72T
WX int) KYIDEDOLNATI 27 PDEERTNETT,

The built-in function int () falls back to __trunc__ () if neither __4nt__ () nor __indez__ () is
defined.

N—Yay 311 TEHE: int() @ __trunc__ () OO RFIZIEHET IR D £ L=,

3.3.9 with XX AV FF X FIR—Tv

aAY7FFA YA —I % (context manager) 1, with XOEITRICT Y XA La YT HFAMEERT 54
TV PTT, AYFTXFAIIA -V vIE, ATy Z2FETTEDIBERAD OB L CHHODL
HERNET, AV TFRA MY A—Y ¥ 3#H, with X (with X OBEZS) kRSN ET. 2
NHDORYy RZEHEMOHT e TREIT2Z e TEXT,

AVFTFAIIR =Yy DREWRMFEVTE LTE, A7 — " VIEROREBLUEH., VY —AD
Oy r7ravr, 77AMDF—Frerun—IXREBREITFoNTET,

AVFFRAIIF—I IOV TDE 572 B EHRICOVTIE, typecontextmanager ZZ L TL Z&E W,
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object.__enter__(self)

AVFTFAIYA—YryDOADAOTETEINBZNHTT, with XiF. XD as HiTHESNEE
RTZDRXRYy NEHIHLET,

object.__exit__(self, exc_type, exc_value, traceback)
AVFTFRAIMYA=I Y DOHOTEITINANETT, RTX—KX, aV7T7FAMPKTLEZERERE

o 7B ONWTHHL TWES, a7 F 2 MBFINEEHBTRT LGS IX. 2 T3 &5
None X EXNF T,

b L. FISDEI S, 20X Yy PN ZIIHIL 72 WEE (Fbb, B EHRENLDEE
eWGE). DAY vy FiE True Z BIBESDHD £F, £S5 TRIFNE TDXY v FOK TR, B
SR D EET 2 28I D T,

Note that __ezit__ () methods should not reraise the passed-in exception; this is the caller’s

responsibility.
BE:

PEP 343 - "with" XF—FX>2k
Python @ with XOEH HH, BLUPIP LRSI A TVET,

3.3.10 S ANE—2I Yy FOMUBSIBDODAZXEZTAX

RE=VDOH T 725 2HMAT 256, MEBIIBIET 7+ b TEAHATEEE A, MyClass TH
AR — DBV E, case MyClass(x, y) ZBEFEEMNTT, ZD LI BAAX—-VE2RAT 51203,
_match_args  JEME T I RICERT LIRLEPDHH 3,

object.__match_args__
ZDT T AERICEXFINDR TR TH A VARET T, DY TADBY 7 ANRR— Y DOES D
TR ENZ . ZRENOMNESIFIINIET S _ match_args  ODHFOEEF—V— RT3,
*F—U— N5l EHRINE T, ZORBMELLZVRIX. ) PREZINTVWEIDLERFETT,

il 21X, d L MyClass.__match_args__ IZ ("left", "center", "right") MBERINTWVLIHEA.
case MyClass(x, y) & case MyClass(left=x, center=y) & AT T, & — Y DI DI,
_ match_args  DBEZRBEFAFIZNUTTRINELZLLVAICHEFERELTLIEI WL, L, oo
72GEIiE, 8K — < v Fid TypeError A L E T,

Added in version 3.10.
BE.:

PEP 634 - &EHNE—2T Y F
match X DFEA,
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3.3.11 Emulating buffer types

The buffer protocol provides a way for Python objects to expose efficient access to a low-level memory
array. This protocol is implemented by builtin types such as bytes and memoryview, and third-party

libraries may define additional buffer types.

While buffer types are usually implemented in C, it is also possible to implement the protocol in Python.

object.__buffer__(self, flags)

Called when a buffer is requested from self (for example, by the memoryview constructor). The
flags argument is an integer representing the kind of buffer requested, affecting for example whether
the returned buffer is read-only or writable. inspect.BufferFlags provides a convenient way to

interpret the flags. The method must return a memoryview object.

object.__release_buffer__(self, buffer)

Called when a buffer is no longer needed. The buffer argument is a memoryview object that was
previously returned by __buffer__ (). The method must release any resources associated with the
buffer. This method should return None. Buffer objects that do not need to perform any cleanup

are not required to implement this method.
Added in version 3.12.
B

PEP 688 - Making the buffer protocol accessible in Python

Introduces the Python __buffer__ and __release_buffer__ methods.

collections.abc.Buffer
ABC for buffer types.

3.3.12 HHXV v FRER

ARRLD Z7 AT, FiRXY v FOREOMIHLIE, A 7522 bDA Y RARXVAFETIERL A7
Tl FOMTERINTVD L ZXDOAELLIET 2 Z e itk d, ZOFEDLD, UToa—
Rl zsh L x5

>>> class C:
pass
>>> ¢ = CO)
>>> c.__len__ = lambda: 5
>>> len(c)
Traceback (most recent call last):

File "<stdin>", line 1, in <module>

TypeError: object of type 'C' has no len()
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COEMEDOBE R 2 AHEIX. __hash__ (O ¥ __repr__ () E\W\Wolztype ATV 27 b EFLINRTOL T
Dzl P TERINTOVRRHXXY Yy FIZHDET, ZNO6DXY v ROBROMBEIEEOMR I nt 2%
ffo7Gh, type A7V 27 FARICH L TEITEINT e ZICKBMLTLEVET

>>> 1 .__hash__() == hash(1)

True

>>> int.__hash__() == hash(int)

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

TypeError: descriptor '__hash__' of 'int' object needs an argument

I ADIFEEAY v REZDISICLTEITLED &35 Z 2id. 'metaclass confusion’” ¥ FRIEN 2 Z & %
HD. A Y v FERRT AL ZWEA VARV RABANL RRAT B THBXNET:

>>> type(1).__hash__(1) == hash(1)

True

>>> type(int).__hash__(int) == hash(int)
True

EHEED DI VARV RABEEZAF Yy TT2DIMAT, FFEAY v RRRIEZA TV =7 bDA R I TR
BEDT, __getattribute._ () XV v R NA AL ET:

>>> class Meta(type):
def __getattribute__(*args):
print("Metaclass getattribute invoked")
return type.__getattribute__ (*args)

>>> class C(object, metaclass=Meta):
def __len__(self):
return 10
def __getattribute__(*args):
print("Class getattribute invoked")
return object.__getattribute__(xargs)
>>> ¢ = CQ)
>>> ¢.__len__Q) # Explicit lookup via instance
Class getattribute invoked
10
>>> type(c).__len__(c) # Ezplicit lookup via type
Metaclass getattribute invoked
10
>>> len(c) # Implicit lookup
10

ZD LI __getattribute__ () BHEEANALNNRTBEIL T, FHX Y v FOWRWNVCHET 2H2EEDEH
Er G| EH2 I (FEX Y v R34 V2 TV Ao —B L TETENZ DI IRAF T =7 MICHRE LK
TNUEBSHEWV), A 2 =7V 22 E3bT 372DDRERFRMPFICAD £5,
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3.4 JI—F>

3.4.1 ¥RIEEX T ¥ bk (Awaitable Object)

awaitable 7Y = 7 ME—MRINZIE __await__ (O XV v FREREINTWET, async def FAKIIRT
Coroutine Z 72 7 + I ATBET T,

AMR: types.coroutine() 7AL—XTTAL—XBMIF oMY rx L =20 5IRENDS generator
iterator 7Y =7 M BEEATRET T DY, __await__ O WEEZEIRTOER A

object.__await__(self)
iterator IRZZFUIR D TR A, TDAY v R awaitable A7 =7 P 2FEET Db 3

NETT, BHDOZDHIZ, asyncio.Future IZIZZ DX Y v RBEEXN, await N BIFEERO X
IR ->TWVWET,

#R: The language doesn’t place any restriction on the type or value of the objects yielded by
the iterator returned by __await__, as this is specific to the implementation of the asynchronous

execution framework (e.g. asyncio) that will be managing the awaitable object.

Added in version 3.5.
BE:

FREATREA 70 2 7 MIZ DWW T E DFEEL X PEP 492 2B L TL X0,

342 JN—FoFT2zV k

Coroutine Z 72 7 b & awaitable 7Y 227 v TFo __await__ () ZMCH L, Z0ORDEIHLKIE
WHZ T2 Tal—FrOETE2HIETEET, aL—FrOETHIET LEHZRERL-ZE & 471 —
&3 Stoplteration XM L. ZDHIND value BIHICRDEZF /2B E T, L —F U2flstZ2EH L
7HBEE. AT LR E IV ERENE T, av—F h» 5 Stoplteration FISNEINGEH T NETIEH D
FH Ao

AN—=F VB UTIRETEAY Yy FHHD, ZhblB Yz AL —ZDXY vy F2RL0HUTY (Pl —
BATL=EAV Y F ZZRLTIEIWV), REL, Yzxb—&EiEo T, aL—F VIIRIGUHEZ B
BFEHR—FLTVERA,

N—ar 352 TEHE: av—F T2 EL LR (await) 35 & RuntimeError ¥72 0D £3,

coroutine.send (value)

Starts or resumes execution of the coroutine. If value is None, this is equivalent to advancing the it-
erator returned by __awatt__ (). If value is not None, this method delegates to the send () method

of the iterator that caused the coroutine to suspend. The result (return value, StopIteration,
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or other exception) is the same as when iterating over the __await__() return value, described

above.

coroutine.throw(value)

coroutine.throw(type[, value[, tmceback] ])
AN—F U TRESNLANZEHLET, 2OXY Y Pl A 7LV —&iZar—Frz—REi32
throw() XY v RB®H25E W2 REL $T, £5 TRWIEEIIE, L 72l o Bil5h3k
HENET, MR GBDED Stoplteration 22 DMDHFISN) 1&. ETHHLIZE 57 __await__ ()
DR D EICH L TRELHE 2T o7 2 LR U TY, fISdar—F >R THfE S ko HE.
MO Le e e x5,
N—3 a3 v 3.12 TEH: The second signature (type[, value[, traceback]]) is deprecated and may

be removed in a future version of Python.

coroutine.close()

AN—FURETEHBOBRE NI 2 UKRTLEST, aL—F UHR—BEELTWAESIE. 21—F >
P—RHEIE XA T L —&RIZ close() XV v FHIUR, TN EZRELET, ZLT
—RHE L U7z #5525 GeneratorExit 2EH XN, 7272 BIcar—F U BEHTEHOEF T 2TV
9, RIS, FATLMBINTORYP S RGETH,. IV —F VICETHET LEHZTTE T,

AN—FUATY 27 PHWERSNDL E F X, LEROFIEZETHIICHAT O E T,

3.4.3 E[EHEAr 7L —4& (Asynchronous lterator)

EFEAATL—F O __anext__ XY v FHhoI3IEFEMD 3 — FHFFERET,
IEFEIAA 7L — &I async for XDOHTHEZE T,

object.__aiter__(self)

EEMAFL—F A7V =2 FEEXRL TR D EHA,

object.__anext__(self)

ATV —XDORDME%RT FHEAIREF TP I b 2RI RITIRD A, RIEUEIKET Lz,
%|Z1% StopAsyncIteration T —%KEHITNETT,

JERHIA 75 TAA T =2k Opl:

class Reader:

async def readline(self):

def __aiter__(self):

return self

async def __anext__(self):
val = await self.readline()
if val == b'':

(RDR—=VIHiL)
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(RIDR=I D5 DREE)
raise StopAsyncIteration
return val

Added in version 3.5.

N— a3 3.7 TEMHE: Python 3.7 X DAITIE. __aiter _ O X IEFEEA 7L —42 115 awaitable iR
TE L7

Python 3.7 2 5%, __aiter__ O FEFAAA 7L =& A 72 =2 7 PRI ZRFIUIR D ER A, ZHLSD
bD%IRT & TypeError 272D £,

3.4.4 JEREEAO>VTH X TR —T v (Asynchronous Context Manager)
FEFHAA>VTFRAMIR—T % 13, __aenter XY v R¥ __aexit__ AV vy FNETETE—IHELTE
5 AVTHFAMNIR—D % T,

FEFHAa > T F A b~ 2= %3 async with XOPTHZIE T,

object.__aenter__(self)

Semantically similar to __enter__ (), the only difference being that it must return an awaitable.

object.__aexit__(self, exc_type, exc_value, traceback)

Semantically similar to __ezzt__ (), the only difference being that it must return an awaitable.

FEFR Y TFFRA 2= % 7 5 ZADH:

class AsyncContextManager:

async def __aenter__(self):

await log('entering context')

async def __aexit__(self, exc_type, exc, tb):

await log('exiting context')

Added in version 3.5.

fix
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FOUR

HRITETIL

4.1 7075 LDOEIE

Python 7R 27 J alda—Fr7ay 2ol hEd, 7av 7 (block) &, —2DFrEbh & LTHET
N5 Python 7027 47X A MOWIA TS, BV 2—b, BEBAK, ZLTI7IRERIEITuy 7 TH
D, MEEICANTEINlrDa~vr FbT7ay 7 TT, RAZVT 7740 (4 &X—=TY XIS
tLTHERONED, AV E=FVRIZav Y RIL Vg LTERART7 74 0) da—RKTay
TS, AZVFbavwy R A VX =VZDa<vY 734V ET -c A avTHREIhIZa~<w Y K) 3
a—F7By T3, 518 mn ZFHLT, a<YRI4 2Oy TLANLRTZY T (TROBEY 2 —
J__main__ ) ELTETEINZIEY 2—1dFERa—-FR7a vy 7 TF, HAAAE eval() R exec() I
EXNiLFHEEba—- K 7ry 7 T3,

a—RK7avy 27 ET7 V-4 (ezecution frame) ETETENET, FEIT7 L —211E, (T Ny Z2fib
Nn3) BHEFRPND SNTVWET, /o, BHEOa—- 70y 7OETHTET LRI, EoksicSus
7 LDFETEMBET 2 RPELTVET,

4.2 &FiJlF £ R (naming and binding)

4.2.1 AEIDORE
BHl (name) 3. A7V =7 PSR ET, HHTZEAT 5103, AHIANOHM (name binding) #{FZ1T
WE T,
MUT oM 4RI Z R G L £ 3
« formal parameters to functions,
o« 7T RAER,
o BIRUER,
o fRAR,
e targets that are identifiers if occurring in an assignment:

— for loop header,

75
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— after as in a with statement, except clause, ezcept* clause, or in the as-pattern in structural

pattern matching,
— in a capture pattern in structural pattern matching
o import X.
e type statements.
e type parameter lists.

The import statement of the form from ... import * binds all names defined in the imported module,

except those beginning with an underscore. This form may only be used at the module level.

del CTHEEINB IR, (del OERMITE. FBSHHOMIK (unbind) TF2%) X HI L. Fdis»
DHDL HBHEEINET,

RASER import XEFWINd, 77 ZAPEEER. TV 2—AL~L (by FLoa—RK7ay 7)) A
TEID T,

HHHEIBT Y JHNTHRMINTWERR S, nonlocal R global € LTHFINTVWARWVWERD, Zhixz
D7ay 7 ou—ANER (local variable) TS, HIEADEY 2 — LNV THREEINTVWERL, 20D
AN 7\ — VAR (global variable) T, (E¥a2—na—RF7vy Z70EKIE. n—hLEKTDH, 7
O—NLVEHTHDHDET, ) H2EBDHSa—F 7y JNTHOATWT, 2070y Z TERISN
TVWRWRS, ZRUIEBZER (free variable) TS,

Ty o 57X MRCHEIBHET 2702, 2OHFIBEDA TV IRDNAOREK T 0 v 7 TlERE
N7z K& (binding) 2> THATOSRIITONE T,

4.2.2 ZLHEIER

A a—7 (scope) F. 70y ZNOAHOAHREZRDE T, B—ANVEHEDDHZ 70y JNTERSINLTY
258, BBORaA-TE 2070y 7k EAET. BT vy JNTHHIDEREIT> 54, TOHDT
2y 7 BEENCHIOFEEITHORVWED, EEI7ny JRNOETOTry 72EL X5 ICRAa—TBRRE N
x93,

HrHHHBa— N7y JATHDNAS &, ZOHAHEIZRSEHELLMS L5k Ra -7 (RNRAa -7
nearest enclosing scope) Z o> THMOMRRZTVET, 25 LERa—Fh5hs, Hra—FN7ay
WTZRTE 2R a—-7R2TOHEFE. 71 v 7 DEREE (environment) LN E T,

ZHINE L RS S 7dr o 72 & =13, NameError BN EHEINE T, MEORa—7HEBOH DT, £
BIDMEDONSIGT TR — I AERD P HEICEE I TV WS, UnboundLocalError FIA D EH X E
J, UnboundLocalError & NameError OF72 7 XA T7T,

HEHFENaA—-F Ty ZJAOY ZHTHREREIRTWEZS, 207 vy JWTHDON S ZDHRENITA
T, BEOT7v Yy Z7ADBHEe LTIRbNE T, 20k, HI4HNZD TRy 7 NTHREX N ZANIHD
NZrTo7—1oRBDET, ZORANIBUXTT, Python KEEENRL, a—F7ny 270 ITtdé
AIRERIEDNTEE T, HB5a—-FI7uv 7B 20—hLERIE. 70y 707 53X 2D 6 4R1THEE
BEREB TS THREENE T, #HiZ UnboundLocalError I22WTd FAQ JEHH 2ZHWL T ZX W,
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If the global statement occurs within a block, all uses of the names specified in the statement refer to
the bindings of those names in the top-level namespace. Names are resolved in the top-level namespace
by searching the global namespace, i.e. the namespace of the module containing the code block, and the
builtins namespace, the namespace of the module builtins. The global namespace is searched first. If
the names are not found there, the builtins namespace is searched next. If the names are also not found
in the builtins namespace, new variables are created in the global namespace. The global statement must

precede all uses of the listed names.

global XiF, L7 0y 7 OREREL R U R a—-T 2553, 2 BHEZBDOERENA 2 — 71T global X
WhHiH5E. TOEHEBIZ 0 — BB ARINET,

The nonlocal statement causes corresponding names to refer to previously bound variables in the nearest
enclosing function scope. SyntaxError is raised at compile time if the given name does not exist in any

enclosing function scope. Type parameters cannot be rebound with the nonlocal statement.

HBEY 2 —VDLETZERIX, ZDEY 2 —ADPBRINC import ENTZFHCHBINIEREINE T, A7V S
FDOEEY 2 —)L (main module) IXHIZ __main__ EFEENFE T,

Class definition blocks and arguments to exec () and eval () are special in the context of name resolution.
A class definition is an executable statement that may use and define names. These references follow
the normal rules for name resolution with an exception that unbound local variables are looked up in
the global namespace. The namespace of the class definition becomes the attribute dictionary of the
class. The scope of names defined in a class block is limited to the class block; it does not extend to the
code blocks of methods. This includes comprehensions and generator expressions, but it does not include

annotation scopes, which have access to their enclosing class scopes. This means that the following will
fail:

class A:
a = 42

b = list(a + i for i in range(10))

However, the following will succeed:

class A:
type Alias = Nested

class Nested: pass

print(A.Alias.__value__) # <type 'A.Nested'>
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4.2.3 Annotation scopes

Type parameter lists and type statements introduce annotation scopes, which behave mostly like function
scopes, but with some exceptions discussed below. Annotations currently do not use annotation scopes,

but they are expected to use annotation scopes in Python 3.13 when PEP 649 is implemented.
Annotation scopes are used in the following contexts:
e Type parameter lists for generic type aliases.

o Type parameter lists for generic functions. A generic function’s annotations are executed within

the annotation scope, but its defaults and decorators are not.

o Type parameter lists for generic classes. A generic class’s base classes and keyword arguments are

executed within the annotation scope, but its decorators are not.
o The bounds and constraints for type variables (lazily evaluated).
o The value of type aliases (lazily evaluated).
Annotation scopes differ from function scopes in the following ways:

e Annotation scopes have access to their enclosing class namespace. If an annotation scope is
immediately within a class scope, or within another annotation scope that is immediately within
a class scope, the code in the annotation scope can use names defined in the class scope as if it
were executed directly within the class body. This contrasts with regular functions defined within

classes, which cannot access names defined in the class scope.

o Expressions in annotation scopes cannot contain yield, yield from, await, or := expressions.

(These expressions are allowed in other scopes contained within the annotation scope.)

e Names defined in annotation scopes cannot be rebound with nonlocal statements in inner scopes.
This includes only type parameters, as no other syntactic elements that can appear within anno-

tation scopes can introduce new names.

e While annotation scopes have an internal name, that name is not reflected in the  qualname
of objects defined within the scope. Instead, the __qualname__ of such objects is as if the object

were defined in the enclosing scope.

Added in version 3.12: Annotation scopes were introduced in Python 3.12 as part of PEP 695.

4.2.4 Lazy evaluation

The values of type aliases created through the type statement are lazily evaluated. The same applies to
the bounds and constraints of type variables created through the type parameter syntaz. This means that
they are not evaluated when the type alias or type variable is created. Instead, they are only evaluated

when doing so is necessary to resolve an attribute access.

fl:
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>>> type Alias = 1/0
>>> Alias.__value__

Traceback (most recent call last):

ZeroDivisionError: division by zero
>>> def func[T: 1/0](): pass

>>> T = func.__type_params__[0]

>>> T.__bound__

Traceback (most recent call last):

ZeroDivisionError: division by zero

Here the exception is raised only when the __value__ attribute of the type alias or the __bound__

attribute of the type variable is accessed.

This behavior is primarily useful for references to types that have not yet been defined when the type
alias or type variable is created. For example, lazy evaluation enables creation of mutually recursive type

aliases:

from typing import Literal

type SimpleExpr = int | Parenthesized
type Parenthesized = tuple[Literal["("], Expr, Literal[")"]l]
type Expr = SimpleExpr | tuple[SimpleExpr, Literal["+", "-"], Expr]

Lazily evaluated values are evaluated in annotation scope, which means that names that appear inside

the lazily evaluated value are looked up as if they were used in the immediately enclosing scope.

Added in version 3.12.

4.2.5 HHAH CHIFR{T S DRIT

CPython REODFM: = —¥E __builtins__ N IZNETEH D FHA; THUIEEICELEDFMT
T, MHAAADLRIZEMOHFDEE A —N—F 4 K L7z —HIE, builtins €Y 2 —% import LT,
ZOEMEHEYNCEE T ZNETT,

Hra— K7y 7 OETICHET 2HAAABRTZERIZ. EFECIZa—-FTay 207 a— LEEZE
725401 __builtins__ ZMEK T2 I TROHD £F; __builtins__ EFHEIEY 2 — L TRIFIIE
B EVA (BREDHEIEY 2 —LOFEMEDLDNET), 774/ T __main__ EV 2 —LHIIB
W, __builtins__ 3HAAAEY 2 —)L builtins TT; ZALUNDEEDEY 2 —LIZBWVTIE,
__builtins__ {¥ builtins EY 2 — LHEDFHEDIT A V7 X TT,
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4.2.6 BIHIGHEEEDPD LD

HHZBDARIRRIE T > 3 VTR S RITRICAT DR E T, 2F D, UToa— 42 2HAOL XS

i=10

def £(O):
print(i)

i =42

£0O

eval() ¥ exec() PHEUZ. AHTOMHIIC, BUEORBEORTZMER 2D TED D FEA, BHNEFFOHL
floa— R ra— OVEGFTZER TR T E £9, BRZEBIIRENGRTZERTIZR . 7 — L RETZER
MOIRRINE T, ! exec() ¥ eval() BBUCIEZA T a v DEIEAH D, ZFr—r ULk o —h LG4/
BE—NTARTEET, GBS —D LEE SRR W7 OAHTZER L TlbIE T,

4.3 4

st eix, a—r7ay Z70EHEOGIE 7 n—2FM LT, =7 —2ZoMofIANNRRNEWETE S X5
T 272DDFETT, NI T - XN T FEE (raise) ENET; fIAMEZ. =7 —DFELD
FAdloa—rFT7uy oy, TI7-=08ELLa—- 7oy JEZFLEMENCTCHLTWSa—-F7ay
2C BB (handle) ¥5 2 L HTEET,

Python £ Y X7V X%, V&4 LT — (ERRERY) P Eh 3 s EEH L EF, Python 7’1
75 Lh6, raise Xaflio THIRINICHISN ZEE T 52 D TE LT, HlSf 2 FF (exception handler)
i, try ... except X TIHET AN TEZ T, try XD finally HEMS > 7V —-v7 v Fa—F
(cleanup code) ZIEETEF T, TDa— FIEFBNINEL €A, HITT2a— K7y 7 THIAIRES
THEERTHEITINET,

Python 1&. =7 —fUHiZ ” 702 F LD T (termination)” ET A EZHWTWET: sty K7k 7
0277 MIDBFE L EET 2 22 TE, AV FI7OMID LAV 2 {EFE T 2 Z 2 13 TEE T
D, (BDBHo7ea—FERZBRI»SFITLRBTOTRVED) =7 —DFKEEZBE LD FITIRK
L7 EeRhET ZLIITEEEA,

FISNBELL NI RRWE E, A X TV XI5 LDETERT IS0, MEEX A Vb— F I %
RLZT, E560855830, Hil4A SystemExit THRIJIUE, ARy 27D L —ANy 272 HHLET,

BIIME, 75 AL VAR A o THAIENE T, except HilZA VARV ADZ 5 AITH L OWTEIRE
NFEF: ZHIA VRERADT FAD, 2D FEREBEEI SR 2ZRLET, 2OA4 VY AZX Y REANAVE
I X o TR SN, BISSEAICEET 2 B8MERZIZA S Z N TEET,

AR B D X v E—2iF Python API fERRICITEENTVWERA, X v E—YDARFIE. H 5 Python
DN=Ta Ve RDON= a VOB TEER LICEEINLAEENH 2 DT, BEAN—Ya 04 &7
R THEHIET A LD a—FRiE, IRy - DANRIKEFEZEIZIRETEDD EE A,
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try XIZDOWTIE, try X i, raise XXUTDWTIE raise X HiDSIRL TL X0,

b= 3

4.3. fI5 81






H3 120 module 123 Python 3— K LMODET 2 —L% A VR—k §528 T, Z22ICHBba—F
AT TERATESZ X2 D ET, import XUFIA ¥ R— MEB T B TR D — RN AFETTH, ZhoiM
—DHIETIEDH Y £¥ A, importlib. import_module () RHAAAD __import__() W o 7z %ZH -
TH, 4 YR — M¥EZIDLT A TERT,

import X1 2 DO ZHEKH L TIToTWET; HDAKHTDEY 2 —LZ2H L. ZOMKRMEREZ T — IR
I—7OHFNCHME L FF, import X OMBRMEIL, #Y)258T __import__ ) BEEMUIH T2 L
TERINTVET, __import__ () DEDEIX import XDELRTHIFNUIDOEITTHELNE T, HRTHEL

D FE I FMINE import LRSI L TL 72X W,

__import__() ZEHEMNUHT L EY 2 —LDOBMRDAITOI, ROobo/5E. €Y 2 — VOIERILEED
TONET, BRI —I DA Y HR— = (sys.modules ZEZ) ML RF v v ¥ 2 DFEHR L ORIERILE
X200 LNEEAD. import XDAMBHATHIGUH 21TV E T,

import XWETIND & FI2iE, EEDHAAARE __import__ () PFFENET, A ¥ R—- b AT 1%
MEOH 3 Z DMl (importlib. import_module() BEID & 572) X H =X 41d. __import__() DFEHL
EANALRZALTHEDA YR —b « vy T4 Z2A2FEELTORA[EEELRD D 5,

EV 2 —ABEDHTA YR—bEZN3 L E, Python 3ZFDEY 2 —LEBRRL, R -72556. €
Va—nNAT7Y 7 bEERL, L LETY . ZOAFDEY 2 —ADREND 540 o G A,
ModuleNotFoundError 2 X 3, Python 21, 4 ¥ R— MEEMIETEIN-L 2 ICHHT2LE
Va—VERERT A RBIEOEEINTVET, IhL0EIZIE. ZhEOF TGS AR T v
JREoT, BIELAZDIRRLAZDTEE T,

N=Ya ¥y 33 TEHE: A YR—- P RAT7 420 PEP 302 OF 2 7 2 —XDRERBRFEEANEHFEINE L,
LI A VR— MEIID D A - 4 VK- MEK2AIE sys.meta_path Zill L TRHZATY
F9. MAT, A T4 TOAFMER ARy Fr =Y OH R— MEIFEEINTVET (PEP 420 228) .

*1 types.ModuleType S L T X\,
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5.1 importlib

importlib EY 2 =4 Y HR— MEME L DED § 27D 0FEF72 API Z#2#t L £ 3,213 importlib.
import_module() k. A4 ¥ KR— MEEZEITT 272DDHAAAD __import__() kDb ¥ N THLE
ENd API 2L EF, KDFEFMARZ X importlib 24 75 VD FF a2 XY 2SR L T X W,

52 Nvir—

Python IZIFEY 2 — A 7Y =7 PO 1 MEHL 2R, Python . C. ZALAND S DD THEE
ENTVEIEFRELRL, TRTOEY 2 — I Z ORI D £3, Y 2 — L OMEMLZBINT. %EikEE
IS 272012, Python & Ny T —2 L WHRBEERH D 5,

Ry =@ 7 7ANTATLADT 4L ), FEYa—LETA4 LI MIZHE T 7 ANV eEIXBILNT
EFTH, R F—IREV a2 WET 7 A NVT AT LD LEENZDHEIIRNDOT, ZOKREEED I
ZTFW> TREWITERA, TOXEOHNDZDIZ, T4 L7 M) T 740 WS ERZHKREZMES Z i
LET, 774V RTLADT4ALZ FPVDXIZ, Ny r—Y03EMEZHL. BFEDEY 2 -1 T
B, IR Fr =B HHET,

FTRTONRY T —VWEET 2= LTI, TRTOEI 2a— B vr—ILIFRLAEVWI 2 LICEHDTE
KOWEETT, b LMD EWG 2T 2L, N Fr—JFHR R REEOES 2 — L ThHILEAE
T, FHZ, __path__ BUHEROEEDEY a—ME v r—Y L RRIhET,

FTRTDEY 2 —VdLHTEFD 5, Python DM 72 ADFEL RIS, 7%y & —Y D4R
By r—I% Ry bt ETRUIGNE T, Lo T, email EWVWIEFID Ny F =, FOAREL
email.mime EWVWIHFDH TRy =Y, THIRZNUTEENS email .mime.text £ F I HAFDEY 2 —
NEBEZBIEPTEET,

521 BEONYT—2

Python Tid, BEO/NY T —2 ¥ GEIEZERANYT—2 O 2 EO Ay r =Y PERINTVET, &
WDy r— 213 Python 3.2 LRI 5 FET 2572 8y =2 TF, BBRZERE DSy 7 — 21
__init__.py 77 ANEBLT AL PV E LTEEINET, BED Sy =YW A4 Vi R—-FENiL &,
2O __init__.py 7 7 A ADEERINICETEIN, ZRTEELTWEA 7V 27 M8y & —IHHITZEMIC
HHrHENCHEBENE T, __init__.py 7 7 A WE. OEY 2 —nicFE I} % Python 2— FFLH D%
LGN TE, EV2—APA U R— FENE =2 Python 13EY 2 —MIZEMEZBIMLEZD LET,

Bz UTDXS5K87 7 AN AT ABEK. 3 20% 7%y =Y %KD EAiD parent Xy 7 —I%
EELET:

parent/
__init__.py
one/
__init__.py
two/
__init__.py

(RDR=V ki)
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(FiDR— 25 D %)
three/
__init__.py

parent.one % A ¥ R— 32 L BEEMIC parent/__init__.py ¥ parent/one/__init__.py MHEAT
INFET, ZDRIT parent.two b L { I parent.three %4 ¥ K— b T3 ¥, ZAZN parent/two/
__init__.py % parent/three/__init__.py D’FEITEh T,

5.2.2 ARZERNYT—

BRI =D A T R—2 3 Y 2FBEDLDIDT, ZRZFNDR—a v E I Ty r—IV %8
Ry r—DWRMELET, B—va B I 7 ANV RT LD LA2DEFICHZ I dHDET, R—av
W, zip 77 AVDHFRR Y hT—27 B, 2RO A VK — FRIZ Python 23E S ¥ 2 DB TR
522D FET, HETEEANAY T —DWE 7 7 AN AT LLEDA T 27 MITHIET 22 dHBL, 25
TRVWIEDDHDFT; ZASRFEROERDOLRWMAEEY 2 —LTT,

TR Ry 7 — D&, __path__ BHICEEDY 2 MIFEVWER A, ZDOH DIHED iterable A% fifi >
TWT, K= a YORRy =Y DRR (H LB ANy =2 D7D sys.path) BED - HE.
ZDNR9 T —=ITDORDA VK= bORIZ, FICHI TRy r =IO R—a VERKRLET,

HRIZER Ry 7 — 121X parent/__init__.py 7 7 A NMEBD FHA, TNE A0, BREZKRK—-aop
ZNENEMET 2D parent 74 L7 P UDBA VR— MRROBBICRO22 22 dHDET, LizhoT
parent/one |XYIHINIZ parent/two DEEDICH 2 LIZRD FHA, ZOFA. TDORw r—=I P T8y
rF—=ID5H 1 254 R—bENzL Z, Python ¥FE LMD parent v r —I D7 DHRFTZEM <y
=% ERLET,

HETZERE Ry & — T OHERICOWTIE PEP 420 32 LT X0,

5.3 &%

MBEZIRD 5 72D121E, Python 34 Y R—FENBZ3ET 21 (b LIF v 5 —ITTH, Z 2T TOHRa
DHMIZBWTIEZZIWRENWTT) O T2EM HE20LBEE LET, ZOHARNI. import XD A RFIES
importlib.import_module() BLT __import__() BED T X -2 5B oh 3,

CDHHENIA Y R— FRBOM AL 7 = —XTfEibh, THIHI 2 foo.bar.baz DL SR Ky M TXY]
BN TEI 2= NAADRRZ 57D LET, ZOHE. Python &N foo . RIT foo.bar . %
L TH#IZ foo.bar.baz 4 Y R—FL LS LET, HHOWThHID A VK- MTKRELLEGEE.
ModuleNotFoundError 2SEH XN E T,
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5.3.1 EYa—-Ilxvyv>na

4 ¥ R— MRERETRINCANZ5F7E sys.modules T, 2Oy Y 7E HFHEDORREEL, ZNET
WA YER=PENTTRTODET 2—-1DF v v aZBM L ET, RDT foo.bar.baz 231 ¥ R— FFKA
DA, sys.modules tF foo . foo.bar ., foo.bar.baz DY M) —%2EAFET, TNENDF—EZD
B L THIET2EY2a— Lt 7V 2 VBT T,

4 YR=FTIFEY 2 —V£I& sys.modules 2SI N, FELIGEEK, XWIET 2N L Y R—-bEh3
REEI2a—LThHD, ZOUNBIZETLE T, L LMED None 72 - 72355, ModuleNotFoundError A3i%
HEINE T, BV 2 — VBB RMND» SR o 728551, Python I$EY 2 —LOMEREHRITE T,

sys.modules [3FH XIAAARET T, ¥F—DHIFRIIMIET 2EY 2 — L ZHEL RV (ROES 2 —HZ
DEY 2= AANDZREHR > TWVD) 2d LOAFTEAD, HESNLEY 2 - LDFry¥adhzr b
Y — B L, FRHBRICA Y R— b ENL E Python KZDEI 2 — L ERDTHRREEESZ Z LI
D FEF, ¥—% None WICHIMIIF 2L TEXEITH, RCZDEY 2 —ADAf VyR—-—FENDLERZ
ModuleNotFoundError £ > TCLEXWVWE T,

TR ZAEYa—F TV 27 PADOBBEREL TEWT, sys.modules IZF v v ¥ ad Ny b —%
NI L, ZORELLEEY 2=V ZHAVKR—bLELELTH, 2D00EY 24T T =7 MIFLTTIE
BV Z2IERELTLEI N, ZALIEIHRIVIZ, importlib.reload() X AL £V a— A TP =7 b
ZHAMAL, €Y a2—10a— FEHETTL I THRICEY 2 - VONEZ BT 27210 TF,

532 77 —cO—4—

sys.modules WHREIN/EY 2 =B REOD O LD - 75E X, Python DA ¥ FR— b 71 b aLpiEsH)
Xh, EV2a—AEHDOFR—FLES, 2oFu ranii 2 oolENkr 722 b, TJrA V48— ¢
O—4— 256D ET, 774 VX —DEFEF, HoTVRHEIEEMH > TIRESNZEY 2 —LERDOTS
NELEIDHMTEIE T, MDA VX =T 2 —RAERELTNWEL TV NI A VR—2— LI
BENET - A VER—X—3ERINZED 2 —LPBu—RTELZ ooz &, HoEHEZRLE T,

Python QAT 74V DT 74 V=2 AV R=—Z =P DO0rHDET, 1 DHD D DIFHAAALE
Ta— DRI EHA->TWT, 2 OHDD DR ENIEY 2 —b (R freeze Y — L TUB S M7z
EYVa2a—DIL, IRITTIIVIFAQ ® TS5 L5 Python RZ VT IPBLARXRY R7R YN, F V%
fERE 32?7 OHEHEESR) ORDTAZH>TVWET, 3 D2HODDE 1 VY R—FNXZX HEY 2 —JL
ERELET, AIVR—FNZRIET7 7 AN AT LADNRRAR zip 7 7 A VDMEEZRTVAITY, ZOY R
NI, URL THRETE 230D L5k, MBERTILDTERTEDY Y —ROMBICETIRT S 2 &
bTEFET,

A4 ¥R — MERIZILRATREZR DT, Y 2 — VRROH & R a— T2 HIRT 272 DITH LW I 74 Y X —%
MIMA2 N TEXT,

774V E—3ERICEEY 2120 - FLEVA, HHESNLET 2 - RO GE, 774>
& —1% module spec (EY 2 —MERE), TRDBEY 2 -1 DA ¥ R— EHEDERE H Sz D%
BLEF, EYV2—10DB— 2L YR— MBI ZAZRAL £,

ROETIE. 4 Y R— MEEZIRT 2700 LW I 74 VX —r—X—DF L B EED, 774
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A—rag—X—D7a bagizoVWTEDHELLIEHLET,

N—Yar 3.4 TEH: Python DUEION—Y a > TlE, 774 VX —i3EE O—4— 2BELTWE L%
M, BEEe—X—% 80 Y2 - HREZERLET, v —X =134 VR—- M ELEDRTHE T,
AR £ L7,

533 1VR—=+Tvo

4 VAR — MERBBIGRATRE R XS KRGS T0E T, 20T e k2 AR A1 VR—bT VT T, £
A=t 79 2103 2BHEDYET: XETvI & A VR—FNIXTvY TT,

ART 9 7FA Y R— MUEDOEKA]. sys.modules ¥+ v ¥ 2 DMRLIAND A >R — MUE X D FHIHES H
EhEFd, ZHUTED, sys.path ODMUESPLHFEENZEY 2 —VPHARABLDEY 2 — L TERDH, XX
7y TLEERETLZIENTEERT, XX 7y 73T THHT 5 X512, sys.meta_path IZH LW 7 A4
VR—ATT 2 P REBMTEIETHERINET,

4 YR=F R 7 v 7%, sys.path (b L {1 package.__path__) DMUMD —fE LT, MIGT 2 S RE
FEWO/S L ZATHOHEEINZE T, 4 VY KR— b2 7 v 27T CHEHT 5 & 512, H LWIEH LATHE
A7 Y27 b% sys.path_hooks BT 2 Z L TEHINET,

5.3.4 XHZNX

FEESNZEY 2 — ) sys.modules IZHOD SR o7 . Python IZRITRAXRR « 77 4 VX — -
ATV 27 PHENENT VS sys.meta_path ZMRLET, IEESNED 2 — 2| LB TESH
ESDEMRB1DIT, BT 74 Y X—HWEDEZITVE T, XXARZ - 774 Y X—123, #Hle 4>
A=t R (F7>avD) X—=7 v bEZ2—1D 3 DO5| %S find_spec() EWVWIARD R Y v
FAELEINTORIFIUINTERA, XXRR - T 74 VY X—TE, HEESNET 2-NZ2RZ 2P S
DEHET %720 DEEHIIMER D b D% - THVWEE Ao

meta path finder PHEEENZEY 2 =L DR HZH o TWBHEIE. 774 Y Xidspec A7V =27 %2
BUET, BEEINLEY 2 - BRI R WVIGAIL None IR L £73, sys.meta_path 1ZX13 2D spec
PREFTICV R FDOREBIZEFELTL E - 7258 1X, ModuleNotFoundError XM L5, ZofioxEHx
NBIMNIZOF IS LtIicisESh, 4 Y FR— MLUEZRER T8 %7,

AR« 774X =D find_spec() XV v FiZ 2 2F7E 3 205 BE=ELTHEIHLES, 1 oH
DFIEIZA YR—=F ENBZEY 2 — NV OEREHMHL T, HlZIL foo.bar.baz R TF, 2 DHOGIHIIE
Va—LOMBTHLNZRATT, MEMOEY 2 -1 TiE 2 DHOFIHUI None ICLETH, ¥ 7%
Da—RY IRy =Y TIE 2 OHDEIBIIE Ay 5y =YD __path__ BYHEOMETT, Y4 __path__
BT 72 A TE R - 1285E1E, ModuleNotFoundError 25EHENE T, 3 DHDFIHIX, HrTr—
RENBER=T o P RIBFEDED 22—V A TP P bTT, A VK= b RATHFY - RO &R —
FyorEYa—nNEEy FLET,

A ZNRRE, 1 HDA VR — FEORTHEBIEEES NS ARELH D $3, fIZIE BFRT2EY 2 —AdY
NDBELFry v aZhTWRVE LTzE ZIT foo.bar.baz 4 Y R—+T 2L, ROEEXRXRZ - 77
A4 V& — (mpf) 1M LT mpf.find_spec("foo", None, None) ZM-UH LT, Hm D4 ¥ FR— MLHE%Z
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TWET, foo 4 Y R— b EN/2RIZ, mpf.find_spec("foo.bar", foo.__path__, None) ZFEUH
LTV 2 [HEHD XX ARZDEBENTTHI. foo.bar 5L Y RKR—+ENFF, foo.bar DA ¥ R—+ FTIT
bizo, REDOERET mpf.find_spec("foo.bar.baz", foo.bar.__path__, None) ZFUH L T\ &
i‘j—o

HEXENRR + 774V E—3BR VDA VER—FPDAYR—FLTVET, INHDAL VY R—KX—I, 2D
HoD5IHIZ None MIAND D DEX NI &, HIZ None ZIRL 7,

Python D77 4L+ @ sys.meta_path 1 3 DDA T 74 VX —=%FoTVE T, fAAAET 2 —1D
A YR=POHEEH > TVE DD, BHESNZEY 2 —1DA VR= bOHEEH > TVE DD, 1 VK—
FNZ DPOEDEI 2=V DA VR=bDFEEH>TVEHD (DFED WAR=Z « TrAVE—) hdD
9,

N—Y a¥ 3.4 TEH: The find_spec() method of meta path finders replaced find_module(), which
is now deprecated. While it will continue to work without change, the import machinery will try it only

if the finder does not implement find_spec().
N— 3 ¥ 3.10 TEH: Use of find_module() by the import system now raises ImportWarning.

N—Y a ¥ 3.12 TEH: find_module() has been removed. Use find_spec() instead.

54 O—F

EY 2 =MD ERODoTGA. 4 VAR MBI EY 2 -1k u—- RTARICZEN (BXUZNICEEN
Za—X—) BHEVET, ZHUI A VER—bOBR—FHEITRIZZDAMTT

module = None

if spec.loader is not None and hasattr(spec.loader, 'create_module'):
# It i1s assumed 'exec_module' will also be defined on the loader.
module = spec.loader.create_module(spec)

if module is None:
module = ModuleType (spec.name)

# The tmport-related module attributes get set here:

_init_module_attrs(spec, module)

if spec.loader is Nonme:
# unsupported
raise ImportError
if spec.origin is None and spec.submodule_search_locations is not None:
# namespace package
sys.modules [spec.name] = module
elif not hasattr(spec.loader, 'exec_module'):
module = spec.loader.load_module(spec.name)
else:
sys.modules [spec.name] = module
try:
spec.loader.exec_module (module)
except BaseException:
try:
(RDR— 12k <)
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(FiDR— 25 D %)
del sys.modules[spec.name]
except KeyError:
pass
raise

return sys.modules[spec.name]

DUT OFHICIER L T &

+ sys.modules DFICH A GNTAHTZFHOMBEDEY 2 — N AT 27 M HH 5725, import 1ZFEIC
ZTRZEERLTVWSETL & 9o

o EVa—VE B—X—DEYa2—)La— FEETTIHC sys.modules WKHFMELTVWET, £
Ya—la— S (EENERIIHEENC) BoEEZ A VR— T 2[R H 5 DT, ZHUFEE
T; £Y 2—)V% sys.modules [ZEMT 22T, BEDFr—XATIIEROFHFES, £ L THRED
= ZTIIERE O — FA, A o ThilkEh g,

o O— FMEIZKRMLZGE, ZORKLEEY 2—0IiE - ZL T, ZOEY 2—LEITH - sys.
modules 2> 5D RN E T, sys.modules F ¥ v ¥ 2 IZBCEFNTVWLITRTOEY 2 —L L,
BIEFHE LTr—=FRIZBEHILEITRTOEY 2 —ME, HiZFy v 2t 3hEd, Zhudve—F
LIEHHBIT, Ve— FOEAIREMLZEY 2 —1d sys.modules IZHERINE T,

o BODEIIIY THEHHNEINEESIC, EV2—ABEONTHRLETINSETOMICA v FE— M
HBlEA R = EEDOEY 2 —VEMEREL £ 7 (LFEHEEa— MO ”_init_module_attrs”),

o BV a2 NFEITIZEY 2 —LOLRITHIHEINLZ 0 — FOEELRRME T, EITIde—&—1258
KEEEN, o—F =32 LXDX5IHBRETINERET I EICRD X T,

o O— FOMIIEMENT exec_module() ICHEINESY 2 —E, 4 Y R—1TDEDDITREREINS D
DEIFELZND LNEFHEA

N—=Vay 34 TEHE: 4 VR- RT3 —X—DFEMWRELZIEMEE L, N SIILENE
importlib.abc.Loader.load_module() XY v FIZXoTHEITEINE L,

5.4.1 O—4—

EVa—n—K—lF 0 FOHEELZKETH SEY 2 —VEITHKREZRBL £3. 4 2K — MR, 5
TLEIETBEY 2a— A7V =27 2B —058 & LT importlib.abc.Loader.exec_module() X
Yy REMFHLE T, importlib.abc.Loader.exec_module() 25 RINATEOMEIZBHRINE T,

0 —Z =T o2 L TR TR 8 A:

o EVa2—H (HAAAEY 2 —VRLEHNCHAA TN BHIRES 2 — L Tid7% { T) Python €Y 2 —
N oGE, =X —IFEY 2 -1 D7 a— NVAHTZE/M (module. __dict__) T. £V a2—10D
a— FZFTIRETT,

*2 importlib I, EHHEEZEHEGS Z 2 IGHIITWET, 20RbHIC, BV 2— A EHFHNT sys.modules 1 HEY 2 —
ﬂ/ﬂ‘7/17 FeBET, 25352 X@Fﬁ%ﬁ’]@xf]%ii AV R— T\éﬂﬁ%/;——ﬂ/ﬁ) sys modules klﬂéﬁ THEZEZ

= -
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e exec_module() DOFEUH LHIZ ImportError AN DHIASEHR I, BEINTERLELTDH, £
Ya—l%ku— FTERWVEAIE ImportError AT NETT,

ZLOHBE. 774V X -0 —X—@EFAILCA T 27 P THOVERA; 20 X5 RGEETIE find_spec()
XYy FIFHIC self ((RIF: 7Y =27 VEE) ZIRTZI T,

EYa2—B—X—{I, create_module() XV v FEZEEFTLHZTa—NZEY 2 —-LFTIz7 + %
ET 2 e 2 BIRTEE T, COXY v FiE, EY 2 — M EEZSIEICH - T, v— FHIZESHLWE
Ja—A TVl FEIRLET, create_module() WEEI 2 — ATV =l MIEMERET ILEEDH
DEBA, DLIDXY v K23 None ZIRTRSH, A Y FA— MEBIIHLVWEY 2 -V ZHETERL 5,

Added in version 3.4: @ —&X —® create_module() XYV v K,

N—Ya 3.4 TEHE: load_module() XYV v Fif exec_module() IZX-» TEEMI SN, £V K— M
W0 — ROTRTOERWLRUHEZS | EZTF Lz,

BfFon—&X—rOHEHEMED =D, Lo —X—IZ load_module() XY v FREFEHEL, »oR—&X—»n
exec_module() ZHEEL TWWARITIUE, 4 >V R— I T — & —D load module() XY v REfVWET,
L2 L. load_module() & deprecated THH., m—KX—dfkbH D IZ exec_module() ZHETRETT,

load_module() XY v Fi&, B a2 — I 2FTT 2 WMATERTHHINZIXRTOER N e —F
KREZ EM L 2R D 8 A, RUHIRSEAZXNE T, UTIXEMOIRMETS:

o sys.modules CHEZABLNLHAFMDEY 2 —AHFELTVWEHE. B —X—3ZDOHMFOET 2L
PREDRFIUIOITER A, (£5 L7RWVE importlib.reload() XIEL K ED7RWTL & 5, ) HEE
SN/EY 2— V8 sys.modules WCIFELBRWGE, B—X—3HLWVWEY 2 — LA TP =7 F2AE
L. sys.modules IZEM LR FIUINT ER A,

o HROFIFEZIFEME DO — REHIET 27D, B—K—=2EY 22—l a— FEEITTBR1ICE
¥ 2 —UJ sys.modules IZFFTE LR ITFAUIIR D TR/ A (must).

o U — NUHIZKKLUIZHE, B —X =% sys.modules IZBML7ZEY 2 —LE2ED R THIEW
GERAD, ZRUER - RICERLEEY 20 OH &, ZOEY 2 —A0 08— X —HEBIHARNIC
0— FEINGERRD. BRALZTIRD $H A,

N—3a v 3.5 TEH: exec_module() DEEINTWVWT create_module() BEBINTWVWARWEE
DeprecationWarning XM I 2 KD DFE L7

N— a3y 3.6 TEHE: exec_module() BDEHREXNTWVWT create_module() NEZRXIN TR WES
ImportError 2SEM &N 5 X 51Tk bk L7,

N— 2 3.10 TEH: load_module() Z{HfH3 % & ImportWarning 23FEAEL £9,
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542 HJ7EDa-)

PTEY 2120 —-FFT25DREDEIBRAH=X2L (FlZ1E. importlib API . import ¥ 713
import-from A7 —hFX ¥ b, FREENL ML VEKD __import__) BEONIBETDH. XM VT4 v
3B TEY 2a—NF TV VEBEY 2 - VOARIEMICEEL $3, flZIE. LSy — span 23
P TEY 2 —) foo Fo TWHE, spam.foo &4 ¥R — b LRI spam I3MEDY 7Y 2 — /M HHE
SNTEYE foo ZRBET, UTOT 4 L7 FPUMEZFR o TWHELEL & 5

spam/
__init__.py
foo.py

Z LT spam/__init__.py ZUTD XS HRoTVEELET:

[from .foo import Foo

ZOrE, DITEETTZZ21C&D spam Y 2 —LDHIZ foo & Foo WICHME XML EINE T

>>> import spam

>>> spam.foo

<module 'spam.foo' from '/tmp/imports/spam/foo.py'>
>>> spam.Foo

<class 'spam.foo.Foo'>

Python DENBLAZHAIRBL—AD25FT 22 ZHREEZ2D LAFTEAD, THEEBREA VKR—F
VAT LADEARNBREET T, FEIRZRTAREZRLBZVDIE (LEEDOA Y R—- 1+ DHEIZRET) sys.
modules['spam'] & sys.modules['spam.foo'] BEIET 25E. BEDHIEFD foo B LTHELR
FHUIZRSRNEWNS ZE T,

5.4.3 €2 a— L%

4 VAR — MEME. 4 2 R— PO (Frce— PO 12 4 DEY 2 — IO WTO S kX R Fle )
WET, [BWRDIZFLALIEIRTOEY 2 — LV THETT, TV 2 —NMIHOHMNEZ., 204 Y R— FEED
BHREEY 2 — VOB TH ST 222 TT,

A VER=—POBICEY 2= IEEFS ik, A1 VR— b RT3V R—F Y ME, FIZEEY 2 —UE
BEERT 27 74 VX -2 T2 FT T2 0 — X —DOBCTIREZINET 2 2 2AHEICLE T, RODEER
DI, ZRCE 5 TA Y R— MDD 0 — FOERWRIEELZFITTEL X5 ICRI VWS 22 TY, Zhi
HLT, EY2a— AL TR - Z0EEEH>TVWE L,

EV 2 URE, BV 2 ATV 27 bD __spec__ B LTI NE T, Y 2 —ULEHONED
FEHIC DWW TIX ModuleSpec B L TL 72X W,

Added in version 3.4.
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544 4 R—FEEDES 2 —-ILEMK

4 VE—MEEIZD — PO, EY 2 —LOHBICESWT, B—X—PEY 2 —ADETTIRNUTORE
HEEEAAZT,

It is strongly recommended that you rely on __spec__ and its attributes instead of any of the other

individual attributes listed below.

__hame__

__name__ BHREEY 2 —LOZEEBMBICREINZINEIRD TXA, TOLFEMAL TS >~
H— N RFLATEY 2 — N2 —EIZHINLE T,

__loader__

__loader__ BHIZEY 2 — v —FRICA Y R— MEERXFEHR LI —X—F 7V =27 MTEREST
RIUERD ERA, ZOBMEIEBEEINEHOBDTTN, o— X —[EGOBIEFED/-DICHWS
ZeatikEd, Ml u—X—EEOF—XOEIETY,

It is strongly recommended that you rely on __spec__ instead of this attribute.

N— a» 3.12 TZH: The value of __loader__ is expected to be the same as __spec__.loader.

The use of __loader__ is deprecated and slated for removal in Python 3.14.

__package__

spec_

The module’s __package__ attribute may be set. Its value must be a string, but it can be the
same value as its __name__. When the module is a package, its __package__ value should be set

to its __name__. When the module is not a package, __package__ should be set to the empty

string for top-level modules, or for submodules, to the parent package’s name. See PEP 366 for

further details.

ZDEMIE PEP 366 TERXINTWBE X IIT, XA VEY 2a—Ah5DRNZHENA v R—1+%
FTET 272912, __name__ DO OIHEHINE T,

It is strongly recommended that you rely on __spec__ instead of this attribute.

N—Ta v 3.6 TEHE: __package__ DfHDH __spec__.parent FIUEZEOZ  ZERXN B X
ST D E L,

N— a ¥ 3.10 TAH: ImportWarning is raised if import falls back to __package__ instead of

parent.

N—Y 3 ¥ 3.12 THHE: Raise DeprecationWarning instead of ImportWarning when falling back

to __package__.

__spec__ BHEEY 2 - - FRMHFHINZEY 2 -V ARy ZIZBESINRITIRD 8
Ao __spec__ HWUYNCERET S 42— ) ZREBHPIZMEELINZIED 2—)L b RRICHEA

EhFT, HIWMNE __main__ T, __spec__ & BEICK 2 TIE None IZRESNE T,

When __spec__.parent is not set, __package__ is used as a fallback.
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Added in version 3.4.

N—Y ar 3.6 TEH: __package__ WEFRINTWVARWVE X|Z __spec__.parent B 7 4 —/L vy
e LTbh2 X512 h kLT

__path__

EBY 2 —H (BEDEIEAFER) v r—YOHE, EYa—AA TV bD __path__ B
DRHESINZRBEDDHD T, fHIEA 71— bAJRETRIFIUIRD FEAD, __path__ IKEKELSRL
BEEFETHIHOERA, __path__ DETHEVWEE, 4 7L — MRIXFHZERLRTIUIRD &
¥ Ao __path__ D=7 47 ADFMIE T D@D TE,

Ry r—ITHRWEY 2—UE __path__ BEZF> T3V ITEEA,

__file__

__cached__

__file__ is optional (if set, value must be a string). It indicates the pathname of the file from
which the module was loaded (if loaded from a file), or the pathname of the shared library file
for extension modules loaded dynamically from a shared library. It might be missing for certain
types of modules, such as C modules that are statically linked into the interpreter, and the import
system may opt to leave it unset if it has no semantic meaning (e.g. a module loaded from a
database).

L __file 2HET A4S, __cached__ BHEDI—FDaryflEniz"—Yarorih
(BIZIE, AL bV RANENZT 74 L) ADRRACHETEE T, COBUERET 2 ICH>T
T ANPEET ZREEDD FHA; SR, BZay A LENT7 7 A VBFEST 200 Lk

W RLTWS 23 TT (PEP 3147 25),

__file  MREINTOVWARVWE %Z2% _ cached  ERETEBZZILICEFELTLEX WV, =L,
ZOTF VA EPRDERNTY, FEICIE, v —&—¥21& (__file__ ¥ __cached__ OHKTH
3) 77 A4AVR=—PRWETIZEI 2 - MEFEERHATE2DDTT, LdPoT, dLu—X—0Fyv
VaZNEEY a6 R—FRTBZ3—FTI7 7 AA5IEe—FLAawnwks, ZOZEHINRS > %
WEEYITL & 5,

It is strongly recommended that you rely on __spec__ instead of __cached__.

5.4.5 module.____path__

EFEELD, BV 22— __path__ BUELHIUL, FOEI 2 —Evr—IY kDT,

Ry r—3® __path__ BHIE. 2O TR0 r—IDA Y R-tHcflibhEd, 4 ¥ R— ME#EONEET
i, Z3Ud sys.path LIFELALHEL XD IHEEELE T, 2FED. A Y R— MHIEI 2 -V E2ETHFOV
AMERELET, LHAL, —MIVIC __path__ X sys.path & D bHlFIENTT,

__path__ ¥XFH|D iterable TRITFIUINF FRAD, ZETHHVER A, sys.path &R UHRAID < &7 —
Y@ __path__ WZHBAHIN, v Fr—ID __path__ ZEET DL XX (B TMHIHT %) sys.path_hooks
WERICANONE T,
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NRyr—=I® __init__.py 77 AME, v Fr—ID __path__ BUHEERED LIRZEETEZIehnH D,
s PEP 420 LHTO4ETZER S Y 7 — Y OB 2 T TET L, PEP 420 OFHRIC K D, di3%
HRTZER Sy =%, __path__ 2BET 23— FREUI%2ET __init__.py 7 7 A VELRMET 2 B
{BEDE LT A4 VR — MEE, Bl Y 7 —2I L BEIMNICEY)7: __path__ 2Ey PLET,

546 Ea2—I)LD repr

F7 4L b T, IRTDEY 2 —VEFIFREER repr 2o TWE T, AL IE. ZHAZTIZHHAL
FEHEOREABIHEELTED, B2 — AT TES 2 -4 TP D repr % & b HIRINIC
HlHT2Z e TEET,

b LEY 22— UPMERR (__spec__) ZFioTWwWhIE. 4 VK- MEMIZZZD S repr ZAERL LS5 L E
T bLENDVERBMT 20, FREFEEDPEFEELRITIIE A Y KR= PP AT LAEEY 2 -V TAFTHE
RHELWBEREMFS>TT 7 4L D repr ZHEL 3, 43 module.__name__, module.__file__,
module.__loader__ % (B D BRWHHRIZOWTIZT 7 4L MEZH o THIVRDS) repr ND A ST & LT
BoriRAET,

b TV A IEfERIRAITT:

o BV 2D __spec__ BUHEF o TV, THICE TN ERD repr ZAERT 272D ffbh %
J . "name”, "loader”, "origin”, "has_location” BIENSRI N £ 5,

o EVa2—)UZ __file  JEUDLDHZEEIZ. BT 2—LD repr D—EL LTHDbNRE T,

o EYa—)UIZ __file__ WEHRWAH __loader__ 23HDH. ZDJED None TIEHRWVWEHESHIZ, »n—X—D
repr AEY 2 —LD repr D—Efy L THEDLIE T,

o FOTHRIFNI, BICEY 2—)LD __name__ % repr OFFTHNWE T,

N—Y 3 ¥ 3.12 TEHE: Use of module_repr (), having been deprecated since Python 3.4, was removed

in Python 3.12 and is no longer called during the resolution of a module’s repr.

547 ¥vvadhicN4 bd— FOEML

Before Python loads cached bytecode from a .pyc file, it checks whether the cache is up-to-date with the
source .py file. By default, Python does this by storing the source’s last-modified timestamp and size in
the cache file when writing it. At runtime, the import system then validates the cache file by checking

the stored metadata in the cache file against the source’s metadata.

Python also supports "hash-based” cache files, which store a hash of the source file’'s contents rather
than its metadata. There are two variants of hash-based .pyc files: checked and unchecked. For checked
hash-based .pyc files, Python validates the cache file by hashing the source file and comparing the
resulting hash with the hash in the cache file. If a checked hash-based cache file is found to be invalid,
Python regenerates it and writes a new checked hash-based cache file. For unchecked hash-based .pyc
files, Python simply assumes the cache file is valid if it exists. Hash-based .pyc files validation behavior

may be overridden with the --check-hash-based-pycs flag.
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N— 3 ¥ 3.7 TEH: Added hash-based .pyc files. Previously, Python only supported timestamp-based

invalidation of bytecode caches.

55 NAR—=R « T4 —

LTl 7z@E D . Python IZIZWL DD T 7 4 L DX RNRR + 774 Y R—=Dib->TWVWET, Z2D5H
D 12F NAN—=Z « 7744 — (PathFinder) EFHIN, WAIZY ) DVRRMTHZ A VHR— RN
2 EBMRLET, TNLPADRRZY PV, B 2 —VEETEMERLTOET,

RNRANRN—=R « 774 X —BRIIMADPDA VR= P HFEEH->TWE2DIITEDD FHA, Z2DORDDIC,
farD 2Ly P REBEL., ZAPNICEEOHEO RZADHVEH o TVWBENRALY M) - 774 VX —
PR X T,

TIANVIDRRALY Y » 77 A= T77ANTRATALALEDEY 2 —NER/OF272DDFTXTD
T4 VARFELELTVE T, ZUd Python Y —RXa—F (.py 77 A ) . Python N4 Fa—F
(.pyc 7740) . HEZA4T77) (BIZIF .so 7740) REDKHZR T 7 ANEA THRILEL 3, 21
47 7VD zipimport EY 2 — M Ko THR—-PENBZHEE. TI7AV DALY - T7 4>
X=Z (FEEFATITVUND) TRTDT 7 ANEA TD zip 77 A2 60B— RHFPVET,

NRAZYMVIE T 7 AN RT LA EOBFCBEEINZNEIEZHD THA, URL T —EAR—ZATTY)VRZ
DM FFNTIEETE LM ESRT 5 Z L AJEET T,

RAR=R + 774 YR =IZE 7y 70 baLzBMTs IR TE, UK > THREAIRER AT Y
MY OREEZIRL, PAXRARXTEHIENTEET, HlRE *y PV —2L0D URL Z %RV YL

LTHR—FLEWVWEA, web LEOEI 2 — B BO1F 572012 HTITP OWMD WG E2EE L7 v 72 E

ZeHTEET, 20 (MU LA 7Y =22 v TH2B) 7y 23, FTTRIHT 270 b arzedr— b

T2 NAIZVER) c T4 —%ERLET, 2O baMd web POSED 2 —1DR—X—%HUFT 5
DIfEbNE T,

ZEDOSHE: COHCHIOFHOMAT 7748 — LWIBEDN, AZNZ - T4 24— v NATV
) e D748 — LW HEBETKAINTHEDNTWE T, b 2D T 7 £ VX —IZIEHITUTED,
Plz7ararzdR—-—bL, A Y R=MUETHRU XS ITHEEEL 30, BIDICEZ > TW20%2.0I8D
TBLOEEETT, FHI. XX RR - 774 X =134 VK- MUEDFLHFE, sys.meta_path OFEED
B e JICEHEL £3,

ZFRLIIHBIC, RAZU MY T 7 A VB —EHBERTRAR=R « 774 VX —DEEFHMTH Y,
FPE sys.meta_path 25 8ANR—=R + 7 7 4 Y X =DM D RpNIGE, RAZY MY « 774 VY X—DFE
HIIMBETINZVWTL & D,
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55.1 XXI2V kD « T 24—

INAR=R « TypA2H— 1T&, XFH INZAT > b TIREZXNEEH® Python £ 2 — /L% Python
Ry r—=I%H21F, e—FI23BENHDET, FLALDNRTY MV ET7 7 AV AT 4 LOEF%ETE
FELTVWETD, ZZIHIBEIN2BEEIH D ¥ A,

RARRRA « T 74V R=2 LT, WAR—=R « T74A VA — [IIENCHHEFH L7z find_spec() 71 k 2 /L35
EXNTOETH, ZHUINMATAYR—ENRNZA 2E5EY2a—LERDOF, B—RTB3HEEHIRAZTAL X
TE5DH22 7y 7 REHLTOET,

INAN—Z « T74 >4 — 13 sys.path . sys.path_hooks . sys.path_importer_cache £\5 3 DDZ
BEHNET, THWRvr—I 47227 b __path__ BHEDBMHVET, ZhdickoT, 4 Y FA—-ML
HEAZAZIA XT3 EM RSN E T,

sys.path contains a list of strings providing search locations for modules and packages. It is initialized
from the PYTHONPATH environment variable and various other installation- and implementation-specific
defaults. Entries in sys.path can name directories on the file system, zip files, and potentially other
"locations” (see the site module) that should be searched for modules, such as URLs, or database

queries. Only strings should be present on sys.path; all other data types are ignored.

INANR=Z « T7A VA= 1Z XENA - T7A2H— 2DT, A4 ¥R— MEMEE AICHRSL 72 SAR—
R+ T 74 YR—=D find_spec() XYV v FEMIHT I T A VR—FINZ OMBREHDE T, path 515
23 find_spec() WKE XN/ &k, ZHEEET 3 ALFHIDO Y R b - B Z DRy 5 — Y DOHT
A YER=PLTWVWE Ry T —ID __path__ B D 3, path 51805 None 720 72856, £hUdE LA
DAYR=PTHBZZRLTWVWT, sys.path 2D E T,

The path based finder iterates over every entry in the search path, and for each of these, looks for an
appropriate path entry finder (PathEntryFinder) for the path entry. Because this can be an expensive
operation (e.g. there may be stat() call overheads for this search), the path based finder maintains a
cache mapping path entries to path entry finders. This cache is maintained in sys.path_importer_cache
(despite the name, this cache actually stores finder objects rather than being limited to importer objects).
In this way, the expensive search for a particular path entry location’s path entry finder need only be
done once. User code is free to remove cache entries from sys.path_importer_cache forcing the path

based finder to perform the path entry search again.

path entry 2% v v & 2 OHIZHED - 72855, path based finder 1% sys.path_hooks DFH DML L ATHE
AT ER2TUDET, ZOVRMDZENZND path entry 7w W&, KT 3 path entry £\
SIE1 oRE L THERHEINE T, 2O LAJFEA 7Y = 7 M path entry 2R % path entry finder
ZiR§ ., ImportError XM L ¥ F, ImportError &, 7 v 7% path entry D7=DD path entry finder
ZEREIRVZ R 5 72912 path based finder 23V E T, ZOFIFMNIMIE X T, import path %l -
TWLEDS BT ONE T, 7y 7358 e LTXFANE @A A 7Y =7 b 2BIRFL £, N4 M
ATV b a—F 4 Y7y 7fEEhTOT (FlZE, 77 ANV AT LDy A—T 4 VT
D UTF-8 R 2R ETT) . 7y 7251 %& T a— FTERD» 57553 InportError ZAH TR E
T,

sys.path_hooks Zill 2 LHHA WZAIZV R « T7A 08— 2RI FTITKDoLBHE. NAR—Z -
774 Y& —0D find_spec() XV v K&, sys.path_importer_cache IZ (ZDNALY FYIZKTE7 7
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AVE=DEELRBRNI L ZRT2®DIZ) None ZIRTFEL, XAF/NR « T7A VA — FEY 2—NADBERODPS
BpolzZ t BIEZ 57-®IC None BIRL £7,

sys.path_hooks kD NZAIVrUT vy HMIHLAGEA 7Y =27 FORDEOWTALD NAT Yk
) e T4 — THoT HBE. BTHTL3EY 2 - EHET D07 v bardfibh, ZhrE
Ya—nu—FTikdiclibhsd,

(ZEDOXFINC L oTRENDG) BEDT 4 L7 M VUL, sys.path DD > bV 2I1ZZD R 2 5ETAR
HEhEd, ¥3. BHIEOT 4 L7 PUDBEELRW I AL 7238, sys.path_importer_cache 12
FABEMENTEA, KT, BEDT 4+ L7 P VISR BHIEZHLDES 2 — 1Dy 27 v FTHEHT7:
BRI ET, 3FHIC. sys.path_importer_cache Zffi4fl. importlib.machinery.PathFinder.
find_spec() PR FTSRIE, EBEDT 4 LI MY THo TEDOXFHITIEH Y FH A,

55.2 XAV kY - T4 —-7ORIL

EYa— et EIN sy r— DA YKR= b 2B KR=-FFT B0, BIUARTZEB ANy F = DR—
Tarvi L TIMTE0IC, SRV Y - 774 X —IF find_spec) XV v FEEELRITIDT
¥ A

find_spec() X 2 DDFIHEMD £, A VA=PLELS L LTVEEY 2 - LOREEMHK L. (X TP a
YD) WMREY 2=V TT, find_spec() FEY 2 —MIHIET 35221 #HL (populated) X7z k%R
LET, ZORIE (1 20BIAZERNT) HIZ "oader” £ v M 2Hfo TWVWE T,

To indicate to the import machinery that the spec represents a namespace portion, the path entry finder

sets submodule_search_locations to a list containing the portion.

N—=Y 3y 3.4 TZHE: find_spec() replaced find_loader () and find_module(), both of which are

now deprecated, but will be used if find_spec() is not defined.

HOWARRAZY MY - 774 YR —DHIZIE, find_spec() DD HIZZNS 2 DD deperecated 72 XY v K
DOILEDVTNDZELELTVEDDLRDHEH0d LNETA, THHEDRXY vy FIIBRFEBMEDLDITEEE
RBENTVWET, LrL. NAZY MY - 7574 Y& —IT find_spec() BELEXATHIE, Hw XY v ¥
FEHINE T,

find_loader() takes one argument, the fully qualified name of the module being imported.
find_loader () returns a 2-tuple where the first item is the loader and the second item is a names-

pace portion.

D A4 > R— MO FRITH T 2B HEED DT, ZLDRRAZY MY - 774 VX —F, XZNRZ -
T2 A VR —HBIRE— T30 LR UEHNA find_module() XY v FHHR—FLTVWET, LaL, S
ALY MY+ 774X =0 find_module() XY v Fid, LT path 5IETIEFIHEINERA (ZDX
Yy RiE SR Ty 7 DBRAIOFFOH Lo H#E YR S R ERZ LS 2EEP IS T0ET),

NRRAZY MY = 774X =D find_module() XYV v K& deprecated TF, R¥ERS, ZDHIETII R
IV MY - T 7 A R =PHEER Ny T —=IIN L TR=a YRS 2 22BN TERVASLTT, B L
find_loader() ¥ find module() DWHFB ALY FY « 774 YR —IHFELEZSH, A Y R— P RT
L3 HIC find_module() £ D % find_loader() ZMEEL THUHL £,
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N— a ¥ 3.10 TEHE: Calls to find_module() and find_loader() by the import system will raise

ImportWarning.

N—=Y a2y 3.12 TZH: find_module() and find_loader () have been removed.

5.6 FEDAVR— b RATLEEETHTRZD

AVR=I AT L RREEEMRZ 27-DDORBEENED D 5 HlAlE, sys.meta_path DF 7 4L P DN
BRHIFRL, BEHZARRZLDRARNRAT v 7 THEERZ2HDTT,

% L. import XOEWESLZ I EZEEL, £ VY R— b RAT AT 7R T5MD APL IIFHERZ 5 27T
TR, HAIAABD __dimport__ () BAREE XX 2720 TTHH T, ZOFEEK, % 1 DODFEY 2—
JVINZZUFT import XOBIEXZEE T 2DICHHAVWLRET,

(DA Y R—= b RAT A2EREEFEILET 2D TIERL) TTRAZARRIZNVWDE 7 v I D6HEEY 2—1DA
VR — N EERIICE < 72 ®12id. find_spec() 55 None ZiRFTb DIz, [E#E ModuleNotFoundError
T 2720 THAITT, None ZIRTDIEX X ARADEBEZFIFIEZNETHD I BEKRLET T, HIs
ZREMT 2T QWERRITBUID £9,

5.7 Package Relative Imports

Relative imports use leading dots. A single leading dot indicates a relative import, starting with the
current package. Two or more leading dots indicate a relative import to the parent(s) of the current

package, one level per dot after the first. For example, given the following package layout:

package/
__init__.py

subpackagel/
__init__.py
moduleX.py
moduleY.py

subpackage2/
__init__.py

moduleZ.py
moduleA.py

In either subpackagel/moduleX.py or subpackagel/__init__.py, the following are valid relative im-

ports:

from .moduleY import spam

from .moduleY import spam as ham

from . import moduleY

from ..subpackagel import moduleY
from ..subpackage2.moduleZ import eggs

from ..moduleA import foo
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Absolute imports may use either the import <> or from <> import <> syntax, but relative imports

may only use the second form; the reason for this is that:

[import XXX.YYY.ZZZ

should expose XXX.YYY.ZZZ as a usable expression, but .moduleY is not a valid expression.

5.8 main ICX g BB ERE

__main__ €Y 2 —liE, Python DA ¥ HR— b A7 LICBE T 255577 — A TF, DIFFTF TERIh
TW2 L5112, __main__ EY 2—/liF sys X builtins BRELAMIIA VX TV R —RKX—+7 v I TH
BofiltxhE s, LaL, BiE 2 ODEY 2 — L riE-> T, __main__ EEEZEEL A YDEY 2—)L
CLTOEMEFRi - T0WERA, ZHUX, __main__ DHIHHLI N TFENA V2T 23RBS 2D
T ITREDMD A T a VITHKIFT BT,

5.8.1 __main__.___spec___

__main__ XD X5 WHIALEINEIMKIF L T, __main__.

_.__spec__ lZHEUNCREINDZ Z b HII
None 127252 bHH ET,

Python 2% -m * 7> a Y 2T TEITINLEEICIE, __spec__ W EWIETEEY 2 — L FRF v Fr—
DEY 2 —NVHARRICRESNE T, £/, 74127 MU zip 7740, E03MD sys.path =2 MY 25
TT20UEDO—H e LT __main__ EV 2 —1ha—- FINBI3HEICDH __spec__ BAEM (populate) T
£3,

FRLAND T — R T, __main__._

_spec__ l¥ None IZFREINE T, 2L, __main__ #4K (populate)

FT5DiIffbi/za— R34 VR— MAREREY 2 — LV EHE L TWRWHTT:
o XEFETB YT
e cATvav
o stdin 2 SEBXNHE
o VY=RT77ANRNAL A= F7 7405 EHEHINEE

BEOYy — A TR 28 AN 7 7 ANV ES 2 — L LTEHEAS VY E—-FTE~ ELTH __nain__.
__spec__ lXHIZ None I3 Z X ICHERELTLEE WV, L __main__ KBWTHMBREY 2a— N XA RXRT—
RPRERS -m AL v F oo TN,

__main__ 2’4 Y R—PABEREY 2 — L& —H L., __main__.__spec__ DZNXIELTHEEINTWV
rLThH, ZRATHIRE, D 2200FVa— L3 ARINZILITEFEBRLTLLEX W, &
¥, if __name__ == "__main__": Frx v 7 XXoTHRIAEXNZ 71y 7IE, __main__ HE1TZEM%ZE/RK

(populate) §27=DICEY 2 —ABEAIN BRI FETIN, BEDA Y R— MRIIZFEITINRWV, &
WS HFIGER L TWET,
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5.9 SE&K

Python OFIIDOEN ST 2, 4 VY R— MEMIEIEHR I LWREEZZRT I L, —fflrnwe IA508 FF a2
AV IEPNTE EDROED > TRWE T, BRID v 7 — PO 3R I e N TEET,

F 1V P F LD sys.meta_path DfLERIX PEP 302 T, ZD#%#kr 7k 29055850 PEP 420 T3,

PEP 420 introduced namespace packages for Python 3.3. PEP 420 also introduced the find_loader ()

protocol as an alternative to find_module ().

PEP 366 1%, XA VEY 2 — )L TORRNEBENA VK-t D72DIBEM U7z __package__ JBIEDEH%
LTWETS,

PEP 328 i&#ixf 4 >R — b, BRI A > R— b, BXU, H¥) __name__ TREL. %I PEP 366
» __package__ TEDMAREZTEALE L,

PEP 338 l3EYa—LB2AZ YT LTHEITTELZOMHEZEDTVET,

PEP 451 1%, YV 2 — A TV 27 NZBIBEY 2 — L EBOA Y R— MRED S 7 bEBIML T
WET, ¥z, X —DEHNLRETDIZLAEEZA Y R—- MEBICERDD I TVET, ZNHDEH
IED, 4 VR= P AT D0 D0D API 78 deprecate 2, /2774 VX —2 a0 —X—ZEH LWV
XYy FABMENE Ui,

1D
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SIX

X (EXPRESSION)

ZDETIE. Python ORTHBIT 54 DEEDOEKRICOWTHHR L 5,

RECEICEHTIER: 0L LFEOETONERE BNF (extended BNF) RKatik, FAMBHTHRAITIZZR .
SGHANE FLR T 2 72 DICHWHNTOWE T, & 2RI (0 2 REGTE) 23, UToER

name = othername

TR IR TWT, ZOWMRFE OEKRMT (semantics) 2R XA TVWRWVWIEA. name DR E & 2
DEHFHIIE othername ODEMTIF LR LI D £3,

6.1 EffiZ# (arithmetic conversion)
PUT o BfiHE 7 ORdm T, MBUES 3 HEoIcZfixh 3 e ErA TV S & &, HAABRRITHN T
AT ORBKIILT OMD ICEEL £9

o N DOFIBMPERBATHII, M7 3ERBENCEBm IR E T,

o ZNLSDHET, W OFIBAIFH/NUSET HAUI, M7 3FE I NRRNCE R E N E T

o ZNLHMNGER. WA DFIEIIBBTRIIUIR ST, EHOLEIDH D FE A,

REEDHBET (% HETFOLEFIEE LTOXTH) ik, X5IHoRAIEAINE T, IHRE. 2hHE
BOREBRD L2 FVWEEREL TORITIUILD THA,

6.2 7 kL. EFMER (atom)

atom (&, RO—BREARNLEETT, b-o& dHMAL atom &, AT E2EY 7740 TT, HENR. AL
i, FEBEFEINCHDbNIER (form) & /2. WX BT F 2B ENE T, atom OHSUILLTO X 5
272 h 73

atom n= identifier | literal | enclosure

101



The Python Language Reference, 'J1)—2X 3.12.3

enclosure :=  parenth_form | list_display | dict_display | set_display

| generator_expression | yteld_atom

6.2.1 #ERIF (identifier. F7=I3%F (name))

7 b ADIFITIR o TV 230+ (identifier) 3% 0T (name) T, FAERICOWTIE #BIF (identifier) &
FUOF—T—F (keyword) iz, ZEUTF LRI ONWTIE BFIDITEERE (naming and binding) Hiz %
LT EE W,

ZHEIDRDH DA T 27 MITEBINTWEIEE, ARl atom ZEHEiT 2 ZD A7 =27 Mzl £5, 40
PHREX N TV WES, atom ZFHfiL & 5 &£ 3% & NameError fil#t2EH L £5,

TSAR=MBREFDIVT VDT 757 REBNCEPNHBINT T, 220 EO7 Y X—2a 7 00h%
D, REDB2OUED7 VX —2a7 TboTWRWHEDIX, FDIZTAD TS5AR—FEEAR & AKX
NFEF, FIAR=FRAGHNZ, a— FPERSINSFNCE D RVWERCEBREINE T, 2oLk - T,
75 ABDEHCT Y X =R a7 RHIUIREL., LHICT VX —2a7% 1 DML, HEiORHICHA S
T3, BlZIR. 7T A% Ham OHFOAIF __spam 1&. _Ham__spam ICEHINF §, ZHUIERBIF 23
ENTVEBMXDAY TFRAIDLIEBMILL TWE T, BRI NTLHTDIFEICRY (255 XF2#BZ5) %
B, EEC Lo TEATOU D FEDBTONE 2D LNFERA, VIAABT VR =227 DANLKIGE
BEHIIITONEE A

6.2.2 UF3ZJL

Python Ti&, XFHNRANAL IV T I, BABBIEY 77 V2 R— P LTVWET:

literal := stringliteral | bytesliteral

| integer | floatnumber | <imagnumber

V7 I NOFHIE. GRS (SUFAI. N A ML B EEVNIREL BRI 052 o BEE RO A
7Y b REZET. BENIERER (BER) V7 IR E, EIGEMEICR 2 HERH D £T.
LR UTIIL 2B TSN,

VT IV TEERRLET —ZBNTHELE T, ZOkD, AT DTAT YT 4T 434 TI =7
FOMEIEEHEETEDD F¥A. RLEZFHOEBOV 77V E2FELEG. (Eh6D) T4k Tar
Z LORICHBFIHKRD S DTHoTH, ZITRHRSTH) FALATY =7 P2IELTWE 0, £ok<FUH
EROBOA 7Y 27 MITHRD 5,
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6.2.3 HIEMAR (parenthesized form)

FudEIEA e ik, Y 2 P O— BT, IERTH - 725D TT:

parenth_form = "(" [starred_ezpression] ")"

AFEMTHDONZRDY X MiE, [HA2DORDBEHT2HDICRDET: VX IO BRLL ey —o2DHhr~<n
A2 TWIEEE, RIVZEDET; 25 TRVES. ROVZAMEHEERL TV E—0XXERDOEIZKD
%9,

HFESHEDIIFMD RT3, DR IAA TS 22 PR LET, XIVILEERERDOT, VFIALLRL
HADSEA SN ET (Thbb, ZOXIANFEHTHELAL L, ZABEFALF 7Y 2 MckaZEd
BB, RERWILbHDET),

X T MIMFEMTEREN 2 DTIERL, YR EoTHERENS Z 2 ICHEE L TL W, fishizzo x
FIT, ZOHAIFIIEMD BETY — AUFEMDOH 70 7 i H 5k LW (nothing)” 2z % & 5
WCLTLES S, XEBDLPVWEVWRDIDIZH-TLEWL, D2 TFIAPBHINZIZoTLEY
7,

6.24 VX b+, &5, HEODOXRT
VRN, BE. HEZHET 572912, Python 1& ” £IR (display)” & FEHIN 2 FHl e 228 L TV T,
RO_FHTONDD 5
o AT FONEZHIRINCHIZES
o WEREC (comprehension) LWHIN S, N— TR 7 4 V&2 IO AE DT ZHWFHERR

NERFLDOIED L ERIZRDED T

comprehension = assignment_expression comp_for

comp_for n= ["async"] "for" target_list "in" or_test [comp_iter]
comp_iter n= comp_for | comp_if

comp_if = "if" or_test [comp_iter]

NERLEFZITE—DOR, VTP D 1 {H D for Hi, X 5I1ZHWT 0 AU ED for Hid 2 if i
PHRDET, TOGE. 4D for Hi if Hix, ELHSEANES Lo TW R A M LT RY 7 AR
L. 2R FOBRNO T 0y ZIZE[ET 2 Z L ISR DOLHICDH 2 Nz fHili L 72 /iR0S, RAHNC T EH3
a7 FOEERITKEDET,

727 L. mBERDH B for HinA4 75 7LRERVT, W@ﬁ%dwﬁmm%xbéhkM%wx:~ff
EiTanFEzT, TOEHADBTT, ROV X FHNTRAZINLEIBIMID R a— 712 7 i s” 2
EHHEEA,
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ROFEICH S for HinA 77 7R EAZEHHATVWS Za—TZ2D % kil h. BEEVR AN
FORA-TWZHIBe LTEINET, #IcHi{ for fiiz, mdLEWLDH S for HiDT7 4 VX —FMHEA T 7
TNREZEHEBATVEI A= TEFFETEEEA, VIO ZALEBRBEDATITIANHHEL
NBEITHKIFEL TV D5 LRV 5T, BIZIFRD@ED TF: [x+xy for x in range(10) for y in

range(x, x+10)] .

WKL HIWCHEY RO 2 > 7 HICk 2 DR RIAET 572912, yield X% yield from FUXMEET R At
FORa—-FTci3REEThTVET,

Python 3.6 22 5. async def BI¥{TId async for Hid® asynchronous iterator O RIAGWIRZF 2 DD
NBZZehHNHFE L%, async def BABUCE T2 NERGAH, FKBHONITHI for Hid 2 IF async for
HITHREhTWVWE Z e, BIMOD for fid 5V async for HizFATWVWE I, £D I X await A%
FoTWBZeH20dLhERA, NEREILD async for Hid 2 \WIE await R Z DD IEFRPANE
KLz BATVSHE. U3 IERBARERE CMHEnE 3, EFRMIANTEREIE. ZhdBihsar—F v
BB OFETEHMEE20d LTLERA, PEP 530 32 LTI XV,

Added in version 3.6: IEFHAN TR EAN SN E L,
N—=Yay 3.8 TEHE: yield BXU yield from IZEEWRZANT ORI —F T3 F LT

N— 3 ¥ 3.11 TEH: Asynchronous comprehensions are now allowed inside comprehensions in asyn-

chronous functions. Outer comprehensions implicitly become asynchronous.

6.2.5 UX MR

VR PR, AREIITHDNKDORINT T, RINZZORINTH o THILENEEA:

list_display := "[" [starred_list | comprehension] "1"
play p

VAMERE FiLWIRMATY 227 b252%5F, VAFONAER, KDY R FH4EV R FNERKE
(list comprehension) THRESNE T, v TRUIGNLKD Y A M BGZ o0 Eid, 205 DKEHE
B SEANCIHCFHMEX AL, ZOIHICY A PAREEBEINE T, NERLHEGZ Nt 2id, NEKRELD
FROBERTY X M AR EINE T,

6.2.6 £5XRT

BERTEPEFEMNTRSN, F—Hl27 T 2300 e THEXRB KAl E 3!

set_display == "{" (starred_list | comprehension) "}"

LEFRRE, LV 2 — XAV REEF T2 252 %3, EHEONERER. ROMPFZNERTIC
Yo THREEINET, IU~vXKUDORDY R I BEZ SN i, ZOERITLED SEANIEICFHE X 1,
HEBEF T2 MIIMZABNET, NEERIMAGZ oML 23, NEELOBROBEETEEIER I
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S

ZEEEF Y TR TEEA, OV TINVEEOFHELMIL 7,

6.2.7 EHEXT

A dictionary display is a possibly empty series of dict items (key/value pairs) enclosed in curly braces:

dict_display = "{" [dict_item list | dict_comprehension] "3}"
dict_item_list BRES dict_item ("," dict_item)* [","]

dict_item = expression ":" ezpression | "*x" or_ezpr
dict_comprehension = expression ":" expression comp_for

HERTRE, FiknffEtr 7y =27 b2RLET,

If a comma-separated sequence of dict items is given, they are evaluated from left to right to define the
entries of the dictionary: each key object is used as a key into the dictionary to store the corresponding
value. This means that you can specify the same key multiple times in the dict item list, and the final

dictionary’s value for that key will be the last one given.

A double asterisk ** denotes dictionary unpacking. Its operand must be a mapping. Each mapping item
is added to the new dictionary. Later values replace values already set by earlier dict items and earlier

dictionary unpackings.
Added in version 3.5: EFEFRIRD 7 ¥y ZIIHRANC PEP 448 TIREXNFE LT,

REENCERRLIE. VR PRESONEEE C I RIVIC, @HEO Yor” ® Vif” HiOHIC, an T sh
72 2 DOAXBBET T, NEKILVEHT 5 &, RO F — L HDERD, (ESNTNEITH L WEFEICHA S
nxEg,

Restrictions on the types of the key values are listed earlier in section {ZZE DFEE. (To summarize, the
key type should be hashable, which excludes all mutable objects.) Clashes between duplicate keys are

not detected; the last value (textually rightmost in the display) stored for a given key value prevails.

N—Y gy 3.8 TEHE: Python 3.8 XDHIDOAN—Y a > Tld, HENERTLICBWT, ¥ — L HOFMIERE
FHRINTVWERATL ]z, CPython Tid, fEAF — X DIBICIHEINTWE L, N=Ta ¥ 3.8 5
¥ PEP 572 TIREINTWVWS X 5IT, F-MELDEICFHEENE T,
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6.2.8 L —43

¥ x AL —&3 (generator expression) &&, AFEMZ L o7z 27 PP = 2L —XKFEIETT:

generator_expression = "(" expression comp_for ")"

TxAL—RREF BT 2 AL -2 AT 27 P EEZXET, TOMXINERL L IXEFR T T, A
MR PFRIN T 72 < ARINCH Eh %5,

Pz —RROFTHELNTVEIERIE, BEOI AL —X AL ISR) 2OV 232 =X 4TV
ZMIMNLUT __next__ () XYy FHAMIND & 2 E Tl ELEEINET, 72720, &RDLWCDH S for fi
DA77 IAREEBICGTHINE T, ZORDEZITHELLTT —E BAIOMEIESNIRRTIERL,
VAL —RANERINIRFETREOLNE T, RICKH L for fiv, RBEKCH S for HiD7 4 X -5
HEA 77 7NV KBEEMATV S 22— TEFMTEEHA, LWVWIDRE, ZNSRRDIEDA T I 7
AP LHBLNAEIEFELTVE2H LARVELTT, FIZIXXOMEH TF: (x+y for x in range(10)

for y in range(x, x+10)) .

B oME—D5 e LTETHEICIE, AN ZEBTEEd, # LA BUHL (cll) BizZRL TR
W,

Vb —XREHOMFIN2IMEL YT RNz DIT, yield NS yield from RIIREERANCER SN/
VAL —RTRELIATHET,

Y xL—XHAD async for Hid 2\ await REZATWARHE, 24U IEREBAT T RL—42R LT
NFET, RS =31 — &2 FFEEAA T L —FTHEIHLWIERMIS = 2L — &2 37V =27 P 2K L %
3 (GERHERT TL—4& (Asynchronous Iterator) ZZR LU TLIZE W),

Added in version 3.6: JEEHAY = AL — XA EA I F L=,

N— a ¥ 3.7 TZH: Python 3.7 X DHiTIX, JEFRIAS = L —&2HiZ async def a1 —F  TL2H
AFEATLR, 3.7 »oid, EEOBEBTHERAYY = 2L —2ABEZ 2 X518 D E L,

N—Y a2y 38 TEH: yield BLU yield from EEHRNWZANTFORa—FTEREILE R F L,

6.2.9 Yield

yield_atom = "(" yield_exzpression ")"

yield_from = "yield" "from" ezpression
yield_expression = "yield" expression_list | yield_from

yield F Pz RL—% B RS R L —% BREERT I e 2 icfibh i s, o T, BEEERD
ARERTOAFEZFET, FABOARKT yield X 2HHT 2 & 20BN = 2L — 2B D, async def
BABOARRTHEAT 2 202l —F YEBUIFERIAY = 2 L —ZBBUCRE D 5, FIZRZRD L STk D
x9:

106 % 6 & 1 (expression)



The Python Language Reference, 'J1)—2X 3.12.3

def gen(): # defines a gemerator function
yield 123

async def agen(): # defines an asynchronous generator function
yield 123

EENTVERa—7DEWEA DD, yield RIHRITER I NEZRa—TO—#r L THERTERY =
AL —RRERETZ2DIMHS Z 2 EFAINTVEE A,

N—=Y a3 3.8 TEH: yield Rk, BENRZANTOR I - THERLERY = 2L — 2R EHET 129
DOFRAPEEIEIZRD £ LT,

Tz L= ZERICOVTIET C FTHHS ATV R, MY = 2 L —ZBRE, FEFRAY = L — 2
¥ (asynchronous generator function) B THHAINTVE T,

VAL —XEABPMUOH IR, DXL =R LTDATL—RZRLET, DXL —XIZZD
B2 A L —XEBOETERIELET, YL —XDX Yy RPFFUHI NS L ETHMBINE T,
fmahz e, HHOD yield RFTUHEL T—FREIL L. FFOH LITN expression_list DfEZ. E13
ezpression_list BEMINTVAUL None ZIRL 9, ZITEI MR E. v — I VZEHORM,
MARA Y XPNEDOFHER X v 7, 2 L THIHNIED Z &L TN TO R — A VIREDRFFE NS 2 & &2 Ek
LEF, BE, DXL =KX Yy FBRPFHENTETZERALER, ¥z -4 yield X3 7720
SO LT H o 72D K S5 Z kR L £ 97, FRD yield XOMEIZFATEZHMT 5 X Y v FITKF
LEd, __next__ () ZHHLEEGE (—HRIC for XRMHAALBEE next ) 72Y) DFERIE None 72D

send() BZHEALEGEZZDOXY v RiIZEINENERICZD T,

CHETHMALENEDLS, P2 rL—XEBIZaL—F e TH ILABTVET, ¥ x5 —KEBT
EHEML, 12U EOZY P YRS Y MEFRL, ZOEFE—REILINET, =L —XBEI yield
L 7% CERITOMEZHIEHTE RN L HAME—DEVNTT, ZOHIENIFEICY = 2L —XDIENH Lt~ X
nE9,

yield i try HENTHATEE T, =1L =0 (BRI Y PP ERITET 20, HR—YaL I a
2k D) BTHNCHBEARWES, Y2 —X- 4 7L —&D close() XY v FOIN, finally Hi
MEITENET,

yield from <expr> M L7=:35A. A 6NALRIEA T 77V TRINERD EEA, ZDATFTN%
AT7L—=1FFTB2Z TERINMBREIEDY 2 AL —XD XY vy RO LITABEZEEXNE T, send()
THEINDLWEHEE throw() TEINLDHSWLHISNIRED A 7L — XIHEY R XY v FBHIUTTE
INFET, HYRXY v FBRVWEE, send() & AttributeError 2 TypeError %. throw() XEXh
7= Bst 2 BRI E L £ 9

WEDA 7L —XD5ETHE, 5|&#Z X7z Stoplteration £ ¥ A X ¥ AD value BHIZZD yield XD
fEx 72D £3, StopIteration L Z THRCHARIICE Y PENED, B TATL—=XRBRP 232 L—KXTH
X (74T L= o0Z5{ET) BBy FENE30DEB L2 T,

N—Ya ¥y 33 TEH: 74 7L —XIZHIE 70 —%2ZiET 57-0IC yield from <expr> MBI F
L7z

yield XPRAXDHFIO LK TH 2 & =, FHlFEHTE T,
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BE:

PEP 255 - Bz L —%&

Python NOY =1L —& ¥ yield XDEARELE,

PEP 342 - fiskE =z xL—2ZAVIL—F > ¥

VI aAN—F T LTHIHTES L5112, Y2 —XDEXE AP ZHLRT 2 1RE,

PEP 380 - H 7S xR L —RADEEIE v

Tz AL —RDEERHEICT 570D, yield_from MiXDEARSE,

PEP 525 - JEEHAZ L —4& a

—F VEBADY £ 2 L —RDEIERES DB LS PEP 492 OYLRIEZR,

PIRL—E-ATL—EXV Y

ZOMTIET 2 XL —ZATL—ZDXY v FIZOWTHIALES, 2hdidy = L — ZBEBOETHIMEIC
FHTEET,

HUTOY AL —&ZXY vy FOMUHLIZ, ¥zl —ZDBRBICFETHDYEE ValueError flA X T 3
HICHEEBRLTL XN,

generator.__next__()

P — RBEEOETERBT 20, BRI yield AREITINZL ZA300HALEST, =2
L—XBIDY __next__ (O XY v FIZXo THEEINLF, ZORED yield OMEIZHIZ None &
M NET, ZOBRRD yield RETHEITL, V2L —RIE—FHFIL L. exzpression_list O
% __next__ () XYy FOMUHLITTIKRLE T, Y2 RX L —XBRDE%R yield BFTITHKT L7
4. StopIteration flAAA kXN E T,

ZOXYy FE@EH, B2 for v—RHAAALD next O BIRIC X o THEEICIF O S %5,

generator.send (value)

L —XERONEANEL 7 ED . FEITEHEMALET, 518D value 1ZF DRFRD yield O
RO ET, send) XV vy FIFRIZI 2 AV —XDPERLIELZRL, ¥z 2L —XBROELAE
R 57T F 5L StopIteration ZEAH L %3, send() DHIFIHEINTY = 2 L — XD
B35 e 2k, B2 yield ADBFEELRVWD T, None 2518 LTHUHIRITNIRD F
A

generator.throw(value)

generator.throw(type[, value[, tmceback] ])

AL —ZPHELIMNETHNEREZIE T, 2OV 22 L —XBEBDPERT 2 RXDMEEIEL F
Fo VAL —XPMEZEMT SR HET T 5L Stoplteration BHEAELET, Y x L —XH
BOEINHNZHIE LRV, D LITESFINEZREZR 225, ZOHBMNIMOHE Lt
nEJ,

In typical use, this is called with a single exception instance similar to the way the raise keyword

is used.
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For backwards compatibility, however, the second signature is supported, following a convention
from older versions of Python. The type argument should be an exception class, and value should be
an exception instance. If the value is not provided, the type constructor is called to get an instance.
If traceback is provided, it is set on the exception, otherwise any existing __traceback__ attribute

stored in walue may be cleared.

N—3 a3 v 3.12 TEH: The second signature (type[, value[, traceback]]) is deprecated and may

be removed in a future version of Python.

generator.close()

Yz L— XA —RHE L U725 T GeneratorExit #EAEXVE T, ZL T, Y=L —XEK
PRI TS 20, BRICZ0—XENTWa 5, (BIAIHHIE S 8D o 727-012) GeneratorExit
DR ENTGE, close WFFTHLITTARD £3, Yz L —X2MEZEKT 257 RuntimeError
DFEAELET, close) FY = AL —XDPISRIEFERETICE DB T LTV HEIEMD LE
A,

fERBHI

UTOMHELRY Y I MEY 22 —R Y = 2 L — XBEBOIR 2 2 EFITHNA L ET:

>>> def echo(value=None):
print("Execution starts when 'next()' is called for the first time.")
try:
while True:
try:
value = (yield value)
except Exception as e:
value = e
finally:

print("Don't forget to clean up when 'close()' is called.")

>>> generator = echo(1)

>>> print(next (generator))

Execution starts when 'mext()' is called for the first time.
1

>>> print(next (generator))

None

>>> print(generator.send(2))

2

>>> generator.throw(TypeError, "spam")
TypeError('spam',)

>>> generator.close()

Don't forget to clean up when 'close()' is called.

yield from DOffHAIZ, "What’s New in Python.” @ pep-380 #ZMR L TL 2 &\,
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JERHEAY = L — X E8%K (asynchronous generator function)

async def AL CTERINLEBL XY v FIC yield Rp3H 2 2. 2O FEES L —4% B
ELTERSINET,

FEFIHAY = 4 L — X BB OIS &, FERIISY = 1L — & A 7Y =2 7 b EHEN 2 IEREIA 71— &3
BENET, ZLTC Z20A 7V 27 MIY 231 L —XBROFET2HIEL 9, @%. FRPHY = 21—
A7V ME ar—F YERAD async for XTHbH, ZHEI AL —RFTI 27 MDA for X
TEDA DT ICHLIL 5,

FEFRY AL —ZDXY vy RO 1 22U T awaitable A 72 =7 bAHREN, DA T Y =7 bHH)
(BB o ZIZETHMBEINE T, 2D L ZWZETEIEIOD yield XNETHA, £ THEHKEA,
ezpression_list DIEZFFET O AN —F TELE T, Y=L —&X R, Hireid, BfEon—7
VAR, aRA v 2 WEEHER 2 v 7, B XOCFSMUEDIRER Y. 3T a— A RIREED R
NEZZEEHRLET, ERAIIY 2 AL —XDAY v RPBLRDF T 27 MR E N Z & TEITHHHX
N, BBIEH70d yield ADBEZLZM4HIFCHLTH 200 L5 CUHZEDTVWEE T, HEFKZOD
yield ADMEIX, ETZHEHB LAY Yy FITX-oTEREDET, __anext__ () 2o 72551k, #RIX None
WD ET, £25TIdRL. asend) DMEHINELER. HRIZZOXY v FITESNMEIZRD £5,

If an asynchronous generator happens to exit early by break, the caller task being cancelled, or other
exceptions, the generator’s async cleanup code will run and possibly raise exceptions or access context
variables in an unexpected context--perhaps after the lifetime of tasks it depends, or during the event loop
shutdown when the async-generator garbage collection hook is called. To prevent this, the caller must
explicitly close the async generator by calling aclose () method to finalize the generator and ultimately

detach it from the event loop.

FERIMIY = % L — ZBIETIR, try BN DEROHFIT yield ABEHTE X9, XL, JERIPY = %
L—&, (BRAT Y I BERIGET E0, IRN—YaL 7P avick?) TR X D FHICHEB SN0
&, try BN O yield UFKEE R D, EITREL R o7 finally HiXFETEINE T, ZDFr—RA T, FE
Y 2 A L= ZDBMEB L TV B ARY ML= TRRT Y 2 — 7 OBEBKIE, FEAPY = 2L —XD aclose()
XYy REMROHL, BDOaL—F o727 b2FETL, 2R E o TETRHFBZ 57 finally Hidd
FITTELLIICLET,

To take care of finalization upon event loop termination, an event loop should define a finalizer function
which takes an asynchronous generator-iterator and presumably calls aclose () and executes the corou-
tine. This finalizer may be registered by calling sys.set_asyncgen_hooks(). When first iterated over,
an asynchronous generator-iterator will store the registered finalizer to be called upon finalization. For a
reference example of a finalizer method see the implementation of asyncio.Loop.shutdown_asyncgens

in Lib/asyncio/base__events.py.

yield from <expr> &, IEMEIHAY = 2L — KB THbI 2 & UET T —I12i D ¥£3,
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R TR L — R AT L—R XYY

ZO/NHITIE, VxR L — ZEBOETHIENCHEDNZIERPAS 22 L — XA FTL—ZDX Y v FIZOWT

nglL:L

HLEI,

coroutine agen.__anext__()

Returns an awaitable which when run starts to execute the asynchronous generator or resumes
it at the last executed yield expression. When an asynchronous generator function is resumed
with an __anezt__ () method, the current yield expression always evaluates to None in the re-
turned awaitable, which when run will continue to the next yield expression. The value of the
ezpression_list of the yield expression is the value of the StopIteration exception raised by
the completing coroutine. If the asynchronous generator exits without yielding another value,
the awaitable instead raises a StopAsyncIteration exception, signalling that the asynchronous

iteration has completed.

ZDOXYy G, for V=TI & > THHERRIFFH IR E T,

coroutine agen.asend (value)

Returns an awaitable which when run resumes the execution of the asynchronous generator. As
with the send() method for a generator, this ”sends” a value into the asynchronous generator
function, and the value argument becomes the result of the current yield expression. The awaitable
returned by the asend () method will return the next value yielded by the generator as the value
of the raised StopIteration, or raises StopAsyncIteration if the asynchronous generator exits
without yielding another value. When asend () is called to start the asynchronous generator, it
must be called with None as the argument, because there is no yield expression that could receive

the value.

coroutine agen.athrow(value)

coroutine agen.athrow(type[, value[, tmceback] ])

Returns an awaitable that raises an exception of type type at the point where the asynchronous
generator was paused, and returns the next value yielded by the generator function as the value of
the raised StopIteration exception. If the asynchronous generator exits without yielding another
value, a StopAsyncIteration exception is raised by the awaitable. If the generator function does
not catch the passed-in exception, or raises a different exception, then when the awaitable is run

that exception propagates to the caller of the awaitable.

N—3 3 v 3.12 TEHE: The second signature (type[, value[, traceback]]) is deprecated and may

be removed in a future version of Python.

coroutine agen.aclose()

Returns an awaitable that when run will throw a GeneratorExit into the asynchronous generator
function at the point where it was paused. If the asynchronous generator function then exits
gracefully, is already closed, or raises GeneratorExit (by not catching the exception), then the
returned awaitable will raise a StopIteration exception. Any further awaitables returned by
subsequent calls to the asynchronous generator will raise a StopAsyncIteration exception. If

the asynchronous generator yields a value, a RuntimeError is raised by the awaitable. If the

6.2.
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asynchronous generator raises any other exception, it is propagated to the caller of the awaitable.
If the asynchronous generator has already exited due to an exception or normal exit, then further

calls to aclose () will return an awaitable that does nothing.

6.3 7513V

TI7A4RVIE BRHRCBVWTREGOHNMEEERLE T, R TDO X512k 9

primary = atom | attributeref | subscription | slicing | call

6.3.1 EtBR

BHESRIZ. 54 VDBACEYF FeLhizERZdDTT:

attributeref := primary "." identifier

The primary must evaluate to an object of a type that supports attribute references, which most objects
do. This object is then asked to produce the attribute whose name is the identifier. The type and value
produced is determined by the object. Multiple evaluations of the same attribute reference may yield

different objects.

This production can be customized by overriding the __getattribute__ () method or the
__getattr__ () method. The __getattribute__() method is called first and either returns a value

or raises AttributeError if the attribute is not available.

If an AttributeError is raised and the object has a __getattr__() method, that method is called as
a fallback.

6.3.2 RFIREC (subscription)

The subscription of an instance of a container class will generally select an element from the container.

The subscription of a generic class will generally return a GenericAlias object.

subscription ==  primary "[" ezpression_list "]"

When an object is subscripted, the interpreter will evaluate the primary and the expression list.

The primary must evaluate to an object that supports subscription. An object may support subscription
through defining one or both of __getitem__ () and __class_getitem_ _ (). When the primary is
subscripted, the evaluated result of the expression list will be passed to one of these methods. For more
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details on when __class_getitem__ is called instead of __getitem__, see class__getitem, VErsus

_gelitem___.

If the expression list contains at least one comma, it will evaluate to a tuple containing the items of the

expression list. Otherwise, the expression list will evaluate to the value of the list’s sole member.

MARAF T 27 P T, __getitem _ () KXo THRFRIEETR—IT247V227 M2 2 EBED
hE3:

1. vv ¥y, 754<Uh Twbyd Thiud, R Rk OEFHIERIE~ v THOWFRD D F —
RN T 24 79 2 7 MERSRIFUIED $8 A, FERRIE. Z20F— ST 27y Y 7
Dl (value) ZEIRLE T, HARADY Y ¥Y 72 5 20MIE dict 752 TH,

2. =T VR, TIARIN =2 THHUI, RV R+ OFHflifIRIE int F7213 slice (LA OHi
THICET) TRIFNUIRD FEA, HARAALDY —r Y 27 5 ZADHNZIE str, list, tuple 7 7 X
PEENET,

The formal syntax makes no special provision for negative indices in sequences. However, built-in se-
quences all provide a __getitem__ () method that interprets negative indices by adding the length of
the sequence to the index so that, for example, x [-1] selects the last item of x. The resulting value must
be a nonnegative integer less than the number of items in the sequence, and the subscription selects the
item whose index is that value (counting from zero). Since the support for negative indices and slicing
occurs in the object’s __getitem__ () method, subclasses overriding this method will need to explicitly

add that support.

XFH ESFE (character) B BR L T A2RAIRBEO Y — 7 Y AT, XFRMEFOBRTIER L, 1 XFEEY
BB XFHITT,

6.3.3 251 ZAK:E (slicing)

ATARRRES =T VAT T2 b (XFH RTVERIZV RN B2 H2HEOBERLEIRL E
T, A7 A4 AKEEFR LTHWZD, (AR del XOXRE LTHWEDTEE T, A7 4 ARTLDEX
WOLTo L5k £3:

slicing n=  primary "[" slice_list "]1"

slice_list = slice_item ("," slice_item)* [","]

slice_item n= expression | proper_slice

proper_slice 1= [lower_bound] ":" [upper_bound] [ ":" [stride] ]
lower_bound n= erpression

upper_bound n= erpression

stride n= exrpression

LR OB ANRESGRCEDVEVRE A0 DET: KUVRMCRIZ2DDIE. ATARAVRMIHHRZ
570, IWFRILIBFARATA AKGLE LTHRNENS 205 28 TY, (R7A4 RV R MDPEYIIRZAT 4 R
EEERVIER). ThU EORCOEMLIZE T, 254 AKEL L LTOMRE D HRTFRILL L TOMRR
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DELEINDIIICERTIILT,. DVEVIZEHBEONTVWET,

The semantics for a slicing are as follows. The primary is indexed (using the same __getitem__ ()
method as normal subscription) with a key that is constructed from the slice list, as follows. If the slice
list contains at least one comma, the key is a tuple containing the conversion of the slice items; otherwise,
the conversion of the lone slice item is the key. The conversion of a slice item that is an expression is
that expression. The conversion of a proper slice is a slice object (see section {2ZE DFEE) whose start,
stop and step attributes are the values of the expressions given as lower bound, upper bound and stride,

respectively, substituting None for missing expressions.

6.3.4 IFTFHL (call)

MO UK, MO LATEELY 72 = 7 b (B2 function) % arguments DRI & HIEIHLET, R
FNEZEORINITH > THLEVERA:

call n= primary "(" [argument_list [","] | comprehension] ")"
argument_list = positional_arguments ["," starred_and_keywords]

["," keywords_arguments]

| starred_and_keywords ["," keywords_arguments]

| keywords_arguments

positional_arguments = positional_item ("," positional_item)=*
positional_item n= assignment_expression | "x" expression
starred_and_keywords = ("x" expression | keyword_item)

("," "x" egpression | "," keyword_titem)x*
keywords_arguments n= (keyword_item | "*x" ezpression)

("," keyword_stem | "," "*x" expression)*
keyword_item n= identifier "=" expression

REDMEG IR F -7 — FEIBDRICA V< 2D2F T 2TV EHA, MXDOERMNTEELZKIZT L
BEHHEL A

The primary must evaluate to a callable object (user-defined functions, built-in functions, methods of
built-in objects, class objects, methods of class instances, and all objects having a __call__ () method
are callable). All argument expressions are evaluated before the call is attempted. Please refer to section

BAZES for the syntax of formal parameter lists.

F—U— N5 BDBFET 225G, UTD X5 L THERINSHESIE (positional argument) IZE#I N KT,
T3, HOA o TR E Yy FHARGIEICH L TERSNE T, N EOMET B D 256, (ELIEIZE
BHO N Z2my MIEREZINE T, KT, EF—U— F5l8uOWT, #@hlF2lioTHIGT 220y 2R
ELET GRATOERIORSIBALFETRS, BPIOZABy b E#S | LWVWoBATT), ARy MTT
WICFARTHE > TW 5 TypeError HIADEHINE T, ZhDINDGEA,. 5IER ey MIHEDTVWE
%73, (X2 None TH-TH, ZORXTRuy MDD ET), ETOFIEDIIHEEN-6, ELEDLNT
WRWRAR Y b EZNZIVCHIGT 2 BEBERRNO T 7 + L METHD T, (77 4V M, BEDER
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SN FRX—ERIFHEINETT; o T, VA MNPHED XS REHEARERA 7Y =27 VBT 7 4V MA
LT e, WETEAR Yy MISIBERRELRVWED, 2047227 ML TOREH Lr5HH
SNFET; ZOXSRBUIEF T Z2RETT, ) 77 44 MEMPHEE S TVRWV, [HOED STV
W28y Ko TWAE5E TypeError HIANEH SN E T, 25 TRWES. HoMO shxay b
57225V A MHIFNHLOFIEE LTEDRLE T,

CPython REDFH: FHETIE. HHTZRTRWES Bz 2 TS HAAABEB RSN LK
Bho ZIVoLGIBMBFFa Xy MLDTDIZ " AT HNT Wk LTH, ERICEBEANTFoh T
VWOTHF—U— FTIRREEINFTHE A, CPython Tld, C SFETEEINLBHD. ARizHiiWiIES]
& —RF 572912 PyArg_ParseTuple() ZfHL 3,

Rl Aa Yy FOBED 2 DMERIHDD 25556, WX *identifier %l o THHE XN 7ARGIED
MED | TypeError BIAt B EH XN E T K5 IEL *xidentifier 2B 2GH. T DIRGIEIEIRD 7207 B S 15D
A272Z TN (B LI, ROBMES DR WVIGFICIIEDO X TN) 22D £,

F—7 = F5IBDVT O 0MRG A ITHIE LR WIEE. #3 +*xidentifier %o THE SN2 RE1%K
DIRWVER D TypeError BRI N E T IRG5IEL **identifier B3H BHE. Z DIRGIEIIRT IR F—
U —F5ED Ao (F—V—FZ2F—r L., 5l8lEZ Xt T 2fHLe L) BFEZZTID £3, R
BH¥F =T — PR RVGEITIE, O (Fier) BEZZITWD £73,

B OO LIS *expression & WO MXDBIN 535513, expression OFHIifERIE 1757 Thith
2D FERA, EDA T T7NVOEFEIL, BMOMNELSIETH 20D L5 b Ed, £(x1, x2, *y, x3,
x4) LWVWIOIMUHLIZBWT, y OFMEFERES — 7 v 2 yl, ..., yM 7o 72385513, TOMCH LIZ M+4
EDRIBES IR 21, 22, y1, ..., yM, x3, x4 TOMUTHL R TIZEZD 5,

Z DOfiam & L TIE, *expression X3 F —V — F5[HD #3 1TK2ZedHD FIH. F—U—F5lH
(EEE D *xexpression 58 - TZ2ZM) Db Al H2dbD LTUHENET, [EoT. TDLS5%
iRz h 35

>>> def f(a, b):
print(a, b)

>>> f(b=1, *(2,))
21
>>> f(a=1, *(2,))
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: f£() got multiple values for keyword argument 'a'
>>> £(1, *(2,))
12

F¥—7— F5l8¥ *expression M ZFUMUOH L T—HIHS 2 3HEDRVDOT, EEIC LD LS
RIEEAHBICE T2 Z2idH D EXE A,

RIS O HY L C #*expression M aMb /=8, expression OFHEfERIE T v E>V S TRIFAUILD
FtA, TOARIEMDF—T - 58 LTHRLNET, F—IZ~ v FT 5580 (HRNERF—Y—F
FIEUC Lo T, H20VEMD T oty Z70HT) BEIZEZ S5 Z 5TV 5, TypeError flftpEiti & h
£7,
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When **expression is used, each key in this mapping must be a string. Each value from the mapping
is assigned to the first formal parameter eligible for keyword assignment whose name is equal to the key.
A key need not be a Python identifier (e.g. "max-temp °F" is acceptable, although it will not match
any formal parameter that could be declared). If there is no match to a formal parameter the key-value

pair is collected by the ** parameter, if there is one, or if there is not, a TypeError exception is raised.

*xidentifier X **identifier M & o 7RG I1EIX, MESIHRAR Yy bPF—U—FEHZAICTE N
TEFEHA,

N—=Pa ¥ 3.5 TEHE: HEIFOH UIKMERORD x+ 728y 72 *x 728y Z7EZITWD . (E5 8B4
TITNT YRy T (x) DRAHIIET, F—V— FEEUIHET >y 7 (xx) ORDICET S X517 D %
L7zo @IS PEP 448 TIREINF Lz,

UL 21T &, B 2R LRWERD . B 502 DfEZEL £, None Z RIHEDHD T, KD
ERED LS CHEHEIAZ 2, MOHLATEEA 7Y =227 FOIERBICE o TREZD 75

HIAETIE—

1-TEREH: £3]
Boa—r7ay 212580 A MHRESHA, FITShET, a—F7ey2id. $3IRGIEEFETEIC
A (bind) LE9; ZOEFICOVWTIE BHES TiddL TWET, 23— K71 v 7T return XH
FATEN BB, BB LOR D E (return value) ARE SN E T,

HAAHBERETIEAY v I 4
BiEA V&2 7Y RIEIFL 3 #HARAABEER X Y v FOFMIZ built-in-funcs 2L TLEE W,

DSRATS U b+ va
DI FGADFH LVA VAR ADIBREINE T,

DSAA VARV AR W R *f
5T AL —FEZOHBAESCHINET, 2o, BEHLEOS Y X N EXh—2E0WgHVU X
FCIREOHENET: £ VAR ANV A S DOEFHIGEMEINE T,

VDIRAA VARV R:
The class must define a __call__ () method; the effect is then the same as if that method was
called.

6.4 Await I

awaitable X 7Y =7 N TD coroutine Ef7% —FHEIL U E T coroutine function WTOAMHATE £3,

await_expr = "await" primary

Added in version 3.5.
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6.5 NEFEHE (power operator)

NEFEEHEIX, AHNCH 2 BIEEAET XD SBOESEEEN D) £33, —7H, GHlich2BIEEAE T LD
WFIFWEEEEIEMIC > TVWET, BB TD X512k ) 3

power = (await_expr | primary) ["*x" u_ezpr]

o T, NIRRT L BIAHA 722 672 2 HESDIFEINCHDOA TWIRWE S, HETRERSEAN LR
flich g (ZOHLEFEETONEF ZHEHI L A, DFED -1x:x213 -1 TR D 7).

NEREHEFOREKE, ZOoD5 T XN 2 HAAABY pow() LRT T, E5lzHGIREERL TS
ZFT, BE5IEE F @RI LT, HREZDRITY,

BEOWEE TR, B 58P ATRVED, HRIEIWEEFERICAICR Y 23, B 5180808
2 TOFBIFE/ NS AN E XN, FEVMNUSEIPIR XN E T, HlZIE 10%x2 X 100 IR L F 323,
10%x*-2 1% 0.01 2R L ¥,

0.0 ZEDITNEFRT 5L ZeroDivisionError ZEMH L ¥ 3, BOEZ/NUTRNERL LMERITERK
(complex number) IZ72 D £3, (LD N— a > Tid ValueError ZEH L TWE L)

This operation can be customized using the special __pow_ _ () method.

6.6 HIEEMERE L E Y FEAIEE (unary arithmetic and bitwise oper-

ation)

ETOHERAMER e vy MRAERIE, FCELECZR >