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CHAPTER 1

—Hizhy Python EREEE

1.1 —RR &
1.1.1 {+[F/& Python?

Python /& — T E#EM0. HEK. WS RREEE. Basa T4, s, BEAE (dynamic
typing). FEH BB REERIE), PAK class (BHE]). TRECRY MG RN she Z st
ML, BInFERF X (procedural) F1pE=UEEF (functional) F2UEkHT. Python &5 4 T 5Hk A T B EEL I 3 15 T 1)
FEYE . EATHE RS RIE S ER A, AR TERE RSN, EHAE C 8 C++ FfAETRE. B
A DAEE B s, 6 A 0] #2206/ T (programmable interface) (11 fI##X . #f%, Python
FW[E)Y (portable): B REMEATHERTZ Unix ({5584 I, fU4% Linux il macOS, tHAE#EITHE Windows .

AR E L, FH tutorial-index BHLG . Python 4525 4 1wl 45 B HC A /4 U B DA I B2 Python
ON<e/ 8

1.1.2 {+[ElZ Python BiiEE £ & ?

Python X ## 3 4> €& (Python Software Foundation) J&—{ % v/ i B FIEAH AR, B #EA Python 2.1 Mt 1%
FRAHIRHE . PSF Yl fir /e iR 4 5% Python R A 5 A B RY BIA SR IS 5248, DAKCE {8 Python f (i
. PSF & EF484EE https://www.python.org/psf/,

TEEBABFKA PSF 2l . SR T Python FSBIEMRA M, #5% PSF a7 E mE e it EEk.

1.1.3 f&/ Python B35 {E{aT hin 48 PR 5 W5 7

PRAT DA B R IS MO AT AR AL 05, AR B, [ELHAEAREWER AL B 7 Python fY(EIRH 3L
BURTELECRERI T o WRAREE ST ORERLAN , vl AR Python HIRARIZE &, PAIURREE M (12
s R ) S5 Python FYEIA, =i DAEARIE A8 B [ & Python YENfh . 4K, FAMUIIR G A0 AE
B i) Python T Hli& -

a2 E FHEEn, ARHERA R ERIR PSF BHE 4 SOy Ak

Python #EEIZEIERIHE, 7T FHRERF AR E. M2ENEEH IO ARG EL &l



https://wiki.python.org/moin/BeginnersGuide
https://www.python.org/psf/
https://www.python.org/psf/donations/
https://docs.python.org/3/license.html
https://www.python.org/psf/trademarks/
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1.1.4 E#Et+E Python SHialEH kK ?

PAF 22 H1 Guido van Rossum IF#£55 B8 — 1A BR 46 1 3 5 5 A i i 22 -

FKAE CWI ) ABC /M A BVE A el 5 0 ) B s 4858, M B s/ M & 1E, e
FITARZ B S BT RGN . S22 72 Python INREMVIEIR, W50 SrHREEA THGA >0 L
PAR AR B s i R E ([E/EAE Python FF A ERE KR ) .

F¥ ABC B A L4, HRLWEEEWF2I6E. MEHERT ABC s (BHEE) &K
KB HILE AT EI’J HE L, ezt e KM EY —. TG LA
Modula-2+ [ &8 5%, tHLEL Modula-3 1% 51E<c#ki, [FE#E T Modula-3 m&%o Modula-3 5
& B b S 55 4h—2E Python T BB A FEE A EEFR AL I o

FHE W IEAE CWI () Amoeba 7 B MEZE R G/ ML TAE. BRMTFE—TE 4 E C #2205, Bourne
shell [EIAS -1 5 5K T R 40558, AIE) Amoeba H H ORI R FIEIY AT, T8 M3k 1 B
Hif Bourne shell HEATAFHL. FKAE Amoeba B FHEE R AEBR , MEFRIY) 2 2 5 AME LR
A rtFE S I Reny B E .

oA, —FERARIL ABC HYFRVAH AT AFFHL Amoeba 2 8P I Y VAR 5 1 B 2 %
ﬁ—k TR Amoeba HAIREF R BIRN, FrAKEE, RFE T AR Z ARG

?" 1989 AE Y ELGE A ), AMRE A hReH, FrAREEREW—T . 7EH T AR —FL,
HfESRFRIH 3 Ry S RYEE UL I 8% Jg , {5 Python 7 Amoeba HZEH i 1531 1 BAGHZ Y
J8y, LI P Il i AR B e 3 1 3 2 L ok

199142 H, #l—4FE 2y, REEMTEES USENET. HAhW e E#RE Misc/
HISTORY HHZ .

1.1.5 /2 Python ERHEE ?

Python TR REEZ ARG AT AR E R 2 A R

TR S RO T — R s U, IR T R R (IEMIZRK. Unicode, A5 2 [l 22 [F)H
%f) AlEEAERE 2 (HTTP. FTP. SMTP. XML-RPC. POP. IMAP). ## T.i2 (Bcllat. HIERCE.
ACRESYDT, AT Python FESAG) VARAMESERGEA I (RGN, MRS RS, TCP/IP i (socket)) 554
I, FEE library-index § HE, PATMERIFHAGRR. BOOh, BEA ARG =I5 58, A2 Python
£(1%53] (ython Package Index) A 1A BB ZS T

1.1.6 Python YRR & 55 R ¥ =40 E (R ?

Python -4 & 4 5% E]"A.B.C” 5{"A.B”:
o A BB SIE - & R @TEREH A FLE SRR S R A Er3g .
o BIEWRBRUA S - HA 55 B0 /)N 5 5 L SRR
o C EUMEA S SE— @{ERERETRRIZ IE 887 (bugfix release) 3411

[EHEFTA I AT AR S AR IB IEBTTRA . (E—(E T D BB T AR A HERG PR BL, AT — 251 BB
A, FBUR[E alpha, beta BB EEAT A (release candidate). Alpha j2 17 1A] i R e AL B I BE AT A
FI Wi alpha B A 2 19 /8 EER €74 N840 Beta HIEERRE, CRED T BIAI I, (H0THE
SRR, TSR BT RAS G oRAT, BT TR IE R RO, A E I T

Alpha, beta 11588 BT RAERA — H B NRAR A -
« Alpha JUAR B2 aN", Hih N 2 BB/ M
* Beta ilRASIRBE DN, ot N 2 LB MY
o RSB AUA AR B TN, Hit N BN BT

2 Chapter 1. —fi%#y Python E RIZ &%


https://pypi.org
https://pypi.org
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EVAEEE), A EESAE 2.0aN IR ASESERDCE) 2.06N [IRAZ B, T 2.0bN JRASEERESEE 2.0reN (1)
A Z B, HEAIERELE 2.0 BUZ B .

PR TT AR [+ BB, Bl [2.2+ ), BB RBA NS, B¢ CPython 1 B %8 %
P EE., HEL, 8 - RINEKRBERAS SRS %, A S SER & e m s~ — R R A,
EIREE] a0l fZ, Bt [2.4a0].

See the Developer’s Guide for more information about the development cycle, and PEP 387 to learn more about
Python’s backward compatibility policy. See also the documentation for sys.version, sys.hexversion,
and sys.version_info.

1.1.7 HEMTFF Python B FRIHEER ?
BT Python JEUAGHEEE 47 i 7K T DAYE python.org BUS:, 7 https://www.python.org/downloads/. H:HiH B
B vh JE UG HE A DATE https://github.com/python/cpython/ Bif5: .

JR AR BEAT I 2 — (R A gzip JEARY tar 1, B0 & 5EHR C JEUATE. Sphinx #5XiEIWI ¢4, Python pg
AmA . FBIAR, DARML Rl A 3 T s R IETE A2 B UNIX -5 F, #2 I PASE
B Bt e B AT

B U S R AR RS (SR AR, 5 2 (E) Python B8\ B4 1 T 197 Getting Started” Bk

1.1.8 HE{TEE Python TR 7
Python F| {if& & A A HEEBH S04 RTFE https://docs.python.org/3/ #k 5] . PDF. &l Sc 51 m] Rk HTML
JRA W AT FE https://docs.python.org/3/download.html %3],

[EJBH 342 DA reStructuredText 48 24055, [Elfl Sphinx [EIBH 02 T H R . [FJBH S04 reStructured Text J5
W12 Python JEU IR A ¥4 TR A —3 43

1.1.9 HERRDHFHEENX, HIFH Python KIS ?

ARIZ BRI ERE . BIEE] S weorial-index.
a3 Python FEsURkHIIERH WA, WHRBEREEIIR, FH2E0EH .

1.1.10 F(IJ%F Python F & i3 B BEHE =k 2D 14 54 3R 8% 7

A —{H 3 B 4H (newsgroup), comp. lang.python, WA —{H# {45 5EE (mailing list), python-list, 3
TREARURT (5w D A T ) W SRR AR TR B, AR I AT (515w . comp. lang. python
FI RS, R e O RS SCEE, T Usenet 1 i i 152 A (0 i G R SCa st .

BB A S AR A, 7T AFE comp.lang.python.announce ], g 2 — 8 (IR B A 88 o
A REEIRA TR EHAETE python-announce T /il i Y B THT HRT T,

IR T AL T S e AR BT REALA SE 2 L, T DAFE hittps://www.python.org/community/lists/ ¢ E] .
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https://devguide.python.org/developer-workflow/development-cycle/
https://peps.python.org/pep-0387/
https://www.python.org/downloads/
https://github.com/python/cpython/
https://devguide.python.org/setup/
https://docs.python.org/3/
https://docs.python.org/3/download.html
https://sphinx-doc.org/
https://wiki.python.org/moin/BeginnersGuide
https://mail.python.org/mailman/listinfo/python-list
https://mail.python.org/mailman3/lists/python-announce-list.python.org/
https://www.python.org/community/lists/
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1.1.11 in{gER{{ Python B4 beta JBIEIRZA ?
Alpha F1 beta #f 15 it 4% 7] DA #¢ https://www.python.org/downloads/ BU 15, JF 45 1 %8 11 iU A #5 €r 78

comp.lang.python ] comp.lang.python.announce i B4 B 1, L€ 7F Python 15 E https://www.python.org/
HEAf s RSS i B 22 W Y

YRR AR Git SRAFHL Python FYBREEMUA . B2 REANEHI, F2(E Python B N EE M
1.1.12 a3 Python RS RRREFIERHES ?

]y — {E] gk (bug) BLHE A — B REFER (patch), 58 H A https:/github.com/python/cpython/issues [1] [
B E AEN

%Mﬂ@%%wmmﬁﬁﬁﬁﬁ #H2(E Python B #E N RURHI,
1.1.13 EHRAHRMR Python BEIE LR ETHEE 7

WFFRR RS AR B = B B Python FH .
sl Python (130 E2HE 1991 AR5 1Y, (HBUERE CAGHBI 1.

Guido van Rossum /1 Jelke de Boer, [ {ifi ff] Python #2558 & BB s E AR 2s |, CWI
A, AL, HAW (1991 4 12 H), FrasirEery, 25 283-303 .

1.1.14 HEHRR Python & ?

A, REEO&WMN, WEELZIEES R, 5#2F python.org [y wiki 7E https://wiki.python.org/moin/
PythonBooks B i #F i{EE H i 5. .

PRULTT DATEAR 55 18 S B 85 [Python ], [EVith i #si Monty Python (145 s sl WA [Python | Fi

|—F1IIIII|

1.1.15 www.python.org B E & {3 B 7EHB(E] ?
Python %211 SR a4, ¢l Python JLREESR MDA B . SRR

1.1.16 [Eft[FIZEHRZ[E Python ?

‘# Guido van Rossum BHIGEL/F Python IR, ity 1E7E[E)E 1970 454t BBC EEIEi H [ Monty Python [1) 1 T
TS ] By UBIAS . Van Rossum g2EMh R 28 4. fds LS 2 7, HIbthEE s a%iEs
#E(E) Python,

1.1.17 BFEEE [Monty Python f9RITEEME | 1§ ?
RET, [HEAEY.
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https://www.python.org/downloads/
https://www.python.org/
https://devguide.python.org/
https://github.com/python/cpython/issues
https://devguide.python.org/
https://ir.cwi.nl/pub/18204
https://wiki.python.org/moin/PythonBooks
https://wiki.python.org/moin/PythonBooks
https://infra.psf.io
https://en.wikipedia.org/wiki/Monty_Python
https://en.wikipedia.org/wiki/Monty_Python
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1.2 ZEE#FR P Python

1.2.1 Python BJi8 FfEan{a ?
JEERE. B 1991 454G, KA 6 2 18 18 ARG Mip e oA, m HiEE AR g guErT.
7 3.9 i kR, Python &F 12 fi H K @ R — (R DI REREA T AL (PEP 602).

I A B O S SRR S S TE A, BT S AR U G O BB . BRI
B FE AR R B (5 8 (11353, 3.62) , ESEIA Grigh IR B e e Gt
RN, N e A s e AR EE, BRI RIS E T R A e
R

HRORT AR e BT AR BEIRE B 1T DAYE Python (1T 1483 Python A7 Wil 2[5t 4 (production-ready) 11
FiAS 2 Fl 3xo HEBEIIBUASAE 3.x, BLRUAS BRI i (B i 02 o ) 1y e R T S0 - SR 2.x (TR Bl e
ZEA, (HE O,

1.2.2 HZ /D A\TEER Python ?

TREA AT RGN, (BB SR R DA E Y .

Python J& il DAG B R, FTAAS &G 858 0%, 10 ELE W DA RF 2 R Wl i 480 s, [EJBEF 2 Linux
BATRE S —il, T AR By e w- e ik S s B i s (.

comp.lang.python i I BFAHL {1 B, (HEIAEATA Python I I F A G Eaz it Al 8 R i L 2 MHTE

1.23 FEHEMTEZHIFRMER Python STRLBH ?

A E{ T Python [ E R, #52[F) https://www.python.org/about/success., $ FH #¥ #1711 Python 7
AL EIAT AR R A FF 2 AN IR 2w AR AR A ERK

5328 H 1) Python B FE Mailman F(F 5] G A BE C A Zope JE A AU AR5 . 7 28 Linux 47T,
IH 4 W52 Red Hat, EL48 ] Python #i %5 7385 \iéjﬁﬂﬁﬁ%ﬁiﬁﬁgzﬁ“ﬁﬁﬂﬂﬁﬂ (EIBf# F Python )
NEIETE Google Yahoo 1 Lucasfilm Ltd.,

1.2.4 Python RIEFRH SR WL HEIGHE 7

#5 & https://peps.python.org/ 22[F] Python $#[EF1# 2% (Python Enhancement Proposal, PEP), PEP 2 F skdiiRA—
T R Python FrINAERYRLHISCUE, BHEME 7T B R BLM LA FE . 5S4k — R4 [E [Python
X.Y Release Schedule (#7ilifE32) ] (19 PEP, Hrp XY & 4R A B A A .

B B g G e python-dev Tl 1 &S

1.2.5 ¥ Python R A HFMEFREBETHE ?

—fBORIE), AjEE . AR O AR BOE 84T Python RS, WITERRS i EMIE e, el AR
(¥ —/ NS IREM AL, BRI, BIEARTT AP ALEEIRE A, 1008 & T3 S i E W S
MR AT ARG R /4 Python (1938, MR —F Tt & Mar s s

Un2R - TEI AR R, RE) - ARG TR R AL . PEP 5 ik 125 | 1 5 1a) AT (backward-
incompatible) (5B, [sl i th 223806 5 i) LR /ML, TR AR -

1.2. ZEEE#5R$a) Python 5


https://peps.python.org/pep-0602/
https://www.python.org/downloads/
https://peps.python.org/pep-0373/
https://www.python.org/about/success
https://www.python.org/community/workshops/
https://www.python.org/community/workshops/
https://www.list.org
https://www.zope.dev
https://www.redhat.com
https://peps.python.org/
https://mail.python.org/mailman3/lists/python-dev.python.org/
https://peps.python.org/pep-0005/
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1.2.6 Python HR AP B REHAMERELIFMES ?

aliiR

B MATS SRt il it — ARy o 5 A8 AU [EIRE 5 (statically typed language) FHAR AR, iE2EHEFH B2
Pascal, C, (/2 C++ 5 Java HYRLAH 74 . i 22 Python /R MM — (s =, BN REE 215
B, Python HA AR i 5 H— B0 RRAM — 8 KB ERHE R U, IR, TEA MRSt
i Python AT RAGIEERA: S A B AR BERTBc Ty , ()40 R - R AN R BN st . BT Python,
F%‘H&iﬁi&[ﬂ%@ﬂ%ﬁ%ﬁiﬁﬂﬁ, IANEREAIFL T . A 2T REAE S s ot SR B A 2 B T
o

SR AT A A T R U R A 2K E), I FI R RLERE S R A B A . B84 WZHE R U
MEREE, EENS TRem s . BN AR Sl 2 R RIS — s . AR Rt —80 i, [
Bredokl. MEAREAHE, SEMAHERAERESREZE, (AFE24ANE —wB R, BA
— e IR R

Python )& 2 .y o) & U — AR AT 19 25— 3B 5 . 1% Java —kk, Python A —{ B (¥ A7 4 R 2 R
PR B2 W] DALE AR ) S D e IR AR Ut B e, ELE Se s R R — 2y . IR EAA g
FEPA AR IE R DU S RERHA AT P B et . Bl I BRE R 0, B2 A W] DATE B B R SR AL BN sl )
) IRF , 7 i T L A sy R R ol P A o 32 PT PABOH B AR AR TS T T (code reuse) HsR
. 182 PyGame 4555 =7 BEAH AT ) A AE (e B2 A4 iy B2 221 G I

Python (1) BB 5 F et 6 B AE R EIE AR Ut R S 5 A8 . AR W] AR — (A T B A L i
g%ggﬁﬁﬁﬁ*%A%ﬁ%ﬁﬁﬁﬁ%oWﬁﬁﬁﬁﬁﬁmﬂ$ﬂ)%mﬂwtﬂ@,@ﬁﬂ%
B :

>>> L = []

>>> dir (L)

['"_add__', '__class__', '__contains__ ', '__delattr__', '__delitem_ ',
' dir_ ', '_doc__', '_eq ', '__format__', '__ge_ ',

' __getattribute_ ', '_ _getitem_ ', '__gt_ ', '__hash_ ', '__iadd__"',
' dmul_ ', ! init_ ', '__iter_ ', '_le_ ', '_len_ ', '__1t_ "',

' mul_ ', '_ne_ ', ' _new__', '_ _reduce_ ', '_ _reduce_ex_ ',

' repr_ ', '__reversed_ ', '__rmul_ ', '__setattr_ ', '_ setitem_ ',
' sizeof_ ', '__str__ ', '__ _subclasshook__', 'append', 'clear',
'copy', 'count', 'extend', 'index', 'insert', 'pop', 'remove',
'reverse', 'sort']

>>> [d for d in dir (L) if '_ ' not in d]

["append', 'clear', 'copy', 'count', 'extend', 'index', 'insert', 'pop', 'remove',
—'reverse', 'sort']

>>> help (L.append)
Help on built-in function append:

append(...)
L.append (object) —-> None -- append object to end

>>> L.append (1)
>>> L

[11]

BT HER, WA FAERE R, [ERH SO K # AN € i B .

Python .45 {2 #F1#) IDE. IDLE /2 Python (j—{i{%°F-2 IDE, ‘& A Python % %5 [E){di ] Tkinter. Emacs i
P G AR = BLUENIE Emacs A7 —{l JE ¥ 471 Python i . i3 LU i Rt IRIR AP AR Re PR A wEvA 28 B (syntax
highlighting). 1 BYAFE, WA SCAEA TN (E LI ISt PEARAS . B2 77 Python SEDEELISEM ML,
22[F) Python wiki ,

UNRARAE S Python FEBFT IR M, ARATBEEra SN A edu-sig T/t o
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https://wiki.python.org/moin/PythonEditors
https://www.python.org/community/sigs/current/edu-sig
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21 BREE

211 BERAUTLMERAERBRE, ERPEHE, PRMITEREIBRES?

Ao
A T # AW Python BRrEERR, [EIEM breakpoint () ALFFARIEAM LA —1 .

pdb AEAH J& — i i L (EUE E)fR) Python 42 SRR & . &2 B 1E Python s —iks), [l &
AE 2% FET, /J\‘d_lT PAZ% pdb HRESEEAE GRS RS B AR EEAS .

IDLE %7 B3 F#s g, &2 e Python #47H—5r (A FEE) Tools/scripts/idle3 $2t) , A4F—1H
W FEC o v

PythonWin XE*@ Python IDE, ‘Bl & —fE5LR pdb 1) GUI REfiE . PythonWin [ (E187 B3 (a[FL R AT
HZAREERITHEE , Fl U445 HE PythonWin F£5L, . PythonWin /E[E] pywin32 B2 fi)—#B 4 FIVEE] ActivePython
()i E.

Eric j2—ffA )t PyQt Al Scintilla ##H s+ B @1 IDE.
trepan3k Jg—{HE¥ELL gdb 1FREEET .
Visual Studio Code J&—{H4& A T M A5 il 4K il B i 48 T ELY 1IDE.,
AHAHRTZE (L Python R A LB %E T R AL S ML EREFIIAE. ELLbL
e Wing IDE
» Komodo IDE

e PyCharm



https://github.com/python/cpython/blob/main/Tools/scripts/idle3
https://github.com/mhammond/pywin32
https://www.activestate.com/products/python/
https://eric-ide.python-projects.org/
https://github.com/rocky/python3-trepan/
https://code.visualstudio.com/
https://wingware.com/
https://www.activestate.com/products/komodo-ide/
https://www.jetbrains.com/pycharm/
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2.1.2 FERIAREDEITE bug HMTEIESH ?

A1
Pylint I Pyflakes #EATHEAMR AL DA B ARENR I S5 35%
[EReAERg AR, I Mypy. Pyre #1 Pytype HJ LAK7E Python JFUH 5 ) U EIFE 7R .

2.1.3 fn{af¢ Python AR H I —EMER ?

You don’t need the ability to compile Python to C code if all you want is a stand-alone program that users can
download and run without having to install the Python distribution first. There are a number of tools that determine
the set of modules required by a program and bind these modules together with a Python binary to produce a single
executable.

One is to use the freeze tool, which is included in the Python source tree as Tools/freeze. It converts Python byte
code to C arrays; with a C compiler you can embed all your modules into a new program, which is then linked with
the standard Python modules.

It works by scanning your source recursively for import statements (in both forms) and looking for the modules in the
standard Python path as well as in the source directory (for built-in modules). It then turns the bytecode for modules
written in Python into C code (array initializers that can be turned into code objects using the marshal module) and
creates a custom-made config file that only contains those built-in modules which are actually used in the program.
It then compiles the generated C code and links it with the rest of the Python interpreter to form a self-contained
binary which acts exactly like your script.

DA 0] DAEL B 757, console 1 GUI n] 474 % -
o Nuitka (J5F5)
o Pylnstaller (f5F&)
« PyOxidizer (J5FH)
« cx_Freeze (B5F4)
o py2app (f#BE macOS)
* py2exe (f#FE Windows )

2.1.4 Python EXBER LR RIS £ A KSR 7
SR M R SR T 3 1) 45 05 JLS G E) PEP 8.,

221 PP ESeEHER, HENEIIERAR UnboundLocalError ?

It can be a surprise to get the UnboundLocalError in previously working code when it is modified by adding an
assignment statement somewhere in the body of a function.

ig e ai:

>>> x = 10

>>> def bar():
print (x)

>>> bar ()

10

AT PABIAT, (R E B X
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https://pylint.pycqa.org/en/latest/index.html
https://github.com/PyCQA/pyflakes
https://mypy-lang.org/
https://pyre-check.org/
https://github.com/google/pytype
https://github.com/python/cpython/tree/main/Tools/freeze
https://nuitka.net/
https://pyinstaller.org/
https://pyoxidizer.readthedocs.io/en/stable/
https://marcelotduarte.github.io/cx_Freeze/
https://github.com/ronaldoussoren/py2app
https://www.py2exe.org/
https://peps.python.org/pep-0008/
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>>> x = 10

>>> def fool():
print (x)
x += 1

3 UnboundLocalError:

>>> foo ()
Traceback (most recent call last):

UnboundLocalError: local variable 'x' referenced before assignment

J

This is because when you make an assignment to a variable in a scope, that variable becomes local to that scope
and shadows any similarly named variable in the outer scope. Since the last statement in foo assigns a new value to
x, the compiler recognizes it as a local variable. Consequently when the earlier print (x) attempts to print the
uninitialized local variable and an error results.

TE_LTTR 7R BT, AR AT DA 38 6 H A B ()l 8 B A BB s e A

>>> x = 10

>>> def foobar():
global x
print (x)
x += 1

>>> foobar ()
10

This explicit declaration is required in order to remind you that (unlike the superficially analogous situation with class
and instance variables) you are actually modifying the value of the variable in the outer scope:

>>> print (x)
11

You can do a similar thing in a nested scope using the nonlocal keyword:

>>> def fool():

x = 10
def bar():
nonlocal x
print (x)
x +=1
bar ()
print (x)
>>> foo()
10
11

2.2.2 Python p IS # BiFnLS S BAHHLIRA ?

In Python, variables that are only referenced inside a function are implicitly global. If a variable is assigned a value
anywhere within the function’s body, it’s assumed to be a local unless explicitly declared as global.

Though a bit surprising at first, a moment’s consideration explains this. On one hand, requiring global for assigned
variables provides a bar against unintended side-effects. On the other hand, if global was required for all global
references, you'd be using global all the time. You'd have to declare as global every reference to a built-in function
or to a component of an imported module. This clutter would defeat the usefulness of the global declaration for
identifying side-effects.
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2.2.3 Why do lambdas defined in a loop with different values all return the same
result?

TR for FERUACE F A AR Y lambda (H5 2 EER), HIn:

>>> squares = []
>>> for x in range(5):
squares.append (lambda: x**2)

This gives you a list that contains 5 lambdas that calculate x**2. You might expect that, when called, they would
return, respectively, 0, 1, 4, 9, and 1 6. However, when you actually try you will see that they all return 1 6:

>>> squares|[2] ()
16
>>> squares[4] ()
16

This happens because x is not local to the lambdas, but is defined in the outer scope, and it is accessed when the
lambda is called --- not when it is defined. At the end of the loop, the value of x is 4, so all the functions now return
4**2,i.e. 16. You can also verify this by changing the value of x and see how the results of the lambdas change:

>>> x = 8
>>> squares|[2] ()
64

In order to avoid this, you need to save the values in variables local to the lambdas, so that they don’t rely on the value
of the global x:

>>> squares = []
>>> for x in range(5):
squares.append (lambda n=x: n**2)

Here, n=x creates a new variable n local to the lambda and computed when the lambda is defined so that it has the
same value that x had at that point in the loop. This means that the value of n will be 0 in the first lambda, 1 in the
second, 2 in the third, and so on. Therefore each lambda will now return the correct result:

>>> squares|[2] ()
4

>>> squares|[4] ()
16

AER, ATIEEHE lambda Frefy, il R H AR

224 INMEREXFLH BN 7

The canonical way to share information across modules within a single program is to create a special module (often
called config or cfg). Just import the config module in all modules of your application; the module then becomes
available as a global name. Because there is only one instance of each module, any changes made to the module
object get reflected everywhere. For example:

config.py:

[x =0 # Default value of the 'x' configuration setting
mod.py:

import config

config.x = 1

main.py:

10 Chapter 2. BXHBEFERMER
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import config
import mod
print (config.x)

Note that using a module is also the basis for implementing the singleton design pattern, for the same reason.

2.2.5 What are the "best practices” for using import in a module?

In general, don’t use from modulename import *. Doing so clutters the importer’'s namespace, and makes it
much harder for linters to detect undefined names.

Import modules at the top of a file. Doing so makes it clear what other modules your code requires and avoids
questions of whether the module name is in scope. Using one import per line makes it easy to add and delete module
imports, but using multiple imports per line uses less screen space.

It’s good practice if you import modules in the following order:

1. 1R ERA—Fl sys. os. argparse. re

2. third-party library modules (anything installed in Python’s site-packages directory) -- e.g. dateutil,
requests,PIL.Image

3. locally developed modules

It is sometimes necessary to move imports to a function or class to avoid problems with circular imports. Gordon
McMillan says:

Circular imports are fine where both modules use the "import <module>” form of import. They fail
when the 2nd module wants to grab a name out of the first ("from module import name”) and the import
is at the top level. That’s because names in the 1st are not yet available, because the first module is busy
importing the 2nd.

In this case, if the second module is only used in one function, then the import can easily be moved into that function.
By the time the import is called, the first module will have finished initializing, and the second module can do its
import.

It may also be necessary to move imports out of the top level of code if some of the modules are platform-specific.
In that case, it may not even be possible to import all of the modules at the top of the file. In this case, importing the
correct modules in the corresponding platform-specific code is a good option.

Only move imports into a local scope, such as inside a function definition, if it’s necessary to solve a problem such
as avoiding a circular import or are trying to reduce the initialization time of a module. This technique is especially
helpful if many of the imports are unnecessary depending on how the program executes. You may also want to move
imports into a function if the modules are only ever used in that function. Note that loading a module the first time
may be expensive because of the one time initialization of the module, but loading a module multiple times is virtually
free, costing only a couple of dictionary lookups. Even if the module name has gone out of scope, the module is
probably available in sys.modules.

2.2.6 Why are default values shared between objects?

This type of bug commonly bites neophyte programmers. Consider this function:

def foo (mydict={}): # Danger: shared reference to one dict for all calls
. compute something ...
mydict [key] = value

return mydict

The first time you call this function, mydict contains a single item. The second time, mydict contains two items
because when foo () begins executing, mydict starts out with an item already in it.

22. BOES 11
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It is often expected that a function call creates new objects for default values. This is not what happens. Default values
are created exactly once, when the function is defined. If that object is changed, like the dictionary in this example,
subsequent calls to the function will refer to this changed object.

By definition, immutable objects such as numbers, strings, tuples, and None, are safe from change. Changes to
mutable objects such as dictionaries, lists, and class instances can lead to confusion.

Because of this feature, it is good programming practice to not use mutable objects as default values. In-
stead, use None as the default value and inside the function, check if the parameter is None and create a new
list/dictionary/whatever if it is. For example, don’t write:

def foo (mydict={}):

fH2:

def foo (mydict=None) :
if mydict is None:
mydict = {} # create a new dict for local namespace

This feature can be useful. When you have a function that’s time-consuming to compute, a common technique is to
cache the parameters and the resulting value of each call to the function, and return the cached value if the same
value is requested again. This is called “memoizing”, and can be implemented like this:

# Callers can only provide two parameters and optionally pass _cache by keyword
def expensive(argl, arg2, *, _cache={}):
if (argl, arg2) in _cache:
return _cache|[ (argl, arg2)]

# Calculate the value

result = ... expensive computation

_cache[ (argl, arg2)] = result # Store result in the cache
return result

You could use a global variable containing a dictionary instead of the default value; it’s a matter of taste.

2.2.7 How can | pass optional or keyword parameters from one function to an-
other?

Collect the arguments using the * and ** specifiers in the function’s parameter list; this gives you the positional
arguments as a tuple and the keyword arguments as a dictionary. You can then pass these arguments when calling
another function by using * and * *:

def f(x, *args, **kwargs):
kwargs['width'] = '"14.3c'

g(x, *args, **kwargs)

12 Chapter 2. BXHBEFERMER
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2.2.8 5|& (arguments) F1£ & (parameters) FHLIEL] ?

Parameters are defined by the names that appear in a function definition, whereas arguments are the values actually
passed to a function when calling it. Parameters define what kind of arguments a function can accept. For example,
given the function definition:

def func(foo, bar=None, **kwargs):
pass

foo. bar Fl kwargs & func W28, SR, EPE func B, #ld0:

[func(42, bar=314, extra=somevar) }

42 ., 314 fll somevar 25| #.

2.2.9 [FfHEEY list'y th &R list X’ ?
WRARE T BaE bR AR -

=[]
= x

.append (10)

>>>
>>>
>>>

KKK X

>>>
[10]
>>> x
[10]

PRTT R A AEEVHELS— (U IS v 5 th 7 .
[ED A 5 1265 R0 52 L T

1) Variables are simply names that refer to objects. Doing y = x doesn’t create a copy of the list -- it creates a
new variable y that refers to the same object x refers to. This means that there is only one object (the list), and
both x and y refer to it.

2) list FEmutable, 8B WRZE/RAT DA = MMEIZ.

After the call to append (), the content of the mutable object has changed from [] to [10]. Since both the
variables refer to the same object, using either name accesses the modified value [10].

If we instead assign an immutable object to x:

>>> = 5 # ints are immutable

>>> = X

>>> =x + 1 # 5 can't be mutated, we are creating a new object here

HKoX X
|

>>>
6
>>> y

J

we can see that in this case x and y are not equal anymore. This is because integers are immutable, and when we do
x = x + 1 we are not mutating the int 5 by incrementing its value; instead, we are creating a new object (the int
6) and assigning it to x (that is, changing which object x refers to). After this assignment we have two objects (the
ints 6 and 5) and two variables that refer to them (x now refers to 6 but y still refers to 5).

Some operations (for example v . append (10) and y. sort () ) mutate the object, whereas superficially similar
operations (forexample y = y + [10] and sorted (y)) create a new object. In general in Python (and in all
cases in the standard library) a method that mutates an object will return None to help avoid getting the two types
of operations confused. So if you mistakenly write v . sort () thinking it will give you a sorted copy of y, you'll
instead end up with None, which will likely cause your program to generate an easily diagnosed error.

However, there is one class of operations where the same operation sometimes has different behaviors with different
types: the augmented assignment operators. For example, += mutates lists but not tuples or ints (a_list +=
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[1, 2, 3] isequivalenttoa_list.extend([1, 2, 3]) and mutates a_1list, whereas some_tuple
+= (1, 2, 3) and some_int += 1 create new objects).

[EFFE:

« If we have a mutable object (1ist, dict, set, etc.), we can use some specific operations to mutate it and
all the variables that refer to it will see the change.

« If we have an immutable object (str, int, tuple, etc.), all the variables that refer to it will always see the
same value, but operations that transform that value into a new value always return a new object.

If you want to know if two variables refer to the same object or not, you can use the is operator, or the built-in
function id ().

2.2.10 How do | write a function with output parameters (call by reference)?

Remember that arguments are passed by assignment in Python. Since assignment just creates references to objects,
there’s no alias between an argument name in the caller and callee, and so no call-by-reference per se. You can achieve
the desired effect in a number of ways.

1) 758 o] 4 R oA -

>>> def funcl (a, b):

a = 'new-value' # a and b are local names
b=Db+ 1 # assigned to new objects
return a, b # return new values

>>> x, y = 'old-value', 99

>>> funcl (x, V)

("new-value', 100)
. J

This is almost always the clearest solution.
2) By using global variables. This isn’t thread-safe, and is not recommended.

3) By passing a mutable (changeable in-place) object:

>>> def func2(a):

al[0] = '"new-value' # 'a' references a mutable 1ist
all] = a[1] + 1 # changes a shared object
>>> args = ['old-value', 99]

>>> func?2 (args)
>>> args

["new-value', 100]
. J

4) By passing in a dictionary that gets mutated:

e 3
>>> def func3(args):

args['a'] = 'new-value' # args 1is a mutable dictionary

args['b'] = args['b'] + 1 # change it in-place
>>> args = {'a': 'old-value', 'b': 99}

>>> func3(args)
>>> args
{'a': '"nmew-value', 'b': 100}

5) Or bundle up values in a class instance:

>>> class Namespace:
def _ init__ (self, /, **args):
for key, value in args.items() :
setattr(self, key, value)

EET—TD
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(R L —5)

>>> def funcéd (args):

args.a = 'new-value' # args is a mutable Namespace
args.b = args.b + 1 # change object in-place
>>> args = Namespace (a='old-value', b=99)

>>> func4 (args)
>>> vars (args)

{'a': "mew-value', 'b': 100}
. J

There’s almost never a good reason to get this complicated.
Your best choice is to return a tuple containing the multiple results.

2.2.11 How do you make a higher order function in Python?

You have two choices: you can use nested scopes or you can use callable objects. For example, suppose you wanted
to define 1inear (a, b) which returns a function f (x) that computes the value a* x+b. Using nested scopes:

def linear(a, b):

def result (x):
return a * x + b

return result

i T

class linear:

def _ init_ (self, a, b):
self.a, self.b = a, b

def _ call_(self, x):
return self.a * x + self.b

In both cases,

[taxes = linear (0.3, 2) J

gives a callable object where taxes (10e6) == 0.3 * 10e6 + 2.

The callable object approach has the disadvantage that it is a bit slower and results in slightly longer code. However,
note that a collection of callables can share their signature via inheritance:

class exponential (linear) :
# _ init__ inherited
def _ call_ (self, x):
return self.a * (x ** self.b)

P n] AR e 2 T TR AR R -

class counter:

value = 0

def set (self, x):
self.value = x

def up(self):
self.value = self.value + 1

HERET—T
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(B E—H)
def down (self):
self.value = self.value - 1
count = counter ()
inc, dec, reset = count.up, count.down, count.set

EEW inc (). dec () fil reset () FRAQILZAHIR TS B MR —EK.

2.2.12 $n{a7E Python chEEA ?

In general, try copy.copy () or copy.deepcopy () for the general case. Not all objects can be copied, but
most can.

Some objects can be copied more easily. Dictionaries have a copy () method:

[newdict = olddict.copy () }

JEH AT LA Y] F (slicing) :
[newfl = 1[3] }

2.2.13 Tk BB S AR B ?

For an instance x of a user-defined class, dir (x) returns an alphabetized list of the names containing the instance
attributes and methods and attributes defined by its class.

2214 HIERENTRRWIHL LT 7

Generally speaking, it can’t, because objects don’t really have names. Essentially, assignment always binds a name
to a value; the same is true of def and class statements, but in that case the value is a callable. Consider the
following code:

>>> class A:

pass
>>> B = A
>>> g = B()
>>> b = a

>>> print (b)
<__main__ .A object at 0x16D07CC>
>>> print (a)
<__main__ .A object at 0x16D07CC>

J

Arguably the class has a name: even though it is bound to two names and invoked through the name B the created
instance is still reported as an instance of class A. However, it is impossible to say whether the instance’s name is a
or b, since both names are bound to the same value.

Generally speaking it should not be necessary for your code to "know the names” of particular values. Unless you are
deliberately writing introspective programs, this is usually an indication that a change of approach might be beneficial.

1E comp.lang.python 1, Fredrik Lundh & {33 {1 [ 45 7 —(EAR Ui LI -

SRRARLEFT R Fa B EE 24—k [ (W) ABRBREFRENAT, EUAH
O - BRI BB MR A (A ) REMMmE () ..

e MR R EARE AT, SFERARGAT, SR ERE %!
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2.2.15 What’s up with the comma operator’s precedence?

Comma is not an operator in Python. Consider this session:

>>> "all in "bll, "all
(False, 'a')

|

Since the comma is not an operator, but a separator between expressions the above is evaluated as if you had entered:

[(nau in llbll), ngn

)

AN -

["a" in ("b", nau)

)

The same is true of the various assignment operators (=, += etc). They are not truly operators but syntactic delimiters

in assignment statements.

2216 EEEZHN C WY’ ?” = BEF?
B, SEEIR

[on_true] if [expression] else [on_false]

x, y = 50, 25
small = x if x < y else y

Before this syntax was introduced in Python 2.5, a common idiom was to use logical operators:

[[expression] and [on_true] or [on_false]

J

However, this idiom is unsafe, as it can give wrong results when on_true has a false boolean value. Therefore, it is

always better touse the . .. if ... else ... form.

2.2.17 lIs it possible to write obfuscated one-liners in Python?

Yes. Usually this is done by nesting 1ambda within 1ambda. See the following three examples, slightly adapted

from Ulf Bartelt:

from functools import reduce

# Primes < 1000
print (list (filter (None,map (lambda y:y*reduce (lambda x,y:x*y!=0,
map (lambda x, y=y:y%x, range (2, int (pow(y,0.5)+1))),1),range (2,1000)))))

# First 10 Fibonaccli numbers
print (list (map (lambda x, f=lambda x,f: (f(x-1,f)+f(x-2,£f)) if x>1 else 1:
f(x,£f), range(10))))

# Mandelbrot set

print ( (lambda Ru,Ro, Iu,Io,IM,Sx,Sy:reduce (lambda x,y:x+'\n'+y,map (lambda vy,
Iu=Iu, Io=Io,Ru=Ru,Ro=Ro, Sy=Sy,L=lambda yc, Iu=Iu, Io=Io,Ru=Ru,Ro=Ro,i=IM,
Sx=Sx, Sy=Sy:reduce (lambda x,y:xty,map (lambda x,xc=Ru, yc=yc,Ru=Ru, Ro=Ro,
i=i, Sx=Sx,F=lambda xc,yc,x,Vv,k, f=lambda xc,yc,x,y,k,f: (k<=0)or (x*x+ty*y
>=4.0) or 1+f(xc,yc,x*x-y*y+xc,2.0*x*y+yc,k-1,f) :f(xc,yc,x,y,k,f):chr(

64+F (Ru+x* (Ro-Ru) /Sx,yc,0,0,1)), range(Sx))) :L(Iut+y* (Io—Iu)/Sy), range (Sy
y))) (-=2.1, 0.7, -1.2, 1.2, 30, 80, 24))

# \__ _ / /] / |__ lines on screen

# v v / / columns on screen

EET—TD
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# / / / maximum of "iterations"

e

range on y axis
# / range on x axis

(R L —5)

B, AEAEREVERE !

2.2.18 What does the slash(/) in the parameter list of a function mean?

A slash in the argument list of a function denotes that the parameters prior to it are positional-only. Positional-only
parameters are the ones without an externally usable name. Upon calling a function that accepts positional-only
parameters, arguments are mapped to parameters based solely on their position. For example, divmod () is a

function that accepts positional-only parameters. Its documentation looks like this:

>>> help (divmod)
Help on built-in function divmod in module builtins:

divmod (x, y, /)
Return the tuple (x//y, x%y). Invariant: div*y + mod == x.

The slash at the end of the parameter list means that both parameters are positional-only. Thus, calling divmod ()

with keyword arguments would lead to an error:

>>> divmod (x=3, y=4)
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: divmod() takes no keyword arguments

2.3 BFHFEH

2.3.1 IMHERE 7S E LI/ ERI R 7

To specify an octal digit, precede the octal value with a zero, and then a lower or uppercase “0”. For example, to set

the variable “a” to the octal value ”10” (8 in decimal), type:

>>> a = 0010
>>> a
8

999

Hexadecimal is just as easy. Simply precede the hexadecimal number with a zero, and then a lower or uppercase "x”.

Hexadecimal digits can be specified in lower or uppercase. For example, in the Python interpreter:

>>> a = 0xab
>>> g
165
>>> b
>>> b
178

0XB2
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2.3.2 [Fft(El-22//10 @148 -3 ?

It’s primarily driven by the desire that 1 % 3 have the same sign as j. If you want that, and also want:

[i::(i//j)*j+(i%j)

J

TR A e ko ZE ol e 1) R IOCRE AR . COBEOROAE A%, AR 1 // J s Rl 1
s 3 HAHE L AFERFTIE.
There are few real use cases for 1 % J when j is negative. When j is positive, there are many, and in virtually all

of them it’s more useful for i % 7 tobe >= 0. If the clock says 10 now, what did it say 200 hours ago? -190 %
12 == 2isuseful; -190 % 12 == -10 is a bug waiting to bite.

2.3.3 How do | get int literal attribute instead of SyntaxError?

Trying to lookup an int literal attribute in the normal manner gives a SyntaxError because the period is seen
as a decimal point:

>>> 1. class_
File "<stdin>", line 1
1.__class_

A

SyntaxError: invalid decimal literal

The solution is to separate the literal from the period with either a space or parentheses.

>>> 1 ._ class__
<class 'int'>

>>> (1).__class_
<class 'int'>

2.3.4 mfTsFREDDRS ?

For integers, use the built-in int () type constructor, e.g. int ('144') == 144. Similarly, f1oat () converts
to a floating-point number, e.g. float ('144') == 144.0.

By default, these interpret the number as decimal, so that int ('0144') == 144 holds true, and
int ('0x144") raises ValueError. int (string, base) takes the base to convert from as a second op-
tional argument, so int ( '0x144"', 16) == 324. If the base is specified as 0, the number is interpreted using
Python’s rules: a leading 00’ indicates octal, and 0x’ indicates a hex number.

Do not use the built-in function eval () if all you need is to convert strings to numbers. eval () will be significantly
slower and it presents a security risk: someone could pass you a Python expression that might have unwanted side
effects. For example, someone could pass __import__ ('os') .system("rm —-rf $HOME") which would
erase your home directory.

eval () also has the effect of interpreting numbers as Python expressions, so thate.g. eval ('09"') gives a syntax
error because Python does not allow leading ’0” in a decimal number (except °0’).

23. Bifuzs 19
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2.3.5 g LEseE ?

To convert, e.g., the number 144 to the string ' 144 ', use the built-in type constructor str (). If you want a hex-
adecimal or octal representation, use the built-in functions hex () or oct (). For fancy formatting, see the f-strings
and formatstrings sections, e.g. "{:04d}".format (144) yields '0144"' and "{:.3f}".format (1.0/
3.0) yields '0.333".

2.3.6 How do | modify a string in place?

You can’t, because strings are immutable. In most situations, you should simply construct a new string from the
various parts you want to assemble it from. However, if you need an object with the ability to modify in-place
unicode data, try using an 1o.StringIO object or the array module:

>>> import io

>>> s = "Hello, world"
>>> sio = io.StringIO(s)
>>> sio.getvalue ()
'Hello, world'

>>> sio.seek (7)

7

>>> sio.write("there!™")
6

>>> sio.getvalue ()
'Hello, there!'!

>>> import array

>>> a = array.array('w', s)
>>> print (a)

array('w', 'Hello, world')
>>> a[0] = 'y'

>>> print (a)

array('w', 'yello, world')
>>> a.tounicode ()

'vello, world'

2.3.7 How do | use strings to call functions/methods?

There are various techniques.

« The best is to use a dictionary that maps strings to functions. The primary advantage of this technique is that
the strings do not need to match the names of the functions. This is also the primary technique used to emulate
a case construct:

def al():
pass

def b():
pass

dispatch = {'go': a, 'stop': b} # Note lack of parens for funcs

dispatch[get_input ()] () # Note trailing parens to call function
.

® @Fﬁ@@iﬁ getattr():

import foo
getattr (foo, 'bar') ()

Note that getattr () works on any object, including classes, class instances, modules, and so on.
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This is used in several places in the standard library, like this:

class Foo:
def do_foo(self):

def do_bar (self):

f = getattr (foo_instance, 'do_' + opname)
£0)

ffiff] locals () fEbTeR4%HE:

def myFunc () :
print ("hello")

fname = "myFunc"
f = locals () [fname]
£0

2.3.8 Is there an equivalent to Perl’s chomp() for removing trailing newlines from

strings?

Youcanuse S.rstrip ("\r\n") toremove all occurrences of any line terminator from the end of the string S
without removing other trailing whitespace. If the string S represents more than one line, with several empty lines at

the end, the line terminators for all the blank lines will be removed:

>>> lines = ("line 1 \r\n"
"\r\n"

o "\r\n")

>>> lines.rstrip("\n\zr")

'line 1 "

Since this is typically only desired when reading text one line at a time, using S.rstrip () this way works well.

2.3.9 Is there a scanf() or sscanf() equivalent?

Not as such.

For simple input parsing, the easiest approach is usually to split the line into whitespace-delimited words using the
split () method of string objects and then convert decimal strings to numeric values using int () or float ().
split () supports an optional "sep” parameter which is useful if the line uses something other than whitespace as

a separator.

For more complicated input parsing, regular expressions are more powerful than C’s sscanf and better suited for

the task.

23. BFIFEH
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2.3.10 'UnicodeDecodeError’ gf’'UnicodeEncodeErro’ $&iR2HEIEE ?

#% 22 [F] unicode-howto,

2.3.11 Can | end a raw string with an odd number of backslashes?

A raw string ending with an odd number of backslashes will escape the string’s quote:

>>> r'C:\this\will\not\work\"
File "<stdin>", line 1
r'C:\this\will\not\work\"

A

SyntaxError: unterminated string literal (detected at line 1)

There are several workarounds for this. One is to use regular strings and double the backslashes:

>>> 'C:\\this\\will\\work\\’
"C:\\this\\will\\work\\"

Another is to concatenate a regular string containing an escaped backslash to the raw string:

>>> r'C:\this\will\work"' "\\'
"C:\\this\\will\\work\\'

It is also possible to use os.path.join () to append a backslash on Windows:

>>> os.path.join(r'C:\this\will\work', ''")
'C:\\this\\will\\work\\'

J

Note that while a backslash will “escape” a quote for the purposes of determining where the raw string ends, no
escaping occurs when interpreting the value of the raw string. That is, the backslash remains present in the value of
the raw string:

>>> r'backslash\'preserved'
"backslash\\'preserved"

Also see the specification in the language reference.

2.4 Performance

241 FHEAKET . BEXFIIRERE ?

That’s a tough one, in general. First, here are a list of things to remember before diving further:
» Performance characteristics vary across Python implementations. This FAQ focuses on CPython.
« Behaviour can vary across operating systems, especially when talking about I/O or multi-threading.

 You should always find the hot spots in your program before attempting to optimize any code (see the profile
module).

» Writing benchmark scripts will allow you to iterate quickly when searching for improvements (see the t imeit
module).

« It is highly recommended to have good code coverage (through unit testing or any other technique) before
potentially introducing regressions hidden in sophisticated optimizations.

That being said, there are many tricks to speed up Python code. Here are some general principles which go a long
way towards reaching acceptable performance levels:
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« Making your algorithms faster (or changing to faster ones) can yield much larger benefits than trying to sprinkle
micro-optimization tricks all over your code.

« Use the right data structures. Study documentation for the bltin-types and the collections module.

o When the standard library provides a primitive for doing something, it is likely (although not guaranteed) to
be faster than any alternative you may come up with. This is doubly true for primitives written in C, such as
builtins and some extension types. For example, be sure to use either the 1ist.sort () built-in method or
the related sorted () function to do sorting (and see the sortinghowto for examples of moderately advanced
usage).

« Abstractions tend to create indirections and force the interpreter to work more. If the levels of indirection
outweigh the amount of useful work done, your program will be slower. You should avoid excessive abstraction,
especially under the form of tiny functions or methods (which are also often detrimental to readability).

If you have reached the limit of what pure Python can allow, there are tools to take you further away. For example,
Cython can compile a slightly modified version of Python code into a C extension, and can be used on many different
platforms. Cython can take advantage of compilation (and optional type annotations) to make your code significantly
faster than when interpreted. If you are confident in your C programming skills, you can also write a C extension
module yourself.

%
A wiki H P AR RRE RO MR .

2.4.2 What is the most efficient way to concatenate many strings together?
str and bytes objects are immutable, therefore concatenating many strings together is inefficient as each con-
catenation creates a new object. In the general case, the total runtime cost is quadratic in the total string length.

To accumulate many st r objects, the recommended idiom is to place them into a list and call str. join () at the
end:

chunks = []

for s in my_strings:
chunks.append (s)

result = ''.Jjoin (chunks)

(another reasonably efficient idiom is to use io.StringIO)

To accumulate many bytes objects, the recommended idiom is to extend a bytearray object using in-place
concatenation (the += operator):

result = bytearray()
for b in my_bytes_objects:
result += b

2.5 Sequences (Tuples/Lists)

2.5.1 How do | convert between tuples and lists?

The type constructor tuple (seq) converts any sequence (actually, any iterable) into a tuple with the same items
in the same order.

For example, tuple ([1, 2, 3]1) yields (1, 2, 3) andtuple('abc') yields ('a', 'b', 'c").If
the argument is a tuple, it does not make a copy but returns the same object, so it is cheap to call tuple () when
you aren’t sure that an object is already a tuple.
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The type constructor 1ist (seq) converts any sequence or iterable into a list with the same items in the same order.
For example, 1ist ( (1, 2, 3))yields [1, 2, 3]andlist('abc') yields['a', 'b', 'c'].Ifthe
argument is a list, it makes a copy just like seq[ : ] would.

2.5.2 What’s a negative index?

Python sequences are indexed with positive numbers and negative numbers. For positive numbers 0 is the first index
1 is the second index and so forth. For negative indices -1 is the last index and -2 is the penultimate (next to last)
index and so forth. Think of seq[-n] as the same as seg[len (seq) —n].

Using negative indices can be very convenient. For example S [ : —1] is all of the string except for its last character,
which is useful for removing the trailing newline from a string.

2.5.3 How do | iterate over a sequence in reverse order?

Use the reversed () built-in function:

for x in reversed(sequence) :
# do something with x ...

This won’t touch your original sequence, but build a new copy with reversed order to iterate over.

2.5.4 How do you remove duplicates from a list?

See the Python Cookbook for a long discussion of many ways to do this:
https://code.activestate.com/recipes/52560/

If you don’t mind reordering the list, sort it and then scan from the end of the list, deleting duplicates as you go:

if mylist:
mylist.sort ()
last = mylist[-1]
for i in range(len(mylist)-2, -1, -1):
if last == mylist[i]:
del mylist[i]
else:
last = mylist[i]

If all elements of the list may be used as set keys (i.e. they are all hashable) this is often faster

[mylist = list (set (mylist))

This converts the list into a set, thereby removing duplicates, and then back into a list.

2.5.5 How do you remove multiple items from a list

As with removing duplicates, explicitly iterating in reverse with a delete condition is one possibility. However, it is
easier and faster to use slice replacement with an implicit or explicit forward iteration. Here are three variations.:

mylist[:] = filter (keep_function, mylist)
mylist[:]
mylist[:] = [x for x in mylist if keep_condition]

(x for x in mylist if keep_condition)

The list comprehension may be fastest.
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2.5.6 How do you make an array in Python?

Use a list:

[["this", 1, "]..S", "an", "array"] }

Lists are equivalent to C or Pascal arrays in their time complexity; the primary difference is that a Python list can
contain objects of many different types.

The array module also provides methods for creating arrays of fixed types with compact representations, but they
are slower to index than lists. Also note that NumPy and other third party packages define array-like structures with
various characteristics as well.

To get Lisp-style linked lists, you can emulate cons cells using tuples:

{lisp_list = ("like", ("this", ("example", None) ) ) J

If mutability is desired, you could use lists instead of tuples. Here the analogue of a Lisp caris 1isp_1ist [0]
and the analogue of c¢dris 1isp_list [1]. Only do this if you’re sure you really need to, because it’s usually a lot
slower than using Python lists.

2.5.7 How do | create a multidimensional list?

You probably tried to make a multidimensional array like this:

[>>> A = [[None] * 2] * 3 J

WERARENE, BAREAGR R

>>> A
[ [None, None], [None, None], [None, None]]

But when you assign a value, it shows up in multiple places:

>>> A[0][0] = 5
>>> A
[[5, None], [5, None], [5, None]]

The reason is that replicating a list with * doesn’t create copies, it only creates references to the existing objects. The
* 3 creates a list containing 3 references to the same list of length two. Changes to one row will show in all rows,
which is almost certainly not what you want.

The suggested approach is to create a list of the desired length first and then fill in each element with a newly created
list:

A = [None] * 3
for i in range(3):
A[i] = [None] * 2

This generates a list containing 3 different lists of length two. You can also use a list comprehension:

w, h =2, 3
A = [[None] * w for i in range (h)]

Or, you can use an extension that provides a matrix datatype; NumPy is the best known.
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2.5.8 How do | apply a method or function to a sequence of objects?

To call a method or function and accumulate the return values is a list, a list comprehension is an elegant solution:

result = [obj.method() for obj in mylist]

result = [function(obj) for obj in mylist]

To just run the method or function without saving the return values, a plain for loop will suffice:

for obj in mylist:
obj.method ()

for obj in mylist:
function (obj)

2.5.9 Why does a_tuple[i] +=['item’] raise an exception when the addition works?
This is because of a combination of the fact that augmented assignment operators are assignment operators, and the
difference between mutable and immutable objects in Python.

This discussion applies in general when augmented assignment operators are applied to elements of a tuple that point
to mutable objects, but we'll use a 1i st and += as our exemplar.

If you wrote:

>>> a_tuple = (1, 2)
>>> a_tuple[0] += 1
Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

The reason for the exception should be immediately clear: 1 is added to the object a_tuple[0] points to (1),
producing the result object, 2, but when we attempt to assign the result of the computation, 2, to element 0 of the
tuple, we get an error because we can’t change what an element of a tuple points to.

Under the covers, what this augmented assignment statement is doing is approximately this:

>>> result = a_tuple[0] + 1
>>> a_tuple[0] = result
Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

It is the assignment part of the operation that produces the error, since a tuple is immutable.

When you write something like:

>>> a_tuple = (['foo']l, 'bar')
>>> a_tuple[0] += ['item']
Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

The exception is a bit more surprising, and even more surprising is the fact that even though there was an error, the
append worked:

>>> a_tuple[0]
['foo', 'item']

To see why this happens, you need to know that (a) if an object implements an __iadd__ () magic method, it
gets called when the += augmented assignment is executed, and its return value is what gets used in the assignment
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statement; and (b) for lists, __iadd__ () isequivalent to calling extend () on the list and returning the list. That’s
why we say that for lists, += is a “shorthand” for 1ist .extend ():

>>> g _list = []
>>> a_list += [1]
>>> g list

[1]

B

>>> result = a_list.__diadd__ ([1])
>>> a_list = result

The object pointed to by a_list has been mutated, and the pointer to the mutated object is assigned back to a_list.
The end result of the assignment is a no-op, since it is a pointer to the same object that a_ 11 st was previously
pointing to, but the assignment still happens.

Thus, in our tuple example what is happening is equivalent to:

>>> result = a_tuple[0].__iadd__ (['item'])
>>> a_tuple[0] = result
Traceback (most recent call last):

TypeError: 'tuple' object does not support item assignment

The ___iadd__ () succeeds, and thus the list is extended, but even though result points to the same object that
a_tuple[0] already points to, that final assignment still results in an error, because tuples are immutable.

2.5.10 | want to do a complicated sort: can you do a Schwartzian Transform in
Python?

The technique, attributed to Randal Schwartz of the Perl community, sorts the elements of a list by a metric which
maps each element to its “sort value”. In Python, use the key argument for the 1ist.sort () method:

Isorted = L[:]
Isorted.sort (key=lambda s: int(s[10:15]))

2.5.11 How can | sort one list by values from another list?

Merge them into an iterator of tuples, sort the resulting list, and then pick out the element you want.

>>> listl = ["what", "I'm", "sorting", "by"]

>>> 1list2 = ["something", "else", "to", "sort"]

>>> pairs = zip(listl, list2)

>>> pairs = sorted(pairs)

>>> pairs

[("I'm", 'else'), ('by', 'sort'), ('sorting', 'to'), ('what', 'something')]
>>> result = [x[1] for x in pairs]

>>> result
['else', 'sort', 'to', 'something']
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2.6 Yi¥F

2.6.1 HHERFE (class) ?

A class is the particular object type created by executing a class statement. Class objects are used as templates to
create instance objects, which embody both the data (attributes) and code (methods) specific to a datatype.

A class can be based on one or more other classes, called its base class(es). It then inherits the attributes and meth-
ods of its base classes. This allows an object model to be successively refined by inheritance. You might have a
generic Mailbox class that provides basic accessor methods for a mailbox, and subclasses such as MboxMailbox,
MaildirMailbox, OutlookMailbox that handle various specific mailbox formats.

2.6.2 +FIEHE (method) ?

A method is a function on some object x that you normally call as x.name (arguments...). Methods are
defined as functions inside the class definition:

class C:
def meth(self, arg):
return arg * 2 + self.attribute

2.6.3 What is self?

Self is merely a conventional name for the first argument of a method. A method defined asmeth (self, a, b,
c) should be called as x.meth (a, b, c) for some instance x of the class in which the definition occurs; the
called method will think it is called as meth (x, a, b, c).

BB REIEWT [self] 7 i% (method) & 3 Fovdo| b — % ZRAREIE ] 2,

2.6.4 How do | check if an object is an instance of a given class or of a subclass
of it?

Use the built-in function isinstance (obj, cls). Youcan check if an object is an instance of any of a number
of classes by providing a tuple instead of a single class, e.g. isinstance (obj, (classl, class2,

.) ), and can also check whether an object is one of Python’s built-in types, e.g. isinstance (obj, str) or
isinstance (obj, (int, float, complex)).

Note that isinstance () also checks for virtual inheritance from an abstract base class. So, the test will return
True for a registered class even if hasn’t directly or indirectly inherited from it. To test for “true inheritance”, scan
the MRO of the class:

from collections.abc import Mapping

class P:
pass

class C(P):
pass

Mapping.register (P)

>>> ¢ = C()

>>> isinstance(c, C) # direct
True

>>> isinstance(c, P) # indirect
True

€ & A}
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(B E—H)
>>> isinstance (c, Mapping) # virtual
True

# Actual inheritance chain
>>> type(c)._ mro_
(<class 'C'>, <class 'P'>, <class 'object'>)

# Test for "true inheritance"
>>> Mapping in type(c)._mro_
False

Note that most programs do not use isinstance () on user-defined classes very often. If you are developing the
classes yourself, a more proper object-oriented style is to define methods on the classes that encapsulate a particular
behaviour, instead of checking the object’s class and doing a different thing based on what class it is. For example, if
you have a function that does something:

def search (obj):
if isinstance (obj, Mailbox) :
# code to search a mailbox
elif isinstance (obj, Document) :
. # code to search a document
elif

A better approach is to define a search () method on all the classes and just call it:

class Mailbox:
def search(self):
# code to search a mailbox

class Document:
def search(self):

# code to search a document

obj.search ()

2.6.5 What is delegation?

Delegation is an object oriented technique (also called a design pattern). Let’s say you have an object x and want to
change the behaviour of just one of its methods. You can create a new class that provides a new implementation of
the method you’re interested in changing and delegates all other methods to the corresponding method of x.

Python programmers can easily implement delegation. For example, the following class implements a class that
behaves like a file but converts all written data to uppercase:

class UpperOut:

def _ init_ (self, outfile):
self. outfile = outfile

def write(self, s):
self._outfile.write (s.upper())

def _ getattr_ (self, name):
return getattr(self._outfile, name)

Here the UpperOut class redefines the write () method to convert the argument string to uppercase before
calling the underlying self. outfile.write () method. All other methods are delegated to the underlying
self._outfile object. The delegation is accomplished viathe __getattr__ () method; consult the language
reference for more information about controlling attribute access.
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Note that for more general cases delegation can get trickier. When attributes must be set as well as retrieved,
the class must define a __setattr__ () method too, and it must do so carefully. The basic implementation
of __setattr__ () isroughly equivalent to the following:

class X:

def _ setattr_ (self, name, value):
self. dict [name] = wvalue

Most__setattr__ () implementations must modify self.__dict__ tostore local state for self without caus-
ing an infinite recursion.

2.6.6 How do | call a method defined in a base class from a derived class that
extends it?

i FEER super () B2

class Derived (Base) :
def meth (self):
super () .meth () # calls Base.meth

In the example, super () will automatically determine the instance from which it was called (the se 1 f value), look
up the method resolution order (MRO) with type (self) .__mro__, and return the next in line after Derived
in the MRO: Base.

2.6.7 How can | organize my code to make it easier to change the base class?

You could assign the base class to an alias and derive from the alias. Then all you have to change is the value assigned
to the alias. Incidentally, this trick is also handy if you want to decide dynamically (e.g. depending on availability of
resources) which base class to use. Example:

class Base:

BaseAlias = Base

class Derived (BaseAlias) :

2.6.8 How do | create static class data and static class methods?

Both static data and static methods (in the sense of C++ or Java) are supported in Python.

For static data, simply define a class attribute. To assign a new value to the attribute, you have to explicitly use the
class name in the assignment:

class C:
count = 0 # number of times C.__ _init__ called

def @ init_ (self):
C.count = C.count + 1

def getcount (self):
return C.count # or return self.count

c.count also refers to C. count for any c such that isinstance (¢, C) holds, unless overridden by c itself
or by some class on the base-class search path from c.__class__ back to C.

30 Chapter 2. EXHBERMESE



Python Frequently Asked Questions, £[F] 3.13.0rc2

Caution: within a method of C, an assignment like self.count = 42 creates a new and unrelated instance
named “count” in self’s own dict. Rebinding of a class-static data name must always specify the class whether
inside a method or not:

[C.count = 314 J

(R8T ¥ 2 T RERY -

class C:
@staticmethod
def static(argl, arg2, arg3):
# [ElF 'self' % 3

However, a far more straightforward way to get the effect of a static method is via a simple module-level function:

def getcount () :
return C.count

J

If your code is structured so as to define one class (or tightly related class hierarchy) per module, this supplies the
desired encapsulation.

2.6.9 How can | overload constructors (or methods) in Python?

This answer actually applies to all methods, but the question usually comes up first in the context of constructors.
£ C++ AR EF N

class C {
C() { cout << "No arguments\n"; }
C(int i) { cout << "Argument is " << i << "\n"; }

In Python you have to write a single constructor that catches all cases using default arguments. For example:

class C:
def _ init_ (self, i=None):
if i is None:
print ("No arguments")
else:
print ("Argument is", 1i)

This is not entirely equivalent, but close enough in practice.

You could also try a variable-length argument list, e.g.

def _ init__ (self, *args):

The same approach works for all method definitions.
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2.6.10 | try to use __spam and | get an error about _SomeClassName__spam.

Variable names with double leading underscores are "mangled” to provide a simple but effective way to define class
private variables. Any identifier of the form ___spam (at least two leading underscores, at most one trailing under-
score) is textually replaced with _classname__spam, where classname is the current class name with any
leading underscores stripped.

The identifier can be used unchanged within the class, but to access it outside the class, the mangled name must be
used:

class A:
def _ one(self):
return 1
def two(self):
return 2 * self._ one()

class B(A) :
def three(self):

return 3 * self._A_ one()

four = 4 * A()._A__ _one()

In particular, this does not guarantee privacy since an outside user can still deliberately access the private attribute;
many Python programmers never bother to use private variable names at all.

hz%

The private name mangling specifications for details and special cases.

2.6.11 My class defines __del__ but it is not called when | delete the object.

There are several possible reasons for this.

The del statement does not necessarily call __del__ () -- it simply decrements the object’s reference count, and
if this reaches zero ___del__ () is called.

If your data structures contain circular links (e.g. a tree where each child has a parent reference and each parent has
a list of children) the reference counts will never go back to zero. Once in a while Python runs an algorithm to detect
such cycles, but the garbage collector might run some time after the last reference to your data structure vanishes, so
your __del_ () method may be called at an inconvenient and random time. This is inconvenient if you're trying
to reproduce a problem. Worse, the order in which object’s __del__ () methods are executed is arbitrary. You can
run gc.collect () to force a collection, but there are pathological cases where objects will never be collected.

Despite the cycle collector, it’s still a good idea to define an explicit close () method on objects to be called
whenever you’re done with them. The close () method can then remove attributes that refer to subobjects. Don’t
call __del__ () directly - __del__ () should call close () and close () should make sure that it can be
called more than once for the same object.

Another way to avoid cyclical references is to use the weak re £ module, which allows you to point to objects without
incrementing their reference count. Tree data structures, for instance, should use weak references for their parent and
sibling references (if they need them!).

Finally, if your __del__ () method raises an exception, a warning message is printed to sys.stderr.
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2.6.12 How do | get a list of all instances of a given class?

Python does not keep track of all instances of a class (or of a built-in type). You can program the class’s constructor
to keep track of all instances by keeping a list of weak references to each instance.

2.6.13 Why does the result of id () appear to be not unique?

The id () builtin returns an integer that is guaranteed to be unique during the lifetime of the object. Since in
CPython, this is the object’s memory address, it happens frequently that after an object is deleted from memory, the
next freshly created object is allocated at the same position in memory. This is illustrated by this example:

>>> 1d(1000)
13901272
>>> 1d(2000)
13901272

The two ids belong to different integer objects that are created before, and deleted immediately after execution of
the 1d () call. To be sure that objects whose id you want to examine are still alive, create another reference to the
object:

>>> a = 1000; b = 2000
>>> id(a)
13901272
>>> id(b)
13891296

2.6.14 HMHERHETTLUESR is BEFETRDMRR ?

is EE TR ARENE. Wila is b FFEK id(a) == id(b) .

AREE B e A M R R A B, a is a #RRIE True o al(EIEIG0E R LA S0k
WBE . BAHAEMEREAR T, SREE ORI True B False .

SR, RA Y AREIEG R0, SEMENE A e RIS —BoRE], R E R (T
AN =H:

1) Assignments create new names but do not change object identity. After the assignment new = old, it is guar-
anteed that new is old.

2) Putting an object in a container that stores object references does not change object identity. After the list assign-
ment s [0] = x,itis guaranteed that s[0] is x.

3) If an object is a singleton, it means that only one instance of that object can exist. After the assignments a =
None and b = None, it is guaranteed that a is b because None is a singleton.

TERZ WHABEE T, SEMERRUR AT, MASHERRUR E . F5ENR, FREMERIRUN R A
W, PR REIRE 2 BB int F str:

>>> a = 1000
>>> b = 500
>>> ¢ = Db + 500
>>> a is c

False
>>> a = 'Python'
>>> b = 'Py'

>>> ¢ = b + '"thon'
>>> a is c
False

Likewise, new instances of mutable containers are never identical:
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>>> a = []
>>> b [
>>> a is b

False

TEARMERR = EE ARG T, AR 2] AT IE R (T s E st o SR

1) As recommended by PEP 8, an identity test is the preferred way to check for None. This reads like plain English

in code and avoids confusion with other objects that may have boolean values that evaluate to false.

2) Detecting optional arguments can be tricky when None is a valid input value. In those situations, you can create
a singleton sentinel object guaranteed to be distinct from other objects. For example, here is how to implement a

method that behaves like dict .pop ():

_sentinel = object ()

def pop(self, key, default=_sentinel):
if key in self:
value = self[key]
del self[key]
return value
if default is _sentinel:
raise KeyError (key)
return default

J

3) Container implementations sometimes need to augment equality tests with identity tests. This prevents the code

from being confused by objects such as float ('NaN') that are not equal to themselves.

B4, PAF4E collections.abe.Sequence._ _contains_ () HYEAE:

def _ contains__ (self, wvalue):
for v in self:
if v is value or v == value:

return True
return False

2.6.15 FEEINTiEHIR oI B HlhHE R &R ?

When subclassing an immutable type, override the _ _new__ () method instead of the __init__ () method. The

latter only runs after an instance is created, which is too late to alter data in an immutable instance.

All of these immutable classes have a different signature than their parent class:

from datetime import date

class FirstOfMonthDate (date) :
"Always choose the first day of the month"
def _ new_ (cls, year, month, day):
return super()._ new__ (cls, year, month, 1)

class NamedInt (int) :
"Allow text names for some numbers"

xlat = {'zero': 0, 'one': 1, 'ten': 10}
def _ new__ (cls, value):
value = cls.xlat.get (value, value)
return super()._ new__ (cls, value)

class TitleStr (str):
"Convert str to name suitable for a URL path"
def _ new_ (cls, s):
s = s.lower() .replace(' ', '-")

EET—TD
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(L —5)
s = '"'".join([c for c in s if c.isalnum() or == '-17)
return super()._ new__ (cls, s)

T SEHIET AT AR IS R BT -

>>> FirstOfMonthDate (2012, 2, 14)
FirstOfMonthDate (2012, 2, 1)

>>> NamedInt ('ten'")

10

>>> NamedInt (20)

20

>>> TitleStr('Blog: Why Python Rocks')
'blog-why-python-rocks'

2.6.16 InfalEeET AR ?

The two principal tools for caching methods are functools.cached _property () and functools.
1ru_cache (). The former stores results at the instance level and the latter at the class level.

The cached_property approach only works with methods that do not take any arguments. It does not create a reference
to the instance. The cached method result will be kept only as long as the instance is alive.

The advantage is that when an instance is no longer used, the cached method result will be released right away. The
disadvantage is that if instances accumulate, so too will the accumulated method results. They can grow without
bound.

Iru_cache 77 {558 A BAT T 2 L5 | B . BB RS 2 0, SR E @@ r SR pin2 .

The advantage of the least recently used algorithm is that the cache is bounded by the specified maxsize. The disad-
vantage is that instances are kept alive until they age out of the cache or until the cache is cleared.

E AT R T AT :

class Weather:
"Lookup weather information on a government website"

def _ init_ (self, station_id):
self. station_id = station_id
# The _station_id is private and immutable

def current_temperature (self):
"Latest hourly observation"
# Do not cache this because old results
# can be out of date.

@cached_property

def location(self):
"Return the longitude/latitude coordinates of the station"
# Result only depends on the station_id

@lru_cache (maxsize=20)

def historic_rainfall(self, date, units='mm'):
"Rainfall on a given date"
# Depends on the station_id, date, and units.

The above example assumes that the station_id never changes. If the relevant instance attributes are mutable, the
cached_property approach can’t be made to work because it cannot detect changes to the attributes.

To make the lru_cache approach work when the station_id is mutable, the class needs to define the __eq__ () and
__hash__ () methods so that the cache can detect relevant attribute updates:
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class Weather:
"Example with a mutable station identifier"

def _ init_ (self, station_id):
self.station_id = station_id

def change_station(self, station_id):
self.station_id = station_id

return self.station_id == other.station_id

def eq__ (self, other):

def _ hash_  (self):
return hash(self.station_id)

@lru_cache (maxsize=20)

def historic_rainfall (self, date, units='cm'):
'Rainfall on a given date'
# Depends on the station_id, date, and units.

2.7 558

2.7.1 t{TRILpyC EE?

When a module is imported for the first time (or when the source file has changed since the current compiled file
was created) a . pyc file containing the compiled code should be created ina __pycache___ subdirectory of the
directory containing the . py file. The . pyc file will have a filename that starts with the same name as the . py file,
and ends with . pyc, with a middle component that depends on the particular python binary that created it. (See
PEP 3147 for details.)

One reason that a . pyc file may not be created is a permissions problem with the directory containing the source
file, meaning that the __pycache___ subdirectory cannot be created. This can happen, for example, if you develop
as one user but run as another, such as if you are testing with a web server.

Unless the PYTHONDONTWRITEBYTECODE environment variable is set, creation of a .pyc file is automatic if
you’re importing a module and Python has the ability (permissions, free space, etc...) to create a ___pycache_
subdirectory and write the compiled module to that subdirectory.

Running Python on a top level script is not considered an import and no . pyc will be created. For example, if you
have a top-level module foo . py that imports another module xyz . py, when you run foo (by typing python
foo.py as a shell command), a . pyc will be created for xyz because xyz is imported, but no . pyc file will be
created for foo since foo.py isn’t being imported.

If you need to create a . pyc file for foo -- that is, to create a . pyc file for a module that is not imported -- you
can, using the py_compile and compileall modules.

The py_compi le module can manually compile any module. One way is to use the compile () function in that
module interactively:

>>> import py_ compile
>>> py_compile.compile('foo.py"')

This will write the .pyc toa __pycache___ subdirectory in the same location as foo . py (or you can override
that with the optional parameter cfile).

You can also automatically compile all files in a directory or directories using the compileall module. You can
do it from the shell prompt by running compileall . py and providing the path of a directory containing Python
files to compile:
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[python -m compileall .

2.7.2 infAik B ERRE ST 7

A module can find out its own module name by looking at the predefined global variable __name__ . If this has

the value ' __main

', the program is running as a script. Many modules that are usually used by importing them

also provide a command-line interface or a self-test, and only execute this code after checking ___name__:

def main() :
print ('Running test...')

2.7.3 How can | have modules that mutually import each other?

B ARA A A -
foo.py:

from bar import bar_var
foo_var = 1

bar.py:

from foo import foo_var
bar_var = 2

The problem is that the interpreter will perform the following steps:
e main imports foo
« Empty globals for foo are created
« foo iR EIR IR T
« foo 5| A bar
o Empty globals for bar are created
« bar E YA E G RAT

» bar imports foo (which is a no-op since there already is a module named foo)

o The import mechanism tries to read foo_var from foo globals, toset bar . foo_var

= foo.foo_var

The last step fails, because Python isn’t done with interpreting foo yet and the global symbol dictionary for foo is

still empty.

The same thing happens when you use import foo, and then try to access foo . foo_var in global code.

ILHE (B) =M RERmRE .

Guido van Rossum recommends avoiding all uses of from <module> import .. .,and placingall code inside
functions. Initializations of global variables and class variables should use constants or built-in functions only. This

means everything from an imported module is referenced as <module>.<name>.
Jim Roskind % 3 7E A3 EARAH 4 DA E PR A 7481 A5 1 -
« exports (globals, functions, and classes that don’t need imported base classes)
* import BRI
o THEAEAHS (IEIES I AMERIAG LY AId s ) .

2.7. {54
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Van Rossum doesn’t like this approach much because the imports appear in a strange place, but it does work.
Matthias Urlichs Btk SRR, DABEFTHE—PRLASEA T7 ZLEES| A .

18 2 REIARE 2

2.7.4 __import__('x.y.Z’) B8 <module 'x’>, PHREIIEFE z?

Consider using the convenience function import_module () from importlib instead:

[z = importlib.import_module('x.y.z") }

275 ERRETESINNERADEFSINES, EHTHFREHEK. DHHEZER?

For reasons of efficiency as well as consistency, Python only reads the module file on the first time a module is
imported. If it didn’t, in a program consisting of many modules where each one imports the same basic module, the
basic module would be parsed and re-parsed many times. To force re-reading of a changed module, do this:

import importlib
import modname
importlib.reload (modname)

Warning: this technique is not 100% fool-proof. In particular, modules containing statements like

[from modname import some_objects ]

will continue to work with the old version of the imported objects. If the module contains class definitions, existing
class instances will not be updated to use the new class definition. This can result in the following paradoxical
behaviour:

>>> import importlib

>>> import cls

>>> ¢ = cls.C() # Create an instance of C
>>> importlib.reload(cls)

<module 'cls' from 'cls.py'>

>>> isinstance(c, cls.C) # isinstance is false?!?
False

WAV EE R TRRENE ], B AR T

>>> hex (id(c._class_ ))
'0x7352a0"

>>> hex (id(cls.C))
'0x4198d0"
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Guido van Rossum {58 ] 4 HE AR 4 4B EHE, [F) H #5455 —fi% Python B2 iE M A 2 BBk . 7
2 NAEBEE — B R 2 Bt % b T B MTse .

PR A/ SRS, DR T B ST IR A LA AM B . B C s OB e
IR PR RE S B

if (x <= vy)
xX++;
Y7

Z++;

R PHEIR, U x++ BOA @ peT, (AaEesile N A AR B, BIR a3 CRis
PEEE ARG IS MEr A, B EMEE x > v, Hy REEDT.

PRI EIE) A BB ELAS R4 5% . Python W HAWGE T @A ) B BRI MUK 1058 fE CREET, A
ﬁ%ﬁﬁ%ﬁﬁ%ﬂ%ﬁ%f {EERIE IR, S (SURLEEE) 5 AR
R UHS S & 4L begin/end BT HAE—4T. 8 Gl e VSRR IR B AE s ), AR EEAE Sy
WA EIR . PAR E2RE], — ek U E— (A5 (JME 20 % 30 17). 20 47114 Python 25
Pl 20 471 C FEsNHE ] AMCE 2 5. SR (E)A B ar s g R i 8 BRI AR B — st ) ([E 4 e o B
HERERBCA ), (A Rs it s T E ).
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3.3 [EfF RSB H AL THERE ?

o0 P12 T S R 4 R R R 7 -

>> 1.2 - 1.0
0.19999999999999996

3
([,

CPython [ £loat HEII T C #Y double MENAEfF. —Mf float WIFMEG AR EARTE (%
53 fiiye) AFE kR A, Python flH] C 2SR B, 1Nty 45 6 H B FLAR b (1 B B 0 15y
AEE . EFR R B OE S KE), Python I C. Java SR 2 2 WOl ¥ 3h 5 A —FRATEL.

R W T DA LM L 2, e MDA e O . o), DA TR 8L
itk

IEliE /2 Python [ bug, {HIEEIAJE. JEER Python #-TEIA BT, e i e A fof ot I 26 B B

b=

[>>> x = 1.2

)

x [EER M (REE) 1.2 ilsHE, EEAEE SR 1.2, iR ERKE, e

[1.0011001100i10011001100110011001100110011001100110011 (binary)

)

11 i I (LI 2 -

[1.1999999999999999555910790149937383830547332763671875 (decimal)

53 fICHHEEE# Python WA 15 22 16 /MBI HERREBE -
SR A R I DAZEEIAE Python FOERAYIF B E S — 3.

3.4 [E{+[E] Python SrEa O] &) ?

AR

H—208: FE AT SEER, B AT DAL A 3 5 R st o0 O der s BT, T4 At ) £ 2 Tl oK
R E AR . R ICA (tuple) AR (list) AR H A —{H A o

o — R AE Python tfr, FHRIMFE—k [3A ). EA AT TE G40 8 52 i Mofi s AL Bl 1]
., A£ Python s [EVEEMATEIEr BT H [eight].

3.5 [ [self] #EF5i% (method) ESEFIFIY B —EEEAMER ?

HCHEAEAE Modula-3 5. FRIEIRFZ A, Atn] AELZ JE# 2T

S, BT DA R TE T Iy v (method) SRR BERY (instance) MIRBYE, k(A B0, RO
AR (class) MY, HAF] self.x o self.meth (), HOr AL H I R IF 26 G 611
WOl I vk . TE v [E), 4T DA 1 (E05 T 0 25 SCH B 3 4 F —— {EL7E Python [EJIEAS ot
R DA T I SR . A Ct il Java R SRS MR SR 5 700 1 PER 4% BT
BTG m_, DR T AR S 3 AR

S5, R AR R T SO A SR B R, IR TR BRI RS . 7E C++ [, nsfei
R — AT A R R Bl 7 B O S E v, WHE < ¢ ST - {HAE Python (F), RV DA HER K
baseclass.methodname (self, <argument list>). jaff__ init_ () F¥ERGH, $FEELE
{18 4 R 1) A (E 4 7 B JP R (P 5 T S e e e«

Btk , MARE) T B BE OIS R VR A s PR (R de s 3 Python /2 (B 3R(E)) 76 bR X EIWEHE URIE
sl (BB IS A R Ak) , 7 DA G is By YA AR F B 15 1 4 VR 2 S B s
ST ks i, sEeREv e m R (B T40%) . C++ HE&SMRE TiE Mg, (2 Python 4, M

40 Chapter 3. EFHfIEEERBMESR
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BV 3 M0 s R 17 5 | 8 5 R o SRS VR 2 . ELRE I AR se 1€ var 3t T RASE S 1 1 R IR i e .
[ BE, AT ﬁ%%&ﬁﬁ%&sﬂfwnﬂﬁ%ﬁ%fﬁﬁ*fﬁi%%ﬁfﬁ%%%EWMI
ﬁﬂl%ﬁl 17 i 5 ORI 2 081 S M A 7 O {1 AN [ F) iy 44 25 ] (mameespace) , 11 /%75 224 #ff Python 2L
AR — 1 .

3.6 [fFH A aefEEH X (expression) h{ERIEIREH ?

fi¢ Python 3.8 ik, KA AIEEH 1!
TRURIES U S8 T« = AR R A IR 4 (A -

while chunk := fp.read(200):
print (chunk)

W 2% &iflak i PEP 572,

3.7 [Efa Python X —LIhREBEERA A E (IF= listindex()), $—
B(ERFRN (K2 len(list)) ?

411 Guido fif(E):

(—) s BRERE], AR ARAR G R R — i (AR ) ERTERUE
EAHEAERMEL, BLATIEAENISE LR B OB R M A 5 5 . AHARAE x*(a+b) i@
KT RER A x*a + x*b (AT B, FREGE— Tt B %ﬁ%%ﬁ%%%ﬁT

(=) AR —BAEEE len(x), Ffod BRIMFERPMRE. S T RMFS-
g R R, 2UCL A . ¥, %Eﬂxhw &ME%%@XI%@&%
E%WT—@ﬂEﬁ%@%T—@ﬁ%@MQM£I 1B 3 — A [EA7 AT (mapping) FY
ﬁﬂﬂﬁ@wﬁhMOﬁ%,ﬁ%ﬁ%ﬁ%@ﬂﬁmeﬁ&ﬁ AT e ST K

—https://mail.python.org/pipermail/python-3000/2006-November/004643.html

3.8 [EMT join() BF &7 EmMIERT (list) HITH (tuple) F5ik ?

Fl Python 1.6 2 1%, T8 R G ILMARMERBUE], e tbig, —S8n] AR SR AR 17 i =X A ] ) g
MR . RZBEHI AR %, (A WA 2N AR :

["’ ll‘join([llvl l2l, l4l, '8', '16'])

R

["1, 2, 4, 8, 16"

U A 1R 5 380 AR P SR T

o SEEIEE: [ 1550 S0 (string literal) (2R 580) FORACIORAL), WP, o oAk
FUR R . A T DURE D R RS L, AR e S AR AR T

SR R [RRTE P ST iR B — A B E ol gl A . EARE N, (R[]
ARTEE M. FERRERE, € split () ST L LRE R, FEEHIM A A S A ) :

["1, 2, 4, 8, 16".split (", ")

)

TE AR I (7 SRR B R R E A AT (SO B ) i T e e &

3.6. [fTHAHEEEHS (expression) fE RIEIREH ? M


https://peps.python.org/pep-0572/
https://mail.python.org/pipermail/python-3000/2006-November/004643.html
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join () BTk, WETEMMERGE, @R s 2otm B M4 rs, EFacmA
FIARARA M2 [ BRI 2 OT ARAE IR A SR A 1, 6% B SR HTEEEL. 7% bytes 7
bytearray Pt AR I -

3.9 BIMEEBESR?

WEREM BIAMEEIN, —ff try/except WmILZIERHARCRN. FH L, MEHGISMEA & EARE.
7 Python 2.0 PART, TE M A2 AHE H R

try:
value = mydict [key]

except KeyError:
mydict [key] = getvalue (key)
value = mydict [key]

i A AEARSEDRLE 8 T LK 22 ORF e A S IR oA Gy . URIEAEINL, fRMERZ R A

if key in mydict:
value = mydict [key]
else:
value = mydict[key] = getvalue (key)

Bt B M ERE, REAPAM value = dict.setdefault (key, getvalue (key)), NiHA
& getvalue () FUBEARKRIRRAGER], HIEMERE EHIAT.

3.10 [Ff+E] Python [FJF)f switch = case BRiR= ?

In general, structured switch statements execute one block of code when an expression has a particular value or set
of values. Since Python 3.10 one can easily match literal values, or constants within a namespace, with a match
. case statement. An older alternative is a sequence of if... elif... elif... else.

AR FTREMEARZ AR AT AT S SR e X 4912 (E

if key in mydict:
value = mydict [key]
else:
value = mydict[key] = getvalue (key)

EFAEI P EIR s, ARAT AR EVE SRR R IR getattr () ZRMUE— SR IL:

class MyVisitor:
def visit_a(self):

def dispatch(self, wvalue):

method_name = 'visit ' + str(value)
method = getattr(self, method_name)
method ()

MR A2 RN ERrss, DOEMG T ARERGR visit_ EVARISRIEE, — BB fF IR
PRI, TOBR 5 60 m] DARE S0P A AR SR E vk

Imitating switch with fallthrough, as with C’s switch-case-default, is possible, much harder, and less needed.

42 Chapter 3. EFHfIEEERBMESR
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3.1 EMIAREZEEZR LERMNITHE MECEREERAMEBTEES
% 7

BHE— AR, EREAT G Python (X HEEIHE (stack frame) frifk 22/ b—Mf C (HEEHE. [RIRE, $H7T
EPFATDARBIRFIFE Y Python,  [A 58 BEF) BAR M HE S0k C HIBIATAE -

Bk i, SOEE (Stackless) Python Se 4 EH At T Mgl , Eieg T C .

3.12 [F)fg lambda EEX A EBE RS ?

Python 1] lambda 385 =0 G845 7 Bitid 52 [ [E] Python [ 52 HE 4L 4 iR PR FE i R X i Bl K. 2R
i, #£ Python [EE[EIA J&— M g A0 B . AMEAEHABEE S ¥ A M 7. 2 BEfY) lambda, Python ) lambda
HOE— A AR 25 R =X Rp mT B — (0 5 5 0

PR 482 Python [EIf— 8 14F (first class objects), 1M FL AT DATE [ 5 i 8 (F) 4 & 4 . (At iE— A lambda
T A [ e 1) R 2K ) 4 e AR A o 22 22 A — ] o X4 A (EL3E el & 2 — {1 i 3l B ol i o 1 e =X
4 (il lambda S5 R [F8) !

3.13 Python TR iR ES . C RS HMBERSH?

Cython H] DA s 185 4 it A7 88 4R M EVf ) Python AR . Nuitka J&—f8A E s Sy, AT LASE Python
FEbl Ct, At H AR SR S8 1Y Python 5575

3.14 Python fn{T& @5 s ?

Python FCAE S B A A1 5 VA BE 4. Python FYERHETLAECPyrhon {1 ] 2 HEFHA (reference counting) Z¢fgf

IR FERAFIIT, EH  —AAEIAO 2 BR B (reference cycle). & AT IR BR A 10 S0 A Hk

gﬁﬁ@ﬁﬂ% M TEREERRAR BRI gc BUARSRUL TR DASUA TR IS . TR S AL R BB AR B S 2 2
(e

IR, FEHARTLAE (02 Jython 5k PyPy) w, & il (02 B SIS s A5 [l el o 4 2R4RF) Python
P R BURET 2 SRR B, B (AL e S LU N RO A R

{E—3¢ Python F{E, F Bt (76 CPython W AIEREEAE) AT A SHEREAHIIA T (fle descripton
I

f = open(file)

for file in very_long_list_of files:
c = f.read (1)

T L, {l1] CPython (¥ 2 MEGHICHIMEAE 7 5 (destructor scheme), R £ FRIHHE IR & B P T TIT 5Y
TE%,) SR AR 23R B (GO) RS, B LU ST G [ HLA T REAR IR A4 g ] 42 il £
EIFFA) -

AR A BARAY AR TETE AL ] Python BLAERAS Pl DAIEA, IOV IR % 55 2 1 Bl PHAR S 52 1 with
b, anst—A, AERIERAE PRI R, Al g R A

with open(file) as f:

for file in very_long_list_of files:
c = f.read (1)

3. EfIFRtE RS LEBRTHE, MEEAERRENEERESR? 43


https://github.com/stackless-dev/stackless/wiki
https://cython.org/
https://www.nuitka.net/
https://www.jython.org
https://www.pypy.org

Python Frequently Asked Questions, #([F] 3.13.0rc2

3.15 [Efaf CPython 7 { Fi S 2 @ Rk Sk E Wi 1 ) 7

—, EEAR CEMESRE, Futtry EPEAR. (3, FRAIM%AE Boehm GC pRisJd. A W HIA R
X% #F MG F RS, EIRAN AT, MEUEE k2 EEn, BErEe, EHEn
Python {75 @ F5 2 — L8 4. )

AR BRI (GC) £E Python Bl A LAt 8 F AR Rt T — M R . ZE28 574 Python A2 [ElH 2k vl
PATEEEHER malloc () Fll free () (B GC sz B HEA AR AR ; {H—{l %3 Python {1 i FI A2 T BE
FEUH B 1Y malloc() F1 free() B, 1A 2 M Python . PABIAEZRIE], CPython FIE{/E malloc() I free()
AR A B RS -

3.16 E CPython # R, AN STIEERSHER?

““T%EE%J Python IRf, (¢ Python FEAH ) 42l iy 4 25 (W AR P HE AR 2 Er gl il (e A TRIRS N MIRee, 15
RE@ L. A LERiEm Rt C U IBUT Y, AR RERREAL (P18 152 Purify Z 88 T H &4
) RIMT, Python 7 BH A A IRF 5 € BRI B I M I Bl R 4 1«

m%%mﬁﬂﬁBﬁmﬁﬁﬁﬁﬁﬁﬁﬂ%%ﬁ%%@,Wﬂ%%amﬁiﬁ@%%ﬁéﬂﬁﬂ%%@
o

3.17 [EMaTE4ETH (tuple) FnR31 (list) 53 B {E B BV E ?

FR A HITTALAEAR 22 07 THAH B AL, (Fd 5 A SE e AR A7 . TR AT DAAEURE Pascal fY) record Biig C
) struct, @—/NEHBRBHEA GE2 AR RERERES, A—AEREAEITHME . BE2RE, —[
R AR A8 W] DASE B 2l — (A s = (A oA

35T, A EAR R HAEE A8 (array). T DA R EE @ RSHER ¢, HIEZEIESAE. G605
[, os.listdir ('.") MEHTHEEBMESR, NEEFRIHRIIFR. QURRHHY T &ERRIE
HAD, *ﬂﬁ%lﬁk?ﬂ*%l&ﬁ A g IE R A

JCALAR AT 8, SR — BICHpEsy, VRS eI B A — M (E. TTERgrsE, BT AR YT
PAMCEERIRYTCER . A AT TR o URE 7 S8, B oA BRI TCALE i, MR s AT .

3.18 3| (list) £ CPython h 2 ELIE {FY ?

CPython [yH381 (list) S5 L2 AR JZ 51 (array), i AR AR Lisp #f 5 1985 FR 51 (linked List), F{AE
£, 4&%;1@@%%%%@%?!@ (reference) [Hi51 , [EVE A 1) S 51 ) $i5 (pointer) 51 R BE A7 AL HR A1 1)
FREH A

P, MRETIARPIEEE a (1] MAENMRII N0 R T {E R .

WO BT AR, BRI [ TSRS VOMA M IReR, B LI by
iR, RS LHEERRE, GRS ], R AR YOI R AN T RN T

44 Chapter 3. EFHfIERERMER
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3.19 =24 (dictionaries) 7 CPython B2 E[FE R ?

CPython {7 St 2 I m] i 8 K/ HEE)R (hash table) FEAERY . Ul B (B-tree), 7Ei¥ad (HAIEILAH
SLIEAE) A B R, B L hmEIf .

FHA R hash () KR, HEMBEHEDGIE . #EE45 508 80 (8 A H E4T 4% (processes) 1)
A K2, B0, 'Python' [AEEIRE -539294296, 1if H25— {5 # 'python' HIZ
1142331976, HEEIAE 3890 AREH BAEAE R BES G AF 000 R SARAT I SEATE A [ (1 34 (B
AR TR L R [— H K O 2/R¥% (Big-O notation) 5 /2 O(1) —AHRAT = — MR .

3.20 [faF MR —F R FaEE) ?

FAEF I R AR RS O EMET A R B S . WCREE TR, Mg T AR, F A(E)
(Yt SR LA . (E AR SR 0 ) N SIS R Ml P A il B, T DA 8 Bl L (B
Rz, BTSSRy, HEENER R RS, R b AR AR E U A
HESHE, B-HRAR, HEMbY RS AR .

AR AR SR EE A RG], EEE TR . tuple (L) WA @@ — A L —HK(E
AL, MOCALRA TSR, BTRART DA A 7 i o

WA AP — SRR Z I TA

o FHERBIGERERAL (VIfF id) SRR B ERsh, RO B (R — A 5
A REI. SO

mydict = {[1, 2]: '12'}
print (mydict[[1, 211)

s gEE KeyError BI5h, WE (1, 21 M id EH—A7H% AT 2 A EM. EEE, Fi
PEMERZ B == A, A2 is.

o EEEpIEER. By, FESRIEEE, s acmsi, rdbEe
T s [E R

o« RFFHRSIEER, EEFEHEREER M. FHHRANORRESREE TR, gEL
PABEY bug. AR IRREY T JHF MW EZE ) 76 d.keys O MR ME(EHR T AT L7 Sy
#

o —HHBIGCE M, ARSI RERIR. MR, SN H B e EIRI MR (E, SR IC
ALEL S R B . 8 — R (P R, RO A M BRI 7T AR 2 (% BT A (PR i R
WA —, AC2 A S erEsesEE.

WRART RS, SBEA /NI AT AR, (Ha B ORISR AR AT ASE— 1 w] 8 ) 1 et — R A
_eq () Ml _hash__ () JEMBEEG . HEGEME oy HEAER T (SCHASRIA#) T,
VR R EAE T3 (SHA AR EEL R 450 ) Pt M A (M e R

class ListWrapper:
def _ init_ (self, the_list):
self.the_list = the_list

def _ eqg (self, other):
return self.the_list == other.the_list

def = hash_ (self):
1 = self.the_ list
result = 98767 - len(l)*555
for i, el in enumerate(l):
try:
result = result + (hash(el) % 9999999) * 1001 + i
except Exception:

(BT —1D

3.19. =8 (dictionaries) #£ CPython 2 EFEERY ? 45
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(L —5)
result = (result % 7777777) + i * 333
return result

AEERE, ARERF A T ARSI ENE, DA H35 UEAS AT A (unhashable) 1S54RI 211 7T RETE .

A, AR EEFE Y, R o1 == 02 (Blol.__eq  (02) is True), H]hash(ol) ==
hash(02) (Hlol.__hash_ () == 02.__hash_ ()), BEFELHEBRML. Q0F ML LS HEK
i, R A A A A E R A S5 & 3R IE AT

ZJA ListWrapper, HELEAGREAPAE TS, [EITHY RS AE s DASRE 60 A T 3 B i %
E o BRARIRE ASREUECE ARG TR M R A R, AR A ORI, S5 AATEER.

3.21 [EMT list.sort() A =ESHEFBRIRT ?

(ETLREEET T, S EIE G it T, 1ist.sort () BB sIEcT. 74
BRI FE, (R I HEEBAO . e — A, BB AR B IINS , RALA frik
PR RN B R .

AR ARAR A [ R R A1), AT AT @Y sorted () o Mg AR AL T EA 1 (iterable) SHET
HSLHERS, Bz B, AR SRS G ER s P B R g

for key in sorted(mydict) :
# do whatever with mydict [key]...

3.22 #nfa7E Python chig5E F0(E I {& A — {8 /r E@#5E (interface spec) ?

%2 C++ Al Java S5 S 4R 40E TRTAHIG MY, Ald TR s A ek U . R ARBIENE R
7 A o R VB T 1 A TR A R AR SR R

Python 2.6 fll A T abc Bi#l, ZWARA] DA E FKH 4 £ KB E) (Abstract Base Class, ABC), A& DA fifi
H isinstance () Fll issubclass () AR — 0 B F ok 2 ME 2 5 B AE T 3 0 % 2R E(E.
M collections.abc A TR T — RN H S E)KEE, %2 Iterable. Container Hl
MutableMapping,

#f Python ZR[E], K271 BLHE (B AT DA S TC 30 5 1y IR e 21

— i g ALY 1 WS CF B T[] BRI (regression testing),  [EMWREIESLAL /' il AL AT — AL D 752
Python LA 1] A B3RS EI AT, (EHROEM LAY [ A FHE]. RIERTA AT 1 EAER SN, Al
IRAT LATISNARA Y T f LY TR ] (stub) BEBEAB B, doctest il unittest BAHEEE =Jr i HI
HEZR AT DA 27 A R i AU ) Bl PR AR A [E i A R

AR TR — B, — {13 7 e P A s K 28 S BV 17 Python JiE AR AUIRE W] DARE B, 9 |,
T RE T DA S 22 B8, DRI E Y T A Sk R s e s . BR0R(E], list.append () ik
JE % AR AR IR Bp g e AR i LB oo, min i B E A RIURRY 1ist . append () 2AZH
A IERERECAE, (UEAEREHER MR A B

PR EIEARD, MR G GREICRA SRR T HIEU5ES) B % (test-driven develop-
ment) J&—{HHAGBSZ BOI YRRt Iy ik, MEERIETE GR BB E, MR ERENEN . &
% Python th AR HE AR LA KT AT AL

46 Chapter 3. EFHfIEEERBMESR
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3.23 [Fl{aE}#F goto §&i% ?

TE 1970 4548, AT 5] [T BRI goto €8 B0 AL . HEDAFEARAME i [ /RIE] ] F2C5 ('spaghetti”
code)., YERMFERE, SR ARTFEER, HE FIE MBS % (VA Python ZK[E], Al if BRAA
or., and ¢ if/felse &) FIERE (J§ while fl for BIAR, WHEEH continue fll break).

FAM ] DA B ANSAS [ 45 MEALIY) goto, 1B F A DA R 2UEny . AR 2 N BA561 48R DA 18 Mo AR REAE
C. Fortran fIHAbFEFES AN go Ml goto. fFlUN:

class label (Exception): pass # declare a label

try:
if condition: raise label () # goto label

except label: # where to goto
pass

ERAR IR EEE, EEEGRERE goro MM . S/,

3.24 [Dlfa#bF & (r-string) FEELIR MR ?

SORSHEHLRED, AR AE ARSI SR B S e - R o A TG 38 ) S R E) 6 S 6% 2 1) 5 | SR M 5% (escapes), 4
IR A AR A T H

ki R T ARG 1 © S AHE S B I (ERLRIEERA) — (7 A A
SRR IR 10 45 P S RHER MOt PFDASEF A ALRF A P, MR fACT — A AHED
B B TSI 1 A PTIREY F 0L IE RO

AR AR E B Y. Windows FUBRR A4 G, G Windows R AR - tH2 —RE:

[f = open ("/mydir/file.txt") # works fine! }

WEARARE L DOS $8 9 M BAE ARG, ilHlA (1 A A il -

dir = r"\this\is\my\dos\dir" "\\"
dir = r"\this\is\my\dos\dir\ "[:-1]
dir = "\\this\\is\\my\\dos\\dir\\"

3.25 [Fl{@ Python [Ff B4 % {EAY with BRiR= ?

Python () with BIAR M EE T — R AEAT, FEME ATIRER % EIE R iR, — B s aa %
PURNEOPSE &

with obj: }

a =1 # equivalent to obj.a = 1
total = total + 1 # obj.total = obj.total + 1

{HAE Python, g & R B o

TEHAMFRFE, 182 Object Pascal, Delphi Fil C++, (i it 2EIAEZUIET, S AFRAM AT DA A 138 2 W —
T B IRME . &2 EIAE BTN B TEAm R0, A A LE FRR T8 A1 2 U A7 A (scope).
Python i F i1 2 B AEAUE] . 37 LAFRAM AN T BRI 11 R0 £ U T IR WO o A B B P 2o i 5B T REAE L
FIRFOEIPE P ORI BRS I o 8 BEAS AR A BEACR A0 a , FRAPI A0 AT VAR08 1k it - [l
S, BRI EE L

3.23. [E{F[Jf goto FFix ? 47
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PAF B 56 B R [ 491 -

def foo(a):
with a:
print (x)

iE B A B a A — AN < S . S81%, Python [NV (RIS 4 ELgaE (. TEMR
& [al BB, MBeritE D mh — e BmE <, IEEM with R
W5? ANARET R, Python ) R 14 M (15 15 TS 5 5 IR 2

SR with PRSI RR S Rt (BRI R) Y 2 B nT DB A A . AR B RS -

21
42
63

function (args) .mydict [index] [index] .a
function (args) .mydict [index] [index] .b
function (args) .mydict [index] [index] .c

JERZ R IE R

ref = function(args) .mydict[index] [index]
ref.a 21
ref.b 42
ref.c = 63

EWARTIHITHE R R, FIE Python i4 REAE AT E{EBUTRYRFIREE L, T2 U F AT
fEAT— U BT

BRI REIEE | AGEEAE B EV/ DR &, Blnfif [H78E; (eading dot) ], [Hig 4R REMi&
), AR nyBmEdE (2 https://mail.python.org/pipermail/python-ideas/2016-May/040070.html) ,

3.26 [FATFI4E2S (generator) %18 with BRiR ?

A B AR, SREAER E AR (context) 4 PIAS & WA IEREIE . WELEHKE, B LSS
IR (terator), IR f% 56 MR AN TR B T B BAPH . (HAURARTE TS, IRATALE with BiAXEH
contextlib.closing (generator) A8,

3.27 [ElfF if. while. def. class BRAXFIEEEE ?

T E SRR E TR (b ABC RS RO EBRIGHA) o U T 40

if a == Db
print (a)

LA

if a == Db:
print (a)

TERREE 0] TRIGU e IR o Wl DA — B, — {1 B SE R A7 1 FAQ B i il 1)
(1, BRSSOk,

T3/ 2 B SR O g A S MRS, MM R E R B S A E R R EEL
e, AN B0 2 B ED 2 ) R s AT

48 Chapter 3. EFHfIEEERBMESR
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3.28 [Elfq Python ftBF#E S % F0 TRk M0 Lg% ?

Python FuFFRFEERS . JTALFI S-S &5 R n FaZ sk

(i, 2, 3,1
("a', "%, "e@",)
d = {
'a": [1, 51,
"B": [6, 7], # last trailing comma is optional but good style

EA 2 R A ATET -

WAREALERS) ST ER AT, SRR e R TR R ED F,  EWRAN AR —
Frim a2 5%, BALTIE R AR, A S GRS

A/l TR e RO A B B, Bl

x = [
"fee",
"fiell
"foo",
"fumll

]

B AIERAA DI TE, EAHE N = [feel. [fiefool. [fuml. JkiEsefSmn_LiZgEpAsfiE
TEEERR -

FURFAE AL SR ML A R R A 5 [E A
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cHAPTER 4

v

R EMRE TR E REE

Ry

4.1 EREAXHE

4.1.1 RINETHRBIITES X BREHERER ?
Check the Library Reference to see if there’s a relevant standard library module. (Eventually you'll learn what’s in
the standard library and will be able to skip this step.)

For third-party packages, search the Python Package Index or try Google or another web search engine. Searching
for "Python” plus a keyword or two for your topic of interest will usually find something helpful.

4.1.2 BREISTLL$%F] math.py (socket.py, regex.py, Z...) KiEHEE ?

If you can’t find a source file for a module it may be a built-in or dynamically loaded module implemented in C, C++ or
other compiled language. In this case you may not have the source file or it may be something like mathmodule. c,
somewhere in a C source directory (not on the Python Path).

H (Z/) —ff Python Fiff :
1) PA Python % %5 1454 (.py):
2) il C @B e A MREAL (i, pyd. so. s1%F);
3) M C sy [FIEE B an gl pe (e ;. ZOMEA5E 5 list, EEAA

import sys
print (sys.builtin_module_names)
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4.1.3 Fin{a{E Python script #1777 Unix ?

You need to do two things: the script file’s mode must be executable and the first line must begin with # ! followed
by the path of the Python interpreter.

The first is done by executing chmod +x scriptfile or perhaps chmod 755 scriptfile.

The second can be done in a number of ways. The most straightforward way is to write

[#l/usr/local/bin/python }

as the very first line of your file, using the pathname for where the Python interpreter is installed on your platform.

If you would like the script to be independent of where the Python interpreter lives, you can use the env program.
Almost all Unix variants support the following, assuming the Python interpreter is in a directory on the user’s PATH:

[#J/usr/bin/enV'python }

Don’t do this for CGI scripts. The PATH variable for CGI scripts is often very minimal, so you need to use the actual
absolute pathname of the interpreter.

Occasionally, a user’s environment is so full that the /usr/bin/env program fails; or there’s no env program at
all. In that case, you can try the following hack (due to Alex Rezinsky):

#! /bin/sh

nww.n

exec python $0 1+"s@"

The minor disadvantage is that this defines the script’s __doc__ string. However, you can fix that by adding

[77doc77 = """ . .Whatever...""" }

4.1.4 2&EH/EAK Python By curses/termcap E4 ?

For Unix variants: The standard Python source distribution comes with a curses module in the Modules subdirectory,
though it’s not compiled by default. (Note that this is not available in the Windows distribution -- there is no curses
module for Windows.)

The curses module supports basic curses features as well as many additional functions from ncurses and SYSV
curses such as colour, alternative character set support, pads, and mouse support. This means the module isn’t com-
patible with operating systems that only have BSD curses, but there don’t seem to be any currently maintained OSes
that fall into this category.

4.1.5 Python FEEHZERF C B9 onexit() BHEZ ?

The atexit module provides a register function that is similar to C’s onexit ().

4.1.6 EftEFRBEHEEBEXTEER?

The most common problem is that the signal handler is declared with the wrong argument list. It is called as

[handler(signum, frame) }

It LAE MR T A1 2 B B -

def handler (signum, frame) : J
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4.2 mRRE

4.2.1 {7 AIE Python F2UE TiF 7

Python comes with two testing frameworks. The doctest module finds examples in the docstrings for a module
and runs them, comparing the output with the expected output given in the docstring.

The unittest module is a fancier testing framework modelled on Java and Smalltalk testing frameworks.

To make testing easier, you should use good modular design in your program. Your program should have almost all
functionality encapsulated in either functions or class methods -- and this sometimes has the surprising and delightful
effect of making the program run faster (because local variable accesses are faster than global accesses). Furthermore
the program should avoid depending on mutating global variables, since this makes testing much more difficult to do.

The “global main logic” of your program may be as simple as

if name == "_main_":

main_logic ()

at the bottom of the main module of your program.

Once your program is organized as a tractable collection of function and class behaviours, you should write test
functions that exercise the behaviours. A test suite that automates a sequence of tests can be associated with each
module. This sounds like a lot of work, but since Python is so terse and flexible it’s surprisingly easy. You can make
coding much more pleasant and fun by writing your test functions in parallel with the ”production code”, since this
makes it easy to find bugs and even design flaws earlier.

”Support modules” that are not intended to be the main module of a program may include a self-test of the module.

if name == "_ _main_ ":

self _test ()

Even programs that interact with complex external interfaces may be tested when the external interfaces are unavail-
able by using “fake” interfaces implemented in Python.

4.2.2 How do | create documentation from doc strings?

The pydoc module can create HTML from the doc strings in your Python source code. An alternative for creating
API documentation purely from docstrings is epydoc. Sphinx can also include docstring content.

4.2.3 How do | get a single keypress at a time?

For Unix variants there are several solutions. It’s straightforward to do this using curses, but curses is a fairly large
module to learn.

4.3 #ITH#E

4.3.1 IEAEAMTHRERER ?

Be sure to use the threading module and not the _t hread module. The threading module builds convenient
abstractions on top of the low-level primitives provided by the _thread module.
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4.3.2 FHPITHMFBOFET: DD ?

As soon as the main thread exits, all threads are killed. Your main thread is running too quickly, giving the threads
no time to do any work.

A simple fix is to add a sleep to the end of the program that’s long enough for all the threads to finish:

import threading, time

def thread_ task (name, n):
for i in range(n):
print (name, 1)

for i in range (10):
T = threading.Thread(target=thread_task, args=(str(i), 1i))
T.start ()

time.sleep(10) # <——————————————————————————— f

J

But now (on many platforms) the threads don’t run in parallel, but appear to run sequentially, one at a time! The
reason is that the OS thread scheduler doesn’t start a new thread until the previous thread is blocked.

A simple fix is to add a tiny sleep to the start of the run function:

def thread_task (name, n):
time.sleep(0.001) # <—— !
for i in range(n):
print (name, 1i)

for i in range (10):
T = threading.Thread(target=thread_task, args=(str(i), 1i))
T.start ()

time.sleep(10)

J

Instead of trying to guess a good delay value for time . sleep (), it’s better to use some kind of semaphore mech-
anism. One idea is to use the queue module to create a queue object, let each thread append a token to the queue
when it finishes, and let the main thread read as many tokens from the queue as there are threads.

4.3.3 How do | parcel out work among a bunch of worker threads?

The easiest way is to use the concurrent . futures module, especially the ThreadPoolExecutor class.

Or, if you want fine control over the dispatching algorithm, you can write your own logic manually. Use the queue
module to create a queue containing a list of jobs. The Queue class maintains a list of objects and hasa . put (ob3j)
method that adds items to the queue and a . get () method to return them. The class will take care of the locking
necessary to ensure that each job is handed out exactly once.

Here’s a trivial example:

import threading, queue, time

# The worker thread gets jobs off the queue. When the queue is empty, it
# assumes there will be no more work and exits.
# (Realistically workers will run until terminated.)
def worker () :
print ('Running worker"')
time.sleep(0.1)
while True:
try:
arg = g.get (block=False)
except queue.Empty:

€ & A}
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(B E—H)
print ('Worker', threading.current_thread(), end='" ")
print ('queue empty')
break
else:
print ('Worker', threading.current_thread(), end='" ")
print ('running with argument', argqg)
time.sleep(0.5)

# Create queue
g = queue.Queue ()

# Start a pool of 5 workers

for i in range(5):
t = threading.Thread(target=worker, name='worker "% (i+1))
t.start ()

# Begin adding work to the queue
for i in range (50):
g.put (1)

# Give threads time to run
print ('Main thread sleeping')
time.sleep (5)

When run, this will produce the following output:

Running worker
Running worker
Running worker
Running worker
Running worker
Main thread sleeping

Worker <Thread(worker 1, started 130283832797456)> running with argument O
Worker <Thread(worker 2, started 130283824404752)> running with argument 1
Worker <Thread(worker 3, started 130283816012048)> running with argument 2
Worker <Thread(worker 4, started 130283807619344)> running with argument 3
Worker <Thread(worker 5, started 130283799226640)> running with argument 4
Worker <Thread(worker 1, started 130283832797456)> running with argument 5

Consult the module’s documentation for more details; the Queue class provides a featureful interface.

4.3.4 What kinds of global value mutation are thread-safe?

A global interpreter lock (GIL) is used internally to ensure that only one thread runs in the Python VM at a time. In
general, Python offers to switch among threads only between bytecode instructions; how frequently it switches can be
set via sys.setswitchinterval (). Each bytecode instruction and therefore all the C implementation code
reached from each instruction is therefore atomic from the point of view of a Python program.

In theory, this means an exact accounting requires an exact understanding of the PVM bytecode implementation. In
practice, it means that operations on shared variables of built-in data types (ints, lists, dicts, etc) that “look atomic”
really are.

For example, the following operations are all atomic (L, L1, L2 are lists, D, D1, D2 are dicts, x, y are objects, i, j are
ints):

L.append (x)
L1.extend (L2)
x = L[1]

x = L.pop ()

€ & A}
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(L —5)
L1[i:j] = L2
L.sort ()
X =Yy
x.field =y
D[x] =y
D1.update (D2)
D.keys ()

YN X

Operations that replace other objects may invoke those other objects’ __del__ () method when their reference
count reaches zero, and that can affect things. This is especially true for the mass updates to dictionaries and lists.
‘When in doubt, use a mutex!

435 FREBIL S EEREE 7

The global interpreter lock (GIL) is often seen as a hindrance to Python’s deployment on high-end multiprocessor
server machines, because a multi-threaded Python program effectively only uses one CPU, due to the insistence that
(almost) all Python code can only run while the GIL is held.

With the approval of PEP 703 work is now underway to remove the GIL from the CPython implementation of
Python. Initially it will be implemented as an optional compiler flag when building the interpreter, and so separate
builds will be available with and without the GIL. Long-term, the hope is to settle on a single build, once the perfor-
mance implications of removing the GIL are fully understood. Python 3.13 is likely to be the first release containing
this work, although it may not be completely functional in this release.

The current work to remove the GIL is based on a fork of Python 3.9 with the GIL removed by Sam Gross. Prior
to that, in the days of Python 1.5, Greg Stein actually implemented a comprehensive patch set (the “free threading”
patches) that removed the GIL and replaced it with fine-grained locking. Adam Olsen did a similar experiment in his
python-safethread project. Unfortunately, both of these earlier experiments exhibited a sharp drop in single-thread
performance (at least 30% slower), due to the amount of fine-grained locking necessary to compensate for the removal
of the GIL. The Python 3.9 fork is the first attempt at removing the GIL with an acceptable performance impact.

The presence of the GIL in current Python releases doesn’t mean that you can’t make good use of Python on multi-
CPU machines! You just have to be creative with dividing the work up between multiple processes rather than
multiple threads. The ProcessPoolExecutor class in the new concurrent . futures module provides an
easy way of doing so; the multiprocessing module provides a lower-level API in case you want more control
over dispatching of tasks.

Judicious use of C extensions will also help; if you use a C extension to perform a time-consuming task, the extension
can release the GIL while the thread of execution is in the C code and allow other threads to get some work done.
Some standard library modules such as z1ib and hashlib already do this.

An alternative approach to reducing the impact of the GIL is to make the GIL a per-interpreter-state lock rather than
truly global. This was first implemented in Python 3.12 and is available in the C API. A Python interface to it is
expected in Python 3.13. The main limitation to it at the moment is likely to be 3rd party extension modules, since
these must be written with multiple interpreters in mind in order to be usable, so many older extension modules will
not be usable.
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4.4 WA B

4.4.1 IR ER ? (IR H tpiERME...)

Use os.remove (filename) or os.unlink (filename) ; for documentation, see the os module. The two
functions are identical; unlink () is simply the name of the Unix system call for this function.

To remove a directory, use os.rmdir (); use os.mkdir () to create one. os.makedirs (path) will cre-
ate any intermediate directories in path that don’t exist. os.removedirs (path) will remove intermediate
directories as long as they’re empty; if you want to delete an entire directory tree and its contents, use shutil.
rmtree ().

WEFMAIEZ, #5fH os.rename (01d_path, new_path),

To truncate a file, open it using £ = open (filename, "rb+"),and use f.truncate (offset); offset
defaults to the current seek position. There’s also os . ftruncate (fd, offset) for files opened with os.
open (), where fd is the file descriptor (a small integer).

The shut il module also contains a number of functions to work on files including copyfile (), copytree (),
and rmtree ().

4.4.2 nfaEEHER ?

The shutil module contains a copyfile () function. Note that on Windows NTFS volumes, it does not copy
alternate data streams nor resource forks on macOS HFS+ volumes, though both are now rarely used. It also doesn’t
copy file permissions and metadata, though using shutil.copy?2 () instead will preserve most (though not all) of
it.

4.4.3 IMEREEER (MWEBA) ZEMHIEH ?

To read or write complex binary data formats, it’s best to use the st ruct module. It allows you to take a string
containing binary data (usually numbers) and convert it to Python objects; and vice versa.

For example, the following code reads two 2-byte integers and one 4-byte integer in big-endian format from a file:

import struct

with open(filename, "rb") as f:
s = f.read(8)
X, y, z = struct.unpack(">hhl", s)

The *>’ in the format string forces big-endian data; the letter ’h’ reads one “short integer” (2 bytes), and I’ reads one
”long integer” (4 bytes) from the string.

For data that is more regular (e.g. a homogeneous list of ints or floats), you can also use the array module.

e

To read and write binary data, it is mandatory to open the file in binary mode (here, passing "rb" to open () ).
If you use "r" instead (the default), the file will be open in text mode and f . read () will return st r objects
rather than bytes objects.
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4.4.4 | can’t seem to use os.read() on a pipe created with os.popen(); why?

os.read () is alow-level function which takes a file descriptor, a small integer representing the opened file. os .
popen () creates a high-level file object, the same type returned by the built-in open () function. Thus, to read n
bytes from a pipe p created with os . popen (), you need to use p. read (n) .

4.4.5 INAIHEERFFS (RS232) iR 7

¥ Win32, OSX. Linux. BSD, Jython. IronPython:
pyserial

#Hit Unix, 752 (F) Mitch Chapman 7 Usenet B3
https://groups.google.com/groups?selm=34 A04430.CF9 @ohioee.com

4.4.6 [Fl{+ERGRA sys.stdout (stdin, stderr) FFIHEEFERBT ?

Python 45 5 4 2 IR C A St A& = By 5
For most file objects you create in Python via the built-in open () function, £.close () marks the Python file

object as being closed from Python’s point of view, and also arranges to close the underlying C file descriptor. This
also happens automatically in £’s destructor, when £ becomes garbage.

But stdin, stdout and stderr are treated specially by Python, because of the special status also given to them by
C. Running sys.stdout.close () marks the Python-level file object as being closed, but does not close the
associated C file descriptor.

To close the underlying C file descriptor for one of these three, you should first be sure that’s what you really want to
do (e.g., you may confuse extension modules trying to do I/O). If it is, use os.close ():

os.close(stdin.fileno())
os.close(stdout.fileno())
os.close (stderr.fileno())

BE AR AT DAZH BV T 7 0. 1A 2,

4.5 Bi& (Network)/$8BE 88 (Internet) 12X

4.5.1 Python 2t WWW T & ?
See the chapters titled internet and netdata in the Library Reference Manual. Python has many modules that will
help you build server-side and client-side web systems.

A summary of available frameworks is maintained by Paul Boddie at https://wiki.python.org/moin/
WebProgramming.
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4.5.2 FFEE% (A DIRHEREEIE4E HTML ?

You can find a collection of useful links on the Web Programming wiki page.

4.5.3 #n{a# Python [F)ZA< X 84 ?

o A R S AR A smtplib,

Here’s a very simple interactive mail sender that uses it. This method will work on any host that supports an SMTP
listener.

import sys, smtplib

fromaddr = input ("From: ")
toaddrs = input ("To: ").split(',")
print ("Enter message, end with ~D:")
msg = "'
while True:

line = sys.stdin.readline()

if not line:

break

msg += line

# The actual mail send

server = smtplib.SMTP ('localhost"')
server.sendmail (fromaddr, toaddrs, msqg)
server.quit ()

A Unix-only alternative uses sendmail. The location of the sendmail program varies between systems; sometimes it
is /usr/lib/sendmail, sometimes /usr/sbin/sendmail. The sendmail manual page will help you out.
Here’s some sample code:

import os

SENDMAIL = "/usr/sbin/sendmail" # sendmail location

p = os.popen (" -t —-i" % SENDMAIL, "w")

p.write ("To: receiver@example.com\n")

p.write ("Subject: test\n")

p.write("\n") # blank line separating headers from body
p.write ("Some text\n")

p-write ("some more text\n")

sts = p.close()

if sts != 0:

print ("Sendmail exit status", sts)

4.5.4 How do | avoid blocking in the connect() method of a socket?

select AL H N E Bl socket ¥ 3EF] 2 T/O,

To prevent the TCP connect from blocking, you can set the socket to non-blocking mode. Then when you do the
connect (), you will either connect immediately (unlikely) or get an exception that contains the error number as
.errno. errno.EINPROGRESS indicates that the connection is in progress, but hasn't finished yet. Different
OSes will return different values, so you're going to have to check what’s returned on your system.

You can use the connect_ex () method to avoid creating an exception. It will just return the errno value. To poll,
you can call connect_ex () again later -- 0 or errno.EISCONN indicate that you’re connected -- or you can
pass this socket to select.select () to check if it’s writable.
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e

asyncio MR T — M1 1 Y A7 AR I AR P e o, W] i s I P ZE A i A N . 58 =
77 Twisted pis\ B2 —HRAT HINBE R AT &£

4.6 EHE

4.6.1 Python p @ EF/EMEREEHFIINE ?
AHHY.

Interfaces to disk-based hashes such as DBM and GDBM are also included with standard Python. There is also the
sglite3 module, which provides a lightweight disk-based relational database.

Support for most relational databases is available. See the DatabaseProgramming wiki page for details.

4.6.2 How do you implement persistent objects in Python?

The pickle library module solves this in a very general way (though you still can’t store things like open files, sockets
or windows), and the shelve library module uses pickle and (g)dbm to create persistent mappings containing
arbitrary Python objects.

4.7 BBFNE{E

4.7.1 04 £ Python shAE R FEH#E Y 7
FRMERAL random B T —AREREBCE Mk . ARl 2

import random
random. random ()

T I (O, 1) 468 (B A 7 B
A R R 2 AL A g, Bl
« randrange (a, b) @i [a, b) HFEE L.
e uniform(a, b) € [a, b) FEEFE#.
e normalvariate (mean, sdev) ¥[8 (Fir) HEHETERE (sample).
— LT B R U B A TR, Bl
» choice (S) G{¢&E )y fgkiE—HEMTR.
e shuffle (L) & JfHh (in-place) Tl list, BPFEHEHIAE .
#EAH — M Random FAE], ARWT DA B0 914k DA ST 2 (08 7 1) BE A S A s «
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CHAPTER B

BR/BANERBES

5.1 FKETLITE C hEITB IR ?

I, ARATDATE C L ek, S0 fIAMEL 2 AU B [EV@HSAH , extending-index ST A BH (E)
g

RZ Wb A el Y Python 3548 th &35 18 16 1

5.2 FZOTLITE C++ REIIHCHIEAE 7

Yes, using the C compatibility features found in C++. Place extern "C" { ... } around the Python include
files and put extern "C" before each function that is going to be called by the Python interpreter. Global or static
C++ objects with constructors are probably not a good idea.

53 B CRH: ERFHMEER?

LHRARE O C AR 2B AL, MERET I A8 ERAEE A

Cython and its relative Pyrex are compilers that accept a slightly modified form of Python and generate the cor-
responding C code. Cython and Pyrex make it possible to write an extension without having to learn Python’s C
APL

If you need to interface to some C or C++ library for which no Python extension currently exists, you can try wrapping
the library’s data types and functions with a tool such as SWIG. SIP, CXX Boost, or Weave are also alternatives for
wrapping C++ libraries.
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5.4 wnfa#t C #ITIER Python iR ?

The highest-level function to do this is PyRun_SimpleString () which takes a single string argument to be
executed in the context of the module _ main__ and returns 0 for success and —1 when an exception oc-
curred (including SyntaxError). If you want more control, use PyRun_String(); see the source for
PyRun_SimpleString () in Python/pythonrun.c.

5.5 How can | evaluate an arbitrary Python expression from C?

Call the function PyRun_String () from the previous question with the start symbol Py_eval_input; it parses
an expression, evaluates it and returns its value.

5.6 wnfay#E Python ¥ ohighy C {5 7

That depends on the object’s type. If it’s a tuple, PyTuple_Size () returnsitslengthand PyTuple_GetItem ()
returns the item at a specified index. Lists have similar functions, PyList_Size () and PyList_GetItem().

For bytes, PyBytes_Size () returnsits length and PyBytes_AsStringAndSize () provides a pointer to its
value and its length. Note that Python bytes objects may contain null bytes so C’s strlen () should not be used.

R RE), HERERE AR NULL, AREFMA PyBytes_Check (). PyTuple Check ().
PyList_Check () 2Rz,

There is also a high-level API to Python objects which is provided by the so-called ’abstract’ interface -- read
Include/abstract.h for further details. It allows interfacing with any kind of Python sequence using calls
like PySequence_Length (), PySequence_GetItem(), etc. as well as many other useful protocols such
as numbers (PyNumber_Index () etal.) and mappings in the PyMapping APIs.

5.7 wnfafE A Py_BuildValue() i fEERERTTH ?

B IEEE . T PyTuple_Pack () .

5.8 nfat C Mm% ?

The PyObject_CallMethod () function can be used to call an arbitrary method of an object. The parameters
are the object, the name of the method to call, a format string like that used with Py_BuildvValue (), and the
argument values:

PyObject *
PyObject_CallMethod (PyObject *object, const char *method_name,
const char *arg_format, ...);

This works for any object that has methods -- whether built-in or user-defined. You are responsible for eventually
Py_DECREF () ’ing the return value.

I, AR 810, O REMBRYIPFI seek” Tk (IR PHEEEDT)

res = PyObject_CallMethod(f, "seek", "(ii)", 10, O0);
if (res == NULL) {

. an exception occurred ...
I3

else {

(HERET—TD
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Py_DECREF (res) ;

(R L —5)

Note that since PyObject_CallObject () always wants a tuple for the argument list, to call a function without

arguments, pass ”()” for the format, and to call a function with one argument, surround the argument in parentheses,
e.g. 7).

5.9 Fin{aigiE PyErr_Print() M9 (Si{E{TENH E stdout/stderr B

In Python code, define an object that supports the write () method. Assign this object to sys.stdout and

Rim) ?

sys.stderr. Call print_error, or just allow the standard traceback mechanism to work. Then, the output will go
wherever your write () method sends it.

BB IR S o, StringTo HH(E:

>>>
>>>
>>>
>>>
>>>
foo
hell

import io, sys

sys.stdout = i0.StringIO()
print ('foo')

print ('hello world!")

sys.stderr.write(sys.stdout.getvalue())

o world!

A custom object to do the same would look like this:

>>>
>>>

>>>
>>>
>>>
>>>
>>>
foo
hell

import io, sys

class StdoutCatcher (io.TextIOBase) :

def @ init_ (self):
self.data = []

def write(self, stuff):
self.data.append(stuff)

import sys

sys.stdout = StdoutCatcher ()
print ('foo')

print ('hello world!")

sys.stderr.write(''.join(sys.stdout.data))

o world!

5.10 nfafit C =E A Python iR ERIEH ?

You can get a pointer to the module object as follows:

[modu

le = PyImport_ImportModule ("<modulename>") ;

)

If the module hasn’t been imported yet (i.e. it is not yet present in sys.modules), this initializes the module;

otherwise it simply returns the value of sys.modules["<modulename>"].

Note that it doesn’t enter the

module into any namespace -- it only ensures it has been initialized and is stored in sys.modules.

You can then access the module’s attributes (i.e. any name defined in the module) as follows:

[attr

= PyObject_GetAttrString(module,

"<attrname>") ;

Calling PyObject_SetAttrString () to assign to variables in the module also works.

5.9. Fin{TiE$E PyErr_Print() 98 (S{E{TEDH B stdout/stderr B FG) ? 63
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5.11 How do | interface to C++ objects from Python?

Depending on your requirements, there are many approaches. To do this manually, begin by reading the "Extending
and Embedding” document. Realize that for the Python run-time system, there isn’t a whole lot of difference between
C and C++ -- so the strategy of building a new Python type around a C structure (pointer) type will also work for
C++ objects.

i C+ i JdE, FESE S CRHE; A LR

5.12 HEALEIERHET —@EE#E, {8 make kKT EE?

Setup must end in a newline, if there is no newline there, the build process fails. (Fixing this requires some ugly shell
script hackery, and this bug is so minor that it doesn’t seem worth the effort.)

5.13 N EIE ST EHpRE ?

When using GDB with dynamically loaded extensions, you can’t set a breakpoint in your extension until your extension
is loaded.

In your . gdbinit file (or interactively), add the command:

[br _PyImport_LoadDynamicModule

IRI%, HRIEST GDB I :

$ gdb /local/bin/python
gdb) run myscript.py

gdb) continue # repeat until your extension is loaded
gdb) finish # so that your extension is loaded

gdb) br myfunction.c:50

gdb) continue

5.14 FABHEFEH Linux Rk LiRZE—(@ Python &, {BEH/D—L4E
£. BHtE?

Most packaged versions of Python don’t include the /usr/lib/python2.x/config/ directory, which con-
tains various files required for compiling Python extensions.

1t Red Hat |-, §§%:4¢ python-devel RPM AHUG A BRI 5 -
¥J5* Debian, 1#4fT apt—-get install python-dev,

5.15 fnfait [ EP@|A | ESH [REEEAN]?

Sometimes you want to emulate the Python interactive interpreter’s behavior, where it gives you a continuation prompt
when the input is incomplete (e.g. you typed the start of an ”if” statement or you didn’t close your parentheses or
triple string quotes), but it gives you a syntax error message immediately when the input is invalid.

7E Python 1, AR PA] codeop MEAHL, & T4 T HINTEF (parser) 14 T(E). 42 IDLE #iA (&

The easiest way to do it in C is to call PyRun_InteractiveLoop () (perhaps in a separate thread) and let
the Python interpreter handle the input for you. You can also set the PyOS_ReadlineFunctionPointer ()
to point at your custom input function. See Modules/readline.c and Parser/myreadline. c for more
hints.
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5.16 Tk BIRFEFHRE) g++ fF5% _ builtin_new 8 pure_virtual ?

To dynamically load g++ extension modules, you must recompile Python, relink it using g++ (change LINKCC in the
Python Modules Makefile), and link your extension module using g++ (e.g., g++ —-shared -o mymodule.so
mymodule. o).

5.17 Can | create an object class with some methods implemented
in C and others in Python (e.g. through inheritance)?

Sl AR AR EEHE], B0 int, list, dict %,

Boost Python (R z(BE (BPL, https://www.boost.org/libs/python/doc/index.html) ML T —FH{E C++ FATIL R
TEf % (BIARATDAGE I BPL SR C++ Siss 4% e 1)) .

5.16. N4k TIkEFHEAY g++ FF3E _ builtin_new = _ pure_virtual ? 65
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CHAPTER O

£ Windows {& F Python 98 REA& &

6.1 {T7E Windows {E % % # (L ;E7T Python £ ?

T A PR B R T A B A . WCRARASH A [ 4R Fot) UTREst, IbiE SRR ENA g 2 AHE)
e ASRRR, IR AT T

BRARR G BB S BB BN, R MR ERAOIF e [ PR 7 Iutad | w475 i\ Windows iy
Lo T, RATPAER A P S omd HCHNLERAELE - (RERZREEIRR L ks R BE R
PIEIRIF 2] Windows [y S8R TIC), Bl ARAGE

[C:\> }
BT REA—H, B GEE A HAEIZE, IR e R 2 5 & S IA T A S0

[D:\YourName\Projects\Python> }

B ER i) BE IS AT e i 8, DA S AR B3 38 B O ) A B . — BURIEE) s b — MBI A, (st Rt
"] PAJEAT Python 23T

YRFFE T, AR Python [E1A 78 % 5 —(EAEE] Python A 3% B R PAGR L. H s iU mEAs,
o H A AL TS, AT R LTS DAEAT AR RE s TR, AR e 2 HE R 08 2 R B AR Y
Python g7

Y, R SRR G AL Gk L py” s E BB R0 TE S . WRARE A BHE— M fr SR 7
MR A 4 py [EHE T return 8 :

[C:\Users\YourName> Py }

R1% . IRIERZE BT T 7 -

Python 3.6.4 (v3.6.4:d48eceb, Dec 19 2017, 06:04:45) [MSC v.1900 32 bit (Intel)].
—on win32

Type "help", "copyright", "credits" or "license" for more information.

>>>

PREREEIE) RS T EEESC] . SR IREEEIA 58 7y i A Python LA SGEA X, E7ESR
RERA TR B M. 52 Python SEIRINTNEEZ —. B AMRITEN R MEAXEAEE R, WLARSRIL
Hifig:
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>>> print ("Hello")
Hello

>>> "Hello" * 3
'HelloHelloHello'

w2 Nt B ARy (8 EU AT o PR s A SR . AR ARG R B) 5K Python $3F , F§FI exit ()
PR ECR AR ctrl @A 2, AMEH N Enter” #EPAIR[H] Windows fiy & 278 FIC.

PRVTREIE S 3 B — R IRThRERIEE , 42 M4 » iR 42X » Python 3.x » Python (w447), BE®
PARE— R P E R >>> JORTI0. WRRER, S EMAERIEY exit () RAEA ctrl-2
FICRIEA; Windows IEFERZAR A oA T —M# [python] iy 4, [EEIRE 1L ELRRARRE I B P .
BAEEMANE py fird COGRED, MARA AKAREY Python [E4f2 fitr . 4iubZH(E) Python ()44 i [}
AR BT3B AE . B IRAY Python [EIAG A st b, Elghm A hello.py, HARMIAQIERTICIER
(¥ H[E) (home directory) o lIEF| Ml BAE), ARERmt & & UL T 1B

[C:\Users\YourName>

PIt, BUEARISEBEA oy I EEARES, A py fr M RiE 45 4 Python:

C:\Users\YourName> py Desktop\hello.py
hello

6.2 #n{a{E Python [EIATTLL#ATT ?

1£ Windows I, ZE) Python 225 RE 30 B4 py R 44 S AR 22452 (Python.File) #:47 RN, [EIER%AE
ZRE R R —(E B E A A R T H 2% (D: \Program Files\Python\python.exe "$1" $*), &
JE PABEEIABE AR foo.py” FITE UM i D4 /R F OO AT QSRR 7 22 REIED ] B iy A foo” RATIEIAR,
AN RS2, RIFRZ5 . py Hidh 2 PATHEXT B35 8.

6.3 [[ift(E) Python HEFHEEIE L RAYEFR 7 RERALE ?

JEH; Python 1 Windows F[EEyf3dEmth, (EHM&H LLghisy, [E42 Python ZRARBRIATREM R
(ISR A REEVE) . SRR S N B, Python 7 HAt Windows 4% LRI PAIER TAE, MARLE R &
DLT- A A [R]  BCE

e 1R R AT R 2 0 ) R ) R A A R L BB R DT A . I R R e e A 5
TEE MRC B E B K B AR RS T A SRS, &g | Am R D8 &l . walEmaris b
(R AR OIS O, DARE LR B M R e B e BOM ] . 5 McAfee i B (B4 I A A 22 2R A 1 s BLTE )
I, Bl E N ERE .

6.4 0yt Python [FIR[EVETT$1THE ?

TS E o T Python [E1k 3% 578 5 04 — 81545 58 7 Wamflig) i T R EWE TR T RIS B
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6.5 *.pyd {2 % & DLL #HE 7

B, pyd FEBLLR A, A L@ E, WRRE 4 ([E foo.pyd [ DLL, HI'E %2 HA KX
PyInit_foo (). #EEARAT DA import foo” £5 A Python [Fl7s, Python jf§ €548 & foo.pyd (DA % foo.py.
foo.pyc) , N4 Python K E|'E, MG EHIFI PyInit_foo () A EM . IREIR G AR exe B
foo.lib ;B %% (link), [H[EhE €& 3 Windows 23k DLL [W1ETE .

e, foo.pyd 118 5448 2 PYTHONPATH, ¥ Windows M8 &5 foo.dll [l %8 AR l. Ib4h, foo.pyd
AR A TR R, AR AR R =g, T dll, A% dil g2 b 3. EAR, WRARAR
¥ import foo, foo.pyd Hi2 B, fE DLL Hv, #i45ZPL _ _declspec (dllexport) FEJEIAHEH
BiE . FEpyd H, A RE R RN st (H351) g FE.

6.6 fn{a4% Python H2 )\ Windows fE |2zt ?

1t Windows Jf IR 20 A Python ELRE A AT AR 20T -

1. ANZEH B Python 2 H 3| /K ff).exe #5 . FE Windows [, Python £ 7Hf&— 1 DLL 2 Ji PR 4H
() import, TAIAFLEAR AL AR Bt /2 DLL. (8258 — R IFEXru sk B s F 8, ) sk 45 5
pythonNN.d11l; Bl RS C: \Windows\System W1, NN J& Python it 4, fFl4n733” w2
$5 Python 3.3,

PR AT DA 175 3 W TR AS (7] B9 7 5K 45 2] Python. @ A I 4% (load-time linking) 3 7 B # 45 %
pythonNN.1lib, [M$if7EEE# 45 (run-time linking) %78 2558 45 ¥] pythonNN.d11. (—fR[E
fifg: pythonNN.1lib i pythonNN.d11 AH¥ e T "import lib”. & H G EIEH I 31T 58 )

AT A R K TR g A e S A AT IR . AR R SRS b ZE T Win-
dows LoadLibraryEx () # = (routine) 3K #{ A pythonNN.d11l, #%Fe =A% 0678 ] Windows
GetProcAddress () # X FTHBFHFEEE, KM A pythonnn.d1l #1¥) (RPE] Python C API )
R ARG R BN Python C APT FE R C A2xUAG, B 42 AT DAGE {38 S FR i i A
EIHAE .

2. QARAREEN SWIG, HIm]ER A 37— Python [ eAiAH |, st (i i 1 A2 XA BRI A method
(J73%) w4 Python fliJi]. SWIG @EWREIM AT AT Gy K BANME . AR, et C R
FiBVIRMY.exe HE () RASBESL DLL A, TiE WL T s, .

3. SWIG 87— init pRX (M C pExX), HARBER AL A5 B0, AnRpalng 2
B leo, HI# init R €y A4[E initleo(). AR5 F SWIG shadow class (ZEHE]), HI init R €y
initleoc(). & B ALY shadow class FT FH 1)K 22 BiB& 8K Y helper class

PRAT VAR 2 iy C ResURG 4% 2 .exe AR AP 2, IFFIY A6 Ak R U4 2800 import 54 it
Python! (i&/@% “MRIEAGTHA B H S )

4. fMEZ, ARATABEI AN RESCHS , AR S SERE AL 4R 1L Python FL##4R .

#include <Python.h>

Py_Initialize(); // Initialize Python.
initmyAppc(); // Initialize (import) the helper class.
PyRun_SimpleString ("import myApp"); // Import the shadow class.

5. Python [1J C API 75 Wi B, W56 MSVC (A # & pythonNN.dIl [l 472848 ) DAY 4228,
T L I e A
M1 (i FILE * 51800 s [IER SR MR, 7524034 (multi-compiler) [ B 5% @ 4
VAER, DIEV R 4 ¥ struct FILE RERT. (EEEBUIE , L ks _ I
_ .
fIRE 2: SWIG F£(E] void e zCEIA: £ 285 i 3K (wrapper) R €r{E)AE DA AR -

6.5. *.pyd 427K DLL [ ? 69
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Py_INCREF (Py_None) ;
_resultobj = Py_None;
return _resultobj;

1%, Py_None &l [E 48, B EME—H2 0, 15[ pythonNN.dIl [ElBf)—fEAFE] _Py_NoneStruct
ERE Rk . ARG, MRS AE 22 G e B B i & sk, i A U R (P

[return Py_Buildvalue(""); ]

A ATRERT AGE ] SWIG f) Stypemap fiy4 LA H BIEATRE I o, BEARFIOR B R IE W R/ (3R
se—fH5E 4/ SWIG i T ).

6. fifi /il Python shell [FIZ= ¢ /R Windows J I F2 2[R 2 1 — 1 Python Bt A & — il i 327 ;
AR A S B ST NRI E R R st BN, R (8¢ wxPythonWindow class) % 25T
—f (A ERRLE . S a% 0l % e 3] Python FFRAHEMAZ M. ARW] DA Python 1) i/o &
FE 1] (redirect) 2| 0] 329 S BOFE AR, PR RG22 read() Al write() method [
Python {4 (XEARIIE e PgE 3) SEnTRA T .

6.7 dN{aIRs LR IR FEY Python [RIGHS ik tab ?

FAQ gk tab, H. Python Jalf% 4 PEP 8 HAr /- iaX Python F2ACAG (I 4 8254 15 /2 Emacs
¥) python FEA TR -

TEAL ] gmEes 1, A% tab MZSIRIEAH R 2. MSVC fEiE H it 2 —4k, H ol DAL & [
FHaHMs: BRI A » 3898 > Tabs, SRAZRBHH [TERE) RSB, % [Tab K/h] A1 TasHER/ N sl 4,
SRIZIRAE [T ASHE ] B4,

MR A tab FIZSHEE AT S B o B, H Python €5]%f IndentationError B TabError,
YRt PATEST tabnanny A, FEALURAEC R A H EIRS

6.8 NI ERPAEL B L THRE keypress ?

(i msvert Fffl. 52— EEHER Windows B FEMiAL. e T MK kbhit (), @Rt
R BT (keyboard hit), VAKX getch (), #%pis @RIOS5 IC HAEFEH I

6.9 IN{T#ZLI;&F api-ms-win-crt-runtime-11-1-0.dll g4$&:R ?

(1 Windows 8.1 SR HT RS AR, #5HoK S8 A MO HHT, HITTRE 67 7E Python 3.5 DA Fi A% 24 53
W, e AR RO i R e 12 SR E) FL A, 1 M B A, iy Microsoft i 811
T AR B 7 B4 C Runtime T8 97

70 Chapter 6. 7 Windows {£f Python B9 REZ&E


https://peps.python.org/pep-0008/
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https://support.microsoft.com/en-us/help/3118401/
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BRERENEE REESE

71 BEIRERENTTE (GUI) i9FE R EE
7.2 Python it GUI E4 ?

Python [AJERIERRAS € 63— Tcl/Tk /N T HAE (widget set) [ {1 m /M 1ET, FRE tkinter. 35 7] fE /22
S (HEE EASFE Python ()R £ B HEHl 81 picA ) AR . BB Tk fRE R (38
JFEAAE ), s 2(F) Tcl/Tk 1 1H . Tcl/Tk 7F macOS. Windows F1 Unix F-& I 2 5¢ 4 7] [E] (portable) 1] .

WARIREA AT 6, 24 HoAh A FHE8E4R . AE python wiki | Al DAHE] — {05 1 £ 1A L4513 S0 11
GUI HEZE I 5.

7.3 Tkinter BRI

7.3.1 a3 §E Tkinter FERIER ?
Mk (freeze) Je—fAREEN M AN TR . FEoRAT Tkinter AR, ) AR A 2 LR HO
o7, DR e R TI9R TR 22 Tel Rl Tk bR =X

3145 FH A2 2CEE Tel £ Tk pf 20— EVgs 62— ME ¥, [EIESATEREE (run-time) fifi | TCL_LIBRARY
1 TK_LIBRARY BRI #OOR$E m) 5% R X

Various third-party freeze libraries such as py2exe and cx_Freeze have handling for Tkinter applications built-in.

7
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732 BEEOTLUEEFVOBFEIRE Tk EH?

1£ Windows DASMIT-6 FR2 T AR, RERATFEIITH! (B, IRUHEMEBEEIRT V0 2015, Tk
HASR0A Xt ¥ Xt AddInput () (eRXIFI, R E—H B (callback) M, # 1O 7E—1{HA
LEHARLF (file descriptor) _F AT, 3% K= &r4¢ Tk mainloop gIFAY . 52 (E) tkinter-file-handlers .,

7.3.3 HEEERI# (key binding) 7 Tkinter th{gf: [+ ?

—ARSH BRI A2, [ R (event handler) T ASEI45 #1454 bind () method fygEfF, {H
TEFE T AHER SR , w2 et B A

her R, [R5 EIr/ N T REES [ (keyboard focus) |, w27 Th [EIW] SO b B A 45 B
A ER. B, B -ENTH, fRehEgRas (EREHREE; #2[E takefocus #IH) .
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CHAPTER 8

[[EMHE Python # iR EIMER L 7] EREEE

8.1 {+E/& Python?

Python j&—EREAFES . BB A RS R Python JB N5 5 BB RS, EAE—
S e AR B A I AE N AR REE S I LA He s 3 nyont Baas A BRT 6, #I Google.,
FBRT B RUrEE A,

AR ERE S Z B Python BYRIGH, 7T RASE(E Python 15297 154 | B AR ET -

8.2 [[f+F] Python # &4 7EF A 128 £ ?

FARBEBLI S Python REHET, (R TAHANFEAER , A T RE M A R (00
o ALFESL A AR 0 ) BB Ry R LS T Pythons (a5 IS o A 0
WS ELT R T
o R4 = 77 M AT AEVA Python i 25 R EL L4 T Python. SEBEMORERRRER b,
1t GUL BB B A8 A L DA A

o — 3072 4E Windows [ RSP 2045 Python, A% 2388 SO RS T, FoM75:90 HP B Compagq M ik
(MR T B 22 %€ Python, H{SR 1Y) HP i Compaq #3419 &7 B T H AR 25 Python 35 5 Irf ey .

-ﬁ%ﬁ@%wm%ﬁ,%wmﬂﬂﬁ—%meﬁﬁﬁﬁﬁﬁﬁﬁmmm;EH@@E%%%%
[,

8.3 F [ B1TEIBR Python 15 ?

FHEAKE Python 122485 EE .

A NI L E A Python, ARAT HATRSIRBEIRE , EA @I & . Windows fERERAKH, W
il & (Control Panel) 15 /A% FRREAIAR IR 2052 -

7 Python S # i 55 =Ty M RE L E0E , ARl BT ER, Az AU R IR AT . IR RZ
P R AR 2 e T R T A LB EJ: Python,

WA ARG BLAE Python, AHRRRBRE . BRI S AL T AR EEOA TG, HATRRE,
i Python #8257 11 T AAR UM VA IE R AT BRI ERMARL, A REm R AREE 2.
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APPENDIX A

>>>
The default Python prompt of the inferactive shell. Often seen for code examples which can be executed
interactively in the interpreter.

AR

o The default Python prompt of the interactive shell when entering the code for an indented code block,
when within a pair of matching left and right delimiters (parentheses, square brackets, curly braces or
triple quotes), or after specifying a decorator.

o i Ellipsis,

abstract base class (Hli4ILcKiE)
W& REE (UHEE ABC) 24t 7T —MeRmNMm ik, EEduck-ryping (16F2E) AR,
HAFERIY AT, 1852 hasattr (), HIFERRMMBORA A MRUWETR (B0 BERT /772 (magic
method)) . ABC [EIJf[EJ#E1 subclass (FHEE]) , BMERERH 55— class (JEE]) , EA5A]
¥ isinstance () } issubclass () ¥k 2 E) abe BALRERN S04, Python A 7 £ B
ABC, HIINERIEHE (7E collections.abe #ifl). B (¥£ numbers fi4H ). HB (F£ 1o #i4H)
J import G AL (FF importlib.abe f#H). MRATAEH abe fig a7 H T ABC.

annotation ([EJf%)
;@;ﬁi?ﬁé%{‘ class k. o002 Bk I MEACAT BB O AELED. JRABLOI), &R AR ype hine (4
[EHER) .

TEFATIRES (runtime) , (5 es ) (VR IR VA AT, (AL AIE38 L. class B MERTRNME)R, &0 (F
WA . class fIEEFCHY _ annotations_ 4k E M,

#8522 [Elvariable annotation. function annotation, PEP 484 F1 PEP 526, 15025 %A thaefERY .
A EVRE A A BT B8 v th 75 22 E) annotations-howto

argument (5|%)
WY pR 2 IR BB 45 function (B{method ) W{H. 5|8CE WifE:

o B4 7| B (keyword argument): FERRZNTEIY F1, PLFRE)IT (identifier, 4N name=) BHFEIT |3,
B2 DA ** 12 1A dictionary (Fih) [ERUEMELERS 3. B0, 3 F 5 #RZPAT complex ()
L] v ) [ 5 |

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

75
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o 15 E 51 ¥ (positional argument): NJe BT 5T B L8 T | BOTHE— {5 B LA E IR
B, A () fEE) * 2 & iierable (PEWCHIFE) PTHOTCHEPER. G0, 3 F S HRLAT
R NCIVATCIE &

complex (3, 5)
complex (* (3, 5))

5| BB S A e P R PR DS B, B SCICIE R i i AR A R, 5 () calls Biffi . 72
g b, ARAE S AR T AT ARG R — A5 18 HRPAS (i o i [ s 0

S EfrER  paramerer (280 WH . H BB TM 7] S 2 3= m oy Z[E, PAK PEP 362,

asynchronous context manager (JE[]2{E555H1%%)
—H A AFE ] async with BRAX P IR WY, MEREBEFR __aenter_ () Hl
__aexit__ () method (J7¥k) AAEHINI. H PEP 492 5] A,

asynchronous generator (JE[RIZBE:ZS)
— 1l &r [8{#asynchronous generator iterator (E[RIHEAEZREULEE) WER. BHEERG—MPA async
def M LKL (coroutine function), FHRFEHE BT T vield EHX, feAM—FRIIWH
A async for [FIREMIME.

T AT AR — AR P E A 2R i, (EAERESE  , WATRER R Ak R A SEX
% (asynchronous generator iterator), H—FAF 0B ERENSHE, IR s2 8 ATsE, ARSI,
=i

— AR EV 2SR RE A await L, PAK async for fll async with PR,

asynchronous generator iterator (JER]35E): 25 EURES)
—Aiil i asynchronous generator (FE[EMEIAERE) RAFTESL Y.

& B—asynchronous iterator (AE[EHEULEE), BB PA__anext_ () method FEIFNYIEE, €r[a]{EH—
H AT R (awaitable object), ZYIMFATIEF A EVERS MR TR, HFBEF M yield
B yield S Hifey, [ERC B ERITIRAE (38 R M E P wy BA) . &k
R ¥ EA BERENS P __anext_ () [BIMEM WS AA RO EER, &/ E LK
FHEREAT. 520 PEP 492 fll PEP 525,

asynchronous iterable (] nf[F{CH1:)
— AP, B PATE async for BRAX R . LA TR __aiter_ () method [u]{E—
B asynchronous iterator (FE[FAHENLES). H PEP 492 5] A,

asynchronous iterator (JE[RI2BERES)
—{HEIE _aiter_ () fl__anext__ () method ¥k, _ anext_ () WA E—{Fawaitable
(WSEFYE) o async for GFNTAERIZEEIR AN __anext_ () method Jir [l /Y ] 2 R4 14,
HEE5|% stopAsyncIteration ffl4b. H PEP 492 5| A,

attribute ()&M)
— {1 B A B W (B, %R 22 Rz 2t £ P 40 B i3 5 (dotted expression) Y44 Fl g2 HE . 3l
an, WY o A& a, HIFZETEREDA 0.0 #EZ3 K.

WR—AYE T, ST — 4 A2 identifiers fif & 382 #h[E)FF (identifier) (1))@ M2 A
AIRERY, BIANfEH setattr () o 1318 bk B B8 M e 5 (i ) 28640 b B B R B, T 2 v 2
getattr () FHEIGE.

awaitable (WZ54591t:)
— ] DAKE await EE X PWEH O . E A DA — Wcoroutine (A2) , w2 —MA
__await__ () method i, ##E&E PEP 492,

BDFL
Benevolent Dictator For Life (& E{-28M## ), X4 Guido van Rossum, Python [l 15 %

binary file (- ifEfiH§ER)
— 1 REERHURN 55 Abyres-like objects (N TCHEWI) 1 file object (REZEWI) . —IENIRE MBI
A DAL (b, 'wb! 8 'rb+') BIERMEZE. sys.stdin.buffer. sys.stdout.
buffer, PAM io.BytesIO Ml gzip.GzipFile EHi.
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w2 Eex file (CFREE), B MARERIRREA str W RD.

borrowed reference (ff)J1]%18)
1& Python ) C APL 1, f§ 12BN 28, Lz RS EA g S M2
M. ARz R E), B BE) A KR FEAF (dangling pointer), 4N, — K3 [A]IK (garbage
collection) W] ARG MW (11 et — Bl strong reference (12 1&), i sz {-85(E,

$borrowed reference WFNY Py_INCREF () DAY T JEH (in-place) ¥ ([ElElstrong reference &k ik i
¥, BRI AR E R IR 2 IR 22 migiss(El. Py_NewRef () pRzUA] RS EESL— M0 BT

Hstrong reference.

bytes-like object (Jfiyc4lHh#fl)
— i 5 3% bufferobjects H.AE[FIFE Y} C-contiguous B WM. BHAIEITEN bytes, bytearray
M array.array Y, PAKFEFZH A nemoryview . B ToAH Y7 AT A BEHL (L
BRI AR EGE AR EA  fAF E EORSERE I socket () Bk

R S R OB T B . (WSS 2 i ey (R [ T L ST AL .
AT S I Y (0% bytearray, DAK bytearray iy memoryview. JLAMIMEYTo M i
PO BB LE AR TSI (TMERU IR TCALER IR ]) 5 SEEEMIFAHE bytes, DA bytes
YA memoryview,

bytecode (fyiJCA1RS)
Python [ J5% 4G 8% & 9% sk U AT AT, B2 Python £2:U7E CPython Bk i FIRS#R k. %L
TCALIE R SO A pyc RET, DAEEE R — A LR GE R pu (n] DA AR S5 AA1
R E N CALE) . S [ EE S (intermediate language) | 45 ([F) 2 847 7F — i virtual machine
(Elerges) b, s EIeies G fT B (17 CAHLAS S E A A28 6 (machine code). BEYEEMIE, 7
JCALAS sy _b S A R F] ) Python [EfEMR  BHEMER), BASREXEA IR AR Python 2 B 45

(LTCALAGAY 451 T ATE dis AR EIRT SO )

callable (n]WF-nl$y1}:)
— 1 callable ;2 F] DARLIF I 404, WU IRF AT REDA R ST A — A5 9 (i Rargument) -

[callable(argumentl, argument2, argumentN) }

—AW function B AL jmethod FR 2 callable, —{F7G EAE __call__ () JyER class 22 B B2 1
callable,

callback ([a]If)
VIS | 3ol (0 ) — 18 B R 2X (subroutine) Rz, @ F A 2 AR5 T B LA 7

class (Hi([E])
— {1 H A S 3 W A B . Class 19 3838 % & 9 & method Y EFE, 8 £E method 1] DA
TE class [ EBI_EIET 4R

class variable (K([E/5%4%)
—{H7E class FREESE, HERZ HAETE class JEIR (BRI RAE class BB ) W&o s,

complex number ([EJ%)
—EFM AR EER ST, TR Ber A e gl on [ — |l B — M ER 2 f . [E#ot 2
EVCAL (-1 PR RECBRS, AR AR PR 1, ETAREDHEE . Python
[z T #EK %, ©rARERRERIRES; ERRetE —mesn 5 sime, sl
3+13. HEA math FAHEN TR0 A RE, A cmath B0, F0 62— A
HERE BRI RE . AR EIG 25 B3 B MK, ARE AT REREE 17T DAL A 2 A

context manager ([5E345PI%)
— (AR PAFE ] with BRI T RIREEYIE, MELBHREFR __enter_ () fil _exit_ ()
method A5l . w5 2([E PEP 343,

context variable ([¥55%4%)
S, PLEATDURES S ST AR A . S5 44 B B 7 (Thread-Local Storage).
e, s EAE R A T4 PTRE A R R (. SR, BUAIESE S, 2T TR e
LIS, s F g, RAEETHIERHT# (concurrent asynchronous task) 1, ¥
TASEEORAEBE], 35 2[F contextvars,
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contiguous (JHiZEAY)
WS — {4 1 5 & C-contiguous B J2& Fortran contiguous, RII'E € HEYI A HLE R HAY . F4fE (zero-
dimensional) ) 4% 1dr [# &R s C J Fortran contiguous . 7£—#E (one-dimensional) [#%1 /| £&-J8 H W /EAFRL
TR RS PO A AR RS, TR T 7 A BRAGIERY . ¥E 2 40 (multidimensional) C-contiguous
S, FeRn AR AL T R B A B H R, fefg— R G 88 SR, 7E Fortran contiguous
fg SRS e

coroutine (%)
LR AL (subroutine) ) HEEEVRESEAOTE X . MRS A A IS T A EE 55—
BRHR . R NT AFERF 2 R R RE B AL IR . BMEEEILL async def BIAHE
H1E. HiE2(E PEP 492,

coroutine function ({FErA=)
— Al B coroutine (W) PyfFRRR. —MHFRRAELA async def BuA ek, T ae
4 await. async for Ml async with BA#ET. BSLLEEFH PEP 492 5] A,

CPython

Python F& U3 = B HE L/ (canonical implementation), #§#$77E python.org . [CPython | &7
FETEL BRI, AR WEFE SRS I EAE, B0 Jython 5 IronPython,

decorator (ZH:fiigy)
— MR, e mlE s R, WE T e ewrapper 7EYE, Bl A [El—7E R X 4 [F] (function
transformation), #EAf#SHYH RHEIFE classmethod () fll staticmethod ().

Fetfian ik HUR AR pE . DA W ek o SRR 3R R A ALY

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arqg):

Class WAL FAES, (EAEAREIBOR T H . B Setidn i e 207, 52 Em U 2R class
SE S IR S0

descriptor (HiiA%%)
FERT __get_ (). __set_ () Bf __delete__ () method ¥4, & —1M class B E—
AR, ERERE LT E e A R R e . W, BT o.b B . S s B
JEYERE, G a 1Y class FHL AP EIRAFEE b (90F, (RAR b2 MR, BIAREER AR
method G Iy . EHEIRER B Z IR AR Python (B, WEICMEHFLIIREMERE, B
ThEEUHE R, . method. J&VE (property). class method. [EJfiE method, DA J% ¥} super class (4QHA[E))
2.

PR HA S method FYSE 2 ¥R, #52(E] descriptors SR 3 6 FH e «

dictionary (52ilL)
— il AW [ 5] (associative array), T EE RS GO BIE . HPTDURITATHA __hash_ () M
__eq__ () method {4, 7 Perl g fEEVHEE] (hash).

dictionary comprehension (‘L5 4 EE)
— MBI AERE— R T EMR A i AR iR e 3R, ELI R ERA SR DA — R 2 L ] e
results = {n: n ** 2 for n in range (10)} SFA&E—FFH, TS TH n MITENE
n ** 2, #52[F] comprehensions,

dictionary view (“ZHLiGH)
# dict.keys (). dict.values() M dict.items () [IHWIERREEFZHARE . BMERAE
T TE H B RAR, BN T B AR s e B . 2 B AR R
T E5E s list (EB%1)), ZE{HH] 1ist (dictview) . FHZ[F dict-views,

docstring ([EIW]z¢t)
—fHIA7E class, PR EAEA P, VEEIS —EER X B 7R SOAR . BESR EAE BT S gt 20
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e Edma g, EROAITE class. BB __doc_ BT . drtER]FHaT A&
WER (introspection) SV, PRI B S& 4 14 1) (B HH SCARAE TR R (L

duck-typing (4} %4(F))
— MR AGEEEEAE, BN R RS WY B E R e R B ERER A B2
/2, method oi & 1 € B AL pEIP I S . (TS Al AR —(EVG 7 if B i A fg —(EH
T, BB —EL BT, ) HEEG A mmIEsy e 2E, osstrfSisae s 2w
(polymorphic substitution) S & () 88 5. T FRUEIE B ] type () B{ isinstance () i
TR, (ER e, WrBIEnr AT 46 %08 k38 [E] (abstract base class) RAGFE. ) SR, BEH
B hasattr () i, B2 EAFP FEAREHTEFE .

EAFP
Easier to ask for forgiveness than permission. (FE>REA W RA A ELEY ) BT R Python 4
JEUE Er S B 3k S B R A, (D 5 (S ol T R PRl A 491 Do 35 T i () LR ) S
HAFHORFERTF 2 try Fl except A, % Hi 2 HABES (F40 C) % WIMLBYL JaA%
TERLT #H

expression (i)
— B AR EDR (AR . EAEEE], — M e oy, SR, BEFR. EE TR
Wy S5 B TR B, TS LE oA RE (. B2 AR S AR A2, FHEE R
Python & F M # & E A 734N —Lstatement (BAZ) ANREPLHEER X, HlU0 while, BX
{H (assignment) tH 2R, MARIEER.

extension module (7 B4 )
—HPA C 3 C++ & A4, B0 Python /) C APT AREEAZ L S il I 5 A Ul i A T HL 8

f-string (f GzH8)
DA 5 F [T R SRl ) [f 2B, B R R SOAR M SR . a2 (E
PEP 498,

file object (K%RW1l)
— {1 P i 228 ] (file-oriented) API (1l read () B{ write () %5 method) ARERVEIEIEE
TR ARBERE Bt 2, REE ) o 3 BB R RS 8 ol L A B %) ol A7 e i R
HE (BlIaEER A /. el E R . socket (##FE). 45 (pipe) %) WIFFEL. HEEWE
WA FRE 3 4% 2 M 1 (file-like object) BY, % 34, (stream) .
BB L, A=FEEEY: IR = 1548 5 &l — B4 SR F 48 % . EMPNAETE io
B e g%, B EEYW AR A2 M open () .

file-like object (Kik§4:Wtl)
file object (REZEWI) WIFIFEF .

filesystem encoding and error handler (K2R LM REMFR)
Python JIT 4 ] i) — 7 4w 5 A S s pE H pR =X, F SRR 2R B VESE R S eA, PAAHS Unicode %5l
FMEERS
T 56 2R 45 o A 00 JE AR R BE RSN AR T A /NS 128 IR TeAH . RAE 6 A S g A Ay it s A%, 1)
API (/=& 5] % UnicodeError,

sys.getfilesystemencoding () fll sys.getfilesystemencodeerrors () ERIH HHMEL
PR S AR 00 A A R S R BE P R 2

filesystem encoding and error handler (& 28 % &% 4 f% F1 8% 3% % 7 6 =) & ¥F Python [ &) I |
PyConfig Read () BRI KELE: 52 filesystem_encoding, DA PyConfig fE
filesystem_errors,

#t2(Ellocale encoding (@I 41E) .

finder (=HbgrdY)
—fEIE, EaEREIETEY import AL R oader (FARR) -

AR ) R AR L3448 B4 3 (mera path finder) 1 sys.meta_path, TiishieA A 44
% (path entry finder) € ffiffl sys.path_hooks.,

i 2[F) importsystem il import1ib DA T fEHE Z AN .
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floor division (] F %)
) AR A 25 B B BT R B SR Ry . ) N BRYE R 2 / /. filn, R 11 /7 4
FFHASRE 2, 82 float (FRERMD) ELRREFTEIERY 2.75 AR, #@50RE, (-11) // 4ERRE
-3, HER -2.75 & FEGLE L. @E2E PEP 238,

free threading
A threading model where multiple threads can run Python bytecode simultaneously within the same interpreter.
This is in contrast to the global interpreter lock which allows only one thread to execute Python bytecode at a
time. See PEP 703.

function (pA=X)
—HER A BOAS, B REE Y 2 e T R AR R B B 7| L, 5 e | don]
R RS Eparameter (23). method (J53%), A function i

function annotation (p&sX([EIRE)
PR 2 2 R BB — {8 annotation ([E1f#).
o R o e o PR A 2 (B2 =+ i, 35 (W ek sCTE I € A5 2 Wil int 518, [Eef—M int 1]
A :

def sum_two_numbers(a: int, b: int) -> int:
return a + b

bR A EIRE A R FE function FEHiAT wEAH Rk .
it 22 [Elvariable annotation F1 PEP 484, ¥4 WINGER A . BIRERMREERTE, Bzl

annotations-howto,

future
future fiAR: from _ future_  import <feature>, /R4 Eae i I ILLLYE Python R
PRI B A P R HE A R YA SR RE 28, AR E B4, 1M __future_ BIAHIGET
feature (4%) WBERY(E. it import SUASA FISE A HORAE, /RVT LAE 18 3700 2 e 2 1] Rs 1
WHHEE| EES T, AR eI e (e %) mEEZmhhE:

>>> import __ future_
>>> _ future_ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (b nlik)
RO TR N TR0 R, R LR R iR R . Python AT RIS ML, 2% i 2 IEET B (reference
counting), DA K — {1 fiig [EAG J 71 v B 2 BRI 2 (reference cycle) 11 B 5 3% Bl #% (cyclic garbage
collector) A&5¢ . 33 M1 PT LA oo B4 36 HLt A T4 il

generator ([E14:5%)
— il € |8l {E generator iterator ([EVA#ENES) M. BHEERE —HIEFEKER, (HARKZE
WET yield AKX, fEEE—RHIWME, ELEn] AR for FlE, S02PAnext () Kz, kM
RHA R —E{E

TE E T RE 1 ACFOR —EA gk, (AFESEs s, Wit R oML ZERE. H—HE
EEREERERSRE, It se s rah . DA T

generator iterator ([F)2:%$EMCES)
—Alil figenerator ([F1A2%) MR=FTESLAPI1E.

B yield EFRIA)T, ERAAIERTRE (FU5E FE MO E b oy Bd) . &
A BERENEE, ©ERE R BEAT (IR U 8 R E08T B AR i ok U TR
IAl).

generator expression ([EF)/}: 2§35
An expression that returns an iferator. It looks like a normal expression followed by a for clause defining a
loop variable, range, and an optional i f clause. The combined expression generates values for an enclosing
function:
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>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (7Z%IpX)
1 £ 2 R AR B pR X, % o X A [ 1) B (BB VF R [ (Y S . P o] 3 o R % (D O A
Y, B E: (dispatch algorithm) 2[EF5E .

k2 [Elsingle dispatch (—3F ) #isE5R1%H . functools.singledispatch () fifizsfl PEP
443,

generic type (JZ%I%I[F])
— i GEEIW 22 ¥4k (parameterized) [Krype (HUE]); # 2 HaHE, B2 list fldict. B
R A [Flag = fIE .

g2z AE 4~ RE. PEP 483, PEP 484, PEP 585 il typing Bigl.

GIL
%52 (Flglobal interpreter lock (430 B 2E8544) .

global interpreter lock (4% 8H)
CPython H a3 T AT, T DARE PR B RS KA — (34T 4% BESLAT Python [byrecode ({7 7CHL
) . WA (AR EERE), i dict) [ EyMhEfEfTEEL (concurrent access)
WIfE B, BT AT DA 4k CPython MO BCAE. 8@ B E s, @M E SRR ER S MEZHAT4H
(multi-threaded), {FfQ B2 & ik 5 22 JEF A (i 2 BE(EMR L) — B - FA 71 (parallelism),

SRIM, AL Femial, M 2R a e st =0 i, Mt e AT I A s () S 5 B 4
(computationally intensive) F/T35HE, AI AR GIL. B4k, FE$ifT VO B, GIL 482 eyl fiis: .

As of Python 3.13, the GIL can be disabled using the ——disable-gil build configuration. After building
Python with this option, code must be run with -X gil O or after setting the PYTHON_GIL=0 environment
variable. This feature enables improved performance for multi-threaded applications and makes it easier to use
multi-core CPUs efficiently. For more details, see PEP 703.

hash-based pyc (FREIZEHERT pyc)
— (AL TCAAS (bytecode) T A7AE , Bl I AEEE A /2 S M JF A e MO B AR A U RE [, R e HoA
Wbk, #52([F pyc-invalidation

hashable (] 3EE))
WR— DA — R ENE, s EE A GE PACR s (BF%—# __hash__ () method),
HoJ B ALY G A (B3R __eq () method), AREVEHLE T aEW14. Hlg4E
JEHEE R 2 v 3 E 4, e M 0h ZE A A [ A 2 (B

AT (hashability) (—{# 91 0] A dictionary () fY8ERN set (Sefy) MR, HEELE
KRR H B T EE.

K281 Python AT SAFI (A2 P AEENR : WISR0ZR88 (19040 list 5% dictionary) [EPARJZ; TR
A (B4 tple (JCAL) Al frozenset) , A EMICRZ T EERY, E14 LA 2 i
[Elf. #P R E# A E class FEH, RE LSS G oSBT A EN . B AMAE B HLBIRAR
AN (RAFEMERC LK), mEMEREFENZMEREMY 140 .

IDLE
Python [ Integrated Development and Learning Environment (%45 BHaSBLEL B PEES) . idle 2 —{f A

) S AT EL AR B S . ENT Python RUBEHESEAT A —EHede fit.

immortal
Immortal objects are a CPython implementation detail introduced in PEP 683.

If an object is immortal, its reference count is never modified, and therefore it is never deallocated while the
interpreter is running. For example, True and None are immortal in CPython.

immutable (An]%&1k)
—(H B EEENYE. RSy aiEET . FHA wple (JUAl) . BHEYIER N REHHCEN .
NSRS [ A (b ZE R G A, MBS, — B . MR B EE R ENE R, i E
B, 40 dictionary (FHL) Hr)—fE G .
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import path (5] AB#E)
—fAfE (b2 n ) mpIk, MRS B AE import BEAHIRF , Eiparh based finder (L%
Bty ) BN ACE . 7E import I, SUAZESIRIEHZHKA sys.path, HERTEN
(Subpackage) ME, EWnlfeeA e __path B,

importing (5IA)
— AR, — AL Y Python RexUHE AT AZ B ILIEAE , #0) — A4 H) Python REsXHS{H I .

importer (5| A%%)
—{HE REEIF R AW EBER finder (FAEE) WRloader (FARR) PiF.

interactive ( H BjiYy)
Python has an interactive interpreter which means you can enter statements and expressions at the interpreter
prompt, immediately execute them and see their results. Just launch python with no arguments (possibly
by selecting it from your computer’s main menu). It is a very powerful way to test out new ideas or inspect
modules and packages (remember help (x) ). For more on interactive mode, see tut-interac.

interpreted (i %11))
Python & — Tl F w5 5 SE AR RE T, S I T RE A AR, R EA (4L (bytecode)
SR AN ATAE o Li‘%ﬂ“%‘ﬁn%%—fu\ﬁ?iﬁl.ﬁ, T AN o HH R ST ) — MR A T4 %ﬁﬁﬁﬁ
;.E‘%nn ul_(x%tlﬁ%ﬁ)%ﬁﬁgﬁﬁﬁﬂﬁﬁaﬂ%/ PREEEIN, R e R = o A A g
[Elinteractive (B

interpreter shutdown (B8 EIE)
H Python F{ e o ZURBHPANY, © & A—RrRRY B, 7RI E B A vl & & IR, Bl
TR A A4 TR B S E A 4 . 2 G 2RI 3538 el 22 (garbage collector). TaREEB B H % A
TE R fEMERE S (destructor) S5 5 | F ) I (weakref callback), [EJ4TH: A Al . e BH PR B Bt
aﬁjﬁlﬁ%ﬁ%ﬁ;@ﬁﬂ%@% Ah, WIEE B g IR TRE AR FAER T (8 A B2 ik X R4
Iyt 1)

HAEG B 2P, 2 __main_ B EIEROES T EA O A HATE L

iterable (n[[EfC#1k)
— TR AR E— K [l B . W ER AR B A A BUE) (552 1ist, str
Ml tuple) FELLRFPHIAIE], 202 dict, 240, U\ZU I E A class 1, HEILL
class 5 __iter_ () method 82 B {Esequence (J74) FEEM _ getitem_ () method, ¥t
e T E 14
AERY TR for [EIEAFF 2 HMFLE—FFHIHTT (2ip O map () ..). F—EATEY
HAEED | S R AR iter () K, BEEZ%YE R E— ﬁ[.ﬁ%’% lfk.ﬁ%%lﬁjﬂﬂﬁ/\?r*ﬁ
—HHAE#E4 T3 (one pass) JEFT . ﬁmﬁ%’%ﬂ%ﬂ WEA—EEIFN iter () S HTEMEIRZY
. for AR & A EMENREFLE LS, BT RER R a2 5 %I JH AP 30
HizEtes. BiEzBieraor (EUCEE). sequence (JF51)) Figenerator ([EVEER).

iterator ([E{C%%)
—(AFRERR . EEHEEER2E _ next () method (HiJE T BB 4K
next ( )) )T EE R TS HE o BT SRR, R Er5|%f StopIteration 4.
e, #% lﬁ%%%#lﬁa%ﬁﬂﬂ AR _ next_ () method [{iE—EIEIY, # H € kS| 2
StopIteration, .ﬁ%ﬁﬁ“ﬁﬁ*ﬁ] __iter_ () method, &€ HENCEMIEA L, FroAGEH
EMR A AR T EU I F, ELRT AR K 2 S A b T 35 & . —EIREER Bl 41, &g
ik Z i [ (multiple iteration passes) 2. — AP (82 1ist) FERFRRAGEEELS
iter () BRAITE for BB ERE, AEELE MBI, FHERSERLF (2R
ﬁ%ﬁﬁm gl e g —mER P @ e . [F— e g s EREs s iE, ARG E—
B 25 (A 254 o

1 typeiter SCH T DAFREI T L Bl o

CPython ‘£ ff 4l fili: CPython does not consistently apply the requirement that an iterator define
__iter__ (). And also please note that the free-threading CPython does not guarantee the thread-safety of
iterator operations.

key function (ZrA)
R B 7 K =X (collation function) s —{f AT (callable) pRx, &€ [m] {3 — 1 ] jAHE (sorting)
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&7 (ordering) H{H. BlfH, locale.strxfrm () i AEIA 8 1 i [ s & HE P 18 51 i HE
.

Python iiF 2 T A, #RH3Z DASE ek A il e 2 e e el L O 3. B E3E min () L max () .
sorted (). list.sort (). heapg.merge (). heapg.nsmallest (). heapg.nlargest ()
Ml itertools.groupby () »

B RAE AR DA, — . B, str.lower () method T PAFEIEIR 43K/ INEs HE 11 88t ki
o 83, —EE KA WA AR Lambda R AP, fIU0 lambda r: (r[0], r[2]). 7i4h,
operator.attrgetter (). operator.itemgetter () il operator.methodcaller ()

AR S A R 5 (constructor) . B AT 7 AN S R K G, S 2 E T -

keyword argument (B &5 190
52 (Flargument (5]35).

lambda
B —expression (GBS ) B 4L A — 11 BE 4 47 [E)p 5X (inline function), 3% bR =Xk RF iy SR AH

#£37 lambda FFFHFEEVE 2 lambda [parameters]: expression

LBYL

Look before you leap. (=M1, ) 1570 4 A% EUR G e A TPy sl e $k 2w, I At il st SE E Ak
o EEEREELEAFP Jr IR, HERNRORGATZ if MR

E—MEPATHESE T, LBYL =UATE [ =8 R (247 Z M5 T #HEWRF: (race condition) 1
JaFE . FITNPA TIRER S if key in mapping: return mappinglkey]l, WS —HITEHE
P2 REAEAIRZ AT, € mapping FREER T key, HIZAEACHGAL & R AL 2 T DA T8 (lock)
i1 EAFP i X AR E.

list (Hi%1)
— il Python [El fjsequence  (Fp31) . [EEERA T2 list, & HEC RS 5 b g — @ Bk
(array) AR —(H #4551 (linked llst) HEFHOCE EI’J IR (EJE L2 O(1).

list comprehension (£ 5|45 & i)
— 7 P A S 7 5 P AR Ay e E (A R A DA list [ 2y ¥k . result =
["{:#04x}'.format (x) for x in range (256) if x % 2 == 0] &[[F4&—{HFE list,
Moty 0 3 255 @EE, Fra@es oS s 0x.). if PR, WRERE, 1
range (256) HHIETA ITCEA S HEIL

loader (EAZY)
— {8 REEJE AL . B EFR—H4E load_module () H method (7). HAfeiH
Bl finder (F452%) [HE, WA 2(E PEP 302, Eﬁﬁ/\absnactbase class (HhaREHEE), #

%[F] importlib.abc.Loader,

locale encoding ( [% 38 27%)
7t Unix [, ‘B2 LC_CTYPE WMz &M & fl5. © W PLH locale.setlocale(locale.
LC_CTYPE, new_locale) K#HE-

1 Windows |, ‘E42& ANSIUAEE (code page, fillll "cpl252™),
{E Android 1 VxWorks |, Python f§iJf] "ut £-8" VE[F I 4mE .
locale.getencoding () BJ DA RS 5 385 4 A
WA filesystem encoding and error handler

magic method (J&#7 J51k)
special method (FFRJTHE) M—M8EIE Rl 2 .

mapping (%)
— AR, BB EEN AR, H A8 EAF abstract base classes (fi % &R H(E) o,
collections.abc.Mapping B collections.abc.MutableMapping Arf§E ) method. #i
BilfdFE dict .collections.defaultdict.collections.OrderedDict filcollections.
Counter,

meta path finder (JCI&{E=hHES)
— A sys.meta_path MM BE K finder (FAgss) . TCEEE AR aRELz4 1228 B 548 % (path
entry finder) MBI ZA A
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BTN TEIE R B A PY B AE ) method, 352 ([F) importlib.abc.MetaPathFinder,

metaclass (JtHE])
— & class 1Y class. Class & &R & & 57— class 44 . —1# class dictionary (ZFH#L), DAK—1#
base class (JEJEESHE]) %13, Metaclass B #5218 5185, [EE# % class, KZHAY 18
FEGE S St —(ATE R A B /E . Python fAFEZ JRAE Y E REA ST A 5T 1Y metaclass. K1) (i
HERARFEW T A, (HRHEFER, metaclass 7] DASEHEEIR HABREAMEE T . BME i
EIFEEAEE. B TaE 24t BEYEES . BEEEA (singleton), DAKFFZ HALATH

B4 & HI ] PATE metaclasses #4848 F] .

method (J57%:)
—H7E class A< H4(Fl9E E 2 k=, WIS method VEEIH: class B (91— &8 E g hEny , HI &l er s
BN E PP IEE (05— Wargument (3180 (M3 BOBH BRI se1t). 2 E uncion ()
Flinested scope (HEIRAEIEL)

method resolution order (J5 7 M7 IE)T)
T5 YRR R A2 R A 2 AR, base class (JJKHBHE]) w8 = M)E . B Python
2.3 JRE AR T VR A, w5 2(E) python_2.3_mro,

module (%)
—{f#4T: Python F&sUE Y 4H %% B {7 (organizational unit) [4{:. g A — a4, BUGIE
[#) Python #{f. HAE I thimporting (AR, WA ZE Python,
iz Epackage ().

module spec (BigHHI#%)
— Al S, BAE RS AL import B & il. B J& importlib.machinery.
ModuleSpec —1{EEFl.

MRO
it 2(Emethod resolution order (75 YERMTNEFF ) o

mutable (n[5E47})
YA DA R, BRI 1O o AR Eimmuable (RAEPIE) o

named tuple (Fff%c4l)
g [named tuple (P44 7C4L) | 2F54E tuple R (T BUE SR class, HEHW 25| (indexable) JC
ZHH AT DA P42 S 1 AR A E . 1 Le AR, class 7] DAL HiAth il 4k

A LE)#R(E)Z named tuple, f35H time.localtime () fl os.stat () EERE. B—FEHAT

2 sys.float_info:

>>> sys.float_info[1l] # Iindexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

£ 2% named tuple 2 [E@AE] (40 LB) o 5(#, — i named tuple 0] DAGE—fl IE BLHY class
FookE s, HEL class Z#7K H tuple, HEFE TS (named field) RIFT . 354119 class 7]
PAF T4% . WA/ H typing.NamedTuple ZREN., 0] DA Tk 5K (factory function)
collections.namedtuple () R . BF MBI T —LLEH4MK) method, 5 2% method A]
b2 AEF 5 ok [E)7 ) named tuple H1, SEVEFR 1)

namespace (#yZ4sil)
SEMPE R o 45 25 M2 DA dictionary (281) WEECIE. G Wk . iy KIEE ) a4 25 1
MAEYIEH (FF method H) A SR A 24 25 . w44 25 138 PR 7 Lk v 44 e, ARG AR A Ak . 51
I, M builtins.open Ml os.open () ZiEH B MK 44 25 MR E 0. 44 25 F ok
FH e [ 2 IR RS A AR B A — R X, ARSI W R PR S v Atk . BN, %5 random. seed ()
o itertools.islice () WML R, BEEHENEH random fll itertools MAIFEEE.

namespace package (@ #4235 WEA4E)
— 1 PEP 420 package (£1F) , & HBEIEET £ (subpackage) 1 —fH 7585 . A4 a5 M E(FrTfg
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EV Sk, T H A ARE S P ARG R — Mreqular package (R , WEEMEBS
__init__.py mARE.

Az Emodule (F4H) .

nested scope ( HUHR1ETIR)
REFI2 IR 41ME 2 2% (enclosing definition) FFAYSE#LRE F7 . ZRBIRIE], — M R =X AR 2 78 5 — 1 R =X
e, B2 BANgm0h s s, Fe, AESEET, SRR EERE H k2
W TR R . W SRR A EVE VR R IO R A TR, A SR A A A
SR E A . nonlocal R EANEEHEGEITE A

new-style class (#r=\HH(E])
—HEEX, CRIEBAENA N class P14 I A1 class JE@#& . FEHIH Python fiuA i, A 7K
class 7 Rt fl Python U . ZEDIRE, 152 _ slots__ . FiR#F (descriptor). J& 1 (property).
__getattribute_ (). class method (JHEIJ ) Fi static method ([EJRE %),

object (¥1})
HARE (BUESE) KeieERMATE (method) MATMIEERL. BT Mnew-style class (FialH
[F]) fyf# base class (FJFHEE),

optimized scope
A scope where target local variable names are reliably known to the compiler when the code is compiled,
allowing optimization of read and write access to these names. The local namespaces for functions, generators,
coroutines, comprehensions, and generator expressions are optimized in this fashion. Note: most interpreter
optimizations are applied to all scopes, only those relying on a known set of local and nonlocal variable names
are restricted to optimized scopes.

package (£if})
—{[ Python [{jmodule (F541), &0 DAL T4 (submodule) B 2 IEFIF) £/ (subpackage). I
W EmE, EEERA __path_ JEER—{H Python i .

Syt & Eregular package (IEHIEAE) Fnamespace package (fir S MEE) .

parameter (Z8)
Tr function (pRZ) B{ method & 3% F 1Y — W v 4% B B4 (named entity), B $500% KR BEEIIE 210 —
MHargument (5|%0), STEFLEEE MR 2518, EH RN RS HEA
« positional-or-keyword ({7 &S BISEF) © 80— 0T DAZ e 45 5 w2 VEEI M 48 5 7| Scpl g )
518 BRSEIWTHREE, BIUA N foo F bar:

[def func (foo, bar=None): ... }

« positional-only ({EFROZE) : H5H—MH L REHL BEOL EAHR LA T | . e E S 28 &£t
W/ TG, BnT DAERZ 7 OCHI T E FEAE R E 2 8, HIALAR ) posonlyl FI posonly2:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

o keyword-only (fEFRBISEF): F500—F HAEDARH s F R R L 5 | 8. ek | S8 #h
A — AT = 8B 3 B 2 85 (var-positional parameter) By 2 BLAH 1 * F£I0, BUW DAYEHAZ 7 &
FAERR B2, BIINPAR Y kw_onlyl FI kw_only2:

[def func(arg, *, kw_onlyl, kw_only2): ... }

o var-positional (fEREMCEAIE) : 48U —HBELMER AR LI A7 B0 | (TEC B 2 8
O ET | M AN . BRSO ERTE L2 WA Em L~ AGEFRR, BIIPATY

args:

[def func (*args, **kwargs): ... }

o var-keyword ({EREHEBSET): AT HHRILN TR EE RS # (o ts 82
?QE@E@%?%I%&Z%)O B ERE RS EATR T E L~ e, Fn 1w #
| H ) kwargs o

ST AR | ORI BRI Y s F5 0, o] DAE)— 6585 1y 5 | B o TR (-
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55 it 2 BT 55 R Wargumen: (5180 FH . & R P A7) $cde 4 = M ay £[F), inspect.
Parameter class, function Z#ji, DA PEP 362,

path entry (J#$5H)
Feimport path (5| ABEAR) I —WALE, WMipath based finder (E:ABEFBRIIFAGES) G2 EFHNE
AREFHREL import AR .

path entry finder (J%£%3HH a-45723)
¥ sys.path_hooks H—{E AT IEI {4 (callable) ( & RI—1{path entry hook ) 7 Il f)— 7 finder,
ERIETA— i path entryE (iASEAL .

B A R TE H A2 EAER method, 5 2([F) importlib.abe.PathEntryFinder,

path entry hook (p&f%3HH(E))
f£ sys.path_hooks ¥ ZRHH—{E T IFIY {4 (callable), 58 FIE WMAAE— (855 & path entry H
T, A BlE—Fparh entry finder (FEARIEH A4 o

path based finder (FLRPEIRIFHES)
TR 7L FRAE 4 25 (meta path finder) Z—, B &FE—@import parh HH18 4840 .

path-like object (JHPEFEH1E)
—fHFRIE R RSB BT AR — RN BRI str B bytes Y, B0Z—1fH
BHVF os.PathLike W EWWH. BBIFEIY os. fspath () K, —f%4E os.PathLike WE
LA DA EFIE] str 8% bytes MR R I&FE; 1M os.fsdecode () M os.fsencode () Hl
SEIT R REDR str [z bytes (&R . o1 PEP 519 5] A.

PEP
Python Enhancement Proposal (Python #[El#222), PEP 22—k #HEIH 304, & #EE] Python - EER
BEEER, 2 Python W)—(R B Bh B ol % T e YRR P AN B EE . PEP JER% B4R UL I A0 He A 4
DA ZE Dy RE A AR R

PEP WfFAE H Y, REEE I MR S . FLRE A B 50 B R A 2 R sE, DAKRE A
Python [ 3¢5 HESFEREE, 8L m e L2k . PEP (/S B e s fie st B s 45k Flrr [E) s
=

#2 [ PEP 1,

portion (334))
A B — H E) ) — 4R 58 (H P RE R AAE — 1R zip AT, 38 SER SR R 3 — Ml iy 44 25 [ & 14 (namespace
package) A Bk, W[ PEP 420 H111E 5§

positional argument ({37 ¥ 514%)
w2 (Flargument (5]8Y).

provisional API (%47 API)
BT APL 248, AT HE R =X ) A2 A 2514 (backwards compatibility) fR& Y, BMUEBHERR1 APL,
BRI, HEE MR E T, M DER A EREE, Haniego e AN B
EG 0%, WelabeBmEAHENE T (LR OB Nm). 5508 T EA g mEmhE A4
——H APT Y AN A 2 Hi AR S 1 e o B A SR o e 44 8 Tzﬁ‘ﬁ?f .

RIS ET 4T APL, [a)4 A28 s o th Erple il B [ i A ARIED 28 ) — S M i B B ) )
159K G ST BB — M [ AR AR A I AR E) )y 22
T 0 P (A 4 o o O B R TR BTt A, T s S R 2 8 (R ) Iy ) 25 B A T ) s i e
w2 [E PEP 411 T fi 2 40 .

provisional package (¥47£5{})
52 (Elprovisional API (%47 API),

Python 3000

PythOI]3X§5'JﬁﬁZIKEI’J.$¥% (RAPATTRITE Y, HRESS 3 38 R e AR A, ) tHnT A% & [E)
[ Py3k

Pythonic (Python &K ))
— (A AREE B US, EEM T Python 355 A W HIEE, A28 HALEE 5 Rayiid
AREAEREAAS . Fl4n, Python g Wy —MEE ML, MM for BHRX, ¥—MEnERY
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PRI A TCR AT EIRE . 32 HAURE 5 A E RS 4L, FTAR K Python 9 A R 61
A e e A A O -

-
for i in range(len(food)):

print (food[i])

.

2T, DA AR R . 3HA7 Python Jalks :

p
for piece in food:
print (piece)

qualified name (FR & %H%)
—{H B4R, B BRI — AL A 23 AE 3] A4 H 2 210 class. pRUEK method Y
[E%£% 1, W PEP 3155 W 3%, B TEIE R pRUAT class 5, FRE 44 f B (124 R AH ) -

g
>>> class C:

class D:
def meth (self):
pass

>>> C.__qualname___

ICV

>>> C.D.__gualname

'C.D'

>>> C.D.meth.___qualname_
'C.D.meth'

BTG RBAERE, T2 TRE & & (fully qualified name) 23R %A V) SE BB 4 R BEAR , A 4E A
MAZEM, BTl email .mime.text:

>>> import email.mime.text
>>> email.mime.text._ name_
'email.mime.text'

reference count (= Wi514L)
The number of references to an object. When the reference count of an object drops to zero, it is deallocated.
Some objects are immortal and have reference counts that are never modified, and therefore the objects are
never deallocated. Reference counting is generally not visible to Python code, but it is a key element of the
CPython implementation. Programmers can call the sys.getrefcount () function to return the reference
count for a particular object.

regular package (IEBIEA)
—(HE & ipackage (BF), Bl—@a4& __init_ .py HEMHE.

52 Enamespace package (f4 2 MELE) .

REPL
An acronym for the "read—eval-print loop”, another name for the interactive interpreter shell.

__slots__
e class [ERRH)— M E 4y, ERFMFERESEOBENZSH, PALIEBE G dictionary (FHL) , 7K
WA O, MEAR RN, H bﬁ%ﬁ%u\ﬁﬁﬁﬂﬁﬁﬂi oA B 45 I AR A {1 e e o
(memory-critical) ) i F R = AEAE A LB 1) 2 A D

sequence (J3:41)
—fRiterable (WJEMRA1F), &M __getitem_ () special method (HFFkHTiE), (B H K5I
BB EBCRI TR, EEF T —M __len_ () method [0l f# 3% 7 51 ({2 . —LL[E]
J?ﬁljiﬂ_@j% list, str, tuple fl bytes. FEHERE, MR dict T _ getitem_ () M
len , (A ERHEIE L (mapping) AR FH, PHIEHA )y 202 M AR 1 immutable §

Eﬁk%&

TH}%%TE%EE (abstract base class) collections.abc.Sequence F3% 7 — 1IN & 1/,
AEIRR _ getitem () f1__len_ (), BT count (). index (). _ _contains__ ()
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Ml __reversed_ (). EfEMIEANAEAEE, WA register () #iIRSHEE. =2 E7»
JEAN RSO, R R SERAE.

set comprehension (&4 HR)
— MR E, AR T E Y i &R e, B R R AS DA set

[f#, results = {c for c in 'abracadabra' if c not in 'abc'} €r[E4—fF5
set: {'r', 'd'}. #H2[E comprehensions.

single dispatch (¥.—3)E)
generic function (ZHLpRZ) MR, FEdl, EIENSEEERENE 58 AE,

slice (YJ})
— @, [:.L%@/\ —Blsequence (7)) BIFE—5 . Br—BHYI R 175200 H R AAF9E (sub-
script notation) [1, 342, B EFEZ MEHE Y, #lil variable_name[1:3:5],
RS () f@?ﬁﬂ@%ﬁ, i slice Y.

soft deprecated
A soft deprecation can be used when using an API which should no longer be used to write new code, but it
remains safe to continue using it in existing code. The API remains documented and tested, but will not be
developed further (no enhancement).

The main difference between a “soft” and a (regular) "hard” deprecation is that the soft deprecation does not
imply scheduling the removal of the deprecated API.

Another difference is that a soft deprecation does not issue a warning.

See PEP 387: Soft Deprecation.

special method (5% Jj1):)
—TFE &9 Python [ B)IFIYY) method, FI A ¥ SAE BUERAATHERLE R, Blanmi. & method (144
T & 7r BREE A4S B A Wi RJEEE]. Special method 7 specialnames H g #EAHEIHA .

statement ([4iiAX)
PR —MEMH (suite, —EFEXAE [ ]) H—FB. BRR T UE—{flexpression (FEH
X)), WESHEBETE (Fllif. while 5§ for) MILT&ERY —.

static type checker ([FJREMI[Efur7s)
i i Python B ASEI A ATAIANEE T H, BEER HEERR, B2 f A TR EMRMEE. HiEzER
[El32-7 (type hints) PAJ% typing Big.

strong reference ([F1%1K)
1 Python ) C AP 1, [F12 BUZSWIMFNS IR, W HERE %2 B reEs . s i
REZ I Py INCREF () RMMEZ K. RS MIFFZE# py_DECREF () BHEIZ M.

Py _NewRef () MizUnl IR @ —MEWHMES K. @5, EREESBEGEREZ 6, WHEE
2[F% M |-IEI Py_DECREF () gz, W% ER—{H2 0.
Yk 2[Elborrowed reference (fEH2M).

text encoding (3L &hils)

Python H1#) 55 22— Unicode A% % (code point) (#1751 (#iEAE U+0000 -- U+10FFFF 2 fif]). #F
ST E— FER B AT IR E— A e AT 5

ﬂ%ﬂ@???ﬂ%&ﬁ%ﬂ?ﬁm TRE) a5, WAL TCA T o) B S a% 7 mp R RRE) T AR
(decoding) ],

A ZTEA ST I i ES (codecs), BEMBATRE [ 307 il .

text file (i%iﬁ’%)
— A REEFEI 5 A st Y —1f file object (REZEWIME) . BH, CFHEEE L RAFIITH
i ) &R (byte-oriented datastream) [E)€r [ B jE Ftext encoding (SCF4AE) . SCFEAEENBI T4 -
PIScEREE (e 5w ) BIEMARZE. sys.stdin. sys.stdout PAK io.StringIO BB,

HakzElbinary file ( “HEMER), B2 MEEEREBFIE A 281204 2 9 1F (bytes-like object) WK
ES7/ LN

triple-quoted string (= 5|3E[E) )
H = E 598 ) S5 19% O BIEERSA R — M7 h . MR B MEEA SR ALET R 5 | 55 5 AL
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oNhAE, HERFFZEHE, MR RA K. SRR AT AR B E) (unescaped)
(R85 [ DERNEE S| 5%, 1 e AT (81 #4170 (continuation character) i n] ARSI AT, JEMEFFE
A A 25 I T A R e A 1

type (%I[E])
—1# Python ¥+ REIEE T e A EEAE Y SmEDaEEa —mREE. —MAeErRENT
PAHER __class__ BMEAAFH, DA type (ob]) HAHR.

type alias (ZU[EIEI%)

—{EAE [ 3650, F A BE G 2 46— FR(EIFRF (identifier) KA.
REIE)4 A 2 [E32 5 (type hint) R . Biltn:

def remove_gray_shades (

colors: list[tuple[int, int, int]]) -> list[tuplelint, int, int]]:

pass
. J

FTPAR IR R, SR AR

Color = tuple[int, int, int]

-

def remove_gray_shades (colors: list[Color]) —-> list[Color]:

pass
. J

#2[F typing I PEP 484, A LI RERHIIA .

type hint (HI[EIHEA3)
—fannotation ([E1RE), EHeE— M. —H class J& M=o — 1 of =) 2 8k ] 1 7 T AL ED
FERR R R, TR 24 Python (B, (HEMHEI &2 [l & %5 (startic type checkers){RA
A, [E)RelH B IDE 58 fF2 W54 4> (completion) FIE## (refactoring).
S s B class BRI R A OR & s ) mBE R, v LM typing.
getftypefhints()ﬂ@ﬁﬂﬂo

i 2(E typing fll PEP 484, AU RERYHEIR .

universal newlines (i#i)JH[Ef7T5C)
— e i SCF L (text stream) [ 2, € AR A G ERRE)E— 470 &5 5 Unix f7 R 1E G
"\n'. Windows {&f '\r\n" FI# ) Macintosh &% '\r'. FH2[E PEP 278 11 PEP 3116, DA
J* bytes.splitlines () BIFAINAHEE.

variable annotation (%5Z3(Ff%)
— (W S 85y, class JB P annotation ([EIFE) .

(VR B class J RIS, MRELRIEIRIER:

class C:
field: 'annotation'

St EREE 3 F RN [E32 7 (type hint): BN, SRS BOEMI € B int (358 (4:

[count: int = 0 }

5 B (EVRE (1) R AE annassign T 6047 2F 4 10 Al RE .

#52[Elfunction annotation (FRR[ERE). PEP 484 F1 PEP 526, %4 WIheEMHiA . BR RN &
B, 75 2(E annotations-howto.

virtual environment ([EJ}ER4%)
— W 173 VEFR B (cooperatively isolated) [ TEEEE, fERE Python (15 I & A1 e HIFE 15 D2 S FITHA
Python #[EIEM:, Wi A€ ¥[8 R 4% _LiEF T Hifth Python JEE IR A7 HEA: T8 .

Haa(F venv,
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virtual machine ([EHEEKERS)
—B5E4s th R T E FRI B (computer) . Python [ [EHEEAE S €T i bytecode (S7ICHLEE) SiiEes
g i e A -

Zen of Python (Python Z[F])
Python 51 I BT BLAG 51 %, HLEIZA B HA FRARFN (6 F ILRR = o BLs R nT DA e B B 4R
JUEEIA [import this| R4%KF|IE.

90 Appendix A. #iiEER



APPENDIX B

BARELEFIRA S 14

i SEEI] SO 7 Sphinx  (—fE (E) Python [EIW SCIFFTERES O SCIFEERS ) 6T reStructured Text 45
TR R AR R i

Uil Python B 5, i B 1155 1 T EIH SCAFBLE AR BB BT TR, AR ERIHR R, 7 57
reporting-bugs F{IfT, [EVEAH B, FAM A BGaHi B EE A

ECIE
« Fred L. Drake, Jr., 5l Python SC{4 T HALM A& DA — I A Ve
o A¥E reStructuredText F1 Docutils T.E.4H [ Docutils B2 ;
o Fredrik Lundh ¢4, Sphinx #2ftBf¥) Alternative Python Reference wf3#| IS LT £ .

B.1 Python {895 Bk 1

#r 2 NF#R G [E] Python i3 M3E T . Python 422 p% 2 )5 Al Python [FIR S E ki . Python B S (EIR R 4G
TAT M ERE R, # 7 Misc/ACKS .

TEFAE] Python A7 14458 g B Bk A 35 3 3 (AR 1 (BT SO - IRl BT B IR A 1y AL AP !
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appeENDIX G

i E IR

C.1 &icio

Python 2 1 7 B S22 A0 51 AR RL 2T 9T By (CWI, R, https://www.cwinl/) [ Guido van Rossum Jji# 1990
EREBFEALE, i fEE—FRE ABC 3% 4% . (D Python (0 TR ACH HiAb M ETRL,
Guido /52 HFZMEH .

1995 4E, Guido {54 JE 5i N 55 i i B F A9 A 5] (CNRI, 5, https://www.cnri.reston.va.us/) #4548
e Python [ TAE, [EEARETEEE] T340l i 22l AR 4% o

2000 4£ . H , Guido Al Python A%.0» B % H B i 51| BeOpen.com [EJj{57. T BeOpen PythonLabs . [f]
4+ H , PythonLabs [# X% % Digital Creations (FBi[E] Zope Corporation; 5, https://www.zope.org/), 2001
4E, Python BBl 4 6r (PSF, H https://www.python.org/psf/) 37, g —{HEEHEA Python FH 2
EEIRE A7 69 A48 R AL4% . Zope Corporation J2& PSF iy—1fi & B & & .

Jir A7 1 Python AR ZBHIRAY (A BHIBRURAIEFE, (0 hups//opensource.org/) . FEM b, KEH{HAE4
By Python JiAS, o2 GPLAHZHY; DATR A4 G 25 M A 1 22 [E.

BREA  FEB i waE GPL 8% 7

09.0%F 12 A/l 1991-1995 CWI B2
132152 1.2 1995-1999 CNRI 2
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com {5
1.6.1 1.6 2001 CNRI =
2.1 2.0+1.6.1 2001 PSF o
2.0.1 2.0+1.6.1 2001 PSF 2
2.1.1 2.1+2.0.1 2001 PSF y=s
2.1.2 2.1.1 2002 PSF ys
2.1.3 2.1.2 2002 PSF =
22 DAL 2.1.1 2001 £4- PSF 2

fi(E]

GPL 2 EIR /R FA" @1 GPL T #(E] Python. A8 GPL, Jir 1) Python FZHEAS T ATE/REE[EE i
BIRUAS, AR —E BRI 52 5 AEIBH IR . GPL AHZR W #2HE(E5 Python 7] DA% & HAl#E GPL 4%
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IR (I AT )

IR Z I AMRE T, A Guido F8E NIUAT, ifHE Le A iy B [ERE T fig.

C.2 FRFRHLHMFGXER Python BIEHIER

Python S FIEII SCF IR LR PSF 424 649

% Python 3.8.6 B4R, [EIMASCH:rpg&ifl, R BAIHADRE A, 298 FHIZHE (dual licensed) 7 PSF #%
KEA #1PA N Zero-Clause BSD 3% 42 ,

AN Python R BEFOR RO BE . TS RS LA RE 2 R — B . BRE L
FHER RSS2 EHO EI 9 0y 348 S 200

C.2.1 ¥ PYTHON 3.13.0rc2 i PSF 1% &1

1. This LICENSE AGREEMENT is between the Python Software Foundation.
— ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.13.0rc2 software in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF._
—~hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 3.13.0rc2 alone or in any.
—derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2024 Python Software Foundation; All.
—Rights

Reserved" are retained in Python 3.13.0rc2 alone or in any derivative.
—version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 3.13.0rc2 or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made.

—~to Python
3.13.0rc2.

4. PSF is making Python 3.13.0rc2 available to Licensee on an "AS IS"._
—basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY..
—OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY..
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE
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USE OF PYTHON 3.13.0rc2 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.13.
—~0rc2

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A_
—RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.13.0rc2, OR ANY.
—~DERIVATIVE

THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material.
—breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. .
—This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee,.
—Or any

third party.

8. By copying, installing or otherwise using Python 3.13.0rc2, Licensee.

—agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 Fj¥ PYTHON 2.0 Y BEOPEN.COM #Z## &%)

BEOPEN PYTHON B #ZHEA 455 1 i

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOEF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects

€ & A}
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(B —1)
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 Hj? PYTHON 1.6.1 B4 CNRI 1R &

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python

EET—3
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1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

C.2.4 ¥ PYTHON 0.9.0 £ 1.2 g CWI iR#EE#

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 F}* PYTHON 3.13.0rc2 [FEA #4FI#2X 5 /) ZERO-CLAUSE BSD 1%

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3 #uk(CIeR RS Ry 12 18 B Bt
A (AR SRR A BEHE SRS, 3 5ULAE Python SEETA b TN 45 =)y W

C.3.1 Mersenne Twister

random BLAHIE T _random C #% £ #2402 7 DA http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/
MT2002/emt19937ar.html f F#REIFEERAFERE. PAN 2 FEGRA SR sg g -

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 Sockets

socket BAH /T getaddrinfo () il getnameinfo () K=, B¥E WIDE BZ (https:/www.wide.
ad.jp/) [E), FARTE] B JE A 2 vh bl 4 il -

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 FERF#¥ socket fRFE

test.support.asynchat fl test.support.asyncore FAA ST :

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.3.4 Cookie &8

http.cookies HiZH L& DA A :

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 #{TIEN

trace B W& PAT I
portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx
http://zooko.com/
mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

100 Appendix C. B MR



Python Frequently Asked Questions, £[F] 3.13.0rc2

C.3.6 UUencode £ UUdecode F=,

The uu codec contains the following notice:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

— Arguments more compliant with Python standard

C.3.7 XML FEiRF2FFreny

xmlrpc.client M-S DA

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.
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C.3.8 test_epoll

test.test_epoll BigHI & DA

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select B kqueue il & LA HEHH -

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS " 'AS IS'' AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

Python/pyhash. c f§Z 6% Marek Majkowski’ %5 j* Dan Bernstein ] SipHash24 B VERIEE. B0
Nk

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod Ed dtoa

Python/dtoa.c fHEHALT CHY doa fil strtod pR, F A C A EEKE BE 17 BE ORI =2 5 HAHE) . AR %
F2fiTA4: H David M. Gay B7 i[RI A5, 1235 BIAE W] DAJE https://web.archive.org/web/20220517033456/http:
/Iwww.netlib.org/fp/dtoa.c N, #2009 4E 3 H 16 H kR 1R G648 2005 DA IR RE B 2 REAZE Y -

/****************************************************************

The author of this software is David M. Gay.

E

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

E O

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

WARRANTY. 1IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

*
*
*
*
*
* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
*
*
* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

*

**************************************************************/
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C.3.12 OpenSSL

The modules hashlib, posix and ss1 use the OpenSSL library for added performance if made available by the
operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived
from that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

1.

Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to

(HEBT—TD
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communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and

(BT —H)
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do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS
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C.3.13 expat

PrAFTERE E pyexpat R REE ——with-system—expat, HHIFZEE G AL expat AT
AR R A 2

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi

BRAEFERIE _ctypes BALUK T _ctypes Mkt € —-with-system-1ibffi, FHHIRZIHKSE
- MEETE Tibffi 5 4R A5 1 Rl A 2

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
‘*Software''), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED " "AS IS'', WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.
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URAE R S BARBIY 2lib A KA ABOR vk R 2110 JE5E, Rz se g M —MEE 2ib [5G
AR R A 2

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash

tracemalloc {Ji ¥ 3EEIZE (hash table) E4/E, DA cfuhash BZE([FIRLAE:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR

(HEBT—TD
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SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec

MAEfE S decimal BLAHIECTF _decimal C 7 fE X Bt () ——with-system-libmpdec, &A%
B F—H(E) 5 libmpdec o X JFH ) il A A 2 -

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.18 W3C C14N B EH

test AP CI4N 2.0 HIFLEM (Lib/test/xmltestdata/cl14n-20/) 24 W3C #Hu} https:
/Iwww.w3.0org/TR/xml-c14n2-testcases/ #A52%, H2HR 3-clause BSD #7HEw: %5 (F):

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

(BT —H)
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THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 mimalloc

MIT License:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.

C.3.20 asyncio

asyncio BALMHMEIA 2 AE uvloop 0.16 FHEE2R, FA MIT $ZHE2CEE(E:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
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LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.21 Global Unbounded Sequences (GUS)

The file Python/gsbr. c is adapted from FreeBSD’s ”"Global Unbounded Sequences” safe memory reclamation
scheme in subr_smr.c. The file is distributed under the 2-Clause BSD License:

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice unmodified, this list of conditions, and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR ""AS IS'' AND ANY EXPRESS OR
IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED.
IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT
NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF
THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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Python F13 {73 [ HH SO0 HUHE -

Copyright © 2001-2024 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com {4 F—4JHEF] .

Copyright © 1995-2000 Corporation for National Research Initiatives { fF —JHEF] .
Copyright © 1991-1995 Stichting Mathematisch Centrum {4 & —JJ#E#8].
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