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CHAPTER 1

—fizky Python E REEE

1.1 —figEM
1.1.1 {+[F/& Python?

Python & — TR BN . HENN. WIS RERGES . BTG TR Filsh. B)R8HUE (dynamic typing).
FEE E R E) R ERHUE], PAK class (BIE)) . BRESCRY SRR RG2S 2 AR U st S, pilan
FEFP X (procedural) A1 zUEEF (functional) F2zUREEE. Python &5 & 1 RiAR A T RE B AR 1 I O RS . TOA#F
Z Z G R R 2R AE, DA TEYLE RN, B HAE C 8 C++ AR T, 3@ ol DAFEE—FE
PEahE, AR TER X/ (programmable interface) [ FFE . fcf%, Python ZW[E)¥ (portable):
EREEATIERTZ Unix Y88 b, f4% Linux Al macOS, tHAEEITYE Windows .

R L(EA, ¢ tutorial-index Fif. Python 1) 54fi5 1 ] 45 51 HoAt /1 475U R DA K B2 Python 1) %
P

1.1.2 {+[ElZ Python BiiEE £ & ?

Python #{(#§ 54 € (Python Software Foundation) J&— i J2 iJE & A PEAH 4%, & #EAT Python 2.1 JiUHLZ A2 2%
A HRHE. PSF Rl fir7E A & Python FEsXiatl 5 A B 10 BIBUR LGB 5187, DASCE & Python 1] . PSF
HEMANEZ hitps://www.python.org/psf/.

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



https://wiki.python.org/moin/BeginnersGuide
https://www.python.org/psf/
https://www.python.org/psf/donations/
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1.1.3 f&/ Python B3 {E T hi 48 PR 55 7

PRTT DA SR AT (R AR o0, SRR B AOHE, () ELAEARIEE A2 (o B 7 Python (¥ [V SCA 8
g LERRRERT AT o QPR AR ST IR A ?JETU\#I%? Python JIATY3E &, VABURBSE KB (B kel
REK) #18 Python FEIAS, =i DAIEHEIE N8 B Python YN . 4R, FRMMIIA G AR LHLE BT A 1Y
Python T3¢ Hli& -

A 2B FHE I, AR ERA R ERIRI PSF BEHE 4 SO S .
Python HEEIZFIERIHE, 7eiefif FHERF A RMNE. M2EREENECEARISEL Gl

1.1.4 E¥EHE Python E#E81E H 2k ?

PAF 72 H Guido van Rossum JIT##%7, B & —UIa0fe] B A1 Ak 7 6 R4 2 -

A CWI i) ABC /NP A BOA BLREH 5 0 I S AR, i B ML 1, FeERE T
1&%%%%3&*%%%&0 1822 Python THAEAYASIR, B4k B ) A HEREA T Bk X070 AL DA K A
AdEH E R B E] (EEHE Python HPyAIEFI#RC AR ) -

F# ABC i mﬁ —ourply | HERWEEENRIZ 6. BT ABCRES (BUHEAE) A&k
AR AT HERY o $E b, sRE AR B RKH B2 —. FA— L ] Modula-2+
Y REER ﬂiﬁﬁi Modula 3 akat A scwki, EE T Modula-3 [l . Modula-3 5f 2 F A 61 /b K
73 5h— 4% Python DI RERY FHAFIRRZEAHEL IE .

FRE R IEAE CWI B9 Amoeba 430 HESE RS/ ML TAE. MM 45 C #2205k Bourne
shell [EVA T AP Ay VR ACHEAT 2 S5 HE, HIE) Amocba 45 F T FRAEPIL AV, T8 08 95 i LM i
Bourne shell #f77EH. FAE Amoeba H i FRESFRIGASER , (EFIR VI 5% 21 0 AMEO R R st s
R

FIIREE], —FRHRABUL, ABC HYRRE(EL AT DAFFIR Amoeba 2 I M Y (A H] 5 1% REW 2 3% 5
Ko F TS Amoeba HHIFEF BN, FroAREE, L0 ABZ AR S .

5 1989 AERGBIGERR B, FAML A M, FroAREERER— T, TEE TR —FL, i
SRIKIR s IS RTEE L I 55 77, {H Python ¥E Amoeba 35 58 H i) 5 I A5 2] 1 MUCHEZE 1) T
SENTHE 3 (W = SeeRL 3 I =g ) = AR G U e

16 1991 4F 2 7, K —4F 2R, IEE M € ¥ £ %) USENET, H i)t E#RTE Misc/

HISTORY fHZ 1,

1.1.5 /& Python ERHEE ?

Python &Ml . MBSz ARt =, 7T RA AR E R 2 A R SL f B

SRR T AR R, M TR (EBFR. Unicode, %2 MHZEFFH)
A (HTTP, FTP, SMTP, XML-RPC, POP, IMAP), $)\”E@Iﬁ (BoolEt. HERE. 3hesn
Br. AT Python BExCA5) PARIERE RGN (REFY. $HERF. TCP/IP fHJE (socket)) WM. i
F library-index [ HIE), PATf#n K. thobh, Lﬁ%f%ﬁﬁé’]%iﬁ%?ﬁo f ALl Python £ {F27|
(Python Package Index) AREFHeARA BLER M 4.
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https://pypi.org
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1.1.6 Python ByhRZ#& 55 R ¥ =40 feE (R ?

Python £ Jiit A= &7 9% 4 5% [F)°A.B.C” 5"A.B”:
o AEFEMARE - © R @S hA HIEE RIS TR A g
o BIEWRBRUA i - HA A5 R B0 e/ 5 5 Hh B RS
o C [EfRUNSA S SE— SR SRR 1B IE BT (bugfix release) BT .

(EJE BT A AT ARAS 2 S R A8 TE TS o E— BT S RE BT A Y HERT P B, e 80— R 5 BREEIUA
R[E] alpha. beta S {8 51T LA (release candidate). Alpha 2\ i o fe AL I LB AT AR s 7 1) W 41
alpha FEA7 A 2 P/ RS2 EEIR @ 4 N4t Beta RIHEREE, (RH THEAMMNE, H0] 58 G
B, BRI oo, I TR EB IR RO, A aHIET T,

Alpha. beta FI588 ST RAERA — H MR -
« Alpha JUA B ZE"aN", Hi N 2 BEE/ M #EF
* Beta fiRASIRAE DN, Hot N 2 LB MY #T
o EBEETARZSE TeN, o N2 SN

EVazEE, raEsE 2.0aN [ ASEAERESCE 2.0bN [WIRAS 2 B, i 2.0bN JASEERESCE 2.0reN R A
ZHI, e MERTE 2.0 2.

T ARG [+] BB, Gl [2.2+], BEELBMHIMAS, B CPython [¥) B3 17
R E . BBE L, R R R B RA A 5 AR, A S S Sl i 2 R — R S A, ER
fa0J fifz, il [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 HEZ {15 3] Python MyRISIE T ?
5HT 1) Python J SRR #54T WUk 3 PT PATE python.org B4, 7E https://www.python.org/downloads/. fH7i)  %%
Hr RG] DATE https://github.com/python/cpython/ BUf5:.

JEARTSEA T U — M A ezip MEAY tar B, B 5280 C JRUARRS. Sphinx A2 EINISCHF. Python pfix
Bl #EpIREE, DASRMREF HAY AT B BT . 2R ISTE R 2 B UNIX -5 F, #R& W] RASE B 4 sk &
AT .

BTSN S AR RS S A AR, 55 2 (E] Python B8 A\ B4 1 T 197 Getting Started” Bk

1.1.8 HE|N{TEF Python B(EIBASL 4 ?
Python H BitZ & A AEHEEIRH SCERTAE https:/docs.python.org/3/ #kF| . PDF. %i3CF1A] T &k HTML iR
AL HTHE https://docs.python.org/3/download.html $% 3],

B SCA 52 PA reStructured Text #5245, [FJf Sphinx [EIH] S0 TILEEPH . [FIHA SC{4RY) reStructured Text i 45
fi5 52 Python JF 4G A5 EEF TR —B 53
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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/
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1.1.9 HERRIOFREENX, HI/FH Python Hy3E ?

L 0] R s . A EE) R SO0 35 tutorial-index .
B Python BRI B2 O &R, OIRREENENFE, waEv) 518,

1.1.10 FH(IJ%H Python Z BRI BE A0 = BD 44 54 3R B% 7

A ¥ AL (newsgroup), comp.lang.python, WA —HE{F 5 (mailing list), python-list, 7 HI#f
AN (A wAE R B A I —— W R AR REE RO B, AR I AT 5 5 . comp. 1ang. python I
AR, R eI feSCEE, 17 Usenet [ 253 A 1 BE I i FHLIE R Y SC 25 0

BT RS BT A S S8 AT, WTRATE comp.lang.python.announce HH#RE , 35 & — (AR o (1 RS 38 5 s A
BRI RS CE, BWEEE python-announce T {F 5 imEt i B i H T E .

I 1% JHL MBS ot i P AT B AE LAY B 22 SR, T DAFE hittps://www.python.org/community/lists/ H#£%] .

1.1.11 0{TER{§ Python i beta BIFREA ?

Alpha 1 beta ZE77 i A v PAYE https://www.python.org/downloads/ A5 . B 185 11 HUASHR & 7E comp.lang.python
FI1 comp.lang.python.announce # BI#EZH_FE 7, H@7E Python 1 B https://www.python.org/ H'E1fi; RSS #r
T E W R .

PRULATAFE ) Git SRAFI Python POBREEIRA . SEZREANE A, #52[E Python 48 A BRI

1.1.12 fn{a$e3z Python psEaR & F0IEHE TR 7
TR £ 5 (bug) BiIRAT— G RAEZS (patch), 5 {# F Y https:/github.com/python/cpython/issues [ [ &
Bl B EE Python AT 22 &N, w52 [ Python B#E A E151 .

1.1.13 EEHMR Python B{EAE KR E T # &% 7

UL 25 T kit BRI Python g,
b5t 7 Python H9SCEHRAE 1991 4ERTHY, (HBITESCR CLAGMIET .

Guido van Rossum #1 Jelke de Boer, [ {3 ff] Python Fe R #5138 = B8 =0 E A kA |, CWI &=
I, 4%, H4W (1991412 H), BTdEEsr:, 25 283-303 .

1.1.14 FEHMH Python & ?

f, REEOLHR, WAEEZIEETLRTE. 52 python.org 1) wiki 7F https://wiki.python.org/moin/
PythonBooks B [fj #7 {) 2% H 1 5.

PRth AT LAY 4 R 48 3 BT [Python ), [Eifh 4 Monty Python 945 L 5% 7T DA [Python] Fil [

=P
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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/
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
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1.1.15 www.python.org By E & fi B 7EWHE] ?
Python B ZE 1 LR A R I 453, py Python JEREH A MCAT B, REANEERIUAE I

1.1.16 [E{+FIZEH&(E] Python ?

% Guido van Rossum B 45 E{/F Python W, bt iEFEE)# 1970 4E A BBC HEIHi H [Monty Python [f) /6175
I5EE ] U AS . Van Rossum sREI T Z— M . JE ELIS Wil 42 5, DR [E) 5 9 %t 5 R E)
Python,

1.1.17 FREEEK [Monty Python BIRITHEE | 15?7
REE, HEAR. 9

1.2 EHE 15389 Python

1.2.1 Python By E a0 ?
EERRE . HAE 1991 4EBLG, RAGER 6 2| 18 8 A # G i e A, mHEA R ge i, 1%
3.9 i BA4G, Python 4F[E 12 A % €k h — BB DI REEEAT A (PEP 602).

BN SRR S S e RTRAS O SRS IR S A A, DR B S AT AR AR E PR B e o SR IR 3840
A A S B 5 ARy e (B4 3.5.3, 3.6.2), EUeiA & R s e FEshsRis b 81
A, Rl S T B E B IE, [EH G R8N TTE— R B S A8 1E B A0 BUAS T Ar AN

The latest stable releases can always be found on the Python download page. There are two production-ready versions of
Python: 2.x and 3.x. The recommended version is 3.x, which is supported by most widely used libraries. Although 2.x is
still widely used, it is not maintained anymore.

1.2.2 %/ A1E{EH Python ?

FIREAT AT A G A, (R R A S 2 AR E 1Y

Python J2& 7] AG B I, FTDARN @A SRR, 10 ELE W DA R 2 AR A S, [EJEERF 2 Linux 47
IRERAE L, B AR BB e - vk s e e B i i (B

comp.lang.python 3 M FFAL (% B, (HEIAEATA Python i A E7Eas it SRk L L 2 E .

1.23 FOHEMTEEHFRMER Python SRR ?

A FHH Python [YEZEEY , #52[F) https://www.python.org/about/success. F& F A #fjath 2511 Python €50
IREEYE SR e T 2 NE VAR G=1

#5328 H 1¥) Python H.Z 0 $% Mailman T} 5G4 BE SR Zope AR R4 . A —2E Linux T, &
FE A2 Red Hat, EL%6H] Python %8 T #5 ok A0 e 4 RE X M R A5 PR . (B A Python (A H] 44
1% Google. Yahoo Fl Lucasfilm Ltd.
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https://infra.psf.io
https://en.wikipedia.org/wiki/Monty_Python
https://en.wikipedia.org/wiki/Monty_Python
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
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1.2.4 Python RIRFAEAS HUPLEFAI B 5 ?

#5 & https://peps.python.org/ 22[F] Python $¥4[EJ$#2 2% (Python Enhancement Proposal, PEP), PEP 2 F 3##iiA—1E
Bl Python TR S, B4R AL TR R B AR LB A R B . 4 — R4 [Python XY
Release Schedule (#ffiRefa%) | 1) PEP, Mt XY & —ff 1 K 2 BEE R I A o

B B g G e python-dev Tl 1 &

1.2.5 # Python A HEMEERREDEE ?

—MORE], A . AR O B #1T Python B, PINAERE S (s, e A A —
NS I EER, B RRRANBARTRY . BIBEAR AT DASR AL EIRESX, (34K € R34 SR A MRV Sy R R
A B AR Z 4R Python (193, TR —F Tt e Mars ERsL.

U2 THI AR AL S O, IR TR L AL TR B AL . PEP 5 43R 1 ZE5 [k 2 1) A AHZT (backward-
incompatible) f{J5 5, - [F]IRf L 2306 2 (LA /ML, Tl BEOR RO

1.2.6 Python HRAFIMEX R AMERTINFNHES ?

prdiup

BRI A ATY 98 0 3 ¢ 18 — AR 7 R S A RE 2L [E)RE 55 (statically typed language) B A M, & 443 5 152
Pascal, C, mjg C++ 5 Java (HLMH T4, &8 5% Python fEEM MY S5 —MM3E =, BN A REG 1T
%, Python HAT AR il L H— B SEA M — R R B2 R U, e it e, TEAFTRE ST Ae v i
Python W] DA %A Sy i e SRR st e 2, il P R o A R R By 8t . BT Python, W] DAPRE
Hol A AR R AL, BIANER AR P . AP 2T REAE B8 — S s gt B BT & E AT

SR AT AE A T AR Rt 24 2K(E), i BB BLEIRE = @A H AR . B A AR SR AR A Y ()
Motk DENE TIREEROEIZS . BAEMIELERUE BRI — PR . M. St —B8a v, By
K BEREREACE, 2EMNERMERRSRER, (AEEERS SR A3EE s, R Rty
R T

Python (1372 HoAbT ) i & JWE—FRAL4F 1958 —RE 5 - 18 Java —§, Python 5 —E K2R ERA s, R
B T DAERRAR ) R e PR IR AR i B, HOE S R AR S0 el . SRR EIA A G E R g
(DU RE s SAERI-P- B b B AR o il B AR R xR, B T DAY B A o B T ) [ B, S B
PRECEOME AR XA R B B A o R T AR ER A U PG A (code reuse) 1R . 502 PyGame
SE 5 =7 AR AT DA T A B AL ) B AR

Python (1) B 5 s Al SR AR EIE AR A B R IR RE S 0TI RE . M mT DABH S — R SEAT EREan i i, [l
IRETE 55— (R B P A MM ARG A . WRAMARTEAS tist (5R41) /Y method (J59%), MMRT PAGRUERE
g

>>> L = []

>>> dir (L)

['_add__', '__class__ ', '_ _contains_ ', '__delattr__ ', '__delitem__ ',
' _dir_ ', '__doc__', ' _eq ', '__format__', '_ge_ ',

' __getattribute__', '_ _getitem_ ', '__gt__ ', '__hash_ ', '__iadd__"',

' dmul_ ', '__dinit_ ', '__iter ', ' _le_ ', '_len_ ', '__1t_ "',

' mul__ "', ! ne_ ', '_new_ ', '_reduce_ ', '_ reduce_ex__ ',

' repr_ ', '__reversed_ ', '_rmul_', '_ _setattr__ ', '_ _setitem ',
' _sizeof ', '__str_ ', '_ subclasshook__', 'append',6 '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',

(BT —H
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—'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 HRG, SRR RERGERE, [E SO IGE AR s B 1 -

Python A f #1) IDE., IDLE /2 Python B — 1 522 IDE, & DA Python %25 [E)fifi Jf] Tkinter, Emacs {#7 i
FH R = BN TE Emacs A —flil % 4719 Python £, L”%}iﬁ&*fﬂf“éiﬁ%‘[ﬁ EPE ML EE VAR B (syntax

highlighting). H B4+, PARAEMR PRI B0 ERdr . B4R Python SmiRBE Y e G M, 2 E
Python wiki,

W AR AL B Python YEEF PRI, ARATRE A BLERINA edu-sig FOF AT -

1.2. ZEEE 5 Ay Python 7



https://wiki.python.org/moin/PythonEditors
https://www.python.org/community/sigs/current/edu-sig
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EXREERESE

21 BREE

211 BERAUTLERERXBRE, ERPER, PRAITENEENRRE

Ao
iR T #47 Python (58S, E#K breakpoint () ARFFRIEAI AT,

pdb A 2 — i i LE 2 [EIRY Python 42 S B ER S g . B /2 FE Python sy —ik4), [EElE & X
B 2% FET. R AZ% pdb RS MEEIR G A 5T B O REE -

IDLE 5r BB BN, B2 A5E Python BT —4r (JBH1EE] Tools/scripts/idle3 $L) , ALHF—(H [ 1
ERG T

PythonWin J&—{il Python IDE, B4 —fH A% pdb (¥ GUI BRrE#G . PythonWin [ #5257 (18825 € [ELH A 3F
ZARWERIRE, PIANEREEE PythonWin £, PythonWin fE(E) pywin32 #58 i —#B3 FI{EE] ActivePython )
— g5 (.

Eric j2—{f££ 7t PyQt Al Scintilla % o BT i IDE.
trepan3k &—{F%E(L] gdb 1[5 EhRs
Visual Studio Code &4 67 1 B4 il W #E LB T FLiYY IDE.
AYAERTEAL Python B &4 %E T R AL S B EERETIIGE. B
« Wing IDE
o 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 FEFIAREDEICE bug HBMITEESH ?

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.

PAR &4 0T PAES B ST, console A1 GUI A7 %5 :
o Nuitka (J5F4&)
o Pylnstaller (J5F4)
« PyOxidizer (5F4)
o cx_Freeze (I5F4)
* py2app (f#FR macOS)
o py2exe (f#[E Windows)

2.1.4 Python EEX B R LR R £ AIEIER 7
JI . A AL ) 4 R R D) PEP 8.

221 PP ESeEHER, FHHEI%ERAE 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.

1g B Uil

>>> x = 10
>>> def bar():
print (x)
(BET—1)
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(M L—H)

>>> bar ()
10

A RABIAT, R Bt

>>> x = 10

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

L UnboundLocalError:

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

UnboundLocalError: local variable 'x' referenced before assignment

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.

E_BTTR 7R BT, AR AT DA 38 A B ()l 8 B A B S A 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
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2.2.2 Python Y EIS# BF1LS S HAHHIIRAI 2

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.

2.2.3 Why do lambdas defined in a loop with different values all return the same
result?

IREARAS T for TGP 2K & FE &% WA W 1Y lambda (H:F 2@ K=), Filhn:

>>> 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, ATEIEHE lambda Friefy, i R H AR
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224 INAMEREXLFLIHERN 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:

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. R ERAH—FUl 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 McMil-
lan 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 Ist 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
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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.

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. Instead, 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={}):

Hi2:

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.
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2.2.7 How can | pass optional or keyword parameters from one function to another?

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)

2.2.8 5|& (arguments) F1£ & (parameters) HHLIEL] ?

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 (Y28, SR, e func BE, #l40:

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

42 ., 314 fll somevar 25| #.

2.2.9 [FHHEER list 'y th BT list 'x’ ?
ISR RS T 1R B R A

= [
= x

.append (10)

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

KKK X

PRTT R A AEEVHELS— (U IS v e th e .
[E A 5 1265 E0 52 L

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 vy refer to it.

2) list J&mutable, i FWREVRAT PASE BB M HEIZ

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:
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>>> =5 # ints are immutable

>>> = X

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

HKoX X
|

>>>

>>> y

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 vy still refers to 5).

Some operations (for example vy . append (10) and y.sort () ) mutate the object, whereas superficially similar op-
erations (forexampley = 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 y . sort () thinking it will give you a sorted copy of vy, 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 += [1, 2, 3]
isequivalentto a_list.extend([1, 2, 3]) and mutatesa_list, whereas some_tuple += (1, 2, 3)
and some_int += 1 create new objects).

[EVHHE]:

« 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 (st r, 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) it ] o R oAl

>>> 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)

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:

16 Chapter 2. EXMB%RMER



Python Frequently Asked Questions, £(F] 3.13.0rc2

-
>>> def func?2(a):

al0] = '"new-value' # 'a' references a mutable 1list
al[l] = a[l1] + 1 # changes a shared object
>>> args = ['old-value', 99]

>>> func?2 (args)
>>> args
["new-value', 100]

4) By passing in a dictionary that gets mutated:

>>> def func3(args):
args['a'] = 'new-value' # args is a mutable dictionary
args['b'] = args['b'] + 1 # change it in-place

>>> args = {'a': 'old-value', 'b': 99}
>>> func3 (args)

>>> args

{'a': 'new-value', 'b': 100}

L

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)

>>> def funcé (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)
>>> funcéd (args)

>>> vars (args)

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

L

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 £ (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

HEHT—10
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def _ call_(self, x):
return self.a * x + self.b

(M L—H)

In both cases,

[taxes = linear (0.3, 2)

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:

# _ init___ inherited

return self.a *

class exponential (linear) :

def _ call_ (self, x):

(x ** self.b)

PP AT DAL e 2 5 R IR RE -

class counter:

value = 0

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

def up(self):

def down (self) :

self.value = self.value + 1

self.value = self.value - 1
count = counter ()
inc, dec, reset = count.up, count.down,

count.set

B inc (). dec () fil reset () AR ILSob [F] 80 B0 R X — 4% .

2.2.12 nfar#E Python (I ?

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 ()

Fe3 Rl AZEIR Y] A (slicing) :

[new_l = 1[:]

18
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2.2.13 T FMHFR B AN 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 HIERBNTRRWHLEHE 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>

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.

1& comp.lang.python H1, Fredrik Lundh %4 &3} 1 P RE A4S T — (8 PR T00 b W :

SGARAEM I g B IEER 25— 1 (1) RERRETFIRERNAT, EEARRL -
Ji ARG B W AN o — T @ s B TR A (A ZSh) =R ME () ..

e MRS REAREZ AT, ERAREAT, SR ZRE %!

2.2.15 What’s up with the comma operator’s precedence?

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

>>> "a" in "b", "a"
(False, 'a')

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

{(llan in llb"), ngn ]

AN -

[Ha" in ("b", llalv) }

The same is true of the various assignment operators (=, += etc). They are not truly operators but syntactic delimiters in
assignment statements.
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2216 EEEERR CHY’?” =TBEF?
Y, FEEIR:

[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] ]

However, this idiom is unsafe, as it can give wrong results when on_true has a false boolean value. Therefore, it is always
better tousethe . .. if ... else ... form.

2.2.17 Is 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 Fibonacci 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:x+y,map (lambda x,xc=Ru, yc=yc, Ru=Ru, Ro=Ro,
i=1i, Sx=Sx,F=lambda xc,yc,x,vy,k, f=lambda xc,yc,x,v,k, f: (k<=0)or (x*x+y*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-TIu)/Sy), range (Sy
y))) (-=2.1, 0.7, -1.2, 1.2, 30, 80, 24))

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

# v 74 / / columns on screen

# / / / maximum of "iterations"

# / / range on y axis

# / range on X axis

Zr M, ANEAEREERGE !
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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 pa-
rameters 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 tnfa4EE 75 E AL F0)ELI 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 = 0Oxab
>>> a
165
>>> b
>>> b
178

0XB2

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

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

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

AR(ETRE By b R (o ) RIBCRE A R . C B BORARE Xl , SRIZEE 1 // J ROARRIR M 1 2
3 A L AHREATE
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There are few real use cases for i % j when J is negative. When j is positive, there are many, and in virtually all of
them it’s more useful for 1 % j to be >= 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 T FREDDRS ?

For integers, use the built-in int () type constructor, e.g. int ('144"') == 144. Similarly, float () 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 optional 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 S$HOME") which would erase your
home directory.

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

2.3.5 TS FE LR 7

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".
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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 io.StringIO object or the array module:

>>> import io

>>> s = "Hello, world"
>>> sio = io0.StringIO(s)
>>> sio.getvalue ()
'Hello, world'

>>> sio.seek (7)

5

>>> sio.write("there!")
6

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

>>> import array

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

array('w', 'Hello, world')
>>> af0] = 'y’

>>> print (a)

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

'yvello, world'

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

There are various techniques.

o 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

o HiAEEERK getattr () :

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

.

Note that getattr () works on any object, including classes, class instances, modules, and so on.

This is used in several places in the standard library, like this:
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p
class Foo:

def do_foo(self):

def do_bar (self):

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

o ffiffl Locals () bR HH:

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"

. "\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.

24
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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\\'

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 BEWEAKET . FHZIEINRERE ?

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).

o Writing benchmark scripts will allow you to iterate quickly when searching for improvements (see the timeit
module).

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

» 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.

hz%
A8 wiki TP LOEMER .

2.4.2 What is the most efficient way to concatenate many strings together?

strand bytes objects are immutable, therefore concatenating many strings together is inefficient as each concatenation
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 () atthe end:

chunks = []

for s in my_strings:
chunks.append (s)

result = ''.join (chunks)

(another reasonably efficient idiom is to use 1io.StringIO)

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

result = bytearray ()
for b in my_bytes_objects:
result += b
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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]) yields (1, 2, 3) and tuple('abc') yields ('a', 'b', 'c').Ifthe
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.

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] and list('abc') yields ['a', 'b', 'c']. If the
argument is a list, it makes a copy just like seqg [ :] 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[:-11] 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))
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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[:] = (x for x in mylist if keep_condition)
mylist[:] = [x for x in mylist if keep_condition]

The list comprehension may be fastest.

2.5.6 How do you make an array in Python?

Use a list:

[["this", 1, ":.LS", nanu, narrayn] ]

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:

[lispflist = ("like", ("this", ("example", None) ) ) ]

If mutability is desired, you could use lists instead of tuples. Here the analogue of a Lisp caris 1isp_list [0] and
the analogue of cdris 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, SR A LR -

>>> 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, Nonel], [5, Nonel]l, [5, Nonel]

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.
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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.

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 /ist 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 (ob7j)

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 1ist 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 objecta_tuple [0] points to (1), producing
the result object, 2, but when we attempt to assign the result of the computation, 2, to element O 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
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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 statement;
and (b) for lists, iadd__ () is equivalent to calling extend () on the list and returning the list. That’s why we say
that for lists, += is a ”shorthand” for 1ist .extend ():

>>> a_list = []

>>> a_list += [1]

>>> g_list

[1]

T SEA

>>> result = a_list.__iadd__ ([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_1ist. 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 = LJ[:]
Isorted.sort (key=lambda s: int (s[10:15]))
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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']

2.6 Yt

2.6.1 {HIFR%EL (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 methods 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 {HEIEAiE (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 as meth (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).

BEZEIENT [self] f£7 % (method) & & Fovfw| b — % ZRRAEAE R 2,

2.6. Y 31



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

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 (ob3j, cls). You can check if an object is an instance of any of a num-
ber of classes by providing a tuple instead of a single class, e.g. isinstance (obj, (classl, class?2,
..)), 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) # Iindirect
True

>>> 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:

BT 1)
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HEHEE—5)
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 UpperoOut class redefines the write () method to convert the argument string to uppercase before call-
ing the underlying self._outfile.write () method. All other methods are delegated to the underlying self.
_outfile object. The delegation is accomplished via the __getattr__ () method; consult the language reference
for more information about controlling attribute access.

Note that for more general cases delegation can get trickier. When attributes must be set as well as retrieved, the class must
definea __setattr__ () method too, and it must do so carefully. The basic implementation of __setattr__ ()
is roughly equivalent to the following:

class X:

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

Most __setattr__ () implementations must modify self.__dict__ to store local state for self without causing
an infinite recursion.

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

i HEER super () K

class Derived (Base) :
def meth (self):
super () .meth () # calls Base.meth
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In the example, super () will automatically determine the instance from which it was called (the self 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, C) holds, unless overridden by c itself or
by some class on the base-class search path from c.___class__ backto C.

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

[EIRE 7 2 T RERY -

class C:
@staticmethod
def static(argl, arg2, arg3):
t BH 'self’ 2 H!

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
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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.

TE C++ ARG AL

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 1 is None:
print ("No arguments")
else:
print ("Argument is", 1)

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.

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.

2.6. Y 35




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

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 when-
ever you're done with them. The close () method can then remove attributes that refer to subobjects. Don’t call
__del__ () directly--__del__ () shouldcall 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 weakref 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.

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 1d () 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
id () 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
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2.6.14 HACEHRTTLAMKE is EEFETRIER ?

is BHTWHRMAFREE. Hta is b %R id(a) == id(b) .

b I e B ) P R IR AL P, & s e MR IEIAE True o GOV UGRE H5 HOMI A7 0 B0
. BEAAEHERIRURT, SREME SRS M AT True 3l False .

IR, RA PRI B Ry, REE R R AR A S . — R, PR E e A pA
=t &

1) Assignments create new names but do not change object identity. After the assighment new = old, itis guaranteed
that new is old.

2) Putting an object in a container that stores object references does not change object identity. After the list assignment

s[0] = x,itisguaranteedthat 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
andb = None, itis guaranteed that a is b because None is a singleton.

TERZ B HAEER, SREEREUR AT, AR . FREVE, SR A A A
GBI GE PG BB int Ml str:

>>> a = 1000
>>> b = 500

>>> ¢ = b + 500
>>> a is c

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

>>> ¢ = b + 'thon'
>>> a is c
False

Likewise, new instances of mutable containers are never identical:

>>> a = []
>>> b = []
>>> a is b
False

TERRMERR B RE I T, (0K 2] AT I e o s 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
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3) Container implementations sometimes need to augment equality tests with identity tests. This prevents the code from
being confused by objects such as f1oat ('NaN') that are not equal to themselves.

Ban, PAF4E collections.abce.Sequence._ _contains_ () HIEAE:

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

return True
return False

2.6.15 FEIINTiEHFIR T2 B BRI ER 7

When subclassing an immutable type, override the __new__ () method instead of the __init__ () method. The
latter only runs affer 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, wvalue):
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(' ', '-")
s = '"'".join([c for c in s if c.isalnum() or c == '-'])
return super()._ _new__ (cls, s)

T SERIET AT AR B R B -

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

>>> NamedInt ('ten')

10

>>> NamedInt (20)

20

>>> TitleStr('Blog: Why Python Rocks')
'blog-why—-python-rocks'
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2.6.16 JfTLERIT AR 7

The two principal tools for caching methods are functools.cached_property () and functools.
lru_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 J5 {58 A BAT =T 45 | B0 O vk o BRARRFENS: LRSS 2 00, SHlE e i 3 Ronsm.

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

BRG] TR 1A BT

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 /ru_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:

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

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

def _ hash__ (self):
BHET—2)
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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.

2.7 158

2.7.1 tnfaEIT.pyc 3 ?

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 xy z . py, when you run foo (by typing python foo.py
as a shell command), a . pyc will be created for xy z 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_compile 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:

[python -m compileall . ]
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2.7.2 infAik B ERRE B ?

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...')

if name_ == '_ _main A8

main ()

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

TEREARA LA AL :

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:
» main imports foo
« Empty globals for foo are created
« foo Wik E MR T
e foo §| A bar
« Empty globals for bar are created
» bar CHHmHE R HMLT
e 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, to set 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.
BHES (20) =] e mEy .

Guido van Rossum recommends avoiding all uses of from <module> import ..., and placing all 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 % i3 7F A3 AR AR HP #22 DA R B AT 2510 25 B

« exports (globals, functions, and classes that don’t need imported base classes)

o import AL
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o THERESCHS (ELARIES AR UG fLiY A s ) .
Van Rossum doesn’t like this approach much because the imports appear in a strange place, but it does work.
Matthias Urlichs Faf B AEVRAGREAS, PASEFTE—BRUABIA T ZLEES A
T 2y R A %

2.7.4 __import__('x.y.z’) B4 <module 'X’>, PFEXELIBF z?

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

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

275 ERRET/ESINNERALDEFSINES, FHIFREHEK. DHHDZER?

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 1is false?!?
False

ISR HHE R TREME S, B AR AR T

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

>>> hex (id(cls.C))
'0x4198d0"
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Gmbwﬂ@mmmﬁﬁmﬁﬁmﬂﬁﬁﬁ@%,EH%%%*%HmMEﬁ%%%Eﬁﬁﬁﬁﬁo%ﬁk
FEELE — BRI 2 A8 % b T g R T hE

Illﬁﬁﬁmﬁ%ﬁ,l%ﬂﬁ%ﬁkﬁﬁﬁmﬂQMﬁ@%Tﬁfﬁﬁ #E C s MRS
BEE AR B

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

WERGEPFEEL, HUA x++ BORXEPT, (DA RS N B R R B, R C#iH b
PEARREITH M, BEEMIE < > v, Hy22EDT.

PRI EIEV A B ERELES FR 45 58, Python MUl HAWRE = 6 A2 o) B 3| R X MU 11898 . 7E CREE Y, A2
AFERIEATLEALSESE . TEEER R MR, Ef (BRUAERR) 7—MEEk G i A K.

R A UGS € 11 begin/end MV BCIE—AT. iE & AR TR IR EZ A W, BHSERE R B
SR B . AR E2RE], ek O Rg e )i 88 (O 20 8 30 47) . 20 17114 Python R{H§ Ui 20
7 C e T AMBCE 2 g, ESAET BRI SR 45 RO FE DR B — st ([0 S e 5 s B 1) R R ]
FRAR ), (AR AR I A TR .

43
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32 Eff D ERMENHBEFT[IFTENER?

g SR B

3.3 [ F BB E R N b T HHRE 7

o0 112 B s S BRI A6 AL R S 7 -

>> 1.2 - 1.0
0.19999999999999996

1|

IR 1% B[E)iE /2 Python i bug, {HIEEIAJE. iE@HR Python #~F- AT BHIET, i ke ARG fe i B 7 At A Tl (.

CPython ] £1oat BE#H T C ) double BEIGEF. —ff £loat YFRIE G AE EHREE (GEHE 53
fioG) AFE) PR i, Python (] C AR 7 B, 1 fth ) 465 SR € < 8 HILE v A R e g 4 =X R(ED 52
BN B HUE HR([E], Python F1 C. Java SR ZZWGUWHE S A — k4 T(EL

R0 LA RS O 30R , (EEMA M R A R B R R . (B, FEPA PR A 7% -

[>>> X = 1.2 ]

x [FRER M (RET) 1.2 pofliEte, AEEARREmSER 1.2, A—MRrEIRE, EE e

[1.00liOOl100110011001100110011001100110011001100110011 (binary) ]
11 i LT
[1.1999999999999999555910790149937383830547332763671875 (decimal) ]

53 fICHHEEE# Python WA 15 22 16 /MBI HERRERE -
SR A R RE I DAZEEIAE Python FOERAY 7B — 5.

3.4 [F{+(F] Python PR T E) ?

CEEA D
H—2Rhe: BT AT EAR, FRA T DATLE RS A IR0 2 s T, T A AU ) fef A 2 ] SRt 2
[ E AN . SE 2 CA (tuple) RIERF (list) AR H b Js A«

o5 —fH R B2 Python , SZHRIHT 4k [EA. EEEFE G 8 208 S s H M BfE s A2,
7 Python THi[EMEA{TEIEr &7 ep Teightl,
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3.5 [ [self] #EJ5i% (method) ESEFIFIY B —EZEAMER ?

HHEARGE Modula-3 T 2. FERFZREHE, ] AEZIEFE .

55—, JE bR AT DA B B ARAE I J7 % (method) Bl Bl (instance) ()&, 1M 3F— {8 s a2 . RIFEA
S (class) (7ESE, WHEE self.x ol self.meth (), GG AEHHITE R AL G B8 k2
Jrike AE C+ [, ARATDAFE h [EVA [ o 8 00 5 SRCH B -3 —— {EL7E Python [FIEVA [k 8 B0 %, FrRA
PRub B KSR R FEORMEAE o« 728 Co+ I Java (AR ACHE AR LR LR 2 018 M) 24 RN L RTAR m_, BITRA
i Rl R A A L R ARG Y

5B, AR AR e b (5 R e R I T A R, RO TR EARR A REYE . FE C++ (B, A0SRAR
R — e R EI R B B p B E vk, WAZESEA « 0 5T - {HAE Python [E], RV PAE 28
baseclass.methodname (self, <argument list>), iaff_ init_ () FYERITFH, HERE—F
AR ) B ) 0 7 L RGBT A Oy Y T I il B

Bt , ARED T BR A B0 5 R UR A s e R [ [ 4 88 7 Python J2 (2 38(E)) 7 R X EV R R IR ) 5
W (FLEVA B RS 5 AR) , AT A G 2 — 0 5 35 5 F B e (R R T2 e S Bl s, i Ak gt
B, S EEE R (ET#%). C+ AESME TS/, {2 Python B4, Wil T i
JERI T 5 A A B S5 M ) SRS R B . (LG I IR sel £ . var mltn] DA 8 1 A8 IR 3w A B . ()2, e A
B B R H R I self . var AIEREAE N BRI AFREM A AT ELEEAMEZ. A,
L dmf 5 ORI B 191 588 BCFPAE 7 W AS [ P i 44 25 ] (namespace) , 1T /R T 245 Python A FHE—1H o

3.6 EHTHFEEEEH (expression) chif FIgIKEH ?

fi¢ Python 3.8 Bk, KA AR EH 1!
FRURES S ES T - = AAEE R A IR 4 (A -

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

B2 gl ) PEP 572,

3.7 [Elf Python HRR—EhEeBIEEA A% (KR list.index()), H—
EREX (K2 len(list)) ?

A1 Guido FfE):

(—) BB RURE), A AR e LR RAET — At (AR ERTEER A
HARMES, BRI ERBIBUR R A B . AT x*(a+b) BT R
J x*a + x*b (YRTEL, P EUE R A 1 B AT SRR A T

(=) AR —BASEE len(x), FAod MERIMERVEYRE. BEFF 7 RWFF: 4
Rlg— s, SHREEAS. M, HRAET xlen(, FOMFERNE x 2HHEAS, DR
T — AN B AR T — A ERE len() AL, B —@EEG EAEMST (mapping) APEIE
get() 2 keys() Tk, HURARARRAEA write() J7kRs, FMEH 515 M.

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

3.5. [T [self] #75i% (method) T 3F00F04 B — X ZEBARE 1% A ? 45


https://peps.python.org/pep-0572/
https://mail.python.org/pipermail/python-3000/2006-November/004643.html
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3.8 [E{d join() @& A EMAERT] (list) % TH (tuple) 5% ?

H Python 1.6 2 4%, TR BRMGHAUEMER ZUE], trEibiy, — el DAAN S ARt i ok O MR S R A 7
RMBIMA . RZWHIT RPNz 552, A — IR T RN B R

[n, ".join(['i’, |2v, l4l, '8', |16l]) ]

U A 1R 380 {1 P SR A o

F—IUEEE: [T SOR (tring literal) (T3 #) BREAEMMEE], WFFEAINL, (H5H A
A EE . AR T AEEE T A s i b, IREE R T R SCR AR RER R -

SR R [ HRAEM — P B i R — T ep s Sl s ). AR, (REA 2
TRk, HERERREA, 48 split () WM ep vk i i, RELE AR T A 5 ) -

["l, 2, 4, 8, 16".split (", ") ]

TERTEM A T H ORI i R E R AR (B ERREZ ) i TS

join () fe—MAFHk, WIEFEMMREGE, (R d R T H e MRy, A CmEAZIM
HBERTIE T o SR YR 2 T AR AR IR A S BRI B (4, (045 B 2 S8 BT 7E bytes Fl bytearray
PP AT SRR T T

3.9 BIMEERESR?

IR EE GIAMEEIL, —ff try/except BHURIERAREER. HE L, WUSGISNEAT T B Q. 1
Python 2.0 DART, & bR i AR 7 LAY -

try:
value = mydict [key]

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

i A AEAR SRR I T K 22 BORF A S R e A Gy . WCRIEAEDNL, (RMERZ R A

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

b M EERE, R PAM value = dict.setdefault (key, getvalue (key)), Aifa RALE
getvalue () FERKHIWRHEAREN , HTTMA AR EPELT
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3.10 [Ef+[E) Python [E|E]% switch 5 case Bk ?

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.

HISRFTAERERL S , AT DA R BN (2 . SR R(ED

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

SRR P EIR I, ARAT AR EVE SRR kRt getattr () ek — RO fiL:

class MyVisitor:
def visit_a(self):

def dispatch(self, wvalue):

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

MR EA R LR, OEMe] ToRER G visit_ . EVARIBRIYEE, — FMRBEITEAF LRI
{8, TR AT DARE R I AE AR A SR B

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

311 B FEEEERLERNTH, MEFEREEREMISETEES
7% ?

BHE— RASEHL, %A E4 Python fHEIIAE (stack frame) @il /0 —f C pyMEIIfE. [FIRF, EFEEM
A PABERRFIEIY Python,  [H LSS HEM B AR HE SR C A T4 -

BHE T i, SEHET (Stackless) Python S B R st T AR EIE, [Ekk T C I,

3.12 [E)fg lambda ZEEX RGBSR ?

Python [] lambda 1 55X B8 A2 75 B4 302 [H[E] Python 555 HE 28 8 35 B PR 76 1 5 =0 b B =X, AR,
1£ Python [F)3E [FIAS & — (R B d i) I8 . N 7E HABRE S G 8 7. 281 lambda, Python [ lambda & — 1
TEARBEAS 2 % 08 U Rr T G — (R 2 0k

PR EL 462 Python [EIf—# 4 {4 (first class objects), Tfif HL ] DAYE [ ok i 38 (E) B 45 . X G PE— ) lambda 177
[ 3 1 1) 22X A2 RS 5 8 2 A — M o X 4 (L At o 2 — 1 [ 3 s ol 8 e R X 14 (O
lambda 3 2 55 AR [F 80 |

3.10. [F/f+E) Python [FJ[Fl# switch 5§ case iz ? 47
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3.13 Python F[LI#kRFF iR ES . C ASHHMBERSR?

Cython compiles a modified version of Python with optional annotations into C extensions. Nuitka is an up-and-coming
compiler of Python into C++ code, aiming to support the full Python language.

3.14 Python inN{aEE T IEER ?

Python F0 & 8% & FH ) 41 € BUE R B /E . Python P HE B {ECPython {8 1] 2 BEEHR (reference counting) SR HIA
P, R 55— i RIS 2 I8 G B (reference cycle) . H1AA T 16 B AL 08 B4 AR 4R A T
BRI AR B . g WIAHBRAL T 0] DASA TR AL . IR S5 4w T i A B e 2 2 U pR X

Other implementations (such as Jython or PyPy), however, can rely on a different mechanism such as a full-blown garbage
collector. This difference can cause some subtle porting problems if your Python code depends on the behavior of the
reference counting implementation.

FE—2E Python E{/EH, FiiiEBAR XM (7€ CPython W] DAIEHRHEAE) W RE & HERE SR 1 (file descriptor)
;i

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

©

TEER L, (1) CPython [y 2 MG HICRIfEHEJ 5€ (destructor scheme), 458135 £ [ HTHEIRHR & B A BT TATHT BAAOAE
o SR AR BRI (GO) YRR, B Let R I L E A € HAT Wl REARL R A e AR i e (EJBRPA ) -

ARARA AR A RE S LE AL ] Python BLAEMUA AR AT DAIEA: , HVRIE % 17542 b B PAAR S8 2 BT with B
w2, AR B T, Mt fr IR R EAE

for file in very_ long_list_of files:
with open(file) as f:
c = f.read(1l)

3.15 [Efa CPython 7 { Fi S 2 f@ ik Sk E i 1 ) 7

—, EEAE CHEHEDIRE, Wty EWEAR. (3, FAM%0iE Boehm GC pRisUf. i iIAHA R K %
PG ERE E RS, (B R AT, MEEE KL HelEy, BERES, 2B Python fiZ
R T — )

AR AR (GC) £ Python Bt A At 8 F A2 Rt il 77— {1 98 . £ 5711 Python FECE)E 25 v] PATE
EHER malloc () Fl free () (AL GC pR X BEARALH) AR AS ; {H—{B k% Python 1Y) FAZ=CnT GEAE A &
1) malloc() Al free() AR, 1A A2HH Python (). PABIFERE], CPython FIE{F malloc() il free() ffE=0AH
JEE YA o
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3.16 & CPython #3Res, FHIFFFRCEREASHIER ?

P Python I, 4 Python FUARIY Ak 47 SR NGE/CRIE IS Pes e e Tﬁﬁﬁﬁmmﬁ&,LT
REEEE A . LRI C URIBUT R, A rTRERREI (14N U2 Purify 2 2R TH &#14% ).
W,WmmE%%%ﬁﬁ@%@%ﬂ%ﬁ%ﬂéﬁﬂ%%@%#o

AR ARAEZEA Python TERERRCIR A RF EIRAFE R, IRATAM atexit BAURBUTEEHERR MK,

3.17 [EMTE4ETH (tuple) FnR31 (list) 53 B {E B B E 7

Y FCHAER 2w ARE AL, HE S e AN FE R . ol n] DA AR Pascal [ record s2 C [
struct, J&—/NEMBIE AR EE AN FBERERES, AR THE. S2E0RE, R
L@?TM@ o R — (A sk = ARE A oA .

73— i, $WE@ HAFE S 151 (array). AT AF AN E M8 RBE 4, AEZESAE. RER(E,
os.listdir ('.") [ FHEEMHER, NEEFHRIMHIIFIR. WRAHH T RMEEREERA L,
*%KI%W@%% A g e A

TCALHDRA T8, RE— By, A seElBcs Em S0 — M. mepsarss, BreAyRe As
SEI LR . AR WA C R T DURID IS, FroL - REIETCAL R, ek SURIAAT

3.18 =3l (list) 7 CPython th 2 E[LIE {FaY ?

CPython {5251 (list) 28 L& [ 38 LAY [iY)] (array), 1A 21% Lisp 35 5 B9 8842 £ 7 (linked list), B1E L,
2E~@$%m%ﬁﬁﬁﬁﬁmmwﬁﬂ [EE 5 11 e 51) () F5 422 (pointer) AP 512 8 A7 EB £1) 1) A2 S 4 A
.

P, MRETIARK PSR EE a (1] AAEMERII N0 KT {EHER .

WO RO R AR, [ RN BT BGEZ SO RIReE, A I ik,
WAL R, G 2R LRSS, BT AR A T ZE R BN T .

3.19 =2 Hi (dictionaries) 7£ CPython b 2 E[FE{E8Y ?

CPython 17 #1 & Fi AT F#& K/ N REE]R (hash table) BEAER . HEE B A8 (B-tree), #E4853 (H milEl ki AW
BAE) B E RS, EE iR EIf B

FUMAHEE hash () KX, BEMEEMEEEFE. OSSR EE A EAEEE4T4% (processes) HIFET-1M
AR, B4, 'Python' AMEER -539294296, i HZE—fFH 'python' HI/Z 1142331976,
A (E) 45 SR 422 205 0 R T B (B AE (BB B3 A L B RSN SR A N R A e (B, IR 2 it 3 B e
H—HK O F/Rik (Big-O notation) 52 O(1) —ARARAL R — R 8 .

3.16. & CPython #3Re;, FIFAMREREASHEN ? 49
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3.20 [ RYB—T 2 RTEE ?

PR I AR AR A EAE FAe MR B Y . AR TS5, MR nT DA, RIAEETR 45
R e sy, (SRR SRR R AR T i g, BT DARIA IS e [l . AR
WARERAE T I SAE W, R EREEER [ A, ARHOR S M. T SRR BT B (2 4R
WA, HER R EESS R A e AR

TR AR RS EE RS, JEMEE R OCA R T . tuple (L) B G —EMEH] L —REZM
Jufl. MiTCALRA TSR, BT AR DA ARH B HL A 8

WA NGRSO R 2 TR

o JUERFURGRARRATL (PF id) I, R OrRsh, AER A B (s — R 05, 2
HOR S S04

mydict = {[1, 2]: '12'}
print (mydict[[1, 2]11)

EAFEEE KeyError BI5h, WE (1, 21 B id FEE—FTHIE AR AR . EVREE, Fitrgne
% E ] == A, AR is.

o DE—ESHIMERE. 5N, RES288, g acr2 i, rABEeE
IR g3 [ERE

o AFRFRIIEER, EEFEHEALEH b, FHRANEREREE TE M, gEE—mEEA
JBEIY bug, fFIRHIEE 7P EZER]: 7E d. keys () BRHEEHR T AR BT S BE

o —HERFIPEE N, LMD RERIR. MR, SN R Rk e BRSO, g oAl
AL S AR EI G . B — R R I, 5 U A B 0 T DA A 3 174 T A 0 AR U RE I —
JRATE—U, AC2HACHY s,

WERAR TR Z AR, EEA NS T A ARIIR, (E55 B CARYE B R AT DATE — {8 AT 5 ) (1 S itk — ff
__eq__ () Ml _hash__ O HEMBEES, HEsEmE Ry R rent 7 (SOAMBIIEHE) b, &
S A ETE T M (BOHA M AR EERR R 450 bl A E A e PR

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):
1l = self.the_list
result = 98767 - len(l)*555
for i, el in enumerate(l) :
try:
result = result + (hash(el) % 9999999) * 1001 + i
except Exception:
result = (result % 7777777) + i * 333
return result

AR, MEErEH A TR R EE, E H 5 BN W] A E] (unhashable) R (20 AT REHE -

WA, NEWERBEFRp, 8 o1 == 02 (Bl o1.__eq__(02) is True) , HJ hash(ol) ==
hash (02) (Bflol.__hash_ () == o02.__hash__ ()), BMHFELEITMT . W5 HELN LS TERH
I8 == ML Al e (368 R 1 45 s o BN IE 38 i AT D

ZJ4 ListWrapper, HZHEfAEER MY ET I, IR0 R A BE 0SS DARE S AN TE 3 I S 85 4
FrAE AR O AR USSR AR TR AR R R PO BER, AR A 2B, HATTER.

50 Chapter 3. FFHfIEEERMEE
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3.21 [F)fd list.sort() AR EEHEFBRERT] ?

HEEGHAEHEE T, EBASEE—A LR, B, list.sort () AEERFIEMHNT. B 752
Eﬁ$,EK@E%%@%%%ﬂo%ﬁ~%,%%%EH?@ﬁ%ﬁ?ﬁ%%ﬂﬁ,%ﬁ%@ﬁ%ﬁﬁﬁ
VD RS

SR ARAE A B A R 51, R AT LAk I [EJ# Y sorted () o A AIRBLRATEMR 14 (iterable) HeHE)F 7
s, [Emz . g, AN E MG e B s BT i g

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

3.22 #nfa7E Python thig3E #0(L)HI % A —{E fr E#E (interface spec) ?

e C++ Fll Java S5 F 4R 0L TRUAHM N TR, MbHNA TR ks A I . R N RREEREAE
it s R A4 7 ) v TR A T A 2R AR A 2 R )

Python 2.6 Jill A T abc #EAH, 4K 7T DA 52 5% 3 % 3 5 B [E] (Abstract Base Class, ABC), 4 1 DA {if
Al isinstance () Fl issubclass () MCHE R — fl B 61 5% & 8 F 2 & 5 AE T I (8 4l 42 &% B,
IM collections.abc BAEFK T — R T H KM E EICHE, B2 Iterable, Container fil
MutableMapping,

¥} Python 2(E], R 21T AR A (B0 T DA 36 T30 1) B B e 21

— St ERAL R R AL T [ BRI (regression testing) , [EWEEWSTA A vig B A1 — AL 4GB . 772 Python
BAH T DA B B B AR AT, [EMROLAE A [ ATt RIEERALGE A 1 [EE A AR A1, A SR mT A
AMEBATTEI T B (45 ] (stub) Bfse AR L P . doctest Ml unittest FHEATBER =5 i BIFAHEZE AT DA 2K
AR RAUR M B B A A E Y A T RE U

SR TRk, 8 1) B ) 7 e 3 K28 SRV Python IR CIRE W] DART BT . 4 b, bl
REVT LA SRR, PRIy 1o A e A e s e S . BR15R(ED, 1ist.append () JyVAMERZ ZEAE
SARERB IR I AR TN _ BRI R, A ISR EE R 1ist . append () A REMNA IEHRER
T, HEENMEER AR RS,

FER U EIEAEA R DY, R R U S B HE R T . HI3U8EE) B %8 (test-driven development)
se—RBGEZ B A Bt 7k, BRI GER REN:, HERERERZNRREES. 5% Python
WAFFAR AR I T AR AT

3.23 [Elfg[F/% goto FEi%k ?

AE 1970 454t A7 M2 EA BRHH goto Er8iEUREL. #EAF MBI [sERAIE] #2088 ("spaghetti”
code), TEFRMFESE, BURAFEN, WEFH IEW AMGER 2 (LA Python ZK[E], A if BEIAZNHI or.
and } iflelse EER) FIERE (B while fil for MRz, WHEEH continue fl break).

FRA AL AT DA B AP Bl [ 45 HEALHY goto , @l DA R IR . AR 2 A EAS6I 4 i) AT ([ Hb AR C.
Fortran Al HAh 5 5 E&TE & B 19 go Al goto. fBiltn:

class label (Exception): pass # declare a label
try:
if condition: raise label () # goto label

BT 1)

3.21. [T list.sort() A2 L {EHFBHIHET) ? 51
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(M E—H)
except label: # where to goto
pass

ERAR IR EEE, EEEGRERE goro M. SO,

3.24 [Flfay#lizEh (r-string) RaELIRFIEFRE ?

SRS EHICE], MR RE A AT B S RHEIAE 2 - R i AR T3 1) SR HE & (45 PR 15 | SR (escapes), 8 —
{[EES P bE

St A 2 E TR B C SO E SR By (EERIEMFIRK) —Er Ay XK. S
PR B AU OR IO 0 4 SORHE S ISR, BT ARG RN FudF bt RS M, AR O P — (R S R i 5 |
B 8 LA AR A MTEAR 0 H 0B IR = A

ISR Bl . Windows [BRICA A, VLR Windows RETHE k2 — A

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

WEARARE L DOS $8 0 M BAE AR, sl A (1 A A Sl

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

3.25 [Fl{F Python [Ff5 Bt i {ERY with AR ?

ng%wﬂh%ﬁﬁ@%TQE%ﬁﬁ%ﬁﬁ,EﬁAﬂ%%%@%%ﬁﬁﬁﬁ%o~%%§@ﬁ@%?
EI(JMFI *ﬁ :

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

{HAE Python, g & i R B o

7L, 1252 Object Pascal, Delphi 1 Ci+, it A2 IERRRIE), B ATR YT DA AE HUATIEC S — (]
WRREHARIE. it R VA U ENY T e AR, SRR S A ISR (15 00 P (scope).
Python iy ) AEZUIEY. 7 DT R P A8 S A AT WD R B G G P . LB T R BT
PR TSR . 2 AT ST AR MR, R PG A DA OB B B R Bk . 4k,
Rt

DT AR e S

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

18 B U a A — ML x A BB . SR1%, Python [BIEIEIGL((EIG & 3F B asa . e
[al Je—AREBuah, AR eratd A ES? R — s AL «, AB7EEM with BB EBAHNE?
PRET SR, Python Bl fif ) SR {6 755 Tob 158457 S 14 24

SR with BOACESHMIARE SR (ERRHE) 1 322 b ] DA (BRI A AR E R -
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21
42
63

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

R 5 B B -

ref

ref.
ref.
ref.

function (args) .mydict [index] [index]
21

42
63

Q o o |

B A SR TR T A Python [ 4% T4 & MRAT G CEBUA T IRFBE 88 A, T 205 10 75 BT
Hr—URIA]

BRI RSG5 AGEE A — B B R &, Bl [HiEE (Jeading dot) |, {HiE R R E & [E
DA RE S B E (2 (E) https://mail.python.org/pipermail/python-ideas/2016-May/040070.html) .

3.26 [FHTFI4E 28 (generator) A8 with BRiR ?

HUA BT A, R 8% B VIR (context) 5B & @ ek IE H . PRIEE 3 AR ], (A48 2 s
IREM R (terator), B 5 A% 5¢ MU AN 5 LWL T B BB (HAURARTE 256, #RAT DATE with BOASKEH

contextlib.closing (generator) A8,

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

T E SRR 2RI TR A (d ABC R E RO EBRIGA) . AR T 40

if a == Db
print (a)

PAL:

if a == b:
print (a)

TERREE MBI TR -t RN . TOASE B, (A E SRR AT TS IH FAQ B il Elry,
BRSSO -

I3 /N R 2 B S A A S A G AR S, M TR ER B SR AL Bt T DA R R 2 A
HE, TS B 2 B EDR 5 i RS AT

3.28 [Elfa Python ft BF#E 22 3 F0 T # Km0 g5k ?

Python FFFRFERS . JCALRI TSI &5 i sk

’
"B": [6, 7], # last trailing comma is optional but good style
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EA R AT TR -

HWAREHEERS ST IO E R AT, SRR O R RRE R EWRARFR A —4 T
FaESE. ERATIE R AT AR, A S EGRR R

AN e TR e HOR A B B e, Bl

x = [

"fee",
"fia"
"fOO",
" fum"

]

BN ERAREUMICE, BMEE R EG=M: [feel, [fiefool, [fuml. FCEFISNMN 1258 DA% S fE sl

E
AR o

FURT G A R R A i R S 2 ) (A
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CHAPTER 4

R EFR L RER R REE

Y4

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) DA Python % 55 FIBLAH. (.py);
2) H CgismIE ek ARE4l (dll. pyd. so. sl %F);
3) 11 C e B R A R ORIAL: R tist, A

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 J

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@"
mmnn

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

[77do@77 = """ . .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 compatible 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 h 2B EFZE R C By onexit() AJE ?

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

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

[handler(signum, frame)

Jiv DA JE % JH1 v 1 22 B -

def handler (signum, frame):

4.2 BRRE

4.2.1 30fAIE Python F2Us 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 unavailable
by using “fake” interfaces implemented in Python.
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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 $hITHE

4.3.1 ifAERMITREREN ?

Be sure to use the threading module and not the _thread module. The threading module builds convenient
abstractions on top of the low-level primitives provided by the _thread module.

4.3.2 FWMBITROFBIHFET: D2

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), 1))
T.start ()

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

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) # <———————————————————— f
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)
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Instead of trying to guess a good delay value for t ime . sleep (), it’s better to use some kind of semaphore mechanism.
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 has a . put (obj)
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:
print ('Worker', threading.current_thread(), end=" ")
print ('queue empty')
break
else:
print ('Worker', threading.current_thread(), end=' ")
print ('running with argument', arg)
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 % (141))
t.start ()

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

# 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

BT 1)
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EHE—5)
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[i]

x = L.pop ()
L1[1i:3] = L2
L.sort ()

X =Yy
x.field =y
D[x] =y
D1.update (D2)
D.keys ()

B

i = i+1
L.append (L[-11)
L[i] = L[]l
D[x] = D[x] + 1

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!
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43.5 FRERIOEBEF2EHNE 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 performance 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.

4.4 WA\ B

4.4.1 IMARRER ? (IR H tbiERME...)

Use os.remove (filename) oros.unlink (filename) ;for documentation, see the os module. The two func-
tions 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 () tocreate one. os.makedirs (path) will create 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 ().

EHENWHAIESE, 756 os.rename (old_path, new_path),

To truncate afile, openitusing f = open (filename, "rb+"),anduse f.truncate (offset);offsetdefaults
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 ().
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4.4.2 infaFriEx?

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 I (MBA) 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.

4.4.4 | can’t seem to use os.read() on a pipe created with os.popen(); why?

os.read () is a low-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 (), youneed to use p.read (n).

4.4.5 WA EEFFS| (RS232) EiEIE 7

#1774 Win32, OSX. Linux, BSD, Jython, IronPython:
pyserial

¥t Unix, 752 (F) Mitch Chapman 7 Usenet B 32
https://groups.google.com/groups ?selm=34A04430.CF9@ohioee.com
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4.4.6 [+ EIRFEA sys.stdout (stdin, stderr) FIEEEIEFRHET ?

Python 45 % 2 /2 KFE C SR SR B PE IR I o

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 DAZHEV G e 0. 1A 2,

4.5 i (Network)/$3E#8E% (Internet) 12X

4.5.1 Python Hijjtt WWW TR ?

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.

4.5.2 T FEE%(E A M R k8B4 HTML ?

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

4.5.3 {4 Python [E)& &% 8 ¢4 7
i I AEME PR B 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

(BHT—H
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HEHEE—5)
# The actual mail send
server = smtplib.SMTP ('localhost')
server.sendmail (fromaddr, toaddrs, msg)
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@Rexample.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 HAHEE HINE B EH socket ¥ 3E]2E /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 -- O or errno .EISCONN indicate that you’re connected -- or you can pass
this socket to select.select () to check if it’s writable.

fti(E]

asyncio BUAHFRME 7 — 18 M 19 BT BV R 2 ks, TR S 55 IR 2R A AR . =07
Twisted pR 3B & — R4 T I RESE & IR O & .

4.6 E¥E

4.6.1 Python p 2 HEH/EMEREEHIINE ?
Y

Interfaces to disk-based hashes such as DBM and GDBM are also included with standard Python. There is also the
sqglite3 module, which provides a lightweight disk-based relational database.

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

64 Chapter 4. R EFIHRITINAERIE R &



https://twisted.org/
https://wiki.python.org/moin/DatabaseProgramming

Python Frequently Asked Questions, £(F] 3.13.0rc2

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 HBRF{E

4.7.1 0{F77E Python =4 R FEHEBY 7
FRUERIAL random FEAE T (HREMEBE Gk . AR 2

import random
random.random ()

TE R[] [0, 1) A [ () B A7 S
R TR 2 A S A s, il
+ randrange (a, b) €4 [a, b) i EE— .
e uniform(a, b) G [a, b) FEEEW L.
e normalvariate (mean, sdev) ¥#AE (Eir) 4EETERE (sample).
—SU T B Y R BT S A TR, Bl
» choice(S) Git4E T R —HERMTR.
o shuffle (L) §J5Hl (in-place) FTEL list, HJFEHEHESE .
A Random BE), VRAT DA E BEGIAb DA ST 2 {1 18 7. 1) A AR sl -
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CHAPTER B

B/ BANEREES

5.1 FKETLITE C hEITB IR ?

R, ARATDATE C s s ekat . SR, BIAME R EI [EJEHSAE, extending-index SO AH BHEJRA .
RZ Wb A e Y Python 3548 th &2 18 16 1

5.2 FHOTLITE C++ PEIEHCHIFEINE 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 CHR#: EFHMEER?

EHRIRACH CHEA T2 BRI, BERIREATH R BB,

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

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 O for success and —1 when an exception occurred (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 () returns its length and PyTuple_GetItem()
returns the item at a specified index. Lists have similar functions, PyList_Size () and PyList_GetItem().

For bytes, PyBytes_Size () returns its 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 st rlen () should not be used.

TR RE, HemlRE AR NuLL, A& pyBytes_Check (). PyTuple Check ().
PyList_Check () ZER=.

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.

B, GEFIEI810. O REMI I seck” Iy (IR PHE )
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res = PyObject_CallMethod(f, "seek", "(ii)", 10, 0);
if (res == NULL) {
an exception occurred ...
}
else {
Py_DECREF (res) ;
}

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(1)”.

5.9 Fin{amifig PyErr Print() B8 (SK{E{TEDH 3 stdout/stderr By
m) ?

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

e H A AR 10, StringTo FHE):

>>> import io, sys

>>> sys.stdout = i10.StringIO ()

>>> print ('foo')

>>> print ('hello world!"')

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

hello world!

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

>>> 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))
foo

hello world!

5.9. Fin{aiE$E PyErr_Print() pf98gH (S{E{TEDH B stdout/stderr B FG) ? 69
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5.10 nfar#t C =H A Python {{EE AV ?

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

[module = PyImport_ImportModule ("<modulename>") ; ]

If the module hasn’t been imported yet (i.e. it is not yet present in sy s . 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.

5.11 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.

iR Cr+ BAEE, FH2ES C R B4 eRgn 2,

512 HEARFEERFET —@EEMA, (B make XYY EHE?

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 i EHRFEEHBREE ?

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 J

K, EARTEST 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
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5.14 FHAAEFHKH) Linux R _LEEZE—(E Python £, (BERR/D—LEE,
[El+E] ?

Most packaged versions of Python don’t include the /usr/lib/python2.x/config/ directory, which contains
various files required for compiling Python extensions.

T Red Hat |, #424% python-devel RPM SREUS A BL I 2= .
¥5® Debian, 1#4fT apt—get install python-dev,

5.15 fnfaft [\ ESH [FEEEAN]?

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.

A Python "1, {RAT A codeop B4, " Fesrisst 1M #% (parser) 47, 152 IDLE wifs (& .

The easiest way to doitin Cistocall PyRun_InteractiveLoop () (perhaps inaseparate 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.

5.16 {4 FKRE LD g++ FF5k _ builtin_new = _ 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)?

R, PRI AR EIEEE), Bilin int, list. dict %,

Boost Python pR =8 (BPL, https://www.boost.org/libs/python/doc/index.html) $gft T —FE{E C++ AT ILERVERY
Ji: (R DA i BPL SRAE ] C++ &5 (1) 9 e RH(ED)

5.14. FHBEHH Linux R _LFE—(E Python B4, BRERD—LEHER, DD ? 71
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7 Windows {# B Python f9E REEI& &

6.1 {T7E Windows {E % % # (L ;E7T Python £ ?

TEE A F 2 T REA B . WRURECHE I [ a7 oe) TR, AE ORI D
R, IR AT A T

BRARAR T SRR A P B BN, IR @LERTR Y [y 3 n T ool ] 315 i\ Windows A%
EE, AR AR A I S ond RENLERIIEE . IRIER BEERS L TR DB E AR AL
YRit$ 2] Windows [y 3R I0], ElHWARARGEH:

[C:\>

SR FEET RN bk, HAR T AR B, IR T RE A2 5 & SIBUIDA T I S0

[D:\YourName\Projects\Python>

WUEVA VRGBS AT B B, DA SRS S T HoAdied . — ELUREIE) T bk — A, ARE R T A
147 Python 2T

VR T, AR Python [EIAAH Y ) —(AHIE] Python B 3% 3 AFL /7RI BB & @i UIURIYEAS, i H
far EOCALES, AR TRZ AT A TR AR . ARE], R 2 HE B AR SR FRARIY) Python e ?

B, REEMRRG AR E sy EEE® ERmE4 . MRIRCKHEE MmO,
g% A 4 py [EHER return g

[C:\Users\YourName> Py

RA&, MR B R E

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.

>>>
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IREAEEE RS T [ EEEE . SRR IRAEEILAE B 77 30 A Python PR sl f A, EESFERH
FrelEHAEM. 852 Python SELRIIIAEZ —. BAIRFTER SR ERXEE AR, WTMRERIL I fE:

>>> print ("Hello")
Hello

>>> "Hello" * 3
'HelloHelloHello'

22 N o B VR (R E A 3 AR A A . R AR 45 o B 5 Python 35, #5IENY exit ()
PR R ctrl R 2, ABH TN Enter” $PAIR [R] Windows iy 4 /R 7T .

PRVTREIE S BURA —ME PRLGIIRERIEH , 92 M8 » FTA X » Python 3.x » Python (4-47), B &R
TE—EFRE P E S >>> R TFIot. WAREEH, EEREIFAERIEIY exit O BREEA Ctrl-2 FI0R
H2; Windows IETERZ ML % FHIEATB—(H [python] iy 4, [EWEARAC L ELFRAR I LR PA -

BAEEAANE oy A CHGEREL, 1myRaT DAUKARAY Python ARt E . 4icasZH(E Python [FIA 44 5 [E# B4

B AS . ARG Python [EIAGIA SR L, ERmAE hello.py, HARMIM IR T ITIERIIZH
(home directory) HIEFI M BHIE], AREIRsE & A BIRUAPA F I EIA

[C:\Users\YourName>

R, BUEAISEREEA py M EEAREE, KA py @M RmEATR A4 Python:

C:\Users\YourName> py Desktop\hello.py
hello

6.2 in{a{E Python [EIATTLL#ATT ?

1E Windows I+, i) Python 224620 E A% py Rl 4 B TR 244U (Python.File) JEATRIN , [EEZHE %
AR AL —(F B (El ey A A E T H 288 (D: \Program Files\Python\python.exe "$1" $*), igtAff
[EI4 fiE DAL foo.py” WITEZNAE iy D4R R FOCHE AT QSRR 7 22 REED ] B iy A foo’ ZRATIEIA, 1A
LRAES, RIFEE . py #3 2 PATHEXT SREsss 80t

6.3 [El4+(E] Python HEFFEE DRAEFRZ GERA ?

J@# Python 7£ Windows I-[FIEIf3AEm, (EEH & A —Lesiiiish, %2 Python SER B IR LR R
A REMEIE) . SE AR S N ELfR Python 7 HAth Windows Z &% R PAIEF TAE, MiARLE R G LLF-th
AR .

i M1 R AT BB 2 I B R M R A A I BB TS Y . H T e s fa e, e
BB B AR AR RS T A RUIRE, G A M SRR EE A, S E AR R s LR
IO, AR E TR BCE B A A . 3 McAfee W E EHT T A M R AR IHEBUS BN, ©2—
TR E R E R -
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6.4 dn{a# Python [EIA[E{ETT$A1THE ?

2
EE

[Elheo T 4 Python [FI A 3% 58 509 =i 15 45 % 2 s% =@ 7 R EWE T A THE i T H 1S 5,

6.5 *.pyd #£#E2% & DLL 4R ?

B, pyd FEEAUA dI, (A 2 mE, R RE 4 E foo.pyd B DLL, R ZHHA H
PyInit_foo () . FEERAT LAY import foo” 5 A Python [EZ%, Python 48 25 foo.pyd (DA & foo.py. foo.pyc),
W Python FFE, MG ERRIFI PyInit_foo () AGERILAT. MRESGHRT).exe B foo lib A, (link),
P [E)3E €52 Windows 223K DLL [{£77E .

FHTE R, foo.pyd By =7 #% 1% /2 PYTHONPATH, i Windows M A1 =5 foo.dll BYBEFEAH] . #E4h, foo.pyd AFE
TEAERIATEA TR AR, SR AR A RE 2l h M1 dll, RIJGZ dll g2 0280y 4K, WRRAEEE import
foo, foo.pyd /@ WNE M. £ DLL i, i 2P __declspec (dllexport) FEJRIAM TR E S . 7E.pyd Hr,
LA RAE I ] F R List (B%1)) ESR.

6.6 I0{T 4% Python # A\ Windows FfE B ?

£ Windows iR i A Python ELRRg A% Al DA S 40T -

1.

ANBEE 420 Python ZEE I /RIY).exe £ . 7F Windows I, Python WZH 2—{f DLL 3¢ g FRAR4H 1) import
AR LA A Bt J& DLL, (38256 A IE s B R 5. ) S5 (E#E %5 %] pythonNN.d11l; B
WL HETE C: \Windows\System W1, NN J2 Python A, #i41733” 3245 Python 3.3,

ART DA 8 W AN (1] 1) 7 3K 5EE 45 2] Python,  #( A RFiEIAS (load-time linking) /R BLH 45 #] pythonNN .
lib, TEfTIEEEH45 (run-time linking) FER2EH45 %] pythonNN.d11l., (—f&Ef#: pythonNN.1ib
& pythonNN.d11 ¥ ER s import lib”, & H @ [EIS: 0% 2 361595 . )

WMATIR IR A R Rl T A I r A FIE A g B AR AT R, R RS A
Windows LoadLibraryEx () % = (routine) K& A pythonNN.d11l, %2 A% 0078 ] Windows
GetProcAddress () HRFTEUEHFHAE, KM pythonNN.d11l F144 (HPE] Python C API ) F£HL
HWARFERE HAEMIEN Python C AP #X11) C #2UHS, BT AR S Lo s n A& AL .

WERARGE ] SWIG,  HITHEEF L H V7 —( Python [ #eMisll, WLALI O i A2 Ui 2Ok AT method
(J7¥%) wIflt Python ] SWIG GEMREE AT BT A 1O L BANHE . HRE, e C RgEES 2]
TRi.exe FEE) (1) RAR£agdsr DLL R, I sE t i ik T84 .

SWIG 7 7. — i init B0 (—fl C pxX) , HARMREAPE TN 2 5. B, B 4%
B leo, HIE init B & &4 [E initleo(). UKL FH SWIG shadow class (JHE]) , HI init p§ =€ 6y 44 [E
initleoc(). 1B EHIE51L 1 shadow class T i) K 22 B E 1) helper class.

PRAT A28 B 2 iy C AR A 8 45 ) exe AR H A TR IRIZ, I IU 4] f Ak R 28 5 2007 import 452 4H i
Python! (i& /2% MK FreHn B HE )

2, Vxn] AR PA TR RS, DUMRA I SERAL R 46 e Python B4R -

#include <Python.h>

Py_Initialize(); // Initialize Python.
initmyAppc(); // Initialize (import) the helper class.
PyRun_SimpleString ("import myApp"); // Import the shadow class.

. Python fJ C APL A7 Wi /&, AIRARGE MSVC (A8 pythonNN.dIl F &) PASMIShieds , 18

L S
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R 1 fEH FILE * 51 ITE [IEE R (s, TEL 4R (multi-compiler) B3 & VA /E
H, REVH S 3 struct FILE SR REEENBEIRE, B IER _ TR _ s
e

[/ 2 SWIG 7EE] void b U EAE 146K 7 (wrapper) I & (AR DA R AR A -

Py_INCREF (Py_None) ;
_resultobj = Py_None;
return _resultobj;

1%, Py None jg2—fllE4E, BEMEME—H2H, 5] pythonNN.dll [EF7Rr—FEFEE _Py_NoneStruct
[EIFELORL A FRRRY, SRR Aidan IR TP B 8. i TR A i B DD

[return Py_Buildvalue (""); ]

A RTRERT AGE ] SWIG 1) stypemap fir4-DA H B TR TGS, BEARBOR B EHIE RSl (B2
— {5 41 SWIG Hr F-) .

6. fiJi] Python shell A {EIRIK) Windows JE i #2171 — 1 Python ELREZSR AN 355 #%i
R S AL R R R U o R At . BELHCANE, 4R (B wxPythonWindow class) JER% 2 —fi [ 4
PR BT . A% 0L A B F] Python BEREHRMRA Z Y. KA LAM Python 1 i/o H7E ] (redirect)
I A] S 3% ORI AL, R AR R 75 25— {5 read() I write() method ) Python {1 (YEA%
AR FERAL e FE) MR PAT .

6.7 w0{aps LR IR DI Python [RIGHS il tab ?

FAQ NNk i ] tab, H. Python JEA%F5FS PEP 8 Hikdr /- #iX Python FEUHS(H A 4 (M2 4%: 1 /2 Emacs
1) python %= FHEAH -

FEARMTSREERS , #% tab ISR AR — M 5. MSVC 7Ei8 @ —k, Hn] DASSHATD & (g i 2
B BIRT A~ R0 > Tabs, MR [FHEL MEMAL 3 [Tab IO Rl THHER/DN BoEE 4, A%
(A ] BB

MAEIR A tab FISSAEE N HIEZS Ao M E, H Python €5|%f IndentationError B TabError. 4R
WA PAEFT tabnanny B, eI AR H B

6.8 IMIERHEMEEITEE keypress ?

i msvert B, & e —AEHHER Windows SUNEFCHAL. BER T — MK kohit (), kA
Je 1 BT (keyboard hit), PAK PR getch (), a%pRal & UG5 IC HA G H AT H .

{1

6.9 IN{THREEF api-ms-win-crt-runtime-11-1-0.dll 4§38 ?

{1} Windows 8.1 s ST FLARACIRF , 57 W RZHEFTA IR, HI W] AE @ 1E Python 3.5 DA_b R A 88 A i@ R E,
BRI R B0 32 SR E o dnofi i, A RE Sk R B, 53557 Microsoft S % B DANUAS
B % F B 2% C Runtime BUBTYFEE -
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CHAPTER 7/

BRERENEEREESE

71 BEIRERENTTE (GUI) i9FE R EE
7.2 Python it GUI E4 ?

Python [y IENT A 6 45— [ Tel/Tk /v T FLAE (widget set) (361 /11T, FBIE) tkinter . 25T A s 522
4 (HEEE S E7E Python R Z 8 i il 5 i ThicA ) MM . B8 Tk WHEAERR (& M RS
H4EAE ), #E2(F Tel/Tk 1 . Tcl/Tk #F macOS, Windows F1 Unix *F-£5 I 12524 W] [F] (portable) 11

MR-, 24 H AR . 7 python wiki _ER[ DAHRE]— (5 5 1 LA S #5165 HE 1 GUI
HEALE R

7.3 Tkinter BRI

7.3.1 a3 §E Tkinter FERIER ?
Hi%5 (freeze) 2— MR REA M M RSN TR o FEBRAS Tkinter AR, 320 M AEUR 2 HIE R S7
PRI ER M 1 AT AR 52 Tel il Tk X .

5 F R X BE Tel A1 Tk pR 2 — ([l ik 2 — R MED v5, [EFESATE S (run-time) fff i} TCL_LIBRARY Fll
TK_LIBRARY PRI s BOfCHs 5% pR =X

Various third-party freeze libraries such as py2exe and cx_Freeze have handling for Tkinter applications built-in.
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732 BEEOTLUEEFVOBFEIRE Tk EH?

1£ Windows PASMYF-5 FI2 AT DAY, IREERATFEIATE! (H2, RO ER MR IRT VO #2145, Tk K
HAERUR Xt xtAddInput () WEEAIFM, B REEARTLE—H HIF (callback) Rz, # VO 76— AR ZH
4% (file descriptor) | AJHEFTIHE, 3% R0 €rf8 Tk mainloop #IERY . 52 [F) tkinter-file-handlers .,

7.3.3 HEEERI# (key binding) 7 Tkinter th{gf: [+ ?

— A IR A%, BRI (event handler) ELAE[EI45E) 4 bind () method Y, {HAEH
ARG, %P EA R R

e AR, EEEr /N TREES [ (keyboard focus) |, #Ar A Th 1B SO B Mz B iy &
WER. @R, B -ENTH, aResiagen (EARMREE; 72 akefocus #IH).
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CHAPTER 8

[[E+E Python #lZedt R AIMEsE | 7| B RREEE

8.1 {+F/& Python?

Python J& — TR & . B AR [ R AR Python J& A5 5 BB EE S, BAE 25
HORIR SRR P VRN SRR S i TR (HE gl dE e B B ARG, 20 Google. SERRRZS
EE R e /NI

AR ERE S Z B Python BYRIGH, 7T RASE(E Python 15275 154 | B AR ETH -

8.2 [[f+E] Python # &4 7EF A 128 £ ?

AR EEBLRG 22 4% Python R REH, (ENGCARMTIRG 22468, HA W] RE @i DA T MRS 224600 .
o UL RF AL 1 G ER A B A AR R B AR [ L2246 T Python s ARTE 2 [ AR — T fl R A8 61 ML %
e HUTREMEA T 248
o LAHEERI S = BT AR RT RELA Python 35 AL H 4 4% 1 Python, @tk ML L,
GUI X B 48 I s A0 4 B (DA A

o —LE72%¢ Windows YIS 22 %% Python, HEEEF BLSCIFAYE T, S350 HP B Compaq H JithY
PRI B %4 Python, BHARY HP #2 Compaq 7 (BB T H AR 228 Python 55 5 e .

o FFZAFSH Unix 255, B0 macOS Fl—2E Linux #$47THUA B 224 Python; Bt & 7E FEp 224 (.
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8.3 FEEB1TEIR: Python i ?

T EHE Python 247 AEE

LA NI 24 Python, 1RV AT R IRE, &8
5 (Control Panel) 123 338/ F2 IR AR AR MR IR 2248

ORI S, Windows (EEREETR, AR

# Python J2iZ i o =7 AR AN 2 ey, URtunl BATREIR, ANt ez R OIS SR IR AT o ARIERZ 0T I

AR R 2 AT JE L [ Python,

WRERMHBLEE Python, AR IRE . FHRMF L T AR R EEA WS, HHOTBRE, &
i#h Python 53 ) THRR UMM IER AT, THLREMEAS, AR RREEEME.
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APPENDIX A

7. %) X, shell [FHE Python $&/8 7 0. H i REYE ELafas ' AL B 7 sUes A T i AR XA 181

AR

o TE— WA HE RS W . FE B S A @ AT (delimiter, FIANFESE. HHE9E. AFEHEEK
=519%) BB, siRAERE—HEEAS (decorator) 2 %, Bl AFEXABIRE, Z 9 X shell BN H7H
# Python $E£/R“FIT.

o B Ellipsis,

abstract base class (1% JEEE(E])

g 2EHE (RE ABC) #24t T e g, (EEduck-typing (B TAE]) Mz, HAb
BRI AT, B2 hasattr (), RIBAAERECR A MBI SEER (F1anE I BER 7 ¥% (magic method)) .
ABC [EJf][E5E# subclass (FHEE]) , EMEREEKEH S M class (FEE]), HA#E isinstance ()
M issubclass () #alk; i2E abe HALHIESCH . Python £7 7 £ [E# R ABC, FiNERHEH (F
collections.abc #i4). #F (F£ numbers #i4l). &% (FF io #54H) I import 4GS FIE A £%
(#£ importlib.abc 4 ). RATPAMEH abe HigH @ H 21 ABC.

annotation ([EJf%)

jf)ﬁlé‘ﬁ%%l class 1. MR 2Bk mEEAH B BERE. JRIEG, R ARAEEpe hine (ZUEHR
)

TENATIREE (runtime) , 5 38 BH (EVRE IADAF L, (HAI88 0., class MR RN VR, & 4 [k
FEAFAERAH . class FIRFZCAY __annotations_ #F5RE T,

# 2 (Elvariable annotation. function annotation, PEP 484 1 PEP 526, &St i ¥ HIh e ER . B
[EIFE Y e B 5 YAt 75 2 (F) annotations-howto .,

argument (5]%})

WY pR 2R BB 45 function (B{method ) W{H. ©|8CE WifE:

o M42F 5| K (keyword argument): AERRPEIYH, DAFREIY (identifier, iUl name=) BHEAMIG]HL,
s JE DA ** & dictionary (i) [ERE RS #. BN, 3 Al 5 #ZPAT complex () FEIY
) B SR | B
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complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o 12 % 5] ¥ (positional argument): A2 BHE 5 BN G| B, (78S | BOTHE— 85 | B R AE 1 52
B, M) EE * 2 & ierable (PJEWCE) PICRBEEE. B0, 3 S #2LARIEm b
HOEVA-E1E &

complex (3, 5)
complex (* (3, 5))

S BCEr Bt i Ay ek s R P I A IS B, B SR A 2 AR B, 5[ calls Tofi. 7ERE
WEE, ARATE S ST AR RS — 5 | AP & i e A [ sk

Atz ORTEEparameter (281) H . # ARERAY 7| $fo 4 S Moy £[F], PAK PEP 362,

asynchronous context manager (L[R2 {55555 PI%S)
—fH 7] AFE i async with BRAX P RIBE WY, MELEMEFK __aenter_ ()
__aexit__ () method (%) KIEHIAY. i PEP 492 5] A,

asynchronous generator (JE[q]BEIH:%%)
—A{{f & [A] & asynchronous generator iterator (JE[F - EIALREILE) MER. BERFRMG —MHA async
def EFI 1 FE R (coroutine function), HAFM R EME T vield HH N, BBEM —R5 0] HR
async for [FIEME.

B AT REE AR — AR EE g R, EER L BRI RER S EA BERE
(asynchronous generator iterator). #—HFAEM BN ERERE, A sC LIRS, DABRIEEE.

—(AAEE B EE SR AT e S await E X, DA async for fll async with BIRR,

asynchronous generator iterator (JE[]2BEIE:2$ENCES)
—1{W iy asynchronous generator (AE[FEZFEVERS) R FE T4 .

g —Masynchronous iterator (JE[FZEENCES), BT LA __anext_ () method BEIFIYIE, & [a]fd—(F
A1 (awaitable object), sz AT IR EA S AR T8, HELEE T M yield EH
XK

Bl yield ErE {5 AT, ERtfEM B mikeE (GG s s LW E iy wy A . &R ¥
ElA ZEREPAS 8 __anext_ () BYEAYA S50 A OB R RE, & e i a1k #4838
1. #2[[E PEP 492 #] PEP 525,

asynchronous iterable (EF]2E W[ [EYCP1L:)
— (@Y1, BT PALE async for BRIAP M. LHKEER __aiter_ () method [a] f—
{Easynchronous iterator (JE[RZECEE). B PEP 492 5] A,

asynchronous iterator (JE[R]2BENLES)
—{HEAME__aiter_ () fl__anext__ () method (¥, _ anext_ () WZEE—Hawaitable (A]
LWF) . asyne for GEMAERAEIRLHY __anext_ () method I [BE M £, HEE
5|#% StopAsyncIteration ffil4., B PEP 492 5| A,

attribute (/&)
— (A L (R B8, A% (B 2 REIZE 8 6 JT) 3 3 PR 55X (dotted expression) )44 2 IR . Bl
R o H—MRJEVE a, RIRZIEVEREDA 0.0 PE2 R

USRI PEARAF, 2T R T AR idendfiers P 7.2 BUEVF Gidendifier) 9 VAT 1
Y, BIANGEH] setattr () o QI HEA R IR S O B 0 P RAP I, TR R getattr ()
REUFE .

awaitable (W[2E55¥1L)
—(H A DAYE await AR Py L. TR PAR -l coroutine (THFE), B2 A __await__ ()
method ). 52 [E PEP 492,
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BDFL
Benevolent Dictator For Life (#& 5 {-2Z##HE ), X 4% Guido van Rossum, Python #1315 # .

binary file (- ifEfIREER)
— 1 RE[EEHURN 55 Abyres-like objects (JARLTCHLEBYIE) Wifile object (REZWIF) . QAR B4
DA (b, 'wh' B "rb+') BIEREZE. sys.stdin.buffer, sys.stdout.buffer,
PAM io.BytesIO Ml gzip.GzipFile B,

gyt 2 Elext file (XFHER), ER—MAGEESIRAMEZA str YIHIERDIT.

borrowed reference (fi%J]Z)
7 Python ffj C API 1, fSHIZIRE B Im SR, KAz EAEE s K.
RGP HE, & I f% R $54E (dangling pointer), Bilfl, — I3 [E]1k (garbage collection)
A AR I8 W) (0 B AR — (Wl strong reference ([E)2R8), TG sZ 4 {445(E].

$borrowed reference WENY Py_INCREF () PASSE 5 (in-place) ¥ [F[Elstrong reference 21 fa ik HA M
B AR AN BEAE R — I FAS 2 18 2 mi sl (E). Py_NewRef () pRURT F A E7—1 B i strong

reference.,

bytes-like object (FfycalH ¥tk)
—1l 37 4% bufferobjects HREEIME 1y C-contiguous EGIRmMIMIE. BOIEFAN bytes, bytearray i
array.array ¥, PAKRFFZHE RK menoryview Y. FEA IO ER Y AT R BEHE 307 EORHT)
HAEEA B LEA ORI A . AR AR RS socket (FEEE) k.

HUESE R T A R TR . (B SR A s e R [P S A AL R ). T
SRR [ 45 bytearray, PAMN bytearray [ memoryview, HAWREEFETIEHE N E
B RE AR T Y (THESE SN AL IR ) s B4 4% bytes, PAK bytes ¥4

memoryview,

bytecode ({iJCfE)
Python {1 J5 G5 & 9l 4 s i AL JCAIA , /2 Python F23UFE CPython B i#ak FHEF R, 3% 01oc4l
WGP pyc RS, PAESE AT A R R REE T P (A7 DA A S s il 20
SEMICAME) . B [P EEEE (intermediate language) | $E(E) 2477 —{M virtual machine ([EJEHERS)
b, EEMEEAR S Cr A T B (T A A 3 E A M #3185 (machine code). BRI, (7 cAH M L2
$EEAEANIR] ) Python [EMEEMERS 2 HHEMEN, HASREFEA A1) Python 7 I ARFFARE o

(TCALAS I8 21 F 7T DATE dis BEALIY R SO 4R 3]

callable (n[Ip-nU4ft)
—{i callable &I DAREIPIHAQ P PE, WP ST REDA RSB — 45 e Gl Rargument) -

[callable(argumentl, argument2, argumentN) J

—Af function B GEAH flmethod HR & callable, —{fG BEAF __call__ () JyyERY class 22 B ]t 21
callable,

callback ([A]If)
VEIES [ e (B i — il JIl A2 X (subroutine) BRI, S 7E AR A S8 Iy [T B R 04 T

class (FH(E])
— {8 A ST 5 E A A . Class 1) 78 3830 % € {2 2 method [¥)5E 3%, i8¢ method 1] PAYE
class {4 B LA 744

class variable (KA[E)52%)
—fH¥E class "PBE R, HMERZ LAEAE class IR (RHEINZTE class BB ) W&ok s,

complex number ([EJ4)
— AR M AB M EEARSNI T, I B iR & 3 B — 8 B A — @ EE 2 A . [Fl#o 2 F)
AL (1 PO AR) MECRS, ILALE R R () 1, 7E TRER s (E) 5. Python [FJ%#
THEMW R, RAREERFRER; [FERREHE &N J #igis, flin3+13. A%
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% math BAHEIR) TH S0t R ES, #5EH cmath B, [V BT 2 — (R I8 B A MR D RE .
WRAREG 25 B B M TR, IRE AT BEREE 7R 0T A2 4t 20 1

context manager ({555 HI%S)
—fE AT A ] with BRI REBEEM IR, MERBEMEFR __enter_ () Fl _exit_ ()
method 5. #H52(E PEP 343,

context variable (555491
—F s, HAE R DARSE R SO SE I A TR A . 58 BUISAAT 4% [ I8 43 77 1% (Thread-Local Storage),
TEHA, e TH TR ARIME. AW, BREREE, & Wi Preas
ZARNESE, WEE S A, RAEEFTAYAERI 2L (concurrent asynchronous task) Y, S S #
WheemBE]. #2[F contextvars.,

contiguous (M)
T SR — 1] 4% 187 15 2 C-contiguous B & Fortran contiguous, Rl & &y e Y] M gl 1 [F) /2 i 48 1) . 4 (zero-
dimensional) 11 #& 15 [ A& C J Fortran contiguous. 7E—#E (one-dimensional) [#31) W, 4418 H W /EAERCIR
HE PP A AR RS, TR T P 0 R AGIER . 752 #ERY (multidimensional) C-contiguous 51,
PO I R ) NE 5y A (R T e, e — R R 5 | S8 (k. JRTMT, 7E Fortran contiguous %51,
SF—EREG R

coroutine (1F%)
i A2 EIFE (subroutine) [f)—TE S [E B FEMTE 2. mIIFE 22 70 LA ey ] Bl ol e (B 7 — (081 IR ] 0
i%.ﬁ%%%ﬂ%ﬁ%?%%lﬁl%ﬁf‘ﬁﬁ%ﬁ?ﬁﬁ/\\ REAEE . EMREELL asyne def BURXBEAE. )
= 5(F PEP 492,

coroutine function ({HFErA)
—{# [a]E coroutine (FHFE) PRI RN . — (A FERREEVA asyne def A WiEsR, ElREG &
await. async for fll async with B8, SLLE#EF A PEP 492 5] A,

CPython
Python P30 7E = AU E BE 11 (canonical implementation), #{#§7fi7E python.org |, [CPython | iE{H #i#ELE
WAERFRLAE ], DA A e B VR B B B /R, 140 Jython Y TronPython.

decorator (Z:fiigy)
—fH R, EE RS R, BT e ewrapper §EYE, WOE A E—E K005 (E (function
transformation). ‘EfifigFA 7 #EiHlJ& classmethod () fil staticmethod ().

Fetian ik HUZRRRRE . DA W ek o FRAE R 3R 2 SR

def f (arg):

f = staticmethod (f)

@staticmethod
def f (arqg):

L

Class WLAFAEAR I AR , (EAEIRELLBOR & . BN EEigi i E L %, w2 [Eek=UE 3R class 56
IR SO

descriptor (}iiR7%)
EMEFRT __get__ (). __set__ () B __delete__ () method Ay &1 class & 42—
WERRE AR AT e A R R . W, ) b SRS . 5 B A R
BTE a ) class FHLAHEIRAFE b P 0F, (AR b 2R, DI EHHA R method G
Y o SR A 28 ) AR 2 VR AR Python () B, HEIEMERrZDIaEMALRE, SLRThabashm .
method., J&: (property). class method., [FJA% method, DA ¥} super class (AC3HE]) 2.

B R AR#E method (Y 2 & H, 752 [F descriptors B RS 58 .
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dictionary (5zilL)
—F B W [ 5] (associative array), HH (TR AOSE G im it EI(E, S0 ARATT A __hash_ () Al
__eq__ () method ¥4, £ Perl i ABEI3E(E] (hash).,

dictionary comprehension (‘zdlL4s & 5)
— R R YR, AR — (T E W 2 i A B G Ay e R, (B B B &k 5 DA — R % e ]
results = {n: n ** 2 for n in range (10)} @A —fFd, BAE TH n BHFE n
** 2, 72[E) comprehensions.

dictionary view (zHUEGERL)
# dict.keys (). dict.values() M dict.items () FEAYAPREE TG SMHRML TS
s IE H A AR, BN E A SN, A WS s g B g e
#apy list (EB%1)), ZEfEfH] list (dictview) . F52I[E dict-views.

docstring ([EI )
—BTE class, pRABBAF, EEISEER BB FR SR R EAEERTR G2, |
Catiies i, ERARTE class, RSN __doc_ @M. B EIN R T DAE E E
(introspection) E[EISE , [H e &4 14 A EVRH SCORA7 R S (7

duck-typing (;-1-24(F))
— TR RIS, BN A R B E AR S R S LA IERER I BUmTA 2 i
method Ik J& 7F € WL AT HLBE PE M S . (TSR E Al A AR —[EVRS 7 Hon e sk — B 1, HRE
B —EET. ) HEEGE AR e BE, o sstag 26 £ X (polymorphic
Substltutlon) AIEE T B . BT REZERAMEH type O 3 isinstance () #EFTHIEL. ((H2F
W, WTRIEIR DA 4 2 & & 28[E] (abstract base class) REEFE. ) SR, BilE EEH hasattr () ]
ik, SR EAFP FECEEET RS .

EAFP
Easier to ask for forgiveness than permission. (F5REX KA THAS ) EE%E R Python 4k fEAE

el SR AT, [EFEZ S B s Al s 5 . ez Bl iy als, HARG
RAFERFZ M try Fl except BIAX. B WEFF L HALRE S (G140 C) W RAILBYL JARTE B T ¥ H -

expression (FiFL)
— B AR R ERR . [EAEEE], — AN ScE . AR, JBHEAFEL @%ﬁ?j@%_ﬁ”}m}
SRR ERL, S Lo RER R R R . Eﬁinq:g;ﬁ\:'fﬂlnn HAMME, [EHEFTA K Python 7F
H AR A SN —Lstatement (BRIAS) ANREPHEEE X, BlU while. B{{H (assignment)
WA, mAREER.

extension module (H% 75 {4l )
—fRIPA C 5 C++ HFI A4, B Python ) C API SRELAZ.C F fifi i H R XA T HH)

f-string (f ‘i)
PA £ B E [EIRTSE AR SO R E [f 2ep ], R UMb E i ORI i 5 . 7R 2 E PEP
498,

file object (RsRYfl)
— {0 7 AR S5 ) (file-oriented) APT (4l read () B write () 4§ method) ACHAEIRIE &R
Yk ARSEAE Z YRS A T, B R o S B A A 2 R AR A (R A A sl R (1
EEE A /. SO E R R . socket (). EIE (pipe) %) WL, HEW B REE 54
Z W1 (file-like object) BY % 7. (stream) .

L, A=REREEYO: IR = B4 5 BRIEI — AR RASUT A R . BEMMNTITE 1o B
FRESE. BV AHRYFRIERET 2 M open O B

file-like object (KifsRitk)
file object (REEAE) TR
filesystem encoding and error handler (#4458 uEMES L PR X))

Python J i fHj i) — Ml A A5 AN S B BHpR 20, T AMRAS 2R H AR R AR G 0CAL,  PALGHE Unicode & 55
e R
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R 28 R 50 A A 00 ZEU DR 5 BE RGN RS A /N 128 W TeAH . ISR 28 R 5 dm A S VAR AL BL AR 8, HI) APT
R €5 % UnicodeError,

sys.getfilesystemencoding () fll sys.getfilesystemencodeerrors () PRI MBS AR
ERF USSR R

filesystem encoding and error handler (1 28 % %t 4 A5 F1 4 5% jE P ¥ ) & 7F Python [ &) IFr H
PyConfig Read() E X KB &: #H 2 [F filesystem_encoding, DL} PyConfig ¥ K &
filesystem_ _errors,

HtsFllocale encoding (IR ERAE) .

finder (K%Y )
— R, Bl EEAEY; import AL loader (FALE) .

ﬁm@,ﬁﬂﬂ@%*ﬁ%ﬁl TUHEIE F MR 35 (meta path finder) €] sys.meta_path, T§AiE7E B F48 %
(path entry finder) € {fi[f] sys.path_hooks.,

752 [F) importsystem f{l importlib DA T fRH Z 40,

floor division (] T ILE2RR:)
] MR A B A R U SR IR YA . 1) R U BRE RS 2 /. pln, A 11 /7 4
A RE 2, Bl float (FFEEK) FURMERTIIEN 2. 75 Rl @R, (-11) // 4WERE -3,
B2 -2.75 Pié F G4 L. 55 2([E 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 (pAX)
— A BOA R, B REEI A L, BT AR R B e 7| S, E L [Tl
MR AT PiEsEparameter (Z¥). method (F53%), VA function Z i,

function annotation (X [FRE)
oF 2 22 sk [ BB Y — B annotation ([EJRE) .

BRI R R ER2 - G0, S ek 2 W int 518, EEf—@ int [EE:

def sum_two_numbers(a: int, b: int) -> int:
return a + b

Ui

PR BV RHYATE function T A REAH R RE .
i 2 [Elvariable annotation 1 PEP 484, %A WIheemiid. BEREEBWREERTE, 5# 20

annotations-howto,

__future__
future [FiAZ: from _ future_  import <feature>, WIE/R4iEL I FIHRLEYE Python 3K
?’?ﬁﬁﬁﬂ-‘*ﬂ%ﬁi.fﬁ/ﬁﬂﬁ PR ERESR R S BT AR A ﬁ'ﬁ _ future_ HAARIFET feature (2
%) TTREMIE . Z5i import MR 4H [F35 H AR BOR Y W\TM%E—ﬁl?ﬁﬂﬁmﬁ‘é%ﬁﬁﬁﬁﬁ?ﬁ%ﬁi@Jlﬂﬁ
ﬁ‘g‘g , AR (e 48) mEImEEA e
>>> import __ future_

>>> _ future_ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection (i nlik)
O R BN A Y, i OB AR . Python AT R ml i, J2 %18 22 MR 519 (reference counting),
DA Kz — i B [E V4G T 11 o B 22 BR G B (reference cycle) [ AE TR 157 3% [ it 2§ (cyclic garbage collector) 3 5¢ i »
B3R s o] DA oo AR AE S HOt A T ol
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generator ([FIZ1:%%)
— (il €r |8l & generator iterator ([EAFREUCE) MK, BHEERGE —MEFNYER, HARHKZEEE
T yield @B, fEEA—RAIN0ME, S R for R, sZ2PA next () W, BRMRHES
) —{REL o
B ATEEE AR E s — MBS E S, E s, iR R R BERE., K%
AR BNEIEZRE, AR se A ATaE, DABERIE 35
generator iterator ([E)Z:g$E1{C7S)
—{ Hgenerator ([EVERE) sRCHrE LIPS
B yield e EERART, FERUENENIHRE (G ks s WS iy wy PR . EEIA %S
IR 28 A IS, B ar s i by A AT (LIS A VR IR 0 i B LA Y eR U TN A] ) o
generator expression ([F]2: 738
— i [ EER S E T X BEERB FEIEEEESX, BEEE W for T4, S TRERT
(I et o, o B DA B — W88 i FA). Al B R NG EANE m UEIA: 21

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

generic function (7Z%IpHX)
— 18 i 2208 R AL R R X, % o AR [ 7% 2R (B B ) S o S0 ) R sz WO A 42
& R B 5 (dispatch algorithm) 2E[EIE .

55 2 (Flsingle dispatch (B—3F) 3% H. functools.singledispatch () HAfiz$F1 PEP
443,

generic type (32 24171[F))
—{lH FE[E V9l 2 B{k (parameterized) [¥)nype (BUE)); 52— ZASHE], 2 1ist fl dict. BHH
A [Elb = FIEE

a2z AELRE. PEP 483, PEP 484, PEP 585 fil typing HE4l.

GIL
#52(Flglobal interpreter lock (453 H32884H) .

global interpreter lock (I B E8%8H)
CPython B g4 Tt OS], DARECRABE RS A — BT 46 BE3AT Python [¥)byrecode ({7 ICALA) «
HiE Y (IR AEERE, fdict) HB)HbEE%REFTFE (concurrent access) FfEHE, UL
eI T ARG fk CPython AU EEME. S8 M B iy, @ EBaR 4 5 EIZ #4744 (multi-threaded), {H
FOAB R S b 22 SR BRER MRS REEHR AL A — KB T4 71 (parallelism).

IR, A SE e, MeaR R R E A BOR S =0 Y, B MR T e AT A O ()4 R R AR
(computationally intensive) F{LE5HF, FILAMEER GIL. J54h, fE§14T VO I, GIL U2 Sy .

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 (ZfEZEHEN pyc)
R AL (bytecode) ¥ AEH, A8 AT A2 ST HE O B SRS, AR JEAT AL
M. #52[E] pyc-invalidation,

hashable (W] 3[EI))
W ED A — A ENE, s EE A GER A MmE (BEFE—M# __hash__ () method), H
AEHAWY A EA L (BEE—F __eq_ () method), APEIEHE—MT 4Bk, ikt L EF
SRy EE A, e ZE A A [ A R (EE
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AT (hashability) i— {891 AT I dictionary (5°4t) AYHERN set (Se6y) AUME, HEIGLEERIES
fEERAE HETAR G 7 A EHA

KZ Ui Python A nl 4 IL%#F%‘I&ET%IEI’J TR R (0 list 5 dictionary) [EVARJ2s AT
SRS (B0 wple (JTAL) Hl frozenset) , SUAHEMIT R 2 il ER, EMA S A4 2 nkER.
LRGN EH E class BB, RIS LEY 0 G i I_WEIEI’J ETEEAN U RS f2 A AE Y
(BrdEe Mg ), memMmREEERATE R EMY id(

IDLE
Python ] Integrated Development and Learning Environment (%% £ 5% Bl L5 1% ), idle J2— W KL A A9 &
HRAR I L REAR PRI, ©Of Python MUEEUHESS A THIUA — R FR L .

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]%&H1k)
—fEEA B AN Ay IEEE . FEA wple (Jofl) . BEWIFRARBECER . TR
— (AR R (L BB AT, R ST — R R . B e B S (ENE A My, #5 SE2E £
fa,, B4 dictionary (F-81) rhiy—(H g,

import path (5] ABf%)
—AEfrE (Skss /e B ) BFIE, WAL B2 FE import FLAHKE, @ Wiparh based finder (JEJA
R Figde) BB E . 7E import ], BLA7 ) FE H %5}5@ sys.path, {H¥RFEH
(subpackage) M &, EWAIHEEKEHLENN __path__ JH.

importing (5| A)
— (R, —EAAL ) Python FExCAE AT DAS AR, # —(EAAL H Y Python FExCH5 A .

importer (5IA%})
— i REE 4k AR EBbRR finder (S488%) tiloader (BALR) Y1

interactive ( H.EjY)
Python 5 — 1 7 8 = B i 4%, E%ﬁﬂ'ﬁﬁf%EE%%E@%&?W%AW@K%HLﬁK SERIEATE M
EHEF MR, REE® python, ANFEALMIGIE (W] GEEE A RAIE A T B IET) .
18 2 PIHUH AR R SR A A A R B R (R help(X)) Egﬁﬁﬂfi‘%ﬁm%ﬁgﬂ 55

tut-interac.,

interpreted (P:21)
Python /&Ml #5355 SESRRERE T, ANEE I A T RE SRR, REAT (L CALS (bytecode) i
E%%E’JT?T BRI ﬁ“T’*’ ?TME%%}iLﬁ, MASTS BAREH ST o) — R TS, AEFHITE . Hi#
(nn = 1_%) AR S A E A B EE / RESEDY, A e M e AR i A TR E . Y i 2 Einreractive
HEH

interpreter shutdown (273 BHH)
 Python FLREAVGEZURBAPARE, B & A —(FRIEEL, 76T BRI A Bl B R, s
AR B ERT A . B &2 RIFFN 338 =k % (garbage collector). i@ REEIEHE 1 1) & B & B iR
PR (destructor) S 55| I [BIIF (weakref callback), AT AR, 7 B BB BEL A i R =g
BB G A, FEE IR EETREANEAER T (5 RS2 0K X B A sl 2 B )

HEG I F2ER, 2 __main_ BUHBEPOEFTHEIA T AHATIE

iterable (WE{C#1F)
HAEE I R . TE OB T LRI R AIAE (92 1ist, stx
tuple) AUESEIERIIE, (I dict. 200, DARIRRTEZAER cass BITF, LB class
ﬁ_iter_() method ﬁ%g{’ﬁsequence (rﬁlj) EE%E]/J __getitem__ () method, a%'ﬁ:?jﬁﬂfj.
R
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A ERYAER R for FEMFT 2 HMFTFE—RTFHH )T (zip O« map () ..). &M ERY G
TEES | B R A E R iter O W, B GERY AR E—MERE. tERE RS —4E
HEA T3 (one pass) S . i HEIAREE, WHEA—EZIFNY iter () S AFTERERIBWAF. for B
W g BB ERER S, TR R R a4 s i, R B RN AR R R
Btz Fliterator ([EURES). sequence (JE%) Flgenerator ([E)VE#E).

iterator ([FC7%)

— R R R . EERIE I EREHY _ next () method (B2 H LB 45 I R 2 next ()
GRT R E R P AT E o ORI BRI, R @59 StopIteration flAh. BLKE, ZEIERY
e i, AR _ next_ () method HyifE—E0FRY, #RH & KT ¥E StopIteration,
REFHEA M _iter_ () method, B REEIRZYFAL, Bt EER S BEETERY A,
FLA] DA A K 2 e A nT R 21035 & . — B 6141, 2Bl Z i ER (multiple iteration
passes) [FEEUHG . —(HAMYIE (182 1ist) FERRRIREEHES iter O RATFE for [EE
Hers, #aEE—mammEfRs. EHERZSERE (ZRER) K, HemEEn—mER
g O FOERS M, ARG 2 155

TE typeiter SCH AT AR B B 2 &

CPython E{{E4Ifi: 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 (=)
i pR T R 2 (collation function) J&—f A IFHY (callable) pRX, &5 €5 [MlfE—fi F R HET (sorting) 5§
FEJF (ordering) fR{E . BIlll, locale.strxfrm () ¥ AREIE—{H T i E e HE 1wl HE 8

Python Wy F 2 T H., #8322 DAGE ok XA e R e Fr 8oy 8 =l BEMAHE min O L max () .
sorted(). list.sort (). heapg.merge ()., heapg.nsmallest (). heapg.nlargest () #l
itertools.groupby ().

AR DL ST — SR . BN, str.lower () method B[ PAMEEIAR 43K /NG HEFF i 8t bR
Ao B, —MHE KX A DAE Llambda A AP, HIA0 lambda r: (r[0], rl2]). 74,
operator.attrgetter (). operator.itemgetter () fil operator.methodcaller () [FI=1H

GRS R R X (constructor) . B QAT R SZ AN AL S R A 01, 5 2 BT HE) T o

keyword argument ( [j#5525 |4
% (Flargument (5]8Y).

lambda
H ¥—expression (GEB) BTl —11H E 4 17 EpG L (inline function), iA7% R zCPIPI IR E . ST

lambda PRI EEVEE lambda [parameters]: expression

LBYL
Look before you leap. (= JHIM{&4T.) &M EAK @7Ef TPl itk 2 m, IfEeEk . &
TREASELEAFP Jr 50U, HERROREAFHL 1f Bk,

i h, LBYL a7 [ =] f1 [&47] Z M5 IA T sEWE (race condition) f
Br. BlEPA FFEE if key in mapping: return mappinglkeyl, HISHS— {47 457E MR
ZAREEBERZ HI, W mapping FRERR T key, RIRZAEAEHt € 50, 15 1 R RE T A 85 (lock) Bl fifi
EAFP %l )5 s ARIE]

list (#51)
—{l Python [Flf)sequence (J¥41)). EVEERF T2 list, & HEHRRIHALGE S TH i —{F 51 (array)
MG — (B4 5 ) (linked list), FIEFFROTR B FEREEEZ O(1).

list comprehension (Hi 5% & E )
e 2 B B e 8 P ARG Ay T R, [EME A SR DA list FIE B . result =
["{:#04x}'.format (x) for x in range (256) if x $ 2 == 0] GFE—fH5EE list, Hrp
1455 0 3] 255 S FEE], Fra s+ 75078 (0x..). 1 FAYREMAY . WA E, HIl range (256)
A TCRER P
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loader (F{A%S)
— (A B ER AL Y. B HEER 4K load_module () ) method (). WAZHEN Z
Wifinder (FAges) BE ., WE2AEHE2E PEP 302, Bitabstract base class (% EEHETE) , ##H20

importlib.abc.Loader,

locale encoding ([ 382575 )
7£ Unix I, ‘B2 LC_CTYPE [@is2 €4t . B DA locale.setlocale (locale.LC_CTIYPE,

new_locale) K% iE.

£ Windows |, ‘EJ& ANSIfUHEE (code page, flil "cpl252"),
¥ Android 11 VxWorks |, Python {ifi |l "ut £—8" {E[F &4 i .
locale.getencoding () A DA AR EUAS: 5 uk 4 A .

.55 2% filesystem encoding and error handler

magic method (B Ji7k)
special method (45K 7)) WI—18JEI1E =R i .

mapping ()
—HERINE, ©SIRAT RN E R, LB E abstract base classes (flI5 35 ICHH(E]) H, collections.
abc.Mapping 3{ collections.abc.MutableMapping ff 3§ i B method, #&i ] 4 #F dict,
collections.defaultdict, collections.OrderedDict fll collections.Counter,

meta path finder (TSRS
— A B sys.meta_path [fi [ # K finder (FARTF). TEHASFMATIGLICA A F40 5 (path entry
Sfinder) FHE{EZAE .

B A TCER R A P BEAE ) method, F52([F] importlib.abc.MetaPathFinder.,

metaclass (JCHAE])
—T class [ class. Class 5 i FE & 27— class 4% . —1# class dictionary (ML), DA K —1# base
class (FKHE]) 5)FE. Metaclass A B %18 =518, [EE#SI% class. KZHA9 4810 RE2CEE
e AL AT EE . Python [K4FE EEAE N E REEIE 37 H %71 metaclass, K/ G A 2 1 A
FENWTH, (2%, metaclass W DASRMLEIR HAEMMME £, ©Me v kst EE ke
HEINBAT 48 e A 15.%14&@4 FAEHLBI (singleton), DAN T2 HAWAYATHS

T £ %31 AT DAYE metaclasses Z5 i F1 4R F) .

method (J53:)
—{BHE class A<BSEIRY @ 3610 . 4125 method VEFIHL class B — ﬁl)% PR, R 15854
EH R E S —Earsument (518) (M5 #uEEME] self). & function (=) Finested
scope (HIRAEE) .

method resolution order (Jji:fEbrIE)T)
TSR Je e A AR AR I B AR, base class (FIRMHE]) BdR S M9IET . B Python H 2.3 i
L T A AN, #52(E python_2.3_mro.

module (i)
— {44 Python FEUHE M) A 4% B.(7 (organizational unit) 1. BLAHA —Mdr& =M, BEESIEREN
Python ¥y{. AL HE thimporting H)iBFE, WHIA Z Python.

k2 Epackage (B,

module spec (BigHBI#%)
—{H 44 S, B A S A ARA] A import AH B &l B2 importlib.machinery.ModuleSpec
1) —fE B 11 .

MRO
st 2 [Flmethod resolution order (J5fEATNEE ) o
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mutable (T[EE%1))
AT A M E, (AR e 1d O o A Eimmutable (RA[ 8114 ) .

named tuple (Ff#IicsH)
i [named tuple (Pff44 7C41) ] J2464¢E tuple SR AEATREY class, HERTIZRT] (indexable) JTLHE R
AT DA P42 J8 e SR A . 35 S (EIEY class 7] DA R A AR IR 42542k

AL E7E R E))E named tuple, 3% time.localtime () fll os.stat () [{EM(E. B—HF T2

sys.float_info:

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

4% named tuple Z[EJME (W1 L%) . 2, —1H named tuple th ] PAGE—H IEBLAY class 5@ 82K
35, AP class 287K H tuple, HEF T HAMEAL (named field) RITT . 5Z%8H1Y class W] AT T 405 .
T PA#E K H typing.NamedTuple 2Rz, 0] DAfE B T Mk R =X (factory function) collections.
namedtuple () A, BERAHIEIN T —LLHIMY method, 5 L% method W] E 2 7E T 5 s FIE )
named tuple F7, HEVEIRF|H),

namespace (i %23)
S REAE IOy o 4% 25 2 DA dictionary (28L) BEECVE. A WIS, A LBV a4 25 11
AP (7F method ) oA BRI 24 25 . A s 25 RS B By Lk am4a e, ARSI A AE. f
W, X builtins.open fil os.open () /i T fir 4 25 R A . v 44 25 [ 1o i
it 1 s 732 WD RS A AE B A — R ek 2, ARGt vl bk e T 4 bE . i, % iH random.seed () 3§
itertools.islice () HHEHIFE R, R HEEH random fll itertools MAHAEEE.

namespace package (i Z23MIE:)
—{fil PEP 420 package (£4F), ‘& HAEVEEI 7214 (subpackage) [1)—{H 254 - fiv 44 25 H 4 1T REEIA F AL
Rk, T HAARE S MR G —reqular package (TE#ZEM), NEEMBPES __init_ .py

EREHEE.
FitzEmodule (B4 .

nested scope ( HLk{E M%)
fig[E]2 I 4N 7€ 3% (enclosing definition) HH A 8L HE /1. ZRGIRIE], — 1 pR A0SR 2 AE 7 — M i X p
s, MemglsrEsNgmCh e, FiE, EEEEET, SURERSEE A R2 R, m
SBR[ el S R A A (B 1 R Ik i B S B A . TR b, A del s R AE At 44 25 T P
B F A . nonlocal ZFFEINEEHEMEITREA .

new-style class (FiRJE(E])
— %, ERIEBAEN AN class P ¢F R class J@Uk%. FEH- 01 Python MitAr, HAF=
class 7 fig (i il Python BB (). ZHRMILIAE, Bi& __slots__. Hiliik#F (descriptor). J&VE (property).
__getattribute__ (). class method (BEE|H¥:) F static method ([EIEEH ).

object (¥1})
HARE (@) EeieRNATE (method) MEMIERL. B HR{EMTnew-style class (i HHE])
M % base class (MR .

optimized scope (Jp{EALfENIIR)
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.
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package (£fF)
—{#l Python [{jmodule (1541), BRI PAELE T4 (submodule) i 2 E(E) 74514 (subpackage). F2#7 -
Me, EF2EA __path__ EER—H Python 514 .

Rk Flregular package (IEFIEAE) Hinamespace package (4423 BB .

parameter (Z8)
e function (P 3X) B method 5 3§ 1 1) — il fiy 44 E{ 8% (named entity), ‘& 45 W 3% R X B E Bz 52 19—
fiargument (5|%0), SAERLEEE N H/RZM51 8. A AR 2 HEE:
o positional-or-keyword ({\i BB BT FEIH— ] DA e 45 B a2 AEEI M 42 5 7| Scpl R 5 [ 45
B2 MM THBE AL, BIanPATR Y foo Fl bar:

[def func (foo, bar=None): ... ]

« positional-only (PEFRAIE): FEW]—8 HAEH MG E DR T [ #. ERUE RS R0 &
—fl / 70, WA PATERZ T OUHT I E SRR R A E 2 M, BIUILAR Y posonlyl FI posonly?2:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... J

o keyword-only (1HFREASET): T80 —M8 N GE AR S F R b5 . ER=Ue s #d, 1
L —AEAT B R 5 5 2 B (var-positional parameter) 52 B4 * o0, SRV DATE AR o SR IR
BT 2 8, BIMPAR I kw_onlyl 1 kw_only2:

[def func(arg, *, kw_onlyl, kw_only2): ... ]

o var-positional ({EREYEAIE): FEU—PRERMERF /ISR IS T | B (FEC 2 B2
WAL S [ 2 A1) . BB EREHS WA R T E L~ AOERW, GILAT args:

[def func (*args, **kwargs): ... ]

o var-keyword (ALFUCRBHHET) © SEWIAT PR AL BB 75 8 (TEC B 2 B =2 1)
LATR TS5 Bz o) . B2 OR BB e L2 WA M b~ AGERAY, Gl B #e

kwargs
ST AR5 | B B M A O 511, T DALE)— S8R R P 5 | O i FELRRAEL

it 2 ENEEE R argument (5180) M H . # R 7] $fe 4 2 M0y £[F]| inspect.Parameter
class, function Zfji, PAM PEP 362,

path entry (#4555 H)
FEimport path (3| ABKEE) ity —RIEE, Miparh based finder (BEMBEERITRG) 2% BACH
K ZL import LA .

path entry finder (F&fEH <H825)
W sys.path_hooks Hf{— 1@ ] FEIY 4y {f: (callable) (7 Bl—1Epath entry hook) i [nl {8 f)— T finder
ERIE AT A— B path entryE (A4 .

B A B AR TE H FAS 2 B /ERY method, #52[E] importlib.abc.PathEntryFinder.,

path entry hook (%735 H(E])
FE sys.path_hooks % F&H i —{F AT PERY {4 (callable), 77 B2 %058 WA e — 843 & Wipath entry s
oA, B ErlE—{@path entry finder (BRFEIEH F45ES) .

path based finder (LRSS )
FEFRHY TUAAE S48 52 (meta path finder) 2 —, "EAE—A{fimport path "h 38 4540 .

path-like object (Kip%#<M1l:)
—HFREHRE R R WF. BIERE T AR — R R BE 1R str B bytes ¥ff, BO@&—HHE
£ os.PathLike W@, BE#@IFN os. fspath() Kk, —fH%#% os.PathLike WhERIM
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AP EIE] str 3 bytes R RS IKAR; 1M os.fsdecode () M os.fsencode () HI4EIT H R
Ml str }z bytes B&EH. i PEP 519 | A,

PEP
Python Enhancement Proposal (Python 4[Fl##£%), PEP 22—k sHEIRH cff, ‘& HEE) Python #H i 32fi&E
i, BURdfiik Python i —{HEFT D REBZ I REMYFE T FIEREE . PEP JE &% LR (A3 PR SRR A8 DA S i
IR EAE R

PEP [ AFAEH 1, 2B E IO RERHR 2 . AL b B S8 B Y 22 SN, PAKZEAA Python
WREHESRIRCE], Sl AR = 2 . PEP fEE A e a s s E s i

#H2([F PEP 1,

portion (334))
wEH—HER A —4ESR (WrTREREAAE— zip ) , BLAHRRES— (M M4 25 & (namespace
package) A &k, W[E PEP 420 F1E FK.

positional argument ({3 ¥ 5 4%})
# 2 (Flargument (5]8Y).

provisional API (%47 API)
1T APLJ24g, (e R =0 [0 4 A0 2P (backwards compatibility) fRESHY, W HERRIY APL, BESR
A, REEMuEoRES T, f EER SR E RS T, FuRZ.0 e N BRRER 5,
WATREE B B A AR ST (BB OREERENM) . B EEA g EmbEE— HF APLH
WA Z BRI e R A G AR R R, B M et

BIfE AT 4T AP, [ A HHZA R W e iE) [ R ENME TR — S B, 1)
SRl BER I A A RE T %

T {1 20 A (s A v o X B A o TR S T A, T S R AR 1) B P 2 B A R R A et e . W
%[F] PEP 411 T fift o Z 4145 .

provisional package (W17 451F)
#52(Elprovisional API (%47 API),

Python 3000
PythOHJS-X FYVARERE (RAARTRIRE R, H WSS 3 MM R i A2, ) o m] DA 55 ()
[Py3k],

Pythonic (Python Jal#%11))
— (AR — B AS, BEM T Python §EF I WA RS, WA A AR, & F R e sk
TEREsAS. a0, Python i Wiy —FEEM ML, MM —M for BuAX, ¥ ERWIAMITE
fn%‘f%ﬁ%o w2 ot S DA SR A, BTAR A Python g AT - 61— A MLt
WS -

-
for i in range(len (food)):
print (food[i])

BT, AT IREERMER, B HAA Python & :

g
for piece in food:
print (piece)

qualified name (Pl % F5)
A (B4R, EBURAE (ALY At B B4 3 3609 class, BB method 1y [ 2
&1, 4 PEP 3155 it g . SR TEE Mk sURI class 5, BRAE 44 B 144 AR ) -

>>> class C:
class D:
def meth (self):

BT 1)
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(M L—H)

pass

>>> C._ _qualname_

lc’

>>> C.D.__gualname_
'C.D'

>>> C.D.meth.___qualname
'C.D.meth'’

BN GBAERE, ©ATRE & & (fully qualified name) j2 3R %A 1) 56 8L B o W A, GUFEATATT Y
LM, Bl email .mime.text:

>>> import email.mime.text
>>> email.mime.text. name
'email .mime.text'

reference count (2 W51)
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 (1EBIEA))
—{H & ipackage (BF), BlI—@aE& __init_ .py HEMHE.

Wt Flnamespace package (f44 25 MEME) .

REPL
An acronym for the “read—eval-print loop”, another name for the inferactive interpreter shell.

slots

£ class [ERBAG—H 52, B HE A S OB TR 2 1, DA BREEf dictionary (8L ), ARETA FEIE
o BEIREZ BRI , (A B DA R ], Al O B A I AE — (O R HE B 4 (memory-critical)
F14) B PR R A R B 191 1 2 U D

sequence (J3:41])
—Aiterable (R[EMCHIME), B __getitem () special method (FFEK¥E), iM% KL
TR TR, EEFK T —M __len__ () method K [u] % F o R E . —L(EE)FHEE
J list, str, tuple flbytes, FEE, Mgk dict L3 _ getitem () fl_len_ (), {H
‘B EIE B (mapping) WA 251, PIEHA 07 R AL A immurable 8, A 238

4% B (E) (abstract base class) collections.abe.Sequence F 38 T — 0 80 S & 1
AR _ _getitem () Al __len_ (), M T count (). index (). __contains__() fl
__reversed__ (). EEMIERNTMEE), WA register () #IAMMEIE. T2 8 iRTH
TR S, i R BT S EAE.

set comprehension (&5 )

—FEBE A, R AT [ A 4 o g ARl A e 2, (DK B 45 SR DA — 1 set [l
results = {c for c in 'abracadabra' if c not in 'abc'} @E4E—fFEset: {'r",

'd'}. #E2([F) comprehensions.

single dispatch (¥.—J{)p¥)
generic function (JZRIpR) FHEEM—ME, FEMG, BRI RN —5 | i 3(E.

slice (VJJ})
—fEYE, B Bisequence (JPH) WHE—53 o HEN.—BLYI A B 5 12 8 R A7 5% (subscript
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notation) [ 1, #FHEAH ZM#T, MAEMTZHMEHEY, Hlil variable_name[1:3:5]. FEHGHE
(FAEZ) FemERR, &1 slice Yft.

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 (45 J51:)
— Rl @4 Python H BIIFNL ) method, S HEAREIRATHARESR, AL, S method )4 HE
B E B AN 45 A W R E(E. Specnal method 7E specialnames H4 #EAHEIH] .

statement (44X
PR E A (suite, —(AFEAE TEIE]) FH—8B5r. BRI TR —{fexpression (B ),
RS ET (Bl if. while 5§ for) WLy —.

static type checker ([EIfEMIEFliGH2%)
&I Python FEUMBEIAHTHIANE T H, fEER B EERR, B2 MM T AEMAMEE., Haizbn(Er
= (type hints) DA M typing fE4H.

strong reference ([F]Z)
£ Python (1) C APL 1, [FIZHERYHNS I, ZYFERA %2 MRS G . @72 JE
MBIENY Py INCREF () AOEEEZ2 . -ﬁ%%ﬂﬁﬂ%iﬁi@ Py _DECREF () #i[FI2 M.

Py_NewRef ( uT—JHﬂB’\Li~ﬁ]¥]‘%1¢E’J.5€E€ W, fERES RN e b, LA EE
S8 _FIFEnY Py_DECREF R, DABREREN— 2R .

Yt 2[Elborrowed reference ({EH2ME).

text encoding (3% )
Python )52 22— Unicode A5 %) (code point) {74 (#E[EFE U+0000 -- U+10FFFF 2 [H). #raif#
S, B AP ILE— e 4751 .

ﬂ%*ﬁl?j%ﬁ?ﬂ%&fc%ﬂf?ﬂ, RRE a5 ) , TW4E 0L C 47 40 B gy % 5= H RUAR E) [ RS
(decoding)

A Z AR ST I A E (codecs), BEAMBATRE [ 307 i ]

text file (SCFEREZR)
— (BRI B A st Y —{Rlfile object (REZWIMF). EH, SUTAHREE L FRATTH S
B &AL (byte-oriented datastream) [E1&r [ B g Hlrext encoding (LF S ) . CFMEEMBITH: PASCE
Bl (' 'w') BHEIAEZE. sys.stdin. sys.stdout PAM io.StringI0 FIEHI.

Bk Ebinary file (ZHEMAER), B2 —MAEEREBAE A 1504 B 1 (bytes-like object) AR ZEY)
(o

triple-quoted string (= 5| 9E[EIEH)
H =B 5|55 () S5 158 O) MEEE A — @758 . 8ERE MEE S ER 5] 555 5 A A8
ShEfE, (HERFZIER, M 2Ra B, MR DAFETH H 4 & AR BKE (unescaped) ) Bi5 |
GEMEE 5%, M HEM AT HE AT T (continuation character) St 7] PABS B Z AT, 38 (015 B MAEM %
[EJRH == R R4 ET A

type (%i[E)
— 1l Python ¥4 (EIEIE T8 & ESER Y Y AEa —MEE., — MY 2aZERTAH
T __class__ JBMAAFHL, 3PA type (obj) HMEK,
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type alias (BEE4)
— R BUEN [l e, F B EE @ 4 — R ERF (identifier) 2T

HIFIE) 4 it 42 [FI32 = (type hint) RAG 1. Fln:

p
def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplel[int, int, int]]:

pass
.

ATAR BGERE, BRI

r

Color = tuple[int, int, int]
def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

L

W2 typing fl PEP 484, A7 WIREMHIA

type hint (BI[EIE/R)
—Mfannotation ([Efg), ERE—HEE. M class JE 1Dk — {1 oA =X 1 2 8ok [ E A AL E).
IR 2 SR ﬁﬁz:m%ﬁ Python [ f¥), &M BHEI &2 [El# & % (static type checkers) A
[t B IDE 52 AR A% 4 4> (completion) FI K (refactoring).

SISy, class BMEAPAE RS s i) MZUELR, #BT AT typing. get_type_hints ()
HRAFHL

iE2[E typing fl PEP 484, A IWINGEMITEIA .

universal newlines (i JHE475270)
— T fifE 5 SCF L (text stream) 73, G AR B 145 [E SR EIE) — 47/ &5 5 Unix 7 RG] '\
n', Windows € '\r\n' FI# 1 Macintosh & '\r'. #H2([F PEP 278 1 PEP 3116, DA MK A
bytes.splitlines () WMIIMAE.

variable annotation (%ZJ([EF%)
— W 5B class B annotation ([E)f) .

(EVRE 52 il class JaPERy , MR(E 2SIy -

class C:
field: 'annotation'

SERERRE B R 2 EUR T (ype hint): BIAN, EMEBEN GRAG int (CBE) H:

[count: int = 0

S BEIREAREAAE annassign B2 A REAT O ML REE

#52[Efunction annotation (FR[EEE) . PEP 484 1 PEP 526, ¥A HIhgemdiik. BRAERNREE
Bk, 52 [E] annotations-howto.,

virtual environment ([FIHERES)

— 1 1% 1 W B (cooperatively isolated) [ fTEEEE, fiE7# Python (¥ I 2 Al i FH R =05 DAL AT 8]
Python #$[EVEF:, TMiAS G 36 5] — 1 2R &0 _LEAT Y H f@ Python i A2 AT EIEAE T8 .

Ha2E venv,

virtual machine ([E5ERERS)
— 5 4 S T E =AY B S (computer). Python F[EEM& RS € i T i bytecode ((iTCALME) Shisas B
B AL TCA .
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Zen of Python (Python 2[F])
Python 55T J5 RIS B2 41 3%, HLFIZA B SRR GE FH ERE& o Bea) R mT DA 7F B B U o
REA [import this| HHRFIE.
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APPENDIX B

BARIELEFIRA S 14

18 e[ St Sphink  (—{# H(E] Python [EJH SCE ISRy 0 SCFJEREAS ) 1 F reStructured Text 4#57
1) SR s i L T 7 i

4l Python [ 5, i#ith A1) %5 ) I SCPRELERHEAR H BT TR . F AR IR A ik, 75 5 reporting-
bugs FUIH, [ESAHB . FoAM o Bapm B G A

S
« 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 % \#R¥[E] Python 1& 37 . Python 121 ik X AN Python [EJRA SCAFET kA . Python fT#(EIY 5 AA RS &
A ERCEREH, @5 R 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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appeNDIX G

C.1 &icio

Python 2 1 a7 Bl S22 N 5B B EL BT 9T E2 61 (CWI, K, https://www.cwinl/) ] Guido van Rossum ji& 1990 4F
REW TGS, HiR2 EE—HERE ABC S %L . [F)4F Python 15 T #FL 2K H HA AN ERL, Guido
TR EAEE .

1995 4, Guido FEAET JE 5N &5 HriE it Bl Z Al BT822 1) (CNRI, i, https://www.cnri.reston.va.us/) 4 &7E
Python () T4, [EIERREIEEE) T a8k 1 22 M IUA .

2000 4E 71 H , Guido Fl Python #%.[» B %% [# B 125 31| BeOpen.com [Elji{37. 7 BeOpen PythonLabs & % . [F4E1 H ,
PythonLabs [ [ ##£% 3 Digital Creations (Hi[F] Zope Corporation; [, https://www.zope.org/) . 2001 4F, Python
WA EL G & (PSF, B https://www.python.org/psf/) T, & &S EHEF Python FH B 1)k A TR I A1) 57
(k7 F| 4% . Zope Corporation /2 PSF ) —fH # 1) & & .

JirA7 B4 Python AR BRUAY (A B BRURAHY E 5, 2[E hitps://opensource.org/), FEH b, KZHMAIEETRHY
Python fitAs, /2 GPL AHZ 1 ; DAF A4 &1 A i 22 (E.

BRA  FEBE Fn waE GPL 18514 7

09.0%F 12 A58/ 1991-1995 CWI B
132152 1.2 1995-1999 CNRI =
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com {5
1.6.1 1.6 2001 CNRI w
2.1 2.0+1.6.1 2001 PSF o
2.0.1 2.0+1.6.1 2001 PSF =
2.1.1 2.1+2.0.1 2001 PSF =
2.1.2 2.1.1 2002 PSF =
2.1.3 2.1.2 2002 PSF =
22 PAE 2.1.1 2001 &4 PSF s
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e

GPL MIZEEAFRF A 21E GPL ¥ (L] Python. N GPL, FTA 1) Python SAHEHR 1] AREIREEEE th %
MRAS, (B —E AR 2 R IR . GPL AHZAS A AR MRS Python W] DA%S & HAMb7E GPL R #2(E)Y
PSR HHER R AT .

IR 2SN T, £ Guido 8 NIAT, TfHHE LeiA iy B [ERE AT fig.

C.2 FANREMHLEMFGXER Python SR

Python I B HIE SOOI B HE R FL IR PSF 3 HE & 4.

% Python 3.8.6 Flf, [EIWISCHhayaifsl, FExmEALMARAE, 298 FHIZHE (dual licensed) i PSF #ZHES
#1DA K Zero-Clause BSD ¥4 ,

AL Python H S R BLR AN R4 HE . S LR REN & B2 AU — i pia) i . B E L 4%
MR SERIE R, TSR0 (E S a8 a9 42 HE f2 3038 .

C.2.1 ¥ PYTHON 3.13.0rc2 4 PSF 1% &%)

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSE"),.
—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
3.13.0zrc2.

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
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EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION..
—OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT..
—THE

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 THEREOF.

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 ¥ PYTHON 2.0 ¢ BEOPEN.COM % &%)

BEOPEN PYTHON BRIFEZHES LIS 1 ]

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,

T 1D
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MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

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
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 ¥ PYTHON 1.6.1 B CNRI {2 &#

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
BT 1)
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MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

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
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 iBEE#W

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.
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C.2.5 Fj® PYTHON 3.13.0rc2 [FEA 4 FFEiEHY ZERO-CLAUSE BSD %4

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.

C.3 (I B RS A1 18 B Bt
AR (AR SRR BEHE SRS L, 50 AE Python SEIEALA rh )y 4 = )y W

C.3.1 Mersenne Twister

random &1 JE N _random C 4% 7o 2 =X A & T LA http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/
MT2002/emt19937ar.html [ F#(EIFEEBEAFE . AN 2R ERA TR s 5 R -

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. 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

BHT—3D
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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)

C.3.2 Sockets

socket fAHMH ] getaddrinfo () fl getnameinfo () K=, Eff: WIDE EZ (https://www.wide.ad.jp/)
(B, AN ) SR 8 Pl i -

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. 1IN 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 FEF# socket fRFE

test.support.asynchat fl test.support.asyncore FAA SN :

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

BT 1)
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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.

(M L—H)

C.3.4 Cookie &1

http.cookies B & AT EEH:

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 #ifTiE
trace B AL S AR R

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

BT 1)
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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.

(M L—H)

C.3.6 UUencode B UUdecode &FH=

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. #uyFlakaeny iR g RBUM
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C.3.7 XML &2 gy

xmlrpc.client FEAHAE DA EY:

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. IN 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.

C.3.8 test_epoll

test.test_epoll FAH S VATE:

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.
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C.3.9 Select kqueue

select HAIEY kqueue 71l & DA T I :

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.

C.3.10 SipHash24

Python/pyhash. c %17 Marek Majkowski’ %L Dan Bernstein [/ SipHash24 {2 EE. BEEPAT
BN -

<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/siphash24/1ittle)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)
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C.3.11 strtod Ed dtoa

Python/dtoa.c HEZ42ME T C 1y dtoa Hl strtod pR, FIME C 1 8K B2 I B 0R 7 e HAHBEED . %A
L2474 3 David M. Gay Z7RIZHEZE, B3 B0 DA https://web.archive.org/web/20220517033456/http:
/Iwww.netlib.org/fp/dtoa.c T, #2009 4E 3 H 16 H T2 GRS 240 & DA MR S e ] -

/***********'k****************************************************

*

* The author of this software is David M. Gay.

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

E

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.

E O

E I

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.
*

E O

*************************~k***********~k*************************/

C.3.12 OpenSSL

The modules hashlib, posix and ssl 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

BHT—3D
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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
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)
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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
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.

(BT —1)
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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

C.3.13 expat

BRARTEEE pyexpat M EUEE —-with-system-expat, T H—MES expat UG HSHFH]
AR

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:

BT 1)
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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

BRAE{E#E _ctypes BALK T _ctypes HABANFREE --with-system-1ibffi, FHAIRZHETEH
—fHEE; Tibfh J5 4R A% i A e

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.

C.3.15 zlib

WERTE R G EHEN 0 2ib AR ABOR A R 2 B 2 1ib 9878, JRZd e & i —ME S 2dib LA %1 &
AR

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:

BT 1)
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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

(M L—H)

C.3.16 cfuhash

tracemalloc {#i 1 3EEIZE (hash table) F{/E, DA cfuhash BZ2([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
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.3.17 libmpdec

AETE RS decimal fEAK T _decimal C IE#R BRI EF ——with-system-libmpdec, 7 HIlZHH
A& H-—(H[ES libmpdec bR =X 2 Y Il 48 A2 -

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. 1IN 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 H|sXEH

test B H ) C14N 2.0 HIFEM: (Lib/test/xmltestdata/c14n-20/) 24 W3C 48uh https://www.
w3.org/TR/xml-c14n2-testcases/ Hiigzz, HZER 3-clause BSD 1% #i 2(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.

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,
BT 1)
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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 BALHHHEIZZHE uvloop 0.16 HrffEN#2R, HER MIT ZHEACH(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
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
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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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