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CHAPTER 1

—fizhy Python B REE &

1.1 —figEM
1.1.1 (/& Python?

Python 2 — T F[i#MY . HEIH) . W8 mREREERE S . B0 TRAL f15h. B)AUE (dynamic typing).
JEEE PR B R RUE], PAJ class (BHE)) . ERESCIRWIFE SR 2 S 2 RE AR SR L,
FEJ73X (procedural) F1eK :(5E 7 (functional) F23itl. Python &5y T R DI BESLAEH WG W0 RE L. EART
Z RGP RR AN, AR TR A R AN, [EHAE C 8 C++ P DA sE. B W DMEE—f
PR, BT RS A AL I (programmable interface) fE AR, #f%, Python ZH[[EJ (portable):
EREEATIERFZ Unix (%488 [, 443% Linux Fl macOS, thAEEIT7E Windows L.

R L(EA, #E tutorial-index FHlG . Python 1] 54 fi5 1 ] 45 ) HoA /1 47 5N B2 DA I B2 Python 1) %
i

1.1.2 {+[ElZ Python kiR S s 7

Python #{(#§ 54 € (Python Software Foundation) & —fifl 37 i JE4 FIMEAR &%, & #EAT Python 2.1 JiUHLZ A2 2% i
A HRHE. PSF Bl fir7E A & Python REaXi a5 A B 10 BIBUR LGB 517, DASCE & Python 1] . PSF
HEMANEZ hitps://www.python.org/psf/.

TEERABRA PSF 20l . SR T Python HABIEMRA M, #5% PSF a0 E B &Mt S8k
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1.1.3 f&/ Python B5% X fay ki 4 PR #1105 ?

T DA 5 B R MO AE T AL N, PSR R Wb, (B ELE AR EE A AL T B Python F B8 SC 2+ 8
TRIELERTRERN AT, ISR AR MR, LRI DAY Python FRARTEEINIE, DABAREEL it (fxila
FA0) §58 Python fEIA, o4 DASLAE L4 B E & Python MlENA. 65K, FoMOn8k 6 AL B3 B A7 1)
Python ¥ .

a2 E FHEEm, AR ERARERIRI PSF $2HE 4 S0 i
Python #RELZFIERIHE, 7eiebfisT FHERF 4 it ﬁﬂ%? s 2 [ET i 52 601 UK AR SE 2 T

1.1.4 E¥EHE Python SikgIEH %k ?

PAF 72 H Guido van Rossum JIT##%7, B E U1 a0e] B LR Ak 7 S R4 2 -

A CWI i) ABC /NP A BOAR BLREH 5 0 I S AR, i B ML 1, FERE T
1&%%%)?(\:;( i acn AN . 52 FF2 Python DUREMEIR, (A5 Bl M HEMET T BRA 202 AL A S A
AJEH E R B E] (EEHE Python HFgAIEI#RC AR ) -

&*%ABC nnmﬁ — SR HRWHEE MR 2. MEHT ABCRES (SUHEME) K&k
AR AT RERY o $EJ: ez R TR KR —. AL ] Modula-2+
(48R, Modula 3 fEEEt ek, [FE T Modula-3 [ . Modula-3 352 1Al 4h %
3 h—2% Python R FEVEFIRESE AL IR .

FRHE R IEAE CWI ) Amoeba 73 B U/EE R G/ TAE. RMFFE L4 C #2505 Bourne
shell [EIAE {7 7 LRI T R LB B, H(E Amoeba A HCHYRBIEIU AN, TS S A
Bourne shell {47770, FK7E Amoeba "7 FHERFRAGACER , (TR R =k 2 5 AMEERE S s
R

FIIREE], —FRHRABU, ABC HYREE(EL AT DAFFI Amoeba 2 & I Y Y (A H] 5 1% R 2 3% 5
Ko FTMHIE Amoeba HIFEF R EEN, FroARERE, RFEE— @TU\EE{Z}E?EE’JF.H H o

TE 1989 AERGBIGERR B, FAML A, FroAREERER—T. 7EE TR —FL, i
SRIGKIR s P RTEEBL I %5 g, {H Python ¥E Amoeba 3 52 H i) i I 15321 17 MUSHCHEZE 1) B T
LI M el it AR (Ve 1 T 37 2 S el

1E 1991 4F 2 1, R —4F 2R e, KIEE M €% £ %) USENET, H bt E#RTE Misc/

HISTORY fHZ 1,

1.1.5 {2 Python {ERIEIE ?

Python 2l . MBSz ARl =, T DA ARERT 2 A RIS Y A

A RE SR T R R, E T AR R (IERLERE, Unicode. %2 MM 2 ERE) |
A2 (HTTP, FTP, SMTP, XML-RPC, POP. IMAP). #iili TR (¥oolllit. HERE. kg
Br. #IHT Python R HE) PAKAESERGNT (RHEIFNY. A RS, TCP/IP i) (socket)) ZF4HIK. wh#r
% library-index iy HE], PATA#RT AR, BLob, @A KN4RAE =78, S5 Python £ F2]
(Python Package Index) 3RS IR AR BRI B,

2 Chapter 1. —figfy) Python ERHZEE
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1.1.6 Python BIMRAHR R M EINITE(ER) ?

Python 4% WU A & 5 4 55 [E]°A.B.C™ 5{"A.B”:
« AEFEARE - © R G5 HA HIEE RIS TR A g
* BIEWRBRUA S - HA A5 R B0 e/ )N 5 5 Hh B RS
* C [EfUMNRASSE— GRS E L3570 (bugfix release) HE .

(EE BT A AT IRAS 2 S R 8 IE BT RS o E— BT S RE BT AR Y HERG PR B, e 80— R 5 BREEIUA
fR[E] alpha. beta S {51 LA (release candidate). Alpha 27\ 1H] ) A fie A AL 1) LB A AR s 8 1) W 4
alpha B A 2 [ B A T 88 EEUR &4 N340 Beta HIEERE &, AW THARNE, (E0] g
B, SRR GO, I TR EB IR RO, A aHIET T,

Alpha. beta FIGIE B CAARA — R RTIMI R -
* Alpha JUA B aN", Hor N 23R MO By
* Beta ilRASIRAE DN, Hit N 2 LB MY BT
o RS TN, o N2 SN

EVaEEE, raEEstE 2.0aN 1A EEESCE) 2.0bN [ A2 BT, i 2.0bN A EEESE 2.0reN IR A
ZHI, TEMHEZTE 2.0 2.

T ARG [+] BB, Gl [2.2+], B ERBAHIMA, 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
Fa0l fiiz, 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 HEI{TFE] Python B RIAIEEIZA ?
B Python & 46585 47 ik 1 7T PASE python.org Bt45:, 7E https://www.python.org/downloads/ . 38T BH 2
R BB AT DATE https://github.com/python/cpython/ B .

JE RS EEA T — M DA gzip JEARIY tar B, BE5 588 C AT . Sphinx #=XMEIRISC{F. Python b
Bl #EpIRE, DASRMR G HAY R A BTN . 2R ISTE R 2 B UNIX -5 E, #& W] RASE B S s &
EATHY .

BT IS S AR RS A A R, 5 2 (E] Python BH¥E A B4 1 T 1) Getting Started” Bz %

1.1.8 HEWNITEF Python BIEBAIC# ?
Python H BifZ & MU AEHEEIRH SCHERTAE https:/docs.python.org/3/ #kF| . PDF. %30 F1A] T &k HTML i
AHLHTHE https://docs.python.org/3/download.html $% 3],

A SCA4 2 DA reStructuredText A& R 4w 55, [FIy Sphinx [FIH] SC0F T H g3 . [FIBA ST reStructuredText JF 4G
fif /& Python JF 4S5 3E4 TR —H54) o
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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, HIFH Python gy ?

L] R s . A MEE) R SO0 35 tutorial-index .
B Python BRI B2 O &RI, RGN FE, w2818,

1.1.10 FH(IJ%H Python ZHEA9F R B 5 B 4 51 8RB 7

B B4 (newsgroup), comp. lang.python, WA —(HH A5 (mailing list), python-list. I
AR 55w fe A2 10 LG A 1) WA E M, S A B4 5 EE. comp. lang. python M
BRE, AR S RS SR, i Usenet [ 38 238 55 i GEE i HUE BE 1Y U i i

BT RS BT A S S aE AT, T RATE comp.lang.python.announce HH#R ), 35 & — (AR o (1 RS 38 5 s A
FREB RIS CE, BWAEER python-announce T {£F 5] imEtm B i ST E .

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

1.1.11 n{THE Python #Y beta B ?

Alpha #/] beta % 117 iU A< 7] PASE https://www.python.org/downloads/ BUf5: . B it 8517 i 4~ HR €7 7 comp.lang.python
F1 comp.lang.python.announce ;B #F4H 57, W &7F Python 14 & https://www.python.org/ FEfi; RSS 7
A2 AT

PRULTT AR Gt SRAFHL Python [ BIEEIUAS . B RRANEHN, 5 2(E Python BH#E L EIEH .

1.1.12 #n{a23c Python RIS RR G FEREES 7
T[] — g5 (bug) BUAE AT — BRI FEZS (patch), FH A https://github.com/python/cpython/issues i) [ #E
B A 4] B 5§ Python [ £ &, w5 2(E Python BH#E A E45H .

1.1.13 EEHMI Python MEME HRXFTTHE%E 7

AT 5] PR BRI B Python ()7,
F b Python 10 3 RAE 1991 4R B, (FLBIAEACR CLALHIE T

Guido van Rossum #] Jelke de Boer, [{iif] Python Fi =X 5k ntsE & B 8= lsE ke ], CWI &=
T, 4, AW (199148 12 7)), BTreerE, 55 283-303 H.

1.1.14 FEHMH Python By& ?

f, R, WAEEZIEEBRRFRE. 75 2([E python.org ) wiki 7£ https://wiki.python.org/moin/
PythonBooks B [fj # {) 2% H 1 5.

PRAB T DAFE A % 2 1 S5 B [Python ], [EJi# 5 Monty Python %55 ; sk LA S5 [Python] Al [

=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 BIE B IS 7T ?
Python B4 11 FLAE A slam (FITH 451, Hy Python JLREESE BB HE . 5EAN &AL .

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

% Guido van Rossum F4AE{/F Python W, b iEFEE)# 1970 4E A BBC & EIHi H [Monty Python [1) /16175
IS ) i ORI A . Van Rossum s [EVM 52— B fl 6. 07 ELR WA ) 24 o, DR AU (D e il 75 )
Python,

1.1.17 FH/EEEK [Monty Python ByRITHEE | 15?7
REE, HEAR. 9

1.2 R E #5349 Python

1.2.1 Python g9f8E4404a ?
EERRE . HAE 1991 4EBLG, REAGER 6 2| 18 8 A # G i iR e A, W HEA R ge i, 7%
3.9 i BH4G, Python 4F[% 12 A% €kt — (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

T B i B IS B AR T DAZE Python < #4713k 3. Python 47 i {8 2E [E#E4% (production-ready) fi i
A: 2x A 3x. SR 3.x, ILAUA LRI e P REE G FH 0 B 2B 9 o AR 2.x (B4R BRI (1
B LR A .

1.2.2 2D ATE{EH Python ?

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

Python J2& 1] AG B R #IY, FTDAR @A SHETHOEE, 10 ELE W DA RF 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 B FFAL Y% B, (HEIAEATA Python i A E7Eas it SRk L L 2 E .

1.23 FOHEMTEEHZRMER Python SERE S ?

A FHH Python [YEZEER , #52[E) https://www.python.org/about/success., F F A gt 2511 Python €50
[EIRT AR WA H #F2 AN A BRI AR B R -
#5528 B 1) Python B2 FE Mailman F ([ 51 4 B E A Zope JE AL A k4% . 45 —2E Linux 47H, %

A2 Red Hat, B4 Python 48 132 ok 4 i) e el e RG4S PO . (ERSR A Python 1A H] 41
1% Google, Yahoo FI 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 RRFAEAS HPLEFAYEI 5 ?

%5 & https://peps.python.org/ 22[F] Python $#4[EJ42 2% (Python Enhancement Proposal, PEP), PEP 2 ] 4R —1E
B ) Python BTN REM St SO, BEHEHE T BB AT L E AT . 524K — R4 E [Python X.Y
Release Schedule (1) | 1) PEP, Hot XY J&—ff 1 K 2 BEE R I iAo

B A Er7E python-dev FOF i ai i oh Tt o

1.25 #f Python REFHEHEFRHETRE 7

—MORE], A . AT BOE #1T Python B, PINAERE S e, e A R —
NS I EER, B ARRANBARTRY . BIBEAR AT DASR AL EIRES, (34K - R3S A MRV Sy R R
i B AR Z 4R Python (193, TR —F Tt e Manss EsL.

UR—THI AR AL O, IR TR L AL THR B AL . PEP 5 404 T 25| i S [0 AN M2 (backward-
incompatible) [JAE T, [F] Iy 20380 (00 1) 5 P LA/ Vb, P ORI AR -

1.2.6 Python #Hit APIBIEEX REH M SRS IFHES 7

prdiup

BRI A7) 8 0 ¢ 18 — AR )7 i S A AB AU [EJRE 5 (statically typed language) BHIAA M, & 463k 5 152
Pascal, C, #@iig C++ 5 Java (LA T4, i@ 2 H Python fEEML MY 55 —MR3E =, BN A REG 213
%, Python HATARH il ¥l H— B EEAM — R A B2 e U, e Biit e, MEAPTRE BT Ae i
Python W] DA %A Sy s Rt 0 2, il P R o A R R By 8t . BT Python, W] DAPRIE
Hol A AR R AL, BIANER AR P . AP 2T REAE S — S s gt B BT & E AT

SR AT AE A T AR Rt A 2K(E), i BB BLETRE = U@ F AR . B A AR SR AR A Y ()
Motk DENE TIREEROEIZS . BAEMELERUE BRI — RS . M, St —B8a v, By
K BEREREACE, 2EMNERMERRSRER, (RS R8s, A2 Rdr
R T

Python (372 HoAb ) (i & JWE—FRALGF 1058 —RE 5 - 18 Java —H, Python 4 —E K2R ERA A s, K
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 A B AR o il i AR R xR, B ] DAY B A o B T ) [ B, A B
PR AR A R B A o R T AR ER A AU P (code reuse) (R . 502 PyGame
SE 5 =7 A AR A DA T A AL ) B AR

Python (1) 5 B 5 sl S AR RREIE AR A SRR IR RE S DI RE . M mT DABRZ — R AT ERan i i, [l
IRETE 5 — (R B P A MM R SUA A . WRAL ARG tist (ER41) Y method (J59%), MMAT PAMRUE R
i

>>> 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',K '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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(M L—H)

—'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 t0 G fR 7 1#*) IDE. IDLE ;2 Python [#)—{f i&F-2% IDE, & DA Python %% [E){#i Jj Tkinter, Emacs {3 Jf
F R = BN TE Emacs A — il 4% 4719 Python 1. Lﬁbﬁiﬁ&*?ﬂf‘éiﬁ%‘[ﬁ EPE AL EEVA R B (syntax

highlighting) . HBIAHE, VARAEMm AR AR B . ZAA Python ARiIREE NI C G HL, #52(F
Python wiki,

W AR AL R Python YEECH P ROBE , ARVTRE&A BLER AN edu-sig F{F T .
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https://wiki.python.org/moin/PythonEditors
https://www.python.org/community/sigs/current/edu-sig
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EXREERESE

21 BREE

211 BERAUTLMERAERBRE, ERPEHE, PRMITEREIBRES?
A

Several debuggers for Python are described below, and the built-in function breakpoint () allows you to drop into
any of them.

The pdb module is a simple but adequate console-mode debugger for Python. It is part of the standard Python library,
and is documented in the Library Reference Manual. You can also write your own debugger by using
the code for pdb as an example.

The IDLE interactive development environment, which is part of the standard Python distribution (normally available as
Tools/scripts/idle3), includes a graphical debugger.

PythonWin is a Python IDE that includes a GUI debugger based on pdb. The PythonWin debugger colors breakpoints
and has quite a few cool features such as debugging non-PythonWin programs. PythonWin is available as part of pywin32
project and as a part of the ActivePython distribution.

Eric is an IDE built on PyQt and the Scintilla editing component.
trepan3k is a gdb-like debugger.
Visual Studio Code is an IDE with debugging tools that integrates with version-control software.
A AR SEAL Python B AL BREE T HALS R R ETThRE. Bt
* Wing IDE
* Komodo IDE
e PyCharm



https://github.com/python/cpython/blob/main/Tools/scripts/idle3
https://github.com/mhammond/pywin32
https://www.activestate.com/products/python/
https://eric-ide.python-projects.org/
https://github.com/rocky/python3-trepan/
https://code.visualstudio.com/
https://wingware.com/
https://www.activestate.com/products/komodo-ide/
https://www.jetbrains.com/pycharm/
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2.1.2 FUHTRAEIRICEK bug HMTIIESH ?
1.

Pylint and Pyflakes do basic checking that will help you catch bugs sooner.

Static type checkers such as Mypy, Pyre, and Pytype can check type hints in Python source code.

2.1.3 How can | create a stand-alone binary from a Python script?

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.

The following packages can help with the creation of console and GUI executables:
e Nuitka (I5F4)
e Pylnstaller (J5F4)
 PyOxidizer (J5FH)
o cx_Freeze (B5FE4H)
* py2app (f#FR macOS)
e py2exe ({#[R Windows)

2.1.4 Are there coding standards or a style guide for Python programs?

Yes. The coding style required for standard library modules is documented as PEP 8.

2.2 Core Language

2.2.1 Why am | getting an UnboundLocalError when the variable has a value?

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.

BT

>>> x = 10
>>> def bar():
print (x)

BT 1)
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EHE—5)
>>> bar ()
10

A PASIAT, H 2 Bk

>>> x = 10

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

EF 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.

In the example above you can access the outer scope variable by declaring it global:

>>> 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 foo():

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

2.2. Core Language 11
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2.2.2 Python RyIE 5% a8 BHHIRA ?

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?

Assume you use a for loop to define a few different lambdas (or even plain functions), e.g.:

>>> 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

Note that this behaviour is not peculiar to lambdas, but applies to regular functions too.
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2.2.4 How do | share global variables across modules?

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. standard library modules -- e.g. sys, os, argparse, re

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

3. locally developed modules

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

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

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

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

Only move imports into a local scope, such as inside a function definition, if it’s necessary to solve a problem such as
avoiding a circular import or are trying to reduce the initialization time of a module. This technique is especially helpful
if many of the imports are unnecessary depending on how the program executes. You may also want to move imports into
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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 an-
other?

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

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

g(x, *args, **kwargs)

2.2.8 B|# (arguments) ¥1& & (parameters) HHEEE ?

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 2. SR, HPFEIY func BE, Fla0:

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

42 ., 314 fll somevar 25| #.

2.29 Ff+FVEeg list 'y’ th &g list 'x’ ?
AR T BoE R AR A

=[]
= x

.append (10)

>>>
>>>
>>>

KKK X

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

T REAS R EVAHETS — TR NS v Rp L @i .
() A 5 110 4 S D R A

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 JEmutable, &M EVRW] DA M E% .

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 v . 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]
isequivalenttoa_list.extend ([1, 2, 3]) and mutates a_list, whereas some_tuple += (1, 2, 3)
and some_int += 1 create new objects).

[EMHHE]:

* If we have a mutable object (List, 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) By returning a tuple of the results:

>>> 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:
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-
>>> 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': '"nmew-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 f (x) that computes the value a* x+b. Using nested scopes:

def linear(a, b):

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

return result

i T

class linear:

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

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 () PR ILSob [F] 580 B0 pR X — 4K .

2.2.12 nfa#E Python dh(E[E44 ?

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 ()

FrAarAiZE Y] R (slicing) [FIE):

[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.

1E comp.lang.python H', Fredrik Lundh % $- 3515 i [ 4G H 1 (F AR T 1) LU Iy

RARAEM i g BB & 57— [ (1) RSEARRETFREN AT, EWRRL -
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 ]

not:

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

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

from functools import reduce

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

# First 10 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,vy,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-Iu)/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 = 0XB2
>>> b

178

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

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

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

then integer division has to return the floor. C also requires that identity to hold, and then compilers that truncate 1 //
j need to make 1 % J have the same sign as i.
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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 i $ j tobe >= 0. If the clock says 10 now, what did it say 200 hours ago? -190 % 12
== 2isuseful; -190 % 12 == -10 is a bug waiting to bite.

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

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

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

A

SyntaxError: invalid decimal literal

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

>>> 1 ._ class__
<class 'int'>
>>> (1)._ _class_

<class 'int'>

2.3.4 T FREDDRS ?

For integers, use the built-in int () type constructor, e.g. int ('144') == 144. Similarly, float () converts to
floating-point, 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('u', s)
>>> print (a)

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

>>> print (a)

array('u', 'yello, world'")
>>> a.tounicode ()

'yvello, world'

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

There are various techniques.

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

-
def al():
pass

def b():
pass

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

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

¢ Use the built-in function 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)
£()

e Use 1locals () to resolve the function name:

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’ 5’UnicodeEncodeErro’ $iREH([/E=E?

#% 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

2.4.1 My program is too slow. How do | speed it up?

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

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

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

e TItis 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 collect ions module.

* 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 .soxrt () 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.

hs%:
A R wiki BT P A RRALRE Ot /N R

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

str and bytes objects are immutable, therefore concatenating many strings together is inefficient as each 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 () at the end:

chunks = []

for s in my_strings:
chunks.append (s)

result = ''.join (chunks)

(another reasonably efficient idiom is to use 1o0.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'). If the
argument is a tuple, it does not make a copy but returns the same object, so it is cheap to call tuple () when you aren’t
sure that an object is already a tuple.

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 seq[:] would.

2.5.2 What’s a negative index?

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

Using negative indices can be very convenient. For example S[:-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:

[lisp_list = ("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

This looks correct if you print it:

>>> 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, [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 11 st and += as our exemplar.

If you wrote:

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

TypeError: 'tuple' object does not support item assignment

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

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

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

TypeError: 'tuple' object does not support item assignment
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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.__diadd__ ([1])
>>> a_list = result

The object pointed to by a_list has been mutated, and the pointer to the mutated object is assigned back to a_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 {HIR%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 +EIRAiE (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).

B EIENT [self] f£7 % (method) & & Fovfw| b — % 2RI 2,
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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 (ob7j, 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 donotuse i sinstance () 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
define a __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?

Use the built-in super () function:

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__ back to 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

Static methods are possible:

class C:
@staticmethod
def static(argl, arg2, arg3):
# No 'self' parameter!

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.

In C++ you’d write

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 underscore) is textu-
ally replaced with _classname__spam, where classname is the current class name with any leading underscores
stripped.

This doesn’t guarantee privacy: an outside user can still deliberately access the ”_classname__spam” attribute, and private
values are visible in the object’s __dict__. Many Python programmers never bother to use private variable names at
all.

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

>>> i1d(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

2.6.14 When can | rely on identity tests with the is operator?

The is operator tests for object identity. The test a is b isequivalentto id (a) == id(b).

The most important property of an identity test is that an object is always identical to itself, a is a always returns
True. Identity tests are usually faster than equality tests. And unlike equality tests, identity tests are guaranteed to return
a boolean True or False.

However, identity tests can only be substituted for equality tests when object identity is assured. Generally, there are three
circumstances where identity is guaranteed:

1) Assignments create new names but do not change object identity. After the assignment new = old, it is 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,itisguaranteed that s[0] 1is x.
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3) If an object is a singleton, it means that only one instance of that object can exist. After the assignments a = None
and b = None, itis guaranteed that a is b because None is a singleton.

In most other circumstances, identity tests are inadvisable and equality tests are preferred. In particular, identity tests
should not be used to check constants such as int and str which aren’t guaranteed to be singletons:

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

>>> ¢ = b + 500
>>> a is c
False

>>> a = 'Python'
>>> pb = 'Py'

>>> ¢ = b + '"thon'
>>> a is c
False

Likewise, new instances of mutable containers are never identical:

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

In the standard library code, you will see several common patterns for correctly using identity tests:

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

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.

For example, here is the implementation of collections.abc.Sequence.__contains__ ():

def _ contains_ (self, wvalue):
for v in self:
if v is value or v == value:
return True
return False
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2.6.15 FHACIN{AIEHIF o8 B HIhF R ER ?

When subclassing an immutable type, override the __new___ () method instead of the __init__ () method. The
latter only runs after an instance is created, which is too late to alter data in an immutable instance.

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

from datetime import date

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

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

xlat = {'zero': 0, 'one': 1, 'ten': 10}
def _ new_ (cls, 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)

i SEHET AT AR IR RR B -

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

>>> NamedInt ('ten')

10

>>> NamedInt (20)

20

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

2.6.16 How do | cache method calls?
The two principal tools for caching methods are functools.cached_property() and functools.
1ru_cache (). The former stores results at the instance level and the latter at the class level.

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

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

Iru_cache J5 38 HA AT =T 35 1 B0 Ok . BRARRRENSS 0 EEESSS N, SR @ s 2ol s .

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.

This example shows the various techniques:
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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 Iru_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):
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.
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2.7 {558

2.7.1 How do | create a .pyc file?

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

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

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

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

2.7.2 How do | find the current module name?

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 :

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

Suppose you have the following modules:

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 is compiled and starts executing
e foo imports bar
* Empty globals for bar are created
* bar C¥HmHE R HALT
* bar imports foo (which is a no-op since there already is a module named foo)
* 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.
HES (24) ZRErRemmE .

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 B /E ARSI s DA N 91 745 1 25 BR -
* exports (globals, functions, and classes that don’t need imported base classes)
e import AL
* active code (including globals that are initialized from imported values).
Van Rossum doesn’t like this approach much because the imports appear in a strange place, but it does work.

Matthias Urlichs recommends restructuring your code so that the recursive import is not necessary in the first place.

i 2 EEAAM BHE .
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2.7.4 __import__('x.y.z’) @& <module 'x’>, PBHEECEZR 27

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

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

2.7.5 When | edit an imported module and reimport it, the changes don’t show up.
Why does this happen?

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 1s false?!?
False

The nature of the problem is made clear if you print out the “identity” of the class objects:

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

>>> hex (id(cls.C))
'0x4198d0"
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AFERIEATLEALSESE . TEEER R MR, Ef (BRUAERR) 7—MEEk G i A K.

@%ﬁﬁﬁﬂ%ﬁmmwwmﬁiﬂfﬁﬁ g g e U R R R B A s A 25 ], AR BE A Uk

S EA e A ORI, — (W% 2 e (MR 20 2 3047). 20 171 Python FEXAS HL i 20
ﬁ%C&K%TMWE§$ e SRIE A B BB A R 15 S B AR B — D DR ((EA 4 o5 B v T 1y e 2 )
FRAR ), (AR AR I A TR .
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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|

>> 1.2 - 1.0
0.19999999999999996

IR 1% RB[E)iE /2 Python ) bug, {HIEIIAJE. i@k Python ST 1A B, i i 1R R e Bt 7 305 oA Il

CPython ] £1oat H[EI#H T C ) double BEIGEF. —ff £loat YAFRME G AE R E (GEHE 53
fiG) AFE) PR 2, Python (] C AR 7 B, 1 fth A &5 SR € < 8 HLER v o R e g 4 =X OR(ED 52
B ER T B BGE 2 A(E), Python fl C. Java ZR L2 WGIHEESA —HfE.,

R 2 W T DA B RS e A 3, (AR M S A oo . LS (E), FERA R RECHS AT 1% -

[>>> x = 1.2

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

[1.0011001100110011001100110011001100110011001100110011 (binary)

11y i A (L IE 2 -

[1.1999999999999999555910790149937383830547332763671875 (decimal)

53 (Vi JCHIHRG 7% Python WA 15 2 16 /NEIUT I HERE RS .
B 5E AR T DA [EJTE Python #8117 B AT — 3.

3.4 [F+(E] Python SR o] 8 ?

CEEA D
H—23he: FHETEAR T EAR, FRAEAT DATE RS AR50 2 s BT, T A AU ) fef A 25 ] SRt 2
[ E AN o SE 2 CA (tuple) FIERS (list) AHEI I A —f Js 1K) .

R AL Python 1, R FIMIT—FE 34 ). FAETE GE 8 i 8 M v s e [ 70,
1E Python B EA (4T EE iR [ eight .
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3.5 [[F [self] #Fik (method) FEHFIFIYEF—EZEAMER ?

HHEARGE Modula-3 T 2. FEERFZRE, Ml AEZIEFE .

55—, GE bR AT A B B ARAE I J5 9% (method) Bl B (instance) ()&, 1M AE—{F A2 B, BIGEA
FIEKHE (class) (7ESE, WHET self.x ol self.meth (), HEGRIEAEHIRITE @ IEAE G B0 k2
Jrihe AE C+ [E), AT AR i [E1A [ dok 5 B SRH BnE (-3 —— {HLAE Python [FIEIA [ BE 1, FrRA
PRub ZE KSR R SR o« 72 Co+ F11 Java (AR ACHE HUAR LR LEAE 1 518 P 44 RN LT m_, BT RA
i Rl R A A L R ARG Y

S5, HURAELH e i P S R SR BB R R, RN TR BRI RETE . FE Ce+ (B, WHRR
RO — e R I e 7 5 W By ¥, M ¢ 2 85T - {BFE Python [F, 0T DAL H255 1
baseclass.methodname (self, <argument list>), iaff_ init_ () FYERITFH, HERE—F
A 1) RV B e L PPy 5 T S e e o«

hef% , AARE) T B A B 5 SRS IR I R B PR )3 S8 87 Python J2& (3 36(F)) 76 o AR PR IR B Ay 5
e (HIEAG B AR S S B A) , B DA 352 — D Y A o B e i M PR VR SRR 8T S B s i, IR gt
SRS, S EEE AR (B TH%R). C++ HEEME 7843, {H Python B4, Ml T S
J5 PRI T 5 | A B A A o) S R e o (L RN sel £ . var 5t mT DA {1 B A B 3o A ED . W), 7T
BRI RS IR self . var BB BT REREN A AT EL/EHOMEZR. EEE,
L dmf A ORI B 191 58 BICFPAE 1 WS [ i 44 25 [H] (nameespace) , /R TR 2445 Python LA FIHE—1H o

3.6 EHTHFEEEEH (expression) P {ERIEREH ?

ft Python 3.8 B, T AL T !
HARTEST S RGOS T+ = ACTELS R RS M

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

B2 Bl i PEP 572,

3.7 [Elfa Python #R—EIhEeBIEERSE (&R listindex()), H—&
EREX (K2 len(list)) ?

1 Guido FF(E):

(—) H— SRR, FIAAEERG R ALr — A (R SR 1A
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. BEF 7RIS 4
Rlg— s, SHREEAS. M, HRET xlen(, FOMFERIE x 2HHEAS, DR
T — AN T B T — A ERE len() AE], B —EEA EAEBSS (mapping) APIEIES
get() u keysO) 77k, HURARMERIEER writeO) 7Ly, FAMEHT & 245 M.

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

3.5. [T [self| #J5i% (method) 5EFF0F0Y By — E EEAREER ? 45
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3.8 [E{d join() BF &S EMIESRT (list) i TTH (tuple) 5% ?

H Python 1.6 2 4%, TR RRGHAUGEMERZUE], tAEibiy, — el DAAN S BBt i) ok O A R D 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 ICR Gtring literal)  (FHH#) FRAEMMNEE], BFFEAIL, (H5H 304
A EE . AR AEEE T A s i b, IREE R T R SCR AR RER B -

SR R [ HRAEM — P B iR — A ep s Ml R ). AR, (REA 2
TEiE bR . RIERERREA, 48 split () WM ep vk i i, REBE AR T LA 5 o ) -

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

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

join () fe—MAFHk, WIEFEMMIEEGE, IR d T H e iRy, EFACmEAZIM
BT IE T o SR R 2 T DA AR AR A S BLRI B  1F, 45 B e S8 B 7E bytes Fl bytearray
PP AT SRR T T

3.9 BIMEERESR?

WRES B SMEEIE, —1f try/except LR AREARCRN . S8 L, JUHBISNEAT &I 7E Python
2.0 PR, SEbREE AR R

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)

HabiE S ERE], #rta] L value = dict.setdefault (key, getvalue (key)), A HETE
getvalue () FEAKRHEAGER , RIEMBRE ST

46 Chapter 3. RFHFIERERHER
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3.10 [Elft(E] Python [EIE]f switch & case fiRz ?

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.
IRTTREMEAR 2, ARTT DA I W ZEn e fr ki B0 24 :
functions = {'a': function_1,

'b': function_2,

'c': self.method_ 1}

func = functions[value]
func ()

EFRIFI B Tk, AR AR AR S T ki e getattr (O SRAUE— PRIl

class MyVisitor:
def visit_a(self):

def dispatch(self, value):

method_name = 'visit ' 4+ str(value)
method = getattr(self, method_name)
method ()

M EA R LR, DOEMe) TARER G R visit_. EVARTBRIES, — BIREITERE AU
{8, TR AT LARE R A AR SR EY vk

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

3N EIRREESSLEEHTHE MECRERRRNEERES
= ?

B A, H RS Python (HEEME (stack frame) €rif £ /0—{i C (HEEHE. [FF, PEAEM
W] PABBIRFFAY Python, PRI SE AR FE AR AL JHEE S8R C IIBATHE -

BRI S, MEHEE] (Stackless) Python S8 RIS T At EE, [Elikde 1 C 3E.

3.12 [Elfg lambda ZEHEAX TEEB S BAR ?

Python [} lambda 3853 2 R GE £ &5 A 22 R E] Python (1458 Y HE 40 4 30 i PR (o e 8 43 2 A . SR
& Python [FEEIA 2 B d ) R . AL H A HE = /A 7 2 BEY lambda, Python () lambda 21
TEVRBEAS R 25 0 2 IR ] ) Al — M 5 8 i 0 .

B 48 S2 Python [E)f)—# 41 (first class objects), ifif H. 7T AYE [5 386 8 (E)9 S 4. [H tbME—JF) lambda ifij 42
[ e ) o 2 P 1l 2 RS 7 B 2 A — M e X 4 A (S Rt & — MW [ s sl s v R K 1
lambda 58 53 2 1) &5 SR [ 55 |

3.10. [F/f+E] Python [FIE/fg switch = case BRiRz ? 47
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£
=]

. CEREHHMERSR?

Cython ] DA% {0 i $E 18 A 1 S VE[EIf# Y Python A<, Nuitka j2—HG[E Sy #ia#ds, 7 DA Python 43
J C, by H AR SC3% 52 B4 Python 555

ot

3.13 Python BT LI#E#E 5% A 1% 28

3.14 Python N &0 1EEE ?

Python Fr & A% 45 BRAG AN S UE A BE 4 . Python FRAEME B VECPython (i Fl 2 M EHK (reference counting) S HIA
AU, (VA 0 — (B i AR 4 2 IR B (reflerence cycle) . i S48 Fid 0k B0 2 AACHRAS T8
MBS EE AR B . go BEALERAL TR DAATHRICAE . TR S5 48 st SO R B I A28 2 B0 iR X
SR, TEHAWEAE (82 Jython B PyPy) v, @ fli IR 2 AR BRI SRR S AN R B ] . 4 2R A1 Python
PR R B E A 2 BER A EAE, & A E i e s — L8 MY RS AR [

FE—2E Python E{/EH, TFEBARXMS (78 CPython W] DAIEFHEAE) W RE @ 4L S HA T (file descriptor) H
e

ot

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

©

L, i CPython [ 2 MEGHR AN 5 (destructor scheme), E(E3 f KUHTHEIRHR & B PH AT ST BRI
o SR AR BLR M (GO) YRR, B et R I a2 HAT wl REARL R A e I AR i e (DB ) -

ARARA AR RE A LE AL ] Python FLAREMUA AR mT DAIEA:, HARIE % 1754 b B PAAR S8 2 BT with B
w2, AR B T, bt 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<{i FASE % 18 #E 04 1 35, =1 e 1 ?

—, EEAR CHREEMEDIRE, HtbpynlEWEAR. (3, FAM%0iE Boehm GC pRisUd. i iIHA R K %
PG AR R, (B R AT, MEEE KL HeliEy, BERES, 2B Python fiZF
R — )

AR (GC) 7E Python B itk A H A e AR RF I T — (8 [ . YEM 521 Python FEEIE S8 7T DA
HEEEAERY malloc() Fl free() [F1RY GC bR U BEHAEAY FABMA s [H— {3 Python [ E I FE FTREREH & i
malloc() il free() i, M4 H Python iy, PABIFEZRE], CPython FIEE{ malloc() #1l free() HF = il

.

48 Chapter 3. RFHFIERERHER
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3.16 E CPython #Ref, [EHTFEMRRERASHHER?

BB Python IR, (¢ Python HUAH it 4l iy 44 2 ] A o [EHR 42 Sl et Tﬁﬁ%ﬁmmﬁ&,LT
REE#E A . LRI C URIBUT R, A AT RERREI (4N Uz Purify Z 2R TH &#14% ).
1M, Python 7 B P ¥ R 5 G BEpha v R R 1 (E) B st E o (e 1«

AR ARAEZETA Python fERERGLIRA R EIRAF E 1R IE, IRATAM atexit BAUHAT @ EIHIERR .

3.17 [EMTEHETH (tuple) FusR%) (list) 53 R A {E A BUE 7

HRFIFITCAAEAR 2 Iy AR AR, (HLEH MAE e AR AT . oA AT DA Pascal fYAL(E] (record) B2 C
(AEHE (struct), J&—/IMEEAH BRI E T R @ AN R ZUE ORI SE &, DA—ARIEIREAEA T4 . SRR, —faf
RS AR R AR AT DA H s A s = R A AL

7 —Jr M, %ﬂﬁ@ HAGE 5 1851 (array). At ] AA SIS E 8 RBE 4, HEZBESAE. RER(E,
os.listdir('.") [ FHEEMWHEE, AOETFRBINFIR. WRIRHH T RMAEREDEMH E,
*%Klﬁ%ﬁ%m A g e EAE

m%WmTT“m7ﬁ%~EE@ﬁ@4 RS REET ke 538 (BT ¥ A o] — ML T ) T 4 %M%TM&
SEm TR . AR TR AREI T8, BT A BRI R, R AR T

3.18 =7l (list) #£ CPython h R ELIE {FY ?

CPython [1JH351) (list) Z 5 _F @ FI R LAY S (array), TAZEH Lisp 55 A9 8E#H35) (linked list). E1E L,
ﬁm*@i%m%#ﬁ%@%RM®@ﬂ (EME 45 1] L [ 7 ) 4545 (pointer) 1 HEF 1R BEAFTE R 1 O B BEL G
F

P, MRETIAARPIREE a (1] AAEMERIU NSO R T M{E R .

O RO SR AR, [ R BN, BT EGE 2 SO A IR, &ﬁﬁm#%EwMﬁ%
WAL KR, 2R RSN, BT RO IR A R EE R RN T

3.19 5=# (dictionaries) 7£ CPython h R E[E{ERY ?

CPython [<7- Sl I W] § R/ ) (hash table) FEAERY. U B A (B-tree), e85 (H WilE k& i
HAE) Dy ELFRR B, B L iR

Dictionaries work by computing a hash code for each key stored in the dictionary using the hash () built-in function. The
hash code varies widely depending on the key and a per-process seed; for example, “Python” could hash to -539294296
while “python”, a string that differs by a single bit, could hash to 1142331976. The hash code is then used to calculate a
location in an internal array where the value will be stored. Assuming that you're storing keys that all have different hash
values, this means that dictionaries take constant time -- O(1), in Big-O notation -- to retrieve a key.

3.16. & CPython #Xes, [FIFfAMICEERSRER? 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 A EE RS, e E R OCA R T . tuple (L) B G —EMEH] L —REZW
Jufl. MiTCALRA TSR, BT AR DA ARH B HL A 8

WA NGRSO R 2 TR

o PRSI G (W0 id) AGRE). ARG, WO R s — s, 2
FAREN . HIE:

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

EAEEE KeyError BI5h, WE (1, 21 B id FEE—FTHIE AR AR, EMREE, Fitrgne
ZE ] == MR, AR is.

o DE—ESHPMERE. E—RAeRs, RES28e, i gsacr2i, rABEeE
IR g3 [ERE

o RFFERSIERRE, EEFEHEARAEEI M. HRAN TSR EE) TiEME, gl
JBEIY bug, fbFIIRHIIEE 7P ELER] . 7E d. keys () BRHEEHR AT AT SO BE -

o —EERFIPEE N, MR AR, 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__ () HEMBIEES . HESEmE Ry R7ER 7 (SUAMBIIETHE) 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_1list

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, MErEH A TR R EE, HE R E AN T AEE] (unhashable) IR (1) T BB o

WA, NEWERBRLEFRp, 58 o1 == 02 (Bl o1.__eq__(02) is True) , HJ hash(ol) ==
hash (02) (Bflol.__hash_ () == o02.__hash__ ()), BMHFELEI M . W15 HEDN LS TERH
I8 == ML Al 2 ()36 R 1) 45 sy o BN IE 3 iR AT D

2 ListWrapper, N 25 6 4@ P (e 7 S, [N ARS8 RE SO DABE S R IE R I S A . Rk
REL RS RERURE 5 3 PRI F5 SRR il I PR 2R, AR A ZOE . o B AT

50 Chapter 3. RFHFIESRERBEE
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3.21 [EMT list.sort() AR EEH BRI 2T ?

HEEGHAEHEE T, EBASEE—A LR, B, list.sort () AEERFIEMHNT. B 752
EIF, EK@ET%?%F?J‘@B‘J%@JO R, HEART EHPE AR HE B A R, AR f PR A
IO EFIEH

SRR A B A R 51, AT LA [EJ# Y sorted () o b AR BERY ATEMR 04 (iterable) ek 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 fnfa7E Python chig 5 Fa(LH{E A — {8 /+ E#75E (interface spec) ?

B C++ il Java S35 F 4R 0L T RIS, bR TRy iR A . R NSRS REAE
Ao R (B A T 1) v T B A R 2R AR A0 R B

Python 2.6 Il A T abc BLA, ZEARA] DA E F/ 4 = IS M [E) (Abstract Base Class, ABC). {4 A] DA fii
Hl isinstance() Ml issubclass () M2 — M & F 5 2 E 2 15 5 1E T 5 0 i % 2K 8 E,
M collections.abc M EFR T — R I IF AWML EIKEE, %2 Iterable, Container #l
MutableMapping,

#f Python ZE[E], K2 71T HEI (B4 AT DAY 3 TC 38 rry B A  2Aei 21)

— B AL 1 PR E LR AL T (0] 83315 (regression testing) , [EIREIESEAH 7 1fi A 4 A1—ALH#EBI . 752 Python
RO A B A AT, [ERR A Ay [ B FRBt]. RICERTALE M T B SR, AR wT AT
SRR EERY (45 ] (stub) BB MIE. doctest Fll unittest BB =J7 A TIRUHELL H] A AR
T A SR U 1) TR AR B U A (B g — A TR

An appropriate testing discipline can help build large complex applications in Python as well as having interface specifi-
cations would. In fact, it can be better because an interface specification cannot test certain properties of a program. For
example, the 1ist .append () method is expected to add new elements to the end of some internal list; an interface
specification cannot test that your 1ist .append () implementation will actually do this correctly, but it’s trivial to
check this property in a test suite.

PR EIFE AR, MR g RIS MR T BIEUHES) 5 %¢ (test-driven development)
e GBS MO BRIk, M ESRAESEBETR MHEErE, MR RR AR ZN R, 54X Python
W AFF AR B AN T AL AT

3.23 [Elfg[F/% goto F&i% ?

AE 1970 4548, AT M 2IEA FRHH goto S8 EuREEL. AT MAME Y [FERAE ] #2205 ("spaghetti”
code), HEFIEFESE, BUHRAFER, WEFH IEW ANGER 2 (LA Python ZK[E], F if BEIAZNHI or.
and I if-else sBER) FIEIRE (] while I for k=, TREE A continue fll break),

Fe At m] DA B A SRAL [ 45541 goto ], B E R DABSRAEIY . R 2 NBASE) 4 a] AT HiA SBEAE C.
Fortran Fl1HAh 5 5 B M A Teol F1 [gotol. fBiltn:

class label (Exception): pass # declare a label
try:

T —T30

3.21. [Ei list.sort() AR EHHFBRYERT ? 51
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(M L—H)

if condition: raise label () # goto label

except label: # where to goto
pass

ERKARRERIRBEEIRE, &l E 2 oo M. F/OM.

3.24 [E{a iR (r-string) RRELIRSIEIFRE ?

RS EHIZRE], MR RE A AT B S RHEIAS - R s R T3 1) SORHE @ (65 PR 15 | SR T (escapes), S —
TR SR H

seEtth s 2B TV A O o B g B R (FZRIEMFRX) —M A ErmA LK. &
VEBRES SR IC A 45 PR SR EVS B e, B ARG HR AN AR AL M, MRl AR — A R A i 5 |
o g SRR M M TEAR RO H A _E IR H O

USRARE B 7. Windows BRAC A4 A, #HTERE Windows RETHE k2 — AL

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

WRARE Bl DOS $5 9 M HHEA A, ol A M AT il -

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

3.25 [Flfa Python [ B X {EAY with BFAR ?

Python (4] with B A0 48 T — ESARAYAT, FEIEAFIRE R iz IR TR . — 28RS ARy
K

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

{HAE Python, & T HEZ BRI o

TEHAUREFE], 122 Object Pascal, Delphi il C++, (Y2 EREAUE], 7 AFRAM AT LAV ARE 118 2 00— {
IREWARIRME . 182 IR B EI SR (EARRRAIREE,  Aas A S R0 1 (1 2 MU 1 Ak (scope)
Python {1 JiJ ¥ @ B REAUE]. I AFRAMIAN AT BES il I 60 A7 3 W (81 1 R o P 8 ol 50 A T REAE A T IR
TEPPE BB RS R o 18 CEA AN SR A B A, FM AR DA T WO g 4t e i - [k . sk
ol R 7

PARFIA SE He i AR [E) 91 -

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

52 Chapter 3. RFHFIESRERBEE
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PR AR Tal Al [x) R EJEdE. A%, Python [EIEEMGEMEIREF B E S, 1
Mt Tal B—ARMIORS, MG EAEIR? IR — WA SARE Tx, IRAEEME with B €6
WG? AngRBr AL, Python B (8 1% o : (15 15 TSR 45 5 DN 4

R, with BOAX SRR RR F Rk (EREREE) A9 200wl VORI A . RO B PR -

function (args) .mydict [index] [index] .a = 21
function (args) .mydict [index] [index] .b = 42
function (args) .mydict [index] [index].c = 63
JE % 5 E bR -

ref = function (args) .mydict [index] [index]
ref.a = 21

ref.b = 42

ref.c = 63

%mﬁ?ﬂ%ﬁﬁf SRR R, RIE] Python 144 AR & AT @ 7E BT IR0 B2, 026 — WU 5 A 7R
— U RIE]

3.26 [FFI4 28 (generator) A8 with BRiR= ?

HORN B AT, R A 2% B4 VB TS 35 (context) 45 P 2% € S5 1E & /E . [N EE & 2K (E], [E)AE 8% 2 1
B EC Y (terator), B f 4% 52 MUIRF AN T3 S0 F B BH P (A SRARTE AR, AR AT PATE with Bk X [E A
[ contextlib.closing(generator) | At At

3.27 [ if. while. def. class BRI EETHE ?

FEE TR E TS (d ABC RES R EBREH) . slAR A H 461

if a == b
print (a)

PAR:

if a == b:
print (a)

HES G TR B S R R . ] DA AR, (M B R A e B 11 FAQ & =B FEI)
T8 A EE I 9 S .

T3 —ME/NE I 2 B R A RS A A A S, MM R R B R AL T LA R 1 R S 2 A
HE, WA B0 2 B EDS 2 i RS AT -

3.26. [Fi{g[F)43¢ (generator) FZE with B ? 53
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3.28 [Elfq Python 5t B 7£ 5B 5 F0 Tl K i hn_LiE5% ?

Python FRFFARTEERSY . JTALAI S B &5 R m HaZ 9k -

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

EA 2 R A ATET -

WAREAEERS, ST MO ER AT, SR E R e R RRE 6, R EWRAR R ZAE W —4 7
FAESE. ERATIOE R AT AR, A SR EGRAE ER

A/l TR e RO A B B, Bl

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

]

BRI ERAAE UECE, (AR A = [feel. [fiefool. [fum . s FLARIN_EAE 5T ARG iE S
ixo

FURFAE AL SRt A R R I A 5 [E A
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R EFR L RER R REE

Y4

4.1 EREAXHE

4.1.1 How do | find a module or application to perform task X?
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 BREIST L% 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 % %5 A4 (.py);
2) H CgismIE ek A R4l (dll. pyd. so. sl %F);
3 C BB BRI T IHEE tist, FHIA

import sys
print (sys.builtin_module_names)
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4.1.3 FHin{a{E Python script #1177 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&EHEHAK Python B4 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 Is there an equivalent to C’s onexit() in Python?

The atexit module provides a register function that is similar to C’s onexit ().
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4.1.6 Why don’t my signal handlers work?

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

[handler(signum, frame)

so it should be declared with two parameters:

def handler (signum, frame):

4.2 BRRE

4.2.1 4T BJH Python X T ?

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 ()

These aren’t:

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!

60 Chapter 4. FHXEFHRTENEENE REE




Python Frequently Asked Questions, £(F] 3.11.8

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.

Back 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 recently did a similar experiment in his
python-safethread project. Unfortunately, both 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.

This 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 hash1ib already do this.

It has been suggested that the GIL should be a per-interpreter-state lock rather than truly global; interpreters then wouldn’t
be able to share objects. Unfortunately, this isn’t likely to happen either. It would be a tremendous amount of work, because
many object implementations currently have global state. For example, small integers and short strings are cached; these
caches would have to be moved to the interpreter state. Other object types have their own free list; these free lists would
have to be moved to the interpreter state. And so on.

And I doubt that it can even be done in finite time, because the same problem exists for 3rd party extensions. It is likely
that 3rd party extensions are being written at a faster rate than you can convert them to store all their global state in the
interpreter state.

And finally, once you have multiple interpreters not sharing any state, what have you gained over running each interpreter
in a separate process?

4.4 AR

4.4.1 IR ER ? (IR HE 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 () to create 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 ().

TEFATEZ, #5HH os.rename (old_path, new_path).,

To truncate afile, openitusing f = open (filename, "rb+"),andusef.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.copy2 () 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.

#i[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 str 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 » bytes
from a pipe p created with os . popen (), you need to use p. read (n) .

4.4.5 ARSI (RS232) EHEE ?

¥ Win32, OSX. Linux. BSD. Jython. IronPython:
https://pypi.org/project/pyserial/

¥iA Unix, 752 [F) Mitch Chapman [#] Usenet B 3
https://groups.google.com/groups?selm=34A04430.CF9 @ohioee.com
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4.4.6 Why doesn’t closing sys.stdout (stdin, stderr) really close it?

Python file objects are a high-level layer of abstraction on low-level C file descriptors.

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())

Or you can use the numeric constants 0, 1 and 2, respectively.

4.5 it (Network)/{AE#EE (Internet) X

4.5.1 Python it WWW T A ?

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.

Cameron Laird maintains a useful set of pages about Python web technologies at https://web.archive.org/web/
20210224183619/http://phaseit.net/claird/comp.lang.python/web_python.

4.5.2 fn{aiEEE CGl REi%H (submission) (METHOD=POST) ?

I would like to retrieve web pages that are the result of POSTing a form. Is there existing code that would let me do this
easily?

i, dER—f urllib. request KM HLEERI:

#!/usr/local/bin/python
import urllib.request

# build the query string
gs = "First=Josephine&MI=Q&Last=Public"

# connect and send the server a path

req = urllib.request.urlopen('http://www.some-server.out—there'
'/cgi-bin/some-cgi-script', data=qgs)
with req:
msg, hdrs = req.read(), req.info ()

Note that in general for percent-encoded POST operations, query strings must be quoted using urllib.parse.
urlencode (). For example, to send name=Guy Steele, Jr.:
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>>> import urllib.parse
>>> urllib.parse.urlencode ({'name': 'Guy Steele, Jr.'})
'name=Guy+Steele$2C+Jr."

2%
urllib-howto [FIA5 K& i .

4.5.3 FFEE%(EA M DR kB4 HTML ?

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

4.5.4 {4 Python [FIA X EI{F 7
{5 PR Bft bR S MR smeplib,

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

import sys, smtplib

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

line = sys.stdin.readline ()

if not line:

break

msg += line

# The actual mail send

server = smtplib.SMTP ('localhost')
server.sendmail (fromaddr, toaddrs, 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("%s -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)
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4.5.5 How do | avoid blocking in the connect() method of a socket?

The select module is commonly used to help with asynchronous I/O on sockets.

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

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

fiE): asyncio BUAHSRML T — 8@ iy A T4 EVEE R R 2 ph s, T R A 57 AR FH 28R AR TG . S =
77 Twisted e B2 —HERAT HI BB E AU %

4.6 EEE
4.6.1 Are there any interfaces to database packages in Python?

A

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

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

4.6.2 How do you implement persistent objects in Python?

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

4.7 HBFE(E

4.7.1 W0{F7E Python sh4 R REHEE ?
FRUERIAL random FOAE T (AREFEBCE Mk . AR 2

import random
random. random ()

T[] [0, 1) 4 [ () 7 S
FARSLAL R A 2 AL SR A Ay, Bl
* randrange (a, b) @### [a, b) HiEEN M.
* uniform(a, b) G [a, b) HEER .
* normalvariate (mean, sdev) ¥#8E (i) 4EETERE (sample).
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— LU R R BT A T, Bl
* choice (S) G4/ TH PR —HERITE.
* shuffle (L) €)Ml (in-place) F1EL list, EJEEHEHRSIE .
¥EA M Random $HE], VRAT DA S BEGI b DA ST 2 {1 8 7. 1) A 2 s -
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CHAPTER D

B/ BANEREES

5.1 FKETLITE C hEITB IR ?

I, ARATATE C g e kil 80 (AN 2R BB [EVEHSAT , extending-index SCIF A AH BAEI] .
RZ Wb e Python 3585 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 APL

If you need to interface to some C or C++ library for which no Python extension currently exists, you can try wrapping the
library’s data types and functions with a tool such as SWIG. SIP, CXX Boost, or Weave are also alternatives for wrapping
C++ libraries.
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5.4 wnfast C #ITERE Python Rikx ?

The highest-level function to do this is PyRun_SimpleString () which takes a single string argument to be exe-
cuted 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#¢ Python H{pigE C {H ?

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 strlen () 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 num-
bers (PyNumber_Index () etal.) and mappings in the PyMapping APIs.

5.7 wnfafE A Py_BuildValue() Bi{ER & ERIITH ?

B IR . 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_BuildValue (), 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, AT 10, 0 FEIREZRY PR seek” Tk (RSUEEYHEIEEDE) -
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res = PyObject_CallMethod(f, "seek", "(ii)", 10, 0);
if (res == NULL) {
an exception occurred ...
I3
else {
Py_DECREF (res) ;
I3

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{ariEiE PyErr_Print() fY&&H (SR4E{TENH £ stdout/stderr B3
7a) ?

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!"'")

>>> gsys.stderr.write(''.join(sys.stdout.data))
foo

hello world!
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5.10 nfar#t C =HE A Python (B AR 7

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 HEAREERFET —@EHA, (B make kKT [EH(E?

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 FHAAEHKH) Linux R _LIEFE—(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 |, #5425 python-devel RPM AREUS A B 22,
¥5® Debian, J#4T 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, R PAMFH codeop AL, ‘& ookt 1M 4% (parser) 1947(E]. 1542 IDLE s i FH & .

The easiest way to doitin Cisto call PyRun_InteractiveLoop () (perhaps in a separate thread) and let the Python
interpreter handle the input for you. You can also set the PyOS_ReadlineFunctionPointer () to point at your
custom input function. See Modules/readline.c and Parser/myreadline. c for more hints.

5.16 WN{aJ+XFIKREED g++ 5k _ builtin_new 5 _ 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 B =88 (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 LEF—(@ Python H#l, (BRERD—EERK. D7 4


https://www.boost.org/libs/python/doc/index.html
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£ Windows {# F§ Python fE RS &

6.1 I{T7E Windows {E% % #(F5E{T Python 12X ?

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

BRARAR G AR RE A B B BN, A IR A GERTR Y [ 4R T Ichitd ] 475 # N Windows iy %
EE, AT PAEE AR A I ond RENLERIIE A . IRIER BEEIRS L TRy L E B E AR
YRit% %] Windows [y 4&Rn o0, ElHWARRGEH:

[C:\> ]
BT REA—H, B GEE A HAEIZE, IR e R 2 5 & S IA T A S0

[D:\YourName\Projects\Python> ]

REA R RIS AT B, DA R AR BRI 3 B B A . — BRI s — B e, ARat RIS T A
147 Python A2

YRFE TR, AR Python [EIAAHH: ) —(AHIE] Python &% B AFE /PRI BB & @ IR ENAS, i H
far EOCALES, AR TRZ AT ATEA TR AR . R, ARBEan o] 2 B R AR A BE BRI Python IR ?

Y, MR A B e i py” s E D) 22845 4 . IR A BEE a4 5T, 1
g% A 4 py [EHR return g

[C:\Users\YourName> 3% J

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 ST [ EEEE . SRR IRAEEILAE B 77 30 A Python PR sl F A, EESFERH
FrelEHEEM. 852 Python SELRMTIGEZ —. MAIRETER &M ERE SRR, WTMRERIL I 6E:

>>> print ("Hello")
Hello

>>> "Hello" * 3
'HelloHelloHello'

FF2 N BB AR E (AR ] g BERE AL R RS . R AR SR BB 5K Python 355, 5T exit O
PR B AR ctrl #FMA 2, AMEHE N Enter” S#PAIR[E] Windows fir 452787 G-

PRT RER G BB — M BIAG DI RERIHE , 182 B4 » ATA 42X » Python 3.x » Python (4r4-47), "B #IR
TE—AFRE PE S >>> RTFIoL. WREEH, EREHAERIEIY exit O BKEEA Ctrl-2 FIoR
H2; Windows IEFERZH % HHIEATB—{H [python ] iy 4, [EFEARA 1L ELREARIRF L BH P -

BAEFRAMANE py AT wakE, AR AR Python EARHL4E . Rl ZEE Python [Fl7 44 & [ B4

BCRH S BRI . R AR Python (ARG S I, [Efan#4[E hello.py, HARM AR TFICIENRIIZH
(home directory) oI MR FHE], FRE Rt & A FIBULIA T ryEI%

[C:\Users\YourName>

R, BUEAISEREEA py M EEARBAE, KM py @M RmEAGR A4 Python:

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

6.2 0{a{E Python [EJA ST LL#ATT ?

1E Windows |, HZEHfE[¥) Python 22 #5232 B 4% py Rl 4 B —TERE 242 (Python.File) 31T B, [EEREAE %
AR AL —(F B (El ey A A E T H 288 (D: \Program Files\Python\python.exe "$1" $*), izt Aff
[EIA fiE AL foo.py’ FITE A iy S /R F e T AR AR 7 2 REED ] B Hb iy A foo” S ATIEIAR, 1A F
LRAES, RIFEES . py ¥l 2 PATHEXT Sbgss s,

6.3 [[Ift(E] Python HFRREE LRI GERMLE ?

i@ Python 7 Windows [EIBjf{ERgte, (EMRAT & F —Legiaifictty, [E452 Python Z8 SR BIIA TR ZARR AU
A REEI®) . SEREIIE A B R, Python 7 HAth Windows F &% R PATEFR TAE, MiARLE RGP th
AR .

e M1 R AT BB 2 I B R M R A A I BB TS Y . H T e s fa e, AE
BB EE AR AR RS T A RUIRRE, G Am SRR EE A, S E AR s L
TSI, AR E TR BCE B A ). B McAfee WICE EHT T I A M R AR I0EBUR B, ©2—
TR E R E R -
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6.4 infa# Python [EIAFETT$11TiE ?

s [FIHow can I create a stand-alone binary from a Python script?73% =4 T R EWE AT sATHs 0 T2 5B,

6.5 *.pyd £#E&E DLL 4R ?

A, pyd BRI dIl, Edf — S EE. WRARH A E foo.pyd 1 DLL, HIEAZHHA KX
PyInit_foo () . #FH KA LA import foo” 5§ A Python [El4%, Python % {27 foo.pyd (AKX foo.py. foo.pyc),
402k Python 4R EIE, & EHIFM PyInit_foo () A ERIIAR . MRERE IR exe S foo.lib H % (link),
PRI [E3E €5 3 Windows 225K DLL IF71E

sy, foo.pyd (138 S %1% & PYTHONPATH, 1 Windows fil it 18 5% foo.dll [ ESF& ARIA]. LA, foo.pyd Ao
AAERN AT TR RES, SR AR VR R S 4 T — M0 dll, JIE% dIl g @ b B . F AR, WARARAEEE import
foo, foo.pyd ¥ E ). 7E DLL 1, %52 DA __declspec (dllexport) FEJRIRH T 9 E & . 7E.pyd Hr,
HEE R ] R List (%) ke,

6.6 I0{T 4% Python §& \ Windows f& Hi2stch ?

£ Windows AR i A Python BRI A% Al DA & 40 T -

1.

AEEH % Python 722 B B /R M) .exe F HH . FF Windows [, Python /82 —1# DLL 3 jEHR4H ) import,
AR LA A B th 2 DLL. (38525 AR IEGE . ) @(Ef45 5 pythonNN.d11; B
WL HETE C: \Windows\System W1, NN J& Python fiAs, fl411733” 5245 Python 3.3,

ARAT DASZS 168 ) A AN (] 1) 5 X 4% 31 Python., A IRF#L4S (load-time linking) 7R 2 H 45 £l pythonNN .
lib, THEfTIEEE 45 (run-time linking) F5REEH 45 %] pythonNN.d11l, (—f&Ef#: pythonNN.1ib
& pythonNN.d11 FHEHER s "import lib” . B @ FIFEE2 2 264755 )

WMATIR IR A R Rk T A BRI r A FIE A g S AR AT R, R RS A
Windows LoadLibraryEx () % 3 (routine) K& A pythonNN.d11l, %2 A% 0678 ] Windows
GetProcAddress () HRFTEUEHFHAE, KM pythonNN.d11l F144 (HPE] Python C API ) F£HL
HIAE R B METIFY Python C API #x0iy C #2UHE, B4 AT DARE H i LU 48R A 1k .

WERAREEN SWIG, I RTEER 2 7 —{f Python [ FEMEAH ], a AL o i ) A2 5 OB A method
(J7¥%) wIfit Python {fif]. SWIG GEWRpE H AT Fr i) S BHAN T . AR, et C REaXagE4S 2]
PRIv.exe fHE] (1) fRANREST DLL A, TS 16 T 345

SWIG s 57— init R0 (M C /X)) , HARMIERIE BN A, flan, 5B 2 #
J2 leo, HIIi% init =X & iy 44 [ initleo(). WAL AR H SWIG shadow class (%H[E)) , I init o8 =X & iy 44 [F)
initleoc(). & EHIEE1LHY shadow class fir 1 Kk 2 3 F& % 119 helper class

PR PAAS AL B 2 i C R CAS 45 3] .exe A TR R 2, R nY ) 4R 1k bR =0 55 R0 import 452 40 itk
Python! (iE/2%5 —MHAIEXFUE B HE.)

2, Vxn] AR PA AR RS, DMRA IR FERAL 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 [¥) C APLA WIffl F/, #SRARMEH MSVC (R 7 5 pythonNN.dIl ket ) LASNKIS s , &

L S
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B 1: (A FILE * 5180l (IR SRS fekal, 762 fidds (multi-compiler) BB o & M35 1F
. HEE A S struct FILE BBREAR. (EEERBUERA, B2 drs _ IR _ 1
e

[/ 2: SWIG E[E] void pRsXEIA: 146 pK5X (wrapper) I € [F14: AT A :

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

1%, Py_None j&—HE4E, B EEME]—{H2 8, 515 pythonNN.dlIl [ElBA)—EAFE] _Py_NoneStruct [
IR AL . FRER, BEREUHGHE 2 i a R TP & 230 st IR U R B :

[return Py_Buildvalue (""); ]

ARTRERT LAGE ] SWIG Y stypemap fiy4 DA H BEA ARG 0, BEAATRR B EHIEH IS (T2
—fE 5 4H) SWIG Hi ).

6. fii fil Python shell [EJZ¢ /Ry Windows JfE FI 2 XER # 1 — i Python PRt A2 — i 18 %l
Tl G ST R E R AR AR 7 R . BN, R (3 wxPythonWindow class) MERZELE — [ 4
B Bt . IR AR E Python ELEAR 2R S 1. MRAT LUK Python [¥) i/o T [ (redirect)
BV AR S BORE ARSI, H AR R R84 read() Fl write() method ) Python 44 (ZEAR
9% e A e ) SEnTPAT .

6.7 w{aIRs LR ERLZEFET Python [RIGEEIEA tab ?

FAQ Rk fliJl] tab, H. Python JEA%fiFs PEP 8 #kAE 70 HiaX Python PG 4 fH254%; Bt E Emacs
(¥ python FEATHF(H -

FEARMTSREERS 1, #% tab ISR AER R — 38 . MSVC fEiE H i@ —4k, Hn] DABSHATD & (F)fd i 2
B IR~ R0 Tabs, SMEER [THEL MEMAL 3 [Tab IO/ Rl THHER/DN BoEE 4, A%
A ] BB

APRIR A tab M2 BTS2 7 oC i BLRE , Jll Python 5[4 IndentationError B{ TabError. ff
WATPAEST tabnanny B, ZEftUET A H ER .

6.8 IIERHEMIBELITEE keypress ?

(i) msvert il @ MARHER Windows HTEARAL. EERT MK kohit (), KX T
Je T BT (keyboard hit), AN PRI getch (), iR @ HUS— 70 HA G T

{1

6.9 IN{IRREEF api-ms-win-crt-runtime-11-1-0.dll g4 58 ?

{f ] Windows 8.1 sl B RLIRACEF , 5 W R ZHEFTA IR, HIJ W] AE @7 Python 3.5 DA_bfi A 88 A2 i R E,
RNV R B 32 SR E FUR SRof i, b Sk R 8L, 553575 Microsoft S 1% ¥ DANUAS
B A B) 2% C Runtime BRI HEH -
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CHAPTER /

BRERENEEREESE

71 BRERESTE (GUI) BE REE
7.2 Python & GUI 4 7

Python YA A A0 55— Tel/Tk /N T ELIE (widget set) FGPHI BRI AV, IE) thinter. ol RS A 53 %
4 (HEE A 7E Python R ZE it il 5 f T A ) MMM . A8 Tk WHEAER (& MG
M4EAE ), 55 2(F Tcl/Tk 1 H . Tcl/Tk #F macOS. Windows Fil Unix & 2554 A[[E] (portable) 1.

MR ZA &, 2 H A AR . 7 python wiki _E AT DAHRE]— {51 5 1 LA S A5-1 6 S 11 GUI
HEALE R

7.3 Tkinter By

7.3.1 infaaR$E Tkinter EAER ?

Hi%5 (freeze) j@— A BB L R sUA0 TR o FEBRAS Tkinter B AR, 320 M AEUR 2 HIE R 57,
PRI ER% M 1 AT AR 52 Tel Rl Tk pRsXd.

One solution is to ship the application with the Tcl and Tk libraries, and point to them at run-time using the
TCIL_LIBRARY and TK_LIBRARY environment variables.

SRR ELIE AT A AR R, R I ek B Tel EAR o B &30 e AR . — @] S g s e LA
& SAM (stand-alone modules, J#378Bi4H), B2 Tix BT —3B4) (https:/tix.sourceforge.net/).,

FEAE SAM #E(EVH 115 E) T 28 Tix, %} Python [ Modules/tkappinit.c F1¥ Tclsam_init () ZER
AT EE e | [FIEE libtclsam 1 libtksam 3B %5 ({47 GEHH € include Tix pR =L ) o
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732 EBULHEHEFIVOERE Tk EH?

On platforms other than Windows, yes, and you don’t even need threads! But you’ll have to restructure your I/O code a
bit. Tk has the equivalent of Xt’'s Xt AddInput () call, which allows you to register a callback function which will be
called from the Tk mainloop when I/O is possible on a file descriptor. See tkinter-file-handlers.

7.3.3 FHEEZ R (key binding) 7 Tkinter h{EA: [F{+E] ?

An often-heard complaint is that event handlers bound to events with the bind () method don’t get handled even when
the appropriate key is pressed.

he AR, EgEr/ N TREES [ (keyboard focus) J. A Tk [EIB SO B M iy &
WER. @, B -ENTH, aResigsn (EARBNREE; 72 akefocus #IH).
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[[EMHE Python #REERIERE L 7| FREEE

8.1 {+F/& Python?

Python J& — AR & o B AR W R AR Python J& A5 5 B3 S, BAE 25
HORIR SRR VRN AR R S i TR (HE gl e e B g ARG, 0 Google. SERRKZS
e e /N

AR ERE S Z B Python BYRIGH, 7T RASENE Python 15257 157 | B ARETH -

8.2 [Flft(E] Python #Zedt FEF pY keS| 2

AR EE B 22 4% Python R RAE, (ENGCIRMIRG 224608, HA W] AE @2 DA T MBI AE 222600 .
o U RF A T SRR A i A AR R R e AR s L2246 T Python s ARTE 2 [ A — T fl R 48 61 1 ML %
e HUTREMEA T 248
o LAHRERI S =5 B AEURT RELA Python 3 F R FI[IIH 42 4% 1 Python, @tk ARALIAL,
GUI X B 48 I s A0 4 B (DA A

o — U2 Windows ALY 2228 Python, A SO E T, FoM459 HP B2 Compaq H i)
PEAVERTE R 4 4% Python, HSAIY HP B2 Compaq #5418 H T HFE /2 11 Python 5 5 T 5T .

o FFLAHZ Unix 245, B0 macOS fil—L8 Linux 347 MUARTE R 2658 Python; B9 &7 BLfE 2 44(E).

79
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8.3 FHEB1TEIR: Python 1§ ?

T ELHE Python 1247 AEE

HAH NRA ML Python, /R0 AATRREIRE, B

3 (Control Panel) H =3 714/ B8 IR A SRR 28 -

A A 8 . Windows (R g, il

# Python J2iZ i o5 —J7 AR AN 26y, VRtun] HATRSIR, ANl ez R OIS SR IR AT o ARIERZ 0T B

AR R 2 e AT JE L2 [E: Python,

WIRERMEBLSE Python, ARSI E . M F L T AR R EEA Y, HHOTBRE, &
it Python 2571 T HARUM MEA IE R AT TR LR ARS, A B UORELE 2L M.
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APPENDIX A

>>>

83X shell (Y FEE Python 7R850, 5 WU RETE B o DA LB 5 e A TR RS S 01

AR

2to3

o AR RIS IR . FE— B VLR ZE A B AT (delimiter, BIFRSE. Jrffo%. IEHEHREL
=519%) [E8, SURTEREE —M4EHE (decorator) 4%, #L AREsUAGIE, H.B)5X shell HURMTH
¢ Python $27R°7 JC.

o Fi# Ellipsis,

— {7 % Python 2.x FEsUHSHE/E] Python 3.x FEAMEAY TH , B /2718 SR AHS S AU AAH A PR ACEE AL
BECE, T SRR 2 R 30 S BT 5 R i JER Fr AT T Al £ 24

2to3 FE 0] DABEME R X HEH DA 1ib2to3 il B4 T MBS A D8, ¥E Tools/scripts/
2to3. w2[E 2to3-reference.

abstract base class (il 3L KE])

%A REE (REE ABC) 4t T e Mu ik, 1EEduck-typing (B F2(E]) Mitdizc. Hh
BRI AT, B2 hasattr (), RIBMRERECREA MM SEER (Gl fEER 7% (magic method)) .
ABC [EJf][E#5E#% subclass (FHEE)) , EMEREEKEH S M class (JEE]), HA5HE isinstance ()
J issubclass () #il; #2[E abc HALRYEIH 4. Python A #F £ [EE ) ABC, ARG (1F
collections.abc #i4H). #F (F£ numbers #ifH). &% ({F io #54H) I import 4GS FIEH A £%
(#£ importlib.abc BifH). YRATAMER abe fi4H A H O ABC,

annotation ([FJf)

jgﬁlﬁﬁi-?é%l class @1, M2 Bk M EEAH BB ERE. IO, RN AEEpe hine (Z4EHR
)

TEFUATEE (runtime), [ ok e (EV R SRV REAF I, (ELAdiB . class JBMEA R XTI, & 20 (E)
f A AERAL class MY _annotations__ FFFRIE ML

#52(Flvariable annotation. function annotation, PEP 484 Fl PEP 526, 526 ¥eh L h e ER . B
EVRR ) A B 7% 2 [E) annotations-howto.,
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Python Frequently Asked Questions, £(F] 3.11.8

argument (5]%})
WP Y oK X R BIE 46 function (8{method) WI{B. 5|8 WitE:

o Bl4E 5] # (keyword argument): FERRANEI . DAEREI (identifier, 40 name=) BHEEME| 8L,
a2 PA ** #&1H dictionary (8L ) [EWEREIERS | #. B, 3 81 5 &RZPAR complex () FEIY
) BH S5 |

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

« 15 31 4K (positional argument): I BT W7 | . (0 WO — (7 | 08 RO A4
B, R () ARE * 2 fhierable (ATEVRYDPE) HROTCEMEMEE. BT, 3 1 5 ABRDA TPt
H 32 5

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

51 W e A ek R P I A B . BV SRS (R i e AR B, S (E calls Fofifi. 7ERE
R, AT AESE SR AR RN — A5 18 H S Ah (e s e 4 s 0

s EEEE  parameter (Z80) WH . & LB R 7] $he 4 F Moy 2[E], PLK PEP 362,
asynchronous context manager (JE[FR]B5EEEPIZS)

— @ v] PAFE il async with PRIAC A T RIS 4, MESEM T FE __aenter_ () Al
__aexit__ () method (J7¥E) HFEHIH. H PEP 492 5] A.

asynchronous generator (JE[R]2B(EI4:2%)
— 1l & [a] {# asynchronous generator iterator (JE[EHEIAEFFEEE) MR R . BEHERRBE ML async
def & W FER L (coroutine function), HANFKZE M T vield BHNK, BEA M —FRF W R
async for [FIEMME.

B ATRE I S — AR E e g R =, EAE T TR Rn R $EA BEKRE
(asynchronous generator iterator), ¥ FRIEN) B EANENERE , AR H s HeE, ARG 3¢,

—fE LR B EVERS R TS await N, PAMK async for fll async with PR,

asynchronous generator iterator (JEF]2BE)/: 25EICES)
—Aiil i asynchronous generator (EFEIEIESS) R ESTAIYH:.

& B —{Hasynchronous iterator (E[FHEUREY), B EVA __anext_ () method FIFNYE:, & [a]{H—{F
T AEFEY 1 (awaitable object), %A IEATIERI BB A 2R R 14, HEIBE R yield #H
s

B yield Y EEBART, ERCEMENTIRE (GG ESESE M E T K oy BAK) . EER S
EA ZEREVAS 1 __anext_ () BHER A S5 A RO ERE, & et m 1k ibhy #4535
1. H2[[E PEP 492 1 PEP 525,

asynchronous iterable (-] o[ [F{CH1:)
— AP, BEFPATE async for BRIAX P M. LHEREM _aiter_ () method [H] & —
B asynchronous iterator (EFIMEMER). B PEP 492 5] A,

asynchronous iterator (JE[FRIZBECRS)
—{HEAVE __aiter_ () fl__anext__ () method B¥){4. _ anext__ () WA —{Fawaitable (7]
EREIE) . async for ErTIERIAENERAY __anext_ () method ff AW S5 14, HEIE
5% stopAsyncIteration ffl4h. [ PEP 492 5] A,

attribute ()&M)
— (W B SE W A BB A, RZ AR 2 BB ad 1 (5 ) B 40 B i 3 = (dotted expression) /)44 Figi 2 I8 . @,
R o H—HE M a, RIEZEEITEREDA 0.0 BESHE.
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A LR, %%nz%@ i 44 WA S i identifiers JiF i 362 i(E4F (identifier) (1) )& V24 vl fE
;’% BN setattr () o Q15 kR0 B P19 ey 7 ) 28 0 P i B B, T2 TR B getattr ()
BEE.

awaitable (W Z:55M1k)
—{E T PAE await $EE A PR A F. B0 A —fcoroutine (178 ), B2 —MA _await__ ()
method (1. 5575 2(E] PEP 492,

BDFL
Benevolent Dictator For Life (&S5 {"28M# %), X 4% Guido van Rossum, Python f{#l1E# .

binary file (— iiHIEER)
A file object able to read and write bytes-like objects. Examples of binary files are files opened in binary mode
("rb', 'wb' or 'rb+'), sys.stdin.buffer, sys.stdout.buffer, and instances of 10.BytesIO
and gzip.GzipFile.

g2 Eiext file (SCFAESR), B —WREERIAIEA st YIFHEED .

borrowed reference (fi5H]Z14)
In Python’s C API, a borrowed reference is a reference to an object, where the code using the object does not
own the reference. It becomes a dangling pointer if the object is destroyed. For example, a garbage collection can
remove the last strong reference to the object and so destroy it.

$borrowed reference WERY Py_INCREF () DANSE JFHh (in-place) #i([EI[Elstrong reference 24k fat ik R0
WA R% 4 1A e A dpe 1 — IR i THHVQHEZ At EHE]. Py_NewRef () bRz A AT — B [Wstrong

reference.,

bytes-like object (JEfc4lHh#tl)
—1W 5732 bufferobjects H GEFIME i} C-contiguous SEE B WIE. BOIEFAN bytes, bytearray il
array.array ¥, PAKFFZHE ALK menoryview Y. FAATCALER Y AT HIR BERE 3 H R
AR EE BRI R IR RS socket (HHME) ik,

A S SR e R AT . (B SCRE R e E e (R TR ST AT R . AT
“%ﬁ@rEE’J%ﬁE@%bytearray, PAK bytearray [ memoryview. A& 5 95 2 ik i &
BHE AR Y (THESRS O CAHABY D) s By FsE bytes, LA bytes Yy

memoryview,

bytecode ({i CZiTE)
Python f J5 4G 5 € 9k S e LT AL, ‘B2 Python F23U7E CPython B 3%a% - IERRE /R IE . w4 IC4L
5 g7 AE . pyc FERY, U\@gﬁ:ﬁ(ﬁﬁﬂa*ﬁlﬁﬁﬂ%ﬁﬁﬁ‘f (T PAZS F A8 5 0 2
HEMICALRE) . B [ J 5= (intermediate language) | 5 28474 — M virtual machine ([E15EHERS)
b, B e AT B R 5 T AL 3 E A M1 (machine code). BEFRAIE, (ocALAEH L2
$EVEAE AN Python [EMERMERS 2 MEMEN), R REFEA IR HRAR Y Python 2 A& -

(L TCALAS 5 21 F AT DATE dis BRI ERA SO 4R 3] o

callable (n]WEnL 1)
—{{l callable & 1] PAREIFEIY 540024, WEnU B AT BEDA R AN — 45 18 (55 Rargument ) :

[callable(argumentl, argument2, argumentN)

— Al function BELILFE A ymethod HR & callable, — A BAE __call_ () J¥EMY class 22 B it 2 {1
callable,

callback ([n[IFf)
VEE)S |0l 3 1) — il G 22X (subroutine) R, €7 AR A A I [H] BE 4 LA 7 -

class (J(E])
— P S AR . Class () 0 3838 5 & 1% method (1) 38, 154K method 7] PAYE
class [ EE ) b atEA T4 .
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class variable (KE[E/528%)
—H7E class TR EFE, HERZ LGETE class IR (GBI ZAE class (BB T) W& om s 8.

complex number ([EJ%)
—AIRMABNERR AN, TEMTE B e 2R E— @B EERR A [El#uh 2 E
BOEAL (-1 9T IR) M EELRy, WRALE R p s (E 1, 7 TS (E) 5. Python [F1:
THEMMN LR, RS RERERE; ERS e E MRS 5 g, flin3+15. #E
#4 math BIAAEIR TH AR H R ES, 7 0H cmath B4, IS0 & — (A o 1 B i 2 ) B
WRARE 22 F e Mp TR, IBEIRT-REREE R ] A% e Z 08 e M.

context manager (5E4RIZS)
An object which controls the environment seen in a with statement by defining _ enter__ () and
__exit__ () methods. See PEP 343.

context variable (|i5BE%4%Y)
—{E s, HAAE T DUREE B SRS A AT . 38 BT 4% 38 f3% £7 [ (Thread-Local Storage),
FEH A, — s BE R R T2 T RE LA NFAME. SR, BIRES S, £ —MEfTssh e & s
ZARNEEE, MR B B, RAEEFTHYIER 2L (concurrent asynchronous task) H1, A
wheemBE]. ##2[E contextvars.,

contiguous (%)
TR — flE] 4% 187 [ )& C-contiguous Y )& Fortran contiguous, HI'E 7 fE Y]l th F) 2 A 1Y . 4k (zero-
dimensional) ¥ %&1E [ AR & C M Fortran contiguous. 7E—#E (one-dimensional) [#%1] 4, £-J8 H W /ELF RO
HE B A AR S, TR 7 21 BB IR R . 72 2 4 (multidimensional) C-contiguous [i%1 H1,
U A OLHE O E 7 3 B A T H R, FefZ— MRS ki, 4R1M, FF Fortran contiguous iz Hr,
SF—HEG W m.

coroutine (1F%)
A 2 B (subroutine) f)—Fl HE R FEAITE . BIRR 22 o 3 (08 s ] S ol ate A (E VY ) — (T 1 ] B ol
i%tﬂo.%ﬁﬁfﬁﬁﬁﬁz:ﬁH‘Jﬁﬁfﬁﬁ%ﬁ?ﬁiﬁ/\\ BHEAEE. EMAEELA asyne def BAXBE M. H
2 [F] PEP 492,

coroutine function (FLe&X)
—{Hlfal fcorourine (W) WFIIRAR. —MHIBFEAREN async def BuduiwEsk, Diaasy
await. async for fll async with BT . ST A PEP 492 5] A,

CPython
Python #2255 5 HUEEME B /E (canonical implementation), #;#$7i{E python.org I, [CPython | & B ATRELE
WAERFAE A, DAl 2 I BB LB RE S W ELAE, (9140 Jython B} IronPython.

decorator (ZH:fifize)

— (AR, EEhES AR, WECEMT Cwrapper FEVE, HiME I E-—H K X 1) 84 (function
transformation) ., g1 R 2 classmethod () fl staticmethod ().

Fetiianarik FUZ RN . DA W eh o0 SRAERR IR 2 S5 AU

def f (arg):
f = staticmethod (f)

@staticmethod
def f (arqg):

L

Class WLAFEAHF RS, (EAETREILLBORE . BN EEig i E L4, w52 EekaUE s8R class E 5
AR SO

descriptor (#iiR%%)
Any object which defines the methods __get__ (), __set__ (),or__delete__ (). When a class attribute
is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to get, set or
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delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor, the respective
descriptor method gets called. Understanding descriptors is a key to a deep understanding of Python because
they are the basis for many features including functions, methods, properties, class methods, static methods, and
reference to super classes.

B iR 2 method (2 &, #ES(E descriptors IR i1 467 .

dictionary (52ilL)
An associative array, where arbitrary keys are mapped to values. The keys can be any object with __hash__ ()
and __eqg__ () methods. Called a hash in Perl.

dictionary comprehension (“ilL4g & H5)
—TE B A, AR AT B i AR A O EE (B R P A SR DAl ]
results = {n: n ** 2 for n in range (10)} @A —fHFZl, BAETH n HH&ET@J{En

** 2, 72 [E] comprehensions.

dictionary view (‘“HLiGH)
## dict.keys (). dict.values () M dict.items () EMEYgMEIFEHMGH ., BHRAET
T H B AR, ERNE T 7@3—2@1}%, nﬂ&xﬁ@ﬁﬂﬂh_ﬁb A, B fﬁﬁ.m
By list (EEA), ZEfHfH 1ist (d1ctv1ew) . #E2[F dict-views.

docstring ([EIW =)
A string literal which appears as the first expression in a class, function or module. While ignored when the suite is
executed, it is recognized by the compiler and put into the ___doc___ attribute of the enclosing class, function or
module. Since it is available via introspection, it is the canonical place for documentation of the object.

duck-typing (W551-24[E])
— ARG R RS, BB EE Y BB E e RS B IR BURCZ 1S,
method 5 & M & LA g ny sl A . (TSR e & 2 — [T 1 1 EL i sk — g 1, FRIE
TR —EWT. ]) REEG e e E, EosEH SRR 2 K (polymorphic
substitution) I T (¥ GE 3G . TE B )3 R i i type ) B{ isinstance () #EFHEL. ((HE&H
R, WBFRET AR 8 %8 K A(E] (abstract base class) %ﬁ?ﬁo) SRT, Bl GE ] hasattr ()
i, BUREAFP FEARE A .

EAFP
Easier to ask for forgiveness than permission. (F5REX A KA HEAS ) BT A Python 4k fEAE
B S AT R S B 1 A .Euiﬂ%z %ﬁ?ﬁﬁﬂﬁfﬁﬁﬁgﬁ Abo i8] H P pg Ja s, HAR
AT 2 try fl except BRIARX . BEATEFT 2 HAMEE S (Fa0 C) # WAYLBYL EAETE A T ¥ .

expression (FiF)
— B AR ERR A s . EAJEEE], —EER e 0. SR, BrrE. ER 1o g ey
SEAATTR RERL, ML TRER R R . 2 HAMEE S A2 .iﬂifﬁﬁﬂﬁ Python i
T E A e A . %%ﬁ —sratement (BIARX) ANREHHIEER L, Bl while, BR{H (assignment)
Rk, mAEERN.

extension module ($% 7 Fi4i)
— A C 3 C++ W R4, &0 Python fi) C API ARELAZ. L I fif I 5 Ul AT L H)

f-string (f ‘)
DA £ 5 IR  E R SO ERRRE [f 78], B2 i U iss . a5 2(E PEP
498,

file object (H§R¥1t)
An object exposing a file-oriented API (with methods such as read () or write () ) to an underlying resource.
Depending on the way it was created, a file object can mediate access to a real on-disk file or to another type of
storage or communication device (for example standard input/output, in-memory buffers, sockets, pipes, etc.). File
objects are also called file-like objects or streams.

L, A=RREEYO: FIRR = E A48 5 BRIEm — A R ASUT AR R . BEMMNTITE 1o B
HROE . BRI RIEMET IR R open () B,
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file-like object (JFik%dil)
file object (REZRYITF) HIRIFEF

filesystem encoding and error handler (4% %4 U5 FIEE S Pl L)
Python it JTJ i) — Tl A A6 P11 85 ik BE PR 20, 2R AS SR B AR R B AL oCAH, AL Unicode % %)
(=33

i 22 2 40 A A 00 B R S BE U FRAR BT A /N 128 AL TCA . ANIRAE R A Hi g A Ay R L b AR s% , HI APT
B &% UnicodeError,

sys.getfilesystemencoding () fil sys.getfilesystemencodeerrors () PRI A EASAE
ES o Ik YR T Ea e

filesystem encoding and error handler (¥ 2% 22 % 4 15 A1 8 5% i P8 oK 3X) € 7F Python [E] B KF h
PyConfig_Read () P AKAL &: #5 2 [F) filesystem_encoding, PA M PyConfig #) % B
filesystem_errors,

Higz(Fllocale encoding ([FIHHR1E )
finder (=-kE%%)
— (@, e g AE e import FURLAL Sk loader (FIALE)
¢ Python 3.3 BAlA, A MRS : TIRE F ¥ % (meta path finder) € {§i ] sys.meta_path,
M 344238 B S48 25 (path entry finder) €7f# [ sys.path_hooks.,
#H2(E PEP 302, PEP 420 71 PEP 451 DL T fif 58 £ A .
floor division (] T ILESRR:)
] T AR - 5 B e He I R O R Rk . 1 N B RE R ER T /. B, EE 11 /7 4

AL RE 2, # float (FREHED) EBIEFTEIER 2.75 A @HERE, (-11) // AEERE -3,
B2 -2.75 $lé TG4 2. 7 2([E PEP 238,

function ()
— AR B RS, B REE Y e S, ] DA R Sl 2 7| S, S s | ]
AR AT, i Elparameter (23%). method (J5%%:), PAMK function F2ffi
function annotation (XEIEE)
oF X 2 el o B f)—flannotarion ([EJRE) .
o 2 E R gl i AR 2 (E13E =« i, S (M sk STEI & S 2 Wi ine 518, EEA M int B

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

bR U E R REATE function FEEiA FEANRRE .
i % [Elvariable annotation F1 PEP 484, WA I REM k. BRERYRETET %, HiEs

annotations-howto,

future
future fFiARZ: from _ future_  import <feature>, @I5/R4HELn (I FHATLEAE Python R 3K
BT A PO U EEME A R BRESE , RS a i Bl i __future_ BHHNIFET feature (3
fe) WRERYME. i import B FTEF A HORME, AR VT AT B3 X 2 R 2 (] B 1 v 1 e 21 it
FEE P, DAREMRSE e (e AE) EERA Y6

>>> import __ future_

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

garbage collection (37 %]k )
ORI R, R AR . Python SUATRIR M, S22 BEET#L (reference counting)
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PA K — i REIE A A o 7 2 BR O B (reference cycle) BYJRERSLIR M4 (cyclic garbage collector) K 5E i -
B [ml e g T DABE T g A3 HEA T2

generator ([E4:%%)
—{W & [al E generator iterator ([EVEZFENCES) M. BEHEERB HIEFEWEX, EARZEEE
T yield #ERHN, AEEIAE—RIWME, =L@l R for FRE, miJ2PA next () X, RMHEHF
) —{FME -
18 AT AR FE s — RIS R, (EAE e, iR FoREA BERE., B HkE
F R EREREZE, Ol A se BHTeE, DABHR R
generator iterator ([FJA4:2$[F1CZS)
— i thgenerator ([E)A:%%) eAZ BT Y
BHi yield SrE ARy, ERtiEM B TR (CHG s s e iy ry BRIASR) . WEA %
ER2 IS, & I n oy A T (B SO VR T IR J 3 B A 1 ek A FEARTA] )
generator expression ([Ff: 2% 5K)
—H g EEC S HER R . EREERMGMIEEAERS, BHEE M for Th), M THELT
(I st e, o [ DA B — (S84 1 £ 4] Al EER G EANE e B4 2 H 1 :

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

generic function (JZZXIpAR,)
At Fhy 22 A R QAL ) BRI 2, 5% R X SR (R A ZRA (R BT VR () A S e S D o P AR RE A
2 A T A (dispatch algorithm) ZE[EI5E .

Y5t 2 (Elsingle dispatch (B—3HBF) #gE3&H . functools.singledispatch () Hffi#efl PEP
443,

generic type (JZ¥I#I[E])
—(H e E 9 2 ¥ 1k. (parameterized) f{jrype (FUE]); 20 BSesBE], 52 1ist Ml dict. BEHH
AR (E2 = FE .

2z M4 RE. PEP 483, PEP 484, PEP 585 fll typing Hiffl.

GIL
s [Flglobal interpreter lock (43 B 222584 ) -

global interpreter lock (43 i E8%$84)
CPython B4 I FH A, FH DARECRER R HOA — A T4 REWLAT Python [¥)byrecode ({7 TCHLAG) «
F AR (A5 R s @ AIE), W0 dict) H BT (concurrent access) [ &k, I
& TT PAfE 1L CPython [ EE1E . S B (M B e, @ (F B4R B4 5 I 2 #1474 (multi-threaded), {H
AR 2 ik b 2 SR PR A MRS REIEHR LAY — KB P17 (parallelism) .,

SR, AU AL, M R EE BRSO, B TRk O AT R A A (E S B 4
(computationally intensive) [T, AIDASRK: GIL. B4b, 1EMFT VO K, GIL 48 2 erikfEig.

BB MR EIEATAE ] RS (VA R ARG 88 SE R B ) 19S5 DRI,
[EVE—fii R PSS T, e g ARk, —RE, HEREMAGERE, e rEes
[ERr L, MM S A A

hash-based pyc (fEEZHEN pyc)
—{E L ICALA (bytecode) T 774, & (5 F A (EMELIN AN A2 36 B SR A R MO e R B RAUIRE ), Al 8 AT 2L
M. #52[E] pyc-invalidation.,

hashable (W] 3[EIf))
An object is hashable if it has a hash value which never changes during its lifetime (it needs a __hash__ ()
method), and can be compared to other objects (itneedsan__eq___ () method). Hashable objects which compare
equal must have the same hash value.
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AL (hashability) (—E4{F 0 JiI 1 dictionary (5°#) HYBERIset (526r) AUME, HEIGLEERES
fEERAE HETAR G T A EHA

k%%zﬂ@ Python 7~ 1] 4 lL%#F%‘KzET%.E’J T“B’Jﬁ%% ({5 4n list 5 dictionary) [EIARJE; MWiAH

sEZEes (Bt wple (JCAL) F frozenset) , HA R BMAYICE A HEER, ©MA S A 20 5EEK .
E%#Fzrzﬁ)ﬂ%ﬁnz class E’JEWJ HI 35 Loy {7 & 9 TH I_W’EIEI’J BAMAE A LB AR & N FH A 1)
(AP MEE O e, e M aEEE R A4 B B MAY 1d(

IDLE
Python [}] Integrated Development and Learning Environment (%% & B #¢ Bl 2L 2 PE1E ), idle 20 LA 11 4
HRAR N L REAR RS, ©Of Python BEHESSATHUA — R AL

immutable (An]%H1k)
—fEEA B AR Ay IEEE . FH A wple (JoA) . BEWFRAREENCER . TR
— (R [ AL ZE AT, FMZECEE S, — R B A e M7E TR I SR ENE )y, I A
,, B4 dictionary (F-81) rhiy—fH .

import path (5] ABf%)
—EfrE (Skss1E08 B ) B9FI3, MHRLEN S 2 A import BLALRE, & Wiparh based finder (JEJA %
RSy ) S BALNALE . AF import M, AL E S FKE %XE sys.path, {H¥AFE£4
(subpackage) M7, EWMAHEEKELENR __path__ J&.

importing (5IA)
—fEEBAE . —(ERALH Y Python R UHS P AZ B ILIEAR , #0) — AL+ i) Python RexUHG T -

importer (5IA%})
— (i REE 4k AR BB finder (SF48i) tiloader (BALR) Y-

interactive ( H BiiY)
Python A — i 7.8 0 B # 4% , iﬁ%ﬁ%ﬁf%EE%%E@%&?%%/\@%E?%HL%T, SLEPEATE M
EFIHEF EMmEER. REES python, RFTFEALMGE (FTREFE A RSN £ L) .
S ET A SR A RO R AR ER N i (RER(E help(x))

interpreted (P3E)
Python J&— M E:ERE T, M A EHaEnE s, A 0 T GG Lubihy, HIEHG (2 Ic4LM5 (bytecode) i
%%‘%EI’J@T 18 2N IR R 0T DAELIERGES T, AT R T ) — TR, SRR E . Hag
(nn = L.%) AR S A E A B / RSN, A e M e ARl AT RS . i 2 Winteractive
HE

interpreter shutdown (273 BH)
 Python BLREAMUE ZURBAPARE, B A —EFRIEEL, 76T BRI A B e B R, s
AR TR S ERR A . & ZRKIEI IR =Dl % (garbage collector). 1o AEEIME S & B & 1Y ik
PR3 (destructor) 555 | F AT (weakref callback), [FIATH AP AGREZCAS . 76 B B P BEB AT O RE XAl
BB G A, REE IR EETREARNEAER T (5 RABI1-2 0K X B A sl 2 e ) .

BB EERE, & __main_ BAASUEPHETEARC BT
iterable (W[[EMCHI1:)

An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes you
define withan __iter__ () method or witha __getitem__ () method that implements sequence semantics.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (), ...).
When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator for the
object. This iterator is good for one pass over the set of values. When using iterables, it is usually not necessary to
call iter () or deal with iterator objects yourself. The for statement does that automatically for you, creating
a temporary unnamed variable to hold the iterator for the duration of the loop. See also iterator, sequence, and
g(?l’l@l’(l[()l‘.
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iterator ([E/{t2%)

An object representing a stream of data. Repeated calls to the iterator’s __next___ () method (or passing it
to the built-in function next () ) return successive items in the stream. When no more data are available a
StopIteration exception is raised instead. At this point, the iterator object is exhausted and any further calls
toits___next__ () method justraise StopIteration again. Iterators are required tohavean __iter_ ()

method that returns the iterator object itself so every iterator is also iterable and may be used in most places where
other iterables are accepted. One notable exception is code which attempts multiple iteration passes. A container
object (such as a 1ist) produces a fresh new iterator each time you pass it to the iter () function or use it in a
for loop. Attempting this with an iterator will just return the same exhausted iterator object used in the previous
iteration pass, making it appear like an empty container.

T typeiter SCHA] DAFRE B 2 AL
CPython B fE4lifi: CPython does not consistently apply the requirement that an iterator define __iter_ ().

key function ()
SR B R 2C (collation function) /@ —fH FTHFAY (callable) e, & & [l F R HEFF (sorting) B
EF (ordering) HfH. B, locale.strxfrm () ¥ FHAREIA: M T ff s HE 18 Bl R HEF & .

Python Wi T2 T H., 832 DAGE ok A AE e Rl e e 8oy 8 =l BEMAHE min O L max () .
sorted(). list.sort (). heapg.merge ()., heapg.nsmallest (). heapg.nlargest () #l
itertools.groupby (),

A Rl DA ST e . B, str.lower () method TJ DAMEEIAR 4> A /N2 HEFE 0 B R
Ko B, B A PAE lambda A AW E, HlA0 lambda r: (r[0], r[2]). F4h,

operator.attrgetter (). operator.itemgetter () fil operator.methodcaller () [FI=1H

o bR Y A PR 3 (constructor) o ] 4 iy 3 S7 016k ) R o iﬁ wEB, w2 EmHET .

keyword argument (B0 19)
#5 % (Flargument (5]8Y).

lambda
iy B —expression (GESA ) FFALAA—11 [ 44 47 [E]p& 2K (inline function), 5% bR sXHIRE MY KSR AE . ST

lambda PRI EEVE R 1lambda [parameters]: expression

LBYL
Look before you leap. (= MI#47 . ) o A A5 JE A% € 7EMEA T a4k 2 7, AR e . &
TEMHLEAFP Jr s UE R, HERROREAFZE 1 £ BRI,

?“ HZirasEassd, LBYL ala7e [ =81 1 [#47] Z 51 T EEE{F: (race condition) i)
B BIANDARAEES 1 key in mapping: return mappinglkeyl, HRZ—ME#AT SR
ZRBFEEIRZ AT, 1€ mapping TR T key, RlazfR =50 & L. aJEIF‘EJ AN PAFI 8 (lock) B
EAFP il 7 XA iR

list (#51])
A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked list
since access to elements is O(1).

list comprehension (H Fi|45: & 35
— T AR P 8 R Y A B O, B R PR R DA— ﬂil hstlil@l%ﬁgﬁ%o result =
['{:#04x}'.format (x) for x in range(256) if x % 1 ErEA—{H S list, ,\'43
55 0 % 255 FEE], Fra (HEy -/ 08 (0x.). 1£ A2k 3‘% iEl’J ﬁﬂ?’ﬁéﬁﬁb HJ range (256)
TR TR A SR

loader (F{AZ%)
—fE BEEERABAL . BEEFR —MAE load_module () ) method (7). #AZHEH 2
Yifinder (FAGHS) [EEH. FLZAHMHzH2(E PEP 302, B jRabstract hme class (FEIEEE), #2([F

importlib.abc.Loader,
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locale encoding ( [% 38 Zi5)
1 Unix |, &2 LC_CTYPE Bz Em#miE. © A locale.setlocale(locale.LC_CTYPE,
new_locale) K&k E.

7F Windows |, ‘B/2& ANSIfCHEE (code page, il "cpl252™).
7F Android 1 VxWorks -, Python {§iJf] "ut £-8" YE[F] #4175 .
locale.getencoding () can be used to get the locale encoding.

W55 2% filesystem encoding and error handler

magic method (JE#k Jj1:)
special method (FF5EI7H:) m—E3FEIE R R 5

mapping (¥ft)
—(HZ A, B SR AT R A R, ELAE /I abstract base classes (15 £ iHAE]) i, collections.
abc.Mapping B collections.abc.MutableMapping FF 3§ € # method., & 5] fl 45 dict.
collections.defaultdict, collections.OrderedDict fl collections.Counter,

meta path finder (JTIEIEHIGLS)
— MR sys .meta_path [ [BE 1) finder (FAGAE). TOEARFARARELIL 2 A B F48 % (path entry
finder) FHBH{EZATH

B R TC AR A e B VEAY) method, F52[F) importlib.abc.MetaPathFinder,

metaclass (FCHEE])
— 7 class ] class. Class & 60 Fe & @ 57 —1# class & #%. —1# class dictionary (FFH#iL), DA —1# base
class (FIKHEIE]) M51E. Metaclass BB %% 18 =518, @I class. KEZHAP A8 0 RE(EE
OO EE A E/E. Python RY4FE]Z BEFE Y E REEIE ST H 519 metaclass. o 6 I #46 A
TENWTH, (22N, metaclass 1] DARMLEIR HEMAMMRE FE. ©MEv kst EE k7.
WA TAE LAk BEREET . EAERHIEE (singleton), DA FFE HABMT 5 .

B 42 %3] AYE metaclasses &£ 14k 5] .

method (J5ik%)
—fHI7E class A BEEIWEE AR . W method {EEIH: class B4 () — 1088 Mg Eny , Bt Erf5 20 5%
O EVE A5 Eargument (5180 (W51 8ol HYAE self). iE&[Efuncion (R3X) Fnested
scope (SARNE ) -

method resolution order (Jj 7 M IET)
T YR FRATT B 2 A A 4R A L B AR . base class (JERMHE]) B FWIEF . BIREE 2.3 |ES,
Python B ##% s BT i F A BSR40, 5% 2(E) Python 2.3 iU YA MBI «

module (EigH)
—{ 41T Python F£xCAE Y AL A% B0/ (organizational unit) [#14. AR —MGEEM, EESIETEMN
Python ¥J{:. AL thimporting )82, BLHECA ZE Python,

JiiisEpackage (B1F).

module spec (BigHHI#%)
—lAf =M, EEE RN ALY import AH B &R B2 importlib.machinery.ModuleSpec
) — 1

MRO
st Elmethod resolution order (77 ¥EfRMTIET) -

mutable (n]5H1E)
AT A B MIR(E, (HAERFE I 1d O « B Eimmuable (RAT8Y)4) .

named tuple (K% Ic41)
it [named tuple (W% 7E4H) | A5 tuple S8R AEMTRUFISK class, HEHYTI3| (indexable) 7E3
T D44 P SAZIR . 2 BRI class ] DAFLAT JCRBARFIE
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5 [F g M Fl 2 named tuple, f33%H time.localtime () Fl os.stat () FE{HEMME. B—HH 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

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be created
from a regular class definition that inherits from t uple and that defines named fields. Such a class can be written by
hand, or it can be created by inheriting typing.NamedTuple, or with the factory function collections.
namedtuple (). The latter techniques also add some extra methods that may not be found in hand-written or
built-in named tuples.

namespace (i %23H)
SR AE I . 4% S T2 DA dictionary (FHL) B ECVE. A WA, At K EVE a4 25 1
AP (78 method ) A BLAR I 24 251 . dv s 25 RS b7 1k A fa il ss, RSB IAH AL,
W, izl builtins.open Hil os.open () it e MY fiv 4 23 W A1 B . i 4% 25 ] to s vh B
Tl [ A R W B AE B — R pR X, At vl s Pk v #st . BN, %5 random.seed () B
itertools.islice () AHHEHIFE R, SRS EEH random fil itertools MHAHAEEE,

namespace package (i Z23IMIE:)
—{{il PEP 420 package (£1}), ‘& HB1EE)I T2 (subpackage) [ —{H 254 - fiv 44 25 HI &4 1T REEA B AL
HyZRe, T ELBAEE P R G2 Bregular package (TFBAEHE), WENEMEEA __inic_.py
B RS

it Elmodule (1K) .

nested scope ( HUREMIR)
fiE(E)22 I8 Mg 7E 3% (enclosing definition) H B8 B HE f1 . SR PRIE), — 1 pR 2C USRS o o) — 10 el =X P g
EF, HIeMaeE2 RNl r sl SR, fERREETN, SRE IR RN 2 R, T
YRR . [t s e e A B (B A b s U B o [l R L, Ao st iR A 4 el i 4% 4 T v A L
ME A . nonlocal 2 #AMNEEHEEITE A

new-style class (FiRJE(E])
Old name for the flavor of classes now used for all class objects. In earlier Python versions, only new-style classes
could use Python’s newer, versatile features like __slots__, descriptors, properties, _getattribute__ (),
class methods, and static methods.

object (#1})
HARE (BrHuE) EieRMATE (method) MEMIERL. B HRIEMnew-style class (X HH(E])
M %% base class (FEHEE]) .

package (1})
—{[fl Python f¥jmodule (BigH), B0 AR S TH4H (submodule) 52 EFI) 1244 (subpackage). 7 I
ME, e A __path_ JEYER—H Python .

syt Eregular package (IEBIEN) Fllnamespace package (fy4 25 HEMF) -

parameter (Z4)
T function (PR =X) B method & 3% 1 Y — 1 iy 45 B 8% (named entity), T 45 P 3% pR X R [E 3 52 19—
Wargument (51%), sERLEE N2 M5 3. HAH A2 SoE

* positional-or-keyword ({\i BB BT ) FEIH—MB ] DA e 45 B a2 AEEI M 42 5 7| Sepl BRI 5 [ 45
B SV TERSHAL, BIanPA N foo R bar:

[def func (foo, bar=None) :
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* positional-only (PEBRNOZE): FaM]—E e+ I AL E B ity 5 [ B fERERM S HIIRT U E
—f8 /o0, WURT PATERZ T OUHI T E SER O E 2 8, HIANLAR ) posonlyl 11 posonly2:

{def func (posonlyl, posonly2, /, positional_or_keyword): ... ]

o keyword-only ({EBREAGET): 50— N GEARR S F bk 5 | . fEm=UE sz #d,
AT 5 B 0 B 2 B (var-positional parameter) B(@ HLALRY * S0, kAT DATE AR )7 & FefE R
B F28, HIMPATIA kw_onlyl 1 kw_only2:

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

* var-positional (fEREWHAIE): FEW]—RREVMERF AR R A8 T | B (TEC W 2 Mok Z
WAL ES 2 Ah) . BB EREHS WA R T 8L ~ AGERN, BIILAT args:

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

* var-keyword (ALFWCRBHHET) : EWINT PRI T BB #7518 (TEC U 2 =2 )
MBS T5 M5 . ERSURERTEH S WA T E b o~ AGESR), Bl L m#sl i

kwargs,
ZWOTOAE IS | U B A SO R, U n] DAE)— S8R P i | e i TELRA

Tk ERERE R argument (580 & H . & AR 7| 4o 4 St M a9 £[F], inspect .Parameter
class, function T i, DA PEP 362,

path entry (¥4#5iH )
teimport path. (3| ABAE) 0 (ERIE, Miparh based finder (GERBAERITMER) Fr2% ZAIRAT
$32 import HOKAL,

path entry finder (4750 H =B 2% )
W sys.path_hooks Hf{—1{f A FEIYH{4: (callable) (7 BI—1{f path entry hook) Fit [a/E i) —F& finder , &
FE AT PA—(fpath entry g PR .

B A AR TE H SR A es B AE N method, #52[F) importlib.abc.PathEntryFinder,
path entry hook (4458 H ()

A callable on the sys.path_hooks list which returns a path entry finder if it knows how to find modules on a
specific path entry.

path based finder (J%Ji %15 =525 )
FEFRHY TUAAE F 48 82 (meta path finder) Z —, "B fE—{fimport path F1 {82441

path-like object (FHPRISHI1E)
—HRE R RGBSR B ] DR — R B8 str 5 bytes Y1, s —E
{E os.PathLike WEMYE. BB os. fspath () K, —fZX% os.PathLike W ERYE
A A EEIE] str 8 bytes R R FIKEE; 1M os.fsdecode () M os.fsencode () HIAMEIR H R
R str } bytes B4R . B PEP 519 5] A,

PEP
Python Enhancement Proposal (Python 34[EJ$222). PEP 22—k #HERA 3044, B REE) Python #HBEIR L%
#f, B2dHA Python [1)—H# D) REE % DI RERIFE 7 FIBEEE . PEP JER% BLPL L R B4R B i DA S e b2
ZEIRENEE R

PEP (77AE H I, R MEE GO fEAHE S . AL B A S B R A 7 RE . DA E A Python
ozt EsR ), S B AAY 3A%H] . PEP (Ol st Dy M B S .
#2([E PEP 1,

portion (%))
- HEP AR (WrTREREAAAE— zip fh) , S LERE SRR —(F v 4 25 H &4 (namespace
package) 5 T ECEK, WIlH] PEP 420 H1i ¢ 36
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positional argument ({3 % 514%})
52 (Flargument (5]35).

provisional API (¥47 API)
W1t APL 248, (EAENER U [ fZ A2 1% (backwards compatibility) SR, BUEBEHENR APL, H#ESR
P, R MR E ST, B DER e =R E S, HInE.0 s N\ BRREA b5,
WA EE B AR (R ) . SESFEEA g ERhEL — G AP
A Z TR e B A A e ey, B MA gk,

g A 4T AP, [ AR S T W iE [ RENRE TR — M B, 1)
SREr T ek — 1 AR A A R E DT %

T2 {1 30 A (A5 v o =X, B O TR TS BT A, T S R AR ) I P 25 B A R R A et Bl et . 7
2[F) PEP 411 T B 240 .

provisional package (‘17%81})
#h2[Flprovisional API (47 API).,

Python 3000
PythonJ 3x RHVAER (RACAETAIER, HWRES 3 Mm@ EE 1R 24, ) o ml DA 5 [
[ Py3k].

Pythonic (Python JEF&ITY))
—EAREE B, BHER T Python 5 Hede WAV AR, MM A HAGE 5 % RS s
VERERAE. BI4n, Python Wi RIK—FEEME MY, MM for AN, ¥ ERYL G
g?%ﬁ@ o 2 HAFE SRR EREEA 2, AR EGE Python it A A 6 (i ] — 8 e 51
o AR -

-
for i in range(len(food)):

print (food[i])

HBZN, AR IAEERER . BAA Python JEl# :

for piece in food:
print (piece)

qualified name (Pl %F5)
— il [EEA W RG], B BURAE— RBALIY A R T B A i 8 class, BB method 11 [
&1, fn PEP 3155 it E 56, SR TEE Y BRI class T, BRE 24 R EELHA) (444 REAH) -

p
>>> class C:

class D:
def meth (self) :
pass

>>> C.__ _qualname___

YCV

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

>>> C.D.meth.___qualname_
'C.D.meth'

wRGRALAHRE, T ATRE & & (fully qualified name) j& F7R %A SE R B A B AR, AR AR
LM, Hlil email .mime.text:

>>> import email .mime.text
>>> emaill.mime.text. name
'email .mime.text'
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reference count (Z2W314)
A 2 R E— 2 G BB R, B o RACE (deallocated), 2
18 5 7E Python F2sXAS P& R B, (B EZCPyhon TEVER — MBI CE . R xR HHAR T DARE Y
getrefcount () pRRR[EIME -8R E Y02 G

regular package (IEBIEA)
— (RS package (BHF), FIAI—MEE __init_ .py R HIEL

Wk s Elnamespace package (fiy4 a3 EEMLE) .

__slots__
1E class [ERPRG— M E A4S, CRERECE S E OB A2 M, AR E ] dictionary (F-81L), R HUIE
o BEIRRZ TR , (HE A BE e DAE RO, S5l PR BR AR T AE — (R RO A B 88 (memory-critical)
F4) B P R 2 R A R R B 9 A RS D

sequence (J3:41])
An iterable which supports efficient element access using integer indices viathe __getitem__ () special method
anddefinesa___len__ () method that returns the length of the sequence. Some built-in sequence typesare 1ist,
str,tuple,and bytes. Note that dict alsosupports __getitem__ () and__len__ (), butis considered
a mapping rather than a sequence because the lookups use arbitrary immutable keys rather than integers.

The collections.abc.Sequence abstract base class defines a much richer interface that goes be-
yond just _ getitem__ () and _ _len__ (), adding count (), index (), contains__ (), and
__reversed__ (). Types that implement this expanded interface can be registered explicitly using
register (). For more documentation on sequence methods generally, see Common Sequence Operations.

set comprehension (A4 HEE)
— TR A, AR B T [EMC A P i G A e K, B PR A 5 DA — 1 set [n] {3,
results = {c for c in 'abracadabra' if c not in 'abc'} @FE4E—fHFEEset: {'r",
'd'}. 7E2[F] comprehensions.

single dispatch (¥.—3H))
generic function (JZZIpR) PR —RIE, FEdt, BCMEMBERRR SR —5 | B BU(E.

slice (YJ})
—E P, B Bisequence (JEH) [HE—EB5r « BT —BHUI R 17 v 2 8 A 9% (subscript
notation) [], &AM MET, AT HMERHEY, Hlil variable_name[1:3:5], EFEHE
(FAZ) F9emERs, & slice WfF.

special method (%55 Jj#:)
— TGP Python [ BYIFN () method, FTj 3 LR EA T HAIE S, BIAINNTE . &R method f¥44 7%
Er7r BHTE N 45 R A Wi T IE[E).  Special method 7F specialnames F145 41 ([EIHA .

statement ([iAL)
BRIAAZE—EEH (suite, — R [EM]) 950 BARK N PUE—(Eexpression (GEH ),
HESHEEE (0 if. while 5{ for) MEZEEEHEY —.

static type checker
An external tool that reads Python code and analyzes it, looking for issues such as incorrect types. See also rype
hints and the t yping module.

strong reference ([F1ZIR)
In Python’s C API, a strong reference is a reference to an object which is owned by the code holding the refer-
ence. The strong reference is taken by calling Py_ INCREF () when the reference is created and released with
Py_DECREF () when the reference is deleted.

Py_NewRef () pRaA] R E . — W LHE2 . @E, 70E B E2 EAE R b, wELEZE
2 [N py_DECREF () PRz, PAEHGER—H2HE.

Hgz(Elborrowed reference (f& 2 HR).
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text encoding (3L )
Python H [ 5~ Ef 22— Unicode 2L (code point) )55 (#i[EFE U+0000 -- U+10FFFF 2 [H]). #Efd
FEEE L R, B AT IR E— A e AT 51

ﬂ%‘r*ﬁl?%f?ﬂ%&ﬁ%ﬂ?ﬁﬂ, FRE) T4, A7 7040 7 5 88 v % - ep U RRE) [R5
(decoding) |,

A ZREARIFI SCTF P PSR A (codecs), EMBESRE [0 Mis 1.

text file (SCTRER)
— (A REEEIRIE A str YHR—1 file object (FEZEWIME) . BH, CTFAEREE F2FR TCHE M
[ &AL (byte-oriented datastream) [F€r [ B i Hlrexs encoding (SCFHifl§) o CFRERMIBITH: PALF
B ('rrEk 'w) BEIAEZE. sys.stdin, sys.stdout PAK io.StringIO BEH.

w2 Ebinary file (Z3EHIMEER), B REERINE A8 12T 4L $ 4 1 (bytes-like object) IR FEY)
.

triple-quoted string ( =5 |9E[Fl =)
A = AE G 58 () U558 O MEELE R MR . BER T MEES JALET R 85 | 5555 A AT ] 48
SNIhRE, (HERFFZEEA, B RA A, M@ IRn] DAZE 7 a5 A BEE (unescaped) fYE5|
SERIEES 98, M HEMAS T 8 A #4850 (continuation character) 5t FI AFS#R 24T, &M EMAEMS
(A -5 R E .

type (Z[E)
—{ Python ¥ (EIEE T & & HERE W F: SEpEa —MmaE . — @i 3E T AR
B __class__ BHAAEEL, BPA type (ob7) AR,

type alias (JU[EIE%)

—(EBIEI [ 3657, A BENS & 44— ER(E)RF (identifier) SR

HFE)4 E R E R [EIR 7 (type hing) RAG . BN

def remove_gray_shades (

colors: list[tuple[int, int, int]]) —-> list[tuplelint, int, int]]:
pass

.

ADARSGERK, BEEA AT

Color = tuple[int, int, int]

-

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

#2[F] typing Al PEP 484, 45 IWINRERHEA .

type hint (B[EIE5)
—MHannotation ([ERE), ‘BHgE —MEE. —H class J& 1ok — 8 o6 2 Ay 28k BHEE 0 T AUE.

Type hints are optional and are not enforced by Python but they are useful to stafic type checkers. They can also
aid IDEs with code completion and refactoring.

AIEEAH. class JEEFIRE (R & RiEsss) MBERR R, #50T AH typing. get_type_hints ()
RAFHL

w2 typing Fll PEP 484, A I IhREMIEA

universal newlines (3fi)HI[ElfT5C)
— T i w8 SCF U (text stream) [ 5K, @ AR Ir A B G [E)RRE)E]-— A7 B &5 )0 Unix 47 RBAEH] '\
n'. Windows &% '\r\n"' FI & Macintosh &% '\r'., #52([F PEP 278 1 PEP 3116, DA K& A
bytes.splitlines () W&,
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variable annotation (%ZI([FIF%)
— {5, class B M annotation ([EIRE) .

(R 8 Bk class Py, RO IR :

class C:
field: 'annotation'

SEWERRE B R EWR T (type hint): G0, SRS BEH GRS int (CBH) E:

[count: int = 0

VR e annassign TEE AT REAIOARRE.

52 function annotation (RERE) . PEP 484 Fl PEP 526, ¥& HWIhgemdiik. BAERNREE
Bk, 72 [E annotations-howto .,

virtual environment ([FJ3E5aEs)
— 1 1% 1 B B (cooperatively isolated) [ ¥4 TEI S, AERHE Python (%) I 2 Al i Fi #2205 DAL AT 8]
Python ##[EVEF:, i A G [H —(8 R &0 _L#EA T HoAh Python JE A2 A7 EEAE T8 .

Witz venv,
virtual machine ([E5ERERS)

— 54 RS AT E AU B (computer). Python [ [FEEME 28 Er3 AT Hbyrecode (HiJCHLRE) 422 it
B AT .

Zen of Python (Python Z[E])
Python gt 5 R BT B0 51 35, HLEIAA B R FEARAN G GG = . AR AT A 7E 1 B Ui X T
REA [import thisl] FRIIE.
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APPENDIX B

BARIELEFIRA S 14

15 LB S 28 Sphinx  (—{# 5(E] Python [EJWA SR 85 1 SRR BERS ) M0 reStructured Text 4#57
PR B L A A T o

4l Python [ &, iith H A1) %5 1 I SCPRELERHEAR H BT TR . F AR IR A ik, 75 52 reporting-
bugs EUTE, [EVSAHBA A FoAM i Balpy BB A

it
* Fred L. Drake, Jr., J§ilf Python SC{ T HAEM Al A K —FEB I EIA 1ERS ;
* A3 reStructuredText F1 Docutils T 41/ Docutils B2 ;
e Fredrik Lundh 454, Sphinx #¢//#) Alternative Python Reference #1#| 1 #1521 F & .

B.1 Python {898 BRKE

7% A\#RH[E] Python 1& 137 . Python 121 ik X AN Python [EJRA SCAFET MR . Python FT#(EIfY 5 AA RS &
A ERCEREH, @5 R Misc/ACKS ,

TEFAE] Python A (1488 g B B8R A 4 3 35 [EDRR A [ET ] SO - e T A B R g AL A !
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apPENDIX C

C.1 &icio

Python 2 H 17 i BCEE N 5 MR B2 T 5T B2 €5 (CWI, L https://www.cwi.nl/) ) Guido van Rossum Jji& 1990 4f
REWFTAGE, HiyR/EE—ERE ABC RS B E . [F4F Python 15 T #FZ K A HAL A E L, Guido
e EEES.

1995 4F | Guido 7E#4E 7 Je SN BRI i B K AHF 57 A 5] (CNRI, F, https://www.cnri.reston.va.us/) 445 b7
Python () T4, [EFERREIEEE) T 3% K #8122 1 LA .

2000 4£ 11/ , Guido il Python £%.0» B %% [ B i##% 31] BeOpen.com [Eljf(572. T BeOpen PythonLabs [#EX . [F]4FE+1 1,
PythonLabs [ [ ###% 3| Digital Creations (i [F] Zope Corporation; &, https://www.zope.org/) . 2001 4F, Python
WA EL G & (PSF, B https:/www.python.org/psf/) ST, & & S EHEF Python B 1)k A TR I A1) 57
Y FE FIALAL . Zope Corporation & PSF f—fi# I 5.

Jir A7 14 Python AR BRUEHY (B BRURAY € F€, 2[E hitps://opensource.org/), FEH b, KZHMAIEETRHY
Python fitAs, t1/2 GPL AHZ I ; DAT FAsHa4: &8 A i 22 (B

BOREA BB F1n wEE GPL &% 7

09.0%F 1.2 A 1991-1995 CWI 2
132152 1.2 1995-1999 CNRI 2
1.6 1.5.2 2000 CNRI &
2.0 1.6 2000 BeOpen.com 7§
1.6.1 1.6 2001 CNRI =
2.1 2.0+1.6.1 2001 PSF 5
2.0.1 2.0+1.6.1 2001 PSF 2
2.1.1 2.1+2.0.1 2001 PSF 2
2.1.2 2.1.1 2002 PSF =
2.1.3 2.1.2 2002 PSF =2
22 PAE 2.1.1 2001 £4- PSF 2
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#E): GPL AHZAEEIRFRIL/E1E GPL N #5[E Python. A% GPL, Fify ) Python FZHEHSH] DA 85 [E) & ik
RIHAS, AR A G 8 S IR IR . GPL AHZS I B HERLAS: Python WT DA% A HoA/E GPL T 85 [Efty ik
BRI (HEERERERIAT.

IR 2SN T, £ Guido FRE NIATH, FfHE LA 1 B [ERIE AT A

C.2 FANREMHLIEMFGXER Python I SHER

Python #CHFIEIA SR IZHE R B R PSF 42 AE &4

% Python 3.8.6 Filf, [EIWISCHhiyaisl, R AR, 298 HIZHE (dual licensed) i PSF #Z2HES
#1DA K Zero-Clause BSD 3% 4 .

AL Python H SRS R BLR AN R HE . S LR RENS & B SR AU — R i i . B E S8 4%
MR SERIE R, TS0 (E S a8 a9 42 HE f2 3038 .

C.2.1 ¥ PYTHON 3.11.8 §Y PSF 1% &1

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

the Individual or Organization ("Licensee") accessing and otherwise using.
—Python

3.11.8 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 3.11.8 alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice.
—of
copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—Rights
Reserved" are retained in Python 3.11.8 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 3.11.8 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
3.11.8.

4. PSF is making Python 3.11.8 available to Licensee on an "AS IS" basis.

PSEF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF

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

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

USE OF PYTHON 3.11.8 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.8

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
—OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.8, 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 3.11.8, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

C.2.2 ¥ PYTHON 2.0 ) BEOPEN.COM B &

BEOPEN PYTHON BRVRBZHES K156 1 iR

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the
Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOEF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

BT 1)
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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 g CNRI iR &#

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013."

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

BT 1)

102 Appendix C. ;G EI{ZE




Python Frequently Asked Questions, £(F] 3.11.8

(R E—1)

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 gy CWI 1R{EEH

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written
prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

C.2.5 f}* PYTHON 3.11.8 [FlBA3 442X & /Y ZERO-CLAUSE BSD i%iE

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.
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C.3 #My(IIBkAS AR 1 B BN
A S AR SE I I G BEESET B, 5% JE Python ST B EDAG 5 =y B

C.3.1 Mersenne Twister

_random &A% T PA http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html {7 |~ #[E)
HREEBEORENXT. AR 2R RS ) 58 5 -

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
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C.3.2 Sockets

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate
source files from the WIDE Project, https://www.wide.ad.jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS " "AS IS'' AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.3 FEFE ¥ socket JR 7%

asynchat fll asyncore fAL & DA R AR :

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.
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C.3.4 Cookie &1

http.cookies HiZH L& DA AR :

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 #{TIEN

trace B W& DA
portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx
http://zooko.com/
mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.
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C.3.6 UUencode £ UUdecode &E=

uu AR AL AR RN -

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

- Arguments more compliant with Python standard

C.3.7 XML ZEimig gy

xmlrpc.client BALEE AN

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
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C.3.8 test_epoll

The test.test_epoll module contains the following notice:

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue

select B kqueue 71t & DA RN -

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

BT 5
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OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C.3.10 SipHash24

Python/pyhash.c {52540 % Marek Majkowski’ 37 Dan Bernstein [ SipHash24 {2 EAE. BOSAT
B

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/1ittle2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod Hi dtoa

Python/dtoa.c R T C [ dioa Fl strtod B, FARAG C AR B 17 B M 2 5 B AEE). %A%
L 2f1H: B David M. Gay 8T IR ZHEZE, B BAER] PASE https://web.archive.org/web/20220517033456/http:
/lwww.netlib.org/fp/dtoa.c F#. 2009 4 3 H 16 H s 2= 04 IR iA 2265 DA URE B RZ Y -

/****************************************************************

The author of this software is David M. Gay.

* % o

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

* % o

Permission to use, copy, modify, and distribute this software for any
purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting
documentation for such software.

* % ok X

*

*

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.

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

C.3.12 OpenSSL

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available by
the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the OpenSSL
libraries, so we include a copy of the OpenSSL license here. For the OpenSSL 3.0 release, and later releases derived from
that, the Apache License v2 applies:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,

BT 1)
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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)
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,

(BT —1)
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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.

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

(BT —1)

112 Appendix C. ;G EI{ZE




Python Frequently Asked Questions, £(F] 3.11.8

EHE—5)
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

The pyexpat extension is built using an included copy of the expat sources unless the build is configured
——with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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C.3.14 libffi

BAEE S _ctypes PRI R ER ——with-system-1ibffi, 7 HIFZH% 7 & —ME 2 libf 5 iEH51
B AS 2 7

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

WARAE 5 E BN 21ib A A DABOR VA F R 8 2 1ib 78, Wi st & —MES 2dib Jaa i &l
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:

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
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C.3.16 cfuhash

tracemalloc {#FH¥4EEIZE (hash table) BAE, 12 DA cfuhash BLZE([FI3LRE:

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.

C.3.17 libmpdec

GAEfE R _decimal BiglMiik EF) ——with-system-1libmpdec, 75 H#%i4H & Ff—{M(El 2 libmpdec ¥

2R R AR A

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.

BT 1)
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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 R HH C14N 2.0 HIFAEM: (Lib/test/xmltestdata/cl14n-20/) 24 W3C #8uG https://www.
w3.org/TR/xml-c14n2-testcases/ #ehgzz, H 2R 3-clause BSD 1% figh 2% (E) -

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,
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.

116 Appendix C. ;G EI{ZE



https://www.w3.org/TR/xml-c14n2-testcases/
https://www.w3.org/TR/xml-c14n2-testcases/

Python Frequently Asked Questions, £(F] 3.11.8

C.3.19 Audioop

The audioop module uses the code base in g771.c file of the SoX project. https://sourceforge.net/projects/sox/files/sox/
12.17.7/s0x-12.17.7 .tar.gz

This source code is a product of Sun Microsystems, Inc. and is provided for unrestricted use. Users may
copy or modify this source code without charge.

SUN SOURCE CODE IS PROVIDED AS IS WITH NO WARRANTIES OF ANY KIND INCLUDING
THE WARRANTIES OF DESIGN, MERCHANTIBILITY AND FITNESS FOR A PARTICULAR PUR-
POSE, OR ARISING FROM A COURSE OF DEALING, USAGE OR TRADE PRACTICE.

Sun source code is provided with no support and without any obligation on the part of Sun Microsystems,
Inc. to assist in its use, correction, modification or enhancement.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE INFRINGE-
MENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS SOFTWARE OR ANY
PART THEREOF.

In no event will Sun Microsystems, Inc. be liable for any lost revenue or profits or other special, indirect and
consequential damages, even if Sun has been advised of the possibility of such damages.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, California 94043

C.3.20 asyncio

Parts of the asyncio module are incorporated from uvloop 0.16, which is distributed under the MIT license:

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
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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Copyright © 2001-2023 Python Software Foundation {3 & —HJHEF] .

Copyright © 2000 BeOpen.com {4 i — I HEF]

Copyright © 1995-2000 Corporation for National Research Initiatives {4 &4 —JHEF
Copyright © 1991-1995 Stichting Mathematisch Centrum {88 —4JJHEF) .
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